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ABSTRACT

A chambher technique was developed allowing recovery of
cytokines and T--cells from human DTH reactions. These cells were
cloned, and were enriched, relative to the bleoad, for T-cells
reactive to the antigen eliciting the DTH. Antigen—specific CD4+
clones, had two phenatypes; an IL-2/iFN-g producing group not
providing help for Ig synthesis, and a group providing help but
not producing IL-2 or IFN—g. Cytotoxicity and TNF production
were found in both groups. TNF and IFN-g were present i1n the
chambers over DTH reactions. Anergic patients demonstrated
deficient mononuclear cell deliveiy to DTH sites which was
restored to normal by co-in,ection of MLC supernatants with
antigen. T-cell clones from such sites were simlar to those
from normal DTH sites. Additional experiments established that
MLC supernatants contained 2 distinct factors., one restoring DTH
in anergic patients, and another, which protected anergic rats

from lethal peritonitis.
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SOMMAIRE

Une technique en chambre a ete developpee pour la
recuperation des cytokines et des cellules T a partir des
reactions DTH humaines. Ces cellules ont ete clonees et
enrichies par rapport au sang normal, car les cellules T
reagissent aux antigenes associes aux reactions DTH. Les
antigenes sp~ri1figques CD4+ clones ont deux phenotypes: un
phenotype que prcduisse * le 1L-2 et IFN—-g mais ne contribuant
pas a la synthese de 1 ' ¢, et un groupe contribuant a 1la
synthese de 1’ Ig, mais re produilsant pas de IL-2 n1 de IFN-g.
Une cytotoxicite et une production de TNF a ete constatee pour
les deux groupes. On a constate la presence de TNF et de IFN-g
dans la chambre apres les reactions DTH. Dans le cas des
patients anergies, on a constate une production deficiente de
cellules mononuclees au site de la reaction DTH. Cette
production a pu etre restauree a son niveau normal par
1’inyection con,ointe de surnageant de culture mixte de
lymphocytes (MLC) avec l1’antigene. Les cellules T clonees a
partir de ces endroites etaient i1dentiques a celles
produites a des sites DTH narmaux. Des experiences
supplementaires ont permis d’etablir que le surnageant de MLC
offrait deux facteurs distincts: un premier restaurant le DTH
pour les patients anergies et un autre qui protegeait les rats

anergies des peritonites mortelles.
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Original Contributions to Knowledae

1) A method was developed for obtaining the cells and mediators
directly from human DTH reaction sites without contamination by
circul ating cells. This method, the "Sombrero” Skin Window
Chamber technique. 15 demonstrated to provide a faithful,
quantititive reflection of the underlying DTH reaction. The

method 1s reliable and easy to perform, with no observable

negati ve side effects.

2) The T-cells involved i1n DTH reactions have until now been
poorly characterized, largely as a result of thear
inacessability. While many functions have been attributed to
these cells, largely on the basis of i:n vitro data from

circul ating cells, direct evidence of their characteristics has
not been available. In this study, the cells from skin windaow
chambers over DTH sites were cloned using either PHA or the Ag
eliciting the underlying DTH reaction. TDTH cells were found

to consist of both CD4+ AND CD8B8+ cells. They were enriched.
relative to the blood, for cells specific for the antigen(Ag)

eliciting the DTH reaction.

3) The functional capacities of Ag-derived TDTH clones were
determined. Cytotoxic activity and TNF production were found
among both CD4+ and CDB+ clones, as was IFN-g production. IL-2

production was limited to CD4+ clones.

4) I1L-2 % IFN-g production were linked among CD4+ clones., both
those from the blood and TDTH clones specific for the

eliciting Ag. There was an i1nverse relationship between the
capacity to produce IL-2 or IL-2 % IFN-g and the ability to
provide help for Ig synthesis. While a similar observation has
been made amang murine T—cells, this 1s the first evidence of
such a dichotomy i1n human TDTH cells. Evidence 1s also
presonted to suggest that the capacity to provide B-cell help
was i1nversely related to the production of IFN-g. and that
stimul ation by different reagents results in different

lymphokine production profiles of individual clones.
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Original Contributions to Knowledge cont’

5) CDB+ clones from DTH sites specific for the eliciting Ag are
largely cytotoxic cells. A small number of these display NK-like
cytotoxicity. The maority of specific CD8+ TDTH clones also

produce 1FN-—-g.

bé) TNF and IFN-g were both detected 1n high levels in the fluid
from skin window chambers when the chambers were abave DTH
reaction sites. This represents the first direct evidence of the
production of these cytokines at DTH sites.

Taken together, the above i1nformation i1ndicates that there
is a functional dichataoamy 1n human CD4+ TDTH cells, with one
group producing IL-2 and IFN-g and not providing help for Ig
synthesis, while the other fails to produce these cytokines but
does provide help for Ig synthesis. Cytotoxicity and TNF
production are found 1n both groups, and also in CD8+ cells,
which also produce IFN-g. These graups of cells are also present
in the circulation. The cells at human DTH reactions are
enriched +or cells reactive to the eliciting Ag. and produce

detectable quantities of TNF and IFN—-g.

7) Using the skin window chambers, anergy to recall skin test
Ag in hospital patients 1s demonstrated to be reflected i1n an
abnormally low mononuclear cell delivery to skin test sites.
Mononuclear cell delivery 1s also abnormally low when an antigen

to which the patients are not sensitive i1s i1n,ected.

8) The supernatants from mixed lymphocyte cultures (MLC) have
been previously demonstrated to restore, locally, an observable
DTH-li1ke reaction i1n anerqic patients 1f co—-i1n,ected along with
an Ag to which the patient 15 sensitized. This restoration was
reflected in a significant i1ncrease i1n the number of mononuclear
cells delivered to such sites. This 1ncrease results 1n normal
levels uf cell delivery. Hospitalized controls also demonstrate
improved cell delivery, albeit their response to the
co—-injection of MLC supernatants 1s much lower than that seen in
anergic patients. The restoration of normal levels of cell
delivery in anergics, and the 1mprovement seen 1n reactive

controls, 1s dependent upon a prior sensitivity to Ag.
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Qriginal Contributions to Knowledae cont’
Evidence is also presented that suggests that the anergic

patients have a defective response to non-specific inflammatory

mediators.

%) The nature of the DTH-like reaction seen 1n sensitized
anergics co-injected with Ag + MLC supernatant, and its
relationship to normal DTH, was probed by examining the
functional capacities of T-cell clones from these sites. As with
normal DTH reactions., the cells from these sites are enriched,
relative to the blood, for cells specific for the eliciting Ag.
These cells were cloned and found to consist of both CD4+ and
CD8+ cells, and to produce IL-2, TNr and IFN-g. A few also gave
help for Ig synthesis. Overall these cells are indirstinquishable
from those of normal DTH reactions. This represents the first
evidence that the restored reaction seen 1n anergics co-injected

with Ag + MLC supernatants, is comparable to normal DTH.

10) The ability of MLC supernatants, when co—in,ected with Ag,
to restore normal levels of cell delivery in anergics, and the
normal functional capacities of the delivered cells, led to the
investigation of their ability to afford protection against
1infecting organisms. A model of peritonitis was established
using anergic rats. With this model 1t was demonstrated that MLC
supernatants confer protection against a lethal bacterial

peritonitis in anergic animals.

11) The factor that confers protection against lethal
peritonitis 1n anergic amimals 1s present i1n high levels in
human MLC supernatants. It has a molecular weight less than
10kD, and 1s produced as a result of cellular activation.
Evidence is presented that i1mplies that the factor does not
afford protection by attracting/activating PMN. This factor was
shown to be distinct from the factor(s) in M.C supernatants that
restore DTH, which has a molecular weight of >S0kD.

Taken together, the results show that anergy in hospital
patients is reflected 1n a decreased delivery af mononuclear
cells to DTH sites, which can be corrected by the co-injection

with Ag of a factor or factors of MW > 30kD, present in MLC
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Original Contributions to Knowledge cont’

supernatants. The resulting response is a true DTH reaction. A
second factor with MW < 10D, also present in human MLC
supernatants, can afford protection from lethal infection in

anergic animals.
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_PREFACE

The experimental work for this thesis was done while the
candidate was under the supervision of Dr. H. Rode in the Dept.
af Surgery, McGill Unmversity. All work contained in the thesis
is that of the candidate. The skin window chamber technique was
derived from the method aof Morris et. al. (134). The
neccessary modifications te the chamber were designed and
carried out by the candidate.

The screening of hospital patients and skin testing of all
subyects was carried out by several research nurses attached to
the research group of which the candidate is a part. They were:
Mary Broadhead RN, Lise Laporte RN, Louise Chartrand RN and Mary

DeSantis RN. Normal controls were obtained and screened by the

candidate.

The mononuclear cell culture methods used were either modified
or developed by the candidate. All cell culture work, with the
exceptions noted below, were carried out by the candidate. Some
PBM isolations from blood were performed by Mrs. Magda Jass,
under the supervision of the candidate. All cytokine
preparations were prepared and fractionated by the candidate.
B—cell help cultures and Ig production assays were performed by
Mrs. Manon Blain and Ms. Doris Hellstern, under the supervision
of the candidate. Assays for TNF activity were performed by Dr.
Leogpoldo Sanchez-Cantu, under the supervision of the candidate.
All other functional and LK assays were carried out by the

candidate.

Bacteria used in the study were grown by Ms. Betty Giannias,
under the supervision of the candidate. Zone of inhibition and
bacterial cytotoxicity studies were carried out by the
candidate. The animal model of peritonitis in anergy was
developed by the candidate from separate models as described in
chapter &6. All experiments i1nvolving animals were designed and
carried out by the candidate. Various i1ndividuals assisted 1in
carrying out these studies, th2y were: Dr. John Marshall, Dr.
Juan-Carlos Puyana, Dr. lhor Zakaluzny, Dr. Leopoldo

Sanchez—-Cantu, Mrs. Dale Eshelly. and Ms. Corrinne Lacey.
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Computer analysis, calculations, database use and statistical
analysis were performed by the candidate using commercial

software. The thesis was prepared by the candidate.
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Chapter 1: Cell Mediated Immunity and delayed-typw

hypersensitivity: an historical perspective

"Every medical man must learn the art of drawing the best
conclusions he can from data that are often 1ncomplete and
sometimes highly confusing. He will find immunity an excellent

training ground."
W. W. C. Topley

Vaccination probably originated in asia. From
Constantinople, vaccination against smallpox was i1ntroduced to
England 1n 1718 by lLady Mary Montagu (1). There followed the
development of cowpox vaccination against smallpox by Benj,amin
Jesty and the subsequent i1nvestigation of the phenomenon, and
popularization of the practice, by Jenner towards the end of the
century (1). Jenner’s i1nvestigation was thorough and scientific,
and included a description of what we now recognise as DTH (2).
These events, preceeding as they did the Germ theory of disease,
were not fully exploited as the stepping-stones to further
knowledge until almost a century later.

Immunology as a science had i1ts origins i1n the search for
etfective vaccines by european microbiologists, notably Pasteur
and Koch, 1n the 1870’s and 80°s (3). Following the
establishment of the Germ theory of disease, the scientific
investigation of how the body reacts to infectious organisms,
and what could be done ta augment that response, began in
ernest. Metchnmkof’®s phagocytic theory of immunity was
introduced 1n 1883 (3) and while izn vive phagocytosis 1s often
the result of co—operation between the cellular and humoural
arms of che i1mmune system, 1t can be argued that this
represented the first concept of the cellular basis of immunaty.

Following his discovery of the causative mcrorganism of
tuberculosis (1), it was Koch who first noticed the unusual
aspects of the reaction of previously i1nfected Guinea pigs to
intradermal injection of tubercule bacteria. This reaction was
notable for its slow rate of evolution (relative ta other skin

reactions), requiring 24 hrs for visible indications of a
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Page 1.2
response, and thereafter the rapid necrosis and sloughing off of
dead tissue from the site. He also noted that while this
reaction was slower than some other skin responses 1t was
dramatically more rapid and energetic than seen in the skin in
the first encounter with the bacteria, which took 10-14 days to
become noticeable (4). Thus Koch had described the two essential
characteristics of CMI, a hypersensitivity (resulting in tissue
rlestruction), and the anamnestic (immune) recall response.

The concept of hypersensitivity was more formally developed
by 1904 when Von Pirquet introduced the term "allergy"” (3). This
term has come to refer exclusively to the swift reactions
mediated by IgE antibodies, but it was then applied generally to
all visible forms of immune reactivity. Although the difference
that underlay antibody and cellular mediated skin reactions was
not then known, Zinsser recognised the tuberculin—-type reaction
as distinct from the other more rapid skin reactions (4).

The fundamental discovery by Landsteiner and Chase (3) and
Chase (&) that the DTH skain reaction was due to the action of
cells, later discovered to be lymphocytes, and not by serum
elements lead to a rebirth of work 1n the field of cellular
immunology (3) which had existed to some extent i1n the shadow ot
serology for several decades. The predominant role of
lymphocytes 1n the transfer of CMI was extended to show that it
15 the T and not the B lymphocytes that mediate this response,
and that the transferred T-—cells must be specific for the
antigen used in the skin test (7).

As noted by Koch, a primary sensitizing exposure to antigen
1s necessary to produce the secaondary anamnestic respaonse which
results in the typical visible signs of DTH. Up to this time,
mast of the information regarding CMI was derived from
histological studies and adoptive transfer experiments (5). The
role of the antigen specific lymphocytes 1n the secondary
response was uncertain.

How the sensitized cells directed this response was unknown
until]l the discovery that T-cells released soluble mediators that
directed the action of other cells. The first of what came to be

known as lymphokines was the blastogenic factor described by



-

Page 1.3

Gordon and MclL.ean (8) and Kasakura and Lowenstein (9), which
later became known as IL-2. Since then the number of soluble
mediators released by lymphocytes and monocytes has risen tao
well over 100 (6). The study of these factors, the cells that
release them and their effects upon target cells has represented
much of the recent work in this field and has 1led to an
understanding of many of the mechanisms i1nvolved in DTH.

Using immunohistological staining of CMI lesions, and the
adoptive transfer of sensitized cells into naive recipients the
T-cells responsitle for directing CMI were generally found to be
CD3+,CD4+,CD8—~ (10) however cells with other phenotypes have
also been shown to be involved (11).

The role of CMI in the response to infection has been
demonstrated in both human and animal diseases. In animals,
numerous infections, usually by obligate or facultative
intracellular organisms, were shown to be controlled primarily
by CMI responses, among the most important from an experimental
viewpoint were: tuberculosis, salmonella, listeria and more
recently leishmania (12,13). In humans, immunity to many
organisms was found to depend upon CMI, i1ncluding tuberculaosis,
Mycobacterium leprae, Candida, lefshmania and numeroaus others,
including many viruses (5,13,14).

In the 1950°s and 60’s, the aobservation of patients born
with congenital T-cell deficiencies further demonstrated the
essential nature of CMI respanses (13). Maore recently, aquired
T-cell 1mmunodeficiencies such as anergy i1n surgical patients
and the immunodeficiency resulting from infection with HIV-I
have also confirmed that T-cell directed CMI responses are
critical in maintaining freedom from infection (2).

The advent of tissue transplantation i1n the 19607s, both as
experimental model and theraputic treatment, resulted i1n the
confirmation of the dominant role of CMI responses in both the
graft rejection (15,16) and the graft vs host reaction (7). CMI
was also shown to play a role in the immune reaction to
neoplasms (3), and the wmportance of immunorequlation of CMI 2n
vivo has been demonstrated by the discovery of the role of

sel f-destructive CMI reactions 1n both intectious diseases such
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as leprosy, and autoimmune diseases such as rheumatoid arthritis

and multiple sclerosis (15).

The study of CMI, which commenced at the very beginnings of
the science of immunology, continues to this day. It has been of
great value 1n understanding many aspects of immunity and will
no doubt continue to be so. Early studies were primarily
histological and phenomenological. These gave way to more
precise histological methods, and to the techniques of adoptive
transfer and Iin vitro cell culture. Yet unlike the immune
responses which take place in dedicated tissues (spleen, 1ymph
node, thymus etc.) and those that release their soluble
med: atars into the blood, the functional capacities of the cells
responsible for the secondary responses of most forms of CMI
have not been studied directly owing to the difficult task of
extracting these cells from their reaction sites without
altering them or "contaminating" them with cells from the
peripheral circulation. Initially this inability was of little
consequence, hawever the recent breakdown of classical
functional categories such as "helper" and "suppressor” cells
into many smaller and maore speci1fic groupings, such as cells
that secrete particular CK or "induce" or "transduce" functional
activities 1n other cells, and the realization that the immune
system may be compartmentalized into heterologous systems based
1n different "home" sites such as spleen, gut, and skin makes an
examination of pure populations of these cells at the clonal

level an important objective.

Faorms of Cell Mediated Immunity

CMI is a complex array of different immune responses. They
differ 1n both the primary and secondary effector cells that
dominate the reactions (5) and to some extent, the sites in
which the reactions occur, and their dura*ion. Among the
reactions considered to be mediated i1in whole ar in part by CMI
are some anti-tumor responses (7,17), allograftt rejection
(18,19), the graft vs host reaction (7,20), destruction of
virally-infected cells (21,22,23), certain autoimmune diseases

(24,25), and responses against some bacteria, primarily
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intracellular pathogens (5,7). Many of these responses have
features that share processes or components with DTH, and thus,
evidence regarding the mechanisms of these forms of CMI has
often been assumed to apply also to DTH which has been
tonsidered the prototypic reaction for most forms of CMI.

The generation of sensitized cells 1s required for the
subsequent demonstration of DTH. The majority of this thesis
focuses on the recall component of DTH and I will treat 1t as a
separate entity, of which the primary reflection 1s the
tuberculin type skin reaction. Analogies to other CMI responses
will be presented as they were drawn historically, or when they

serve to reinforce or illustrate the workings of DTH.

DTH

This reaction was originally defined by the slowness of 1ts
visible appearance, as compared to the swifter skin responses of
the Ab-mediated reactions. Thus the name delayed-type
hypersensitivity represents an operational definition, which
cannot alone encompass all the forms of immune response now
grouped under this term.

DTH 1s characterized by the i1nfiltration of T-cells and
monocytes at the site of Ag deposition. DTH reactions 1n the
skin occur i1n two forms, both of which may occur naturally. The
tuberculin type reaction may be induced by i1nfection (4),
non—infectious exposure (so called “natural immunity") or other
as yet undefined events leading to the DTH-mediated autoimmune
reactions described above. Contact sensitivity may arise to such
environmental hapten antigens as nickle and vari1ous plant oils,
rubber and wvarious drugs (26). Contact sensitization in both
animal models and 1n man 1s readily accomplished by either
topical application of the sensitizer, usually suspended 1n a
neutral o1l or other irritant, or by intradermal i1njection of
the agent (27). The induction of tuberculin-type DTH is more
difficult. The majority of protein antigens, 1f 1njected in
saline alone will give rise to antibodies which can i1nterfere
with the expression of DTH (5) or give rise to the more

ephemeral Basophil dependent reactions described below (12Z,28).
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Several strateqies have been developed to generate
long-lasting tuberculin-type DTH responses. Immunization with
CFA is often effective, although in some cases this may also
give rise to antibodies that produce an Arthus reaction that
interferes with the expression of DTH. This may be avoided by
conducting the subsequent DTH tests i1n the period prior to the
appearance of circulating antibody (29), by the use of highly
conjugated carriers of weak immunogenicity or by subsequent
boosting 5-12 days after the priming exposure to antigen (S5).

The DTH reaction is directed by Ag—specific T-cells (3). The
ma jor secondary effector cell is the macrophage (5), while
cytotoxic T-cells may also be present (7) and may dominate the
response, particularly those against viruses, allo—antigens and
contact sensitizers (30).

When the reaction is provoked in the skin and directed
against soluble or particulate antigens it is usually referred
to as a "tuberculin-like" reaction (53). When the antigen used is
a reactive hapten, painted on the skin the resulting response is
termed "contact sensitivity” (5). Although this reaction is
provoked by a special type of antigen (31) and may involve a
different APC than the tuberculin—type reaction (32), the two
are often treated as a single entity (5).

The experimental provocation of DTH typically induces a
reaction in which the inflammatory component is first notable by
12—-24 hrs and lasts no longer than 96 hrs (5). When induced
instead by persistent Ag, such as those produced by viable
organisms or cells, the longer duration of the reaction and the
various other events that take place i1n infection can influence
the i1mmune reactions and the DTH response may have many
di f feren* appearances which do not appear to meet the older
operationally defined criteria for this response.

In these cases the responses are considered to be DTH
reactions by virtue of their dependence upon Ag-specific T-cells
and the predominance of the resulting lesions by macrophages
and/or cytotoxic T-cells (5). Thus allograft rejection (7), some
anti—-tumor responses (33), anti-viral responses (7) and many

anti-bacterial reactions, including i1mmune granulomas (7) are
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considered to be DTH reactions.

Other DTH-like responses

CMI reactions which do not involve macrophages and/or Tc as
secondary effectors are also known. The early phase of CMI
responses i1n the Guinea pig (34) and the Rabbit (3) for example
are dominated by PMN which may decrease or i1ncrease in
proportion depending upon the degree of ongoing tissue
destruction (5.

Hypersensitivity responses which involve basophils as the
secondary effector cells are known as Jones-Mote reactivity (28)
or Cutaneous Basophil hypersensitivity (35). This reaction can
be induced experimentally by immunization with protein antigens
in incomplete Freund®s adjuvant (34) and 1s at least partially
mediated by antibody (34) and possibly suppressor cells (37).
This form of CMI 1s believed to play an important role in the
response to parasites, notably blooed-sucking arthropods 1n the
skin and helminth parasites in the gut (7). Eosinophils play an
important role as secondary cells 1n T-cell mediated responses
to many parasites notably Schistosoma and Trichzinella (7).

T-celis may also interact with B-cells to produce germinal
centers at sites of Ag deposition to result in Ab formation in
situ (7) which may give rise to an ADCC—directed lesion closely
mimicking a classic granuloma in gross appearance (7). Still
other T-cell directed lesions may be produced as a result of the
effects of LK released by T—-cells at the site upregulating
normal functions of bystander cells. T-cell induced
hyperactivity by goblet cells resulting i1n lesion formation has
been reported (7)), and the GVH lesion found in spleen and bone
marrow 1s partially attributed to the effects of LK from the
graft-derived Tcmi cells upon host hematopoietic cells (7). N¥
cells may act as either primary or secondary participants in CMI
(7). They are able to both produce and respond to many of the LK
involved in T-cell mediated CMI (3Z8). They appear to play an
important role i1n anti-—tumor responses, and alsa i1n some
parasitic and bacterial infections (17). Nk cells may be
responsible for the rejection of parental bone marraow grafts 1in

F1 recipients (19) and some anti-viral responses (22).
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Thus CMI responses are a diverse group of reactions of which
those directed by Ag-specific T—cells are a subset, and DTH

reactions a subset of those Tcmi responses.

GQuantitation and Histology: a cautionary tale

Histological studies were responsible for much knowledge
regarding DTH (S5). These efforts were valuable i1n determining or
confirming the cells i1nvolved in DTH, their activation states
and Ag specificity (3) and their importance is not to be
minimized. However, with the evolution of a more quantitative
outlook 1n immunology 1t is warthwhile to take a second lool at
these studies and the conclusion drawn from them.

In histological studies of DTH, often no mention 1s made of
results from normal skin (39-43), or normal skin i1s represented
by Ag—in,ected sites of unimmunized sub;ects (44). When "normal"
skin is mentioned it 1s often dismissed as having “"few cells"”
(43) or "small numbers" (446,47) of lymphocytes present, ar
contrasted to DTH reactions as in Platt et al (44) 1i1n which
"small perivascular mononuclear cell clusters" were observed in
control biopsies but dismissed by comparison with the "more
exuberant infiltration" seen 1n responder biopsies.

Detailed histological studies of DTH often report
qualitative measures such as a "+, +++, etc" scoring scheme (42)
or at best, marginally gquantitative measures such as the
percentages of cells within a given feature (such as
perivascular clusters) (43,44,47). Such measures have no scalar
reference. These percentages vary widely from author to author,
to the extent of disagreement over the presence (44) or absence
(47) of cell subsets (CDB8+ cells) or even lymphocytes in general
(44,48) 1n the epidermis. This type of report must be seen as
essentially qualitative and only marginally quantitative despite
reporting percentages of cell types.

These shortcomings were acceptable at the time the studies
were performed. Histological studies are labor-intensive. To
match the scales of the samples to the magnitude of the
lymphocyte presence i1n “"normal” skin would have required a

substantial i1ncrease i1n the number and size of samples prepared
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and scanned. Since there was little evidence for a dynamic,
homeostatic regulation of the skin immune system untail
recently, there was little incentive to scale up to the work
required.

As early as 1949 Andrews and Andrews reported that
lymphocytes made up as much as 1-4%Z of the cells 1n the basal
laver of normal skin (44). Thus there would seem to be reason to
consider a role for lymphocytes in the skin in 1ts normal
homeostatic function(s) and/or the early components of the DTH
reaction.

In recent years such studies have been performed. Using
large numbers of samples, and external linear scales, a better
appreciation of the events in normal skin has come to light. Bos
et al conducted such a study using 24 samples from six
different sites of different subj,ects (49). They express their
results from vertical sections i1n terms of cells/10mm horizontal
line, with the actual cell counts and length of the horizontal
line scanned given in terms of mean, median and range. While the
range is still large. their results indicate that there are 1in
the order of 105 T-cells/cm2 1n normal sbhin. The presence of
this number of cells would open the possibility of a significant
participation in DTH reactions by the T—-cells already present in
the skin, prior to Ag—deposition.

Such a pos¢ibility would not have seemed reasonable in the
light of previous reports of "few cells" etc. present i1n such
skin. Qualitative histological studies are of great value an
illuminating the DTH reaction, but they should not be
ovaer—-i1nterpreted, particularly when judging the significance of

cells or events that are infrequently observed.
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Cells Involved 1n the DTH Reaction

Histological description of DTH
Early histological studies first identified the infiltrate

in recall DTH reactions as being composed of mononuclear cells
(3). This influx was resolved by histochemical analysis into
both lymphocytes and monocytes (39). The lymphocytes were later
shown by immunchistochemistry to be T—-cells, both CD4+ and CDB+
(5). The application of detailed i1mmunohistochemical studies to
the analysis of the cells infiltrating DTH reactions has

permitted the description of the reaction gi:ven below.

The early events 1n DTH are a generalised vasodilation and
edema (9). Within 4-6 hrs of the 1n;ection of Ag, perivascular
infiltrates of leukocytes are evident (34). By &6 hrs,
mononuclear cells come to predominate the infiltrates while some
basophils may be present, even 1n man in response to Ag such as
PPD (3). The mononuclear cells are clustered perivascularly (44)
and consist largely of T—cells with a pronounced enrichment for
CD4+ cells relative to the blood (44). Approximately 14 of the
cells are Leu 7+. One third of the cells are monocytes with the
bulk of the remainder being T-cells (39,47) of which very few
express activation markers. Interestingly, these same events
take place whether the subject is sensitized to the antigen or

not (44,.50).

After 12 hrs., mononuclear cells dominate the perivascular
regirons. Resident macrophages which originally made up the bulk
of the macrophage population have by this point been ;oined by
an equal number of monocytes from the circulation. The majority
of these new monocytes are of the interdigitating type and
express HLA-DR. Twenty percent of the remaining monocytes also
appear to be activated and express both HLA-DR and C3b
receptors. The CD4+:CD8+ ratio decreases to levels aonly slightly
greater than those found in the blood (47). A doubling in the
number of Langerhans cells 1s seen as are small numbers of

T-cells, scattered throughout the dermal i1nterstitium (47).
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At 18 hrs there is a slight increase in the number of
mononuclear cells 1n the perivascular reqgions expressing Leu 7.
The number of T-cell e)pressing the activation antigens T9 and
CD25 (Tac) increases. The decrease 1n the perivascular CD4:CDS
ratio continues but the infiltrate remains slightly enriched for
CD4+ cells relative to the blood (44). Small numbers of T-cells
are found in the interstitium. A weak expression of T? 15 also
seen on keratinocytes.

In non-responders the CD4:CDB ratio remains fixed at 1.
T-cells and infiltrating macrophages are rarely seen in the
interstitium, and very few of these express activation markers
(47) . The reaction sites of non-responders do not progress
beyond this appearance and the mononuclear i1nflux will gradually

diminish (47).

After 24 hrs the infiltrate 1s i1ncreased. FParivascular
regions show little change 1n cellular composition, but the
numbers of all cell types i1ncreases, the one exception being the
relative proportions of monocyte types. There is an increase 1n
the proportion of activated macrophages and a correspondingly
lower contribution by both resident and i1nterdigitating
macrophages (47). The expression by T-cells of activation
antigens, particularly T9, i1ncreases (44). A modest i1ncrease 1n
the numbers of Langerhans cells i1n the dermis occurs, while 1n
the epidermis they are variously reported to i1ncrease (47) or
decrease (26,31,51) by small amounts. The extent of 1nterstitial
infirl tration of both T-cells and macrophages 1ncreases (35). The
majyority of infiltrating macrophages are of the activated type,
expressing both HLA-DR and C3b receptors (44,47). The CD4:CD8
ratio returns to the ratio seen i1n the blood (44,47). Occasional
Leu 7+ mononuclear cells and T9+ keratinocytes are found (47).

T-cells are found 1n the epidermis for the first time., and
they are found in close association with Langerhans cells (47).
These T-cells have been reported to be eirther both CD4+ and CD8+
(44) or exclusively CD4+ (47).

Afterr 48 hrs the infiltration of all areas of the skin by
T-cells and of all areas except the epidermis by macrophages 1s

saen (39,33,37,51). The proportion of activated macrophages 1n
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the perivascular regions reaches its peak {(approx. 80%) and
macrophages of the resident and interdigitating types are
infrequent (47). The numbers of Leu 7+ cells in the perivascular
region increase to a peak value of approx 37 (44). Langerhans
cell numbers remain constant i1n all areas (44,47.51). There 15 a
dramatic increase in the proportion of T-cells expressing
activation antigens, including CD25 and also HLA-DR(in a smaller
proportion of the T-cells). The T—cells i1n the epidermis appear
to contain a greater proportion of activated cells than the
other regions (44). Keratinocytes begin to express HLA-DR
(44,.51) and to proliferate, resulting i1n epidermal thickening

with Langerhans cells concentrated i1n the upper regions.

By 72 hrs the lymphocyte and macrophage i1ntiltrates begin to
wane (5,47). Keratinocyte proliferation and HLA-DR expression
continue and may i1ncrease (44,31). Langerhans cell numbers
double 1n the dermis 1n the period from 48-72 hrs (51) while
their numbers 1n the epidermis drop precipitously as the upper
epidermal regions are shed (51), or may remain constant (47),

presumably to be shed somewhat later.

Over the next 10 days the numbers and distribution of
T-cells and macrophages decreases and may return to norma1 or
remain slightly elevated (52). Langerhans cells gradually
decrease 1n the dermis as they appear to mgrate upwards and
repopul ate the epidermis (51). Induration and edema decrease
rapidly and the reaction grossly returns to normal (44,51).
Within the tissue, CD4+ cells continue to dominate the
infiltrate (52). HLA-DR but not DQ expression by keratinocytes
1ncreases from days 4—-17, particularly i1n small focal patches
(52). While a T—cell influx in all areas may remain for up to 45
days or more (52), the i1nfiltrates eventually decrease (5,351,52)

and the fixed elements of the skin return to normal.

Evidence from other techniques

Much has been learned about the functional capacities of the
cells involved in DTH by the employment of the adoptive transfer
technique. Indeed the original demonstration by Landsteiner and

Chase that DTH 1s a cell mediated reaction was carried out using
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this technique. By depleting and/or enriching T—cell populations
from antigen sensitized animals that show DTH responsiveness,
and subsequently transferring these cells into naive recipients,
their involvement in the recall component of DTH has been
determined. In this way 1t has been shown that the cells that
mediate DTH reactions to soluble and allo—-antigens are CD3+,
Cba+, L3T4+, CDG—, la+ (10,33,53-58). While these cells may
suffice to produce the Ag-specific i1nflammatory component of
DTH, the full complement of reactions involved i1n the CMI
response to many intracellular pathogens regquires both CD4+ and
CD8+ Ag specific cells (59-65) and both cells are sometimes
required for the formation of 1mmune granulomas (62). Cytotoxic
cells aof both NK (64) and T-cell (635) lineage may also be
required for the full development of DTH-driven CMI effector
function to some pathogens, particularly viruses (23).

The Role of Ag-specific cells in DTH

The 1nvolvement in situ of Ag-specirfic T-cells was first
demonstrated by Najarian and Feldman (46). They and other groups
subsequently used 3H-Thymidine labelling in donor animals
during the sensitizing process (67,68) to generate labelled
Ag-specific cells which were transferred to naive recipients.
The recipirents were then skin tested and autoradiography used to
identify the labelled cells 1n DTH lesions. These studies
established that only a very small proportion (<1%) of the cells
present at DTH sites are specific for the Ag used to elicit the
reaction (5).

This experimental design results in very few positive
(labelled cells) being detected 1n the lesions. To eliminate
this and other design limitations, McCluskey et. al. carried
out an elegant series of experiments {(69). In the first, the
recipient animal was labelled sytemically with 3H-Thymidine
prior to the adoptive transfer. In subsequent skin tests,
approximately 920%Z of the cells i1n the lesion were labelled. In
the second experiment, unlabelled animals were passively
immunized with cells from two different donors, one of which had
been labelled. The donors were sensitized to two different

antigens. Regardless of which set of cells were labelled, or
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which Ag was used to skin test the animal. between 0.8-8% of the
cells at the site were labelled. The percentage of labelled
cells was consistently higher in the site tested with the Ag
used to generate the labelled cells, but the increase was
slight. These results i1mplied that there was a small Ag—specific
infiltrate, but that the transferred cells also accumul ated
non—-specifically at the skin test sites. This was confirmed in
the third series of experiments in which animals were actively
immunized. After 7-9 days, at which time the Ag-specific cells
were presumed to have ceased proliferating, the animals were
labelled with 3H-Thymidine for several days and then skin
tested. The resulting lesions consisted almost entirely of
labelled cells.

The i1nterpretation of these experiments was that the
majority (greater than 920%) of mononuclear cells present at DTH
lesions are not Ag-specific. but rather are proliferating cells
of irrelevant specificity from the circulation that accumulate

at such sites non—specifically (69,70).

These early studies reported little evidence for the
accumul ation or enrichment of Ag-reactive cells at DTH sites,
relative to the bloaod. Very low numbers of Ag-specific cells
were enumerated, making this observation suspect. Interestingly,
in some of the early studies described above, 1t was noted that
using the contact sensitizer DNCB, the proportion of Ag—-specific
cells seen 1n the epidermis was 5 to 20-fold greater than in the
lesion as a whole (67.,468). A recent study (71) has reported a
marked Ag—specific accumul ation of hapten-specific lymph node
cells at sites of CS reactions when sufficiently high
concentrations of hapten were used. The authors atvtributed the
requirement for higher doses of sensitizer to the impaired
ability of their cultured Ag-specific cell lines to traffic into
skin and lymph node sites, a phenomenon also reported by others
(72,73) .

One of the first attempts to directly quantitate the
numbers of Ag-specific cells present at human DTH sites, has
recently been reported by Kapsenberg et. al. They prepared

T—cell clones from the cells i1scolated from punch biopsies of
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Ni+2 CS sites, and found that approximately 10-15% of the
cells from DTH biopsies were Ni+2 reactive (74). Although
these cells may have been contaminated by cells from the
peripheral circulation this would seem to be a higher proportion
af reactive cells than one would expect to find 1n the blood.
Thus 1t appears that while the proportion of Ag-reactive T-cells
within DTH sites may be small, there 1s some evidence ta support
the i1dea that DTH sites are somewhat enriched for cells reactive
to the antigens driving the reaction.

That a small number of Ag—-specific cells may be sufficient
to drive a DTH reaction was confirmed by Marchal and his
colleagues in an elegant series of experiments i1nvolving the
injection 1nto murine footpads, along with Ag, of Ag-specific
T—-cell lines (73) and clones (746&). They demonstrated that a
single Ag-specific cell, placed i1n the footpad was capable of
provoking a DTH reaction. Although one cell alone was capable of
generating a DTH reaction, the evidence indicated that not all
T—cells can evoke DTH reactions. Marchal’s results pointed to
the the possibility of a numerically rare Ag-specific TDTH
phenotype, responsible for i1nitiating the subsequent recruitment
of effector phenotype cells.

To date, the studies reparding Ag—specitic cells i1n DTH have
determined that very few Ag-specific cells are required to
generate a DTH reaction, but the actual numbers and proportions
of such cells that are present at DTH sites 1s uncertain.

Regul atory cells in DTH

Numerous types of cells are i1mportant in regulating DTH
reactions. Much aof the r2vidence regarding regulation of DTH has
been generated i1n adoptive transfer experiments. While both CD4+
and CD8+ cells are required for DTH eupression, cells of bath
phenotypes may serve to suppress the response (5,53,55,77). The
suppression of DTH 1s 1tself part of a complex cascade, most
clearly demonstrated in CS i1in which a CD3+, CD4+, CD8-, I-J+
suppressor—inducer c2ll produced an Ag-specific
suppressor—inducer factor which is assembled with an I-J region
product from CD3+, CD4-—, L3T4-, I-J+ cell (53,78). This factor

then acts via a CD3+, CD4-, CDB+, -3+ transducer cell to induce
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suppressor effector cells which may themselves act via soluble
factors (78,79).

Non—specific contrasuppressor cells with the phenotype of
CD3+, CD4+, L3744+, I-J+, V-V adherent, have been shown to be
required in order to passively transfer DTH immunity to contact
sensitizers 1n naive mice (78). These cells apparently
function to overcome the innate generation of suppression by

resident cells in the spleen (78).

In interpreting the results of adoptive transfer experiments
it i~ prudent to note that it has long been recognised that
lymphobl asts preferentially accumulate at DTH sites regardless
of their Ag—-specificity (80-82) and that in vitro activated
T-cells retain this characteristic (72,73). In contrast, in
vivo activated lymphocytes will, after a short period i1n which
they may be non—-specifically recruited to any site of
inflammation, tend to recirculate into the tissue in which they
encountered Ag (83). Thus a regulatory cell, activated in
vitro and transferred n vivo may exhibit abnormally enhanced
or non-specific trafficking to inflammatory sites, where it may
exert a greater than naormal i1nfluence. Thus some of the
requlatory pathways demonstrated utilizing this technique may be

artifactual.
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Antigen presenting cells in DTH

Cells of the macrophage/monocyte lineage have been shown to
function both as antigen presenting cells (APC) and effector
cells in DTH. Their role as AFC had been inferred from in
vitro experiments that have shown that both the CD4+ TDTH
effector cells and CDB+ cytotoxic cells must see processed
antigen in the context of Class II and Class I la antigens
respectively (5,6).

There are numerous cells in the skin capable of functioning
as APC. In the dermis these are primarily ‘'resident" macrophages
(47) which may be 1nvolved in the concinuous activation of
T-cells in the perivascular region of "normal® skin (47,49). Ac
a DTH reaction evolves, large numbers of monocytes are recruited
into the dermis, however it is unclear whether some of these
cells subsequently act as AFC or i1 they function soleily as
effector cells (5).

In the epidermis the dominant APC is believed to be the
Langerhans cell (5,6,44,47). They are extremely effective »= APC
in vitro (32,84) and are seen to be closely associated with
T-celis in the epidermis in DTH reactions (44,47,51), and may be
the only AFC capable of stimulating some hapten-specific T-cells
from contact sensitivity reactions (74). Langerhans cells are
sensitive to environmental insult and this and similar
sensitivity by other APC may play a role in the loss of DTH
responses seen following UV irradiation zn vive (79) and

possibly other circumstances (78).

Macrophages as effector cells in DTH

Macrophages present at DTH sites also act as effector cells
1n several ways. By the production of CK that attract and/or
activate cells involved in DTH, or by altering the vascular
endothelium they may serve to i1ncrease the non-specific 1nflux
of cells to DTH sites. They may also be able to downregulate
reactions by releasing compounds like PGE2 which 1nhibit
T-cell activation and LK production (6).

Dvorak and others have shown that fibrin deposition 1s

responsible for the induration felt at DTH sites (206-209). The
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fibrin 1s assembled on the surface of the macrophages and
eventually forms an intracellular mechwork (85,864). The
deposition of fibrin by macruphages is a result of thear
production of macrophage procoagulant activity (MPCA)Y. This
occurs 1n response to signals from (Ag) activated T—cells (6),
erther the soluble factor macrophage procoagulant inducing
factor (MPIF)(4,87-89), ur directly via a rapid unidirectional
Ia-restricted cell-cell interaction (6).

Macrophages also function as cytotoxic effector cells in
DTH. Their ability to phagocytose bacteria makes them natural
hosts for abligatory intracellular bacteria. The expression by
macrophages of enhanced i1ntracellular killing of such organisms
is a result of the effects of the T-cell LK IFN—-g and perhaps
other mediators with macrophage activating factor (MAF) activity
(5, 6). Macrophages, and their progeny giant cells, can be
observed phagocytosing and killing intracellular bacteria at CMI

sites (5,6,90-92) and usually in vitro (22,93).

The role of mast cells in DTH
A role for mast cell-T-cell interactions in the generation

of secondary DTH reactions has been put forth by Askenase and
colleagues (94). Their work, carried out in the mouse, argues
that the an Ag—specific T-cell factor produced by cells in the
spleen and lymph nodes, binds to mast cells. These "armed"” cells
respond to crosslinking of the membrane-bound T-cell factor by
Ag 1n a fashion similar to their response to IgE cross-linking,
with the release of vasoactive amines (?25-98) which cause the
formation of gaps between the vascular endothelial cells leading
to the non—specific extravasation of T-cells which direct the
remainder of the DTH response. This group has amassed a
cansiderable body of experimental results i1n support of this
theory (for a review see 94), however their claims that this
represents the sole i1nitiation mechanism for DTH and that its
participation 1s obligatory cannot be fully supported by the
evidence at hand. The claim that the mast cell deficient W/Wv
and S1/51d mice lack detectable DTH (99) and that reserpine
blocked DTH, through 1ts ability to i1nnibit serotonin, in normal

mice, was refuted by Galli and Hammel (100) who used more
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sensitive histological and autoradiological techniques to show
that these mice did demonstrate normal DTH responses. They also
showed that this response was reserpine sensitive despite the
innate serotonin deficient state i1n these mice. Given the
demonstration that a single Ag-reactive TDTH cell encountering
Ag in the periphery may elicit DTH and the ability of soluble
products of activated macrophages to alter the vascular
structure (see below), an absolute dependence for mast cell
degranulation 1n DTH would seem unlikely, however the
demonstration of i1sotype—like regulation of the Ag-specific
factor s responsible for mast cell i1nvolvement (53) by suppressor
factors (101) suggests that this may be a mechanism whereby
speci1fic T-cells i1n one i1mmune compartment may 1nfluence T-cell
responses at distant sites. Alternatively, the 1nflux af serum
proteins into the tissues as a result of endothelial gap
formation may lead to enhanced fibrin deposition at DTH sites.
On balance it would appear that mast cells do play a role 1n
some DTH responses in mice, but that this role 1s more aof an
amplatying (in eirther magnitude or tempo) rather than an

obligatory one.

Soluble mediators of DTH

Since the description of the first lymphokine, BF or IL-2
(8), over 10C CK, have been described (5,6). Since the
description of MIF i1n 19646 by by Bennet and Bloom (&), many of
these Ck have been believed to be i1nvolved in DTH. The ma,ority
of CK fall into & general categories: Ag-specific factors,
regulatory factors, growth and/or differentiation factors,
factors effecting vascular permeability, migration i1nhibitiron
factors and chemotactic factors. Within these cateqories there
are often different factors having the same or similar effects
but with different target cell populations (5,6).

The majority of these factors have been produced and their
functions determined i1n v2tro. To comprehensively review the
entire pantheon of factors postulated to participate i1in DTH 15
impractical. I will i1nstead concentrate upon those factors whose

production and/or function(s) have been demonstrated :i:n vivo.
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The methods used to demonstrate the involvement of these factors
have utilized Ab for immunohistochemistry or blocking of the
responses, extraction from the site, or the introduction of CK

into tissues to evoke DTH.

Histological evidence of CK participation in DTH

The detection by immunohistological techniquus of cytokine
production at DTH si1tes has been accomplished for a few CK. MIF
has been detected in both human and murine DTH reactions. Using
a monoclonal Ab, Sorqg et. al. found that the production of MIF
2n vivo was carried out not by T—cells but rather first by
endothelial cells and later in the reaction with macrophages
(50). They detected large numbers of endothelial cells and small
numbers of dermal macrophages prociwing MIF in the early
non—-specafic inflammatory phase of DTH reactions. Interestingly,
MIF was also produced in the early responses of non—sensitized
and tolerized controls, as well as in the response to
non—-specific inflammatory agents. If a DTH reaction subsequently
developed approximately 1/2 of the infiltrating
macrophages produced MIF. Since 1t has been recently shown in
vztro that activated macrophages synthesise MIF but only
release 1t in the presence of Ag—activated T-cells the authors
claim their histologic data demonstrates that the important
sources of MIF in vivo are endothelial cells and macrophages
(82). The ability of a Ab to MIF to block the expression of DTH
was demonstrated by Geczy et. al. (102) supports the view that
MIF 1s i1mportant in the DTH response.

IL-2 has long been postulated to be an important LK in DTH
reactions. This hypothesis was strengthened by the demonstration
by many authors of the progrescsive expression with time of IL-2
receptors by T-cells at DTH sites (5,6,41,44,50). Fullmer et.
al . showed that T-cells at DTH sites stained positive for IL-2
(41). This cytoplasmic staining was in a pattern indicative of
IL-2 production as opposed to IL-2 uptake.

Keratinocytes at DTH sites have been shown to express HLA-DR
antigens late i1n DTH reactions (44,51,52). This response can be
induced in vitro by IFN-g, and the in vivo expression of

Class II Agq has been considered to provide indirect evidence for
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IFN—-g production at these sites. The same argument has been
used regarding the expression by macrophages from DTH sites of
IP—10. This protein is induced in monocytes, endothelial cells
and keratinocytes in vitro only 1n response to IFN—g. In
vivo, the same pattern of induction was seen at DTH sites, with
macrophages and endothelial cells positive for cytoplasmac IP-10
by 24 hrs and basal endothelial keratinocytes positive by 41
hrs.

Issekutz et. al. demonstrated that the i1njection of Ab to
IFN-g at sites of Ag depasition blocks DTH (103,104) and others
have also shown that such Ab block the DTH mediated re,ection of
allogeneic tumor cells i1n mice (105) and the injection 1.p. of
monoclonal anti IFN-g blocks the expression of Class II Ag on
keratinocytes at DTH sites (106). Ab to IFN-a have alsao been
used to demonstrate the involvement of this CK 1n the DTH

response (83).

Abilities of CK to produce DTH-like responses in situ
Demonstration of the potential involvement of certain CK 1n
DTH has been shown by their capacities to produce DTH-like
reactions when in,ected @n situ. The somewhat poorly defined
skin reactive factor of Bennet and Bloom was shown to induce a
DTH—-11ke induration when i1njected 1.d. (108). The i1n,ection of
ETAF 1into murine footpads results i1n a DTH-like i1nduration and
mononuclear cell i1nflux (2035). IL-1 injection in s:1tu i1nduces
very little mononuclear cell recruirtment within the skin (104).
TNF—a 1nduces a moderate cellular recruitaent, and 1t 1s much
more potent in this regard than TNF-F (110). Issekutz et.
al. showed that the i1njection of Interferon as/f (104) and
IFN—g resulted in DTH-like responses (110). The i1nhalation of
IFN—g or TNF-a 1nduces changes 1n the mononuclear cell
population 1n the lungs of rats similar to those seen 1n
DTH—medi1 ated reactions (112). The most potent i1nduction of
DTH-11ke reactions occurs when an IFN 15 co-injected 1.d. along
with either IL-1 or TNF with TNF-a/IFN-g showing the greatest
synergy and potency (104,110). Similar synergy was also observed
in the inflammatory response in lungs of rats receiving

aerosolized TNF—-a and IFN-g (112).
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Direct extraction of CK from DTH sites

Another approach to the demonstration of the presence of a
CK at DTH sites has been to obtain the CK directly from the
site. To date several chemotactic factors have been extracted
from the DTH si1tes of guinea pigs (113-115). These factors were
prepared from punch biropsies that were minced., frozen, sliced
with a microtome, dehydrated and extracted by salvents. Under
these conditions, the release of intracellular contents and
contamination with blood-borne mediators and cells is inevitable
and so the factors cannot be certain to arise solely from
soluble factors released by activated cells 1n the DTH site.
Nevertheless, factors chemotactic i1n vitro for monocytes,
lymphocytes (113,114), B—cells (115), T-cells and CD4+ cells
(116) have been obtained in this fashion and some of them have
been shown to be produced in vitro in serum—free cultures of
activated mononuclear cells (117). The problems incumbent in the
extraction technique for obtaining putative factors from DTH
sites casts doubt over the relevance of some of the detected
factors to DTH reactions. The inclusion of a B-cell chemotactic
factor amongst those extracted from DTH sites (116) underlines

the potential problems of such a tissue—-destructive technique.

The most convincing evidence for the invelvement of a CK 1n
DTH is the demonstration of the presence of specific CK at DTH
sites. As mentioned previously, to date in s21tu
immunohi1stological analysis has 1dentified several CK at DTH
sites. The difficulties of generating suitable antibodies and
detection techniques with sufficient specificity and sensitivity
have l1imted the success of this appreoach. Also, the
demonstration of biological activity of the identified CK still
lies in question, although admittedly, one can only find the
activity one looks for, and given the pleiotropic activities of
most CK, it may be difficult to know what activity(s) to those
should be.

A non 1nvasive/destructive method for obtaining the secreted
products from DTH si1tes would be of great service i1n providing
unequivocal proof for the i1nvolvement of individual factors in

DTH.
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Functional Subdivisions of T—cells with regards to LK
Production

T~ceils have long been divided into helper and
suppressor /cytotoxic subsets. Initially 1t was believed that
these functional groups corresponded to those defined by Ab to
what are now known as the CD4 and CD8 loci. This categorization
is breaking down under the weight of accumulating evidence that
"helper" activity is carried out by only a subset of CD4+ cells
and that both suppression and cytotoxicity can be mediated by
both €D4+ and CD8+ cells. The ability of CD4+ cells to mediate
DTH and provide help for B-cell Ab synthesis and prolaiferation
(118) implied that perhaps these various activities were
mediated by different cell populations (118).

The ability to clone T-cells has led to a dissection of many
of these functions at the cellular level. Most rmportant., i1n
regards to the subject of the thesis, was the observation that
local DTH reactions were transferable only by cytotoxic CD4+
clones that did not provide B-cell help (24). The understanding
that these functions, and perhaps also inflammation, may involve
different groups of Ck, has led to the 1dea that functional
subsets may exist within the CD4+ population, and that this may

be a reflection of differing patterns of CKk production.

Substantial evidence has been produced i1n murine systems to
support this contention. Mossman et. al. have suggested that
there are two kinds of CD4+ cells, distinguishable on the basis
of their actions and LK production (119). The first, the so
called TH1 or "inflammatory" T-cells produce IL-2, IL-3,

IFN-g, TNF—-f and GM-CSF upon stimulation, mediates local DTH
responses, 15 cytotoxic and suppresses Ag-driven Ig secretion.
The second aor TH2 "helper™ or "regulatory" T-cell produces
IL-3, IL-4, IL-S5 and GM-CSF upon stimulation and provides help
for Ag-driven Ig secretion (118,120,121). Both types have
receptors for IL-2 and IL4, but TH1 cells lack IL—-1 receptors.
Both types respond to IL-2 and IL-2+IL-4, hawever, only THZ2
clones respond to IL-4 {(in the presence of IL-1 (122). Similar
resul ts with regards to LK productiron and function izn vitro

have recently been reported for clones of human FBM derived
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T-cell clones (118,123-126), although in contradiction, Patel
et. al., examining a panel of 83 CD4+ PBM derived clones,
found that 81 produced IL-2 and all produced IFN-g, GM-CSF and
TNF, and all were cytotoxic and gave help for Ig-synthesis
(204) .

Mossman et. al. have hypothesised that their THiI clones
correspaond to the T-cells that drive DTH reactions. It remains
to be determined however whether such cells are present at DTH
si1tes, and if so, whether they predominate i1n such reactions.

To determine if this 1s so, will require the ability to
obtain Ag-specific T-cells from human DTH sites, free of cells
from the circulation, clone them, and examine their functional
capacities Ip vitro order to see if they conform to the

profiles of TH1 and/or THZ2 cells. Frior to the work

described in this thesis, no techniques enanling such studies to

be performed have been reported, and thus this remains an open

question.
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Chapter 2: Anergy.

As 1 was going up the stair,
I saw a man, who wasn’t there.
He wasn’t there aga1n today.
I wish, I wish he’d stay away!'

Hughes Mearns. The Fsychosed

Anergy was originally described by Von Pirket in 1907 as
being the opposite of allergy (2). At the time, the distinction
between allergy and DTH was not formally developed. Today Anergy
is defined i1n clinical terms as the lack of DTH to recall stin
test antigens. As a result of this negative definition, attempts
to study anergy i1tself are difficult. Lite the man upon the
stair, anergy u.t 1sn’t there. It 15 more useful to approach
the problem of studying anergy by conceiving of 1t as a syndrome
of unknown etiology, characterized by a loss of cell med:ated
immunity, with an i1ncreased rist of i1nfection. In this context,
the study of DTH, and the mechanisms responsible for 1ts
regulation, can be seen to be part of any attempt to understand
anergy. Many disease processes, notably the congenital defects
in immune function, bhave served te 1l1luminate the fundamental
processes of 1mmunity. Studying anergy through studying DTH,
may also reveal some of the basic worlings of CMI.
There 1s as yet no evidence to directly link the i1ncrease 1in
infections seen 1n anergy with the loss of DTH. It has been
proposed that the loss of DTH 1s a reflection of a more
fundamental defect at or close to the root cause of anergy
(128). Some support for this view can be 1mplied by the
observation that most of the i1nfections that occur 1n anergic
patients are by organisms not thought to be controulled by CMI
(129). Admittedly though. many of the infections are due to
"traditional" targets of CMI such as Candade (129,130), and
the dogma renarding the participation of T-cell mediated
immunity 1n host defence against different pathogens may be
oversimplified (67).

Anergy shares another characteristic with the man upon the
stair, for those suffering from anergy, nothing could be more

desirable than for 1t to stay away. It 15 a serious condition
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carrying a substantially increased risk of infection and
mortality for which there 1s as yet no effective therapy, and
while the study of anergy may be useful in providing basic
Fnowledge regarding CMI, the application of that knowledge to
produce potential therapies for the underlying defects
associ1ated with anergy i1s a goal of paramount importance.

Anergy has the dubious distinction of being both negatively
and operationally defined. For the purpose of this thesis,
anergy will be defined as follows:

Human: DTH response less than Smm to S putative recall Ag (131)
(Normal response = DTH»Smm to two or more Ag

Rat: DTH response < Smm to HLH 1n prevxously sensi1tized animals
(153) (Normal response Smm, typically &6-1Zmm).

Minor differences may be encountered i1n discussing the work of

other authors, and these will be noted as they arise.

The fundamental cause(s) of anergy in humans 1s unbtnown.
Infection by HIV and possibly other agents can produce anergy,
as may some forms of radiation, anti-neoplastic and
1mmunosuppressive compounds.

In surgical patients free of such agents 1t typically occurs
in concert with or following: cancer, trauma, malnutrition,
burns, sepsis and advanced age (2,127,1Z21). It is only this form
of anergy that will be discussed i1n this thesis, and the term
"anergy" will be presumed to relate solely to this/these form(s)
of the anergic state.

To what degree any of these conditions are merely associated
with, as oppaosed to causative factars of, anergy 1s unknown.
Anergic patients are at 1ncreased rist for post-operative sepsis
and septic mortality (129,121.127) regardless of whether the
anergy existed pre-operatively or developed i1n the post-op
period (129,131). While this association has long been
recognised (2}, 1t was not until 1275 that McLean et. al.
recognised the potential predictive value of skin tests with
regards to sepsis and septic mortality i1n surgical patients
(133) .

In a study of 2202 surgical patients, Christou e¢t. al.
examined multiple possible correlations between physiological

functions/i1llness and sepsis and septic mortality. The resulting
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analysis revieled a numerical relationship between skin test
score and sepsis/mortality (129). Alterations 1n other factors
such as serum albumin were also found to be predictive, however
DTH score remained the best predictor of sepsis and septic
mortality 1n surgical patients. When combined, DTH score and
sarum albumin levels could be used to predict outcome with even

greater reliability.

Defects in Host Response associated with Anerqgy

Non-speci fic host defences

Alterations 1n the adherence and chemotaxis of neutrophils
obtained from peripheral blood have heen noted i1n surgical
patients (129) but their relevance to anergy remains unclear.
Morris et. al. found that surgery depressed in vitro
chemotaxis, and :p vive delivery of FMN to Boyden chambers
filled with S07% autologous =erum placed over tape-stripped sites
(174). While these patients had significantly lower DTH scores
pre—-operatively than younger normal controls, the post-operative
decrease i1n FMN chemotaiis did not correlate with the observed
decrease 1n p ¢ivo FMN delivery (124). Interestingly there
was a 10-+old higher :n vivo delivery seen 1n pre-op patients
as compared to the normal controls (135). Anergic patients
however did rnot show this i1ncrease, resulting 1n FMN delivery
1/10 of the hospital reactives but essentially i1dentical to
normal controls (124). These results may i1ndicate that anergic
patients are failing to respond to 1nflammatory processes to the
same degree as reactive hospitalized controls (135).

FPre-op studies have also shown that PMN adherence 1s
elevated 1n all patients, but more striltingly so 1n anergic as
opposed to reactive patients. A similar situation exi1sts for PMN
chemotaxis however 1t 1s depressed i1n patients rather than
increased. So too are total serum proteins, albumin and
hemoglobin. A pronounced neutrophilia has been found 1n all
surgical patients with anergic patients exhtibiting the most
pronounced effect (129).

Overall there are differences between the non-specific host

defence and physiological parameters of pre-op patients and
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normal controls. The degree to which the differences in age and
disease state between these two groups may account for these
observations is unknown. However, 1f the pre—-op patients are
stratified according to their shkin test response, the deviations
from the normal values are generally more profound in the

anergic population (134).

Alterations in immune functions

Several deviations 1n B-cell activity are associated with
anergy. These defects appear to be confined largely to responses
to protein Ag (1346). BRoth p vivo and ip vitro production of
specific antibody to tetanus toxoid 1s deficient in anergic
subjects (a similar but smaller defect 1s also seen in the
reactive patient population) while the response to pneumococcal
polysaccharide 15 normal (136,127). Serum levels of Igb and IgA
are elevated (1346) and ip vitro the numbers of B—cells
spontaneously secreting these 1sotypes are also abnormaly high
(138). The elisa-spot technique used to detect this spontaneocus
secretion requires only a few hours of culture, and thus this is
1nterpreted to reflect the presence of these cells i1n the
circulation zn vive and not an abnormal response aquired ip
vrtro. Interestingly, the production of specific Ab by PBM in a
primary p vi2tro response to to sheep erythrocytes has also
been reported to be somewhat elevated i1n anerqgic patients (138).

By definition, 2pn vivo T-cell function 1s profoundly
altered 1n anergy. DTH slin test responses are obviously
depressed or absent, and there has been a report of the
acceptance by aone anergic patient of a full thickness
HLA-incompatable skin graft for 44 days without micro or
macroscopi1c evidence of rej;ection (133). Following primary
exposure to DNCR and KLH, reactions to residual Ag remaining at
the site do not occur 1n anergics and sensitization by thas
exposure does not occur as evidenced by a subsequent lack of
sensitized cells i1n the peripheral circulation (139).

Faradoxically, T-cell responses n vitro are not affected
by anergy. Proliferative responses to alleantigens (140) and

soluble Ag (FFD, 140) 1in previously sensitized anergic patients
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are all normal. Cell mediated lympholysis and the response to
crude preparations of T—cell growth factor have aiso been
separted to be narmal (141). These results led to the hypothesis
that the cells of anergic patients were capable of mounting CMI
responses. but that the "anergic environment” somehow interfered
with the expression of CMI.

This hypothesis was tested by Rode et. al. by 1n,ecting
autologous FPBM, pre-cultured with FFD 1n vitro 1.d. 1nto
anergic patients. Sixty—-three percent of anergic patients
reactive to FPFD in vitro gave a positive skin test reaction to
these cells, conditional to the cells being viable (140). Thus
at least one of the defects i1n anergy would seem to result from

an 2p vivo bloctk of lymphocyte activation.

The use of CK to i1nvestigate anergy

The role of CK 1n the re-establishment of DTH was also
addressed by Rode et. al. (129,140,142,143). In a series of
experiments they established that the secondary (recall) DTH
reaction could be demonstrated i1n the ma,ori1ty of previously
sensitized anergiec patients when the skin test Ag was
co-injyected with CV alone. Effective Ck preparations were made
from the supernatants of eirther soluble Ag (139,140,142,143) or
allo-~-Ag (143) stimulated PBM, from eirther reactive or anergic
sub;ects. This effect was shown with both PFD (140,142,147%) and
FLH (140). The actaive component (s) were Ag non-specific (139}
and non MHC—restricted (129,147%). Histological examination
showed that only the i1njection of Ct plus Ag to which the
anergic subj;ect was reactive i1p vitro resulted 1n a
mononuclear cell 1nfiltrate typical of a DTH reaction (143). In
these studies, miniscule amounts of culture supernatants, as
little as O.1ml per 1n;ection, sufficed to i1nduce the effects
described.

Not only can CK restore the ability to mount a secondary
response to Ag 1n anergic patients, but 1t also restores the
capacity to mount a primary sensitization to Ag. When a
sensitizing dose of KFLH was co-in,ected with CF, sensitized
lymphocytes were found 1n the peripheral blood 14 days later, as

opposed to anergics 1njected with VLH alone, who had no such
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cells. These cells proliferated ir response to KLH in vitro. A
DTH reaction was obtained when these newly sensitized anergics

were skin tested with KLH+CK (139).

In summary. anergy is associated with many physiolagical
derangements, which are often present in surgical patients, and
also with alterations i1n some norn-specific host defence
parameters. The severity of these abnormalities is greater in
anergic than reactive patients. In viéro responses of both T
and B cells are normal or slightly enhanced, indicating that
APC, T & B-cells of anergic patients are functionally competent.
In vivo B-cell responses to protein Ag are defective, and
there are an abnormal number of Ab secreting cells 1n the
circulation, but curiously in viveo responses to polysaccharide
Ag are normal. T-cell responses are absent In vivo, but they
can bhe restored by the co-injection of Ag with CF. The
underlying cause(s) and the defective mechanisms responsible for
anergy are themselves unknown. As a result of the iIn vivo-2an

v2tro dichotomy of response, 1n ¢v:vo methods are required to

study anergy.

Animal Models of Anergy
Anergy 1s characterized by a luss of DTH reactivity and an

accompanying increase 1n susceptability to infection. However,
the lack of knowledge regarding the underlying cause(s) of
anergy in humans has made it difficult to design appropriate
animal models of the condition. Two techniques are currently
available for i1nducing anergy to recall Ag in animals. Long—-term
orotein deprivation results in a wasting syndrome which includes
anergy 1n mice and rats (111,127). A thaird degree thermal trauma
model, originally developed by Walker and Mason (144), also
results i1n decreased CMI responses. The mechanisms responsible
for anergy to recall Ag in these two models are uncertain,
however the same can also be said for anergy in surgical
patients.

In addition to depressed DTH responses, other effects of the
thermal trauma model i1nclude fluid loss (which may be replaced

by 1.p. and s.c. injection), lowered serum Ig and fibronectin
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levels, increased susceptability to infection (145), depressed
B-cell responses, lowered i1n vitro responses to Ag and
mitogens (144) and increased activity of CD4+ suppressor—-inducer

cells (147).

Animal models of infection

A rapidly disseminating peritonitis 1s frequently
encountered in anergic patients following abdominal surgery
(148) . There are numerous animal models of 1nfection and
peritonitis but I wi1ll confine myself to a discussion of the
models developed to imitate the clinical characteristics of
peritonitis, and to the particular model utilized 1n the thesis
and 1ts direct antecedents.

Rat models of peritonitis designed to simulate clinical
peritonitis, using fecal materials, were created 1n the late
12607s (149,150, These models however led to little or no
lethality (151). The i1nclusion of the 1rritant Ba280% with
rat feces in the peritoneal cavity of rats by Onderdonk et.
al. (152) and Lowenstein et. al. resulted in a model which
mimics human peritonitis i1n having a rapid generalizing
peritonitis, lethal within three days (151). It was subsequently
shown that the organism responsible for lethality i1n this model
was primarily £. colz2., with B. fragazlzs required faor
abscess formation 1n survivors (191). +~ subsequent refinement 1n
which these and ather bacteria obtained from cultures were used
n l:1eu of fecal material, resulted in a useful and
repraoducible model of peritonitis (151). This model was later
used to demonstrate that anergy, occuring secondary to
peritonitis in rats, was predictive of lethal outcome (153), and
was adapted for use in the studies to be described i1n this

thesis.

Use of cytokines to treat infections in animals.

Non—specific immunomodulators were first described by Gaston
Ramon 1n 1925 (154). Jules Freund expanded upon his work and
developed affectiva immunizing adjuvents. Further study by
numerous 1nvestigators has led to a proliteration of

non-speci1fic immunopotent)ating compounds useful 1n 1mmunization
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1in animals (155) and humans (194) and 1n infectious processes in

animals (135).
The potential of numerous CK to participate in combating

infections was well recognised from in vitro experiments

carried out in the 1970%s. In 1975 Kampschmidt and Pulliam
showed that the administration of crude preparations with IL-1
like activity 1nhanced survival of infected rats (156). Until
highly purified mediators were available the pleiotropic effects
of crude CK preparations, the Fnown potential for synergy
between CV. and the belief that i1mpractically large quantities of
culture supernatants would be required to conduct in vivo

tests, discouraged investigation.

The recent availability of large quantities of recombinant
CK has led ta a proliferation of studies aof the 2rn viavo
effects of CK 1n combating infections, including those caused by
extracellul ar patheogens. In 1987 Ozalr et. al. demonstrated
that recombinant human 1IL-1a improved the surviwval of rats
infected with Klebsiella pneuamwonzae or Pseudomenas
aeruginosa (157). Similar results were reported by others
involving 1nfections with Listerza monocytogenes and K.
pneumoniae/Staphylococcus aureus (1599,199). These studies
utilized up to 200,000 Units/mouse with S50% effective doses in
the range of 1,000 to 10,000 Units/animal. They also reported
that the adminmistration of the IL~1a by the same route as the
bacteria (1e. 1v—-iv or 1p-ip) was most effective 1n treating
these 1nfections (158). Additionally they found that when the
inyections were given ip the Ck was most effective 1f given 48
hrs prior to infection, while if the route of injection was iv
the CK was most effective if given concominantly with the
bacteria (158).

IL-2 was shown to be protective against £. col:. infection
in mice 1¥f admnistered by the same route as the bacteria i1n
doses of approximately 4x1J04 Units/mouse (140). IFN-g has also
been shown to 1mprove survival 1n &£. coli./K. pneumonzae
infected mice after 15 days of treatment with 7,500 Units daily
(161) .
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All these studies share in common the use of large
quantities of recombinant cytokines to treat infection in
immuncnormal animals. The optimal strategy typically required
the injection of beoth CK and bacteria by the same route, and
often pre-treatment with CKF was most effective. None of the
investigations paralleled the work of Rode and colleagues which
utilized minute amounts of a mixture of presumably both known
and unknown CK, to restore normal i1mmune function 1n anerqgic
subjects in a si1te-—dependent fashion. Thus while these two lines
of investigation share features in caommon. they derive from a
different approach to the applicatiaon of CK to treat infections.

Anergy 1s clearly a dangerous and 1ntractable condition that
threatens surgical patients. The current lack of knowledge
regarding some of the basic processes of CMI and how these are
defective in the anergic state has hampered attempts to
understand and treat anergy. While it 1s known that some CK can
reverse the effects of anergy locally, how they do this and the
implications of this capacity for both the study of DTH and the

treatment of anergic patients remain unresolved.
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Scope Of The Thesis

The cells involved in DTH remain poorly characterized,
primarily as a result of the difficulties involved in recovering
them from DTH sites. The development of a technique for

recovering the cells from human DTH sites is the sub,ect of

Chapter 2.

The functional capacities of the T-cells involved in DTH
have largely been inferred from those of cells present in the
blood and organs of the immune system. Which functions are
actually present 1n the population carrying out DTH responses
remains unknown.

Having gained access to the T-cells from human DTH sites,
the cloning of these cells and the determination of their
antigenic specificity are described in Chapter 4. The T-cell
clones from DTH sites that were speci1fic for the antigen
eliciting the reaction were submitted to analysis of their
functional capacities. The production of cytokines an situ at
DTH reaction sites was also evaluated. These studiec will also

be related 1n Chapter 4.

In Chapter 5, the nature of the defective DTH response in
anergic patients was examined using the same techniques as were
applied to normal DTH reactions. Additionally, the nature of the
response that results when anergic patients are skin tested with
antigen coin,ected with the supernatants of mixed 1ymphocyte
cultures (MLC) was also investigated. The antigenic specificity
and functional capacities of the T-cells from such skin test
s1tes were determined and compared to those from normal DTH
reactions, with a view towards assessing their potential for

involvement 1n anti-pathogen responses.

As a result of the 1nvestigations related in Chapter 5, the
potential theraputic value of the cytokines in MLC supernatants
in treating 1nfections 1n anergic subjects was examined. These
experiments were carried out 1n a rat model of anergy and are

related 1n Chapter 6.
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Chapter 3: Skin Window Chambers, a method for recovering the

cells and cytokines involved in delayed—-type hypersensitivity

Introductory comments

Studies of cells involved 1n delayed-type hypersensitivity
have been primarily carried out by histological and, more
recently, i1mmunohistochemical techniques (44). While these
approaches have yielded substantial i1nformation regarding the
types and surface antigens of responding cells, they can only

provide a static picture of a dynamic process (9).

Direct studies of the functional capacities of cells
involved 1n DTH have not been practical due to the
1naccessibility of these cells. To this point, only shtin
biopsies have been available as a source of these cells for
study (74). Biropsies have the disadvantage of being an i1nvasive
technique vyielding only small numbers of cells which are

partially contaminated with blood cells.

In order to be able to readily pursue further studies on the
cells in a DTH lesion, a non-invasive technique which allowed
recovery of a sufficient number of cells without contamination
with blood was required. Methods derived from the classic Rebuct
sb1n window but employing chambers i1nstead of the coverslips
utilized by Rebuck ¢ @l had been used to recover FMN from

non—specific sites of i1nflammation (134,167-1609).

The purpose of the woart described herein was to modify these
techniques 1n order to provide access to the cells and CV from

DTH sites of humans.
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METHODS

Sub jects
The subjects were 62 healthy volunteers, 24 female and 38

male, ranging i1n age from 18-72 years. Informed consent was
obtained from all participants. The subj;ects were skin tested
for DTH reactivity by the 1njection 1.d. of O.1ml of 5 standard
test antigens: Candida {(Dermatophyton 0O, 1:100(diluted with
Albay buffered saline(0.5%Z NaCl + 0.275% Nabicarbonate + .4%
phenol) Hollister Stier), Mumps (MS5TA, Connaught Laboratories),
PFD (Tubersol, Tuberculin FFD(Mantouws), 50 TU/ml), Connaught
Laboratories), Trycophyton (1000 pnus/ml, Hollister Steir) and
Varidase (Streptolbinase 1000 U/ml-Streptodornase 250U/ml,
Hollister Steir). Reactions greater than Smm 1n diameter were
considered pasitive. All sub,ects responded to two or more of

the antigens.

Serum
Blood was obtained by veinipuncture and was defibrinated by

agirtation with sterile glass beads for 20 min. Serum was
obtained by centrifugation of the defibrinated blood 12 2009 for
20 min. Serum used to fill the chambers was pooled from two
healthy type—AB donors, which had been screened for:
anti-Hepatitis antibody, Hepatitis virus, and anti-HIV-I
antibody. In certain experiments autologous serum diluted to
104 v/v with normal saline (Travenaol) was used with or without

heat i1nactivation & 463t for 10 min.

Skin window chambers

The chambers placed over the DTH sites were small plastaic
"Sombrero"-shaped bubblesl (Fig. Z.1b). A hole had been melted
through the top of the chamber and a rubber in,ection port from
a 10cc bottle of sterile water (Travenel) glued 1n place with
Epoxy. The resulting chamber had an approximate volume of O.8ml.
To prevent loss of cells by adherence, the chambers were
si1liconized using a water based siliconizing compound (Siliclad,
Johns Scientific). The chambers were then gas-sterilized with

ethylene oxide prior to use. It was found that each chamber
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could be re-used an indefinite number of times following
vigorous cleaning with Sparkleen (Fisher) 1n an ultrasonic
cleaning bath. The rubber 1i1nj;ection port required replacement
after Z-4 uses, due to deterioration of the Epoxy during

sterilization and cleaning.

Preparation of the DTH site and chamber application

The preparation of the site followed the method of Morris
(134) which uses a madification of the tape—-stripping method of
Mass et. al. (145). Briefly, the volar surface of the forearm
was shaved (1f required) and sterilized with 2% lIodine (Rayal
Victoria Hospital) and 70% alcohol. A gas sterilized adherent
plastic tape (ZM) with two 1.6 cm drameter holes approximately &
cm apart was applied as a template. The stratum corneum was
removed from both template holes by multiple (100-150)
applications of sterilized clear (Transpore, M) tape (Fig.
Z.1a). Stripping was completed when the stin attained a
glistening appearance. All tape stripping was performed by the
same person (M.J.M.). A standard stin test dose of antigen (or
saline) was i1njected intradermally 1n O.1lml 1nto each site. The
template was then removed and each si1te covered with a sterile
"sombrero" skin window chamber (Fig. 5.1b) which was secured 1n
place with 7 pieces of micraofoam (IZM) tape with houles large
enough to slip over the body of the chamber. Two additional
preces with small holes permitting access to the 1n,ectiron port
were then applied. The chambers were filled with serum through
the 1nj;ection port., using a Jcc syringe (Hecton-Diclinson (B-D))
tfi1tted with a 24—-gauge needle (B-D) and employing an additional
24—gauge needle as an air vent. Sufficient volume was flushed
through (approx 2.5ml) to assure that no bubbles remained withain
the chamber (Fi1g. J.1c¢). A final pirece of Transpore tape was
placed over the chambers to secure them and the forearm then
wrrapped with a sterile elastic bandage to pratect the
preparation (Fig 3.1d). At the desired time, usually 24 and/or
48 hrs later, the fluid was removed and the chambers rinsed with
approximately 9ml of sterile saline (Travenol). The chamber
fluid and the saline wash were pooled and used for analysis. The

chambers were then removed and a swab talen of the sites for
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bacteriological analysis. The sites were covered loosely with a

sterile dressing and allowed to dry.

Cell enumeration
Cells from the Skin window chambers were collected by

centrifugation (10 min 8 10Qg) and the chamber fluid frozen at
-20%t for storage. The cells were resuspended in RFMI 1640 +

4074 Normal Human Serum, and then enumerated with a hemocytometer
following staining with Turks solution. Confirmation of cell
numbers was obtained by differential counting of a

cytocentrifuged slide preparation stained wirth Wright’s stain.

Cytocentrifugation and staining

Cells for cytocentrifuge preparations were suspended at
2x105 cells/ml i1in FBS + 0.3% BSA (Fraltion V,
Boehringer-Mannheim) Microscope slides (Fisher) were prepared in
a Shandon cytocentrifuge using Shandon filter cards by coating
them with 200 Hl of 1%Z BSA 1n FBS (GIBCO) and centrifuging
for 10min at top speed. Five hundred Hl aof cell suspension
was added to each holder and the slides spun for 5 min at 200
rpm and air dryed. The slides were then stained with Wright’s

stain 1n an automatic staining apparatus.

Preparation of Peripheral Blood Lymphocytes

Blood samples were mixed with heparin (Grganon) to a final
concentration of 10U/ml and diluted 1:1 with HBSS (GIBCO). They
were then layered over Ficol -Hypagque (Fharmacia) and centrifuged
for 20 min at 400g. The cells at the Ficol-Hypaque—Flasma
interface were removed and washed twice 1n HBSS, counted and

resuspe..ded 1n culture med:ium.

Lymphocyte responsiveness

To assess lymphocyte responsiveness, skin window chamber
cells or FBM containing 40,000 mononuclear cells were cultured
1n O0.2ml RFMI + 20% Fooled human serum with and without one
Hg/ml FHA (Wellcome Laboratories) in 26 well V~bottom
plates (Linbro) 1n a 5% CO2 atmosphere at I7t.

After 66 hrs, one HC1 of JH-Thymidine( specific
activity 2HC1/mg., NEN) was then added to each well and the
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cells i1ncubated for a further 18hrs, at which time the plates
were frozen and thawed and the wells harvested with a MASH
apparatus (M.A. Biroproducts). The contents of the wells were
deposited onto glass fiber filter discs which were washed with
dH20 and transferred to scintillation vials, dryed for Thrs at
63%. One and a half ml of scintillation cocktail (Oaniflour
(Dupont) 1.6%Z 1n toluene (Fisher)) was added to each vial and
the radiolabelled DNA counted 1n a scintillation counter

(Fackard Instruments).

Statistics

In the experiments shown i1n Figs. 3.2 and 2.5, paired
chambers were placed on a single 1ndividual. Comparisons of cell
deliveries in these experiments were analyzed by the Wilcoxan
Faired Signed Ranls test. Comparisons between total cell
delivery in 0-24 + 24-48 hrs vs O—-48 hrs were made using data
from different individuals (Table Z.2). These experiments, were
tested by the one-tailed unpaired Wilcoxan Fank Sum Test. All
statistical procedures were carried out using a statistical
analysis program (STATS-FLUS, Human Systems Dynamics). bhen

necessary, tabular p—-values were obtained from Choir (1646).

11 The chambers from which the "Sombrero" skis windaw chambers
were constructed were: Capsule en Makrolon
purchased from:
Trametal,
21 Guair Debonneu:l,

2410 St. Maur,
France
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RESULTS

Modi fications to the Boyden chamber technique.

The original technique which was used to collect the cells
from DTH sites was the Boyden chamber method of Morris et. al.
(134) . This technigue had been shown to work well to collect FMN
from non-specitic 1nflammatory sites but when 1t was applied to
the DTH reaction 1t was found that the combination of the
non-specific 1nflammation with the i1nduration of the DTH
reactiron produced excessive swelling under the chambers. This
resulted 1n considerable pain and discomfort, along with minor
infections around the rim of the chamber. Several modifications
were tested 1n order to produce a less irritating technigue
which would be more acceptable to experimental sub;ects and
would produce less non—specific 1nflammation. These changes,
shown 1n Table 3.1, resulted in the technique described i1n the
materials and methods section which was used throughout to

abtain the cells from slin reaction sites.

Delivery of mononuclear cells to skin window chambers depends
upon the presence of antigen

The hallmark of a DTH reaction 1s the delivery of
mononuclear cells to the siin in response to Ag. The i1nitial
experiments looked at the numbers and types of cells delivered
into the chambers upon the 1ni1tiation of a DTH reaction.

The Z4hr delivery of mononuclear cells and FMN to paired
chambers above si1tes i1njected with saline or antigen to which
the sub,ect was reactive was determined 1n 11 experiments (Fig
Z.2) In all but one i1nstance the delivery of mononuclear cells
was augmented 1n the presence of antigen yielding a mean
increase of 15-fold. With two exceptions, the number of
neutrophils recovered from chambers with antigen was similarly
increased. In this and subsequent experiments, the results fram
the 1nitial enumeration with Turk s stain and the differential
count on Wright's stained cytocentrifuged preparations were
comparable. The mononuclear cells were a mixture of lymphoid and
macrophage like cells (Fig. 3.3) approaching 25% of the cells 1n

the chambers.
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Kinetics of Mononuclear cell delivery

To determine the kinetics of mononuclear cell delivery to
the chambers, two technigues were employed. In the first
experiment, two chambers were placed on two FFD reaction sites
of one individual. The contents of alternate chambers were
removed at various times and the cells enumerated. The chambers
were then refilled with serum and harvested again at later time
periods. The results are shown in Figure Z.4. Mononuclear cells
were found 1n the chamber 1n significant numbers 1n 12 hrs, and
increased rapidly 1n the following 12 hrs.

In the previous experiment, the cells and fluid were removed
from the chambers and not replaced. I+ the cells delivered to
the chambers and any factors present i1n the fluid were 1ndeed
involved 1n the DTH reaction 1t was possible that they would
continue to carry out their effector functions while 1n the
chamber, with an 1nfluence upon the underlying DTH. To
investigate this possibility, the total delivery of mononuclear
celle to chambers which were harvested at 24 hrs (and the
chambers refilled with serum) and again at 48 hrs was compared
to the delivery obtained when the chambers were left undisturbed
for 48 hrs. The results are shown 1n Table ~.2. The delivery of
cells to chambers left undisturbed for 48hrs was significantly
greater than the sum of the deliveries from 0-24 & 24-48 hrs.
Sitmilar results were obtained from a small number of experiments
utilicing pairred chambers on 1ndividual subjects (data not
shown}. Accordingly. subsequent experiments were carried out by

harvesting the cells and Ffluid from the chambers after 48hrs.

Cell delivery is dependent upon previous sensitivity to

antigen
The previous experiments 1mplied that i1ncreased cell

delivery may be an antigen-specific function. To test thas
hypothesis a series of seven paired experiments comparing cell
delivery to one sti1n test antigen tao which the sub,ect was
sensi1tive as ascertained by skin testing, with the delivery to
another antigen to which the sub;ect was not reactive were

performed. In this series the chambers were left i1n place for
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48hrs. As seen 1n Figure 3.5, again with one exception, antigen
to which the sub,;ects were reactive induced an increase i1n the
number of both mononuclear and PMN harvested compared to those

recovered from chambers placed over non—-reactive antigen sites.

Responsiveness of skin window chamber cells to PHA
The functiaonal capacity of lymphocytes harvested from the
chambers was tested i1n terms of their proliferative responses to
PHA, and were compared to those agiven by FBM from the same
sub;ects. The reactions obtained (not shown) were positive but
very low, which we attributed to the high numbers of residual

rneutrophils in these cultures which we were unable to remove.

Bacteriological results
Swabs were talen from both chambers of 50 individuals. All

were cultured for the presence of bacteria. Four of 100 were

positive for Staph. species or Staph epidermidis.

pory



Page 3.9

Table Z.1: Modifications to the Boyden Chamber Technique

Maodification Effect
Siliconmization of chamber Increased number of cells recovered
Eniargement of abrasion Increased number of cells recovered
site
Use of plastic Reduction 1n non—-specific & i1nduced
"Sombrero'" chambers 1inflammation
Reduced FMN del:ivery
Improved comfort for sub;ects
Reduced i1ncidence of infection at
chamber site
Use of foam tape Reduced i1ncidence of chamber leakage

Improved camfart far subjects
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Table 3.2: Comparison of Total Mononuclear Cell Delivery in 48
Hre With % Without the Remeval of Cells at 24 hrs.
Thime Period(s) N Median Mononuclear Cell Delivery P
0-24 + 24-48 12 0.30 x 106
0-48 17 1.86 x 106 <05




rre

Fage 3. 11

He

£

g 3.1a

Fic. T.1: Apolication of ziin window chamberz. The :cSwer arm was
zterilized with 1odine and alzohol. A template w=sz then applied
and the sztratum zorneumn removed bv tape =ztricoing (A'. Antiger
or salinme was themn i1n,=2cted 1nto the zi1t2s and the temolate
removed. The "sombrera" slin window chambers were then placec
aver the sites 'B). The chambers were securezls taped 1n place
and f1lled with serum (C), The oreparations were then Zovere:

Aith an 2lastic bandage D).
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fig 3.1d
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FIG. 3.2: Antigen dependence of cell delivery to skin windaw
chambers. Two chambers were placed on each subject, one over a
site 1n;ected with antigen eliciting a DTH reaction (antigen)
and the other 1njected with saline (saline). After 24hr the
chambers were harvested and the cells delivered were enumerated.
The data shown represents the cell deliveries to chambers from
1ndi1vidual sub,ects. the increased delivery of both mononuclear

and polymorphonuclear cells when antigen was 1nj;ected was

significart (p<0.003).

Az



face J.15

fig 3.3a

”*
fig 3.3b
Fig. Z.7: Character:izic mononuclear (fA: and ol /morphaonucicas
E) cells delivered to a =!1n window chamber after Zdhrs d.2r .n
antigen reactive s:te.
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Fig. 3.4: Kinetics of mononuclear cell delivery to skin window
chambers. Two chambers were placed over DTH sites of a single
1ndividual. The chambers were harvested alternately at various
times and re—filled with serum. The cumulative cell delivery was

plotted for each time point.
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Fig. 3.3: Dependence of cell delivery upon previous sensitivity
to antigen. Two chambers were placed on each sub,ect. ane aver a
s1te 1njected with antigen el.citing a DTH reaction (antigen)
and the other i1n;ected with an 1irrelevant antigen to which the
sub ;ect* gave na response (cantrol). After 4Bhrs the chambers
were bParvested and the cells delivered were enumerated. The data
shown represents the cell deliveries to chambers from 1ndividual
sub  ;ects. The i1ncreased delivery of both mononuclear and
polymorphonuclear cells when antigen to which the sub,ect was

reactive had been 1n,ected was significant (F0.02).
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DISCUSSION

The recovery of mononuclear cells from human DTH reactions
15 a requirement for the determination of the precise phenotypes
of these cells. The "sombrero”" shin window chamber technique

permits the recovery of substantial numbers of such cells.

The method was modified from sbtin window techniques used to
study the migration of FMN to ci1tes of local i1njury (134). Very
few, 1f any mononuclear cells were recovered using these
methads. By adopting such a technique for a study of the DTH
response. whose hallmart 1s the accumulation of mononuclear
cells, 1t 1s not unespected to find FMN contamination of the
mononuclear cell 1nflu:, By preparing the skin sites with gentle
tape stripping., substituting a light-weight plastic chamber with
a flat broad and smooth lip., and through the use of foam tapes.
we reduced the attendant non-specific i1nflammation and thus the
influy of FMN. By 1n,2ction of antigen we achieved the
attraction of mononuclear cells typical of DTH reactions
Al though accompanied by a FMN accumulation. We attribute the
latter to an 17creased 1nflammation seen 1n stin 1n contact with
chambers covering a DTH reaction. The ma ority of FMN 1n the
latter preparations appeared to be activated (Fig 3.6).

The presence nf serum i1n the chambers may have contributed
to the FMN 1nflwi. We chose 100% serum for the chambers because
we felt that 1t might provide the optimal milieu to promote
survival and recovery of functional mononuclear cells.
Subsequently. 1t was found that the reduction of the serum
content 1n the chambers to 10% reduced FMN delivery selectively,
whereas heat i1nactivation further decreased all leutocyte 1nflux
(data not shown).

When the antigen was deposited 1n the chamber i1n lieu of
1injecting 1t 1nto the slin, mononuclear cell delivery was
increased as compared to chambers without antigen, however the
numbers of cells delivered was substantially less than when the
antigen was 1njected (data not shown). Accordingly the antigen

was 1n,ected throughout the worl reported herein.
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Although there was variation in the absolute numbers of
cells delivered from individual to i1ndividual, the results from
paired chambers are consistent enough to allow significant
results to be obtained from modest numbers of sub,ects. Unpaired
analysis required only slightly larger group sizes to obtain
significant results.

The recovery of cells from a DTH si1te without contamination
by cells from the circulation 1s one of the goals of this
approach. Since AB serum was used to fi11l1 the chambers,
erythrocytes would be expected to be found 1n the chambers 14
the 1.d. 1n,ections were performed i1mproperly (resulting 1n
vascular damage). Such failed 1n;ections occured anly
pccasi1onally, and were obvious at the time because of the
visible presence of blood at the i1n;ection site. When chambers
were placed aover these sites. eryvthrocyvtes were detected 1n the
chambers. Such 1ncidents were rare, and the data presented here

comes only from sites 1njected correctly.

The hallmart of DTH 1s the development of a mononuclear cell
infiltrate 1n the dermis and epidermis within 46-48 hrs of
exposure to an antigen to which the sub,ect was previously
sensitized (5). The delivery of mononuclear cells to the stin
window chambers followed similar | 1netics. Benign,
non—i1mmunogenic irritants provote small cellular 1nfiltrates 1n
comparison to DTH reactions (167). Thus the 1ncreased numbers of
mononuclear cells del:i1vered to chambers over Agt+ ve sites
compared to those over caline si1tes i1ndicated that the
mononuclear cell delivery to the chambers 1s primarily dependent
vwpon the DTH reaction 1n the underlying shain,

DTH responsecs are controled by Ag-specific T-cells. When an
Ag to which a subject 1s non—responsive 1s 1n,ected, there 1s an
1ni1ti1al cell delivery which wanes within 6-12 hrs and 1s much
smaller than the eventual i1nfiltrate seen at Ag+’'ve sites
(44 ,50). Si1milar results were found when paired chambers were
placed over Ag+ ve and Ag-"ve sites of i1ndividuals. In all but
one 1nstance there was a martedly higher delivery of mononuclear
cells to the Ag+ ve si1tes, demonstrating that the delivery ot

these cells was a reflection of an immune response to specific
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antigen 1n the underlying skin. Thus the technique provided a

farthful rendition of the DTH reaction.

In the current model of the DTH reaction, the 1nitial T-cell
1influx 1s small 1n si1ze unti1l a cell responsive to the
antigen(s) present encounters processed antigen 1n the context
of self-MHC on an antigen—-presenting cell. These
antigen-reactive T-cells produce lympholtines which result i1n the

attraction of much larger guantities of mononuclear cells (5).

When the cells delivered within the first 24 hours were
removed from the chambers, the 1nflw: 1n the subsequent 24 hours
was smaller than that seen 1n the first day. and the total cell
delivery over the 48 hour period was approxaimately 1/6 of
that seen 1n chambers left undisturbed for 48 hours. This would
suggest that the cells delivered to the chamber i1n the first 24
houwrs contain significant numbers of lymphobtine—producing cells
which are responsible tor recruiting large numbers of cells 1n
the later phase of the reaction.

The mononuclear cells recovered from these chambers
resporded to FHA 2 v2tro, 1ndicating that therec 1s a
functional T-cell component to the i1nflux. It should be possible
to clone these cells, enabling us to examine directly the
functional capacities, such as the antigen sensitivaity and

production of lyaspholines, of the T-cells responsible for DTH.

DTH 1s directed by cells that are believed to carry out many
of their functions via soluble mediators (Cl). Frevious attempts
to study these CF have been hampered by the lacl of an
cppropriate source of material (5).:Fhe serum recovered from the
chambers 1s lilely to have been conditioned by the responding
cells. Thus 1t should be a good source of the cytolines produced

by cells 1n the DTH reaction.

Any method applied to research i1nvolving human sub,;ects must
be both useful and practical. This technique was well tolerated
by all sub,ects, and had a lealage rate of less than 7%.
Contamination, chiefly Staph. eprdermidirs occurred i1n less

than 4% of the chambers, with no 111 effects to the sub,ects.
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In total, placing pairs of chambers on 100 sub;ects for periods
of up to 72 hours, none chose to withdraw from the study. Thus
the technique can be applied with confidence that 1t 1s safe,

and will be accepted by test subj,ects.

In conclusion, the skin window chamber technique described
here provide an opportunity for the first time to recover, clone
and analyze exclusively both the cells involved 1n DTH, and the

cytokines and other factors that they may produce.
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Chapter 4: The Human T-DTH Cell, a clonal analysis

Introductory comments

The skin window chamber technique detailed i1n the previous
chapter was developed to allow the recovery of mononuclear cells
and their products from DTH sites, without their contamination
with cells from the circulation, and gives the opportunity to
analyse the cells and to determine their functional capacities
directly.

The cells from DTH sites were cloned using the same Ag as
was used to elicit the DTH reaction. The resulting clonal
population was then defined according to surface marker

e lpression.

The fraction of T-cells present at DTH sites that were
specific for the Ag i1nducing the DTH has previously only been
estimated 1n animals using methods that are i1mpractical in

humans (&&,68,69).

Cloning sbkin window chamber cells using Ag as the stimulant,
and using limiting dilution frequency analysis, the accurate
determination of the freguency of Ag-specific T-cells at DTH

sr1tes 1n humans to be made for the first time.

In terms of function, Mossman et. al. have recently
proposed that muwine CD4+ TH can be divided 1nto two
populations., one directing i1nflammatory and cytoto:ic processes
and the other providing help for Ig synthesis (112). The
existance of a symilar functional dichotomy i1n human TH
populations has not been fully established (118). One reason for
this has been that 1n neirther the human nor the mouse have the
appropreate TH been shown to be present at Ag-specific
inflammatory sites, the prototype of which 1s DTH.

The clones derived 1n the course of the frequency analysis
were submitted to functional analysis., permitting a detailed
picture of the capacities of the cells present at DTH sites to

be determined.

e
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Activated cells eupressing the high affinity receptor for
IL-2 (5,4.6,82) % IL-2 producing T-cells have been found at DTH
sites (41), and among clones capable of mediating DTH (118,120).
These same clones were also shown to be cytotoxic. Thus 1t was
logical to expect IL-2 production and cytotoxicity by TDTH
cells. TNF 15 2 potent cytotoiiic Ct (6). Both a and £ TNF
can produce a DTH-1li1le reaction (104,11G). IFN-g has been shown
to produce a DTH-1l1te lesion when i1njected 1.d. (107,104). It
ha=s also been shown to synergise with both IL-1 and TNF to
produce a DTH-1lile reaction at lower doses (104,110).

The production of both IL-2 % IFN-g has been used to help
define the TH1I 1nflammatory T-cell 1n mice (119). IL-2
production and the capacity to give B-cell help have been
assoclated with two i1ndependent T-cell populations i1n the mouse
(121,119). B-cells are not normally found at DTH sites (5).
Consequently 1t has been assumed that helper cells for Ab

synthesis would not be found at DTH sites.

Accordingly., the capacity of T-cell clones from DTH sites to
carry out the functions described above were determined 1n order

to define the T-cell population participating 1n DTH.

Additionally, the fluid from slin window chambers also
allowed for direct confirmation that specific cytolines were

produced zn v2vo at DTH sites i1n humans.

The results of these descriptive and functional tests will

be discussed 1n this chapter.
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Materi nd M

Sub jects

The subjects utilized 1n these experiments were volunteers
who gave i1nformed consent for the proceedure. The sub,ects were
2 females and 4 males, aged 21 to 6B yrs. One sub,ect whose
cells were used to generate T-cell lines (Fo) was a hospital
patient. All other sub,ects were healthy laboratory volunteers
wilthout underlying 1llness. All subjects were reactive as
defined 1n the previous chapter. Only antigens to which the
sub j;ects were reactive (1e DTH.Smm) were i1nj;ected. Subjects were

skin tested at least 4Bhrs prior to the placement of skin window

chambers over newly 1n,ected sites.

Preparation of serum
Serum was prepared from 10cc of peripheral blood obtained by

vemipuncture 24 hrs earlier. The blood had been collected into
Vacutainer tubes (B-D) without anticoagulant and allowed to clot
at room temperature for 2 hrs. The clot was then detatched from
the walls of the tube using a sterile pasteur pipette, and
allowed to shrink for 4 hrs @ 4%=. The tube was then

centrifuged @ 400g for 10min and the serum collected. The serum
was recentrifuged as before, and then drawn off. Just prior to
the preparation of the chamber sites., lcc of serum was diluted

with 9cc of normal saline (Travenol).

Peripheral blood mononuclear cell preparations
Following the recovery of cells from the shin window

chambers, blood was drawn by venipuncture and defibrinated by
swirling with sterile glass beads for 20min. The defibrinated
blood was centrifuged @ 400g for 20min and the serum removed and
filtered through 0.22 UM sterile filter. A volume af HBSS

equal to the volume of serum recovered was then added to the
cells and the mononuclear cells recovered by centrifugation over
Ficol-Hypaque as described i1n chapter 3. Samples of serum were

frozen @ -20%t for later use.
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Epstein-Barr virus preparation

EBV was obtained from the supernatants of BR95-8 marmoset
cells obtained from Dr. Jose Menezes (S5t. Justine Hospital,
Montreal). The cells were grown i1in RFMI + 107 FCS 1n 250ml
tlasks (Falcon) for 7 days. The supernatants were collected by
centrifugation @ 400g for 20min and filtered through a sterile
0.224M f1lter (Millipore). Aliquots were frozen B —-70%
for storage and thawed by vigorous agitation 1n a Z7% water

bath i1mmediatly prior to use.

EBV-transformation and establishment of B-cell lines
FBM were suspended in RFMI + 204 FLS + 2.SHg/ml of

cyclasporin-A (hercafter referred to as BVt mediuvm) (Sandoz) 1n
13%100mm glass test tubes (Canlab) at a concentration of 106
cells/ml. One ml of cell suspension was centrifuged @ 400 for
10 min and the supernatant discarded. 0.2ml of EBV suspensian
was added and the cells i1ncubated for 1lhr @ 29, with the
cells beirg agitated every 15 min. Following the .ncubation,
0.8m1 of EBVL medium was added and the cells i1ncubated @
37% 1n a 5% CO2Z atmosphere. The medium was replaced weelly
until colonies were visible. These colonies were transferred to
50 ml culture flasls (Falcon) 1n 7ml of EBVt medium. When the
cells were growing rapidly the medium was replaced thrice weelly

with RFMI + 10 FCS.

Antigen reactive PBM cultures (Lymphocyte transformation

tests)
One hundred thousand FBM, suspended i1n 100H1 of RFMI

1640 + 20% NHS, were placed i1n flat-bottomed microwells of
Fb-well plates (Falcon). One hundred H1 of RFMI + 107 NHS
containing antigen preparatians at various concentrations was
then added to each well. The cultures were grown for 7 days 1n a
3% C02 atmosphere. 1HCI of TH-~Thymidine (S5.A. 0
Ci/mmol. NEN) was added 1n 204l of RPMI 1640 to each well
for the last 6 hrs. The plates were then froten at -20%
thawed and the wells harvested with a MASH apparatus, and
SH-Thymidine i1ncorporation i1nto DNA determined as described 1n

chapter Z). Fositive response was defined as a stimulation i1nde:x:
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greater than or equal to 5 and greater than or equal to 4,000
new CFM.
All cultures were performed in either duplicate or
triplicate. The antigen preparations used 1n the cultures were:

FFD (Connnaught, lot# AIBY: ZOuHg/ml
FFD (SSI, lot# RT40); 20ug/ml

TET (Merieux, lot# GFZ.2):; O.64 U/ml
CAN (Merieux, lot #02ATM7): 20 U/ml

The antigen preparations from Meriew: were the lrand gift of

Rhone—~Foulenc Ltd.

T—cell cultures

1: T~cell growth medium

T-cell cultures were maintined 1n medium which contained
IL-2 derived {from two sources; supernatant from the cell line
MLA 144, cultured in RFMI 1640 + 57 FCS + glutamaine (. OImM,
GIEBRCO) and/or the supernatants from FBEM cultured for 24 hrs in
RFMI 1640 + glutamine (.02mM,GIRCO) + 10% FCS + 1 Hg/ml of
Frotein-A (Fharmacia). The supernatants were harvested by
centrifugation 8 2200g for 20 min. The MLA 144 supernatants were
heat 1nactiwvated @ 460% for 20 min and ultracentrifuged @
100,000 rpm for 7O min to remove virus particles. Individual
preparations of MLA 144 supernatant were tested 1n the CTL-L
IL -2 assay as described below and sufficient supernatant added

to the TCGM to 1nduce marimal proliferation.

The complete T-cell growth medium was:

REMI 1540

glutamine . 02mM

MLA 144 supernatant 2204

FBEM Frotein—A supernatent 10%

NHS 15%
entamycin (GIECOD) X O.1mg/ml
ungl xone (GIBCO) ¥ 2. S Hgm/ml

¥ when neccessary

2: Recovery of Cells from DTH sites
The preparation of stin window chamber sites and the
recovery of cells from the chambers was carried out as dete:led
1in the previous chapter with only minor variations. All chambers

were harvested at a single time point of 48 hrs.
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In some experiments, to minimize the chance of leal age, a thin
layer of the human thrombin-—-fibrinogen sealant TISSEAL was
applied to the rim of the chamber immediately before placing 1t
over the site. The TISSEAL was allowed to set prior to the
filling of the chambers with 10% autologous serum. TISSEAL was

the ti1nd gi1ft of lmmuno Canada.

3t Bulk T-cell lines

Various numbers (5,000-100,000) of FEM or Stin Window cell
suspensions (containing 5,000-100,000 Mononuclear cells) were
cultured 1n TCGM with erther FHA (lHg/ml Wellcome) or
antigen (FFD 2 2’0Hg/ml Connaught; Candida @ 20 U/ml,
Meriew::; Tetanus 0.484 U/ml, Meriew:!) 1n Z4-well plates (Linbro).
FBM (106/7well ) rradiated with SO00 rads from a 1727Cs source
(Gammacell 40, AECL. 125 rads/min) were 1ncluded as feeder
cells. FHA stimulated cultures uti1lized erther autologous or
allogeneic feeder cells. Antigen stimulated cultures utiliczed
autologous feeder cells. Fresh medium was added thrice weelly

and the cultures woere re-stimulated every 2 to 7 weels.

4: Establishment of T-cell clones by Limiting Dilution
T-cell clores were established 1n P6-well +lat bottom plates

(Falcon}. One hundred thousand FMBE, 1rradiated as above, were
used as feede~ cells., autologous FBM were utilized for Ag
stimulated multures and ei1ther allogeneic or autologous
irradiated FEM for FHA stimulated cultures. Varying numbers of
mononuclear cells were added to the wells using concentrations
that did not girve growth 1n all wells. The fimnal culture volume
was 20041 of TCGM with/withont eirther FPHAfCIRg/ml,
Wellcome) or antigen as described above. The culuures were grown

@ T7% 1n a 3% CO2 atmosphere. Approrimately 100HD of
medium was removed by suction every 7 days, and the wells
refilled with fresh TCGM.

The plates were examined under 100X magnification at 14 and
21 days. Wells showing growth had their contents transferred to
24-well plates. Clones were expanded 1n the same manner as the

bullt T—cell lines (see above). Frior to stimulation or the use

of the clones 1n surface phenotyping or functional assays, the
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well contents were layered over Ficol-Hypaque and the viable

lymphocytes recovered as described i1n Chapter T.

S5: Frequency Analysis

The determination of the frequency of responding cells i1n
the limiting dilution analysis (LDA) was carried out using a
modification of the proceedure of Taswell (177). The number of
wells showing growth at each dilution was recorded and used to
calcul ce the 1oglOo(% non-responding wells) (herstofore
referred to as the LogNR). The number of CDI+ celles 1 the FEM
preparation used as responders was determined by
1mmunocytochemi stry as described below. The ratio of CDI+ cells:
total mononuclear cells was calculated and this ratio was used

to determine the actual number of CD7+ cellse/well used 10 the

LDA as follaows:

ACD7+ cells/well = # mononuclear cells/well x #CD7Z+ cells
# mononuclear cells

The -logNR was plotted vs the number of CDI+ cells/well using &
least-squares linear regression program (HSD, Curvefit) on a
mircrocomputer. The equatiorn of the best—f1t straight line for
the data. and the r2 coefficient were obtained from the
program. The unit frequency of responding cells wase determined
according to poisson statistics as the point on this line
corresponding to 7% negative responding wells. The number of
cells/weell at this point was considered to be the frequency of
responding cells. Since 311 T-cells 1n the FBM preparation
should be capable of respono:ng to FHA, the reciprocal of the
unit freguency for this population was considered to be the
overall cloning efficiency for the LDA of that sub,;ect.

In the case of the slin window cell preparations., direct
evaluation of the number of CDZ+ cells via immunohistochemistry
was not possible. Accordingly the aobserved frequency of response
from the cultures was calcuiated 1n terms o7 mononuclear
cells/well. The frequency of respose was obtained by multiplying
this value by the umt frequency of CD7+ cells (1e the
reciprocal of the cloning efficiency) observed for the FBM

preparations.
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In one experiment, as a control, 1004l of RPFMI 1640 +10%

NHS was added zmn li1eu of responders. to feeder cells.

b: Determination of the frequency of Ag-specific T-cells

To determine the frequency of T-cells responding to Ag,
limiting dilution cultures were set np as above eicept that 1in
place of FHA. antigens (Candida, FFD and Tetanus) were used as
stimulants as described above. To correct for the actual number
of T-cells 1n the responding cell preparations the observed
frequency of responding cells was divided by the frequency of

FHA-reactive cells as shown below:

Ad justed
Frequency of = Obser ved Frequency of Ag-reactive cells
Ag—reactive cells Frequency of FHA-reactive cells

(Immunol)histology
1: Cytocentrifuge preparations
Cytocentrifuge preparations were prepared as described 1n

chapter .

2: Cell Typing slides

Slides for use i1n the typing of rells by rmaunoperonidase
were prepared following the method of Bross (178). Braietly, Gum
arabic was prepared by mixing 10gm of Sucrose (Sigma) with 10 gm
of Gummi Arabicum (BDL) with 40ml of ddHZ, and the reagentes
dissolved by gentle swirling 1n a Z7% waterbath. The mirture
was cooled to RT, 0.5ml aof NaN> (0.5%, Faicher added, and the
mxture aliquoted and frocen at —-20%. Fulysilosan was
prepared by miiting 8ml fFolysiloian (DMFS 07X Sigma) with 42ml of
Fropancl (Fisher) and ©O.8m1 HIS04 (18M, Faisher ).
Faly-L-Lysine solution was prepared by dissolving 100mg
Foly—L-Lysine (Sigma) 1n 200ml ddH20, and adding 20ml of
Glycerin (Fisher), 0.5ml HEFES (Fisher, pH 7.5, 1M 1n FBS) and
2ml NaN* (0,.S%, Fisher) and aligquots frocen 8 —-T0%,

Microscope sl:i:des (Fisher) were cleaned with 1290% Ethanol
and dryed. Small (appro:x 204l) drops (B-12/slide) of Gum
Arabic solution were applied to the slides using a Iml syringe

(B~D) tipped with a 27—-bauge needle (B-D). The slides were dryed
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overnight at RT, and then coated w:ith Folysilorane solution,
allowed to dry overnight, and soaled for 24hrs 1n Ertran 200
(BEDH, . 1:20 in ddH20). The slides were washed vigorously with
ddH20 and dried. Twenty Hl of polv-L-lysine solut:ion was
added to each uf the hydrophilic spots on the slides which were

stored upright at RT unti1l use.

3: Immunohistochemical detecticrn of surface antigens

Immunohi1stochemi1 stry slides were placed on 1ce and
poly-L-1ysine removed by suction. The spots were washed four
times with cold FBS (pH 7.4). Celiws toc be typed were washed 1n
cold FES and suspended @ 105-106/ml. 20H] of the cell
suspensi1on was added to each spot., and the cells allowed to
attach for | hr. The FBS removed by suction and replaced with
MAG (blocting solution .14 Gelatin (GIBCO) .0O1% BSA, .0ZS% NaNZ™
i DMEM)Y for 20 min. The cells were then washed thrice with FES.
Fifteen HlI of 1° antibody was then added to the spots
and 1ncubated for 1hr. The gspots were then washed thrice with
FBS and 154l of finer (0.05% gluteraldehyde (Fisher),

172 glucose (Fisher) pAd 7.8) added. The fi1r1ng snlution was
replaced after 15 min. After the second 15 min period the fixer
was replenished and the spots allowed to sit an additional 15
min. They were then washed three times with FBES and replaced
with MAG for 20 min. The 2° antibody (Rabbit anti-mouse Ig,
Cedarlane 6002, diluted 1:2500 with MAG + NHS 1:425 + Normal
Swine serum, Cedarlane 1100 1:4605) was then added 1n 1541
and 1ncubated for 1 hr. The spots were washed and the 3I°
antibody solution (Swine anti-rabbit Ig. Cedarlane 6200, diluted
: 20 with MAG + NHS 1:10) was added, and i1ncubated for lhr.

The cells were then washed and the pre-formed
peroxidase—(rabbit)anti-peraiidase comple: (Cedarlane Z116,
diluted 1:20 1n FBS + MAG 1:20) added to each spot and alowed to
1ncubate for 1lhr. The <pots were then washed and 154l of the
substrate (DAB, Sigma., .05mg/ml 1n TRIS buffer (.0O25SM, pH 7.8&)
plus .013% H20Z (Fisher) added to the spots. The slides were
allowed to develop at RT for 20 min. The substrate solution was
washed away with three changes of FES and the slides air dried,

and counterstainod wrth 1% methyl green 1n ethanol (Gurr). The
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slides were examined by light microscopy at a magnification of
40X. Fositive cells displayed a complete ring of darl brown

substrate around their edges.

Functional Assays
1: Cell Mediated Cellular Cytotoxicity

The cytotonic function of T-cell clones was assessed as
follows. Ni-1lile cytutoricity was determined using + 5467 cells as
targets 1n the absence of lectin. Lectin dependent cellular
cytotoxicity (LDCC) was assessed using t S&2/7UT7/EBV-transformed
B—cells as targets 1n the presence of 1% FHA (GIBCO) . Target
cells, either 562, UP77 or autologous ERBV-tr ansformed B-cells
were labelled with S51Cr by suspending 103106 cells in
0.2-0.5m>1 of RFMI 14640 + 10% FCS and adding 100wl of S1Cr
(NEN,Z12 Ci/mmol). The cells were then i1ncubated for | hr &
7%, atter which they were washed ~ times with HESS. The
cells were then allowed to i1ncubate & RT for 70 min 1n med %
washed again. The cells were resuspended @ 200,000 cells/ml, 1n
RFMI 1640 + 10% FCS with and without 1.0Hg/ml FHA (GIBRCO).
One hundred Hl of the targets were placed 1n the wells of
?6—well flat bottomed plates. Clones to be analycsed were
suspended 1n RFMI 14640 + 10% FCS and added to the wells 1n
various numbers. Fi1)Jler:Target ratios varied from -1, Hfter &
hre, 1004l of supernatant was removed., placed 1n 12 :7%mm
glass tubes and radiocactivity counted 1n a g-counter (LI R).
Wells which contained only target cells + 1004l of medium
n lieu of ti1ller cells were used as controls. Spontanious
release was determined by counting 100OH] of supernatant from
these weirls. Total label was determined by suspending the target
cells 1n these wells, and counting a 100H] sample from the
wells.
Specific Lysis was defined as:

SL = 100 » Eupt. Release — Spontaneous Release
Total Tabel - Spontaneous Release

Cytotoxic activity was defined as a specific lysis greater

than or equal to 10.
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2: B-cell Help

Assays of the capacities of T—-cell clones to provide help
for Ig synthesis was kindly performed by M. Blain 1n the
laboratory of Dr. J. Antel according to their method (121).
Briefly, 5:104 clone cells were cultured 1n triplicate with
9% 104 allogeneic non-E-rosetting FBM (B-cells) 1n 200ul of
RFMI + 10% FCS + FWM (1:100, GIBCO) for 7-days. At that
time, samples of the supernatants were talen for determination
of the levels of human Ig.

Human Ig levels 1n the culture supernatants were measured 1n
an ELISA assay utilising 2 goat anti-human Igh (Cappel) capture
Ab. Various dilution of the supernatants were added, followed by
a biotinylated anti—-human Ig antibody and anmn avidin—pero-idace
comple:. (Vector) and developed with OFD. Net Ig levels were

determired by subtr-acting the levels of Ig produced by the

non-E-rosetting FBM alone.

LK Production Cultures
T-cell clones at least 10 days post-stimulation were

purified over Hypaque-Ficoll as described previously and then
suspended i1n RFMI + 12% NHS * 1Hgm/ml FHA (Wellcome) or

1100 FWM (bibco). When possible, separate cultures were set up
for each Lt to be tested. Samples of supernatant were tatl en
after 1Zhrs for IL-2 determination, and 48Bhrs for the
determination of TNF and IFN-g levels 1n the supernatant. In
some experiments, cultures employed adherent autologous AFC +
20Hgm/ml FFD, and supernatants were removed after 12 hrs and

their IL-2 levels determined.

3: IL-2 Assay

[L-2 levels 1n the culture supernatants were determined by
the CTL-L proliferative biroassay method of Gillis (197).
Briefly, 20,000 CTL—L cells were placed 1n flat-bottomed 96-wll
mcrotitre plate wells 1n 1004l of RFMI + 107 FCS.
Supernatants from the cultures wer e added 1n various
concentrations. IL-2 enriched supernatants from MLA 144 cells
were used 1n serial dilutions to construct a standard curve. All

wells were 1ncubated for 24 hrs at 77v- 1n a 5% CO2
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atmosphere. One mrcrocurie of 3H-Thymidine was added to the
cultures for the last 6 hrs. The cultures were frozen. thawed,

harvested and counted as described previously.

4: IFN-g Assay
IFN—-g levels 1n the T-cell clone supernatants, serum or the
fluid from SW chambers were measured with a commercial forward
sandwich RIA {(Centocor). This sensitivity of this assay was

0.1 NIH U/ml.

5: TNF Assay
TNF-lite activity levels were t1ndly detemined by Dr. L.

Sanchez-Cantu, using the method of Granger et. a!. Briefly,
25,000 L?2%9 cells were grown overnight at 27 © 1n « 54 COT
atmasphere 1n ?26—well microtitire plate wells 1n RFMI + 104 FCS
to establish a nearly confluent monolayer. Actinomycin D

(0, tugm/well, Sigma) was added followed by serial dilutions

of the T-cell cul’ure supernatants, <erum or the {fluird from 5W
chambers. Serial dilutions of recombinant murine TNF-a (Cetus,
speciftic activity 2x107 U/mg) were 1ncluded to generate a
standard curve. After 18 hrs i1ncubation, Z0Hl /well of

freshly prepared MTT were added and the cells i1ncubated for a
further 4 hrs. The supernatant was removed and repldced with
acid 1sopropyl alcohol. The plates were then read 1n an ELISA
reader with a S50 nm filter. Results were enpressed as Units/ml,
with 1 unmit defined as the amount of TNF required to produce a
S0%4 decrease 1n absarbance relative to control cells e:posed to
actinomycin alone. One unit equalled 25*%17 pg/ml and the

final results are repaorted as pg/ml. Wells cantaining less than
0.9 units of TNF—1li1te activity were considered negative. This
assay measures the cytotoiic activity 1n the supernatants and

may not be limited to the detectiron of TNF-a/f.
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4&: Ag Specific Proliferation

The proliferative response of T-zell clones to Ag was
determined by culturing various numbers (7,000-20,000) of cells
/well plus 100,000 1rradiated (4,000 rads) autologous FBM 1n
P6-well round bottomed plates (Linbro) i1n TCGM * Ag (in
concentrations as described previously). The cell were cultured
at 37% for 72 hrs with 3H-Thymidine added for the last 6

hrs and the plates frozen, thawed, harvested and counted as

described previously.
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Resul ts

Establishment of Bulk T-cell Lines fraom Skin Window Chambers

A large number of mononuclear cells were present 1n the shin
window chambers, although 1t was difficult to determine the
proportiron of these that were lymphocytes. A weal proliferative
response was obtained 1n response to FHA indicating the presence
of viable T-cells (data not shown). The small response to PHA
led us to gquestion whether the culture conditions might be
suboptimal. The number of FMN {found 1n the 5SW chamber cells., as
compared to narmal FBM preparatiocons, was thought to be
responsible. Attempts to remove them by different techniqgues
were not sucesstul, becauvse of the propensity of the cells to
form aggregates, and their failure to phagocytose normally. To
characterice the T-cells recovered from the chambers, 1t was
decided to e:pand the cells i1n TCOM under conditions likely to
support the growth of all T-cells. SW cell suspens:ions
rontaining two-hundred and fi1fty thousand mononuclear cells were
cul tured, and the growming cells were phenotyped.

In all cases, the cells from SW chambers grew 1n bulk
cultures. The results of cultures from chambers of different
individuals, shown 1n Table 4.1, demonstrated that both CD4+ &

CD9+ cells were present, 1n varying propor tions,

Cloning of T-cells directly from Skin Window Chambers

Having establishing that T-cells from the chambers could
be cultured 17 bultl 1t was decided to clone them directly
from the chambers for functional % phenotypic analysis. Various
numbers of mononuclear cells/well (from chambers) were cultured
1n ?6-well plates, with i1rradiated autologous FBEM as feeders &
FHA as the stimulant. Cultures were also set up with different
Ag, particularly the Ag used to generate the DTH reaction in
each subject. Similar cultures were set up, with FEM as
responder cells.

The fraction of non-responding wells for each different
number of cells/well was used to determine the frequency of
respaonding cells by a least-squares linear regression according

to single-hit poisson linetics. The results for one euperiment
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(Sub,ect B) are qgiven 1n Tables 4.2 % Fig. 4.1.

As shown 1n Table 4.2, the cells from the blood and SW
chamber were cultured at various numbers of cells/well. The
percentage of wells responding 1s shown 1n the rightmost column.
The numbers of cells/well used were chosen so that several
cultures 1n each series would show less than 100% response.
These results were used to determine the frequency of responding
cells as described previously. Clones for analysis were paicled
from the cultures shaowing the lowest percentages of responding

wells.

Fig. 4.1 shows the frequency plots of the cultures from the
same sub,ect. The percentages of responding cultures resulted 1n
straight lines with large rl2 values, i1ndicating that the
cultures were properly conducted. This, and the near—-zero values
of the Y-intercepts i1ndicatec that the cultures were limited by
only one cell type. The slope of the lines 1¢ related to the
frequency of that responding cei1l iype within the population of
cells used 1n the cultures. The calculation of the frequency of
responding cells was performed as previoucsly described. The
results from three other experiments are shown 1n Table 4.3 and

4.4,

When FBM were cloned using FHA the frequency of responding
cells was 1,1.08, 1/1.05, 1/1.06 & 1/1.07, corresponding to
cloning efficiencies of 2.6, 95.2, ?4.7 and ?7.5% respectively.
The frequency of responding cells from the chambers were 1/160,
171257, 1/748.1 and 1/16.1 mononuclear cells. Attempts to
determine the ratio of CD3+ cells to tot 1 mononuclear cells 1n
these preparations by i1mmmunohistochemical techniques were
unsuccesful due to high baclground staining. Thus these
frequencies could not be noi malized. Since the same culture
conditions resulted 1n 90% claoning efficiencies for the FBM, 1t
was concluded that the the FHA respounse frequencies for the slin
window chamber cells could be used to normalize the Ag response

frequencies of the 5W cells.
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Aq-Speci1ficity of T-DTH Cells

Part 1: T-cells from Skin Window Chambers are enriched for

cells reactive for the Ag inducing the underlying DTH

Using Ag as the stimulant, cloning the skin window chamber
cells with Ag allowed the accurate determination of the
frequency of Ag-specific T-cells at DTH saites.

The results of these e:periments, 1n Table 4.3, show that
the frequency of Ag-reactive cells was greater 1n the skin
window chamber cells of ali the sub,ects than 1n their blood.
The frequency of Ag-reactive cells 1n the chambers ranged from
1/20.7 to 1/2.2. The degree of enrichment for Ag-reactivity

relative to the blood varied from 2.6-fold tu Tid-fold.

Part 2: Only T-cells Reactive to the Eliciting Ag are Enriched
in the Chambers

The results shown 1n Table 4.3 could be i1nterpreted as
reflecting a preferential recrurtment %/or accumulation at the
DTH site of T-cells specific for the Ag used to elicit the DITH.

It was also possible that the "reactive" cells 1n the
Ag-stimulated cultures had been previously activated by other Ag
n vaivo, were preferentially attracted to DTH sites, as has
been reported 1n animals (30-8I1Y), and were growing p vitro as
a result of the presence of IL-2 1n the medium. Finally, 1t
could also be hypothesised that a small fraction of the feeder
cells had escaped the lefhal effects of i1rradiation and had

proliferated i1in the Ag cultures.

To test these hypotieses, an additional cloning experiment
was carried out using one of the subj;ects shown 1n Table 4.7
who was reactive to FFD & TET. Stin window chambers were placed
over FFD-in;ected si1tes. After 48 hrs the cells harvested from
the chambers, along with FBM, were cloned using FHA, FFD & TET

as stimulants.

The results (Takle 4.1) i1ndicated that there was a 5-fold
enrichment for cells reactive to the Ag eliciting the DTH
reaction. There was no enrichment for cells reactive to TET, an

Ag to which the sub;ect gave a positive shin test. Additionally,
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the cells recaovered from the chamber did not grow in the cloning
medium 1tself; an additional in vitro stimulus was required.
The feeder cells themsel ves were not capable of growth.

It 15 valuable to compare the PPD-reactive frequencies of
the PBM 1n the two different experiments with subj,ect § shown in
Tables 4.3 & 4.4. The two frequencies (1/150 and 1/18B0) were
equivalent, with complete overlapping of their respective 5%
Confidence Intervals. The close concordance from these different
experiments 1ndicated that the cloning technigque produces

reliable estimates of Ag-reactivity.

Ag-Stimulus Derived T-cell Clones Proliferate in Response to
Ag

To i1nsure that the Ag—-derived clones did i1ndeed respond to
the Ag, Ag-derived T-cell clones from the chambers were tested
for their proliferative response to Ag. The tests were carried
out following Ag-specific expansion 1n 24-well plates, with a
maximum of two non—specific expansions 1n order to minimise the
potentiral for loss of specificaity. The results, shown 1n Table
4.53 show that 3 of 4 FBRM and & of 7 SW Ag—derived clones
reacted 1n vitro to the Ag to which they were raised.

Clones from subj;ect 5 were tested for their Ag-reactivity
1mmedil ately followiinig microscopic examination on day Ji. The
results, given i1n Table 4.5b showed that 6 of 8 clones from SW
chambers and &6 aof 7 PBM-derived clones responded in an
Ag-speci1fic fachion. One of the clones that did not give
positive responses met one but not both of the response
criteri1a. None of the clones showed reactivity for any Ag other
than the Ag used to generate them ori1ginaly. Overall, 80%Z aof the

wells showing growth 1n response to Ag, were Ag-specific.

Surface Phenotypes of T-cell Clones

The clornes derived from three sub  ects werz typed by
1mmunohistochemstry for their surface marl ers. The results
(Table 4.4) showed that both CD4+ % CDE+ clone were generated.
When cultured with FPHA, the percentage of CD8+ clones aobtained
both from FBM and from the chambers tended to be lower than the
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% of CDB+ cells in the blood. Thus results using PHA must be
interpreted with some caution as there was some selection
against CDB+ cells.

When cultured with Ag, the % of D8+ clones from the window
was similar to the percentage of CD8+ lymphocytes found 1n the
blood but greater then the percentage of the antigen-specific
€CD8+ clones generated from the FBM. However the potential far
some selection against CDB+ cells must be kept 1n mind 1n

interpreting these results.

Functional Characterization of the TDTH Clones

Having performed the limiting dilution analysis, 1t was
decided to concentrate on the Ag-specific cells from the skin
window chambers in arder to define the characteristics of the
T-cells participating 1n DTH reactions. For comparison,
antigen-specific clones from the blood as well as few clones
grown with PHA were also analyzed. Owing to the technical
probems of obtaining sufficient autologous feeder cells, the
clones were expanded using allogeneic cells and PHA as the
stimulant. The Ag—specific T—-cell clones obtained directly fram
DTH sites were studied as sufficient cells became available (due
to different growth rates of the clones).

The functional capacities of TDTH cells have been i1mplied
from studies employing differing but indirect methodologies for
obtaining T cells 1nvolved i1n DTH. Cytotoiiicity. both Ni-1itke
and LDCC, B—cell helper function, IL-2, TNF and IFN-g production
1n response to FHA (and i1n a few cases, to Ay) were all
analyzed.

The overall results of functional tests of the Rg—deraived
T-cell clones from subj;ects B & F are shown 1n Tables 4.7a %
4.7b. Individual categories and other analyses are discussed 1n

separate sections below.

Cellular cytotoxicity of T cell Clones

The ability to lyce affected target cells 1= considered an
important effector mechanism 1n CMI responses to viral,
intracellul ar pathogens and to zome tumour cells. Previously

thought te be restricted to CD8+ cells, this cytoturic capacity
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has recently been reported in some CD4+ cells (148,169). The
cytotoxic capacity of the T—cell clones was evaluated in a
51Cr release assay. NMK—like cytotoxicity was assessed against
K562 target cells. LDCC was determined using PHA and KS42, U937
or autologous EBVt B-rells.

Many claones were difficult to grow in large numbers, and
thus it was necessary to determine the minimum Killer:Target
ratio for detecting cytotoxicity. Effector:Target ratio studies
shown in Fig. 4.2 indicated that in those clones showing
cytotoxicity, an E:T ratio > or = 2 was sufficient to detect
cytotoxicity using a speci1fic lysis (S5L) > or = 10 as the
criteria. Accordingly, only clones that were tested at K:T > or
= 2, or were positive for cytotoxicity at a lower K: T were
reported.

The results are shown 1n Table 4.8. Of the 5 CDB+ clones
tested, four were capahle of cytotoxic activity 1n LDCC, 1 clone
also showed NK-like(non-lectin mediated) cytotoxicity against
K362 targets. Dne half of CD4+ TDTH clones were cytotoxic,
with seventeen percent of CD4+ clones showing NK-like
cytotoxicity to K5&2. Clones that were positive for LDCC against
one target were generally positive against both allogeneic and

autalogous transformed cells (p=0.039, see Tables 4.7a & b).

B-cell helper function of T—cell clones

It has been proposed that a dichotomy exists among CD4+
cells, with TH1 cells directing inflammatory responses and
TH2 cells providing help for Ig synthesis (118). B-cells are
not normally found at DTH sites (5). If the proposed dichotomy
of TH exists, it is unclear whether TH2 cells would be
present at DTH sites.

To determine if a functional exclusion existed in human DTH,
the capacity of the TDTH clones to provide help for Ig
synthesis was assessed in an allogeneic PWM-driven system.

A frequency analysis of the levels of new Ig production in
the cultures 1s shown in Fig. 4.3 (Ig levels > 7000 ng/ml were
grouped together). There were a large number of clones which
stimulated less than 1,000 ng/ml of new Ig production. This

point was chosen as the cut—-off for descriminating between
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helper and non-helper clones and was comparable to those used by
other authors (124,125,170).

As shown 1n Table 4.9, approximately 1/2 of the CDA4+ clones
tested provided help for Ig synthesis. Interestingly, aone of the

three CDB+ clones tested gave help (Table 4.7a & b).

IL-2 praduction by CD4+ T-cell clones

IL-2 is considered to be the primary, although not the sole,
proliferation—-permitting signal for T-cells, particularly those
believed to mediate DTH (122). Activated cells expressing the
high affinity receptor for IL-2 (3,6,7,82) % IL-2 producing
T-cells have been found at DTH sites (41), and among clones
capable of mediating DTH (118,120). Thus it was logical to
expect IL-2 production by TDTH cells.

To determine if TDTH clones produce IL-2, IL-2 levels in
the supernatants from T—cell clones were determined using the
CTLL bioassay. As shown in Table 4.10, approimatly 1/2 of the
clones from all categories produced IL-2 upon stimulation with
PHA. Stimulation af "NTH clones by the Ag used to elicit the
DTH reaction and to c’one them, resuited in IL-2 production by
&77% of the clones. Those clones that failed to produce IL-2
following Ag—stimulation did produce IL-2 upon stimulation by
PHA.

PWM failed to induce IL-2 production in two clones, one
that did produce IL-2 upon PHA stimulation &% one that did not
(Table 4.7a, Fig. 4.5). One other clone tested did produce IL-2
following PWM stimulation, but the level of production was
comparable to that seen without mitogenic stimulation (Table
4.10) . None of the 7 Ag—derived CD8+ clones tested, & from DTH
sites & 1 from blood, produced IL-2 upon PHA stimulation (Tables

4.7a & b).

TNF production by T-cell clones
TNF is a potent cytotoxic CK (4). It has been shown that

both the a and # form, alone or in synergy with IFN-g can
produce a DTH-like reaction (104,110). To determine if TDTH
clones produce this CK, TNF activity in the supernatants of the

clones was measured by the L929 bioassay.
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As shown in Table 4.11, one third of the CD4+ clones produced
detectable TNF activity without stimulation, % two-thirds did so
following PHA stimulation. Only one of 5 CDB8+ clones tested
produced TNF activity following stimulation, but one of the
negative clones did produce TNF activity when stimulated in the
presence of irradiated EBV—-transformed B-cell feeder cells
(Tables 4.7a & bh). No link could be made between between TNF
production and: IL-2, IFN—g, IL-2+IFN-g production or B-rell
help.

IFN-g production by T-cell clones

IFN—g has been shown to produce a DTH-like lesion when
injected i.d. (103,104). It has also been shown to synergise
with both IL-1 and TNF to produce a DTH-like reaction at lower
doses (104,110).

To determine if IFN-g was produced by TDTH clones, their
supernatants were tested for IFN—g using a commercial forward
sandwich RIA. The frequency distribution of IFN-g production by
T—cell clones is shown in Fig 4.4 (levels >75 U/ml were
grouped). A large proportion of clones produced <5 U/ml, and
this was used as the cut-off for IFN-g production.

As seen in Table 4.12, the majority of CD4+ clones tested
produced levels >5 Units/ml following PHA stimulation. In 3 CD4+
clones that produced IFN-g following PHA stimulation, PWM
stimulation either failed to induce or induced only 1/10 as
much IFN—-g production (Fig. 4.3, Table 4.12. In contrast, the
one CD8+ clone tested produced more IFN-g with PWM than PHA
stimulation. All 5 CDB+ clones tested produced IFN—g following
stimulation with PHA.

Linkages between functions of T-cell clones

As mentioned previously, it has been proposed, originally by
Mossman et. 21. (119,120) that a functional dichotomy exists
among TH cells in mice. A similar dichotomy has been proposed
to exist in humans (118) although its existance 15 as yet
unclear. No avidence has been put forth regarding the presence

of these cells at DTH sites, in mice or in humans.
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In the murine system, the different TH cells have been shown
to present a different array of functional capacities. Many of
these functions are unique to each cell type, and can be said to
be linked, that is, that if a given cell carries out one
function which is specific to the TH1 cell type, it will also
carry aut a number of other, TH1 functions. The existence of
such restricted functional phenotypes among the TDTH clones
was examined by comparing the distribution of pairs of
functional activities among the panels of clones generated in

this i1nvestigation.

1s IL-2 & 1IFN-g production are linked

The production of both IL-2 % IFN—g has been used to help
define the TH1 inflammatory T-cell in mice (119). The ability
of individual human CD4+ TDTH clones to produce IL-2 & IFN—g
were compared. As seen 1n Fig 4.6A, in Ag-derived CD4+ TDTH
cells the production of these two LK was positively associated,
with a high degree of significance. A similar association was
seen in Ag-derived clones from the blood, hawever the low number
of double-negative clones prevented a statisticaliy significant
association. If all the T—cell clones were considered regardless
of their origin or the original stimulus used to clone them, the

associlation was also highly significant.

23 IL-2 production is inversely correlated with B-cell Help
IL-2 production and the capacity to give B—-cell help have
been associated with two independant T—-cell populations in the
mouse (24,119), The ability of individual clones to produce
IL-2 & provide help for Ig synthesis were compared (Fig 4.4B).
Ag derived CD4+ TDTH clones showed a significant negative
assaciation between IL-2 production & B-cell help. This
association could not be seen in Ag-derived CD4+ PBM clones due
to the small number of clones that did not produce IL-2. When
all the T-cell clones were considered, regardless of their
origin or original stimulus, the negative association was also

highly significant.
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3t IFN-g praduction and B-cell help

IFN-g production ..nd the capacity to give B—cell help have
been asscciated with two independant T-cell populations i1n the
mouse (24,118), possibly as a result of the potent ability of
IFN—-g toc inhibit Ig synthesis (118,120,123). The ability of
individual clones to provide B-cell help and to produce IFN—g
was compared (Fig. 4.6c). No correlation could be made for CD4+
clones regardless of origin.

As was shown in Fig. 4.5, PWM induced much lower levels of
IFN—g for some CDA+ clones than did PHA, and these clones were
capable of providing B—cell help in a PWM driven assay. It has
been reported by other authors that the addition of anti-(IFN-qg)
Ab to similar cultures can confer the ability to provide B-cell
help to TH] clones (118). Since IL-2 & IFN-g transcription are
controlled by different regulatory elements, it may be that the
production of IFN-g in response to PHA stimulation obscures a
negative correlation between IFN-g production and B-cell helper
activity.

When the responses of the 3 CD4+ Ag-derived PBM clones that
produced IFN-g after PHA but not PWM stimulation were considered
as negative for IFN-g production, than IFN-g production and
B-cell help were found to be negatively associated (p=0.03, data

not shown).

43 Clones which praduce baoth IL-2 and IFN-g do not provide
B-cell help

CDh4a+ clones in which IL-2 and IFN—g production i1s linked
correspond to the profile of TH1 helper cells (119). When
these clones and the reciprocal set of clones were tested for
their capability to praovide B~cell help (Fig. 4.4d) 1t was found
that for either TDTH clones or all CD4+ clones, IL-2/1IFN-g
producers did not provide help, while those that did not produce
these LK did. Although a statistically significant association
was not seen for Ag-specific PBM clones, owing to the dearth of

B-helper clones, 6/7 tested fit the TH1 phenotype.
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The fluid from skin window chambers over DTH sites contained
IFN-g & TNF

T-cell clones from skin window chambers over DTH sites were
found to produce both IFN—g and TNF upon mitogenic stimulation.
IFN-g has been hypothesized to be an important mediator of DTH
and Issekutz and others have shown that IFN—-g alone or IFN-g and
eirther TNF-a or P (in lower doses) produce a DTH-1like
reaction when injected i.d. (110).

Previous techniques have not permitted the direct
demonstration of the production of these mediators at DTH sites,
The fluid 1n the SW chambers could be expected to contain CK
produced both by cells activated in the underlying DTH reaction
and subsequently delivered to the chambers, and by the cells
remaining 1n the underlying DTH site.

The fluid from the skin window chambers of =sight experiments
was analysed for IFN-g and TNF. As shown 1n Table 4.13, all the
chambers placed over DTH reactions contained IFN—-g. Seven of
eight chambers contained TNF. The lone negative sample was
obtained from a chambers that had been emptied and refilled at
24 hrs and subsequently re-sampled after a further 24 hrs. The
levels of IFN—g seen 1n this chamber were comparable with thaose
found after the first 24 hrs. Neither the AB serum used to fill
the chambers, nor the serum from the subjects themselves
contained detectable IFN—-g or TNF.

Three of these experiments included windows placed over
sites injected with an Ag that did not produce a DTH 1n the
subjects. No TNF was detected in these chambers. Two of the
three chambers had no detectable IFN-g and one had minimal
levels (1.4% of those seen in the chamber over a DTH reaction in
that sub,ect). The mean levels of both IFN—-g and TNF were
significantly higher in the chambers over DTH reactions than
those placed over sites inj,ected with a skin test Ag to which
the subject did not give a DTH reaction. The presence of IFN-g
or TNF were significantly correlated with the i1njection of an Ag

to which the subject was reactive (Fig. 4.7a & b).
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Table 4.1 Surface Phenotypes of Bulk SW T-cell Cultures

Subject Cells # Cultures ZCD3+ %CD4+ ZCD8+
D SW(PPD) 9 100 97 2
L " 2 100 8 75
Po » 7 100 44 35

Overall¥ 7 18 100 &7 >1

¥: Mean of % in cultures



Page 4.26

Table 4.2: T-Cell Cloning Results for Subject B

Responder Stimulus Cells # Wells # Clones 7 Response
Cells el
PBM PHA 3.70 48 47 98
N It 1.85 48 36 75
" " 0.370 b6 34 35
N » 0.185 96 6 6.3
" " 0.037 ?6 2 2.1
" CAN 74,000 4 s 100
" » 7, 400 6 6 100
" " 740 6 S9 62
" " 74 Qb 7 7.3
" " 7.4 6 0o
Skin Window PH 1,000 10 10 100
Chamber " 500 20 19 95
(over Can o 100 o4 25 46
DTH SITE) " 10 6 13 14
" CAN 1,000 S S5 100
" " 500 8 é 79
" " 100 153 27 17.6
" " 10 0 1 1.11
" " 1 8% 0 O

¥ CD3+ cells/well for PBM
Mononuclear cells/well for SW chamber cells
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Table 4.3: Frequency Analysis of T-cell Clones From Sub,ects B, P & S

Subject €Cells Stimulus

FrequencE
Reactive Cells

(957 Confidence Int.)

533

usted Frequencl , R

Confidence In

B

PBM

SW(EAN)

FPBM

"

SN(ﬁPD)

PBM

SW(ﬁPD)

PHA
CAN
PHA
CAN

PHA
PPD
PHA
PPD

PHA
PPD
PHA
PPD

1.08
776
160
366

1.05
10.19
1257
4915

1.06
191

48.
996

(0.40-1.74)
(714-838)
(143-176)

320-412)

(
(0.91-1.19)
(7.33~-13.1)

(262-2252)
(4598-5232)

(0.747-1.36)
(136 246)
(10.5-85.7
(664-1328)

719 (6862-778)
2.29 (2.00-2.56)

?.75 (7.01~-12.95)
3.74 (3.50-3.98)

180 (128-232)
20.7 (13.8-27.6)

.978
. 999
. 999
. 997

. 994
- 999
. 804
. 998

- 995
. 995
- 724
- 245
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Table 4.4: Frequency Analysis of T-cell Clones From Subject §

Frequencz of
Cells Stimulus Reactive Cells Ad justed Frequency 2
(95%Z Confidence Int.) (95%4 Confidence Int.) R
PBM PHA 1.07 (0.935-1.20) . 7299
" PPD 166 (58.9-272.35) 155 (55.2-255) .957
" TET 1460 (150-171) 150 (140-160) .999
SW(PPD) PHA 16.1 (10.5-21.7) . 989
" PPD 486 (230-742.4) 30.2 (14,.3-46.1) ,933
" TET 2129 (1432-2826) 132 (B9-176) .936
" MEDx% No Growth
Feeders PHA No Growth
PPD "
TET "
¥ Cloning medium without PHA or Ag but with IL-2
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Table 4.5a:_Ag-Specific Proliferation of Agq-Derived clones, Subject B

Culture NEW STIMULATION
Clone Origin APC%® Duration Sti$ylu§_7CPH Cgﬂ IN%EX

none PBM 72hrs - 196 0

" " " CAN 277 0

" " " PPD 417 0
BLTC2.2 PBM " " - 1029 -

" " " " CAN 14135 12829 16.6

" [ 1] ”n n PPD 824 — —
BL.TC2.16 " " n - 1012 -

m w " " CAN 11126 9837 13.3

" n [1] (1] PPD 833 p— P
BLTC2.17 " u " - 1301 -

" " " " CAN 8794 7216 5.49

” n H [1] PPD 1 192 — —
BLTC2.22 " " " -~ 395 -

“ " " " CAN 841 169 0.76

" " n " PPD 815 3 2.00
BLTC4.22 SW(CAN) " = 1853 -

I " ” " CAN Q214 7086 5.67

11 " [1] []] PPD 1 784 — .
BLTC4.23 " " " - 1342 -

" " " " CAN 14284 126465 13.2

" " " u PPD 2334 577 1.67

none PBM 72hrs - 46 (o]

" " " CAN 120 0

" " " PPD 72 o
BLTC4.10 SW(CAN) " " - 923 -

" " " " CAN &088 5045 &.81
BLTC4.11 " " - 237 -

o " " n CAN 5921 5044 8.16

" " " " PFPD 1189 L0 1.357
BLTC4.12 " " - 230 z

0" " " ] CAN 4917 4247 9.91

" 1 " " PPD 914 312 1.74
BLTC4.14 " " " - 925 "

m " " " CAN 8799 8154 18.1

" " " " PPD 772 175 1.46
BLTC4.20 " " " = 867 -

(1] " 1] 1] CAN 601 -— —_—

1] " [1] [} PPD 680 -— -—

%: Antigen Presenting Cell
t: The subject gave a positive skin test & in vitro
proliieratxve response of their FBM to both CAN & PPD. All the
clones tested were raised by inp vitro stimulation with CAN.
§: New CPM = CPM -( CPM(af APC) + CPM(of clone without
Ag-stimulation))
#: Stimulation Index = CPM(Clone + Agq + APC)-CPM(APC + Aq)
CPM{CTone + medium) - T+ medium)
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Table 4.5b: Ag-Specific Proliferation of Ag-Derived clones, Sub ject S
Ori in CELLS Cult® NEW gllﬂUﬂﬁlIUﬂ
9 INDEX
C 3

n ulture
Clone &% stimulus WELT APCX Duration Stimulus CPM gEM

1
none PBM 72hrs - 27 o]

" " " PPD 201 0

" " " TET 244 o
SATC2A.1 PBL 11200 " " - 176

" PPD " . " PFD 5914 5442 38.3

" " @ " 1] TET 92 -_— -
SATC2A.2 " 19900 " ' - 271

" " " " " PPD 8202 7730 32.8

n " ” " " TET 182 —_ —
SATC2A. 3 " 16400 " " - 284

" " " " " PPD 8769 8284 33.3

1] " " " 1] TET 526 Q 1.09
SATC2A. 4 " 7400 " " - 234

" " " " " PPD 3921 3486 18.0

(1] " n (1} (1} TET 68 — —
SATC2A. 5 " 18200 " " - 165

" " " " " PPD 11289 10923 80.4

”n (] (1) (1] ” TET 39 1 -— -—
SATC2A. 6 " 2000 " " - 236

" " " " " PPD 5382 4945 24.8

" " " [1] 1] TET 102 —_ —
SATC2A.7 " 15800 " . - 1201

" " " " . PPD 10932 9530 9.14

" n " " " TET 634 - -
SATCSA. 1 SW(PPD) 7200 " " - 98

" PPD " " " PPD 399 100 2.79

" " 1] " " TET 225 -_— -
SATCSA. 2 " 11200 . " - 521

" " T " " PPD S220 4498 10.2

”"n " (1] " n TET 84 -— —
SATCSA. 3 " 13200 " " - 289

" " " ” " PPD 4950 44460 18.1

" " " [1] 1] TET a2 — —
SATCSA. 4 " 5200 " " - 2890

" " " " " PPD 5232 2141 1.76

" " " " " TET 3920 784 1.28
SATCS5A.5 " 7900 " " - 890

" " " " o PPD 7230 6139 8.14

" " " v v TET 1202 66 1.11
SATCSA. 6 " 19800 " " - 79

" " " " u PPD 11280 11000 213

" 1] " ] " TET 1092 7468 16.3
SATCSA.7 " 11200 " . - 287

" " " . " PPD 8445 8157 32.5

" " [ " L] TET 1 86 - -~
SATCSA. 8 " 2200 " " - 195

" " " " " PPD 7654 7258 44._4

" " 1] " (1] TET 231 —_— -—

¥: Antigen Presenting Cell

t: The subject gave a positive skin test & in viétro
prollieratlve response of their PBM to both TET & PPD. All the
clones tested were raised by in vitro stimulation with CAN.

§: New CPM = CPM —( CPM(of APC) + CPM(of clone
without Ag—stimulation))

0: Stimulation Index = CPM(Clone + Agq + APC)-CPM(APC + Aq)
CPM{ClIone + meg1um5—cpﬁlﬁpc + medium)
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TABLE 4.4: Surface Phenotypes of T—cell Claones
SUBJECT ORIGIN STIMULUS #RTESTED 7CD3+ /CD4+ %“CDB+

P PBM PPD 13 100 85 15
" SW(PPD) PFD 24 100 735 235
" PBM PHA 8 100 a8 13
" SW(FPD) FHA 8 100 87 13
" PBM X - - 100 74 26
B FBM CAN 15 100 100 0
" SwW(CAN) CAN 14 100 57 43
" PBM - PHA b 100 83 17
" SW(CAN) PHA 6 100 a3 17
" PBM &% - - 100 69 31
S FPBM PFPD 7 100 100 0
" SW(FPD) PFD S 100 80 20
" PBM TET 9 100 &0 40
" SW{PPD) TET S 100 &0 40
" PBM PHA S 100 100 o
" SW (PPD) PHA 6 100 83 17
" PBM - - 100 &4 34
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ORIGIN & CYTOTOXJCITY - P - 1
€l TIMALUS T4 T8
- - 125 1235 - - N 3

BLTC2.3 PBL on + 1.61 0 3.2
" CAN 0.314 1,53
-5 . ¢ - - 3” - "39 - 2! 1‘.7
L - 4 M4 1,250 1.20 "
o - LK - - == 0 9450
A2 e - 19 3 - 2.7 - - 4.8
R n L - - T8l S
N T I - - .
e ! - - - - - - 0 33 02
10 4 - - 2% 97 - 404 - 86.5
20 0+ 0 - 1.8 7.1
220+ % - L5 3 837
2 4 - 0 - 1.1b - 2 20.4
.15 . + - - - 86 28-9
BLTCA.2 SH(CAN) ¢ - - S17 992 2,83 14.0
.3 on + - 4 5,792  -{=}  -(=) “(=) ={19) 0
d0000 4 - 4 0 257 - 22 8 .4
M2+ 2,676 1.78 - 32.8
-l‘ . + - + 2!“ - 43-2
20 ¢+ + 301 1.3 b1.4
220 s 2,59 - 3.23
RTH ¢ - 2,035 618 ~(-) =) (=) =(=) 0 7.3, 18.8
NI ¢ - 4 =) () =) (=) 56,5
23 + + - 123

L1

N

Specific lysis > or= 10, NK Target: K342, Allo Target: Allogeneic EBVt B-cells ¢ PHA
New Ig (ng/ml) produced by allogeneic E- cells.

Results are given in Units/al. Results froa experisents with feeders, either autologous adherent APC or
autologous EBV-iransforsed B-cells are shown in brackets. Supernatants with less than 0.5 Units/al were
considered negative (<),

Results are given in Pg/el. Results fros experisents with feeders (autologous EBV-transforaed B-cells)
are shown in brackets. Wells with less than 0.5 Units of TNF were considersd negative,

Results are given 1n NIH Reference Units/al. Values grutir than 50 U/al
exceeded the std curve and should be considered 30,
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TJable 4.7b: T-cell Clone Function Tests, Subiject P
ORIGIN & CYTOTOXICITY  B-CELL HELP IL-2 INF IFN-
Cione STIMULUS T4 78 WK ALLO AUTU — WED _ PWR___WED _ THA PPD FPWA_RED PHA PRN HEU PHA _ PWN
3 [} [ 7
POTC2.11 PBL on  + - = = 24,000 70,000 .35 5.4 - 215 99
. PPD i.40 1,59 1.5 - - - 0 99 0
POTCA. 1 SN(P + - - 0 -(-) 3.64(4.78) (.59} 595 2,045 83 62
.2 on PPD + -+ 4 1,350 2,000 ~(-) (=) - 1,670 45.3
.3 v + -(~} -{~) (.50} 78.4
4 + == = 200 98 - 0,576
& + - -+ 13,000 14,500 -{=) (=) 284 334 0
,6 L + - ¢ +
.7 . + - - A2 (LAY 9.78
g + + - {1.34)
2 + - - - 200 5,946 - - 35.6
240 + - = - 1,199 14,92% - - - 106 2,60
230 + t o+ 4+ 500 450 ~-(-) 3.5§{1.08) (-} - 1,170 0 24.8
28 + + + - 0 o - 3.04
30" + - - - - .59 209 1,670
I I + + - -
S + ={-} (L.62) (=)
40 " + - - - - 1.07 - -
220" % + v+ 4 245 - - 199
23 + - 4 + -{-) -{-} (-} -(40) 35.4
3300 + 0 - -

9; Specific lysis > or = 10. NK Target: K362. Allo Target: Allogeneic EBVE B-cell + PHA,
Auto Target: Autologous EBVt B-cells + PHA,

§: New lg {ng/el} produced by co-cultured allogeneic E- cells.

¢: Results are given 1n Umts/al. Results fros exgerllents
with feeders, erther autologous adherent APC or autologous EBV-transformed B-cells are shown 1n brackets.
Supernatants with less than 0.5 Units/al were considered negative (-).

t: Results are given 1n Pg/al. Results from experisents with feeders
{autologous EBV-transforaed B-cells) are shown 1n brackets. Wells with less than 0.5 Units of TNF were

considered negative.

7t Results are given in NIN Reference Umts/al. Values greater than 30 U/al exceeded the std curve and should be
considered as )30 U/al,
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JABLE 4,68: Cytotoxicity of T-cell Clones

% OF CLONES CYTOTOXICxX

Sub ject Origin Original (#POSITIVE/#TESTED)
Stimulus L4+ LDg8+
LDCT LDCU
NK-LIKE ALCLO AUTO NK-LIKE Al
B PBM CAN 0 20
(0/710) (2/10)
" SW(CAN) " 4] 80 0 S50
(0/3) (4/5) (0/72) (1/2)
P SWPFD) PPD 23 36 40 50 100 100
(Z/13) (5/14) (4/10) (1/2) (2/72) (2/72)
ALL SW(Ag) Ag 17 47 40 25 75 100

(3/718) (9/19) (4/10) (1/74) (3/4) (2/72)

¥: Target cells: NK-LIKE - K962
LLDCE, ALLO — K562 + PHA
", AUTO - autologous EBVt B—cells + PHA
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4 i o= ) +
Subject Origin Original 7% OF CLONES PROVIDING HELP x

Stimulus (% Eositive/# tested)

E FEM CAN 0 o2
(0/9) (279)

" SW (CAN) " 0 50
(073 (3/6)

F SW(PFD) FHA 67 50
(2/3) (274)

" " FFD 57 3
(4/7) (5/8)

ALL  SW(AQ) Ag 40 57
(4/10) (8/14)

X: /= 1,000 ng/ml new Ig
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TABLE 4,103 Il.-2 Production by £D4+ T-Cell Clones

Subj,ect Origin Original__ 4 OF CLONES FRODUCING IL.-2%
Stamulus (¥ posiEive sy testeg&

MED IUM FHA FPFD
B FEM CAN Q &7 O
(Q/12) (/170 (0O/2)
" SW (CAN) " Q S0
(Q/4) (5/1)
F FBEM FPHA 0 20 0
(0O/5) (1/5) (O/2)
" " FFD 100 1 Q0 100
(1/1) (1/71) (1/1)
" SWFFD) FHA 0 40 50
(O/4) (2/%) (1/72)
" " FFD O -G &7
(/13 (7/18) (4/6)
ALL SW(Ag) Ag . 4z &7

0 I
(O/17) (12/28) (4/6)

¥ Supernatants with greater than 0.5 Units/ml were
considered positive
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TABLE 4,113 TNF Production by CD4+ T—-Cell Clones

A _OF CLONES FRODUCING TNF X
FpeslTIVe /4§ tasted

Subject 0Origin Original
Stimulus

¥ Wells containing

MEDIUM FHA FWM
B FEM CAN O 0 Q
0/9) (2/710) (O/2H
" SW(CAN) " 0 50
O/ (2/4)
O S0
(O/2) 1/
47 75
(2/7) (6L/8)
B &7
(3/9) (8/12)

Units were considered positive



TABLE 4.12:

Sub ject Origin Drlgxnal
Stimulus

Fage 4.38

IFN-g Production by T-Cell Clones
Z 0OF CLDNES FRODUCING IFN-g %

powitive,/y4 tested)
T

L 4+ S+
MED ‘HA FWM MED FHA FWM
B FBEM CAN ] 80 0] 100
(O/2) (8/10) (O/2) (1/1)
" SW (CAN) " 71 0 100 100
(5/7) (0/1) (Z/72) (1/1)
F FBM FHA 100
(1/1)
" " FFD (8] 100 0
(0s1) (1/1) (O/1)
" SW (FFD) FHA 100
(2/2)
" " FFD 50 6O 100
(1/2) (6/10) (2/72)
ALL SW(Ag) Ag 50 65 O 100 100
(1/2) (11/17) 0/ 1) (S/9) (1/1)
X: Supernatants with S NIH reference Units/ml were considered

positive
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TABLE 4.13: IFN-g and TNF 1n Skin Window Chamber Fluid

Ag (+) Ag (~) SERUM
Experiment Time IFN-g¥ TNF® T TFN-g_TNFTTFN=g " TNF

1 0-24 77.8 54 & 0
" 24-48 71.% 0
= 0-48 7.6 278 O 0 0 O
= " 137.9 194 O 0 0 0
4 " S56.5 201 n.89 0 0 o
S " 159 o3 O 0
1) " 71.4 277 O 0
7 " 11.0 64 O 0
8 " 85.0 ST 0 O
AR SERUM O 0
T O I B S 3
p 2 LO25 L0285 025 025

IFN"? levels given 1n NIH Units/ml
TNF levels given 1n Units/ml
8—va1ues determined bZ the Wilcoxon Rani -Sum test.

alues are given for the comparison with the Ag(+) group.

X
%
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CELLS /WELL
100 200 300 400 500 600 700

=1 /719

800

~1n(NR) £=1 /366

15 £=1/1.08

Tigare 4.1 Freqgquency of FHA and CAM reactive T-cells from
subyect B. FBM and SW chamber cells were cloned i1n various
numbers of cells/well on autologous feeder cells. The ~1ln of

the proportion of non-responding wells was plotted vs the number
aof CDZ+ (FEM) or mononuclear (SW) cells/well and lines fit by a
least squares linear reagression., The frequencv of reactive cells
was determined as the ¥ cells/well corresponding to 7%
nan—respondirng wells (-————- line). Svmbecls: ® FEM cloned

~ith FHA, W FBM cloned with CAN, = SW(CAN) cloned with
FHA, O SWCAN) cluored with CAN.
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Figure 4.2: Titration of ¥i1ller:Target ratio for cytotoxicity
screening. To determine the minimum K:T ratio for detecting
cytotoxicity (SL</=10) four clones were titrated at various
ratios. A K:T ratio of 2:1 was sufficient to detect cytotoxic
clones. Symbols B FPOTC4.2, O CATC1.7, o POTCA4.24,

the fourth clone gave results i1ndistinguishable from those of

POTC4.24.
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12 B-CELL HELP BY T-CELL CLOMES
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1 Figure 4.3: Distribution of B-cell helper functiaon in T-cell

clones. The frequency of new Ig levels were plotted. Greater

than 1,000 ng/ml (——————— line) was chosen as the cut-off for

helper activity.
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12 IFNTG PRODUCTION BY T—-CELL CLONES
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Figure 4.4: Distribution of IFN—-g production by T-cell clones.
The frequency of IFN-g levels were plotted. Greater than S U/ml

(—————— line) was chasen as the cut-off for IFN—-g production.
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IFN-G ¢U-ML)

p———

BLTCZ2.6 BLTCZ2.16 POTC2 11

Figure 4.5: Production of IFN-g by CD4+ clones stimulated with
ditferent mitogens. Three CD4+ clones, which provided help for
Ig-synthesis despite producing IFN-g (upon PHA stimulation) were
stimulated by: ® PHA, or 9 PWM, and IFN-g levels

measured. Clones BLTCZ2.6 &% POTC2.11 also produced IL-2 upon PHA
stimulation (see Tables 4.7a%b). PWM resulted i1n no detectable
IFN—-g production or 1710 the amount produced by PHA. A CD8+
clone (BLTC4.11, data not shown) produced 19 U/ml of IFN-g

following PWM stimulation.
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All T-cells %

Ag derived T—-DTH Ag derived PBM

-2 -2 It -2
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| ] [ |
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IFM-g . IFN—g 8 IFN—g L]
+ 8 2 10 + 08 1 7 + 8 4 19
1 ] ]
p= 0.003 p= 0.356 p= 0.002
-2 -2 IL-2
B - + - + - +
L] | L _ ]
] ] 2
-1 7 -1 7 -8 1 14
B—Help 1 B-Help & B-Help &
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IFN-g IFN-g IFN—-g
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L] L]
[ ] L] [ |
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Figure 4.46: Correlations between the production of different CK &

B—cell Help in CD4+ T-cell clanes. The capacities of individual
CD4+ clones were correlated. All T-cells category included 5 PHA
derived PBM and 5 PHA derived SW

alone was determined following PHA stimulation.

IL-2 or IFN—-g production
IL2+IFNg

ciones.

production was evaluated using PHA stimulation to produce IL-2 and
IFNg.

used.

Where available, PWM stimulation for IFNg production was

P-values were determined using Fisher’s exact test.
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p= 0.045 % p= 0.018

Figure 4.7: Carrelations between IFN-g and TNF :evels in SW
chambers and Antigen-reactivity of DTH sites. SW chambers
were placed over skin—test sites injected with Ag to which
the subject was either reactive or non-reactive. Fluid was
harvested from the chambers after 48 hrs (7 sub,ects) or

0-24 & 24-48 hrs (1 sub,ect). P-values were determined by

Fisher’s exact test.
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Riscussion

The functional repertoire of T-DTH cells has never been
precisely established. Numeraus in vitro functions,
demonstrated originally in bulk T-cell populations and more
recently in clonal populations have been ascribed to TDTH
cells (5,6,118,120). Histological studies by different authors
have shaown the T—cell infiltrate of DTH csites to consist of
conflicting ratios of CD4+ & CDB+ cells, a small number of which
express activation surface Ag such es CD25 and OKTI10.

Adoptive transfer experiments have 1dentified numerous
T-cell subsets involved in DTH, i1ncluding CD4+, CD8+ and V/V+
cells. Regulatory cells, such as supressor and
contra—-suppr essors have been shown tc be 1nvolved 1n some
experimental DTH responses, yet adoptive-transfer experiments
have also shown that a single TDTH cell may be capable of
triggering the entire DTH reaction (75,76). Antibodies to IFN-g
have been shown to interfere with DTH (103, 104) and recombinant
CK such as IL-1, TNF & IFN-g have been shown to synergise to
produce local DTH-1like reactions (104),

These many elegant and often subtle experimental approaches
have yielded much information about DTH & relatcd 1mmune
phenomena but by wviartue of their i1ndairect approach to studying
the TDTH cell (s) they have been unable to directly define the
T~cell populations involved in DTH.

The skin window chamber technique allowed for the first time
direct access to T-cells from DTH si1tes without contamination
with cells from the peripheral circulation. We exploited this
new opportunity to clone panels of Ag-reactive TDTH cells. &
by carrying out functional tests upon a large number of these
clones, to define the TDTH population.

In order to generate a panel of T-cell clones from the
chambers two approaches were possible. The first was to
establish bulk T-cell lines from the chambers & then to clone
the resulting cells. This approach is often employed 1in
situations where the 1nput population aof cells does nat respond

well in culture (171), or when the number of potential
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responding cells cannot be estimated in order to set up
appropriate limiting dilution cultures. However, this approach
suffers from several ma;or drawbacks.

It is not possible to determine the potential cloning
efficiency within the original bulk culture. The relative rate
of proliferation among the individual T—cells that do respond to
the ip vitro stimulus in the bulk culture may vary greatly,
leading to over and under representation of individual clones.

Some functionally related groups., may naturally proliferate
more slowly than others, leading to a similar bias. Finally, the
activation of certain clones, or functional groups, such as
suppressor and/or cytotoxic cells, may slow the proliferation of
ad jacent cells, or even eliminate them completely.

The effect of any or all of these prablems would result in a
preferential expansion of some clones relative to others.
jeopardising the underlying assumptions that in subsequent
ctloning, each clone would originate from a different clonal
papulation, and that all such populations i1n the original bulk
cul ture would have an equal chance of being represented 1n the
cells distributed to the cloning culture wells.

Since the goal of this investigation required the.production
of representative panel of TDTH clones, 1t was decided to
clone the SW chamber cells directly. This was accomplished using
appropriate numbers of cells per well that resulted in cultures
adequately covering the range of response from 100%Z to 0%L. This
range was critical, since the mathematical transformations of
the data require to calculate the frequency of responding cells
cannot make use of data from cultures with 100% responses, % the
value of cultures with 07 responses is limited.

The clonaing technique employed resulted 1n a frequency of
responsi veness to PHA of 1/71.08, 1/1.05, 1.06 and 1/1.07 from
PBM, corresponding to cloning efficiencies of 93, 25, 24 and
924% respectively. The near zero values of the Y-intercepts for
the resulting frequency plots (Fig 4.1, subject B, other
sub jects data not shown) i1ndicate that the cloning cultures
tollowed single-hit poisson kinetics, and therefore are the

result of cultures with only one cell limiting the response.
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Taken together, these indicate that the technique resulted 1n
the cloning of greater than 93%Z of the input T-cells (171).

Since the cloning conditions were near optimal for PHA
responses of the PBM, it can be assumed that the frequency
determinations of Ag-reactive cells among the FPBM were also
valid. The Y-intercepts of the equations for these cultures were
also near-zero (Fig. 4.1, subject B, other sub,ects data not
shown) and thus these clones were also derived from single-cell
responding cultures (171). All the clones that were typed were
CD3+ regardless of origin (Table 4.4) and thus only T-cells
responded in these cultures. The PBM preparations were typed by
both histological & immunohistochemical techniques. In setting
up the original cultures to determine the true number of CD3+
cells/well, the number of 1lymphocytes/well that had been placed
into the cultures was multiplied by the %“CD3+ cells among the
lymphocytes. Knowing the precise number aof CD3+ cells/well, the
true value for the frequency of responding cells could be
determined for the PBM.

The SW cells presented a different situation. Despite
various attempts to determine the precise number of CD3+ cells
in the input population., this could not be accomplished due to
the small number of cells available for typing, and technical
limitations with the typing procedures. To minimize the number
of cells required for typing, the multispot immunoperoxidase
technique of Bross et. al. was adopted. This method can
utilise as little as a few hundred cells for analysis, however,
since the frequency of response to PHA varied from 1/16 to
1/1257 (Tables 4.3 & 4.4) far the SW chamber cells, 1f this
indicated that there were very few T-cells i1in the preparations,
the use of low cell numbers may have resulted 1n some cases 1in
the near or total absence of CD3+ cells from the spots being
tested. The problem was further compounded by the presence of
other non—mononuclear cells, which must also occupy space an the
small spots (typical surface areas: 1-50 mm2) used in this

method.
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These additional cells presented other technical problems.
The CD3 & CD4 Ag are very sensitive to fixation. As a result,
the multispot method employed a complex immunohistochemical
detection proceedure i1involving a 1o, 20, and a 30 Ab plus
an enzyme—anti-enzyme Ab complex (PAP). The large number of Ab
reagents used made background levels a prablem, which was
exacerbated by two other undesirable facets of the PMN within
the SW chambers. Approximately 507 of these PMN were activated
and/or disintegrating and tended to naon-specificaily bind to Ab
even when blocking techniques were employed. These cells proved
difficult to remove. Density centrifugation, adherence,
“panning” with Ab to various PMN surface markers and
phagocytasis of iron particles followed by density
centrifugation or magnetic seperatation all served to remove the
"normal” PMN within the suspension, but did not remove the
"activated/exhausted" PMN. All of these techniques resulted in
clumping wi1th attendant non-specific loss of some of the total
cell population, thus decreasing the number of available
mononuclear cells.

The presence of PMN in the SW cells presented another
difficulty. PMN contain high levels of peroxidase, the detection
enzyme used in the PAP system, which was released upon fixation.
This led to large numbers of positively staining cells in the
preparation. Attempts to inactivate this endogenous peroxidase
resulted in a loss of detection of CD3 & CD4. To counteract this
problem, a different detection system based upon
glucose—oxidase, which 1s absent from mammalian cells, was used,
however high background levels due to non-specific binding of
the reagents remained a problem, and sensitivity to CD3 & CD4
was greatly reduced. As a result the determination of the number
of CD3+ cells in the SW chamber cell suspensions was not
possible.

Lacking an accurate determination of the number of CD3+
cells/ml 1n the SW chamber cell suspensions, the cultures were
set up using the number of mononuclear cells/ml as determined by
Turk™s staining. As a result, the frequencies for SW cells shown

in Tables 4.3 & 4.4 may be underestimates of the true response
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frequencies of these cells. While B-cells would not be expected
in the cells from a DTH site (5), monocyte/macrophages from DTH
sites would be anticipated (5), and these cells, along with dead
PMN, may represent the non-T "mononuclear" cells in the SW cell

preparations.

Di¥ficulties in obtaining high cloning efficiencies from
cells obtained from immunologic reaction sites are common, even
in T-cell preparations with relatively few potential interfering
cells (171,172). Cloning of T-cell preparations from human lung
tissue (173) and synovial fluid (174) have resulted 1n PHA
response frequencies of 1/76.6 and 1/2.5 respectively, while
T-cells cultured from renal allograft biopsies have been
reported to yield cloning efficiencies between 1/10 to 1/1000.
If non—optimal culture conditions are responsible for these low
efficiencies, it is assumed that the bias 1s non—specirfic,
resulting 1n a somewhat attenuated but nevertheless
representative panel of clones for study (172). Whether the
comparatively low response frequencies to PHA of the SW cells
represents a low proportion of T-cells in the SW cells or a
non-specific bias against the growth of these cells in vitro
cannot be determined until accurate deterwmination aof the numbers

of CD3+ cells in the culture i1nput populations 1s possible.

Notwithstanding these difficulties, the high cloning
efficiencies achieved with PBM, the linear nature and near O
Y—intercept of the regression plots indicates that the resulting
panel of clones from SW chambers should be representative of the

input population.

The question of how many of the T-cells at DTH sites are
reactive with the Ag eliciting the reaction has not been
completely resolved. Early adoptive transfer experiments in
animals resulted 1n a concensus opinion that in the order of 1%
of infiltrating cells were Ag-reactive, althougth the proportion
could rise tao 30%Z in areas of the reaction (5,467-6%9). These
methods were at best semi—guantitative and often suffered from

very low levels of detectable events.
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In contrast, the present study utilizing the cells from DTH
sites is a fully quantitative one. After adjusting for the
frequency of PHA reactive cells in the chambers, the proportion
of Ag-reactive T-cells from the DTH site was much greater than
the previous estimates, varying from 1/2.3 to 1/30. These
Ag—derived clones were shown to be Ag—-specific irp vitro in
terms of proliferation, and to produce IL-2 in response to the
Ag used to clone them. They were not derived from
non-specificaly activated cells, nor from feeder cells (Tables
4.4 &% 4.5).

The frequencies of Ag—specific cells in the blood of the
sub jects was also determined (Tables 4.3 & 4). These frequencies
varied from 1/10 to 1/180 for PPD, 1/150 for TET and 1/719 for
CAN. There was a close correspondance between the PPD-reactive
frequencies of subject S obtained i1n two separate experiments.
This, combined with the linearity of the frequency plots
(indicated by their high r2 values) and their close passage to
the origin demanstrated that the cloning technique was both
accurate and reproducible. The generally narrow range of the 95%
Confidence Intervals also attests to the reliability of this
technique.

The limtations of the classic labelling experiments made
the determination of the proportion of Ag-specific cells at DTH
sites, relative to the blood, impossible. In determining the
frequencies of Ag-reactive cells from both DTH si1tes and the
blood it was discovered that the cells from the DTH sites were
enriched for Ag-reactive cells. This enrichment was found 1n all
cases, with no overlapping of the 934 Confidence Intervals, even
in Subject P, 1n whose PBM 1/9.75 T-cells were PPD reactive,
1/3.74 SW cells were Ag—-specific. Perhaps most interesting was
Sub ect B. The frequency of CAN specific T-cells in the blood of
this subject was 1/719. The frequency of CAN specific T-cells
from a CAN SW chamber of this subject, unadjusted for the
frequency of PHA responding cells, was 1/366. Thus it 1s
unlikely that the enrichment seen was an artifact resulting from

the low numbers of PHA responding cells in the chambers.
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The enrichment of Ag—specific cells at DTH sites was 1limited
to cells reactive to the eliciting Ag. The frequency of PPD
reactive cells from a SW chamber over a PPD DTH site was S-fold
greater than the corresponding frequency in the blood, while the
frequencies of TET reactive cells were equivalent regardless of
their origin.

The nature of the mechamsim responsible for this enrichment
is unknown, but a number of possible explanations exist. Given
the number of IL-2 producing cells among the TDTH population,
the Ag specific cells may have been mare prevalent at the site
as a result of in situ proliferation. While IL-2 was not
detected in the fluid from several SW chambers placed over DTH
reactions (data not shown?}? this may be attributed to 1ts uptake
by activated T-cells. If in situ proli1feration was responsible
a cell cycle time of between 6-34 hrs would be required to
account for the observed enrichments.

A second explanation could be the selective trafficking into
DTH sites of cells activated elsewhere. In this scenario, Ag,
either from the DTH site under the chambers or from the previous
skin tests that were required to establish reactivity, would
have to have been exported to lymph nodes or spleen. At these
sites, Ag—-specific cells would be activated, multiply and being
released into the circulation from which they would exit into
any DTH sites they encountered. Such a phenomenon has been
demonstrated in animals (6%9-70).

Alternately, cells activated by Ag in situ may be
mare responsive to migration i1nhibiting or chemotactic factors.
If this were sa, then these cells would tend to accumulate in
situ at DTH sites.

Finally, if the cells that participate 1n DTH reactions
represent a subset of the total circulating T-cell populataion,
than the distribution of Ag-reactaive frequencies 1n these two
populations need not be identical. If so, then the "enrichment™
for Ag reactivity seen i1in the TDTH cells may not be the result

of a selective process.
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In considering the results of previous adoptive—transfer
based estimates it must be acknowledged that these histuvlogical
studies were capable of examining equally cells at all areas of
the reaction site. The cells that are delivered into the
chambers may be a subset of the total present at the site, and
1t is conceivable that activation by Ag Iin situ may influence
cellular mobility or chemotaxis, resulting in preferential

delivery to the chambers.

The surface phenotypes of the clones revealed a problem in
the cloning and expansion of CD8+ cells. Based upon the % of
CDB+ T-cells in the PBM prparations, the % of CDB+, PHA-der ived
clones from PBM should have been graater than was ocbserved. CD8+
cells are often difficult to clone and maintain, possibly due to
lysis or suppression in the cultures following stimulation, or
the use of inadequate or inappropreate growth factors. It is
tempting to assume that the difficulties in growing these cells
accounted for the 5-8Z of cells that did not respond in cloning
cultures. While CD8+ cells may have accounted for part of this
deficit, this could not account for all the observed
discrepancy. The remaining deficit i1s likely due to the
difficulties 1n expanding and maintaining CDB+ clones to
sufficient numbers for typing and analysis. Although growing
well in microwells, between 5-25/ of PHA derived clones failed
to expand sufficiently IZn viéro for typing and analysis to be
performed. This was less of a problem when Ag was used to
stimul ate the cells, and thus was probably due to

lysis/suppression within the agglutinated cell clusters.

The Ag—specific SW chamber cells (TDTH) contained both
CD4+ and CD8B+ cells with CD4+ cells predominating. The number of
CoP+ clones among the TDTH was greater than in the PBM, which
is interesting, given the discrepancies among many authors
regarding the degree of participation of CD8+ cells at DTH sites
(44,47). In this study, we concentrated solely upon the
Ag-speci1fic cells from DTH sites, which are rare histologicaly

and difficult to quantitate.
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The presence of a large and reproducable number of CD8+,
Ag-specific T-cell clones among the TDTH population should lay
to rest any controversy over the participation of these cells
in situ 1n DTH.

Cb8+ cells have been shown to be required for defence
against viral and parasitic infections. In vitro, these cells
have often demonstrated cytotoxic activaity, which has been
hypothesised to be their effector function i1n DTH responses. The
CDB+ TDTH clones in this study were predominantly cytotoxic.
One showed evidence of NK—-like cytotaoxicity. Cytotoxic function
was not limited to CDB+ cells. Hal4 of the CD4+ clones
demonstrated LDCC against both allogeneic and autologous
transformed targets, and three lysed K562 in the absence of
lectin. All three NK-like CD4+ cytotoxic cells retained the
capacity to secrete IL-2 in response to PHA or FPD. These cells
therefore did not fit the profile of long—-term culture adapted
anomalous CD4+ cytotoxic cells as defined by Poulec et. al.
(17?). Only one of these Nk-like CD4+ clones was tested for TNF
production. It produced high levels of TNF (POTC4.25, Table
4.7b) upon stimulation with lectin. In the absence of PHA, no
TNF activity was detected in the supernatants from this clone.
Three other CD4+ TDTH clones that produced TNF without lectin
and two clones that produced very high levels of TNF after PHA
stimulation did not lyse target cells of any sort 1n the
presence of FPHA. Thus 1t would seem that TNF production alone
could not account for eirther NK—-like ar lectin-dependent
cytotoxicity by CD4+ TDTH clones. Cytotoxic capacity was not
linked to the ability to produce IL--2 or IFN-g.

There are several mediators by which T-cells can lyse target
cells. TNF, especially in concert with IFN—-g 1s one such
mediator. Perforin, a C?-like molecule produced by TC and NK
cells, is capable of lysing target cells (173), as are serine
esterases produced by cytotoxic CD4+ clones (176). While TNF
production may play a role i1n the cytotoxic activities of some
TDTH cells, the results presented here suggest that one or
more of these alternative mechanisms, or others yet unknown, are

li1kely responsible for the majority of cytotoxic activity at DTH
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sites.

The capacity to provide help for 1g synthesis represented
the original definition of T-cell help. Recently it has been
considered one of the hallmarks of the TH2 cell which does not
mediate DTH. No studies have been carried out in humans to
determine 1 ¥ these cells are present at DTH sites. Fourty
percent of the CD4+ TDTH clones were capable of providing help
for Ig synthesis.

Three CDB8+ TDTH clones were tested and one provided help
for Ig synthesis. This unusual result has been reported
previously using anti-CD3 antibody to stimulate T-cell clones
(204) . The CD8+ "helper" clone was also unique among CD8+ clones
in not demonstrating cytotoxicity. The significance of such a
CD8+ T—cell is difficult to judge but in vivo it may display

other regulatory functions such as suppressioin, not examined in

this study.

The proportion of Ig synthesis promoting cells was similar
at DTH sites and in the blood. The role of these Ig-synthesis
promoting cells at DTH sites is uncertain. They may be
unimportant bystanders to the DTH response, producing LK that
have no importance in the reaction. Alternatively, they may play
a regulatory role, either for DTH in situ or after trafficking
out of the DTH reaction site they may direct Ig synthesis at a
distant site. Whatever their role if any in situ in DTH, their
presence may simply be a reflection of the tendancy of recently

activated T-cells to accumulate at DTH sites.

IL-2 production has been considered to play a role in DTH,
but IL-2 production by human TDTH cells has not heen
previously demonstrated. In this study, one half of the CD4+
TDTH clones produced IL-2 upon PHA stimulation and the
majyority produced IL-2 upon Ag stimulation. None of the CD8+
clones tested produced IL-2. Other workers have reported that up
to 70% of circulating CD4+ cells produce IL-2 upon mitogenic
stimulation (118) and in this study, 71%Z of CD4+ Ag—-derived PBM
clones produced IL-2, while 43% of TDTH clones produced IL-2.
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The observation that a greater proportion of circulating Ag-
derived CD4+ clones produced IL-2 than TDTH clones was not
statistically significant (by X2 with Yates’s correction?
despite the large number of clones assayed (28 SW, 14 PBM). Thus
it is possible that there is no real difference i1n the
proportion of IL-2 producing cells i1n the two populations.

The results of the present study are largely consistant with
previous iIn vitro studies, and prove that TDTH cells produce

IL-2 following antigenic stimulation.

TNF was produced by 2/3 of all CD4+ TDTH clones, while it
was an uncommon feature of the CDB+ clones. Since the bioassay
for TNF measures cell death it is possible that some of the TNF
activity was attributable to other cytotoxic mediators produced
by T-cells, such as perforin or serine esterase.

A more attractive explanation for the high incidence of TNF
production may reside i1n the ability of TNF to promote DTH-l1ke
cell 1nflux, as described by Issekutz and co-workers (110). TNF
was also detected in the fluid from SW chambers over skin test
si1tes when the Ag in,ected provocked a DTH reaction. In one
experiment in which the chamber was removed after 24 hrs and
refilled with serum for another 24 hrs, TNF was only detected in
the SW fluid from the first 24 hr period. This implies that the
majority of TNF production occurs early in the DTH reaction,
possibly Irn situa, although production by those cells recruited
inte the chamber in the first 24 hrs may also account for the
presence aof TNF 1n the chambers early in the reaction.

The L.929 biocassay is not specific for either form of TNF
(180). Since T—cell clones have been shown to produce baoth TNF-a
and TNF-f, while monpbcytes produce TNF—-a exclusively (4,181)
it cannot be stated which form of TNF was produced by the clones
in vitro, or which form was present 1n the SW chamber fluids.
Possibly both forms would be expected in the chambers, since
TNF—P production is more likely from the TDTH cells, while
the manocytes in the chamber and in s:2¢tu may produce TNF-a.

The use of appropriate specific Ab can render the L9929 assay
specific for either form aof TNF. When such Ab becaome available,

the answers to these gestions will be easily determined.
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IFN-g has long been presumed to be involved in CMI,
principally because of it’s in vitro capacity to stimulate
macrophages to kill intracellular organisms. The demonstration
by Issekutz and co-workers that IFN-g, injected i.d. can induce
a DTH-like response and that Ab to IFN-g blocks the expression
of DTH (103,104) was strong evidence that this CK was invol ved
in DTH. In this study, the majority of TDTH cells produced
substantial levels of IFN-g upon PHA stimulation. PWM was a less
potent inducer of IFN-g production. All CDB+ TDTH clones
produced IFN-g. IFN-g was also detected in the fluid from SW
chambers placed over skin test sites that evoked DTH reactions.
The fluid recovered from Ag-”ve sites contained negligible IFN-g
or no IFN—g at all. Thus the capacity of TDTH cells to produce
IFN-g i1n vitro was confirmed in vivo.

In one experiment, the levels of IFN-g i1n the chamber fluid
was the same from 0-24 hrs and 24—-48 hrs, unlike TNF. It is
interesting to speculate that the majority of the TNF activity
detected in the chambers is an early, possibly macrophage
associated event, while the production of IFN-g, a T—cell
mediated event, continues throughout the reaction.

Issekutz et.al. found that while IFN—g and TNF (both
forms) were capable of provoking a DTH-li ke response when
injected i.d., IFN-g exhibited a potent synergy with TNF. The
levels of IFN-g found in the chambers were capable of evoking
the skin respanse in rats (103) and much greater than those
neccessary when TNF is present (110). Thus the presence of IFN-g
in the chambers at the observed levels supports the hypothesis
that it is involved in directing the cellular influx to DTH
sites.

The capacity of many of the TDTH clones to produce IFN—-g
and TNF in vitro is strong evidence of their involvement in
DTH, and the presence of these [K in the SW chamber fluid
represents the first direct evidence for their production in

s1tu at DTH sites.
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The definition of the TH1 "inflammatory" T-cells by
Mossman et. al. included both the pattern of LK production as
well as functional capacities. Among their claims was that TH1
clones secrete both IL-2 and IFN-g, while the TH2 "helper®
T-cell did not.

In this study, the ma,ority of CD4+ TDTH IL-2 producing
clones also produced IFN—-g. Among the Ag-derived PBM clones
there were insufficient IL-2, IFN-g non-producing clones to
establish a statistically significant link between the
production of these two LK, although 807 of the clunes tested
met the IL2—-IFNg linked production profile.

The IL-2 & IFN—g producing subset was reciprocal with the
B-helper subset af Ag-specific CD4+ TDTH clanes. The dearth of
Ag-der ived B-helper clones from the blood made it impossible to
draw similar conclusions regarding the PBM. However from this
evidence 1t can be concluded that the Ag-specific CD4+ cell
populations recovered from DTH sites correspond to the THlI and
TH2 profiles of Mossman, although the production of IL-4 and
IL-5 by this population has yet to be determined.

The differential stimulation capacities of the mitogens FPHA
and PWM raise frequently asked questions regarding the
relationship between T-cell functions produced by polyspecific
stimulil 2p vitro and the functions evaked by Ag stimulus 2n
vivo. Generally, the TH1/THZ dichotomy among T-cells/clones
begins to break down when powerful non—antigenic stimuli are
used. The use of calcium ionophores + TPA results 1n the
simultaneous production of IL-2, INF—g & IL—-4 (123). Immaobili1zed
anti-CD3 antibody results in IL-2, IFN-g, TNF production and
B-helper activity from all CD4+ and >907 of CDB+ clones (204).

A simlar pattern with regards to IL-2 and IL-4 production
has been observed in narmal CD4+ cells in response to various
mitogens. In decending order of potency, ConA, PHA and PWM
induce different levels of IL-2, while the sequence 1s reversed
for IL—4 production (11B). An additional complication may arise
when testing for the net production of LK, as 1s done when
measuring the levels in culture supernatants. LK such as IL-2

and IL-4 may be utilized by the same cells that produce them.
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Thus they may reach levels in the supernatant that are
artificial if the stimulant utilized induces receptors for these

LK in a pattern that is different from that induced by Ag.

In contrast to the generalized LK production i1induced by many
non—-specific stimuli, alloantigen-specific stimulation aof human
fPBM—derived clones results in TH2 type clones and a second
popul ation of IL-2, IFN—g and 1lL-4 producing human CD4+ clones
(125> .

Thus antigenic stimulation of human CD4+ cells and clones
appears to initiate production of a more restricted subset of LK
than highly non-specific stimuli. Unfortunately, the use of
antigens to stimulate large panels of clones during extensive
long—term study is difficult, due to the repeated requirement
for APC from the same individual.

In the present study, FHA and FWM were used. These represent
the least potent mitogens known to be capable of inducing the LK
and functions tested. This approach resulted i1n the detection of
TH1 and THZ like responses from the majority of clones. It
would appear therefore that these mitogens did not induce a wide
degree of artifactual polyfunctional clones, a conclusion
supported by the results of an experiment involving stimulation
with Ag, 1n which 2/3 of the clones retained the capacity to

praoduce IL-2, previously demonstrated by PHA stimulation.

The SW chamber technique has been utilized to extract both
cells ard CK directly from human DTH sites. In vitre assays
were then used to define the TDTH population.

The T-cells from DTH sites were enriched for Ag reactive
cells, relative to the blood. The Ag-specific TDTH clones were
found to consis* of both CD4+ and CD8+ clones. Cytotoxic
function and TNF production were broadly distributed. Half of
the clones produced IL-2 and IFN-g, but did not give help for Ig
synthesis. The reciprocal population were capable of providing
B-cell help and did not produce IL.-2 or IFN-g. These two
clonotypes roughly correspond to the TH1I and TH2 popul ations
defined 1n the murine system. The production of both TNF and

IFN-g 1n situ at DTH si1tes was confirmed by the high levels of
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these CK in the fluid fraom SW chambers placed over DTH

reactions.
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Chapter 35: The Restoration by Cytokines of DTH in Anergics

Introductory comsents

Anergy to recall skin test antigens has been shown to be
predictive of the incidence of both sepsis and septic-related
death in surgical patients (127). A DTH-like reaction can be
restored i1n these patients when antigen is injected along with
cytokines, released by either soluble or allo—antigen stimulated
mononuclear cells (140), These cytokines provoke an initial
rap:d non-specirfic i1nflammatory response which fades rapidly
(132). In order for a subsequent DTH reaction to appear it is
necessary for the patient to have been previously sensitized to
the antigen, i.e. have lymphocytes reactive to the antigen 1in
the circulation (139,140,143). Injection of the cytokines alone
without antigen results i1n the i1nitial "flare" reaction but no
subsequent DTH-like response is seen, regardless of previous
sensitivity (139). This argues that the cytokines do not
themselves produce or provoke the DTH-like reaction, but rather
that they permit the Ag-specific TDTH cells to function
normally, 1f a surtable antigen is present.

Despite the similarities between the reaction restored 1in
anergic patients by cytokine co-injection and a normal
"unassisted” DTH response it is not known whether the the
T-cells delivered to sites of antigen+cytokines injection in
anergic patients represent a population capable of carrying out
the same functions as T-cells from normal DTH reactions.

In the skin window chamber technique, we have for the first
time a method which permits the recovery of cells from DTH sites
without contamination with cells coming directly from the
circulation. It was demonstrated that the expression of DTH is
accompanied by a gquantitative increase in mononuclear cell
delivery to the chamber.

The T-cells recovered from the chambers were cloned and
studied to provide for the first time a description aof the
functional capacities of human TDTH cells. TDTH cells were

found to be enriched for cells specific for the Ag eliciting the
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DTH reaction. Both CD4+ and CD8+ cells were found at DTH sites.
Cytotoxicity and TNF production was broadly distributed across
both phenotypes. TDTH cells were found to produce IL-2, TNF
and IFN-g and some also gave help for Ig synthesis, with
distinct patterns of these function being distributed among the
CD4+ population.

Accordingly, using the SW chamber technique, we sought to
determine: if anergy was associated with alterations in the
delivery of mononuclear cells to DTH sites, if the restoration
of DTH by cytokines was accompanied by a change in mononuclear
cell delivery, and to examine the antigen recognition and
functional capacities of the lymphocytes delivered to sites
injected with antigen plus cytokines, in order to compare them
with the capacities of normal TDTH cells with a view towards
assessing their potential for involvement in augmented

anti-—-pathogen responses.
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Materials & sethods

Patients and patient classification

Nineteen surgical patients were classified as either
reactive or anergic on the basis of their response to a battery
of 35 recall skin test antigens as described in chapter 3. Those
with a sum of the diameters of all S5 tests (8kin Test Score or
STS) less than Smm were classified as anergic. All reactive
patients were reactive to two or more Ag and had an STS >10mm
except #3, who as a result of their reactivity to PPD (alone)
was classified as reactive. In addition, all patients were
subsequently re-tested with PPD alone at the same time as the
application of the skin window chambers. Reactive patients all
gave positive (>5Smm) responses to this skin test. Healthy
control subjects were young volunteers who were skin tested and
had chambers placed over sites i1njected with an antigen to which
they were reactive (data from these subjects has already been
shown 1n chapter 3). Patients were subclassified on the basis of

their in vitro response to PPD to give four groups:

Hospital reactives FPD reactive in vitro (HR PPD+’ve)
‘ " FPPD non-reactive " (HR PPD~-’ ve)
" anergics PPD reactive " (HA PPD+’ve)
" PPD non-reactive " (HA PPD-’ve)

Those patients that had been operated on were i1nitially skin
tested at least 72 hrs following surgery. SW chambers & the
subsequent re-skin testing were performed at least 5 days
post—op. The entire protocol was approved by the human
experimentation committee of the Royal Victoria Hospital and

informed consent was obtained from all participants.

Assessment of Innate PPD Reactivity

The determination of the in vitro reactivity to PPD was
carried out as described in chapter 3. Briefly: one hundred
thousand peripheral blood maononuclear cells were cultured in
flat-bottomed microtitre plates in RPMI 1440 supplemented with
glutamine, .01M HEPES and 20% pooled normal human serum in
triplicate wells. PPD (Connaught) was added to give a final
concentiration of 20 Mg/ml. The cultures were incubated for 7

days @ 37t in a 9% CD2 atmosphere.
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One MCi of 3H-Thymidine was added to each well for the
last 6hrs. The cultures were harvested with a MASH apparatus and
the amount of 3IH-Thymidine incorpora.ed into DNA counted in a

scintillation counter.

Recovery of Cells from DTH Sites

The cells from DTH sites were recovered using the Skin
Window Chamber technique as detailed in Chapter 3. No Tisseal
sealant was used in these experiments, including the healthy
control subjects. A standard skin test dose of PPD*CK (see
below) was injected intradermally in O0.1ml 1nto each site. The
chambers were filled with Type AB serum. 48 hrs later the
chamber fluid, containing cells delivered to the site, was
collected and the cells enumerated with Turk’s stain and
confirmed by differential counting with Wright’s stain when

numbers were sufficient.

Production of Cytokines

The CK utilized for restoration of the DVH reaction were
prepared by culturing together equal numbers of peripheral blood
lymphocytes from two healthy volunteers (blood type AB) at
2%x106/ml in RPMI + glutamine and 8% poonled human (AB) serum an
disposable plastic flasks (Falcon) for 48 hrs. The supernatants
were collected by centrifugation and concentrated 10-fold using
either a Filtron (Fisher) or Amicon (Amicon) ultrafiltration
apparatus fitted with membranes with either a 3kD {(Grey Filtron)
or 1kD (YM-2 Amicon) exclusion size. The supernatants and donor
sera were tested for sterility and exposure to hepatitis,
HIV and CMV. The concentrated preparations were mined with FPD
so that each intradermal skin test dose of 100H]1 contained 5
TTU of PPD and the equivalent of S00M1 of supernatant. Thais

preparation 1s referred to as FPD+Cl.

Bulk culture of lymphocytes

230,000 mononuclear cells from skin window chambers placed
over sites injected with PPD+CF were cultured 1n 24-well plates
(Linbro) with 106 1rradiated allogeneic stimulator cells 1n

T-cell growth medium (see chapter 4) and 0.5 Hg/ml FHA.
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Cloning & Frequency Analysis

Cloning was performed as previously described (see chapter
4) with 105 irradiated autologous FPBM as feeders. Wells were
fed weekly and clones picked at 14 & 21 days for expansion 1n
24-well plates as above. Limiting Dilution cultures were set up
using various numbers of cells/well as described previously (see
chapter 4). Medium was replaced weelly and clones were picled
after three weeks and expanded i1n 24 well plates as above. CD3+
cells were enumerated in PBM preparations % th~ number of CD3+
cells/well used in a least-squares regression analysis of the
results to obtain the fregquency of responding celis. This
technique resulted 1n a cloning efficiency > ?95%. The SW cells
from subject C were cloned directly from the chamber. The SUW
cells from Subject T were first cultured in bulk as above using

PHA as the stimulus and then cloned in limiting dilution.

Frequency of PPD-Reactive Cells

Determination of the frequency of FPPD-reactive cells was

assessed as previously described (see chapter 4).

Surface Phenotype of Cells
The surface markers of cultures and clones were determined

using an Immunoperaxidase staining technique as previously

described (see chapter 4).

NK-like Cellular Cytotoxicity
The potential of T-cell clones to lyse K542 target cells 1n

the absence of lectin was assessed as described previously

detairled (see chapter 4).

Lectin-Dependent Cellular Cytatoxicity (LDCC)

The cytotoxic potential of T-cell clones in bhe presence of
lectin (PHA) was assessed against K562, U937, autologous or
allogeneic EBV—-transformed B-cell targets as previously

described (see chapter 4).

Production of Lymphokines by Skin Window Clones
T—cell clones derived from the cells recovered from skin
window chambers over PFD+CK sites and their PBM were tested.

These clones were established i1n l1mting dilution using PPD as
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the stimulant. They were grown and stimulated with PHA, and
their supernatants collected as described previously (see

chapter 4).

Detection of Interleukin-2, TNF & IFN-g

The presence of LK in the supernatants fraom PHA stimul ated
T-cell clones were detected as previously described (see chapter
4).

B-cell Help
The ability of T-cell clones to provide help for Ig
synthesis was assessed in a mitogen-driven allogenerc system as

described previously (see chapter 4).

Statistical Analysis

Mean values are given alone or * standard error.
Comparisons of cell delivery between subject groups were carried
out using the Wilcoxon Rank Sum Test. Comparisons of cell
delivery with/without CK were analysed with a one-tailed
Wilcoxan Signed Rank Sum Test and also by the Wilcoxon Rank Sum
Test where specified. These tests were carried out upon a
microcomputer using a statistics program (Stats-Flus., Human
Systems Dynamics) to generate the rank sums. The p-values were

then determined using the tables of Choi (166).
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Results

The patient groups used in the study were similar in age and
sex (Table S5.1). The skin test score was significantly lower in

the anergic group, regardless of in vitro PPD reactivity.

In ¥itro PPD reactivity of subjects.

Anergic patients by definition do not give DTH reactions.
The ability of their FPBM to respond to antigen in vitro
remains 1ntact and this can be utilized to assess their
potential for an in vivo DTH response (140). Among those
reactive Iin vitro to PFD, the 1in vitro response of both the
HR and HA groups was not different (Table 5.1) {(minimum
response: new CPM=11,728 stimulation i1nde:=48, data not shown)
indicating their potential to respond to a FFD skin test.
Non—-reactive subjects all gave less than 700 new CFM in response
to PPD. Their PBM did respond in vitro to PHA (17,214-42,6135
new CPM, all stimulation indices > 20, data naot shown)
indicating that the cells were capable of responding 1pn vitro,

given the appropriate stimulus.

The delivery of mononuclear cells to DTH sites is reduced in

anergy
The presence of a DTH reaction in the skin below a SW

chamber results 1n an increased mononuclear cell delivery to the
chamber. In order to determine 1f the lack of a visible DTH
reaction that occurs i1n anergy was reflected in mononuclear cell
delivery, the number of mononuclear cells delivered into skin
window chambers placed over PPD sites of PPD+’ve sub,ects was

assessed.

As shown 1n Fig. 5.1, PPD +°ve anergic patients delivered
signi1ficantly fewer mononuclear cells to PPD injection sites

than either PFD +7ve HR patients or healthy controls.

Mononuclear Cell Delivery in Anergics is Restored by CK.
The co—injection of CK with PPD results i1n a DTH-like
reaction 1n patients reactive in vitro to PPD (140). Since the

lack of an observable reaction to injected Ag was found to be
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reflected in a decreased mononuclear cell delivery, the delivery
of these cells to Ag+CK sites was evaluated.

The co—injection of cytokines with PPD significantly
increased the delivery of mononuclear cells both 1n terms of the
net increase (p<0.01) and the means of the two populations
(p<.005, one-sided Wilcoxon Rank Sum Test) (mean 1ncrement:
107-fold (Fig. 5.2). The number of cells delivered approached

that of the reactive patients i1n respanse to PPD.

Mononuclear cell delivery in HR is slightly improved by CK
PPD+’ve HR patients delivered similar numbers aof mononuclear

cells to PFD sites as healthy controls (Fig. 5.1). The

co-i1nection of CK along with PPD significantly increased

mononuclear cell delaivery (Fig. 5.3, mean i1ncrement: 3I8-fold,

p<.025). The magnitude of this i1ncrease was approximately

173 that seen in the Anergic patients, and did not result in

a delivery significantly different from that found i1n healthy

control subjects.

Restoration of mononuclear cell delivery by CK is dependent
upon previous sensitivity to the test Ag

The ability of CK to restore an observable DTH reaction has
been found to be dependent upon a previous sensitization to the
test Ag (161). Co—-injection of FPD+CK restored the delivery of
mononuclear cells in anergic patients reactive i1n vitro teo PFD
(Fig. 5.2) and substantially 1mproved. although to a much lesser
degree, 1n FPD responsive HR patients (Fig. 5.3).

SW chambers were placed over Ag & Ag+CK sites of 2 Reactive
and 4 Anergic patients non-responsive to PPD 2mn vitro. There
was a doubling of mononuclear cell delivery to Ag+CK sites 1n
these patients (Fig. 5.4) which was consistent, but much smaller
than the 38 and 107-fold i1ncrement seen 1n their FFD-reactive

counterparts (Fig 5.2).

Phenotypic & functional analvsis of clones from PPD+CK sites of
Anergics

Using the SW chambers to obtain TDTH cells from normal
individuals, the functional characteristics aof this cell

population were defined i1n the previous chapter. To determine 1+
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the reaction seen when FPPD+’ve anergic patients are co—injected
i.d. with PPD+CK results in the delivery of a cellular
population capable of participating in a DTH response., the same

approach was used to examine the cells delivered to such sites.

T—cells from skin window chambers over PPD+CK sites of Anergics
are snriched for cells reactive to PPD

It had previously been observed that the T-cells from SW
chambers over DTH sites were enriched, relative to the
circulating population, for cells reactive to the Ag used to
elicat the underlying DTH reaction. If the reaction seen at
Ag+CK 1n,ection sites of sensitized anergic patients was i1ndeed
a reflection of a DTH reaction, then this enrichment should also
be present in the SW cells from these sites.

Both the PBM and the cells from a SW chamber placed over a
PPD+CK injection site of one anergic subject (C) were cloned
directly in limting dilution as previously described. The
frequency of PPD-reactive T-cells 1n the blood was 1/153. The
SW cells were enriched 20-fold for PPD-reactive cells, with a
frequency of 1/7.20 (Table 5.2).

A persistent observation in the cloning experiments related
in this thesis was the relatively low frequency of PHA
responding cells among the "mononuclear" cell preparations taken
from the chambers. As has been discussed, there are several
possible explanations for this, many of which have been
controlled for in the experiments detailed in chapter 4. Without
FACS analysis of the cell population input into the limiting
dilution cultures it was not possible to precisely enumerate the
4 CD3tve cells/well that were used in the cultures & thus the
cloning efficiency of the SW cells. One approach to answering
this problem 1s the use of primary bulk cultures, followed by
cloning & limiting d.aiution analysis. While this technique has
the potential for bias, chiefly due to preferential expansion of
clones within the bulk culture, it was decided to utilize it for
anergic subject T to determine 1f the enrichment that was
observed 1n subject C was due solely to the frequency of FHA

respaonding cells from the skin window chamber.
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As can be seen in Table 5.2, the frequency of PPD-reactive
cells in PHA-stimulated bulk cultures of PBM was 1/460. This
was similar to the PPD-reactive frequency found in fresh
uncultured PBM (1/438) and the two values had overlapping 95%
confidence intervals. This indicates that little, 1f any,
preferential expansion had occurred i1n the 1 bulk culture.
PPD-reactive cells were 2.8-fold more frequent i1n PHA~stimulated
bulk cultured SW cells (£=1/1485) than in the bulk cultured
FPBM, and 2.6—-fold more frequent than in freshly drawn PBM.

Surface phenotypes of T-cell clones from Ag+CK sites of
Anergics

T-cell clones were established from PPD+CK SW chamber
contents & the PBM of three PPD+’ve HA. For two subjects (M & T)
both the SW cells and the PBM were i1nitially cultured in bulk
using PHA and then clones subsequently derived by limiting
dilution with either PHA or PPD. One subject®s (C) cells were
cloned directly i1n limting dilution. The results, shown in
Table 5.3, i1ndicate that both CD4+ % CDB+ cells were present in
the SW chambers. CLD4+ cells predominated i1n the chambers to a
slightly higher extent than i1n the PBM. These results were found
in both the general (PHA-stimulated) population and i1n those

cells specific for the i1nducing Ag (PPD-stimulated).

Cellular cytotoxicity of PPD-reactive clones from PPD+CK sites
of Anergics

The analysis of a panel of Ag-reactive TDTH clones from
normal subjects has shown that the majority of CD8+ and one-hal+
of the CD4+ clanes were capable of cytotoxicity.

The cytotoxic capacities of 1 CDE+ and 4 CD4+ SW clones of
two anergic sub,ects were tested (Table 5.4). Tte CD8+ clone
lysed the target cells baoth with and without lectin. One of the

four CD4+ clones lysed target cells in the presence of lectin.

B~cell helper function of PPD-reactive clones from PPD+CK sites
of Anergics

T-cell clones capable of providing help for Ig-synthes:is
were found in the PPD-reactive TDTH papulatiaon. Faurty percent

of the PPD-reactive CD4+ clones from PFD+CK SW chambers were
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also capable of providing help for Ig-synthesis (Table 5.95)

IL-2 production by PPD-reactive clones from PPD+CK sites of
Anergics

The study of CD4+ TDTH clones found that 43%Z of the clones
produced IL-2 following stimulation. When a similar panel of
clonaes from PPD+CK sites of anergics was tested, 5 of 7 (71%4) of

them produced IL-2 (Table 5.6). One CDB8+ clone tested did not
produce IL-2.

TNF production by PPD-reactive clones from PPD+CK sites of
Anergics

TNF has been implicated in DTH as potentially capable of
producing DTH-like indurations alone and in synergy with IFN—-g
(110,112). and as an effector CK lysing target cells (&). TNF
was found in the fluid from SW chambers placed aover DTH sites,
and the ma,ority (2/3) of TDTH clones tested produced TNF.

If the cells delivered to Ag+CK sites of Anergics are indeed
typical TDTH cells, then they to could be expected to produce
TNF.

Upon testing, all of the seven CD4+ clones did produce TNF
following stimulation (Table 5.7). One CD8+ clone was alsa
tested, and it was found to produce TNF upon PHA stimulation,
but only in the presence of autologous irradiated

EBV-transformed B—cells (data not shown).

IFN~g production by PPD—reactive clones from PPD+CK sites of
fAnergics

IFN—-g 1s an :mportant promotor of both intracellular killing
by monocytes and the induction of DTH-like reactions (110,112).
IFN-g was detected in the fluid from SW chambers aver DTH
reactions. Sixty-five percent of CD4+ TDTH clones from narmal
individuals produced >S5 NIH Units/ml af IFN-g follaowing PHA
stimulation. A higher proportion, 5 of & (83%4), of the
PPD-reactive CD4+ clones from PPD+CK sites of anergic patients
also produced >5 Units/ml of IFN-g following stimulation (Table
5.8).
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Linkages betwesn LK production and B-cell help
All 6 CD4+ clones tested produced either both or neither of
iL-2 and IFN-g while 4 of S5 clones tested showed a negative
linkage between IL-2/IFN-g co-production and B-cell help. Thus
while the numbers were too low to make statistical inferences,

the majority of clones fit either the TH1 or THZ profile.
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Table 5.1. - Patient Data
SURGICAL PPD
ID CLASS _ ABE  SEX DIAEN?SIS STATUS STS  SKIN TEGT NEW gPH STATTS
"

1 HR 60 M COLON CA POST-OP 16 11 28,879 PPD+'ve
2 75 F OGASTRIC CA PRE-OP 35 b 30,972 "

3 74 M COLON CA POST-OP & 9 40,220 *

§ 59 M RECTAL CA  PRE-OP 31 12 11,485 °

s 78 M BILIARY CA PRE-OP 31 ] 42,058 *

6 39 M CIRRHOSIS  NO-OP 12 12 26,893 "
sean +/- 22+47-T1 -3 33,418

7 " 21 W ELFIST S NO-OP 29 0 0 PPD-’ve
g ° 47 M PANC, CA' $ NO-OP__ 32 0 7 "
Bean IR0 JT+T-7 0 ]

9 HA 72 W ULCER NO-0P 0 0 0 PPD-'ve
fo 23 B TRAUMA ¢ POST-OP O 0 o0 "
in " 64 M CHOLY $  POST-OP 3 0 608 *
2 * 82 F CHOLY S  POST-OP __ O 0 ¢
sean 504722 0.5%7-1.3 0 152
I3 HA 73 M AORT, ST ¢ POST-OP 0 0 16,517 PPD+’'ve
4 71 M RECTAL CA POST-O0P 9 0 26,310 "
15 " 63 M PANC, CA NO-OP 0 0 27,939 *
16 " 70 M GASTRIC CA POST-OP 0 0 23,32
17(M) * 76 N ESOPHAGITIS ND-OP 3 0 15,57  °
18(0) * 38 F GASIRITIS  NO-OP O 0 23,218 "
194n * 63 M GASTRIC OBSS NO-OP___ ¢ 0 12,289  *
aean 55+7-T3 LT+7-3.18 0f 20,770

ns

1+ CA = Cancer
$ : New CPN = CPM (PPD stisulated) - CPX {(Medius alone)
: ¢ Reactivity to PPD was detined as 3,000 New CPM & Stiaulation Index ) §

Patient #7 - Entercutaneous fistula + bowel obstruction
Patient #8 - Pancreatic Cancer
Patient #10 - Post-trausa patient, failure to heal wound (non-septic)
Patient 811 - Cholycistitis
Patient #12 - Cholycistitis
Patient #13 - fAortic stenosis
Patient #15 - Pancreatic Cancer
Patient #19 - Gastric obstruction

' s PPD-"ve sub,ects had positive 1n virto responses to FHA
{1ve to Reactive group

5 pC 004 rela
ns: not significant
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Table 5.2: Freguency Analysis of T-cell Clones fFrom Anerqics

FrequencE
Sub ject Cells Cloning Reactive el ls Ad justed Frequency
Stimulus (95% C.1. (95% C.1.)
C PBM PHA 1.09 (.009-2.18)
" " PPD 398 (241-555) 153 (92.4-213)
" SW(PPD+CK) PHA 344 (325-366)
" " PPD 2488 (2078-2900) 7.20 (6£.01—8.34)
T PBM F‘PD b & 438 (397-481) N/A
" " t 4560 (393-528) N/A
* SW(PPD+CK) PPD t 165 (153-176) N/A

% Freshly drawn FPBM
t Subcloning of bulk cultures, originaly stimulated with PHA
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Table 5.3: Surface Markers of T-cell Clones From Anergics #

Cloning SW(PPD+CK) PBM
Stimulus A + + Al + A +
PHA ?4 6 79 29

(15/716) (1/7%6) (2/12) (3/712)
PFD 91 9 86 14
(10711) (1/711) (6/7) (1/7)

t Data from three subjects (C, T & M)

X Actual numbers of clones are shown in brackets beneath the
percentages
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TABLE 5.4: Cytotoxicity of PPD Reactive Clones From PPD+CK Sites

Subject Origin Cloning CYTOTOXIC CLONES
Stimulus (# positive/# tested)
ChA+ ¥
T NKX L DCC¥ NK LDCC

C SW(PPD+CK) PPD 0s/2 1/3

T " " 0/1 o/s1 171 171
ALL " " 0/3 1/4 171 i/1
%: NK = NK-like killing of K562 without lectin
#: LDCC = killing of KO5&62/U237/autol ogous

and or allogeneic EBV-transformed B-cells with lectin
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TABLE 5.5: B-Cell Help by Ag-specific CD4+ Clones from PPD+CK Sites

Sub ject Origin Cloning CLONES PROVIDING HELP
Stimulus (#* pemitive/§ tasted)

(S SW{FFD+CF) FFD /3 173

T " " 1/2

ALL " " 0/Z 273
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Mo

TABLE S.6: IL-2 Frod'n by FFD—Reactive CD4+ Clones
from FPFD+CI Sites

Subject Origin Cloning IL—-2 PRODUCING CLONESX
Stimulus (# poemitli ve,/4 tested)
MED IUM FHA
C SW (FFD+Ct ) FFD O/ S/
T " " 0/4 274
ALL " " QL7 S/7

¥ Supernatants with greater than 0.5 Units/ml were considered
positive
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TABLE 5.7: TNF Frod'n by FFD—Reactive CD4+ T-Cell Clones
from FFD+Ct Sites

Subj;ect 0Origin Cloning TNF FRODUCING CLONES %
Stimulus (#* pomitive/4 tecsted)
T MEDIUM _  _FH
C SW (FFD+CH )Y PFD O/ /2
T " " O/4 4/4
ALL " " 0s7 7/7

¥ Wells containing 0.5 Units/ml were considered positive



Fage 5.20

TABLE $.8: INF-g Frod'n by FFD-Reactive CD4+ Clones
from FFD+Ct Sites

Sub;ect Origin Cloning
Stimulus

IFN—g FRODUCING CLONESH*
(* positive /4 togted)

C SW(FFD+CF) FFD
T n "
ALL " "

X Supernatants with . S
positive

MED TUM FHA
0/3 /T
O/ /T
0/6 5/6

NIH reference Units/ml were considered
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Fig 5.1 - Deficient mononuclear cell delivery to DTH sites 1n

anergic patients. Anergic patients gave a significantly reduced

mononuclear cell delivery as compared to in vive reactive

patients (median values 0.0122 and 0.751x106 respectively,

p<.01). Reactive patients were similar to healthy control

sub ects (p<.352B).
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PPD PPD+CK

Fig 5.2 — Restoration by cytolines of mononuclear cell delivery
to DTH sites 1n FFD+ " ve anergic patients. The diminished
delivery of anergic patients was 1ncreased an average of
114~fold by the co-in;ection of cytokine preparations along with
antigen. This 1ncrease was significant (p’°.01) and resulted 1n
levels comparable to those seen 1n the FFD responses of reactive

patients.
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Fig. 9.3 - Impravement by cytokines of mononuclear cell delivery

to DTH sites 1n PPD+'ve reactive patients. Hospital patients,

reactive both z2n vzvo and 2n vitro (to PPD) delivered

similar levels of mononuclear cells to Ag 1njection sites as

normal controls. When Ag was co—-i1n,ected with CkK, the delivery
was 1ncreased an average ot 38-fold. This i1ncrease was
statistically significant (p<.025) and resulted in a delivery

1ndistinguishable from normal sub,ects.
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Fig 5.4 — Effect of CK on mononuclear cell delivery to DTH sites

1n FPD-"ve hospital patients. The delivery of mononuclear cells

tao PPD 1njection sites of both anergic (®) and reactive (o)

patients, non-responsive to PPD :i1n vitro to PPD was doubled by

co—-injection with Ck.
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Discussion

Although there are many alterations in non-specific host
defence associated with 1t, the anergic state is defined by a
loss of the specific immune reaction, DTH (127,140). By
employing the SW chamber technique described in chapter 3, the
loss of DTH seen in anergic patients was shown to be reflected
1n a significantly lower number of mononuclear cells delivered
to sites 1njected with antigen as compared with reactive
patients and healthy controls. This occurred despite the fact
that all these patients had lymphocytes sensitive to PPD 1n the
circulat:on, indicating that they had the potential to generate
a DTH reaction to FFD but that i1t bad been masked by the anergic
state.

It has been previously shown that the co-injection into
anergics of cytokines from cultures of activated mononuclear
cells along with amn antigen to which the patient has sensitized
lymphocytes will restore the DTH response in the ma,oraity of
patients (140). Both the mechanism responsible for this change,
and the relation between the cells delivered to the restored
reaction and those at a normal unassisted DTH reaction were
unknown.

In thie investigation, 1t was found that co—injection of
these cytokines with PFD increased the delivery of mononuclear
cells 107-fold, resulting i1n levels of cell delivery
1ndistinguirshable from those seen in reactive patients. Thus the
Ck not only restored the visible components of the DTH reaction

but also reversed the defect in mononuclear cell delivery

present 1n anergy.

The relationship between the action of the CK and the
anergic state was probed by conducting the same tests in a
popul ation of reactive surgical patients. These reactive
patients, sensitive to FPPD both in viéro and n vive, alsa
showed a significant increment 1n mononuclear cell delivery when
FPD was co—in,ected with CK. The magnitude of this increase was
approximately 1/ of that seen 1n the anergic population,

and 1f one reactive patient, whose increase was an order of
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magnitude greater than any of the other reactive sub,ects, is
discounted, the increase was only 7.5% of that seen 1n the
anergic population. Thus while the CK did act to enhance the
overall numbers of cells delivered to DTH sites 1n reactive
patients, the magnitude of the effect was clearly linked to the
state of the patients immune system.

Using the SW chambers it was found that the delivery of
mononuclear cells to sites i1njected with Ag to which anergic
sub jects were non-reactive Iin vitro was in all cases lower
than the delivery to Ag-"ve sites of two reactive patients, and
significantly lower than the delivery to Ag-’ve sites of healthy
controls (p<0.025, data shown 1n Chapter Z, Fig. 2.5). This data
suggests cthat the Ag non-specific portion of the DTH reaction
that occurs prior to T-cell activation was deficient 1n anergic
patients.

Rode et. al. demonstrated the need for a prior
sensitization to the co-in,ected Ag for the CK to restore the
DTH reaction (140). In contrast with the the 107-fold and
38-fold 1ncreases i1n mononuclear cell delivery seen i1n Ag+’ve
anerqgic and reactive patients co-injected with CK, the Ag—-~"ve
patients merely doubled the numbers of mononuclear cells

delivered when Ag was co-injected with CK.

The restaration by Ck of an observahle reaction to a sterile
antigen in anergic patients represents an i1mportant step 1in
restoring their immune function. In light of the significantly
diminished delivery of mononuclear cells seen in anergy, 1t
would be desirable to restore this delivery to normal levels at
sites of 1infection. We have shown that the CK preparations used
in this study are capable of restoring these levels at sites of
sterile Ag deposition when specific cells exist 1n the
circulation. Yet cell delivery and the visible appearance of a
DTH reaction 15 not sufficient to ensure that the attracted
cells will participate in a cell mediated immune response to an
infocting pathogen. To do this there must be cells responsive to
the Ag not only in the circulation but also at the site of
infection. and these cells must carry out the functions required

for cell mediated immunity.
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The Ag-specific T-cell population delivered to DTH sites has
been characterized earlier i1n this thesis by the examination of
panels of Ag-reactive T-cell clones from SW chambers over normal
DTH sites. These cells were enriched, relative to the PBM, for
cells reactive to the Ag eliciting the DTH reaction. This
population was found to consist of both CD4+ and CDB+ cells,
with CD4+ clones predominating. Cytotoxicity and TNF production
were broadly distributed throughout the population. Substantial
portions of the CD4+ paopulation produced baoth IL-2 and IFN-g and
did not provide help for Ig synthesis i1n a FWM driven assay.
These cells corresponded to the TH1 population described by
Mossman «t. 2., believed to mediate DTH while non—-IL-2
producing, B—-helper clones found at the DTH sites were believed
to correspond roughly to the THZ helper cell population. Both
TNF and IFN-g were found 1n the SW chamber fluid over DTH sites,

indicating that these cytolines are produced :in vivo at DTH

reactions.

When the same analysis was performed on the cells delivered
to PFD+CI si1tes of two FFD+’ve anergic patients, very similar
results were found. The frequency of Ag-reactive cells 1n the SW
cells was enriched by 2 to Z1-fold. Both CD4+ and CD8+ clones
were found, with CD4+ clones 1n the majoraity.

One quarter of the CD4+ clones demonstrated LDCC. The only
CDB+ clone tested demonstrated both LDCC and Nt-li1te ki1lling of
F562 cells 1n the absence of lectin. All the CD4+ clones
produced TNF. Two of the CD4+ clones gave help for Ig synthesis.
Seventy—one percent of the CD4+ clones produced IL-2 and 83%
produced IFN-g upaon stimulation with mitogen.

In concert, these results reported i1n this chapter i1ndicate
that the anergic state 1s accompanied by a quantitative
deficiency 1n mononuclear cell extravasation, both non-specific
and (perhaps consegquentially) specific, and that normal levels
of cell delivery are restored by cytokines, 1f there are
previously sensitized cells present 1n the circulation. This
would 1ndicate that the role aof these Ch 1s to act early 1n the
DTH response to permit the delivery and subsequent activation of

a relatively small number of specific cells and not to directly



Page 5.28

deliver to the site the large numbers of mononuclear celles seen

when Ck restores the DTH reaction.

The co-i1njection i1nto anergics of Ct with Ag to which they
were reactive resulted 1n the delivery of a population of cells
comparable to those found at normal DTH sites. The T-celles
delivered i1n response to a Ch+Ag 1n,ection were enriched for
cells reactive to antigens at the site. These Ag-specific cells
were cytotoxic, produced IL-2, IFN-g and TNF 1n a manner simlar
to the Ag-reactive cells from normal DTH si1tes. Other functions
not i1nvestigated 1n this study may also be reguired for CMI
reactions, but such a population of cells could be expected to

participate 1n T-cell directed., CMI anti-pathogen responses.

It has been shown that the anergic state 1s reflected 1n a
deficient delivery of cells to sites of sterile Ag deposition
and that the delivery of mononuclear cells, i1ncluding those
specific for the antigen at the site and capable of
participating 1n DTH, can be restored by the appropriate use of
cytotines. I+ this 1s also true at sites of infection. such
mediators would appear to have potential for site-directed

treatment of infecti1ons 1n anergic patients.
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Chapter 41 The Use of Cytokines to Treat Infection in Anergy

Introductory comments

The i1ncreased i1ncidence of sepsis and septic related
mortality, often i1ncluding peritonitis, 1n anergic surgical
patients implies that the defects seen 1n anergy may result i1n a
reduced capacity to successfully mount an i1mmune response to
infecting organisms.

Rapidly ewvolving, diffuse peritonitis 1s a serious problem
1nvolved 1n septic episodes of anergic patients having undergone
abdominal surgery. This form of i1nfection 1n anergic patients i1s
largely refractory to antibiotic therapy (148). Therefore we
chose to use peritonitis as the infectious challenge 1n this
1investigation.

Freviously 1t was shown that the laclk of a visible DTH
reaction 1n anergic patients 1s reflected 1n an abnormally low
mononuclear cell delivery to sites of ster:ile Ag deposition. It
was also demonstrated that the co-i1njection of CF along with Ag
restored the delivery of normal numbers of mononuclear cells,
and that the T-cells from these sites are capable of the same

functions as those from normal DTH sites.

The abi1l:1ty of the cytoline preparations to restore a normal
cell med:iated i1mmune response to sites of sterile Ag deposition
1n anergics led us to ast whether these same cytoline
preparations might restore the cell-mediated i1mmune response to
infecting organisms. In order to examine this hypothesis, rats
were rendered anergic with a thermal trauma procedure. and then
infected, to produce a model of anergy with subsequent

peri1tonitis.

We sought to determine. using this model., 1f 1njection at
the si1te of 1nfecti1on, of the same cytolines that restored DTH
1n anergic patients, could restore the i1mmune responsiveness of

the animals and lead to i1ncreased survival.
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H Materials and Methods

Animals

Male and female Sprague-Dawley and Lu/lLewis F1 hybrid rats
between 160-400gm were used.Within each experiment rats of one
sex were utilized and their weights were normally within a 460 gm

range. The animals were housed communally unt:il thermal trauma

and/or i1nfection. Subsequently they were housed i1ndividually.

All animals had free access to food and water throughout.

Immunization
For DTH stin testing, rats were 1mmunized with a 1mg of }LH
(Calbiochem) i1n CFA (Gibco) 1njected s.c. i1n O.lml. After 14-11
days., skin testing was carried out by shaving a small area of
the flant or abdomen and i1n,ecting O.2mg of tLH 1.d., suspended

in O.1ml of saline (Travenol).

The thermal trauma model chosen for the studies i1n this
chapter 15 an ethical procedure, since 1t 15 painless, and
minimizes, for the animals, the duration of the euperimental
process. All the experiments 1n this chapter were approved by

the animal care committee of McBGill University.

Ethical considerations

From an ethical standpoint, a properly conducted e:uperiment
involves the production, 1n a fully anesthetized animal. of a
full thickness (Zrd degree) scald i1njury. The ner,ve endings 1n
the skin are destroyed 1n a8 Zrd degree 1nury. thus the
procedure 1s painless when properly carried out since the animal
15 unconscious during the process (144). The resulting 1nury
does not result 1n distressed behaviouw or alteration i1n teeding

patterns or mobility (144), which 1ndicates that the animals are

not 1n pain. To 1nsure that no 1ndividual animals have partial
or secondary 1njuriles, i1nsensitivity 1n the atfected area was
assessed, and animals 1n which there was any possibility of

retained sensation euthanized.
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Thermal trauma

Rats were 1n,ected 1.m. with 5 mg/Kg of Atropine (Astra)l.
Ten minutes later they were anestheti-ed with 50 mg/kg of
Fentabarbitol (Somnitol, MTC Fharmaceuticalsi. When deep
anesthesi1a was attained (assessed by the absence ot the
eyeblint, startle and toe-pinch(pain) reflexes., approximately
10-15 min rost—-i1nduction) the bact of the animals were shaved
and the animals given fluid support in the form of Sml/100gm of
saline, 1n,ected I.F. The rats were then placed 1n a mould which
exposed the clipped area of the baclk. This area was then exposed
to boi1ling water for 11 sec. The amimals were then removed from
the mold and drved. They were then inspected visually for
evidence of 1ncomplete (ist or 2nd degree) i1njury. The
animals were lept warm and upon regaining consclousness they
were assessed for any signs of pain (autonomy, cowering,
1nappropriate orientation., vocalization. aggressiveness). The
extent of the third degree i1n;ury was determined by
insensitivity to the pinprict test. Recovered anmimals were
observed tor several hours and then rechecled several times

daily thereafter for any signs of distress.

Infection

The day of i1nfection was considered Day 0. Anergic animals
were traumaticed on day -3. The rats were i1nfected with an 1.p.
inyection (Zml/100gm) of three enteric bacteria (see below)
suspended 1n 5% BHI (Mc6i111 University, Dept. of Microbiology)
+ 25% prereduced thioglycolate broth (McGill Universaity, Dept.
of Microbiology) + S0% saline (or test substances) + 10%
BazS04 (w/v) (Royal Victoria Hospital Fharmacy). Various
numbers of bacteria were used, however following dosage studies,
the doses were standardized as follows:

Anergic rats - £. col:/2. fscali1s 1.25%108/100gm, B,

frag:lzrs 2.5:108/100gm

Normal rats - £. col:1 1.252109/100gm,=. fecalis

1 25:108/7100gm, B. fragilis 2.5:¢108/100gm.
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Preparation of bacteria

B. fragzl:s (ATCC strain 25285) was grown under anaerobic
conditions 1n prereduced thioglycolate broth. £. col:2
(National Collection of Type Cultures (England) strain 9001) and
2. fecalis (ATCC strain 8043) were grown 1n BHI. Initial
growth curves and concentrations were derived from
spectrophotometry (0O.D. at &00um). Bacteria were used while
1n the log phase of growth. Precise guantitation of bacterial
numbers was accomplished by determining the number of colony
forming units (CFU)/ml by triplicate platings of serial 10-fold
dilutions of the bacterial suspensions on blood agar (Institute

Armand Frappier).

Preparation of test substances

Ct were prepared and fractionated as described i1n chapter 5.
Single donor cultures (SDC) were prepared 1n the same manner
except that the FBEM from each donor were cultured seperately
and the supernatants combined. Zymosan activated serum (ZAS) wasg
prepared by mi:xing fresh human serum with 10mg/ml of zymosan
(S1gma) and agitating for 1 hr at T7%. The zymosan was then

removed by centrifugation followed by sterile filtration.

Zone of i1nhibition tests

The ability of test substances to i1nhibit the growth of £.
col: and B. fragilis wmas assessed 1n a standard zone of
inhibition test. Bacteria i1n the log phase of growth were used
to "seed" a plate of the appropriate growth agar (see above).
cardboard discs soaled 1n the test substances or the positive
control, ampicillin (B-D), were then pressed 1nto the plate,
which was 1nverted and i1ncubated for 224 hrs at Z7%. The
radius of the circle around the discs not showing gr owth was
measured. This distance, minus the radius of the disc 1tself was

reported as the zone of i1nhibition.

Cytotoxicity/growth i1nhibition test
All three bacteri1a were used 1n the log phase of growth, at
the same concentrations as were used to 1nfect the amimals. In
the same fashion as was used to prepare the 1n,ectians, equal

volumes of the bacter:ial suspensions and the test substances
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were mixed 1n test tubes. The tubes were then placed in a
37% waterbath for 30 min. An aliquot of the suspension was
then talen and serial 10-fold dilutions plated as described

above to determine the CFU/ml.
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Results

Thermal trauma results in anergy in rats

Christou et a2l defined anergy 1n rats sensitized with KLH
as a DTH reaction less than Smm 1n diameter (153). To determine
1¥ the thermal trauma resulted 1n anergy. sensitized rats were
split i1nto two groups. one of which was anesthetized but not
traumatized (shams) while the other was anesthetized and
approximately 20% of their stin e:xposed to boiling water for 11
seconds. Three days later these animals were sti1n tested. The
results of these tests are shown i1n Table 6.1. The traumat:1zed
group gave significantly smaller skin tests then the sham group

with the ma,ority (15 of 18, data not shown) giving no reponse.

Thermal 1njury results in i1ncreased succeptability to
infection

To determine 1+ the thermal trauma resulted 1n 1ncreased
succeptability to i1nfection as well as decreased DTH, anergic (3
days post-trauma) and normal rats were 1nfected 1.p. with a
constant number of . fecalis and B. fregzlis, and since 1t
had previously been shown that £. ceol: was responsible for the
lethality 1n this model of peritonitis (151), a varying number
of £. coli1. At the lowest dose of £. col2 (Fig &.1) 6 of 7
normal rats survived the first 48 hrs, while only 2 of 6 anerqac
animals survived. This 1ncreased succeptability to 1infection was
also seen at higher levels of i1nnoculation. The dose of £.
col: given 1n Fig 4.1 was adopted for the subsequent
experi1ments with anergic rats (this 1s the value given 1n the

Materi1als and Methods).

Co-injection of CK from MLC supernatants with bacteria affords
praotection from lethal peritonitis

We tested the hypothesis that the 1ncreased succeptabilaty
of anergic rats to peritonitis could be reversed by co-—-i1n,ecting
CK with the bacteria. Anergic rats were 1nfected 1.p. with a
lethal mixture of enteric bacteria and eirther saline or Cl. As
seen 1n Fig &.2, the co-injection of CF (1n this case the

equivalent of Sml of MLC supernatant/100gm) atforded significant
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protection from peritonitis which resulted 1n increased survival

for as long as 11 days post infection.

Supernatants from unactivated PBM do not confer protection

To confirm that the protection the MLC supernatants confer
was due to CK and not the culture medium (which contains human
serum) or the products of non-activated cells. control cultures
containing the supernatants from the cells of the same donors as
used to generate the MLC supernatants, but cultured separately,
were tested for their ability to confer protection.

These preparations, referred to as single—-donor culture (SDO)
supernatant were co—in;ected 1.p. with the same bacterial
suspension as the Ck. For these experiments., dermoclysis was
performed for the first thr-e days post-infection, to provide
additional fluid support for the animals.

As shown 1n Fi1g. 6.3, the effects of the dermoclysis were
apparent 1n the 15-20% i1ncrease i1n survival i1n both the CK group
and the SDC group (relative to the saline group from Fi1g 6.1).
Nevertheless the Ck afforded significantly greater protection

than the S5DC.

Zymosan activated serum does not afford protection

The presence of serum 1n the MLC culture medium made 1t
possible that the protection was related to the presence of
complement components, modified during the MLC reaction. The
fragments that result when complement 1s activated., most notably
€3b and CSa, are powerful chemotactic and activating agents for
FMN. To euplore whether these or other complement components
played a prominant role i1n the protection by CV of anergic rats,
fresh human serum was exposed to the complement activating
agent, c-ymosan, and then i1n,ected i1n the same fashion as the
Ckh. As shown 1n Fig. 6.4, the zymosan activated serum was no
more eftective than SDC or saline. MLC supernatant afforded

signficant protection from peritonitis 1n the anergic rats.

The protecting factor has a molecular weight less than 10kD
The MLC supernatant was passed through molecular sieves with

preogressively smaller pore sices, followed by dialysis, and
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then tested for 1ts abi1lity to protect anergic rats fram
peritonitis to determine the approximate molecular weight of the
protecting factor. As seen 1n Fi1g 6.5, protection from i1nfection
was afforded by the molecular weight fraction from 14-12kD to
1kD. Additional experiments utilizing ultradiafiltration further
established that the protecting factor had a molecular weight

between 10-1+D (data not shown).

The protecting factor is not bacteriocidal or bacteriostatic

One obvious explanation for the mechanism by which the
factor conferred protection from peritonitis would be that 1t
was directly toxic to the infecting bacteria 1n the 1nnoculum.
This possibility was evaluated 1n three different experiments.
In the first, small fiber discs were soaled 1n CF and SDC
preparations and used 1n a standard zone of i1nhibition test for
24hrs. The Ck preparations, and the - 100ID fraction used 1n
these experiments conferred protection to anergic rats. The
results of four such experiments are given i1n Table 6.2. In two
there was a minor i1nhibition zone, much smaller than that seen
around a standard antibiotic disc, while two other euperiments
showed no 1nhibition whatsoever.

The small site of the zones seen 1n halft of the experiments
related above could have been the result of excess fluid from
the discs displacing the seeded bacteria 1mmediately surrounding
them. To determine 1f the CF did ki1ll or i1nhibit their growth,
the bacteria, 1n growth medium, were mixed with saline, SDC or
CK preparations and incubated at 7% for 30 min. The
bacteria were then enumerated by plating. The results of thais
experiment, 1n table 6.2, demonstrated that the Ck neither
ki1lled nor inhibited the growth of the bacteria.

Further conf:i:rmation that the CK had no effect upon the
survival of the bacteria was obtained under experimental
conditions. Samples were drawn from the flasks (Vept on 1ce)
containing the mixture of bacteri1a + saline/SCD/CF + Ba2804
used to 1nnoculate the rats after all the 1n,ections were
performed (&0 min) (survival data 1s shown 1n Table 6.5). The
number of viable £. celi1/ml 1n each 4lask was determined by

plating. The results (Table 6.4) 1ndicated that there was no
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substantial difference between the four groups, none of which

showed growth during the period they were kept on ice.

The level of protective activity found in MLC supernatants is
high

Prior to carrying out further experiments to i1dentify and
characterize the active factor within the MLC supernatant 1t was
necessary to determine the potency of the preparations. The
potency of preparations from several supernatant pools was also
assessed. Typically, preparations retained the capacity to
confer protection at dilutions between 1:20 to 1:50. Diminished
potency was usually observed at higher dilutions (data not
shown) .

One “100kD CK preparation was diluted with saline and
assessed for 1ts ability to protect anergic rats. The Ch
preparation used was a pool of supernatants from more than 15
MLC reactions. The experiment was performed with dilutions of
1:2, 1:25 & 12100, all of which conferred egqual protection

({Table 6.5) Thus the protection could be achieved with as little

as 0.1iml of supernatant per 100 gm of body weight.

MLC supernatants provide transient protection for normal rats

The <10vD fraction of MLC supernatants protects anergic rats
from a lethal peritonitis. This protection 1s evident by 12-24
hrs and results 1n between Z0-60% of the i1nfected animals
surviving long—term. To determine whether this protective
capacity was restricted to animals with a pre—existing
immunosuppression, similar experiments were carried out using
normal (non—-traumatized) animals.

As previously mentioned, non—traumatized animals require a
higher dose of bacteria 1n order for the peritoneal infection to
be lethal. In all other respects the experimental design was the
same as that used 1~ the previous experiments, except for the
absence of the thermal—trauma procedure. The results are shown
1n Fig. 6.7. The normal rats were protected to a signmificant
degree only during the first 24 hrs., After that period, the
1ncreased survival among the CF treated group declined to a

level that was not statisticaly significant and was much smaller
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than the final survival advantage seen in traumatized animals.

The rate at which the normal rats died was much greater than
1in the anergic rats. The much larger i1nnoculation (10-fold
greater) of £. col: necessary to result i1n mortality in the
normal rats may have had a large 1nfluence on the mortality
rate. If there was a time delay between the i1njection and the
onset of the maximum effect of the factor, the earlier deaths 1n
the normal rats may have accounted for the decreased
effectiveness of the factor. To test for this, the factor was
administered prior to i1nfection under various experimental
conditions.

Non—traumati1zed rats were pre—treated with a standard dose
of the Y10lD fraction of CK supernatants 2 hrs prior to
co—-injection with another equal dose of the same fraction plus
the bacterial mixture. The results i1ndicated that the
combination of early administration plus a doubling of dosage
resulted i1n no 1mprovement in the overall survival as compared
with the results from the previous experiment (data not shown).
To further explore the efficacy of early administration, rats
were given a single pre-treatment with the {10kD fraction eirther
6 or 30 hrs prior to 1nfection. As can be seen from the results
in Table 4.6, the pre—treatment b6hrs prior to i1nfection afforded
significant protection for the 24 hrs following infection, while
the pre—-treatment ~0 hrs before i1nfection had a lesser effect.
Ais in the previous eiperiments, neither treatment i1mproved the
eventual percentage of surviving animals to a significant degree
(Z survival of all groups on Day 7: 0%). In an additional
experiment (not shown) 1t was verified that the i1ncreased
survival afforded normal rats by the MLC was due to a factor
with MW J10kD.

The efficacy of pre-administration of the factor was also
examined in anergic animals. From the previous e:xperiments 1t
appeared that the degree of protection provided by
pre—administration of the <10tD fraction was equivalent to that
seen when given simultaneously with infection to anerqgic rats.
It was possible that this represented the maximum effect of the

CK. Therefore to determine 1f pre—admnistration was more
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effective 1n anergic rats, a CK preparation was diluted until it
did not afford protection to anergic rats when given with the
bacteria, 1t was found that pre-administration of the CVF both &
% 24 hrs prior to infection afforded significant protection (Fig
6.6). Thus when pre—administered, the CK was more potent than if

given simultaneously with the innoculum.

MLC supernatants that provide protection do not restore local
DTH

The original observation of the effect of MLC supernatants
1in anergy was their abi1lity to restore local DTH. The ability of
these same supernatants, which confer protection to peritonitis
in anergic rats, to restore the DTH of anergic rats was
examined. Rats sensitized to KLH were rendered anergic and skin
tested with various fractions of MLC supernatants (that had been
shown to provide protection} * kiLH. In two experiments
involving 9 % 9 rats and the co-injection of two different KFLH +
CK preparations. the CK restored the DTH response although
individual animals often responded to one, but not both
supernatant pools (data not shown). Subsequent experiments with
these pools plus one aother which restored the DTH reaction in
anergic patients., and using both i1ntact and fractionated MLC
supernatants were unable to replicate these results, leading to
the conclusion that these CK protect anergic animals but do not
restore their DTH response locally.

Treatment of peritonitis in anergic rats with the CK,
although affording protection, did not restore the ability to
mount a DTH response at a distant site. As shown in Table 6.7,
the effects of the thermal trauma on Day -3 was detectable as
early as Day —-2. On day O (at the time of i1nfection) the
traumatized and i1nfected animals were anergic when skin tested
regardless of the treatment utilized. Surviving anmimals in all
groups gave positive stin tests by Day 12 although the magnitude

of their responses remained lower than their pre—-trauma values.

The rrstoration of DTH in anergic patients and the protection
of anergic rats from peritonitis are due to different factors

MLC supernatants from human cells restored the DTH response
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and mononuclear cell delivery in anergic surgical patients and
this led to the hypothesis that they might also influence the
response to infecting organisms. This hypothesis was found to be
correct in anergic rats, with the factor responsible for
protection having a molecular weight less than 10LD. These same
supernatants and fraction were not successfull i1n restoring the
DTH reaction in anergic rats. The apparent contradict.on between
these two effects could be explained if they were due to
different factors, one species specific (restoring DTH) and %he
other non-species specific (protecting from peritonitis).

The factor affording protection for asnergic rats had a
molecular weight less than 10kD. Anergic surgical patients were
skin tested with FFD*CK or Ck fractions. The results, ((in
Table 6.8) showed that ip vitre FPD reactive anergic patients
responded with a DTH-lile reaction when FFD was co—-in;ected with
intact CK. All five showed the same response when the FFD was
co—-injected with the !30kD fraction of the CV preparation. Only
one of five sub ects reacted when the Ag was co—-injected with
the CK fraction between 10-3FD i1n molecular weight. The 10-1iD
fraction of this same CK pool provided protection for anerg:ic
rats. The 10-1kD, but not the 100-10tD fraction also provided
transient protection for normal rats (data not shown). Thus the
two effects ot MLC supernatants were shown to be due to factors

with different molecular weights.
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Table 6.1: Effect of thermal injury on DTH

Thermal PTH {(mm)
Inury N Day O
Sham 10 7.9

Y 18 0.6
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Table 4.2 Zone of inhibition tests

Test Substance Organism lone of
# Inhibition_ {(mm)t

Saline E 0
L1} S (:)
Ckz E 1

" S ()
SDC E 0
Ck >350kD " Q
CK<100kDx% " 0
SDC £ Q
CKxx " Q
CK<100kDxXx " 0
SDC E 0

1] S O

CK >100kD £ 0
n S O
CKI100kDxX E 3
[1] S C)
Ampicillin E 6
" S 12

CKk preparations that protected anergic rats from peritonitas
E = £. cal2
S. fecalis
Zone of inhibitaion =
redius of zone without growth - radius of disc
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Table 6.31 Direct cytotoxicity tests

Test Substance Organism Bacteria/ml
# (x108)

None (pre-i1ncubation) E
Saline

sSDC "

Ck'x "

Ck (- 100FD, ~30kD) v
Ck('S0I D, 21kD) X "

N =0 ODidD

None (pre—-:1ncubat:ion) S
Saline

sSDC "

Ch.x "

CK (- 100kD, »50LD) "

CF (»30kD, 1kD) % "

= COHI0U NN A

None (pre—-incubation) B
Saline

sDC "

CEk % "

CK (<100kD, »S0kD) "

CK (>S0kD, -1FD) X "

[y Ll N | P FY

[ S Lt o S ]

EK pEepar?tlons that protected anergic rats from peritonitis
= &, col:

S. fecalas

B. fragz2l1s

11 SDC & Ck prepararations were used at the same
concentrations used 1n the 1.p. 1njections i1n the rats

A
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Table 6.4: Recovery of £. coli from injection mixtures

Sample E£. col2/ml
(%108)
Input 5.1
Saline 6.5
MLC(1:2) % 4.8
MLC (1:25) 6.3
MLC (1:100) &.7

X: Represents the dilution relative to the standard dose
{(10ml eaulvalent of supernatant/100gm. All three dilutions
gftogde srgnificant protection (see Table 6.6 far survival
ata).
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Table 6.5: Protection afforded by differing dilutions of MLC

Equivalent Dilutiron
volume of MLC relative to

Treatment 1n,ectedx previous %4 Survival
{(ml/100gm) experiments Day 1 Day 3 Day 7
Saline n’/a n/a &2 &2 446
MLC<100kD 5 1:2 0 20 Q0

({.035)#

. 0.4 1:23 100 1006 0

(7.025) (1.035) ({.035

v 0.1 1:100 100 100 20
(~1.035) (<.035) (K.03Z5)

*: Volumes represent the equivalent volume of unprocessed MLC
supernatant i1n each 1.p. 1n,ection. Previous experiments had
utilized the equivaleni. of 10ml/100gm. All 1n,ections were
given 1n a volume of Zml/100gm.

#: p—value relative to saline group
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Table &.6: Protection of normal rats afforded by MLC given prior
to the administration of bacteria

Time of
Administration % Survival
relative to (p—value relative to saline#)
Treatment 1nfection N T Hrs &§ Ars 12 Ars I8 Hrs 24 Ars /= Hrs

Saline 16 94 94 19

O 0 Q
MLC- 10kD 6 hrs prior té 94 94 S50 31 1 19
(<.036) (- .022) ({.022)
MLC< 10kD 30 hrs prior 16 24 88 ; 4@9) 19 19 é&
1.0
¥: N = number of animals/group
#: p—-values by Fisher’s exact test
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Table 6.7t The effects of thermal injury and infection on DTH

Time of Treatment Grou
Skin Testx Saline IAS SDE MLT

Day -5 134 13 12 12
Day -2 9 ? g Q
Day O ] o o O
Day 12 7 8 6 bat
Nt 20 30 30 30
(S)! (4) (3) (7) (161

Dag 0 = day of i1nfection (thermal 1n,ury took place on day -3)
#: L Survival
3: g = number of animals/group

= number of survivaors
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Table 4£.8: Skin test results of anergic patients

Maximum Skin Test result(mm), 0-48 hrs
Ck CV

CK CK L2
(>S0kD) (50-10FD)Y (10-3kD)
ID CLASS AGE FPD +FPD +FFD +FPD +PFD NEW CPM STATUS
3 k3 o
1 HR 73 0 O 8 8 v} o 15,980 PFD+’ ve
2 " 68 0 (o] 12 i1 0 8] 44,930 "
3 " 74 Q Q 11 10 O O 1,234 b
4 " 78 0 Q 0] 10 Q O 2.358 "
S " 66 (0] 0 17 10 Q & 11,078 "
mean 72+/—4 10+/-6 10+/-1
# 2 New CPM = CPM (PFPD stimulated) - CPM (Medium alone)
w ¢z Reactivity to PPD was defined as »5.000 New CFM &

Stimulation Index > S
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Figure 6.1: Increased succeptability to infection i1n anergy.
Normal () and anergic (B rats were i1nfected 1.p. with

the standard innoculum of £. colz, B. fragrlis, 5. fecal:rs
and BazZ504. The anergic rats had a greater mortality than

the normal rats. This was also seen when higher numbers of E£.

col2 wore used 1n the 1nnoculum {(data not shown).
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Figure 6.2: Protection from peri1tonitis aftorded by MLC
supernatants. Anergic rats were co-in,ected with bacteria and
either saline (©) or MLC supernatants (M) The CK treated

animals showed a significantly higher survival (p- .003, Fisher’s

exact test) from day 1 onwards.
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Figure 6.3: Control culture supernatants do not protect from
peritonitis. Anerqgic rats were co—in;ected wirth bacteria and the
supernatants from either MLC () or SDC (8)., The rats

were treated for dehydration by dermoclysis each day for the
first 72 hrs post-infection. From day I onwards., animals treated
with supernatants from SDC had a significantly higher mortality

(p<.03) than the Ck treated rats.
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Figure 6.4: SDC and zymosan activated serum do not afford
protection. Anergic rats were co-injected with bacteria and
eirther Ck (B, zymosan activated serum (+), saline

(0) or SDC (not shown). Only the CK provided significant
protection from i1nfection, relative to the saline group {(p<.05

from day 1 onwards).
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Figure 6.5: The factor affording protection from sepsis has a
molecul ar weight less than 14-12kD. Anergic rats were
co—injected 1.p. with bacteria and intact C+r (W), a CF
fraction (molecular weight 14-12ZkD to 1kD, +) or saline

(0). Only the intact supernatant and the fraction within the
molecul ar weight range of 14-12 to 1kD afforded significant

protection (p<.05).



Page 6.26

—l 18a ]
<L 93 =
- oe OOl |
oY )
&5 -
51 -
a4 } E— -
2 37 | S~ e—a—o
3@ 1 1 1 I 1 1
a 1 2 2 4 5 & I's
HOURS

Figure 6.6: Pre—administration of the <10kD fraction of MLC
supernatants enhances their ability to protect anergic animals
from perirtonitis. Using a pool of ML supernatants that did not
afford sigmficant protection when diluted 1:20 with normal
saline, anergic rats were pre—-treated 6 (W) or 24 (B)

hrs prior to infection. The pre-treated groups had significartly
greater survival than the saline control group (o) from 48

hrs onwards (&6hr group: pN0O.024, 24 hr group: p<0.028, Fisher’s
exact test). The group co-in,ected with diluted Ck and bacter:ia

was nect protected (not shown).
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Figure 6.7: CK provides transient protection for non-traumatized
animals. Normal (non—traumatized) rats were co-in,ected 1.p.
with bacteria and either CK (B) (molecular weight <100kD) or
Saline (0). The CK afforded significant protection (p<.00%5)
for the first 20 hrs. Survival percentages remained constant for
both groups from 48 hrs to 14 days post i1nfection (data not

shown).
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Di scussion

The ability of MLC supernatants present at the site of Ag
depaosition to restore cell delivery and CMI to sterile Ag led us
to question whether the same supernatants could modify the CMI
responses at sites of infectaon.

The results presented i1n this chapter demonstrated that MLC
supernatants do contain a factor or factors capable of
protect ng anergic animals from peritonitis when i1njected at the
s1te of 1nfection. The i1nability of control cultures prepared
from the same cell preparations used to produce CK that dig
confer protection demonstrated that this factor(s) is the
product of the activation of mononuclear cells. Furthermore, the
inabi1lity of serum treated with zymosan to afford protection
makes the 1nvolvement of complement components and antibody 1n
thi1s protecti:on unlikely. The i1nvolvement of antibody and intact
complement components was ruled out by the establishment that
the molecular weight of the protecting factor was less thanm 10
kD (189). This also rules out the ma,ority, but not all of the

products of complement activation most notably C3a (189).

The question of whether the factor is effective only 1n
improving the survival of anergic animals was addressed using
non—traumatized rats. Co-injection of the active fraction of MLC
supernatants resulted in a reproducible, significant but
transient improvement in survival. The much greater effect, both
in terms of the percentage improvement in survival and the
long-term nature of improved surviwval of the anergic vs normal
rats 1mplies that the mechanism which 15 effected by the
factor (s) is strongly down-regulated in anergy. Seen in this
light, the smaller, transient effect seen i1n normal animals may
be due to an increase in the tempo of the response to infection,
or by a more modest 1ncrease in the already "normal" levels of
the affected host-defence function than is produced when a
"subnaormal " anergic response is upregulated to "normal" or
"near—normal" levels by the protecting factor. It 1s interesting

to note that Christou e¢t. al. demonstrated that with a similar
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innoculum, including Ba2S04, half the i1nfected "narmal" rats
became anergic within 24 hours of infection (153). Thus the
transient nature of the effectiveness of the factor 1n normals
may i1ndicate that it indeed may only have a significant effect
upon an anergic host-defence response, and that i1n normal
animals, the factor has no effect until the animals were
sufficiently immunosuppressed by the i1nfection i1tself.

Certainly some important conclusions regarding the mechanism
by which the factor functions can be drawn from these
experiments. The most i1mportant of these 1s that the factor 1s
neither bacteriocidal nor bacteriastatic. The potential of the
factor to k111 the i1nfecting organisms was evaluated 1n three
different systems, both at 37t and on 1ce, alone and 1n
conjunction with all the components of the 1nnoculum.

In only one, the zone of inhibition tests, was any
bacteriocidal /bacteriostatic activity dete-*ed. The effect
however was both marginal and unreliable. The si1ze of the zones
detected were consistent with the possibility that the absorbant
discs may have released some liquid onto the plate when pressed
into the surface of the agar (necessary to ensure the adherence
to the agar when the plate was inverted faor growth) and merely
displaced the relatively small numbers of bacteria present 1n
the immediate vicinity prior to incubation and growth. The si1ze
of the areas of growth inhibit:on relative to the zone produced
by a conventional antibiotic, ampicillin were not 1mpressive,
and the absence of any zone of inhibition i1n halt+ of these
experiments also supparts the attribution of these results to
experimental error.

In the direct cytotoxicity experiments the bacteria not only
survived exposure to the MLC supernatants (at 37%) but also
grew at rates comparable to those seen 1n saline controls., as a
result these experiments are more convincing. Finally, the
possibility that the factor was bacteriocidal but required the
presence of some component (s) of the two different growth media
used for the bacteria or the Ba2804, or that i1t functioned
only at the reduced temperatures found during the pre-—in,ection

period when the mixture was kept on 1ce, was eliminated (for £.
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col2). By culturing the mixtures after all i1njections had been
completed 1t was shaown that the number of £. coli/ml remaining
did not differ substantially between saline and MLC groups which
did afford protection. Thus f{\must be concluded that the MLC
supernatants neither kill nor i1nhibit the growth of the

bacteria.

Although the factor may make the bacteria more succeptible
to host defence mechanisms, it seems more reasonable to assume
that 1t acts rather on the host. an hypothesis balstered by the
observation that hosts with different immune status respond to
the factor i1n differing degrees.

The ability of the factor to significantly 1mprove survival
1n both normal and anergic rats 1f given as much as 224 hrs prior
to 1nfection also supports the host-mnadifying hypothesis. Even
when given as much as 30 hrs pre—infection the factor had an
effect, although not statisticaly significant. It 1s unlitely
that much of the original 1njection would remain in the
peri1toneum after 24 hrs to affect directly the bacteria
subsequently 1njected. A more plausible explanation would be
that the factor was absorbed, either i1nto the surrounding tissue
or systemically, where 1t could affect cells to improve their

capacity to participate i1n the response to infection.

The high degree of potency found in the MLC supernatants is
worthy o+ note. Most previous attempts to use lnown cytokines to
effect the outcome of i1nfections have required the 1n,ection of
large quantities, on the order of tens of thousands of units or
milligram doses per hundred grams of body weight 1n order to
effect survival (157—-140). Mast cytobtines such as IL-1 & 2, TNF
& IFN-g are found i1n the order of tens of units/ml of stimulated
normal cells cultures. The ability of as little as O.1ml/100gm
of an MLC supernatant to confer a signmificant improval in
survival is unusual. Even this figure may be too conservative
since the MLC was more effective if used to pre-treat anergic

rats.
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The identity of the protecting factor has not yet been fully
established. From these experiments 1t 15 possible to state what
the factor 1z not. The low molecu ar weight of the factor
indicates that 1t 15 not: IL-1,2,3,4,5, or & (4,185,187) or
IFN-a,f or g (184,200). It alsc rules out the paossibility
that the protection 1s due to TNF-a or Ff, ETAF., MIF or LIF
(6,182,183,186,201,202). The low molecular weirght of the factor
raises the possibility that 1t may be related to the T-Cell
chemotactic/neutrophil-activating protein described by Oppenherm
et. al. (190) or C3Za (18%). In addition., the abil:ity of a
human factor to eftect the survival of rats litely eliminates a
number of cytokines, such as the Interferons and 1L-4 which are
species restricted 1n their Inown effects (6,188,203).
Furification and sequencing of the factor will be required to

determine its true i1dentity.

Most surprising was the discovery that this protecting
factor was not the same as the factor responsible for restoring
DTH in anergic patients. This was the activity of the MLC
supernatants that led to the e:xperiments described herein, thus
1t was unexpected that the two activities were attributable to
different factors. This does hawever affer an explanation for
the finding that the MLC supernatants did not restore the DTH of
the anergic rats. Many of the factors i1nvolved in DTH show
species restriction that results 1n little or no activity of
human cytolines 1n rodents. While 1t 15 possible that the
different:al effects represents a different underlying defect
responsible for the anergic states 1n patients vs traumati:zed
rats, a simpler explanation would be that unlike the protection
from pertrtonitis, the restoration of DTH 1s due tao the action of

a factor(s) that are species restricted.

The experiments detailed 1n this chapter are not the end of
the efforts necessary to i1dentify and characterize the factor (s)
affording protection from i1nfection in anergic animals. The
discovery of this protecting factor 1n MLC supernatants was an

extansion of the e:periments i1n the three preceeding chapters.




Page 6.32

As such 1t has opened up an entirely new area of investigation
and the results presented here represent the first steps in
1solating this 1ntriguing factor, determining its mode of

action(s) and utilizing 1ts full theraputic potential.
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Chapter 7: Discussion

The cells and mediators i1nvolved i1n DTH reactions have been
poorly characterized largely due to their inaccessaibility. The
skin window chamber technique was developed to solve this
problem. It was shown that the delivery of mononuclear cells to
these chambers follows DTH-li1ke kinetics with only a mnor
non-speci1fic component, and 1s a fairthful guantitative
reflection of the underlying DTH reaction. The technique 1s a
general one which can bhe used 1n virtually any sub,ect
population with a variety of antagens, and which delivers
sufficient numbers af cells to permt the cloning and
exxamination of the T—cell population involved 1n DTH and the

recovery of mediators from DTH sites.

The 1ni1tial ob,ective of these experiments was to i1dentify
and characterize the cells and mediators i1nvolved 1n DTH and to

11luminate the alteration(s) 1n these that occured 1n anergy.

The study of the S5W chamber clones confirmed and expanded
upon a number of the findings rom previous, less direct
techniques. The classical autoradiological studies of
Ag—specificity i1ndicated that less than &% of the cells at DTH
sites were specific for the elicirting Ag (For convenience, these
cells will be referred to as "Ag-specific"” and other cells as
"mon-specific". This relates only to the Ag eliciting the DTH
reaction. and 15 not meant to 1mply that the other T-cells are
not 1n fact specific for Ag, but rather that their specificity
1s 1rrelevant to the reaction being 1nvestigated). The SW
chamber technique 1s presumed to be more precise, relying as 1t
does upon a greater sample size. Using this method. 1t was found
that Ag—specific cells represented between 2-44% ot the T-cells
1in the chambers. The source of the variation between sub,ects 1s
unbnown but not unprecedented. Some of the autoradiological
studies of McCluskey et. al. (6?) reported that Ag-specific
cells were 10~fold more common 1n the epidermis thanm 1n the
perivascular regions. sugaesting that some compartmentalization

of Ag-specific cells 1nto the upper regions of the stin may
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occur 1n DTH. Since the chambers are placed over the skin, i1n

some cases they may have received a disproportionate number of

these cells.

The most striking aspect of the proportion of Ag-specific
cells 1n the chambers was their consistent enrichment
relative to the blood. Ag—specific cells were 2.5 to I00-—fold
more frequent i1n the chambers than the blood and this enrichment
was evident even when the frequency of Ag-reactive cells i1n the
blood was very high. Evidence that this phenomenon 1s
fundamental to DTH 1s contained 1n a recent report of a similar
enrichment for FPD reactivity seen 1n the pleural effusions of
TR patients (194).

The enrichment may be a result of the proliferation of
Ag—activated cells 2n s21tu 1n response to growth factors such
as IL-2/4 produced during the DTH reaction. If this were true.
one would expect the appearance of Ag—specific cells 1n the
chambers to follow enxponential binetics. The alteration of these
}1netics by the co-i1n,ection of neutralizing Ab to IL-2/4 along
with Ag could be used to probe the i1nvolvement of these growth
factors 1n this phenomenon.

Another hypothesis that could account for this observation
15 that the praior st in tests received by the subj;ects might have
resulted 1n the activation of Ag-specific cells 1» s1tu and
possibly 1n the draining 1l ymph nodes, which could then have
entered the carculation where they would tend to be delivered to
any subsequent DTH site. I+ such traffic occurred., 1t could
account for the sometimes qQuite high frequency of Ag-reactaive
cells both 1n the chambers and alsa 1n the blood, such as was
seen 1n sub,ect PF.

This hypothesis could be tested by placing 5W chambers over
sequential stin tests with the same Ag, on a sub,ect who had not
been =l1n tested recently. and determining the frequency of

cells reactive to the Ag 1n the chambers and 1n the blood.

Another plausible hypothesis 1s that the cells activated by
Rg 1n s21tu have different chemotactic or chemalinetic

responses than non—activated cells, leading to a




Page 7.3
disprop¢- ! onate delivery to the chambers. Such a differential
irespons: « ‘ness would serve to enhance the delivery of

CMI-pro.~ting cells to sites of i1nfection distant from the
perivascular areas. Alternately, these cells may be more
responsive to migretion 1nhibitory factors. which would
faci1litate their "trapping” at si1tes of Ag presentation, while
permitting a constant i1migration of new cells +from the
circulat:ion, and the emigration of non-activated cells,
resulting 1n a progressive accumulation of Ag-reactive cells at
the si1te. Testing freshly i1solated SW cells 1n chemotaiis
experiments and determining the Ag-specificity of motile and
non-motile cells would reveal 1f eirther of these hypotheses are

correct.

While Ag-specific T-cells are an absolute requirement for
DTH reactions, 1t 15 obvious that they do not represent the
masority of cells at DTH sites. The role of the non-specafic
cells present 1n the ma,ori1ty at DTH sites has never been
determined. Classically, these cells have been thought to be
recently proli1ferating T-cells attracted to the site through a
non-speci1fic mechanism. As a result of their 1nappropriate
specificity, 1t waes believed that these cells played no role 1n
the DTH response, and were urimportant, i1nert bystanders.

Nevertheless, the possibility exists that these cells may
respond to signals other than Ag, such as CF produced by
Ag—speci1fic cells, and thereafter exhibit some effector
function. While such behavior would be unusual 1n unactivated
circulating T-cells, the resident cells 1n the stin, or those
attracted to the stin from the circulation, may differ from
"typical" circulating T-cells. It 1s tnown that murine skhin
contains a large number of epithelial dendritic cells that
express both CDZ and the Tgsd T-cell receptor (1%96).
Intra-epi1thelial lymphocytes have also been shown to largely
consi1st of similiar cells that also express CD8 (197). These
cells both produre and respond to Ct (196,198) and respond to
mitogens (194). Interestingly, these cells may also exhibit

MHC—unrestricted cytotoxicity. If these cells are also present




Page 7.4
1n large numbers 1n human skin, 1t 1s gquite conceivable that
they may respond to the CV produced 1n DTH reactions and
subsequently play a role 1n the reaction.

It has not been possible to determine the potential of the
Ag-nonspecific cells at DTH sites to produce. or respond to Ck
produced by other cells. Using cells from the SW chambers, these
cells could be examined, both directly and by studying
Ag—nonspecific SW clones. The presence or absence of TgJ
cells 1n the SW chambers, and the clones derived from the
chambers, both Ag-specific and non-specific could also be
determined. Exposure of the resulting populations to purified
Cr, or supernatants from Ag—specific TDTH clones, and to the

SW chamber fluid could determine what role, 1f any, these cel’s

play 1n DTH.

The separation of SW chamber cells i1nto subsets will likely
require the use of flow cytometry and sorting. At the time the
thesi1s worl originated there was limted access to FACS machines
on campus and ob,ections were rairsed regardino the tendency of
SW chamber preparations to sticl or aggregate owing to the
number of activated PMN 1n them. The efforts to remove these
cells and the difficulties encountered have been described
previously, however 1t should be noted that i1n recent
euperiments by utilizing substitutes tor the 1007 serum that was
used to fi1l11 the chambers i1n these experiments up to 0%
reductions i1n the FMN 1nflux to the chambers was achieved. The
use of such samples 1n FACS apparatus 1s feasible, and thus SW
chamber cells could now be run and sorted for use 1n

experiments.

It has been proposed that. in the mouse. there are two
distinct ftorms of CD4+ cells. The TH! "i1nflammatory” and the
TH2 (B-cell) "helper" cell. It has remained unclear whether
there are human counterparts to these cells, and also whether
the TH1 cells would preferentially accumulate at Ag—specific
inflammatory sites. While some functions were broadly
distributed i1n human clones., 1n these experiments, the

Ag-reactive T-cell clones fraom human DTH s)tes could +ar the
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most part be divided xinto two groups analogous ta the murine
system 1n terms of IL-2/1IFN-g production and B-cell help. Thus
1t appears that a simlar functional dichotomy exists 1n human
TDTH cells.

It should be noted however that while Mossman e¢t. al. have
claimed that all TH1 clones mediate DTH (25) Clart et. al.
have reported that only 1 of S MBF specific murine clones could
mediate DTH when 1n,ected with Ag i1nto the footpad (175) and
attributed the previous findings to the mon-specific swelling
that occurs when large numbers of cloned cells are 1n,ected. a
phenomenon also noted by Marchal (75.76). This 1mplies that
there may be other functions than those used to define the THI
population, that are required for the generation of DTH.

Thus the current defimytion of TH1 cells may be
incomplete. There are a large number of Ci that are proposed to
play a role 1n DTH, based largely upan thewr in vitro .
activities (&6). The cells from SW chambers, and particularly the
Ag-specific cells, are presumed to tale part 1n DTH reactions,
and the same for the Ctr 1n the chamber fluid. By determining
which CF of the numerous possible candidates are actually
produced by TDTH cells and those that are detected in the
chamber fluid, the rather bewildering array of Cb thought to
play a role 1n DTH by virtue of their in vitro activity might
be narrowed down to a list of those demonstrably invol ved.

Using this approach. we were able to demonstrate
conclusively that both TNF and IFN~-g are produced in s:¢u¢ and
also by TDTH clones. Examples of likely candidates for
involvement 1n DTH that could be easily be confirmed would be
LIF, MIF and the i1nduction of fibrin deposition via MFIF as
described by Geczy (4). Novel activities might also be sought.
The ability of SW chamber cells and their supernatants to i1nduce
di1apedesis through artificial vascular models could be a
profitable way to i1dentify Ck that are i1mportant 1n this part of
DTH. From these approaches, a better definition of the functions

carried out by DTH cells could be developed.
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It has been asserted that TH2 cells would not play a
role 1n 1nflammatory processes. Yet Ag-specific TH2-type cells
are present i1n large numbers at DTH sites and 1t must be assumed
that they are as likely to be activated as the Ag-specific
TH1-type cells. What role, 1f any, 1s played by these cells in
providing the afore-mentioned "missing" actaivity(s) involved in
DTH, or other regulatory functions. should be as vigorously

pursued as the studies of the THi-type cells.

Gaining access to the cells directly from human DTH sites
also allows an 1n vivo approach to be used i1n defining the
functional phenotypes of DTH cells. The xenogeneic model of
Gordon et. &I. (195) mav be used to evaluate the capacity of
human "DTH" clones of varying phenotypes to i1nduce Ag-driven
rnflammation. Additionally, sub-populations of SW chamber cells
could be tested by adding purified AFC and pulsing the cells
briefly with Au ex vivo and then washing the activated cells
free of residual Ag and 1n,ecting them 1.d. The CK purified from
SW chamber fluids may also be i1n,ected i1.d. 1nto the same
sub,ects from which they originated in order to determine their

participation 1n, or regulation of, DTH reactions.

The availability of relatively large numbers ot 1-cells
directly from DTH lesions, as well as functionally phenotyped
clones of these cells will provide an opportunity to develop new
MoAbs that might define the "TDTH" cell population. Obviously,
currently available Ab may also be screened to determine their
relevance to the cells 1nvolved i1n DTH. A large laibrary of both
Ag-specific FBM and SW clones from numerous individuals has
already been established 1n the course of these investigations
and these may prove invaluable in screening potential Ab

candidates.

It has recently been shown that CD4+, CDASr+ cells do not
provide help for B-cells but produce IL-2 and IFN—g, while the
CD45r—- population has the reverse phenotype (118). It would
appear therefore that these correspond roughly to the TH1 and
TH. profiles. It 15 possible then that anti1-CD45- Ab may
delineate TH1 cells. If so then they should label the
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population of SW cells capable of evoking DTH reactions. Thas
could be tested in the xenogenic and possibly the autologous

human model.

It has also been shown that i1n some instances the activation
aof CD43r+ cells in vitro causes then ta differentiate 1nto
CDAS—-, THZ - like cells (124;. There 1s as yvet no 1n vivo
evidence of a similar phenomenon (118). It should be possible to
determine if an activation by Ag 2p vivo 1nduces the
differenti1ation of CD45r+ cells tn CDASr—, by placing freshly
ispiated SW chamber cells i1nto culture with appropriate growth
factors, and enumerating the changes, 1f any, in the propartions

of CD45r+ and CD4ASr- cells.

While these experiments have focussed upon the study of T-cells,
macrophages/monocytes also play a role in DTH, and these cells,
and perhaps their CK are found 1n SW chambers 1n greater
abundance than T-cells. The functional capacities of these cells
could be i1nvestigated in a fashion very simlar to the T-cells,
and their role(s) 1n DTH defined, with particular attention to
the i1nteractions via CK between them and TDTH cells.

In addition to expanding our understanding of the cells and
mediators i1nvolved 1n DTH, one of the goals of this work was to
accomplish a similar investigation of anergy, with a view
towards both describing the i1mmunclogical events that do or do
not occur in this condition, and passibly to use 1t as an
"experiment of nature'" to learn more about the i1mmune system.

It was found that anergic patients had an abnormally low
mononuclear cell delivery to recall DTH sites than both normal
and hospitalized controls. The co-i1n;ection of CK with Ag
restored delivery to the levels seen 1n response to Ag alone 1n
reactive patients. Reactive patients also showed an 1mprovement
in cell delivery when Ag was in,ected with CK, altbhough 1t was

much smaller i1n magnitude.

Christou has developed the concept of anergy as a continuum
of depression of DTH (and other host defences) leading from a

normal response to zero (anergy) with progressively greater
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probability of post-operative i1nfection and septic-related
mortalirty (129). This concept may explain the different
magnitude of the effect of CK on the cell delivery of anergic vs
reactive patients by implying that among the reactive patients,
some, or even most, were partially i1mmunosuppressed. If so,
since the co-injection of CK with Ag 1n reactive patients did
not result 1n as great an increase, relative to their response
to Ag alone, as in anergic patients, then the magn tude of
delivery to FFD+CK sites i1n reactive patients may be close to
the maximum number of cells that can be delivered to DTH sites.

To prove such a conclusion requires data from a large patient
population, varying somewhat continuously from a normal to
totally deficient i1mmune response. Obviously, the modest numbers
of patients used 1n this study were drawn from the two extrames
of the population. However, it can be concluded that on a
population level, when in;ecting recall Ag, the magnitude of
response to the co-injection of CK is inversely related to the
state of i1mmunocompetences.

Previous i1nvestigations of the restoration of DTH by CK in
anergic patients resulted 1n the conclusion that these CK
functioned to overcome some aspect of the anergic state which
blocks T-cell activation n vive. Marchal has reported that a
small number of Ag-reactive cells ip s2tu are required to
generate a DTH response (75,76). In these experiments it was
discovered that anergic patients have very low mononuclear cell
deliveries that are restored to naormal levels by the
co—1njection of Ag with CK. As a result., an alternative
explanation that was consistiant both with the previous
observations by Rode e¢t. al., and the SW chamber data was
proposed. This was the hypothesis that the early non—-specific
component of DTH is deficient in anergy, to the extent that
insufficient numbers of T-cells fram the circulastion enter the
skin to permit a cell of the appropriate Ag specificity to
become activated. In this hypothesis, the action of the CK that
restores DTH, 15 to i1ncrease the early non—-specific delivery to
sufficient levels to allow appropriate Ag—specific T—-cells to

enter the site.
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In relation to this hypothesis, it should be noted that
PPD-"ve (ie non-reactive in vitro) anergic subjects delivered
lower numbers of cells to PPD inection sites than their two
PPD-? ve reactive counterparts and also significantly 1lower
numbers than normal subjects in,ected with an Ag to which they
were not sensitized. This would imply that there 1s a defect in
the response to, or production of, non-specific i1nflammatory
mediators 1n anergic subjects.

Ferhaps the most i1nteresting observation was that i1n contrast
ta the responses of Ag sensi1tized patients the relative
magnitude of the increase i1n cell delivery upon co-injection of
Ag wit CFk was i1nsensitive to the underlying state of the i1mmune
system, when the subjects were not sensitized to the test Ag.
Although patient numbers were small, both anergic and reactive

patients responded by a doubling of cell delivery.

Thus one effect of the CKF may be to mimic the effect of
non—-speci1fic mediators in producing the early cell delivery. If
reactive patients were as responsive to these mediators, as to
those produced i1n the site. they would deliver more cells with
the co—-injection ot Ck. This 1is what was observed. If the
anergic subjects remained fully responsive to the mediators, but
simply failed to produce the initial mediators zn vive, one
would expect that they should have i1ncreased thear cell delivery
to the levels seen in the Ag non-respaonsive reactive patients.
This was not found to be the case. Since co—-i1n,ection of CK with
Ag restores the cell delivery in Ag responsive anergic patients
to the levels seen 1n Ag sites of reactive sub;ects, 1t cannot
be arqued that patients in the anergic state are intrinsically
incapable of normal cell deliveries. The differences would seem
rather to be a result of a non-responsiveness to the early
inflammatory factors normally produced i1n the Ag non-specific
portion of DTH. Thus 1n the the anergic patients, their i1nnate
responsiveness to the additional factors provided by the C¥ was
as defective as 1t was to those that should have been produced

by their own cells.
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There 15 additional eviderce to suppart this hypothesis of a
progressive loss of responsiveness to early non-specific
inflammatory mediators in the work of Puyana et. al. (199).
These investigators found that some anergic surgical patients,
injected 1.d. with the same CV preparations used in the
experiments in this thesis developed a non—specific "flare"”
reaction which was predictive of individual post-operative
survival. The authors i1nterpreted this erythematous fluid-filled
reaction as reflecting the ability or inability of the
individual anergic patients to recprnd to an as yet unidentified

non-specific i1nflammatory mediator(s) in the CK preparation.

Overall the available data would support the hypothesis that
the anerqgic sub,ects were deficient in their responsiveness to
inflammatory factors produced early in the non-specific portion

of DTH.

Data upon which to base a judgement regarding the importance
of the change in mononuclear cell delivery afforded by CL is
scanty. One observation however, may serve to put the question
within a frame of reference. The variation in mononuclear cell
delivery to Ag-’ve sites among anergic patients was on the eorder
ot 10-fold. In contrast, the CK afforded only a doubling of
mononuclear cell delivery to these same sites. In light of this,
it would seem unlikely that each anergic patient would deliver
exactly one half the number of cells required to trigger a
successful Ag-specific T-—cell - APC interaction. This is
especially so when one considers the variation in Ag-specific
frequencies one would expect both among the patients and between
different Ag 1n the same patient. The fact that anergic patients
still deliver several thousands of cells to Ag injection sites,
and that only a single Ag—specific cell in situ may he
required i1n order to initiate DTH make the likelihood that the
observed non-specific doubling of cell delivery afforded by CK
15 alone responsible for the restoration of DTH improbable.

On balance 1t would seem more likely that these results
indicate that there are two separate defects in anergy, possibly

of a common origin, that are affected by the in;ection of CK.
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One being the refractory response to inflammatory mediators, and
the second, the inability of T-cells to be activated i1n s:tu.
This hypothesas 15 entirely compatible with the results of Rode
et. al., in which PBM were cultured * Ag and then
re-injected i.d. (140). In these experiments, the re-in,ection
of cells that had been cultured with PPD, or the supernatants
from such cultures, restored DTH 1n anergic patients who were
reactive to PFD ian vitro, while cells cultured wathout Ag had
no effect when i1njected i.d. The addition of a group i1n which
the PBM were cultured without Ag and then re-i1n,ected along with
Ag would serve to test the hypothesis and determine 1§ the
delivery of sufficient numbers of Ag specific cells 1nta the
skin suffices, in the absence of injected CK, to overcome the
effects of anergy and mount a DTH response.

To verity that the early non—-specific component of DTH 1s
indeed defective i1n the anergic state, the response to small
quantities of irritants could be used to determine 1f the
non-specific production of i1nflammatory mediators i1s defective
in anergy, and the i1njection of such mediators could suffice to
establish 1f it is the response to such mediators that 1s
faulty, without altering the local potential for T-cell

activation.

The ability of CK to restore a DTH-li1ke skin response has
been known for some time. It has not been clear whether this
reaction represents a true DTH response. i1nvolving the delivery
of cells capable aof carrying out the functions i1nvolved in DTH,
or simply a partial replica of DTH. Following the description of
the cells delivered to SW chambers over normal DTH sites, the
same cells from anergics i1nected with Ag+CKk were cloned and
their functional capacities determined. In every function
assessed, including the enrichment of Ag-specific cells,
cytotoxicity and LK production, the T-cells from Ag+CK sites af
anergic patients were comparable to those from normal DTH
reactions. Thus the results i1ndicate that the co-in;ection aof Ag

with CK results 1n a true restoration of DTH.
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The failure of human MLC supernatants to restore DTH in
situ 1n rats may indicate that the responsible CK is
species-restricted. Rat MLC supernatants should restore DTH in
anergic rats and 1f sao, the rat may serve as a convenient system

in which to isolate and describe the mode of action of this CK.

The importance of T-cell mediated i1mmune responses in host
defence against infection 1s well known. These results provide
reasan to be optimistic that the deposition of CK at sites of
infection 1n anergic patients may serve to improve their i1mmune
response to the infecting organism(s). The ability to affect
such an improvement in the immune response of anergic patients
would be of obvious theraputic value, particularly since these
patients are the most at risk for lethal outcome of
post—-operative 1nfections.

It was for this reason that the experiments with anergic
rats were carried out. The ability of miniscule amounts of human
MLC supernatant to afford protection from lethal infection in
these animals 1s fwrther cause for optimism regarding the
application of these results to patient therapy. The unexpected
finding that the restoration of DTH and the protection from
infection were due to two different factors may mean that
eventually two distinct modes of 1mmunotherapy may be applied ta
the treatment of such infections, and the efftects of the CK on

normal rats may signal that these benefits need not be confined

to the anergic population.

At the present time, there 1s little evidence from which
insights 1nto the mechanism by which the factor affords
protection from lethal peritonitis can be drawn. Some 1nformed
specul ation however, may be carried out.

The i1nitial hypothesis that the MLC supernatants would
restore local host defences led to the decision to inject it
directly at the site of the infection, 1.e. intraperitonealy. If
the factor functions only when i1ntroduced i1n such a local
fashion, then this may simply indicate that it has a short
half-l1fe 1n the circulation. Alternately, 1t might reveal

something more fundamental about 1ts mode of action.
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The factor may work by activating resident phagocytic cells, ar
by altering the local endothelium 1n such a way as to promote
the recruitment of cells i1nto the site, possibly by promoting
adherence, gap formation or some other function vital te
diapedesis. The factor may simply be highly chemotactic, and
thus recruit cells, erther specific or non-specific, i1nto the
site., The factor could act 1n some fashiaon, that rather than
altering the type of reaction that occurs, simply accelerates
the response that would take place without 1t, and thus protects
the anergic animals by allowing their weakened host defences to
"get a jump" on the infecting bacteria.

Naturally, a more attractive explanation would be that the
factor represents an essential component of normal local host
defences that 15 not produced i1n the anergic state, possibly the
factor whose non—production results 1n anergy. Experiments to
identify the factor and 1ts mode of action would also determine
the cell or cells that respond to 1t. Several paossible
candidates have been mentioned abaove, 1f the action of the
factor i1s not restricted to the locale at which a1t 15 1nected,
a probable candidate for the target of the factor would be a
phagocytic cell. Systemic non-specific activation of this type
of cell could account for the protection ot the anergic rats.
The possibility of a non—-specific activation aof specific cells,
possibly Tgé cells, can not be ruled out, although such an

activation would be unprecedented.

The factor 1s produced 1n MLC reactions and say therefore be
a normal component of cell mediated i1mmune responses. Should
this be so, then anergy will indeed have served as a useful
Yexperiment of nature" for 1nvestigating fundamental aspects of

immunity.

In summary, the development, and application of, the SW
chamber technique to the examination of DTH and anergy has led
to a substantial refinement 1n our knowledge of the cellular and
soluble mediators involved 1n these two facets of the i1mmune
system. This knowledge has 1n turn resulted 1n many new

questions that may now be addressed, and also to the discovery
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of a factor that may be of substantial theraputic value in the

treatment of anergic patients.




11.

12.

13.

14.

15.

14.

17.

Page Al.1

Appendix 1: References

Dampier, Sir W. C. A Shorter History of Science,
Cambridge University Press, London, 1944.

Superino, R., and J. L. Meakins. 1984. Delayed—-type
hypersensitaivity, anergy and the surgical patxenz. J.
Surg. Res. 37:151.

Talmage, D. W. 1988. A century of progress: beyond
molecular immunoloqy. J. Ismsunol. I41.:51%1.

Topllg, W. W. C. 8n Outline of Ismunity, William Wood %
Ca., Baltimore, 1933.

Godfrer, H. P. and P. G. H. Gell. i978. Cellular and
molecular events in the delayed-onset hypersensitivities.
Rev. Physiol. Brochewm. Pharmacol. S4:1.

Geczy, C. L. 1984. The role of lymphokines 1in
del ayed-type h;persen51t1v1ty. Springer Semin.
Impunopathol. 7:321.

Waksman, B. H. 1979, Cellular hy?ersens1t1v1t and
immunity: conceptual changes 1n last decade. Cell.
Impunol. 42:155.

Gordon J., and L. D. MacLean. 1945. A
lymphocyte—stimul ating factor produced in vitro. Nature.

208:795.

Kasakura S., and L. Lowenstein. 1265. A factor
stimul ating DNA synthesis derived from the medium of
levkoeyte cultures. Nature. 208:794.

Huber. B., 0. Devinsky, R. K. Gershon and H. Cantor.

1976. cell mediated 1maunity: delayed-type hypersensitivity
and cytotoxic responses are mediated by different T-cell
populations. J. Exp. Hed. I43:1534.

Smith, F. and J. F. A. P. Miller. 1979. Delayed—tyge
hypersensitivity to allageneic cells 1n mice. II. Cell
Egaggfer studies. Int. Arch. Allergy Appl. lm»muncl.
58:295.

Blackwood, L. L., T. Lin and J. I. Rowe. 1787.

Suppression of the DTH and cell med:iated i1mmune response ta
Listeraa mopocytogenes i1nduced by L2steria aeruginosa.
Infect.Immun. 539.

Liew, F. Y. 1989. Functional heterogeneity of CD4+
T—cefls 1n Leishmaniasis. I»sunol. Today. 10. 2:40.

Passwell,J. H., R. Shor, H. Trau, J. Shoham and C. L.
Jaffe. 1587, Antigen—-stimulated iymphoklnes from patients
with cutanious leishmaniasis induce manocyte b1lling of
Leishmania wajor 1ntracellular amastigotes. J. Ismunol.
139, 12:4203.

Crowley, A. J. I»»uno]ogg, Readings from Scientzfic
Amerazcan. W. H. Freeman Co, San Franciscao. 1976.

Hayry, P., E. V. Willebrand and K. Wiktorowicz. 1979.
Composition, subclass distribution, and prelxm1nar¥
analysis of the functions of host i1ntlammatory cells
infiltrating renal allngra%ts during re,ectian.
Transplantaizon Proc. 11. 1:785.

IKiessling, R. and 0. Haller. 1278. NK cells 1n_the mouse:
an alternative i1mmune survelllance mechanirsm. Contemp.
Top. Iswmunobiol. 8:171.




18.

19.

20.

21.

22.

23.

24.

23.

26.

27.

28.

30.

3t.

Page A1.2

hypersensitivity to allaogeneic cells in mice. .
Sensitivity to cell surface antigens coded by the MHC
complex and by other genes. J. Exp. Med. 150:%65.

Kiessling, R., P. S. Hochman . Haller, G. M. Shearer, H.
Wigzell and G. Cudkawicz. 1977. Evidence for a similar or
common mechanism for NK cell activity and resistance to
hemopoirtic grafts. £ur. J. Immunol. 7:655.

Smith, F. and J. F, A, P. Miller. 1979. Delayed;%ype

ns 1n delayed-type

Elkins, W. L. 1971, Cellular populat
hypersensitivity. Prag. ARllergy. 15:

Leung, K. N. and G. L. Ada. 1980. Two T-cell populations
medxaée DTH to murine 1nfluenza virus i1nfection. Scand. J.

Impunol. 12:481.

Wiltrout, R. H., B. J. Mathieson, J. E. Talmadae C. W.
Roénolds, 8. Zhang, R. B. Herberman and J. R. rtaido.
1984. Augmentation of organ—associated NK activity by
biological response modifiers. Isolatiaon and
characterization of large granular !ymphocytes from the
liver. J. Exp. Ned. 160:1437,

Stein-Streilein, J., P. L. Witte, J. W. Streilein and J.
Guffea. 1985. Local cellular defences i1n influenza-
infected lungs. Cell. Immunol. 95:234,

Tite, J. P. and €. A. Janeway Jr. 1984. Cloned helper
T-cells can kill B lymphoma cells 1n the presence of
specific antigen: I Ia restrictions and cognate vs non-
gggn?ge 1interactions 1n cytalysis. Eur. J. Immunol.

187 8.

Cher, D. J., and T. R. Mosmann. 1987. Two tygms of murine
helper T cell clones II. Del ayed—-type hypersensitivity 1s
mediated by TH1 clones. J. Immunol. 13%:3658.

10
re

Marks, J. G., R. J. Zaino, M. F. Bressler and J. V.
Williams. 1987. Changes 1n lymphocyte and langerhans cell
populations 1n allergic and irritant contact dermatitis.

Int. J. Derm. 26:354.

Chase, M. W. 19746. Developments 1n delayed-type
ggpigzensxtxv1es: 1950~ 1975. J. Invest. Bermatol.

s

Dvorak, H. F., A. M. Dvorak, B._ A. Simpson, H. B.
Richerson, 5. Leskowitz and M. J. Karnovsky. 1970.
Cutaneous basophil hypersensitivity 1I. J.

Exp. Med. 132:552.

Gell, P. 6. H. and B. Benacerraf. 1961. Delayed
hypersensitivity to simple protein antigens. Adv. Immunol.

H -

Experlmental allergic

Wakesman, B. H. 1959
In he "autoallerqgic" diseases. Int.

1 .
encephalomyelitis and
arch. Allergy. 14:

Botham, P. A., N. J. Rattray, S. T. Walsh and E. J. Riley.

1987. Control of the i1mmune response to contact
sen51t121ng chemicals by cutanious antigen—presenting
cells. Brat. J. Derwm. 1I7:17.

Sullivan, S. - R. Berbstresser, R. E. Tigelaar and J. W.
Streilein. 1486. Induction and regulation of contact
sensitivity by reosident, bone marrow—derived dendritic
epidermal cells: langerhans cells and Thy-1+ epidermal
cells. J. Immunol. J137. 2:2450.

-




Iwitw

33.

34.

37.

39.

40.

41.

42.

43.

a4,

45.

46.

Page A1.3

Takai, Y., A. Kosugi, T. Yoshioka, S. Tomita, H. Fujiwara
and T. Hamaoka. 1985, T-T cell interactions 1in the
induction of DTH responses: vaccinmia virus—reactive helper
T cell activity i1nveolved in enhanced i1n vivo i1nduct.on of
DTH responses and 1ts application to augmentatian of
tumor—specific DTH responses. J. Ispunol. 134. 1:108.

Turk, J. L. and J. Oort. 1966. A histochamical analysis
of mononuclear cell 1nfiltrates of the slin with particular
ngg;gnce to DTH 1n the guinea pi1qg. Int. ABrch. Allergy.

Askenase, P. W. 1974. Cutaneous basophil hypersensitivity
uncovered i1n the cell transfer of classxca{ tuberculin
hypersensitivity. J. Ismunol. 217. 3:741.

Askenase, P. W., F. D, Haynes and B. J. Hayden. 1976.

Antibody—-mediated basophil accumulations 1n cutaneous

?;Bersen§1t1V£ty reactions of guinea pigs. J. Ismunol.
- 5. 1:2722.

Askenase, P. W., B. J. Hayden and R. K. Gershon. 1975.
Augmentaélon of del ayed—type hypersensitivity by daoses of
cyclophosphamide which do not affect antibody responses.
J. Exp. Ned. 141:67%.

Wiltrout, R. H., A. C. Denn and C. W. Reynolds. 1984

Augmentaé1on of argan—associated NK activity bm

biological response modifiers: association of NK activity

glth mon?nuclear cell 1nfaltration. Pathol. Immuncpathol.
es., 5:219.

Turk, J. L., C. H. Heather and J. V. Diengdoh. 12&46. A
histochemical analysis of mononuclear cell infiltrates of
the skin with particular reference to delayed
gngrsen51t1vx y 1n the guinea pi1g. Int. ABrch. Allergy
29:27¢&.

Braathen, L. R., 0. Forre and J. B. Natvig. 1979. An
anti-human T-lymphocyte antiserum: 2n s2tu 1dentification
of T cells 1n the stkin of delayed-type hygersen51t1v1ty
reactions, chronic photosensitivity dermatitis, and mycosis
fungoides. Clin. Immuncl. Immurnopathol. I3:211.

Fullmer, M. A., J. -Y. Shen, R. L. Modlin and T. H. Rea.
1987. Immunohistological evidence of 1¥mBhDV1ne production
and lymphocyte activation antigens 1n tuberculin reactions.
Clin. Exp. Immunol . 67:323.

Giorno, R., K. L. Choi, H. R. Katz and H. N. Claman.
1987. Monoclonal analysis of shin 1n chromic murine gratt
vs host disease produced across minor histocompatability
barriers. Cell. Iwmunol. 106:7o.

Wood, 6. 5., A. S. Volterra, E. A. Abel., B. J. Nickolotf
and R. M. Adams. 1986. Allergic contact dermatitis: novel
immunchistologic features. J. Invest. Dermatol. o835,

Platt, J. L., B, W. Grant, A. A. Eddy and A. F. Michael.
1983. Immune cell populations 1n cutaneous delayed-type
hypersensitivity. J. Exp. Hed. 158:1227.

Scheynius, A., T. Fisher, U. Forsum and L. Klareskog.
1984. Fhenotypic characterization n s2tu of i1nflammatory
cells 1n allergic and 1rritant contact dermatitis i1n man.
Clzn. Exp. Imwunol. 55:&171.

Zembala, M. and 6. L. Asherton. 1976. The effect of
cyclophosphamide and 1rradiation on cells which suppress
ggngggt sensitivity 1n the mouse. Clin. Exp. Immunol.




47.

48.

47.

50.

51,

33.

57.

58.

39.

&0,

61.

Page Al.4

Poulter, L. W., 6. J. Seymour, O. Duke, 6. Janossy and 6.
Pananyi. 1982. Immunohis olo?1ca1 analysis af delayed-type
hypercsensitivity 1n man. Cell. Immunol. 74:358.

Cooper, K. D., S. M. Breathnach, S. W. Caughman, A. 0G.
Palini, M. J. Waxdal and S. l. Katz. 1985. Fluorescence
microscope and flow cytometric analysis of bone-marraw
derived cells 1n human epidermis: a search for the human
analogue of the murine dendritic Thy—-1+ epidermal cell.
J. Invest. Dermatol. £5:546.

Bos, J. D., I. Zonneveld, P. K. Das, S. R. Krieg, C. M.
van der Loos and M. L. Kapsenberg. 1987. The skin 1mmune
system (5IS): distribution and immunophenotype of
lymphocyte subpopulations 1n normal human skin. J. Invest.
Dermatol. 509,

Malorny, U., J. Knop, G. Burmeister and C. Sorg. 1938.
Immunohistochemical demonstration of migratory inhibition
factor (MIF) 1n experimental allergic contact dermatitis.
Clzp. Exp. Immunol. 71:164.

Kaplan, G., A. Nusrat, M. D. Whitmer, I. North and Z.

Cohn. 1987. Distribution and turnover of langerhans cells

dua g gelayed immune responses 1n human shin. J. E£xp. Med.
&5 .

=
1eb:

Scheynius, A. and U. Ternlund. 1985. Class 11
transplanéatlon antigens 1n the lage human skin tuberculin

reaction. Scand. J. wwunol . Z2:227.

Ptak, W., M. Bereta, M. Ptak, and P. W. Askenase. 1986.
lsotype—kae suppression of 1 cell-mediated immunity 1n
vivio. I. Delayed-type hygersen51t1v1ty specificity of T
cell suppression i1nduced by antigen—- binding T cell factors
that 1niti1ate cantact sensitivity. J. Imeunol. 1364.

5:1554.

Collizzi, V., 6G. Doria and L. Adorini. 1984.
Immunoregulaéion of lysozyme—-specific suppression I.
Induction and sup?r9551on of delayed-type hypersensitivity
to hen eqgg-white lysozyme. fuar. J. Imwunol. 14:220.

North, R. J. 1974. T-cell dependence of macrophage
activation and mobilization during infection with
Bycobacterium tuberculosis. Infect. Immun. 10:664.

Crowle, A. J. 1975. Delayed type hypersensitivaty in the
mouse.’ﬁdu. Iswunol . 20:;97. s YP Y

Miller, S. D. and M. K. Jenkins. 1985. In vivo effects
of GF1.5 (ant1-L.3T4) monoclonal antibody on i1nduction and
expression of DTH. Cell. Ispwmunol. 97:414.

Pedrazzini, T. and Louis, J. A. 1984. Functional analysis
in vitro and in viva of M. bovis strain BCG—specific
T-cell clones. J. Iewunol. 136:18Z22.

Kaufmann, S. H. E. 1988. CD8+ T lymphocytes in
gngzgcelfular mircrobi1ral 1ntections. Imsmunol. Today. 9.
[ - & o > S8

Kaufmann, S. H. E., E. Hug, U. Vath and I. Muller. 1985.
Effective protection against Listeria monocytogenes and
DTH to Listerial antigens depend on cooperation between
LZT4+ and Lyt 2+ T-cells., Infect. Immun. 45:253.

Bishop, D. K. and D. J. Hinrichs. 1987. Adoptive transfer
?gqunglfy to L2steria wonocytogenes. J. Immunol.
2 32< .




62.

66.

&7.

68.

69.

71.

~
3 ]

73.

74.

73.

76.

77.

Page A1.5

Mielke, M. E. A., S. Ehlers and H. Hahn. 1988. T-cell
subsets 1n DTH, protective, and granuloma formation 1n
primary and secondary Listerze 1nfection 1n mice.Superior
rol?qeo Lyt 2+ cells 1n aquared 1mmunity. Infect. Imsmun.
56271920,

Markham, R, B, and W. G. fowderly. 1988. Exposure of mice
to live Pseudowonas aeruginosa generates protective
cell-mediated 1mmunity 1n the absence of an antibody
response. J. Imsmunol. 140:2039.

Trinchieri, G. and B. Perussia. 1984. Biology of disease.
human NK cells, biologic and pathologic aspects. Lab.
Invest. 50:429

Nobholz, M. and H. R. MacDonald. 1987. Cytolytic T
lymphocytes. Ann. Rev. Immunol. 1:273.

Najar:an, J. 8. and J. D. Feldman. 1961. Fassive transfer
of tuberculin sen51t1v1t% by tritiated thymidine-1labelled
lymphoid cells. J. Exp. Med. 114:779.

Najarian, J. 8. and J. D. Feldman. 19262. Fassive transfer
af contact sensitivity b% tritiated thymidine-labelled
lymphoid cells. J. Exp. Med. 117:775.

Najarian, J. 8. and J. D. Feldman. 19467. Specificity of
gagsxgﬁéygt;ansferred del ayed hypersensitivity. J. ZAp.
ed. 3417,

McCluskey, R. T., B. Beriacerraf and J. W. McCluskey.

1967, Studies on the speci1ficity of the cellular i1nfiltrate
ég gelayed hypersensitivity reactions. J. £xp. Med.

0z donm.

Cohen, S., R. T. McCluskey and B. Benacerraf. 1947.
Studies on the specificity of the cellular i1nfiltrate of
QElazed hypersensitivity reactions. J. Immunol. 9%5.
Z:269.

Scheper, R. J., ANS C. H. M. van Dinther-Janssen and L.

Polak. 1985. Specific accumulation of hapten—-reactive

}}58115 iggcon act sensitivity reaction sites. J. Iwmsmunol.
. 321333,

Asherton, G. L. and 6. 6. Allwood. 1972. Inflammatory
lymphoid cells 1n rmmunized lymph nodes that move to sites
of 1nflammation. Iewunology. Z27:493.

Dailey, M. 0., C. G. Fathman, C. Butcher, E. Pillemer and
I. Weissman. 1982. Abnormal migration of T-1ymphocytes
clones. J. Immunol. 128:2%134.

Kapsenberg, M. L., P. Res, J. D. Bos, A. Schootemi jer, M.
B. M. Teunissen and W. V. Schooten. 1987. Nickel-specific
T lymphocyte clones derived from allergic niclel-contact
dermatitais lesions in man: heterogenel based on
requirement of dendritic antigen—presenting cell subsets.
Eur. 7. Immunol. 17:8&1.

Marchal, 6. and G. Milon. 1984. Numeration of
DTH—medlatlng T lymphoc tes 1n mice under optimal titration
conditions. Ann. nmunoY. (Inst. Pasteur). 135. €. 3353.

Marchal, 6., M. Seman, G. Milon, P. Truffa-Bachi and V.
Zilberfarb. 1982. Local adoptive transfer af sbkin
delaxed—type hypersensitivity 1nitiated by a single T
lymphocyte. J., Imwmuncol. 129. 3:954.

Howie, 5. E. M., J. A. Ross, M. Norval and J. P. Maingay.
1987. Ir vivo modulation of antigen presentation
enerates TS rather than TDTH i1in HS5V-1 infection.

»wunol. &50:4719.




78.

79.

go.

g81.

83.

84.

85.

86.

87.

88.

89.

90,

1.

g2.

o3.

Page Al.6

Green, D. R., B. Chue, T. A. Ferguson, K. D. Beaman and P.
M. Fldod. 1988. A helper T cell clone produces an
antigen—-speci1fic molecule (T-ABM) which functions in the
induction of suppression. In FPress.

Ullrich, S§. E. 1987. The effect of ultraviolet @
radiation—-induced suppressor cells on T-cell activity.
Ip»wunol . &£0:353.

Allwood, 6. 6. 1975. The mxgratnry behaviour of T blasts
to contact sensitivity reactions i1n actively and passively
sensitized mice. Imspunol. 28:621.

Rose, M. L., D. M. V. Parrott and R. G. Bruce. 1978. The
accumul ation of 1mmunoblasts in extravascular tissues
including mammary gland, peritoneal cavity, gut and skin.
Immunol .. 35:415

Asherton, G. L. and G. G. Allwood. 1972. Inflammatory
lymphoid cells: cells 1n 1mmunized lgmph nodes that move to
sites of inflammation. Iswunol. 22:493.

Du: jvesti jn, A. and A. Hamann. 1989. Mechanisms and
;egglatlon of lymphocyte migration. I»msunol. Today. 10.

Stingl, G, « I. Katz, L. Clement, 1. Green and E. M.
Shevach. 1678. Immunologic functions of Ia-bearin
eprdermal langerhans cells. J. Immunol. 712f. 5:2005.

Geczy, C. L. 1983. Lymphokines 1in cell mediated immunity.
Lyaphokines. $:210.

Hopper, K. E., C. L. Geczy and W. A. Davies. 1981. A
mecnhanism of migration inhibition i1n delayed-type
hypersensitivity reactions I. Fibrin deposition on the
surface of elicited peritoneal macrophages in vive. J.
Impunol. 126. 3:1052.

Geczy, C. L. and K. E. Hopper. 1981. A mechanism of
mlgra€1on inhibition 1n delayed—-type hypersensitivity
reactions II. Lymphokines promote procoagulant activity of
macrophages 2zn vitre. J. Iamuanol. 126. 3:1059.

van Ginkel, C. J. W., W. P. Zei jlemaker, L. A. M.
Stricker, J. 1. H. ON and W. 6. van Aken. 1981.
Enhancement of mononcyte thromboplastin activity by
antigenically stimulated lymphocytes: a link between immune
;?a§7;v1ty and blood coagulation. £ur. 7. Imsaunol.

Klimetzek, V. and C. Sorg. 1977. Lymphokine—induced
secretion of plasm1n0gen activator by murine macrophages.
Eur. J. Ipmunocl. 7:185.

Brunham, R. C. and K. K. Holmes. 1983. Immune mechanisms
1nvolved 1n bacterial infections. Advances in Host Defence
Mechaniswms, Vol 2., Gallin, J. 1. and A. S. Fauci, ED.
Raven Press, New Yorl.

McElrath, M. J., G. Kaplin, A. Nusrat and Z. A. Cohn.
1987. Cutaneous leirshmaniasis: The defect 1n T cell influx
1n BALB/c mice. J. Exp. Med. 165:546.

Kaufmann, 5. H. E. and 1. E. A. Flesch. 1988. The role of
T cell—-macrophage 1nteractions in tuberculosis. Springer
Sew. Immunolpath. 10. 4:337.

Coutinho, 5. 6., J. A. Louis, J. Mauel and H. D. Engers.
1984, Induction by specific 1 lymphocytes of intracellular
destruction of Lezshman:ia major in infected murine
macrophages. Paras:rte Immunol. &:157.




94,

5.

6.

97.

98.

??.

100.

101.

102.

103,

104.

104.

107.

108.

109.

Page Al1.7

Askenase, P. W. and H. Van Loveren. 1983. Delayed-type
hypersensitivity: activiation of mast cells by
antigen—specific T-cell factors initiates the cascade of
cellular interactions. Issunol. Today. 4. 9:259.

Ptak, W., P. W. Askenase, R. W. Rosenstein and R. K.
Gershon. 1982. Transfer of am antigen-specific immediate
hypersensitivity-like reaction with an antigen-binding
;Sc§829produced by T cells. Proc. Nat. Acad. Sci1. USA.

Askenase, P. W., R. W. Rosenstein and W. Ptak. 1983. T
cells produce an antigen—-binding factor with 1n vivo
activity analogous to IgE antibody. J. Exp. Med. 157:86Z%.

van Loveren, H., R. Meade and P. W. Askenase. 1983. An
early component of delayed—type hypersensitivity mediated
by T-cells and mast cells. J. Exp. Med. 157:1&604.

Askenase, P. W. and H. van Loveren. 1984. Dela ed—ty?e
hypersensitivity 1s mediated by a sequence of two d:fferent
T cell activities. J. Immunol. 133. 5:2397.

Askenase, P. W., H. van Loveren, S. Kraeuter-Kops, Y. Ron
R. Meade, T. C. Theoharides, J. J. Nordlund, H. Scovern, M.
D. Gerhson and W. Ptak. 1983%. Defective elicitation of

del ayed-type hypersensitivity in W/Wv and S1/51d mast
cell-deficient mice. J. Ismunol. 131. 6:2687.

Galli, S. J. and Hammel. 1984. Unequivocal delayed
hypersensitivity in mast cell-deficient and beige mice.
Science. 206:710.

Ptak, W., M. Bereta, M. Ptak_and P. W. Askenase. 1986.
Isotype—flke suppression of T Cell-mediated immunity in
vivo. J. Immsunology. 13&. 5:1564.

beczy, C. L.y, W. Friedrich and A. L. de Weck. 19275,
Production and zn vive effect of antibodies against
guinea pig lymphokines. Cell. Immuncl. 19:65.

Jesekutz, T. B,, J. M. Stoltz and P. van der Meide. 1988.
The recruitment of lymphocytes into the skin by T cell
l}mggnkines: the role of g-interferon. CIin. exp. Immuncl.
r37 =

lssekutz, T. B., J. M. Stoltz and P. van der Meide. 1988.
Lzmphocyée recruitmenc _in delayed-type hgpersen51txv1ty:
The role of 1FN-g. J. Ismurnol., 140. 9:2989.

Landolfo, S., F. Cofano . Biovarelli, M. Prat, G.
Cavallo and G. Forni. 1985. Inhibition of 1nter$eron—gamma
may suppress allograft reactivity by 7 lymphocytes 1n vitro
and in vivo. Science. 229:176.

Skogiund, C., A. Scheynius, R. Holmdahl and P. H. van der

Meide. 1988, Enhancement of DTH reactipn and inhibition of
the expression of class Il transplantation antigens by in

vivo treatment with antibodies against g—-interferon.

Clin. exp. lemunol. 71:422.

David, J. R. 12446. Delayed hygersen51t1v1ty 2n vitro:
1ts mediation by cell~free substances formed by lymphoid
cell interaction. Proc. Nat. fcad. Sci. USH. 56:71.

Bloom, B. R. and B. Bernet. 1%246. Mechanism of a reaction
in vitro associated with del aved—-type hypersensitivity.
Science. 153:80.

MacLean, L. D., J. L. Meakins, K. Taguchi, J. P. Duignan,
K. S. DRillon and J. Gordon. 1975. Host resistance 1in
sepsis and trauma. #nn. Surg. 182. 3:207.




110.

111.

112,

113.

114.

115.

116.

117.

118.

119,

120.

121.

122.

Page A1.8

Issekutz, T. B., J. M. Stoltz and T. Chisholma. 1788. The
effect of lipopol ysaccharide and lymphokines on in vivo
lymphocyte migration. Proc. Can. Soc. Ismunol, 17.

Lamont, A. 6., M. Gordon and A. Ferguson. 1988. T
lymphocyte function in protein deprived mice. Clin. Exp.

Immunol . 722113.

Debs, R. J., H. J. Fuchs, R. Fhilip, A. B. Montgomr{ E.
N. Brunette, D. Liggitt, J. 8. Patton and J. E. Shellito.
1988. Lung—-specific delivery of cytokines induces sustained
pulmonary and systemic immunomodulation in rats. J.
Ispunol. 140. 10:3482.

Shimokawa, Y., S. Harita, Y. Higuchi and H. Ha}/ashi.
1982. Lymphocyte chemotaxis in 1nflammation. III.
Demonstration of lymphocyte chemotactic activity in extract
fraom PPD~1nduced delayed hypersensitivity skin reaction
site in the guinea-pig. Br. J. exp. Path. 63:355.

Yoshimura, T., M. Honda and H. Hayashi. 1984. Selective
chemotaxis af la antigen—posi1tive blood manacytes in
response to a macrophage chemotactic lymphokine extractable
from PPD~induced delayed hypersensitivity reaction site in
guinea-pigs. Imsunol. 52:269.

Shimokawa, Y., S. Harita, Y. Higuchi and H. Hayashi. )
1982. Lymphocyte chemotaxis 1n inflammation. IV. Isolation
of lymphocyte chemotactic factors from PPFD-induced del ayed
hypersensitivity skin reaction site in the guinea- p1g,
with special reference to a factor chemotactic for cells,
Br. J. exp. Path. &3:3&62.

Mibu, Y., Y. Shimokaway and H. Hayashi. 1985. Lymphocyte,
chemotaxis in 1nflammation X. Heterogeneity of chemotactic
responsiveness 1n human T subsets towards zt_nphocyte
chemotactic factors from delayed hypersensitivity reaction
site. Immunol. 55:473.

Shimokawa, Y., §. Harita, Y. Mibu and H. Hayashi. 1984.
L¥m§nhoc te chemotaxis 1n inflammation VIII. Demonstration
0 ymphocyte chemotactic lymphokines in PPD-induced
delayed hypersensitiviiy skin reaction site in the
guinea—pig. Immunol. 51:287.

Bottomly, K. 1988. A functional dichotomy in CD4+ T
lymphocytes. Ismsurnol. Today. 9. 9:262.

Mosmann, T. R., H. Cherwinski, M. W. Bond, M. A. Giedlin
and R. L. Coffman. 1986. Two Eypes of murine helper T cell
clone. J. Imwunol. 2136:2348.

Mosmann, T. R. and R. L. Coffman. 1987. Two types of
mouse helper T-cell clone. Implications for immune
regulation. Imsmunol. Today. 8. 7&8:223.

Swain, S. L., D. T. McKenzie, A. D. Weinberg and W.
Hancock. 1988. Characterization of T helper 1 and 2 cell
subsets in normal mice. J. Immunol. Z41. 10:3445.

Greenbaum, L. A., J. B. Horowitz, A. Woods, T. Pasqualini
E. Reich and K. ﬁattunly. 1988. Autocrine growth of CD4+ '
cells. J. Ismunol. 740, 5:1555.

Paliard, X., R. D. W. Malefijt, H. Yssel, D. Blanchard, I.
Chretien, J. Abrams, J. de Vries and H. Spits. 1588.
Simul taneous produc{:ion of IL-2, IL-4, and IFN-g by
?s}:xv?tggs’human CD4+ and CD8+ T cell clones. J. Imsmsuncl.




124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134'

135.

136.

137.

138.

13%.

Page A1.9

Clement, L. T., N. Yamashita and A. M. Martin. 1988. The
functionally distinct subpopulations of human CD4+
helper/inducer T lymphocztes defined by anti—-CD45SR
antibodies derive sequentially from a differentiation
pathwaz that is regulated by activation—dependent
post~-thymic differentiation. J. Imsmunol. I41. 5:1464.

Umetsu, D. T., H. H. Jabara, R. H. DeKruyff, A. K. Assas,
J. 8. Abra@s and R. D. Geha. 17988. Functional
hetern?en91ty among human inducer T cell clones. J.
Imsmunol. 140. f2:4211.

Pantuleo, G., A. Moretta, C. Cillo, J. F. Eliason and L.
Moretta. @ 1985. Phenotypic and functional heterogeneity of
human peripheral blood T lymphocytes producing colony
stimulating factor. A clonzl and precursor frequency
analysis. J. Immunol. 135. &:3933.

Ing, A. F. M., J. L. Meakins, A. P. H. McLean and N. V.
Christou. 1985. Determinants of succeptability to sepsis
ggdoggrtal1ty: malnutrition vs anergy. J. Surg. Res.

Ahmed, A. R., and D. A, Blose. 1783. Dela Ed_tyBe
t}\;geg§§n51t1v1ty skin testing. A review. &Grch. Dermatol.

Christou, N. V. 1985, Host-defence mechanisms 1n surgical
atients: a carrelative study of the delayed
vpersensitivity skin—test response, granulocyte function

and sepsis. fan. J. Surg. 28. 1:39.

Marshall, J. C., N. V. Christou, R. Horn and J. L.
Meakins. = 1988. The microbiology of multiple organ failure.
Arch. Surqg. 123:309.

Meakins, J. L., J. B. Pietsch, 0. Bubenick, R. Kelly, H.
Rode, J. Gordon and L. D. MaclLean. 1977. Delayed
hypersensitivity: i1ndicator of acquired failure of host
defences in sepsis and trauma. Ann. Surg. 184:241.

Weinstein, W. M., A, B. Onderdonk_ and J. . Bartlett.
1974. Experimental intra-abdominal abscesses in rats:
dexséopment of an experimental model. Infect. Imaun.

Maclean, L. D., J. L. Meakins, K. Taguchi, J. P. Duignan,
K. S. Dhillon and J. Gordon. 1975. Host resistace 1n
sepsis and trauma. Ann. Surg. 182: 207.

Morris, J. S., J. L. Meakins and N. V. Christou. 1985. In
vivo neutrophil deliverg to inflammatory sites in surgical
patients. Arch. Surg. f20:2035.

Superina, R. A., N. V. Christou and K. L. Meakins. 1980.
Failure of neutrophi1l delivery i1nto skin windows 1n anergic
surgical patients. Surg. Foram., 371:468.

Nohr, C. W. Humoral Imsmunity in Surgical Patients.
Ph.D. Thesis, McGi1ll University, Dept. of Surgery.
Montreal. 1989.

Nohr, C. W., N. V. Christou, M. Broadhead and J. L.
Meakins. 1983, Failure of humoral immunity i1n surgical
patients. Surg. Forum. 34:127.

Liu, S. B! nghoc¥te Function in Surgical Anergic
Patzents. .5c. Thesis, McBGill University, Dept. of
Surgery. Montreal. 1989.

Puyana, J. C., H. Rode, J. Meakins, N. Christou, M.

MacPhee and J. Gordon. 1986. Restoration of grxmary
immune response in anerglc surgical patients by lymphaolines
(LK), Surg. Forum. 37:103.




-

140.

141.

142,

143.

144,

145.

146.

147.

148.

149,

150.

131.

152.

153.

154.

155.

156.

Page A1.10

Rode, H. N., N. V. Christou, 0. Bubenik, R. Superina, J.
Gordon, J. L. Meakins and L. D. MacLean. 1982. Lym?hocgte
function in anergic patients., Clin. Exp. Imwuol. 47:155.

Superina, R. and J. L. Meakins. 1984. Delayed
hypersensitivitg, anergy, and the surgical patient. J.
Surqg. Res. 37:151. .

Rode, H. N., N. V. Christou, J. Gordon, J. L. Meakins and
L. D. MacLean. 1979. Anergy in surgical patients: is the
failure at the afferent or the efferent limb™. Surg.
forum. 30:41,

Rode, H. N., J. C. Puyana, M. MacPhees, J. L. Meakins, N,
Christou and J. Gordon. 1988. Role of cytokines in tf\e_
restoration of the del ayed—type hypersensitivity reaction
of anergic patients. Clin. Exp. Immunol . 71:159.

Walker, H. L. and A. D. Mason. 1268. A standard animal
burn. J. Trauma. 8. 621049,

Tchervenkov, J. 1., E. Diano, J. L. Meakins and N. V.
Christou. 1%86. Suscegtib111{y to bacterial sepsis. =
Accurate measurement by the delayed- type hypersensitivity
skin test score. Arch. Surg. 121:37.

Manktelow, A. and A. A. Meyer. 1986. Lack of correlation
between decreased chemotaxis and suceptibility to infection
in burned rats. J. Trauma. 26. 2:143.

Kupper, T. S. and D. R. Green. 1984. Immunoregulation
after thermal injury: sequential a?pearance of I-J+, Ly-1
suf?ressor inducer cells and Ly-2 T suppressor effector
2930‘57{01 lowing thermal trauma in mice. J. I»munal. 1395.

Walsh, 6. L., G. Hedderich, M. J. Wexler and J. L.
Meakins. 198L. The open abdomen. Sarg.Clin. N. Am. &8.

» -

Petkash, I., P. Satpati and K. C. Agawal. 1970. Prolonged
peritoneal favage and fecal peritonitis. Surg. 58:842.

Sleeman, H. K., J. N. Diggs, D. K. Hayes and H. F. Hamit.
1969. Values of antibi otics, corticosteriods and peritoneal
‘lsgv? goin the treatment of experimental peritonitis. Surg.

Wichterman, K. A., A. E. Baue and I. H. Chaudry. 1980.
Sepsis and septic shock—-a review of laboratory models and a

propasal. J. Surg. Res. 29. 2:189.

Onderdonk, A. B., W. M. Weinstein and N. M. Sullivan.
1974. Experaimental intraabdominal abscesses in rats:
?uantxtatl ve bacteriology of infected animals. Infect.
amunn. 10:1256.

Bohnen, J. M., N. V., Christou, L. Chiasson, I. W. DeVoe
and J. L. Hgal’dns. 19684. Anergz secondary to sepsis in
rats. Relation to outcome. Arch. Surg. 119:117.

Werner, 6. H., F. Floc”h, D. Mogliore-Samour and P.
.}gl%g?. 19864. Immunnmoduiating peptides. Experimentia.

Browder, W., Williams, D., E. Bherwood, R. McNamee, E.
Jones and N. DiLuzio. 1987, Synergistic effect of
nonspecific immunostimulation and antibiotics in
experimental peritonitis. Sarg. 102. 2:20¢.

Kampschmidt, R. F. and L. A. Pulliam. 1975. Stimulation
of antimicrobial activity in the rat with leukacytic
?Qd? gnnus mediator. Res. J. Reticuloendothel. Soc.




157.

158.

159.

140.

161.

142.

163.

164.

165.

166.

167.

148.

169.

170.

171.

172.

Page A1.11

Ozaki, Y., T. Ohashi, A. Minami and S. Nakamura. 1987.
Enhanced resistance of mice to bacterial infection induced
2y15§gomb1nant human interleukin-la. Infect. Immun. 55.

Czuprynski, C. J. and J. F. Brown. 1987. Recombinant
murine interleukin—-la enhancement of nonspecific
antibacterial resistance. Infect. Immun. 55. 9:2061,

Mcintyre, K. W., J. Unowsky, W. DelLorenzo and W. Benjamin.

1989. Enhancement of antibacterial resistance of
neutropenic, bone marrow—-suppressed mice by IlL.—-1a. Infect.
Inmun. 57. Z:4%.

Chong, K. 1267. Prnfh lactic administration of IL-2
rotects mice from lethal challenge with gram—negative
acteria. Infect. Immun. 53:668.

Hershman, M. J., H. C, Polk, J. D. Pietsch, R. E. Shields,
8. R. U)Qflhauscn and 6. Sonnenfeld. 1988, Modulation of
infection by gamma interferon treatment following trauma.
Infect. Ismun, 56. 9:2412.

Sheavach, E. M. and A. S. Rosenthal. 1973. Functions of
macrophages in antigen recognition by guinea pig
T-lymphocytes. J. Exp. Med. 138:1194.

Gowland, E. 19t4. Studies on the emigration of
polxmorphonuclear leukacytes from skin lesions in man. J.
Path. Bact. £7:347.

Perillie, P. and S. Finch. 1975. Quantitative studies of
the local exudative cellular reaction i1n acute leukemia.
J. Clin. Invest. 43:425.

Mass, M. F., P. B. Dean, W. L. Weston and J. R. Humbert.
1975. Leukocyte migration in vive: a new method of study.
J. Lab. Clin. MKed. 86. £:1040.

Choi « Co_ Introductory npflied Statistzcs i1n Science.
Prenéice—Hall, New Jersey. 1978.

Reitamo, 5., E. Tolvanen, Y. T. Konttinen, K. Kayhko, L.
Forstrom and 0. P. Salo. 1981. Allergic and toxic contact
dermatitis: inflammatory cell subtypeées in epicutaneous test
reactions. Br. J. Derw». 105:521.

Krensky, A. M., C. Clayberger, C. 5. Reiss, J. L.
Strominger _and S. J. Burakoff. 1982. Spec13’-1c1ty of OKT4+
cytotoxic T lymphocyte clones. J. Imswmanocl. 129. 5:2001.

Blanchard ey Co V. Els, J-P. Aubry, J. E. DeVries and H.
Be. Lo iv

Sﬁits. 1988B. 4 is involved in a post-binding event in
the cytolytic reaction mediated by human CD4+ cytotoxic T
lymphocyte clones. J. Immunol. 140. &:1745.

Mingari, M. C., 6. Melioli, A. Moretta, G. Pantaleo and L.
Moretta. 1982. Surface markers of cloned human T cells
with helper or suppressor activity on pokeweed mitogen-
driven B cell differentiation. fur. J. Iemunocl. [2:900.

Lefkovits, I. and H. Waldmann. 1984. Limiting dilution
analysis of the cells of 1mmune system I. The clonal basis
of the i1mmune response. Iswunol. Today. 5. 2:265.

Soulillouy, J. P, 1287. Functional characteristics of
cells infiltrating re,ected allograftts. Ismunol. Today. 8.

10:285.




173.

174.

175.

176.

177.

178.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Page A1.12

Holt, P. 6., U. R. Keep, M. A. Shon—Hegrad, A. Rose, J.
Ford, N. Bgfyk R. Bowman and B. W. S. Robinson. 1988.
Limiixng—dxlut{on analysis of T cells 1n extracts from

solid human lung tissue: comparison of precursor .
4r93uencies for proliferative responses and lymphokine
production between lung and blood T cells from individual

donors. Ismunology. 64:649.

De Maria, A., M. Malnati, A. Moretta, D. FPende, C.
Bottino, 6. Casorati, F. Cottafava, G. Melioli « Ce.
Mingari. S. Rcunagnan! and L. Moretta. 1987. CD3+4-WT31-

(T cell receptor—g+) cells and other unusual phenotypes
are frequently detected among spontaneously IL-2 responsive
T lymphacytes present 1n the joint fluid in juvenile
rheumatoid arthritis. A clonaf analysis. Eur. J. Immunol.

17:18185.

Wong, R. L., N. H. Ruddle, S. J. Padula, E. 6. Lingenheld,
C. H. Bergman, R. V. Rugen, D. I. Epstein and R. B. Clark.
1988. Subtypes of helper cells. Non—inflammatory Type 1
helper T cells. J. Issunol. 141. 10:3329%.

Pasternack, M. S., C. R. Verret, M. A. Liu_and H. N.
Eisen. 198&. Serine esterase in cytolytic T lymphocytes.
NMature. 322:740.

Taswell, C. 1981. Single-cell assays of cellular
cytotoxicity. J. Imwmunol. 126:1614.

Bross, K. J., 6. M. Schmidt and K. 6. Bloom. 1979. )
Confirmation of bone-marvrow en?raftment b¥ demonstration of
2éogg7group antigens on red cell ghosts. Transplantation.

§Uddl.56N' H. 1985. Lymphotoxin redux. Iswmuncl. Today.

Steffen, M., 0. 6. Dttman and M. A. 85, Moore. 1988.

Simul taneous production of tumor necrosis factor—a and
lymphotoxin by normal T cells after induction with IL-2 and
anti-T3. J. Immunal. I40. 8:2421.

Ruddle, N. H., and R. Homer. 1988. The role of

lymphoéoxxn in inflammation. Praqg. Allerqy. 40:152,

Sauder, D. N. 1984. Epidermal cytokines: prnEerties of
(ETAF) .

epidermal cell thymocyte-activating factor
Lymphokine Res. 3. 4$:145.

Trinchieri, 6. and B. Perussia. 1985. Immune interferon:
a pleiotropic lymphokine with multiple effects. Immunol.
Today. 6. #:131.

Bavilacqua, M. P., J. 8. Pober, G. R. Majeau, W. Friers,

R. 8. Cotran and M. A. Gimbrone. 1986. Recombinant tumor
necrosis factor i1nduces procoagulant activity in cultured
human vascular endothelium: characterization amd comparison
with the actions of IL-1. Proc. Nat. Acad. Sci. USA.

83:4533.

Beutler, B. and A. Cerami. 1987. Cachectin: more_ than a
tumor necrosis factor. New £ng. J. Med. 31é6. 7:379.

Umetsu, D. T., H. H. Jabara, R. H. DeKruyff, A. K. Abbas,
J. 8. rams and R. S. Geha. 1988. Functional
hetero?enelty among human inducer T cell clones. J.
Iswpunol. 140. 12:4%211.

Mossmann, T. R., T. Yokota, R. Kastelein, S. M. Zurawski
N. Arai and Y. fakebe. 1987. Species—specificity of T cell
stimulating activities of IL-2 and BSF-1 (IL-4): comparison
of normal and recombinant, mouse and human IL-2 and BSF-1
(IL-4). J. Im»munol . 138. &:1813.




189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203,

Page Ai1.13

Mayer, M. M. 7The Complement Systes. In Immunology,
Readings from Scientific American. W. H. Freeman and Co,
San Francisco. 1976.

Larsen, C. G., A. 0. Anderson, E. Apgclla, J. J. Oppenheim
and K. Matsushima. 1989. The neutrophil-activating protein
5§QP;52415 al so chemotactic for T lymphocytes. Science.

Aﬂt.l, J- P- J- J--'Fl Og.l" L. G. “f‘lb.tz, B- G- N.
Arnason and &. E. Happer. 1883 Mechanisms responsible for
reduced 2n vitro immunoglobulin secretion in aged humans.
Mech. Ageing Devel. 23:11.

S. L. Kramer and G. A. Granger. 1975. The role of
lymphotoxin in target cell destruction by mitogen—-activated
human lymphocytes 1. Cell. Immunol. 15. 57:2975.

Gillis, S.y, M. M. Farn and W. Ou. 1978. T-cell growth
factor, parameters of production and a gquantitiative
microassay for activity. J. Ismunol. 720:2027.

Fujiwara, H. and 1. Tsuyuguchi. 1984. Frequency of
tuberculin-reactive T—lxmphocytes in pleural fluid and
blggg from patients with tuberculous pleurisy. Chest. 89.

Gordon, J., W. S, Saleh and L. D. MacLean. 1949. A graft
versus  hosf reaction given by human i1mmunocompetant cells:
a test for anti-human lymphocyte sera. £xcerpta Medica
Int. Coungress Series. 197:125.

Stin?l, G., K. C. Gunter, E. Tschachler, H. Yamada, R. 1.
Lechlr, W. M. Yokoyama, 6. Steiner, R. N. Germain and E.
M. Shovach. 1287, Thy-1t+ dendritic epidermal cells belon
to the T-cell lineage. Proc. Nat. Bcad. Scir. USA. B4:2430.

Goodman, T. and L. Lefrancois. 1988. Expression of the
-6 T-cell receptor on _intestinal CDB+ intraepithelial
ymphocytes. Nature, 333:855.

Janeway, C. A. 1988. Frontiers of the immune system.
Nature. 333:804.

Puyana, J. C., H. Rode, J. Gordon, J. L. Meakins, L.
Chartrand and’N. V. Christou. 1989. Lack of cytokine

induced skin reaction correlates with APS score and
mortality i1n SICU patients. Arch. Surg. 122. 37.

Fantes, K.H., C. J. Burman, G. D. Ball, M. D. Johnston, N.
and N. B. Finter. Productzion, purification and properties
of human lymphoblastoad interferon. In Biochemical
characterization of lymphokines., A. L, DeWeck, F.
Kristensen and M. Landy eds. Academic Press, foronto. 1980.

Weiser, W. Y., D. K. Grineden, H. 6. Renold and J. R.
David. Heterogeneity of human MIF. In Biochemical
characterization of lymphokines, A. L, DeWeck, F.
Kristensi'n and M. Landy eds. Academic Fress, ?oronto. 1980.

Rocklin, R. E. and A. P. Brown. fLeukocyte Inhibitory
Factor 2LYF), Two Distinct Molecular Species. In
Biochemirsl characterization of lymphokines, A. L, DeWeck,
qbegrlstensen and M. Landy eds. Academic Press, Toronto.

FPestka, 5. . Evinger, P. Familletti, M. Gross, 5. Maeda,
R. McCandif{ss, M. Rubinstein, 8. Rubinstein, A. Sloma, J.
Tabor and H. Takeshima. Husan interferon, the mRNA and
the protein. In Biochemical characterization of
lympﬁokines, A. L, DeWeck, F. Kristensen and M. Landy eds.
Academic Press, Toronta. ioa0.




204.

2085.

206.

207.

208.

209.

Page A1.14

Patel, S. 5., A. D. Duby, D. L. Theil and P. E. L
1988. Phenotypic and functional characterization of¥ human T

cell clones. J. Imspunol. 142

-

11:3726.

GranltnianR. D.y, R. Margolis, 5. B. Mizel and D.

Sauder. 1

cell-derived thymocyte actiwvatin

interleukin-1 in the mouse.

J'

Clin. Invest. 7721

Dvorak, H. F., & M. C. Mihm Jr. 1972. Basophilic
leukocytes in allergic contact dermatitis. J. Exp

135:235.

Dvorak, H. F., M, C. Mihm Jr., A. M. Dvorak, R. A

Johnson, E. J. Manseau, E.

Marphol ogy of.delayed—iype_h
man. I. vantitative descrip
reaction. Lab. Invest. 31:11

gan & R.

ol vin.

>
{persensitivit¥ react

1on of the in

1.

1 ammat

Colvin, R. B., R. A. Johnson, M. C. Mihm Jr. & H.
Dvorak. 1973. Role of the clotting system in cell mediated
hypersensitivity. 1. Fibrin deposition in delayed skin

reactions 1n man. J. Exp. Me

dl

Colvinf & H. F. Dvorak. 1975.

1in cel

I138:685.

Role of the clottin

medl ated hypersensitivity. II.

Kinetics o

ipsky.

N.

6. In vivo i1ntlammatory activity of epidermal
factor and recombinant

©¢z0.

. Med.

" 1974,
10MnSs 1N
ory

F.

? system

fibrinogen—fibrin accumulation and vascular permeability
changes 1n tuberculin and cutaneous basophil

hypersensitivity reactions.

Jl

Immunol .

214:377 .




