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ABSTRACT 

A chamber technique was developed allowing recovery of 

cytOkl nes and T--cell s from human DTH reactIons. These cell s were 

cloned. and were enrlched, relative ta the bla~d. ~or T-cells 

reactlve to the antlgen ellcltlng the DTH. Antlgen-speclflc CD4+ 

clones, had two phenotypes; an IL-2/IFN-g produClng group not 

providing help for Ig synthesls. and a group provldlng help but 

nct producing IL-2 or IFN-g. CytotOXlclty and TNF productlon 

were found in both groups. TNF and IFN-g were present 1 n the 

chambers over DTH reacbons. Anerglc piltlents demonstrated 

deficient mononuclear cell dellvery ta DTH SItes Whlch was 

restored to normal by co-in~ection of MLC ~upernatants wlth 

antlgen. T-cell clones from such SItes were slmllar to those 

from normal DTH SI tes. Addi tlonal experlments establlshed that 

MLC supernatants contalned 2 dIstInct factors. one restorlng DTH 

in anergIc patients. and another, WhlCh protected anerglc rats 

from lethal perltonltls. 
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SOMMAIRE 

Une technique en chambre a ete developpee pour la 

recuperatlon des cytokines et des cellules T à partIr des 

reactions DTH humaines. Ces cellules ont ete clonees et 

enrichies par rapport au sang normal. car les cellules T 

reagissent aux antlgenes associes aux reactlons DTH. Les 

antigenes Sp~rl41ques CD4+ clones ont deux phenotypes: un 

phenotype que prC'duISSi>.' .. le IL-2 et IFN-g mal s ne contrIbuant 

pas à 1 a 5ynthese de l ' ~ c;" et un groupe contr-l buant à 1 a 

synthese de l'lg. mai~ ne prodUIsant pas de IL-~ ni de IFN-g. 

Une cytotoxlclte et un~ productIon de TNF a ete constatee pour 

les deux gr-oupes. On a constate la presenc~ de TNF et de IFN-g 

dans la chambre apres les reactlons DTH. Dans le cas des 

patients anergies, on a constate une productIon deflClente de 

cellules mononuclees au site de la r-eactlon DTH. Cette 

productIon a pu etre restauree a son niveau normal par

l'inJection con~olnte de surnageant de culture mIxte de 

lymphocytes (MLC) avec l'antlgene. Les cellules T clonees à 

partir de ces endroltes etaient IdentIques d celles 

prodUites à des SItes DTH normaux. Des experlences 

supplementaires ont permIS d 7 Ltablir que le surnageant de MLC 

offrait deux facteurs distl~cts: un premier restaurant le DTH 

pour les patients anergies et un autre qUI protegeait les r-ats 

anergies des peritonites mortelles. 
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original Cgotribytigo. tg Kogwlwdg. 

1) A method was developed for obtalning the cells and medlators 

directly from human DTH reactlon sites wlthout contamination by 

circulatlng cells. This method, the "Sombrero" Skin Wlndow 

Chamber technique. lS demonstrated to provlde a falthful. 

quantltitlve reflectlon of the underlylng DTH reactlon. The 

method lS rellable and easy ta perform, wlth no observable 

negati ve slde effects. 

2) The T-cells Involved ln DTH reactlons have untll now been 

poorly characterlzed, largely as a result of thelr 

inacessabllity. Whll~ many functlons have been attrlbuted ta 

these cells, largely on the basis of ln vitro data from 

clrculatlng cells. direct eVldence of their characterlstlcs has 

not been available. In thlS study, the cells from skln wlndow 

chambers over DTH sites were cloned uSlng elther PHA or the Ag 

ellciting the underlYlng DTH reactlon. TDTH cells were found 

to conslst of both CD4+ AND CDS+ cells. They were enrlched. 

relatIve to the blood, for cells speclfic for the antlgen(Ag) 

ellciting the DTH reactlon. 

3) The functlonal capacltles of Ag-derlved TDTH clones were 

determined. CytotoxlC actlvlty and TNF production were found 

among bath CD4+ and CD8+ clones~ as was IFN-g productIon. IL-2 

production was Ilmlted ta CD4+ clones. 

4) IL-2 & IFN-g production were Ilnked among CD4+ clones. both 

those from the blood and TDTH clones speclflc for the 

ellclting Ag. There was an Inverse relatlonshlp between the 

capaclty to produce IL-2 or IL-2 & IFN-g and the abliity to 

provlde help for Ig synthesls. Whlle a slmllar observation has 

been made among murlne T-cells. thlS IS the flrst eVldence of 

such a dlchotomy ln human TDTH cells. EVidence lS also 

pres~nted to suggest that the capacity to provlde B-cell help 

was Inversely related to the production of IFN-g~ and that 

stimulation by dlfferent reagents results in dlfferent 

lymphokine productIon profIles of Indlvldual clones. 
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Priginal Cgntributign. ta Knpwledq. cpnt' 

5) CDa+ clone~ from DTH sites speclflc for the ellcltlng Ag are 

largely cytOtOXIC cells. A small number of these dlsplay NK-llke 

cytotoxicity. The maJorlty of specIfie CDS+ TDTH clones aiso 

produce IFN-g. 

6) TNF and IFN-g were both detected ln hlgh Ievels ln the fluld 

from s~in window chambers when the chambers were ab ove DTH 

reactlon sites. This represents the flrst dIrect eVldence of the 

production of these cyto~lnes at DTH sItes. 

Taken together. the above Information lndlcates that there 

is a functlonal dichotomy ln human CD4+ TDTH cells, wlth one 

group produclng IL-2 and IFN-g and not pravldlng help for Ig 

synthesis. whlle the other falls to produce these cytokines but 

does provlde heip for Ig synthesls. CytOtOXIClty and TNF 

production are found ln both groups, and also ln CD8+ cells, 

which also produce IFN-g. These groups of cells are also pr~sent 

in the circulatIon. The cells at human DTH reactlons are 

enrlched for cells reactlve ta the ellcltlng Ag. and produce 

detectable quantltles of TNF and IFN-g. 

7) USlng the skln wlndow chambers, anergy to recall s~ln test 

Ag in hospltal patients IS demonstrated ta be reflected ln an 

abnormally low mononuclear cell dellvery to skln test sItes. 

Mononuclear cell dellvery 15 aiso abnormally low when an antlgen 

to WhlCh the patIents are not senSItive IS InJected. 

a> The supernatants from mlxed lymphocyte cultures (MLC) have 

been prevlously demonstrated to restore. 10caIIy. an observable 

DTH-llke reactlon ln anerglc patients If cO-lnJected along wlth 

an Ag to which the patIent 15 sensltlzed. ThiS restoratlon was 

reflected in a slgnlflcant Increase ln the number of mononuclear 

cells dellvered to such sItes. ThIS Increase results ln normal 

levels uf cell dellvery. Hospltallzed controls aiso demonstrate 

improved cell delivery, albelt thelr response to the 

co-injection of MLC supernatants IS much lower than that seen ln 

anergie patIents. The restoratlon of norma] levels of cell 

delivery in anerglcs, and the lmprovement seen ln reactlve 

controls, IS dependent upon a prlor sensltlvlty to Ag. 
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DrAAin.1 Contribution. tg Kngwledaw cgot' 

Evidence is also presented that suggests t~~t the anergie 

patients have a defectlve response to non-specifie inflammatory 

medi ators. 

9) The nature of the DTH-like reactlon seen ln sensltlzed 

an~rglcs cO-In~ected with Ag + MLC supernatant, and ItS 

relatlonshlp to normal DTH. was probed by examlnlng the 

functlonal capacltles of T-cell clones from these sites. As wlth 

normal DTH reactlons. the cells from these sites are enrlched~ 

relative ta the blood, for cells specifie for the elicltlng Ag. 

These cells were cloned and found to conslst of both CD4+ and 

CD8+ cells, and to produce IL-2, TN~ and IFN-g. A few also gave 

help for Ig synthesls. Overall these cells are Indlstlnguishable 

from those of normal DT~ reactlons. Thl s represents the fi rst 

eVldence that the restored reactlon seen ln anerglcs cO-lnjected 

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

10) The ablilty of MLC supernatants, when cO-lnJected wlth Ag. 

ta restore normal levels of cell dellvery ln anerglcs, and the 

normal functlonal capaci t1 es of the dell vered cell s~ 1 ed to the 

investIgatIon of thelr abllity to afford protectIon agalnst 

Infecbng organlsms. A model of perltonltls was establlshed 

using anerglc rats. Wlth this model It was demonstrated that MLC 

supernatants confer protection dgainst a lethal bacterlal 

peritonltls in anerglc anImais. 

Il ) Th~ factor that confers protectIon agalnst lethal 

peritonitis ln anerglc anImais IS present ln high levels in 

human MLC supernatants. It has a molecular welght less than 

10kD, and IS produced as a result of cellular activation. 

EVI dence i s presented that 1 mplI es that the factor does not 

affard protection by attracting/actlvatlng PMN. ThiS factor was 

shown to be distInct from the factor(s) in MLC sllpernatants that 

restore DTH. which has a molecular welght of >50kD. 

Taken togethl?r. the resul ts show that anergy ln hospi tal 

patients is reflected ln a decreased delivery of mononuclear 

cells to DTH SItes. which can be corrected by the co-injection 

wi th Ag of a factor or factors of MW > 50kD, present ln MLC 
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Or: , al na1 Cootr" , byt 1 PO' tA KaAN! weaa. cpot' 

5upernatants. The resulting response i~ a true DTH reaction. A 

second -factor wi th MW < 10kD. al 50 present i ri human MLC 

5upernatants, can a-fford protection from lethal lnfection in 

anergie animaIs. 
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The experimental work for thls thesis was done while the 

candidate was under the supervision of Dr. H. Rode in the Dept. 

of Surgery, McGi11 UnIversity. Ali work contained in the thesls 

is that of the candidate. The skin window chamber technique was 

derived from the method of Morris et. al. (134). The 

neccessary modificat~on~ tQ the chamber were designed and 

carrled out by the candidate. 

The screening of hospit.al patIents and skin testiilg of ail 

subJects 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 obtalned and screened by the 

candIdate. 

The mononuclear cell culture methods used were either modifled 

or developed by the candidate. AlI cell culture work, with the 

exceptions noted below. were carrled out by the candidate. Some 

PBM isolatIons from blood were performed by Mrs. Magda Jass, 

under the supervision of the candidate. AlI cytokine 

preparations were prepared and fraclionated 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 activlty were performed by Dr. 

Leopoldo Sanchez-Cantu, under the supervision of the candidate. 

AlI other functlonal and LK assays were carried out by the 

candIdate. 

Bacterla used ln the study were grown by Ms. Betty Giannias. 

under the supervision of the candIdate. Zone of Inhibition and 

bacterlal cytotoxlcity studies were carried out by the 

candIdate. The animal model of perltonitis in anergy was 

developed by the candidate from separate models as described in 

chapter 6. AlI experiments Involving animaIs were deslgned and 

carrled out by the candIdate. Varlous Indlviduals asslsted ln 

carrying out these studles, thsy were: Dr. John Marshall, Dr. 

Juan-Carlos Puyana. Dr. Ihor Zakaluzny, Dr. Leopoldo 

Sanchez-Cantu. Mrs. Dale Eshelly. and Ms. Corrlnne Lacey. 
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Computer analysis, calculations, database use and statlstlcal 

analysis were performed by the candidate using commercial 

so~tware. The thesis was prepared by the candidate. 
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Abbrevlations used ln the Thesis* 

Ab: antibody 

ADCC: 

Ag: 

Ag+~ ve: 

APC: 

ATCC: 

antibody-dependent cellular cytotoxicity 

antigen 

antigen reactive, le a subject positive either iD 

vivo (by skin test) or in vitro (by LTT) - eg. 

PPD+'ve HA = an anerglc hospital patient reactive 

in vitro to PPD 

antigen presenting cell 

American Type Culture Collection 

Anerglc(s): When capitallzed, this refers to anergic surgical 

patients 

C3b: 

CAN: 

CD: 

CDX+: 

CFA: 

CK: 

CMI: 

CMV: 

CPM: 

Cr: 

CS: 

dH20: 

ddH20: 

DNCB: 

DTH: 

EBV: 

ELISA: 

ETAF: 

FACS: 

complement component 3b 

Candida antigen 

clusters of differentiation 

denotes a clone/cell preparation expressing the CD 
antigen X 

complete Freunds~s adjuvant 

cytokine(s). refers in this thesis specificaly to 

the cytokine preparations from mixed lymphocyte 

cultures used to modlfy iD vivo: 1) the skin test 

response of patients, or rats 2) the response of 

rats to infection 

cell mediated immunity. lncludes but is not limited 

to DTH. 

cytomegalo vIrus 

counts per mInute 

chromlum 

contact sensltivity, a form of DTH to soluble, 

reactive chemlcals 

distilled water 

double-distilled water 

dl-nltro-chloro-benzene, commonly used contact 

sensitizer 

delayed-type hypersensitivity 

Epstein-Barr virus 

enzyme-linked immunosorbant assay 

epidermal-derived thymocyte activating factor 

flourescence activated cell sorter 
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Abbrevlations used in the Thesls cont • 

GM-CSF: 

GVH: 

3H: 

HA: 

HBSS: 

HIV: 

HLA-XX: 

HR: 

hr (s): 

la: 

i. d. : 

IFN-x: 

Ig: 

IL-X: 

IP-l0: 

K:T: 

KLH: 

LDCC: 

LIF: 

LK: 

LTT: 

MBP: 

MlF: 

MLC: 

MoAb: 

MPCA: 

MPIF: 

MTT: 

Ni: 

NK: 

O.D.: 

PAP: 

PBM: 

granulocyte/monocyte-colony stlmulating factor 

graft vs. host dlsease 

tritIum 

hospitallzed anerglc patientes) 

Hanks balanced salt solution 

human lmmunodeficiency virus 

human leukocyte antlgen XX 

hospitallzed reactlve patlent(s) 

hour(s) 

immune associated Ag 

intradermal 

interferon-x. x may be: a (alpha> 
fJ 

immunoglobul in 

interleukin-X 

9 (gamma) 

IFN-g induced protein found in monocytes and 

keratlnocytes 

kil 1er to target cell ratIo 

keyhole limpet haemocyanin 

lectin dependent cellular cytotoxicity 

leukocyte migration inhibItion factor 

lymphoklne(s) 

lymphocyte transformation test 

myelin basic protein 

migration inhIbitIon factor 

mixed lymphocyte culture(s) 

monoclonal antlbody(s) 

monocyte procoagulant activity 

monocyte procoagulant actlvity inducing factor 

(3-(4,S-dimethylthiazol-2-yl)-2.5-

diphenyltetrazolium bromlde) 

nickel 

natural killer(cell) 

optical density 

peroxidase-antl-peroxidase (antibody) complex 

peripheral blood mononuclear celles) 
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Abbrevlations used in the Thesis c::ont' 

PGEx: 

PHA: 

PMN: 

PPD: 

PWM: 

RIA: 

RPMI: 

SDC: 

SE: 

STS: 

SW: 

T~<xx : 

TH1: 

TET: 

TNF: 

TPA: 

U: 

V-V(+) : 

ZAS: 

prostaglandin-Ex 

phytohaemagglutlnin 

polymorphonuclear cell(s) 

purlfled proteln derlvative of Mycobacterium 

tuberculosis 

pokeweed mitogen 

radioimmunoassay 

Roswell Park Memorial Institute medium 1640 

single donor culture 

standard error of the me an 

skin test score ie. the sum of the diameters of the 

skin test responses 

skln window(chamber) (s) 

T-cell; participating in xxx or originating from an 

xxx site, or belonging to the functional group xxx. 

ego TDTH: T-cell partic::ipating in DTH or 

orlginating from a DTH site. 

T-Helper cell, type 1. 

tetanus toxoid antigen 

tumour necrOS1S factor(s). Refers te both TNF-a & 
TNF-~ unless spec::ified 

13-o-tetradecanoylphorbol -12-acetate 

units 

VlCla vlllosa(adherent) 

zymosan activated serum 

*: letters or words in parentheses may be included or implied by 

the context in WhlCh the abbreviation is used. Some commonly 

accepted abbreviatlon may not be Ilsted. 
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Chapter 11 Cell MediAted l..unity and d.layed-typa 

hyper •• nsitivityl an historieAI perspective 

"Every medlcal man must learn the art of drawlng the best 

conclusions he can from data that are often lncomplete and 

sometimes highly confusing. He will flnd ImffiUnlty an excellent 

training ground." 
w. w. C. Topley 

VaCCination probably orlglnated in aSla. From 

Constantinople. vaccination agalnst smallpox was lntroduced to 

England ln 1718 by Lady Mary Montagu (1). There followed the 

development of cowpox vacCination against smallpox by Ben~amln 

Jesty and the subsequent Investigation of the phenomenon, and 

popularlzation of the practlce, by Jenner towards the end of the 

century (1). Jenner's Investlgatlon was thorough and sClentlflC, 

and included a description of what we now recognlse as DTH (2). 

These events, preceeding as they dld the Germ theory of dlsease, 

were not fully explolted as the stepplng-stones to further 

knowledge until almost a century later. 

Immunology as a science had ItS orlglns ln the search for 

effective vaccines by european mlcroblologlsts, notably Pasteur 

and Koch, ln the 1870's and 80~s (3). Followlng the 

establlshment of the Germ theory of dlsease, the sClentlflc 

Investigation of how the body reacts to lnfectlous organlsms, 

and what could be done to augment that response, began in 

ernest. Metchnlkof's phagocytlc theory of Immunlty was 

Introduced ln 1883 (3) and whl1e ~n v~vo phagocytoslS 15 often 

the result of co-operation between the cellular and humoural 

arms of the Immune system, lt can be argued that thlS 

represented the flrst concept of the cellular baSlS of Immunlty. 

Followlng hlS dlscovery of the causative mlcrorganism of 

tuberculoslS (1). it was Koch who flrst notlced the unusllal 

aspects of the reaction of prevlously Infected GUlnea plgS to 

intrade~mal injection of tubercule bacteria. This reactlon was 

notable for its slow rate of evolution (relatlve ta other skln 

reactlons). requiring 24 hrs for visible indications of a 
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response, and thereafter the rapid necrosis and sloughing off of 

dead tissue from the site. He also noted that while thlS 

reactlon was slower than some other skin responses lt was 

dramatically more rapld and energetic ~han seen in the skin in 

the flrst encounter with the bacteria, which took 10-14 days to 

become notlceable (4). Thus Koch had described the two essenlial 

characterlstlcs of CMI, a hypersensltivlty (resultlng in tissue 

r1estruction> , and the anamnestic <immune) recall response. 

The concept of hypersensitivity was more formally developed 

by 1906 when Von Plrquet introduced the term "allergy" (5). This 

term has come to refer exclusively to the swift reactlons 

medlated by IgE antibodies, but it was then applied generally to 

aIl vlsible forms of immune reactivity. Although the difference 

that underlay antibody and cellular .ediated skln reactl0ns was 

not then known, Zlnsser recognised the tuberculin-type reaction 

as distinct from the other more rapid skln reactions (6). 

The fundamental dlscovery by Landsteiner and Chase (3) and 

Chase (6) that the DTH skln reaction was due to the actIon of 

cells, later dlscovered to be lymphocytes, and not by serum 

elements lead to a rebirth of work ln the field of cellular 

lmmunology (3) whlch had eXlsted to some extent ln the shadow 0+ 

serology for several decades. The predomInant role of 

lymphocytes ln the transfer of CMI was extended to show that it 

IS the T and not the B lymphocytes that mediate this response, 

and that the transferred T-cells must be specifie for the 

antigen used in the skln test (7). 

As noted by Koch. a prlmary sensltizlng exposure to antigen 

1 s necessary ta produce the secondary anamnesti c response whi ch 

results in the typical vIsIble signs of DTH. Up to this time, 

most of the Information regardlng CHI was derived from 

histologlcal studles and adoptive transfer experiments (5). The 

role of the antlgen speclfic lymphocytes ln the secondary 

response was uncertain. 

How the sensltized cells directed thlS response was unknown 

until the dlscovery that T-cells released soluble mediators that 

directed the actlon of other cells. The flrst of what came to be 

known as lymphokines was the blastogenic factor descr~bed by 
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Gordon and HcLean (8) and Kasakura and Lowensteln (9), which 

later became known as IL-2. Since then the number of soluble 

mediators released by lymphocytes and monocytes has rlsen to 

weIl 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 thlS field and has lad to an 

understandlng of many of the mechanlsms Involved ln DTH. 

USlng immunohlstological staining of CMI lesions, and the 

adoptive transfer of sensïtized cells into naïve recïplents the 

T-cells responsible for directlng CMI were generally found ta be 

CD3+,CD4+,CDS- (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 ln both human and animal diseases. In animais, 

numerous infections, usually by obllgate or facultative 

lntracellular organisms, were shown to be controlled primarily 

by CMI responses, among the most important from an experimental 

viewpoint ~ere: tuberculoslS, salmonella. listerla and more 

recently leishmanla (12,13). In humans, immunity to many 

organlsms was found to depend upon CHI, lncludlng tuberr.uloslS, 

Mycobacterlum leprac, Candida, lej~hmanla and numerous others, 

lncluding many viruses (5,13,14). 

In the 1950~s and 60's, the observation of patients barn 

with congenItal T-cell deficlencies further demonstrated the 

essential nature of CMI respon~es (15). More recently, aqulred 

T-cell lmmunodeflclencles such as anergy ln surglcal pat1ents 

and the immunodeficiency resulting from infection wlth HIV-I 

have also confirmed that T-cell dlrected CMI responses are 

critical in maintalnlng freedom from infection (2). 

The advent of tissue transplantatIon ln the 1960~s, bath as 

experimental model and theraputic treatment, resulted ln the 

confirmation of the dominant role of CMI responses ~n both the 

graft rejectlon (15,16) and the graft vs host reaction (7). CMI 

was also shown to play a role 111 the immune reactlon to 

neoplasms (5), and the Importance of Immunoregulatlon of CMI zn 

vivo has been demonstrated by the dlscovery of the role of 

self-destructive CMI reactions ln both infectlous dlseases such 
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as leprosy, and autoimmune disl":ases such as rheullatoid arthritis 

and multiple scierOS1S (15). 

The study of CMI, WhlCh commenced at the very beglnnings of 

the SC1ence of immunology, continues to this day. It has been o-f 

great value ln understanding many aspects of immunity and will 

no doubt continue to be 50. Early studies Nere primarily 

histological and phenomenological. These gave way te more 

prec1se histological methods, and to the techniques of adoptive 

trans-fer and in VI. tro cel! culture. Yet unli ke the immune 

responses Wh1Ch take place in dedicated tissues (spleen, lymph 

node, thymus etc.) and those that re!ease their soluble 

Ined;ato.:=; into the blood, the functlonal capacities of the cells 

responsi bl e -for the secondary responses of most forms of CMI 

have not been stud1ed directly owing to the difflcult task of 

extractlng these cells from thelr reaction sites without 

al t.erlng t.hem or "contaminating" them wi th cells from the 

peripheral CirculatIon. Initially this inabllity was of little 

consequence, however the reeent breakdown of elassical 

functlonal categories such as "helper" and "suppressor" cells 

into many smaller and more speCifie groupings, such as cells 

that secrete parti cul ar CK or "induce" or "transduee" functional 

aetivitles ln ot.her cells, and the realization that. the immune 

systeAl may be compartrnental ized int.o heterologous systelns based 

ln different "home" sites such as spleen, gut, and skin makes an 

examination of pure populations of these cells at the clona! 

level an important objective. 

Forms of Cell Mediated Immunlty 

CMI i s a cornp!ex array of dlf-ferent immune responses. They 

differ ln both the primary and secondary effector cells that. 

dominate the reactlons (5) and to some extent, the sites in 

which the reactions occur, and their dura~lon. Among the 

reactlons considered to be med1ated ln whole or ln part by CMI 

are sOllle antl-tumor responses (7,17), allograft rejectlon 

(18, 19), the graft vs host reacli on (7,20), destructi on o-f 

vlrally-infected cells <21,22,23), certain autoimlnune diseases 

(24,25), and responses against sorne bacter1a, prlmarily 
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intracellular pathogens (5,7). Many of these .... esponses have 

features that share processes or components wi th DTH, and thus, 

evidence regarding the mechanlsms of these forms of CMI has 

often been assumed to apply also to DTH WhlCh has been 

considered the prototypic reactlon for most forms of CMI. 

The generation of sensltlzed cells lS requlred fa .... the 

subsequent demonstration of DTH. The ma~orlty of thlS thesls 

focuses on the recall component of DTH and 1 WIll treat 1 t as a 

separate entlty, of which the pnmar·y reflection IS the 

tuberculln type skin .... eactlon. AnalogIes to other CMI responses 

will be presented as they were drawn hlsto .... lcally, 0 .... when they 

serve to relnforce or illustrate the worklngs of DTH. 

DTH 
This reactlon was origlnally defined by the slOl,mess of ItS 

VI si ble appearance, as compared to the SHi fter skln .... esponses of 

the Ab-medi ated reacti ons. Thus the name delayed-type 

hype .... sensitivlty .... epresents an operatlonal deflnitlon, WhlCh 

cannat alone encompass aIl the fo .... ms of immune .... esponse no ... 

grou~ed under th i 5 te .... m. 

DTH IS charactenzed by the lnfl.ltratlon of T-cells and 

monocytes at the si te of Ag deposl tian. DTH reac t Ions 1 n the 

skin occu .... ln two forms, both of which may occu..- naturally. The 

tuberculin type reaction may be lnduced by InfectIon (4), 

non-i nfect 1 ous exposu .... e (50 called " natural 1 mmunl ty") or other 

oiS yet undeflned events leading ta the DTH-mediated autolmmune 

reactlons descrlbed above. Contact sensltlvlty may a .... ise ta such 

environmental hapten antigens as nickle and va .... lOus plant ails, 

rubbe .... and varlOUS drugs (26). Contact sensltlzatlon ln both 

animal models and ln man 15 .... eadlly accompllshed by elther 

toplcal applIcation of the sensltlze .... , usually suspended ln a 

neutral 011 or other IrrItant, or by lntradermal InjectIon of 

the agent (27). The InductIon of tuberculln-type DTH is more 

difficult. The majonty of proteln antlgens, If In~ected ln 

saline alone WIll glve rlse ta antibodles WhICh can Interfere 

Hi th the expressi on of DTH (5) or gl ve rI se to the more 

ephemeral Basophi 1 dependent .... eactl. ons descnbed below (12,28). 
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Several strategi es have been developed to generate 

long-lasting tuberculin-type DTH responses. Immunlzation with 

CFA is often effective, although in som~ cases this may also 

give rise to antlbodies that produce an Arthus reaction that 

Interferes wlth the expression of DTH. This may be avoided by 

conducting the subsequent DTH tests ln the period prior to the 

appearance of circulatlng antibody (29), by the use of highly 

conjugated carriers of weak immunogenlcity or by subsequent 

boosbng 5-12 days after the prillling exposure to antigen (5). 

The DTH reaction is directed by Ag-speclfic T'-cells (5). The 

major secondary effector cell is the macrophage (5), whlle 

cytotoxic T-cells may also be present (7) and may dominate the 

response, particularly those against viruses, allo-antigens and 

contact sensltizers (30). 

When the reacbon is provoked ln the skln and directed 

against soluble or particulate antigens it is usually referred 

to as a "tuberculin-like" reactlon (S). When the antigen used is 

a reactive hapten, painted on the skln the resulting response is 

termed "contact sensitlvlty" (S). Although this reaction is 

provoked by a speCIal type of antigen (31) and may involve a 

different APC than the tuberculin-type reacbon (32), the two 

are often treated as a SIngle enti ty (5). 

The experlmental provocatIon of DTH typically induces a 

reactlon in which the inflammatory component is first notable by 

12-24 hrs and lasts no longer than 96 hrs (S). When induced 

Instead by persistent Ag, such as those produced by viable 

organlsms or cells, the longer duration of the reaction and the 

various other events that take place ln infection can influence 

the Immune reactions and the DTH response may have many 

di fferenf: appearances WhlCh do not appear to meet the aIder 

aperabonally defined cnteria for thlS response. 

In thf:!se cases the responses are conSl dered to be DTH 

reactlons by virtue of thelr dependence upon Ag-specific T-cells 

and the predominance of the resulting leslons by macrophages 

and/or cytOtOXIC T-cells (5). Thus allograft rejection (7), some 

anti-tumor responses (33), anti-viral respanses (7) and many 

anti-bacterlal reactions, including lmmune granulomas (7) are 

1 
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considered to be DTH reactions. 

Oth.r DTH-lik. r •• pan ••• 

CMI reactions which do not involve macrophages and/or Tc as 

secondary effectors are also known. The early phase of CMI 

responses ln the GUlnea plg (34) and the Rabbit (5) for example 

are doninated by PMN whlch may decrease or Increase in 

proportion dependlng upon the degree of ongolng tissue 

destruction (5). 

Hypersensitivlty responses which i~volve basophlls as the 

secondary effector cells are known as Jones-Mate reactlvlty (28) 

or Cutaneous Basophll hypersensltlvity (35). This reactlon can 

be induced experimentally by immunlzatlon wlth protein antlgens 

in incomplete Freund~s adjuvant (36) and IS at least partlally 

mediated by antibody (36) and posslbly suppressor cells (37). 

This form of CM! lS believed to play an important raie ln the 

response to parasites, notably blood-sucklng arthropods ln the 

skin and helmlnth parasites in the gut (7). Eoslnophlls play an 

Important role as secandary cells ln T-cell mediated responses 

to many parasites notably Schistoso.a and Trichznella (7). 

T-cells may aiso interact with B-cells to produce germinal 

centers at sites of Ag deposltlon to result in Ab formation zn 

situ (7) which may give rlse to an ADCC-directed leslon closely 

mlmlcklng a classic granuloma ln gross appearance (7). Still 

other T-cell directed leslons may be produced as a result of the 

effects of LK released by T-cells at the site upregulatlng 

normal functlons of bystander cells. T-cell induced 

hyperactlvlty by goblet cells resultlng ln leslon formation has 

been reported (7), and the GVH leslon found in spleen and bone 

marrow lS partlally attrlbuted to the effects of LK from the 

graft-derived Tcmi cells upon host hematopoletic cells (7). Nr 
cells may act as elth~r prlmary or secondary partICipants ln CMI 

(7). They are able to bath produce and respond ta many of the LV. 

Involved in T-cell mediated CMI (38). They appear ta play an 

important role ln anti-tumor responses, and also ln some 

parasltic and bacterlal InfectIons (17). N~ cells may be 

responsible for the rejectlon of parental bone marrow grafts ln 

F1 recipients (19) and some antl-viral responses (22). 
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Thus CMI responses are a dIverse group of reactions of which 

those directed by Ag-speciflc T-cells are a subset, and DTH 

reactlons a subset of thosp Tcmi responses. 

Quantitation tlnd Histology: a ctlutionary tAl. 

Hlstologlcal studies were responslble for much knowledge 

regarding DTH (5). These efforts were valuable ln determining or 

confirming the cells Involved in DTH, thelr actIvatIon states 

and Ag speciflcity (5) and their importance is not to be 

minlmized. However, wlth the evolution of a more quantitatIve 

outlook ln immunology It is worthwhile to ta~e a second loo~ at 

these studles and the conclusIon drawn from them. 

In hlstologicai studies of DTH, often no mention IS made of 

results from normal skin (39-43), or normal skln is represented 

by Ag-in.lected sItes of unimmunized sub.lects (44). When "normal" 

skln is mentloned it lS often dlsmlssed as havlng "few cells" 

(45) or "small numbers" (46,47) of lymphocytes present, or 

contrasted to DTH reactlons as ln Platt et al (44) ln which 

"small perlvascular mononuclear cell clusters" were observed in 

control bIopsIes but dlsmissed by comparison wlth the "more 

exuberant infIltratIon" seen ln responder biopSIes. 

Detalled hlstological studies of DTH often report 

quaI i tatl ve measures such as a "+, +++, etc Il scor i ng scheme (42) 

or at best. marginally quantItatIve measures such as the 

percentages of cells within a glven 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 (CD8+ cells) or even lymphocytes in general 

(44.48) ln the epidermIs. ThIS type of report must be se en as 

essentlally qualitatIve and only marginally quantitatIve despIte 

reporting percentages of cell types. 

These shortcomlngs were acceptable at the tlme the studles 

were performed. Hlstological studles are labor-intenslve. To 

match the sLales of the samples to the magnItude of the 

lymphocyte presence ln "normal" skln would have requlred a 

substantial lncrease ln the number and size of samples prepared 

• 
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and scanned. Since there was llttle evidence for a dynamlc, 

homeostatic regulation of the skin Immune system untll 

recently, there was little incentive to scale up ta the work 

required. 

~s early as 1949 Andrews and Andrews reported that 

lymphocytes made up as much as 1-47. of the cells ln the basal 

layer of normal skln (44). Thus there would seem ta be reason to 

consider a raIe for lymphocytes in the skin in lts normal 

homeostatic function(s) and/or the early components of the DTH 

reaction. 

In recent years such studles have been performed. Using 

large numbers of samples, and external linear scales, a better 

appreciatlon of the events ln normal skln has come to llght. Bos 

e~ al conducted such a study uSlng 24 samples from SIX 

different sItes of d1fferent subJects (49). They express thelr 

results from vertical sections ln terms of cells/10mm horIzontal 

line. with the actual cell counts and length of the horIzontal 

line scanned glven in terms of mean, medlan and range. Whlle the 

range is stlll large. thelr results Indlcate that there are ln 

the order of 105 T-cells/cm2 ln normal s~ln. The presence of 

this number of cells would open the posslblilty of a slgnlflcant 

participation in DTH reactians by the T-cells already present ln 

the skln. prior to Ag-depas1tion. 

Such a pos!:ibllity would not have seemed reasonable in the 

light of previous reparts of "few cells" etc. present ln sllch 

skin. QualItative hlstological studies are of great value ln 

illuminating the DTH reaction. but they should not be 

over-lnterpreted, particularly when jUdglng the slgnlflcance of 

cells or events that are infrequently observed. 

1 



Cells Invalved ln the DTH Reaction 

Histologic.1 description of DTH 

Early histological studles first identifled the infiltrate 

in recall DTH reactlons as being composed of mononuclear cells 

(5). This influx was resolved by histachemical analysis inta 

both lymphocytes and monocytes (39). The lymphocytes were later 

shown by immunohlstochemistry to be T-cells. both CD4+ and CD8+ 

(5). The appllcation of detalled lmmunohistochemical studles to 

the analysls of the cells lnfiltrating DTH reactions has 

permitted the descriptlon of the reactlon glven below. 

The early events ln DTH are a generalised vasodllation and 

edema (5). Withln 4-6 hrs of the ln~ectlon of Ag, perlvascular 

infiltrates of leukocytes are evident (34). By 6 hrs. 

mononuclear cells come to predominate the lnflltrates while some 

basophils may be present. even ln man in response to Ag such as 

PPD (5). The mononuclear cells are clustered perivascularly (44) 

and conslst largely of T-cells with a pronounced enrlchment for 

CD4+ cells relatlve to the blood (44). ApproXlmately 1% of the 

cells are Leu 7+. One third of the cells are monocytes with the 

bulk of the remalnder being T-cells (39,47) of which very few 

express activation markers. Interestingly, these same events 

take place whether the subject is sensltlzed to the antigen or 

not (44.50). 

After 12 hrs. mononuclear cells dominate the perlvascular 

reglons. Resldent macrophages which orlglnally made up the bulk 

of the macrophage population have by thls pOint been ~oined by 

an equal number of monocytes from the clrculatlon. The ma~ority 

of these new monocytes are of the interdigltatlng type and 

express HLA-DR. Twenty percent of the remaining monocytes also 

appear to be actlvated and express both HLA-DR and C3b 

receptors. The CD4+:CD8+ ratio decreases ta levels only Sllghtly 

greater than those found in the blood (47). A doubling in the 

number of Langerhans cells IS se en as are small numbers of 

T-cells. scattered throughout the dermal lnterstltium (47). 
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At lB hrs there is a slight increase in the number of 

mononuclear cells ln the perivascular reglons expressing Leu 7. 

The number of T-cell e>,pressi ng the actl vatlon antlgens T9 and 

CD25 (Tac) increases. The decrease ln the perlvascular CD4:CD8 

ratIo contInues but the lnflltrate remalns Sllghtly enrlched for 

CD4+ cells relatIve to the blood (44). Small numbers of T-cells 

are found in the lnterstltlum. A weak expression of T9 lS also 

seen on keratlnocytes. 

In non-rE'sponders the CD4:CD8 ratIo remalns flxed at 1. 

T-cells and infiltrating macrophages are rarely seen in the 

interstitium. and very few of these express actIvatIon mar~ers 

(47). The reaction sItes of non-responders do not progress 

beyond this appearance and the mononuclear Influx WIll gradually 

dlminish (47). 

After 24 hrs the inflltrate lS Increased. Perlvascular 

regions show Ilttle change ln cellular composItion, but the 

numbers of aIl cell types Increases, the one exceptIon belng the 

relative proportions of mo~ocyte types. There i5 an increase ln 

the proportion of actlvated macrophages and a correspondlngly 

lower contributIon by both resldent and Interdlgltatlng 

macrophages (47). The expression by T-cells of actIvatIon 

antigens, partlcularly T9, Increases (44). A mode st Increase ln 

the numbers of Langerhans cells ln the dermlS occurs. whlle ln 

the epidermls they are varlously reported to Increase (47) or 

decrease (26.31.51) by small amounts. The extent of lnterstltlal 

InfIltratIon of both T-cells and macrophdges Increases (5). The 

maJority of infiltratlng macrophages are of the actlvated type. 

expresslng both HLA-DR and C3b receptors (44,47). The CD4:CD8 

ratio returns to the ratIO seen ln the blood (44.47). Occaslonal 

Leu 7+ mononuclear cells and T9+ ~eratlnocytes are found (47). 

T-cells are found ln the epldermls for the flrst tlme. and 

they are found in close associatIon wlth Langerhans cells (47). 

These T-cells have been reported to be elther both CD4+ and CD8+ 

(44) or exclusively CD4+ (47). 

Aftef- 48 hrs the infIltratIon of aIl areas of the sbn by 

T-cells and of aIl areas except the epldermls by macrophages IS 

seen (39.33~37.51). The proportion of actlvated macrophages ln 

1 
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the perlvascular regions reaches its peak (approx. 80%) and 

macrophages of the resident and interdigltating types are 

In~requent (47). The numbers of Leu 7+ cells in the perlvascular 

region increase to a peak value o~ approx 3% (44). Langerhans 

cell numbers remaln constant ln aIl areas (44~47.51). There IS a 

dramatic increase in the proportion of T-cells expresslng 

activatIon antlgens~ including CD25 and also HLA-DR(in a smaller 

proportion of the T-cells). The T-cells ln the epldermls appear 

to contain a greater proportion o~ activated cells than the 

other regions (44). Keratlnocytes begln to express HLA-DR 

(44,51) and te proli~erate, resulting ln epidermal thlckening 

with Langerhans cells concentrated ln the upper regions. 

By 72 hrs the lymphocyte and macrophage ln~iltrates begin to 

wane (5.47). Keratlnocyte proliferation and HLA-DR expression 

continue and may Increase (44,51). Langerhans cell numbers 

double ln the dermls ln the perlod from 48-72 hrs (51) whlle 

their numbers ln the epldermis drop preclpltously as the upper 

epidermal reglons 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 normal or 

remaln sllghtly elevated (52). Langerhans cells gradually 

decrease ln the dermls as they appear to mlgrate upwards and 

repopulate the epldermls (51). Induration and edema decrease 

rapidly and the reactlon grossly returns to normal (44.51). 

Within the tissue, CD4+ cells continue to domlnate the 

infiltrate (52). HLA-DR but not DQ expression by keratlnocytes 

Increases from days 4-17, particularly ln small focal patches 

(52). While a T-cell influx in aIl areas may remaln ~or up to 45 

days or more (52), the Inflltrates eventually decrease (5,51,52) 

and the flxed elements of the skin return to normal. 

Evidenc. ~rom other techniques 

Much has been learned about the functlonal capacities of the 

cells involved in DTH by the employment of the adoptive transfer 

technique. lndeed the original demonstratlon by Landsteiner and 

Chase that DTH IS a cell mediated reaction was carried out uSlng 
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this technique. By depletlng and/or enrichlng T-cell populatIons 

from antlgen sensltlzed animaIs that ShOH DTH responsiveness. 

and subsequently transferring these cells lnto nalve reclplents, 

their invoIvement in the recaIl component of DTH has been 

determlned. In thlS way lt has been shown that the cells that 

mediate DTH reactlons to soluble and allo-antlgens are CD3+. 

CD4+, L3T4+, CD8-, Ia+ (10,33,53-58). Whlle these cells may 

suffice to produce the Ag-speclflc lnflammatory component of 

DTH, the full complement of reactlons Involved ln the CMI 

respanse ta many lntracellular pathogens requlres both CD4+ and 

CD8+ Ag specific cells (59-65) and both cells are sometlmes 

required for the formatIon of Immune granulomas (62). CytOtOXIC 

cells of bath NK (64) and T-cell (65) llneage may aiso be 

required for the full development of DTH-drlven CMI effector 

function ta some pathogens, partlcularly Vlruses (23). 

The RoI. of Ag-.pecific cel1. in DTH 

The lnvolvement zn sztu of Ag-speclfic T-cells was flrst 

demonstrated by Najarian and Feldman (66). They and other groups 

subsequently used 3H-Thymldlne labelling ln donor anlmaJs 

durlng the sensltlzlng process (67,68) to generate labelleJ 

Ag-speclfic cells which were transferred to nalve recIplents. 

The reclplents were then skin tested and autoradiography used to 

identify the labelled cells ln DTH leslons. These studies 

estabIlshed that only a very small proportIon «IX) of the cells 

present at DTH SItes are specifIe for the Ag used ta ellclt the 

reaction (5). 

ThIS experlmental deSIgn results ln very few pOSItIve 

(labelled cells) belng detected ln the leslons. Ta ellmlnate 

this and other deSIgn lImItatIons. McCluskey et. al. carrled 

out an elegant series of experlments (69). In the flrst, the 

recipient anImal was labelled sytemically wlth 3H-Thymldlne 

prlor to the adoptIve transfer. In subsequent skln tests, 

approxlmately 90% of the cells ln the leslon were labelled. ln 

the second experiment, unlabelled anImaIs were passlvely 

immunized with cells from two dlfferent donors, one of WhlCh had 

been labelled. The donors were sensltlzed to two dlfferent 

antlgens. Regardless of WhlCh set of cells were labelled, or 
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which Ag was used to skin test the animal. between 0.8-87. of the 

cells at the site were labelled. The percentage of labelled 

cells was conslstently higher in the s~te tested with the Ag 

used to generate the labelled cells, but the increase was 

slight. These results Implled that there was a small Ag-specific 

inflltrate, but that the transferred cells also accumulated 

non-speclflcally at the skln test sItes. This was confirmed in 

the third series of experiment~ in which animaIs were actively 

immunlzed. After 7-9 days, at which time the Ag-specific cells 

were presumed to have ceased prollferating, the animaIs were 

labelled with 3H-Thymldlne for several days and then skin 

tested. The resulting lesions cDnslsted almo~t entirely of 

labelled cells. 

The Interpretation of these experiments was that the 

majority (greater than 907.) of mononuclear cells present at DTH 

lesians are not Ag-specIflc. but rather are praliferating cells 

of irrelevant specIficlty fram the circulation that accumulate 

at such sites non-speclfically (69,70). 

These early studles reported little evidence for the 

accumul~tion or enrlchment of Ag-reactive cells at DTH sites, 

relatIve to the blood. Very low numbers of Ag-specific cells 

were enumerated, making this observation s~spect. InterestIngly, 

in sorne of the early studies described dbove, It was noted that 

uSIng the contact sensltizer DNCB, the proportIon of Ag-specifIc 

cells seen ln the epidermis was 5 to 20-fold greater than in the 

leslon as a whole (67.68>. A recent study (71) has reported a 

marked Ag-specific accumulation of hapten-specific lymph node 

cells at SItes of CS reactlons ~hen suffIciently high 

concentratIons of hapten were used. The authors attrlbuted the 

requlrement for hIgher doses of sensitlzer to the impaired 

abillty of the~r cultured Ag-specific cell lines to traffic into 

skIn and lymph node Sites, a phenomenon also reported by others 

(72,73). 

One of the flrst attempts ta directly quantltate 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 lsolated from punch biopsIes of 
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Ni+2 CS sites, and found that approximately 10-151. of the 

cells from DTH biopsies were Ni+2 reactlve (74). Although 

these cells may have been contamlnated by ceIIs from the 

perlpheral Circulation thlS would seem to be a hlgher proportion 

of reactlve cells than one would expect to flnd ln the blood. 

Thus lt appears that whlle the proportlon of Ag-reactlve T-cells 

within DTH sites may be small, there lS some eVldence ta support 

the ldea that DTH sites are somewhat enriched for celis reactlve 

to the antigens drivlng the reactlon. 

That a small number of Ag-speciflc cells may be sufflclent 

to drive a DTH reactlon was conflrmed by Marchal and hlS 

colleagues in an elegant series of experiments Involvlng the 

injection lnto murlne footpads, along w1th Ag, of Ag-speclflc 

T-cell lines (75) and clones (76). They demonstrated that a 

single Ag-speciflc cell, placed ln the footpad was capable of 

provoking a DTH reactlon. Although one cell alone was capable of 

generating a DTH reaction, the eV1dence indicated that not aIl 

T-cells can evoke DTH reactions. Marchal's results pOlnted to 

the the possibllity of a numerically rare Ag-speclflc TDTH 

phenotype, responsible for lnltiatlng the subsequent recru1tment 

of effector phenotype cells. 

To date, the studies regarding Ag-speclfIc cells ln DTH have 

determined that very few Ag-specific cells are requ1red to 

generate a DTH reactlon, but the actual numbers and proportions 

of such cells that are present at DTH sltes 1S uncertaln. 

Regulatory cell. in DTH 

Numerous types of ~ells are Important ln regulatlng DTH 

reactions. Much of the ~vldence regarding r2gulatlon of DTH has 

been genera~ed ln adoptive transfer experlments. Whlle both CD4+ 

and CDB+ cells are required for DTH e~presslon, cell~ of both 

phenotypes may serve to suppress the response (5,53.55,77). The 

suppression of DTH 15 Itself part of a complex cascade, most 

clearly demonstrated ln CS ln which a CD3+. CD4+, CD8-. I-J+ 

suppressor-inducer cell produced an Ag-speclf1c 

suppressor-inducer factor which is assembled wl~h an I-J region 

product from CD3+, CD4-, L3T4-, I-J+ cell (53,78). ThiS factor 

then acts via a CD3+. CD4-, CDB+, J-J+ transducer celi ta lnduce 
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suppressor effector ceUs which may themselves act via soluble 

factors (78,79). 

Non-speci fic contrasuppressor cel! s WI th the phenotype of 

CD3+, CD4+, L3T4+, I-J+, V-V adherent, have been shown to be 

required in ordsr to passively transfer DTH immunity to contact 

sensitizers ln naive mice (78). These cells apparently 

functlon to overcome the innate generation 0+ suppressIon by 

resident cells in the spleen (78). 

In interpre~lng the results 0+ adoptive transfer experiments 

i t i'", prudent to note that il has long been recogn i sed that 

lymphoblasts preferentlally accumulate at DTH sites regardless 

of their Ag-specificity (80-82) and that zn vitro actlvated 

T-cells retain this characteristic (72,73). In contrast, in 

vivo activated lymphocytes will, after a short period ln which 

they may be non-speclfically recruited to any SIte of 

inflammation, tend to recirculate into the tis5ue in which they 

encountered Ag (83). Thus a regulatory cell, activated iD 

vi~ro and transferred lD vivo may exhibit abnormally enhanced 

or non-specific trafficking to inflammatory sites, where it may 

exert a greater than normal Influence. Thus some of the 

regulatory pathways demonstrated utllizing this technique may be 

art if actual • 



AntiQen pr •• enting cell. in DTH 
Cells of the macrophage/monocyte lineage have been shown to 

function both as antigen presentlng cells (APC) and effector 

cells in DTH. Their role as APC had been inferred from ln 

vitro experiments that have shown t~at both the CD4+ TDTH 

effector cells and CD8+ cytotoxic cells must see processed 

antigen in the context of Class II and Class 1 la antlgens 

respectively (5,6). 

There are numerous cells in the skin capable of functl0nlng 

as APC • .In the dermis these are primarily "res1 dent" macrophages 

(47) which may be lnvolved in the co~cinuous actIvation of 

T-cells in the perivascular reqion of "normal" skin (47,49). A~ 

a DTH reactlon evolves, large numbers of monocytes are recrulted 

into the dermis, however it is unclear wh ether sorne of these 

cells subsequently act as APC or if they functlon sole;y as 

effector cell s (5). 

In the epidermis the domi~ant 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 assoclated wlth 

T-cells in the epidermis in DTH reactlons (44,47,51), and may be 

the only APC capable of stimulatlng some hapten-speciflc T-cells 

from contact sensitivity reactions (74). Langerhans cells are 

sensitive to environmental insult and thlS and slmllar 

sensltivity by other APC may play a raIe in the loss of DTH 

responses seen following UV irradiation zn V1YO (79) and 

possibly ether circumstances (78). 

"acrophave. a. eff.ctor cell. in DTH 
Macrophages present at DTH sites aIse aCt as effector ~ells 

ln several ways. Ily the production of CK that attract and/or 

activate cells involved ln DTH, or by altering the vascular 

endothelium they may serve ta Increase the non-speclflc Influx 

of cells to DTH sites. They may also be able ta downregulate 

reactlons by releasing compaunds like PGE2 which lnhlbit 

T-cell activation and LK productIon (6). 

Dvorak and others have shown that fibrin deposltion IS 

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 me~hwork (85,86). The 

deposltion of fibrin by macruphages is a result of thelr 

productIon of macrophage procoagulant activity (MPCA). This 

occurs ln response to signaIs from (Ag) actlvated T-cells (6), 

elther the soluble factor macrophage procoagulant inducing 

factor (MPIF)(6,87-B9)~ ur directly V1a a rapid unidirectional 

Ia-restricted cell-cell Interaction (6). 

Macrophages also funct10n as cytotoxic effector cells in 

DTH. The1r abllity to phagocytose bacteria makes them natural 

hosts for ob11gatory intracellular bacteria. The expression by 

macrophages of enhanced lntracellular kllllng o~ such organisms 

is a result of the effects o~ the T-cell LK IFN-g and perhaps 

other mediators wlth ~acrophage activatlng factor (MAF) activity 

(5,6). Macrophages, and their progeny giant cells, can be 

observed phagocytoslng and killlng intracellular bacteria at CHI 

sites (5,6,90-92) and usually ln vitro (92.93>. 

Th_ roI. of ••• t calI. 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). Thelr work, carried out in the mouse, argues 

that the an Ag-speCIfie T-cell factor produced by cells in the 

spleen and lymph nodes, binds to mast cells. These "armed" cells 

respond to crosslin~lng of the membrane-bound T-cell factor by 

Ag ln a fashlon similar to thelr response to IgE cross-llnking. 

with the release of vasoactlve amines (95-98' WhlCh cause the 

formatIon of gaps between the vascular endothelial cells leading 

to the non-specIfic extravasation of T-cells which direct the 

remalnder of the DTH response. ThIS group has amassed a 

considerable body of experlmental results ln support of this 

theory (for a reVlew see 94), however their claims that this 

represents the sole InitiatIon mechanlsm for DTH and that its 

partiCIpatIon lS obllgatory cannot be fully supported by the 

eVldence at hand. The clalm that the mast cell deficient W/Wv 

and Sl/Sld mice lack detectable DTH (99) and that reserpine 

blocked DTH, through lts ability ta Innibit serotonin, in normal 

mlce, was refuted by Galll 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 reserplne sensitive desplte the 

innate serotonln deficlent state ln these mlce. Glven the 

demonstration that a single Ag-reactlve TDTH cell encounterlng 

Ag in the perlphery may ellclt DTH and the abllity of soluble 

products of actlvated macrophages to alter the vascular 

structure (see below), an absolute dependence for mast cell 

degranulatlon ln DTH would seem unllkely. however t~e 

demonstratian of lsotype-Ilke regulatlon o~ the Ag-speclflc 

factors responsible for mast cell lnvolvement (53) by suppressor 

factors (101) suggests that thi s may be a mechanl sm whereby 

speCIfie T-cells ln one Immune compartment may Influence T-cell 

responses at distant sItes. Alternatively, the lnflu~ of serum 

proteins into the tIssues as a result of endothellal gap 

formation may lead to enhanced flbrin deposltlon at DTH sItes. 

On balance it would appear that mast cells do play a role ln 

some DTH responses in mice, but that thlS role IS more of an 

ampllfylng (in elther magnitude or tempo) rather than an 

obI i gatory one. 

Soluble mediators of DTH 

Since the descriptIon of the first lymphokIne, BF or IL-2 

(8)~ over 100 CK~ have been descrlbed (5,6). Slnce the 

descriptIon of MlF ln 1966 by by Bennet and Bloom (6), manyof 

these CK have been belleved to be lnvolved in DTH. The maJorlty 

of CK fall into 6 general categorIes: Ag-specIfie factors, 

regulatory factors, growth and/or differentlatlon factors. 

factors effectlng vascular permeablilty, migratIon InhIbition 

factors and chemotactlc factors. Wlthin these categories there 

are often dlfferent factors having the same or simllar effects 

but with dlfferent target cell populatIons (5,6). 

The maJorlty of these factors have been produced and their 

functlons determined ln vltro. Ta comprehenslvely reVlew the 

entlre pantheon of factors postulated to partlclpate ln DTH IS 

impractlcal. l will lnstead concentrate upon those factors whose 

production and/or functlon(s) have been demonstrated ln V1VO. 
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The methods used to demonstrate the involvement of these factors 

have utilized Ab for immunohistoehemlstry or bloeking of the 

responses, extraction from the site, or the introduction of CK 

lnto tissues to evoke DTH. 

Histologie.l .vid.nc. of CK participation in DTH 
The detectlon by immunohistologlcal techniqucls of cytokine 

production at DTH SItes has been accomplished for a few CK. MlF 

has been detected ln both human and murine DTH reactIons. Using 

a monoclonal Ab, Borg et. al. found that the production of MlF 

zn vivo was carrled out not by T-cells but rather first by 

endothelial cells and later in the reaction with macrophages 

(50). They detected 1 arge number·s of endothel i al cells and small 

numbers of dermal macrophages proc.hcing MlF in the early 

non-speclflc inflammatory phase of DTH reactions. lnterestingly, 

MlF was also produced in the early responses of non-sensitized 

and tolerlzed controls, as weIl as in the response ta 

non-speciflc inflammatory agents. If a DTH reactlon subsequently 

developed approxlmately 1/2 of the infiltrating 

macrophages produced MlF. Since It has been recently shown in 

vztro that activated macrophages synthesise MlF but only 

release lt in the presence of Ag-act1vated T-eells the authors 

claim theIr histologie data demonstrates that the important 

sources of MlF in vzva are endothel1al cells and macrophages 

(82). The ab1llty of a Ab to MlF to bloek the expression of DTH 

was demonstrated by Geczy et. al. (102) supports the V1ew that 

MlF 1S 1mportant ln the DTH response. 

IL-2 has long been postulated to be an important LK in DTH 

reactlons. ThIS hypothesls was strengthened by the demonstration 

by many authors of the progressIve expression w1th 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 cytoplasmlc stainlng was in a pattern indicatIve of 

IL-2 product1on as opposed to IL-2 uptake. 

Keratlnocytes at DTH sites have been shown to express HLA-DR 

antigens late ln DTH reactions (44,51,52). This response can be 

1nduced in vztro by IFN-g, and the in vivo expression of 

Class II Ag has been eonsidered to provide indirect evidence for 

1 
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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 proteln is induced in monocytes, endothellal cells 

and keratinocytes ln vltro only ln response ta IFN-g. ln 

vivo, the same pattern of induction was seen at DTH sites, wlth 

macrophages and endothelial cells positive for cytoplasmlc IP-10 

by 24 hrs and basal endothelial keratlnocytes pOSJtlve by 41 

hrs. 

Issekutz et. al. demonstrated that the ln je ct ion of Ab to 

IFN-g at sites of Ag deposltion blacks DTH (103,104) and others 

have also shown that such Ab block the DTH medlated re~ectlon of 

allogenelc tumor cells ln IDlce (105) and the in~ection l.p. of 

monoclonal anti IFN-g blacks the expressIon of Class II Ag on 

keratinocytes at DTH sites (106). Ab to IFN-a have also been 

used to demonstrate the Involvement of thlS CK ln the DTH 

response (85). 

Abilities of CK ta produce DTH-lik. re.pon ••• in situ 

Demonstration of the potential invalvement of certain CK ln 

DTH has been shawn by their capacities to produce DTH-llke 

reactlons when inJected ln sltU. The somewhat poorly deflned 

skin reactlve factor of Bennet and Bloom was shawn ta l~duce a 

DTH-Ilke induration when lnjected l.d. (108). The ln~ectlon of 

ETAF lnto murlne footpads results ln a DTH-llke InduratIon and 

mononuclear cell Influx (205). IL-l injectIon ln SltU lnduces 

very llttle mononuclear cell recrultment wlthln the skln (104). 

TNF-a lnduces a moderate cellular recrultffient, and lt 15 much 

more potent ln thlS regard than TNF-f (110). Issekutz et. 

ale showed that the Injection of Interferon alP (104) and 

IFN-g resulted in DTH-llke responses (110). The InhalatIon of 

IFN-g or TNF-a Induces changes ln the mononuclear cell 

populatIon ln the lungs of rats simllar to those seen ln 

DTH-medlated reactlons (112). The most patent Induction of 

DTH-llke reactions occurs when an IFN IS cO-lnJected l.d. along 

wlth elther IL-l or TNF wlth TNF-a/IFN-g showlng the greatest 

synergy and potency (104,110). Similar synergy was also observed 

in the lnflammatory response in lungs of rats receIvlng 

aerosolized TNF-a and IFN-g (112). 
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Direct extrAction of CK fra. DTH .ite. 

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 sever al chemotactlc factors have been extracted 

from the DTH sites of gUlnea plgS (113-115). These factors were 

prepared from punch bIopsies that were minced. frozen, sllced 

with a mIcrotome, dehydrated and extracted by sol vents. Under 

these conditlons, the release of intracellular contents and 

contamInation with blood-borne medlators and cells is InevItable 

and 50 the factors cannot be certain to arIse solely from 

soluble factors released by actlvated cells ln the DTH site. 

Nevertheless. factors chemotactlc ~n v~tro for monocytes. 

lymphocytes (113,114), B-cells (115), T-cells and CD4+ cells 

(116) have been obtalned in thlS fashlon and sorne of them have 

been shown to be produced in vztro in serum-free cultures of 

actlvated mononuclear cells (117). The problems lncumbent in the 

extractIon technique for obtalning putative factors from DTH 

SItes casts doubt over the relevance of some of the detected 

factors to DTH reactlons. The inclusion of a B-cell chemotactic 

factor amongst those extracted from DTH sites (116) underlines 

the potentlal problems of such a tissue-destructIve technIque. 

The most convlnclng eVldence for the lnvolvement of a CK ln 

DTH is the demonstration of the presence of specific CK at DTH 

sltes_ As mentloned prevlously, to date in s~tu 

Immunohlstologlcal analysls has Identlfled several CK at DTH 

sltes_ The dlfflcultles of generatlng suitable antibodies and 

detectlon techniques with sufflcient speclflclty and sensltlvlty 

have Ilffilted the success of this approach. Also~ the 

demonstration of blologlcal actlvlty of the identified CK still 

Iles in questlon, although admlttedly, one can only find the 

actlvity one looks for, and given the plelotropic activltles of 

mo~t CK. it may be dlfficult to know what actlvity(s) to those 

should be. 

A non InvaSIve/destructIve method for obtalnlng the secreted 

products from DTH sites would be of great serVIce ln provldlng 

unequivocal proof for the lnvolvement of lndlvldual factors in 

DTH. 
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Functional Subdivisions of T-c.lls with r.Qards to LK 

Production 

T-cel1s have long been divided into helper and 

suppressor/cytotoxlC subsets. Initially It was belleved that 

these functlonal groups corresponded to those deflned by Ab to 

what are now known as the CD4 and CD8 loci. This categorlzatlon 

is breaklng down under the welght of accumulatlng eVldence that 

"helper" activlty is carrled out by only a subset of CD4+ cells 

and that both suppression and cytotOXIClty can be medlated by 

both CD4+ and CD8+ cells. The ablilty of CD4+ cells ta medlate 

DTH and provlde help for B-cell Ab synthesls and proliferation 

(118) implied that perhaps these various actlvltles were 

mediated by dlfferent cell populations (118). 

The abillty to clone T-cells has led to a dissection of many 

of these functlons at the cellular level. Most Important. ln 

regards to the subject of the thesls, was the observation that 

local DTH reactlons were transferable only by cytOtOXIC CD4+ 

clones that dld nct provlde B-cell help (24). The understandlng 

that these functions. and perhaps also Inflammatlon, may lnvolve 

different groups of CK, has led to the ldea that functlonal 

subsets may eXlst wlthln the CD4+ populatIon. and that thls may 

be a reflection of dlfferlng patterns of CK productlon. 

Substantlal eVldence has been produced ln murlne systems to 

support this contentIon. Mossman et. al. have suggested that 

there are two klnds of CD4+ cells, dlstlngulshable on the basls 

of thelr actions and Lk productlon (119). The first, the so 

cali ed TH! or "} nf 1 ammatory" T-cell s produce IL-2. IL -3, 

IFN-g, TNF-~ and GM-CSF upon stimulation, medlates local DTH 

responses~ IS cytotOXIC and suppresses Ag-drlven Ig secretion. 

The second or TH2 "helper" or "regulatory" T-cell produces 

IL-3, IL-4. IL-5 and GM-CSF upon stimulation and provldes help 

for Ag-drlven Ig secretion (118,120,121). Both types have 

receptors for IL-2 and IL4. but TH1 cells lack IL-l receptors. 

Both types respond to IL-2 and IL-2+IL-4, however, only TH2 

clones respond to IL-4 (ln the presence of IL-! (122). Slmllar 

results with regards to LK production and functlon ln vltro 

have recently been reported for clones of human PBM derlved 
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T-cell clones (118,123-126), although in contradiction, Patel 

et. al., examlning a panel of 83 CD4+ PBM derived clones, 

found that 81 produced IL-2 and aIl produced IFN-g, GH-CSF and 

TNF, and aIl were cytotoxic and gave help for Ig-synthesls 

(204) • 

Massman et. al. have hypathes1sed that their THl clones 

correspond to the T-cells that drlve DTH reactians. It remains 

to be determined however whether such cells are present at DTH 

Sites, and if so, whether they predominate ln such reactions. 

Ta determ1ne if this lS sa, will require the ability to 

abtain Ag-spec1fic T-cells fram human DTH sltes, free of cells 

from the circulation, clone them, and examine thelr functlonal 

capacltles in vztro order to see if they conform to the 

profiles of THl and/or TH2 cells. Prlor ta the Hark 

described in this thes1s, no techniques ena~ling such studies to 

be performed have been reported, and thus th1S rema1ns an open 

question. 
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Chapter 21 Anergy. 

As 1 was gOlng up the stalr. 
1 saw a man? who wasn·t there. 

He wasn"t there agaln today. 
1 wish, 1 wlsh he'd stay away' 

Hughes Mearns. The Psychosed 

Anergy was originally descrlbed by Von Plrket ln 1907 as 

being the opposite of allergy (2). At the tlme. the distinction 

between allergy and DTH was nct formally developed. Today Anergy 

is deflned ln cllnlcal terms as the lac~ of DTH to recall skln 

test antlgens. As a result of thlS negatlve deflnltlon, attempts 

ta study anergy ltself are difflcult. Ll~e the man upon the 

stalr, anergy Ju~t Isn' t there. It IS more useful ta approdch 

the problem of studYlng anergy by concelvlng of It a~ a syndromp 

of unknown etlology. characterl~ed by a loss of cell medldted 

lmmunlty. wlth an lncreased rls~ of lnfectlon. In thlS conte:(t. 

the study of DTH. and the mechanlsms responslble for Its 

regulatlon. can be seen ta be part of any attempt to understand 

anergy. Many dlsease processes, notably the congenItal defects 

ln immune functlon. have served to liluminate the fundamental 

processes of Immunlty. Studylng anergy through studYlng DTH. 

may also reveal sorne of the baSIC wor~lngs o~ CMI. 

There 15 as yet no eVldence to dlrectly lln~ the Increase ln 

Infections seen ln anergy wlth the 1055 of DTH. It has been 

proposed that the 1055 of DTH 15 a reflectlon of a mOre 

fundamental defect at or close ta the root cause of anergy 

(128). Sorne support for thls Vlew can be Implled by the 

observatIon that most of the lnfections that occur ln anergic 

patients are by organlsms not thought ta be contrQlled by CMI 

(129). Admlttedly though. manyof the InfectIons are due ta 

"tradltl.Onal" tarqets of CMI such as Candlda (1~9,130). and 

the dogma regardlng th~ partIclpatlon of T-cell medldted 

immunlty ln host defence agalnst dlfferent pathogens may be 

overslmpllfled <6:'). 

Anergy shares another characterlstlC wlth the man upan the 

stalr, for those sufferlng from anergy, nothlng could be more 

deslrable than for It to stay away. It lS a serlOUS condItIon 
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carrylng a substantially lncreased rlsk of Infection and 

mortallty for whlch there IS as yet no effective therapy, and 

while the study of anergy may be useful in providing basIc 

~nowledge regardlng CM!, the applicatIon of that knowledge to 

produce potentlal theraples for the underlYlng defects 

assoclated wlth anergy lS a goal of paramount importance. 

Anergy has the dubious distInctIon of belng bath negatively 

and operatlonally deflned. For the purpose of thlS thesis, 

anergy Will be defined as follows: 

Human: DTH response less than 5mm to 5 putative recall Ag 
(Normal response = DTH~5mm to two or more Ag) 

<131> 

DTH response .( 5mm ta ~LH ln prevlouslr sensltlzed animaIs 
(153) (Normal response 5mm. typica Iy 6-12mm). 

Rat: 

Mlnor dlfferences may be encountered ln dlscussing the work of 

other authors. and these WIll be noted as they arIse. 

The fundamental causees) of anergy in humans lS un~nown. 

InfectIon by HIV and posslbly other agents can produce anergy. 

as may sorne forms of radlatlon, antl-neoplastlc and 

lmmunosuppreSSlve compounds. 

In surglcal patIents free of such agents It typlcally occurs 

ln concert wlth or followlng: cancer, trauma, malnutrition, 

burns. sepsls and advanced age (~. 127.131). It is only this form 

of anergy that WIll be dlscussed ln thlS thesls, and the term 

"anergy" WIll be presumed to relate solely ta thls/these formes) 

of the anergIe state. 

Tc what degree any of these conditIons are merely assoclated 

wlth. as opposed ta causative factors of, anergy IS unknown. 

AnergIc pat lents are at lncreased rls~ for post-operatlve sepsls 

and septlc mortallty (1~9,1~1.133) regardless of whether the 

anergy e:: 1 sted pre--operatl vel y or developed ln the post-op 

perlod (1~9,131). Whlle thiS aSSOCiatIon has long been 

recogn 1 sed ('2). 1 t was not tlOt Il 1975 that McLean et. al. 

recognlsed the potentlal predIctIve value 0 4 s~ln tests wlth 

regards ta sepsls and septlc martallty ln surgical patIents 

( 133) • 

In a study of ~202 surgI cal patients. ChrIstau et. al. 

examlned multiple pOSSIble correlations between phYSlologlcal 

functions/Illness and sepsls and septlc mortallty. The resultlng 
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analysls revleled a numerlcal relatlonship between skin test 

score and sepsis/mortallty (129). AlteratIons ln other factors 

such as serum albumln were also found to be predictIve. however 

DTH score remained the best predlctor of sepsls and septlc 

mortallty ln surglcal patIents. When comblned. DTH score and 

serum albumln levels could be used ta predlct outcome wlth even 

greater rellablllty. 

Defects in Host Response associated with Anergy 

Non-specifie hast defences 

Alterations ln the adherence and chemotaxls of neutrophlls 

obtalned from perlpheral blood have been noted ln surgI cal 

patIents (j29) but their relevance to anergy remalns unclear. 

MorrIS et. al. found that surgery depressed ln vltro 

chemotaxls. and ln V1VO dellvery of PMN to Boyden chambers 

filled wlth 50% autologous ~prum placed aver tape-strlpped SItes 

(134). Whlle these p3tlents had slgnlflcantlv lower DTH scores 

pre-operatlvely than younger normal contraIs, the post-operatlve 

decrease 1 n F'MN chemota:: 1 5 dl d not correl ate WI th the obser ved 

decrease 1 n 1 n ~' ù'o PMN d~ll very (134). Interest 1 ngl y lhere 

was a 10-fold hlgher ln Vlva dellvery seen ln pre-op patlents 

as compared to the normal controis (135). Anerglc patIents 

however dld not show thlS Increase. resultlng ln PMN dellvery 

1/10 of the hospltal reactlves but essentlally Identlcal ta 

normal controis (134). These results may Indlcate that anerglc 

patIents are fal11ng to respond ta Inflammatory processes to the 

same degree ctS reactlve hospltall=ed controls (135). 

Pre-op studles have also shawn that PMN adherence IS 

eievated ln aIl patIents, but more strl~lngly 50 ln anerglc as 

opposed ta reactlve patIents. A slml1ar SItuatIon eXlsts for PMN 

chemotaxls however It IS depressed ln patIents rather than 

increased. 50 tao are total serum protelns, albumln and 

hemoglobln. A pronounced neutrophilla has been found ln aIl 

surgi cal patIents wlth anergic patIents exhlbltlng the most 

pronounced effect (129). 

Overall there are differences between the non-speclflc host 

defenc~ and physialogical parameters of pre-op patIents and 
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normal controls. The degree ta WhlCh the dlfferences in age and 

disease state between these two groups may account for these 

observations is un~nown. However, If the pre-op patients are 

stratlfied according ta thelr s~ln test response. the devlatlons 

from the normal values are generally more profound ln the 

anerglc populatIon (134). 

Alterations in immune functions 

Several devlations ln B-cell activ1ty are associated wlth 

anergy. These defects dppear ta be conflned largely ta responses 

to proteln Ag (136). Bath ln vivo and in vitro production of 

specific antibody to tetanus toxold IS deflclent in anerglc 

subJects (a slmllar but smaller defect lS also seen ln the 

reactlve patient population) while the response ta pneumacoccal 

polysaccharIde IS normal <136.137). Serum leveis of Ig6 and IgA 

are elevated (136) and ln vltro the numbers of B-celis 

spontaneously secretlng these Isotypes are also abnormaly hlgh 

(138). The elIsa-spot technique used ta detect this spontaneous 

secretl~n requ1res only a few hours of culture, and thus thlS is 

lnterpreted ta reflect the presence of these cells ln the 

cIrculatIon ln V1VO and nat an abnormal response aqu1red ln 

vltro. Interestlngly, the productIon of specific Ab by PBM in a 

pr1mary ln vltro response to ta sheep erythrocytes has also 

been reported ta be somewhat elevated ln anerglc patIents (138). 

By deflnlt10n. ln YlVa T-cell functlon lS profoundly 

altered ln anergy. DTH s~ ln test responses are abvlously 

depressed or absent. and there has been a report of the 

acceptance by one anerglc patient of a full thlc~ness 

HLA-lncompatable S~ln graft for 44 days wlthout mIcro or 

macrascoplC eVldence of reJeetlon (133). Followlng prlmary 

exposure ta DNCB and KLH~ reaetlons ta resldual Ag remaining at 

the site do not oceur ln anerglcs and sensltizatlan by thlS 

exposure does not oecur as eVldenced by a subsequent lack of 

sensltlzed cells ln the perlpheral c,rculation (139). 

Paradoxlcally. T-cell responses ln vltro are not affected 

by anergy. Prollferatlve responses ta alloantlgens (140) and 

soluble Ag (PPD. 140) ln prevlously sensltlzed anergie patients 



Page 2.5 

are aIl normal. Cell mediated lympholysis and the response to 

crude preparatIons of T-cell growth factor have also been 

reported ta be normal (141). These results led ta the hypothesls 

that the cells of anergic patients were capable of mountlng CMI 

responses. but that the "anergie environment" sOffiehow interfered 

with the expression of CMI. 

ThIS hypothesis was tested by Rode et. al. by InJectlng 

autologous PBM, pre-cultured w\th PPD ln vltro l.d. lnto 

anergic patients. Sixty-three percent of anerglc patIents 

reactive to PPD in vztro gave a positive s~ln test reactlon to 

these cells. condltlonal to the cells belng VIable (140). Thus 

at least one of the defects ln anergy would seem ta result from 

an ln V1VO bloc~ of lymphocyte actIvatIon. 

The use of CK to Investigate anergy 

The role of CV- ln the re-establIshment of DTH was also 

addressed by Rade et. al. (139,140,142,143). In a series of 

experlments they establlshed that the secondary (recall) DTH 

reaction could be demonstrated ln the maJorlty of previously 

sensitlzed anergIe patients when the skln test Ag was 

cO-lnJected wlth C~ alone. Effective Ck prepa~atlons were made 

from the supernatants of elther soluble Ag (139.140.142.143) or 

alla-Ag (143) stlffiulated PBM, from elther reactlve or anerglC 

subJects. ThiS effect was shown wlth both PPD (140.142.143) and 

VLH (140). The actIve component(s) were Ag non-speclflc (139) 

and non MHC-restricted (139.143). Hlstologlcal examlnatlon 

showed that only the Injection of C~ plus Ag to whlch the 

anergic subJect was reactive ln vltro resulted ln a 

mononuclear cell Inflltrate typlcal of a DTH reactlon (143). In 

these studles, mlnlscule amounts of culture supernatants. as 

Ilttle as O.lml per InJectIon, sufflced to lnduce the effects 

descr 1 bed. 

Not only can CK restore the ablilty to mount a secondary 

response to Ag ln anerglc oatients, but lt aiso restores the 

capacity to mount a prlffiary sensltlz~tlon to Ag. When a 

sensltlzlng dose of VLH was cO-lnJected wlth CV, sensltlzed 

lymphocytes were found ln the perlpheral blood 14 days later. as 

opposed to anerglcs InJected wlth VLH alane, who had no such 
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cells. These cells proliferated ip response to KLH in vitro. A 

DTH reaction was obtained when these newly sensitized anergies 

were skin tested with KLH+C~ (139). 

In summary. anergy is associated with many physiological 

derangements, WhlCh are often present in surgical patIents, and 

a1so with alteratlons ln some non-specifie host defence 

parameters. The severlty of these abnormal1ties is greater in 

anergic than reactIve patients. ln vltro responses of bath T 

and B cells are normal or Sllghtly enhanced, Indicating that 

APC, T & B-ce1ls of anerglC patients are functIonally competent. 

In Y1YO B-cell responses ta protein Ag are defective, and 

there are an abnorma1 number of Ab secretIng cells ln the 

circulatIon, but curlously ln yivo responses ta polysaccharide 

Ag are normal. T-cell responses are absent in V1VO, but they 

can be restored by the co-injection of Ag Nlth CV. The 

underlYlng cause(s) and the defective mechanisms responsible for 

anergy are themselves un~nown. As a result of the in YlVa-ln 

vltro dichotomy of response, zn V1VO methods are required ta 

study anergy. 

Animal Models of Anergy 

Anergy lS c~aracterlzed by a luss of DTH reactivIty and an 

accompanying increase ln susceptabillty ta Infection. However, 

the lack of knowledge regarding the underlying causees) of 

anergy ln humans has made it dlfficult ta design appropriate 

animal models of the condItIon. lwo techniques are currently 

avallable for lnducing anergy to reeall Ag in animaIs. Long-term 

proteln deprlvation results in a wasting syndrome whieh includes 

anergy ln mlce and rats (111,127). A thlrd degree thermal trauma 

model. orlglnally developed by Wal~er and Masan (144). a1so 

results ln decreased CMI responses. The mechanisms responslble 

for anergy to recall Ag in these two models are uncertaln, 

however the same can also be said for anergy ln surglcal 

patIents. 

In additIon ta depressed DTH responses, other effects of the 

thermal trauma mode1 lnclude flu1d 10ss (which may be replaced 

by l.p. and s.c. injectIon). lowered serum Ig and flbronectin 
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levels, increased susceptabllity to Infection (145). depressed 

B-celi responses, lowered ~n v~tro responses to Ag and 

mitogens (146) and in~reased activity of CD4+ suppressor-Inducer 

cells (147). 

Animal models of infection 

A rapidly disseminating peritonitis 15 frequently 

encountered in anergie patients followlng abdomInal surgery 

(148). There are numerous animal models of lnf~ctlon and 

perltonitis but 1 wIll confine myself to a discussIon of the 

models developed to imitate the cllnlcal characterlstlcs of 

peritonitis, and to the particular model utIllzed ln the thesis 

and ItS direct antecedents. 

Rat models of peritonitls designed to slmulate clinlcal 

pe~itonitls, using fecal materlals, were created 1.1 the late 

1960's (149~150~. These models howeve~ led to llttle or no 

Iethallty (151). The Inclusion of the IrrItant Ba2S0~ Wlth 

rat feces in the peritoneal cavlty of rats by Onderdonk et. 

al. (152) and Lowensteln et. al. resulted in a model WhlCh 

mimlcs human peritonitls ln havlng ~ rapld generallzlng 

peritonltis. lethal wlthin three days (151). It was subsequently 

shawn that the organism responsIble for lethallty ln thlS model 

was primarlly E. c~!~., wlth B. fragllls requlred for 

abscess formatIon ln survivors (151). h subsequent refillement ln 

which these and other bacterla obtained from cultures were used 

ln lleu of fe~al material. resulted in a useful and 

r~producible model of perltonltls (151). ThiS model was later 

used to demonstrate that anergy, occurlng secondary to 

peritonltls in rats, was predictIve of lethal outcome (153), and 

was adapted for use in the studles to he descrlbed ln thlS 

thesis. 

Use of cytokin •• to treat infections in anim~ls. 

Non-speciflc immunomodula~ors were flrst descrlbed by Gaston 

Ramon ln 1925 (154). Jules Freund expanded upon hlS work and 

developed affective immunlzing adJuvents. Further study by 

numerous Investigators has led to a prolIferatIon of 

non-specIfie immunopotentlatjng compounds useful ln Immunlzatlon 
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ln anImaIs (155) and humans (154) and ln infec:tious processes in 

anImaIs (155). 

The patential of numerous CK ta partic:ipate in c:ombating 

lnfectlons was weIl rec:ognlsed from ln vitro experiments 

carrled out in the 1970·s. In 1975 Kampschmidt and Pulliam 

showed that the admlnistration of crude preparations wlth IL-l 

Il ke acb VI ty 1 nhanced surv:i. val of infec:ted rats (156). Unti 1 

hlghly purified medlators were available the pleiotroplc effects 

of crude CK preparatIons. the ~nown potential for synergy 

be~ween C ..... and the belief that Impractlc:ally la"-ge quantitles of 

culture supernatants Hould be required ta conduct ln YlVa 

tests, dlscouraged investlgatlon. 

The recent avallability of large quantitles of recombInant 

CV has led to a prolIferatIon of studies of the in Vl vo 

effects of CV- ln combating Infections. inciuding those caused by 

extracellular pathogens. In 1987 Ozal--'l et. al. demonstrated 

that recombinant hum3n IL-la improved the survivai of rats 

infected with Klebsielld pneumonlae or Pseudomonas 

aeruglnosa (157). Slmilar results were reported by others 

involving Infections wlth Listerla 'IMnocytogenes and K. 

pneumoniae/Staphylococcus aureus (15Q.159). These studies 

utllized up te 200,000 Unlts/mouse wlth 50% effectIve doses in 

the range of 1.000 to 10.000 Unlts/animal. They also reported 

that the admInIstration of the IL-la by the sa me route as the 

bacterla (le. IV-IV or lp-lp) was most ef-fective ln treatlng 

these Infecbons (158). Additionally they found that when the 

injectIons were glven ip the CK was most effective If glven 48 

hrs p~lor to InfectIon, whlle if the route of injection was iv 

the CV- was most effective if given concominantly with the 

bacterla (158). 

IL-~ was shown to be protective agalnst E. COll. infection 

in mlce If admlnistered by the same route as the bacteria ln 

doses of approxlmately 4xlJ4 Units/mouse (160). IFN-g has aiso 

been shown to 1 mprove surVl val 1 nE. col i • II<. pneU'IIOnl ae 

Infected mic:e after 15 days o-f treatment with 7,500 Units daily 

(161) • 

, 
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AlI these studies share in common the use of large 

quantities of recombinant cytokines to treat infection in 

immunonormal ammals. The optimal strategy typlcally requlred 

the injection of both CK and bacterla by the same route. and 

often pre-treatment Wl th CV was most effecti ve. None of the 

investigations paralleled the work of Rode and colleagues which 

utillzed minute amounts of a mixture of presumably bath known 

and unknown CV-. ta restore normal lmmune functlon ln anerglc 

subjects in a slte-dependent fashlon. Thus whlle these two lines 

of ,nvestlgatlon share features ln common. they derlve from a 

dlfferent approach ta the applicabon of Cf( ta treat InfectIons. 

Anergy 1S clearly a dangerous a~d Intractable condition that 

threatens surglcal patients. The current lack of knowledge 

regarding some of the basic processes of CMI and how these are 

defective in the anerglc state has hampered attempts ta 

understand and treat anergy. Wh11e it 15 knawn that sorne CK can 

reverse the effects of anergy locally, ho,"" they da thlS and the 

i mpli cations of th i s capacl ty for both the study af DTH and the 

treatment of anerglc patients remaln unresolved. 



Scgp. Of The Th •• is 

The cells involved in DTH remaln poorly characterized, 

primarilyas 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 subJect of 

Chapter 3. 

The funetlonal capaeitles of the T-cel1s involved in DTH 

have largely been inferred from those of cells present in the 

blood and organs of the immune system. Whieh functions are 

actually present ln the population carrying out DTH responses 

remalns unknown. 

Havlng gained access to the T-cells from human DTH sites, 

the cloning of these cells and the determlnation of their 

antlgenlc specificity are described in Chapter 4. The T-cell 

clones from DTH sites that were speclflc for the antlgen 

ellcltlng the reaction were submitted to analysis of their 

functional capacltles. The production of cytokines ln situ at 

DTH reactlon sites was also evaluated. These studie~ will also 

be related ln Chapter 4. 

In Chapter 5, the nature of the defective DTH response in 

anergie patients was examined using the same techniques as were 

applled to normal DTH reaetions. Additionally, the nature of the 

response that results when anergie patients are skin tested with 

antlgen cOlnJected with the supernatan~s of mlxed lymphocyte 

culture6 (MLC) was aiso investlgated. The dntlgenlc speeificity 

and functlonal capaeltles of the T-cells from such skln test 

sites were determined and compared to those from normal DTH 

reactlons. with a Vlew towards assesslng their potentlal for 

involvement ln antl-pathogen responses. 

As a result of the Investigations related in Chapter 5, the 

potential theraputie value of the cytokines in MLC supernatants 

in treating Infections ln anergie subjects was examlned. These 

experlments were carried out ln a rat model of anergy and are 

related ln Chapter 6. 
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Chapter 3: Skin Window Chambers, a methcd for recovering the 

cel1s and cytokines involved in delayed-type hypersensitivity 

Introductory comments 

Studies of cells involved ln delayed-type hypersensltlvlty 

have been prlmarlly carrled out by hlstologlcal and, more 

recently~ Immunohlstochemlcal technIques (44). Whlle these 

approaches have Ylelded substantlal InformatIon regardlng the 

types and surface antlgens of responding cells. they can only 

provlde a static plcture of a dynamlc process (S). 

DIrect studles 0+ the functlonal capacltles of cells 

involved ln DTH have not been practlcal due to the 

Inaccesslblilty of these cells. Ta thlS pOInt. only s~ln 

biopsIes have been available as a source of these cells for 

study (74). BIopSIes have the disadvantage of belng an InvaSIve 

technIque yleldlng only small numbers of cells WhlCh are 

partlally contamlnated wlth blood cells. 

In arder ta be able to readlly pur sue further studles on the 

cells in a DTH leslon~ a non-InvaSIve technIque WhlCh allowed 

recovery of a sufflclent number of cells wlthout contamlnatlon 

wlth blood was requlred. Methods derlved from thL claSSlC Rebuc~ 

s~ln wlndow but employlng chambers lnstead of the caversllps 

utillzed by Rebuc~ et al had been used to recaver PMN from 

non-speclflc sItes of InflammatIon (134,163-165). 

The purpose of the wor~ descrlbed hereln was ta modlfy lhese 

technIques ln arder to provlde access ta the cells and CV from 

DTH sItes of humans. 
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METHODS 

Subjects 

The subjects were 62 healthy volunteers, 24 female and 3B 

male, ranglng ln age from 18-72 years. Informed consent was 

obtalned from aIl partIcIpants. The subJects were slln tested 

for DTH reactlvlty by the Injection l.d. of O.lml of 5 standard 

test antlgens: CandIda (Dermatophyton 0, 1:100(diluted wlth 

Albay buffered sallneCO.5% NaCl + 0.~75% Nablcarbonate + .4% 

phenol) Hollister Stler). Mumps (MSTA. Connaught Laboratorles) , 

PPD (Tuber sol , Tubercul i n PPD (Mantou::), 50 TU/ml), Connaught 

Laboratorles) , Trycophyton (1000 pnu/ml, Holllster Stelr) and 

Varldase (StreptoLlnase 1000 U/ml-Streptodornase 250U/ml, 

Hoiiister Stelr). Reactions greater than 5mm ln diameter were 

consldered positive. AlI subJects responded ta two or more of 

the antlgens. 

Serum 

Blood was obtalned by velnipuncture and was defibrlnated by 

agItation wlth sterile glass beads for 20 min. Serum was 

obtalned by centrifugation of the deflbrlnated blood @ ~OOg far 

20 min. Serum used to flll the chamber~ was pooled from two 

healthy type-AB donors. WhlCh had been screened for: 

antl-Hepatltls dntlbody, Hepatltls VIrus, and antl-HIV-I 

antlbody. In certaIn experlments autologous serum dlluted ta 

10% V/V wlth normal saline (Travenol) was used with or wlthout 

heat InactIvatIon @ 65t for 10 min. 

Skin wlndow chambers 

The chambers placed over the DTH sites were small plastIC 

"Sombrero"-shaped bubbl es 1 (FI g. 3. lb). A hol e had been mel ted 

through the top of the chamber and a rubber Injection port from 

a 10cc bottle of sterlle water (Travenol) glued ln place wlth 

Epoxy. The resultlng chamber had an approxlmate volume of O.BmI. 

Ta prevent los5 of cells by adheren~e, the chambers were 

slilconized uSlng a water based sl11conlzlng compound (Slliclad. 

Johns SClentlflc). The chambers were then gas-sterlllzed wlth 

ethylene oXlde prlor to use. It was found that each chamber 
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could be re-used an lndeflnlte number of tlmes followlng 

vlgorous cleanlng wlth Sparkleen (FIsher) ln an ultrasonlc 

cleaning bath. The rubber InjectIon port requlred replacement 

after 2-4 uses, due to deterloratlon of the Epoxy rlurlng 

sterilization and cleanlng. 

Preparation of the DTH sIte and chamber application 

The preparatIon of the sIte followed the method of MorrIs 

(134) WhlCh uses a modifIcatIon of the tape-stripping method of 

Mass et. al. (165). Brlefly, the volar surface of the forearm 

was shaved (If requlred) and sterlll~ed wlth ~X lodlne (Royal 

VIctorIa HospItal) and 70% alcohol. A gas sterlll~ed adherenl 

plastiC tape (3M) wlth two 1.6 cm dlameter holes approxlmately 6 

cm apart was applled as a template. The stratum COrneum was 

removed from both template hales by multiple (100-150) 

applications of sterillzed clear <Transpore, ~M) tape (F~g. 

3.1a). StrippIng was completed when the s~ ln attalned a 

gllstenlng appearance. AlI tape strIpping was performed by the 

same persan (M.J.M.). A standard si ln test dose 0+ anllgen (or 

saline) was Injected Intradermally ln O.lml Into each SIte. The 

template was then removed and each SIte covered wlth a slerlle 

"sombrero" skln vundow chamber (FIg. -:;.lb) WhlCh was secured ln 

place wlth ;. pleces of ffilcrofoam (~M) tape with hules large 

enough ta slIp over the body of thE chamber. lwo ddultlonal 

pleces wlth small hales permitting access ta the InjectIon port 

were then applled. The chambers were filled wlth serum through 

the InjectIon port. uSlng a ~cc syrInge (Becton-Dlcllnson (B-D» 

fltted wlth a 24-gauge needle (B-D) and employlng an addItlonaJ 

24-gauge needle as an air vent. Sufflclent volume was flushed 

through (approx 2.5ml) to assure that no bubbles remalned wlthln 

the chamber (Flg. ~.lc). A fInal plece of Transpore tape was 

placed over the chambers to secure them and the forearm then 

wrapped wlth a sterIle elastlc bandage ta protect the 

preparatIon (FIg 3.1d). At the deslred tlme, usually ~4 and/or 

48 hrs later, the fluld was removed and the chambers rlnsed wlth 

approxImately Sml of ster~le salIne (Travenol). The chamber 

fluld and the salIne wash were pooled and used for analysls. The 

chambers were then removed and a swab t3~en of the sites for 
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bacterlologlcal analysls. The sites were covered loosely with a 

sterile dresslng and allowed to dry. 

C.ll .nu~.ration 

Cells from the Skln window chambers were collected b~ 

centrIfugation (10 mIn @ 100g) and the chamber fluid frozen at 

-20~ for storage. The cells were resuspended in RPMI 1640 + 

40% Normal Human Serum, and then enumerated with a hemocytometer 

followlng stalnlng wlth Turks solution. Confirmation of cell 

numbers was obtalned by dlfferentlal countlng of a 

cytocentrlfuged sllde preparation stalned wlth Wrlght's staln. 

Cytocentrlfugation and staining 

Cells for cytocentrlfuge preparations were suspended at 

2xl05 cells/ml ln PBS + 0.5% BSA (Fra~tlon V, 

Boehrlnger-Mannhelm) MIcroscope slldes (Fisher) were prepared ln 

a Shandon cytocentrlfuge uSlng Shandon fllter cards by coatlng 

them wlth 200 ~l of 17. BSA ln PBS (GIBCO) and centrifuglng 

for 10min at top speed. Flve hundred ~l of cell suspenSIon 

was added to each hol der and the 511 des spun for 5 ml n at 200 

rpm and aIr dryed. The slldes were then stalned wlth Wrlght's 

staln ln an automatlc stalnlng apparatus. 

PreparAtion of Peripheral Blood Lymphocytes 

Blood samples were mlxed wlth heparln (Organon) to a final 

concentratIon of lOU/ml and dllut.ed 1:1 ~Hth HBSS (GIBCO>. They 

were then layered over Flcol-Hypaque (Pharmacla) and centrifuged 

for 20 min at 400g. The cells at the Flcol-Hypaque-Plasma 

Interface were removed and washed tWlce ln HBSS, counted and 

resuspe .. ded 1 n cul ture med 1 um. 

Lymphocyte rasponslveness 

To assess lymphocyte responslveness, skln wlndow chamber 

cells or PBM contalnlng 40,000 mononuclear cells were cultured 

ln O.2ml RPMl + 20% Pooled human serum wlth and wlthout one 

~g/ml PHA (Wellcome L~boratorles) ln 96 weIl V-bottom 

plates (Llnbro) ln a 51. C02 atmosphere at ~7~. 

After 66 hrs, one ~Cl of 3H-Thymldlne( speclflc 

actlvlty 2~Cl/mg. NEN) was then added to each weIl and the 
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cells Incubated for a further 18hrs, at WhlCh time the plates 

were frozen and thawed and the wells harvested wlth a MASH 

apparatus (M.A. Bloproducts>. The contents 0+ the wells were 

deposlted onto glass flber fllter dlSCS WhlCh were washed wlth 

dH20 and transferred to SCIntIllation vlals, dryed for ~hrs at 

65~. One and ~ half ml of SCIntIllatIon coc~tall (Omnlflour 

(Dupont) l.b/. ln toluene (FIsher)} was added to each VIal and 

the radlolabelled DNA counted ln a SCIntillatIon counter 

(Packard Instruments). 

Statistics 

In the experlments shawn ln FlgS. 3.2 and 3.5. palred 

chambers ~ere placed on a SIngle Indlvldual. Comparlsons of cell 

del1verles ln these experlments were analyzed by the Wllcoxan 

F'ai red SI gned Ran~ '3 test. Compar 1 sons between total cell 

dellvery ln ü-~4 + 24-48 hrs vs 0-48 hrs were made uSlng data 

fram dlfferent lndlvlduals (Table 3.2). These e}:perlments, were 

tested by the one-tal1ed unpalred Wllcoxan Rank Sum Test. AlI 

statlstlcal procedures were carrled out uSlng a statlstlcal 

analysls program (STATS-PLUS, Human Systems Dynamlcs). When 

necessary, tabul ar p-values were obtal ned from Chal (166). 

Il The chambers from WhlCh the "Sombrero" SkI'l wlndaw chambers 

were constructed wer~: Capsule en Makrolon 

purchased from: 

Trametal. 
21 QuaI DebonneUII, 

9410 St. Maur, 
France 
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BESULTS 

Mcdi~ic.tion5 te the Boyd.n ch.mber technique. 

The original technique whlch was used to collect the cells 

from DTH sites was the Boyden chamber method of Morris et. al. 

(134). This technIque had been shown to wor~ weIl ta collect PMN 

from non-specltlc lnflammatory sites but when lt was applled to 

the DTH reactlon 1 t was tound that the comblnatlon of the 

non-specltlc Inflammation wlth the Induration of the DTH 

reactlon produced exceSSIve swelling under the chambers. Thls 

resulted ln conSiderable paIn and dlscomfort~ along wlth mlnor 

Infections aro~,d the rlm of the chamber. Several modifIcations 

were tested ln m-der ta produce a less lrrltatlng technIque 

whlch would b~ more acceptable ta experlmental subJects and 

would produce less non-speclflc Inflammation. These changes, 

shown ln Table 3.J, resulted in the technique descrlbed ln the 

materlals and methods sectIon Whlch was used throughout to 

obtaln the cells from sl ln reactlon sites. 

Delivery o~ mononuclear cells to sk1n window chambers depends 

upon the pre~ence of .ntig~n 

The hallmark of a DTH reactlon IS the dellvery of 

mononucleal'· cells to the s~ln ln response to Ag. The Initial 

experlments looked at the numbers and types of cells dellvered 

lnto ~he chambers upon the InItiatIon of a DTH reactlon. 

The 24hr dellvery of mononuclear cells and PMN to palred 

chambers above sites lnJected wlth saline or antlgen to WhlCh 

the subJect was reactlve was determlned ln 11 experlments (Fig 

3.2) In ail but one Instance the dellvery of mononuclear cells 

was augmented ln the presence of antlger. yleldlng a mean 

lncrease of 15-fold. Wlth two exceptions, the number of 

neutrophlls recovered from chambers wlth antlgen was slmllarly 

lncreased. In thlS and subsequent experlments, the results fram 

the InitIal enumeratlon wlth Turk's staln and the dlfferential 

count on Wrlght's stalned cytocentrlfuged preparatIons were 

comparable. The mononuclear cells were a mIxture of lymphold and 

macrophage llke cells (Fig. 3.3) approachlng 25% of the cells ln 

the chambers. 
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Kinetic5 of Mononuclaar cell delivery 

Ta determlne the klnetlcs of mononuclear cell dellvery to 

the chambers. two technIques were employed. In the flrst 

experlment. two chambers were placed on two PPD reactlon sItes 

of one indlvldual. The contents of alternate chambers were 

removed at varlOUS tImes and the cells enumerated. The chambers 

were then refliled wlth serum and harvested agaln at later time 

perlods. The results are shown in FIgure 3.4. Mononuclear cells 

were found ln the chambe~ ln slgnlflc~nt numbers ln 12 hrs, and 

Increased rapidly ln the followlng 12 hrs. 

In the prevlous experlment, the cells and fluid were removed 

from the chambers and not replaced. If the cells dellvered to 

the chambers and any factors present ln the ~lUld were lndeed 

Involved ln the DTH reactlon It was pOSSIble that they would 

continue ta carry out thelr effector functlons whlle ln the 

chamber. wlth an lnfluence upon the underlYlng DTH. To 

investigate thls posslblilty, the total dellvery of mononuclear 

cells ta chambers WhlCh were harvested at ~4 hrs (and the 

chambers refilled wlth serum) and agaln at 48 hrs was compared 

to the dellvery obtalned when the chambers were left undlsturbed 

for 48 hrs. The results are shown ln Table - ,., _ • L. The dellvery of 

cells ta chambers left undlsturbed for 48hrs was sIgnlflcantly 

greater than the sum of the dellverles from 0-24 & :4-48 hrs. 

Slmllar results were abtêllned from a small number of e::perlmE'nts 

utlll~lng palr~rl chambers on Indlvldual subJects (data nat 

shown). Accor dl ngl y. subsequent e::per 1 ment s were c arr 1 ed out by 

harvestlna the cells and fluld from the chambers afler 48hrs. 

Cell delivery is dependent upon prevlous sensltlvlty ta 

antigen 

The prevlous experlments Implled that Increased cell 

dellvery may be an antlgen-speclflc functlon. 10 test thlS 

hypothesl S a ser 1 es of seven pal red e:: per 1 ments compar 1 ng cel! 

dellvery to one sI ln test antlgen to WhlCh the subJect was 

senSItive as ascertalned by Srln testlng. wlth the dellvery ta 

another antlgen ta WhlCh the subJect was not reactlve were 

performed. In thlS serIes the chambers were left ln place for 
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48hrs. As seen ln Figure 3.5, again with one exception. antigen 

ta WhlCh the sub]ects were reactive induced an Increase ln the 

number of both mononuclear and PMN harv~sted compared to those 

recovered from chambers placed over non-reactive antigen sites. 

Responsiveness of skin window chamber cells te PHA 

The functlonal capaclty of lymphocytes harvested from the 

chambers was tested ln terms of thelr prollferatlve responses to 

PHA, and were compared to those given by PBM from the sa me 

subJects. The reactlons obtalned (not shown) were pOSltlV~ but 

very low, WhlCh we attrlbuted ta the high numbers of residual 

neutrophils in these cultures which we were unable to remove. 

Bacteriologlcal results 

Swabs were ta~en from both chambers of 50 individuals. Ali 

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

posItIve for Staph. species or Staph epider.idis. 

1 
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Table 3.1: ModifIcatIons to the Boyden Chamber TechnIque 

Modificdtion 

Sillconlzation of chamber 

Enlargement of abrasIon 
site 

Use of pl asti c 
"Sombrero" chambers 

Use of foarn tape 

Effect 

Increased number of cells recovered 

Increased number of cells recovered 

ReductIon ln non-speclflc ~ Induced 
InflammatIon 

Reduced PMN dellvery 
Improved comfort for sub~ects 
Reduced IncIdence of InfectIon at 

chamber SIte 

Reduced InCIdence of chamber leakage 
Improved comfort for subJects 

1 
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Table 3.2: Comparison of Total Mononuclear Cell Delivery in 48 

Hrs Wl th g, Wl thout the Removal of Cel1 s at 24 hrs. 

Tlme Perlod(s) N MedIan Mononuclear Cell DellVery p 

0-24 + 24-48 12 0.30 x 106 

0-48 17 1 • 86 >: 106 < • 05 



fig 3.la 

F1Ç. ~.1: Apoilcatlon cf si ln wlnjcw chambers. The l~wer arm wa~ 

::ter'lll::ed wlth lodlne :tnd Ellc:;)hol. ,; temol,,;1.te \J"''= ~hen :lool1ed 

and the stratum =orneu~ removed bv tape strlcDl~9 (A~. Antlge~ 

~r salIne was then lnJected Int:;) the 31tes ~nd ~he temolate 

removed. The " s l:::l mbrero" S~ ln \.'Jlndo\.'~ chamtll='rs l'Jere then 01 :Ieee' 

:;)\er the sItes d?). The chambers ;'Ier-e sec'_'r:?l.' tEloed ln plZlce 

and ~111ed wlth serum CC). The crecaratlons were then =overe= 

.Nlth 3n elastlc bandage ID). 



F'ag. 3.12 

". 

-. ,~ 

'--

fig 3.1b 

1 
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fig 3.1d 
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SALINE ANTIGEN SALINE ANTIGEl'! 

MONON.UCLEAR PMN 

FIG. 3.2: Antigen dependence of celi delivp.ry to s~in window 

chambers. Two chambers were placed on each subject. one over a 

sIte InJected with antlgen elicltlng a DTH reactlon (antlgen) 

and the other Injected wlth salIne (saline). After 24hr the 

chambers were harvested and the celis delivered were enumerated. 

The data shown represents the cell dellverl~s to chambers from 

IndlVldual subJects. the Increased dellvery of both mononuclear 

and polymorphonuclear cells when ant1gen was InJected was 

slgnlflcart (p<O.003). 



fig 1.3a 

fig 3.3b 

2) celis .jellver~d ta :1 si ln ~'nndol'J chamber after ::4hrs ::J.'.?r _,n 

antloen re~ctlve 51~E. 
l 
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FIg. 3.4: klnetlcs of mononuclear cell dellvery ta skin wlndow 

chambers. Two chambers were placed over DTH sItes of a sIngle 

lndlvidual. The chambers were harvested alternately at varlOUS 

tlmes and re-filled wlth serum. The cumulatIve cell dellvery was 

plotted for each tlme pOInt. 
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CONTROL ANTIGEN CONTrWL ANTIGEN 

MONONUCLEAR PMN 

Fig. 3.5: Dependence of cell dellvery upon prevlous sensltlvlty 

ta antlgen. Two chambers were placed an each subject. one over ~ 

site InJected wlth antlgen e14cltlng a DTH reactlon (antlgen) 

and the other InJected wlth an lrrelevant antlgen to WhlCh the 

subJec~ gave na response (control). After 48hrs the chambers 

were r3rvested and the cells dellvered were enumerated. The ddta 

shawn represents the cell dellverles ta chambers from Indlvldual 

subjects. The lncreased dellvery of bath mononuclear and 

palymarphanuclear cells when antlgen ta WhlCh the subJect was 

reactlve had been InJected was slgnlflcant (P/O.02). 
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DISCUSSION 

The ~ecove~y of mononuclea~ cells f~om human DTH ~eactl0ns 

15 a ~equl~ement fo~ the determlnatl0n of the p~ecise phenotypes 

of these cells. The "somb~e~o" sJ.-ln wlndow chamber technique 

pe~mIts the ~ecove~y of substantiai numbe~s of such cells. 

The method was modlfled from s~ln wlndow technIques used to 

study the mlg~atlon of PMN to sItes of local InJU~y (134). Ve~y 

few. If any mononuclea~ cells we~e ~ecovered uSlng these 

methods. By adoptlng sLlch a technique fo~ a study of the DTH 

~esponse. whose hallmarl lS the accumulatlon of mononuclear 

cells, It lS not une::pected ta flnd PMN contamination of the 

mononuclear cel1 Influ;:. By p~epa~lng the sl-ln sItes wlth gentle 

tape st~lpplng. Substltutlng a llght-welght plastic chamber wlth 

a fIat b~oad and smaoth IIp. and through the use of foam tapes. 

we reduced the attendant non-speclflc InflammatIon and thus the 

Influ} of PMN. By InJectIon of antlgen we achleved the 

attractIon of mononuclear cells typlcal of DTH reactlons 

although accompanled by a PMN accumulatIon. We attrlbute the 

latter tu an I,creased InflammatIon seen ln s~ln ln contact with 

chambers coverlng a DTH reactlon. The maJorlty of PMN ln the 

latter preparatIons appeared ta be activated (FIg 3.6). 

The presence 8f serum ln the chambers may have contrlbuted 

to the F'f'1N Influ::. We chose luOï. serum for the chambers because 

we felt that lt mlght provlde the optImal milIeu to promote 

survlval and recovery of functlonal mononuclear cells. 

Subseqllentl y, 1 t ~Jas found that the reductlon of the se~um 

content 1 n the chambers to 10% reduced PMN df~ll ve~ y sel ect 1 vel y, 

whereas heat 1 nact 1 vat Ion f urther decreased aIl 1 eul- oey te 1 nf 1 LI:: 

(data not shown). 

When the antlgen was deposlted ln the chamber ln lIeu of 

InJectlng lt Into the s~ln. mononuclear cell dellve~y was 

lncredsed dS compared to chambers wlthout antlgen. howeve~ the 

numbers of cells dellvered was substantlally less than when lhe 

antlgen ~~as InJected (data not shown>. Acco~dlngly the dntlgen 

was ln J ec ted thr-oughout the wor ~ reported herel n. 
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Although there was variation in the absolute numbers of 

cells delivered from indlvldual ta Indlvldual. the results from 

palred chd~bers are consIstent enough to allow slgnlflcant 

results ta be obtalned from modest numbers of subJects. Unpalred 

analysls requlred only sllghtly larger group slzes to obtaln 

slgnlflcant results. 

The recovery of cells from a DTH sIte wlthout conlamlndtlon 

by cells from the cIrculation IS one of the goals of thlS 

approach. Since AB serum was used to flll the chambers. 

erythrocytes would be expected lo be found ln the chambers If 

the l.d. InJectlons were performed Improperly (resultlng ln 

vascular damage). Such falled InjectIons occured only 

occaslonally. and were ObVlOUS at the tlme because of the 

vIsIble presence of blood at the InJectlorl site. When chambers 

were placed over these sites. erythrocytes were detected ln the 

chambers. Such InCidents were rare. and the data presented here 

comes only from sItes InJected correctly. 

The hallmar~ of DTH IS the development of a mononuclear cell 

Inflltrate ln the dermls and epldermls within 6-48 hrs of 

exposure ta an antlgen to WhlCh the subJect was prevlously 

sensltlzed (S). The dellvery of mononuclear cells to the S~ln 

wlndow chambers followed simllar Ilnetlcs. Benign. 

non-lmmunogenlc IrrItants provole small cellular Inflltrates ln 

comparison to DTH reactlons (167). Thus the lr1creased nurnbers of 

mononuclear cells dellvered to chambers o~er Ag+'ve SItes 

compared ta th05e over salIne sItes Indlcated that the 

mononuclear cell dellvery to the chambers lS prlmarlly dependent 

upon the DTH reaction ln the underlYlng sI ln. 

DTH responses are controled by Ag-speclflc T-cel15. When an 

Ag ta WhlCh a subJect IS non-responslve 15 InJected, there IS an 

lnltiai cel! dellvery WhlCh wanes wlthln 6-12 hr5 and ]s much 

smaller than the eventual InfIltrate seen at Ag+'ve SItes 

(44.50). Slmllar results were found when palred chambers were 

placed over Ag+'ve and Ag-'ve SItes of Indlvlduals. In clll but 

one Instance t~ere WaS a mar~edly hlgher dellvery of mononuclear 

cells to the Ag+'ve SItes, demonstratlng that the de} Ivery ut 

these cells was a refiection of an Immune response ta speCifIe 
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antlgen ln the underlYlng skln. Thus the technique provlded a 

falthful rendltlon of the DTH reactlon. 

In the current model of the DTH reactlon. the Initial T-cell 

Influx IS small ln Sl~e untll a cell responslve to the 

antlgen(s) present encounters processed antlgen ln the context 

of self-MHC on an antlgen-presentlng cell. These 

antlgen-reactlve T-cells produce lympho~lnes WhlCh result ln the 

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

When the cells dellvered wlthln the flrst ~4 hours were 

removed f rom the chambers, the 1 nf 1 u:: 1 n the subsequent :4 hours 

was smaller than that seen ln the flrst day. and the total cell 

deli ver-y over the 48 hour per 1 od '-"las appro:: 1 matei y 1/6 of 

that seen Hl chambers Ieft undlsturbed for 48 hours. This would 

suggest that the cells dellvered to the chamber ln the flrst :4 

hours contaln slgnlflcant numbers of lympho~lne-produclng cells 

WhlCh are responslble tor recrultlng large numbers of cells ln 

the 1ater phdse of the reactlon. 

The mononuclear cells recovered from these chambers 

respopded to PHA ln VItro, Indlcatlng that therr lS a 

functlonal T-cell cOfliponent to the Influ::. It should be posslble 

to clone these celis. enabllnq us to e::amlne dlrectly the 

funcllonal capdcltles. such as the antlgen selisltlvlty and 

production of lynpho~ Ines, of the T-cells responslble for DTH. 

DTH lS dlrected by cells that are belleved to carry out many 

of thelf functlons via soluble medlators (C~). Prevlous attempts 

to study these C~ have been hampered by the lac~ of an 

c'ppropr 1 ate source of materl al (S). fhe serum recovered from the 

chambers IS 11~ely to have been condltloned by the respondlng 

celis. Thus It should be a good source of the cyto~lnes produced 

by cells ln the DTH reactlon. 

Any method appll ed to research 1 nvol VI ng human subJects must 

be both useful and practlcal. ThiS technique was weIl tolerated 

by ail subJects. and had a lea~age rate of less than 7%. 

ContaminatIon, chlefly Staph. eplder~ldlS occurred ln less 

than 41. of the chdmbers, wlth no III effects to the subJects. 
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In total. placlng paIrs of chambers on 100 subJects for perlods 

of up ta 72 hours, none chose to wlthdraw from the study. Thus 

the technIque can be applled wlth confIdence that lt IS safe. 

and wIll be accepted by test subJects. 

In conclusIon. the s~ln wlndow chamber technIque descrlbed 

here provlde an opportunlty for the flrst tlme to recover, clone 

and analyze excluslvely both the cells Involved ln DTH, and the 

cyto~lnes and other factors that they may produce. 
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Chapter 4: The Human T-DTH Cell. a clonaI analysis 

Introductory camments 

The s~ln wlndow chamber technIque detalled ln the prevlous 

chapter was developed to allow the recovery of mononuclear cells 

and thelr products from DTH sItes, wlthout thelr contamInatIon 

wlth cells from the cIrculation. and glves the opportunlty ta 

analyse the cells and to determlne thelr functlonal capacltles 

dlrectly. 

The cells from DTH SItes were cloned uSlng the same Ag as 

was used to ellclt the DTH reactlon. The resultlng clonaI 

populatIon was then deflned accordlng to surface marker 

expresSIon. 

The fractIon of T-celis present at DTH SItes that were 

speclflc for the Ag Induclng the DTH has prevlously only been 

estlmated ln animaIs uSlng methods that are lmpractlcal ln 

humans (66.68.69). 

Clonlng s~ln wlndow chamber cells uSlng Ag as the s~lmulant. 

and uSlng llffiltlng dilutIon frequency analysis. the accurate 

determlnatlon of the frequency of Ag-specIflc T-cells at DTH 

sites ln humans ta be made for the flrst tlme. 

In terms of functlon. Mossman et. al. have recently 

proposed that murlne CD4+ TH can be dlvlded Into two 

populations. one dlrectlng Inflammatory and cytoto::ic processes 

and the other provldlng help for 19 synthesls (119). The 

e~lstance of a simllar functlonal dlchotomy ln human TH 

populations has not been fully establlshed (118). One reason for 

thlS has been that ln nelther the human nor the mouse have the 

appropreate TH been shown to be present at Ag-speclflc 

Infldmmatory sites. the prototype of WhlCh IS DTH. 

The clones derlved ln the course of the frequency analysls 

were submltted to functlonal analysls. permlttlng a detalled 

plcture of the capacltles of the cells present at DTH sites to 

be determlned. 

• 
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Act l vated cell S e::pr-eSSl ng the hl gh aff ln 1 ty r-eceptor- for 

IL-2 (5.4.6.82) & IL-~ pr-aduclng T-cells have been found at DTH 

sites (41), and among clones capable of medlatlng DTH (118.1~0). 

These same clones wer-e aiso shown to be cytotoxlC. Thus It was 

laglcal te expect IL-2 pr-aductlon and cytotOXlclty by TDTH 

cells. TNF lS 2 potent cytotO::lC D (6). Both a and ~ TNF 

can produce a DTH-Il~e reactlon (104.110). IFN-g has been shown 

ta produce a DTH-lil-e leslon when lnJected l.d. (10-':::.104). It 

has aiso been shown to syner-glse wlth bath IL-t and rNF ta 

produce a DTH-ll~e r-eactlan at lower doses (104.110). 

The pr-Oductlon of both IL-: & IFN-g has been used to help 

de-flne the TH1 ln-flammatory T-cell ln mlce (119). IL-~ 

productIon and the capaclty to glve 8-cell help have been 

assoclated wlth two lndependent T-cell populatIons ln the mouse 

(1~1,119). B-cells are not nor-mally found at DTH SItes (5). 

Consequently It has been assumed that helper cells for Ab 

synthesls would not be found at DTH SItes. 

Accordlngly. the capaclty of T-cell clones from DTH Slt~s ta 

carry out the functlons descrlbed above were determlned ln or-der 

ta deflne the T-cell populatIon partlclpatlng ln DTH. 

Addltlonally. the fluld from s~ln Window chambers also 

allùwed -for dIrect confIrmatIon that speclflc cytol-lnes were 

produced ln V1VO at DTH SItes ln humans. 

The r-esults of these descrIptIve and functlonal tests WIll 

be dlscussed ln thlS chapter-. 
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Mat.rialt And Methgds 

Subjects 

The subJects utllized ln these e::perlments were volunteers 

who gave lnformed consent for the proceedure. The subJects were 

2 females and 4 males. aged 21 to 68 yrs. One subJect whose 

cells were used ta generate T-cell Ilnes (Po) was a haspital 

patIent. AlI other subJects were healthy laboratary valunteers 

without underlYlng lilness. AlI 5ubjects were reactlve as 

deflned ln the prevlous chapter. Only antlgens ta WhlCh the 

subJects were reactlve (le DTH~5mm) were lnJected. SubJects were 

S~ln tested at least 48hrs prlar ta the placement of skln wlndaw 

chambers over newly InJected sites. 

Preparation of serum 

Serum was prepared from 10cc of peripheral blood obtained by 

venlpuncture 24 hrs earller. The blood had been collected into 

Vacutalner tubes (B-D) wlthout anticoagulant and allowed to clot 

at room temperature for ~ hrs. The clot was then detatched from 

the walls of the tube uSlng a sterile pasteur plpette. and 

a]lowed to shrln~ for 4 hrs @ 4~. The tube was then 

centrlfuged @ 400g for 10mln and the serum collected. The serum 

was recentrlfuged as before, and then drawn off. Just prlor to 

the preparation of the chamber sltes. lec of serum was dlluted 

wlth 9cc of normal sallne (Travenol). 

Peripheral blood mononuclear cell preparations 

Followlng the recovery of cells from the slln window 

chambers. blood was drawn by venlpuncture and deflbrlnated by 

sWlrllng wlth sterile glass beads for ~Omln. The deflbrlnated 

blood was centrlfuged I~ 4(JOg for 20mln and the serum removed and 

flltered through O.~2 ~M sterile fllter. A volume of HBSS 

equal to the volume of serum recovered was then added to the 

cells and the mononuclear cells recovered by centrifugation over 

Flcol-Hypaque as descrlbed ln chapter 3. Samples of serum were 

frozen @ -~O~ for later use. 
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Epstein-Barr virus preparation 

EBV was obtalned from the supernatants of B95-8 marmoset 

cells obtalned from Dr. José MenezEs (St. Justine HOspItal. 

Montreal). The cells were grown ln RPMI + 10% FCS ln ~50wl 

flas~s (Falcon) for 7 days. The supernatants were collected by 

centrIfugatIon @ 400g for 20mln and flltered through a sterlle 

O.22~M fllter (MIlllpore). Allquots were fro~en @ -70~ 

for storage and thawed by vlgorous agitation ln a ~7t water 

bath lmmedlatly prlor to use. 

EBV-transformation and establishment of B-cell llnes 

PBM were suspended in RPMI + ~O% FCS + ~.5~g/ml of 

cyclosporln-A (herl:iafter referred ta as L-BVt mE'dll'm) (Sandoz) ln 

13xl00mm glass test tubes (CanIab) at a concentr~tlon of 106 

cells/ml. One ml of cell suspension was centrlfuged @ 400g for 

10 mIn and the supernatant dlscarded. 0.2ml of EBV suspenSIon 

was added and the cells Incubated for Ihr @ 39~. wlth the 

cells belrl agltated every 15 mIn. Followlng the Ancubatlon. 

O.BmI of EBVt medIum was added and the cells Incubated @ 

37~ ln a 5% CO~ atmosphere. The medIum was replaced weelly 

untll colonIes were VISible. These colonIes were transferred ta 

50 ml culture flasls <Falcon) ln 7ml of EBVt medIum. WIIl?n the 

celis were growlng rapldly the medIum was rep]aced thrlce wee~ly 

with RPMI + 10% FCS. 

Antlgen reactlve PBM cultures (Lymphocyte transformation 

tests) 

One hundred thousand PBM. suspended ln 100~1 of RPMI 

1640 + 20% NHS. were placed ln flat-bottomed mlcrowells of 

96-well plates (Falcon). One hundred ~l of RPMI + 10% NHS 

contalnlng antlgen preparations at varlous concentratIons was 

then added ta each weIl. The cultures were grown for 7 da~s ln a 

5% C02 atmosphere. lwCi of 3H-ThymIdlne (S.A. ~0 

Ci/mmol. NEN) was added ln ~O~l of RPMI 1640 to each weil 

for the last 6 hrs. The plates were then fro~en at -~O~ 

thawed and the wells harvested wlth a MASH apparatus. and 

3H-Thymldlne IncorporatIon lnto DNA determlned as descrlbed ln 

chapter ~). POSitIve response was deflned as a stimulatIon Inde:: 
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greater- than or equal to 5 and greater than or equal to 4.000 

new CPM. 

AlI cultures were per-formed ln e:ther- dupl1cate or-

tn plI cate. 

f-'PD 
PF'D 

The antlgen prepar-atlons us~d ln the cultur-es were: 

(Connnaught. l ot# A~8): 20\.lg/ml 
(SSI. lot# RT40); 20\.lg/ml 

TET (Merleu:<. loUt GP3.~): 0.64 U/ml 

CAN (Mer 1 eu};. 1 at #O~A:;M7): 20 Ulml 

The antlgen prepar-atlons from Merleu~: wer-e the klnd gift :Jf 

Rhone-Poulenc Ltd. 

T-c:ell cultures 

1: T-cell gr-owth medi um 

T-cell cultures were malnt1ned ln medIum whl.ch contalned 

IL-~ der 1 ved from two saurces~ supernatant from the cell Il ne 

MLA 144. cultured ln RPMI 1640 + 5i: FCS + glutamlne (.O~mM. 

GIBCO) and/or the super-natants from F'BM cultured for ':4 hrs ln 

RPi"1I 1640 + glutamlne L02mM.GIBCD> + 10% FCS + 1 I-Ig/ml of 

Proteln-A (Pharmacla). The supernat~nts were har-vested by 

centr- 1 f ugat 1 on I~ ~(JOg f or ~o ml n. The MLA 144 supernatants were 

heat Inactlvated I~ 61)~: for:;O mIn and ultracenlr"lfuged JI! 

100.000 rpm for -::0 min to remove virus par-tlcles. Ind1v1dual 

preparations of MLA 144 supernatant were tested 1 n the CTL-L 

IL-2 assay as descr-lbed below and sufflclent supernata~t added 

to the TCGM to lnduce ma:'lmal prollferatlon. 

The complete T-cell growth medium was: 

RPMI 1640 
glutam1ne 
MLA 144 supernatant 
PBM Pr-oteln-A supernat2nt 

1C'0-
.J 1. NHS 

gentamycln(GIBCO>* 
fungl~one(GIBCO)* 

0.1mg/ml 
~. 5\.1gm/ml 

* when neccessary 

2: Rec:overy of Cells from DTH sites 

The prep arat Ion of s~ 1 n WI ndow chamber SI tes and the 

recoveryof cells from the chambers was carrled out as dete.:!.!er;l 

1 n the p-evi ous chapter Wl th onl y ml nor varl atl ons. AlI chambers 

were harvest ed at a S111g 1 e t l me pal nt of 48 hrs. 
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In sorne experlments .. to mlnlmlze the chance of lea~age. a thln 

1 ayer- of the human thr-omb 1 n-f 1 br 1 nogen seal an t TI SSEAL was 

appiled ta the r-lm of the chamber Immedlately before placlng lt 

over the slte~ The TISSEAL was allawed ta set prlor lo the 

filllng of the chamber-s wlth 10i:. autologous serum. TISSEAL was 

the ~ lnd glft of Immuno Canada. 

3: Bul k T-cell 11 nes 

VarlOUS numbers (5.000-100.000) of PBM or S~ ln Wlndow cell 

suspenSIons (contalnlng 5.000-100.000 l'',onanuclear cells) were 

cultured ln TCGM wlth elther F'HA (l~g/ml Wellcome) or 

antigen (PPD @ :-'I)I-Ig/ml Connaught. CandIda I~ ::0 U/ml. 

MerIeu::; let.anus 0.64 U/ml. MerIf?U::) ln ~4-well plates (Llnbro). 

F'BM (1r)6/well) lITadlated with 5000 rads from d 137Cs source 

(Gammacell 40. AECL~ 1=:5 rads/mIn) were Included as feeder 

cells. PHA stl mulated culture~ utlllz.ed elther autolo(jous or 

aiiogenelc feeder celis. Antlgen stlmulated cLiltures utlll;::ed 

autol ogous feE~der cel} s. Fresh medl um was added thr I ce wee~ l y 

and the cultur-es Wl"re re-stlmulated every ~ ta =: wee~s. 

4: Establlshrnent of T-cell clones by Llmltlng Dllution 

T-cell clDr>es were establlshed ln 96-well fIat bottom plates 

(Falcon). One hundred thousanj PMB. IrradIcüed as above. w(:.>re 

Llsed as feede~ cells. autologous F'BM were utlll;::ed for Ag 

stimulated r:ultures Clnd elther aJlogenelc ur autologolls 

irradlated F'BM for F'HA stlmlllated cultures. Var-ylng numbers of 

mononuclear rell~ were added to the wells uSlng concentratIons 

that dld not gl'.'\? growth Iii ",Il wells. ThE' fInal culture volume 

was ~O(l~l of TCGM wi thh-JI thOllt el ther F'HA (l u g/ml, 

Wellcome) or antigen as descrlbed abo'.'>::>. The r:ul1::ures were grOl-Jn 

Œ! -::7'i:: ln a '5% CO:' atmosphere. Appro:'l,natel" lOOw] of 

medlLlm was r-emoved by sLlctlon every 7 day~,. and the wells 

r~fllled wlth ft-esh TCGM. 

The plates wer-e e::3.mIned under 100X magnlflcatlon at 14 and 

21 days. Wells showlng ';:Jrowth had thelr contents transferred ta 

24-well plates~ Clones were e::panded 1 n the same manner dS the 

bull T-cell llnes (see abovel. F'rl(Jr t'J stimulatlon ur f he use 

of the clones ln surface phenotYPlng or functlonal assa','s. thp 
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weIl contents were layered over Ficol-Hypaque and the vIable 

1 ymphocyt es recovered as descrl bed 1 n Chapter _'. 

5: Frequency Analysis 

The determl natl Oll of the frequency of respondl ng cell SIn 

thE llmltlng dIlution analysls CLDA) was carrled out uSlng a 

modlflcat Ion of the proceedure of Tas\'Jell (t77). The number of 

weIl s ShOWI ng grol'Jth at each dll ut 1 on WB s r-ecorded and used to 

cal cul Le the log 10 ('%. non-respond 1 ng wells) (heretof ore 

ref erred to as the LogNf-.:). The nL'mber of CD::+ c. ell s 1 n the PBM 

preparatIon used as responders was determlned by 

Immunocytochemlstry as descrlbed belol'J. The ratIo of CD:::+ cells: 

tot al mononuc 1 ear cel 1 s was cal cul ated and th 1 S rat 10 was Llsed 

to determl ne the actual number of CD-:;+ cell s/well used 1 n the 

LDA as follows: 

ï.CD-:;+ cells/l'JeII = # mononuclear celis/weli " #CD3+ cells 
fi mononuclear cells 

The -logNR was pl otted vs the number of CD::+ c ell s/well USI ng ë\ 

1 east-squares Il near regresslon program (H5D. Curvef 1 t) or, a 

ml crocomputer. The equatl on of the best -f 1 t str al ght Il ne for 

the data. and the r2 coeffl Clent were obtalned from the 

program. The unlt frequency of respondlng cells was determlned 

accordlng to pOIsson statlstlcs as the pOInt on thlS llne 

correspondl ng ta -::7% negatl ve respondl ng weIl s. The number of 

cells/well at thlS pOInt. was consldered to be the frequency .:lf 

respondlng cells. SI nce ~ll T-cell sin the PBM preparatIon 

should be capable of reSpOnD!ng to PHA. the reclprocal of the 

unIt frequency for lhlS populatIon was consldered to be the 

overall clonlng efflclency for the LDA of that subJect. 

In the case of the sI ln wlndow cell preparatIons. du ect 

evaluatlon of the number of CD3+ cells VIa lmmunohlstochemlstry 

was not pOSSIble. Accorrüngl y the observed frequency of response 

f rom the cul tures was cal cui ated 1 n terms o{ mononuc 1 ear 

cell s/well. The f requency of respose was obtai :ïed by mui t l pl yl ng 

thlS value by the unJt frequency of CD3+ cells (le the 

r-eclprocal of the clonlng efficlency) observed for the PBM 

preparat Ions. 
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In one e::perlment. as a control. 1001-11 of RPMI 1640 -+10'l. 

NHS was added 2n l1eu of responders. ta feeder cells. 

6: Determination of the frequency of Ag-specifie T-cell$ 

Ta determlne the frequency of T-cells respondlng to Ag. 

llmitlng dIlution cultures were set 'Ip as above e::cept lhat ln 

place of PHA. antlgens (Candida. PPD and Tetanus\ were used as 

st 1 mul ant s as descn bed above. To correc t for the act ual numbpr 

of T-cells ln the respondlng cel] preparatlons the observed 

frequency of respondlng cells was dlvlded by the frequency of 

PHA-reacllve cells as shawn below: 

Ad.Justed 
Frequenc'l of -= 
Ag-reactlve cells 

Clmmuno)hlstology 

1: Cytocentrlfuge preparatIons 

Cytocentrlfuge preparatIons were prepared as descrlbed ln 

ehapter :.. 

2: Cell TYPlng slldes 

Slldes for Lise ln the typlng uf r_ells by Immunopero::lfJase 

were prepared followlng the method of Bross (178), Brlefly, Gum 

arabic was prepared by ml:ong 10gm of Sucrase (SIgma) wlth te' IJIII 

of Gumml Arablcum (BDL) WI th 40ml of ddH~. and the reaqent s 

dlssolved by gentle sWlrlIng ln ct =-7~: ~Jaterb,~th. Tilt~ ml:'ture 

was cooled to RT. (J,5ml of NaN:' (0.5'l.. Fl!:",her:' adclpd. ,~nd the 

ml:{ ture aIl quoted and f ro;:en at -::?(l~:. F'ol ySll 0,: -3n W<1S 

prepared by ml:ang 8ml Polysllo,:an (DMPS ='X Slgmë)) IAnth 4~ml of 

Propanol (FIsher) and O.Bml H::'S04 (IBM. FIsher). 

Poly-L-Lyslne solutIon was prepared by dlssolvlng lOOmg 

Poly-L-Lyslne (Sigma) ln ~OOml ddH:O. and addlng ~nm] of 

Glycerln (FIsher), O.5ml HEPES (Fisher, pH 7.5, lM ln PBS) and 

2ml NaN3 (0.5%. F1sher) and allquots fro~en @ -:Ot. 

Microscope slldes (Fisher) were cleaned wlth '00% Ethanol 

and dryed. Small (appro:: ~O~l) drops (8-1::?/sllde) of Gum 

Arablc solution were applled te the slldes uSlng a lml syrInge 

(8-D> tlpped wlth a ~7-GaLlge needle (B-D). The slldes ~JE're dr/eu 
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overnl ght at RT. and then coated Wl th Pol ySll 0:: an\? sol ut ion. 

allowed ta dry overnlght, and soaked for :24hrs ln E:'tran -::00 

(BDH. 1:20 ln ddH20). The slldes were washed vlgorously wlth 

ddH20 and drled. Twenty ~l of poly-L-IYSlne solutIon was 

added to each uf the hydrophlllC spots on the slldes WhiCh were 

stored upr 1 ght at RT untI 1 use. 

3: Immunohlstochemlcal detectl~n of surface antlgens 

Immunohlstochemlstry slldes were placed on ILe and 

poly-L-Iyslne removed by suctlon. The spots were washed four 

tlmes wlth cold PBS (pH 7.4). Cell~ ta be tfped were washed ln 

cold PBS and suspended @ lOS-I06/ml. :20~1 of the cel1 

suspenSIon was added to each spot. and the cells allowed to 

attach for 1 hr. The rBS removed by suctlon and replaced wlth 

MAG (blocllng solutIon .1% Gelatln (GrBCO) .01% BSA •. 05% NaN~ 

ln DMEM) for 20 min. The cells were then washed thrlce wlth PBS. 

Flfteen ~l of 10 antlbody was then added to the spots 

and Incubated for Ihr. The spots were then washed thrlce wlth 

PBS and 151-11 of fl::er (O.OS/. gluter-aldehyde <F-lsher-). 

1'/. glucose (FIsher) p,-I 7.8) added. The fl:,lng snlutlon was 

replaced after 15 mIn. After the second 15 min perlod the fl::er 

was replenlshed and the spots allowed to Slt an addltlonal 15 

min. They were then washed three tlmes wlth PBS and replaced 

wlth MAG for :20 mIn. The:2° antlbody (Rabb1t antl-mouse Ig. 

Cedarlane bOO:2. dlluted 1:~500 wlth MAG + NHS 1:6:25 + Normal 

SWlne serum. Cedarlane 1100 1:6:25) was then added ln 15~1 

and Incubated for 1 hr. The spots were washed and the 30 

antlbody solution (Swlne antl-rabblt Ig. Cedarlane 6200, dlluted 

1:20 wlth MAG + NHS 1:10) was added, and Incubated for lhr. 

The cells were then Nashed and the pre-formed 

pero::ldase-(rabblt)antl-pero::ldase comple;: (Cedarlane Z116. 

dlluted 1:~0 ln PBS + MAG 1:20) added to each spot and alowed to 

lncubate for lhr. The spots were then washed and 15~1 of the 

substrate <DAB. SIgma •. 05mg/ml ln TRIS buffer (.f)::SM. pH 7.6) 

plus .015% H~O:: (FISher) added to the spots. The slldes were 

allowed to develop at RT for :20 mIn. The substrate solutIon was 

washed away wlth three changes of PBS and the slldes air drled, 

and counterstaln.:-d wlth 1:~ methyl green ln ethanol (Gurr). The 

l 
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slldes were examlned by llght ffilCroscopy at a magnlflcatlon of 

40X. Posltlve cells dlsplayed a complete rIng of dar~ brown 

substrate around thelr edges. 

Functional Assays 

1: Cell Mediated Cellular CytOtoxIClty 

The cytoto:: 1 c funct 1 on of T -cel 1 clones was assessed as 

follows. N.-lil-e CytdtO:;lClty was determlned uSlng .56::' cells as 

targets ln the absence of lectln. Lectln dependent cellular 

cytOtoxIClty (LDCC) was assessed uSlng .5b::'/U9:7/EBV-transformed 

B-cells as targets ln the presence of IX PHA CGIBCO). Targel 

cell s. el ther • 56::'. U9-::7 or dulologous EBV - t r clnsf ormed B--c..ell s 

w~re labelled wlth 51Cr by suspendlng 10::11)6 cells ln 

0.~-O.5ml of RPMI 1640 + 10% FCS and addlng 100~1 of 51Cr 

(NEN. :1:2 Cl/mmol). The cpll S wer-e then lncubated for l hr @ 

~7è. after WhlCh they were washed : tlmes wlth HESS. The 

cells were then allowed ta Incubate @ RT for :0 min ln med & 

washed agaln. The cells were resuspended l~ :200.0(J() cells/IOI. ln 

RPMI 1640 + 10% FCS wlth and wlthout 1.0 ug/ml PHA (GIBCO). 

One hundred ul of the targets were placed ln the wells of 

96-well fIat bottomed plates. Clones to be analysed wpre 

suspended ln RPMI 1640 + 10% FCS and added ta the wells ln 

varlous numbers. ~IJler:Targel ratIos varled from :2-1u. nfter 6 

hrs. 100ul of 3upernatant was removed. placed ln 1:2:75mm 

glass tubes and radloactlvl ty counted ln a g-countc>r- (U fi). 

Wells WhlCh contalned only tarqet cells + l0(lw} of medium 

ln Ileu of 1111er cells were used as contraIs. SpQnt~nlOUs 

release was determlned by countlng 100ul of supern~tant fram 

these wel. 1 s. Total 1 abel was deter ,111 ned by suspend 1 nq .. he targe! 

cells ln these wells. and countlng cl 100u} samp]e from the 

wells. 

Speclfic LySlS was deflned as: 

SL = 100 x Expt. Release - Spontaneous Release 
Total label Spontaneous Release 

CytOtOXIC actlvlty was deflned as a speclflc lySlS grealer 

than or equal ta 10. 
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2z B-cell Help 

Assays of the capacitles of T-cell clones to provlde help 

for Ig synthesl s was kl nd 1 y perf ormed by M. BI al n 1 n the 

1 aboratory of Dr. J. Antel accordl ng to thel r method (191). 

Br1efly, 5::104 clone cells were cultured ln trlpllcdte ",nth 

5:{104 allogenelc non-E-rosettlng PBM (B-cells) ln 200ul of 

RPMI + 101. FCS -t F'WM (1~ 100, GIBCO> for 7·-days. At that 

t I me, samp 1 es of the supernatants were ta~ en for- deterrTll natIon 

of the 1 eVEl S of human 1 g. 

Human Ig levels ln the culture supernatants were measured ln 

an ELI SA assay ut 111 Sl ~Ig 2 gaat ant I-human 1 gG (Cappel) capture 

Ab. Varlous dIlutIon of the supernalants were added. followed by 

a blotlnylated antl-human Ig antlbody and an aVldln-pero':ldase 

comple~ (Vector) and developed wIth OPD. Net Ig levels were 

determl~ed by subtractlng the levels of Ig produced by the 

non-E-rosetllng PBM alane. 

LK ProductIon Cultures 

T-celi clones at least 10 days post-stlmulatlon were 

pur If 1 ed over Hypaque-FI coll as descrl bed prE'VI ousl y and then 

suspended ln RPMI + 12% NHS ± l~gm/ml PHA (Wellcome) or 

1: 100 F'WM (Glbco). When pOSSIble. separate cultures were set up 

for each L. to be tested. Samples of supernatant were ta~en 

after l~hrs for IL-~ determlnat10n, and 48hrs for the 

determination of TNF and IFN-g levels ln the supernatant. In 

sorne e::per l ment s. cul tures employed adheren t autologous APC + 

~O~gm/ml PPD. and supernatants were removed after 1~ hrs and 

thel!'" IL-~ levels determlned. 

3: IL-2 Assay 

IL-~ ] evel S ln the cul ture supernatants were deterlTl1ned by 

the CTL-L prollferat1ve bloassay method of G1111s (19:'). 

BrIefly. ~O,OOO CTL-L cells were placed ln flat-bottomed 96-wll 

m1crotltre plate wells ln 10(11-'1 of RPMI + 10% FCS. 

Supernatants from the cultures wet e added ln various 

concentratIons. IL-~ enrlched supernatants from MLA 144 cells 

were used ln seriaI dilutlons to construct a standard curve. AlI 

wells were lncubated for ~4 hrs at :'7~ ln a 5% CO~ 
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atmosphere. One m"CrOCUrle of 3H-Thymldlne was added ta the 

cultures for the last 6 hrs. The cultures were frozen. thdwed. 

harvested and counted as descrlbed prevlously. 

4: IFN-g Assay 

IFN-g levels ln the T-cell clone supernatants. serum or th0 

fluld from SW cnambers were measured wlth a commercIal forward 

sandWIch RIA (Centocor). ThIS sensltlvlty of thlS assay was 

0.1 NIH U/ml. 

5: TNF Assay 

TNF-li~e actlvlty l~vels were ~ Indly detemlned by Dr. L. 

Sanchez-Cantu. uSlng the method of Granger et. al. Brlefly, 

25.000 L9~9 cells were grown overnlght at 37 ~ ln d 5% CO: 

atmosphere ln 96-well mlcrotltre plate wells ln ~PMI + 10% ~CS 

to establlsh a nearly confluent monolayer. Actlnomycln D 

(O.l~gm/well, SIgma) was added followed by seriai dilutlons 

of the T-cell cul~ure supernatants. serum or the fluld from SW 

chambers. Serlal dliutions of recombInant murlne TNF-a 'Cel us. 

speclflC actlvlty ~xll)7 U/mg) were Included to generate a 

standard curve. After 18 hrs Incubation. ~Oul/well 0' 
freshly prepared MTT were added and the cells Incubated for 3 

further 4 hrs. The supernatant was remo\.-ed and re,:ddced WI th 

aCld Isopropyl alcohol. The plates were the~ read ln an ELISA 

reader WI th a 550 nm fIl ter-. Resul t s were e:: pressed c:<s UnI l si ml, 

with 1 unIt deflned as the amount of TNF requlred to produce a 

50X decrease ln absorbance relatlve to control cells e:posed 18 

actlnomycln aione. One unIt equalled :::S±17 pg/ml and the 

fInal results are reported as pg/ml. Wells contalnlng Jess than 

0.5 units of TN~-ll~e actlvlty were consldered negatlve. ThIS 

assay measures the cytotO::IC actlvlty ln the super-natants and 

may not be llmlted to the detectlon of TNF-a/~. 
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6: Ag SpecIflc ProlIferatIon 

The proilferative response of T-~ell clones to Ag was 

determlned by cuituring varlOUS numbers (7.000-20,000) of cells 

Iwell plus 100,000 lrradlated (4,000 rads) autologous PBM ln 

96-well round bottomed plates (Llnbro) ln TCGM ± Ag (in 

concentratIons as descrlbej prevlously). The cell were cultured 

at 37~ for 7~ hrs wlth 3H-Thymldlne added for the last 6 

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

descrlbed prevlously. 
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Resul ts 

Establishment of Bulk T-cell Lines from Skin Window Chambers 

A large number of mononuclear cells were present ln the s~ ln 

wlndow chambers, although It was dlfflcult ta determlne the 

proportIon of these that were lymphocytes. A we~~ prollferdt Ive 

response was obtalned ln response to PHA lndlcat ln(] th(~ pre<~f!I\CEo' 

of vIable T-cells (data not shown). The small ,psporJ<.31? la PHA 

led us to question whether the culture conditions mlght be 

Suboptlmal. The numbe, of PMN found ln the SW ch~mber cells. 3S 

compared la normal PBM preparat10~s. was thought lo be 

responslble. Attempts to remove them by dlfferent techniques 

were not sucessful. because of the propenslty of the cells ta 

form aggregates. ~nd their fallure to phagocytose normally. To 

characterlze the T-cells recovered from the chambers, it was 

decided to e;.pand the cells ln TCGM under conditIons llirely to 

support the growth of ail T-cell s. SW cell suspenslons 

rnntalnlng two-hundred and flfty thousand mononuc]ear cells were 

cultured, and the gro~lng cells were phenotyped. 

In aIl cases. the cells from SW chambers grew ln bulk 

cul tures. The resul t s of CLII tures from chambers of dl f f er-ent 

lndlvlduals. shawn ln Table 4.1. demonstrated that bath CD4+ ~ 

CD9+ cells were present, ln varylng proportions. 

Cloning of T-ce11s dlrectly from Skln Wlndow Chambers 

Havlng establlshlng that T-cells from the chambers could 

be cultured Ir buU It was declded ta clone them dlrectly 

from the chambers for functlonal & phenotyplc analysls. Varlous 

numbers of mononucl ear cel l s/well (from chambers) were cul tUf ed 

ln 96-well plates. wlth lrradlated autologoLls F'BM as feeders ~, 

PHA as the stlmulant. Cultures were aiso set up wlth dJfferent 

Ag, part1cularly the Ag Llsed ta generate the DTH reactlon ln 

each subJect. Slmllar cultures were set up. wlth PBM ~s 

responder~ cell s. 

The fractIon of non-respondIng wells for each dlfferent 

number of cells/well was used to determlne the frequency of 

respond1ng cell r by a least-squares Ilnear regresslon accordlng 

to s!ngle-hlt pOisson ~lnetlc.s. The results -for one "",;:perllnent 
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(SubJect B> are glven ln Tables 4.~ ~ FIg. ~. 1. 

As shawn ln Table 4.2. the cells f,om the blood and SW 

chamber were cultured at varlOUS numbers of cells/well. The 

percentage of wells respondlng IS shawn ln the rlghtmost column. 

The numbers of cells/well used were chosen sa that several 

cultures ln each serIes would show less than 100% response. 

These results were used to determlne the frequency of respondlng 

cells as descrlbed prevlously. Clones for analysls were plc~ed 

from the cultures showlng the lowest percentages of respandlng 

wells. 

FIg. 4.1 shows the frequency plots of the cultures from the 

same sU~Ject. The percent ages of respondlng cultures resulted ln 

stralght llnes wlth large r~ values. Indlcatlng that the 

cultures were properly conducted. ThIS. and the near-zero values 

of the Y-lntercepts Indlcates that the cultures were Ilmlted bv 

only one cell type. The slope of the Ilnes 15 rDlated ta the 

frequency of that respondlng celi Ly~e wlthln the populatIon of 

cells used ln the cultures. The calculatlon of the frequency of 

respondlng cells was performed as prevlau5ly de5crlbed. The 

results from three other experlments are shawn ln Table 4.3 and 

4.4. 

When PBM were cloned uSlng PHA the frequency of respo~dlng 

cells was 1/1.08, 1/1.05. 1/1.06 & 1/1.07. correspondlng ta 

clonlng efflclencles of 92.6. 95.2. 94.3 and 9:'.5% respectlvely. 

The frequency of respondlng cells from the chamber-s were 1/160. 

1/1257. 1/48.1 and 1/16.1 mononuclear cells. Attempts ta 

determlne the ratIo of C03+ cells ta tot 1 mononurlear cells ln 

these preparatIons by ImmmunohlstochemlcaJ technIques were 

unsuccesful due ta hlgh baclground stalnlng. Thus these 

frequencles could not be nOI malized. Slnce the same culture 

condItIons resulted ln 90% clonlng efflclencles for the PBM. It 

was concluded that the the PHA response frequencles for the slln 

wlndow chamber cells cauld be used ta normall~e the Ag response 

frequencles of the SW cells. 
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Ag-Speclflclty of T-DTH Cel1s 

Part 11 T-cells from Skin Window Chambers are enrlched for 

cells reactive for the Ag induclng the underlYlng DTH 

USIng Ag as the stImulant. cioning the s~ln wlndow chamber 

cells wlth Ag allowed the accurate determlnatlon of the 

frequency of Ag-speclflc T-cells at DTH sites. 

The results of these e::perlments. ln Table 4.3, show that 

the frequency of Ag-reactlve cells WdS greater ln the S~ln 

wlndow chamber cells of aIL the subJects than ln thetr blood. 

The frequency of Ag-reactlve cells ln the chàmbers ranged fram 

1/~O_7 to 1/~.3_ The degree of enrlchment for Ag-reactlvlty 

relatlve ta the blood varled from 2.6--fold t.u -:-.l-l-fold. 

Part 2: Only T-cells ReactIve ta the Ellcltlng Ag are Enrlched 

ln the Chambers 

The results shown ln Table 4.3 could be Interpreted as 

reflectlng a preferentlal recrultment ~/or accumulatIon at the 

DTH SIte of T-cells specifIe for the Ag used ta ellclt the OTH. 

It was aiso possIble that the " reae tlve" cel!s ln the 

Ag-stlmulated cultures had been prevlously actlvated by other Ag 

ln Vl~'D. were pn=:>ferentlally attracted ta DTH SItes. as has 

been reported ln anImaIs (80-82'. and were growlng In vltro as 

a result of the presence of IL-~ ln the medlum. Flnally. lt 

could aiso be hypatheslsed that a smail fraction of the feeder 

cells had escaped the lethal effeets of IrradIation and had 

proiiferaled ln the Ag cultures. 

Ta test these hypot,eses, an addltlonal clonlng experlment 

was carTled out Llslng one of the sUbJects shown ln Table 4.-:' 

who was reactive ta PPD ~ TET. S~ ln wlndow chambers were placed 

over F'F'D-I n J ected SI tf·s. Af ter 48 hrs the cel! s harvested f r Dm 

the chambers. along wlth PBM, were cloned uSlng PHA, PPD ~ TET 

as stImulants. 

The results (Tatle 4.1) Indlcated that there was aS-fol d 

enrlchment for cells reaetlve ta the Ag eIlcltlng the DTH 

reactlon. There was no enrlchment for cells reaetlve to TET, dn 

Ag ta WhlCh the sUbJect gave a pOSI tl ve s~-ln test. Addl tlonail y, 



the cells recovered from the chamber did nct grow in the cloning 

medium Itself; an addltianal in </ltro stimulus was required. 

The feedp.r cells themselves were not capable of growth. 

It lS valuable to compare the PPD-reactlve frequ~ncies of 

the PBM ln the twa dlfferent experlments wlth subJect S shown in 

Tables 4.3 & 4.4. The twa frequencles (1/150 and 11180) were 

equlvalent, with complete overlapplng of thelr respective 95ï. 

ConfIdence Intervals. The close concordance from these different 

experlments Indlcated that the clonlng technIque produces 

rellable estlmates of Ag-reactivIty. 

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

Ag 
Ta lnsure that the Ag-derIved clones dld lndeed respond to 

the Ag, Ag-derived T-cell clones from the chambers wer~ tested 

for thelr prallferatlve response to Ag. The tests were carrled 

out followlng Ag-speclflc expansion ln 24-well plates, wlth a 

maxImum of twa non-speclflc e:~panslons ln arder Ta mInimIse the 

potentlal for loss of speclflclty. The results, shown ln Table 

4.5a show that 3 of 4 PBM and 6 of 7 SW Ag-denved clones 

reacted ln vitro ta the Ag to whlch they were ralsed. 

Clones fram subJect S were tested for thelr Ag-reactIvlty 

Immedlately follow1IIg mIcroscoplC e>:amlnatlan on day '::i. The 

results, glven ln Table 4.5b showed that 6 of 8 clones from SW 

chambers and 6 of 7 PBM-derlved clones responded in an 

Ag-speclflc f"'l",hlon. One of the clones that dld nat glve 

posItIve respanses met one but not both of the response 

crIterIa. None of the clones showed reactlvlty for any Ag other 

than the Ag used to generate them arlginaly. Overall, 80ï. of the 

wells showlng grawth ln response to Ag. were Ag-specIfic. 

SurfAce Phenotypes of T-cell Clones 

The clones derlved from three subJects wer2 typed by 

1 mmulloh 1 stochenn stry for thel r surf ace mar~ ers. The resul ts 

(Table 4.6) showed thiÜ both CD4+ & CD8+ clone wer-e generated. 

When cul tured Wl th PHA. the percentage of CD8+ clones obtal ned 

bath from PBM and from the chambers tended to be lower than the 

• 
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% of COB+ cells in the blood. Thus results uSlng PHA must be 

interpreted wlth sorne caution as there was sorne selectIon 

against COS+ cells. 

When cultured wlth Ag, the 'l. of C08+ clones from the window 

was similar to the percent age of CD8+ lymphocytes found ln th~ 

blood but greater then the perc~ntage of the antlgen-speclflc 

CD8+ clones generated from the PBM. However the potentlal for 

some selection against CD8+ cells must be Kept ln mlnd ln 

lnterpreting these results. 

Functlonal Characterlzatlon of the TDTH Clones 

Having performed the llmltlng dIlution analysls. It was 

decided to concentrate on the Ag-specIflc celis from the s~ln 

window chambers in order to deflne the characterlstlCS of the 

T-cells partlclpatlng ln DTH reactlons. For comparlson, 

antigen-speclflc clones from the blood as weIl as fcw clones 

grown wlth PHA were also analyzed. OWlng te the technlcal 

probems of obtalning sufflclent autologous feeder cells, the 

clones were expanded uSlng allogenelc cells and PHA as the 

stimulant. The Ag-specific T-cell clones obtalned dlrectly from 

DTH sites were studled as sufflclent cells became avallable (due 

to di ffe,,.ent growth rates of the clones). 

The functlonal capacltles of TDTH cells have been lmplled 

from studles employlng dlfferlng but IndIrect methodologles for 

obtainlng T cells Involved ln DTH. Cytoto;~lcdy. both N.~-l1h_> 

and LDCC, B-cell help~r functlon, IL-2, TNF and IFN-g productIon 

ln response to PHA (and ln a few cases, ta Ayl were aIl 

anal yzed. 

The overall results of functlonal tests of the Ag-derlved 

T-cell clones from subJects B & Pare shown ln Tables 4.7a ~ 

4.7b. Individual categorIes and other analyses are dlscussed ln 

separate sections below. 

Cellular cyt.otoxicity of T"cell Clones 

The ablilty ta lyse affected target cells 15 consldered an 

important effector mechanlsm ln CMI responses to Viral. 

intracellular pathagens and ta some tumour cells. Prevlously 

thouç,ht to be restrlcted to CD8+ cells, thlS cytCltU::IC cap"\clty 
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has recently been reported in some CD4+ cells (168.169). The 

cytotoxic capaci ty of the T-cell clones was evaluated in a 

51Cr release assay. NK-Ilke cytotoxicity was assessed against 

K562 target cells. LDCC was determined using PHA and K562, U937 

or autolagous EBVt B-r:ells. 

Many clones were difflcult ta grow in large numbers. and 

thus i t was necessary ta determl ne the mi nlmum Klii er: Target 

ratio for detecting cytotox i Cl ty. Effector: Target rati 0 studles 

shown in Fig. 4.2 indicated that in those clones showing 

cytotoxlcity, an E:T ratio> or = 2 was sufhcient to detect 

cytotoxicity using a specifie lysis <sU > 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 1 n Tabl e 4.8. Of the 5 CD8+ clones 

tested, four were capable of cytotoxic activity ln LDCe, 1 clone 

also showed NK-like(non-Iectin mediated) cytOtOXlClty against 

K562 targets. One half of CD4+ TDTH clones were cytotm:lc, 

Wl th seventeen percent of CD4+ clones showlng NI<-ll ke 

cytotoxici ty ta K562. Clones that were poSItl VE> for LDCC against 

one target were generally positive agalnst bath allogenelc and 

autalogous transformed cell s (p=0.039, see Tabl es 4.7a & b). 

B-cal! h.lp.r function of T-c.l1 clonas 

It has been proposed that a dichotomy e>:1sts among CD4+ 

cells, wit.h TH1 cells directing inflammatory responses and 

TH2 cells provlding help for Ig synthesls (118). B-cells are 

not normal 1 y found at DTH si tes (5). If the proposed dichotomy 

of TH exists, it is unclear whether TH2 cells would be 

present at DTH si tes. 

To determlne if a functional exclUSion existed in human DTH, 

the capacity of the TOTH clones ta provide help for Ig 

synthesis was assessed in an allagenelc PWM-dri ven system. 

A frequency analysis of the levels of new Ig productIon ln 

the cultures lS shawn in FIg. 4.3 <1g levels > 7000 ng/ml were 

grouped together). There were a large number of clones WhlCh 

stimulated less than 1,000 ng/ml of new Ig productIon. ThIS 

point was chosen as the cut-off for descrimlnating between 
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helper and non-helper clones and was comparable to those used by 

other authors <124.125,170). 

As shown ln Table 4.9, approximately 1/2 o~ the CD4+ clones 

tested providerl help for Ig synthesis. Interestingly, one of the 

three CD8+ clones tested gave help (Table 4.7a & b). 

Il-2 production by CD4+ T-cell clon •• 

IL-2 is considered to be the primary, although not the sole, 

proliferatlon-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) 8< 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, approxlmatly 1/2 of the 

clones from aIl categories produced IL-2 upon stimulation with 

PHA. Stimulation of T~TH clones by the Ag used ta elicit the 

DTH reactlon and to c~one them, resulted in IL-2 production by 

677. of the clones. Those clones that failed to produce IL-2 

followlng Ag-stimulation dld 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 8< 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 ta that seen without mltogenic stimulation (Table 

4.10). None of the 7 Ag-derived CD8+ clones tested, 6 from DTH 

SItes 8< 1 from blood, produced IL-2 upon PHA stimulation (Tables 

4.7a & b). 

TNF production by T-c.ll cIDn •• 

TNF is a potent cytotoxic CK (6). It has been shown that 

bath the a and fi ~orm, 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 dld so 

following PHA stimulation. Only one of 5 CDa+ clones tested 

produced TNF activity following stimulation, but one of the 

negative clones did produce TNF actlvity when stlmulated in the 

presence of irradiated EBV-transformed B-cel! feeder cells 

(Tables 4.7a & b). No llnk could be made between between TNF 

production and: IL-2, IFN-g, IL-2+IFN-g production or B-cell 

help. 

IFN-g production by T-cell clon •• 

IFN-g has been shown to produ~e a DTH-like lesion when 

injected i.d. (103,104). It has also been shown to synergise 

with both IL-l and TNF to produce a DTH-like reaction at lower 

doses (104,110). 

To determine if IFN-g was produced by TDTH clones. thelr 

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 Ulml were 

grouped>. A large proportion of clones produced <5 Ulml, 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. Ali 5 CD8+ clones tested produced IFN-g followlng 

stimulation with PHA. 

Linkages between functlons of T-cell clones 

A~ mentioned previously, it tlas been proposed, originally by 

Mossman et. al. (119,120) that a functional dichotomy exists 

among TH cells in mice. A similar dlchatomy has been proposed 

ta exist in humans (118) although its eXlstance IS as yet 

unclear. No evidence has been put forth regardlng the presence 

of thesa cells at DTH sItes, in mlce or in humans. 
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In the mU~lne system, the different TH cells have been shown 

to present a different array of ~unctional capacities. Many o~ 

these functlons 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 specIfie to the THI cell type, it will also 

carry out a number o~ other, THI 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 Investigation. 

11 IL-2. IFN-Q production Ar. link.d 
The production o~ both IL-2 & IFN-g has been used to help 

define the THI inflammatory T-cell in mice (119). The ability 

o~ individual human CD4+ TDTH clones to produce IL-2 & IFN-g 

were compared. As seen ln Fig 4.6A, in Ag-derived CD4+ TDTH 

cells the production of these two LK was positively associated, 

with a high degree o~ slgniflcance. A similar association was 

seen in Ag-derived clones ~rom the blood, however the low number 

of double-negative clones prevented a statisticaliy signlficant 

association. I~ aIl the T-ce\l clones were considered regardless 

of their origin or the original stimulus used to clone them, the 

assocIation was aiso highly significant. 

21 IL-2 production i. inv.r •• ly corr.lAt.d wi~h B-c.l1 H.lp 
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 4.6B). 

Ag derived CD4+ TDTH clones showed a significant negative 

association between IL-2 production & B-cell help. This 

a~sociation could not be seen in Ag-derived CD4+ PBM clones due 

to the small number of clones that did not produce IL-2. When 

aIl the T-cell clones were considered, regardless of their 

origin or original stimulus, the negative association was also 

hlghly significant. 
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31 IFN-Q praduc~ion and B-c.ll help 
IFN-g producti on ,.nd the capaci t y ta gi ve B-cel! hel p have 

been ass~ciated with two independant T-cell populations ln the 

mou se (24,118), possibly as a result of the patent ability of 

IFN-g to inhlbit Ig synthesis (118,120,123). The ability of 

individual clones ta provide B-cell help and to produce IFN-g 

was compared (Fig. 4.bc). 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 sorne CD4+ clones than did PHA, and these clones were 

capable of providing B-cell help in a PWM drlven assay. It has 

been reported by other authors that the addition of antl-(IFN-g) 

Ab to similar cultures can confer the ability ta pruvide B-cell 

help ta TH1 clones (118). Slnce IL-2 & IFN-g transcription are 

c:ontrolled by di fferent regul atory elements, i t 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 

acti vi t'l. 

When the responses of the 3 CD4+ Ag-derlved PBM clones that 

produced IFN-g after PHA but not PWM stimulation were consldered 

as negative for IFN-g production, than IFN-g productIon and 

B-cell help were found ta be negatively associated (p=O.03, data 

not shown). 

41 Clon •• which produc. bath IL-2 and IFN-g do nct provid. 

B-cell help 
CD4+ clones in which IL-2 and IFN-g production IS llnked 

correspond to the profile of THI helper cells (119). When 

these clones and the reciprocal set of clones were tested for 

their capability to provide B-cell help (Fig. 4.bd) It was found 

that for either TDTH clones or aIl CD4+ clones. IL-2/IFN-g 

producers did not provide help, while those that dld not produce 

these LK did. Although a statistically slgniflcant aSSOCIatIon 

was not seen for Ag-specifie PBM clones, owing to the dearth of 

B-helper clones, b/7 tested fit the TH1 phenotype. 
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Th. fluid fro •• kin tdndow chaM"'. over DTH .ite. cont.in.d 

tFN-g le TNF 

T-cell clones from skin wlndow 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 an~ 

elther TNF-a or ~ {in lower doses> produce a DTH-like 

reaction wh en in.lected i.d. (110), 

PreVlOUS techniques have not permitted the direct 

demonstration of the production of these mediators at DTH sites. 

The fluid ln the 5W chambers could be expected to contain CK 

produced both by cells activated in the underlying DTH reaction 

and subsequently dellvered ta the chambers, and by the cells 

remalning ln the underlying DTH site. 

The fluid fram the skln window chambers of eight experiments 

was analysed for IFN-g and TNF. As shown ln Table 4.13, ail the 

chambers placed over DTH reactions contained IFN-g. Seven of 

eight chambers contained TNF. The lone negative sample was 

obtalned 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 ln thls chamber were comparable with these 

found after the flrst 24 hrs. Neither the AB serum used to fill 

the chambers, nor the serum frem 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 ln the 

subjects. No TNF was detected in these chambers. Two of the 

three chambers had no detectable IFN-g and one had mInimal 

levels (1.6% of those seen in the chamber over a DTH reaction in 

that subJect>. The mean levels of both IFN-g and TNF were 

signlficantly higher in the chambers over DTH reactions than 

those placed over site~ in.lected with a skin test Ag to WhlCh 

the subject did not give a DTH reaction. The presence of IFN-g 

or TNF were signlficantly correlated with the InjectIon of an Ag 

te WhlCh the subject was reactive (Fig. 4.7a & b). 



Table 4.1 Surfac:e Phenotypes of Bulk SW T-c:ell Cul t.ures 

Subiect. Cells .. Cultures 7.CD3+ 7.CD4+ 7.CDB+ 

D SW<PPD) 9 100 97 2 

L " 2 100 B 75 

Po .. 7 100 46 55 

Overalli li 18 100 67 31 

*: Mean of % in cult.ures 
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Table 4.2: T-Cell Cloning Results -for Subject B 

Responder Sti mulus Cells * Wells :1 Clones 'l.. Response 
Cells liJeI 1 1 

PBM PHA 3.70 48 47 98 
Il Il 1.85 48 36 75 
Il Il 0.370 96 34 35 
Il Il 0.185 96 6 6.3 
Il Il 0.037 96 2 2.1 
Il CAN 74,000 96 96 100 
Il Il 7,400 96 96 100 
Il Il 740 96 59 62 .. Il 74 96 7 7.3 
Il Il 7.4 96 0 0 

Skin Window PHA 1,000 10 10 100 
Chamber Il 500 20 19 95 

(over Can Il 100 54 25 46 
DTH SITE) Il 10 96 13 14 

.. CAN 1,000 5 5 100 

1 Il Il 500 a 6 75 .. Il 100 153 27 17.6 
Il Il 10 90 1 1. 11 .. Il 1 89 0 0 

* CD3+ cell s/well for PBM 
Mononuclear cells/well for SW chamber cells 
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Table 4.3: Freguenc~ Anal~sis of T-cell Çlnnes From Sub]ects Bs P & 5 

Subject 
Frequenct of 

Ad~usted FreQuenCr Cells Stimulus Reacb ve ell s 2 
(957. Confidence Int. ) (95. Confldence In .) R 

B PBM PHA 1.08 (0.40-1.76) .978 .. " CAN 776 (714-838> 719 (662-776) .999 .. SW(CAN) PHA 160 ( 143-176) .999 
Il " CAN 366 (320-412) 2.29 (2.00-2.56) .997 

P PBM PHA 1.05 CO.91-1.19) .994 
Il " PPD 10.19 (7.33-13.1) 9.75 (7.01-12.5) .999 
Il SW(PPD) PHA 1257 (262-2252> .804 
Il " PPD 4915 (4598-5232 ) 3.74 (3.50-3.98) .998 

5 PBM PHA 1.06 <0.747-1.36) .995 
Il " PPD 191 ( 136-246) 180 ( 128-232) .995 .. SW (PPD) PHA 48.1 <10. 5-85. 7~ .924 
" Il PPD 996 (664-1328) 20.7 03.8-27.6) .945 
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T~bl, 4.4: Freguaocy Analysis of T-c.ll Clones From Sub;ect S 

Frequenc~ of 
Cells StiMulus Reactive .11s Adjusted Frequency 2 

C95X CQn-fldence Int. ) C95X Con-fidence lnt.) R 

PBM PHA 1.07 CO. 935-1. 20) .999 
" PPD 166 (58.9-272.5) 155 (55.2-255) .957 
" TET 160 <150-171 ) 150 ( 140-160) .999 

SW(PPD) PHA 16. 1 (10.5-21.7) .989 
" PPD 486 (230-742.4) 30.2 C 14. 3-46. 1> .933 
" TET 2129 ( 1432-2826) 132 (89-176) .936 

l " MED* No Growth 

Feeders PHA No Growth 
PPD " 
TET Il 

* Cloni ng medi um wlthout PHA or Ag but with IL-2 

( 



Table 4.5a: Ag-Specific Proliferation of Ag-Derived clones. Sub;ect B 

Culture 
Clone Origin APCt Dura~ion Stimulus CPM 

none 
" 
" 

BLTC2.3 
" 
" 

BLTC2.16 
" 
" 

BLTC2.17 
" 
" 

BLTC2.22 
" 
" 

PBM 
" 
" 

" 
" 
" 
" 
" 
Il 

JI .. 
" 

PBM 
" 
" 
" 
" .. 
" 
Il 

" 

" 
" 
" 

" 
" 
Il 

BLTC4.22 SW(CAN) " 
" 
" 

BLTC4.23 
" 
Il 

none 
" 
Il 

" 
" 
" 
" 
" 

" 
" 
" 
" 
Il 

PBM 
Il 

Il 

BL TC4. 10 SW (CAN) Il 
Il 

BLTC4.11 
Il 

" 
BLTC4.12 

" 
Il 

BLTC4.14 
" 
" 

BLTC4.20 
" 
" 

" 

" 
Il 

" 

" 
" 
fi 

" 
" 
" 
" .. 
" 

Il 

" 
Il 

Il 

.. 
" 
" 

" .. 
" 

" 
" 
" 

72hrs 
" 
" 

" 
" .. 
" 
Il .. 
.. 
" 
" 

" .. 
" 

" 
" 
" 
Il 

" 
" 

72hrs 
Il 

Il 

" 
" 
" 
Il 

" 

" 
" 
" 

" 
" 
" 
" 
" 
" 

, 
CAN 
PPD 

CAN 
PPD 

CAN 
PPD 

CAN 
PPD 

CAN 
PPD 

CAN 
PPD 

196 
277 
417 

1029 
14135 

824 

1012 
11126 

833 

1301 
8794 
1192 

395 
841 
815 

1853 
9216 
1784 

1342 
CAN 14284 
PPD 2336 

CAN 
PPD 

CAN 

CAN 
PPD 

CAN 
PPD 

CAN 
PPD 

CAN 
PPD 

46 
120 

72 

923 
6088 

757 
5921 
1189 

530 
4917 

914 

525 
8799 

772 

867 
601 
680 

NEW STIMULATION 
CPM INDEX 

§ 1 

o 
o 
o 

12829 

9837 

7216 

169 
3 

7086 

12665 
577 

o 
o 
o 

5045 

5044 
360 

4267 
312 

8154 
175 

16.6 

13.3 

5.69 

0.76 
2.00 

5.67 

13.2 
1.67 

6.81 

8.16 
1.57 

9.91 
1.74 

18.1 
1.46 

*: Antigen Presenting Cell 
t: The subject 9ave a positive skin test & zn vitro 

proli~erative response of their PBM to bath CAN & PPD. AlI the 
clones tested were raised by zn vitro stimulation wlth CAN. 

S: New CPM = CPM -( CPMCof APC) + CPMeaf clone wlthout 
Ag-stimulation) ) 

1: Stimulation Index = CPM(Clone + A~ + APC)-CPM(APC + Ag> 
CPM(Clon~ + me ium)-CPMeApC + medium> 
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Table 4.5b: Ag-Speciflc Proliferation 
Orlgln CELLS Culture 

Çlone & stimulus WELL APC* Duration 
f 

none PB'" 72hrs .. 
Il 

SATC2A.l 
Il 

" 
SATC2A.2 

" 
" 

SATC2A.3 
Il 

" 
SATC2A.4 

Il 

Il 

SATC2A.5 
Il 

Il 

SATC2A.6 
" 
" 

SATC2A.7 
Il 

Il 

PBL 
PPD 

" 

" 
" 
Il 

Il 

Il 

Il 

Il 

Il 

Il 

" 
" 
" 

" 
" 
Il 

" 
" 
" 

SATC5A.l SW(PPD) 
Il PPD 
Il 

SATC5A.2 
Il 

Il 

SATC5A.3 
" .. 

SATC5A.4 
Il 

" 
SATC5A.5 

Il 

Il 

SATC5A.6 
" 
" 

SATC5A.7 
" 
" 

SATC5A.8 
" 
" 

" 
Il 

Il 

" 
Il 

Il 

Il 

Il 

" 
" 
Il 

" 
Il 

" 
" 
" 
" 
" 
Il 

Il 

" 
Il 

11200 
Il 

Il 

19900 
Il 

Il 

16400 
Il 

Il 

7400 
Il 

Il 

18200 
Il 

If 

9000 
Il 

Il 

15800 
Il 

Il 

7200 
Il 

Il 

11200 
Il 

Il 

13200 
Il 

Il 

5200 
Il 

Il 

7900 
Il 

Il 

19800 
Il 

Il 

11200 
Il 

Il 

9200 
Il 

" 

Il 

Il 

Il .. 
Il 

" 
Il 

Il 

" 
Il 

" 
Il 

Il 

Il 

Il 

Il 

Il 

" 
" 
Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

.. .. 
Il 

Il 

Il .. 
Il 

Il 

Il 

.. 
Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

" 
Il 

Il 

" 
Il 

Il 

Il 

" 
Il 

Il 

Il 

Il 

Il 

" 
Il 

Il 

Il 

li 

Il 

Il 

" 
Il 

" 
Il 

Il 

Il 

Il 

Il 

.. .. 
Il 

Il 

Il .. 
Il .. 
Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

of Ag-Derived clones~ Sublect S 
NEW TIMO ATtON 

St i mu 1 us CP" CP" 1 NDEX 
§ S 

PPD 
TET 

PPD 
TET 

27 
201 
246 
176 

5914 
92 

271 

o 
o 
o 

5442 

PPD 8202 7730 
TET 182 

284 
PPD 8769 8284 
TET 526 9 

234 
PPD 3921 3486 
TET 68 

165 
PPD 11289 10923 
TET 391 

236 
PPD 5382 4945 
TET 102 

PPD 
TET 

PPD 
TET 

1201 
10932 

634 

98 
399 
225 

521 

9530 

100 

PPD 5220 4498 
TET 84 

289 
PPD 4950 4460 
TET 82 

2890 
PPD 5232 2141 
TET 3920 784 

890 
PPD 7230 6139 
TET 1202 66 

79 
PPD 11280 11000 
TET 1092 768 

287 
PPD 8645 8157 
TET 186 

195 
PPD 7654 7258 
TET 231 

38.3 

32.8 

33.3 
1.09 

18.0 

80.4 

24.8 

9.14 

2.79 

10.2 

18.1 

1. 76 
1.28 

8.14 
1.11 

213 
16.3 

32.5 

44.4 

.: Antlgen Presenting Cell 
t: The subJect gave a positive skin test & in vitro 

proli~eratlve response of their PBM to both TET & PPD. AlI the 
clones tested were ralsed by in v~tro stimulation with CAN. 

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

â: Stimulation Index = CPI1(Clone + A3 + APC)-CPI1(APC + Ag) 
CPM(Clone + me ium) cpM<Apc + medium) 
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TABLE 4.6: Surface Phenot~g.s of T-cell Clone6 

SUBJECT ORIGIN STIMULUS *TESTED XCD3+ XCD4+ 'XCD8+ 

P PB'" PPD 13 100 85 15 .. SW (PPD) PPD 24 100 75 25 .. PB'" PHA 8 100 88 13 .. SW(PPD) PHA 8 100 87 13 .. 
PB'" * 100 74 26 

B PB'" CAN 15 100 100 0 .. SW(CAN) CAN 14 100 57 43 
Il PB'" PHA 6 100 83 17 .. SW(CAN) PHA 6 100 83 17 
Il 

PB'" * 100 69 31 

S PB'" PPD 7 100 100 0 

1 .. SW(PPD> PPD 5 100 BO 20 .. PB'" TET 5 100 60 40 
Il SW (PPD) TET 5 100 60 40 
Il PB'" PHA 5 100 100 0 .. SW (PPD) PHA 6 100 83 17 .. PB'" 100 64 36 

--. 



l 

Pag. 4.32 

Jabl. 4.7a. J-c.ll Clqo. Fynctian r •• t B •• ult •• M twct B 

Clon. 
ORJ6JN • CïTOTO~IY 
STlIIJLUS 14 T8 • &i~IP l' *2 l'fi """" ILTC2.3 Pil on + 125 125 1.61 - 53 
• CAN 

.5 • + 399 1.39 21 

.6 + + 244 1,250 1.20 79 
• 1.69 

.12 • + t 190 643 2.27 

.13 • + 8.5 

.16 • + 229 3,544 67 
• 

.17 • + 250 997 4.04 41 

.20 • + 0 1.85 

.22 • + 250 1.5' 43 

.26 + 0 1.16 22 

." + 86 

BLTC4.2 III(CNO + 517 992 2.83 
.3 anCAN + + 5,792 -1-) -(-) -(-) -(191 
.10 • + + 0 257 2.2 33.7 
.12 + 2,676 1.78 
.1' + + 2.86 
.20 • + + 301 1.37 
.22 • + 2,596 
.11 + - 2,033 9,618 -(-) -(-) -(-) -(-) 

." + - + (-) (-) (-) (-) 

.23 • + - + 

1. Sptcifie lyiil ) or- 10. NK Tlfl.tl K562. Allo Tlfg.t. Allogln.ie E8Vt I-e.lll + PHA 

1. Nil Ig (ng/ill produc.d by Illoglft.ic E- c.lll. 

" ,. NI 

0 3.2 
0.314 1.53 

14.7 

0 9.45 0 
41.8 
2.37 

12.4 
0 3.23 0.362 

86.5 
27.1 
63.7 
20.' 
28.9 

14.0 
0 

74.6 
32.8 
43.2 
61.4 
3.23 

0 7.3, 18.8 
56.5 

123 

+. R'lultl Ir, liv.n in Unitl/ll. R'IUltl frOi .xptrillntl lith f.td,rl, .ith.r iutologoui Idhtrtnt APt or 
lutologDUI EBY-~rlnlfor .. d 8-c.lll Ir •• holA in ~r.ek.tl. SUplrnltlntl .ith 1.11 thln 0.5 Unitlili MIr, 
conlid.r,d ntgitiv. (-1. 

•• R'lultl Ir. givln in PI/II. Rllult. frOi .xptrittntl .ith fltdtrl (.utologDUI EBV-trlRlforltd B-e.11., 
Ir, .hown in brlct.tl. Mtlll lith 1111 th •• 0.5 Unitl of TMf wtr. eDnliderld negltiv •• 

11 R'IUltl Ir. glv.n ln NIH Rtf.rlne. Unitl/ll. YllU11 gr •• ttr th.n 50 U/II 
.xc •• dld th. Itd curv. Ind Ihould b. COIlidtr.d )50. 
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Table 4.7b: T-cell Clone Function Tests, Subject P 

ORI6IH ~ CYTOTOXICITY 
Clone ST 1 "UlUS T4 T8 NK Allo AUTU 

Il-2 TNF IFN-q 
pRA PPD pliM M'ED pRA pllft HED PHA pliM 

B-CELl HRP 
KED PIIM KED 

1 + 1 7 

POTC2.11 PBl 00 + - 24,000 70,000 .55 5.6 235 99 
PPD 1.40 1.59 1. 56 - 0 9.9 0 

POTC4.1 SIlIPPO) + 0 -(-) 3.6414.78)(.591 595 2,045 65 62 
.2 an PPD + - + + 1,350 2,000 -(-) -(-) - 1,670 
.3 + -(-) -(-) (.501 
.4 + 200 948 
.5 + + 13,000 14,500 -(-) -(-) 284 334 
.6 + - + + 
.7 + .62 ( 1.43) 
.B + + (1. 341 
.21 + 200 5,966 
.24 + 1,295 14,920 - lOb 
.25 + + + + 500 450 -(-) 3.5111.081 (-) - 1. t 70 
.28 + + + 0 0 - 3.04 
.30 + .59 209 1,670 
.31 + + 
.34 + -(-) 1.02) H 
.40 + 1.07 
.22 + + + + 245 
.23 + - + + -(-) -(-) H -1401 
.33 + 0 0 -

, . Speclflc lySIS ) or = 10. NK Target: K562. Allo Target: A!logenelc EBVt B-cell t PHA. . 
Auto Target: Autologous EBVt B-cells + PHA. 

§: He" )g log/.)) produced by co-cultured allogene!c E- ce!ls. 

0 

45.3 
7B.4 
0.576 
0 

9.78 

35.6 
2.60 

24.8 

199 
35.6 

+: Results are glven ln Unlts/.!. Results frai experltents 
"Ith feeders, elther autologous adherent APC or autologous EBV-transfor.ed B-cells are shoNn ln brackets. 
Supernatants Nlth less than 0.5 Unlts/.l Nere consldered negatlve (-1. 

1: Results are given 10 Pg/II. Results frai experl.eots Nlth feeders 
(autalagous EBV-transforled B-cells) are shoNn ln brackets. Wells wlth less than 0.5 Unlts of TNF Mere 
consldered negatlve. 

': Results are glven ln NIH Rpference Unlts/.l. Values greater than 50 U/.l exceeded the std (urve and shauld be 
consldered as >50 U/.l. 



JABLE 4.8, çytatqxicity af J-c.11 Clgn •• 

7. OF CLONES CYTOTOXIC* 
Subject Origin Original (*POSITIVE/*TESTED) 

Stimulus CD4+ CD8+ 
LDCC LDCC 

NK-LIKE ALLO AUrO NK-LIKE ALLO AUTo 
B PBM CAN 0 20 

(0/10) (2/10) 
Il SW<CAN) Il 0 80 0 50 

(0/5) (4/5) (0/2) (1/2) 

P SW(PPD) PPD 23 36 40 50 100 100 
(3/13) (5/14) (4/10) (1/2) (2/2) (2/2) 

ALL SW(Ag) Ag 17 47 40 25 75 100 
(3/18) (9/19) (4/10) (1/4) (3/4) (2/2) 

*= Target cells: NK-LIKE - K562 
LDCC. ALLO - K562 + PHA 

" ~ AUTO - autologous EBVt B-cells + PHA 

c 



------------------------------------------ -------------. 

TABLE 4.!1 et!tI Dci~m 1-1;i.11 tBllliI III~ l;ig!+ I;ilgD •• 
Subject Origin Original 1- OF CLONES PROVIDING HELP * Stimulus <* ~ositivel. tested) 

R IHOA FVJR 

B PBM CAN (1 ..,,.., 
(0/9 ) (~/9) 

" SW(CAN) " (1 50 
(0/3) (3/6) 

P SW(PPD) PHA 67 50 
(2/::'> (~/4) 

" " PPD 57 63 
(4/7) (518) 

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

*: -/= 1.000 ng/ml new Ig 

f': 

( 



TABLE 4.10. IL-2 

B F'BM 

Il SW(CAN) 

F' F'BM 

" " 

II SW(PPD) 

" " 

ALL SW(Ag) 

Page 4.36 

Production by Cp4+ T-Cell Clones 

OrIgInal X OF CLONES PRODUCING IL-:* 
StImulus Ca po_i€iv_/# tested) 

CAN 

" 

PHA 

F'PD 

F'HA 

F'F'D 

Ag 

MEDIUM PHA PF'D PWM 

o 69 
(1)/1:) (9/1::) 

(1 50 
(0/4) (5/10) 

1) :0 
(0/5) (1/5) 

100 100 
(1/1) (1/1> 

1) 40 
(0/4) (2/5) 

(1 ::9 
(0/13) (7/18) 

(1 4::: 
«(1/ 1 7 ) (1: /28) 

o 
(1)/:> 

50 
(1/2) 

67 
(4/6) 

67 
(4/6) 

o 
(0/2) 

100 
(1/1) 

* Supernatants wIth greater than 0.5 Unlts/ml were 
considered posItIve 
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" l 

TB~b:E 4. ~ 11 Tt:lF Prgd~Uiti on ;~ C124+ I-CHII Clones 

SLlbject Orlgln Orlglnal ï. OF CLONES PRODUCING TNF * StlmLtlus (* p c."1.Trv-ï # -t es t ea-)-----
MEDIUM F'HA PWM ___ 

B PBM CAN 0 90 (1 
(1)/9 ) (9/10) «l/:~) 

Il SW(CAN) Il 1) 50 
((l/:2) (~/4) 

P SW(PPD) PHA 0 50 
(O/~) (1/~) 

" " PPD 4 -, 75 -' 
(':'/7 ) (6/8) 

ALL SW(Ag) Ag _'0_' 67 
(3/9) (8/12) 

* Wells contalnlng : 0.5 Unlts were consldered posltlve 
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TA8LE 4.12. IFN-g Prgductlon by T-Call Clonas 

SubJect Orlgln Orlglnal % OF CLONES PRODUCING IFN-g * 
Stlmulus ( ~ pD_~t~~_I# tested) 

CD4+ CD8+ 
MED PRA PWM MED PFr~ PWM --------, -------_--!..==-----~!...!.-_.,!....!;~-~=-_-!....:...:.:..!....-__ --.::...=~ 

B PBM CAN 

Il SW(CAN) Il 

P PBM PHA 

" " PPD 

" S~J (PPD) PHA 

" " PF'D 

ALL SW(Ag) Ag 

*: Supernatants wlth 
posItIve 

o 
(0/::> 

80 0 
(8/10) (0/2) 

71 
(5/7> 

100 
( 1/1) 

o 100 o 
(0/1) (0/1) (1/1) 

50 
( 1/:) 

50 
(1/:) 

100 
(:/:> 

60 
(6/10) 

65 
(11/17) 

1) 
(011 ) 

(1 
t 0/1 ) 

100 
(1/1) 

100 
(::/::) 

100 
( :/:) 

100 
(5/5) 

100 
( 1/1> 

100 
(1/1) 

5 NIH reference Unlts/ml were consldered 
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TABLE 4.1'3: IFN-g and TNF ln Skln Window Chamber Fluid 

E:(Qerlment Tlme 
Ag (+) Ag (-) SERUl'l 

l FN-q * _TtlE'$ __ =-~ l J:::.tt-iL~~_-:r..l~TE-- --::-rIJ:'['::'q~_--_TIlF" __ 
1 (I-~4 7-::.8 54 u t) 

" ~4-48 71. q (1 

..., (1-48 1.-::6 ~78 <) (l 0 (l - .. 1-:'7.9 194 (> 0 0 1) 

4 " 56.5 ~O1 0.89 0 0 (-.' 

5 " 159 8:::; 0 (1 

6 " 71.4 277 0 1) 

7 " 11.0 ::64 0 (1 

8 " 85.0 cc""''''' ~"""-' (1 (> 

AB SERUM (1 1) 

MEAN 0-48 75.5 :'81 0.:'0 u 
±SE 5'3.6 21~ O.4~ (1 

P ,::. • O~5 .O~5 . (}25 .0::5 

*: 
$: 

IFN-g levels glven ln NIH Unlts/ml 
TNF levels glven ln Unlts/ml 

::: p-val LIes determl ned by the Wll co::on Ran~ -SLlm test. 
Values are glven for the comparlson wlth the Ag(+) group. 
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CELLS/WELL 
o 100 200 300 400 500 600 700 

1 

-ln (NR) 

2 

3 

4 

=i.r.~l-\r-I? ,t.1: Frequency uf F'HA ~nd CAN reactlve T-cells from 

subJect B. PBM and SW chamber cells were claned ln varloU5 

numbers of cells/well on autologous feeder cells. The -ln of 

the proportIon of non-responding wells was olotted vs the numbe~ 

of CD~+ (PBM) ~r mononuclear (SW) cells/well 3nd llnes fit by a 

least squares llnear regresslon. The frequencv cf reactlve cells 

was deternlned as the # cells/well correspondlng to ~7% 

nonrrespondlng wells (------ Ilne). Svmbols: • PBM cloned 

wlth FHA •• FBM c!oned wtth CAN. 0 SW(CAN) cloned wlth 

PHA. C SW(CAN) cloned wlth CAN. 

800 
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413 
(.1) 
...... 36 
(J) 

32 >-
-l 28 /-(J 24 ...... 
LL 213 ...... 
,"-' 16 • w 

12 /D~D CL.. 
(.1) 8 

4 @~~~îfJ 13 
ŒI ŒI , . 

e 1 2 3 4 
EFFECTOR TARGET 

FIgure 4.2: Tltration of Vlller:Target ratio for cytotOXlclty 

screening. To determlne the minimum V-:T ratio for detectlng 

cytotoxiClty (SL{/=10) four clones were tltrated at varlOUS 

ratios. A K:T ratio of ~:1 was sufflclenl ta detect cytOtoxlC 

clones. Symbols • POTC4.~. D CATC1.7. 0 POTC4.~4. 

the fourth clone gave results lndlstlngulshable from those of 

POTC4.24. 



1 

1 

B-CELL HELP BY T-CELL CLONES 
12 

4 

FIgure 4.3: DistributIon of B-cell helper functlon in T-cell 

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

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

helper actlvlty. 
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IFN-G PRODUCTION BY T-CELL CLONES 
1 

1 
1 
1 
1 
1 

Flgure 4.4: Distrlbutlon of IFN-g productIon by T-cell clones. 

The frequency of IFN-g levels were plotted. Greater than 5 U/ml 

(------- Ilne) was chosen as the eut-off for IFN-g production. 



t 

Pag. 4.44 

10 
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.~ 
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1 4 ::z: 
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BLTC2.6 BL TC2. 16 POTC2 Il 

Figure 4.5: Production of IFN-g by CD4+ clones stimulated with 

different mitogens. Three CD4+ clones, which provlded help for 

Ig-synthesls desplte producing IFN-g (upon PHA stImulatIon) were 

stimulated by: • PHA. or a PWM, and IFN-g levels 

measured. Clones BLTC2.6 & POTC2.11 also produced IL-2 upon PHA 

stImulatIon (see Tables 4.7a&b). PWM resulted ln no detectable 

IFN-g productIon or 1/10 the amount produced by PHA. A CD8+ 

clone (BLTC4.11, data not shown) produced 19 U/ml of IFN-g 

followlng PWM stimulation. 
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Ag derived T-DTH Ag derived PBM Ali T-cells * 
IL-2 IL-2 IL-2 

lA + + + 

1 1 • 1 5 • 1 1 - . 6 1 
IF~~-g 1 IFN-g • IFN-g • + 1 2 10 + • 1 7 + • 4 19 

1 • • 
p= 0.003 p= 0.356 p= 0.002 

IL-2 IL-2 IL-2 
B + + + 

1 • • • 1 7 1 7 - . 1 16 
B-Help • B-Help • B-Help • + 1 6 2 + • 1 1 + 110 3 

1 • • 
p= 0.02 p= 0.222 p< 0.001 

C 
IFN-g IFN"-g IFN-g 

+ + + 

1 1 • 1 1 5 • 1 6 • 2 13 
B-Help 1 B-Help • B-Help • + 1 4 4 + • 1 2 + • 5 7 • • • 

p= 0.210 p= 0.467 p= 0.094 

D 
IL2+IFNg IL2+IFNg IL2+IFNg - + + + 

1 1 • 1 1 5 • 6 - . 1 12 
B-Help • B-Help • B-Help • + • 5 1 + • 1 + • 5 2 • • • 

p= 0.039 p= 1.000 p= 0.007 

Figure 4.6: Correlations between the production of dlfferent CK & 

B-cell Help in CD4+ T-cell clones. The capacities of indlvidual 

CD4+ clones were correlated. Ali T-cell5 category Included 5 PHA 

derived PBM and 5 PHA derived SW clones. IL-2 or IFN-g production 

alone was determined followlng PHA stimulation. IL2+IFNg 

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

IFNg. Where avallable, PWM stimulation for IFNg productlon was 

used. P-values were determined uSlng Fisher's exact test. 
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A 
Ag-reactlvity 

+ 

• - • 2 
IFN-g • 

+ • 1 • 
o 
9 

p= 0.045 * 
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B 
Ag-reacti vi ty 

- + 

• 
• 3 TNF • 

+ • • 
1 

8 

p= 0.018 

Figure 4.7: Correlatlons between IFN-g and TNF levels in SW 

chambers and Antigen-react1vity o~ DTH sites. SW chambers 

were placed over skin-test sites injected wlth Ag ta which 

the subject was either reactive or non-reactlve. Fluid was 

harvested from the chambers after 48 hrs (7 subJects) or 

0-24 & 24-48 hrs (1 sub 3 ect). P-values were determlned by 

Fisher's exact test. 
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Di,cu.,im 

The functional repertoire of T-DTH cells has never been 

preciselyestablished. Numerous zo vitro -functl0ns. 

demonstrated on gi naIl yin bul k T-cell popul atl ons and more 

recentIy in clonaI populations have been ascribed to TDTH 

cells (5,6,118,120). Histological studles by di-fferent authors 

have shown the T-cell infiltrate of DTH sites ta canslst of 

confl icting ratIos of CD4+ t.c CD8+ ceIls, a small number of WhlCh 

express acti vation surface Ag such as CD25 and OKTIO. 

Adoptl ve transfer experlments have 1 dentl f 1 ed numerous 

T-cell subsets Involved in DTH, Includlng CD4+, CD8+ and V/V+ 

cells. Regulatory cells, such as supressor and 

contra-suppr essors have been shown ta be 1 n'loI ved ln sorne 

experimental DTH responses, yet adaptIve-transfer experlments 

have aiso shawn that a single TDTH cell may be capable of 

triggerlng the entire DTH reactlon (75,76). Ant1bodles ta IFN-g 

have been shawn ta interfere wi th DTH (103, 104) and recombl nant 

CK such as IL-1, TNF t.c IFN-g have been shown to synerg1 se ta 

produce local DTH-like reactIons (104). 

These man y elegant and often subtle e~<penmental appr-oaches 

have yielded much information about DTH & relat:::..:i Immune 

phenomena but by vlrtue of their Ind1rect approach to studYlng 

the TDTH cell (s) they have been unabl e ta dlrectl y def I ne the 

T-cell populatIons Involved ln DTH. 

The skin wInda,,", chamber techmque allowed for the fIrst tlme 

direct access to T-cells from DTH s1tes without contaminatIon 

with cells from the peripheral CIrculation. We explolted thls 

new opportunity to clone panels of Ag-reactive TDTH cells. g, 

by carrying out functIonal tests upan a large number of these 

clones, to def Ine the TDTH popul ah on. 

In order to generate a panel of T-cell clones from the 

chambers twa approaches were pOSSible. The flrst was ta 

establ i sh bul k T-cell 1 i nes from the chambers te then ta clone 

the resul h ng cel! s. Thi s approach i S often empl ayed 1 n 

situations wher"e the lnput population of cells daes nat respand 

weIl in cul ture (171). or when thE' number of potent! al 
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responding cells cannet be estlmated in order to set up 

appropriate limiting dilution cultures. However, this approach 

suffers from sever al major drawbacks. 

It is not possible to determine the potential clening 

efficiency within the orIginal bulk culture. The relative rate 

of proliferatIon among the individual T-cells that do respond to 

the in vitro stimulus in the bulk culture may vary greatly~ 

leading to over and under representation of indlvldual 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 cytOtOXlC cells, may slow the proliferation of 

adjacent cells~ or ev en eliminate them completely. 

The effect of any or aIl of these problems would result in a 

preferentlal expansion of some clones relative to others. 

jeopardising the underlying assumptions that in subsequent 

cloning, each clone would origlnate from a different clonaI 

population, and that aIl such populations ln the original bulk 

culture would have an equal chance of being represented ln the 

cells distributed to the cloning culture wells. 

Slnce the goal of thlS investigatIon required the production 

of representative panel of TDTH clones, lt was decided ta 

clone the SW chamber cells directly. This was accomplished using 

appropriate numbers of cells per weIl that resulted in cultures 

adequately covering the range of response from 100% to 0;'. This 

range was critical, since the mathematical transformatlons of 

the data requlre to calculate the frequency of respondlng cells 

cannat make use of data from cultures with lOO7- responses, & the 

value of cultures wlth Oi. responses is limited. 

The clonlng technique employed resulted ln a frequency of 

respollsl veness to PHA of 1/1. 08, 1/1. 05. 1. 06 and 1/1. 07 from 

PBM, corresponding ta cloning efficiencies of 93, 95, 94 and 

94% respectively. The near zero values of the Y-intercepts for 

the resultlng frequency plots (Fig 4.1, subject B, other 

subjects data not shawn) Indicate that the cloning cultures 

followed single-hit poisson kinetics, and therefore are the 

resul t of cul tures wi th onl y one cell 1 i mi t 1 ng the response. 
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Taken together, these indicate that the technique resulted ln 

the cloning of greater than 931. of the input T-cells (171). 

Slnce the cloning co~ditions were near optImal for PHA 

responses of the PBM, it can be assumed that the frequency 

determinatlons of Ag-reactive cells among the PBM were also 

val id. The V-intercepts of the equatlons for these cultures were 

aiso near-zero (FIg. 4.1, suoject B, other subJects data nct 

shown) and thus these clones were also derived from single-cell 

responding cultures (171). AlI the clones that were typed were 

CD3+ regardless of orlgin (Table 4.6) and thus only T-cells 

responded in these cultures. The PBM preparations were typed by 

both histological ~ immunohistochemical techniques. In settlng 

up the orIginal cultures to determine the true number of CD3+ 

cells/well, the number of lymphocytes/weIl that had been placed 

into the cultures was multiplied by the %CD3+ cells among the 

lymphocytes. Knowing the precIse number of CD3+ calls/well, the 

true value for the frequency of responding cells could be 

determined for the PBM. 

The SW cells presented a dlfferent sltuatlon. DespIte 

various attempts to determine the precise number of CD3+ celis 

in the input population. this could not be accomplished due to 

the small number of cells avallable for typlng, and technlcal 

limitations with the typing procedures. To mlnlmlze the number 

of calls required for typing, the multispot immunoperoxldase 

technique of Bross et. al. was adopted. ThIS method can 

utilise as little as a few hundred cells for analysls, however, 

since the frequency of response to PHA varled from 1/16 to 

1/1257 (Tables 4.3 & 4.4) for the SW chamber cells, If thls 

indicated that there were very few T-cells ln the preparatIons. 

the use of low cell numbers may have resulted ln some cases ln 

the near or total absence of CD3+ cells from the spots being 

tested. The problem ... .as further compounded by the presence of 

other non-mononuclear celIs, which must also occupy space on the 

small spots <typical surface areas: 1-50 mm2) used in this 

method. 
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These additlonal cells pr~sented other technical problems. 

The CD3 ~ CD4 Ag are very sensitIve to fixation. As a result, 

the .ultispot Method employed a complex immunohistochemlcal 

detectlon proceedure Involving a 10, 20~ and a 30 Ab plus 

an enzyme-anti-enzYMe Ab complex (PAP). The large number of Ab 

reagents used made background levels a problem, WhlCh 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 non-specificaily bind to Ab 

even when blocklng techniques were employed. These cells proved 

dlfficult to remove. Density centrifugation, adherence, 

"pannlng" wlth Ab to various PHN surface markers and 

phagocytosis of iron particles followed by density 

centrifugation or magnetic seperatation aIl served to remove the 

"normal" PHN within the suspension, but did not remove the 

"activated/exhausted" PHN. AlI of these techniques resulted in 

clumping wlth attendant non-specifie loss of some of the total 

cell populatIon. thus decreasing the number of available 

mononuclear cells. 

The presence of PMN in the SW cells pres~nted another 

difficulty. PMN contaln high levels of peroxidase, the detection 

enzyme used in the PAP system, WhlCh was released upon fixation. 

ThIS led to large numbers of posltively stainlng eells in the 

preparation. Attempts to inactivate this endogenous peroxldase 

resulted in a loss of detection of CD3 ~ CD4. To counteract this 

probleM, a different detectlon system based upon 

glucose-oxldase, which lS absent from mammalian cells, was used, 

however hlgh background levels due to non-specifie 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 

possi bl e. 

Lacklng an accurate determinatlon of the number of CD3+ 

cells/ml ln the SW chamber cell suspensions, the cultures were 

set up uSlng the number of mononuclear cells/ml as determined by 

Turk"s stalning. 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 noo-T "mononucl ear" cell sin the SW cell 

preparati ons. 

Difficulties in obtaining high clonlng efflciencies from 

cells obtained from immunologic reaction sites are common, even 

in T-cell preparations wlth relatively few potential interfering 

cells (171,172). Clonlng of T-cell preparations from human lung 

tissue (173) and synovial fluld (174) have resulted ln PHA 

response frequencies of 1/6.6 and 1/2.5 respectlvely, whlle 

T-cells cultured from renal allograft biopsies have been 

reported to yield cloning efflciencies between 1/10 to 1/1000. 

If non-optimal culture conditions are responsible for these low 

efficiencies, it is assumed that the blas lS non-specifie, 

resulting ln a somewhat attenuated but nevertheless 

representatlve panel of clones for study (172). Whether the 

comparatlvely low response frequencles to PHA of the SW cells 

represents a low proportion of T-cells in the SW cells or a 

non-specifie bias agalnst the growth of these cells ln v~tro 

cannat be determlned until accurate deter~ination of the numbers 

of CD3+ cells in the culture Input populations IS possible. 

Notwithstanjlng these dlfficultles, the high clonlng 

efflciencies achieved with PBM, the linear nature and near 0 

Y-intercept of the regression plots indlcates that the resultlng 

panel of clones from SW chambers should be representatlve of the 

input population. 

The question of how many of the T-cells at DTH sites are 

reactive with the Ag elicitlng the reaction has not been 

completely resolved. Early adoptive transfer experlments ln 

animaIs resulted ln a concensus oplnlon that in the order of 1'l. 

of infiltrating cells were Ag-reactlve, althougth the proportIon 

could rise to 307. in areas of the reactlon <5,67-69). These 

methods were at best seml-quantltatlve 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 th~ chambe~s, the proportion 

of Ag-reactlve 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 in vitro in 

ter.s of proliferation, and to produce IL-2 in response to the 

Ag u§ed to clone them. They were not derived from 

non-specificaly activated cells, nor from feeder cells (Tables 

4.4 & 4.5). 

The frequencles of Ag-specific cells in the blood of the 

subjects was also determined (Tables 4.3 & 4). These frequeneies 

varled 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 

frequencles of subjeet S obtained ln two separate experiments. 

This, combined with the linearlty of the frequeney plots 

(indicated by their high r2 values) and their close passage ta 

the origin demonstrated that the cloning technique was bath 

accurate and reproduelble. The generally narrow range of the 957-

Confidence Intervals also attests to the reliability of this 

technique. 

The limItatIons of the classie labelling experiments made 

the determination of the proportion of Ag-specific celis at DTH 

sites, relatIve to the blood, impossible. In determining the 

frequencies of Ag-reactlve cells from both DTH sites and the 

blood it was discovered that the eelis from the DTH SItes were 

enrlched for Ag-reaetive cells. This enrichment was found ln aIl 

cases, with no overlapplng of the 95Y. Confidence IntervaIs, even 

in Subject P, ln whose PBM 1/9.75 T-cells were PPD reactlve, 

1/3.74 SW calls were Ag-specIfie. Perhaps most interesting was 

Sub~ect B. The frequency of CAN specifie 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 lS 

unlikely thAt the enrichment seen was an artlfact resulting from 

the low numbers of PHA responding celis in the chambers. 
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The enri chll'lent of Ag-speci fic cell s at DTH si tes was Il ml ted 

te cells reactive ta the eliciting Ag. The frRquency of PPD 

reactive ce1ls from a SW chamber over a PPD DTH SIte was 5-fold 

greater than the correspandlng frequency ln the blood, whi le the 

frequencies of TET reactlve cells were equiva1ent regardless of 

their origine 

The nature of the mechanlsm responsible for this enrlchment 

is unknown, but a number of possible explanatlons eXlst. Given 

the number of IL-2 producing cells among the TDTH populatIon. 

the Ag speci fic cell s may have been more preval ent at the si te 

as a result of in situ proliferatIon. Whlle IL-2 ",as not 

detected in the fluid from several SW chambers placed over DTH 

reactl ons (data not shown) this may be attri buted ta 1 ts uptake 

by activated T-ceUs. If in situ prolIferation was responslble 

a celI cycle time of between 6-34 hrs would be required ta 

account for the observed enrichments. 

A second explanatlon could be the selective trafflcking into 

DTH SI tes of cells actl vated el sewhere. In thi s scenariO, Ag, 

either from the DTH SIte under the chambers or from the previous 

skin tests that were required ta establish reactivity, would 

have to have been exported to 1 ymph nodes or spleen ~ At these 

sites, Ag-specifie cells would be activated, multlply and belng 

released into the CIrculatIon from which they would eXIt into 

any DTH SItes they encountered. Such a phenomenon has been 

demonstrated in animaIs (69-70). 

Alternately, cells activated by Ag zn situ. may be 

more responsive to migration InhibltIng or chemotactlc factors. 

If this were sa, th en these celis would tend to accumulate ln 

si tu at DTH si tes. 

Flnally, if the cells that parhcipate ln DTH reactions 

represent a sub$et of the total circulatlng T-cell populatIon, 

than the distribution of Ag-reactlve frequencles ln these two 

populations need not be identlcal. If sa, then the "enrlchment" 

for Ag reactivit.y seen ln the TDTH cells may not be the result 

of a selective process. 



In considering the results of previous adoptive-transfer 

based estimates it must be acknowledgp.d that these histûlogical 

studies were capable of examining equally cells at aIl areas of 

the reaction SIte. The cells that are delivered lnto the 

chambers may be a subset of the total present at the site, and 

lt is concelvable that actIvatIon by Ag in 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 C09+ cells. Based upon the 7. of 

COB+ T-cells in the PBM prparatlons~ the 7. of CDB+, PHA-derived 

clones fro. PBM should have been gr~ater than was observed. C08+ 

celis are often di~licult to clone and maintain, possibly due to 

lysis or suppression in the cultures followlng 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 5-87. of celis that did not respond in cloning 

cultures. While CD8+ cells may have accounted for part of this 

deficit, this could not account lor aIl the observed 

discrepancy. The remaining deficit is likely due to the 

difficultles ln expanding and maintaining CD8+ clones to 

sufficient numbers for typing and analysls. Although growing 

weIl in microwells, between 5-257. of PHA derived clones failed 

ta expand sufficiently in vi~ro for typing and analysis to be 

performed. This was less of a problem when Ag was used to 

stimu!ate the ceIls, and thus was probably due to 

lysis/suppression within the agglutinated cell clusters. 

The Ag-specifie 9W chamber cells (TOTH) contained bath 

CD4+ and CDS+ cells Nlth CD4+ celis predominating. The number of 

COP+ clones among the TDTH was greater than in the PBN, which 

is interesting, given the discrepancies among many authors 

regardlng the degree of participation of CD9+ cells at DTH sites 

(44,47). In thlS study, we concentrated solely upon the 

Ag-speclfic celis from DTH sites, which are rare hlstologicaly 

and difficuit to quantitate. 
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The presence of a large and reproducable nu.ber of CD8+, 

Ag-specifIe T-cell clones among the TDTH popul~tion should lay 

to rest any controversy over the participation of these celis 

in situ ln DTH. 

CDS+ celis have been shawn to be requlred for defence 

against viral and parasitic infectIons. ln vitro, these cells 

have often demonstrated cytotoxic activlty, WhlCh has been 

hypothesised to be their affector function ln DTH responses. The 

CD8+ TDTH clones in this study were predomlnantly cytotoxic. 

One showed evidence of NK-like cytotoxiClty. CytotOXlC functlon 

was not llmited to CD8+ cells. Half of the CD4+ clones 

demonstrated LDCC against both allogenelc and autologous 

transformed targets, and three lysed K562 in the absence of 

lectin. AlI three NK-like CD4+ cytotoxiL celis retalned the 

capacity to secrete IL-2 in response to PHA or PPD. These cells 

therefore did not fit the profile of long-term culture adapted 

anomalous CD4+ cytotOXlC cells as defined by Poulec et. ùl. 

(179). Only one of these Nk-Ilke CD4+ clones was tested for TNF 

production. It produced hlgh levels of TNF (POTC4.25. Table 

4.7b) upon stimulation wlth Iectln. In the absence of PHA, no 

TNF activlty was detected in the supernatants from this clone. 

Three other CD4+ TDTH clones that produced TNF wlthout lectln 

and two clones that produced very high Ievels of TNF after PHA 

stimulation did not lyse t3rget ceIIs of any sort ln the 

presence of PHA. Thus It would seem that TNF productIon alone 

could not account for elther NK-like or lectln-dependent 

cytotoxicity by CD4+ TDTH clones. Cytotoxic capaclty was not 

linked to the abllity ta produce IL-2 or IFN-g. 

There are several mediators by which T-cells can lyse target 

celis. TNF, especially in concert with IFN-g IS one such 

mediator. Perforin, a C9-like molecule produced by TC and NK 

celIs, is capable of lysing target cells (175), as are serine 

esterases produced by cytOtOXIC CD4+ clones (176). Whlle TNF 

production may play a ro1e ln the cytotoxic actlvitles of some 

TDTH cells, the results presented here suggest that one or 

more of these alternatIve mechanlsms, or others yet unknown, are 

llkely responsible for the maJority of cytOtoxlC actlvlty at DTH 
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sites. 

The capacity to provide help for Ig synthesis represented 

the original deflnition of T-cell heip. 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 lf these cells are pr~sent at DTH sltes. Fourty 

percent of the CD4+ TDTH clones were capable of providing help 

for Ig synthesis. 

Three CD8+ TDTH clones were tested and one provlded 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 dlfficult to judge but in vivo it may display 

other regulatory functlons such as suppreSSlon, not examined in 

thlS study. 

The proportlon of Ig synthesis promoting cells was similar 

at DTH sltes and in the blood. The role of these Ig-synthesis 

promotlng 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 raIe, either for DTH ln situ or after trafficking 

out of the DTH reactlon site they may direct Ig synthesis at a 

dlstant slte. Whatever their role if any in SItu in DTH, their 

presence may simply be a reflectlon of the tendancy of recently 

activated T-cells to accumulate at DTH sites. 

IL-2 productlon has been considered to play a role in DTH, 

but IL-2 production by human TDTH cells has not been 

prevlously demonstrated. In this study, one half of the CD4+ 

TDTH clones produced IL-2 upon PHA stimulation and the 

maJority 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 thlS study, 717. of CD4+ Ag-derived PBM 

clones produced IL-2, while 437. of TDTH clones produced IL-2. 
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The observation that a greater proportion of clrcula~ing Ag

derived CD4+ clones produced IL-2 than TDTH clones was not 

statistically slgnificant (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 ln the 

proportion of IL-2 produclng cells ln the two populatIons. 

The results of the present study are largely consIstant with 

previous in vitro studies, and prove that TDTH cells produce 

IL-2 followlng antigenlc stImulation. 

TNF was produced by 2/3 of aIl CD4+ TDTH clones, while it 

was an uncommon feature of the CD8+ clones. Since the bioassay 

for TNF measures cell death it is possible that some of the TNF 

actlvity was attrlbutable to other cytotoxic medlators produced 

by T-cells, such as perforin or serine esterase. 

A more attractive explanatlon for the high inCIdence of TNF 

pro~uction may reside ln the ability of TNF to promote DTH-llke 

c~II Influx. as descrlbed by Issekutz and co-workers (110). TNF 

was also detected in the fluid from SW chambers over skin test 

sItes wh en the Ag in~ected provoked a DTH reaction. In one 

experlment in which the cha.ber 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 implles that the 

majority of TNF production oceurs early in the DTH reaction, 

posslbly in situ, although production by those eelis recruited 

into the chamber in the first 24 hrs m~y also account for the 

presence of TNF 10 the chambers early in the reaction. 

The L929 bioassay is not speciflc for either form of TNF 

(180). Since T-cell clane5. have been shown ta praduce both TNF-a 

and TNF-P. while monocytes produce TNF-a exeluslvely (6,181) 

it cannot be stated which form of TNF was produced by the clones 

in vitro, or which form was present ln the SW chamber fluids. 

Possibly both forms would be expected in the chambers, since 

TNF-P production is more likely from the TDTH cells, whl1e 

the monocytes in the chamber and in Sltu may produce TNF-a. 

The use of appropriate speclflc Ab can render the L929 assay 

specifie for either form of TNF. When such Ab become available, 

the answers to these qestions will be easily deterMined. 
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IFN-g has long been presu,.ed to be involved in CMI, 

principally because of it's iD vitro capacity to stimulate 

macrophages to ki 11 intracellular organisms. The demonstration 

by Issekutz and co-work~rs that IFN-g" injected i .d. can induce 

a DTH-I i ke response and that Ab to IFN-g blocks the expressi on 

of DTH <103,104) ""as 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 lnducer of IFN-g productIon. AlI CDS+ TDTH clones 

produced IFN-g. IFN-g ""as also debacted in the fluid frollt SW 

chambers placed over skin test sit.es that evoked DTH reactions. 

The fluld recovered from Ag-"ve sites contained negligible IFN-g 

or no IFN-g at ail. Thus the cap,aci ty of TDTH cells to produce 

IFN-g zn vitro was confirmed iD vivo. 

In one experiment, the levels of IFN-g ln the chamber fluid 

waS the sallie from 0-24 hrs and 24-48 hrs, unI i ke TNF. It i s 

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 prclVoking a DTH-li ke response when 

in.Jected i. d., IFN-g exhibited a patent synergy with TNF. The 

levels of IFN-g found in the chambers were capable of evoking 

the skin response ln ra~,s (103) and much greater than those 

neccessary when TNF is present (110). Thus the presence of IFN-g 

in the c.hambers at the~ observed levels supports the hypothesis 

that it is involved in directing the cellular influx t~ DTH 

sites. 

The capaci ty of j~any of the TDTH clones to produce IFN-g 

and TNF iD vitro i!. strong evidence of their involvement in 

DTH, and the presence of these CK in the SW chamber fluid 

represents the first direct evidence for their production in 

sztu at DTH sItes. 
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The definition of the TH1 "inflamfllatory" T-cells by 

Mossman et. al. included both the pattern of LK production as 

weIl as functional capacities. Among their claims was that TH1 

clones secrete both IL-2 and IFN-g, whlle the TH2 "helper" 

T-cell did not. 

In this study, the ma~ority of CD4+ TDTH IL-2 producing 

clones also produeed IFN-g. Afllong the Ag-derived PBM clones 

there were insufficlent IL-2. IFN-g non-produclng clones to 

establish a statistically significant Ilnk between the 

product i on of these two LK, al though BOi. of the cl tilles tested 

met the IL2-IFNg linked production profile. 

The IL-2 & IFN-g producing subset was reciprocal with the 

B-helper subset of Ag-specifie CD4+ TDTH clones. The dearth of 

Ag-derivej B-helper clones from the blood made it impossible to 

draw similar conclusions regarding the PBM. However from this 

evidence lt ean be concluded that the Ag-speclfic CD4+ celI 

populations recovered from DTH sites correspond to the TH! and 

TH2 profiles of Mossman, although the production of IL-4 and 

IL-5 by this population has yet to be determlned. 

The differential stimulation capaclties of the mitogens PHA 

and PWM raise frequently asked questions regarding the 

relationship between T-cell functlons produced by polyspecific 

stimuli in vitro and the functions evoked by Ag stimulus zn 

vivo. Generally, the TH1/TH2 dichotomy among T-cells/clones 

begins to break down when powerful non-antigenic stimul i are 

used. The use of calcium ionophores + TPA resul ts ln the 

simultaneous production of IL-2, INF-g & IL-4 (123). Ifllmobillzed 

anti-CD3 dntibody results in IL-2, IFN-g, TNF productlon and 

B-helper activlty from aIl CD4+ and >90i. of CD8+ clones (204). 

A simllar pattern with regards to IL-2 and IL-4 prod~ctl0n 

has been observed in normal CD4+ cells in response ta varl0US 

mitogens. In decending order of potency, ConA, PHA and PWM 

induce different levels of IL-2, while the sequence IS reversed 

for IL-4 production (118). An addltional compllcatlon may arise 

when testing for the net productlon of LK, aF. 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 praduce them. 
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Thus they may reach levels in the supernatant that are 

artl~iclal if the stImulant utilized induces receptors for these 

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

In contrast ta the generalized LK production lnduced by many 

non-specifie stimuli, alloantigen-specific stimulation of human 

PBM-derlved clones results in TH2 type clones and a second 

population of IL-2, IFN-g and IL-4 producing huma~ CD4+ clones 

(125) • 

Thus antlgenic stimuJation of human CD4+ cells and clones 

appears ta inltiate production of a more restricted subset o~ LK 

than highly non-specific stimuli. Un~ortunately, the use of 

antigens ta stlmulate large panels o~ clones durlng extensive 

long-term study is dlf~icult, due to the repeated requlrement 

for APC from the same indlvidual. 

In the present study, PHA and PWM were used. These re~resent 

the least patent mitogens known to be capable of inducing the LK 

and ~unctlons tested. This approach resulted ln the detection of 

TH! and TH2 llke responses f~om the ~ajOrlty of clones. It 

would appear therefore that these mitogens dld not Induce a wide 

degree of artlfactual polyfunctional clones, a conclusion 

supported by the results of an experiment Involving stimulation 

wlth Ag, ln WhlCh 2/3 of the clones retained the capacity to 

produce IL-2. prœviously demonstrated by PHA stimulatIon. 

The SW chamber technique has been utllized to extract both 

cells a~d CK dlrectly from human DTH sites. ln v2tro assays 

were then used to define the TDTH population. 

The T-cells from DTH sites were enrlched for Ag reactive 

cells, relative ta the blood. The Ag-speciflc TDTH clones were 

found to consis~ of bath CD4+ and CD8+ clones. Cytotoxic 

function and TNF production were broadly distrlbuted. Half of 

the clones produced IL-2 and 1 FN-g , but did not give help for Ig 

synthesls. The reciprocal population were capable of providing 

B-cell help and did not produce IL-2 or IFN-g. These tHO 

clonotypes roughly correspond to the THl and TH2 populatlons 

deflned ln the murine system. The productIon of both TNF and 

IFN-g ln situ at DTH SItes was c~nfirmed by the high levels of 



these CK in the fluid from SW chambers placed over DTH 
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Intrgductqcy caaeent. 

Anergy to recall skln test antigens has been shawn ta be 

predictive of the incidence of bath sepsis and septic-related 

death in surgical patients (127). A DTH-like reaction can be 

restored ln these patients when antigen is lnjected along with 

cytokines, released by either soluble or allo-antigen stimulated 

mononuclear cells (140). These cytokines provoke an initial 

rapld non-specIfie lnflammatory response which fades rapidly 

(139). In order for a subsequent DTH reaction to appear it is 

necessary for the patient ta have been previously sensitized to 

the antigen, i.e. have lymphocytes reactive to the antlgen ln 

the circulation (139,140,143). Injection of the cytokines aione 

without antlgen results ln the Initial "flare" reactlon but no 

subsequent DTH-like response is seen, regardiess of previous 

sensltlvity (139). This argues that the cytokines do not 

themselves produce or provoke the DTH-like reactlon, but rather 

that they permIt the Ag-specifie TDTH cells ta function 

normally, If a sUltable antlgen is present. 

Despite the slmilarities between the reactlon restored ln 

anergie patients by cytokine co-injection and a normal 

"unassJsted" DTH response it is not known whether the the 

T-cells dellvered to sItes of antigen+eytokines injection in 

anergIe patIents represent a populatIon capable of carrylng out 

the same functions as T-cells from normal DTH reactions. 

In the skin window ehamber technique. we have for the first 

time a method which permlts the recovery of cells from DTH sites 

without contamination wlth cells comlng directly from the 

circulation. It was demonstrated that the expression of DTH is 

accompanied by a quantitatIve increase in mononuclear cell 

delivery to the chamber. 

The T-eells recovered from the chambers were cloned and 

studled ta provide for the first time a description of the 

functlonal eapacitles of human TDTH cells. TDTH cells were 

found ta be enriched for cells specific for the Ag eliciting the 
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DTH reaction. Bath CD4+ and CD8+ celis were found At DTH sites. 

Cytotoxicity and TNF production was broadly distributed across 

both phenotypes. TDTH celis were found to produce IL-2, TNF 

and IFN-g and sorne aiso gave help for Ig synthesis, wlth 

distinct patterns of these function being distributed a~ong the 

CD4+ population. 

Accordingly, using the SW chamber technique, we sought to 

determine: if anergy was associated with alteratlons in the 

delivery of mononuclear cells to DTH sltes, if the restoratlon 

of DTH by cytokines was accompanied by a change ln mononuclear 

cell dellvery, and to examine the antlgen recognition and 

functional capaclties of the lymphocytes dellvered ta sites 

injected with antigen plus cytoklnes, in order to compare them 

with the capacities of normal TDTH cells with a Vlew towards 

assessing their potential for involvement in augmenled 

anti-pathogen responses. 
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Pati.nt. and patient cla •• ification 

Nineteen surgical patients were classified as either 

reactive or anergic on the basis of their response ta a battery 

of S recall s~in test antlgens as descrlbed in chapter 3. Those 

wlth a sum of the dlameters of aIl S tests (Skin Test Score or 

STS) less than Smm were classified as anergic. AlI reactive 

patients were reactive ta two or more Ag and had an STS >10mm 

except #3, who as a result of their reactivity ta PPD (alone) 

was classlfied as reactlve. In addition, aIl patients were 

subsequpntly re-tested with PPD alone at the same tlme as the 

application of the skin window chambers. Reactive patients aIl 

gave positive <)Smm) responses to this skin test. Healthy 

control subjects were young volunteers who were skin tested and 

had chambers placed over sites Injected with an antlgen to which 

they were reactive (data from these subjects has already been 

shown ln chapter 3). Patients were subclassified on the basis of 

thelr in vitro response to PPD ta glve four groups: 

Hosp,ital reactlves PPD reactive in vltro (HR PPD+~ve) 
Il PPD non-reactive Il (HR PPD-'ve) 

" aner~ics PPD reactlve fi (HA PPD+~ve) 
" PPD non-reactive fi (HA PPD-'ve) 

Those patients that had been operated on were lnitially skin 

tested at least 72 hrs following surgery. SW chambers & the 

subsequent re-sion testlng were performed at least 5 days 

post-op. The entlre protocol was approved by the human 

experlmentatlon committee of the Royal Victoria Hospital and 

informed consent was obtained from aIl participants. 

A ••••• m.nt of Inn.t. PPD R •• ctivity 

The determlnation of the in vitro reactivity to PPD was 

carried out as described in chapter 3. Briefly: one hundred 

thousand peripheral blood mononuclear cells were cultured in 

flat-bottomed micretltre plates in RPMI 1640 supplemented with 

glutamlne, .01M HEPES and 201. pooled normal human serum in 

trlplicate wells. PPD (Connaught) was added te give a final 

concentration of 20 ~g/ml. The cultures were incubated for 7 

days @ 37~ in a S'l. C02 atmosphere. 
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One ~Ci of 3H-Thymldine was added te each weIl for the 

last 6hrs. The cultures were harvested wlth a MASH apparatus and 

the amount of 3H-Thymldine incorpora~ed lnto DNA counted in a 

scintillation counter. 

Recovery of Cell. fra. DTH Sit.s 

The cells from DTH sites were recovered uSlng the Skin 

Window Chamber technique as detailed in Chapter 3. No Tlsseal 

sealant was used in these experiments, includlng the healthy 

control subjects. A standard skin test dose of PPD±CK (see 

below) was injected intradermally in O.lml Into each site. The 

chambers were filled with Type AB serum. 48 hrs later the 

chamber fluid, containing cells dellvered ta the site, was 

collected and the cells enumerated wlth Turk~s staln and 

confirmed by differentlal counting with Wright·s staln when 

numbers were sufficient. 

Production of Cytokin •• 

The CK utilized for restoration of the DTH reaction were 

prepared by culturlng together equal numbers of peripheral blood 

lymphocytes from two healthy volunteers (blood type AB) at 

2xl06/ml in RPMI + glutamine and 81. pooled human (AB) serum ln 

disposable plastic flasks (Falcon) for 48 hrs. The supernatants 

were collected by centrifugation and concentrated lO-fold uSlng 

either a Filtran <Fisher) ar Amican <Amicon) ultrafiltration 

apparatus fltted with membranes with either a 3kD {Grey Flltron) 

or lkD (YM-2 Amlcan) exclusion size. The supernatants and danor 

sera were tested for sterllity and exposure ta hepatltls, 

HIV and CMV. The concentrated preparatIons were ml::ed Wlth PPD 

so that each intradermal skin test dose of 100~1 cantdlned 5 

TTU of PPD and the equivalent of 500~1 of supernatant. ThIS 

preparation 15 referred ta as PPD+CV. 

Bulk culture of lymphocytes 

250,000 mononuclear cells from skln wlndow chambers placed 

over sites Injected with PPD+CV were cultured Irl 24-well pl~tes 

(Llnbro) with 106 lrradlated allogenelc stlmulator cells ln 

T-cell growth medIum (see chapter 4) and 0.5 Ug/ml PHA. 



l 

1 

PAge 5.~ 

Cloning & Fr.quency An.lysi. 

Cloning was performed as previously described (see chapter 

4) with lOS irradiated autologous PBM as feeders. Wells were 

fed weekly and clones plcked at 14 ~ 21 days for expansIon ln 

24-well plates as above. Limiting Dilution cultures were set up 

uSlng varlOUS numbers of cells/well as described prevlously (see 

chapter 4). Medium was replaced wee~ly and clones were pic~ed 

after three weeks and expanded ln 24 weIl plates as above. CD3+ 

cells were enumerated in PBM preparatIons & th~ number of CD3+ 

cells/well used in a least-squares regresslon analysis of the 

results to obtain the frequency of responding cells. ThIS 

technIque resulted ln a clonlng efflciency > 95%. The SW cells 

from subject C were cloned dlrectly from the chamber. The SW 

cells from Subject T were first cultured ln bulk as above uSlng 

PHA as the stimulus and then cloned in limiting dIlution. 

Fr.qu.ncy of PPD-Reactive Cella 

DeterminatIon of the frequency of PPD-reactive cells was 

assessed as previously descrlbed (see chapter 4). 

Surfac. Phenctype of Calls 

The surface markers of cultures and clones were determlned 

using an Immunoperoxldase stalnlng technique as previously 

descrlbed (see chapter 4). 

NK-lik. Cellular Cytotoxicity 

The potentlal of T-cell clones to lyse KS62 target cells ln 

the absence of lectln was assessed as described previously 

detalled (see chapter 4). 

L.ctin-Dep.nd.nt Cellular Cytotoxicity (LDCC) 

The cytotoxic potentlal of T-cell clones in ~e presence of 

lectln (PHA) was assessed against K562, U937. autologous or 

allogenelc EBV-transformed B-cell targets as previously 

described (see chapter 4). 

Production of Lymphokines by Skin Window Clone. 

T-cell clones derlved from the cells recovered from skin 

wlndow chambers over PPD+CK sItes and their PBM were tested. 

These clones were establlshed ln llmltlng dilution using PPD as 
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the stimulant. They were grown and stlmulated with PHA, and 

their supernatants collected as descrlbed prevlously (see 

chapter 4). 

Detection of Interleukin-2, TNF & IFN-g 

The presence of LK in the supernatants from PHA stlmulated 

T-cell clones were detected as prevlously descrlbed (see chapter 

4). 

B-cell Help 

The ability of T-cell clones to provide help for Ig 

synthesis was assessed in a mitogen-driven alloge~elc system as 

described prevlously (see chapter 4). 

St_ti.tical Analysi$ 

Mean values are glven alone or ± standard error. 

Comparlsons of cell dellvery between subJect groups were carrled 

out uSlng the Wilcoxon Rank Sum Test. Comparlsons of cell 

delivery with/Wlthout CK were analysed wlth a one-talled 

Wilcoxan Slgned Rank Sum Test and also by the Wilcoxon Rank Sum 

Test where speclfled. These lests were carrled out upon a 

mlcrocomputer using a statlstlcs program eStats-Plus. Human 

Systems Dynamics) to generate the rank sums. The p-values were 

then determlned uSlng the tables of Choi (166). 
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R •• ult. 

The patient groups used in the study were similar in age and 

sex (Table 5.1). The skin test score was signifieantly lower in 

the anergie group, regardless of zn vitro PPD reactivity. 

ln Qitro PPD r.activity of subjectsœ 

Anergie patIents by definition do not glve DTH reactlons. 

The ablilty of their PBM to respond ta antlgen ln vitro 

remains Intact and this can be utilized to assess their 

potentlal for an zn VlVO DTH response (140). Among those 

reaetlve in vItro ta PPD, the zn vitro response of bath the 

HR and HA groups was not dlfferent (Table 5.1) (minimum 

response: new CPM=11,728 stimulatIon Inde::=48, data not shawn) 

indicatlng thelr potentlal to respond to a PPD skln test. 

Non-reactlve subjects aIl gave less than 700 new CPM in response 

to PPD. Their PBM dld respond ln vitro to PHA (17,214-42,615 

new CPM, ail stimulation indices> 20, data not shown) 

indicatlng that the cells were capable of responding ln vitro, 

given the appropriate stlmu~us. 

Th. d.livery of menonucl.Ar cell. to DTH sites is reduced in 

anergy 

The presence of a DTH reactlon in the skln below a SW 

chamber results ln an increased monanuclear cell delivery to the 

chamber. In order to determlne If the lack of a visible DTH 

reactlon that oceurs ln anergy was reflected in mononuclear cell 

dellvery. the number of mononuclear cells delivered into skin 

wlndow chambers placed over PPD SItes of PPD+'ve subJects was 

assessed. 

As shown ln FIg. 5.1, PPD +'ve anergie patients delivered 

slgnlficantly fewer mononuclear cells to PPD Injection SItes 

than elther PPD +'ve HR patients or healthy controls. 

Manonucl.Ar Cell Delivery in Anergies i5 Restered by CK. 

The cO-InjectIon of CK wlth PPD results ln a DTH-like 

reaction ln patIents reactive In VItro to PPD (140). Since the 

lack of an observable react\on ta injected Ag was found ta be 



PAQa 5.8 

reflected in a decreased rnananuclear cell delivery. the dellvery 

of these cells ta Ag+CK sites was evaluated. 

The cO-In~ection of cytokInes wlth PPD slgniflcantly 

increased the dellvery of mononuclear cells bath ln terms of the 

net increase (p<O.Ol> and the means of the two populatIons 

(p<.005, one-slded Wilcoxon Rank Sum Test) (mean Increment: 

107-fold (FIg. 5.2>. The number of cells dellvered approached 

that of the reactlve patients ln response ta PPD. 

Mononucl.Ar calI dalivery in HR i5 slightly improved by CK 

PPD+'ve HR patients delivered slmilar numbers of mononuclear 

cells to PPD sItes as healthy contrais (FIg. 5.1>. The 

cO-InJection of CK along with PPD significantly Increased 

mononuclear cell dellvery (Fig. 5.3~ mean Increment: 38-fold. 

p<.025). The magnItude of this lncrease was approxlmately 

1/3 that seen in the Anerglc patIents, and dld not result ln 

a dellvery slgnlficantly dlfferent from that found ln healthy 

control sub~ects. 

R •• toratian of mononuclear cell delivary by CK i5 depandent 

upon praviaus .ansitivity ta the test AQ 

The abllity of CK ta restore an observable DTH reaction has 

been found ta be dependent upon a prevlous sensitization to the 

test Ag (161). CO-InjectIon of PPD+CK restored the dellvery of 

mononuclear cells in anergic patients reactlve ln vltro ta PPD 

(Fig. 5.2) and substantlally Improved. although to a much lesser 

degree, ln PPD responslve HR patIents (FIg. 5.3). 

SW chambers were placed over Ag & Ag+CK SItes of 2 ReactIve 

and 4 Anerglc patIents non-responSlve to PPD ln vltro. There 

was a doubllng of mononuclear cell dellvery to Ag+CK SItes ln 

these patients (FIg. 5.4) WhlCh was conSIstent, but much smaller 

than the 38 and 107-fold Increment seen ln thelr PPD-reactlve 

counterparts (FIg 5.2). 

Phenotypie ~ functionAI AnAly.i. of clon •• from PPD+CK sit •• of 

Anergie. 

USlng the SW chambers ta obtaln TDTH cells frnm normal 

indlviduals, the functional characterlstlcs of thlS cell 

population were defined ln the prevlous chapter. To determlne If 
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the reactlon seen when PPD+~ve anergic patients are co-injected 

i.d. with PPD+CK results in the delivery of a cellular 

populatlon capable of participatlng in a DTH response. the sa me 

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

T-c.lls fra. skin "inde" ch.~.rs ev.r PPD+CK sites ef Anergies 

.r •• nrich.d fer e.lls r •• ctiv. te PPD 

It had previously been observed that the T-cells from SW 

chambers over DTH sites were enriched, relatlve to the 

circulatlng population. for cells reactlve to the Ag used to 

eliclt the underlying DTH reaction. If the reaction seen at 

Ag+CK lnJection sites of sensitlzed anerglc patlents was 1ndeed 

a reflection of a DTH react10n. then this enrichment should also 

be present in the SW cells from these sltes. 

Both the PBM and the cells from a SW chamber placed over a 

PPD+CK injection site of one anerg1c subjP-ct (C) were cloned 

directly in lim1ting d1lution as previously described. The 

frequency of PPD-reactlve T-cells ln the blood was 1/153. The 

SW cells were enriched 20-fold for PPD-reactive cells, with a 

frequencyof 1/7.20 (Table 5.2>. 

A persistent observatlon ln the cloning experiments related 

in this t~esls was the relatlvely low frequency of PHA 

respondlng cells among the "mononuclear" cell preparations taken 

from the chambers. As has been discussed, there are several 

posslble explanations for thlS, many of which have been 

controlled for in the experlments detalled ln chapter 4. Without 

FACS analys1~ of the cell populat10n input into the limiting 

dilut10n cultures it was not possible to prec1sely enumerate the 

% CD3+ve cells/well that were used in the cultures & thus the 

clonlnQ efflc1ency of the SW cells. One approach to answer1ng 

this problem 1S the use of prlmary bulk cultures, followed by 

clon1ng & lim1tlng d.~ution analysls. Whlle th1S technique has 

the potentlal for blaR, chiefly due to preferential expans10n of 

clones withln the bulk culture, it was decided to utilize it for 

anergic subject T to determine 1f the enrlchment that was 

observed ln subject C was due solely to the frequency of PHA 

respondlng cells from the skin window chamber. 
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As can be seen in Table 5.2, the frequency of PPD-reactlve 

cells in PHA-stimulated bulk cultures of PBM was 1/460. This 

"as similar ta the PPD-reactive frequency found in fresh 

uncultured PBM (1/438) and the two values had overlapplng 95% 

confidence intervals. This indicates that little, If any, 

preferential expansion had occurred ln the la bulk culture. 

PPD-reactive cells were 2.8-fold more frequent ln PHA-stlmulated 

bulk cultured SW cells (f=1/165) than in the bulk cultured 

PBM, and 2.6-fold more frequent than in freshly drawn PBM. 

Surfac. ph.notyp.s of T-c.ll clan •• from AQ+CK sit •• of 

An.rgic. 
T-cell clones Nere 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 Nere Initlally cultured ln bulk 

using PHA and then clones subsequently derlved by llmltlng 

dilution wlth elther PHA or PPD. One subject~s (C> cells were 

cloned directly ln li~lting dllutlon. The results, shown in 

Table 5.3, lndicate that both CD4+ & CD8+ cells were present ln 

the SW chambers. CD4+ cells predomlnated ln the chambers to a 

slightly higher extent than ln the PBM. These results were found 

in both the general (PHA-stimulated) population and ln those 

cells speCifie for the Inducing Ag (PPD-stlmulated). 

C.llular cytotoxicity of PPD-r.activ. clon •• from PPD+CK stt.s 

of An.rgies 

The analysl~ of a panel of Ag-reactive TDTH clones from 

normal subjects has shown that the majority of CD8+ and one-half 

of the CD4+ clones were capable of cytotoxlcity. 

The cytotoxic capacltles of 1 CDS+ and 4 CD4+ SW clones of 

two anergic sub~ects were tested (fable 5.4>. Tte CD8+ clone 

lysed the target cells both with and without lectin. One of the 

four CD4+ clones lysed target cells ln the presence of lectln. 

B-c.ll halp.r function of PPD-r.activ. clon •• froM PPD+CK stt •• 

of An.rvics 
T-cell clones capable of providlng help for Ig-synthes1s 

were found in the PPD-reactive TOTH populatlon. Fourty percent 

of the PPD-reactive C04+ clones from PPD+CK SW chambers were 
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also capable of providing help for Ig--synthesis (Table 5.5) 

IL-2 production by PPD-r.activ. clan •• frc. P?D+CK .it •• cf 

An.rQic. 
The study of CD4+ TDTH clones found that 43% of the clones 

produced IL-2 following stImulatIon. When a ~imilar panel of 

clones from PPD+CK sItes of anergies was tested~ 5 of 7 (71%) of 

them pr~oduced IL-2 (Table 5.6). One CDB+ clone tested did not 

produce IL-2. 

TNF production by PPD-r.active clan •• fra. PPD+Ck .it •• of 

An.rgic. 
TNF has been implicated in DTH as potentially capable of 

producing DTH-like InduratIons alone and in synergy Nith IFN-g 

(110,112). and as an effector CK lysing target cells (6). TNF 

was found in the fluid from SW chambers placed over DTH sites, 

and the ma~orlty (2/3) cf TDTH clones tested produced TNF. 

If the cells delivered to Ag+CK sites of Anergies are indeed 

typical TDTH cells, then they to could be expected to produce 

T~. 

Upon testlng, ail of the sever. CD4+ clones did produce TNF 

folloNing stimulation (Table 5.7). One CDB+ clone was aiso 

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-Q production by PPD-r.activ. clan •• fra. PPD+CK .it •• of 

An.rQic. 

IFN-g IS an lmportant promotor of both intracellular killing 

by monocytes and the lnduction of DTH-like reactions (110,112). 

IFN-g was detectt~d in the fluid from SW chambers over DTH 

reactions. Sixty-five percent of CD4+ TDTH clones from normal 

individuals produced >5 NIH Units/ml of IFN-g following PHA 

stimulation. A hlgher proportion, 5 of 6 (83%), 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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Link ...... b.t..." LI( pradL,ctian and B-c.ll h.lp 

AlI 6 CD4+ clones tested produced either both or neither of 

iL-2 and IFN-g while 4 of 5 clones tested showed a negative 

linkage betNeen IL-2/IFN-g co-production and B-cell help. Thus 

Nhile the nu.bers Nere too ION to make statlstical inferences, 

the majority of clones fit either the TH1 Dr TH2 profile. 
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TAbl. S.l. - Pat;i..,t Data 

SIJRGICAL PPD 
ID CLASS AGE SEX DIA6NOSIS STATUS STS SnR TEST R[1i CPH ST~TDS 

f t • t HR 60 11 COLON CA POST-OP 16 11 28,879 PPD+'ve 
2 • 75 f 6ASTRIC CA PRE-OP 35 b 50 972 • 
3 74 11 COLON CA POST-OP 6 9 40;220 • 
4 59 11 RECTAL CA PRE-OP 31 12 11,485 
5 78 11 BllIARY CA PRE-OP 31 6 42,058 
6 59 11 CIRRHOSIS ND-OP 12 12 J~:Ui 

• 
lean ffi'T-S" -mT-T1 -:r+F3 

7 27 .. LC.FIST $ NO-OP 29 0 0 PPD-'ve ! 
8 47 11 PANC. CA $ ND-OP 32 0 77 

lean mT-To ~ -,- ---w 

9 HA 72 11 UlCER ND-OP 0 0 0 PPD-'vl! 1 

10 • 23 ,. TRAUM $ POST-OP 0 0 0 • 
11 64 ,. CHOLY $ POST-OP 3 \) 608 
12 82 F CHOLY $ POST-OP \) 0 0 • 
le an bO+T-I2 o.8+T-T.3 -0 ---rsI 

13 HA 73 11 AORT. ST $ POST-OP 0 0 16,517 PPD+'ve 
14 • 71 1'1 RECTAL CA POST-OP 9 0 26,510 • 
15 63 1'1 PANC. CA NO-OP 0 0 27,939 
16 70 11 6ASTRIC CA POST-OP 0 0 23,329 17(", • 76 11 ESOPHAGITIS ND-OP 3 0 15,567 • 
18(C' • 38 F 6ASTRITI S NO-OP 0 0 23,275 
l'lm • 63 ,. GASTRIC OBS$ NO-OP 0 0 ~3;,n lean lir+T-n r.7+T-!.1* -oT 

ns 

t : CA = Cancer 
1 : New CP" = CP" (PPD stllulated) - CP" ("edlui al one) 
Il : Reach VI ty ta PPD lias detl ned as >5,000 HI!ll CP" , Stllul ahan Index ) 5 
$ 

Patient 17 - Entercutineous flstula + bOlll!l obstruction 
Patient lB - Pancreabc Cancer 
Pihent 110 - Post-trauli patient, fallure ta heal lIound (nan-septlc) 
Patient 111 - Cholymtlhs 
Pihent 112 - CholymtltIs 
P.tlent 113 - Aartlc stenoSl5 
Patient 115 - Pancreabc Cancer 
Pattent 119 - 6astm obstructlon 

1 : PPD-'ve subJects had posItive lD vlrto responses ta PHA 
• : p(.004 relatIve ta Rl!iCh ve group 
ns: not 5lgnlflcant 
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Table 5.2: Freguency Anal ysi s 0+ T -c:ell Cl Qnes Fra ... Ane,-gl c:s 

Subjec:t C~,ll s Cl oni ng 
Stimulus 

C PB" PHA .. " PPD 
.. SW (PPD+CK) PHA 
Il Il PPD 
T PB" PPD * Il Il PPD t 
Il SW (PPD+CK) PPD t 

* F,-eshl y drawn PB" 
t Subc:loning 0+ bulk 

F,-equency 0+ 
Reac:t ive Cell s 

(951. C. I. ) 

1.09 
398 
346 

2488 
438 
460 
165 

(.009-2. 18) 
(241-555) 
(325-366) 

(2078-2900 ) 
(397-481 ) 
(393-528) 
(153-176) 

Adjusted Frequency 
(957. C. I. ) 

153 (92.4-213) 

7. 20 (6. 01-8. 34) 
NIA 
NIA 
NIA 

cul tu,-es, or i gi nal y sU mul ated tU th PHA 



Tible 5.3: Surface Markers o~ T-cell Clones From Anergies .. 
Cloning SW(PPD+CK) PBI1 
Stimulus '-r:D~+i ![!DB+ !CDAJ+ '-[!DB+ 

PHA 94 6 7S 25 
<15/16) (1/16) (9/12) (3/12) 

PPD 91 9 86 14 
<10/11) (1/11> (6/7) ( 1/7) 

t Dat-. from three subjects (C, T 8c M) 

• Actual numbers of clones are shown in brackets beneath the 
pereent.ag_s 
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TABLE 5.41 Cytotoxicity of PPD Re4ctive Clones From PPD+CK Sites 

Subjec:t Origin Cloning 
Stimulus 

CD4+ CDB+ 
NKi LPCC' NK [DCC 

C SW (PPD+CK) 

T Il 

ALL Il 

PPD 
Il 

Il 

0/2 

0/1 

0/3 

1/3 

0/1 1/1 1/1 

1/4 1/1 1/1 

*: NK = NK-like killing of K562 without lectin *= LDCC = killing of K5b2/U937/autolDgous 
and or allogeneic EBV-transformed B-cells with lectin 
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TABLE 5.5: B-Cell Hele b~ Ag-seecl ~ i c CD4+ Clones from PPD+CK Sites 

Subject Origin Cloning CLONES PROVIDING HELP 
Stimulus (* pO_itiv_I. tested> 

l''IE0101''1 P&iJ1"I 

C SW (PPD+G') PPD 0/3 1/3 

T Il " 1/2 

ALL Il " 0/3 :/5 



TABLE 5.6: IL-2 Prod'n by PPD-Reactlve CD4+ Clones 
from PPD+Cf SItes __ 

SLlbject Clonlng 
St 1 mLll LIS 

IL-2 PRODUCING CLONES* 
(* pa.'tiv_/# tested) ________________________________ ~M=Ë~D~I~U~M~__ __~P~A~A~ _______ _ 

C SW(PPD+Cf) PPD or:: ::;/-:; 

T " " 0/4 ::'/·q 

ALL " " 0/7 5/"1 

* SLlpernatants wlth greater than 0.5 Unlts/ml were consldered 
posItIve 
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TABLE 5.7: TNF Prod"n by PPD-Reactive CD4+ T-Cell Clones 
from PPD+C. Sltes 

SLib Ject Orlgln Clonlng TNF PRODUCING CLONES * St l mul LIS ( ... pO.'~:I. ..... _/# tested) 
l'lE:O lOF! pRA 

C SW (PPD+D ) F'F'D 0/:' ::/::; 

T Il " 0/4 4/4 

ALL Il Il 0/7 7/7 

* Wells contal nI ng ;0.5 Unl ts/ml were consldered posltlve 
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TABLE 5.8: INF-g Prod'n by PPD-Reactlve CD4+ Clones 
____________________ ~f~r~o~m~~PF'.D+.~C~.~S~l~t~e~s~ ____________ _ 

Sub.J ect Orlgln Clonlng IFN-g PRODUCING CLONES* 
StlmLllus ( .. po. i t i "'. / "* tested) 

AE:1i l DA pRA M _______ 

C SW (PPD+C.··) PPD 0/3 -:. F!.. 

T 11 " 0/-:' ~/:. 

ALL 11 " 0/6 '5/6 

* Supernatants wlth . 5 NIH reference Unlts/ml were consldered 
pasl tl ve 
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ANERGIe REACTIVE CONTRO LS 

Fig 5.1 - Deficlent mananuclear cell delivery to DTH sites ln 

anerglc patlents. Anergic patIents gave a slgnlficantly reduced 

monanuclear cell dellver." as compared ta ln VlVO reactive 

patlents (median values 0.0122 and 0.7S1xl06 respectively, 

p<.Ol). ReactIve patients were simllar ta healthy control 

sub Ject s (p<. 528) • 
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8 

T 

6, 

5 
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3-L------------------------------------
PPO PPD+CI< 

Fig 5.~ - Restoratlon by cyto~lnes of mononuclear cell dellvery 

ta DTH sites ln PPD+·ve anerglc patIents. The dlffilnlshed 

deII very of anergic pati ents was 1 ncreased an average of 

114-fold by the CO-InJectIon of cytokIne preparatIons along "41th 

antlgen. ThIS lncrease was slgnlflcant (p'.Ol) and ..-esulted ln 

levels comparable to those seen ln the PPD responses of reactlve 

patients. 
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3~--------------------------------
PPO PPD+CK 

FIg. 5.3 - Impr~vement by cytokInes of mononuclear cell dellvery 

ta DTH sites ln PPD+'ve reactlve patIents. HospItal patIents. 

reactlve bath ~n v~vo and ln vltro (to PPO) dellvered 

slmllar levels of mononuclear cells ta ~9 InjectIon sItes as 

normal contraIs. When Ag was cO-InJected wlth Ck. the delivery 

was Increased an average of 38-fold. This lncrease was 

statlstlcally slgnlflcant (p(.025) and resulted in a dellvery 

lndlstlngulshable from normal subJects. 
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Fig 5.4 - Effect.of CK on mononuclear cell dellvery ta DTH sItes 

ln PPD-'ve hospital patIents. The dellvery of mononuclear cells 

ta PPD In~ectlon sItes of bath anerglc (.) and reactive (0) 

patIents. nan-responslve ta PPD ln vltro to PPD was doubled by 

co-injectIon with Ck. 
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DiscussiDO 

Although there are many alterations in non-specifie host 

defence assoeiated with It, the anerglc state is defined by a 

10ss of the speci-Fic immune reactlon, DTH (127,140). By 

emploYlng the SW chamber technique described in chapter 3, the 

10ss of DTH se en l. n anerglc patients was shown to be refleeted 

ln a signlficantly lower number of mononuclear cells dellvered 

to sites Injected wlth antlgen as compared with reactive 

pati ents and heal thy control s. Thi S occurred despl te the faet 

that al! these p~:ttlents had lymphocytes senSitive to PPD ln the 

circulabon, indicating that they had the potential ta generate 

a DTH react i on ta PPD but that 1 t had been masked by the anergi c 

state. 

It has been preVl ousl y shawn that the eo-i njecti on into 

anergics of cytiJkines from cultures of aetivated mononuclear 

cells along with an antigen ta WhlCh the patient has sensltized 

1 ymphacytes Will restore the DTH response in the maJorl ty af 

patients (140)" Bath the mechanlsm responsible for thlS change, 

and the rel atll.:ln between the eells dell vered ta the restored 

react 1 on and those at a normal unassi sted DTH reacti on were 

unknawn. 

In thlS invest1gation. lt was found that co-injection of 

these cytohines with PPD increased the delivery of mononuclear 

cells 107-fc.lld, resulting ln levels of cell delivery 

Indlstlngulshable from those seen in reactive patiants. Thus the 

Ck not only restored the Visible components of the DTH reaction 

but also reversed the defeet in mononuclear cell delivery 

present ln êlnergy. 

The rel.atlonship between the action of the CK and the 

anergie state was probed by conducting the same tests in a 

population of reactlve surglcal patients. These reactive 

patients. sensitive to PPD both in vitro and ln VIVO, also 

showed a signlf1cant Increment ln mononuclear cell delivery when 

PPD was co-i nJected WI th CK. The magni tude of th i s increase was 

approxlmately 1/3 of that seen ln the anergic population, 

and If one reaetlve patient, whose increase was an arder of 
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magnitude greater than any of the other reactlve subJects, is 

discounted, the increase was only 7.5% of that seen ln the 

anergic population. Thus while the CK dld act to enhance the 

overall numbers of cells delivered ta DTH sites ln reactlve 

patients, the magnitude of the effect was clearly llnked to the 

state of the patients immune system. 

Using the SW chambers it was found that the dellvery of 

mononuclear cells to sites InJected with Ag ta WhlCh anergic 

subjects were non-reactlve in vitro was in aIl cases lower 

than the delivery to Ag-'ve sites of two reactlve patients. and 

slgnificantly lower than the dellvery to Ag-'ve sites of healthy 

contraIs (p<O.025, data shown ln Chapter 3. Fig. 3.5). This data 

suggests that the Ag non-speciflc portlon of the DTH reactlon 

that occurs prlor to T-cell actIvation was deflcient ln anerglc 

patients. 

Rode et. al. demonstrated the need for a prlor 

sensitlzatlon to the cO-lnJected Ag for the CK ta r8store the 

DTH reactlon (140). In contrast with the the 107-fold and 

38-fold lncreases ln mononuclear cell deliv~ry seen ln Ag+'ve 

anergic and reactive patients co-inJected wlth CK. the Ag-'ve 

patients merely doubled the numbers of mononuclear cells 

delivered when Ag was cO-Injected wlth Ck. 

The restoration by C~ of an observable reactlon ta a sterile 

antigen in anergie patients represents an lmportant step ln 

restorlng their immune function. In llght of the slgniflcantly 

diminlshed dellvery of mononuclear cells seen in anergy, lt 

wauld be deSlrable ~o restore thlS dellvery to normal levels at 

sItes of InfectIon. We have shawn that the C~ preparations used 

in thlS study are capable of restoring these levels at sItes of 

sterile Ag depositlon wh en speclflc cel1s eXlst ln the 

circulation. Yet cell delivery and the vIsible appearance of a 

DTH reaction IS not sufficlent to ensure that the attracted 

cells Will partlcipate in a eell medlated immune response to an 

infncting pathogen. To do thls there must be cells responslve to 

the Ag not only in the CIrculation but also at the sIte of 

infection~ and these cells must carry out the functlons requlred 

for cell mediated immunity. 
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The Ag-speclfic T-cell population delivered ta DTH sites has 

been characterlzed earller ln this thesis by the examlnation of 

panels of Ag-reactive T-cell clones from SW chambers over normal 

DTH SItes. These cells were enriched. relative to the PBM~ far 

cells reactlve ta the Ag ellclting the DTH reactlon. This 

populatIon was found to conslst of bath CD4+ and CDB+ cells. 

wlth CD4+ clones predom~natlng. CytotoxlClty and TNF productIon 

were braadly distrlbuted throughout the population. Substantlal 

partIons of the CD4+ population produced bath IL-2 and IFN-g and 

did nat provlde help for Ig synthesls ln a PWM driven assay. 

These cells corresponded ta the TH! population descrlbed by 

Mossman pt. al •• belleved to mediate DTH while non-1L-2 

produclng. B-helper clones found at the DTH SItes were belleved 

to correspond roughly to the TH2 helper cell populatIon. Both 

TNF and IFN-y were found ln the SW chamber fluld over DTH SItes, 

Indlcatlng that these cytol--lnes ~ produced ln ~/1VO at DTH 

reactlons. 

When the same analysls was performed on the cells dellvered 

to PPD+C. SItes of two PPD+'ve anerglC patIents, very slmllar 

results were found. The frequency of Ag-reactlve cells ln the SW 

cells was enriched by ~ to ~!-fold. Bath CD4+ and CDB+ clones 

were found. wlth CD4+ clones ln the maJorlty. 

One qll~rter of the CD4+ clones demonstrated LDCC. The onl y 

CDB+ clone tes~ed demonstrated bath LDCC and N~-lll--e hllling of 

~56~ cells ln the absence of lectln. AlI the CD4+ clones 

produced TNF. Two of the CD4+ clones gave help for Ig synthesls. 

Seventy-one percent of the CD4+ clones produced lL-2 and 83% 

produced IFN-g upon stImulatIon wlth mltogen. 

In concert. these results reported ln thls chapter lndlcate 

that the anerglc state IS accompanled by a quantitative 

deficiency ln mononuclear cell e:-~travasatlon, both non-speclflc 

and (perhaps cansequentlally) speclflc~ and that normal levels 

of cell dellvery are restored by cytolines. If there are 

prevlously sensltlzed cells present ln the Circulation. ThIS 

woul d 1 nd Il:ate that the roI e of these C~, 1 s to act ear 1 yIn the 

DTH response ta permit the dellvery and subseque;lt actIvatIon of 

a relatlvely small number of specific cells and not ta dlrectly 
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deliver ta the sIte the large numbers of mononuclear cells seen 

when Ck restores the DTH reactlon. 

The eO-In~ectlon Into anergIes of C~ wlth Ag ta WhlCh they 

were reaetlve resulted ln the dellvery of a populatIon of cells 

comparable ta those found at normal DTH sItes. The T-cells 

dellvered ln r~~ponse ta a C~+Ag InjectIon were enrlched for 

cells reaetlve ta antlgens at the sIte. These Ag-speclfic cplls 

were cytOtoxIC. produced IL-~. IFN-g and TNF ln a manner siffillar 

ta the Ag-reactive cells from normal DTH sItes. Other functlons 

not Inve5tIgated ln thIS study may aiso be requlred for CMI 

reactlons. but such a populatIon of cells could be expected ta 

partlclpate ln T-cell dlrected. CMI antl-pathogen responses. 

It has been shawn that the anergic state IS refiected ln a 

deflclent dellvery of cells to sItes of sterIle Ag deposltIon 

and lhat the dellvery of mononuclear cells. tncludlng those 

specIfIe for the antlgen at the sIte and capable of 

partIclpatlf,g ln DTH. can be restored by the approprlate use of 

cyto~lnes. If thlS 15 aiso true at SItes of InfectIon. such 

medlators would appear ta have potentlal for sIte-dlrected 

treatment of InfectIons ln anergIc patIents. 
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Chapter 61 The Us. of Cytokine. to Treat Infection in Anergy 

Introductorv c,omments 

The lncreased InCIdence of sepsls and septlc related 

mortallty, often Includlng perltonltls. ln anergie surgieal 

patIents Implles that the defects seen ln anergy may result ln a 

reduced capaclty ta successfully mount an Immune response to 

lnfectlng organlsms. 

Rapldlv evolvlng. dIffuse perltonltls IS a serlOUS problem 

lnvolved ln septlc episodes of anerglc patIents havlng undergone 

abdomInal surgery. ThIS form of InfectIon ln anerglc patIents lS 

largely refractorf to antlblotlc therapy (148). Therefore we 

chose to use perltonltls as the lnfectlous challenge ln thlS 

Investlgatlon. 

Prevlously lt was shown that the lac~ of a VISIble DTH 

reactlon ln anerglc patlents IS reflected ln an abnormally low 

mononuclear cell dellvery to sItes of sterIle Ag deposltion. It 

was aiso demonstrated that the c~-lnJec~lon of C~ aiong wlth Ag 

restored the dellverv of normal numbers of mononuclear cells. 

and that the T-cells fram these SItes are capable of the same 

functlons as those fram normal DTH SItes. 

The abIllty of the cyto~ lne preparatIons to restore a normal 

cell medlated Immune response to SItes of sterIle Ag deposltlon 

ln anerglcs led us to asl whether these same cytollne 

preparatIons mlght restore the cell-medlated Immune response to 

Infectlng organlsms. In order to e>:amlne thlS hypothesls. rats 

were rendered anerglc Wlth a thermal trauma procedure. and then 

lnfected. to produce a model of anergy with subsequent 

perltonitls. 

We sought ta determlne. uSlng thlS model. If In3ectlon at 

the SIte of InfectIon. of the same cyto~lnes that restored DTH 

ln anerglc patIents. could restare the Immune responslveness of 

the anImaIs and lead to Increased survlval. 



HateriAls And Hethods 

Animals 

Male and female Sprague-Dawiey and Lu/LewIs F1 hybrld rats 

between 160-400gm were used.Wlthln each experlment rats of one 

sex were utillzed and thelr welghts were normally wlthln a 60 gm 

range. The anImaIs were housed communally untll thermal trauma 

and/or Infection. Subsequently they were housed lndlvldually. 

AlI anImaIs had free access ta food and water throughout. 

Immunlzation 

For DTH s~ln testlny. rats were Immunlzed wlth a Img of ~LH 

(Calblochem) ln CFA (Glbco) In.Jected s.c. ln O.lml. After 14-:1 

day~, s~ln testlng was carrled out by shavlng a small area of 

the flan~ or abdomen and InJectlng O.~mg of .LH l.d .• suspended 

ln O.lml of salIne (Travenol). 

The thermal trauma model chosen for the studles ln thlS 

chapter 13 an ethlcal procedure. slnce It IS palnless. and 

mlnUTilZes. for the anImaIs, the duratlon of the e::perlmental 

process. Ali the e::per 1 ments 1 n th 1 s chapter wer"e approved by 

the animal care commlttee of McGlll University. 

Ethlcal conSideratIons 

From an ethl cal standpol nt, a proper 1 y conducted e::per 1 ment 

lnvolves the prorluctlon. ln a fully anesthetlzed animal. of a 

full th]c~ness (3rd degreel scald InJury. The ne~ve endlngs ln 

the sl<ln are destroyed ln a 3rd degree ln jury. thus the 

procedure lS palnless when properly carrled out Slnce the anImal 

IS unconSCI0US durlng the process (144). The resultlng InJury 

does not result ln dlstressed behavlour or alteratlon ln feedlng 

patterns or mobllity (144). WhlCh Indlcates that the anImaIs are 

not ln paIn. To Insure that no IndlVldual anImais have partial 

or secondary InJurIes. Insensltlvlty ln the affected area was 

assessed. and anImais ln WhlCh there was any posslblilty of 

retalned sensatIon euthanlzed. 
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Thermal trauma 

Rats were ln~ected l.m. wlth 5 mg/Kg of AtropIne (Astra). 

Ten mInutes later they were anesthetl=ed wlth 50 mg/rg of 

Pentabarbltol (Somnltol. MTC Pharmaceutlcals). When deep 

anesthesla was attalned (assessed by the absence of the 

eyebllnl. startle and toe-plnch(paln) reflexes. approxlmately 

10-15 mIn Gost-Inductlon) the bac~. of the anImais were shaved 

and the anImaIs glven fiuld support ln the form of 5ml/l00gm of 

salIne, InJected I.P. The rats were then placed ln a mould WhlCh 

exposed the cllpped area of the bac~. ThIS area was then exposed 

to bOlllng water for Il sec. The anImaIs were then rem~ved from 

the mold and dryed. They were then lnspected visually for 

eVldence of Incomplete (lst or ~nd degree> InJury. The 

anImais were ~ept warm and upon regalnlng conSClousness they 

were assessed for any slgns of paIn (autonomy. cowerlng. 

Inapproprlate orIentatIon. vocallzation. aggresslveness). The 

e~tent of the thlrd degree InJury was Jetermlned by 

lnsensltlvlty ta the plnprlcl test. Recovered anImaIs were 

observed for several hours and then rechecled several tlmes 

dally thereafter for any slgns of dlstress. 

Infect! on 

The day of InfectIon was consldered Day O. Anerglc anImaIs 

were traumatl=ed on day -3. The rats were Infected wlth an l.p. 

InJectlon (2mI/IOOgm) of three enteriC bacterla (see below) 

suspended ln ~5'l. BHI (McGlll UniversIty, Dept. of Mlcroblology) 

+ ~5'l. prereduced thioglycolate broth (McGlll UniversIty. Dept. 

of Mlcroblology) + 50% saline (or test substances) + 10% 

8a2504 (w/v) (Royal VIctorIa HospItal Pharmacy). Varlous 

n~mbers of bacterla were used. however followlng dosage studles, 

the doses were standardlzed as follows: 

Anergic rats - E. COll/S. f~cal1s 1.~5~108/100gm, B. 

fraglils ~.5::108/100gm 

Normal rats - E. COll 1.25>:109/100gm,S. fecalls 

1 ~5::108/1(lOgm. B. fragllls 2.5:dOB/I00gm. 

• 



Preparation of bacteria 

8. fragllls (ATCC straln 25285) was grown under anaeroblC 

conditions ln prereduced thloglycolate broth. E. COll 

(National Collection of Type Cultures (England) straln 9001) and 

S. fecalls (ATCC straln 8043) were grown ln BHI. Initial 

growth curves and concentrations were derlved from 

spectrophotometry (O.D. at 600~m). Bacterla were used whlle 

ln the log phase of growth. Precise quantltatlon of bacterlal 

numbers was accompllshed by determlnlng the number of colony 

formlng unlts (CFU)!ml by trlpllcate platlngs of serIaI 10-fold 

dilutions of the bacterlal suspensIons on blood agar (Instltute 

Armand Frappler). 

Preparation of test substanc&s 

C~ were prepared and fractlonated as descrlbed ln chapter 5. 

Single donor cultures (SDC) were prepared ln the same manner 

except that the PBM from each donor were cultured seperalely 

and the supernatants comblned. Zymosan actlvated serum (lAS) was 

prepared by 1T11::1ng fresh human serum wlth 10mg/ml of zymosan 

(Sigma) dnd agltatlng for 1 hr at 37t. The zymosan was then 

removed by centrifugation followed by sterile filtration. 

Zone of InhibItion tests 

The ablilty of test substances to Inhlblt the growth of E. 

COll and B. fragllls ~as assessed ln a standard zone of 

lnnlbltlon test. Bacterld ln the log phase of growth were used 

ta "seed" a pl ate of the appropr 1 ate growth agar (see abuve). 

cardboard dlscs soa~ed ln the test substances or the pOSItive 

control, amplclllin (B-D), were then pressed Intu the plate, 

WhlCh was Inverted and Incubated fOr :4 hrs at ~7t. The 

radiUS of the clrcle around the dises not showlng growth was 

measured. ThiS distance. minus the radiUS of the dlsc Itself was 

reported as the zone of Inhibition. 

Cytotoxicity/growth Inhlb\tlon test 

AlI three bacterla were used ln lhe log phase of growth, at 

the same concentrations as were used to Infect the animaIs. In 

the same fashlon as was used ta prepare the InJectIons, equal 

volumes of the bacterlal suspensions and the test substances 
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were mlxed ln test tubes. The tubes were then placed in a 

37~ waterbath for 30 mln. An allquot of the suspenslon was 

then ta~en and serIaI 10-fold dllutlons plated as described 

above ta determlne the CFU/ml. 
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Resul ts 

ThermAl trauma results in anargy in r.ts 

Christou et al deflned anergy ln rats sensltlzed Wlth KLH 

as a DTH reactlan less than 5mm ln dlameter (153). Ta determlne 

If the thermal trauma resulted ln anergy. sensltlzed rats were 

splIt lnto two groups, one of WhlCh was anesthetl~ed but nol 

traumatl~ed (shams) whlle the other was anesthetlzed and 

appro>: 1 matel y 30% of thel r sI 1 n e::posed ta bOl 1 1 ng welter for Il 

seconds. Three days later these anImaIs were s~ln tested. The 

results of these tests are shawn ln Table 6.1. The traumatlzed 

group gave slgnlflcantly smaller S~ln tests then the sham group 

wlth the maJorlty <15 of 18. data not shawn) gIvlng no reponse. 

Thermal In~ury results in Increased succeptabillty to 

infection 

Ta determlne If the thermal trauma resulted ln Increased 

succeptabIllty ta InfectIon as weIl as decreased DTH. anerglc <3 

days post-trauma) and normal rats were Infected l.p. wlth a 

constant number of S. fecalls and B. fragzlls. and Slnce It 

had previously been shawn that E. COll was responslble for the 

lethallty ln thlS model of perttonltls <151>, a varylng number 

of E. COll. At the lowest dose of E. COll (Fig 6.1> 6 of 7 

normal rats survlved the flrst 48 hrs, while only : of 6 anerglc 

anImaIs SLIrVlved. ThIS lncreased succeplabl11ty to Infection was 

also seen at hlgher levels of lnnoculatlon. The dose of E. 

COll glven ln FIg 4.1 was adopted for the subsequenl 

experlments wlth anerglc rats (thlS lS the value given ln the 

Materlals and Methods). 

Co-injectIon of CK from MLC supernatants wlth bActeriA affords 

protectIon from lethal perltonltis 

We tested the hypothesls that the Increased succeptabllity 

of anerf]IC rats ta perltoflltls could be reversed by Co--u1Jectlng 

CV wlth the bacterla. AnergIc rats were InfectEd l.p. wlth a 

lethal fTll}:tLlr"e of enterlc bacterla and elther salIne or C~. As 

seen 1 n FIg 6. 2, 

equlvalent of 5ml 

the CO-InJectIon of C~ (ln thlS case the 

of MLC supernatant/lOOgm) afforded slgnlflcant 
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protectIon from perltonltls WhlCh resulted ln increased survival 

for as long as Il days post InfectIon. 

Supernatants from unactivated PBM do not confer protection 

Ta conflrm that the protectIon the MLC supernatants confer 

was due to C~ and not the culture medIum (WhlCh contalns human 

serum) or the products of non-actlvated cells. control cultures 

contalnlng the supernatants from the cells of the same donors as 

used to generate the MLC supernatants. but cultured separately. 

were tested for thelr ablilty to confer protectIon. 

These preparatIons. referred tD as slngle-donor culture (SOC) 

supernatant were cO-lnJected l.p. wlth the same bacterlal 

suspensIon as the Ck. For these experlments. dermoclyslS was 

performEd for the flrst thr=c days post-InfectIon, to provlde 

addltlonal fluld support for the anImaIs. 

As shown ln FIg. 6.3, the effects of the dermoclyslS were 

apparent ln the lS-~Oï. lncrease ln survIval ln both the CV- group 

and the SDC group (relatIve to the salIne group from FIg 6.1). 

Nevertheless the C~, afforded slgnlflcantly greater protectIon 

than the SDCG 

Zymosan actlvated serum does not afford protection 

The presence of serum ln the MLC culture medlum made lt 

pOSSIble that the protectIon was related to the presence of 

complement components, modlfled durlng the MLC reactlon. The 

fragments that result when complement lS actIvated. most notably 

C3b and CSa, are powerful chemotactlc and actlvatlng agents for 

PMN. To explore whether these or other complement components 

played a promlnanl role ln the protectIon by C.' of anerglc rats, 

fresh human serum was exposed to the complement actlvatlng 

agent, ~ymosan, and then lnJected ln the same fashlon as the 

C~. As shown ln FIg. 6.4, the zymosan actlvated serum was no 

more effectIve than SOC or salIne. MLC supernatant afforded 

slgnlflcant protectIon from perltonltls ln the anerglc rats. 

The protectlng factor has a molecular weight less than 10kD 

The MLC supernatant was passed through molecular Sleves wlth 

preogresslvely smaller pore Sl~es. followed by dlalysls, and 
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then tested for lts ablilty to protect anerglc rats from 

perltonitls ta determlne the approxlmate molecular welght of the 

protectlng factor. As seen ln Fig 6.5, protectIon from Infection 

was afforded by the molecular welght fraction from 14-12kD to 

lkD. Addltlonal experlments utlll~Ing ultradlaflltratlon further 

establlshed that the protectlng factor had a molecular welght 

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

The protecting factor is not bacteriocidal or bact.riostatic 

One obvlous explanatlon for the mechanlsm by WhiCh the 

factor conferred protection from perltonltls would be that It 

was dlrectly toxlC ta the Infectlng bacterla ln the Innoeulum. 

ThIS posslblilty was evaluated ln three dl+ferent experlments. 

In the flrst, small flber dlSCS were soa~ed ln C~ and SDC 

preparatIons and used ln a standard zone of InhIbItIon test for 

24hrs. The C~ preparations, and the' 10CHD fractlon used ln 

these e::perlments conferred protectIon to anerglc rats. The 

results of four sueh e>:perlments are glven ln Table 6.'2. In two 

there was a minor InhIbItIon zone. much smaller than that seen 

around a standard antlblotle dise. whlle two other experlments 

showed no InhIbItIon whatsoever. 

The small Sl~e of the zones seen ln half of the e::perlments 

related ab ove eould have been the result of excess fluld from 

the dIses dlsplaclng the seeded bacterla Immedlalely surroundlng 

them. To determlne If the C~ dld ~III or Inhlblt thelr growth, 

the bacterla, ln growth medIum, were mIxed wlth salIne, SOC or 

CK preparatIons and lncubated at 37t for 30 mIn. The 

bacterla were then enumerated by platlng. The results of thlS 

experlment. ln table 6.3. demonstrated that the Ck nelther 

killed nor lnhlblted the growth of the bacterla. 

Further confIrmatIon that the CK had no effect upon the 

survlval of the bacterla was obtalned under experlmental 

conditions. Samples were drawn from the flasks (~ept on lee) 

contallll ng the ml~: ture of bac ter 1 a + sali ne/SCD/C~ + Ba2S04 

used to Innoculate the rats after aIl the InJectlons were 

performed (60 min) (survlval data IS shDwn ln Table 6.5). The 

number of VIable E. coll/ml ln each flask was determlned by 

platlng. The results (Table 6.4) Indlcated that there was no 



substantlal dlfference between the four groups, none of which 

showed growth durlng the perlod they were kept on ice. 

Th. level of prot.ctive Activity found in MLe supernatants is 

high 

PrIor to carryIng out further experlments to ldentlfy and 

characterlze the actIve factor withln the MLC supernatant It was 

necessary to determlne the potency of the preparatlons. The 

potency of preparations from several supernatant pools was also 

assessed. TYPlcally. preparatIons retalned the capaclty ta 

confer protectIon at dIlutIons between 1:20 to 1:50. Diminlshed 

potency was USUJlly observed at higher dIlutIons (data nat 

shown) . 

One '100kD CV preparatIon was dlluted with salIne and 

assessEd for lts abllity to protect anergic rats. The C~ 

preparatIon used was a pool of supernatants from more than 15 

MLC reactlons. The experIment was performed wlth dIlutions of 

1:2. 1:25 & 1:100. aIl of WhlCh conferred equal protectlon 

(Table 6.5> Thus the protection could be achleved wlth as llttle 

as O.lml of supernatant per 100 gm of body welght. 

MLC suparnatant. provide tran.ient protectIon for normal rat~ 

The <10~D fractIon of MLC supernatants protects anerglc rats 

fram a lethal perltonltls. ThIS protectIon IS eVldent by 12-24 

hrs and results ln between 30-60% of the lnfected anImaIs 

survlvlng long-term. Ta deterffilne whether thlS protectlve 

capaclty was restrlcted to anImaIs wlth a pre-exlstlng 

lmmunosuppresslon, slffillar experlments were carrled out uSlng 

normal (non-traumatlzed) anImais. 

As prevlously mentloned, non-traumatlzed animaIs require a 

hlgher dose of bacterla ln order for the peritoneal infectIon to 

be lethal. In ail other respects the experlmental design was the 

same as that used 1" the prevlous experlments. except for the 

absence of the thermal-trauma procedure. The results are shown 

ln FIg. 6.7. The normal rats were protected to a slgnlflcant 

degree only durlng the flrst 24 hrs. After that perlod, the 

lncreased survlval among the C~ treated group decllned to a 

level that was not statlstlcaly slgnlflcant and was much smaller 
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th an the final survlval advantage seen in traumatlzed animaIs. 

The rate at which the normal rats dled was much greater than 

ln the anerglc rats. The much larger lnnoculation (10-fold 

greater) of E. COll necessary to result ln mortallty ln the 

normal rats may have had a large Influence on the mortallty 

rate. If there was a tlme delay between the Injection and the 

onset of the maximum effect of the factor, the earller deaths ln 

the normal rats may have accounted for the decreased 

effectlveness of the factor. To test for thlS, the factor was 

admlnlstered prior to Infection under varlOUS experlmental 

conditions. 

Non-traumatlzed rats were pre-treated wlth a standard dose 

of the ~10~D fraction of C~ supernatants 2 hrs prlor to 

co-inJectIon wlth another equal dose of the same fraction plus 

the bacterlal mixture. The results lndlcated that the 

combInatlon of early adminIstration plus a doubllng of dosage 

resulted ln no Improvement ln the overall survlval as compared 

with the results from the prevIous experlment (data not shown). 

To further explore the efflcacy of early adminIstration, rats 

were glven a single pre-treatment wlth the <10~D fraction elther 

6 or 30 hrs prior ta Infection. As Cdn be seen fram the results 

ln Table 6.6. the pre-treatment 6hrs prlor to Infection afforded 

slgnlflcant protection for the ~4 hrs followlng infectIon, whIle 

the pre-treatment 30 hrs befDre Infection had a lesser effect. 

As in the prevl DUS e::perlments. nel ther treatment Improved the 

eventual percentage of survlvlng animaIs to a slgnlflcant degree 

(% survi val of aIl groups on Day 7: Oï.). In an addl t 1 onal 

experlment (not shown) It was verIfled that the Increased 

survival afforded normal rats by the MLC was due ta a factor 

W 1 th MW .:.. 1 0 k D. 

The efflcacy of pre-admInIstratIon of the factor was also 

examlned in anerglc animaIs. Fr-am the prevIous e::perlments It 

appeared that the degree of protectIon provlded by 

pre-administration of the rl0~D fraction was equlvalent to that 

seen when glven simultaneously wlth InfectIon ta anergIe rats. 

It was pOSSIble that thls represented the maXImum effect of the 

CK. Therefore to determlne If pre-adminIstratIon was more 
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effective ln anergie rats. a C~ preparation was diluted until it 

did not afford protection to anerglc rats when given with the 

bacterla. lt was found that pre-adminl~tration of the CY both 6 

& 24 hrs prlor ta infection afforded significant protection (Fig 

6.6). Thus when pre-admlnlstered~ the CV- was more potent than if 

given slmultaneously wlth the innoculum. 

MLC sup.rnatants that provide protection do not restore local 

DTH 

The origInal observatIon of the effect of MLC supernatants 

ln anergy was their abllity to restore local DTH. The ability of 

these same supernatants, WhlCh confer protection to peritonitis 

in anergie rats, to restore the DTH of anergie rats was 

examlned. Rats sensltlzed to KLH were rendered anergie and skin 

tested wlth varlOUS fractions of MLC supernatants <that had been 

shown ta provlde protection) ± kLH. In two experiments 

involvlng 5 ~ 9 rats and the co-injection of two different VLH + 

CV- preparations. the CK restored the DTH response although 

indlvidual animaIs often responded ta one. but not both 

supernatant pools (data not shawn). Subsequent experlments with 

these pools plus one other which restored the DTH reaction in 

anerglc patlents. and uSlng bath Intact and fractlonated MLC 

supernatants were unable ta repllcate these results, leading to 

the conclusion that these CK protect anerglc anl,na]s but do not 

restore their DTH response loeally. 

Treatment of perltonitls in anerglc rats wlth the CK. 

although affordlng protection, did not restore thp ability to 

mount a DTH response at a dIstant site. As shawn in Table 6.7, 

the effects of the thermal trauma on Day -3 was deteetable as 

early as Day -2. On day 0 (at the tlme of Infection) the 

traumatl~ed and Infected animaIs were anergie when Sv.ln tested 

regardless of the treatment utllized. Survlvlng animaIs ln aIl 

groups gave positive s~ln tests by Day 12 although the magnitude 

of thelr responses remalned lower than thelr pre-trauma values. 

The r~storation of DTH in anergie patients and the protection 

of anergie rats from peritonitis are due ta different factors 

MLC supernatants from human eells restored the DTH response 



1 
Page 6.12 

and mononuclear cell delivery in anergic surgical patIents and 

this led to the hypothesis that they might aiso Influence the 

response ta infecting organlsms. ThIS hypothesls was found to be 

correct in anerglc rats, wlth the factor responslble for 

protection having a molecular weight Iess than IOlD. These same 

supernatants and fraction were not successfull ln restorlng the 

DTH reaction in anerglc rats. The apparent contradlct~on between 

these two effects could be explained if they were due ta 

different factors, one species speclflc (restoring DTH) and ~he 

other non-species specific (protectlng from perltonltls). 

The factor affordlng protection for ~nerglc rats had a 

molecular w~ight less than 10kD. Anergic surglcal patIents were 

skin tested with PPD±CK or C~ fractions. The results, (in 

Table 6.8) showed that in Vltro PPD reactlve anerglc patIents 

responded with a DTH-li~e reaction when PPD was cO-lnJected wlth 

Intact CK. AlI flve showed the same response when the PPD was 

co-in~ected with the :~OkD frac. Ion of the ct preparatIon. Only 

one of flve subJects reacted ~hen the Ag was cO-lnjected wlth 

the CK fraction between IO-3~D ln molecular welght. The 10-1~D 

fractIon of thlS same CK pool provlded protectIon for anerglc 

rats. The lO-lkD, but not the lOO-lO~D fraction also provlded 

translent protectIon for normal rats (data not shown). Thus the 

two effects 0+ MLC supernatants were shown to be due to factors 

with different molecular welghts. 
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DTH (mm) 
N Day 0 

10 7.9 

18 0.6 
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TAbla 6.2. Zone of lnhibi ticn tests 

Test Substance Organlsm Zone of • lnhl bl tl on (mr:l) t 

SalIne E (1 .. S 1) 

CI':. E 1 
Il S 0 

SDC E (1 

CI< >50kD Il (1 

CK<100kD* " (1 

SOC E 0 
CKi. " 0 

Ck< .. 100kD* " 1) 

SDC E 0 .. S 0 
CK.">lOOkD E 0 .. S 0 
CK"': 100kD* E "< 

J .. S (1 

Amplclilln E 6 
" S 12 

*: Ck preparations that protected anerglc rats from perltonitls 
#: E = E. col z 
S = S. f ec a lis 
t: Zone of inhlbitlon = 

redlUS of zone "nthout growth - radIus of dlse 

.. 
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TAble 6.31 Direct cytotoxicity testfi 

Test Substance Organlsm Bacterla/ml 
t # (x 108) 

None(pre-lncubatlon) E 3.4 
Sallne " 7.3 

SOC " 6.4 
CK* " 7.9 

CI< (/ lOOI-'D. ,'50kD) " 7.9 
CI< ('50~ D. ,>lkD) * Il 6.1 

None(pre-lncubatlon) S 5.2 
SalIne Il 9.7 

SOC " 12 
CI', * " 9.0 

CK (, lOOkD. ~50lD) Il 10 
CI' 050l<D. >lkD) * Il 11 

None (pre-lncubatlon) B 7 
Sallne Il 12 

SOC " 11 
C., * " 11 

Ck«tOOkD./50kD) " 9 
CV ( >50k D. ,1 Y D) * " 11 

*: CK preparatlons that protected anergle rats from perltonltls 
#: E = E. COll 
S = S. fecalls 
B = B. f rag 111 S 
t: Ali SDC &: Ck. prepararatlons were used at the same 

concentratlons used ln the l.p. lnJections ln the rats 
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Tabl. 6.4. Racovery of E. coli from injection mixtur ... 

Sample E. coll/ml 
(x 108) 

Input 5.1 

Sallne 6.5 

MLC (1:::) * 4.8 

MLC (1: 25) 6.3 

MLC (1: 1(0) 6.7 

*= Represents the d~lutlan relative ta the standard dose 
(lOml equlvalent of supernatant/lOOgm. AlI three dIlutIons 
afforded slgnlficant protection (see Table 6.6 for survlval 
data) . 
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Tabla 6. ~J Protection affordad by differing di lutions of t1LC 

EquIvalent DIlutIon 
volume of MLC rel atl ve to 

Treatment ln}ected* preVlOUS ï. SurvI val 
(ml 100gm) e>: 12er 1 men t 5 Day: 1 Day: =:t Day: 7 .J 

Saline nia nia 62 62 46 

MLC<100kD 5 1 • ..., ....... 90 90 90 
«.035)# 

.. 0.4 1:25 100 100 90 
(., • 035> ( ~. 035) «.035) 

.. 0.1 1: 100 100 100 90 
«.035) « • 035) «.0:::;5) 

*: Volumes represent the equlvalent volume of unprocessed MLC 
supernatant ln each l.p. InJectIon. PreVIOus experlments had 
utllized the equlvalenL of lOml/l00gm. AlI InJections were 
glven ln a volume of 2ml/l00gm. 

#: p-value relative to saline group 

1 



Table 6.61 Protection of normal rats .ffordad by HLC given prior 

to the administr.tion of bacterla 

Tlme of 
AdminIstration 
rel atl ve ta 

ï. Survlval 
(p-value relatIve ta sallnel) 

Treatment 1 nfectl on Nt "'t 
~. Hrs 6 Hrs 12 Ars 18 Ars 24 Hrs 72 Ars 

Saline 

MLC' 10kD 6 hrs 

MLC<10kD 30 hrs 

16 

prlor 16 

prior 16 

94 

94 

94 

*= N = number of animaIs/group 
#: p-values by Flsher's exact test 

94 

94 

88 

19 o 1) 

50 31 31 
« • (56) (, .022) «. (22) 

44 
(,- • (9) 

19 19 

1) 

19 

6 
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TAble 6.7. Th. eff.ct. of thermal in jury 

Tlme of Treatment 
Skln Test* SaIlne ZAS 

Day c:- 13# 13 -..J 

Day - ., 9 9 .. 
Day 0 0 0 

Day 12 7 8 

Nt 20 30 
(5) 1 (4) (5) 

Daè 0 = day of Infect Ion (thermal InJury 
ï. urVl val 
N = number of animaIs/group 
S ::::: number of surVlvors 

And infection on DTH 

5rou8 SO RCC 

12 12 

8 9 

0 0 

6 5 

30 30 
(7) (16) 

took place on day -3) 



Table 1".81 Skin t.st r •• ults of .anergie pAtients 

Max 1 mum Skln Test resul t (mm) ~ (1-48 hrs 
cR CK Ci<' cf' cF-

(>50kD> (50-1OI-D) (10-3~D) 
!JL CLASS AGE F'PD +PPD +PPD +PF'D +PPD 

# 

1 HR 73 0 0 8 8 0 0 
2 01 68 0 0 12 11 (1 0 
"T 01 74 (1 0 11 10 0 1) • .j 

4 01 78 0 0 0 10 (1 0 
5 01 66 0 0 17 10 0 6 

mean 72+/-4 10+/-6 10+/-1 

# : New CPM = CPM (PPD stlmulated) - CPM (Medium alone) 
~ : Reaetlvltr ta PPD was deflned as ~5.000 New CPM & 

StlffiU atlon Index > 5 

NEW CPM 
fi 

15.980 
44.930 
-51.234 
1~. 358 
11.078 

STATUS 
011 

PPD+'ve 
" 
" 
" 
" 
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Figure 6.1: Increased succeptabllity to InfectIon ln anergy. 

Normal (0) and anergl C (.) rats were Infected I. p. Hl th 

the standard lnnoculum of E. COll, B. fragllIs, S. fecalls 

and Ba2S04. The anergIc rats had a greater mortallty than 

the normal rats. This was aiso seen when hlgher numbers of E. 

COll wpre used 1 n the 1 nnocul um (data not shown). 

. 
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FIgure 6.2: ProtectIon from perltonitls af+orded by MLC 

supernatants. AnErglc rats were cO-lnJected wlth bacteria and 

either salIne (0) or MLC supernatants (.) The CK treated 

animals showed a slgnlflcantly hlgher survlval (p' .005, Flsher's 

exact test) from day 1 onwards. 
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Flgure 6.3: Control culture supernatants do not protect from 

peritonitis. Anerglc rats were cO-lnJected wlth bacterla and the 

supernatants from elther MLC (.) or SDC (0). The rats 

were treated for dehydratlon by dermoclyslS each day for the 

flrst 72 hrs post-lnfectlon. From day 3 onwards. animais treated 

wlth supernatants from SDC had a signlflcantly hlgher mortallty 

(p<..03) than the CI<... treated rats. 
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Figure 6.4: SDC and zymosan actlvated serum do not ~fford 

protectlon. Anerglc rats were cO-ln.Jected wlth bacterla and 

elther Ck (.). zymosan actlvated serum (+), saline 

(D) or SOC (not shawn). Only the CK provided siqolflcaot 

protectIon ~rom lnfectlon. relatIve to the salIne group (p<.05 

from day 1 anwards). 
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Figure 6.5: The factor affordlng protection from sepsls has a 

moleeular welght less than 14-12kD. Anergie rats were 

co-inJected l.p. with baeterla and Intact CI-- (.), a CV 

fraction (molecular welght 14-12kD to 1kD. +) or saline 

(o) u Onl)' the i ntaet supernatant and the fract Ion WI thl n the 

moleeular welght range of 14-12 to lkD afforded slgnlfleant 

proteet ion (p<. 05) • 
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Figure 6.6: Pre-admInistration of the <10kD fractIon of MLC 

superndtants enhances thelr ablilty ta protect anerg1c anImaIs 

from perltonltls. USlng a pool of MLC supernatants that dld not 

afford slgnlflcant protectIon when dlluted 1:20 wlth normal 

saline. anergIe rats were pre-treated 6 (_) or 24 (0) 

hrs prlor ta lnfectlon. The p~e-treated groups had slgnlflcdrtly 

greater survlval than the saline control group (0) from 48 

hrs onwards <6hr group: p<O.024. ~4 hr group: p<O.O~8. Flsher's 

exact tfst). The group cO-lnJected wlth diluted C~ and bacterla 

was n~t protected (not shown). 
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Figure 6.7: CK provides tran~i1ent protection -for non-traumatlzed 

animaIs. Normal (non-traumatized) rats were cO-lnJected 1. p. 

with bacterla and either CK (.) (molecular weight ~100kD) or 

Saline (0). The CK a-fforded signi-flcant protectIon (p<.005) 

for the -first 20 hrs. Survival percentages remained constant for 

both groups from 48 hrs to 14 da ys post InfectIon (data nct 

shown) • 



Discu.sian 

The abil1ty of l'1LC supernatants present at the site of Ag 

deposi ti on to restore cell dell very and CM 1 to ster i le Ag 1 ed us 

to question whether the same supernatants could modify the CMI 

responses at si tes of Infection. 

The results presented ln thlS chapter demonstrated that MLC 

supernatants do contaln a factor or factors capable of 

protect ng anergic animaIs from perltonitls ""hen lnjected at the 

sIte of Infection. The Inabillty of control cultures prepared 

from the same cell preparati ons used to produce CK that dia 

confer protection demonstrated that thlS factor(s) is the 

product of the actIvation of mononuclear cells. Furthermore~ the 

inablll ty of serum treated ",i th zymosan to afford protecti on 

makes the lnvolvement of complement components and antibody ln 

thlS protectlon unl1kely. The Involvement of antlbady and intact 

complement components was ruled out by the establishment that 

the molecular weight of the protectlng factor was less than 10 

kD (189). ThIS also rules out the maJori ty, but not aIl of the 

products of complement actlvat10n most ~otably C3a (189). 

The questIon of whether the factor is effective ooly ln 

improvlng the survlval of anerglc animaIs was addressed using 

non-traumatlzed rats. CO-Injection of the actIve fractIon of MLC 

supernatants resulted in a reproducible, slgnificant but 

translent improvement in survival. The much greater effect~ bath 

in terms of the percent age improvement in survival and the 

long-term nature of improved survi val of the anerglc vs normal 

rats Implies that the mechanism which 1S effected by the 

factor(s) is strongly down-regulated ln anergy. Seen in this 

light, the smaller, transient effect seen ln normal animais may 

be due to an increase in the tempo of the response ta Infectlon~ 

or by a more modest Increase in the already "normal" levels of 

the affected host-defencE> functlon than is produced when a 

"subnormal Il anerglc respanse is upregulated ta "normal" or 

"near-nor-mal" levels by the protecting factor. It IS interestlng 

to note that Christau et. al. demonstrated that wlth a simi lar 
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innoculum, including Ba2S04, half the Infected "normal" rats 

became anergic within 24 hours of InfeLtlon (153). Thus the 

transient nature of the effectiveness of the factor ln normals 

may lndlcate that it lndeed may only have a slgnlflcant effeet 

upon an anergic host-defence response, and that ln normal 

animais, the factor has no effect untll the animaIs were 

sufficlently immunosuppressed by the Infection ltself. 

Certalnly some important conclusions regarding the mechanlsm 

by which the factor functlons can be drawn from these 

experiments. The most Important of these IS that the factor IS 

neitrer bacterlocidal nor bacterlostatlc. The potentlal of the 

factor ta klll the Infectlng organlsms was evaluated ln three 

different systems, both at 37~ and on lce, alone and ln 

conJunctlon with aIl th~ components of the lnnoculum. 

In only one, the zone of inhiblclon tests, was any 

bacteriocldal/bacteriastatlc actlvlty dete~~ed. The effect 

however was both marglnal and unrellable. The Slze of the zones 

detected were conslstent with the posslblilty that the absorbant 

discs may have released some liqUld onto the plate when pressed 

into the surface of the agar (necessary to ensure the adherenee 

to the agar when the plate was inverted for growth) and merely 

dlsplaced the relatively small numbers of bacterla present ln 

the immedlate V\Clnlty prior to Incubation and growth. The Slze 

of the areas of growth inhlblt!On relative to the zone produced 

by a conventional antibiotlc, amplcillin were not lmpresslve, 

and the absence of any zone of inhibition ln half of these 

experiments aiso supports the attribution of these results to 

experimental error. 

In the direct cytotoxiClty experlments the bacterla not only 

survived exposure to the MLC supernatants (at 37~) but a1so 

grew at rates comparable to those seen ln saIlnp controis. as a 

result these experiments are more convlnclng. Flnally, the 

posslbillty that the factor was bacterlocldal but requlred the 

presence of some com~onent(s) of the two dlfferent growth media 

used for the bacter1a or the 8a2504. or that It funetloned 

only at the reduced temperatures found durlng the pre-InjectIon 

perlod wh en the mixture was kept on lee. was ellmlnated (for E. 
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COll). By culturlng the mixtures after aIl Injections had been 

completed lt was shown that the number of E. coli/ml remainlng 

did not dlffer substantlally be~ween sallne and MLC groups WhlCh 
,,~ ... 

did afford protection. Thus ~E must be concluded that the MLC 

supernatants nelther klll nor Inhiblt the growth of the 

bacteria. 

Although the factor may make the bacterla more succeptible 

to host defence mechanisms. it seems more reasonable to assume 

that lt acts rather on the host. an hypothesis boistered by the 

observation that hosts wlth dlfferent immune status respond to 

the factor ln dlfferlng degrees. 

The abllity of the factor to signlficantly lmprove survivai 

ln both normal and anerglc rats If glven ~s mueh dS ~4 hrs prior 

to Infection aiso supports the host-m~difylng hypothesls. Even 

when glven as much as 30 hrs pre-lnfectlon the factor had an 

effect, although not statlstlcaly slgniflcant. It lS unll~ely 

that much of the orlglnal ln~ection would remaln ln the 

perltoneum after 24 hrs to affect dlrectly the bacterla 

subsequently lnjected. A more plausible explanatlon wouid be 

that the factor was dbsorbed, either lnto the surroundlng tissue 

or systemlcally, where lt could affect cells to lmprove thelr 

capaclty to partlclpate ln the response to Infection. 

The high degree of potency found ln the MLC supernatants is 

Horthy of note. Mo~t previous attempts ta use ~nown cytokines to 

effect the outcome of Infections have requlred the lnJectlon of 

large quantltles. on the order of tens of thousands of units or 

milligram doses per hundred grams of body welght ln or der to 

effect survlval (157-160). Most cytohnes such as IL-1 te 2, TNF 

~ IFN-g are found ln the order of tens of units/ml of stimulated 

normal cells cultures. The ablilty of as llttle as O.1ml/l00gm 

of an MLC sllpernatant to confer a si gnl f 1 cant 1 mproval in 

survival is unusual. Even thlS flgure may be too conservative 

Slnce the MLC was more effective if used to pre-treat anergie 

rats. 
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The identlty of the protecting factor has not yet been fully 

estabilshed. From these experlments It 15 possible ta state what 

the factor lS nota The low molecu dr welght of the factor 

Indlcates that It IS not: IL-l.2.3.4.5. or 6 (6.185.187) or 

IFN-a,P or 9 (184.200). It aiso rules out the posslbIllty 

that the protectIon IS due ta TNF-a or p. ETAF. MlF or LIF 

(6,182,183,186.201,202). The low molecular welght of the factor 

ralses the possiblilty that It may be related to the T-Cell 

chemotactic/neutrophil-activating protein descrlbed by Oppenhelm 

et, al. (190) or C3a (189). In addltlon~ the aLll1ty of a 

human factor ta eftect the survlval of rats ll~ely ellmlnates a 

number of cytokines. such as the Interferons and IL-4 WhICh are 

specles restrlcted ln thelr ~nown effects (6.188,203). 

PurIfIcatIon and sequenclng of the factor WIll be requlred ta 

determine its true Identlty. 

Most surprislng was the discovery that this protectlng 

factor was not the same as the factor responsIble for restorlng 

DTH in anerglc patIents. ThIS was the actlvlty of the MLC 

supernatants that 1 ed to the e:: per 1 ment S descr 1 bed herel n, thLIS 

lt was unexpected that the two actlvltles were attrlbutable to 

dlfferent factors. ThIS does ~owever offer an exp}anallon for 

the flnding that the MLC supernatants dld nat re5tore the DTH of 

the anergic rats. Many of the factors lnvolved ln DTH show 

speCles restrlction that results ln Ilttle or no actlvlty of 

human cyto~lnes ln rodents. Whlle lt 15 pOSSIble that the 

dlfferent:al effects represents a dlfferent underlYlng defect 

responslble for th~ anergic states ln patients vs traumatlzed 

rats. a slmpler e::planatlon would be tha.t unll ke the protectIon 

from peritonitis, the restoratlon of DTH lS due to the actIon of 

a factor(s) that a~e specles restrlcted. 

The e~perlments detalled ln thlS chapter are not the end of 

the efforts necessary to Identlfy and charact2rlze the factor(5) 

affording protection from InfectIon ln anerglC anImaIs. The 

discovery of this protectlng factor ln MLC supernatants was an 

ext2nslon of the e::peri ments 1 n the three preceedl ng chapters. 
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As such lt has opened up an entlrely new area of investigation 

and the results presented here represent the flrst steps ln 

lsolatlng thlS lntrlgulng factor, determlning its mode of 

actlon(s) and utll1zing ItS full theraputlc potentlal. 
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Chapter 71 Discussion 

The cell sand medl ators Invol ved 1 n DTH react Ions have been 

poorly characterlzed largely due ta thelr ~naccesslblllty. The 

skln wlndaw chamber technIqLle was developed ta solve thlS 

problem. It was shawn that the dellvery of mononuclear cells to 

these chambers follows DTH-Ilke klnetlcs wlth only a minor 

non-speclflc component, and IS a falthful quantitative 

reflectlon of the underlying DTH reactlon. rhe technIque lS a 

general one WhlCh can be used ln vlrtually c\ny subJect 

popLllatlon wlth a varlet y of antlgens. and ..,hlCh dellvers 

sufflclent numbers of cells ta permit the clonlng and 

e::amlnatlon of the T-cell populatIon lnvolved ln DTH and the 

recovery of medlators from DTH sites. 

The InItial obJective of these e::perlments was to ldentlfy 

and characterl<:e the cells and medlators lnvolved ln DTH and to 

llluminate the alteratlon(s) ln these that occured ln anergy. 

The study of the SW chamber clones conf II~med and e):panded 

Llpon a number of the flndlngs rom preVlOUS. less dlrect 

technIques. The classlcal autoradlologlcal studles of 

Ag-speclflclty lndlcated that Ip.ss than 5% of the cells at DTH 

sites were speclflc for the ellcltlng Ag (For convenlence. è.hese 

cells WIll be referred to as "Ag-specIflc" and other CE'lls as 

"non-speclfIc". ThiS relates only to the Ag ellCltlng the DTH 

react 1 on. and 1 s not fTleant ta 1 mp 1 y that the other T -cell 5 are 

not ln fact speclflc for- Ag. but rather that thelr 

1 S 1 rrel evant ta the react Ion bel ng 1 nvestl gat ed) . 

Spl=.'CI f 1 Cl ty 

The SW 

chamber technIque IS presumed ta be more precise, relylng as It 

does upon a greater sample 5I::e. USlng thls method. It was found 

that Ag-speclfic cells represented between :-44% of the T-cells 

ln the chambers. The source of the variatIon between subJects IS 

un~-nown but not unprecedented. Sorne of the autoradi 01 ogl ca 1 

stLldles of McCl usl-'ey et. al. (69) reported that Ag-speCl fIC 

cell s were 10-f Dl d mor-e common 1 n the ep 1 derml s than 1 n the 

per l vascul ar regl ons. sugÇlestl ng that some compartmentall Z at 1 on 

of Ag-specIflc cells lnto the upper reglons of the s~ ln may 

i 
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accur ln DTH. Slnee the chambers are placed over the skln, ln 

same cases they may have recelved a dispropartlonate number of 

these cells. 

The most strlklng aspect of the p.-oportlon of Ag-specIfIe 

cells 1 n the chambers was thel r conSl stent enrlchment 

rel at 1 ve to the bl ood. Ag-spec 1 fIC cell s were 2.5 to 300-fol d 

more frequent ln the chambers than the blood and thlS enrlchment 

was eVldent even when the frequency of Ag-reactlve celis ln the 

blood was very hlgh. EVIdence that thlS phenomenon IS 

f undamental t 0 DTH 1 S contaI ned ln a recent report of a SI mIl ar 

enrlchment for PPD reactlvlty seen ln the pleural effusIons of 

TB patIents (194). 

The enrl chment may be a resul t of the proll fer atl on of 

Ag-actlvated cells zn 5"1tU ln response to growth factors such 

as IL--2/4 produced durlng the DTH reactlon. If thiS were true. 

one would e::pect the appearance of Ag-speclflc cells ln the 

chambers to follow e::ponentlal ~lnetlcs. The alteratlon of these 

~ 1 netlcs by the CO-l njectl on of neutrall;::lng Ab to IL-2/4 along 

wlth Ag could be used ta probe the Involvement of these growth 

factors ln thlS phenomenon. 

Another hypothes 1 s that coui d account for th1 s obser-vatlon 

1 s that the pr 1 or s~ 1 n test s recel ved by the sub jec ts ml ght have 

resulted ln the actIvatIon of Ag-specIflc cells ln sltu and 

posslbly Ifl the dralnlng lymph nodes, WhlCh could then have 

en tered the Cl rcul a t 1 on where they woul d tend to be dell vered to 

any subsequent DTH SIte. If such trafflc accurred. lt could 

account for the sometlmes qUlte high frequency of Ag-reactlve 

cells bath ln the chambers and also ln the blood. such as was 

seen ln subject P. 

ThIS hypothesls could be tested by placlng SW chambers over 

sequ~ntlal S~ln tests wlth the same Ag. on a subJect who had nat 

been S: 1 n tested recentl y. and determl n 1 ng the frequency of 

cell s reactl ve ta the Ag 1 n the chambers and 1 n the bl ood. 

Another pl aUSI b 1 e hypathesl SIS that the cell S act 1 vated by 

Ag ln sltu have dlfferent chemotactlc or chemo~lnetic 

responses than non-actlvated cells. leadlng ta a 



i di spropc-,< l 'onate deI 1 ver"y to the chambers. Such a dl fferentl al 

r"espons", .' "ness woul d serve to enhance the dell very of 

CMI-pro •. "1.:lng cells to SItes of InfectIon dIstant from the 

per 1 vascul ar areas. Al ternatel y. these cell s may be more 

responslve to mlgr.=-tlon Inhlbltorv factors, WhlCh would 

facliitate thelr "trapPlng" at SItes of Ag presentatIon. whlle 

permlttlng a co~stant lmlgratlon of new cells from the 

cIrculatlon. and the emlgratlon of non-actlvated cells. 

resuItlng ln a progresslve accumulatIon of Ag-reactlve celis at 

the site. Testlng freshly lsolated SW cells ln chemota::ls 

e::perlments and determlnlng the Ag-speclflclty of moble and 

non-motlle cells wouid reveal If elther of these hypotheses are 

correct. 

Whlie Ag-speclflc T-ceIIs are an absolute requlrement for 

DTH reactlons. It IS ObVIOUS that they do not represent the 

maJorlty of cells at DTH SItes. The role of the non-speclflc 

cel 15 present 1 n the major 1 t Y at OTH SI tes has never been 

determlned. Classlcallv. these cells have been thought to be 

recently prollferatlng T-cells attracted to the SIte through a 

non-speclflc mechanlsm. As a result of thelr Inapproprlate 

speclflclty. It w~s belleved that these cells played no raIe ln 

the DTH response. and were Ur"l mportant. 1 nert bystanders. 

Nevertheless. the posslblilty eXlsts that these cells may 

respond t 0 SI gna1 s other than Ag. such as Cf' produced by 

Ag-speCIfie cells. and thereafter exhlblt some effector 

functlon. Whlle such behavlor would be unusual ln unactlvated 

clrculatlng T-cells. the resldent cells ln the s~ln. or those 

attracted to the slln trom the clrculatlon. may dlffer trom 

"tYPlcal" clrculatlng T-cells. It IS ~nown that murlne sl-ln 

contains a large number of eplthellal dendrltlc cells that 

e>:press both CD:' and the Tg.5 T-cell receptor (196). 

Intra-eplthellal lymphocytes have also been shown to largely 

conslst of slmllar cells that aiso express COB (1971. These 

cells both produr~ anLi respond lo 0 (196.198> and respond to 

mitogens (196). Interestlngly, these celis may aiso e::hlblt 

MHC-unrestrlcted cytotO:<lClty. If these cells are aiso present 

1 
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ln large numbers ln human s~ln. 1t lS qUlte concelvable that 

they may respond ta thp CV produced ln DTH reactlons and 

subsequently play a role ln the reactl0n. 

It has not been possIble to determlne th~ potentlal of the 

Ag-nonspeclflc cells at DTH SItes to p~oduce. or respond ta CK 

produced by other cells. USlng cells from the SW chambers. these 

cells could be examlned. bath d1rectly and by studylng 

Ag-nonspeclflc SW clones. The presence or absence of Tg6 

cells ln the SW chambers, and the clones derlved fram the 

chambers, both Ag-speclflc and non-specIflc could also be 

determlned. E::posure of the result1ng populatIons ta purlfled 

C~. or supernatants from Ag-speclflc TDTH clones. and to the 

SW chamber fluld could determlne what raIe, If any, these cel 7 s 

play ln DTH. 

The separatIon of SW chamber cells lnto subsets WIll 11~ely 

requlre the use of flow cytometry and sortlng. At the tlme the 

thesls wor~ orlglnated there was llmlted access to FACS machInes 

on campus and objectIons were ra1sed regardln9 the tendency of 

SW chamber preparations ta stlC~ or aggregate oW1ng ta the 

number of actlvated PMN ln them. The efforts to remove these 

ceIIs and the dlfflcuItles encountered have been descrlbed 

prevlously, however It should be noted that ln recent 

e::perlments by utlllzlng Substltutes for the 100% serum that. was 

used to flll the chambers ln thes~ experlments up ta 90'ï. 

rpductlons ln the PMN Influx to the chambers was achleved. The 

use of such samples ln FACS apparatus lS feasible, and th us SW 

chamber cells could now be run and sorted for use ln 

e>:perlments. 

It has been proposed that. ln the mouse. there are two 

dIstInct forms of CD4+ cells. The TH! "lnflammatory" and the 

TH:? (B-cell) "hel per" cell. 1 t has remal ned unc 1 ear whether 

there are human counterparts to these cells, and a1so whether 

the TH1 celis would preferentlaIIy accumulate at Ag-specIflc 

lnflammatory SItes. Whlle sorne functlons were broadly 

dlstrlbllted ln human clones. ln these e:<perlments. the 

Ag-reactlve T-cell clones fram human DTH sItes could for the 
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most part be dlvlded 7<nto two groups analogous to the murlne 

system ln terms of IL-~/IFN-g production and B-cell help. Thus 

It appear~ that a slmllar functlonal dlchotomy eXlsts ln human 

TDTH cells. 

It should be noted however that whlle Mossman et. al. have 

clalmed that aIl TH1 clones medlate DTY (25) Clar~ et. al. 

have reported that only 1 of 5 MBP speclflc murlne clones could 

medlate DTH wh en InJected wlth Ag lnto the footpad (175) and 

attrlbuted the prevlous flndlngs to the non-specIfIe swelling 

that occurs when large numbers of cloned cells are InJected. a 

phenomenon also nated by Marchal (75.76). ThIS Impiles that 

there may be other functlons than those used ta deflne the TH! 

populatIon. that are requlred for the generatlon of DTH. 

Thus the current deflnJtlon of THl relis may be 

incomple~e. There are a large number of c. that are proposed to 

play a role ln DTH. based largely upon thelr ln vltro 

actlvltles (6). The cells from SW chambers. and partlcularly the 

Ag-speCifIe cells, are presumed to ta~e ~art ln DTH reactlons. 

and the same for the Cr ln the chamber fluld. By determlnlng 

WhlCh Ct of the numerous possIble candldates are aclually 

produced by TDTH cells and those that are detected ln the 

chamber fi UI d. the rather bel'ojl 1 derl ng arr ay of D thought to 

play a role ln DTH by vlrtue of thelr ln ~ltro actlvlty mlght 

be narrowed dawn ta a llst of thase demonstrably Involved. 

USlng thlS approach. we were able to demonstrate 

concluslvely that bath TNF and IFN-g are produced ln Sltu and 

also by TDTH clones. Examples of llkely candIdates for 

lnvolvement ln DTH that could be easlly be conflrwed would be 

LIF. MlF and the InductIon of flbrln depasltlon via MPIF as 

descrlbed by Geczy (6). Novel actlvltles mlght alsa be saught. 

The ablilty of SW chamber celis and thelr supernatants to Induce 

dlapedesls through artlflcial vascular models could be a 

profItable way to Identlfy Ck that are Important ln thlS part of 

DTH. From these approaches, a better deflnltlan of the functlons 

carrled out by DTH cells cauld be developed. 

, 
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1 t has been asserted that TH2 cells waul d nat pl ay a 

role ln Inflammatory processes. Yet Aq-speclflc TH2-type cells 

are present ln large numbers at DTH sItes and lt must be assumed 

that they are as ll~ely ta be actlvated as the Ag-speciflc 

THI-type cells. What role, If any. 1S played bv these cells in 

provldlng the afore-mentloned "mlss1ng" actlvlly(s) Involved in 

DTH, or other regulatory functions, should be as vIgorously 

pursued as the studles of the TH1-type cells. 

Galnlng access to the cells dlrectly from human DTH sItes 

also allows an ln VIVO approach to be used ln definlng the 

funct 1 anal phenotypes of DTH cell s. The xenogenei c model of 

Gordon et. c"2/. (195) may be used to eval uate the capaci t y of 

human "OTH" clones of varyIng phenotypes ta lnduce Ag-drIven 

Inflammatlon. Addltlonally. sub-populatlons of SW chamber cells 

could be tester! by addIng purifled APC and pulslng the cells 

brlefly l'ollth A~ e>; ~'H'O and then washlng the activated cells 

free of resldual Ag and ln)ectlng them l.d. The CV pur1fled from 

SW chamber fi Ul ds may al so be 1 nJected 1. d. 1 nto the same 

subJects from WhlCh they orlglnated ln arder to detprmlne their 

partIcIpatIon ln, or regulatlon of, DTH reactIons. 

The aval 1 ablll t y of rel atl vel y 1 arge numbers ai" l-cell s 

dlrectly from OTH leslons, as weIl as fLlnctlonally phenatyped 

clones of these cells wIll provlde an oppor-tumty to develop new 

MoAbs that ml ght defl ne the "TDTH" cp.ll popul ab on. Obvi oLlsl y, 

currently avallable Ab may also be screened to datermlne their 

rel evance ta the cel 1 s 1 nvol ved 1 n DTH. A 1 arge Il brary of bath 

Ag-specIfIe PBM and SW clones from numerous Indiv1duals has 

already been establlshed ln the course of these investIgatIons 

and these may prove Invaluable in screenlng potential Ab 

candI dates. 

It has recently been shown that CD4+. CD45r+ cells do not 

provlde help for B-cells but praduce IL-2 and IFN-g, whi le the 

CD45r- popul at 1 on has the reverse phenotype (118). It would 

appear therefore that these correspond roughly ta the THl and 

TH~ profIles. It IS possible them that antl-CD45r Ab may 

dellneate TH 1 cell s. If so then they shoul d 1 abel the 



, Pag. 7.7 

populatIon of SW cells capable of evoking DTH redctlons. ThIS 

cou! d be tested 1 n the xenogenlc and pOSSl bl y the autologol1s 

human model. 

It has also been shown that ln sorne instances the actlv~tlon 

of CD45r+ cells in vitro causes theru ta dlfferentlate lnto 

CD45-. TH2 - like cells <1?4i. There IS as yet no ln V1VO 

evidence of a simllar phenomenon (118). It should be possIble to 

determlne if an activation by Ag 2n YlVa lnduces the 

differpntlatlon of CD45r+ cells trJ CD45r-, by placlng fr~shly 

isolated SW chamber cells lnto culture with approprlate growth 

factors, and enumerating the changes, If any, in the proportions 

of CD45r+ and CD45r- cells. 

While these experlments have focussed upon the study of T-cells. 

macrophages/monocytes also play a role 1.n DTH, and these cells, 

and perhaps their CK are found ln SW chambers ln greater 

abundance than T-cells. The functlonal capacltles of these cells 

cou! d be l nvest 1 gated 1 n a f ashlan very SI mIl ar ta the T-cell s. 

and their role(s) ln DTH defined, Wlth partlcular attentIon ta 

the Interactions via CK between them and TDTH cells. 

ln addi tian ta expand1ng our understandlng of the cell sand 

mediators Involved ln DTH. one of the goals of thls wark was ta 

accompllsh a slmilar investIgatIon of anergy, wlth a Vlew 

towards both descrlblng the Immunologlcal events that do or do 

not occur in thlS condition, and posslbly ta use lt as an 

"e:<perlment of nature" ta learn more about the Immune system. 

It was found that anerglc patients had an abnormally low 

mononuclear cell dellvery ta recall DTH SItes than bath normal 

and hospltallZed cI:mtrols. The cO-InJection of C~· wlth Ag 

restored dellvery to the levels seen ln response ta Ag alone ln 

reactive patients. Reactive patients aiso showed an Improvement 

in ce11 delivery when Ag was InJected wlth CK. although It was 

much small er ln magnl tude. 

ChrIstau has develaped the concept of anergy as a continuum 

of depression of DTH (and other hast defences) leadlng from a 

normal response to zero (anergy) with progresslvely greater 
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probabllity of post-operatlve Infection and septic-related 

mortailty (129). This concept may explain the different 

magnitude of the effect of CK on the cell delivery of anergie vs 

reactlve patients by impIylng that among the reactlve patients. 

some, or even most, were partially lmmunosuppressed. If so. 

Slnce the co-injection of CK wlth Ag ln reactive patients did 

not result ln as great an increase, relatIve to their response 

ta Ag alone, as ln anergie patients, then the magnItude of 

delivery to PPD+CK sites ln reactive patients may be close to 

the maximum number of cells that can be delivered to DTH sites. 

To prove such a conclusIon requlres data from a large patient 

populatIon, varying somewhat continuously from a normal to 

totally deflClent Immune response. Obviously, the modest numbers 

of patients used ln this study were drawn from the two extrames 

of the populatIon. However. it can be concluded that on a 

population level, when InJecting reeall Ag, the magnitude of 

response ta the CO-l~jectlon of CK is Inversely related to the 

state of lmmunocampetence. 

PrevlOus InvestIgations of the restoratlon of DTH by CK ln 

anergic patients resulted ln the conclusion that these cv. 
functloned to overcome some aspect of the anergie state which 

bloc~s T-cell activatIon ln vivo. Marchal has reported that a 

small number of Ag-reactlve cells in Sltu are requlred to 

generate a DTH response (75,76). In these experiments jt was 

dlscovered that anergie patIents have very low mononuclear cell 

dellverles that are restored to normal levels by the 

CO-InJectIon of Ag wlth CV-. As a result. an alternatIve 

explanation that was conSIstent both with the prevlous 

observatIons by Rode et. al., and the SW chamber data was 

proposed. ThiS was the hypothesis that the early non-specifie 

component of DTH is deflclent in anergy, to the extent that 

lnsufflcient numbers of T-cells from the circul~tion enter the 

skln to permit a cell of the appropriate Ag specificity ta 

become aetlvated. In this hypothesis, the actIon of the CK that 

restores DTH. IS to lncrease the early non-speciflc dellvery to 

sufflcIent levels to allow appropriate Ag-specifie T-cells to 

enter the SIte. 



In relation ta thlS hypothesis, it should be noted that 

PPD-~ve <ie non-reactive zn vitro) anergie subjects delivered 

lower nu~bers of cells to PPD injection sItes than their two 

PPD-~ve reactlve counterparts and aiso slgnificantly lower 

numbers than normal subjects inJected wlth an Ag to WhlCh they 

were not sensltlzed. This would imply that there lS a defect ln 

the response to, or production of, non-speclflc Inflammatory 

mediators ln anergic sUbJects. 

Perhaps the most lnterestlng observation was that ln contrast 

to the responses of Ag sensltized patlents the relatIve 

magnitude of the increase ln cell dellvery upon CO-Injection of 

Ag wi t Ct. was 1 nsenSI ti ve ta the underl yI ng state of the 1 mmune 

system. when the subjects were not sensltized ta the test Ag. 

Although patient numbers were small, bath anergic and reactlve 

patlents responded by a daubting of cell dellvery. 

Thus one effect of the CV may be ta mlmlC the effect of 

non-speclfic mediators in produclng the early cell dellvery. If 

reactive patlents were as responslve ta these mediators, as to 

those produced ln the site. they would dellver more cells wlth 

the cO-Injection ot C~. ThiS is what was observed. If the 

anergic subjects remalned fully responslve ta the medlators. but 

simply falled to produce the inItial medlators zn VIVO~ one 

would expect that they should have Increased thelr cell dellvery 

to the levels seen in the Ag non-responslve reactlve patients. 

This was not found ta be the case. BInee CO-Injection of CK wlth 

Ag restore= the cell delivery in Ag responSlve anerglc patients 

ta the leveis seen ln Ag sites of reactlve subJects, lt cannot 

be argued that patients in the anerglc state are lntrlnslcally 

incapable of normal cell dellverles. The dlfferences would seem 

rather ta be a result of a non-responslveness ta the early 

inflammatory factors normally produced ln the Ag non-speclflc 

portion of DTH. Thus ln the the anergie patIents, thelr lnnate 

responslveness to the additlonal factors provlded by the C~ was 

as defectlve as It was ta those that should have been produced 

by their own cells. 
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There lS addltional eVldence to support this hypothesis of a 

progressive 1055 of responsiveness to early non-speciflc 

inflammatory medlators in the wor~ of Puyana et. al. (199). 

These investigators found that some anergic surgi cal patients, 

inJected l.d. wlth the sa me CV preparations used in the 

experiments in this thesis developed a non-specific "flare" 

reaction which was predlctlve of individual post-operative 

survlval. The authors Interpreted this erythematous fluid-filled 

reaction as reflecting the ability ar inability of the 

indlvldual anergic patients to re~'Jlflnd to an as yet unidentified 

non-speciflc lnflammatory mediator(s) in the CK preparation. 

Overall the available data would support the hypothesis that 

the anerglc subJects were deficient in their responslveness to 

inflammatory factors produced early in the non-speclflc portion 

of DTH. 

Data upon which to base a judgement regarding the Importance 

of the change ln mononucl ear cell deI i very afforded by C.~ i s 

scanty. One observation however, may serve to put the questIon 

wlthln a frame of reference. The variation in mononuclear eell 

dellvery to Ag-'ve sites among anerglc patients was on the order 

of lO-fold. In eontrast, the CK afforded only a doubllng of 

mononuclear cell delivery to these same sltes. In llght of this, 

it would seem unllkely that each anergie patIent would dellver 

exactly one half the number of cells requlred to trigger a 

successful Ag-specific T-cell APC interactIon. This is 

especlally so when one conslders the variation in Ag-specific 

frequencles one would expect both among the patients and between 

dlfferent Ag ln the same patient. The fact that anergie patients 

still dellver sever al thousands of cells ta Ag injection sites, 

and that only a SIngle Ag-speclfic cell in situ may be 

requlred ln order to initiate DTH male the 11kelihood that the 

observed non-speciflc doubling of cell dellvery afforded by CK 

15 alone responsible for the restoratlon of DTH improbable. 

On balance lt would seem more likely that these results 

indicate that there are two separate defects in anergy, posslbly 

of a common orlgln, that are affected by the injection of Ck. 
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One being the refractory response to inflammatory mediators. and 

the second, the inabillty of T-cells ta be actlvated ln SltU. 

This hypothesls 15 entlrely compatIble w1th the result5 of Rode 

et. al., in which PBM were cultured ± Ag and then 

re-injected i.d. (140). In these experiments, the re-ln3ectlon 

of cells that had been cultured with PPD, or the supernatants 

from such cultures, restored DTH ln anergic patients who were 

reactlve ta PPD ln vltro, whlle cells cultured wlthout Ag had 

no effect when In3ected i.d. The addItion of a group ln WhlCh 

the PBM were cultured without Ag and then re-lnJected along wlth 

Ag would serve to test the hypothesls and determlne If the 

delivery of sufficlent numbers of Ag speciflc cells lnto the 

skln suffi ces, in the absence of ln3ected CK, to overcome the 

effects of anergy and mount a DTH response. 

To verify that the early non-speclflc component of DTH lS 

indeed defective ln the anerglc state, the response ta small 

Quantltles of Irritants could be used to determlne If the 

non-specific productIon of lnflammatory medlators lS defectlve 

in anergy. and the injection of such med1ators could sufflce to 

establlsh if it is the response ta such mediators that lS 

faulty, without alterlng the local potentlal for T-cell 

activatIon. 

The ablilty of CK to restore a DTH-llke skIn response has 

been known for sa me time. It has not been clear whether thiS 

reactlon represents a true DTH response. lnvolvlng the dellvery 

of cells capable of carrylng out the functions lnvolved ln DTH, 

or simply a partial replica of DTH. Followlng the descriptIon of 

the cells delivered to SW chambers over normal DTH Sites, the 

same cells from anergics ln3ected wIth Ag+CK were cloned and 

their functionai capacltles determined. In every functlon 

assessed, includlng the enrlchment of Ag-speclfle cells, 

cytotoxicity and LK productlon, the T-cells from Ag+CK Sites of 

anergic patlents were comparable to those from normal DTH 

reactlons. Thus the results indlcate that the cO-lnJectlon of Ag 

with CK results ln a true restoratlon of DTH. 
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The fallure of human MLC supernatants to restore DTH in 

situ ln rats may lndicate that the responslble CK is 

species-restrlcted. Rat MLC supernatant~ should restore DTH ln 

anerglc rats and If 50, the rat may serve as a convenient system 

ln WhlCh to isolate and describe the mode of actIon of this CK. 

The Importance of T-cell medlated Immune responses in host 

defence agalnst infectIon IS weIl known. These results provlde 

reason to be optimlstic that the deposition of CK at sItes of 

i"fectlon ln anerglc patIents may serve to improve their Immune 

response to the infecting organlsm(s). The abllity to affect 

such an Improvement in the immune response of anerglc patients 

would be of obvious theraputlc value, partlcularly since these 

patients are the most at rlsk for lethal outcome of 

post-operative Infections. 

It was for thlS reason that the experlments with anerglc 

rats were carrled out. The ability of mlnlscule amounts of human 

MLC supernatant ta afford protection from lethal infectlon ln 

these anImaIs lS further cause for optlmlsm regardlng the 

applicatIon of these results to patient therapy. The unexpected 

flndlng that the restoration of DTH and the protection from 

infectIon were due to two different factors may mean that 

e~entually two distinct modes of lmmunotherapy may be applied to 

the treatment of such InfectIons, and the effects of the CK on 

normal rats may signal that these beneflts need not be conflned 

to the anerglC population. 

At the present time, there IS little eVldence from which 

inslghts Into the mechanism by WhlCh the factor affords 

protection from lethal perltonitls can be drawn. Some Informed 

speculatIon however, may be carrled out. 

The Initial hypothesls that the MLC supernatants would 

restore local hast defences led to the decision to lnJect it 

dlrectly at the slte of the Infectlon, I.e. intraperltonealy. If 

the factor functlons only wh en Introduced ln such a local 

fashion, then thlS may slmply lndicate that it has a short 

half-Ilfe ln the clrculatlon. Alternately, It mlght reveal 

somethlng more fundamental about ltS mode of action. 
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The factor may work by actlvatlng resldent phagocytlc cells, or 

by altering the local endothellum ln such a way as to promote 

the recrultment of cells lnto the sIte, posSlbly by promotlng 

adherence, gap formation or some other function VItal to 

diapedesls. The factor may slmply be highly chemotactlc, and 

thus recrUlt ceIIs, elther specific or non-speclflc, Into the 

sIte. The factor could act ln some fashion. that rather than 

alterlng the type of react\on that occurs, simply accelerates 

the response that would take place wlthout It, and thus protects 

the anergie anImaIs by allowing their weakened host defences ta 

"get a .Jump" on the lnfectlng bacterla. 

Naturally, a more attractIve explanatlon would be that the 

factor represents an essentlal component of normal local host 

defences that lS not produced ln the anerglc state, posslbly the 

factor whose non-productIon results ln anergy. Experlments to 

identlfy the factor and ItS mode of action would also determlne 

the cell or cells that respond to It. Several pOSSIble 

candidates have been mentloned above, If the actIon of the 

factor lS not restrlcted to the locale at Wh1Ch 1t 15 InJected, 

a probable candidate for the target of the factor would be a 

phagocytlc cel1. Systemlc non-spec1flc actlvatlon of thlS type 

of cell could account for the protectlon of the anergIe rats. 

The posslbllity of a non-speclflc actlvatlon of speclflc cells, 

possibly Tg6 cells, can not be ruled out, although such an 

actlvatlon would be unprecedented. 

The factor lS produced ln MLC reactions and way therefore be 

a normal component of cell medlateJ Immune responses. Should 

thlS be 50, then anergy WIll indeed have served as a useful 

"experlment of nature" for lnvestlgatlng fundamental aspects of 

immuni ty. 

In summary, the development, and applicatIon of, the SW 

chamber technique ta the examination of DTH and anergy has led 

ta a substantlal reflnement ln our knawledge of the cellular and 

soluble m~diatars Involved ln these two facets of the Immune 

system. ThIS knowledge has ln turn resulted ln many new 

questions that may now be addressed, and aiso ta the dlscovery 
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of a factor that may be of substantial theraputie value in the 

treatment of anergie p~tients. 
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