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ABSTRACT-

3
1

This study was divided into three separate sections.

PART I examined the production of a state_of hypogaroma -
1 :
globulinemia within a murine model. By sequential tréatment of

I

newborn mice with heterologous anti-mouse im}rhunoglobulin M (IgM),

H

panspecific immunosuppression ensued, This was documented by

assaying serum immunoglobulin levels, and by comparing these values
g i

to macroscopic and microscopic parameters, .

< ]
~ o

PART II examined the growth characteristics of two "solid

neoplasms. By careful selection of the relevant conditions, a change

. in tumor growth was achieved by immunological manipulation, - With

the tumor,, P-8~15-X2, this satisfied the definition of neoplastic enhance-

’

ment, . With the tumor T1699 enhancement of tumor growth was vaguely
su"gges\ted but not dogumente?. ’ ’

PART III repres ented an attempt to(synthesize these seemingly
disparate areas., By'ré;h:f)ving the immunologdcal facto:; involved (via

i

X

panspecific immunosuppression), and by employing an enhancible neo-

L

‘plasm, abrogaﬁioﬁ“no,x‘\grevention of this phenomenon was attempted., -

33, -
«,
Y

Results were not specific. [’;I‘hey suggested that this approach warrants

~

further investigation, but failed to document any definitive relationship.
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o - a .
Cette étude comprend trois parties, " , .
) o La premiére consiste en‘l!induction d'un état d'hypogammaglobu-

i &

e 7 . . * . . T oyT s /7
+ linemie chez la souris. Une 1mmu‘nosuppress1on panspecifique a ete obtenue
Al ,

par le tra.1tement repete de souriceaux nouveaux-nes par du seruntg}heteroljgue

v
i .
B

-+ anti-IgM de‘souris, Cet état a été Gtudié par la détermination des taux d'Im-
\ N J -
. 7. » o . . o ~
munoglobulines seriques et par leur comparaison avec divers parametres
: — G Yo X ,
macroscopiques et microscopiques. . '

<

P s . .

! La deuxieme partie concerne la croissance de deux tumeursgsohdes.
- : . N 2 v

En faisant varier soigneusement les, conditions experimentales, une modifica-,

- ‘ \

- . s 7 v . . . . 5
tion de la croissance tumorale a ete obtenue par manipulation immunologique.

«

Dans le cas de la tutneur P-815-X2, cette modification satisfa"it a la définition
P 4 . . .
de la Faci_lit%ion d'une tumeur maligne, Dans celui de la tumeur T1699, une
‘ &4 a : ¢ f '

=1 - . . . sz 7 .
facilitation de la croissance tumorale est plussou moins suggeree mais pas

/ ¥
- établie, a v | / ‘ (

3 . '

RPEN . s o . :
La troisieme partie represé te uné tentative de synthése entre ces

3

domaines apparemment disparates. Enligtilisant la tumegur '"'facilitable", mnox}ls

. . ’ s i qs it s las e .
avons essaye de prevenir ou d'inhiber la facilitation en eliminant certains des
' . ! - i v
3 I3 . ¢ - / 3 .
facteurs immunologiques impliques (au-moyen-de l'immunosuppression pan-
_ 3 LS H
e s TORyY ’ /
specifique). Les resultats obtenus ne sont pas specifiques, - Ils suggéerent que
>3 \ ’ - .
/7 . 3 ‘e . . s .
cette approche necessite de plus amples investigations mais ne permettent
) .
N . - . Lpe sy
d'établir aucune conc}u510n definitive, . ' e X

3
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ABBREVIATIONS USED THROUGHOUTSTHIS THESIS .
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ALS | . anti-lymphocyte serum 3
- - ' 7 ¢ L]
! APS - anti-plasma cell serum ‘ Tt_/’
¥ i ! .
B cell - - thymus independent bursa derived (bone ma‘ii:row derived) N
- i . lymphocyte '
GVH = - graft versus host reaction
L 'MBSS " - - Hank's balanced salt solution
125 - iodine 125 = T o .
, - !
- A ] 1 o ?
: IP - intraperitoneal
. 'S
- " NzB -'New Zealand Black | -
S NZW - New Zealand White |
. 1 \’ N 1 e
. SC - subcutaneous . )
s x . A . - .
SRBC - sheep red blood cells + o
o cell - thymus dependent lymphocyte . TS
@, h - . ' . . ¢ [}
Ty/2 - half-life ,
\ TSA ! - tumor specific antigen
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INTRODUC TION :

£

+ - N

With the realization that the immune response could be considered \\

as having two;_-ath\er separate components, carhe the firgt attempts at  na

K]

selective immﬁhosupprggfsion (53). These in turn helped to unravel the ;
AN ~ "

complex interactions, and produced a complementé,ry unified concept of ‘_vf,i .

5
.

the control mech@s involved both in the phylogeny and ontogeny of

<

v , o
humoral antibody function {96). Current experimentation, is directed

AN

of the regulatory controls (118),
“ #

% q N ' -
About the same_time,. the role of antibzdies in ¢ ement

of tumor growth was postulated (88). Subsequently it has bken shown,

AN - ~
depending on the conditions, that antibodies can exest€ither inhibitgry

or protective functions (83). “To manipulate thes

prevent tumor enhancement has not yet been possible. Recent studi s

1 -
have-indicated that an absence of antibodies may have a beneficial effect
on tumor gro‘wth (82, 118)‘.“ However, their relation fo the enhancement

«

A - o
problem is by no means clear.

- *
A
B

o . . “,
The object of this study has of necesg,ity/'bgeen divided into three

/

sections, In PART I the production of agammaglobulinemia ia described-

2

for a murine model. In PART II'enhancement of neoplasms indigenous to
o '

the same strain is detailed. In PART III these areas become synthesiz®d

in order to evaluate the relevance of panspetcific immunosuppression 'to

N

the abrogation of nepplastic enhancement, g

[yl
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A. MMMUNE SYSTEM - NORMAL

° ( CHAPTER I - BACKGROUND

1. Duality of the System

o

S

It is generally accepted that animals possess & pool of multi-
\ . .

13

potential stem cells (200), which may be either thymus processed or
"Bursa!'' processed,*to becorr}"he immundcompetent T and B lymphocytes

)

-

respectively (35). This imparts a duélity of.response to the immune

o

S
%

mechanism.

a.. ""Burga' Depéndent System ¥
- . ‘ o v

+
, In 1956 Glick ‘et al identified the Bursa of Fabricius as sgf\{ing

4

a central role in the developing immune system (5k6). Subsequent studies ‘
) ) r - ;

. / R v . .
using extirpation and irradiation of this organ have more prec1se1y/d§(ir‘1ed

.
T

its function. . ;
o

By employing a éhromosome marker technique, Moore and Owen

(141) founfl that blood-borne progenauzor cells, later-identified as stem

cells {189), enter the Bursa and within tfxis specific microenvironment, :

Q@

independent of foreigh antigens, develop into multiple clones of B lympho-

g
-~

cytes (37, 189). : B ‘ o
: ’

”

~ , . \
There is a rapidly growing body of evidence, from antigen-coated

column (196), autoradiographic (8), ir'rununoﬂuorescenig (98, 161,162), and

4

radioiodination studies (16,174, 192) to establish the presence of immuno-

v

‘ globulin; on the surface of Bursa-procegsed lymphocytes in the chicken,’

-
= [

the mouse and man. Apparently, '&uring the stage of clonal development

b,
¢ 1



— 4 —

i

fe, ¢
4

* (37) within the. Bursa, or mammalian Bursa-equivalent, the
. \ - o A

, acquire the alsility ta synthesize immunoglobmlins (161, 174) which subse-

: : ’ e
quently become expressed on the cell surface,; "and can thus serve as cell

markers,

- In chickens, th& ontogenetic sequence is relatively well-defined.

J a

IgM i;;a'the- first i_mmunoglobulinn to })e detectéd, and it appears a,t day 14
of gestation (36, 97).\ This is followed sequentially by IgY (which is 1V3‘robab1y
the equivaleﬁi: of ma.mma.lialn I1eG )_(36, 97,109), and IgA (99, 10‘9, llé). By
bursectomi}zing.'bchickéns at different s;dges of develop;menlt, and byjcom-

-

unoglobulins and histology, Cooper et al (36) were able to

-

suggest that a developmental switch dccurred within the Bursa. This has

orated in studies’ e,}qployi.ﬁg class specific anti-immuno -

E)

been amply corrob

* \~
globulins, and the intratlonal switch has been defined as the sequence

% o

IgM = IgG — IgA (96,97, 99, 109, 110).

' There is randorn cell migratioﬁ from the Buréa(‘)‘)\)ﬂtovti}e peripheral

lymphoid tissues at all stages of differentiation, but once B cells hav{a left

ry by

the micro&nvironment of the Bursa thé swtiching becomes a rare occurtence

. 4
(98, 189). | \ _
S . LN

However, even though the Bursa of Fabricius plays a major role -

/‘

in clonal development of B cells, it is not essential for this to occur (106).

¥

-

This may be analogous to the situation in mammals, where a Bursa~has not
; 5

yet been identified, .and where the ontogenetic sequence is not as well-defined,
B -

@

. . . . \ii
" Here a Bursa-equivalent microenvironment is postulated, and agafn@om

S ‘ s



-
\

. studies emplofying class specific irnxﬁunogidbulin anti-sera, it appears

LY

that the de{relopmental seciuenc:e IgM - IgG-+IgA is followed (74,103, 104, -

7 -

116, 117, 153, 154},
Once see'dedpto peripheral lymphoid structures, the B cells respond
< & N
I to antigenic challenge by undergoing clonal proliferation, to become either

D memory or antibody prod“ucing cells (37). The latter appear to secrete

A,
\
A

mmunoglobulins of the same Heavy chain class as is present in the cell
N

S

s1%rface regeptor (196,127). They apparently also lose their receptors
‘ .

during this process (145. This response is probably initiated by antigenic

. ; & '
stelric ''stretching'’ (48) or ''stabilizing' (13) of the receptor immunoglobulin .

il

molecules located on the cell surface. Perhaps it could also explain why
LY

the fate of immunoglobulin producing cells is not determined for more

H

than!\férty-eight:hours post-stimulation (114). Therefore, those cells destined —

to become humoral antibody produceré follow. a cfomplex, ordered and sequen- -

tial p ftern of development. In order to achieve immunosuppression, niethods

-
i N 4

for modulation of this pathway are required.

\

ot

- b. "Th};musf" Dependent System ) D

o

o A comprehensive review of"the data outling thymic involvement in

the immune response has been done by Miller and Mitchell(128), Subse-

o
s

quently, Owen and Raff (148) postulated a two-stage model for the maturatibn

[

J .
of T-1 .stem cells migrate to the thymus, and within its .




| ’ % e B i -

. peripheral tissues they mediate cellular immunity in response te antigenic )
stimulation, via a cy'totoxic: action (30, 31).
3 . H R

2, Interrelatic;nshiap of Systems

o

The compartmentalization of immunocompetent lymphocytes into

T and-B classes was interpreted as an efficient prbduct'of evolution in the
development of sophisticated immune systems, R_e"cgntl*,vr:whowever, it has

. been established that, although these distinct lymphoid lines perform dif- fi

ferent roles, they are not mutually independent, Instead they interact in A

@

, .
N the development of certain® immune responses, notably in the humeral imx

mune response to various antigens, - . — ‘
> A\co‘ns iderable bociy of evidence has accuhmulated-demonst}ating_the
oexistenc(e/zf specific.receptors for antigen on lymphocytes. For B lytppho- .
cytes these are unequivocally established as immunogloBulin in nature%‘;;(u151), ’

.4

and are present in high concentrations on the cell surface (163,191).

. Evidence for receptors on T cells has been more difficult to obtain,

!
8

g i . -
) - Perhaps this is because the quantity of T cell receptors is significantly lower -
X - N ¢ . <

than thes senéitivity of the direct techniques employed.(146,191). Indirect .

~

methods could be interpreted to indicate that they consist, at least, of sub-~

units of classically defined immunoglobulin str\ictureg (61,166,167). These

observations, however, are not without controversy, based on the quality *
- and specificity of the a_nti-‘imrnunogllobuli.n reagents employed by’iydifferent

investigators (120).

. M\ Thu8 B lymphocytes possess antigen-specific receptors which are

t

oA




-

. immunoglobulin in nature. T lymphocytes appear to possess antigen-
g
specific receptors, but whether or not these are immﬁnoglobulins is

not definitely established.

o \ »
1

- - The. interaction of T and B classes ir’f response to antigenic stimuli

<,
-,

was first sgéﬁgi)'gsted by Miller (126), Over the paét decade a wealth of data
. AN o s P B . <5

3

on this topic has accurmulated, and is succinctly reviewed by Katz and
. d : o p .
. ] Benacerraf (91). To summarize: The mechanism whe¢reby T cells regu-

~

]
LN

late B cell function could be by a transfer of genetic information (92,132),

% ~ by "antigen focusing' (95, 132), or by mediators produced and secreted by

T cells (93); this order probably reflects the increasing relevance of the

- succeeding mechanisngs (91), This regulatory role is then expressed as
- N . -
either "helper" or "'suppressor" furié;tions. ,

%

" <L "’Helper” functions- were initially suggested by Cl‘amar; et al (32),

and the interpreéatian corroborated by independent workers (60). The
problém was further clarified in a series of elegant experiments bir Miller

A ]

and Mitchell,. which demonstrated thé importance of interaction in the
rod:Jction of humoral a‘ntibod (127 K 45);, Subsequently it has been
P ‘ y IZQ’J?)?\ bsequently h

shown thant, where T cells participate jn an antibgly response, they enhance
. ] o

-

~ B cell antibody responses of all clafges’ of immunoglobulin, but this effect
. pe
AN f A .
is most pronounced in the IgG classes, and in the switch from IgM—IgG

(130).
A neg/at_ive, or ”s'upprezssor" function, of T cells on antibody forma-
‘ ’ tion has also been 'demo?ltrated. Evidence for this has come from two lines
) ‘ e

—




a

-

N
. 2

. . of investigation, The first involved the depletion of T lymphocytes, °

N - either by thymeétomy (77) or by treatment with ALS (6,15) and re~

sulted in elevated serum immunoglobulin levels, and enhanced primary

Y

e

immune responses, Kerbel and Eidiriger combined the techniques and
.

_found that IgM; but not the switch to the IgG phase, was suppressed (94).

This raises the possibility that suppressive regulatory T cell function

' may involve promoi;’}ton’ of early IgG synthesis with a feedback'"suppressio‘n , .

. =
ot P

of TgM (91, 94). -

The second involved investigations of antigenic competition. This

«

phenomenon was recogmized by Michaelis (125), and has been ;'eviewed by

s

Adler (2). The underlying gnechaéismﬁs still unknown, but favors the

4 o existence pf s&lublé‘inhibitor‘y facto:zs released from T cells (139, 159).

1

The best evidence for a T cell releaséd inhibitory substance comes from

the recent studies of Gershon and XKondo (54, 55). However, whether this

factor is related to, or identical with, other T cell mediators active in.

s

-

the regulation of antibody production is not yet known, ‘

i '

The concept 'of duality within the immune system i5 5till accepted

3

and bas ically correct. However, there is, in addition, a cooperative

e, T '*  interaction between antigen, B cells and T cells which can Bge considered

. asa regulatory function of T cells on the conditions and manner in which

I
n

B cells respond, to aﬂtigen bound to their immunoglobulin receptors, This

s

w

interrelationship ensures several levels of control, and perhaps even an

3 "an under -

.
"~

. . : s
evolutionary safety mechanism, These controls are crucial
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by 0

standing of immunotherapy. Hopefully,i’ sélective immunosuppression )

~

"will help in unravelling the problem.’ .

' B. IMMUNE SYSTEM: SUPPRESSED' :
\ K : e
Numerous methods have been employed to achieve immunoguppres-

?

" sion. They vary qualitatively in their degree of selectivity, and quantita- .
1T . i . :

’ ’ £
tively in the success achieved, In order to maintain perspective, a brief

©
classification, #&nd description, follows.

r, \ C .
1. Types of Immunosuppression

b . a. N\én-’selectivev \ . N

L!.*‘f& - .
These metl\lo\iﬁ are no?-speciﬁc in their action on immune systems
because they either randomly deplgte the animal of all types of immuno-

a s

competent cells, or produce generalized hematopoietic tissue destruction.

Q -
Examples are irradiation, metabolic inhibitors, and alkylating agents. A

detailed review of this area has beén done by Mahnich(llS).

',
\

b. Selective \

Y
h
J

'ﬂ%e immune qsystem. This allows them to be discussed separately.

Here the specificity is directed against only one of the limbs of

"‘Thl/mus" Dependent System - { :

i » rl

Iy
Levey and Medawar (l111) found that a heterologous antis%rufn,
y b’ . ,

raised against T cells and called anti-lymphocyte sera (ALS), could sup-
2 . . 3 Y]
press cellular immunity. However, this effect is not totally selective
B "

o

because it can also suppress the primary humoral response to SRBC (140),

pr*obably‘ via its action on the antigen-sengitive T 'helper'' cells (12,22, 65),

~ 4

o

o~
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. ' [
. '""Bursa'' Dependent System J
. ’ ‘ / T3
5 1

Within this-1imb of the immune system, there is_g gradation of

-

) 0 ) . kY
aﬂtibody specificity, which appears to be related to the difficulty required

( cﬁ’ i . -
in achieving and maintaining a’ntibody suppression. Y
— - "+ Nisonoff et al (66, 152) studied the effect of heterc;logous anti-
\\ o 3 ~

idiotype antibodies in inbred mice. Suppression'of the idiotype could be

4% . ¢ A oy, n
' f VA complete and permanent, provided the anti-idiotype serum was given far
b~ enough in advance of the antigenic challenge. The escape foumi with close
- ] .

temporal prox,imsity was interpreted as being due to the generation of new
. . { : y :
Y . precursor cells, as opposed to the reactivation of cells that were already

9 '

- " suppressed. In'fact, if the antiserumwas given post-antigenic challenge,

no suppressive effect could be detected. "This indicates that if a cell is

-

“~

idiotypically, sup ressea, the situdtion is prob bly irreversible.
Y P £ p %
¢ 12

 +When immunoglobulin allotypé suppression was examirned in F

: hybrid mice, by following an allotype product, it was found thit induction

¢ .4
. of suppression wae delayed, but after on.initial burst of activity of the allo-

oo type, the suppression remained chronic (75, 80). A compensatory increase

i’ o
+ -

! 9
o in the alternate allotype occurred, when suppression was 'achieved in rabbits

(40,113). T cells may play a role in this phenomefion bécause in vitro
i .

studies have shown tHat lymphocytes undergo blast transformation when

&

treated with anti-allotype serum(173), and in vivo results indicate that a

3

- suppréssor cell, whose effect can be destroyed with anti- @ serum, is re-
. quired for~mq.intainénce of suppression (75, 81). Instead of raising antiserum




- ’
o

_ against specific immunoglobulin idiotypic or allotypic markers, one can

o

£

. ®
apparent when immunoglobulin class specific antisera are employed. -

.

be foifmed against the components represented only in'the B cell lineage

(187). This ig done by using a plasmacytoma (B cell neoplasm) as the

immunizing ,aéent, followed by absorption with T cells. The product, ™

desi'g'lr'iétgdl’as ‘anti-i)lasma cell serum (APS), is specifically cytétoxi¢ for

B cells, - However, even ‘at cytotoxic concentrations, it did not completely
. ~ N v

igh“;bit antibbdy formation, and plaque forming cellsﬂ (-66, 187 )\. The mechan-

v ~

ism has not yet been determined, Cell-mediated immunity, as assessed
by skin grafting, appeared to remain i.ngai:t (66). },@
Thus, as the specificity of the segment of the immunoglobulin por;u- .

lation broadens, thére occurs a corresponding increase in the difficulty
[}
with which specific immunosuppression is achieved. This becomes most

@ °

¢
2. hnmunosuppreésion with Class Specigc Antisera
M Ay 1

Even when antisera are prepared against immunoglobulin molecules,

the results ob}:ainéd depend upon the portion of the molecg}g used as the °
\ : ‘ ’ : pe

antigenic stimulus., As light chains are common to all ivhmunoglobulin
) / - -

classes, antisera against them would be expected to héve diffuse suppressive
! \

N

effects.

2
e

,

o a. Immunosuppression with Anti-:light ‘Yhain Sera
%, .
; o -

-

"In vitro studies, using antisgsnm aga'i:r}st murine Kappa chains (these

are the predominant light chain class in meuse iznmunoglobuiins ), found

A

that the primary response to SRBC could be inhibited.and that the inhibitiony

B -
i ]

"tb' )

Y
[y

v

-
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\ | :

would be permanent if complement was addéd to the test syst 107).

In vivo studies, again using antiserito mouse Kappa chains (this time
- . v
raiged against human Lambda chains, which share antigenic determinants

with mouse K:f;pq chains), wére able to demonstrate repression of synthesis .

of murine Kappa chai'ns, but this was not a permanent effect (170).

T e N
Greaves et al have postulated that the anti-light chain sera binds

to sites. on-the lymphocyte surface, and blocks combination of the receptor
. - i N ", ' E / Y ~
sites'with antigen either by steric hindrancé, or by causing a configurational

o
(¥

N
-5

change in the receptor site itself (61). -

~
~

Whatever the mechanism, this appears to be an extension of the
broadening of function mentioned previously, Repression, rather thg}l
. D w

suppression, was obtained and even this was not long lasting (170).

H

— - . )
b, Immunosuppression with Anti-heavy Chain Sera

» Most of these studies have used a murine model. As the immuno-
o )
globulins of mice have been classifiable; and subclassifiable (44, 45),‘w,ith

o

A

regard to the immunologigai and physico-chemical propergies exp-ressgd in
the lheavy chains, antisera specific for,hea?{fchaiﬁ classes would be expected
rto vary in their »effec’scs. Indeed, this has been found, and a pattern appears
to be emerging,

In Vitro

9

it . o
Fuji anc% Jerne first examined the effect of heterologous antiZimmuno-
« o '

globulin antiserumon the primary immune ’re‘spon%e to SRBC, They found that

I

inhibition could bé& induced, and that it could be reverseg simply by the addi-

- T
tion of excess murine immunoglobulin, Unfortunately, their antiserum was
v . N

- ’

J
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dose dependent relationship was noted in that animals receiving large doses

I

12

not class specific, so that class differences could not be detected (53).
This \;t;rk was qxtende;i by Pierce et al who found a gradation of
effectiveness with‘in the heavy chain ‘:;i‘asses‘: anti-IgM g'u“ppressed al
T .
classes where as anti-IgG or ant‘;—IgA, suppressged their respecti\}e

. . . » . AN
classes*only (67,153,154). They also found IgM suppression tq_be dose .,
A

dependent, temporally dependent (in that the suppressive effect on other
> .

classes diminished directly with the duration of incubation before the

. anti-Ighwas added), and reversibﬁe (not due to cytotfdkic action). To

insert a note of caution, Hartman et'al demonstrated a stimulating effect.

on immunoglobulin production if the ir;“cubation"persisted longer than three |

}a_ays before the addition of the antiserum (67).

In Vivo
In the mouse, immunosuppression has been evaluated by continuing

v

'treatment with class specific antisera, starting at b#rth, In both conven-

\

tional, and germ-free animals, it'was found that anti-IgM suppressed all
other heavy chain classes, while anti-IgG, anti-Ing and anti-IgA suppres-

sed their respective classes only (103,104, 116,117,143), In one case, anti-
\ R , o
1gGy caused a corresponding increase in the other classes (104). Again a

o

<
4 .
of anti-IgM either died or were runted (143). A temporal relationship was

evident for if the injections of anti-IgM were delayed, the suppressive o

a

effect was reduced, or not attained (117). This suppreséion is probably a

{

g

reversible phenomenon because some of the immunoglobulin classes recover
i

1

<
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5
&& .. (117) (this“did not occur with\IgM), or-are not completely suppressed (1@3).

However, as a subtle reminder of the complex controls involved, .
N

it was found that anti-IgM given during the coufrse of a primary immune

response enhanced, rather than suppressed, the IgG fraction (1), and

+

. that adult animals treated with anti-IgM produced excessive serum levels of
L . .

a monomeric form of IgM (116). ,

=l

i o o . . N
The results of this therapy on cell-mediated immunity are not

AV . .
! N
clear; absessment by the graft versus host reaction (GVH) has yielded
conflicting results (8,104). L ot

Lawton et al feel the findings are not inconsistent with the two-

‘stage model that they have proposed for plasma cell dévelopment (37, 104).
During the stage of clonal development, stem cells within a specific inductive
" microenvironment proliferate'aynd begin to synthesize IgM. Some, or all,

of this antibody is incorporated into the cell membrane to function as a

recognition antibody., Anti-IgM antiserum given at this stage should react

) 1
with the IgM surface receptors (74,195), and prevent clonal maturation via

“the switching phenomenon, whereby the other immunoglobulins also become
) , .
surface receptors. The sequence suggested is IgM~IgG —~IgA. Thus, treat-
. ) s >
ment with a specific antiserum during this process could prevent switching

Ny - ‘ -~

occurring with subsequent deletion of clones with specific: immunoglobulin

¢ “’Q - Ve e emren - s

receptors. The above sequence is hypothesized to occur within the in-
~ ¥ ' - L

1

) / - N
ductive microenvironment for B lymphdcytes, and is independent of antigenic
4

-

~

stimulation,




N - ¢

’ / The second stage, that of clona}iproliferation, ]ae'gins on contact
with specific antigens. Antiserum treatinent of this ;tage may be unable ~
to complétely block antigemn access to the surface immunog\lc')bulinzi, and
thus a breakthrough effect would be see;l (117). At present, most .of this“
proposed model is purely 5peculative,wa1though it does form a working R
framework. ‘

. " The mechanism by which anti-irnmdnoglobulin prevents an immuno-
globulin producing cell froﬂ‘m either producing antiboéy, or switching to
produce\another heayy chabm class is also unknown. That the antiserum
combines with specific B cell surface receptors is generally accepted (116,
'195). Then perhaps via steric hindrance (léé)—or modulation of the immuno-
globulin receptor (18;3), (either of which may, be Fc de;e/;denth) (1Q5,}f38), the

process\ of cap formation and pinocytosis ensues (42,188). Whether th#% is

the m;}hanism by which control of immunoglobulin production is regulated

’
AN

is, at present, not known.

. C. SELECTION OF METHOD OF IMMUNOSUPPRESSION .

Since the object of P%art 1is the induction of a state of agamma-

¢
globulinemia, or hypogammaglobulinemia, in a murine system, one of the

above methods of immunosuppression will have to be utilized. When all the
. parameters are consideréd, suppressi'on using anti-IgM should prove to be
the most' efficacious, It combines ease of induction, effectiveness\’ in the

'suppression of other heavy chain classes, and minimal side effects, Rwith

. a potential reversibility that may be of clinical significance. Hopefully,

AN
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’ o . > ~ . o,
. this will be selective enough to either leave cell-mediated immunity intact,

» " . <

- A\
- . ,
or to create a compensatory increase in thia-limb of the immune response

nv —

(104). .

. ' . CHAPTER II - EXPERIMENTAL DESIGN

., f?}\‘-\ Py

A. PREPARATION OF MATERIALS

1. IgM ' . 6 .

, , \ . ~Fap
The plasmacytoma MOPC 104E (156) was a gift of Dr, M. Potter,
. .'e;‘g JJ'

National Institute of Health, Bethesda, Maryland. This tumor arose in
° - » b
‘Balb/c mice in 1962, and secretes M heavy chains, and.Lambda light i

chains. This was transplanted to Balb/c mite. When the tumors reached

A ,
one centimeter diameter, the mice were sacrificed and the serum collected

by allowing the blood to clot at 25°C for two hours, followed by clot retrac-
ol

tion overnigh’F at 4°C. The sera were subsequelntlf pooled,- and the igM
;obtained by successive treatment on a Pevikon-Geon block electrophoresis,
and a Seph;.dex G-200 (Pharmacia Fine Chemicals, Inc., Rochester, Minn.)
: column (155). The concentratiop of IgM was determined by re\cordi:.fg the
) ' L

_— . - ; 4 “ o
’ optical density’'at 280 nm the purity was checked by Oh‘chterlbny gel dif-

N ~

3

&

fusion with commercial (Meloy Laboratories, Springfield, Va.) class or
| 4

subclass specific antisera, and by Milliporg electrophoresis (Millipore

~ ° 4

Corporation, Bedford, Mass. ).

2. Anti-IgM | : ‘
\ A monospecific antiserumto mouse IgM was prepared in rabbits
. g (New Zealand Black, NZB; New Zealand White, NZW; High Oak Ranch,

Toronto, Ont.) by a method described in detail elsewhere (121,143). In brief, the

~

Q
/ r

N3



*
s

~

) . IgM was immunoprecipitated by immunoelectrophoresis (LKB 6800 A, =

lk

Immunoelectrophoresis Equipment, étockholm, Sweden) with class specific
antisera (gift of Dr, R.zMurgi’ca,” Buffalo, New York). The precipitin bands

were then cut out, and washed daily with normal saline changes to remove

I‘ TN
‘ non-precipitated protein, This is/subSequently homogenized with either
; 3 -

A

v complete or incomplete Freund's adjuvant (Difco Laboratories, \Detroit,
Q ' - [

Ty Mich. ). The rabbits were immunized by injecting ten precipitin bands
o Grpran sy 'M‘tg;w“m"n-mﬂfﬂ R h &
. . with complete Freund's adjuvant on day 0, followed by ten precipitin bands ’

i - N

in incomplete Freund's adjuvant on day 14, If no response was detected on *

’

~

day 28, énother booster was given. The reéponders were bled at fort-

nightly intervals and this blood pooled to form lot #1. At four months, all

t

the respondefs were bled by cardiac puncture and this pool became lot #2.

A globulin fraction of the pooled sera was obtained by precipitation
with 50°70(N}-I4)ZSO4. This was resuspended in, and exhaustively dialized

against, 0.85% NaCl followed with clarification by ultracentrifugation

(30,000 g, 30 minutes, 4°C). The protein concentration was a‘dj\isted to

M -+

130 mg/ml as determined by optical density at 280 nm, Sterilization was
by millipore filtration, and then each lot was stored at -20°C. Purity
was checked by Ouchterlony gel diffusion with commerical class épecific ‘ .

moiuse sera (Meloy), and by immunoelectrophoresis against pure murine

IgM, and normal mouse serum.

3. Radioiodinated Anti-IgM

To obtain Emly the 7S immunoglobulin fraction of the anti-IgM




J
b B pregaration, a portion of lot #1 was eluted via a gradient on a DEAE-

sy

I

o Sephédex anion exchange column (Pharmacia Fine Chemicals, Rochester,

7-‘1 ¢ Minn) (182). The concentration was adjusted to 2 mg/ml using optical

density at 280 nm, Purity was checked by Ouchterlony gel diffusion with
~ bl
\ A i
commerical (Meloy Laboratories, Springfield, Va.)class or subclass
4
specific axﬁtisera. .Radioiodination of this preparatjon, was achieved by

using 2 mg‘\of the anti-IgM, plus 5 microcuries of TZLsmlmles E.. Frosst

N . i )
& Co., Montreal, Quebec) and following the chloramine-T radioiodination
[} i >~ 1 '

procedure as described by Greenwood (59). " This gave a ‘calfculated labelling

N i

. of 0.7 - 0. 8jodine atoms per molecule of anti-IgM immunoglobulin (158). ¢

4. Animals ’

&g, - Mi
o a,, ]:CE )
v \

Both the Balb/c, and the DBA/2, mice were purchased from the ’

' . b
Jackson Labozﬁgries (Bar Harbor, Maine), They were maintained in

. ' plastic cages and allowed free access to food (Purina Foods, Montreal,

1

Quebec), and water. To obtain DBA/Z newborns,| DBA /2 males of breeding

age (10 to weeks) were placed in separate cages containing white pine
g / p p g g P
f !\, ~

»

chips (Economic Sawdust Engineering Registered, Montreal, Quebec).
* !

After ane \%ﬁ\k DBA/2 females (10'to 30 weeks), were placed, one per ,
\ , ¢ :

f
male, overnigh’t\in the cages. A pregnancy rate of about ten per cent was

T v .
achieved. .

w0

N 9

The pregnant DBA /2 females were grouped in cages so that births
o within cages would occur over a time span of 24 hours. By allowing com-

. ' . munal nursing, the attrition rate of newborns was kept to a minimum, The’

hY ~ '
o
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newbo®hs were weaned on day 21, and.then the sexes sep\ara.ted.

\ | v

b. Rabbits -

*

NZB and NZW rabbits (High Oak Ranch, Toronto, Ontario) were

[

~

h‘bused~ in sef)arate cages, Agai:?free access to food and water was permitted.

e 1,
e

. B, ASSAY SYSTEMS

U

1. Non-immunological ) T

-

Before sacrifice, each mouse was to be weighed. At sacrifice

¢

# . (ether plus cervical dislocation) wet splenic weight and total splenic cell )

count, were to be determined. A portion of the spleen was to ge exaniinéd

. ~ , ,
histologically. Mean values + standargd deviation for each group w{efre calcu- "

1 Y

lated from indiyidual recordings. The Student's T -test was used to compare-- ) .

group differenc

_2. Immuno ical

a. Serum Immuno globuliﬁs N N

AN

3

At intervals each animal was bled via the tail, .and’ the blood

~

. collected in heparinized capillary tubes. After centrifugation (2500 rpm,-

e

5 minutes, 4°C) the serum immunoglobulin concentrations were determined

o

by the serial dilution Ouchterlony gel diffusion technique described by

‘A;rnason et al. (5). These vaiu:es‘were reported as the reciprocal of the

¥

highest two-fold dilution producing a distinct’ band against a commerical

(Meloy) class or- subclasg specific antiserum.Mean sefum levels + standard

deviation for each experimental group was calculated as thé numerical

. ) average of the individual values,



“ }

‘ . b. Immunofluorescence

AN

— At sacrifice, the p01:t{on of the spleen not used for histology, wa
- . : - ; t‘

employed for preparation of a spleen cell suspension in Hank's Buffered
) C o . \
v Salt Solution (HBSS). A fraction of this was used to enumerate the number

.
~3
-

q . ‘
" of T and B cells present, by erhploying the indirect immunofluorscent

N -

technique of Coons (344. Anti- @ serum was a gift of Dr. J. Gordon,
i - McGill Un'wjerlsity. Antf-_fnouée immunoglobul’in serum, and fluoroscein
labelled goat anti~-mouse serum were o‘l‘)tained commercially (Meloy). The
values obtained for each mouse were ,u;sed to calculate the meéan valu\e +

)
i

standard deviation for each groupt Group differences were compared by

\

e

employing the Student's T -test. .

J
c. *Hemolytic Plaque Assay

\ Another fraction of the spleen cell suspension was used for hemo-

\ -
Jytic plaque assays, The loralized hemolysis-in-gel technique was used,

, with-the modif%pation of Wortis and Dresser,‘ to detect and enumerate the

Ty . . g

cellular synthesis of IgM (198, 199).” Fresh frozen guinea pig serum,

diluted 1:9 ‘;vith Ml‘;f), served as a source of complement. S{)leen cells -
» mixed with target er;rthroéytes were suspended in 0. 'JI% agarose (Bacto-

) [
Agar, Difco Labqra’;ories, Detrc}'it, Michigan). for plat\ing.‘
° 4.

d. Autoradiographyl v

o
- # Separate animals from each experimental group were given to Dr.
\

D.\E‘:. Osmond (Professor of Anatomy, McévilLUniversity) for autoradio- -
o 125

4

graphic studies of the spleen, bone marrow and blood. The I labelled

anti-IgM, previously'described,.was used as the indicator maté&rial in

-

-




Y

this assay (149, 150). . R

RS

C: EXPERIMENTS -,

—— .

1. Anti-IgM Efficacy \

To determine if anti-IgM affected serum levels of IgM, and if the
“ ¢

effect was dose related, the following protocol was followed. Adult DBA/2

]

males were exposéd to a lethal dose of x-irradiation (Cobalt 60, distance

80 cm, fieldsize 20x20 cm, dose 850 rads). They were then divided into

five groups of three animals each: Group I received no further treatment,

and served as control, Groups II - V received, at 12 hours post-x-irradia-
. ~

tion, 10 g, 50 mg, 100 mg, and 200 mg of anti-IgM (lot #2) respectively via

the IP route, Serum IgM levels were monitored through%$he pro;:eduz_'%,
, ; v -
and the experiment terminated with death of the control groups.

2. Treatment of Newborns

>~

From the above experiment, and from the experience of Murgita et

al (143), a dose and route of administration for the newborns was se;]:ected.

-

Starting at 48 hours post-birth, they were to receive, at 48-hour intervals,

AN

10 mg of anti-IgM (lot #2) via the IP route. This schedule was to be followed

until death, or sacrifice of thé animal; ~ At day 28 f:hey were to be divided into

&
two groups. The males were to receive 5x108 SRBC IP on day 28 followed by
, .
sacrifice on day 35, At this time they would be assayed for the immunological

v

s N\
and non-immunological parameters {except autoradiography) previously des-

cribed. The females would be tested only for weight, and serum immunoglo-

- bulins, and then autoradiography would be performed.on this non-immunized
! *

group.




W

] o
Controls were grouped as X\tovpe', but were injected with an equi-

"

valent volume of normal saline instead of the anti-IgM. An attempt was

made to have almost equal numbers in each group, but this proved difficult

because of varying litter size, and high attrition rate of newborn DBA/2

mice. Differenees between group means were compared By employing the
Student's T-test. o

Q

- CHAPTER III - RESULTS

-8 , N
A. MATERIALS i "

1 ¥

1. IgM

A standard curve, using human serum albumin of known concentra-

< i,

!
tion, was plotted for optical density recordings at 280 nm (Figure’l), By

extrapolation from this curve the concentration of mouse IgM obtained from

)

the fractionafion procedures was 4 mg/ml., By both Ouchterlony double dif-

fusion against class or subclass specific antiserd, ahd Millipore electrophore~

° ° o
sis, no contaminants could be detected (Figure 2). \

\

‘2. Anti-IgM '

Ouchterlony gel diffusion with purified IgM r;vealed an antibody

Y
cd

8}

against mouse IgM, and none against IgG or IgA. However, a suggestion

that impurities could be present wag raised by the extra lines of precipita-
tion thag occurred with mouse whole serum. - This was verified when an

irnmunoeiect;,gphoreg is was perfo'rmed. Most probably there are antibodies
. Y : o

( a
against albumin, although the identity of{ghe remaining ban‘ds has not been
ascertained (Figure 3),

E—

‘3. RadioiodinatedsAnti-IgM -

After further fractignation on a DEAE -Sephadex gradient elution

-




s

lowest level of deteetability is 0,03 mg/ml.

g acs
. e o 22 o

o

colurpn, a purity analysis revealed that the antibodies against cbmpoonenté
of whole mous'e serum, other than IgM,. were no longer detectable

o .
(Figure 4). Most of the labelling would then be on the anti-IgM molecule.

4

B. 'ASSAY SYSTEMS ¥

Q
a &

¢+ 1. Immunological ’ . ’

o

a. Serum Immunoglobulin’ Levels .

L

Normal mouse IgM levels are between 0.4 - 0.5 mg/mi (90). To
N [ d ¥, - . Jj

correlate the assay method with serum concentrations,.serial serum

\ (! , N s i

dilutions followed by rqecor'ding reciprocals of dilutions at which precipi- /

Q

tin lines were detectable produced a standard curve (Figure 5), This
¢}

ol

Jd
allows the serum levels {o be intex;preteé in mg/ml, and emphasizes the

reliability in the serial dilution technique. Note that a dilution of 1:16

éorresponds to the usual serum level of 0.4 - 0.5 mg/ml, and that the

\} .
C. EXPERIMENTS ’ ‘ ’

1, Anti-IgM Efficacy - -

* .The mean values of the five groups are plottpdqso that the dose

_ L \
relationship can be more fully demonstrated (Figure 6). Note that the

{ .
half-life (T 1/2) of IEM in the irradiated animal is about 18 hours, and '~ )

! .
that 10 mg of anti-IgM is almosémas- effective in reducing serum levels
b 3 '
9 . )
as th%%oo mg dose. The gel diffusion recording, for 200 mg, before
\ : |

and after treatment is presented (I":igur \{6). . 1.

3
a

2. Treatment of Newborns ' =

O

é& composite‘ picture of the status of control and treatment groups

i8 fcébled (Table 1). Because of smaller litter size, and hdigh perinatal

Y

E
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3

-~

} -
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t ‘ -

1 . [/ \
attrition rate, the number of animals in both groups was restricted. Qf .
) {

. 0r . i
those receiving normal saline injeftiond, there were five males, ~and

-
5

two females, The a"nti-Ith group was mérginally‘ smaller with fou:r

males, and twoﬁfemales. The, remaining animals }‘iad died prior to d%y

i .
28, However, once immunization had commmenced, all animals survived

v

%ntil sacrifice at day 35.

Non-immunological . .

5

“There was, a significant difference in body weight between the two
; B 0"'~ e ) ‘fl ‘

groups (p< 0.005), .In fact, the treatment group appeared to be uniformly

runted with a mean bodby weight 4.9 gm less than the control animals. The

J

. 8plenic weight, and total splenic céll count, reflected the same pattern.
Howeéver, this difference was c’probably secondary to the difference recorded
in body weights, and did not reflect on independent change in spleel}ﬁize.

This is, in fact, corroborated when the spleen weight to body weiglﬁé ratio
. ' , 7 h /
was calculated, and the difference found not to°bé significant (p < 0. 10).

2

Immunological ’ . .

&
14

Serum immunoglobulin levels of all classes were lower in the - ¢

1

treated newborns. Of note, is the totél absence c;f IgM, and almost t:)’tal

W
3

absence of IgA. igGl and IgGZ were, however, decreased but still present
“in readily measurable .quantities. All differences between control #nd

treatment group}s'z wepe very significant (b < 0. 005). -

@

N\

-4, A R . . 31
e Because of the techniques used, 'there was some overlap in the

. kY
R

values obtained by immunofluorescence. This rendered interpretation of

.

» S o
~ s -
l,‘,%ﬁ« "/V‘)
|/§‘:;\MM{ 5 A ]

. r ’
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. the data difficult. Yet in the treatment groups, there wis a relative

’

paucity of cells bearing surface immunoglobulins (p € 0. 005),
Y - .

- B 4

The reduction of direct hemolytic plaques, almost to backé"rgungi
Al A AN o . '

levels, is in accordance with the absence of detectable serum IgM, ang)

reflects the same level of siéniﬁéance (p <0.005). ’

) »

The autoradiégraphic results corroboxjat'e the above findings.

N ‘There was a significant decrease (p 0. 025) in labelled cells*in both | - .
» ’ .
d, and

spleen, bone marrow and blood. The blood samplés were

as a result were not able to be compared statistically., However, the a

most complete absence of cglls bearing IgM surface receptors is istriking. i

,
s
4 4 “ | - -~

Almost all of these were pyknotic with homo”geneous dark nuclei,

I3 Histological examiixation of the spleens.revealled some morphologic

S differences between the groups (Figure 7). The treatqd animals demonstrated
no- germinal geters. However, no attempt at quantitation was made

bécause of the quality of the sections. Qualitatively, it{was noted, both

,in the routine and the autoradiographic sections, that th¢retwas an increase

“

(S

; in the number of erythroblasts in the anti-IgM treated mjce. .These did
| \ .
not ‘labellatnltoradiogr aphically. o
. ¥ C. \
Thlu}ﬁ thednti~IgM treatment of newborn .DBA/2 mice appeared to

deplete the population of cells bea\ring surface immunoglobulin receptors,

and this is manifest by decreased serum llevels of the immunoglobulins,
5 > * -
and inabailiﬁr to mount a ptimary immune respor;se,b Macrosc0pica11y,/

3

. ’ this treatment resulted in partially runted animals, ' ‘ (? oo

1"‘ o
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e o ) CHAPTER IV - DISCUSSION {

A, MATERIALS

In searching for the origin of the impyrities in the anti-IgM
['a) , . A
preparation, "there are a number of key places where this could have .
~ 1

i ~
]

occurred: ) A B
Q — ~ A,
. 1. IgM-~

Although the tests of-purity revealed no evidence of contamina-

' N .

ting serum proteins, it is always p'o\ssible that they were present in

¥ fad

- -

amounts below the 1eve1§f\&etec’tabi1ity. To increase the possibility

« [

° - i
of obtaining a pure sample, a number of additions could be made to jhe

"

protocol.

(i) o

/’ It has recently been found that the plasmacytoma, MOPC 104E,

-

can grow intraperitoneally as a sclid tumor (112). However, the ascites

formed in reaction to the tumor ie extrémely rich in IgM, This would
3 T~ ‘ .
serve as a better crude IgM pool from which to start fractionation,

5

because a larger amount of IgM wquld be available (can repeatedly tap,

‘ascites), and there would be less protein contamination.

K] ————

—
(ii) . _— o

. The efficiency of the fractionation procedure could P,e increased

s —

- s
by the addition of two steps: an initial precipitation with ammmonium -

- v 1 ¢ ,
sulphate, and a final separation with DEAE -Sepﬁadex gradient elution (155),
ese changes, and additions, should result in a purer IgM sample

. . /1 -t
. - o

- y . N

. .
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> '0 . . L3 l .
. i with which to begin immunizations, . .

’

Y. . 2. Anti-IgM S

The use of imrnunoprecipitatedﬁIgM probably served to further
N purify the immunizing ageﬁt. However, this could still be aided by
- R 3 +

using excessive washing rather than simple daily saline changes {i. e.,

N ' Lo )
1 a large volume of 0. 85% NaCl plus' a magnetic stirrer).
H oy }‘ '
b4 e :
With the immunization protocol followed, any antibody response

to impurities would be amplified by the repeated\‘m’jections, and long
3

time span, over which bleeding was perfor"rned. This could be circum-

Mller doses of the immunizing material,))nly one

!

booster injection with inéomplete Freund's adjuvant} followed by an

£ h

b "intravenous challenge of whole mouse serum. If the animals were then

4

bled out five days later, the f}'xplifying effect of booster injections should

selectively augment the antibody sought. - ' I : .
. ) . ,

» ' " Unf ortunately, the anti-IéM obtained did contain contaminants,
) probaﬁly as a,result of a combination o—f.tl;e_f‘attor‘s delc.zéribedf Fortunately,
it had antib(;dy activity only against mouse immunoglobulins with IgM heavfy

{
ou

chains (Figure 3A). That is, . it was monospecific form M, although
' 5 - N ’
antibodies to other mouse serum proteins were pregent, Because\of this

T
3 ’

it was elected to use the preparation without absorptipn of the impurities.

i

- Although further fractionation of anti-IgM via DEAE -Sephadex gradient
¢ ' . . , 9
ities detected in the anti-IgM sample,

4
. elution appeared to femove the im

> 0!




wese¢{nere probably'i:resent, but below the level of detection. ,Therefore,

most of the labelling woqéd be on the anti-IgM immunoglobulin and this

would be adeciuate for the autoradiog;aphi‘c assay. .

B. EXPERIMENTS o

l. Anti-IgM Efficacy ‘ : .

Lethal whole body x-irradiation prevech:nation of new

immunoglobulin producing cells, Some synthesis continues, but’catabolism

becomes the nzlajor determinant of serum levels (18), with the exception of

. IgA \(19, 20), Baaiin et al have studied thi-s phenomenon. By us ih'g single

A radial immunodiffusion they could not detect any catabolism of IgM post

i
irradiation (20). ' By using a more sensitive radioiodination method.they

-

. found the half:life of IgM to be 12 hours, and to remain unchdhged posf\:-

irradiation (18). By using a less sensitive technique, that of serial serum

dilutions, we found a half-life for IgM of aboutnlB*,hqursS. This value cor-
’ - ‘ \ - - A

relates Jg@sonably with the above data,' and with that obtained by Fahey

and Sell in ;10r.ma1 mic.e (TI/Z = 0.5 days) (46). 'Qifferences of this ‘magni-
Y tude could be e>\cp1a'u;ed solely by strain variations (172), or environméntal
condtions (171). It also emphasizgjs 1;h\e reliability of mbeasu:,rem;ents using
serial serum dilutions,
The effect of anti-IgM on serum IgM levels demonstrated several -

- facts. The first is thatthe intraperitoneal route does work., The second
. ’ - “, ‘
is that, although there does seem to be a dose dependent relationship,. the

)

low dosage is almost as efficient as the high. As a runting éyndrome had

.
P - ”



. probably is secondary 'tP the partial runting, as the

.
L

-, ‘ , -

(143), ‘these results led the selection of the 10 mg dose for further

- i}

experimentation in thg borns,

2. Treatment of Newbdorns

@
y “

The results of this section corroborated the find'ggs of other

. -workers, and demonstrated that selective immunosuppression could

E

occur in yet another murine strain, However, there were some variations

a
o

from, and additions to, the previously observed patterns. !
! L4

Non-immunological

N\

Runting has been observed in one other'laboratory (143), and
occurred only with anti-IgM antisera. To avoid this situation a dose of
anti-IgM, which was felt to be equivalent to their non-runting dose, was

utilized, This resulted in partial runting, manifested by a moderate

decrease in body weight, but with no obvious increase in morbidity or

mortality, ) It suggested that this could be a dose related phenomenon,
but afforded no further clarification of t};e mechanism involved.
. .

The decreaseéd mean spleen weight within the anti~-IgM group most

— HEWEU » A4 -

—“_h&’\

spleen weight, when

S

compared to body we\:ight, was not sfgnificantly different from the control ‘

" animals, . \

Immunological T

The immunofluorescent, and autoradiographic assays demonstrated

A}
W

, .
a marked reduction in cells bearing surface immunoglobulin receptors. *

Y ~
Y - v .

£y
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J a

N

. Because the anti-mouse immunoglobulin, used in the immunofluorescence

3

4 o A

\\stﬁaﬁ?s-,*was not specific for any murine heavy chain class, the results

indicated that all'classes were suppressed, This, however, even though

_ previously observed in other studies emialoying anti-IgM, served only as
%)

. %
a semi-quantitative assessment of the degree of suppression.

¢

N 'The autoradiographic analysis\clarified and quantified this more

fully, for the first time, by demonstrating an"alrrllost total absence of cells

-

bearing IgM as the surface immunoglobulin. It is likely that the difference
in‘vah'les, obtained by using the two different techniques, cquld be in part

_— explained by the insensitivity of immunofluorescence compared to auto-

However, even this latter group of cells must have been pattially depleted

in order to give low immunofluorscence values.

This pattern of suppression is reflected in the cell products, and

#
functions. IgM was essentially absent in the serum, and was not produced

“
N

in the primary immune response. The other serum immunoglobulin heavy

radiography, and in part to cells bearing surface receptors other than IgM.

chain claSSe's were suppressed, although not as muc‘h as the IgM, ’I‘hi\s

could be due to modulation of the maturation proc;:ss descr.ibed previously,

to transplacental transfer of these classes, or to secretion from the mother's
mamfnary gla;lds. Probably their serum levels reflect a combination of

> the above factors. Similar suppression, with variations as to when the IgA

returned to significant levels, have been consistent findings by other workers.

'

|

| .

| . - This lends further support to the concept of maturation, and switching, w;1th'1n
| p

|




30,

W

' immunoglobulin classes,

&

| ' Again IgM appeared to serve a basic regulatory function, both
phylogenetically and ontogenetically. Because of this, the suppression

obtained by using anti-IgM could be called panspecific. That is, the cells

<
and function of the IgM class were specifically suppressed,  while only'a

- relative suppression occurred within the other immunoglobulin heavy chain
\ \

classes. In effect, the whole B cell population was decreased, producing

possibly the mammalian equivalent bf bursectomy.

Of interest was the marked increase in erythroblasts observed in
4 ¢ 2
the treated newborns. Because of the impurities within the antisera, it is

- possible that these preéipitate& hemolysis with a compensatory secondary
ery‘gh'ropéiesis. Since both the erythropoietic and granulocytic lines ori-

. - gipate from the same stem cell, perixaps treatment has altered a cén‘cfol_

mechanism with a resultant increase in the erythroid line. Whatever the

mechanism, this may be relevant and probably warrants further investiga-
\
tion. Studies of T cell function, such as ability to reject autologous skin,
4 D \\
A were not-assayed. This has been adequately demonstrated in other studies

on anti-IgM treated newborn mice, and has been found to be essentially un-
changed from control animals (143),

-

CHAPTER V - SUMMARY

- ~

A method for producing panspecific immunosuppression has been

adapted t¥o another immune strain, the DBA/2. The specificity for IgM has, .

7

‘ N for the first time,been quantitated by using an autoradiographic assay. How-

: - X
. ' ever, the inability to totally suppress all immunoglobulin heavy ¢hain classes

»

3
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’ | has again been demonstrated. This partial bursectomy, combined with
. \ — Lt ! N * ’ . ) , LY
" . a syndrome of partial runting could complicate the assessment of abrogat\ion
h . , n - ’ o .
of enhancement, described in Part IIL °
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.» . CHAPTER I - BACKGROUND
LY
. A. TUMOR SPECIFIC ANTIGENS e
t
1. Evidence . \3 ‘ ' .

In the first part of this century, it was demonstrated by such

distinguished scientists as Ehrlich (43), that experimental animals

could be immunized against transplanted tumors. However, with the
introduction of inbred straing qf mice circa 1925 -~ 1930, it became

&; apparent.that what was thoughé to be tumor immunity, was simply an

ual%ograftlreagtion. Enthusiasm subsqu.ently dwindled, and was only

\ renewed with the demonstration that neoplastic tissues contain their own

»

B . &

- indigenous antigens.

. 2. TXBeS, .

- At.present, two classes of tumbr specific antigens have been
N .

@

identified.
a.

. &
e

! By employing transplanteﬁ tumors, induced by the cherr:ical

, carcinogen 3-methylcholanthrer‘1e, Gross (62), Foley (51), and Prehn -

a

and Main (157), demonstrated that tumor specific antigens do exist.
Recently, Reiner and Soutl':am (164) reported tixa.t the tumor specific
é;itigené_m this system are’ unique;5 for each tumor. - This pr‘op‘\erty of
non-cross reactivity has subéeciﬁently been extenfed to other iriduci_néﬁp‘

® ‘
a‘gen‘g: (ro1). . . v N

L

8
5



'
- .

L

\ syngeneic (168) and allogem\eic (25, 30, 31, 169) tumors. Cy

® b.

\

. In contrast, virus-induced tt;mors‘ cross react-antigenically witlll
all otherutumo‘rs i.nducéde by th‘e* same virus, regardless -Jf the morphologic
appearance of the tumor, or the similarity of animals bearihg the tumor (177).

c. | ’
To extend the cor:cepi: further, Si.mmﬂons~ et al demonstrated '{xon-
cross ~re\acting or private, and cross-reacting ox public antigens on the
same n:eoplasm. This held-for chemically-induced"(‘l75), viral-in;iuced
and spontaneous murine tu}nors (176), Such findings demgnstrate that
tunﬂlor’ specific antigens probably exist for all neonpl’asms. All that is re-
quired a;e techniques sensitive enough for their detection, ..
)

B. IMMUNE RESPONSE TO TUMOR SPECIFIC ANTIGENS

"

! N t
The existence of tumor specific antigens does not necessarily imply

- s

\.\\\‘
that an immune response will be elicited by them. The evidence now indi-

cates that this, in fact, does occur but not always to the benefit of the host.

-

1. T Dependent System |,

-

There is now considerable data showing that lymphoc"yt.es‘of the }

AN

thymic axis mediate tumor cell destruction. These cytotoxic lymphocytes

o

have been demonstrated in vitro (25, 30, 31) and in vivo (168,169), both for

-

2, B.Dependent System - §

The role of this'level of the immune respor{se is not as _well;def'ined. >

That circulating-antibodies can inhibit the growth of allografted tumor cells

w't” ¢ . ’ ’ ”



.
N
B \
I ¢ 1
T 0

has been sho;:vn (100). However, that serum from tumor bearing animals

can also protect against the cell-mediated killing of tumor cells has been
repeatedly demonstrated (68,70,72)., The significance of this latter effect

is not yet fully established, but it appears that it may contribite to enhancing

tumor ‘¢ell growth (71). - o * ‘ o

4

I '
Thus, a neoplasm may incite an immune response to its tumor

Vs . ' ) N R N
specific antigens, but, depending on a number of factors got yet fully recog- .
o« Q N
nized, this may be deviated towards facilitating tumof growth rather than

R

the pro&uction of tumor cell destruction,

%

_ C. ENHANCEMENT

Since the initi'al\obs ervation of the phenomenon in 1906 (49, 5;0), it -
has been found to applyﬂnot Snlf to tra.nsaplanted allogeneic tumors, but to
», non-neaplastic co;zditions as well (52,136, 184). We will be concerned only

with its implications in the control of neoplastic growth.
N Q - 9

1, Definition

In order to account for the general significance of the phenomenon, .
o
the following definition has been proposed by Voisin: "Enhancement is the
; . TN
mechanism whereby an antibody promotes the persistence of the corresponding
« b g T — .
antigen by preventing it from inducing or undergoing {(or both) immmune re-

~ - -jection'{194).,~This definition distinguishes enhancement from those conditions

involving induced- immune unrespons%venes% (57). L
\ o ' 2
2, Methods of Production , S -
 Three procedures have been utilized to pfoduce enhancerﬁegs, Their, ¢
oo s . » , oJ-
4
a . 3{

. JXJ .
PRI &

'
. N
1 o ~ - i
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aspects evoke the concept of classical immunization methods.

a. Active Enhancement

\
\ -

Pl
This is accomplished by the admin\istration of immunizing 'mjectiIns,
0 g ©

¢

prior to tumor- chwallenge. The material used can consist of either normal,

3

{

or neoplastic tissue, from the prospective éraft donor (194).

B

b. Passive Enhancement

In this case; serum from an actively treated animal can passively

i

transfer the ability to enhance the growth of allogeneic tumors (85, 87).

€

¢. Adoptive Enhancement

°

3 e
Enhancement has also been transferred adoptively to syngeneic animals
AY - 3

by means of lymphoid cells from acgiv'ely pretreated mice (38).- In general,

active’ enhancement reflects the clinical situation, -while passive enhance- -

4 , i ¥

- ment produces more stable results, Indeed, many cc;rnplex factors control

the direction and intens ity of enhancement,

3. . Factors Influencing - S e

+ As active enhancement was employed later in this study, a discussion
of the factors of variation will be directed towards this aspect of enhance-
" - N 5 Q

Y

ment production. N o

1

a. Non-immunological -

Many factors of a non-immunological nature are likely to affect the
production of enhancement in a given tumor allograft. ' These include growth
rate of the tumo;j the degree of histologicaf\dﬁfer entiatiap, ‘and the intensity

\

and rapidity of.its vascularization (194).

: -
- .
} . ) : s - -
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b. Immunologigal . o i
» . ¢
The host's response to immunization probably has a bimodal

AN

.~ s N
pattern; this reéeqts the biphasic immune response, With the cell-
- - ! . ER

-, f »
N £ ~

mediated response occuyring early, followed by a humoral ani:ibédy
R,

' »

resbonse productive of e;ﬁhaﬁcing allntirbody (89). ‘Any protacol must
. " 7 i N
' 3 * : - - 3 N
be assé€ssed in relation to these considerations.

L)

o .
(1) unization Procedure ’ .

L 7 (a) Antigenic Preparation: Type .

o <, ) 7 "‘71,_-

\,Tumor, or normal tissue, can serve as the immunizin‘g material.
<

These can be either modified, but a-l*iv?:(ig-ﬁ,——or killed —and—eaet—i'aete.d.

the extracted preparations, supernatants of saline homogenates seem to
L - ' : -

be the most efficients(39, 88). Repeated freezing and thawing seem to

improve the antigenicity so that storage c}%(.)es not present a problem (88),
. s i N
In-all, the common denominator seems to be the liberation of soluble anti-

r - .
) ar

gens, '’ T

'

(b) Antigenic Preparation: Dose )
L} . —

Both Kaliss (86 ),’;nd Vaigin (193) have reported a definite dose
relationship: low dbses favor iphibitioi, medium do:s,es behavelike un-

treafed control‘s,. whilelhigh doses praduce enhancement. .
lg ‘

° 2 ]
=

(c) Antigenic Preparation: Route of Administratidn .. °
: : f

In rabbits it is known that the intravenous route (181,193), supercedes

intradermal injections (123) for the 'productib‘n of enhancement. In mice-the

‘\é‘ ® ¢ ,

intraperitoneal route appears to be the most efficacious (39).
. ‘\ M ‘

IS
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o .
° a

(d) Antigenic Preparation: ,Immunization Schedule

w

Hyperimmunization, or any schedule which utilizes the bimodal

(‘

nature of the immune response favors enhancement (89), Voisin estimates

that this begins 3 - 4 weeks, reaching a max\Lmum about 8 weeks, pos't-

:

initial immunization (194), in allogeneic systems. However, the enhancing

Ay
o,

activity may not persist for ﬁohg a peridd in ‘syngeneic models (26).

3

(ii) Nature of Grafted Tumot
)

.
-

In allogeneic tumor transplants, the, ease with which enhancement

+ -

N\ -
is induced is related to the'in vitro resistance of the tumeor cell to the cyto=
=T

toxic action of the serum (58, 88;179)," THis res‘fstamvirrtur%rwas»invez:sgly,__ﬁv

* AN

related to the concentration of surface antigenic receptors (H-2 antigens).

' ”
) 4 [

5 > b,
o

(133')-_ -

In‘syngeneic tumor systéms, enhancement is specific for tumor

specific antigens (73), but any relationship to cytotoxic antibodies has not

\

’ -~ - .
been demonstrated, ’ !

v
f - v

(iii) Nature of Recipient . -y

r
I

Four attributes are particularly relevant: the species, strain, sex )
- | . 4

and site of graft implant, P -

R
_/—/’\/ !
.
. ,

. . Most work has  been performed on the mouse. However, enhah
*

can be demonstrated in*the rat (49, , ?uinea pig (144), rabb{t {(29), and
R 1 : )
B . .

S

i (2) °S‘pecies
&

\ L]

dog (142). & . ) . o

hYl N ~




- ———(d)-Site of Implantation ___ _

N ‘ (b) Strain

o .

) 3 .
In mice, some strains are more susceptible to enhancement than
others. " The best are C57B1/6Ks and C57Br/a (180). This probably re-

flects strain difference in the biphasic immune response (89).

c) Sex .
(c) Sex - o
Females tend to have stronger imimune responses, but exhibit

— v . - ., - - \T\\\_‘
greater difficulty in producing enhancement (58), For this reason females

!

are usually used for production.of antisera, while males are prefe\fi'red for

-

enhancement studies. :
¢ O

H

This-is of some relevance in determining the outcome of an experi-
~ .

.
‘ment. In the BP 8 Sarcoma the intramuscular site is more efficacious than

a subcutaneous implant (58). This may be related to antibody, and lymphoid

cell, access to the tumor. ° -

’ N

4, Mecthanism

The theories proposed to explain immunological enhancement, on

-

. the basis of whether antibodies modulate the neoplastié tissue orthe host's

| ‘ .

response, ‘can be placed into two categories.

K

a.” Modulation of Neoplastic Tissue

, Moller argué;d that the rele\}ant variable for the induction of enhance-

1

ment was the presence’of antibodies against all major foreign antigens an
tumor cells; the specificity of the phenomenon indicated that the antibody

interfered with the immunological relation between the tumor and host rather

- A

oo

\’f,

\r—
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A

N v
' than produced an antibody-i;lduc ed alteration in the ‘tumor cell (134), °

Subsequently, he was unable to demonstrate that antibodies directly
' ¥ ,
s - change properties of tumor cells (135). Therefore, the hypothesis of
& -

s \

-

l _ tumor dell modulation is unlikely. ' :

. b. Modulation of Host Response

¢
. . . . . . “« - .
/3 ‘ i If antibodies are to interfere with the host's response to foreign ,
. . ) B A\
) antigens, the modulation could occur at threq different levels.

. T (i) Afferent Stage ) ) . T ’ -

N . . . - - -

This refers to those events involved in the presentation of antigen

e e e .. . . &

T ' : . ; 1 ! N
to the potentially reactive lymphoid cells. For afferent enhancement to

AW

exist, the antibodies would have to render foreign antigens inaccessible

by ''coating' the tumor cells. For some tumor systems, both in vitro

(63,134) and in vivo (63), this appears to be the only releviant mechanism,

E)
| A

. ‘ « (ii) Central Stage

t

. 1
For enhancement to occur at this lgvel, antibodies would have to

. /:
act directly on the immunologically ¢ ent cells and specifically de-

crease thWi/(l/Sl,}&?, 186), or complex with soluble foreign N
antigen ongtb;e surface of the lymphocyte so that target cells would not be 3

- 1
>

recognized (21).
-

However, since both afferent and ¢entral enhancement lead to a
ﬁ M o - ©

o

decreased number of effector cells, it is not surprising“fh'at assay systems

are often unable to differ entiate between the mechanigans (63).

-

- o e,

S v !
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® (iii) Efferent Stage _ :

~—  Efferent enhancement necessitates antibody attachment to the

“

target cells,” thus preventing killing by c‘yto‘cox'ic lymphocﬁés. This has

-been well-documented 'in vitro (24, 122) and ima.y occur with human urinary

»

bladder carcinomas (28).
In any given system, in vivo, it is difficult to ascertain which of
these mechanisms is operative., Probably they act in concert and exert

a cumulative effect (10, 160),

D, SELECTION OF METHODS EMPLOYED
: . ) ;
As the object is to produce enhancement in syhgeneic murine

?
o

‘ " systems, and thus ensure that the phenomenon is due to antibodies, to

-
™

tumor specific antigens rather than transplantation antigens, all of the

4 ’ - ~

- influencing conditions must be manipulated so that the possibility of
producing enhancement will be maximized. These are summarized as
*‘ Fo‘ﬂb&vs: active immunization to more closely approximate the clinical

'usitﬁation; weekly intraperitoneal immunizations with llarge doses of ex-
tracted tumor tissue; challenge with viable tumor cells so thaj: tumor
| .
growth will €oindjde temporally with the presence of enhancing antibodies;

-

male recipients “with subcutaneous (SC) implants. This combination of ©

3

- the factors involved should favor the production of enhancement. "

~ - ! N

] CHAPTER II - EXPERIMENTAL DESIGN
z £y

’
N A, PREPARATION OF MATERIALS |

. 1, Tumors
. A v

. S ,
' Two tumeors, both indigenous to the same murine strain as

!

3
i
-’
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employed in Part I, were chosen for the study. ‘ -
a. P-815-X2

This mast cell neof)lasm arose (1956) in orchiectomized DBA/2

E—-

males probably in response to the chemical carcinogen 3-methylcholan-
threne (41). It rapidly de\fgfoped an ascitic form. Potter and Dunn have

tabulated a dose-response relationship for the IP location, and found that
the time of death was inversely related to the number of viable cells admin-

- hY AN

. istered, and that there did not appear to be a sex difference. They did,

] o
i

however, find metastases in the liver, spleen and nodes..

“ - L3

- Throughout the cé\urse of this study the tumor was passaged in

the asciti¢ form, in DBA/2 males, by weekly transfer of ascitic fluid. -

< \
t

' SCchallenge was performed as follows. Day five (post-IP transplant)

° 8
ascitic fluid was taken, and viability (varied from 92 - 95%) ascertained

«

. by Trypan blue exclusion. Dilutions in HBSS were done to achieve a given

viable cell concentration. These cells were then implanted in the SC tissue

[

ofsthe right axilla.

b. "T1699 1 e - -

<

This well-differentiated mammary adenocarcinoma arose in DBA/2
fen{ales, as a spontanequs tumor in 1965 (79). It has nev;ar c0nvertead to the

scitic form, ~bu‘l: caﬁn/Eg: carr_ied éither as a SC implant, or in tissue culture:
Since the tumC,)r specific a\,zitigens are more readily detected when the tumor °
is maintained in tissue culture (personal communicatic;n - Dr. S. Haskell,

McGill University), this method was employed for maintenance, and for SC

impla;lts. They were performed as for the P-815-X2 except that the location

T T Y — e
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. of implant was the right milk line. i

2. Tumor Specific Antigen

Both the P-815-X2, and the T1699, were SC implanted in separate

kgroui)s‘ of DBA/2 _rx;\@les. When the tumors reached a size of one centimeter,

-
[

they were aseptically excised and used to make tumor specific antigen (TSA), "

3
\

RS & Two preparative prbcedures were employed, and the preparations labelled
L3S -7
\ TSA #1 and TSA #2 respectively,
a. TSA #1
N

This method produced supernatants of a saline-tumor homogenate as
described by Day et al (39).” The tumor was combined with an equal volume
.~ of 0. §_§% NacCl, and homogenized in a blender. The homogenate was then

sequentially centrifuged a;_.BQ( g for 30 minutes at 4°C and at 8,500 g

AY
Jfor 30 minutes at 4°C, to Produce a supernatant which did not contain parti-
“"
- -
/ culate material, or viable cells. This corresponded to Day's 'full-strength

Py

supernatant'!, Subsequently, it was stored frozen until use (88).

b, ' TSA #2_
N In order to extract tumor specific antigens, a method that was

describéd for the production of soluble HL-A antigens (165)3\%3.5 modified.

ES

50 x 199 tumor cells (viable and u;;wial?le) were suspéndeé in HBSS, pH 7.4,

. “ containing 3 M KCL. This was r‘niXe(‘i for 16 hours at 4°C. The homogenate
was then cez;tfifﬁged at 163; 000 g (Rotor 50 T1, Spinco Divisi;)n, Beckman
Instruments, Inc., Palo Altc;, Cglifornia) for one hou; at 4;OC, followed by

a 24-hour dialysis against 0.85% NaCl at 4°C. This formed a gelatinous

. %

‘ -+
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P : #
o/
' 4
’ precipitate which was removed by centrifugation at 1500 g for 20 minutes
- A v N

at 4°C. The supernatant was considered to coﬁtain the TSA amd .was stored
. in the frozen state until use (88). . N ‘ )
N The P-815- X2 had TSA prepared by both methods #1 and #zi As
/  subsequent experimentation demonstrated no difference between the effi-
' cacy of these preparations, T1699 TSA wais prepared only by method #2,

A portion of T1699 TSA #2 was frozen énd thawed, a portion lyo~
philized,\ and another portion was suspended in buffer (Glycine 0.5M, Tris-
0.2 M, Mannitol 0. 5%, pH 8,0) (84) and fractionated on a Sephadex G-200
(Pharmacia Fine Chemicals AB, Uppsala, Sweden).column., Subsequent

immunofluorescent testing for TSA (Dr. S. Haskell, McGill University)

~

A

revedled that only the crude preparation had éatisfactory activity levels,

4 - -~
i

T};erefore, only 'it was used for immunization procedures.
h 3. Animals
DBA/2 males, six to eight weeks of age, were employed in the
following experiments. The remainder of their descrip'gion is as stai;ed
in Part L ‘ ' " v;@

~~ B, ASSAY SYSTEMS . . B .

¥

Tumor size, expressed as the product of two'diamters at right

angles to each other, was measured. Individual values were used to

calculate the mean + standard error for a group.

Fi

1. P-815-X2

Because of the consistent growth pa,ttérn of this tumor, it was

. p
o

s




o \EP?
> * 44
3
%
. possible to construct a standard curve comparing the number of cells

injected SC to'the tumor size obtained on a given day. This allowed indi-

vidual tumor measurements to be converted to, and expressed as, 'tumor

cell equivalents', Using these values, group means + standard deviation
- o ’ - ‘ {

cé;ulif?ae caltulated, and group differences compared via the Student's T -
- |

test. N

2. T699 : ) J

Because of the less consistent growth pattern of this neoplasm,

« were comlia.red in
-

-
regard to the incidence of tumor takes, the ra :ﬂ?rogpessors to regres-
tu

a standard curve was not employed. Instea
\ .

\

sors, and the latent period between challenge ; mor appearance, Again,

group means were evaluated by the Student's T-test.

L}

" C. EXPERIMENTS

» 1. P-815:X2 ' }

a. Dose-response Relationship

Tumor cells were prepared and injected as previously described.

Groups, consisting of five animals, received the following doses of viable

[ *

tumor cells: 500, 1000, 2500, 5000, 10,000, 50, 000, 6100, 000, 500,000 and
1, 000, 000. “Tumor measuiément, as outlined above, was performed. Autop- .

0 sies were performed t6 search for metastases in the liver, spleen or lungs.

b. Enhancement

(i)

E
Mice were divided into twd groups of ten animals each. Group I’

_ received TSA #l, 1 cc IPon days 0 and 7. On day 14 a challenge of 500 viable \




Co . o n

. tumor cells was given SC as described, Group II received 1 cc injections

5 &

of 0,85% NaCl instead of TSA #1 and served as the control.

\ s b

\ (ii) o )
ro - ' ) o v )
\ '~ .This was identical tOj:(i), except that TSA #2 was used instead of

TSA #1. \umor measurements were perfqrrhed as usual. Autopsy searches

were again conducted.

v

. 2. T1699 - -
, a. Dose-response Relation%hig ‘
1-1 . 3
- ) Tumor cells were-prepared and ihjected as previously described.

/

_Groups, consisting of ten animals, receibed the following ddses of viable

)

i

oo tumor cells: }/Ol, 102, 103, 104, 10°. ;{outine tumor measurement was done.
y ( v "r\“"'Autops ies were performed to se;rch ~£o;- metastase:' in the liver, spleen or
v ;
, lungs, .
% Enﬁancement R ‘ -
Mice were divided ’into two groups of ten animals each. Group I
e K rc;,c,eived TSA #2 1cc IP on d;ys 0 and 7. On day 14 a challenge of 10°
) . viable turhoc:r cells was given Sg as described. Group II received 1 cc in-
fec;eions“ of 0.85% NaCl instead of TSA #2, and served as the cgntrol. A
® _ search for metastases was made at autopsy.
, . . CHAPTER III - RESULTS i
'~ =--A, MATERIALS
S ) > .Y
L 1, -Tumor Specific Antigeh.

Y _—
The Sephadex G-200 separation of T1699 TSA #2 was pooled and

k N
.

1
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o

concentrated (Diaflow UM2) as four fractions (Figure 8). Thé crude

v

TSA #2, the crude TSA #2 frozen and thawed, each of the above fractions,

“and the resuspended lyophilisate were tested for the presence of TSA via
immunofluorescence, Unfortunately, only the crude 'samplés retained

\ i

adequate activity. For comparison, H-2:antigens were also tested and
recorded {Table 2), > i . : .

. B. .EXPERIMENTS . e T

y
7

=
ey

&
I
i

. 1. P-815-X2

a. Dose-response Relationship

v -

The dose-dependent relationship of this tumor extended to all
facets of tumor growth: latent peu;;:ipd, growth pattern once estabiished,
& ’f;ﬂ‘ ,

and time of death (Figure 9). Note that the greatest consistency existed

-in the size range of 0.50 to'l.00 cm., By extrapolating the

¢

-it would take a given cell challenge to achieve a givef size, it was possible

2

to plot a standard curve of size isobars, (Figure 10). This serves to empha-
N .

size the regularity of growth pattern that this tumor exhibited, and allowed_

Ntle changes to be detected. No'ﬁe that this was possible because there

A

were 100% tumor. takes. Autopsies revealed no metastases; death was from

. . -~ ‘ 1

local invasion. i ) ‘
| -
b, Enhancement
(i) TSA #1 ‘
™ The group which was immunized bad a growth pattern that was

- - L

shifted to the left of the control group (Figure 11). Latent period, rate of
% \
growth, and time of death were all affected so that the shape of the curve

~
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- . ERN
did not ‘;ﬁang,e. ; When these values were converted to tumor cell equivalents
///.b T v . o

L . ' §
thé"écontrol group behaved like a challenge of 13, 89348586 cells, and the im- °

munized group like 114, 000+33, 246 cells. This difference was significantﬂ

-

at the p<, 05 level, - , ’

— ' ' / ) .
' “(ii) TSA #2 e

The gpme pattern occurred, with tumor cell equivalent values of

. o
’ 4940i2125 for the non-immunized, and 82, 333i16, 343 for the immunized-

SN S|
» -— (Figure 12). This was significant at the p € 0,01 level. Fortunately, a

s
-

relative cpﬁpar'is"on can be made between TS},L #1. and TSA #2, as they recei-

'ved the same effective cell dose at the same time, Probably no real différ—

i

. J 5,
ence in their effectiveness.exists. qudwever, it was decided to continue -
1 \ -

. . . ) '
experimentation with only one preparative method, and because TSA #2
\ -

' : .

gave higher ratios, it was selected. Autopsies revealed no metastases.

2. T1699 - \ 4

Y

: o a. Dose-response Reldtionship
™~ "
A dese dependent relationship for this

A

neoplasm is evident, but a

graded consistency is not readily apparent (Tabie 3).‘f With a challenge of

R | R

i . .
103;"or less, viable tumor cells no takes occurred. When challenged with

164 and 10° cells, tumor growth followed with a respe&tive increase in tumor

'Y -

takes with increasing challenge size. An exact relationship between challenge

dose and subsequent takes cannot be determined from this data. However, a

'

90% take rate would be expected if 105 viable cells were‘1 employed. Note that
|

at this challenge dosg a tumor which eventually regressed occurred. There

t
o

9

e -
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appears to be a low incidence of this- phenomenon (about 11.1%), and a
larger group of ani;mal‘s would be required to ‘establish the frequency of
this occurring., Whether it oc‘cufs; with, a challenging dose of 104 cannot
be assessed because of the small nuinber of animals involved,

-~ In addition’to th;a‘ above parameters, the significant dec;rease o

(pL 0. 005) in'latent period with increas ing challenge ‘size suggests that

o

. @ dose-responsek phenomenon exists.
To further clarify the relationship, the growth pattez"ns were

plotted for all tumor takes (Figure 13). Because of the wide variation
? b

x i —
encountered, mean values were not calculated. Instead the growth ‘curves

of individual neoplasms were charted. ' In addition to reflecting the variables

previodsly discussed, several distinct patterns of growth seemed to emerge:

1
et

1. Progressors - ' . A -7
- %

, - ] , ‘
—— - ’Al‘lwgf the 104, and four fOf the 10° challenge doses progressively

7, . . e I . T . . - ’ .
increased/in size with no evidence of regression at amy point in their growth

v

A :patter‘na - S f

2y

w ! 23 [

2. Progressors with Regression

’
¢ ’ s ~-

. y
In three of the 10° challenge dose, progression is\felayed by a

period of regression which is maximum at 50 to 60 days post-tumor chal-

) P

lenge. =~ . ( y x
‘ . ' ~
After this interval of temporary regreéssion, ,the tumor continued

to enlarge with eventual death of the host.




3

. , 3. Regressors ’

Although only evident in one animal, this became apparent at

3

y ’ » ) ¥
the samfe time at which group #2 was showing maximum regression,

-r’

This suggested that in a certa‘.in:'propdrtion of animals, a critical period

Lo i .
existed which determined the eventual tumor response, progression versus

R
! '

v regression., '
> ’ ‘ +

i . " Because a challenge of 10° viable ce{ls gave a ﬁigh percentage

o

/ .
of tumor takes, produced a regressor, and demonstrated seme variations

Cap
¥

in growth pattern, this dose was selected f7’r use in subsequent enhar‘i‘cerirent

- e attempts. However, the inhefent variabil/{ty of the parameters made this

| _ - . :
‘turmor-more difficult to assess,, and a stahdard growth curve was not con- ,

Ve f
v

structed.,” Necropsies revealed no evidence of metastases,

~— "y—/’(—'

v .

. b. Enhancement

4

By corﬂpai’-.ing the resulty for enhalnce'rnent (Table 4) with the dose-

.

response relationship for this tumor (Ta[ble 3) in regard to the number of
© ‘l:}d”— ¥ , \ ! \ 4
- tumpr takes, and the latent period,” it appeared as if the control or non-

.\

. irnmyunized group had received an effective challenge of between 104 and 105
| - ' . '

i ~ neaoplastic cells, Fortunately, for this conti;ol dose, a numbgr of regressors

were present, but their relationship to'challenge size cannot be interpreted
¢ o ) -
bécause of the sritall number of animals involved. *y
\ -
When the treatment group was compared to the control.group
& -~ . ’

*(Table 4), no real change in the incidence of tumor takes wa:g"evident, although

A}

v

L

. the latent period was marginally decreased (p<0.10). This indicated that the

-«
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¥

i

! , ) .. 50 o
N n& .; / AN
\} . o v
“ i }L_J Y
treatment group behaved like a slightly higher challenge dose. The o
- 4
N o 3
absence df regressors was noted. . . . Do
. "t I hY

. maximum at day 30 to 40.

'

‘-munized groups {Figure 14).

"pattern than was seen in the controls. ) -

Again, tq see if further clarification was possible, the growth

pattern of individual neoplasms was plotted fc;rn non-immunized and.im-

No attempt to express mean values was o
L

made. f

I
~] ry

* {
Within the control group three growth patts;.gx)were evident:

there was one progress’or, three progressors with regression, and
< T -y b
three reg:‘essors. Maxinum re%if'ssion occurred between day/;B‘O and
]
50 post- turnor challeng‘e In the treatment group five neogofrn’é demon-

4

strated progresswe growth, and one combmed regression with progressmn,
- [

This group haa.d a marginally steeper growth . -

A

"

W ’ N '
't \ Regressors that were followed for four months never dezﬁioped
o o furtl;.‘exi neoplastic‘gréwth.‘ Autopg\ios i-;vale?'deatﬁ& from local ’mvasm;r\l,
.without rﬂnetasta_ses: o ' 5
) " CHAPTER IV - DISCUSSION - ° h
. g
" A, MATERIALS T ~ o ¥

”~s

1, Tumor Specific Antigen i‘ ,

- . {
. ! ~7 ' N
A numberYof attempts have been made to solubilize tumor specific

» *

antigens of both carcinogen-and viral-induced neoplasms. .Usually, the

yield of biologically acbive material was low, and the materials proved

e [ X
to be, labile (7,23, 76 124 147, 178). A ,/-'* ‘

. ’ —
£y © B v} 3
”

a

[ — o
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. ‘ As an efficient salt extraction procedure for soluble HL-A

. 3 .
1 ’ ¢ '
®ntigens has been described (165), and as sufficient biplogical activity

\

was retgined by this method to create "blocking' in ah in vitro alldgeneic_ )

systém (2 01'),' the technique was adapted to prepare TSA frem syngeneic

-~

i
/
!

o N .. . g
o [ IS

— ' solid tumors. . . .

Subsequent immunofluorescence testing revealed the presence of
TSA in‘the crude preparation obtained. Further fractionation on Sephadex

N

) . G-200 revealed that TSAAetiuted in the same area in which H-2 activities are

. found (183) (Figure 8, Table 2). This entity would then-have a high mole-

F
cular weight (about 50, 000). Although immunofluorescence detection of TSA

was a semi-quantitative technique,- it has adequate sensitivity. ' Therefore,

» A ‘
) - f - . .
it wbuld appear that some biological activitygwas lost upon further process-.
. , | ., i s
ing (lyophilization or f;*acti.tonation). This loss appeared greaterithan that =
CL ) z \ ]

. found after limited papain digestion 1')1113 Se;;hadex G-150 geparation (1,02): .

2.7\ Fortunately, little loss occurred with freezing and thawing of the ctude

\
.

@

material, , / - C,

o s q o e

‘ Aven though the {rnmunoﬂuores}:ence testing indicated that there

probably was biologihca\ ‘activity, ‘the biological efficacy had to be tested in/

[ o L4 ' s .
@
'a tumozr szrstem.( , e . oo \
B. EXPERIMENTS ) ’ \ o .
. 4 _ / a - N v ~ M‘
1. P-815-X2. ) 2 L
b / — . - R S
° . a. Dose-response, Relationship -

{ . , ’ . $ . .
’rI‘he. consistent and reproducible dose-response behaviour of this
' . ) . 3 Q’ h g R 2
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1 ~

neoplasm as a SC implant, has als"b‘"l?een shown for the IP route (41).

This permitted the construction of a.standard growth relationship éo

¥

faciljtate the expression of enhancement, However, it,also indicated

A 1 N

that éhaﬁges in growth pattern would be subtle and' diffitult to ddtect.

k]

For th_i.s?&*éajSon it was decidéd to use the 500 cell dosagé as the chal--

% ¢

lenge i/n;the"ensuing‘enhancement experiments. The fohger latent

-

. ’ g o
. period wifth this désage would also allow full advantage to be taken of

the time réquired post first immunization, to deirel\op egl;\fxcing anti-

]

“bedies (194). . ) .

7 . h : A
b, Enhancement < :

b —

w " , .
That there has been a change in the growth pattern of this neo-
- i .. -

pl&sm was ohvious (Figures 11 and 12), and statistically significant, How-
- - A

. . . . -7 . . s
ever, did#%his meet the requirements necessary for its interpretation as
N R4 f

énhancement? The immunization procedure with TSA #1 or #2 provided
S . a .

.the antigenic stimulus. That this material was in fact tumor specific

) anjﬁigen was accounted for by the fact that H-2 differences were circum-

% .

vented by employing syngeneic tissue (Moller qpeét/.ioned this because he

felt that transplantable neoplasms acquired the properties of allogeneic

N ~

. ] . »
tissue with the passage of time) (135).. This c‘ttraﬁicted Brunner's find-
| \

ipgs that P-815-X2 demonstrated no evidencé of TSA, However; these
- I - . ’ \’ , '\ - : . . ":- ~
studies were done in vifro (25). Because of the careful selection of para-

=4 ! N _%, . e b |

meters involved, the time of tumor growth corresponded fo the time when

. I'd

antibodies to the TSA should be present. As other factors gemaihed
- . ¥
- R ‘ 4
o . - \/J

A 1(-»‘“
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—

constant, the c]dange in tumor cell growth can only be‘attribg}t;gd to the
\ N

eff\ec’t of‘the antibody to TSA, These c_onditiqﬁs, therefore, met the

!

requirements for enhancement (194/)( Thus,*wéyngenelic enhancement
v . :

of P-815-X2 6céurred.

- ~ .

From this, however, no at‘cerript to explain'the mechanisms

involved was warranted. .o
= ‘ \
2. T1699 . TN
: . - - . ! .
, a. Dose-response Relationship .
1
" ¥

~

Consistency in the growth behaviour of this neoplasm has been
| :

- 3 3 b.
observed for SC implants in other locations (right shoulder area -
3 " - —_ w
personal observation), However, since it is a mammary adenocay¥cinoma,

°

— > o

with profaalble estroge; dependence (personal dommunication « Dr, S,

A T e

Haskell, McGill Univ'érsity) it was elected to evaluate iti growth'in o ' 4

B ~

‘ +
poténtial mammary tissue by injecting it SC in the milk line. For con-
- -} ) ) { & . 3 -
sistency only the right side was employed, although there-.is no reasgn

i

to expect a different response on thﬁ left.

- In this location a graded response seemed to occur, When 103,*
a [ 3]

———

o.r‘__less,’ viable‘[cells were empilloyed as challepge, no takes occurred.

4

This reflected tumor cell rejection by the host-and Moller's explanation

. . = g

may be valid‘(13§). However, when a crucial size of cell challeng¢ was
. i ” u{ oW ’

surpassed, takes ogcurred. This frequency appeared to reflect the chal- i
R} o

> .

lenging’ dose, although.it was unknown if there was an upper value which

“

7

would result in 100% takes.

5]

&

[N ' ‘

-
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. The latent period before tumorp appeai'ance also correlated well.
Therefore, an estimate of the challenge s:ize could be made by assessing
take frequency -ar}d latency. The three patter;ms of tumor growth apparent A
from the graphs (Figure 13) were rthore difficult to interpret. Even éhoughn

- s this was evident only at a challenge of 167 cells; the small number pf ani-

~

« mals involvéd did not negate the p,o's sibility that it may have occurred at

- {
bther cell challenge numbers. Probably it does! Yet, the patterns were k

~

intriguing, for there existed a group which appeared to be midway between
C .o h .

-

~

" progressors and regressors. At a particular time the tumor growth re-

’

N

- gressed, and then plateaued. For unknown reasons, they subsequentl

ﬁrogressed. Perhaps this reflected the biphasic natureftof the immune

g response (89), At any rate, this pattern of tumor growth would be expected
. . R
to be sensitive to immunological manipulation, and may serve to demon-
O § °

°

A strate enhancement. *

.

As a result of the above factors (takes,. latent period, and growth
- - A

~—

_ pattern) it was decided to use 105 cells as the challenging dose for further
o ” ]
enhapcement studies. N

o

The absence of metastases cannot be commented on.

= @

‘ . D b. Enhancément
2“:\\\ Using the above criteria, takes and latency, it appeared that the
B Y . . - t o ¢ N
" : control, or non-immunized, groups received a cell challenge of between

. [
o

/ & . -
104 and 195 in number, When the immunized group was examined, there

.

<

‘ B *  was no real changefin take rate, and only minirmal decrease in the latency
'3 t " ® \ -

?




&

] A

periods. This behaviour, corresponding to a small increase in the

a

challenging dose, could be considered suggestive of, but not conclusive

evidence for ephanced tumor growth,

e a shift from the non~immunized to immunized groups in that less regres=-

‘sion occurred in the latter. It appeared that, at the critical period mention-

: A
ed before, the prior manipulation of immunization with subsequent antibody

P B e e

formation exerted some effect so that progression was favored. The

.

mechanism cannot be surmised, but this shift from neoplastic regression

to progression was evident,

B T

. : ¥
Thus, when all the-above garameters offtumor growth are consider-
ed, theyeffect of an immunization protogol was a shift towards behaviour
é& “*
e} .
characteristic of a greater tumor cell chalﬁange,. and away from regression.

o
¢

This, howeéver, was only suggestiv%‘;of enhancement, Clear-cut affirmation

would require repetition with largef numbers of animals.

v

v

@

‘Unfortunately, no metastaseswgcurred in either group.

’

N hY
S CHAPTER W - SUMMARY

- e

. By:careful selection of all the factors that tended to maximize

v - - H

neoplastic enhancenient, one solid syngeneic neoplasm was found to express
. AN

the phenomendn, ‘However, va}riations were subtle, and only the constancy
of behaviour of P~815-X2 allowed detection. This, in tﬁrn, substantiated

that salt extracted TSA had biological activity, as ‘proposed by the immuno-

1




J ’ aa -
. fluorescent studies.
— \ Ae

‘ \ . With T1699, identical manipulations failed to produce definitive

eyvidence for any enhancement of tumor growth.
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CHAPTER I - BACKGROUND

A, HYPOTHESIS g

Data is accumulating to suggest that serum factors, operating

~ -

via an enha'fﬁlcément mechanism, are responsible for the inability of a
host to reject‘aT neoplasm. However, if these factors were removed would
enhanceme;lt be abrogated and the balance swing‘ to fAvor immune rejection?
7 The evidence for this is not completely clear, but ir;dicates the direction to
be pursued.
B, EVIDENCE
This can be classif{ed into two categories:

@

1. In Favor . a

-~

. ;T s -
The serum factors responsible for the production of enhancement

' ’
* ~

‘have been identified for some tumor-host systems. However, the results
are conflicting. In some allogeneic ‘(\78’ 131, 196) and syxixg_eneic murine
models (160), and in human neuroblastomuas (83), blocking activit'); has been
found associated only with the IgG class or subclass. In other allogeneic 2
s;ysfer,ns the IgG fraction produced enhance‘rnent, while the IgM fraction

was responsible for inthibition (186)., Moller has suggested that this is

" really not a lqualitative differehce, but reflects the corﬁbinatic_)n of concen-

tra‘cioﬁiand avidity (138). If present at appropriate levels, all antibodies
should possess enhancing properties (4,138). The findings of Bubenik
A (4] ” "
\ . .
support this concept, but stress too that the ragio of 7S to 195 antibodies

may exert a modulating influence (27). Certainly this interpretation could

—_ by
- ¥

»

r
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v

-

be applied to explain the 'blocking' (11,28, 70, 72) and ''unblocking’’ {9, 1l,

69) factors that have been doc;uumented. It certainly does not help pznedict ‘

-

what would happen to the enhancement phenomenon if. antibodies were ab-
sent.,
An indication of what could occur comes from.two studies, In

the one, Jagarlamoody et al (82) examined the effects of APS on two sépar-

ate tumor systems, 'When tumor challenge occurred in hypogammiaglobu~ )

linemic animals, tumor growth was retarded. In the other, Manning et al

= —_

A .
(118) employed anti-IgM as the immpnosuppressive agent. Again this pre-

vented tumor growth. However, it is not possible to attribute this effect
LY -
to the suppression of enhancing antibody. To do(this0 the abrogation, or

T - . .
ﬁre\%entmn, of enhancement would require documentation.’

2. In Opposition

o

v The’experiments of nature, however, perhaps serve as a caution-
° .

o

ary example. In the prirnary irnmunological defi?:iens‘:y diseasées,' the state

of hypo- or agammaglobulinemia is not without sequelae. Usually, they

~ . -

occur in the form of recugrent infections with opportunistic organisms, or

o

\

lymphoreticular malignancy (3). #
3 r 0 AN “
C. OBJECT

N Y ‘ I N .
‘In Part I, panspecific suppression of the humoral antibody system

was achieved by treating newborn mice with repeated injections of anti-
- - . ’ C.
- {
mouse, IgM, In Part II, reproducible syngeneic enhancement of one neo-
s - ‘
plasm was demonstrated. In order to evaluate the relevance of enhancing

P
« v &\
w LY ' o

-

A




é -
. - antibody on an enhanced tumor, it was planned to synthesize Parts I and

~

II. Hopefully, selective abrogation of the immune response would abro-~

L 44 i »

N [

+ gate the enhancemant phenomenon.

{

CHAPTER.J - EXPERIMENTAL DESIGN

'/ | . A, ,P.RERARATION OF MATERIALS " -
L ‘Anti-,IgM .
. Anti-IgM lot #2, .as prepared and sta’ndardized in Parfi I, will | ‘%
’ | b; used exclusively, t .
. ‘
A ‘ 2. Animals ' e

s int v -
s k]
~

, y b P .
- _ - ' DBA/2 newborns w;l obtained, and raised under the same condi-

™ tions as described in Part I. Weaning and sex separation occurred at three

-

weeks of age.

™ * & - ——

3. 'Tumors ,

Fo#f"both P‘;815—X2 and T1699, the immunizing and challenging
- ,
M doses, schedule, and route remained identical to Part II. ’ Ol
. i o : , . "\ —a\\
4. Immunizing Agents

¢ - » = — R . )
v \k R \
% ] ' a. Extract of Normal Tissue ’ - i

) C 2 N .
A KCl extraction, of}DBA/Z liver, spleén, and kidney was prepared
according todthe regimen used in'Part II (165) for the 'preparation of TSA #2.

N

- & @ ! , ! \
- By comparing optical density, it was standardized to the same concentration
‘ - .
as TSA #23 ' - N [ Lo S
] - ' ¢ 4 [
' . b. Extract of.Neoplastic Tissue . A
k1 . v —a— .
. o 1 ’ "TSA #2, as prepared in Part II, was e_:xch‘lsivelya employed., e
1 5 - . .
/ . ' . w .
[4 m% o ‘ J )
)‘ - A - “ f
&
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. . " B. EXPERIMENT = A <,
. - The format was best presented gna;;hically (Table 5). = _
- 1. Anti-Ig'M Treated Animals —
v The\se receivéd anti-IgM lot #2, 10 mg,: IP, every 48 hour; for
" the dt!lration of the exﬁeri:mént. !
h ' a. Sﬁe\x O

>
>4

As a shortage of animals necessitated the use of the treated females,

r

it was decided to use the P-815-X2 in this instance, since it apparently shows

’

o no sex preference (41).
' G-

b. Immunization ’ .

ae
L v

This was perfofmed, at four and five weeks offage.
E .8 ' .

. ac& Tumor Challenge - ‘ - -

’I‘\h‘{; was done at six weeks of age, -
o A 2. Control Animals - Rl

. - The immunization ‘énd challenge were performed_ as in the treated

group. The interchanging of immunization, and challenge tumor sources,

was d_esigned to detect any.cross-reactivity between the two tuniors.

e

b a-' C, ASSAY U ° f
- - > l\ + “ \ Q-
.- . 1. .Serum Immunoglobulins S
’/ In order to correlgte the degree of immunosuppression obtained,

) AU ;
} with that observed i@ Part I, the serum irfitminoglobulin levels were deter-

v

v

mined at da:y~35. This technique was selected bcause of its non-invasive

N

. f - y -
' ... character. N . .
- ¢ \ . .

" T1699 was subsequently used in the treatedﬁa}lﬁs./ -

u LI
L ' \

. » !

—

.

©
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Where appropriate, group means + standard deviation were calcu-
v — \ -
lateé, and di.fferenceg&&ompared via the Student's T--test.

Z

»

2. Tumors
These w'ﬁl be measuxjed and a;sessed as described in Par1:, IL,
~ CHAPTER LI - RESULTS »
Again, the data was most :eadily expressed in tabled forﬁat 7

q

(Table 6). -

A. IMMUNOSUPPRESSION -

(Y

‘Serum immunoglobulin levels on day 35 were again found to be

Sy 3
panspecifically: guppressed in the anti-IgM treated newborns, IgM was

,

absent, while the mean values + standard deviation for IgA, IgG; and G2 °
] ‘ .
were 0.3240.47, 1.5040,57, and 1.1840.72 respectively, expressed as

)

B ., L] . ~ «~
serial serum dilutions. This is statistically much lower than that seen .

e

in the control groups, and corresponds closely with equivalent rgsults in
' ¥

> g ., )
Part 1,

‘o 8

Within the control, or treatment groups, cthere was minimal varia-~ )

3
a

tion in serum immunoglobulin levels, acrogs all heavy chain classes, PR
B. TUMORS .9 e e
1. P-815-X2 c
ot ‘

o

1 Q

Unfortunately, the challenging dose of viable tumor cells-failed -
] . , . : €
_ to take, bo:gh in the control and treatment groups. o ‘
Ll 20 T169 ‘ . S '
o & — —r— .

¢

. In ofder to clarify results,%th_e growth pattern of each individua]?
) - 2 ‘ < NS . ’ ', N
neoplasm has been plotted (Fiéure 15). Again, because of the wide AArid- .

¢ & °
4 v 1 -

P

N .
K o P

LT . 4 ’ ‘ N % ’ LA l?v [
) . . ) "é,"\ . - - s
. ! A
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o ) ’ »

: -
. . tion encountered, no attempt to plot mean valyes-was made. These will

. be described in conjwn with the tabled data (Table 6).

) - *a.) Control Animals ' \

.

K -

When the incidiz%ce of tumoyr take, and the lgtencf period, are

4] o ] °

considered relative to the dose-response relationship previously described

r *

in detail (Table 3), it appeared that the unimmunized males received an
equivalent challengd dose of between 10* and 105 viable tumor cells. The

“ \

females have é,somewhat shorter latency period but did not appear to have-

. - ] [
@

———

N an increased number of takes, Their effective challenge dose was pr“ob'abl'y

n t

. ¥ Lo (_ . . . : ’
within the same rangetin -

- ’

.
]

L. 3
he males had a decrease .

- Upon immunization with tamor tissue,
1

' - ) ‘ *

08 8 :
both in the incidence of tumor take¥Pand latengy\period. This was most

noticeable when an extract of T1699 was employed.fas the immmmnizing agent.

\ - . "

..The females demonstrated no #eal change n these parameters. i

»

~

¢ \ .

This was suggestive of enhancement in the males, but not in the
~ .
ﬁ . . ‘ LN
. R . .
2 females. Furthef evidence came, from the growth patterns of the individual .

¥

X

~

L}
tumors, ﬁhose males not i

ad °
or immunized with extracts of normal
* .. “ “ ) ) 0 2 X

tissue demongirated all threo growth patterns: progréssors, &dgressors
A ] e <

[

—— » -» w \

. s . T v .
with regression, and regressors, hen extracts of tumor tissue were em-

A}
N [

ploygd there was é shift toward progressors, and this was most marked with .

. R )

‘T1699 immunization., The fem£les followed a similar pattern, although there
appeared to b’e‘b’ﬁq difference bétween P-815-X2 and T1699 in effecting a shift
u:-\ N

a

fowards progression. & _ . o .
y i \6 N , \\' . \(
3 1\“ ' v
2 ‘\’_-/-"‘ ' / \ - . - /’
’
/ ° ) L - r
! o » . .
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b. AntidlgM Treated Animals - N

- v ek A >
Ity ! 4

When the incidence of takes, amd latency period were compared

g'roup behaved like a challenge of 10‘4 q;- 105 viabl cells. This compares
" ) \ > *

thh the challenge fdose o£ the untreated controls» rreyioﬂusly discussed.®
- . B )

A} v g (
URon immunization there was no marked change in(take’s/, or latency ob-

' . 1, . 2
served. This mdlcated that there was not 2 shift to behakur resemblmg

’ ¥ N
» X

‘a larger tumor cell challenge. This was in contrast to the untreated ani-

N

mals where a chang& was noted. Kpdividual growth patterns could, not be

N R

.employed for clarification, because of the smaller numibers of prdgressors

1

- 4
. only. 4 . 3 - 4 P
V¥ o ¢ P : . : )
T 5 . ! . Y . A
e - CHAPTER IV - DISCUSSIQN L.
, v . & . -
A IMMUNOSUPPRESSIQN : ' =
f ""’;} » N N N
In order tor ach1eve the&aame degree of panSpec*Lfac 1rnmhnosup-
. . e 0 o‘(} ) S ) v, . &
pressmn as was deg;aﬂed in Part I, the same preparatlon of anti- IgM

: - \ -

q

s
o

utilizing identical dosagne, route and *s'chedule, ‘was employed. To cemmpare

.

eff1cacy of he téchmque a non invasive parameteyr, that of ser immuno-~

S e, T % \ T
g'lobulin levels, was 'aséayed. ~(3\012r1parlson of reSultss(Table 1 and Talo}e/é)

1
0
» .

revealed almost 1d,;ent1cal values: As testmg was performed a ths same -
ol ‘ =
number of days post- r;ﬁtally, the other asi;ects of 1mmunosuppressmn

& - w ¥ »

. measured m"Part I wouldnbe expected to apply. «They, however, were

D ©

1H
onot mefasured 1n Part 111, because .of their invasive natu,re. There are,
¢ ’ a ~ ’ "A ' : ®
though several other relevant pomts. Day 35 was chosen for assay be-
L ° . '-f K .

N ®

. tause it fu1f1lled certa}n crlterx'a: ,fiat was ftwo. we_’eks‘post-weaning so that -

- i - |

. .

.y . N

' ;0 . S . .
, e V' i L. . > 4 s . N -

s, , I ; . : 3 . ) . . o
- ~ N o L v A ] . . . F} R
o - .

. ' .
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- R . " ¥ t e L N ’
. tmLhr no speculation whs possible. ) i /1
N ) L . IR . ! - .
LS . . ’

N | *
e
’ - ¥ T , o % l v o . N
-~ 1S — . i - 464:
N °o ° ‘w . . ‘ " ' .%
o o ' -, ’ o l‘z
v . . o P 3 N > - ry ",
L . . . . Voo . ry
transplacental, ‘and breast fegeding influences would be minimized; it ~ .
v - i - ! ' ‘ !
coincided temporally the primary response ta SRBC, and other immunr;;&.
° ‘e N ; "~ - . ' . »
: zation pro}:edures: it represented the status of the animal immediately
N ! R » /
(1 * w : - ")

| prior to tumor challenge. While the prirhary immune response to SRBC
. @ ) ‘

-was found to be affected (at least th%./IgM pc%rt{on), ?is was not documented
. a . ‘“ ) ) \ , +
for the other immunizing methods., Certainly, the behaviour of the other

’

P

. ) 0, : ‘ ‘ o : - : ¢ ’ ) >
immunoglobulin classes canndf be surmised only from their serum concen- -
\ . ’ :

A © B ) “
trations. Of note is the IgG levels, which were &ecreaas ed, but never
-2 . : N . ’ ‘ , . ®
completely suppressed. ‘ ' 2 - 8
(X% <

' 3

v v

fl\ﬁ The ‘other con‘ce;h was that these values reflected only one point . |
) 2 g ) M . . . ’
s o ” - 3 . ot
in time, To assess immune status during tumor gldwth wo réquire 5.

'_ ! a Id e ) s ) . . . ’
sequential studies. Instéad it was decided to achieve a state ofupanspecific .,»

. '
i
" . L

-+

* . - : - \.‘: P s *
i\mryunoéuppression prior to-tumor chalienge, and then observe ,,gumor griowth
J - i N 9 g, '

jo ascertain if any effgct wyé noted. If so, £urther'investigation would be .
’ b * B *° 17

‘ -
] - B Y
i . Lo - $
/| » Kl g \{_
8

- P
~Warra1'1tqd.yj

_g L VI < ‘ L # i
“B, " TUMORS . S ; . . L
” ' ‘Q ] ’ v ! ’ ¥
, ? Co. . v '-7,1‘
. 1. 'P-815-X2 - .. . . .- a

]
” , . &
! 1

. ¢ The signiﬁc_a.nceL of the compléte l‘ack\’of tumor growth was not )
- known. As it occ&i‘red;wit}l both the contrpl and treatment groups, it - 3
L . , . . . e DN N C

pfobably reflected soime technical proBeln} in tumor transference, Cer< .
) d o @ . . s =

LY

-

~cziviwey LY T el
. - This'neoplasm did-take, and plthough the variations in growth |-
- . M -4 . * ’ - s e - ‘ .
|+ ‘pajterns were subtle did indicaté possible trends. , .. '
. 3 . ' i i - 'o ) . ‘: L, “ v )

°
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‘ -
#. ’ ' a. Contral Animals ‘ o q.

Essentig.lly, ,this was a repetition of Part II with added variations.

5 C ' - . s
" In the males; no chkange in growth was observed when immunization was:

o, ' - ‘. .
performed with extracted syngeneic normal tissue, When tumor tissue *
£

-

 was employed, tumoy growth mimicked a slightly ,ﬁigherﬁ_cell challenge. § °

F) ¢

This occurrence, when the ‘immur{izing material was an extract of P:-815_-X2,
: / : ; i

it " 3
indicated a possible cross-reactiyity between tumors. The mechanism can-
+ Al \ 4

v -

‘ ? — . B . { L4 ¢
z not be surmised. - - . . ‘
Ih the females, any change in.tumor gréwth was less obvious,
. . g .

4 . -
®

and nd ¢ross-reactivity -appeared to exist) Whether this sex difference .
- - . # Jl

. L4 v
. " is due to estgbgen dependence, of T1699+is unkKnown. Thése controls estab-

- -

©

° 2 .o -

- ) . lished that T1699 does have definitewgrowtﬂ éharacteristic_:s in synéeneic -
s . ! , .. . , L "( .

® &

n_ was also demonstra-

v - “smice. The changé of pazrn following' immuniza

' “ted. Again there was a nd towa\,rd-growﬂi chidracteristics indicative of -

o

¢

© ajlarger tumor c élslxchallengﬂ e.

K o b. Anti-IgM Treated Animals .
.. . . , That there was no apparent QAifferehce Meén‘the uninupxﬁlized
, . -and immunized animals in their tum&r growtM\patterns waé eMident, Since .
. the cell challenge wag of an equivalent size to thy untyeated

L, . ) ' ! . Y

a suggestion of a trend\towards growth characteristic of a greater cell chal-

unized group. This, -~

A=)
»

ale this possib il'i‘cy‘u

. . )

. ’ ‘'was increased. However, any definitive state

would 'bé,' mdgt 'cexita&nly; -
- \ v b

- » \ ¢ ¢ ‘ .
‘o B . - » L4
[] . . < a L




Te

Al

+

v

4 was further demonstrated, This appeared to be consistent and rqproducfble.

*

N

.

, preﬁature. No attempt to relate this to the abrogatic;n, .or prevention of

—

ephancement will be made." - !

7 ‘_ d’t- .l ~ 3‘
o CHAPTER V - SUMMARY [ . C
’ B . ~ _;‘ ’ ?3, . N i
- The ability of anti-IgM to panspecifically suppress a'murine model -

3

. ¢ [o— N

Unforunately, secondary to techriical problems, the tumor P-815-X2

» ®

failed to take in any group. This resulted in T1699 being left as the lmly ex-

. %
- & -
N = =

ptrimental tumor. Again, only a tenuous spgg.gstmn of a shift to growt -

- )

* » -3 )
characteristics of a greater cell challenge could be implied frem this model.

. N

i

“Therefore, when synthesis of the above two systems was attepptgd\, )

-

-

s n

even less relfable results were obtained. . A vague suggestion of the possi- »
- " \\: . . ) o b
bility' for prevention of the above shift could be entertained, However, any

4 ¢ ' . . . .
definitive statement would require rhore concrete evidence., Perh#ps this
» i '3 e ‘ , . ~

»

.

3

, 1 - ‘. 4 Tt © ' . -
would be most reaﬁi\i&y achieved by employing larger nifmbers of experuﬁex}tal .
- L'\< ' - s " ‘ ¥ “ . . - - . !

— REW . N R -
animals, wifthin an allogeneic rather t'\han’ a syngeneic model, N :
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. . TSA ACTIVITY IN EXTRACTS OF T1699 ‘ =
o , A Non-fractionated ' " TFractionated )
Preparatory ° Stored-at Frozen’and o )
Method : 4°c Thawed Lyophilized 1 1 II1 v
s , - I
TSA 44+ o . + - T+ - -
« ) &
- _ - T
H-2 - T+ ~ 4t - - 4+ -t -
]
This demonstrated the loss of activity when fractionation was employed.
H-2 ant1gen detectabﬂ.ﬂ:y was recorded to allow co parlson. . ‘
r . 5
. \
Gradmg was on a scale of 0 to 4+
AT 3 - ) . ¢ .
/ -
- . . -
AN ‘\)
foa 4 t '.:
— ™




Challenge Dose -
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TABLE 3,

N

/~\~_~‘__ PN
/

T1699 DOSE-RESPONSE RELATIONSHIP

Tumor Growth Characteristics'

113

=4

s

[ —

Latent Period

o (Number of cells)  Takes Progressors liegressors (Days)

3y B ’
101 - - - L
10% - - : - R
103 - -] - -

4 4 , Y
107 - 5/10 5/5 0/5 27.243.9
10° 9/10 8/9 1/9 10, 341, 6
’ ° 2 p<0.0005

g

Note that for a challenge dose of 10° cells SC in the milk line that there is

a high incidence of taked, the appearance of regressors, and a short latehcy

period.
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%1699 GROWTH CHARACTERISTICS WITH TSA #2 -

' t . ;
. 0 L . \
, Tumor Growth Characteri tics

t

a . - £ N
Experhﬁeﬁ ’ L L, L Latent Period’
Group Takes Progressors Regressors\ © (Days)"
Nongimmunized . 7/10 4/7 3/7 . 14,240.9
' :
Immunized 6/10 . 6/6 s 0/6 + - 12.1+0.8 .
A i R , \ ’
~ [ A 5 . : T —
v & /
o . P<O. mE
Note the decrease in the latent period, and a lack of regreésors in the
immunizgd group.
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“ * ' EXPERIMENTAL FORMAT -
© - ) |~ ’
— . ! . ‘ -
G e . Tumor Number of
Group Sex Immunization Challenge Animals
" 4 3 o - : i
: \\ 3 - T1699 . 12
, . ‘ ‘ Normal tissue T1699 12
0 PR-815-X2 ¢ T1699 12
N .
’ y T1699 ' T1699 VI
. ‘ P-815-X2 12
T1699 P-815-X2 +12
5 « Lt / K
P«815-X2 ’ P .815-X2 12
Untreated — < '
- . P-815-X2 J 12"
~ ‘ i >
o . ~p‘7‘~ﬂ" \
Normal tissue » 'P-815-X2 12
R \ A
/ 'T1699 P-815-X2 ° 12
© . [ \\‘ A
. o P-8l5-X2 » P-815-X2\ 12 -
. T1699 N 12
° P-815-X2 -+ T1499 | 12
R T1699 © o TI699 0\ 12
: " - s, . TI699. S
o/ \ ‘ \‘\ &
: T1699 T1699 7.
e Treated - N
] - P-815-X2 7.
3 , co
. P-815-X2 P-815-X2. 7
. ’ 1
. kR ‘
This is a composite pic‘ture of the experimental design, ) -
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A, This is a composite p’i’cture~9‘f the experimental results,

B. Calculated values allowing assessment of the degree of

v
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' TABLE 6B

Serugn' Immunoglobulins (%+SD)

- )
Group IgM IgA IgGy IgG,

B 7 . . .

2.975 2.30 20. 667 12, 333
Untreated + - o i +

A, 147 1. 086 8.887 8.678
Number of .
animals 168 168 168 | 168

0. 0.321 1. 500 1,179
Treated - + t . A i ud

.0 . 0.476 0. 577) \ 0. 723

Number of ~ _ - %
ani/rg{als Zg 28 28 28
Test - 3 .
Statistic 13. 6?9 . 9,486 11, 352 9,796
Degreés' ' ) ® ‘
of Freedom 194- 194
Probability <0,0005  <0. 0005 <a. om\ <0, 0005
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"PART I: Adaptation of Panspecific Immumosuppression to the Murine ’
. A0 Strain DBA/2; with Documentation of IgM Specificiiy via
J Autoradiograph;r. ’ ~ T \
PART II: Enhancement of a Solid Syngeneic Neoplasm, P—815—X2,‘_J’(n i
the SC Location. - > :
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