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ABSTRACT· 

V 
i 

This study was divided into three separate sections. 
1 ___ _ 

PAR T l examined the pr oduction of astate, 0:6 hypogarnma-

gjobulinemia within a murine mode!. By sequential treatment'of 

newborn n'lice with heterologous anti-rnouse immunoglobulin M (IgM), 
\ ' 

panspecifi~ immunosuppression. ensued. This was documented by 

assayjng serum immunoglobulin levels, and by comparing these values 
...... 

to macroscopic and microscopie parameters. 

PART II examined the growth characteristics of tw6 "solid 

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

in tumor growth was achieved by imulUnologieal manipulation. With 
, ' 

the tumor," P-8l5-X2, this satisfied the definition of neoplastic enhance-

IUent. With the tumor T1699 enhancement of tumor growth was yaguely 

" 
s uggested ,but not documented. 

, \ \ 1" 

PART nI re~res~nted an attempt to(sYfthesize :ese seemingly 

disparate areas. By r~;n __ ôving the irnmunolo\)cal factors involved (via 
~ . '\ 

panspecifte b:nmunosuppression), and by employing an enhancible neo .. . . , 

. plasm, abrogaÙor}--o,r" J;?revention of this phenomenon was attempted .. 
\. \: )tHH~ .... ,,~ 

Results were not specifie. 'They suggested that this approach warrants . 

further investigation, but failed to document any definitive relationship. 

" 



~. 

.. 
/ 

.. 
Cette ètude cdmprend trois parties. 

La premi~re consiste en 't'induction d 'un ~t~t d 'hypogammaglobu-

lin~mie chez la souris. Une immuhosuppression pansp~cifique' a été obtenue 

par le traitement~pétê 
, , v \,; ,,', .,-

de souriceaux_~ouveau~-nes par du seru~étérol~gue"; 
• 1 il. .... 

~tat a ét~ ~tudié par la détermination des taux d'lJn- ' anti-IgM de' souris. Cet 

, J 
munoglobulines s~riques et par leur comparaison avec ,divers par"amètres 

ma-croscopiques et microscopiques. 
(0 

La deuxi~me par~~e concerne la croissance de deux tumeurslolides. 
l 

En faisant varier s6igneusement les, conditions exp~rimentales, une modifica-, 
, \ 

tion de la croissance tumorale a ét~ obtén~e par manipulation imtr:lunologiqu~. 

Dans le ~as de la tumeur P-8l5-X2, cette modification satis~a:it â \a définition 

~ 
de la FaC~liton d'une tumeur m.aligne. Dans celui de la tumeur T1699, une 

fac ilitation d~ 1'ao croissanc€ turnoral_~ est PIUÎ' fou moins sugg~r~e mais pas 

't bl' q ~ , , ) '" e a le. 

La troisi~":e parti~ reprês~ ... ,;, tentative de sy~th~se entre ces 

do~aines appar~mment di~parates. En J'ilisant la tum~ur "facilitable", .noïs 

avons' es say~ de pr~venir ou d'inhiber la facilitation en èlirnina~t certains des 

, " ;' , 

,facteurs immunologiqu~s impliques (au ,moyen -de 1 'immunosuppression pan-
1 • 

sp~c ifique). 
li 

L ;' 1 b ' 'f' TI . / es res? tats 0 tenus ne sont pas specl lques.. s suggerent que 

, , ' 

cette applioche n€1cessite de plus amples investigations :rnàis' ne permettent , . 
. / , 
d'etablir aucune -conclusion definitive. , , , 

• 9 \ 
i 
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.~ 
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\ 

\ 
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< 
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INTRODpCTION 

1 

With the realization that th~ hnmune response could be considered '-

as \~aving two~.J;'tther separate components, came the, fi_rSlt attempts at 

selective imm.1ihosupprCTt~'si~n (53). These_ in turn helped to unravel the 

i 

, 
1 

complex interactions, and l?roduced a complementàry unified concept of --... ,1 
u , .... f· 

the control mec~ involved both in the phylogeny and ontogeny of 
- , 

t> 

humoral antibody functi()~ '(96). eurrent' experimentatioD, is directed 
\. 

towards the production of a panspecific immunosuppre °sion by modulation 
, . , 

Ç)f the regulatory controls (1181. 
"\.., f 

\ 4 

About the sa'me,_t~r::~' the role of antibîdies 

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

\. 

depending on the condJ.tions, that antibodies 

or pro~ective functions (83). 'To, rnanipulate the,s 

, . 
prevent tumor enhancemen.t has not yet been possible. 

, ' 

\ 

have' indicated that an absence of antibodies may have a beneficiçtl eff~E.!_ 

on tumor g~o~th (82, 118)~- However, tbeir relation to the enhancement 

"'- - - .f;" 
problem is by no means clear., 

0, .. 
: " " 

The o~ject of this study has of necesi3,ity/b1"een divided into three 

sections. In PART l the production of agaITlmaglobulineI:\lia if\ described-

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

" . 
the same strain is detailed. In PART liI these areas become synthesi~d 

in order to evaluate the relevance of panspe'cific ihuriunosuppression'to 

the abrogation of neÇ>plastic enhancement. " , 

'. 
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CHAPTER l - BAÇKGROUND 

A. LMUI'{E SYSTEM - NORMAL< 

1. Duality' of the Sys-tem 

, 2 

It is generally ac-cepted that animaIs possess â pool ?f multi-
,l ' , ' 

potential stem cells (2QO), which ~ay oe either thymus processed or 
" ..... .. f' 

"Bursa" processed,"'to beco~ immundcompetent T· and B lymphocytes 

-
:r;espectively (35). This irnparts a duality of..response to ,the immune 

mechanism. 
r --

a. '" "Burf!,a" Depéndent System . "~ \ 
-{, 

" 
1 In 1956 Glick °et al identified tQ.e- Bursa of Fabricius as sefv.ing , 

. \ 

a central raIe in the developing immune system (56). Subsequent studies, 
"/1 ' 

u~ing extirpatio.;-;;;;dir,r~diation of this organ ha:;'" more predsely ~ined 
its function. " . , . . \ 1 / 

, \. 

; 

:Sy employing a çhromosome marker technique, Moore and Owen 

(1~1) fo~n"d that blood-borne progen~tor cells, later- identified as st~m 
l ' . '. 

" .cells (189),' enter ~he Bursa and within this specl#c microenvironment, 

independent of foreign antigens, develop into multiple clones of B lympho-
[, ,.. .. \ 

" , 

cyte~ (.37, 189). 
J ,.' 

\\ 
There is a rapid1y, growing body of evidence, fr<;>m antigen-coated 1 

co1umn (196)~ autoradiographie (8), iinmunofluorescent (98, 161,162), and 
},I, 

radioiodination studies (16,174, 192) to establish the p:Fesence of immuno

, globulin~ on the surface of Bursa-proce~sed lymphocytes in the cbicken,' 
, 

the' mouse and man. Apparently, 'during the stage of clonaI, developmènt 

o J, 

0, 

.... 

, 

, 
,', 



e,. 

, , 

J , • 

3 
'-

(37) within the BU:r ./:0: rnanunal;"". ~ur .a-equÎ1rale~t. -~Ph~cyte, 
o 

J acquire the ability f~ synthesize immunog1q~lins (161, 174() which subse-
1 

, ;r 
quently become ~xp:ressed oon the cell surface/"and can thus serve as cell 

markers. 

,In chickèns, th~ ontogenetic sequence is re1ative1y well-defined. 
, '4» " 

IgM is'the first inunuhog10bulin to be detected, and it appears' at day 14 
1'': '".!~. \: r. .., Il ~ 

, , 

of gestation (~6, 97). \ This ia fbllowed sequentially by IgY (which is probably 

the equivalerlt of mamm.alia~ IgG) (36,97,109), and IgA (-99,10'9,119). 'By 

, , 

bursectoln~zirtg cchickèns at different sta~es of developmen,t, and by com-
- " 

unoglobu1~s and histology, Cooper et al (36) were able to 

suggest that a developmenta1 switch 6ccurred within the Bursa. This has 

been amply corroborated in studies' ~ploy~g c1ass specifie anti-immuno:' 
.. - .! , -------globulins, and the jntrat:lona1 switch has been defined as the sequence . . 

--lgM...::- IgG - IgA (96,97,99,109,110). 
l , 

" ~, ~ 'J ~ 1 

, There is rand'om. ce'n migration from the BurS-a. (9~t to _t~e PE1ripheral 

lymphoid tissuçs at a11 S"tag~s of differentiatio~, 'but once B cells hav~ ,left 
\ 
\ 

the ~icrognvironment of the Bursa the swt\h~g become~ a rare occu~tence 

(9B1, 189'). 

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

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

. 
Th~s may be analogous to the situation in manUnals, where a Bursa<>has not 

• "l ,.1 • 

yet been iden,ti#ed, land w,here the ontogenetic se,quence i~ not as well-defined. 
J~ _ , ... ~ . ~ 

Het:e a Bursa-equivalent microenvironment is postulated, an~ agar~.om 

. ... 

" 
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• 
,1 

,) 

4 

stud~es employing c1ass specifie ~unog)ob.uHn anti-sera, it appears 
, " . l ' ' 

that the developmental sequenC"e IgM-IgG--IgA is followed (74,103,104,· 

116,117,153,154). 

Once seeded to peripherallymphoid structures, the B cells respond 
. ,., -- . 

c ~ \ 

~ to antigenic. challeng~ by undergoing clonaI proliferation, to become either 

rnemory or anVbody prod~cing cells (37). Th~ latter appeàr to secrete 

, runOgIObUIU:;Of the sarne hcavy chain class as' la present in the cel; 

s'trfa~: r~ptor (196,1<:17). T,hey appar~ntly also lose their receptors 
l, é' _ 

du~in'g this pl'ocess (14). This response is probably initiated byantigenic 

s t+ lc "~tr et<hing" (48) ;, r "s tab iliz ~g" (~:)' of the .... ec eptor i":;"un~gIObUli,: ' 

mo\ecules located on the cell surface. J;>erhaps it could also exp~ain why 

the ~at'e of immunoglobu1in producing cells is not determined for more 

\ ' . , 
than\forty-eightthours post-Sitimulat,ion (114). Therefor,e, those' cells destin:ed 

o t~ beforne humoral antibody producer~ foHoV\!. a dornplex, ordere?- and s~quen-" 

~---------Hal' p~ttern of deve1opm.ent. In order to achiev~ irnrnunosuppress ion, m~ds 
'-, 

for modulation of this pathway are, requir.ed. 

o 

b. "Thym.uS''' Dependent System 
" 

A comprehensive r'eview orthe' data outling thymic-"involvement in 

the imm.une response has been done by Miller and Mitchell(128). Subse-

." '- ' 
quently, O~en and Raff (148) postulated a two-stage model for the maturation 

) Q 

of T,-lYEapfteeyi:e'S+--Y~-la,ll.}':..,...s~t~e~m~=c.::ells migrate to the thymus, and within its 

microenvironment, different'ate into thymocytes with "a B-alloantigen marker;' '. 
~ \,' i ~ ~ 

• they t1;t~n mature into T lymplt0cytes Wh~cl:~.re able to leave the thymus. In 

~. ~'. .~ 
'\tj 

\: '-.... ~~- ,',-
\ ------
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l' l, 

• 
I, 

o 
,J 

J , 

5 

P7ripherpl tissues they mediate cellular inununity in response ta antigenic 

stimulation, via a cytotoxic action (?O, 31). 

2. 
, , 

Interrelationship of Syst,ems 

Th~ compartmentalization oi immunocompetent lympho?ytes into 

1 

T and, B classes was interpreted- as an efficient product of evulUfiçm in the 

J" 
1 

development of sophisticated immune system.s. Reè~ntly~'-however, 'it has , . 

, been esta'Qlished that, althoug~ these distinct 1Y!pphoid Unes perform dif-

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

\ 

" the development of certain' immune responses, notabIy in the hum.@raI im..:. 

,., 
\ 

, ... 

mune response to various antigens. 

A, co:ns iderab1e body of evidence has accumulated.demonst"l-ating, the 

eXistencfl~f specific.-receptors for antigel} on 1ympho~. For B 1y:Q:1pho-

cytes these are unequivocally established as 
\ 

immunogloHulin in naturEli(151), , 
1 " 

and are present in high concentrations on the cell sudace (163,191). 
J • 

< \ 

Evidence for receptors on T c,eHs has b~en m.ore difficu1t to o~tain. 

J - , 
Perhaps this is because t~~ quantity bf T cell receptors is significantly 10wer 

" , 
than thet sensitivity of the direct techniques em.p1oyed.(146-, 191). Indirect, 

. ! 
:rnethods cou1d be inteJ."pr~ted to indicate that they consist, at least, of sub-' 

units of classically defined irnrnunog1obulin str~cture~ (6J.166, 161). These 

~ ,,- ~ , 

observations," however,' are not without controversy, based o~ the quality " 
" ./ 1 \,,~ '-, 

and speciiicity of the al'lti-imm.unog10bu1in reagents emplo'!ied by diff.erent . . \ 

investjgators (12 0). 

\ -
Thus B lym.phocytes possess antigen-specific receptors w.hich are 

'/ 



................ -------------------

• 

• 

immunoglobulin in nature. T lymphocytes appear to possess antig"en
lt ' 

specifie receptôrs, but whether or not these are irnm~noglobulins is 

not definitely estabHshed. 

6 

The- interaction of T and B classes i~1 response to antigEmic stimu1,i 
. rl(' 

was first sRggested by Miller (126). 
. '" _ ;::YI 

~ ,--------- ~ 

Over t~e pa st deeade a wealth of <,data 

~ ~~, on this topic has' accumulated, and is succinctly reviewed by Katz and 
V' 

13enacerraf (91). To summarize: The mechanisr:n wh«tt"eby ,T cells regu-

, , 
late B eell function, cou1d be by a transfer of génei;ic ~nformation (92,132.), 

by "antigen focusing" (95,132.), or by mediators produeed and secreted by 

T eells (93); this order probably reflects th,~ increasing relevanee of the 

succeeding mechanis~ (91), This regul:atory l'ole is then expressed as . . .,., , 

either "he1per" o~ "suppressor" fun:~tions. 
~ -

. '''Helper'' function/:l' were initially suggested by C1ltma~ et al (32.), 

and the interpretati;;n corroboràted by indepertdent w_orkers (60). The 

~ . 
\) 

problem was further c1arified in a S'~ries of elegant exper~rrients by Mill~,r 

and Mitchell,> which demonstrated thë importance of interaction in the 

? ~ ~ IL 

production of humoral antibody (12.7, ... tz~u~sequent1y it has been 
, ) > 

shown that, where T cells pa~ticipate)n an antibQd.y response, they enhance 

.~ 13 cell antibody r~spo~ses of all classes" of immunoglobu1in, but this effect 
/" > .... 

"-
ia most pronounced in the IgG classes, and in the switch from IgM-IgG 

(130). 

. 
A negat.ive, or "s'uppressor" function, of T c'ells on antibody forma-

'.-' 1 
,~ion ha. also bsen 'dem1tratedo Evidence for thi. has come from two lineS, __ 
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of investigation. The first involved the dep1etion of T lymphocytes, 

either by thymeètomy (77) or by treq.tm.ent with ALS (6,15) and re ... 

su1ted in ~levated serum imm.unoglobulin levels, and e~hanced primarv 

,inunune re~ponses.< Kerbel and Eid.u;,ger combined the techniques and 

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

This rais es the possibility that' suppre'ssive regulatory T cell function , 

, rnay involve promo~on of earl"y IgG synthesis with a feedback"supp-ressi~n 

of IgM (91,94).-

'r 

The second invo1ved in:=estigatioD:s of antigenic cQ.mpetf't1:on. This 
'-

phenomenon was r.ecognized by MichaeHs (125), and has been reviewed by 

Adler (2). The Und~r1Ying !?eCh~~ism~s still unknown, but favors the 

existence"p~ solublè'inhibitory fadors released from. T cells (139, l59). 

The best evidence for a T cell released inhibitory substance com:es froITl 
o 

the recent studies of Gershon and Kondo (54,55). However, whether this 
~ . .:: " 

factor is related to; or identical with, other T cel! mediators active i:p. 
, ' 

the regulation of antibody production is not yet known. , 

\ Th~ concept 'of duality within the unITlune system IS still ~ccepted 

ànd bas ically correct. However, there is, in addition, a coop~rative -' l ' 
interaction between antigen, B ceIJs and T cells which c:ah b~ considered 

-' as a regulatory function of T cells on the condltions ~nd manner in which 

B cells respond to a~tigen bound to their' immunoglobulin receptors. This 
• a , 

-~ 

interrelationship en~ures severar'levels of control, and perhaps ev en an 
• Q 

J;" < • 

evolutionary safety mechanism. 
1 

Thes'e controls are er,uer -an unde~J 

~-

( 

,/ 
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standjPg of inu;nunotherapy. Hopefull'y,1 sHective in:ununosuppression 
, 6 

will haip in unravelling thè
J 

problem.· 

, 
B. IMMuNE SYSTEM: SUPPRESSED' 

8 

\ ~ 

Numerous methods have bçen "employed to achieve i.mmuno~~ppres "'l , 

'>?:"~ ion. They vary qualitatively in their degre~ of selectivity, and quantita
x 

e 
tively in th~ Sllccess achieved. In arder t9 maintain perspective, a brief 

cl~ssification, ,à:'nd description, follows. 

"1 ~ \ 0 

1. TyPge~ of Immunosuppres s ~on 

% a. N~-selectl.v~ 

\ 

\ i~ ~ , 
These meth~ are non-specifie in their action on inunune systems o , 

bec.use they eit~er randomly ~re animal of ail types of imnl~no:~ 
competent cells, or produce generalized hematopoietic tis suë destruction. 

" ~ 

o . 
Examples are irradiation, metabolic inl?ibitors, and alkylating agents. Â 

, 1 , '" 

detailed review of this area has beEm done by Mannick.o(115). 

'1". 

~ 
b. Sêlectj.ve 

,';') , Rere the sp~cüicity is dire{cted against only one of the limbs of 
t ~ , • 

't~e i~une ~system. This allows them. ta be discussed l3eparate1y. 

"T~ymus" Dependent System. l' 
1 op ~ 

" ;. 
Levey and Medawar (111) found 1:hat a heterologous antiserufn, 

,~' . . ~ 

raised agaînst T ceUs and called anti-lymphocyte ser'a (ALS), couIfl sup-

a 1 
press cellular ... immunity. H!=>wever, this effect is not totally s~lective 

p 

because it can also suppre.ss· the primary hw;nora'i response to SRBC (140), 

pr.obably' via its action on the antigen-sen~itive T "helper" cells (12,22,65). 

o 

a • 

iii , 
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t'Bursa" Dependent System , 
" 

./ 
9 

. J 

Within this'lim.b of the immune system., there is_p. gradation of 

1) 1 0 - , \ 

antibody specificity, which appears to be related to the difficulty required 
, " , 

in achieving and maU:{~ining a'ntibody suppression. " 

Nisonoff et al (66, 152} studied the effect of heterologous anti-
L 

idiotype antibodies in inbred tnice. Suppress iOI1 'of the idiotype could be , . 
.,Jo. 1 / ,r 1 ('> 

1 ""J 

complete and permanent, provlded the anti-idiotype serum was given far 

enou~h in ad"va.nce of the antigenic clAallenge; \rhe esc~pe foun~ with clos'e 

te~oral pro"imity was interpreted as being due ta tb.! generation of new 
b 

precursor cells, as opposed to the,.re,activation of cells that were aIready . , 
, 

suppressed. In \ifact , if the antiœrumwas given,post-antigenic challenge., . , 
no suppressi~e effect could :qe detected. -This indicates thft il a cell is 

:~ 

idiotypicallYr suppres~ed, the situation is :prob~bly irreversible. 
, , " . , ~ 

l ,When irlun~oglobulin allotype suppression was exam~ed in FI 

hybrid mice, by following an allotyPe product, it was f~und th~t induction 
'" ' 

c , "-

of suppression wag delayea, but after oB-initi,al burst of activity of the allo-
1 

type, the suppression remained chronic (75,80). A compepsatoqr incre~se 
, 'J ~ ,-

, , 

o 

in the "lltern~te allotype occJ'rred, when suppression, was 'achieved ID rab,bits 

(40,113 ). T cells may play a. role in t'his phenome~on bécause in vitro 
~ ----

studies have shown t~t lymphocytes undergo blast transformation when 
'. ' 

tre<;lted with anti-allotype serum. (173 ), and in vivo results inJicate that a 
1 - ---

s\Îp~réssor cell, whose ,effect can' be destroyed with anti- e serum, is ,re

quired for.méiLintainence 'of suppression (75,81). Instea'd of\raising antiserum 
, , 

(J 
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against spec~fic imm.unoglobulin idiotypic or allotypic markers, one can 

be formed against the components represel'lted bnly in'the B cel! lineage \ 

,(187). This- i~ ,done by using a'plasmacytoma (B cell neoplasm) as the 
~ • ... j 1 \. , 

-' \ 

1immu~izing ft,gent, fol1o~ed '!:>y absorption With T cells. The product, '-
l ' 

desi~Ii~t~df'as anti-plasma e~ll serum (APS), iSl?peeifieally cythtoxiç for 

. ' 

B cells., However, even at cytotoxic concentrations, it did n~t completely 
'-. ' ~ 

inhibit antibody formation, and plaque forming c-ells (66,187). The meehan-., , -

iem has l'lot yet been determined. Cell-mediated immunity, as assessed 

tby skin graftin~, appe~r~d to remain m/açt (66). r 
Thus, as the specificity of the s~gment of the immunoglobulin popu-

\ ~ 
lation broadens, thére oecur s a eorresponding increase in the' difficulty 

v _ , 

with whieh"specific inununosuppression is achieved. This becomes most 
~ Q 

, li) 

apparent when iInmunoglobulin class spe'cific antisera are employed. 
" 

2. Im.rnunosuppression Vkith Glass Specillc Antisera 

"" ' 1 

Even when antisera are prepared ag~inst immunoglobulin molecules, 

• 
the results ob~ained depend up?n the portion of th,e molec~L~ used as the \ . r, 1,' 

t 

antigenié stimulus. As light chains are cornmon to aH ~munoglobulin 

.. 
classes, antisera against them would be expected to Mive diffu!?-.e ,suppressive 

effects: 

\ 

Il> , 
a. Immun,osuppression ~ith Anti-Jight ~hain Sera 

'11 

" " , , In vitro studies, using anti~ against murine Kappa chains (these 
~_ • 1 ..... ' .... 1 

-~',', 

ar. e the predominant light chain c1as s in ITIP,US e irrununoglobulins), found 

that the primary response to SRBC could be inhibited .and th;il;l1le inhibition) 
'" " 

.. 
'. ' 
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\ 

, woulq be permanent li complement was added to the test SYS±emJ!.Q.Z} 

In vivo studies, again using antisenrn.to mouSe Kappa chàins (this time -- ' 
/ 

ra'it'ed against human Lambda chains, which share antigenic determinants 
, " 

, 

with mo~s,e Kar~ cli~insh wère able to 'dem.onstrate repression of synthesis 

of murin~ KaJpa chains, but this was not a permanent effect (170). 

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

tà -s-it-e's- on-:.th~_Jyrnphocyte surface; and blocks com.bination of the receptor 
,. -. , • i J l '-

sites 'with an~igen either by ste~ic hindrancè, o~ by c~ng a conÛgurational 

. ~ha~ge in th~' receptar Sit~ itself (61).' .. çJ . . -, 
Whatever the mechanism, this appears to be an extension of the 

broadening of function tnentioned previously. Repres sion, rather t4~'fi 
'--' 

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

-~ ~ -
b. Irnm.unosuppression with Anti-heary Chain Sera 

) Most of these studies have used a m.urine n'iodeI. As the: immuno-
'[) 

,globulins of mice h.ave been c~assif~able; and subc1assifiable t44,45),'v.:ith 

" regard to the im.munological and physico-chem.ical prope~f;ies express~d in 

~-~ -
the heavy chains, antisera specifie for.heavy chain classes would be expected 

p -

to vary in their effects. Indeed, this has been found, ànd a pattern appears 

to be emerging. 

In Vitro 
• 1 ~ - ' ! Q-'\.(J. , " ", ,r ' 

Fuji anJ J~rne fkst exarnined the affect of heterologolls antf~~'uno- " 
., , 

globulin antiserumon the primary immune respon4'Je to SRBC. They founti that 
f " , 

inhibition ~ou1d b~- induced, and that it could be reversE!g simply oy the adcÜ-

tion of excess murine immunoglobu1in~ Unfortunate1y, ilieir"ântiserum was 
v 
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fiat c1ass specüic, so that c1as s, differences could 'not be detec~ed (53). 

---
This work was ~xtended by Pierce et a~ who found a gradatio-n of, 

, 

effectiveness within the heavy chain dlasses': anti-lgM ~uppressed aU 
1 C'_. ,J 

cla;sses where as anti-IgG or anti-IgA, suppressed their respective 

, ' "'\.. 

classe.ronly (67:>153.154)0 T~ey also found IgM suppression ~.' ; 

dependent, ternporally dependent (in that the suppressive effect on other 

'classes diminished directly with the duration of incubation before tl;le 

, anti-Ig'NP"was added), and reversib'e (not due to cytotCrxlc action). To 

ins ert a note of caution, Hartman et' al demol).strated a stirnulating effect, 

- , , 
on immunoglob~lin production if the in'Cubation persisted longer t.han thre~ 

;", 
d_ays b,efore the addition of the antiserum (67). 

In Vivo 

In the. mouse, i:nunun'osuppression has been evaluated by continuing 
.I< 

'treatment with cl~ss specüiè antisera, starting at b~th. In both conven-

tional, and germ-free animals, it"'was found that anti-IgM suppres sed aIl 

oth"er heavy,ehain classes, while anti-Ig~, anti-IgG
2 

an<ianti-IgA suppres-

• 
se? their respective classes only (103,104,116,117,143). In one case, anti-

fJ.--

... IgGl caused a corresponding increase in the other classes (104). Ag-ain a 

~ose -dependent relationship was noted in that animaIs receiving large d~ses 
,0 

• • 

\ o~ anti-IgM either died or were runted (143). A t~ITlporal re1ationship was 
[/ 

evident for if the injections of anti~IgM were delayed, the supp:tessive <l 

ef!ec't was reduceà, or not attainel;l (117). This suppress ion is probably a 

reversib1e phenomenon because sorne of the immunoglobulin classes recove;r 

........................ __________________ ~L , 
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• 
(} 

(1l7) (thi~ ~did not ~ccur Wit~gM), 
. . 11 

or- are not completely suppressed (1~3) • 
1 

However, as a subtle reminder of the complex controls involved, ',-
it was' fo~nd that anti-IgM given during the course of a prirnary immune 

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

that adult animaIs treated with anti-IgM produced excessive serum levels of 
~ À ' 

a monorneric form of IgM (116). 

clear; 

(~ 
The resuJ.,ta of this therapy on cell-mediâted immunity are not 

~ , 

\ l ' 
ass.essment by the graft versus hast reaction (GVH) has y.ielded 

conflicting results (8,104). 

Lawton et ~l fee! the findings are not inconsistent with the two-

~stage model that they have proposed for plasma ceIl dévelopment (37, 104). 

During the stage of clopal devdopment, stem cells within a specifie inductive 

tnicroenvironment proliferate and begin to synthesize IgM. Some, or aU, 

of thi~ antibody is incorporated into the cell m~mbrane to function as a 

recognition antibodY. Anti-IgM antia.:mxn given at this stage should' react 
, . ( 

1 1 - • 1: with th.e IgM surface receptors (74,195), and prevent clonaI maturation via 

,,-he switching phenomenon, whereby the other immunoglobulins also become 
~ '" . . 

surface receptors. The sequence suggested is Ig~j:+."IgG -IgA. Thus, trea~-
1 .' ~ 

ment with a specifi~ antiserum duririg ~his process cQJlld prevent switch,in~ 
1 - _, - , 

occurring witl?- subsequent deleti~n of clones with specifiç'· immunoglobulin 

receptors. The above sequence i5 1;lypothesized to oceur within the m.-
, + ' 

, J 1 .... ~ 

ductive microenvironment for B lymph6cytes, and is independent oÏ antigenic 
~ 

stiInulatiG>n. 
JI' "'-

• .\ 

# 

1 '. 1 
0 

,,- .. 
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The second stage, that of c1ona\proliferation, ?e'~ins on contact 

with specific antigens. Antiserum treatment of this stage m.ay be unable 

to cornpletely block antig~'n aceess to the surface immuno~lobulins" and 
r "'. 

'- , 
thus a breakthrough effect would be seen (117). At present, most.of this 

proppsed model is purely speculative,""although it does form. a working 

framework. 

, , 

y . " 

The mechanism by which anti-im.munoglobulil). prevents an immuno-

t 
globultn producing cell from èither producing àntibody, or switching to 

produce 'another hea-~y cham c1ass is a1so unknown. That the antiserum, 

combines with specifiç B cell surface receptors is generally aceepted (116, 
, ~ 

195). Then pethaps via ster ie hindrané e (166)' or m~dulaÙon of the inimuno-
• ~ ~' i) . -. 

globulin receptor (188), (either' of which may be Ec dependent) (lQ5, 188), the 
-t ~".' ,~ . . 

process of cap formation and pinocytosis ensues (42,188). Whether,th11l is 
~~ , -

the m~anism by which cOl]trol of immunàg10bulin .production i8 regulated 

" is, at present, not known. 

C. SELECTION OF METHOD OF IMMUNOSUPPRESSION 

Since the object of Part 1 is the induction of a state of agamma-" ' 

" globulinemia, ~r hypogammag1obulinemia, in a murine system, one of the 

above methods of immunosuppression will have to be uhlized. When all the 

,\ param.eters are 'conslderéd, suppression using anti-IgM shouîd prove ta' be 

- ,~ 

the most'efficacious. It combines ease of induction, effectiveness in the 

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

a potential rever~.ibility that m.ay be of clinical significance. Hopefully, 

, 

'" 
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. " 
this, will be selective enough t<? either le"ave éell-medi1:1ted, -ixnmunity intact, .. 

- ~ -
or to create a compensatory increasêl;iithia-limb ~f the inunun~ respons~ 

; . 
(104 ). 

.. CHAPTER II - EXPERIMENTAL DESIGN 

J 

A. PREPARA TION OF MATER IALS 

~~r'} 

The pla;macytomct'MOPC 104E (156) was a gift of Dr.' M. Potter. , 
j , "'l; 

National Institute of Health, Bethesda, Maryland. This turnor arose' in ! 
/ 
" ? 

ï. 

o _ ~ 

-Balb/c mice in 1962, and secretes M heavy chains, and ,Lambda light 
o 

chauls. This w~s transplanted to Ba1b/c mite. When the tumors reache,p 
~ , 

,1 

one centimeter diameter, the mice were sacrifieed and the serum colleet.ed , 

by allowing t~e blood to c'lot at 25°C for two hours, followed by clot r.etrac-
( 

t~on overnight at 4°C. 
, -

The sera we:re subsequently pooled, and the IgM 

... obtained by succ~ssive treatrnent on a Pevikon-GeQn block electrophoresis, 

and a Sephadex G-200 (Pharmacia Fine Chemieals, Ine., Rochester', Minn.) 

C'olumn (155). The conceI;ltration of IgM was determined by re...cording the 
.~ 

-_ _ _ • l , j ,!\ ., 0 

optical dens~t~at 280 nrn;' the pur,ity was checked by O'iichterlbny'g"el dif'-

fusion with commercial (Meloy Laboratories, Springfield, Va~) class or 

subc1ass specifie antisera, and by Millipor~ electrophoresis (Millipore 
'" 

Corporation, Bedford, Mass.). 

2. Anti-IgM 

A rnonospecific antisa:unto mouse IgM was prepared in rabbits 
" ' ~ , 

ti" • 
(New Zealand .Black, NZB; New Zealand White, NZW; High Oak Ranch, 

Toronto, Ont.) by a rnethod described in detai! elsewhe~e (121,143). In brief, the 
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"" 

IgM was irnm.unopr'ecipitated by i:mnlUnoelectrophoresis ~LKB 6800 A, 

, 
Immunoeleetrophoresis Equipment, Stockholm, 5weden} with class specifie 

antis era (gift of n'r. R.l Murgita," Buffalo, .New York). The pt'eeipitin bands 

were then eut out, and washed daily with normal saline chang~s to re:rnove 
~;----=-.~ .. , 

non-precipitated protein • 
• 

This w~sl subsequently homogenized with el.ther 

complete or ,.incomplete Freund 's adjuyant (DUco Laboratories, \Detroit, 
D 

}-",.:-1\fich. )., ~e rabbits were immunized by injecting ten precipitin bands, 
·~""'7l,Ad'''''~" .. "\.Jt'~l , 

" ,_fQ , ,', 

, with complete Freund's adjuvant on day 0, followed by ten precipitin bands' 
" '- ' 

" 

in incomplete Freund 's adjuvant' on day 14. If no re,s,ponse was detected on 1 

day 28, ~nother bo;ster was given. The responders were' bled at fort-
, ' 

nightly intervals and ihis blood pooled to form lot #1. At four rnonths, aU 

thë responders were bled by car'diac puhcture and this pool became lot #2. 

~ globuHn:fraction of the pooled sera was obtai~ed by precipitation 
" 

with 50% (Nf4}'zS-04' T~iS was resuspended in, and exhaustively dialized 

against, O. 85% Na6fol~9~ed with clarification by ultracentrifqgation 

(3,0,'000 g, 30 m.inutes, 4 0 C). The protein Iconcentration was a:djusted to 

130 mg/ml as determined by optical density at 280 nm, 5terilization was 

by :rnillipore fithation, and then each lot was stored at -20o e. P,urity 

was êhecked by Ouchterlony gel diffusion with commerical class specifie 
\ 

• 
mouse sera (Meloy), and by immunoelectrophoresis against pure, murine 

IgM, and normal mous e serum. 

3. Radioiodinatecfl Anti-IgM 

To obtain '~nly ,the 75 irnrnunoglobulin fraction of the anti-IgM 

• , , 

" \ 
.. "\. 

" 
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preparation, a portion of lot #1 was eluted vià a gradient on a DEAE-
1 e 

~ \ 
Sephadex anion exchange column (,ph,armacia Fine Chemicals, Rochester, 

3 

Minn) (182~. The concentration was adjusted to Z mg/ml using optical 
" 

densJty at 280 mn. Purity was checked by Ouchterlony gel dtifusion with 
1 

\ , 
cotnrneric\al (Meloy Laboratories, Springfield, Va.) class or subclass 

\ - " 

'\ 

spec~fic aîtisera •. Radioiodination of this preparat;'on, was achieved by Q 

using 2 mg',of the anU-IgM, plus 5 microcuries of t-Z-~ (Charles E., Frosst 

1 

& Co., Montreal, Quebec) and following the chloraminé-'T radioiodination 
, '- ~ ~ 

, -

\ 

p1;'ocedure as described by G~eenwood (59)~- - This gave_ a ca~culated labelling 

of O. 7 - O. ~odine atoms per molecule of anti-IgM immunog10b~lin. (158) . 

4. Anirn.als 

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

, 
Jackson Laborato1:'ies (Bar Harbor, Maine). They were maintained in 

, ~~ . , 

plastiç cages and allowed free access to food (Purina Foods, Montreal, 
~ 

Quebec), and water. 
j 1 

To obtain DBA/Z newborns, DBA/Z males .of breeding 

age (10 to ~ weeks) were placed in separate cages containing white pine 

(: i}' ' " 

~hips (EC(~;"'iCSaw~ust Engh~ering Registered. Montreal. Quebec). 

After ane ~k DBA/Z females (10' to 3,0 weeks), were placed, one per 
'\ r 

male, overnight\in t~e cages. A 'pregnanc; rate of about ten per cent was 

, " ' . ' ~ , 

achieved. 

The pregnal)t DBA/Z females w-e're grouped in cag~s 50 that births 

,within cages would oecur over a time s,pan of 24 hours. By allowing com-

munal nursing, the attrition rate of newborns was kept to a minimum. The 
, , , 
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newb~s were weaned on day 21, and.then the sexes sepapated. 
\ 

b. Rabbits 

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

hbused in separate cages. Ag~1free access to food and water ~~as petrnitted~ 

B. ASSAY SYSTEMS 

1. Non-imrrlUnological 

Before sacrifice, each mouse was te> be weighed. At sacrifice 

(ether plus c.ervical dislocàtion) wet spleni~ weight and total spienie; cell 
............. 

.... / 
c ount, w.ere ta be determined. A portion of the spleen was to be exami,néd . ~ ,.'" 

histologically. 
~ , -, 1 

Mean values + standarq; deviation for each group w~re calcu-- {, 
\ \ 

lated from . Th~ Student 's T -test was used to compare'" 

2. 'cal 

a. Serum hn{nunoglobulins 
\. , , 

Ât int~rvals each anim.al was bled via the tail, ,and' the blood 

collected 'in heparinized capillary tubes. After centrifugation (2500 ,rpm-; 0 

5 minutes, 4 0 C-) the serum im.munogtobulin concentrations were determined 
.., i ~ ,l ., 

by the seriaI dilution Ouchterlony gel diffusion technique described by 

,\ Arnason et al. (5). Thé'se vaiues 'were rep9rted as' the reciprocal of the 

highest two-fold dilution producing a distinct band against a commeri~al 

-
(Meloy) class or· subclas~ "'Specific antiserum..Mean se!"'urn levels + standàrd 

deviation for ~ach experimental groqp' was calculated as thë numerical 

• average 'of the individual values . 

(J -
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b. hnmunofluorescence 
\. 

At sacrifice, th~ portion of the spleen notl.l.sed f<?r }listology, was 
, c/ 1,-__ _ 

employed for preparation of a spleen cell suspenf:!ion in Hank's Buffered - . \ 
Salt Solution (H'BSS) .. A fraction of this was u~ed fo enum&t~te the number 

... ,' .... } 
cP 

of T and B cells present, by employing the indirect immunofluorscent 

technique of Coons (341. Anti- e serum was a g:ift of Dr:, J. Gordon, 

" " McGill UnÏ\:ersity. Anti-.mouse immunoglobulin sel'um
9

, and fluoroscein 

labelled goat anti-mouse serum were obtained commercially (Meloy). Th~ 
p 

each mouse were ,\lsed to ca1culate the méan value + 
\ -

1-

deviation for .each group. Group differences were compared, by 

the Studentrs T-test. 

J 
c. Hemolytic Plaque Assay 1 

Another fraction of the spleen cell suspension was used for herno
'\ 

"lytic plaque assays~ The lOl:alized hemolysis -in-gel technique was us ed, 

with-the modification of Wortis and Dresser, to detect and enumerate the 
\. 

~ 

cellular s'ynthesis of IgM (198,199). Fresh frozen guinea pig serum, . 
(~ , . 

diluted 1:9 with M199, seJrved as, a sourc~ of compleme'nt. Spleen cells 

. mixed with targ,~t erythrocytes were suspended in 0.70/0 agarose (Bacto

Agar, Difco Laboratories, Detroit, Michigan). for plaÙng. 
1 

d. Autoradiog1"aphy , 

... 
'" Separate animaIs from each experimental group were given to Dr. 

'\ ~ 

D.? Os~ond fProfesso~ of Anatomy, Mc~ill University) for autoraâlo: 
'l 0 • 

graphie studies oîthe spleen, bone 'marrow and blood. The 1251 labelled 
'--

anti-IgM, p'reviohsly 'described t , was used as the indicator rn.at&rial in 

" 

.,.' .. , 
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this assay (149,150). 

c; EXPERIMENTS "' .. 

-----
1. Anti-IgM Efficacy 

To determine if anti-IgM a!fected serum levels of IgM, a~d if th'e 
~ 

effect \vas dos,e re1ated. the following protocol_was followed. Adult DBA/2 
o 

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

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

five groups of three animaIs each: Group 1 received no further treatment, 

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

ti;m, 10 mg. 50 mg, 100 mg, and 2.00 mg of anti-IgM (lot #2) respectivefy via 
, 

the IP route. Serum IgM levels were monitored throug;hout the proc;:edur~, . ,.r... V' -- 1 

and the experirnent terminated with death of the control groups. 

2.- Treatment of Newborns 

'" 
From. the above experiment, and {rom the èxperi:nce of Murgita et 

al (143). a dose and route of administration for the newborns was selected. 
"... .. 

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

10 mg of anti-IgM (lot #2) via the IF route. This schedule was to be followed 
1 

until death, 'or sacrifice of,thè animai~ . At day 28 they were to be divided into 
1 

t~o gro~ps. The males were ta r~ceive 5xl08 SRBC IP on day 28 followed. by 
1 

sacrifice on day 35. At this time they would be assayed for the immunological 
, '. 

, \ 

and non-immunological parameters (except a,utoradiography) previously des-

cribed. The femaies would be tested only 'for weig'ht, and serum immunog1o-

bulins, and t,P,en autoradiography wouid be perfarrned\on this non-immunized 

group. 

" 

f"c __ -__ _ 
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Controls wer~. group~d ~s ~o"e, but were injected with an equi_C> f 

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

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

. , 

because of varying litter size, and high attrition t:ate of newborn DBA/2 
, .. 

mice. Differ~nees between group ~eaAs were cornp,ared by employing the 
I(J 

Student 's T-test. 
Q 

CHAPTER III - RESULTS 

A. MATERlALS 

1. IgM 

..-

"-~ 
A standard curve, using hurnan serum â.lpurnin of known concentra-

, $, ... ; 

was plotted for optical density recordings ,.ai 289 nr;p. (Figure'l). By 
, ' 

tion, 

extrapolation fro~ this curve the concentration of mouse IgM o~t~h~ed from 

the fractionâ!ion ~'rocedures was 4 mg/ml. By both Ouchterlony double dif-

fusion against c1ass or subclass specifie antisercf; afld Millipore electrophore-

sis, no contanlÎnants could be det~cted (Figure 2). 

'2~ Anti-IgM 
, ~ 

Ouchterlony gel diffusion with' purified IgM revealed an a~tibody 
, 

against mouse IgM, and nçme against IgG or IgA. However, a suggestion 

that impurities c~uld be present wa/iJ1 raised by the extra lines of precipita-
, . 

,,- tion th~ occurred with mouse whole' serum., . This was verified when an 

immunoelect;t.Rphore!3is was perforrned. , Most oprobably there are al?-t~bodies 
j a 
~ 0 

against albl,lnlin, although Ithe identity of/the 'remaining bands has not been 
!l r .... Soo". 

ascertained (Figur,e 3) • 

3. RadioiodinatedoAnti-Ig1y1 

After further fractiqnation on ci DEAE .. Sephadex gradient elution 
.- (}> , , 
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colUIvnt a purity analysis revealed that th~- antibodies ag"ainst côm~anen.tB 

of whole mous"e serum, other than IgMf' were no longer detectable 

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

B. 'ASSAY SYSTEMS 

{) 1. Imm.unological • t 

a. ,Serum In1.muTlOglobul,in' Leveis 

o 
Normal mouse IgM levels are between 0.4 - 0.,5 mghnJ. (90) . 

.-• 
corre1ate the ,assay method with serum concentrations, oseria.~ serum 

\.. ~ l, ____ _ 

o 
Q , 

dilutions followed by recorCling reciprocais of dilutiol}s at wlùch precipi-, 

tin Hnes were detectable produced a stangard curve (Figure 5). This 
o 

aUow s the serum levels to be inte::pr eted in mg /ml, and emphas izes the 

reliability in the seriaI dilution tOechnique. Note that a dilution of 1:16 

, . 
corresponds to the usual ,serum leve1 of 0.4 - 0.5 mg/ml, and that the 

lowest l'level of dete<ztability is 0.03 mg fml. 

~ 
C. EXPERIMENTS 

1. .(u1ti-IgM Efficacy 

a " 

. The mean values of the "five groups are plott~d'll so that the dose . .. 
, "-

relationship can be more fully demonstrated (Figure 6). Note that the 
~ 

hali-life (T 1/2) of IgM in the irr~diated animal is about 18 hours, and 
, 

that 10 mg of anti-IgM is almost as- effective in reducing serum levels 
, 11 ") '--. . 

i:J. , 

as thEV?OO mg dosè. The gel' diffusion recordîng, for 200 m~~ before 
~ • 1 

a~d. ~~ter treatment ~s presented (iigur~t6).. \1 ~ 
2. Treatment of Newborns . ' 

, 0 

~ c~mposite' Pictur~ of the status of control and treat~~nt\groups 
-is ,table: (Table 1). Because of smaller Htter si~e. and hOigh per~atal 

/ 

1, 
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attrition rate, 'the nwnbe;- of animals in bpth groups was restricted. Pi J 

1 
, ,. ~ j 

those receiving normal saline inje~ionfi, ther'e were five males, and"' 

two fe~ales. The ê-ÏJ.ti-IgM group was marginaIly' smaller with four 

males, and two females. 'the, r.emaining anim.als !lad died prior to day 
~ ~ 0 

1 

28. Rowever, once imm.unization had conunenced, aIl animaIs survived 

{ntil sacrifice at day ~5. 
Non-inununolo'gical 

"Ther.e wa_~, a signif;cant difference in bo~y weight between the two 
, ' 

• ,. _ e ~ 

groups (p c::: 0.005). ,Ina f~ct, "the treatmeht group appeared to be unifor;mly 

. 
runteç] with a mean body weight ~. 9 cgm less than the control animaIs. . ~ 

The' 

\ splenic weight, an~ total splenic cMI count, ref1ec~ed the sal1;le pattern. 

, CJ 

Howevçr,- this difference was probably second,ary to the dif~el'e~ce recorded
1 

i1\ body weights, and did not reflect on indepen1ent change in sPleerize. 

"-" ; 

This is, in fact, corroborated when the spleen weight to body weig11t ;ratio 
, ! 

was calculated, and}he difference found not to"be significant (p c::: 0.10). 
" 

Immunolpgical ... , 
fi 

Serum irrununoglobulin levels Qf aU c1as~es werd low,er in the - (!, 

,~ ~ 

treated newborns. Of not~, is t,he total absence of IgM, and almost total 

absence of IgA. IgGI a,nd IgGZ were, however, decreased"but still present 

"in readily measurable ,quantities. 
1 t 

, . 
AIl differences betwêen control and 

Q, r 

treatment group~ we;ll'e very sig"nificant <P c::: O. DOS).' 
) 1 $ , 

t Because ~~ 'th~' te:~iqUes used,,1 there 'w~s some ~verlap in th~ 
o 

- 1 

obtained by immunofluorescence: This rendered interpretation of 

o 
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the datfl difficult. Y~t in the treatme~t grb~ps, t?er~ wJi"!! a réiative 
, 

pau city of cells bearuig s}lrface imm.unoglobulins (p < O. 005). 
~ ~ . .. , , 

The reductio~ of direc' hemolytic plaques, almost to back~rpun~ 
~ " 

l'evels, is in accordanceo with the absence of detectable serum IgM, ar1~ 
" 

reflects the s~me level of significance (p < 0.005). 

The autorad1.ôgraphic resvlts corrobo~ate the above findings. 

\, 

There was a significant decrease (p <,O. 025) in labelled cells'" in both 
iiI 

spleen, bone marrow and blood. Thè blood samples -w~r.e u.wo.~ 

as ci res'ult were not able to be com.pared statistically. 

most complete absence of c~s bearing IgM surface receptors is striking. 
0(" , / l " 
~ 1 / 

A~ost aU of thes~ wer~ pyl<notic with h~mo';eneous da;k nuc1ei. 

Histological exami~ation of the sp1e.ens,,·revealed s.ome morphologie 
\,l 

" 
differences between the groups (Figure 7). _ The treat d aninJals demonst~~ed 

nO- germ~nal ~e.~rs. However, no atte;upt at quantit tion was m.ade 

bècause of the' quality 0; th"e sections.. QualitàÜvely, it was noted, bath 

in the routine Çl.nd the a1,ltoradiographic seçtions, that th r€ltwas an increas e 
t> ~ l " , '" ç .... -:-

in the number of erythrobHtS'ts in the anti-lgM treated m. ce. ,These did 
, - \ 
not ,1abel"a'!toradiograp~ical1y. ..",. 

, - c.. 
ThJ~- the''ëipti-lgM treatm.ent of newborn ,DBA/2 mice appeared to 

. . 
deplete the population of cells bearing surface im.mu:noglobulin receptors, . .,. 

_.. J 
and this is manifest by d,ecrea'sed s~rum levels of the im.munoglobulins, 

"-

and- inab~ility to m.ount a ptïm.ary immune response.' Macrosc~picallY,J 
. . - /' , .;' 

this treatment resulted in partially runted animaIs. ' 
f 

\ -' 

/ 

" .' 
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CHAPTER IV DISCUSSION 

A. "MATERIALS 

"' In searching for the origin of the impJ!.roities in the ant'i-IgM 
~ , 

preparation""there ';'re a nurnbel' of key plac'es whe,re this could have 
1 

/ 

occurred: 

1. IgM .... 

Although the te'sts of-purity revealed nb evid~nce of c~ntarn.iÏia-

ting s...erurn proteins, it ia always pO,ssible that th~y were present in . ". . 

arnounts below the -l~~~î~eétabi1ity. 'To i~~re~se the possibility 
, , 

o! ob~aining a pure sarn.ple. a nurnber of additions ~ould be mad: to Jhe, 
'1 

proto col. 

(i) 

It ha~ recently been found 'that the plasmacytorna, MOPC l04E, 

can grow intraperitoneally as a sdlid turnor '(112). Howèver, the ~cites 

formed in reacti~n to the turn.or ip extr~mely rich in~. This would 
os: -.... 

serve as a better crude IgM pool from which to start fractionation, 

bec~u8e a larger amount of IgM ~Quld be available (can repeatedly tap,... 

'ascites), and there would be less protein c:.Qntamination. ----------- . (H) 

.... The efficiency of th~ f~.::tionatidn procedure could ~e incré?-sed 
;.. 

by the addition of two steps: ail initial prec~pitation with .atnmonium 

. ...,' 
s,ulphate, and a final separatio~ with DEAE-Sep!adex gradient elution (155). 
'\ ~ - . , 

'--These changes, and additions, .,should result in apurer IgM ~ample 
, " 

, , ., 

, . 
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with which to begin immunizations. 
J 

l, 

2. Anti-IgM 
l ," 

The use of immunoprecipitatedigM probably served to further 
.. 

purify the immunizing agent. However, this could st,ill be aided Dy 

using excessive washing rather ihan simple daily saline changes fi. e., 

" , " 
a large volume of 0.85% NaCl;plus' a :r;na~n~ic stirrer). 

) ,," r 

With the imm.un·izati~n proto~l folÎowed, any antibody response 

to impurities would be ampÙfied by the repeated 'U;jections, ~d long 

tirne span, over which bIe'eding was performed. This could be circurn

:----~ller doses of the immunizing mate;ial,)nl~ one 

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

intravenous challenge of whole mouse serUIn. If the animaIs were then '" 

bled out fiye' days !~ter f the .:rplifying effect of boo'ster injections should 

\~ "r. ., 
s electively aagment tue antibody -sought. 

, / 

r 

h Unf ortunately, the anti-IgM obtained did contain contaminants, 

probably as a"resuit of a combination of the fa~tor"s desèribed~ Fortunately, 
.. - ~ " 

( 

it had antibody activity only against n'louse immunogiobulins with IgM heavy 

. ( 

chains (Figure 31A). That is, , it was monospecific fo --m--:"'o-u-
, . ' 

altho1Jgh 

.J -, 

an~ibodies to other mouse seru~ proteins were pre ent. Because of this 
, , 

, 

it was ,elected to use the preparation without abs'Orpti n of·the U::npurities. 

3. Radioibdidated 
, 

Although further fr ctionation q,~ anti-lgM via DEA-E-Seph<).dex gradient 

r 1 

elutiQn appeared to reInove the im ies detected in the anti-igM sample, 

" 
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~ 'il'. l, 

~~ \ . 

• '--""~es~~wete probably:.~resent, but below the level of detection. ,Therefore, 

j 

• 

most of ~he labelling wo~d be o~ the a~ti-IgM immunoglobulin and this 

" 

would be adequate for the autoradiographi'c assay. 

]3. EXPERIMENTS 
• 

1. Anti.-IgM Efficacy. \ 

Lethal.whole body ;x-irr~diation preve~m.ation ~f :J;léw . 

iJ:?rrl-unoglobulin producing cells. Sorne. synthesis- continues, but~ catabolism 

becomes the rnajor determinant of serum levels (18), with the exception of . 
• IgA (19,20). 

-
Bazin et $11 have studied this phenomenon. 13y us ing single 

radial immunodiffus ion they could not detect any catabolism Ç>f IgM po st 
1 

irradiation (20). " By usirrg a,'more sensitlve radioiodination method.they 

, - ' 

found the ha.'lf.:.;lif~ o(IgM t9 be 12 hour's, and to' remain unc~'ahg.ed post-

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

. ; 

dilutions, we found a haH-life for IgM of about l8/hours. This value cor-( tl _ ~ _ ~ 

, '1 .' , 

relé}tes J3jisonably with the ~bove data,' and with that obtained by F:ahey 

and Sell in nor,mal mice (T I /2 = 0.5 days) (46). '~ifferences of this ~magni-
, 

\ tude could be explained S'OleIy by strain variations (172), or 'environmental 
, 

.condtions (171). It also errtphasiz(s th~ reliability of :m"easu~ements using 

seriaI serum dilutions. 

The effect of anti-IgM on serum IgM levels demonstrated several 

facts. The first is that'the intr~peritoneal route does work. The second 

, .o----..!..., 
lS that, although there does seem ta be a dose,deRendent relationship,. the 

" "'-. 
low dosage j.s alnto~t as efficient as the high. As a runting syndrome had /' 

r 
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been'~ documeJ,?ted with the administrati<?n of large amounts of ànti-IgM 

(14'3), 'these resu~ the 'selection of the 10 mg dose for further 

_ experimentation in ~borns. 
2. Treatment of Newborns 

The resulta of th;is ,S ection corrobor':3.ted the fin~ings of other 

-l' 

__ :workers, and demonstrated that selective immunosuppression could 

occur in yet another murine strain. However, there were sorne variations 

from, and add!~iona to, the prev~ous~y observed patterns. 

Non-immunological 

Runting has been observed in one other'l~boratory (143)', and 

occurred only with anti-IgM antisera. '1'0 avoid this situation a dose of 
.' ~ 

anti-IgM, which was feU to be equivalent to their non-runting dose, was 

utilized. T~is resu1ted in partial runting, manifested by a moderate 

decrease in body,weight, but wlth no obvious increase in rnorbidity or 

mortality •.. It suggested that this coulel be a dose related phenomenon, 
" 

but a{forded no lurther clarifi~~tion of the mechanism involved. 

The d~creasèd mean spleen wèight within the anti-IgM group most 
~.~,l ~ .t;.~~. 1 

\ 

.. probably is ~econdary 'tp the partial runting, as th~ spleen weight, when 
. ,'.' \ ' 

, c~mpared to body w~ight, was not significantly diffe~,;,n\ tnm the control, 

" an ima1s . . ' " 

Immunolo~ical 

Thè immunofluoresèent, and autoradiographi,c assays demonstrated 

1 

a .marked reduction in cells bearing sudace immunoglobulin receptors. " 

.., 

" 
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• B~.c:ause t~e anti-rn.ous,~ irnm.unoglobulin, used in the irnmunofluorescence 
"4--_ 

• 

~-;-~as not ~~ecific fo~ any murine heavy chain class, the results 

'. 

indicated that all--classes were suppressed. This, however, ev en though 

_ previously observed in other studies employing anti-IgM, serveil on1y as 
~ 

~ 

a semi-~uantitative assessment of the degree of suppression. 

The autoradiographic analysis' clarified and quantified t4is rn.ore 

fully, ,for the first time, by dernonstrating an;" al~ost total absenc,e of cells 

bearing IgM 'as the surface immunoglobulin. It is ~ikely ~ the difference 

in'values, obtained by using the-two dif'ferent techniqués, C7u1d be in part 

explained by the insens itivity of i:mrnunofluorescence compared to é!uto-

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

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

ln order to give low immunofluorscenc-e vaJues. 

This pattern of suppres sion i8 reflected in the cell products, and 

.Jo 
funcHons. IgM was essentially absent in the ser.um, and was not produced 

in the,primary immune response. The other serum. im:munoglobulin heavy 

chain classes were suppressed, although not as much às the IgM. This , 

could be due to rn.odulation of the maturation procéss described previously, 

to transplacental transfer of these classes, or to secretion froPl the mother 's 

rnammary glands. Probably thell,' 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 matu:r;:ation, and switching, w}thin 



• 

• 

30, 

irn.munoglobulin classes. 

Again IgM appeared to serve a basic regulatory function, both 

phylogenetically and ontogenetically. Be?ause of this, the suppresslon 

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

<J 
and function of the'IgM c1ass were specifically suppressed,' while only' a 

relative suppression occurred with~ the other inununoglobulin heavy chain 
\ 

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

possibly the m.ammalian equivalent of bursectomy~ 

Of interest \\ras the rnarked increas~ in erythroblasts .observe~ in 

the treated newborns. Because of the impurities within the antisera, it ia 

possible that these precipitated hem.olysis witl1 a compensatory s·econdary 

eryt:nropoiesis. Since both the erythropoietic and granulocytic Hnes ori. 

ginate {rom the same stem cell, perhaps' treatment has altered a control 

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

mechanism, this rnay be relevant and probably warrants further investiga-
\. , 

tic;m. Studies of T cell ~unction, such as ability to reject autologous skin, -/' 
D 

" were not 'as sayed. This has been adequately ~em.onstrated in other studies 

on anti-lgM treated newborn mice, and has been found ta ~e es sentially un-

changed frorn control aninlals (143). 
" \. 

CHAPTER V - SUMMARY 
1 

A method for producing panspecific imm.unosuppression has been 

adapted to another immune strain, the DBA/2. The specificity for IgM has, ~ 
o tf. 

for the- fil' st time, been quantitated by using an autoradiographie flssay. How
"\. 

ever, the inability,to totally suppress aIl immunoglobulin heavy chain classes 

-/ 
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bas agaih beé~ demonstrated. This partial bursectomy~ combined with 

<1 , 
a syn,drome "of partial runting could com~licate the asses,sment of abrogaVon 

, ,,',' 

of enhancement, de'scribed in Part III..- ' 
~ ,""\ 

.. 

\. 
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CHAPTER 1 - BACKGROUND 

\ 

A. TUMOR SPECIFIe ~NTIGENS r ) 
1. Evidence 

In the irst part of this ce'ntury, it was dern.onstrated by such 

distinguished scien ists as Ehrlich (43), th~t experimenta1 animaIs 

cou1d be immunized against transplant~d tumors. However, with the 

introductiop. of inbred strain~ qf rriiee circa 1925 - 1930, it becarn.e 

"apparent. that what was thought to be tumor immunity, was simply an 

, . 
"al~ograft re~c::tion. Enthusiasm subseqgently dwind1ed" ,and was only 

renewed with the demJnstration that neoplastic tis ~ues contain their own 

-" indigenous antigens. 

2. Types 
, " 

At'present, two classes of tum6r specUic antigens have been 
'-

identified. 

a. 
t· ~ 

By employing transplante'B tumors, induced by the che~ica1 
. , 

carcinoR.en 3 -rn.ethy1cho1anthrene, Gross (62), Fo1ey (51), and Prehn" . 

and Main (157), de-monstrated that turnor specifie antigenê do exista 

Recently, Reiner and So~ltham (164) reported that'the tumor specifie -

1\ 

antigens_ in this system are unique for each tumor .. This prop,erty of 

non-cross reactivity has subsequently been extel'\ded to oth~r iriducing 
- r .,.

agents (101). 

", Q 

r 

, , 
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\ \. 

\. . 
b. 

"-
In contrast, virus -indll.ced tumors' cross react 'antigenically with 

aU other tum.ors inducèd by the' same virus, regardless di the m.orphologic 

appearance of the tumor, or the similarity of animaIs bearihg thf'l tumor (177). 
, 

c. 

" To extend the concept further, SimmOD'S et al demonstrated 'non-
'-

\ 

cross -Te8.cting or private, and cross-reacting o~ public antigens on the 

sarn.e neoplasm. This held"for chern.ically-induced (175), viral-induced 
"', 

.' 6-

and spontaneous mu'rine turn.ors (176). Such findings demonstrate th~ 

... \ _ 1 

tumor specifie antigens probably exist for all neoplasm.s. AH that is re-

quired are techniques sens itive enough for their deteetion. \ \. 
~ , 

B. IMMUNE RESPONSE Ta TUMOR SPECIFIe ,ANTIGENS 

The existence of tumor' specifie antigens does not necessarily imply 
, ~,-----

that an im.n1une r~~ponse, will be elicited by them. The evideilce now indi-

cates that this, in fact, does oAccur but Dot ,always to the benefit of the host. 

1. T Dependen.t System 
" 

There is now cons iderable data showing that 1ym.phocytes ,of the 

thymic axis mediate tumor eelI destruction. These cytotoxic lymphocytes 
~ , 

have been demonstrated in vitro (25,30,31) and in viv.o (168,169), both for --- ---,-

syngeneic (168) and allogeneie (25,30,31,169) tumors. 
, \ , 

2. B ,Dependent System 

" "1; 1 \ ~ 

The role of this levei of the imrn.~ne response is not as well-defined. ' 

That cireulating-antibodies can ~nhibit the growth of allografted tumor cells 
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has been shown (lOP). However, that serum. from tumor bearing animaIs 

ca~ also protect against the cell-mediat~J:l killing of tumor cells has been 

\ 

r'epeatedly del?onstra4ld (68,70,72). The significance of this latter effect 

is not yet ful1y e_stablished, but it appears that it may contrib'lite to enhancing 
r " 

tumor '~ell growth (71) .. 

D ' 

Thua, a neop1asm rnay incite an immune -response to iis tumor 
" 

specifie antigens, but;: depepding on a ~ber of fact(}t"'s ~ot yet fully re,cog- . 
. <;).r ' 

nized, this may be deviated towards' facilitating tumor' growth rather than 
o 

the pro~uction of. tumor cell destruction. 

c. ENHANCEMENT 
-

Since the initi~ü observation of the phenomenon in 1906 (49,50), it 
\ . 

has been 'found ta apply not ~"'nl"; to transplanted allogeneïc tumors-/ but to 

..1 

'. non-ne,0plastic conditions as weIl (52, 136,184). We will be concerned only 

with its implications in the control of neoplastic growth. 
, Q , 

o 
1. Definition , ' 

In order to acco'unt for the general s ignificànce of the phenÇ>menon, \, 
. , 

the Io119wing definition,has been proposed by Voisin: 'EnhancemÊmt is the 
'" ~ , , 

mechanism whereby 'an antibody promotes the persistence of the carresponding 

f '--' ______ _ 1 

antigen by pre-venting it from inducing or undérgoing (or both) inunùne rè-
, . 

- - -Jec,tionl~194)~1).itiQn distm~ishes enhancement frqm those conditio?s 

involving induced· immune unresponsivertes~ (57). 
\ \ 
0' , 

2. Methode of Production 

, Three ,procedures have been utilized to produce 
, ' 

\ 

..! • 

enhanceme~ 

·f 
j 

" f 
" {' • ~ f' 

Their, 

" 

\ 
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( 

, 1 

aspects evoke the ~0!lcept of c1assic'al im.m.unization methods. 

a. Active Enhanc ement 
\ 
\ _ (1 

This is accompl,ished by the adm~istration of im;unizing injectirns, 
> 0 

prior to tumor-challenge. The material used can consist of either no mal, 
, 1 

'or neoplas,tic tis-s-ue,-fro~ the prospecti;e kraft donor (194). 

b. Passive Enhancement 

In 1!his case; serurp from an activêly treated animal can passively 
. \ 

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

c. Adoptive Enhancement 

Enhan"cement has also been transferred adoptiveIy to syngeneic animaIs 
\ 

by I!leans of lymphoid cells from ac~ively pretreated mice (38).· In general, 

activi enhancement.refiects the c1inical- situation, ·while passive ~nhance- -
\ D 'r-

\ m.ent produces more stable results. Indeed, many complex factors control 

,- , 

the direction and intens ity of enhancernent. 
o , 

3 •. Factor s !nfluenc ing 

< As active enhancement was employed later in this stùdy, a discussion 
il. 

of the factors of variation will be directed towards this aS-I:>ect of enhance-
\ Q 

ment production. " 

a. Non-irnmunological 
6 • 

Many factors of a no?-irnmunolog'ical nature are 14k,ely to affect the 

. -
prod,uction of enhancern.ent ln a given tumor allogr-idt. 1 These inc1ude growth 

rate of the tumor, the degree of h~stologicaf\differentiatiQP! and the intensity 

and rapidity of,its vascularization (194). 

) 
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, 1 

0, 

1;>. Im.munologiÇ.al 
t ; ~ , 

The host's ,response to immunizati9n prob.ably has a bimodal 

pattern: this reke~ts th~~ biphasic im.m.u~e respon~et 'with tn~ cell-
- ,'" .... r ' " ... 

mediated response occu,ring early, "followed by a humoral ani:ib~dy 
" 'il\. 

~ ~ 

response productive of epha~cing éintiliody (89). 'Any'protqco1 must 
.. ~ t 1 1 

be as~ss~d in re1ation~o t~es~e considerations. ,b< 

(i~i':at;';~ proced~re _ 

&,. c (' (a) Antigenic Prepat:ation: Type S f-

<:! ) ") - - ( - 1,-,'" 
\"...Tumor, 0er normal tissue, can serve as th,e im.m.uniz~ material. 

These can be either ~:dified. but aHv".{!9~r ki1led-an~rà""';~, --

the extracted preparations, supernatants of saline homogenates seem to 

be the most efficien~(3,9, 88). Repeated freezing and thawing seem to 

f . 
improve the antigenicity so that storage ~i()es not pr'es ent po prob~em, (88). 

, 1 • 

In- aU, the common denominator seeIl1s to be the li.berafion of soluble ,anti-

gens. ' 
) Mf • 

(b) Antigen,lc Preparation: Dose 

Bo~ Kaliss (86 )~~d Voisin (193) have repor~~d a definite dose, 

re1atio:rlship: 10w d~s'es favor iphibiÜon, medium 40ses behave like un-
,.. _ 0 

treated controls,. while high doses produce e~cer,pent .. 
l ! 1 • 

, 

(c) Antigenic ~r'~paratiop: Rotite of AdministratlQn 

In rabbits it is kno~n 1;hat the intravenous route (181,19), supercedes 

'intradermal injectiohs (123) for the 'producti~'n of enha~cement. In mice-fue 
~, 1.,. 0 

.... ..f iii', 

inti'[eritonjl route appèars ,t~ be ~: most efficacious (39). • 

\ 
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0' 

(d) Antig'enic Preparation: . Immunization Schedule 

Hyperimmunization, or any schedule which 'utilizes the bimodal 

" 

f.) , 

nature of the immune response favors el'lhancement (89). Voisin estirtlateà 

that this begins 3 - 4 we~ksl reaching a ma:x;lrnum abo~t 8 weeks, po~t-
, ;', j ...... 

initial immunizatïon (194), in allogeneic systems. However, thé enhancing 
o '- , 

~ctivity may not ;ers~st for 'Ô0ng a peri~d in 'syngeneic models (Z6). 

(H) N atul' e of Gr afted' Tum~1' 
-/' 

In .. alloge~eic turnor ~ransplants, the~~ase with whiéh enhancement 
\ -

is induced is rel'ated to the: in vitro resisfance of the tumQr ceU ta the 'cyto,; 
-~ 

, 1 

~~-t~xic a~-ti~n~oithe se~um (58, 88," 1791:-- :r~lS reststancrin-tufirwas-inv~S-ely-_~ 
'- , 

J , 

related to the COncentration of surface antigenic reeeptors (H-'2 antigens h 
, ' 

In'syngeneic turnor systéms, enhancement is specifie for tumor 

sRecüic antig~ns (73), but any relationship to cytotoxic antibodies has not 

, r-
been demonstrated. 

(iii) Natur e of Recipient 

" 
Four attributes are particularly relevant: the species, strain, -sex 

/'C~ '... ' 
and site of graft implant. 

(a) ,Species 

" Most work has' been performed on the mouse. However, ment 

~
.'<-. - ~ 

can be demonstrated in the rat (49, ,guinea pig (144), rabbit (29), and 

dog142): -/ ' \ ~, , ~- • 

" 
1,\ 

1 ~J' 1 

, " 

----\ 
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î 
" 

.... ,~ 

In mice, sorne strains are more susceptible tci enhancement than 

others. ~ The best are C57BI/6Ks and C57Br/a (180). This probably re-., " 

flects strain dUference iri the biphask:: . immune response (89): 

(c) Sex 

FemaleJL.~1!.d to have stronger inimune resp~--=-xhibit , 

~ . . - .'.' ~., ------------, 
greater difficulty in producing enha~cement .(58). For this'reàson females 

, , 

are usually used for production.of antisera, while males are preferred for 

enhancement studies. 
~ 

-----~------- ---(-dt-S-ite of-Im:plantatiou--________ ' __ . ___ ~_-;---.----.:... __ ~ 

- . 
This-is of sorne relevance in determining the outcome of an experi': 

~ . 
o 

-:ment. Irt the BP 8 Sarcoma the intramuscular site is more efficacious than 
1 

a, 'Subcut,aneous implant (58). This may be related to antibody, and lymphoid 

ceU, a,ccess to the tumor. \ 
) 

4. Medianism 
c 

The theories proposed to explain immunologiçaI enhancement, on 
~ 

the basis of whether antibodies modulate the neoplastiè tissu"e ,o0he host's 
\ '. 0, ' 

'.1 • 
response, 'can be placed into two categories. 

a.' Modulation of Neoplastic Tissue 

• Moller arguO~d that the rele~ant variable for the inôuction of enhance-

me;nt was the presence" of antibodies against 'aU major foreign antigens on 

tlam.or cells; the specificity of the ph~noJiP.enon indicated that the antibody 

~ 

• interfered ,With 'the inununological relation between the. tumor and host rather 

. \ 
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.. 

than protÎuced an antibody-i;duced alteration in" the ItUm.O.r cell (134). 

Subsequently, he W?lS unable to demonstrate that antibodies directly 

l'JI 
change properties of turnor cells .q35). Therefore, the hypothesis of 

~ 

tumor dell modulation is unlikeJ:Y . .' 

b. Modulation of Host Response 
4f 

39 

. "-
If ahtibodies are to interfere with the hostls _response to foreign 

antigens, the modulation could occùr at threE) different levels • 

(i) Afferent Stage . " 
This refers to'\hose events involved in the pres-entation of antigen 

, 1 

to the potentially rea~tive lymphoid cells. For affèrent: enhanceme~t to"--

\-

exist, the antibodies w6uld have to render fo,r~ign antigens inaccessible 
1 

by "coating" the turnor cells. For sorne turnor systems, both ,in vitro 
, --

(63,134) and 'in vivo (63), this appears to be the only relevant meChanism. ---- '~ 

" 'li) Central Sta,ge 

, , 

For enhancement to occur at this. l~vel, antibodies would have to 

L ~ ---------'\1 
act directly on the immun~nt cells a~~ specif~cally de-

, ---~ 

crease th~y (131,-13-7,186), or complex wi~h soluble foreign 
'\ . 

antigen on the surface of the lymphocyte so that target cells would not be 
, , 

r ecoghized (Zl). ,. 
However, since both affere-nt and central enhancement lead to a 

" ' 1< - 0 U... J ~ , 

decreased number of effector cells, 'it lS not surprising-th'at a,,!say systems 

are Ç?ften unable to differentiate between the mechani~s (63) • 

," 

',. 

1 , 

\, 
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(Hi) Efferent Stage 

Efferent enhancement necessitates antibody attachment to the 
, , j 

target cells;' thus preventing kiHing by cytotoxic lymphocYtes. This bas 

_ been well-documented 'in vitro (24,122) and may occùr wij;b. hurnan urinary 

bladder carcinomas (28). 

In any given system. in vivo, it is difficult to as cert~i:p. which of 

these mechanisms is operative. Probably they act in concert and exert 

a curn.ulative effect (10,160). 

D. SELECTION OF METROnS EMPLOYED 
, 

As the object is to produce enhancement in syngeneic murine 
. , 

, systems, and thus ensure that the phenomenoll is due to antibodies. to 
'<.€' \ _ h 

tumor _specüie antigens rather than transplantation antigens, an of the .. 
. influencing eondition.s must be rhanipulated so that the possibi~ity C;;f 

producing enhancement. will be maximized. Th~se are summarized as 

-~f'"ànc1,s: aetive immunization to more c10sely approximat'~ ~e c1inical 

• _sit~ation; weekly intrapedtoneal immunizations with l'ar~e dOses of ex-

~ , 
tracted tumor tissue; challenge with viable turnor cella so thél;t turn?r 

1 0 

growth Wil!_.~e temporally ,:"ith the presence of enhancing antibodies,; 

male recipients -\vith subcutaneous (SC) implants. This eombination of () 
1. , 

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

CRAPTER II - EXPERIMENTAL DESIGN 

A. PREPARAT,rQN OF MATERIALS 

1. Tumors 
• 1 

Two tumors, both indigenous to the sarne mur~e strain as 
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• employed 1n Part l, were chosen fbr the study. 

a. P-815-X2 

l 

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

males probably in response to the chemical carcinogen 3 -methylcholan-

threne (41). I,t rapidly q.e~oped an ascitic forme Potter and Dunn have 

tabulated a dose-response relationship for the IF location, and found that 

the time of death was inversely related to the number of viable cells admin-
"\ ,\., 

istered, an.<;l that there did not appear to be a sex differenc'e. They did, 

, . however, find metastases in the liver, spleen and nOdesr, 
~ 

, -
'Throughout tl1e course of this study the tumor was passaged in 

,'- " -. 
" 

the asdtié form, in DBAf2 males, by weekly transfer of ascitic fluide 
\ 

SC cq.allenge was performed as follows. Day five (post-IP transplant) 
--' 

-1 
[ , ascitic fluid was taken, and viability (varied from 92 - 95%) ascertained 

by Trypan bl~e exclusion. Dilutions in HBSS were done to achieye a given 

viable cel! concentration. These ceUf3 were th~n implanted in the SC t~ssue 

- , 
of"'the r ight axilla. 

~ -

-:'\ '~ - This well-differentiated mammary adenocarcinorna arose in DBA/2 

.. f ~ females, as a spontaneous tumor Üll965 (79). It.has never converted to the 

• 

~scitiC form, -but ca~ b; carried èither as a SC implant, or in tissue culture~ 
-------

Since the tumôr specific antigens are more readily detected when the tumor 
, ,,\ 

is maintained in tissue culture (personal communication - Dr. S. Has-keU, 

McGiu' University), this method was employ~d for maintenance, and for SC 

implants. They were perform.ed as for the P -815 -X2 except that the location 
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of im.plant ~as the right milk Hne. 

2. Tumor Specifie Antigen 

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

-
groups of DBA/2 .~les. When the tumors reached a size of one eentitneter, 

they were aseptieally excised and used to make tumor specifie antigen (TSA). • 
, 

tJ ." 1 Two preparatlve procedures were e'ïnployed, and the preparations labelled 

TSA #1 and TSA #2 respectively. 

a. TSA #1 
\ 

This method produced supernatants of a saline -tumor homogenate as 

described by Day et al (39).' The tumor was eombined with an equal volume 

\ ' 
1>', of O. ~O/a NaCl, and homogenized in a blender., The h~mogenate was; then 

1 

s-eque~tial1y een~rifuged a~ g for 30 minutes at 4°C, and .at 8,500. g 

for 30 minutes at 4°C, to produee a supernatant which did not contain parti-
~' ,. 

~ 

eulate material, or viable cells. This corresponded to pay's !'full-strength 
J' _ 

supernatant". Subs~quent1y, it was ·stored frozen until use (88). 

b. ' TSA #2 

In order to extract tumor specifie antigens, a tnethod that was 

d~scribe'd for .the production of soluble HL-A anti~ens (l65)~~S modified. 
~ 

. 9 
50 x la tumor cells (viable and unviable) were suspended in HBSS, pH 7.4, , , 

1 containing 3 M KCl. This was rnbced for 16 hours at 4o C. The hornogenate 

was then centTifuged at 163,000 g (Rotor 50 Tl, Spinco Division, Beekm.an 
, q , 

'( Instruments, Inc. ~ Palo Alto, California) for one hour at 40 C, followed by 

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

Il 

/ 
1 
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precipitate which was removed by centrifugation at 1500 g for 20 minutes 
( '\ 

o 
at 4 C. The supernatant was cons idered, to contain the TSA am:1.was stored 

in the frozen state until use (88). _ 

The P-815- X2 ha,d TSA prepared by both metliods #1 and #2. As 
Cil 

subsequent experimentation demonstrated no differente between the effi-

, cacy of these prepar,,!-tions, T1699 TSA was prepared only by method #2. 

A portion of T1699 TSA #2 was frozep and thawed, a portion lyo-

philized,\ and aJ?other portion was suspended in buffer (Glycine O. 5 M, Tris' 

i>.2 M, Manni~ol 0.5%, pH 8,,0) (84) an~.t. fractionated on a Sephadèx G-200 

(Pharmacia Fine Chemicals AB, Uppsala, Sweden)_column. Subsequent 

immunofluorescent testing for TSA (Dr. S. H;askell, McGiUVniversity) 

reve~led that only the crude preparation had satisfactory activity levels. 

Therefore, only it was used for immunization procedures. 

3. AnimaIs 

DBA/2 males, six to e~ght weeks of age, were employed in the 

following experiments. The remainder of their descrip!ion is as stated 

in Part 1. ~ 

o 

B. ASSAY SYSTEMS 

Tumor siZ.e, expressed as the product of two' diamters-at righ~ 

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

calculate the mean'+ standard error for a group. 
1 

1. P -815'-X2 

Because of the consistent gl'owth pattern of this tumor, it was 
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possible ta construct a standard curve comparing the number of cells 

, ~ 

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

vidual tumor measurements to be converted to, and expressed as, "tulnor 

-
cell equival~nts ". Using these values, group means + standard deviation 

, -' \ 
, 

coulàôe ca~'êulated, and group differences compar ed via the Student 's T,-

1 
test. 

2. T1699 i 
Because of the less consistent growth pattern of th,is neoplasm, 

a standard curve was riot employed. Instea, grbJs were compared in 

~ 
regard to the incidence of turnor _tak~s, the r 

1/- 7-
10 oftrog:-,es sors to regres-

sors, and the latent pedod between challenge ~umor appearance. Again, 

group rneans ,were evaluated by the Student '6 T-test. 

C. EXPERIMENTS 

-
1. P-811~X2 

a. :6ose-rel;lponse Relationship 

Turn~r cells were prepared and injected as previously àescribed. 

Groups, cons isting of !ive, animaIs, received the following doses of viable 
.[, 

tumor cells: .500, 1000, 2500, 5000, \ 10,000, 50, 000,,, 100, 000, 500,000 and 
, . 

1,000, 000. vTumor measur~ment, as outlined above, was perforrned". Autop-

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

b. Enhancement 

( i) 

1t ' , 
Mice were divided into twa groups of ten animaIs each. Group r 

received TSA #1, 1 cc IPon days 0 and 7. On day 14 a challenge of 500 v~éi\ble 
...~ 



• 

. \ . 
\ 

.. 

~ 

45 

), 
.. . , 

tum .. or c,ells was given SC as ,deàèribed • Group II received 1 cc injections . ( .. " . 
of o. 8?% NaCl instead of TSA #1 and served as the control. 

'\ --~.-
(ii) 

. This was identical tOJi), ~xcept that TSA #2 was' used instead of 
. . 

TSA #1. \!urnor me'asurem~nts were perfo:rmed as usual. Autopsy searches 

were again conducted. \---

2. T1699 

a. Dose-response Relatiollo9'hiE. 
r 

Tumor cells were1>repared and i;hjected as_.previouf:ily described. 

_ Gro~ps', consisting of ten animaIs, reCj.J,ed the following ddses of viable 

~umor cells: :01, 102, 103 , 104, 105. itoutine tumor meas.urement was done. 

~ ~ 
r. .,; ""'Autops ies were performed to search ..for metastases in the liver, spleen or 

"v" 

lungs. " 

t. Enhancement 

Mice w~re divided into two groups of ten animaIs each. Group l 

rec,eived TSA #2 1 cc IP on days 0 and 7. On day 14 a challenge of 105 
o 

viable tumor cells was given Sç as described. Group Il receiv~d 1 cc in-
l' • 

jections' ol 0.85% NaCl instead of TSA #2, and served as the control. A . . 
search for metastases was made ai autopsy • 

èHAPTER III - RESULTS , 

. A. MATERIALS 
,~ 

1. ·Tumor Specific Antigen 

The Sephaàex G .. 200 separâtion of T1699 TSA #2 was 'pooled and 
./ 

t 

1 • 
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~once:tltrated (Diaflow UM2) as four fractions (Figure 8). Thé crude 

TS-b #2,' the crude TSA #2 frozen and thawed, ~ach of the above fractions, . -,,' 

"and the resuspended lyophi:1isafe were tested for the p;esence 01 TSA via 

immunofluoresc.ence. Unfortunately, only the crude 'sarnplès retained 
'. 

adequate activity. For cornparison, H-Z' antigens were also tested and 

recorèted (Table 2). 

B. . E XP ERIMEN'I'S 

1. P-StS-X2 

a. Dose-response Relationship 
... 

" 

The dose-dependent relationship of this tumor extended to aIl 
t 

,facets of turnor gr'owth: latent pe~?d, growth pattern once established, 
'- ~ J":t~ 

. ~jq . 

and time of ~eath (Figure 9): Note that the greatest;.;cc;nt,S istency existed 
< . . 

- in the size range of 0.50 to'l. 00 cm. By extrapolat'ing the ber of days 

.it would take a given 'cel~ challe~ge to achieve a give size, it was possi1;>le 
0' ' 

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

size the regularity of growth pattern that this turnor exhibited, and allowed ,0 

~ J !lA 

~tle ch~nges to be petected. No~e that this was possible because there 
. 1\ 

were 1000/0 tumor,takes. Autopsies revealed no rnetastases; death was fr'om. 
" 

local invas ion. .. 
b. Enhancement 

(i) TSA #1 

The group which was immunize~ had a growth pattèrn that was 

shifted to the left of the control group (Fig'ure 11). 0 Latent period, rate of 
, 

growth, and time of death were al! aHected so that the shape of the curve , . 
"' 
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did pot s:Hang~. ) When these values we'r-e converted to tumor ceIl equivalents 
~~ .. r"', 4...-.' r , 

th~ië'~trol group behaved like a challenge of 13, 893+8586 cells,' and the im-- , 

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

at the pc::. 05 level. 

'(ii) TSA #2 

Th~ 1§"e pattern occurred, Wi:- tumor cell equivalent values of 

4940+2125 for the non-immuni~~d, and 82,333+16,343 fQr the immunized' -. -. \. c::,. 
(Figure 12). This was signifioant at the p <: O. Ollevel. Fortunate1y, a 

relative c~paris'on can be made between TSA #1. and TSA #2, as they recei ... , . t ' , 
~ ." a 

• 'ved the same effective cell dose at the sarne ti.n:;e. Probably no real d~ffer-

o 1 ' '\, 
ence in their éffectivenes's :exists. "tldwever, it wa-s decided to continue 

• ... 1 \ .. , 
experimentation with only on~ pr.eparative method, and because TSA #2 

\ , . . 

gav~ higher ;ratios, it was se1ected.' Autopsies revealed no metastases. 

'2. T1699 

a. Dose-response Reh!tionship 

~ 1 

A d.se dependent relàtionship for this neop1asm is evident, but a 
Q) , , 

graded conE!istency is not readily apparent (Table 3).! With a 'challenge of 
o [ 

3 \ ' 
10 ;-'or 1ess, viable tUnlor cells no takes occurred. When chp.lleng,ed with 

10
4 a~d loS cells, tumor growth followed with a respe~tive increase in turnor 

takes with increas ing challenge s·ize. An exact re1ationship between chall~nge 

dose and subsequent takes cannot be determined from t1:Iis data. However, a 
, , , 

90% t~ke rate would be expected if 105 viable cells wer~ e~ployed. Note that 
o 1 

1 

at this challenge dos~ a tumor which eventually regress'ed occurred.. There 
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appe~rs to be a law incidence of this phenomenon (about 11.1%), and a 

-
la:rg~r group of animal~ would be required ta establish the frequency of 

this occurring. Whether it occui~ ~ith, a challenging dose of 104 ca~ot 

be assessed because of the small nU'l'nber of animaIs involved. 

" In additian.to the above param.eters, tp.e siguüicant decrease . , 

(p,,< 0.005) in-'latent period with incre~sing challenge 'size sugg~sts that 

~ , 

a dose-response phenornenqn exists. , 

1 
To further clarify the relationship, t~e growth patterns were 

plotted far aH turnor takes (Figure 13). Because of the wide variation 

encountered, mean values were not c~Ùculated. IrYs.tead the growth 'curves 

of individual neaplasms were charted. ' In addition to reflecting thevarià.bles 

previoJsly discussed, se,veral distinct patterps of growth, seemed to emerge: 

1. Progressors 

- " . 
--___ __, ,, __ IA1\~~ ~~e 104, __ and four fof thé 105 ,ch~~~enge ~oses progressively 

'n _ 1 - • . " 
increasetLin size with no evidence of regres sion at .allty- point in their growth 

~atterh. 

. 
1 

2. Progressor) with Regression 

~n three of the 105 challenge d~se, progress ion is delayed by a 
'i,. " ~ ~ : . 

period of regression which lS maximum at 50 to 60 days post-tul;TI.or~ chal-

lenge. / 

After this interval of te.mporary regréssion, othe turnor continued 

ta 'ènlarge with eventual death of the ho~t • 

.'" 
.. 

\ , . \ 

----~ 
~ • 1 \ 

.if" 
-' 1 

( 

\ " 

" , 
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3. Regressora 

Although only evident in one animal, this becarne apparent at 

;' theqsanfe tirrte at which group #2 was shqwing maximum regr~ssion. 
1 

, . 

\ 

~,' 

This suggested that in a certain"propàrtion of animaIs, a critical period 
~ 

f , 
existed which ~etermined the eventual tumor response, progression versus 

,. ' 

regression. 

" Because a challenge of 105 vi~ble ceÙs gave a high percentage 
, ~ , 

" /" . 
of tumor tak.es, produced ~ r:~ressor, and Îemon'~trated SQme ~arlatlOns 

'1 ' 
in growth pattern, this do'se was selected fqr use in subsequent enharlce~ent 
. . ' J ' l 
"!-ttempts. HoweVel;:; the inhefent v~riabilrY of i;he parameters made this 

'turnor~more difflcult to assess, 1 àn,d a staildard growth cutve was not con-
/' 

structed.' Necropsies revealed no evi~ence ov metastases. 

b. Enhancement 

By co~par.ing the resulÙ. for enhance~ent (Table- 4) with the dose~ 
1 

response relationship for this turnor (Table 3) in regard to the nu,mber of 
~ ",_, /J 

~ f ~ , 1 
. tun;pr takes, and the latentl per iod, ~ it appear ed as ü th,e control or non-

i~ilDiZ~d gro~p had rece~ved an effective challenge 'of between 104 and 105' 
, 1 

neaplastic cells. Fortunately, for this cont:t:0l dose, fi. numb)r of regressors 

were present, but their relationslllip to'challenge size cannot?e interpreted 
f ' 

o 

because of the s:rf:i'all number of animais involved. 
'\ 

When the treatment group was ~ompared to the 'control. group 
,<!l" , ,,", '. " 

'(Table 4), no real change in the incidence ~f tumor takes wàWI'evident, although 
\ . 

the laten\ p.eripd was ma;ginall-y decreased (p<:Q.IO). 
~ 

This indicated that the 

,f • 
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'\ 

treat,ment group behaved like a slightly higher challenge dose. Th~ 

absence di regress~rs was noted. 
, -r , , 

; , 

Again, tQ S,ee il further clarification was p~ssible, the growth 
"\ 

pattern of individual neoplasms was plotted for. non-irnmunized and,im-
, ' 1 l' ' 

'-tnunized groups 'Figure 14). .. " 
No attempt to eJÇpres s mean values' was ~ , 

made. 

Within the ~~ntrol group ~ree growth patt~ were evi<!fnt:, 
, 

there was one progressor, three progressors 'with regression, and 
Q ." ,. 

- "J 

\ .! 
three regrlèsSOrs.. Maxin.1.um re\:, e's s ion occurred betwe~n day;AO and 

~ .fi . . -
50 post-tumor challeng-e. '- In tHe treat~ent ~roup five n,e~~,~ dem~n-, . ,. 

strated progressive growth; ~d one combined regression with progression, 
r, 

, maximum at day 30 to 40. This group had a marginally steeper growth " , ' - .-. 
pattern than was seen in the controls. 

1 

'1" "' Regressors tqqt were followed for four months never d-~veloped 
-\-"""._~J "-------, 1 -.... t _ 

, ,.. -
furt~1- neoplastic growth. Autop~ ies revaled deatn. from locaJ invas io.n, 

. , ',. '-

w ithout metastas es. 

CHAPTER IV - DISCUSSION 

A. MATERIALS . -

" , 

... 

o' 

1. Turnor Specüic Al'ltigen t 
A numb.::r~of atte~p,ts have b~en m~de to SO~~bi1ize tumor ~pecific J'(:' 

,.. . ... 
, t. ., _ l '\. 

àntigens of both carcinogen-aIld' viral-' uced·neopla~ms •. Usually, the 

, 1 

~, 

,. 

• 
yield of biologically.act'ive mat rial ""as 10,",,. and the materials proved 

• -- '--,,-- --~ -- - " :1 ,"1 /~ '- - . 
tobe.labile(71Z2,76,124,147,178~). 7\:" 

f 

, , 

1 
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Il .. 
As an efficient salt extracÙon proce~u;re ~or soluble HL-A 

, ." , " ' . ' 
~tigens has been described (165), ana as sufficient biplogical activity 

, ..Q'~ 

was retained by this method to create "blocking" in ah in vitro allogeneic. ·r7.-
l, --.' 

1 • • 1 

systèm. (201),' the technique was adapted to prepare T5'.A frQm syngeneic 1 
i - ""- ( 

-.;: 
soUd tumors. " 

< 
Suosequent immunofluor'escence t~sting revealèd the presence of . . ' 

TS,A in Othe crude preparation obtained. ,Further fractionation on Sephadex 
l' -

G-200 revealed that TSA ~uted in the same area in which H-Z activities are 

found (183) (Figure~. iJ1e Z). This .. entity wou1d then:have a: h~h moie-

,'f 

cular weight (about 50,000). Although immunofluor.esC'ence detection of TSA 
, , / 1 ~ 0 

was a semi-quantitati:ve technique"ijt has adequ'?-te sensitivity. Therefore~ "-
, " ~' . ~ 

it wbuld appear that some biologic~ activitY-ew~s lost' upon furthej- process-.' 
" 1 

" 
ing (lyophilizatid'n o.r fracÙonation). This IQ.BS \ appeared greater~an that "" 

, '~ ,. 
found &fter limited papajn dig;.estion plus Sephadex G-150 ~eparation (1,02). 

Fortuhately, little 10ss occurred with freezip.g and thawÎl;g of the crude 

material. .. 
,f' 

" . " 
~ven though the inununofluoresce~ce testing inditated that there , . 

p_;obably w'as biOlogi~a\ ~activity, ~ the b~ologicaJ. efficacy bad 'to be tested in; .. 

.. 
" 1 a tum.or system. 

, ,( 
B. EXPERrM:Jt:NTS +; 

• f . 
1. P -815 -Xl, 

f' 

? ' 

a. Dose-response/Rela"!;lonship 
. \ (, ... 

, \ 
j The, consistent' and reproducible dose-response behaviour of this 

r ' , , ~ -, . < 
\ , 

./-1 
" 

" 
~ 

/l~ 
~ . 

• ~ ~ -:Y" 
o " 
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\ 
neoplas:m as a SC i:mplant, has als"o"'l?een shawn- for the IF route (41). 

This permitted the constr\Iction_~f a, standard ~rowth relationship '&' 
faci1~tate the express;on o( enhance:ment. However, it .. also indicated 

1 . . , , . 
that changes in growth pattern would be subtle and' difficult to d~tect. 

For this ~éason it wà.~ decidéd.to use the' 500 cell dosagê as the chal- . 
~'> -

lenge ~"the" e?,suing -enhancernent ëxperiments. The lü"nger latent 
..... ~. (. 6 

_ period with this d6sage would also allow f~ll advantage to be taken of 
, 1 • 

the time required post first i:mm~ization, to ~evelop ~cing anti-
\ . 

,,'bpdies (194) • 
.. 

b. Enha.ncement ~ 
).;.\ 

~ , 
T~at there has been à change in the growth pattern of this neo-

pla.sm. was obvious (Figures 11 ~nd 12)~ and statistically significant. How-
,.,-1 

~ , -/ 
ever, diëh;his meet th~ requirements necessary for its iri~e'rpretation as 

~ 1 

emhancement? 'r4e i:mmunization procedure with TSA #.~ ,,or #2 provided 
JI 

, . the antigenic"stimulus. That ~is m~terial was in iact tumor specifie 

antigen was acco~nted for by the fact that H-2 differences were circum-
~ ~ , 

~ . / 
vented by employing syngeneic tissue (Moller q,uest.ioned this because he , , 

feIt that traas-pla:ntable neoplasms acquired the properties of al1o~eneic 

o ~issue wi~h ~e,passage of time) ~-135)., 0 This c-"tt'raiicted Brunn:rls find-
1 \ , , 

f ~ 1 • 

iUgs that P-8~5-X2 d.emonstrated no evidencelro{TsA. However, these ' 

, .... Q ~ ( t '\~ 

~tudies were done ~ :ritro (25). Because of the careful se~_ètion of para,-
ct ---'\' ~l 0 

"met-ers involved, the time of tu:mor growth corresponded fo the time when 
, /, " ; , 

, .. ~ r 

antibodies to the.-TSA should be present. As other façtor's re:mailled 
>/" , 

.... -11 
"". -1' , 

..:...'" 

, ' 

\ 
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co~stant, the chaJ1,ge in tumor cell growth can only be' attrib\lted ta the \ r, 
effed: of'the antibody to TSA. These çonditiçnis, therefore, met'the 

r e~Uir~~nts for' ~nh";'eement (l9y Thus. -syngeneic enhaneement 

of P -815 -Xl ocèurred. 

Fl'om this, however, no attempt to explain' tb,e mechanisms 

involved was warranted. 
:;.. 
2. T1699 

~\ 

Copsistency in the growth ~ehaviour of this neoplasm has been 
J 

1 

observed for SC im~tants in oth,er locations (:right ~houlder area -~ 

\li" • 
personal observation). However, since it is a mam.rn.ary adenoca cmoma, 

~-, 

with prob~ble estrogen dependence tpersona! communicjltion .. Dr. S. 
'00" - "--

Haskell, McGi1l Univérsity) it was elected to evaluate its growth'in -----,-<, 
.' ~ 

), '- -i 

pott;ntial ma:m.:rilary tissue by injecting it SC iD. the ll1.i1k line. For con-
o • 

. sisten'cy only the right side was employed, à1though th~re,is no ~eas~ 
;.( 

to expect a different response on th~ 1eft. 
, ~ 

. In this location a graded refiPonse seemed to occur. ,. . -

3 When 10 "-t 

or..}e~s" viabl~lcells wexe e~p~oyed ,as Chal1~f~':' no ~akes occurrê'd. 

This tefle,cted tumor cell rejectiop by the host, and Moller 's explanation 

rnay be valid' (135). However, when a crucial size" of eeU challenge was 
i 

. ." ~." 
• , • - 1 

surpassed, takes o.Gcurred. This frequency appeared to reflect the chaI-
l ) 0". 

lenging> dose, althoug? .it was unkhown if there was an upper value which 

w~uld rèsult in 1000/Q takes • 
" 

1 -
-'-\.. 

, ) 

'0 

'. 

\ 

/ 
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- p 
The latent period before turnor appearance aIso corre1ated weIl. 

Therefore, an, estirrtate of the challenge size cou1d be made by aasessing 

take frequency al}d latency. The three patterns of tumor growth apparent 

, ,. 
from the graphs (Figure 13) were thore' dUficult to interpret •. Even though 

this was evident only at a challenge of 16-5 cel1s~ the small number pf ani-

• m.als involvéd did not negate the p,ossibility th~t it may have occurred at 
1 

bther ce1l chal~enge num~ers. Probably it does! Yet, the ,patterns' were 

intriguing, for there existed a group which appeared to be midway between 
'" ) ,1 ~ ,-~ \ -- ~ ." 

progressors and regressora. At a particular time the tum.or growth re-

- gressed, and then plateaued. For unknown reasons, they subsequently 
_ \ -r 

pl'ogressed. Perhaps this reflected the biphasi~ naturel"orthe immune 

response (89). At any rate, this pattern of tum.or growtb would be expected 

to be sens itive to immunolog ical manipulation, and may serve to detnon-
~ , 

o 

strate enhanceme~t. 
, , 

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

, 1 

pattern) it was decided to use 105 'cells as the challenging 'dose for further 
• 1 

enhapcement etudies. 
,-

The abs ence of rnetastases cannot be commenfed on. 
. 

b. Enhancëm.ent 
) 

1 -

P , 

Using the above criteriat takes and latency, it appeared that the 
• 0 , 

) " ." ... 
corttrol, or non-irnmunized, groups received a celI challenge of between 

t 
, , 

4 1 5 .,~ o. 
10 and 10 in numbe.:G yrh~n the i.mrpun~zed group was examined, there 

, 
~ was n?~ r~Qal challge;{n take rate, and only minirhai decr"ease in the -latency 

............. --------~---------
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periode. This behaviour, corresponding to a small increase in the 

challenging dosè", could be considered suggestive of, but not conclusive 

evidence for e 

neoplasrn growth ~haracteristics (Figure 14). - There appeared ~o, 

e a shift from the nc;m-immunized to ~mmunized group-s in that less regres-

's ion occurred in the latter. It appeared that, at the critieal period m~ntion
~1 

ed before. the Brior manipulation of immuniziiLtion with subsequent antibody 
~-----<~ 

formation exerted sorne effect so that progression was favored. The 

mechanism cannot be ~urmised, but this shüt from neoplastic regression 

to progression was evident. 
- ~-----------

Thus, when aU the'a~-::--Jarameters o!'C'tumor growth 1re consider-

. ' 

ed. t4.61effect of an immunization prot~ol was a shift towards behaviour 

. ~~\ "' -
characteristic of a greater tumor celi chaltmge, _ and away from regression. 

" , 

This, hûJWéver, was only suggestiv~of enhancement. Clear-eut affirmation 
-4 ' 

would' require repptition with large~ numbers of animaIs. 

:Unfor~unatelYt no metastases~curred in either group. 
\. . 

CHAPTER N - SUMMAR y 

, By.:.careful selection of all the fac,tors thô;,t tended ta maximize 

neoplasÙc enhanc~m~~,\ one salid syngeneic 'neoplasI'n was,found to express 
, ' '\ 

the phenomenon. 'However, variations were subtlë, and only the constancy 
j , 

of behaviour of P .:815 -X2 allow,ed detectign. This, in turn, substantiated 

Ç' -

thé~t salt e~racted TSA had biological activity, as propose,d by the immuno-

.- ., 
\., 

., 

\ 
\ 

\ 
\ 
\ 



, 56 
l' 

, "": ....... 

(-

J • 

" fluo'resceht studies. 
-\ "" 

\ ' ~ith T1699, identical manipulations failed to produce definitive 

~~~c,~, fur· any enhancement of tuplOr growth. 

" • 
-

.f 

" ' 
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CHAPT~R l - BACKGROUND 

, A. HYPOTHESIS 
< 

Data is accumu~ating to suggest that serum factors, opera1;ing 

~i~ an enhalt'cEhnent mechanislll, are responsible for the inability of a 

host to reject â neoplasm. However, if these factors were removed would 

• 

enhancelUent be abrogated and the balance swing, to f~vor immune rejection? 

l'he evidence for this is not cotnpletely c1ear, but indicates the direction t6 

be pursued. 

B. EVIDENCE 

,l:' ., , 

1 

This can be' classified into two categories: 

l. In Favor 

. ' -, ' ! 0 -

The serum factors responsibl_e for the production of ep.hancement 

-have been identified for sorne tumor~host systems. Howe'ver, the results 

are conflictfng. In SOIne allogeneic (78, 131, 190) and s~geneic murine 
~ -

models (160), A.Tld in hu~an neuroblastomas (83), blocking activity has been 

found associated o~ly with the IgG c1ass or subc1ass. In other allogeneic ( 

, 
E\,ysterps the IgG fraction produced enhancement, whi1~ the IgM fraction 

:' ~ 

Was responsible for inhibitIon (186). Moller has suggested that this is 

reaUy ~ot a qualitative differehce, but reflects the combination of concen-
1 

1/ 

tration: and avidity (138). If present at appropriate levels~ aU aI;lHbodies 

should posses s enhancing propèrties (4,138). The findings of Bubenik 
\ 0 

\ .-
Support this concept, but stress too \ that the réttio o~ 75 to 195" antibodies 

may exert a IYlOdulating influence (27). Certa,inly this interpretation could 

f 
f • 

o 

.'1 
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• be applied to explain the "blockinglf~(l1, 28,70,72) and "unblocking.II (9,11, 

69) factors that have been documented. It certainly does n?t help pljedict 

what would happen to the enh~ncement phenomenon if, antibodies were ab-

sent. 

An indication of what could occur comes from.two studies. In 

- , 

the one, Jagarlamooây et al (82) exam..ined the eff~cts of APS on two separ-

ate tumor systems. When tumor challenge occurred in hypogamniaglobu-. 
~ linemic animaIs, tumor growth was l"etardèd. In the other, Manning ,et al 

~ . 
(118) employed anti-IgM as the ~nwnosuppressive agent. Again this' pre-

, 
vented tumor growth. However, it is not P9ssible to attribute this effect j 

/. 

to the suppression of enhancing antibody. 'riO do'this the abrogation, or 
• 

~r~ention, of ~nhancem..ent would require documentation/_. 

2. In Oppos ition 
". 

o 

The.'expe:dments of nature, however, perhapè serve aS a caution-
o 

" 
ary exam.p].e. In the prithary irnmunological defi'cienèy diseases,' the state 

~ 

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

~ccur i.n t~~ form of rec~t infections with "opportunistic o\,ganisms, o~ i' 

lymphoreticular malignancy (3). . i 
'1 ('. "\. 

c. OBJECT 

\ ., , 
'In Part l, panspecific suppression of()the humoral antibody system. 

. 
wfs achieved by treating newborn,m'ice with repeél;ted injections of ailti-

~ 
• 1 

mouse, IgM. In P<!rt II, reproducib~e syng~neic enhancement of one neo-
,,.,." , 

• In order to evaluate the relevance of enhancing plasm was demonstrated • 
" 

",,' 
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J 

antibody on an enhanced turnor, . it was planned to synthesize Pa:t;ts land . \ . 
~ 

\ 

II. Hop efully , sele~tive abrogation of the immune response would abro-

,~ . 
" gate the enhéUlcemOOlt phenomenon: , 

. 
CHAPTEY - EXP;E;;RIMENTAL DESIGN 

A. PRERARA TION OF MATERIALS 

1. . Anti-IgM 

Anti-IgM lot- #2, ,as prepared and standardized in Part I, 'will J, 

be used e1Cclusively. 

2. AnimaIs 1 - ~ 

, DBÂ/2 ne;;;borns ;:;J; obtained, and raised .under the sam~ondi-
tions as described in Part I. Weaning and sex separation occurred at three 

wee,ks ,of age. 

" 3. 'Tumors 

Fof"both Pi8IS-X2 and T1699, the Îln.m.unizing and challengin~ 
~ , 

doses, scheduIe, and route r'emained identical ta Par~ II. 
o 

4. Inununiz}ng Agents, .' f-' "\ 

~ , ~ 
a. Extract of Norrnal Tis.su~ \ 

\ " 
~ '1 "1 

A KCI exi:raction, of DBA/2 river, spleên, ?-nd ~idney was prepared 
\ < 

, ). 

according to~the regimen used in'part II (165) for the'prepa;ati9n of TSA #2. 

(b • '( , 

By c"c)mparing optical density, it was standardized to the saTIlEl- concentration \ 

as TSA #'2.. 
" 

b. Elrtract oLNeoplas.tic Tissue 
Mf! 

'TSA #2, as prepared in Part II, was ~xc1vsively~ employed • 
1 
'1 

; 

\ 0 

, "\ 

/, 
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"B. EXPERIMENT 
, 

The format was best pres'ènted gr,aphically (Table 5). ,f>" 

1. Anti-IgM Treated AnimaIs 

These receiv~d anti-IgM lot #2, 10 mg; IF, ev~ry 48 hours for 
\ . . 

the duration of the experirnent. 

l, 0 

a. Sex 

:As a shortage of animaIs n~cessitated t~e use of the treated females, 

it was decided to use the P.-S15-X2 in this instance, since it apparently shows 

no sex preference (41). " T1699 was subsequently us'ed in the treated m~ ----~-
o , ' ____ ~ 

'r ' 
1) v 

b. Imm.unization 
, . 

'I!his was performed, at four and !ive week~ of.lage. 
, ~ 

c. Turnor Challenge' 
.~ 

..- ' 

Tlhis was ,done at six weeks otage. 

2. Contt:.,ol AnimaIs 
Ji. .. 

The immuni~ation ,and challeRge w~e performed. as in the treated 

'-

group. The interchatiging of, immunization, and challenge tumor sources, 

was d~signed to detect any. cross -reactivity between the two''tumors. 

C. ASSAY 

1. \ cS erum ' Irnmunoglo bulins 
.... ". , 

, 
In ~rder to oorre1j\te the degree of imm.unosuppress-ion obtained, 

.\.f.. _ 
with that ob~erve..d iil Pa~t l, the serum i.glfuûnoglobu!in levels were deter-. ~ 

mined at day 35. This :techni~ue -&as -selected b~cause of its non-invasive 

: 
\~~. char acter • l' 

", 
\ 
\ 

. \ 

.\ ~" ---------
l' ,1 
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\ 

Where appropriate, group means + stàndard deviation were ca1cu-
, - \ -

1 

lated, and düference~ompared via the Student's T--tèst. 
. - / 

2. Tumors 
o .. _ 

These will be meas-ured and assessed as describ~d in Part II. 

CHAP--TER nI - RESULTS ,. 
Again, the data was most readily expressed in tabled form.at 

(Table 6): 
~ 

A. IMMUNOS UPP RESS ION 

, "Serum. immunog1obulin levels on dé\Y 35 were,again found to be 
, " ) 

panspecifically ~uppressed in the anti-IgM treated newborns. IgM was 

absent, while the mean.;.lues :!:. standard devi.tion for IgA, 19GI and 'Cz 0 

were o. 32~0. 47, 1. 50+0. 57, and 1.lS+0. 72 respectivel'y, expresse.d as ~ 
, . ~, ~ 

Elerial serum dilutions: 'This is statistically much lower than that sean 
! , "" 

in the control grdups, and corresponds close,Iy with equivalent results in 
t; r 

Pa:r;t I. 
. ; 

'r 

Within tHe control, or t)."eatm.ent groups, there was minim.al varia-

tion in Serum immunoglobulin levels, âcroli,s aH heavy chain clasft\es. 

B. TUMORS ,.~ 

1 

fo take, 

i ... r 
• ,.",1. 

, . 

1. P -SIs-xi 
J , 

• ./> • 

Unfortunatély, the challenging dose of viable tU:rnor ~e1l8~fai1ed >-

• 
both in the control and treatmènt groups. 
~,. c' 
. , • -1 

2.' T1699 ' . 

.: 

() 

. , 

" 
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• 
tion encountered, no attempt to pl0t mean: valq.eS"'was .made. These will: 

~ 

be describ~~ in; cO.j~n ~ith the tabl~d data (~ablè 6)~ 

'a./ Control AnimaIs ' 

o When the incid\Itce o~ turno;r take, and the l~tenc., period, are 
,- , 

êonsidered relative to the dos'e-response relationship previously described 
," . ~ 

l> ' , ' 

in detail (Tablè 3), it appeared that the unimmunizedt males received an 
- ' 

equivalent challengJ dose of be'tween 104 
and 105 viable tumor cèUs. The 

'; 

females have a,somewhat shorfer latency period but çlid not appear to have' 

an incre~sed number of takes. 

( 
within th~, sarne rang~Jf ~ , .... 

4' ~ ~ 
~ \,').. 

Their effective challenge dose was probably 

. , 

" Upon immunization \Vith tûnlor tissue, 
• 1 

~ 

he males had a decrease 
, 

""both in the incidence <?f turnor tak~~~nd laten~ pJ'riod. This was most 

~ 

noticeable when an extra ct of Tl699 was 'employe .!as the i~~g agent. 

. . 
. The females demonstrated no kal change ID thé~..e parameters. 

~ .. \. ( ", • ./l.,r 

\, ~ ~ 

ThiS was suggestive Of enhancernent in the males, but not in 'the 
\ . 

"l fernale~. 
, . 

Furthe-f evid~;nce cam~t from 'the growth patterns Ç>f the individual . 

tumors. ~hose 'males laot i 

~ ~ 
tissue demonstrated 

'If') 

or immunized wi'th extracts ~f~normal 
.' - . 

~ : 
growth pat.terns: progréssors, :i1'P&gressors 

. ..... \ 

with re~ression, ?1r
. ~ 

.---- " and regressor~. hen extra~ts of tumor tissue were em-
- . ' 

ploYofd there was ~ shift toward progresso-rs, anç1 tn,is \lilas most marked with -
l 

,~ 

'T1699 imn\unization. TI:e fem.(les .iollowe8 a s irn1lar pattern, although the~e . 

,~ f} \ 

a~pea:red to ce !lq difference between P-815-X2 and Tltf99 in effecting a shift 

..... ----......... --

towards progression • 
'" • 011 ' 

\ ' 

1 
1 

o 

• 
"} 
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b. Antij'11gM Treated AnimaIs, 
, " ' t 
J ~ 1 1 

, .-11 \ 

d 

vyh~n the" in'cide1;l.ce of takes, arrd latenc 

-. 

compared 
• . '-

" ,t> , 
\y'ith the standard dose-response ~eléitiol)sh1.p (T 

1 cr· 
the un.irnm.unized 

- - ~ , 5 
group behaved 1i1<;e a challenge of 10 ",,- 10 viabl 

/~ ... ,,/- ~ 
, ) 

This compares 
/~ j ") - -( 

r ~ ~ ~ "1 

with."the chàllenge <-(lose of. the unh-eated contrels, r~vio;usly discussed. • 
-6 ~D ~ , " ~ .' • , 

Upprl imrrttmization there was 'no marked cKange in(t~ke;~ or latency 0b-
... l, ." J 1 

served. This indiéat~d that there w·~s not â shift to b~1.aviour rese~bling 
" ' 

'~ l~r~,~r turnor, C~ll chall:~ge. T~iS, was in co~tra~.t t~ the unt~e~te~ ani- 11 ,~ 

mals where a change, was noted~ \divid:ua1' growth pa.,ttern,s coüld, not be . \, 
~ . . '- - ". 

\ i .. ' 

,employed'for cIarifio-ation, 'beèause of the smaller lluni.bers of prcf'gres"'sors 

• , only. 

----........- ,. 
1 

CHAPT'ER ry - DISCVSSIQ~ > 

'S' 

-~ 

,A .. IJy1MUNOSUPPRESSION 
... ~'" ... ;. 

-' fu o;~er to' aC'hie:re tttebame degree,of panspeèific immunosup- '. 
<t tJ.. {1 \ ~ 0 <{)~ .. ~.. " '" 

"·p~essi()n.as was~ d~à.ilea. in"Part r; the "sa~~ pr,ep~ration'of anÏi~IgM," , '-.. .. ' , 

ud1i~ing identical dosa~te, route a~a 'S.chedule, 'was ernployed. éo c "pare 
/ ~, . '. , . 

efficacy ofÎthf;l téchnique'~ 'non-mv';sive parani~tJ-r, that of ser : uno- ~ 
. a~ • ., • 1 io ,.",.~ • ~l... t " ..... .... '.... _ 
- ',: ,"'! \. , ~ . r·" '-

globulin levels, lwo~S às.s~reâ •. ~o~pp.!iSon 0t results..(Table 1 and Ta~6) 
, f(. .' , ' . 

revealed almost i4rantiéal;'va~ues~ ·~s testing was performed aq~he same ' 
"tf ,~ . ~ \ -r-J 

,cf' , ~ , " , . ' • '. • l," . 

nurnber of clays post;-rftally, th~ Qther' aspects of, immuBosupprèssion 
.' 

, ~ .. ~ ; , .. 1. J1 ." , 
.$~ 

• '. :~'.~: .~': ,1 .~ meas~~ed in:~a:t~, wbuld-be .~fCP~cted to apply~' ",Th~y, how.ever, w:ye 
. () ~ ~ .: 

,. . ' , . '''1 Pt '. • 
~ xl. , • ,: " : J10t' me1as.ured 'm Part 11I, becaus~ ·of their invasive nat~re,~ There ~re, 
~ " 
, " ~QU .:o>~t 

, ... 1 .. 

, ' 

• oj" 

1 Q 
.. - <3-." 

~. ~.-" 

, 
\ 
f " '. 
f 

J 

1 I! 

1 ' ~I ;; ~ j .â ..... 
Itho~~~, s~v,e~~l ot~er\ .r.el~~~~t poin~s. ~a: 3!; was cho.!'!iu~Ïor ~sf;iay be-

p ',' , 

'. ~ause it ful:fi!led ~'er:t:a\n ~.rite~i'~: ,:~t,wfLs :two. we.éks PQst-we~ning 60 tll;at ' 

. " , .Q a •• x 
, . ' . b.' , 

,p . '. 
., 

.' 

" . . 
'1 

./ .. 
"., 

~ " 
.. . ' 

, 
~ .f. .... 

.. '.. ~ :,,-, \ . 
' ..... 

" , 

• \T 

1 
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~ 0 " 
. ~ 

'" 
.::.' 

;.... 
,," 

'f " 
, " "\p 

transplacental, 'and breast' fe~ding influences would bè :m.inirnizedj 
• 1 ~~ i, • 

it 
1 1 

" 
, " \ -' 

,:oinèided temporally the' prima,l'y r.esponse ta SRBC, and other iinmuni-
o .... _ " 0 \., ~ ~ 

, ~~... -~ , ' 

zation procedures; it represented the status af the animal immédiately . 
" ) ; Il / 

c' 
prior to tumor chall~nge. While the j?rirhary inunune resp''phse ta SRBC 

.,- , ' 

,was found to be aHected (at least th~IgM pcht{on), t~is 'was ~ot docu~ented 
." 0 'f.' / _ " , ~ , ,:".....J 

for the cOther immùnizing rnethods. Certainly, the behav~our of the other 
, ., 

• l ' r 
\ - ~ .. ~ ~'1. ( Il Il • " 

inununoglobu.lin classes cann6't be surrpised anly from their serum concen-
\ ' ' 

4 t> - • 

tratlons. Of-not"e i9' the' IgG lev'èl~, ,which we,re 4ecrea.sed, 
l ' ' \' 1 • ' ~ 

but n~ver 

completely s~ppressed. 1, ... 
(\-- The 'other con,c,ei-h was \hat the.se values reflected on1y one pomt , 

in time.~ 1'0 assess i~une statua during tumor gi'd~,th wo~ r~'q~ire 
4.. _ '\..' 

• <' , ~ 

s equential studicts. 
, . lns~ad it was de~ided ta achieve astate of-.pan,specific ,.7 

<-.... -: ~~ '1 .. 
~mIJ1unasuppr.ession prior _to'tu'rnor challe~ge, and then observe ptumor g1t;>wth 

() ", ." 

.10 asc~rtain. if any ~ff~Ft w~~ noted. If so, further'investigation w()u1d be_ 
l, t t O 

':0 ~ -1 1_ - 'l' II!" .. ~ 

'warrant~d.'FI' " " 
Jf "\, ... 
~!B. " TUMORS ., 

1 0 

, , 
, ' 

1. 'P -815 -X2 

.. 
, . 

~ 

~ The signifiGance
L 
of the ~omplét~ 1ack~of tumor gro~t1î :was net 

known. A~ it occ~'rred/with bath the cont:i;-,plltnd treat:m.ent groups" it 
.. ~ f • C .. ~ ; , 

• r 

( . 
fi f' 

" -: 

1 l 

a 

J. 

, 
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a. ContrOl Animais 

() 

4 
Bssentially, jthis was a repetition of Part II with added variations. 

~ .'-
,"'" 

~ In the males~, no change in grow~h was ob~e!ved when i~munization wa'S· 

o , -1 (( • , , 

per'formed wlth extréiç.ted syngeneic nqrmal tissue. When turnor tissue • 
\ 

: e 

" , 
t ' 

, 'a 

). was employed, t~mor groWth mimicked, a slig4tIy J:ligher,,~ell challenge. 1 
. ( 

Th~s occurrence, when the ,immurtizin,g materiéJ.I was an extract of P':S15.-X2, 
( , 

{ . 
indicated a pos\9ible cross-r~actiyity between tumors. The mechani&fil can-. " 

l .-_ , 

not be surmised. 
j\4 1 

... 
.,( 

!il the fëmales, any chang'e in,tumor gr-ôwth was less 9bYi~USt 
• "". • 0 '.J _ 

\ 4J ... ~ l ~, "., 

'a:p.d nô'ç;ross-reactivitY'appeared to exiit) Wbether this sex difference 
• -'f . 6 , <> .j J, 

is çlue io estl'bgen dependence
j 

of T1699' is unl<:.n'!,wn. Thése' controis estab-
, 1 f ~ f "~ , ~. 

l~$hed that TI699 does have definite:tgrowth chai"acteristi~s in syngeneic"" 
-( . ~ 

w,às also demonstra-.l'mice. ';fhe C,hanrie of pattirn fO~10W~ng' immuniza 

. \, ted. Again there was a tÀnd toward ,growth c 
, ~ 

c '\.\' _ 

afl8.;rger tumor ce.d challenge. 

stics indicative of ' 

; 

b. Anti .. IgM Treated AnimaIs, \ -Jo 

'. 
" .. 

, -?-nd immunized~animal6 in their tU~,r growtfi patterns w 
~ ',-' . "t. .' " 

Sii1ce . 
J 

th~ cell challenge waa of an equivalent size to th unt eate 
"- '",,' . ~ ~ 

. " . "r-'-~~ 

above, 

a suggestion of a trend,towards growth cha:racter}.s ic a greater ce~l ,ch~l ... 
t) 

lenge, w'ould be expe'tted withip. the a'nti-oIgM tr . 

'was increased. However, any definitive 'state 
\ 

. \ 
, : 

,. tf._ 

, . 

This, 

_ ~ \ ~~ ~ ..Il, 

would 'be,' most 'certa~nly; 
. "t, , 

'1 \ ", 

, 
, , 1-----' __ 

1 
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" 

""" 
o 

, premature. No attempt to relate this to the abrogation, ,or prevention of 

.... ' 
" , 

< 

0 

. .. 
enhancernent will be made.' 

~ , _ .. 
CHAPTER V --SUMMARY (, 

, l 
.,. '1 1 "-

..,." .. , T"" ~> f "-

'L'he abUity of anti-IgM to panspecüically suppress a.'murine model ~ 

was further demonstrated. . This app~are~ to be ~consistent and re;producible. 
~ "---.. -, 

Unforunately, se.condary to techii~cal problems, the tumor P-815-X2 
\ .. 11 

failed to take in any group. This resulted in T16~9 being left a~ ~he 6nly ex-

R~rirnental tumor. Again, onlya tenuous ~';lgg;StC of ; shift to ,g:o:wth 
, ~ 

chaÎ'acteristics of a 'greater cell challenge could be implied fr~m this mo'del. 
1 • '" "t .. c....~ l 

< 
~ . 

" Therefore, when synthes ~s of the .above two systems was attelPpt,ed, . 

~ 

eV'~n \es s reliéible ~es:Jllts w«=:l"e obtained ... A vague suggestion of the lp,ossi-." 
- JIl\..... ,;-, , - ,," (1 

'Qility' for preyentiop. of the above 'shÜt ~ould b'e ent~rtainedf However, any 
• 0 

l , 

definitive statement would require more concrete evidence. 
~ P J ("t '1,., 

" Perh~'ps this 
, . 

1 • • • 

would Q.e most rèa\tily aéhieved by employiIig larg-er nmn.b~rs 
,. L. ~ '\.. \~ 

-----____ 1 ~ 1 ~ ~(~; 41 \' , < ~ :-

of experurlental : 
• • ' - 1 1 

. 1'" 

animal!?, within a~ allogeneic: rathe~ tpan' ~ syngeneic modeh ~ 
'( ~. ~ .•. 

~, .. ". 
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This denlOnstrated the 10ss of aetivity when fraetiona.tion was employed. 

H-2 antige'; deteetabiliti was ;reeorded to allow eo'~parison. 
_ ' J'.. t 

Grading was on a seale of 0 to 4+. , 

Of ') 
li' 

.'--. 

- $ 

t .... 

Fraetionated 

II ID 
1" 
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+++ 

,.-' 
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.,. 
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~~ ~ 
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TABLE 3
0 

\ 

T1699 DOSE-RESPONSE RELATIONSHIP 

Turnor Growth· Characteristics \ 
Cl:;lallenge Dos e' " Latent Period 

- '. (Nurnber of cells) ,Takes Progr'essors Regressors (Days) ... 
9 

l(j 
, , 

101 "-

10? \ .... 

103 ' } 

10
4 ..f 

5/10 5/5 0/5 27.2+3.9 

10~ 
~ 

I~ , 9/10 8/9 1/9 lq. 3+1. 6 

" 1 , p< 0.0005 
t) 

• 

~ 

Note that for a challenge dose, of 105 cells SC in the milk iine that there is 

a high incidence of takeé', the ap'pearanc'e of regressors, and a short lateflcy 
n 

periode 
,\ . , 

\----

, 1 
L----

\ -
, \" 

.' • J " 

, , \ .. 
: , . 
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TABLE 4 

~1699 GROWTH CHARACTERISTICS WIT 

<, 

o Tumor Growth Char~cteri 

E~erurle~ 
Takes Progressors Group 

• t , 

Regressora 

<1 ~, 

" 
No~imrnunized .7/10 4/7 3/7 .. 

hnmuni,zed 6/10 o 6'/6 016 

, 114 
JI 

" 

Lat~nt Period 
(Daye) , 

14.2+0.9 -
12.1+0.8 -

" 0 

" ./r----._ 

_ p < o.ld 
~ l 

Note the decrease in the latent period, and a lack of regressors in the 

o 

immuniz~d gJ::oup. 
) 

o , 

,11 

• 

~ '\ 

" ", 

,. , 

" 

---: - - -~ ... 

,t, 1" 
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TABLE 5 
b ,r" 

" \ ~XPERTh1ENTAL FORMAT 1 

'" 
,-1 

io 1) 

• 
Cl . T'umor Numper of 

G,roup Sex bnmunrzation Challenge AnimaIs 

- ) 
;. "- - " T1699 ' 12 '\ .. ' . 

\ 

Normal tis'sue Ti699 12 
, 

0 P,,-8U;-X2 ..;t T1699 12 

" " 
0 , 

T1699- T1699 12 l 
, J P-815-X~ 12 

.. T1&99 P-815-X2 ·12 
\ .. . 

P .. 815-X2 
<' 

P-815-XZ 12 
\':, 

Untreated \ P-815-X2 12 f \ ", 

Normal tis!3ue 
. f"?-" ", 

~ ,P-8IS-X2 12 
\, 

') 
Tl699 

, 
P-815.-X2 12 

t> 
, , 

P-815-X2 P-815-~ 1?~ 
~, 

c: ~c 
... Tl699 

.. , 12 , ., .., 

i'\: P-815-X2 Tl~99 
'" 

T1699 
. 
T1699 '1 • U 

~ 
: - !> .: Tl1l99 , - 7', 

J ~ " 

" 
c, 

... 
,+,169'9 \ T1699 7 l-

f " 
_Treate,d 

, 
P':'815-X2 ,7 " 

~' 
',,-., 

• 
, 

, P-815-XZ p-815-X2, 7 . 0 , 
~ 

, "' This is. a composite picture of the experimental design. ~ 

'~No_ ...... or 1 " 

) . 
1 i 

<. ') , -r--""'" 
/./. , 1 \ 

O' 

~\ 
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TABLE 6: E~ERIMENTAL RESJ,JLTS 

Q 

. " 

i 
A. This is ~ composite' p'fcture'9'f the experimentCl;l reso.lts. 

B. Calculated values allowing asses sment of the d~gree of 

immunoBuppr e,s Bion. 
1 1 .. ----- .. 
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'. il -1 Tlo,)9 E 7/1:- 1.: "-1.5 <../7 !17 ~, (7'\ ~ 3. lo~1. a ..!. 7':' .. 1. l"i' :0.O/7.Z 20.0~9.' 

t P -1>15-X:' j~ Nù gT~V th Z. fl111. 03 .2. :J>l. ji, Hl. () /10. fi 1'>. ',·Il. 7 
< -

, -j J',-" P-tllS-X! 1:1. \ No t!To\.\.th 2.83:,1. 03 12.. li:. ')1 .'.',. {-I9. 3 ,1&.7';:,10.4 

l"-':;-:~Z P-!;l'i-X~ 12 !';O grov th 

t 2. 67:0. 9~ ; Z.17.:.l..!~~ ':1·1±,7.9 lu. 0~1!-" 

.Pt:81S.)..!. 12 N., ~ro"'th 3. O+l. 04 2..~'-\'l.f)ï ~0.7.8.7 h •• '"'J. 'J 
" 

·>-. ... JTTrl:a.! tiSSue ... P ... ~15-X2. 1:! Ne \!:t"owth 3, 0:,1. 04 ~]~:L{}7 1&.048.4 Hl. (j"9. 1 

Unt.r(.·att à J 

l J' .f) P-81S-X2 J2- No ~rowth 3. 0:,1. ~~ :':.5 t)-1.17 18.7'10.4 20.0-9.; 1> 

0 1·-'1~-X2 P-015--'2 ' 12 No ~rowth ,3.25.!.JJ.14 2.3).:..1. 3 Iil. 7. b. <) HL 7,:8. (, 
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c- ." 'l") 
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rllJ99 12 9/1:' 11 h4.1I 9/9 0/9 0/9 3. OG:"1. 04 1. & .•• fj ~ 17. 'H7. 5 lÎ.;·').'i 

t 
11<..')9 7 1_; /7 !',~').·1. 5 - ".~ ....... 4/ .. 0{4 a- Of4 .0:,0 • lCj • • 49' 1.42.-1.7<1 1. i4~:2j1 

J ).:,!'} Tlo99 7 ~/7 )? ",UT 0- 2/2 aIl. 0/2 o~.{) . ·f3.l .. 5~ 1.43+.53 . l' 14:.. 70 
• '<J'. 

l'r,·att'd. t P .SIS-Xl 7 No grüwth 040\ .2'1+.47 1. 71+. 49 1.43·0.3 
~ - ~ -

l'-EliS-Xl. . P-815-X2 7 Ne~~r<,wtb 0-10 .2'1 ... 49 1. "I3~ 53 1.00,!;81 
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Group '-

Untreated 

Number- of 
animaIs 

Treated 

Number of 
animaIs 

---\ 

Test 
Statistic 

. Degrees' 
of Freedom 

Probability 

• . " 

r 

IgM 

2.975 
+ 

JI. 147 

168 

o 

13. 6~ 

194-

<:0. 0005 

J' .. 

'--' 

( 

"'TABLE 6B 

Se,ru}tl" ~unog10bu1tns (i±SD) 

lIgA 

2.309 
+-

1. 086 0" 

168 

o. '321 
+ 

0.476 

28 

9.486 
r 

20.667 
+ 

8.887 

168 -

1. 500 

Q 

0~577 ) 
( 

28 

11. 352 

194 '~ 
<0.0005 <:0. 00 

• 1 

r 

1 

IgGZ 

12.333 
'+ 

8.678 

1.179 
+ 

0.723 

28 

9.796 

194 

,<0. a005 

--

118 

.. 

, 



• 

,1 

.' 

119 

-., 

CLAIMS TO ORIGINALITY 

. PART I: Adaptation of Panspecific hnmunosupp~ession to the Murine 
'l 0 

" Strain DBA/2; with Documentation of IgM SpecüiCLty via 

Autoradiography. '1 

PART II: Enhanc~me~t of a SoUd Syngeneic'Neoplas:tp., P-815-X2,3n . \ 'r G . 
the' SC Location. 
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