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A b ABSTRACT = =
The expreSS1on of humoral 1mmun1ty 1nvo]ves the product1on_’
- of ant1gen spectftc ant1body mo]ecu]es Th1s process requ1res the.

pro]1ferat1on of bone marrow der1ved (B) and thymus der1ved (T)

_ “Tymphocytes spec1f1c-for the ant1g¢n, as we]] as the part1c1pat1on‘

: of an acCessory (A) ce1] whtch is not antigen- spec1f1c Ant]body ‘
format1on and segret1on are funct1ons of B cells. Cyc]1c AMP has |
been shown to regu]ate mamma]1an cel]rprol1ferat1on It a]so causes
"the d1fferent1ation and expre551on of many ce]] types and thus may

be expected to have dlfferent effects on- the d1fferent ce]] types

apiof the 1mmune system - It was ‘therefore used S§ a tool to. study the t
't_regu1at10n of pro]1ferat1on of ant1body form1ng ce]]s (AFC), as
"well as the cel]u]ar 1nteract1ons 1nvo1ved 1n humora] responses

AFC to a T ce11 dependent (TD) ant1gen, sheep erythrocytes -
V7(SRBC), and a T cel] 1ndependent (T1) anttgen, po]ymer1zed f]age111n_.

”.(POL) from Sa]monella ade1a1de were generated in v1tro by cu]tur1ng

-'l CBA/J spleen ce]ls in the M1she]1 Dutton or: the D1ener Armstrong

: culture system Hagh 1ntrace]1u1ar cAMP levels dur1ng the f1rst 12;s
_ .hr of a 108 hr cu]ture period- 1ncreased the number of AFC to SRBC '49 : \;
t“_ _and POL Th1s acthp of CAM§ was anti/en dEpendent and antlgen- .

,A“spec1f1c and c0u1d be reverséd by cGMP, 1m1dazole, or Con A Once :
pro]iferat1on of ant1gen-st1mu1ated Iymphocytes was 1n1t1ated

\(1 e. 24 hr or ]ater hfoh 1ntracel1u1ar cAMP ]evels 1nh1b1ted
" fthe1r prollferat1on [7“j A ;n_f’ R "j g V‘ajt f

- ’ —

The ear]y effects of cAMP on the var1ous cell types 1nvo]ved e

1n the fonmation of AFC to the TD antlgen, SRBC were determined
o < .

\"/\lf



' '.}Cycltc AMP 1nh1b1ted the funct1on of A ceTTs and it d1d not st1mu]ate
'the act1v1t1es of B ceTTs or T "heTper ceTTs The action of CAMP

15 exerted through the 1nh1b1t10n of a radiation- sens1t1ve T ceLT
'wh1ch can regulate the extent 05 AFC’ format1on Furthermore, ‘the

; 1nh1b1tory effect of this T reguTator cell on AFC product1on can- be
'vovercome by the add1t1on of excess T heTper ceTTs The AFC reSponse b '
" to the TI ant1gen, POL, is, aTso regu]ated by T ceTTs aTthough AFC
format1on to th1s ant1gen does not requtre the part1c1pat10n o$~T
'heTper ceT]s | ' ,

o ~The 1ncreased number of AFC to SRBC ‘in cAMP treated cuTtures
is not due to a blgger number of _antigen- react1ve B ceT]s Instead

~ the 1ncrease can be attr1buted to a shorter doub11ng time for AFC as
weTT as a Tongernperlod of AFC format1on S1nce 1t seems un11ke1y

.j that the AFC in cAMP treated cuTtures have a shorter cell cyc]e tlme,“.“
:1t is postuTated that the 1ncrease in. number of AFC 1n treated cuT- |
'tures is due to a greater degree of "convers1on" of nonantibody-

secret1ng to antlbody secretlng ceTTs Th1s requts from 1nh1b1t1on

of T reguTator ceTTs by cAMP

Q
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: t‘viA.



PREFACE

Thls the51s compr1ses a major and a minor part The'major
:part ent]t]ed "Regu]at1on of Immune Responses",’was done under the
| superv151on of Or. Verner. H. Paetkau since September, ]972 It 1s_v-‘
| o descrlbed in- fu]l 1n th1s thesis. . R _ | |
The minor part of the thes1s, ent1t]ed "The Nuc]eot1de :

Sequences and Cod1ng Propert1es of the MaJor and Minor Lys1ne Transfer ‘

: R1bonuc1e1c Ac1ds from the Hap101d Yeast Saccharomyces cerev1s1ae
.fa5288C‘, was carrled out 3n the laboratory of Dr Chr1stopher J Sm1th
I ftrst Jo1ned thts Department 1n'August, ]971 as a graduate student

of Dr, Smtth At that time, the work by Dr-: Sm1th on the nuc]eot1de :
sequence of the maJor 1y51he tRNA of a5288C was near]ng comp]et1on

lDr Arthur N Ley ass1sted Dr Sm1th in the nuc]eot1de sequence stud1es
.and Mr Perry D' Dbrénan was respons1b1e for. preparwng the | 2P laqelted
t-lysine tRNA My contrlbutfon to that proaect was the determ1nat1on B
of the nuc1e0t1de sequences of part1a1 d1gests of the maJor 1ys1ne

- tRNA w1th r1bonuc1ease T] and r1bonuc1ease A. In early February, 1972
~Dr Smith Mr. D Obrenan and I d1scovered that aSZBBC has a m1nor s
lysineftRNA Later that month or Sm1th was’ k11]ed ina trag1c moun-
'taineering acc1dent But Mr. D Obrenan and I dec1ded to cont1nue w1th
the prOJect and we: further character1zed the m1nor 1ys1ne tRNA ~@ '»“
This "tRNA turned out to be 1dent1ca1 to a 1ys1ne tRNA - from Bakers ‘

| yeast, :the sequence of wh1ch was determ1ned by Dr Ja T Mad1son and '
.,1 cowOrkers Before startlng work 1n Dr Paetkau s - 1a,.ratory, tgwas :

responstble for: pub]1shtng the work on the 1 sin 'lRNAs 1n‘thewdourna1“ - R

,of Biologlcal Chemlstry,vg reprint of ' ch 1s included as an append1x o gg. ,
to the main (es1s | | ' L .
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!

aminophylline, an inhibitor. of’cyc11c AMP phospho-
.”dlesterase .

1etha1]y

irradiated, ‘and reconstituted with> syngeneic .

\

- (identical, genetlcally) bone- marrow cells

~ bone marrow der1ved or "bursa equ1va]ent“'
-lymphocytel R

8 bromo guanos1ne 3 S'4cyc11c monOphosphate ‘

' 1nbred mouse stra1n

“balgnced salts so]ut1on .

3
. \

1nbred mouse stra1n, re]ated to CBA/J

 the- part of the ant1gen that is recognized by
thymus -derived Iymphocyte( )

constant reg1on of 1mmunog]obu]1n heavy cha1n

_xVii'

'iadenos1ne 3! ,S‘eeyc11c monophosphate

:':guanosine 3 5'-cyc11c monOphosphate

Aconstant reglon of . 1mmunog]obu11n 11ght cha1n
*

cause

\ '}concanava11n A, a mitogen for thymus der1ved
‘.lymphocytes .

3

\
{
Y

‘cyt051ne arab1ngs1de, a revers1b1e 1nh1b1tor of
- DNA - synthes1s o .

AN

‘#serum protelns when used 1n colléborat1on with
‘antibodies specific for a. fore1gn cell
:the cytolySIS of that ce11 .

m*

f-\\;s/;

Tcarbamy]cho11ne ch1or1de a st1mu]ator of guanylate o
>cyc1ase ' \ . _ B

cell mediated 1mmun1ty, a functlon of thymus derlved
lymphocytes , . _ .



'}cytotoxjc{
;‘Jymphoeyte

| ooA/zo .
"dbcAMP-
~ dbcGMP
ros L
' qutén3
H chain
H
H-2
- Igo
1g6
l'IgM 8
W

“,Lichain :

Ly
flLPS'
CMEM
“rZ-ﬁe

:mean + SEM ‘

nu/nu
PBS

N
LIST OF ABBREVIATIONS AND GLOSSARY (continued)

thymus der1ved 1ymphocyte whlch has the ab111ty to

kill target cells to which it has been sensitized;

the killing process does not requ1re the presence .
~of comp]ement : : ,

b .
- 1nbred mouse strain

. N6-02 -d1butyry1 adenos1ne 3! 5'-cyc11c monophosphate o i

2

|  ' N 02 d1butyry1 guanos1ne 3‘ 5' -cyc11c monophosphate

feta1 ca]f serum

‘a chem1ca11y def1ned ant1gen1c determ1nant which is
recogn1zed by bone marrow- der1ved 1ymphocytes

- heavy cha1n (c]ass ' Ys My, 6 or e) of 1mmunog1obu11n

humoral 1mmun1ty“

. mouse maJor h1stocompat1b1l1ty ]ocus

? inmunog]obu11n |

"75.1mmunoglobu11n (L chain ="k or A3 Hchain=7y)
S A o
198 immunog]ObuTin'(L chain =k or A; H chain =)

uununocompetent un1ts def1ned as the minimum number
‘of interacting cell types required to generate an ot
antlbody response to an ant1gen L

" Tight chajn (c]ass_‘ K or A) of 1mnunog]obu11n i
v\.thymus-dertved~1ymphocyte surface marker‘_“~ N
"fbacterial llpopolysaccharide E Y;.

s fminimum essential medium L

| a2-mercaptoethanol

',arithmet1; mean t standard error of the mean

vi-congen1ta11y athymic m1ce S _"‘" S j‘r?'e"‘
o phosphate buffereo saline‘:‘u";[ : '_ B -‘;;vv:‘a -



'LIST OF ABBREVIATIONS AND GLOSSARY (continued)

| poly A:U

“PFC
P

POL
sur
".‘SRB—C :
T?oeIIs
{D:antigen-._
1 TI antigen
©(T,G)-A--L

: e}(oh Thy-1) -

‘tolerant

S\ doubIe stranded hybrld of ponr1boadeny]1c ac1d

and ponr1bour1dy11c ac1d -

; plaque form1ng ceII, equ1vaIent to ant1body formlng
| ceII to. sheep erythrocytes _ _

phytohemagg]ut1n1n, a m1togen for thymus-der1ved
Iymphocytes

:fIageIIar prote1n§from SaImoneIIa ade]alde, a thymus-

1ndependent antigén

, ponV1nyIpyroll1done, a m1togen for bone ‘marrow-

der1ved Iymphoéytes -

pokeweed m1togen a mltogen for thymus .derived and
bone marrow der1ved Iymphocytes : .

o pneumococca]apo]ysacchar1de type III S
~sheep erythrocytes a thymus- dependent-;n\cgen o
 thymus- der1ved Iymphocytes ' R |

'h:T cell- dependent ant1gen R ,.'Y/f
T 6811 Independent ant1gen : j_: ";F.' ‘.Tg
. ;

S 'the synthet1c mu1t1cha1n polypept1de pon (tyrosyi-
L g]utamyl) pon D,L- aIanyI po]y 1ys1ne T :

thymus-der1ved Iymphocyte surface markers; o

variable reg1on of 1mmunog]obuI1n heavy cha1n

.var1ab1e reg1on of 1mmunoglobu11n I1ght cha1nv'3,

'*an Jmmunolog1ca11y unrespons1ve state



CHAPTER I
~INTRODUCTIONnV,-

A. General =

The d1st1ngu1sh1ng feature Of the Vertebrate 1mmune system :

s its ab111ty to different1ate se]f constitUents from determ1nants on

foreign macromo1ecu1es, or aht1gens The ab1]1ty to respond t0 fore19n

“vantigens forms the bas1s on wh1ch the vertebrate 0rgan1sm can guard its

“d 1dent1ty and protect 1tse1f aga1nst harmfu] f0re1gn agentS, e. g patho- |

e

"gens One means by wh1ch th1s is ach1eved 1s through the product1on
;] of ant1body mo]ecules capab]e of spe01f1C b1nd1ng to forelgn ant1gens
Since- the 1mmune system recogn1zes a vast number of fore19n ant1gens
| it ‘ollows that the number of d1fferent ant1body mo1ecu1es synthes1zed
fis correspond1ng]y very 1arge ' The central prob1em in 1mmunob1o}ogy,.
v_therefore, is how the 1nformat1on for synthe51zing a 1arge number of N
': ant1body mo]ecu]es is generated, stored and expressed 1n a contro]led

'fash1on Recent stud1es on\myeloma proteins have demonstrated that .

o the basts for ant1body act1v1ty Ties. in the am1no ac1d sequence of

':1mmunoglobu11ns and that the genet1c 1nf0rmat1on for many of the1r o

‘1structures at least, 1s transm1tted from parents to progeny Futher-

"xmore. certa1n genes are now known to control 1mmune reSPonSes 'Ahd :-.f

' ;finally, cel]s with d1fferent funct1ons 1n immune responses have been :

| :*1dent1f1ed These 1nclude cells a%le to rec0gn1ze ant1gens Other

'f'cel1s ab]e to inhibit or stimu]ate the respOnses of antwgen sens1t1ve |

- _ce]]s and effector ce]]s which execute the neutra11z1ng mechan1sms '

":'of 1mmune respOnses hf'f'.tﬂl' -

o An area of centra] 1mportance is the mechan1sm by whlch

Loty .
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' Tymphocytesdare triggered intohproliferation or,rendered toTerant
s(ite;”unresponSTye) foTTowtngftheTr interaction with the”appropriate.
: antigen Ev1dence to be descr1bed beTow, 1nd1cates that ant1gen-
Tymphocyte 1nteract}ons occur at’ the cell' E pTasma membrane, through
»1nmunogTobuTtn (Ig) receptors wh1ch Ttnk the genet1c determ1nat1on
of the ceTT to the stlmulattng ant1gen L1tt1e 1s known as to how }
"ceTT surface 1nteractions are trans]ated 1nto 1ntraceT}uTar 51gnaTS '
-that woqu eventuaTTy determ1ne the pathway of d1fferent1at1on of .
the stimu]ated l\phocyte ' Dtrect studies on this. have been diffi-
%cuTt because the ceTTs react1ve to a given ant1gen form a very smaTT'
'pr0port1on of the totaT Tymphocyte poo] Therefore wor%on th1s
.questton has concentrated on agents or mechantsms thCh are generaTTy
ab]e to aTter proT1ferat1on ‘and d1fferent1at1on of mamma11an ceTTs
An: attract1ve cand1dave for thTS role is adenos1ne—3' 5'- cycT1c
monophosphate (cAMP) because in’ addltton to regulattng ceTTuTar f'
metabolic processes 1t has been shown to play 1mportant roles in the

o
control of mamma]ian ce]] prO]TferatTOn and d1fferent1at1on

B. The Gene51s of Lymphocytes ‘i7'f ]".tlj- ;/?:

'. A schematic overview. of the deve]opmentaT pathway of the .
Tymphoid system 1s gtven in F1g T T The Tymphocyte or1g1nates from o
hemopoietic stem ceTTs (Wu et als, 1967) wh1ch are f1rst found in "_? .
the bTood 1sTands of the embryon1c yoTk sac (Tyan and Herzenberg, N
1968 Moore and Metca]f 1970) The stem celTs appear not to be '
speciftcity restrtcted and Tack the charactertstic surface ant1gens s
found 1n mature Tymphocytes From the embryonic yolk sac they ngrate,

fTrst to the Ttver and Tater to the bone marrow and sp]een (Moore and

LV
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' .Owen 1965; Moore‘and Owen, 1967). - The hemopofetic stem cetls persist -
‘ﬁn the bone marrow and to E lesser extent in sp]een throughout adu]t |
. 1ife and:r%ta1n the;P-embryon1c-potent1a] (Moore and Owen;.1967).
5.‘The maturatlon of stem ce]]s 1nto 1mmunocompetent 1ymphocytes, i. e
g :1ymphopo1es1s, takes p]ace in the “pr1mary 1ympho1d\organs In b1rds N
| these organs have been 1dent1f1ed as the bursa of Fabr1c1us and the
A_thymus (Cooper et a1 1966) In mamma]s ]ymphopowes1s takes p1ace
';:1n the thymus and a dtffused "bursa 11ke" env1ronment
» The thymus is the organ in wh1ch 1mmature lymphocytes 7
‘ td1fferent1ate, 1ndependent of ant1gen1c 1nf1uence to become the SO-
,f:called thymus der1ved 1ymphocytes, or T cel]s Dur1ng d1fferent1at1on
.'thymic ]ymphocytes undergo sequeht1a1 changes 1n expross1on and
;:'organ1zat1on of surface ant1gens \in the mouse, the deve]opment in
“"the thymus of surface ant1gens such as 9 (or Thy- 1) TL and Ly have
.’been fol]owed (Aok1_e al,, ]969, Komuro and quse 1973). T ce]TSu
‘are then seeded to secondary or per1phera1 1ympho1d organs such as
'.ithe spleen and ]ymph nodes (Nossa] and Ada 1971) Maturat1on of stem |
| cel]s 1nto B 1ymphocytes proceeds 1n the bursa of FabriC1us 1n birds

' l(Cooper et4a1' 1966) In mammals the s1te of stem cell maturation

8 into B cells 1s sti]l unknown (Nossal and Ada «1971 Mi]]er and Ph1111ps, f,fsfn

| 975) Mature B ce]ls are found 1n the. germ1na1 centers of sp]een
"and the paracort1ca1 folhc]es of lymph nodes |

The differentiated B and T ce]]s pro]iferate on]y slowly in.

_uthq absence of a further stimu]us The1r centra11y 1mportant charac-‘:‘_:i'i»'“

'~terist1c is that they are spec1f1c1ty restr1cted i e they bear h""'

- receptors specific for a sing1e antigen



-C. Receptors_and TmhunoglobuTins

The spec1f1c1ty of -the receptor on a g1ven ce]] corresponds T‘
to the spec1f1c1ty of the ant1body moTecuTes the cell. can secrete ' |
‘when proper]y st1mu1ated Thus, the T or B ceTT has be ome un1potent

,; during 1ts maturat1on and is now determ1ned w1th respect to 1ts
antlgen recogn1z1ng capac1ty The genera] area of th1s the51$ is _‘
‘ -h:the further d1fferent1at1on of mature B ceTTs into proT1ferat1ng "f
Aant1body secret1ng effector ceTTs in the pr1mary 1mm5ne response
| B'ceTTs bear 1mmunoglobuT1n (Ig) receptors which are ant1body
umoTecuTes’ The bastc uh1t for ‘all antlbody mo]ecuTes is essent1aTTy
‘_s1m11ar and is d1agramat1ca11y represented 1n F1g 1 2. This un1t
rfl'compr1ses tw0“11ght (L) and two heavy (H) poTypept1de chains The L
chain has-a;variabTer(vL) and a constant (C ) reg1on each’ about 110
amino ac1d res1dues 1n Tength The H cha1n 1s tw1ce the Tength of
1the L Chain and cons1sts of one V and three C reg1ons (VH, [ T CHZ
) c 3, respective]y) One VH and one V togethensconst1tute one antlgen
B binding site In the human sera the L cha1n coqu be elther of the :{
K or A class, whereas the H cha1n could be e1ther of the y, Wy 6,
'f'ffor £ cTass, the resu1t1ng Ig be1ng referred to as IgG IgM IgA Igh
"vand IgE, respective]y These cTasses d1ffer from one another 1n
VT‘:hdproperties such- as s1ze, charge: number of antigen b1nd1ng s1tes, i;)’vl:
,‘pos1t10n and number of d1su1phide bonds Tength and compos1t1on of .
],'the individual poTypept1de cha1n and carbohydrate content " 'T “
_ The nature of T ceTT receptors *s not as’ weTT characterized
.as are B ceTT receptors Marchalon1s (1974) has prov1ded ev1dence that,f,f'
T ceTTs possess 7S gM—Tike receptors whlch show specificities for |

antigens However, an apparent paradox exists, because although the .
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A
presence of Ig receptors on T'cell membranes cah be furctigna1ly demon- -

't. strated by 1nh1b1t1on of ant1gen b1nd1ng or "hot ant1gensnni;de",'

direct stud1es with 1abe11ed anti- Ig reagents yield 11tt]e or no

b1nd1ng (for references, see Marchalon1s,‘1974)‘ More stud1es are

therefore requ1red to conf1rm the 1dent1ty of T ce]] receptors

D. Theor1es of Ant1body D1vers1ty

The 1mmune system is capable of mak1ng a very 1arge number .‘

' hvof ant1body mo]ecuTes w1th d1fferent ant1gen b1nd1ng spec1f1c1t1es

"‘ The quest1on then ar1ses as to How the~genet1c 1nformat1on requ1red

'for such a large number of po]ypept1de cha1ns is stored and generated.
'Two theor1es have been put - forward The germ ]1ne theory suggests
A'that each ant1body mo]edu]e must be coded for by a’germ 11ne gene
(Sz11ard, 1960 Dreyer and Bennett 1965, Hoqgﬁand Talmage 1970)

On . the other hand the somat1c theory suggests that. the 1nformat1on
‘of antibody mo]ecu]es may be generated from a ]1m1ted number of germ
‘line genes by mutat1onal or. recomb1nattona1”processes dur1ng deve]op-.
v'ment (Lederberg, 1959; Edelman and Gally, 1967 Sm1th1es, 1967) |

One approach to understand1ng mechan1sms of 1nfonnat1bn

' 7'storage‘and express1on is the compar%t1ve ana]ys1s of 1nd1v1dua1 gene

. products Deta11ed chem1ca1 stud1es of normal antibody molecu]es ..

: are-. difficu?t to do becauSe serum protewns are heterogeneous Fortu- '
f‘{ nately, homogeneous Ig\ produced by mye]oma cells, can be 1solated g
_Mye1oma g]obu]ins are Ig that appear i* the plasma of patients or B
an1mals w1th multiple myeloma a tumour of‘antibody forming cells ;
-Ib (AFC) The homogeneous Ig produced by myeloma ce]ls can compr1se up\a "

_‘; to 95% of serum Ig These proteins therefore perm1t a deta11ed



;: comparative study'ofrantibody structures. Om the basis of ava11ab1e |
' :f amino acid sequence data, Hood and Prah] (1971) have_beengable to,.
.we-construct genea]ogtca1 patterns for the V reg1ons of « 1ight'chafns of
"‘. ‘liﬁuse and human myeloma proteins They conc]uded that the ) reg1ons B
‘{of K 11ght chains probab]y ar1se from one pr1mord1a1 gene and the
éﬁﬁvers1ty of ‘the. V reg1on is generated by gene dupllcat1on and se]ect1on"
during evo]ut1on Thus each modern 1nd1v1dua1 1nher1ts the genet1c
:1nformat1on for the mye]oma prote1ns, at Ieast through germ line genes.
5The 1nfonmat1on for the 1mmune system thus appears to be encoded as
germ line" genes ; | L
+On the other hand, it is not obvious that a]],antibody
;spec1f1c1t1es are transmltted through the germ ]1ne Qu1te strong :
arguments for the occurrence of somat1c/mutat1on have been made by
. Cohn and Tonegawa (Cohn__t ]974B Tonegawa et a] , '1974), but |
these go'beyond.the scope of_this dﬁSsertation The‘controverSy'ts'
hclearly unresolyed}at present. What both theories have in common,
of course, ‘is that the ant1gen spec1f1c1ty of a mature determ1ned 5

B or T cell 1s based on expressed 1nformat1on in the chromosome

E. The Clonal Se]ect1on Theory )
| In the ‘course of an 1mmune response, qu"fﬁg antibody-
-v.molecules are produced on]y to the stimu]at1ng ant1gen Therefbre, , )
'.there must ex1st a: select1on mechan1sm wbereby an ant1bodyvform1ng
cell precursor 1s 1nduced to pro]1ferate and secrete ant1gen-spec1f1c
:.v_antibody mo]ecu1es fol1owing its encounter with the antigen ThlS
:,problem of recogn1t1on and- amp11f1cat1on was first cons1dered 1n o

-‘detail bf Ehrlich (1900) He_env1s1oned ‘YmPhOCytesfas PluripotentiaI,*'
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possessing diverse  cell surface receptors. When antigen was introduced

R into'the organism,‘it.interaCted,with complementarytreceptors‘an? L

'pcaused'them to be're]eased~from the-cell. This release trfggered-the -
' _hsynthes1s of more of that part1cu]ar receptor 1n the correspond1ng

cell. In the 19203 and 1930s 1t became apparent that the immune system

is capable of an extreme]y broad range of response (Landsteiner, ]947)
It appeared unreasonab]e that the vertebrate organ1sm could have such
a 1arge number of preformed ant1body.m01ecu1es as requ1red by»the
'd'se]ect1ve theory ‘This view: Ted to the 1nstruct1on1st1c theory \
(Bre1n1 and Haurow1tz }930), wh1ch proposed that the ant1gen must

' prov1de the 1mmune system w1th the information requ1red for spec1f1c

antibody synthes1s Pau11ng (1940) reduced the 1nstruct1oh1st1c 1nter;

) pretat1ons to molecu]ar terms by postulat1ng that the ant1gen served
as a temp]ate wh1ch permitted the ant1body po]ypept1de cha1n to fo]d
.about 1t in a comp]ementary fash1on We now know that th1s theory'1s
R wrpng because the three d1mens1ona] structure of a po]ypept1de ds
determined by 1ts pr\mary am1no ac1d sequence,v denaturat1on and .
_Lrenaturatlon of an ant1body mo]ecu]e in the absence or presence of |
"antlgen yie]ds the same ant1body mo]ecu]e (Epstein 1 1963) ,
'Another obaect#on to the 1nstructlon1st1c theory, ra1sed at that t1me,
‘.was that it could not sat1sfactor11y account for immunolog1ca1 | |
memory, 1 e. ‘the. ab111ty of thé 1mmune system to react more v1gorous]y

to a second encounter w1th the same ant1gen

The first modern se]ect1on1st1c theory was proposed by

C Jerne (1955) He postu]ated that antlbodles of all potentlal spec1f1-. -
".‘*cities were contalned in. the serum of each 1nd1vidua] An antlgen, L

~cupon interact1on with its complementary mo]eCule, formed an. ant1gen- o

Q'
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antibody compTex whfch was recogniZed*py the Tymphocyte ‘This'complex'.
then st1mu]ated the synthes1s of spec1f1c antlbody mo]ecu]es in ‘the
| ‘Tymphocyte ThTS seTect1on1st1c approach Was further expanded by
'.Burnet (1959) who suggested that the "unit of seTectlon" was the
| Tymphocyte 1tse1f rather than’ the humora] anttbody molecu]e | In th1s
: v1ew, each Tymphocyte carr1ed on]y one type of ce]] surface receptor
| The ant1gen would then 1nteract onTy w1th Tymphocytes possess1ng
_complementary cell surface receptors Th1s 1nteract1on woqu resuTt
_1n ‘the prol1ferat1on of that cTone 1nto AFC secret1ng ant1body w1th
__the same ant1gen b1nd1ng spec1f1c1ty Direct conf1rmat1on of this. g'
theory came from stud1ec of antlgen b1nd1ng’te115 Naor and Su11t- ,'<'
‘t_zeanu (1967) Were the f1rst to show that only a very small proport1on
,‘,°f Tymphocytes was. abTe to. b1nd spec1f1ca11y to an ant1gep Tdbelled |
| w1th ]251, ‘More exper1menta1 support for the c]ona] se]ection theoryd
| ~came from the s;ud1es of Ada and Byrt (1969) ’ They showed that when
' -norma] spleen ce]ls were 1ncubated w1th Sa]mone]]a fTage]Tar protein
A,type 1338 Tabe]]ed to a very h1gh spec1f1c act1v1ty w1th ]251 Vthe
‘-antigen react1ve cTone for type 1338 was spec1f1ca]1y abrogated |

]251 decay ( ant1gen su1c1de") the same ceTT

through Tocahzed
| popu]ation reta1ned its ab111ty to respond to another Sa]mone]]a :
‘antigen (type 870) Sim11ar1y, Humphrey and KeTTer (1970) were able g

' vto show that. (T G)- A-,-L (the synthet1c muTt1cha1n polypeptide po]y— S

o (tyrosy] glutamyl)- -poly- D L-aTanyT -poly- lysyl) Tabelled with

1251 to a h1gh spec1f1c act1v1ty, was. non- 1mmunogen1c, N

'_'whereas (T G) A- -L labelled w1th nonrad1oact1ve ]271 was 1mmunogen1c1

fieny
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F. T and B Cells in Immune Responses

! .

The introductton of foreign. antlgens 1nto an antmal usua]]y
resu]ts 1n the productlon of ant1bod1es and/or react1ve cells, both
of whlch can circulate Jin the b]ood and react spec1f1ca]]y with
ant1gen In genera], immune responses wh1ch can be transferred
'fjto another an1ma1 by means of serum from a sens1t1zed donor (conta1n1ng
antibody) are termed humora1 1mmun1ty (HI) whereas those than can be .-
transferred by sens1t1zed ce]]s but not by serum are ca]led ce]]—“
;medtated 1mmun1ty (CMI) A summary of the charactertst1cs and funct10ns i ,;}
t oﬁ humora] and ce]l—medtated 1mmun1ty 1s g1ven in Tab]e 1 1. |
The ev1dence that T ce]]s are requ1red for ce]l med1ated
'and B ce]]s for humoral 1mmun1ty came from studtes 1n b1rds (Cooper
'; et al., 1966; Warner and Szenberg, ]964) and rodents (Mtller 1961)
It was found that remov1ng the thymus from: an embryo or newborn
-ﬂimpaired the CMI of the an1mals when they grew up, . but had much less
‘effect on HI. On. the other hand removal of- the bursa of Fabr1c1us |
at hatchtng 1mpa1red the b1rd s ab111ty to make ant1body but had
n_11ttle effect -on CMI Pat1ents with 1mmunologica1 deflciency d1seases o
' ‘also show this d1chotomy Thus pattents def1c1ent in:B cells (e. g
-:'Bruton-type congen1ta1 agammag]obu]anemia) do not make ant1body but
o have norma] CMI, whergas pat1ents with congentta] thym1c ap]asva
't(e 9. Di George s syndrome) show marked]y 1mpaared CMI but can make -
| relative]y norma] amounts of antibody in response to some antugens |
ig;:(reviewed by Good et a1 . 1971) More recently,,it was shown that |
:'*'congenitally athymic (nu/nu) mice were capable of accepting for their
’11fet1me skin grafts from distantly related mammals and birds as S

| weIl as skin grafts from repti]es and amphibwans, thymus 1mplantat10n

. 7@‘5,‘5



Table 1.1

Characteristics and functions -of humoral and cell-mediated immunifty

A)

Homorai iMHunitY'
- =
1;'Is a function of B cei]s,

L2 1s effected by spec1f1c antibody moiecuies,

3.'Inact1vates fore1gn materia]s, e.g, bacteriai toxin, g

— 4.'Produces 1mmed1ate hypersen51t1v1ty {e. g hayfever, drug

”?‘S.VMay a1d in the iocaiization of antigen on appropriate _

| "

'.aliergy) ; o , _
5. Regu]ates the function of both B and T ce]is by competing

- with. 1ymphocyte receptors for antigenic determinants,.

- fard
» K

lymphOid tissues by antibody,
?.7;hProduces antibody—antigen compiexes wh1ch 1nduce 1mmune :
?'para1y51s (tolerance) N |

',Celi-mediated 1mmun1tx

T Is'a function of T cells,

'1f5;'Is the ba515 for rejection of foreign tissues,_"

2.'Is effected by cytotox1c lymphocytes,

'3.'Inc1udes production of antigen-nonspec1f1c factors or Iympho- '

: 'kines (e g. migration 1nh1b1tion factors chemotactic factors,, '

-;fcytotoxic factors, and mitogenic factors) n

- '-cﬁt}Produces deiayed hypersens1t1v1ty,

P

12

~¢_.6;'Is the mechanism for graft-versus host responses (where trans- R R

_5pianted foreign 1ymph01d}celis reSpond against the antigens o

of the recipient often resulting in recipient death), .'f L

‘7; Produces immunity to various microbes
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into athymlc mxce enab]ed them to reject. such fore1gn sk1n grafts
. ‘ EES
(Mann1ng et al., 1973) ' :

In v1tro stud1es conf1rmed that cytotox1c 1ymphocytes are .

- of thymtc origln Dur1ng maturat1on in the thymus T cel] precursors
acqu1re the 6 ant1gen (Re1f and A11en 1964) Ant1bod1es spec1f1c
‘for the 8 antlgen can be used w1th comp]ement to- destrby T ce]]s
: -se1ect1ve1y (Raff, ]969) Us1ng this techn1que Cerott1nL et al. (1970)
demonstrated that cytotox1c 1ymphocytes and the1r precursors carry
the 9 marker Th1s s 1n contrast to ant1body secret1ng ce]]s It.z
1s therefore c]ear that target ce11 destruct1on by killer ce]ls is’ ,rh
ca spe01f1c funct1on of T ce]]s whereas ce]]s that form ant1body are
of nod thym1c or1g1n Ev1dence that B ce]]s-are precursors of AFC-
| uas conc]us1ve1y provided by Nossa] et al (1968) By reconst1tut1ng
.'1ethally rrad1ated m1ce w1th m1xtures of chromosoma]]y marked bone -
*h . marrow ceI]s and norma] thymus cel]s, they were ab]e to demonstrate

that a11 the AFC were of bone marrow or1g1n

.d Gt_ Cel]ular Interact1ons 1n Humpral and Cell- Med1ated Immunity :
| The ce]lu]ar 1nteract1ons 1nvo1ved 1n the generation of

ce11 med1ated and humora] 1mmun1ty are cemp]ex and not fu]]y under-
nsx_stood (Fig 1 3) It 1s clear that three cell types are requ1red ,
'f-d.for the 1n1t1at1on of an antibody response to sheep erythrocytes‘ :
'-:‘(SRBC) and to several serum prote1n ant1gens in mice -a B ce]l J

s[’.a T "he1per" cel] and an: acces50ry (A) cel] (reviewed by Miller .1[7
~.-.and Mitcheﬂ, 1969 C]aman and Chaperon, 1969, Tay]or, 19695
f;] and Ta]mage et al. .. 1970) The A ce]] is a g]ass-adherent, phagoeyt1c
'., (Mosier,'1967) and radiore51stant (Roseman. 1969) ceTI The ikrms ‘

S
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| A ce]] and macrophage h:ve been used 1nterchangeab]y in the literature

aAThe induction of a cytotox1c Tymphocyte response takes piace in an p

’ ana]ogous manner -The ceii types 1nvoTved are the cytotox1c Tymphocyte
: precursor (which is a T ceTT) "a heTper ceTT and an accessory ceTT

(Cantor and Asofsky, 1972' wagner, 1973) More recently, a T ceTT L

. with suppressor act1v1ty for the induction of humora] and . ceTT mediated

. 1mnun1ty has been demonstrated (rev1ewed by Gershon, 1974) The
T suppressor and. T heTper ceTTs are probab]y derived from different
T cell subpopuTations (Dutton, 1973 ScavuTTi ‘and Dutton, 1975)
| 1_One maJor advantage of the part1c1pation of muitipie cell types is B
that 1t a]iows these responses to be reguiated at severai TeveTs
| , The ce]TuTar 1nteract10n most exten51veiy studied is the
_wcoiiaboration between T and B ceTTs (rev1ewed by Katz and Benacerraf
11972) CTaman et a]» (1966) were the first to show that thymus and

v'bone marrow ceTTs act synergastically to give an antibody response

: “VThe bone marrow-thymus 1nteraction was further substantiated by the

”*work of Mi]ler and assoc1ates (MiTTer and MitcheTT 1968 NossaT ]f )

. g_,g__ 1968) Other ev1dence for T B coTTaboration came from studies "‘

" of antibody responses against chemicaliy—defined determinants E ”\"

‘.;called "haptens" A hapten by itself cannot eTicit an antibody

response, but must be cova]entiy Tinked to a. "carrier" to be 1mmuno~- -

o

"*-1gen1c Furthermore, the nature of the carrier portion of the antigen

.'”?fis important in immunogenic1ty In genera] immunization is much o
.»v'abetter if the carrier is a strong antigen Mitchison first pointed
'ijfout that’the "carrier effect" may depend on T B ceTT coTTaboration

B lHe showed that the antibody production against a hapten was aided

‘f:;-by "he]per ceTTs" w)th immunoTogicaT reactivity to the carrier

~A



(Mitchtson,j1971a)d»»These'carrier-primed cé]]sﬁwere subsequént1y
‘shown to be T ce]]s s1nce they were k111ed by antt e serum 1n the -t;
-'presence of comp]ement (Raff, 1970) o o

| However, not a]] ant1gens are hapten carrler comp]exes

A number of ant1gens ex1st wh1ch can st1mu1ate B ce11s d1rect1y

N l-without the cooperat1on of T. cel]s These ant1gens are USua11y

‘repeating po]ymers and 1nc1ude the polymertzed flagellin (POL)

Salmone]la ade]a1de, 1evan from Cgrynbacer1um 1evan1form1s, dextran, ,

' pneumoccal po1ysacchar1de type III (SIII) bacter1a1 11popo]ysacchar1de
(LPS)i_and po]yv1ny1 pyrol]tdone (PVP) (Cout1nho and Mdl]er 1975) |

o H. Models of B Lymphocyte Act1vat10n

| Several hypotheses have been advanced to exp1a1n the
mechan1sm under1y1ng T-B. cell co]]aborat1on M1tch1son (1971b)
suggested that T cel]s have carr1er-soec1f1c IgX receptors (1mp1y1ng
an Ig-11ke structure without defin1ng the antibody class)
'f'antigen-focus1ng hypothe51s suggests that the ro]e of T ce]]s 1s -
.hto bind the carr1er port1on of the antigen and present the hapten1c

Jpart of the antigen in proper or1entation and concentration to B y .

'5h'; cei]s Exper1menta1 support for antigen-focuslng, also known as the
5:; j‘“matrix hypothes1s",'came from the observat1on that the monomer of -
" POL was T ce]l dependent (TD) whereas ‘the po]ymer was T ce]l 1ndépen-
xiijdent (TI) (Feldmann and Basten, 1971) Further, a TD ant1gen, with

¢;fione chemical]y-defined haptenic determinant, when covalentIy 1inked

_‘}uto Sepharose beads or polyacrylamide.,was converted to a TI ant1gen

"-t}(Feldnann et al ‘s 1974) It:thus appeared that T cei]s act by makfng

i'_’57monomers behave ]ike po]ymers The matrix hypothe51s was further fﬁ e
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' e]aborated by Fe]dmann and Nossal (1972)’who suggested that antlgen-
. »act1vated T ce]]s secrete monomer1c IgM, referred to as IgT Many

'IgT anttgen complexes will bfnd to the surfaces of A ce]ls to form
. ?

a matr]x, where the ant]gen 1s proper]y or1entated and present in-
sufficient concentrat1on to. act1vate B ce]ls Ev1dence aga1nst thls s

3 nduces

‘ Y
-hypothes1s came from the observat1ons that monomerdc ant1ge

responses in. the absence of T cel]s (Hunter and Munro 1972) that‘

| - some po]ymer1c anttgens are T ce]l-dependent in rats (Steward, 1971)

and that TI ant1gens do requ1re a sma]] number of A ce]]s (Lee et
;l;, 1975), 1nd1cat1ng that a matrtx 1s 1nsuff1c1ent for 1nduct1on

o ~ An a]ternat1ve hypothes1s was advanced by Bretscher and
.Cohn (1968) The1r “two s1gna1" model suggests that the b1nd1ng of-
ant1gen to B ce11s 1nduces a to]erogen1c 51gna1, s1nce haptens -
coup]ed to nonlmmunogentc carr1ers are to]erogentc (rev1ewed by |
'-vBretscher, 1972) B ce11 tr1gger1ng w111 oceur only when aT cell-*.
5 dertved assotlat1ve ant1body (equ1va1ent to IgX) is a]so present toe
‘(fprovide the inductlve STgna1 Polymer1q ant1gens because of the1r(f'

:(KStructure, were postu]ated to requ1re very smal] amounts of assoc1at1ve

(*jh anttbody to trigger B cel]s However, th1s argument 1s weakened by

T iall the Tr antigens they tested were found to be polyclonal

.ttithe recent flndtng that B ce]]s in nu/nu sp]een cultures can pro]1-‘ ?1 =

"._,’ferate 1n the abgeneé of T cel]s when st1mu]ated by a TD ant1gen R
’"(Dutton, 1975) o | R

. ( The start1ng point for the "one non—spec1f1c signa]"

| tjhypothesis of Coutinho and Mdl]er (1974) was the obsegvat1on that

cell

l»acttvators (m1t09ens) in terms of 3H--thym1d1ne uptake nd antibody

ylf,resbonses They postulated that B cells are act1vated by non-specific

e . .
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stgnals del1vered to the cells by surface structures wh1ch are not

1nmunoglobul1n receptors .The 1mnunoglobul1n receptors serve an

1mportant pass1ve focus1ng functlon and permlt select1ve bind1ng of

‘”=the ant1gen to the spec1f1c cells The funct1on of 1mmunoglobul1n

receptors is to ensure the spec1f1c1ty of the response and not to

l-.pinltlate the response The actual tr1gger1ng event is caused by :

"slgnals del1vered elthet by the antigen 1tself (but - not by 1ts '

s-antigenic determlnants) 1n the case- of I ant1gens or by factors | _1‘
) s_v released from T cells and/or macrophages 1n the ca e of TD. antlgens
"e‘:However, the m1togen1c1ty of TI ant1gens 1s weak and the observed

- response does not. appear to be of suff1c1ent magnltude to provlde =

a strong 1nd1cation of b1ological relevance (Greave _t- 1. l974)

It is clear/from the above d1scusswon that none of the -

),. above hypotheses accounts for all the observatlons relat1ng to B
'»1cell tr1gger1ng Perhaps the understandtng of T-B cell collabora+1on

.~w1ll become clearer when the~structure of ant1gen spec1flc T cell

B 3factors is better understood Nork along thlS llne has shown that

-
an antlgen-spec1fic factor to (T G) A--L 1s coded for by a gene in

E the mouse maJor histocompatibllity complex (H-2), th1s factor '”}
T"T-N(M Wt = 50 000) is adsorbed by antigen and ant1 H-2 but not by
S ant1 Ig (Munro and Taussig,} 975) ' T .

Nhat is apparent is that B cell stimulation does not requirej o

’.'_;-A

' that antlgens enter the cell (Feldmann et al., 1974) Further, there e
'r";are anttgen speclfic T cell factors which are necessary for complete
B cell responses to TD antlgens Similar factors of non—specific

'-fnature, also contribute to B cell stfmulatton by antigens.: And

R

finally. some antlgens can elicit B ce+4 responses 1n the apparent
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- absence ofiT‘ceTTs.

. Actfvat1on of Lymphocytes by Mltogens

B1ochem1ca1 ana]ysws of- spec1f1c 1mmune responses has

':' been d1ff1cu1t since the number of cel]s that are respons1ve to a

ot tympmocyte

A ';g1ven ant1gen forms a very smaTI fract1on of the tota] lymphocyte -

'a.populat1on RecentTy, a- varTety of agg]ut1n1ns of pﬁant or1g1n has N
f'been found to induce pro)1ferat1on in a Targe proport1on of the .

| "Tymphocyte pool’ (rev1ewed by Greaves and Janossy, 1972) “thus e

o provid1ng a modeT for b1ochem1ca1 ana]ys1s These m1togens 1nclude __;ct
'_phytohemagglut1n1n (PHA), concanava11n A (Con A) and’ pokeweed |

‘m1togen (PNM) The m1togens PHA and Con A preferent1a11y st1mu1ate -

T cel]s whereas PiM can sttmu]ate bothrT and B ceTTs (Greaves and

rﬂJanossy, 1972) Mltogens spec1f1c for B ceTTs 1nc1ude LPS Tevan, S

SIIT, PVP, degite

tutes an esseny

:7§L (Cout1nho and MdTTer 1973).
‘;mitogens,to the Tymphocyte surface consti--v
sf:tffiéienfzrequirement'for thedinitiation;vd
_Ji, Thus, B ce]Ts can bind as much Con A
‘tfas~dp:T~ce115.“'f b not st1mu1ated (Stobo et aT i 1972) Inter- °
-'naiiiatfondof thi? j}gen intd the ceTT 1s also not necessary for
‘T‘Tymphocyte trigg?

B iMelchers, 1973),‘ ; there muSt exist a mechan1sm by wh1ch ceTT

o ,»_surface signa]s are translated into 1ntrace11u]ar s1gnals respon-:'

: 1sib1e for 1nduc1ng mitosis 1n the Tymphocyte The nature of such
SR SR
a mechanism 1s stjll poor]y understood

ExtensiVe reorganization of cell surface receptors for

e g
Con A, PHA. and PNM have been shown to occur following the bind1ng

o -

L7(Greaves and Baum1nger, 1972, Andersson and fff‘;i?z@,*"f
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.'ofithese nitogens to-lynphocytes,‘i.e. “patchingfifollowed bylthe'p,

”;"cappingﬁ;ofoboundpreceptors KGreaves and‘Janossy,ll972).:-A correlaae

tion' between mitogen binding and menbrane fluidjsation has been

described 'Furthermore, COncentrations of mitogen which were t00

high to stimulate the cells ("supramitogenic" levels) alsoifailed

to 1nduce the 1mmed1ate fluidisation of the cell membrane (Barnett :
/

et al., ]974) Capping by 1tself does not constitute “a trigger since

B cell receptors for Con A, a T cell mitogen, can also cap in the

B V'presence of Ton: A (Greaves and Janossy, 1972)

\-4n addition to surface events, changes in cellular metabo- -

«

_ lism have also been stud1ed The addition of PHA generates several

'y_biochemical changes 1n the cell w1thin the first hour l) an 1ncrease

3?Pi into phosphatidylin051tol in the

"}membrane (Fisher and Mueller, 1971)5 2) an 1norease in the cell

in the incorporation of

: t uptake .“of : RNA protein and lipid precursors.(?ogo, l969;
A‘Peters and Hausen, l97l) 3) an 1ncrease in K (Quastel'et al'»-1970) d;j
| and Ca transport (Maino et al .y 1974), 4) changes in 1ntracellular :
_} fcyclic GMP (Hadden et al .5 1972) and cyclic AMP levels (Smith al.
. -l197la,_ KrishnaraJ and Talwar, l973 Webb et al s l973), 5) acetyla;p;-“ ‘

. ;a'tion of histones (Pogo et al v l966) and binding of acridine orange f,'

. dye to the deoxyribonucleoprotein (Killander and Rigler l969), .

'}Cross and Ord 197l), and 7) an increase in RNA and protein syntheSis

”T.‘%*G) phospho;tlation of nuclear basic proteins (Kleinsmith et al l966,
';.: (Bach and*Hirschhorn, 1963, Rubin and Cooper, l965, Pogo et al., 1966)

DNA synthetic activity does not increase until about 26 hr later and '

‘v:~1s correlated with an increase in DNA polymerase activity (Loeb et al., }_%*f_ -

i

_‘»r968) The relative importance of these observed metabolic changes |
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- 1n the 1n1t1at10n of Iymphocyte prol1ferat1on has not been estab11shed

Very Tittle. ev1dence ex1st as to wh1ch factors are causes, and wh1ch

'f are resu]ts, of st1mu]at10n

. J ch11c Nuc]eotldes as - Intrace]]u]ar Med1ators ofélymphocyte -

Act1vat1on

The large number of b1ochem1ca1 changes observed fo]]ow1ng
the addit1on of a mltogen to 1ymphocytes led to the sneculat1on that
the m1togen may act1vate certa1n key 1ntrace11u1ar medtat r(s) ,‘

(Natson ]975) Cyc]1c AMP 1s-an attract1ve cand1date in th1s regard

fbecause° f]) 1t 1s formed by the act1vat10n of a membrane bound s

'enzymEs 2) 1t occup1es a key pos1t1on 1n cel]u]ar metabol1c processes, ‘

3) it is 1mportant in regu]at1ng ce]] pro]1férat1on “dnd 4) 1t 1s
&
1nvolved in mamma}1an ce]] d1fferent1at1on o -
| Cyc]ic AMP was d1scovered by Sutherland and Ra]] (1957)

- 1in the course. of 1nvest1gat1ng factors contro]ling the degradat1on

B and synthe51s of glycogen 1n 11ver cel]s The scheme for the forma-

tion and breakdown of cAMP as’ we]] as 1ts mode of agzmgn/ln 11ver

' cells 1s shown in F1g 1 4. The net resu]t of the b1nd1ng of

glucagon and eprnephrine to 11ver cel] membrane 1s the conver51on of. |
ltver g]ycogen 1nto g]ucose moIecules It 1s now clear that ‘the 4;_‘;
actions of . many other hormones are a]so med1ated by cAMP (Robwson -
et al .y 1968) o 'k T . S ‘

= Ev1dence that ce11 proliferatlon is regu]ated by cAMP

came from\measurements of ce]ﬁular cAMP Ievels 1n cu]tured fibroblastsi L

at various stages of the1r growth qycle It was found that the o

highestce]]uiar cAMP ievels were attained when the cells were arrested o
: . . . B : . . L ;s },Q o

21
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.at confluency (Burger g_ l l972) Relnltlatlon of growth by br1ef ,

K proteolytlc treatment of confluent cells was accompanled by a drop

}",1n the level of 1ntracellular cAMP Furthermore _this growth st1mu~

~lat10n by protease was. 1nh1b1ted by the add1t10n of dlbutyryl cAMP
-(dbcAMP) (Burger et al l972) On- the other hand v1rally transfonned‘ :‘:
| flbroblasts exhlblted uncontrolled prol1ferat1on and this. altered 3 B
state was l1nked to their 1nab111ty to accumulate normal amounts of

| CAMP (Sheppard; 1972). More recently, cGMP has also been shown to

fvbe lnvolved ln cellfproliteratlon."Rudland#gtyal;'(l974):observed_
that7restlng normal flbroblasts have a.highchMP/cGMP‘ratlo‘whereas-v"
grow1ng, or serum actlvated “cells have a Tow cAMP/cGMP rat1o -~ On o
the other hand transformed flbroblasts have relat1vely cdnstant
chMP and cGMP levels whether durlng growth or at confluence o

| In addltlon to regulating cell prollferatlon, cAMP has also

_been shown to.be 1nvolved in, cell dlfferentlat1on lhus, the addltlon |
- of exogenous cAMP to cell cultures often results 1n the expre551on
‘h,of a spec1allzed functlon characterist1c of the cell type .For”'
example, the add1tlon of cAMP or aéents whtch elevate cAMP levels,
-:’to lmmature T lymphocytes from tﬁe spleen or bone MArrow of nu/nu
) mice 1nduces the- differentlatlon of these cells 1nto mature and
vv“'functlonal T lymphocytes (Schetd et al . 1973) Pigment productlon
.*.ln melanomas 1s 1nduced by the additlon of dbcAMP (Johnson and

.8

o Pastan, ]972)
-L . The ev1dence for the 1nvolvement of cAMP in lymphocyte |
letrlggerlng is summarlzed in Table l 2 Increases ln lntracellular | .p.'”
ug!¢AMF levels however are insufflcient for lymphocyte tr1gger1ng s

o tlhus, prostaglandln E1 could enhance 1ntracellular cAMP levels ln

:l,fhfﬂt Yymph node cells but dld not 1nduce them to go into mltosls f*“ \
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Table 1.2

Evidence fdr_the;TnVo1vémént of'cAMP.in‘lymphOCyté triggerihg

- Observations

References

. DbcAMPtstfmuléted RNA and DNA synihééis'
" as well as enhancing the phosphoryla-'
“tion of histones in a manner ana]ogous |
:.to PHA st1mJ1at10n of p1g 1ymphocytes

.“'St1mu1at1on by PHA was b]ocked by
' 1nhib1tors of adenyl cyclase

| (e g. ch]orpromaz1ne)
o response to dbcAMP was less 1nh1b1tab1e o
:"by ch]orpromaz1ne ‘ :

) :g\

'PHA st1mu1ated adeny] cyc]ase and ‘

increased 1ntrace11u1ar cAMP 1eve1

'w1th1n a’ few m1nutés

.f‘Cyclic AMP 1nduced rat thymocytes

to go 1nto mitosis

. Agents that ra1sed 1ntracellu1ar S
. cAMP. levels (e.g. dbcAMP AP,
,_.f'»isoproterenol and prostaglandins)
~ inhibited PHA-induced Tymphoc} te
,‘transformation

o were 1nterpreted to mean that
e "'higher than opt1ma1 1evels of
-  cAMP were 1nh1b1tony i

The 1ymph0cyte

These observat1ons'

Cross and Ord, 3971{ 

o

" Cross and Ord, 1971;
_ Krishnaraj and =
- "Talwar, 1973.

S

L ‘Smith et a] s 1971a; |
ﬂ.KrlshnaraJ and Ta]-"
war, 1973

N MacManu al
E 1971 B

] Smi th et al: J1971b,
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‘ (Novogrodsky and Kattha]ski, I970) Hadden et aII (1972) reported |
that pur1f1ed PHA Tost its ab]ltty to 1ncrease 1ntrace]1ular CAMP |
‘leve s and yet reta1ned 1ts m1togen1c propert1es Th1$ ra1ses ser10us

~doubts as to the dlrect role of cAMP in med1at1ng Iymphocyte trans-;

| “formatlon

‘_'f o The 1nvo]vement of cGMP in Iymphocyte trlggerlng 15
suggested by the stud1es of Hadde et al 1974) They observed -

that Con A or PHA when added to human bIood Iymphocytes at m1togen1c |

-concentrat1ons st1muIated rapld 1ncreases 1n ceIIuIar cGMP IeveIs
_ in these ceIIs More recently, LPS has aIso been shoWn to 1nduce
7cGMP accumuIat1on in: spIeen ceIIs from athymtc mice (watson 1975)

1 The add1t1on of exogenous cGMP couId also st1mu1ate DNA synthes1s

i in normal (We1nste1n et a] 1974) and T depIeted sp]een cu]tures

, (Natson, 1975) , However, eIevated cGMP alone seems to be’ 1nsuff1c1ent
'.for Iymphocyte trtgger1ng 51nce carbamy]choline (an agent thCh o
| 1raises intrace]lu]ar cGMP Tevels) 1S not a Bor a T ceII mttogen

':1(Greaves et al., 1974, Natson, 1975)

: K_ Rat1ona1e for thts Work

Cyc]ic AMP has been shown by severaI groups to affect the f'

1nduct10n of pr1mary immune responses These observat1ons are i
”described 1n the Introduct1on to Chapter III. and form the startlng
;point for. the experimehtal work to be descrlbed |

Since the expression of 1mmunity involves the pro]iferation

25

r;of an antigen reactive c]one, the manner. in wh1ch Iymphocyte proIife— .-di3

. ':ation is regu]ated is of prlmary 1mportance As dlscussed above, ;°T'fi

_V'cAMP and cGMP appear to play a roIe In reguIattng ceI] proI1ferat1on



Thus -cycIic nucleotides are-potentiaIIy'usefu]btopls to Study"how -
| .the proI1ferat1on of antigen stlmulated ceIIs is normaIIy regulated:
tAn 1mportant feature of the 1mmune system is the part1c1pat1on of o

‘ muItlpIe ceII types 1n the 1n1t1at1on of an pr1mary 1mmune response.a

.One may expect cAMP to have d1fferent effects on d1fferent ceIIs ’
‘of the immune system ThIS property of cAMP makes 1t usefuI for f
'_studying the 1nteract1ons between ceII types These stud1es are;

o deaIt w1th 1n deta11 1n Chapters III, IV and V

26 .



© CHAPTER 11

C . GENRAL MATERIALS AND METHODS

g,’ - o

A, ;Matefials

I Materials © T soupce

" Chemicals: . g A o
_fl;;.Genera] laboratory chem1cals and _Fisher: Sc1ent1f1c Company,;_ﬂ
.. .reagents. e « - Montreal. |

‘LZ} Adenos1ne-3' ' -cyc11c monophos-» ; Schwarz/Mann Orangeburg, 5

. phate;” N6 O2 -d1butyry]-- S 'New York
~adenosing- 3", »5'-cyclic monophos- - .

. phate;. aminophylllne and o , .

._1m1dazole R e ' "«;

3;"Guan051ne-3 5'-cyc11c monophos- i'_,S1gma Chemwca] Company,-

- phate; N° ,0 -d1butyry]- o =J'St Louis Mo .
e .guanos1ne-3,,5 -cyclic monophos-'
" - phate;  8<bromo-guanosine-3',5'-
- - cyclic monophosphate; carbamyl-‘
: _'cho]1ne chloride and papaver1ne

4. AAdenosine-S'-monophosphate, - ,;fRaylo Chem1ca]s L1m1ted
: aden051ne and guanosine. - | - 8045 Argyll. Road,..
. ., Edmonton, Alberta.

s '2'W°r°59t°e*h3"°’t;v : f~ 7. Eastman Kodak Company,

e ISR I SR A S rRochester, New York.
.GgTQChIQFﬁexidine.acetatéfv,f'_f-; a_f'a'Ayerst Laboratory,v. E
e S T ' Montrea1 Q

__;;Med1a 1ngredients- f  o L
T M1n1mum eSSential medium (MEM), o jGrand Is]and Bwolog1ca1 -
';;~ffétal calf serum (FCS); -essen~ - " Company,. Grand Is1and o
- tial amino acids. (50x); - ron- f;fi:New York o o

- .- essential aming acids (1b0x), SR

S :glutamine (1y0phitized) W S

© 2. -Bacto heart. infusion’ broth and ﬁ_3ffDIFCO Laboratony
5 '1*\Noble agar R {;Detroft, Michigan




' AnimaTs Ma]e and fema]e mice- of the CBA/J CBA/CaJ or

;DBA/ZJ stra1n were purchased from The, Jackson Laboratory, Bar Harbor,

' Ma1ne at 8 weeks of age The mlce were ma1nta1ned on Pur1na mouse
| chow and water 1n the Hea]th Sc1ence Anlmal Center, Un1vers1ty of
= Alberta and used at 2 to 6 manths of age | d‘ _
| Ant1gens j Sheep erythrOCytes (SRBC) were col]ected

‘ aseptlcaITy in A]sever s so1ut1on and stored as a 20% v/v so]ut1on

- '.at 4 ThEy were washed (15009, 7 m1n) tw1ce in: norma] saltne and

onoe more’ 1n med1um before be1ng used fo 1n v1tro st1mu1at1on

1:’Pp]ymerazed f]age1)1n (POL) from Sa]monel]a ade]alde (stra1n SW 1338

| N antigen fd;'O'antfgen 35) was prepared according to. the method
| ) vof Ada et a] (1964) It was’ stored at 20 at 2 to 3 mg per inl- 1n -

e ster1]e doub1e-d1st111ed water (ddH 0)

Preparatmon of t1ssue cuTture medium To a mixture

-':-conta1n1ng 9 89 of MEM, 3 Sg NaHCO3 S }0 m] of sodtum pyruvate (100X)

.d';fIO 000 units of penlcill1n and 10, 000 ug Of streptomyc1n, ddHZO Was :~¢?T
] 'ffadded to 950 m] The pH of the medium was adjusted to about 7. 2 by .
n ;{fpassage of COZ The medium was ster111zed by means of m1111pore

”v=i§f11trat{on 100 ml,of heat 1nact1vated FCS (30 min, 560) was then

5

' ’Ladded Nhere present, the medium contained 5x10 M 2-mercapto--n

"_tethanol (Z-Me)

Nutritiona] cocktai] was prepared 1n the fol1owing manner

l;;9 Bg of MEM.were dissolved in 950 m1 of ddHZO To 35 ml of this ff_‘f -

L»‘,fsolution werg added 5 ml of essential amino acid (SOx), 2 5 m] of |
;ff'xnonessential amino acid (IOOx), 2 5 ml of 200 mM glutamine and

28
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L

\r7 5 ml of a solut1on conta1n1ng 7. 5% w/v NaHCO and 6. 7% w/v dextrose
fFCS was then added to g1ve a final concentrat1on .of 30% v/v ':he B
"nutr1t1ona1 cockta11 was stored at 20 unt11 use. ' T

‘ SoTut1ons ' Puck S saT1ne Was prepared by d1sso]v1ng 8. Og
NaC1, 0. 4g ke, 1 Og dextrose; 0. 359 Ncho3 and 0.10 g of phenol red |
f in b Titer of ddH20 The 1ngred1ents for the M1she11 Dutton baTanced

salts so]utlon (BSS) were 1 Og dextrose 0 Oﬁg KH2P04, 0c369 NazHPO4, [;_f‘.-

.7H20 0. 409 KC] 8. Og NaC] 0. 199 CaC]2 2H20 0 20g MgC]2 6H 0 0. 209
B }(PBS) conta1ned 8. Og NaC] ZOg YCT 1. 15g Na HPO 1n T ]1ter-of
o ddny0. R L

Preparat1on of Sp]een ceT]s Aseptic techn1ques were ‘

‘*used throughout M1ce of the same stra1n, age and sex were kiTTed

‘p-by cerv1caT dislocat1on Not more than five spleens were pooTed

. 1n To mT of Puck s sa11ne, ac1d1f1ed by passage of c02 The spTeens o

5were minced with fine scissors and gent]y teased through a stalnTess

~;stee1 mesh The ceTT suspension was spun 1n a T7x100 mm po]ystyrene -

:(FaTcon) tube at 7509 for 7. 5 m1n The pellet wds resuSpended in _'w.f7

‘ MgSO4 7H20 and. 0 109 phenoT ‘red per T1ter Phosphate buffered saTine :‘Lf.-

‘_L-two voTumes of Puckfs sa] ne- (pH 8. 0), a110w1ng a few Seconds for ?f-ek o

'?f{-the dead ceTTs to c1ump~ The tube was then fiTTed with medium and
:c'spun at 750g for 7 S—min. The ceTT pe]]et was, finaTTy resuspended

E in medium., The viabi]ity of the sing]e spTeen ceTl suspension
j{was determined by counttng in a hemacytometer using 0 T% w/v T“

'5]f‘eosin Y (Hanks and NaTTace, 1958) in PBStgnd 10% FCS to-stain dead

:cf°9115° The Viability of spleen ceTTs using this Procedure was usually ﬂl,'f“i7‘”
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Culture Systems The culture systems of Diener- Armstrong

,(l969) and Mishell Dutton (l967) were. used throughout this Study.

In the Diener Armstrong system, usually 2xl07 v1able spleen
cells plus 0. 02% v/v SRBC and/or 250 ng POL per ml 1n a total volume
‘,of l ml were added to a l 1 cm diameter glass tube w1th lts end

overed by a piece of dialy31s membrane The tube was then placed

f-:.in a conical flask contalning 50 ml of medium, care being taken to

."ensure that the liquid levels on both SIdes were the same Each -
fA‘experimental group was usually done in quadruplicate The flasks

‘ | Were 1ncubated for 4 days at 37% in a gas mixture of lO% CO in air
-»”No daily feeding of cultures was necessary u51ng this method 'h

» _ In the Mishell Dutton system each 35xlo mm tissue culture |
'fdish (Lux Scientlfic Corporation, Thousand Oaks Calif ) contalned o
.'_"lxlO7 viable spleen cells plus 0 02% v/v SRBC and/0r lOO ng POL per f-“'

=

ml and 5xl0 M 2 Me (Click et al s l972) in a total volume of l 0

~_l The dishes were placed on a Bellco rocking platform and rocked

A"~1iat 6 to 7 oscillations per min Each experimental group was usually

:ffdone in quadruplicate The cultures were incubated for 4 days at |

>i37 “ina gas mixture of lO% C in air Each culture was fed 'i§;~s f

Tzfo;dally,with 0 l ml of nutritional cocktail

e At the end of the culture period the cells were harvested
l?in Mishell Dutton BSS and washed twice in the same solution before
’:~;fassay Each culture was resuspended in a total volume of D 5 ml

-f”“lin Mishell-Dutton BSS

[




o iof bacter1a whtch would art1f1cially lncrease the number of -

~"‘}‘ccﬂomes scored and thus the number of AFC The bacter1a] suspens1on g

Ott7va)neontained 3% v?v'SRBCi‘OhOS% v/u'guinea'pignserum as'a‘souroe}

. of comp]ement and an appropr1ate number of immune. cel]s AFormation |
'of p]aques was a]lowed to occur for 1 hr at 37 : _

_ | _ Anti- POL AFC were enumerated by the bacter1a1 cytoadherence AA
f assay. of D1ener (1968) w1th the following mod1f1cat1ons S ggrbx_
',(strajn.721,.H ant1gen fg) was groih\overnlght 1n 5 m] of nutr1ent

: broth‘at 250 ' Th1s procedure prevented the format1on of 1ong cha1ns

'a:was neutra11zed w1th NaOH before use and the. cells were 1ncubated
”-for a further 15 min at room: temperature before be1ng p]ated out 1n

":~1 ml of agar (2 5% heart 1nfu51on broth 1 5% w/v Nob]e agar)

This’ method yie]ded larger co]on1es without affect1ng their number,"

L Results for anti SRBC and anti POL assays are expressed -

| as the arithmet1c mean * standard e.ipr of the mean (SEM)
Statistical ca]cu]ations were done on a wang 500 calcu]ator

Other methods are described 1n the appropr1ate chapters.'*



' enhance the AFC response to SRBC both zn v1vo (Ish1zuka 1
: h-

. &

T . CHAPTER III.

- - EFFECTS OF CYCLIC-AMPfANDhCYQLICJGMP-ON:IMMUNE‘RESPONSES

.

"FI}A;‘ Introduction

The earllest ev1dence suggest1ng that cAMP may p]ay a

o ro?e in 1mmune responses was 1nd1rect The doub]e-stranded hybr1d

'of po]yr1boadeny11c and po]yr1bour1dy11c ac1ds (poly A U) can

:1970 Braun and Ishizuka, 197]a b) and 1nvv1tro (Braun and
'rshizuka, 1971a; Ishizukd et al., 19715 JarosTow and Ortiz- Ort1z, e

'1972) Th]S actlon of po]y A U was potentiated by the cAMP phos—A*_t-.:

-;phodiesterase 1nh1b1tor, theophy1]1ne (Braun and Ish1zuka, 1971a b
'Ishizuka etail., IQQJ) ATthough po]y A U ltself has ]ltt]e demon--

'-‘ strab]e efféct on adenyl cyc]ase or- 1ntrace]1u1ar cAMP Ievels o
f(Ninchurch et al. oy 1971 | Mozes et al .» 1974), Braun and coworkers '.

"7 have suggested that it acts synergistica]]y wfth antigen to 1ncreasei,1 RS

'1;1ntrace11ular cAMP Ieve]s, perhaps on]y'in antigen recognizing cel]s‘ '

ﬁ.:7f~Hfgher, but non—toxic amounts of po]y A U inhib1ted fmmune responses*- R

"sto SRBC (Braun and Ishizuka. 1971a) These observations ied Braun

) ffand coworkers to suggest that an. antigen, on reacting w1th ]ympho_ :';‘p
'a;';cytes, Stimu]ates the biOsynthesis of endogenous cAMP and that f', g
. this "‘Se in CAMP level consultutes an activatfon signal i

More dfrect evidencekfor the 1nvolveme“’ ‘of cAMP in

»‘:stf'ymphoqyte activatio' comes' rom: th"ﬁStudie51of Plescia' t - al h‘
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a-ewdjto three fo]d 1ncrease w1th1n two m1nutes, fol]owed by a drop

’ _'to below skmmal 1ey] ) } days two to flve Thxs change 1n the.

sp]en1c ]eve]AofVci 'fin responSe to hetero]ogous.erythro- |
hmcytes, but~ni?wi_5 é ;hon1mmunogen1c) erythrOCytes70r”
m§n1nmunogen; .ﬁes.' Furthermore, poly A U was 1mmuno-‘

Tenhanc1ng 1f ¢ *;BC When the . CAMP Tevel was r1s1ng, and '

uien when the oAMﬁ)1eve1 was decrea51ng

v;hand watson et a] (1973) presented data ;
: ;et e]evated 1ntrace]1u1ar chAvp 1eve1 1s a. ‘_
"medfator bf immu i ‘ga1y51s,_or to]erance Add1t10n of dbcAMP to .
"kmouse spleen cult ; %}x ear]y t1mes reduced the number of AFC to

?y dbcAMP could be part1a11y overcome by

o f’¢GMp. In nu/nu sp]eenycultures, dai]y feeding of cGMP cou]d a]so

o 1973) These observ;7

'  two s1gna1 model

| greatly\1ncrease the. ny

‘)”ionse to’ SRBC, a TD ant1gen (Watson et a]
| re 1nterpreted a]ong the 11nes of the
ive the'para]ytic s1gna1 de]ivered to

[

““; B cel]s by antigen 1 cAMP and the 1nduct1ve signal (normal]y

"l':

| :; delivered by T ce1ls) takes the form of cGMP ‘
‘ Further experimentation 1s therefore requ1red to reso]ve S

o Athis controversy regarding the role of cyclic nucleotides, especia]ly:f'AFf._:‘:

'ls’cAMP An’ the inftiation of ‘an fnmunie. response. The data to be

?'d'Presented will show'that_1ncreas{n:}intracel1u1ar cAMP Ievels during S

\;‘cell-mediated 1mmune responses'*»’“

5 ﬂfih?féﬁéégfiﬁét%?maéﬁitﬁdé Under thetsame conditions cGMP has- .. x
BERNE ek N e R The effectsf;7fﬁ':'uh'




' "5x104 cells’ per mm

3

tBl Mater1als and Methods A

-Materials - B | )
~The mastocytoma l1ne P815 (H od ) was ma]nta1ned by weekly
| passage through DBA/ZJ hosts (H- 29 ). Sod1um-51Cr.chromate.was
. purchased from hew England Nuclear Company, : o
 Methods |

. Treatment with pharmacologlcal agents Pretreatment of

cells with the agents was carr1ed out in Falcon Petr1 dlshes at f‘
n? and lxlO cells per ml Agents were removed

by wash1ng the ceYls three t1mes Wlth medium at 4%, | S1nce some of
' the test agents used were cytotox1c at h1gher concentratlons, the

number of cells reCOVered in control and test groups after a 12 hr

-.*. 1ncubation could d1ffer by 20 to 50% depend1ng on culture cond1-',"-'

L dt;from 1x107 cells added at. 0 tlme :I;‘ | “'f[ *(' _ '3

‘} tions Th1s difference in. cell number was not compensated for when
| :the cells were recultured in e1ther the Mlshell Dutton or the D1ener--
, g?strong system, 1 e. each flask contawned the viable cells from .
| -".2xlo7 cells, or: each t1ssue culture d1sh conta1ned theriable cells

§

Generation,of qytotOxic lymphocytes Cytotoxic lympho-

) _.cytes to DBA/ZJ (H-2 ) were generated in'a one-wa&hmﬁxed lymphocyte ,ff“
| t'; culture by incubating l 5x107 viable CBA/J (H-z ) spleen cells with ' g,";

“”~_f2xl0 irradiated (1000 rads whole body 1rrad1atlon from a 13?Cs

| !,fsource Gamma Cell 40 Atomic Energy of Canada Ltd ) DBA/ZJ spleen
'}:cells 1n Diener—Armstrong flasks Five days later the cells were

“w;harvested and washed twice with medium bef%re assaying for cytolytic f'

}7-.gwact1vity against 51Cr labelled P815 mastocytes

Assay fbr Qytotoxic lymphocytes The ability of sens1tized

RRREENE




(55
CBA/J 1ymphocytes to k111 P815 mastocytes was assayed accord1ng to -
Brunner et al. (1968) Cytotox1c ]ymphocyte to target rat1os of -
40 20 10 and 5 to 1 were used ’ Each rat1o was done.in dupllcate )
w1th 3x104 5]Cn-labeﬂed target cells in 12x75 mm po]ystyrene B |
(Fa1con) tubes 1n a ‘total vo1ume of 0.5 mlv Incubat1on was at 37
At the end of 5 hr, 1 ml of 0 2% v/v SRBC was added and the tubes

‘ owere spun at 7509 for. ]O m1n | The top 1 ml supernatant and 1/2 ml

- Supernatant p]us pel]et were counted 1n a gamma counter Per cent

spec1fic 1ysis were ca]cu]ated from the equat1on

% spec1f1c 1ys1s - Z re]ease of test group - %/release of bkg_x 100
o % max1mum release -~ % re]ease of bkg

:’where'%;release. | o Supernatant.counts | '..X 100 o
o . Supernatant counts * pe]]et counts S
and bkg background Background re]ease was determ1ned in the same Vt'“"
manner as test groups except that ‘the sp1een ce]]s were obta1ned from

vy unimmun1zed cuTtures Max1mum 51Cr re]ease was ach1eved by freez1ng fl

| and thawing 3x10 /}abelled target ce]ls three t1mes and then 1ncu-" | .‘
bat1ng the cens atl’i? for§hr. o ’.:"v L | B )

The resu]ts were expressed as 1ytic un1ts (MacDonald et

al . 1974) per cu]ture. One 1yt1c un1t 1s defined as the number

| of ce11s required to 1yse 50% o;\1x104‘ 5'l(:r labelled P815§target ﬁ!ﬂ, rf

o

N cel]s under the conditions described above Lytic units per
ﬁs

| . culture 1s therefore a re1ative measune of the freguency of
cytotoxic 1ymphocytes 1n various ce11 popu1at1ons y"_ v.f"f “_§E;‘B o
_'/?4 ,,-3“.* ;' e ei»;» . . : - .

LTy
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C. Resu]ts S

Long term effects of cAMP and cGMP on the AFC response to SRBC and POL

-
Cyc]1c AMP, cGMP and agents that enhance the 1ntrace11u1ar .

11evels of these two. cyc11c nuc]eot1des were testeq for thg}r'abll1-

', t1es to affect ant1body responses Norma] CBA/J sp]een ce]]s were

"1ncubated w1th var1ous concentrat1ons of these agents 1n the presence
"of SRBC and POL for,the ent1re 1ength of the culture period. Thel-‘
resu1ts are'shown‘in Tab]e 3 1 © DbeAMP and am1nophy]11ne (AP) were

-6

. stimd]atory (2 td 3 fo]d) in the 10 to 10 -4 M range peak1ng at

-4 M. BOth responses were completely 1nh1b1ted by these agents‘

10
2 ower concentra 1ons 0 papaverxne, a more pot nt inhi-
t 1073 e «l trat f ent inhi
‘ b1tor of the CAMP . phosphod1esterase (Sheppard et al,, 1972),were :
'{requ1red to ach1eve the same effects. Cyc11c AMP,cOO1d.also inhibitA
~the ant1 -SRBC response at 10” 3 M but did not stimulate the response
at 1owe:/§oncentrat1ons In all cases inhibition by these agents.
:'at high“concentrations was.directly chre]ated-wfth theirjcytotoxic

0
N 14

”effects; _Q». ;t'_ EERP : | T |
| | 'A On the other hand cGMP and 1ts d1butyrated or 8- bromo—."
:=der1vat1ves had 11tt1e or no effect on the AFC response to SRBC or
‘POL OVer a concentrat1on range of 107, -7 to 10 -3 M;- the cho11nerg1c
| agent, carbachol also had no effect (Tab]e 3 1) These observa-
.tions are 1n agreement w1th those reported by other workers

“(watson et al., 1973; Hatson, 1975).

Early effects of cAMP and cGMP-on humora1 responses

o Since trans1ent 1ncreases in endogenous cyc]ic nuc]eotldesfi

‘e '1evels have been observed fo]10w1ng the add1t1on of m1togens or SRBCQ

[ &
2 . e
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. to lymphocytes it was thought that agents that wou]d elevate 1ntra—

» ce]]ular cyc11c nuc]eot1des 1eve1s m1ght be 1mnunoenhanc1ng when

present only at early t1mes in antigen st1mu1ated cu]tures Th1s

- Was tested by treat1ng ant1gen st1mu1ated sp]een cells with var1ous"

concentrat1ons of the appropr1ate agent for the f1rst 12 hr of a
;‘ 108 hr 1ncubat10n period. The effects of “pulsing" the cu]tures ,
".w1th cAMP, its breakdown products (5' AMP and adenos1ne) dbcAMP

.AP or butyr1c acid on the AFC response to SRBC are shown in Tab]e

3. 2 DbcAMP and AP were most effect1ve (2.6 to 4 3 fold) in st1mu-"

| 1at1ng the ‘AFC response at 10 =3 M. At th1s concentratlon dbcAMP
“'and AP have been reported to 1nh1b1t the cAMP phosphod1esterase
- act1v1ty 1n feta] rat calvar1a, lead1ng to a 2 to 3 fo]d 1ncrease |

——

1n 1ntrace1]u1ar cAMP Tevel (Heersche et al., 1971);. AP can also -

38

1ncrease 1ymphodyte CAMP. 1eve1 (Sm1th et 1 1971a) '[ower'concen- R

—

trat1ons were less effect1ve or 1neffect1ve Adenos1ne or butyr1c =

gdacid gave about a 2 fold enhancement of the response at 10 3 ,
o whereas cAMP or 5'-AMP were comp]ete]y 1neffect1ve in enhanc1ng the

’vantf SRBC response The st1mu]atory effects of adenoS1ne and

butyric acid can a]so be attr1buted to cANP 51nce these agents have o

‘been shown to 1ncrease cAMP levels in cytotox1c 1ymphocytes

"_(No1berg et a] . 1975) and neuroblastoma cells (Sheppard and Prasad;

‘1973) Simi]ar results were obta1ned 1n the D1ener—Armstrong or the‘

| Mtshell ~Dutton cu]ture systems {-’7‘ ff‘. e

| On the other hand, cGMP dchMP 8 Br-cGMP or carbamyl-
ltfcholine chlorfde (carbachol) did not,have any’ effect on the anti-
1 ;SRBC response under 51milar exper1menta1 conditions (Tab]e 3. 2)

Vt;These studies jndicate that cAMP but not cGMP is 1mmunoenhanc1ng

&
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V'during the eariy phase of 1mmune responses

_ | The Tength of the 10 -3
stimuiatory effects was next determined It is. ciear from Tabie 3. 3

’ .that the best stimuiation was obtained w1th a 0 12 hr puise It

: ushouid be noted that at the concentratiod used dbcAMP wag cytotoxic, '

- as indicated by the sma]ier number of v1ab1e ceiis recovered at: the |
‘end of the puise compared to contro] cuitures . Despite this, an. -
_1ncrease 1n the number of AFC was . obtained This Was. true even

7,when dbcAMP was present for up fo 22 nt

'Stimuiatfbn of 1nmune responses by cAMP 1s dependent on "good"

~;‘cuiture conditions

Since other workers have conc]uded that cAMP is immuno- L

‘-:suppressive (watson et ai 1973 BHSing Schneider and Koib 1973)

',the conditions under which cAMP*enhanc1ng agents couid 1nhib1t the ,.f f
A11anti SRBC response at eariy times were next investigated The cei]s'

'were puised with these agents either in Petri dishes as was normaiiy .

~done or in 17x100 mm poiystyrene (Fa]con) tubesz It was, found 1’:;.11

Vf7that when the ce]gs were preincubated in Faicon tubes, the ceii ;._"5'”

pei]et formed at the bottom of the tube was much more susceptib]e

) to kiiling by AP. than when the celis were incubated in Petri dishes

M dbcAMP puise required for max1mai a

0

E As a resuit the response of ceils treated with AP and antigen for ':f""“t

::xjas littie as 6 hrdn tubes gaVe a much iower response than control

“':icuitures (Tabie 3 4) The immunosuppressive dctions of cAMP at

| eeariy times couid therefore be due to generai cytotoxic actions

It has become common practice for some workers to incubatevf]n;,'ﬁsf

"'i.the spieen ce]is overnight in tissue culture medium before adding
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_ Tab]e 3 4 :;‘e: ‘if ,;‘ Lo

St1mu1atory effects of dbcAMP or am1nophy111ne IS dependent on "good"
v ' cu1ture cond1t1ons , B

A Flrst 1ncubatlon carr1ed out in Petr1 dlshes

- ‘Additwes during Cpneiesmec. Anti-poL
: 0*6 hr 1ncubat1on S 1 PFC/culture j“ AFC/cU]fureA ‘

et Genrsm)

;-

'SRBC +ROL 863] + 345 o osserese

" + 1073w dbcAMP 11681 # g0 6925 + 976

R

RS (0 T I 8587 +683 . . 7887+ 1326
+

-  .; B. First 1ncubat10n carrted out in (Falcon) tubes;{ ?

S Addit'lves during L  Antt- saac '?'; o Antf POL =

+ ld e 1850+ 336 5762 +667 .

'+ 1_o_4M " 10193 £610 - sm5ises |

.. 42 .V‘.‘.

."*éfg

(meanj;_SEM) o ‘-:’(mean. j.__SE,M) FERIS

e

,fSRBC + POL o 5]37 + 519 . ;"vvft4337 + 532 -

o + 10‘3 L AP g 812 x 249 1180+ 176

*f_e*The first 1ncubation wd% carried out either in Falcon Petri dishes -

-"(8x107 cel]s per dish 1n a tota],volume of 4 m]) or'in, Fa]con tubes f o

. (8o’ CEI]S per tube in a total, vo]ume of 4 ml) The concentrationsf e

of antigen ‘used were 0.01% v/v SRBC and’ 250 ng POL/ . /At the: end

o of6 hr the célls were washed. twice with mediun and recultured with :
’ﬁ*;both antigens 1n quadruplvcate in the Diener~Armstrong system The PR

2 cuitures were assayed at 96 hrt .V'*:;xf:



o

.antigen It was therefore dec1ded to test 1f‘dbcAMP c0uldost1mul$te
i the response to SRBC or POL. under these conditions The results in:
Table 3 5 show that although the number of cells recovered from |
.the preincubated grOup after the 12 hr treatment was less than that
~of fresh cells, the survivrng cells from the dbcAMP treated group: hff
L could still give an 1ncrease/in the number of AFC to either,SRBC :
f'or POL over control values Thus dbcAMP could stimulate both L
:f'fresh spleen cells and spleen cells that have been 1ncubated over- .

night in tbe absence of antigen 7:

, .<The actions of cAMR phosphodiesterase 1nhib1tors at later times of

. vthe 1mmune response ]‘ - E o o - . L“U.if' EE ‘-' f“:- R
.

Cyclic AMP has an antimitotic effect on. the growt”J
.1’fibroblasts (Burger et al l972) Cﬁlso.since the change ‘T‘cellular -
levels of cAMP following stimulation of lymphocytes with mitogen . e
f Q(Smith et%al ‘s l97la) or antigen (Plescia et al., 1975) is bipha51c,_x¥
T fit was predicted that a high cAMP leveﬂ would be immunosuppressive
‘ ionce antigeh-stimulated cells are projiferating (i e. after 24 hr)
\.:Therefore a 5-day culture period was divided into five 24 hr inter--l"' |
1E,vals 0 -3 M AP was added to each,of these 24 hr intervals and re-*f;:gfl»
?'smoved by washing Nlth medium at the appropriate times The results:fﬁti;”ffi 2 ‘
“sare shown in Fig 3. l Only treatment with AP during the first | _f” |
2 24 hr period stimulated the response Nhen AP was added later ip.'
g_estrong inhibition of the anti-SRBC’response was observed, being e
'{”naximal at 48 to 72 hr and least at 96 to 120 hr Similar obser— .
id?vations were obtained when the cultures were treated with lO 3 M

f}}dbcAMP or when the anti POL resanse was measured The proliferation .‘tﬂi:



a4

.ww  .Mw.nf.  “‘ﬁ4

-

,m.;: wcn pm.vwhmmmm o;mz mmgzvpsu -<u

.meru c pm omuum mpnmu wppm-> o~x~ wo u:m~m>w=um w;p vmcmmucou :mrv a;:u—:u ;ucw

“.mpuu*passvmzcm

ez olle 8v2 ¥ osvz

81T Sm& G9E F509%

v: R o q_u :

oW mEvess o mES ¥ 006

b T .mww.qmngomm,__m_mm~,+wowmfu

mw w“.,_ .. ... o : wm

’

kumazo:wm;a _.ﬁ ;mwgu Ha vmumnzucpmgu m :mugm

(W3S ¥ ueaw)

(s ¥ ._8_5

?sraés g _.?.3__3?5oaw....,,e?

vaca:ucvwga ; ;mw;m
Sy NP 1e nm;w>oumu
mpnwu mcﬁugmpm »o u

mcwgav mm>*u vu<

sspvms ut unmpcgm>o vw»ca:ocpmga cmmn vm; unzv mPPmu :mwyam mo mmmconmmg om< uzu :o.az<uav mo muuamwu

-

m m mpnmk




GO

[:] Cells's Med.um +0. mzsnsc

o Cells »Medmm ¢0 017 SRBC
o Uil “+ImM Arm:nophy_lhne :
X : . ~
a3 o
v‘ ) : .‘.. N v- L
- v \
§- : RIS . ' T
.4h : 4 N - .
o 1 @7 -
. .&.‘b "- .' g . '

R b-24 o448 “B7s 739 96-]20
L nme or EXPOSURE 10 AMINOPHYLLINE (HR)

 Fg. 3.0, Effects of adding » at different tlmes of the culture pae
"ﬂ”_period on the ant1-SRBC response All cultures were set up. 1n tr1—;‘-._“

tlplicate in the Diener—Armstrong system " Each: flask conta1ned

k f12x107 v1ab1e sp1een ce]ls plus 0. 01% v/v SRBC At the times ind1-ﬁﬂh
- cated, 10 -3 M AP was added Removal of the AP was achieved hy R
"7-washing the ce1ls twice with IO mI of medium. The control ce]ls

‘hfwere in each case hand]ed the same way as experimental cu]tures. ’

'h;After washfng the cells were recu}tured with fresh medium in a

a5

5. -fresh set of cu]ture flasks without readjustment of cell densities'f;fe"

iejﬁNumber in parentheses indice}e “the number of viable cel]s, 1n
| 'mil?ions, recovered ‘per cu1ture at bzo hr - .
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':~of ant1gen-st1mu1ated Iymphocytes thus seems to be be 1nh1b1ted by
h1gh cAMP 1evels :ft' f - ;) R | o :

7 Reversal.of the st1mu1atory effects of dbcAMP
If e]evated cAMP 1evels stlmulate lmmune 1nduct1on, then.

- prevent1on of th1s e1evat1on shou]d counteract the st1mu1at1on

f'Cyc1ic GMP and im1dazole have'been reported to st1mu1ate the 1ntra- Ll

-'_1ce11u1ar hydro]y51s ‘of cAMP (Beavo et a]., 19705 Natson, 1974)

fi‘_Consequently, these compounds were tested for the1r abi]ity to

LY

EE reverse the effects of dbcAMP The results are shown 1n Tahle 3. 69

L

'*.Cyclic GMP or 1m1dazole gave about a two fold st1mu1at1on of the .:e'thai'

-3 4

::anti SRBC response when present from 0- 24 hr at 10 M-and 10
f'”Jrespectively When added swmultaneousTy with dbcAMP to cultures,
5 . these agents cons1derab1y reduced the stfmu1atory effects caused

’;dby dbcA#P alone (from'd fold to 2 fo]d) Con A, which has been -

fhvureported to e]evate cGMP levets 1n lymphocytes (Hadden et al 1972), %
"i"could a]so counteract the stimulation by dbcAMP (from 3 fbld tO S

.7norma1 Ievels) Since Con A has a]so been shown to: affect the

ﬁyafunctions of T ce]ls (Dutton, 1972), ‘the 1nh1bit1on of the dbcAMP

'tfieffect ceu]d be due to factors other than cGMP Addition of imida- : .1;51f
\“fzole to cultures subseqcent to pretreatment with dbcAMP a]so reduced .ff‘if'“ﬂf‘

\1the stimuiatory effect of dbcAMP (Table 3 6)

- '6_‘

ffEThe dbcAMP effect 1s antigen-dependent and antigen—spec1f1c )
,“ . The data in Table 3 7 show that the presence of antigen
'fj*fs required for dbcAMP to exert 1ts enhancing effect on the immune

;;eresp°"59', This is true for the AFC response to either SRBC or "f;slafi*ff.fif“

jf;poL The effect 1s also antfgen-specific. 1. e. if dbCAMP 15 added
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Table 3. 6

The st1mu1atory effect of dbcAMP is d1m1n1shed by S1m”]taneous .n
1ncubat1on with cGMP, 1m1dazo]e, or Con A -

: | Add1t1ves dur1ng the Additiyes during the ih Ant1 SRBC ‘
'f?xpt 3 .0 ~24 hr, 1ncubat10n : ‘v244120-hr”incubatibn"n -PFC/cu]ture o

[

r

R .,snac oo TUSRBC T 37664 450
. SRBC + dbcAMP . o SRBC . T - 15000 +1030
CSRBC ¥cGMP . SRBC. . - 75T+ 610
CSREC.+ imidazole: - SREC 6300 +470 .
,Y;SRBC+CGMP+dbcAMP . SRBC S "_92253-__63_0’.,»; /‘/
T SREC + imidazole + dbcAMP SRBC U481 46000
9 CUosBC o srec+ imidazo]e-' © 4150 655
g SR/BC + dbcAMP i i,ﬂ_ _ SRBC + imidazole . 6591+ 1340 .

II B UL S Ant‘i."sRBc'f
Woe Additives dur1ng the 0 12 hr ,'_*g ~PFC/culture
. ncbation o (mean  SEM)

; R snac L o S 6%6:168° -
LT USRBCH dbcAMP e 203334023000 )
Aot sRECwConA B e | 6900 + 408
HEPEE S '.:SRBC + Con A + dbcAMP ) j 7133 + 1145

i
f

, Tbe spleen cel]s were 1ncubated w1th 0 Ol% v/v SRBC + test. agent(s)

s in Petri dishes for 0-24. hr or, 0-]2 hras indicated. At the end of
. the 1ncubation the agents were removed and the. cells recultured
n the Diener-Armstrong system Cu]tures 1n experiment I were assayed
'tf]ZO hr and’ éultures in experiment 11 were assayed at 108 hr.
Concentrat'ions of: the"a ents_used dbcAMP 10 -3 M, cGMP 10'3
p,imidazoie,.’: Syug/mi S s
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-w1th ant1gen A for 12 hr then removed “and the cells recultured with

ant1gen A p]us ant1gen B, on]y the relponse to ant1gen A is st1mu-‘-

49

"vlated It shou]d also be noted that POL by 1tse1f has an enhanc1ng R

~effect on ‘the. ant1 .SRBC response (compare T1nes 1,5, 7 ‘and 11)
Th1s 1mmunoenhanc1ng effect of POL cou]d be due to 1ts potentia]

'_.m1togen1c propert1es (Cout1nho and Md]ler, 1973)

Effects of cyc11c nuc]eot1des on the 1nduct1on of ce]] medlated
| 1 un1tx |
o ' The effects of agents wh1ch e]evate 1ntrace11u1ar cAMP

_ levels on the. 1nduct1ve phase of céll- med1ated 1mmyn1ty have not |

1

7_been descrlbed prev1ous]y " To 1nvest1gate th1s, cytotoxic Tympho- :

_{cytes were generated 1 v1tro by 1ncubat1ng CBA/J (H 2 ) sp]een

'ce]ls w1th Tethaliy 1rrad1ated DBA/ZJ (H 2 ) sp]een ceT]s'1n the
presence or absence of dbcAMP After 12 hr the ce]ls were washed

’ -free of these agents and recu]tured for a further four and a ha]f

'days before assay1ng for cytotox1c Tymphocytes us1ng ¢1Cr-1abe11e9,_
- P815 mastocytes as targets The resu]ts in F1g 3. 2 show that ';f :vf

- _optimum stimulation of the response was obtatned when the CBA/J |

ijuspTeen ceTTs were cultured w1th 10’4 M dbcAMP and stimulator cells.

’The st1mu1ation was obserVed either at‘h1gh or 10w stimu]ator cel] a

' !fdose. DbcAMP by 1tse1f d1d not st1mu1ate the background response, f}'f £

.111.8 1t 15 dependent on the presence of ant1gen for st1mu1at1on

/" The resu]ts are expre;sed 1n terms of 1yt1c un1ts per cu]ture 1n(
Tab]e 3 8 On the other hand, dchMP under etm11an condrtlons did
‘"; not have any 51gnif1cent effect on the 1nduction of CHI (Table 3 9). T't; _;;

Fina]ly 1t was dec1ded to 1nvest1gate it cAMP can have ﬁi' B ';
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N |

% Specific lysis

s .. 10 20 . 40
. Cytotoxic Iymphocyte'/ror,ger' ratio -

) fig;‘3.2. .Effectsvof dboAMP on the induction-of CMI. »(A) Killer

;n cells to DBA/2J were generated by incubating ]JSX]O7 CBA/J spleen .

" cells with 2x10° irradiated DBA/2J spleen cells-for 5 days. Various
‘concentrations of dbcAMP were added to the cultures for~the first

12 hr only. ‘The drug was removed by washing the cel]s twice W1th

,med1um The cultures were assayed for cytotoxic 1ymphocytes L
'}aocording to Brunner et al (1968), using S]Cr-labelled P815-
nmastocytes as targets _B%ckground supernatant counts. were about
- 120 cpm and freeze thaw supernatant counts (100%, 1ys1s) were about
1500 cpn. (O—0), CBA/J + DBA/2J; (2---), CBA/J + 1072 M
~ dbcAMP; (&—A ), CBA/J + DBA/2) + 1072 M dbcAMP; (o—a),
" CBA/J + DBA/2J + mj M.dbcAMP (o——o ), CBA/J + DBAZ2J + 10° M
‘dbcAMP. - - - -
Vd (B) Cond1t1ons used were swmi]ar to- (A) except that the
dose of DBA/ZJ cé]ls was 0 2x10 per culture ‘

. J:L



Tab]e 3 8

Early effects of dbcAMP on cel] med1ated 1mmun1ty

Lyfic,units' &St1mu1at1on
{

Additivég ét.0~12-hk T K per'cu]tUrea .ivi -"index

2.0x10° DBA/2J ':2- .1,,; L 5.6 . " ‘|i'-0° -
" ‘, 410 Maber 2.8 ,;“33
" i TO'4 e '.f N 43.3' B - - 2.78
B f1‘073'v S B SR 1]

oaxfosa2s . w100
RIS 1 e R I S 116
L S

~ The dqta dééd'for this téble were obtained;from Fig;'B.ZQ, .
..aA lytic un1t is defined as. the number of ce]]s requ1red to 1yse } .
509 of - 1x10 1abe]1ed target ce11s under the condltions descr1bed .

An "Methods"
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Table . 3.9 = = N

‘QEarjy effectSjOf dbcGMP on cell-mediated: immunity

T AR v Ly£ic units Stimulation
Expt. ~  Additives at 0-12 hr - . pér culture . index '

8

B R < R X
‘u.-l ‘+ .]0-3 ",t-_", ' _ ]9?8 | o 0.-65_  :

e . 00

4

o aao®osa
- G0 Wdbeap o819 0.68

-n

o+

o aadbomva o w4 .00
v w0 maee o 657 136

_The conditions used for -this experiment were similar to ‘those described 7 

‘»f_1n~rjf,13;2;j~
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| ,vd1fferent act1v1t1es on T. cells from mlce of dlfferent ages - ‘The

y

"v results are shown in Table 3 lO There 1s a small 1ncrease in -

the capacwty of spleen cells to, generate cytox1c lymphocytes w1th

" M dbeMP in. the

w'lncreas1ng age- of the mlce Pul51ng w1th 107
presence of stlmulator cells 1ncreased the _number of cytotox1c 'CIQ:;’
lymphocytes in all the cultures be]ng maxlmal when the spleen cells y’
_.were obta1ned from 84 day old mlce |
D.. DlscusSdon ' o |

| . Agents that 1ncrease 1ntracellular cAMP levels (dbcAMP
AP aden051ne and butyrlc ac d) can enhance the AFC response of -
';}mouse spleen cultures to SRBC and POL when added at 1073 M dur1ng
the 0 to 12 hr perlod of the culture It is not surpr1s1ng that
cAMP- 1tself has no demonrtrable effect s1nce 1t is known to have
a short half—l1fe in medum and does not enter cells read1ly _
(MacManu al. l97lb) "The enhancing effect of dbcﬁMP cannot é o
l,be attr1buted to butyrlc ac1d alone’ s1nce the-stlmulatlon obta1ned
~by dbcAMP is greater than that of butyrlc acid, and the butyrlc
Aacid resldues are unllkely to be quantltatlvely hydrolysed
3 - The lack of direct effects w1th cGMP and related compounds‘ h
R ;'(0 thr) are unllkely to be due to the1r 1nstab1l1t1es 51nce exo- |
genous cGMP (or 1m1dazole), when added together wlth dbcAMP could -
'_?counteract the stlmulatory effects of dbcAMP (Table 3 6) Moreover;:
‘“when present from 0-24 hr they stimulated the AFC response to SRBC

h'~fby about two fold (Table 3 6). It is conceivable that the addl-

"ttlon of cGMP or imidazole to the cultures for up to 24 hr may aid
""antlgen-stimulated cells already in the Gl ‘phase of the cell cycle

-,"to proceed more readlly into S phase slnce prol1ferat1ng cells .f.' R



o Taple 3 10 I

\
\,

Effects of dbcAMP on the 1nduct1on of -cell- med1ated 1mmun1ty 1n ‘;f.
N sp]een ce]] cu]tures from mice of d1fferent ages )

'Age:4 S “Lytic units per gulture - t . - »‘Stimulation ,

b

"-(days) o e‘Nprmaié', : B +dbcAMP” 'ihdex" B

@4 0905 263 o201

8 s 05 . ss2
60 . 226 - 9.63 . 426

1 5x10 CBA/J spleen ce]ls from mlce of the 1nd1cated age p]us
2x106 1rrad1ated DBA/ZJ spleen cells 1ncubated for 5 days

bsame as nonna] except that 10 -4 M dbcAMP*was preSent‘In_the cuTtukes"

BN

fm'mefh$t12hr -

oo
° ; Qe .



~have béen shown to have a low_cAMP:to'cGMP ratio (Rudland et al.,

]974)_; | : U . : .‘ .

) The presence of ant1gen is obllgatory for dbcAMP to. exert
1ts enhancmng effect (Table 3. 7) CyCllC AMP 1tself is therefore ’
1nsuff1c1ent to 1nduce an 1mmune reSponSe but more{lfkely, it

const1tutes part of\the 1nduct1ve s1gnal /However, it is poss1ble .

that only cells that have been tr1ggered by ant1gen could be affected

by dbcAMP Thus, a- more str1ngent test of the antlgen dependence

o and ant1gen spec1f1c1ty of dbcAMP would be to add cells that have

already been exposed to ant1gen for the same length of time, i.e.
12 hr. - ThlS exper1ment\w1ll be d1scussed 1n deta1l in Chapter IV.
but br1efly, the data support the conclus1on that the dbcAMP effect
s 1ndeed antigen dependent and ant1gen spec1f1c These f1nd1ngs 4

are-ln contrast-to those of watson‘et'al (l973) who reported an’

o early sttmulatory effect of dbcAMP wh1ch was not anttgen dependent.‘

7
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B . The above exper1ments are: 1ncompat1ble w1th the hypothe51s R

» that cAMP 15 a med1ator of fmmune paralysws, or tolerance (watson

' l.f number of AFC Inh1b1tlon dur1ng early t1mes resulted only when L

et al., 1973) The’ st1mulatory effects of. adding 10° -3, M dbcAMP

were also observed;by Watson and coworkers, inh1b1t1on of the anti-- B

SRBC response resulted only 1f dbcAMP was present for’more than l2
h The studies 1n this Chapter show that the result of addtng
l0 -3 M dbcAMP or AP for up to 24 hr always leads to an 1ncreased

"» the culture condltlons were subopt1mal (Table 3 4). The 1nh1b1tory

effects of cAMP on the AFC response to SRBC dbserved by Bbs1ng-
Schneider and Kolb (l973) can also be explained by general cytotox1c

propertles of this agent



| Add1t1on of AP or dbcAMP at later ttmes of the cu]ture
' per1od however,.1nh1b1ted the response (Fig. 3 1), | Th1s is. expected
 since AFC arise as a resu]t of pro]1ferat10n of ant1gen st1mu1ated
e'cells and h1gh cAMP 1evels have ant1 1tot1c effects (Burge al
i Q1972) probab]y as a re5u1t of arrestlng d1v1d1ng ce]]s at late
"m (Coffino et al. 1975) T
DbcAMP also has a pos1t1ve effect in the 1hduct1on of .
“‘acell med1ated 1mmun1ty, and dchMP has no. effect DbcAMP,1s aga1n-_"‘
.dependent on the presence of stumu1ator ceﬁ]s (antlgen) for enhance;~"
| ment of the response ~Over the age range. tested (40 to 280 days) |
'the dbcAMP effect on the 1nduct1on of’CMI was not marked]y age depen- B

” :dent Th1s is not too surpr1s1ng s1nce sp]een cells from 40. day old

. . m1ce a]ready y1e1ded a 1arge number of cytotox1c 1ymphocytes, 1 e

"rmost of the sp]en1c T cells were funct1ona11y mature by th1s age.
‘It wou]d be 1nterest1ng to exam1ne the effects of dbcAMP on the

':nj‘ability of neonata] sp]een ce]]s, which may have a h1gher proportlon

- of 1mmature T ce]ls, to generate cytotox1c lymphocytes, 51nce cAMP

L has been 1mp11cated in cau51ng the maturation of T ce]ls (Sche1d

f‘et al., 1973) Agents that elevate 1ntrace11u1ar cAMP levels were

:va]so reported to 1nh1b1t the cyto]yt1c action of cytotox1c lympho- ; o

| -vffcytes (Strom et a] . 1972 Bourne et a] o 1974 No]berg et al

,i _1975) whereas agents that enhanced 1ntrace1lu1ar cGMP 1eve1 could .
h’;augment this act1v1ty (Strom et a] s 1972 1975) o

u To summar1ze, the data presented in thls chapter are ;‘ﬁ
h consistent with the follow1ng genera] couclusions 1) a high
'vvlintrace11u1ar 1eve1 of- cAMP dur1ng the early stages of the response

”'nu;stimu]ates both humoral and cell-mediated immune 1nduction, 2) agents
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ab]e to prevent this r1se in cAMP 1eve1 (cGMP, 1m1dazo]e and
perhaps Con A) reverse - the stimulatory effects of dbcAMP 3) the N
cAMP effect is: ant1gen dependent and ant1gen—spec1fyg3 and 4) a

;1high cAMP Tevel at later tlmes (24 hr or 1ater) 1nh1b1ts the 1mmune

o response It s therefore proposed that a r1se 1n cAMP 1eve]

constitutes part of the 1nductive swgna] for mmunée 1nduct1on, the
;rest of the s1gna1 betng prov1ded by ant1gen in an as yet undeter—

: mlned manner The type of cell (8, T macrophage) in whtch th1s

; phenomenon operates 1s the subJect of the next chapter However'

:‘the cAMP Tevel' shou]d subsequent]y fa]l to a 1eve1 cons1stent w1th :
that requlred for cell cycllng The studaes of P]e5c1a et al _'

| (1975) and Yamamoto and webb (1975) wou]d support such an hypothes1s, ;

\fSTnce they reported that 1ntravenous 1n3ect1on of SRBC 1nto m1ce

| *:could cause trans1ent 1ncrease in overal] sp]en1c cAMP levels

-ObviousTy, the 2 to 4 f01d enhancement seen in. the1r work could not :

~ be due spec1f1ca11y to ant1gen-st1mu1ated B ce]ls since these

o constitute 1ess than 0 01% of the sp]een ce]] popu]at1on More o

:11kely, the cAMP accumulat1on was due to a genera] st1mu1at1on of

| "the adeny] cyclase of sp]een cel]s by an unknown mechan1sm




CHAPTER IV

© THE_CELLULAR BASIS OF CYCLIC AMP ACTION IN HUMORAL IMMUNITY

o A. Introduct1on f,

_ In Chapter III 1t was demonstrated that h1gh cAMP Ieve]s:

'dur1ng the 1nduct1ve phase of a humora] reSponse Iead to 1ncreased :
’ ‘numbers of AFC S1nce the 1nduct1on of an AFC response 0’ SRBC, .
a TD antlgen, requ1res the part1c1pat1on of a8B ceII, a T he]per
ceI] and a macrophage (p. ]3) the enhancement by cAMP of humora]

B 1mmun1ty could theoret1ca]1y result from one or more of the’ |
I'{efollow1ng 1) d1rect stlmu]atlon of B ceIIs by cAMP, '2) st1mu1at1on o
Z‘f'of T cell he]per act1v1t1es, ,3) bIock1ng of T ceII regulatory -
-._,activ1ty ("suppressor" funct1on) or- 4) enhancement of macrophage K

~:functlon These poss1b111t1es w111 be exam1ned In this chapter
I.becAMP wiII aIso be used to 1nvest1gate the ceIIuIar 1nteract1ons ;f'
- _underlying ‘the AFC response to POL a TI ant1gen _A | jn -
The effects of cAMP on the ceII types 1nvo]ved 1n HI
 are not wel] characterlzed The few reports reIated to th1s subject
t sfndIcate that 1n the presence of high cAMP leveIs T and B ceIIs |

",-have a veny short ha]f 11fe, i e a high intraceIIuIar cAMP leveI

A cytotoxic for these ceIIs (watson et aI - 1973) Other stud1es .y_ o

'showed that the inJection of po]y A u or dbcAMP can restore the res-

Ay'ponse of neonataIly thymectom\zed mice to SRBC (Cone and Johnson,

‘7;51971, Uzunova and Hanna, ]973) Poly A U can. also enhance the

' ,rate of a1109ene1c skin graft rejection in neonatally thymectomized f*e

! "’;:;f,.‘58l B



71';fjafter'bone marrow reconstitution

- T

"mice (Cone and JohnSon, 1971). These stud1es taken together 1mp]y f

o that poly A Uor dbcAMP can st1mu1ate the res1dua1 T ce]] act1v1ty ;;.

A 1n neonatal]y thymectom1zed m1ce, or that they can cause the -
maturation of T ce]] precursors 1nto funct1ona1 T ce]]s Support
R for the latter poss1b111ty came from the observat1on of Schetd
g_“ (1973), where they reported that po]y A: UL dbcAMP or AP
can cause the maturat1on of T ce11 precursors 1nto funct1ona1 T
o cells The funct1on of per1tonea1 exudate ce]]s (haV1ng A ce]l
o act1V1ty) has a]so been reported to be augmented by po]y A U
.‘~(Johnson and Johnson 1971) o o
“The stud1es in th1s chapter are c0ns1stent with the

"";Lfollow1ng conc]us1ons _,1) dbcAMP does not 1ncrease the number of

o -‘AFC by a d1rect;B~ce11=effect;r~2) there is J1ttle.ev1dence that‘
B v5dbcAMP'd1rect1y‘StimuTates-T”heiper*acttvity;_ a):dbcAMP'fnhibits'

- .theffunction'of macrophages: and 4) dbcAMP 1nh1b1ts the funct1on
g of a regulator (or suppressor) cell wh1ch 1s 6 posit1ve and

'radiosens1t1ve

| . B. Methods tff.j»' o cEL Ll | |
| | T ce]l depleted mice jATXBM) These'mice were'a‘gi?t

| from Dr Chdaki Sh1ozawa The mice were thymectomized at four weeks *5 -

-of age (Mi]ler, 1960) Two weeks later they were ]ethal]y 1rradia-

,7ted with 950 rads from a]37Cs source,and each mouse was reconst1tuted

“'i,ﬂintravenously with 2x106 syngeneic bone marrow cells the same day

. The sp]eens of these mice were used f‘& tissue cu] ture 10 weeks

el : e : _;

ST
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- Anti- é'Serum- The serum was'afgift from Dr. Kwok Choy'”

Lee._ AKR/J mﬂce were each 1mmunized Wlth 10 weekly intraperitoneal l

1nJections of l0 CBA/J thymocytes The first anECtlon was

9

"accompanied by lO killed Bordetella. pertuSSis organisms Mice

were bled from the retro orbital plexus after the seventh week and

finally by heart puncture after the tenth week

Anti -0 treatment Spleen Cells were 1ncubated w1th the.

right dilution of antl~6 serum in medium at. 2xlO7 cells per ml for't~h

a 40 min at 37 The cells were washed once and reincubated w1th

agarose-absorbed gu1nea pig complement (Cohen and Schles1nger,

- 1970) diluted 6 times in medium for 40- m1n at 37 ~The cells were,‘h

. ‘washed 3 times before use About 30% spec1f1c ly51s of nonnal
fspleen cells was. achieved u51ng this\method | |

SRBC primedg_pleen cells Normal mice, 1mmunized by one‘

;intravenous inJection of 0 2 ml of an 0.01% v/v suspen51on of SRBC;J

'6 to 8 days before, were 1rrad1ated Wlth lOOO rads JUSt before

"'_.theirspleenswere removed The spleen cells were used as a source ﬂV'

'~._of primed T cells specific for SRBC Spleen cells so prepared have

been shown to be able to cooperate with B cells in the stimulation -

| ’].of a response to SRBC but are unable by themtelves to proliferate ’-;-f:, =

2 nﬁinto AFC (Kettman and Dutton, 197l)
ﬂf; The AFC response to SRBC at different cell densities

Normal unprimed spleen cells were incubated w1th SRBC

{

"*"in the\presence or absence‘of'lo M dbcAMP for 12. hr as described

» fin Chapter III This preincubation was performed in the absence

60



of-2-mercaptoethan01‘(Z-Me) At the end. of']Z\hr the Ce1ls Were
’ recultured in. the M1she11 Dutton system w1th each cu]ture conta1n-

> or 1x107 va1b1e sp1een cells’ at

1ng the equ1va]ent of e1ther 5x10
0 hr 1n the presence or absende of 5x10 M 2-Me. " As 1nd1cated 1n‘
F1g 4. 1;the ant1 SRBC responses of both norma] and dbcAMP treated _h‘
cu]tures at 1ow ce]] dens1ty (5x105 ce]]s per cu]ture) are-markedly
dependent on: the presence of 2- Me Thus, it is clear that at low S
.cell humbers, a celT type 1s present in: suboptimal numbers and
1t_cou1d}be comp&nsated for by‘2—Me S1nce 2 Me was shown to be - ',;"
:i‘:-abTe to.rep1ace adherent'cte funct1on (Chen and H1rsch 1972 = 'dj -
this 11m1t1ng ce]] type is 11ke1y to be a macrophage, It shsild
be noted that whereas 2—Me 1ncreases the response of norma1 cu]tures '
.9, 6 fo]d, 1t enhances the response of dbcAMP treated cultures [ o
82 fo]d (compare columns 1 and 3 2 and 4, in F1g 4. 1) Looked ‘
at another way, dbcAMP actua]]y 1nh1bits the response when macrophage ,"
function (no 2 Me) is 11miting | | | d |

| . On the other hand, when the ce]]s were cuﬁtured at h1gh
' celi.density}(lxlo ce]ls per culture) the norma] ce]]s_or‘;bcAMP |
treated ce]ls were less dependent on 2-Me 1n support1ng a %%%pd%%e
to SRBC (Fig 4, 1) 2- Mevonly enhanced the norma] response by
1 4 fold and the dbcAMP treated response by 1. 7 fo1d In these
cases macrophagesﬂgie present 1n suff1c1ent1y h1gh numbers to support
a good ant1 SRBC response even 1n the absence-of Z-Me The anti- ;_f
SRBC responses were normalized by expressing the resu]ts as PFC per ‘?

6 ce1ls cultured It 1s clear that under Optimal cond1t1ons
6

10
(1 e. with 2- Me) the maximal response per 10 cells cultured is -

simi]ar at both low and high cel] dens1t1es The data are consistent | o
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- Fig. 4.1. The requ1rement for 2-Me at 1ow cel] dens1ty for an |

‘.,'ant1 SRBC response CBA/J spleen cel]s were first 1ncubated with : T

© 0:02% v/v SRBC # 107 M dbcMP in the absence of 2-Me. At 12 hr

;.'*::the cells were washed three ‘times w1th med1um and recultured
o ine quadrup11cate 1n the M1she]1 Dutton system at 5x10° or ]x]O

';;Lcells per. cu]ture in the pres nce or absence of 5x10°" -5 M 2- -Me. ;Af"

}] cultures were assayed fom AFC to- SRBC at 108 hr. Unshaded
co1umns, contro] ce]]s.: shaded columns cel]s treated w1th 107
dbcAMP for 12 hr flrstv"' - SR '

3
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w1th the concTus10n that a cr1t1ca1 number of macrophages per
cuTture fs necessary, that dbcAMP may 1nh1b1t macrophages, and that

its st1mu1atory effect is due to actions on other ceTT types ,' t.s

In the presence of 2‘Me the response of norma] or dbcAMP

o treated cuTtures was . Tlnear w1th ce]] dens1ty in the O 3 to 3x106

ceTTs per cuTture range, and tapered off at hlgher ceTT dens1t1es =

l -_7' ‘. o

" The effect of dbcAMP on the AFC response to POL at d1fferent ant1gen da

concentrat1ons ‘;_
g

POL was shown to be a TI ant1gen in CBA/H mice (Fermann'

and Basten, 1971). Also 1ts concentrat1on can be eas1Ty var1ed

s1nce 1t is a soTubTe ant1gen These propert1es of POL make it a

o usefuT ant1gen to study B cell act1vat1on ‘ff cAMP has a Bcell.
effeCk it mryht be expected to 10wer the antigen concentrat1on needed N |
' for opt1ma1 éhtlbody response to POL The ab1T1ty of dbcAMP to °' |
| 1nfTuence the anti POL AFC response at d1ffgrent ant1gen concentra-.“

- tfons was therefore 1nvest1gated CBA/J’spTeen ceTTs were 1ncubated
w1th various concentrat1ons of POL for the- f1rst§h2 hr 1n the presence .
of dbcAMP At 12 h.l the céTTs were extens1ve1y washed to. remove ‘\f |
dbcAMP and unbound POL and recuTtured 1n the D1ener Armstrong System |
The cuTtures were assayed at 108 hr The resuTts are shown 1n T

Fig 4. 3 Pretreatment w1th dbcAMP dfd,not Tead to ]ower ant1gen
requirements, 1. e. there 1s no sh1ft 1n the dose response curve

The stimulation by dbcAMP was h1ghest at h1gh antigen concentrat1on

(10 ug and 1 ug/mT) and onTy a smaTT stimuTatory effect was observed o

"T;‘T at low antigen concentrat1ons (10 to 10 ug/mT) These results

-",'."‘
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~sFig.t4;2 " The AFC response to SRBC at d1fferent cell dens1t1es

'?Thezsp1een ce]ls were pulsed with 10” -3 M dbcAMP .and 0. 02% v/v SRBC
as prev1ously described. The cel]s were then recu]tured in the
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Mishell- Dutton system in quadrup11cate at the 1nd1cated cell denSIty e

-5

’ _(expressed as the number of viable cells at zero t1me) 5x10 M

'2 Me was present throughout the 108 hr culture per1od (C)), contro]

| ce]ls, ( A ), cells treated with 10 -3 M dbcAMP for 12 hr First.
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Fig s 3 The effect of dbcAMP on the AFC response to POL. at ©

.-different antlgen concentratlons Sp]een cells were 1ncpbated '
~w1th various concentrat1ons of Pogfw1th or wtthout 10” -3

washed (four times 1n 10 ml of ‘medium) to remove unbound POL

- and dbcAMP. = The cells were then recultured in quadrup11cate 1n .
" the Diener- Armstrong system w1thout any further addition of POL

. The cultures were ‘assayed for AFC to POL at 108 hr. (() ) Celis
s POL. (&), CeHs + PO+ 10° 3 dbeamp.

Pt

M dbcAMP
for 12 hr 1n Petr1 d1shes - At. 12 hr, the ce]]s were extensively.
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suggest “that cAMP has no d1rect B cell effect However, as w111
,be shown in 1ater sect1ons, cAMP can regu]ate the reSponse to POL

~a TI ant1gen, by exert1ng effects on T cells.

‘The effect of dbcAMP on ATXBM sp]een ce]]s

| 7 ‘ There have been reports to 1nd1cate that dbcAMP (Uzunova |
| and ‘Hanna; 1972) or po]y A:U- (Cone and Johnson, 1971) can part1a11y
‘replace.T ce]]s under 1n v1vo cond1t1ons In cultures dep]eted of

T ce]]s, dbcAMP can be exam1ned for 1ts ab111ty to . replace™T ce]]

- afunct1on Further, if dbcAMP has a B cell’ effect, 1t wou]d be "/) :

'expected to st1mulate the AFC response to POL a TI antigen, under
o cond1t1ons of T cell dep]etion The effects of dbcAMP on the AFC
N responses of CBA/J ATXBM (T ceTl deprived) cultures to SRBC (a TD ,
.antigen) and POL were therefore 1nvest1gated The resu]ts are -
}.cshown in Tab]e 4 1. In non- dbcAMP treated CU1tures, the response o
of ATXBM sp]een ce]ls to SRBE“was 29% of . norma] This anti SRBC '
‘fjresponse 1n ATXBM cultures_ls probab]y due to 1ncomp1ete T cel]

_'depletion With dbcAMp pretreatment normal and ATXBM anti SRBC

‘,Iresponses were 1ncreased 2 fo]d ‘and 3. 4 fo]d respect1ve1y

- 'Simitar effects of dbcAMP were also observed for CBA/CaJ ATXBM

cu1tures (data not shown) DbcAMP therefore appeared to rep]ace T

7-Q ce]l function since lt enhanced the ant1-SRBC response in ATXBM

cu1tures to norma] levels However, it 1s not c]ear from this
fﬁexperiment if dbcAMP exerted 1ts effects on ATXBM B cel]s through
the residual T cel] popu]ation (or T ce]] precursors), or affected

'"theB cells direct]y ﬁ R

Before dbcAMP pretreatment the anti POL response of - fr.: . -
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| O Table 4 |
o The effect of dbcAMP on the ‘AFC responses of oA/ ATKBM. sp]een cells
| toSRBCand POL . oL

}

- AFC/cu]ture to SRBC AFC/culture to POL

| A&ditives at. ) _J%I? (mean + SEM) ) ':» (mean + SEM)
_O-TZhhrA © Normal o ATXBM Norma] O ATXBM
SRBC+POL - 15354106 445 +38 1355+ 110 865472

USRBC + POL + dbcAMP 3095 + 161 1535 + 117 3845 + 343 1800 % 101

L]

e'Norma1 or ATXBM sp]een cel]s were 1ncubated w1th 0. 02% v/v SRBC and |
10 ng POL/m] + 10“3 M dbcAMP for 12 hr in Petr1 dtshes The ce]ls were

”1f'washed three t1mes 1n med1um and recu1tured with ant1gen in the

Mishell- Dutton cu]ture system 1n quadrup11cate 2 Me was’ present
-throughout the exper1ment Al] cultures were assayed at 10?ihn_;~5_ i’

i ,i),‘l.'



'ATXBM cU]tures wgs 64% of norma1’(Tab1e'4 1) 'This suggested that
' ;the POL response\Jn CBA/J 1s re]at1ve]y 1ndependent of T ce]]s

. After dbcAMP treatment - the anti- POL response 1n norma] and ATXBM

;cu1tures were enhanced by 2. 8 fold and 2.1 fo]d respect1ve1y Th1s 14
| timu1a+1on of the anti- POL resaonse by dbcAMP was a]so obServed
n CBA/CaJ ATXBM cu]tures (data'not- shown) S1nce POL is a TI
"antigen, and CAMP cou]d st1mu1ate the response under cond1t1ons
‘of T ce]l dep]et1on the data suggest that cAMP affects B ce]]s
' But, as wi]] be shown in the next exper1ment, cAMP has no d1rect
B cell effect Conc]us1ons drawn from stud1es done 1n ATXBM
jfcu1tures can be m1s]eading because such cu]tures conta1n res1dua1
T ce]ls or precursor T cel]s that can be read11y act1vated

1

(Scheid et al. 1973)

Y]
i

| Med1at10n of cAMP act1ons by T cel]s

. . |
A more stringent procedure for T ce]] dep]etion 1nvo1ves

' tithe treatment of nonna] sp]een cells w1th antﬁ e serum and comp]e-
a ment CBA/J sp]een cel]s were treated elther with gu1nea p1g
'complement a]one (contro]) or w1th anti 8 serum and gu1nea p1g
| compiement as described 1n the Methods sectaon The effect of
”idbcAMP on the abi]wty of contro] or anti 8 treated ceT]s to respond
ti;jto SRBC (a TD antigen) and POt (a TI antigen) was then examined
t -The results are shown 1n Table 4 2 It 1s clear from the data )
;Lfthat dbcAMP can stimulate thy’AFC response to both SRBC and POL 1n |
35511s treated w1th complement alone (2 1 fold and 2 6 fo]d, respec-_
t ve1y) Ce11s treated with anti 6 serum plus comp]ement Tost - |

i&eir ab111ty-to respond to SRBC, as expected for a TD antigen

T e R
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Tahlel‘4.2_

The effect of dbcAMP on the AFC responses of anti-9 treated CBA/J
| Spleen cells to SRBC and POL - :

IR © ARC/culture to SRBC AFC/culture to POL
| .rAdditlyes7ati e f_C(hean'i_SEM) | R - (mean + SEM)

W

0-12hr . Nomal® Anti-g” e

Naormal -‘. Anti-

SRBC£POL 650472 43413 3000 141 8830's 648
SREC + POL + bcAMP.. 1375 %180 68429. 7880 + 1112 8030 + 621

aCells,treated with'complementhnly}u 3'_' e | »“j’ ‘7'
bCells treated wlth anti 9 serum and complement

The concentratlons of the materlals used were SRBC&\p 02% v/v,'_-'
POL, l0 ng/ml,, and dbcAMP l0 3 Each culture contalned the |
equlvalent of lxlo7 v1able spleen cells at O hr 5xlO»5»M 2-Me ,; ‘

-was present throughout the l08 hr culture perlod



"Futhermore, dbcAMP couId not restore the ant1 SRBC response The :

reSponse to the TI antigen POL _was stlmuIated by dbcAMP onIy

ﬁ‘with the contro] ceIIs, T ceII deplet1on Ied to a dbcAMP 1nsens1t1ve
'state Moreover, these T ceII depIeted cultures gave as h1gh a-
'response as controI cultures treated w1th dbcAMP It is concIuded

_ that I) dbcAMP cannot subst1tute for T ceI] funct1on or ‘cause’ the

o maturat1on of T ceII precursors 1nto functfonaI T ceI}s under these :

: cond1t1ons, and 2) dbcAMP has no demonstrab]e dlrect B ceI] effect

) ffin thfs system

".'the dbcAMP effect is. exerted on a cIass of antigen-spec1f1c ’1._':

. reguIator (or "suppressor“) ceIIs.;_;

f"CeII-mixing experiments flﬁ'=' N

' More surprls1ngly, ant1-6 treatment anne enhanced the ant1-'
| POL response of the treated ceIIs by 2.9 fold. This enhancement was R
: the same as occurred after treatment of controI ceIIs w1th dbcAMP
'.-In other words, removaI of B—bearfng (T) ceIIs aIIows a greater res- .
';ponse to a TI antfgen, and increasfng the intraceIIuIar cAMP IeVeI
f'1n antfgen sens1t1ve T ceIIs of normaI spIeen cuItures does the =

hvsame The data which foIIow further support the hypothesfs that

In Chapter III ft was’ shown that the dbcAMP effect was f

. test s system wpuId be to. mix, at the end of 12 hr, ceIIs whfch

M‘”'have had various treatments In this system, aII cells would be

-r_to benefft from any stfmuIatory events, which may be transfent

tp }Such experiments are descrfbed below. These data confirm the
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ear]ter conc]us1on of ant1gen spec1f1c1ty and ant1gen dependence,

but more 1mportantly, clearly demonstrate that the action of D

. dbcAMP 1s on.a regu]ator, or'suppressor cel]

Six groups of cel]s were set up and cu]tured dur1ng the _‘

'3ft'0 to 12 hr. per1od as fo]]ows : 1) Ce11s + SRBC 2) C911S *+ SRBC +.
. dbcAup; 3) Cells + POL 4) Cells + POL * dbeAP; ) Cells a]one, e

6) Ce]]s + dbcAMP ' It was f1rst necessary to. establlsh that under d

f.these cond1t1ons the response was direct]y proport1ona1 to the :

:ce11 number That th1s was the case is shown in Table 4. 3 Increa- sA.

X,

"-gsing the ce]] number from 3x10 to 6x106 cel]s per cu]ture 1ncreased

N the response of norma] and dbcAMP treated cu]tures to SRBC and POL

'g.by about two fold At 12 hr the ce]ls were m1xed as 1nd1cated 1n h l*}k

'ldiTable 4. 4 It is clear from the data that in the case of the AFC.
‘_response to POL, the dbcAMP et;%ct is both antigen dependent and
3F'antigen specific In other words, the anti POL response of ce]Is
_':treated wfth POL was enhanced only when cells that were treated

kd_udth both POL and dbcAMP were: added to 1t (1ine T versus ]ine 2)

'“.The ant1 POL response was not enhanced when ce]]s treated either .'f' o
: 1w1th SRBC or no antigen 1n the presence of dbcAMP were added to -

' b1t (11ne 1 versus 11nes 4, 6)

‘ However, the AFC response to SRBC shows 2 different

| i_baftern The response of ce]!s treated w1th SRBC on]y can b' ;A,An«

- .

ewMummmmmWHMMHMMMJW)m 'e4iff

"-enhanced by Pretreatment of ce]]s 1n the following order

. 'POL + dbcAMP> SRBC + dbcAMP> dbcAMP alone Thus, the dbcAMP

j*“effect appears not to be antigen-specific nor antigen-dependent

ﬂ51n this case. Since feta1 ca]f serum in the medium has antigens



Table"4:3
5 The AFC response to SRBC or POL 1s 11near w1th cell dens1ty in the

3x10 to- 6x10 ce]]s per culture: range

S 0 Aeti-SRec . Anti-POL
E No.;Offcélls;. ‘Additives at :.' PFC/culture '-h_‘*AFC(CU}tUre\" )
Cpercultire . 0-12hr - (mean # SEM) | (méan + SEM) 1

34108 | ,;SRBC 1.;v'r“‘_-j/ 6]0 \ sz'*'f o -n.d,5
Cea0® o SREC i h"_f°;f'j;1zso b6
S 3¥106stnliivg',;hiSRBc + dbcAMPf: '*2270 + 189-5:ﬂ53‘ o “t e
".rfﬁklos'fr,,-»t - SRBC + dbcAMP‘lh 34515 + 394 o :;’a_"é';-~

[ ='17'J'[."e‘-'a.d;,;]j'f BTSSR
:5X10§i}t"f'lf"f.PQL’ . .J_f;f.'r;-. u‘thJ:r";~:'3223¢‘i,24§a..
ot f«‘rP0L45db¢AMPﬂ;i-IJ:»»_f“]; = J:';'.¢2795'i;izo;

et Leadie® v meras

| -The sp]een cel]s were incubated with 0 02% v/v SRBC or 100 ng- POL/ml”“

;'f+ 10 -3 M dbcAMP for 12 hr in;Petri dishes. After remova] of dbcAMP,-,?

| fhthe cells were recultured with the approprtate antigen 1n the Mishel]-l
Dutton system 1n quadruplicate 2-Me was present throughout the 108 hr

~

culture period f:5§a7;'*::]}a'fge, o



SN Table 4.4

: The effect of dbcAMP treated cells on ) the AFC response of
o non dbcAMP treated ce11s '

e Ant1 POL - Anti-SRBC
| iCeH groups mixed at 12 hr AFC/cuIture . PFC/culture.
. <3x10 . 3x106 S .’(mean+SEM> © (mean + SEM)

SR - 986104 - L ond.
ST ‘POL + dbcAMP C mmaes
e s - 073+ s - e
- A T 3: - S S
oo srec+dbeaw?  ms0 106
LI "."Cens o -7-*“1013 ra55
AR JCeHs + dbcAMPff' RUIEES [T

‘,_5V5R5c¢=o'lgjf. .'[5 ;r" o ,?dh. ""i,n{d}“VZ:;'f_'f fGlb”iﬁSZ s,;jh;‘_d~"

i o POL + dbcAMi6 R - 2525 + 116",}'_ | )

o f;uu::rafteiel CE]]S lil'h - -;},‘Jt i_j!.“fh:' ]185 + ]]gyil:f o

SIS | . B
M SR Ce]Ts + dbcAMB:f g;’%“t 1585 + 2917 S

f;;Spleen ce]]s were inCubated during theefirst 12 hr as fo]]ows
@ Cells + 100  ng POL/ml; - Gells ¥ 1odhg POL/m1 + 10‘3 M dbcAMP o
Ceells + 0.02% /v SR8G; - cells + 0. 02%v/v SRBC + 1073 M dbcAMP.'{’ o
& Cells + meddum, f'vf,f fCens + med1um + 10 3 M dbcAM? .;u;:.A 2
At the end of 12 hr ‘the cel] groups were washed, mfxed, dnd,, in thej?fﬂ‘-' e

- case of POL the antigen was added They were further cultured Tn'w‘ﬁ%*>>':.'e*

’Qquadruplicate in the. Mishell Dutton system. leo M«Z-Me was I ffi;f'ﬂ{.}
!}:present throughout the 108 hr cu]ture period R




: ‘carryoyer of the dbcAMP effect from cells treated Wlth medlum alone
s perhaps not too surpr151ng The greater enhanc1ng effect of -
’cells that have been treated with POL and dbcAMP furthermore, '

‘could be expla1ned by the potent1al m1togen1c propert1es of POL

'-‘(Cout1nho and Mdller, l973) In summary, then, ant1gen spec1f1c1ty

“'and dependence under- these cond1t1ons is seen for the POL response,
‘but not the SRBE\response. Under the exper1mental cond1t1ons used
in Chapter III both responses showed SpelelClty for and dependence
.xf‘on, antlgen S o | ' _'_ o
| An unexpected result of the cell m1x1ng stud1es was that
t the enhanced respdhse of cells treated WTth dbcAMP and ant1gen was
t.suppressed by normal cells The cells were mlxed ln the manner “
1nd1cated 1n Table 4, 5 The cdntribut1on by each partner (data not

"'shown) was measured separately so that the respunses expected on :

Ry

the:t basls of simple add1t1v1ty, and those observed could be compared ;';='

"‘:The results show that the elevated response of cells treated with

z¢?both dbcAMP and POL can be suppressed by cells wh1ch have been incu- 1 '

©bated with SRBC + dbcAMP,. na antigen/+ dbcANP or POL alone. The

fu~enhanced response of cells treated w1th dbcAMP and SRBC can also be o

S suppressed 1n a slm1lar manner with the exception that cells treated

. Twith POL + dbcAMP not only d1d not suppress but gave an enhancement

- ofythe anti-SRBC response, as already noted The data also rule F*ﬁ. L
ef;°“t the POSSlblTity that dbcAMP acts solely by stlmulating a T belper R
s"cell functlon since we would then not expect any suppress1on of the R

.response by untreated cells The general concluslon ls that regula- o

'f}*tory, or suppressor cells are: nonnally present in spleen cell

f‘fpopulatlons. The function of these cells can be 1nh1blted by
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Tab]e 4 5

The 1nh1b1t10n of the dbcAMP stlmu]ated AFC responses by cel]s

Ce11 groups m1xed at 12 hr |

3x1o6

3x10

“Anti-POL
- AFC/cultire
' -(meen.j_SEM),f

~ Anti-SRBC
'4PFé/eu1ture
(mean + SEM) -

:":_%iof

k)

iexpeeted?

Q.._.

CPOLtdbcAMP - .
St SRBC

' SRBC+dbCAMP

| Ce]]s

 Gells+dbcAMP,

_‘Il;

 SRBCHdbCAMP T
SO s
'~POL

POL

i b N

i -

POL+dbCAMP
Cells

| Ce'lls+dbcAMP§ e

© 3233 45300
3422 + 225
2100 + 265
12233 + 270

= -,_3'0’4}?296 |
2620 + 338.

2270 #1895
205 + 74
CMg0 £ 102
._‘3MS+smﬂej4
o521
" 1935 + 265

45

(100)
R
e
53
R

64

131

L 63 -

:i‘i-!;fi‘;ji::;:f.1 :,"‘;:‘wgijfv-“ |

Refers to ‘the response expected if the unmi xed groups treated
1dentica11y (data not shown) contr1buted 1n s1mp]e addftlye fashlon g»7‘
bThe ‘AFC response to 3x106 cells treated with POL on]y was 986 + 104;“,'_
cThe PFC response to- 3x106 cells ‘treated with SRBC on]y was 610 + 52;{§
The conditions used for this exper1ment were similar to those
described for Table 4 4 : T :




o of 4x10 cpmpﬂement treated celis to 2x10

pretreating ‘the cel]s'with”antigen'and dbcAMP‘for‘TZ hr. - POL can
aiso non speCificaiiy inhibit the function of suppressor ceiis to
SRBC in the presence of dbcAMP and feta] ca]f serum (cross reactive

_ antigen7) e | o

It was predicted that if the reguiator ceii speCific for 4
SRBC carried the 9 antigen, then the addition of anti 6 treated ce]]s
wou]d not suppress the enhanced response of dbcAMP treated cuitures
Furthermore, the radiosen51t1v1ty of the reguiator ce]] cou]d be ,
determined by gamma 1rradiating the cé]]s The effects of normai

-anti ] treated or gamma irradiated (1500 rad v1tro) ceiis on

the response of dbcAMP treated or norma] cuitures to SRBC were

: therefore 1nvestigated The results are shown in Fig 4 4a Thez

two c]ear conciuSions from this experiment are that treatment

with anti-e sérum reiieves a reguiatory actiVity of normai ceiis,a

| and that irradiated ceiis have essentiaiiy no 1nhib1tory effect "
' On the dbcAMP enhancement of the SRBC response.. Thus;aaddition 'V d

0 dbcAMP treated celis o

leads to a respoonse 56% as high as that seen when anti-e plus

T comp]ement treated cel]s were added. Irradiated celis which are ;’-!,

unab1e to pro]iferate and thereby add to the response (see the 1ower :

j" set of curves) do not inhibit the dbcAMP effect Significantly
R The data in Fig 4 4 at first appear to contradict in

part those of’Table 4 5 However aboth experiments were reproducibie

‘f . Nhat is the ba51s for the apparentiy contradictory results nameiy

that in Tab]e 4.5, addition of 3x106 cells at 12 hr inhibited the ,'
response of dbcAMP pius SRBC treated cuitures whereas in Fig 4 4
4xio5 nonnai cens did not inhibit 2xio dbcAMP treated ce'Hs? "

i
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1 wisystem 2 Me was pre ent throughout A]l cultures wer

[N
T

~
i

re (x10°?)

r,*;‘/”f”% : .;‘,f‘ f. L “;‘ o
Ry e o

< ‘8l
U *
W
4
L e I 1 L 1
N, of cells added (x10*) "

f'?ng 4, 4 Effect of norma], anti G treated or 1rrad1afed spTeen
cel]s on the ant1 SRBC response of spleen cel]s st1mu1ated by

'SRBC in the presence or absenge of dbcAMP for 12 hr. SpTeen ce]]s_”

'«'were 1ncubated w1th 0. 02% v/v SRBC +. 10 M dbcAMP for 12 hr in
~ Petri- d1shes.‘ The ce]ls were washed at. 12 hr to remove dbcAMP '

- and recu]tured w1th vgrlous “numbers of complement treated anti-6

‘jtreated or 1rrad1ated cel]s in tr1p11cate in the. M1she11 Dutton :

at 108°hr. (.0 ), 2x10% cel1s + sRBC; (&), 2x10®
+ dbcAMP; A7), comp]ement treated cells,_ (o ), ant,_

“':'complement treated ce]]s, ( D )s 1rrad1ated cells. Ant1-e treated

-‘_ior 1rrad1ated ce]ls st1mu1ated with SRBC gave 1ess than 50 PFC/]O
ﬂi.cells whereas complement treated cel]s gave 650 PFC/]O cel]s

o



Probably, that-in the fonner .case, the cells had been cultured for
12 hr with FCS present, and as already stated FCS conta1ns cross—
react1ve antlgens for SRBC In Fig, 4.4, the untreated cells added
'at l2 hr were not “precultured” Thus » only in the exper1ments of
Table 4 5 were the “normal“ (suppressor contalnlng) cells exposed

to potent1al ant1gen To explaln the apparent contradlctlon, then, it

s postulated that the ant1qen specific suppressors are act1vated by

ant1gen.} Stnce the regulator (or-suppresslve) act1v1ty is radlat1on-"

. . N~
'sensitive, th1s is. reasonable ht ii also poss1ble that complement

‘may 1nterfere w1th the regulatory act1V1ty

| The T- depleted tells in th 4 4 appear to contr1bute to
the response when "added to dbcAMP pretreated cells, but only to a
"gllmlted degrée Th1s may reflect the carryover of dbcAMP effect
eto subsequently added B cells, as expected 1f the dbcAMP effect

;1s mediated by cells — I S "v . Q:

~ The enhancement of the AFC response to SRBC by SRBC pr1med cells
: The data descr1bed suggest that the magnttude of the lmmune
"response 1s regulated by. the ratio of regulator to helper T cells

;1If normal cells have a greater number of regulator cells than those

‘treated wlth dbcAMP one would predtct that the former would requ1re ‘p'

a greater humber of T helper cells. to Obtaln a max1mal AFC response
That this was the case is shpwn 1n th 4 5. DbcAMP treated cultures

}.requ1re less T helper cells than normal cultures to ach1eve the\
\

('.

i

EY

'max1mum response Futhennore, both dbcAMP treated and normal cultures

»reached the same max1mum requnse at a suff1ciently ‘high T helper o

_cell dose This max1mum value may reflect the convers1on of all -

P
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- Fig. 4'5 The effect of 1rrad1ated SRBC pr1med ce]]s on the ant1 SRBC
_reSponse of norma] or dbcAMP treated ce]]s - The 1nd1cated number of
1rrad1ated SRBC pr1med cel]s were- added to normal or dbcAMP treated
cells at 12 hr and allowed to rema1n unt11 108 hr, when all the
- cu]tures were assayed for AFC to SRBC Each exper1menta1 lroup was
" done in quadrup11cate’¥n the M1she1] Dutton systen in the presence .
of 5x107° H 2-Me.. (0 ), 3x10° cells + 0.02% v/v SRBC: ( A%y, 3x1o6
cells + 0. 02%:v/v SREC + 10] 3 M dbemmp, | -
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A . © .
potentiaj AFC to antibody synthesis, as will be discussed'in\_

Chapter V. .~

D, D1scuss1on
4 _ : '
: The stud1es in - th1s chapter show that dbcAMP can enhance

the AFC response.to either SRBC or POL through the;1nh1b1t1on of an_
ahtigen4stimu1ated e—bearing regulator (suppressor) cell..

. Irradiat1ng norma] spTeen ce]]s pr1or to ant1gen1c st1mu]at1on
A

2 abo]ished the1r suppress1ve act1v1ty Dutton. (1972) has reported
- thefg§1stence of shqrt- 11ved, rad1at1on sen51t1ve suppressor

&

ce]ls wh1ch can be-st1mu1ated-by Con A. Furthermore,41rrad1atedl
.spleen ce]]s are a source of T he]per ce]]s when st1mu1ated by

Con A (Scavu111 and Dutton, 1975) DbcAMP h1stam1ne prostagland1n

E

'of the anttbody response to (T G) A-ZL (Mozes g;__l_, 1974) Th
;f prevent1on of suppress1on 1n the present work therefore may be
due to 1nh1b1t1on of ant1gen st1mu1ated regu]ator or suppressor Lo
ceT]s by h1gh 1ntrace11u]ar TeveTS of cAMP Th1s conc]us1on is
Arstrengthened by the observat1on that a spTen?c subpopyTat1on bear1ng
| surface receptors for h1stam1ne can suppress humora] responses

A(Shearer et a] . 1972) The AFC response to another TI ant1gen,

: SIII, is also regu]ated b{fJ suppressor ce]]s (Baker g_ 1 1974).t‘ ',

:'131_41__ treatment f mice with ant1 Tymphocyte or antx-thymocyte o

.:«serum increased the AFC response to SIII by 15 to 20 fold. The
.%f‘-ability of the ant1 Tymphocyte serum to 1nduce enhanCement was‘ -
removed by absorpt1on w1th thymocytes ' s |

DbcAMP may 1nh1b1t the ant1gen-st1mu1ated T regu]ator |

o e
. - . : M :

and cho]era endotox1n prevented the ant1gen 1nduced suppress1on

raw
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ceTT.either by T)~k1111ng~the’ce11 | 2) suppress1ng its. prollferat1on,~._

or 3) prevent1ng it from reTeas1ng soTubTe suppress1ve factors

. The data do. not aTTow us to d1st1nguush between these poss1b111t1es

. Howacer, it is weTT known that,cAMP can suppress T ceTT proT1ferative _

respanses. (Sm1th et aT 197Tb Greave§ et aT 1974) | ATso there

-are’ many reports that cAMP can suppress the funct1ons of effector

ceTTs Examp]es are T) the 1nh1b1t1on of the cytolyt1c act1v1ty

| of Tymphocyte//lﬁenney , T§7§ Strom et al. 1972 WOTberg
. gt__l #Z?g), - 2) the 1nh1b1t1on of the format1on of plaques by !
AFC (Mel -

};t_;l 1974) and. 3) the reTease of hlstam1ne from

ant1gen st1muTated Teukocytes (Bourne et a] 1974)

In Chapter III 1t was observed that CGMP, 1m1dazo]e or

,Con A coqu reverse the st1mu]at10n by dbcAMP (TabTe 3. 6) ‘In llght

of the present f1nd1ngs, 1t is poss1bTe that these compounds coqu

) act by revers1ng the 1nh1b1t1on of the T regu]ator ceTT by dbcAMP

The reversa] of cAMP- med1ated suppress1on by cGMP has been pbserved

' 2
‘ qu]tures at'opt1ma1 ant1qen concentrations (F1g 4. 3) één aTso be

:1n Tymphocytes (watson 1 : 1973) and other systems (Kram and'

The greater st1mu1at1on of the ant1 POL response in norma]

5-exp1ained on the ba51s of T reguTator ceTTs At low antigen concen-

‘trations on]y h1gh aff1n1ty ceT]s are st1mu1ated The expreSS}on ,'

7 _i (1.e. antibody secret1on) of these h1gh aff1n1ty ce]]s may be Tess

_strOngTy regulated by T ceTTs when a h1gher concentrat1on is used

low aff1nity as WeTT as h1gh affanlty ceTTs for POL w111 be st1mu- B

qkated The expression of the Tow affin1ty ceTTs may “be more suscep-
~

tible to regulation by T cells Hence, 1nh1b1t1on of the function

8

s

~

‘Tomktns, 1973 Go]dberg al. 1975) SR fhf,_’ - ;j;v ;.‘a"'



of these regu]ator ceTTs by dbcAMP is” expected to cause a re]at1ve1y

E greater expre€s1on of the Tow aff1n1ty cells.

\ Enhancement of the ant1 -POL response foTTow1ng ant1 6
o treatment was not observed by Fermann and Basten (1971) The ?"‘
»data from ATXBM cells (Table 4, 1) showed that the - 1ncomp1ete : 'AIVj 4'*
| “removal of T ceTTs wou]d not Tead to an e]evated POL response
However, s1nce the ATXBM spTeen ceTTs used by Feldmann and Basten
were obta1ned from an1maTs drained of thorac1c duct Tymphocytes and jj;-‘
ant1 3 treated before use, it 1s un11ke1y that res1duh1 T ceTTs coqu
‘have accounted for ‘the Tack of st1mulat1on of the POL- response: |
"‘Thus, a more T1ke1y eXpTanatlon for the d1fferent results. of their
' exper1ments and the presen/,work 1s d1Aferent cu]ture systems
 were. used (Marbrook versus M1she11 Dutton) and/or 2) the;presence‘
| of 2-Me 1n the present exper}hents ) | )

PoTy A: 0 was reported to enhance the funct1on of per1tonea1

| ?Texudate ceTTs (Johnson and Johnson, 1971) ~ 0n the other hand the

.l'data presented here support the conclus1on that dbcAMP 1nh1b1ts the

"'f".funct1on of macrophages The difference between these two observa~}.:-'

"fttons could be because.,tl)'poly A:U does not act via cAMP and/or

"-a'2) SP]enic macrOphages are more Sens1t1ve than per1tonea1 exudate |
' cel]s to 1nh1b1tion by cAMP BN |

S . o
2 .
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o - genic st1mu1at1on 1n vivo (Perk1ns 1 1969) f S1ngle cell

CHAPTER V© -~ o - e

'~ THE REGULATION OF TH;7ANTIBODY RESPONSE BY T CELLS
A. In oduction . .. R

| .Acharaoteristio:feasure Ot.the‘immune.resbonée is the |
}c1ona1 proll erat1on of ant1gen spec1f1c B ce]ls 1nto AFC That
ce]l rep11cat1 n 1s required for the 1nduct1on and propagat1on of :
" a primary response 1s weli estab11shed (Dutton and Mlshe11 1967,
.]Rowleylgt;gl,, 1968;. Tannenberg and Ma1av1ya, 1968 Szenberg _
TahdtCuhnihdham;'1§6§ Perk1ns 9_._1. 1969 Nakamura et al., |
1972) Antlgen 1nduced pro]1ferat1on begfhs about 12 to 24 hr after
l‘-antigentc stlmulatlon (Dutton and Mishell, 1967 Perk]ns _t_ 1 |

‘1969) " PFC to SRBC can be detected as ear]y as 24 hr after anti-

. o
o studies show that cel]s that are actcvely secret1ng antlbody can
'undergo further celd d1vfs1on to produce two - daughter AFC |

,V(Claf11n and Sm1th1es, 1967) and that the daughter AFC exh1b1t

| functional symmetry as Judged by p]aque morpho1ogy (Nossa1 and .

Lew1s, 1971)

The doub11ng time for A 1n v1vo dur1ng therexponential

i ﬂ'phase has been reported to be from 5 to 8 hr (C]af]in and Smith1es, |

| u]9§7 Rowley et a] ., 1968; Tannenberg and Malaviya, 1968
iPerk1ns . 1969) However, wh11e a11 workers agree that AFC
e S
. production requ1res prollferat1on, there 1s a disagreeﬂent as to

whether the doub]ing time for AFC correspOnds to the cell cycle |
e , . o L ,

?J\f i A* .7‘ 5831'

J‘ .
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time Us1ng a doub]e ]abe111ng techn1que Tannenberg and Ma]av1ya '

(1968) found that the ce]] cyc]e time of AFC was con51derab1y |
1onger than the observed doub11ng time for PFC The est1mated ce]iv,°

'cycle t1me was 13 hr (S phafe 8 hr, Gl =3 hr, and GZ 2 hr)

AAA ce]] cycle t1me of about 14 hr was also found for 1ymphocytes

£

_st1mu1ated by PHA or a]logene1c ce]]s by follow1ng :the DNA synthet1c |
3

act1v1ty of hydroxyurea synchron1zed cu]tures (Lohrman t 1

"1974) on the other ‘handy Row]ey al. (1968) reported that the

ce]l cycle tvme of AFC was determlned by the strength of the ant1-.ﬁ
-qenic : st1mu1ation. Thus, a h1gh antlgen 1eve1 plus adJuvant cou]d
s

';produce a ce]] cyc]e time as short as 5 6 hr whereas a weak ant1gen

: dose Ied to a va]ue of 8 7 hr. These data were obta1ned from

Y.

-
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f‘gcolch1c1ne arrested ce]]s and two ozgthe~assumpt1ons used for the e T

f»ca]cu]atlon of the cell. cyc]e time were that 1) secrefTDn of
ant1body by ce]]s in 1nterphase lS not affected by colch1c1ne and o
}_;;<) all AFC 1n m1tos1s whether arrested 1n metaphase or not do
| not form observab]e plaques Slnce these assumpt1ons rema1n to
be proven, the we1ght of eV1dence st111 favours a ce11 cycle _ _y}f"
-time of 13 to 14 ‘b for AFC R o

7

A deta11ed kinetgt analys1s of the number of AFC 1n v1vo

'_“showed that they 1ncreased in a: "stalrcase" manner and notqsmoothly,_t;;;‘vﬁ.V'

_.as commonTy thought (Perk1ns al., 1969) Thesevbbservations
: 1ndicated that there was a cons1derab1e degree of synchronous ’

e;”growth dur1ng the course of the pro]1ferat10n of progen1tors of

?JAFC or of their progeny The number of AFC 1ncreased by an,average L

;‘of 3 fold and up: % 6 fold per "sta1rcase" ' The data suggested ; ﬁe;xf;,;.

-l.ilthat the antigen-stimu]ated B ce11 popu]at1on 1nc1udes both secret1ng il7;;7°'



i-'and non secret]ng, ant]gen -reactive cel]s, w1th both popuTat1ons
.proTiferat1ng ~The recru1tment of non- secret1ng 1nto secret1ng
“cells then adds to the 1ncreaSe in. AFC This’ recrﬁ1tment or

R
. cpnvers1on, accounts for a doub11ng t1me of AFC shorter than the

_f'actual ceTT cycTe t1me The concept of convers1on of nonanttbody- -

o] .
.secreting to. antlbody secretlng cells has ga1ned more d1rect

.exper1menta1 sugport from the work of Sch1mp1 and wecker (1972) |
'They observed that. AFC precursors to a TD antaqen could proT1ferate
:-follow1ng ant1gen1c st1mu1at1on even in ‘the absence of. T ceT]s
'v'These ceTTs were 1ncapab1e of secret1ng ant1body but they coqu
 be’ converted 1nto ant1body secretwng cells by the add1¢1on of . a.
T ceTT factor at later ttmes of the cu]ture These 0bservat1ons~t’
"were confirmed by Dutton (1975) : | o ‘. .
| | In Chapter IV 1t was shown that dbcAMP 1ncreased the ht“

number of AFC to TD and TI ant1gens by 1nh1b1tiyg the funct1on of
- ‘@ T reguTator (suppressor) ceTT Theoretica]]y, the 1ncrease 1n
":~the number of AFC 1n dbcAMP treated cuTtures could be due to | |
71) more rap1d prol1ferat10n of the AFC 2) a greater degree of
conver51on of nonant1body—secret1ng cells to AFC or . 3) an
' 1ncrease Tn the number of celTs reSpondlng 1n1t1a11y to the :.f
ii’ ntigen_(i.e 1ncreasing the number of “immunocompetent un1ts")'

a

”-sBa ReSuTts ’-:;fr¥' j.j )

,_an' Kinetics of AFC formation | = o
- ,) The 1ncreased number of AFC observed 1n dbcAMRétreated
:_'_ cuTtures coqu arzid'from more rapid pro]iferatlon of‘the AFC o

: - precu;sorsixtTher‘ ore,'the-numbercof.AFc”to~SRBC_was;asla

i

d at_,,_ -
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= daiiy 1nterva]s to determine the rate of appearance of AFC 1n.norma1
“or: dbcAMP treated cultures The\results are shown in Fig 5 1. In
\‘\r}_normal cuitures the 1ncrease 1n the number of AFC was exponentiai }.“'
~in the 36 to 84'hr period The number of AFC remained aimost con-* :
‘stant during the 84 to 132 hr period On the other hand dbcAMP |

& (or AP) treated cuTtures~had fewer AFC at earTy timés but the number }V
7

aincreased exponentiaTTy from 36't0 84, hr and~cgnrinue to increase

. untii 108 hr before Teveiling off The average doubTing time for

-~

.AFC in normaT cuitures was TT hr whereas n the dbcAMP (or AP) fff"
.treated cuitures 1t wa} 7 hr. | There are two pOSSibTe 1nterpret§— ‘
,1t10n$ of the data T;\The rate of appearance of. AFC is proportionai
‘.to their proliferation rate If this were the case then the rate '. l
‘;sof proTiferation of AFC in dbcAMP (or AP) treated cuTtures 1s A
" more rapid than in the controTs - ) There is a greater degree of -
o converSion of nonahtibody secreting to secreting ceTTs #h treated
//ﬁ/cuitures In this case a”difference in the proliferation rates

'-between normaT or treated ceTTs need not be postuTated A direct R

'method for measuring the cell cycTe time of AFC in normaT or treated":i"~_

' ;‘cuitures w111 ‘be- needed to d1st1nguish between these two p0551b111-
L | The smalier number of AFC 1n dbcAMP,(or AP) treated cuTtureS}i
e at earlf times is open to three interpretations 'T) there was a. ’:J-."

.:.'Tonger Tag period for the proiiferation of AFC 1n treated cuTtures, i
«3,T2) less . T ceTT helper factors for converting non secreting to .*
| tj:;secreting ceTTs were produced at ear]y times 1n treated cuTtures,}

3) there were fewer responding cells in treated cu]tures at

n early times These points wiTT be considered in laQer sections ‘

."\\ . “~ . t . . - Y )
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FT@ 5 1. Kinetics- of the ant; SRBC response 1n cultures st1mu1ated .
w1th dbcAMP or AP Sp]een ce]]s were exposed to the agen 1nd1cated R
gp for the f1rst 12 ht' in Petri. d19hes They were then washed® ad
o recu]tured in the Q1ener-Armstrong system in quadrup11cate unti] the

'h_tlmes 1ndicated fﬁgh cu]ture was adJusted to. contain 11x106 v1ab1e 'f
, u;ceils at the end of the 12 hr period The - numbers 1nparentheses o
: ’,J_~1nd1cate the number of v1ab]e ce]ls, in mi111ons, per culture at
O 1320he, o)y untreated cel]s -given the same wash and- 1ncubat1on o
';fprocedures, ( A ), ce]]s treated w1th 107 -3 M dbcAMP for 12 hr
f*first,. (a ) cells treated w1th 10 -3 M‘AP for the same: peribd‘

o0, 01% v/iv 'SRBC was present throughout the cu]ture period, 1nc1ud1ng

'.:‘hthe f1rst ]2 hr L

RS



" The kinetics of AFC respanses to POL in ormai or. dbcAMP
treated cuTtures (Fig 5, 2) are Simiiar to those for §RBQ* The .
doubTing time for AFT. was ]} hr for contro], and 8 hr for dbcAMP |

treated cuTtures o R b
| \k RRPE e e

Inhibition of AFC formation by,qytosine;arabinoside

. _ ‘ . A
The-dependence‘on proTiferation for'the formation of
AFC to an antigen can be demonstrated by the use of cyt051ne-

arabin051de (Ara- C) Ara C issan effective but rever51b1e 1nh1b1tor

- of DNA synthesis (Chu and Fischer, 1962) The minimum concentrationV

t at which Ara-C couid compieteiy suppress AFC . formation to SRBC was B

-~

i leO M (Tab]e 5 T) At this concentration the overaii Viabiiity ‘
N of the cuitured ceTTs was not 51gn1f1cant1y affected, 1ndicat1ng
| ~that Ara C had no generai cytotoxic effects To show that the

| _sformation of AFC to SRBC was dependent on przihferation, %1072
f Ara-C were added to normal or dbcAMP treated cuTtures at the times t
'1nd1cated in Fig ‘5.3 and a]lowgd to remain '1n the cu]tures untii

‘-a‘the time of assay, ie. 108 hr. The resuTts show that the number
- r‘of AFd/obtained in norma] or dbcAMP treated cultures was essentiaiiy
'j'frozen at .the time of: addition of Ara- C The kinetics of the: AFC
f'ﬁresponse iﬁMAF3>Q\treated cultures was 51miiar to that obtained g
- Aby assaying the cuTtbrés at’ daiiy 1ntervals (Fig 5 1) The data'i

“.,‘Jjare consistent w1th the interpretation that Ara C stopped the

N

l

v .

"n”"proiiferation of AFc The AFC formed prior to the addition of TnhT--v X

” bitor were stiTT activeiy secreting antibody at the time of assay,_» N

, fa 1,e. 108 hr The possibility remains ‘that foliowing the addition e T

| 'ﬂ”of Ara C some cOnver51on of nonantibody-secreting to antibody-
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", AFC/culture (Mean®SEM)

? R Y S . T
‘ ., 3% 60 84 - 108 - 132
, o Tame of collaction (hr)

/

~Fig. '5"2 Kmet1cs of the ant1 POL respon! in cultures stlmu]ated'.v
;.w1th dbcAMP The cond1tions used were. s1m11ar to those descmbed
"for' Fig 5, ‘I with the exceptmn that the antlgen used was’ POL |
- Each ﬂask contamed the equ1va1ent of 2x10 v1abTe sp]een ceHs at‘ »
‘ '0 hr.. (O ), cells + 100 ng. POL/ml (A ), ceHs + 100 rrg POL/ml +

10 3MdbcAMPfr12 hr first. o
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Con¢entration-0f '}~ PFC/culture AFC/culture né?Ovehed'atg

Vo St Table 5.-
Inh1b1t1on of the AFC responSe ‘to SRBC by cytos1ne arab1nos1de .

Ty

~/ .JAﬁti-RQL . ~N9;'0f;C811$

Ant] SRBC

. Arasc'added_ ) t'_,(mean'i_SEM) (mean + SEM) "96‘hr.(x10:6)

S e e iam L g
W08 M o791+ 5a5 RESEE TR RN AN

. . N . ’ g
0N <0 <0 ag°
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v

CBA/J sp]een ce]1s were cu]tured w1th 0 017 v/v SRBG and 250 ng POL/m]

with the 1nd1cated concentrat1on of Ara C 1n the D1ener Armstrong

f throughout the experlment

5system Each group was performed 1n tr1p11cate and each cu?ture (ﬁ

contained 1n1t1a11y 2x107 viable sp]een ce]ls ‘Ara-C was present,
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F1g 5 3 The 1nh151t1on of the pro11fe“at]on of -anti- SRBC AFC. by '

" '5cytos1ne arab1nos1de Sp]een cells were incubated w1th SRBC for

~ 12 hr in Petri- dishes in the presence or ‘absence of dbcAMP _The -
cells were then. washed .and recu1tur'ed with the equ1va1ent number
of 2x107 viable cells at 0 hr per flask iR quadruphcate in the.
Dlener Armstrong system Ara-C (1x10 -5 M) -was -added to the cu]t’bres

91

at the times 1nd1cated and 1eft in the flasks untﬂ\los hr, when o

all: the cultures were assayed for AFC. to- SRBC. (0O ), cells +.

0.01% v/v SRBC;. (4.), cells +0.01% ¢ v/ SREC + 10‘3 M dbeAMP for |

12 hr f1rst



13 . » - . 0 . . .
secretwng ceTTs cou]d oceur, simrce t is proces§ may not be dependent
. on proT1ferat1on (Askonas et al. 1974) . o ,;.-A_754: . \,

The sma]]er number of AFC at ear]y t1mes in dbcAMP treated
ﬁ cuTtures could be due to a de]ay in pro]1ferat1on of antlgen- o
| .'st1mu1ated‘1ymphocyte54 The'sen51t1v1ty of the cuTtures to'Ara4C

!
*

'at early t1mes was the efore 1nvest1gated The resu]ts are shown

in Fig 5 4 Both normaT and dbcAMP treated ceTTs were 1nsens1t1ve o

"to 1nh1b1t1on by Ara- C dur1ng the 12 to 22 hr per1od, 1nd1cat1ng
‘that Titt]e or no proT1ferat1on was tak1ng p]ace dur1ng th1s per1od
| However, dur1ng the 22 to 47 hr per1od dbcAMP treated ceTTs were
| more sens1t1ve to 1nh1b1t1on by Ara C than were normal cuTtures
The 1nterpretat1on of these data is cgmp]1cated by the greater |

| ;sens1t1v1ty of dbcAMP treated cuTtures to washlng at 35 hr. ,In,: 4
o fact, the dbcAMP effect d1sappears when the ce]]s are washed at this

'time The greater dependence of the SRBC - response 1n dbcAMP

92

S

"treated cu]tures on a so]ubTe factor 1s shown 1n Tab]e 5.2. waShingvjf' .

the ce]]s at 36 hr'reduced the AFC response to SRBC in treated
cu]tures to 44% of the response of the unwashed cultures On add1ng
back the1r own supernatants the responses of the washed cu]tures

was partTy reconst1tuted to 617 The norma] response was’ not
"significantTy decreased when cell:ywere washed at 36 hr By 60 hr, |

.-,.the AFC response of the dbcAMP treated cells was aTso re]attve]y
| ,jinsensitive to wash1ng and the readd1t1on of 1ts own supernatant
_did not 1mprove the: reSponse Thus, the cr1t1ca1 perlod for th
; action of any soTub]e factor. 1n dbcAMP treated cultures seems to

T

i's-be around 36 hr. ;”.;' : fji o ;x-:j“-*;'; - i,f,’. "._;;



‘ PFC’/cultur'_e' (*10'3 )(M_eanf_ SEM)
1

0 . -3 . 40 50

" Time of_ wash (hr) '

| eFig 5.4, Inh1b1t1on of the anti- SRBC response by cytos1ne— R
‘}arab1n051de at ear]y times. Spleen cells were exposed to 10

'dbcAMP for the f1rst 12 hr. 1n Petri dishes in the presence of

- 0.01% v/v SRBC. The cells were then washed- and recu]tured in~

- quadrup]1cate with - the equ1valent number of . 2x107 v1ab1e ce]ls S

! at 0. hr per culture in the Dlener—Armstrong system 1x]0
,Ara -C was added to half the. cu]tures at 12 hr and removed by
wash1ng three times in med1um at the t1mes 1nd1cated The. cells
‘were then recu]tured in culture flasks<and assayed for AFC o -

~JSRBC at 108 hr.. ((3 ), untreated ce]]s g1ven the same wash and'

;Aimcubatioﬁ procedure; (C»-—<D), untreated "cells, given Ara-C
at 12 hr; (A, dbcAM?xtreated cel]s, given the same wash and

:,-1ncubation procedures, (zr———as) dbcAMP treated cells, g1ven ‘fg

Ara=Cat 12 hr.

93
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' The'numbers of immunocompetent units A
| e T

One mechan1sm by wh1ch dbchaP can 1ncrease the number of
'AFC to SRBC is to 1ncrease the number of 1mmunocompetent un1ts (IU)

'def1ned as the m1n1mum comb1nat1on of 1nteract1ng ce]]s wh1ch w111

,give a posit1ve AFC response to a sped3f1c apt1gen fhos hypothes1s

can be tested d1rectly by determ1n1ng the frequenc1es of. IU 1n
. normal or d cAMP treated cultures “The probab111ty of nonresponse
1s derived from Po1sson stat1st1cs and descr1bed by the equat1on‘ .

- P(0) = ¢ (Halsa]] and Maklnodan, 1974),|where ?(0) 1s.the/f‘\ S

I

probab111ty of nonresponse (zero IU) “in a cu]tureﬁcontaining X oe‘T§;~'

and ¢ is the frequency of IU in the ce]] popu]at1on ThUS;‘at . _*

lindting ce]] numbers, a p]ot of log ?(0) versus ‘the cell number\

_shou1d yie]d a s,raight 11ne Thts is shown 1n~Frg 5 5. The

}number of spleen e]]s conta1n1ng one SRBC U was ca]cu]ated to

be 1. 3x10° for norma] and o 96x105
\

'This sma1] d1fference in the frequency of respond1ng~uh1ts\$s

for dbcAMP treated cu1t¥res

1nsuff1c1ent to account for the 3 to 5 fo]d 1ncrease in the number
‘tof AFC nornm]ly observed for dbcAMP treated cultures It a]so e,fff

}'ru1es out the poss1b111ty that the smal]er number of AFC seen at

i:,;early t1mes for dbcAMP treated eultures was due to a sma]]er number
of responding un1ts 1n these. cultures ‘_, o - ‘k;:._

| \"f' The number of AFC obtgﬁhed per U, or clone size was

s ca]culated us1ng the equatlon AFC per IU

”.'jfTotal number of p]aques obta1ned X number of cef]s containing one U '

Tota1 number of cel]s cultured

'{7fIt was noted that the c10nets\§e of both norma1 and dbcAMP treated :.-~ o "l

95

8

N cJTtures 1ncreased with 1ncreasing cell number (Fig. 5. 5) This _ ,’i"-“"
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Fig 5 5 The frequency of SRBC 1mmunccompetent units m normal and
1 "-_ldbcAMP treated ceHs ESp]een ceHs were exposed to 10 -3 .M dbcAMP '_
- for12 hr. in Petri d1shes in the presence of. 0. 02% v/v SRBC ‘The:'.?ati

e ce'Hs were then washed and recultured w1th 0. 02% v/v SRBC . at the
1nd1cated cel'l density (expressed as the number of v1ab1e ceHs at

iind’1v1dua11y for' AFC. to SRBC at 108 hr. Each point represents results '
4_ from 32 cu1tures -Cu]tures contaimng more than 4 PFC were scored
- as respandi ng to SRca? “The. numbers 1nparentheses reoresent the ,

12 hr) in thef\M'isheH Dutton system The culthres were assayed o (

. clone sizes dt the 1nd1cated cell densities:. (0); untreated ceHs,

: ( A ) cé‘l'ls treated with 10 3,M dbcAMP for ]2 hr first. Pl - &



4

.w1th smaTT cTone size to Targer cTone s1ze

suggests that T’heTper ceTTs and perhaps other factors, were -
]im1t1ng under these cond1t10ns w |

Tq; d15tr1but1on of the number of AFC per cuTture in aTT

athe T1m1t1ng d11ut1on assays 1s shown in F1g 5 6. The resuTts;

'-hshow that the effect of dbcAMP treatment was the Sh]ft of cultures

Y

Since the conversion

"secret1ng cells is med1ated by‘T helper factors (see Introduct1on)

;-it is concelvable that T suppressor ce}Ts 1nh1b1t d1rect1y or

!

ind1rectTy the act1on of T heTper fpctors In other words, n0nna1

or dbcAMP treated cuTtures may pr011ferate to the same extent

but dbcAMP treated cuTtures have more AFC because of a greater

"degree o? convers1on The max1ma1 AFC capac1ties of*dg;AMP treated

~and nornn] cuTtures to SRBC shou]d a]so be fuTTy express d when an

: ‘eXCESS of T heTper factors is: added The resuTts of add1ng 2x10
.“lrrad1ated SRBC pr1med ceTTs to cuTturéE‘conta1n¥7g e1ther 1x10
- ,;hnormal or dbcAMP treated ceTTs are shown 1n Fig. 5.7. Botﬁbnormal
'A"and dbcAMP treated cultures gave the same average number of AFC
'_per cuTture under these cond1t1ons 1nd1cat1ng that the potent1a1
o AFC formvng capacities 1n both groups were’ indeed the same Sim11ar o
| .s:conCTusions were obtained when excess T helper ceTTs were added |
'”!]vto 3x10 normal er~dUEAMP treatéd ce}Ts (Flg 3, 5) Essentially
‘T'; all the cultures in both groups gave a poeitive response confirnﬁ;gb
‘i?.;the concTusmon that at TxTO5 ceTTs per cuTture, T ceTTs, and not _;
a'rfB ceTIs, were Timiting The number of normaT cuTtures giving small

S clone sizes was aTso greatly reduced (compare Figs. 5 6 and 5 7)

with a proportional 1ncrease fn the number of\\ultures with Targe

of nonant1body*secret1ng to ant1body--.

97
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- .Fig. 5. 6. Distr1but1on of the number of PFC per culture in 11m1t1ng"';f
. =n%gce1] d1]ut1on assays. The data ‘for th1s f1gure were obta1ned from .
< Fig. 5.5, . The number of cultures containing. d1fferent number of
. .- PFCare shown on* the ordwnate The: number under eash co]umn show |
. the: range’of :PFC scored in that co]umn (A), untreated cells; -
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3 Fig 5 7 The effect of 1rrad1ated SRBO pr1med cel]s on the d1str1bu-'

"-f,tion of the number of PFC per cu]ture under ]1m1t1ng cell dose condl--

".t1ons Sp]een ce11s were exposed tb 10 M dbcAMP for. the first 12 hr |

3f1n Petr1 dishes in the presence of 0. 02% v/v SRBC “The: ce]]s were
‘then washed and recu]tured at 1x105 V1ab]e ce1ls per cu]ture 2x106

(A), untreated cells, (B), ce’ ls treated with 10° -3 M dbcAMPg_

»ffor 12 hr f1rst The average number of PFC was 75 per- culture for

;~_funtreated\ce11s and 79 per Culture for treated cel]s._ The tota1 number
‘lfof cultures was 47 for A and 46 foriB SR S

L y

11'2.1rrad1ated SRBC pr1med ce1ls and 0. 02% v/v SRBC Were added to each o
e culture The- ce]]s were assayed 1nd1v1dua11y for AFC to SRBC- at 108



. clones.

' normaT ceT]s contzining one IU to SRBC was caicuTated to be 3. Oxio

R In the presence of excess T heTper ceTTs, ‘the nunber of,~‘ o
4

: (Fig 5.8). Thus, the frequency of IU 1n normaT Cuitures can be

increased by 4 fon in the presence of excess T heTp a eV'f

C. Diseussion - E Y
T s : . . - N

'/1.

‘The studies in this chapter Show that the 1ncrease in !

: :the number of AFC in dbcAMP treated cuTtures is due to 1) a shorter g

doubTing time for AFC and 2) e\}onger period of AFC formation

. The frequency of 1mmunocompetent units in dbcAMP treated and

. secreting to antibody secreting ceils in treated cuTtures

f‘p“Fig 5 T), and the addition of Ara‘C at thTS time yiered a ut

';Fig 5 3) Therefore,_it seems unTikeTy that a significant number

- normal cuTtures differs by only about 30% and 1s insuffic1ent to

- acc0unt for the 3 to 5 fold 1ncrease 1n AFC normaTTy observed 1n |

dbcAMP treated cuTtures The ceTT cycTe time 1n dbcAMP treated

e'acu]tures may be the same as normaT 51nce the elevated AFC response

.'f'can arise from a greater degree of converSion from nonantibody-

) o . v -

It is 1mportant to note that at 40 hr there were about

20 AFC in dbcAMP treated cu]tures (TTxlo v1abie ceTTs at 12 hr,

- of nonsecreting, antigen-reactiVe ceTTs are being converted to w't“’;-iv
’"f%;AFC in the absence of proliferation. pp}i?;q ff;:j}_ _' | T’: o o
o The sensitivity of dbcAMP treated cuTtures to washing was ,ehnph,f'i
N i{ilmaximai at 35 hr (Fig 5 4) However, reconstitution of the w7shed | :
FV.;:;fcuTtures by its own supernatant was incomp]ete (44% to 61% Tab]e 5 2)

100 -

v s

.~‘a,the same number of’AFC at 108 hr (ca zo AFC per 14x106 viabie ceiTs, SR
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"-K;Fié 5‘8 Effect of 1rrad1ated SRBC pr1med ce]]s on the frequency

oo of SRBC 1mmunocompetent units 1n normal Sp]een cells Normal sp1een
- - cells were incubated with 0.02% v/v SRBC for 12 hr. At the end of .
‘,"12 hr the cel]s were washed and recu]tured w1th 2x]0 1rrad1ated
) _"SRBC primed spleen cells and 0. 02% v/v SRBC at the ind1cated ce]] _
. ;'density The cu]tdres were. assayed 1nd1vidua11y for AFC to SRBC : &7 :

at. 108 hr. Each. point represents the results from 64 cu]tures. < '

S .Cultures contain1ng more than 4 PFC were scored as responding to R



o 02

"Thts coqu be-due'to the "TocaT‘concentration of the soTubTe factor o -
'_on the readd1t10n@of lts own supernatant being Tess that that of
unwashed cuTtures : Schlmpl and Wecker (1972 1975) also reported
_that the soTubTe T ceTT factor requwred for convert1ng proT1ferat1ng
- ceTTs to: "AFC had max1maL effects when added at 24 hr or 48 hr after f N
B cel] st1mu1at1on by a TD ant1gen (SRBC) ‘ | '
| DbcAMP treatment ]ed to more cuTturespW1th Targer c]one ;
size under 11m1t1ng ceTT d1Tut1on c0nd1t10ns \F1g 5 6) Since
;‘dbcAME/treated ceTTs had fewer funct1ona1 T reguTator cells (see

vChapter IV) under these cond1t1ons dbcAMP treated cuTtures woqu
1:Ahave fewer funct1ona1 T regulator ceTTs seeded to them ConsequentTy,
| _ more of the treated cuTtures would have a T heTper to T reguﬂator .
V.'ratio h1gher than that of normaT cuTtures, i.e.a b1gger clone o

2.

g'size Norma] cuTtures can—be made to g1ve the same d1str1but1on

V‘,f-profiTe of AFC per cuTture as dbcAMP treated cuTtures oy addlng

o }group 15 11ke1y due to d1fferences 1n the affinit1es of antigen—

| '~];gen are expected to go through more number of ceTT d1v1510ns

'excess T heTper ce]Ts (F1g 5. 7) Thus, the 1nh1bitory effects
;;f-Of T reguTator ceTTs on the format1on of AFC can ‘be overcome by
';excess T help Under cond1tlons of maximaT convers1on ‘the :" L

ax'difference 1n c]one sizes between 1nd1v1duaT cuTtures of the same
'i'jspecific B ceTTs for antigen ' B ceTTs w1th,h1gh affinity for ant1- ~f¢'!

| fwhereas Tow affinity ;8 ceTTs have p Very limited capac1ty for cell .
5‘1d1v1510n foiﬂowing stimu]at1on by antigen In other words, cuTtures
w th Targe c]ones are those tﬂat contained high affinity ceTTs |

'T?ta“T Before PFOPOSTHQ a modeT for the regulation of AFC formatlon ul,":T

hy T ceTTs a summary of the relevant findings is necessary - It 1s
o ST N ST AR S



103,

well established that the formation of AFC to a TD antigen requires

~_the co]]aboratiOn betweentT'and B ¢e11s (Katz and Benacerraf, 1972).

Because of suc@ a co]]aborat1ve process much of the d1scuss1on onl o

mechan1sms of T-B cell co]]aborat1on has centered on 2 s1gnals

)

- (4. e. ant1gen and T ce1ls) be1ng requ1red for the 1n1t1at1on of

.

'-B ceH prohferatmn However, 1t was {eported recently that

7

ftprorﬁferat1on of B ce11s to a TD ant1gen cou]d oceur fo]]owlng the1r @M

E

1nteract1on w1th ant1gen a]one (Hunig et a] ]974 Dutton, 1975)

’_T ce]] factors were requ1red on]y for the convers ion of the non-"

ant1body secret1ng B ce]]s to AFC (Sch1mp1 and wecker 1972;" Dutton,

' 1975) In: other words, the 2 s1gnals requ1red for the format1on o

‘iafof AFC to a=TD ant1gen could act in a sequent1a] manner. Deta1]ed ~

:k1net1c stud1es a]so showed that the rate of format1on of AFC to

\.

SRBC in .1Vo in normal mice cou]d be accounted for on]y if there -

t

:were convers1on of nonant1body secret1ng to ant1body~secret1ng cells a
(Perk1ns et al 1969) It is 11kely that once the convers1on has
taken place, the progeny of the AFC w111 a]] be antlbody secret1ng

&

ceils because s1ng]e ceI] studies showed that the daughter cel]s

: of AFC exh1b1ted funct1onal symmetry (Nossal and Lewls, 1971)

'These f1nd1ngs are summarized 1n F1g 5. 9

Studies with dbcAHP showed that the AFC responses to SRBC

;;>Land POL are,controlled by T regu]ator cells The\T regulator cell

'”:probably does not affect the 1n1tiat10n of antibody responses s1nce

;Q;’fts 1nh1b1tion d}d not result in more cel]s being trlggeréd (F1g 5 5)

"ayor 1n a 1owering of theigntiﬁénic dose requtred for optimum st1mu-

: A lation (Fig 4 3) The 1ncreased number of AFC 1n dbcAMP treated

3cu1tures must therefore be due either to a greater degree of
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‘;‘iFig 5, 9 A simp11fied scheme for. the formation of. AF€ Antlgen~. B
"freactive B cells, when stlmu]ated by a 10 ant1gen, can pro]1ferate
o 1in-the. absence of T cells to -give rise- to nonantlbody-secretvng ’

;'cells The conversion of nonantibody secret1ng ce]]s to AFC is’

- mediated by T cell helper factors g ‘,<,V»

N N . o a
o e

]O4gg_ :
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'conver51on of nonant1body secretlng to- antlbody secretlng cells or
to a more rapvﬁ prollferatlon rate Lohrmann et al. (1974) have
Tiﬁt‘ shown that the cell cycle t1me of lymphocytes is 1ndependent of . lﬁ
irégnAthe strength of the antlgenlc stlmulus, lymphocytes stlmulated with |
;ﬁf-"'allogenelc cells or dlfferent concentrat1ons of PHA all showed a
iiﬁm . mean cell- cycle time of 14 + 0.6 hr. By labell1ng Con A- stlmulated |
' 'thymocytes f1rst w1th H thymldlne and then w1th bromodeoxyur1d1ne,
Gerhart and Paetkau (personal comnun1cat1on) were able to show that
” the average t1me requ1red for the DNA of prol1ferat1ng lymphocytes .
to shift from l1ght l1ght to llght heavy was 12 to 13 hr.! Thus,
‘although there is no dlrect ev1dence, it is reasonable to postulate: |
that the AFC in normal and dbcAMP. treated cultures have the same |
cell cycle tlme of about 13 hr The alternat1ve v1ew that the _
functlon of the T regulator cell 1s to control conver51on of non-.
ant;body secret1ng cells to AFC 15 therefore ;avoured In the case_e:"
of the AFC response to SRBC T regulatOr cells are postulated to
1nh1b1t the conversion of nonant1body secret1ng to ant1body secretlng
cells by T cell helper factors ThlS regulat1on can be overcome |
by add1ng excess T help (?hus assumlng a cell cycle t1me of l3 hr,
v'f__an exponentlal Phase of 24 to’ 108 hr (Flgs 5. l 5 2 and 5 3), |
if iand the numberepf normal spleen cells conta1nin'JQﬂe IU to be o
. 3 0xl04 (Fig 5. 8), the expected number of AFC/TO cells cultured _”," o
_(" is.2900 at 108 hr, lf cdmplete convers1on has occurred Ihe
‘w'eobserved value in the presence of‘optlmum T help was 2300 AFC/lO6
"hfcells (Flg 4 5), which 1s 79% of the predicted value *e>';.¢ ,»_.’f”d
| The AFC response to the TI antigen. POL. 1s also postulated

r7eto be regulated by T regulator cells since removal of these cells f
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by anti-a treatment results in the format1on of more AFC Tab\e 4, 2)
| However AFC responses to Tl antigens d1ffer from responses to T

ant1gens in that B cel]s st1mu1ated.by TI ant1gens can become AFC

_.» w1thout T he]per factors : - $

The advantage of regu]ator cel]s is ‘that they prov1de a - | gi
‘mechan1sm by wh1ch a poo) of nonant1body secrettng ce]]s can be
preserved Th1s poo] of ce]ls may be the source of memgry ce]]s
Thus conver51on to PFE and then to p]asma cel]s, effect1ve]y
f removes a clone from further responses Ce]ls wh1ch remain anttgen-.l
.;reacttve but not converted may prov1de the B memory component for

isecondary responses Thus, regulatlon of convers1on to AFC may
..insure 1mmuno]og1ca] memory Imp11c1t in th1s mode] 1s the
. assumpt1on that the pro]1ferat1on of ant1gen reacttve cel]s is.

' se]f—regu]atory In other words, the number of cel] d1v1s1ons these o

- cells. can go through is detenn1ned by the strength of the ant1gen1c_

”>.st1mu1us R o L rwv PR E | ) o
| ‘A direct test of this’ mode] RE the determ1nat10n of the .
; celt cyc1e times of AFC: in norma] and dbcAMP treated cu]tures ”The;
_ .hypotheSts w1]1 be strengthened iﬁ the cel] cycle t1mes turn out
1to be the same on. the other hand if the. cell cycle tlme of AFC
in dbcAMP treated cu]tures 1s sign1f1cant1y shorter than in nonma]
‘,'cuTtures the hypothe51s will be disproved

) .
: . ' . .. AR § .-A"‘ . . N . . . : N
. . : S o : s AR .
. e X s . s
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