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ABSTRACT

{he objecËive of the present invesËigation !'/as to produce a state

of .agarnmaglobulinemia ín B6AF1 míce v¡ith chroníc admÍnistrat.íon of anti p

aerum fron birth Ín order to examine T cell- mediat.ed reactions in the ,..1',.,,,,,',t

absence of B cel1s or the irmunoglobulin that they produce. The anËi ¡r

treatment resulted Ín a complete suppression of serum IgM and an

lncomplete suPpression of IgG as shor,¡n by imrunoelecÈrophoresfs and Ínmuno- ,.'.,..',1,.,,t,

, .:.,i,.,.;,.,,,:

dfffusion. Moreover, there T!¡as a compl-ete suppression of the productÍon of ..,.,.,
IgM antibody to SRBC detected wíth the direcÈ pLaque forming cell assay: i:ii'.,""""

An attempË was made Ëo measure Ëhe numbers of B cells ín the peripheral 
:

lymphoid oïgans of the suppressed nice wíth antí Ig (RAMIg) serr:m in a
I5l- ürever, the anti Ig serum was unable to I

l

--gr release cyËotoxic assay. However, the anti 
iquanËÍtate B celis because Lhe serum contained. anËÍbody to mouse thymocyt,e" 
,

and the absorbed serum did not lyse sígnificant numbers of Ig bearíng ce1ls I

"
ír;thepresenceofcomp1ement.AKRantí.-caH.€""'..,*](eytotoxic,assay)

j

demonstrated a statisticall-y signifícant 10% íncrease ín T cell-s in the 
j

l

lynrph nodes of anËi ¡r treated mice over their Iíttermate controls which may j .' i;.,.,,.i.,.,,indÍrectly reflect a corresponding B cell loss. Thus, from Ëhese results t ,r,

,::,-:: r: -:

it was concluded that the antÍ ¡r suppressed B6AF' mouse may not be a good 
,,,,,,r,.,,,1, 

,,,'

nodèl f,or the study of the regulation by B cel1s of T cell- ¡nediated Ímmune

reactions because of the incomplet,e suppressÍon of B ceLl acÈÍvÍty.

i,,r,,.,-1 
,.,,,,.,

.-,. ..,.,.,.,.,.,



ABBREVIATIONS

PFC = Plaque forming cel1

B cell = Thymus independent lyrnphocyte

T = ThYnus dePendent lYrnPhocYte

SRBC = SheeP red bl-ood cells

PBS = PhosPhate Buffered Saline

SASI2 = SaEurated Ammonium Su1-phate 50%

BBS = BoraËe Buffered Sali-ne

TCA = Freundrs ComPlete Adjuvant

GPC Guinea ?ig ComPlement

RAMLS = Rabbít Anti Mouse Lymphocyte serum

oD = OPtical DensitY

(NH¿) Zso+ = Anmonium Sui-Phate

AT)ßM = AduLË ThyrnecËomízed and Bone Marrow ReconsÈituted

pol-yRA}trg=PolyvalenËRabbítAntil'fouselmmunog]-obulin

RFC = Rosette foruring cell

ABc = Ag bÍnding cells '

DH = DelaYed hYPersensitivitY

GVII = Graft versus host

MLR = Mixed lYmPhocYte reaction

FVG = Fowl garma globulin

ß-2-M = ß.-2-nicroglobulin

DMSO = DineÈhY1-sulf oxide

FCS = Fetal calf serum

NMS =' Normal mouse serum
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ABBREVIATIONS - contfd

NH4CL = Ammonium chloride

GPC = Guinea plg conplement,

NRS = Nornal- rabbit serum

AFC j Ab forming ce11

H-H = Hankst-Hepes

ADLC = Ab dependenÈ lymphocyËe nedÍated cytotoxicity

DLC = DirecË lymphocyte cytotoxícÍty

DNP34 CSA = DínÍtrophenylated chicken serum alburi¡fn

ìl': i,' :

i::.:..r - ,:1 .'
r::: : ::



TABLE OF CONTENTS

LITERATI]REREVIETü .... ....

A.InÈroductÍon"""

Page

1

1

__- -ì11::i. ¡:'i; ?
l'::: ::-i

B. Anti-IgM Suppression in ì{ice . . .2

C. Anti-IeGr, lr}GZ, I8A Suppression in l"Iice ' 6

D. Effects of Anti-u Treatment on Lymphocyte Surface Ig ' 7

E. Rel-ationshi-p of surface Receptor and secreted Ig Product

(a) Suppressíon of dírecË a¡rd indirect ?FC . . I

(b) Inhibition of Rosette For,ni.ng C-ells

F" MechanismofAnti-uSuppression. ''"' ' 9

(a) TargeÈ of Anti-u AnÈibodies 9

(b) LackofCytotoxícAction.- .. , 10

(c) Antigeníc Modulatíon ' ' 11

(d) Generation of Suppressor Cells . . l-1

G. Couparíson between A1-lotype Suppression and AnÈi-u

Suppression .

a

H. Ontogenesis of, the B Lynphocyte . ' L4

(a) Anti-p Panspecific suppression . . " L4

(b) Coopers Theory B Cel1 Development 15

(c) tJarner and Piercets Theory B cell Devel-opment l-6

(d) l'lanning and Jutila Ïheory B Cel-l Devel-opment ' L7

(e) Unresolved Areas of B Cell- Ontogenesis ' ' 18

(i) Site of B cell develoPment ' ' o

(ii) InducersofBcellcharacter ... ' 18

. (iiÍ) .ReLationship of receptor Ig class and secreted Ig



ì . r l>:":::¡-::i-r::

TABLE 0F CONTENTS - conrtd

(iv) Ag dependency of "receptor switch" aaaa

(f) Specíes Variability in B Cell Developmenr ¡ ó

I. Nature of T Cell Receptor . . oa

(a) Inhíbition of T Cell- Function . . . .

(Í) Delayed hypersensÍtiviry aa

(ii) Graft-versus-host disease

(Íii) MÍxed lynphocyre reacriviry .

(Ív) Macrophage nigratíon inhibiricid'

(v) CyroroxÍe T l_ymphocyres

(vi) Rosette fornÍng T cells

(víí) He1-per T cells

(v) RoLe of T cel-ls

(b) Detection of T Surface

(i) Presence of light
(c) AssocÍation of T Cell-

aaa

aaaa

ïg .r.

chaín deterninant

Receptor with HísÈocompatibility

Page

L9

L9

2L

22

22

22

23

24

24

24

25

25

26

28

Antigens
a

(d) Comparison o.f T and B Ce1l Receptors . . . .

J. Effect of Anti-p TreaÈment on Tumor Growth . .

OBJECTIVE OF THE PRESENT INVESTIGATION

MATERIALS AND I4ETIIODS aa

Chemical and Biochemical Mat,erial-s aa

Tissue Culture Plate

Plate Seal-er

Petri PlaÈes aaaa

30

3L

32

35

37

37

37

37

37

37

i'.i;

Fetal Calf Seruiu aaaaaa



r:.:::.::

TABLE OF CONTENTS - contrd

TÍssue Culture Medium . .

Myelomas......

Inrmunoel-e ctrophore sis Appar tus

Complenent .

MyelonaProtein.. o .. .

AnÍna1s

. (a) Mice. .o ..

(b) RabbÍts .. ..

Production of Myeloma Proteín . . . .

(a) PurÍfication of Myelona Cl-asses

Page

38

38

38

38

39

39

(b) Saturated Anrmonium Sulfate TreatmenË

(c) DEAE Columr Purification

(d) Sephadex c-200 aa

(e) Agar Block Electrophoresis

39

39

39

40

4L

4L

42

43

(f) Lowrey Test

Ouchterlony AnalysÍs

Irrmunoe Ie ctropho re s is

Irrmunization Procedure

Irnmunoadso rb enÈ Columr

Direct Plaque Forning

o ¡ lo a .

44

44

4s

46

46

47

48

Preparation

Ce1-l Assay

Breeding Program

Production of TDeprivedMouse . . . . . . . .

Suppressive Schedul-e

48

49

49

50

Antibody-Mediated Cytotoxicity Test . .

(a) Labell-ing of Target Cells

ao

acaaa



TABLE OF CONTENTS - conr,'d

Page

(b) Productionof RAMIgSerun o e . o.. 50

(c) Production of AKRAnti-C3H 0 Serum. . . . d . 50

(d) Production of RAIÍLS Serum . . . . 50

(e) ÎítratÍon of xenoantisen¡m (RÆ{rg) and Al-loantiserum

(Anti-O¡ wíth rhe Tr"ro-Srep Assay . . . . 5l_

(f) TÍtratÍon of xenoantiserum (nAMrg) and All-oantÍserum

(Antí-e) wirh rhe One-Srep Assay . . . o 5I
(g) Cal-culation of Percent Lysj_s . . , 52

AbsorpÈíonofPolyvalentRAMIgSerum ..... ;. o 53

(a) Mouse Liver Extract AbsorpËion . 53

(b) Live and Gl-uËaral-dehyde Fixed Thymocyre-Absorption . 54

RESTJLTS . .

A. Production and Specifícity of Rabbit Anti-Mouse U Chäin

Serum....oó-ò55

(a) Preparation of ?urífied Mouse IgM 55

(b) producríon of Rabbir Anti-IgM Serum. . . 
60

(c) Productíon of Rabbit Anti-y Serum

B. r'rmunoelectrophoretic AnalysÍs of rmmunogl-obulÍns in the

Serurn of AntÍ-U TreaËed Mice . . 63

C. 
. 
Analysis of Anti-U Treated B6AFI Mice with the Direct

PlaqueForruingCellAssay. .... 66

D. Antibody-Mediared cytotoxic Assay for the QuanËitation of

IgBearingCell-s . e .... 6g

(a) Choice of Guínea Pig Cornplement . . . . 6g

(b) ActlvítyofPolyvalentRAMIgSerum.... .. 72

| \:.:-;!:j-,1-:;:



TABLE OF CONTENTS - conrfd

PaFe

(c) ArtenpËs to Absorb our Thymocyte Toxicity of RAMrg

Serum.o..72

(Í) Agarose and liver extract absorption 72 .,',,,

(ii) Liver and gluraraldehyde fixed rhymocyte

absorption .77
(d) Atteupts Ëo rncrease the sensitivity of the polyvalent

RAMIg Serum 
g3

(í) Truo-step cytotoxicity assay wíth 4qC first
incubation

(ÍÍ) One-step cytotoxicity assay . . . . . o . .

E. Determination of Levels of 0 Bearing celJ-s with the cyto-
ltoxÍcAssay.. . c e 87 
i(a) Titraríon of GpC r.rirh AKR Anri-CaH 0 Serum . . g7 
l

ì(b) Truo-StepAnri-eCyrotoxicAssay ò¡j.. .. g7 
i

i(c) One-Step AnËi-e Cytotoxic Assay . . . gl 
:

(d) Rel-iabiliËy of AKR anËi-C3H O Serum gz

(e) comparison of 0 Bearing cel1s Between Norrnal conËrol

and Experimental B6AF, Míce . c . 94 ,,,.,,',,,:

lDISCUSSION .

A. Anti-U Suppression of Serun Ig . . 96
B. Inhibition of DirecË plaque Formation . . . . 9g ;,:.,,,,,.,

,:.'.: :t:: .c. Quantitation of rg Bearing cells with the cytoËoxic Assay . gg

D' QuantítatÍon of 0 Bearing celr-s wÍÈh the cytotoxic Assay 104
E. General DÍscussÍon . . 105 :

CoNCLUSST0N .. ...;..c. . L07- rv 
' 

¡.t'.:,,:.'..REFERENCES....¡,o3...Log:

83

85



LISÎ OF FIGURES

FÍgure Page

r. rnmunoglobulín and antibody l-evels i.n nude nice injected

with anti-Ig antisera 4

rr. Effect of anti-¡.r antiserum dose and injectíon schedule on

immunogl-obul-Ín levels in uice . 4

IïI. Recovery of inmunoglobulin levels durÍng post-treatment

coastÍng period in mice treated with anti-p antÍserum 5

IV. Imrnunoglobulín level-s in mice treaËed with antí-s or

antí-^¡1^¡2 antiserum during and following treaËment . . 6

V. I,larner and Piercers theory,of B cel1 devel-opment . . l-6

VI" Manning and Jutilars Èheory of B cel.l devetropmen-t , L7 -'

VII. FJ-ow diagram of myeloma purification . . . r . 40

1. Separat,ion of g¿¡g/C MOPC-104E asciríc fluid fron DEAE

on Sephadex G-200 ., ,;- ,;' .,.; :,". . 57

2. Irnmunoelectrophoresis of the pooled, concentïated F1 fracÈion

of IgM from the Sephadex G-200 colunn : " . r . 5g

3. rrnmunoelectrophoretic analysís of mouse rg!Í irnmunoglobul-in

after agar block el-ectrophoresis . . 59

4.Imnunoe1ectrophoreticana1ysisofrabbitanti-mouseIgM

5. Inmunoel-ecËrophoretíc analysis of uouse IgGl 62

6. Immunoelectrophoret.ic anal_ysis of mouse îgGZ^ 62

7. CytoÈoxic tesÈ for the titration of rabbit anti-mouse lynpho-

cyËe serum (RAMLS) using 51ar 1"b.11ed B6AF, lvmph node cells 70

8. Cytotoxic tesË for Ëhe titration of rabbit anti-mouse J_ympho-

cyte serum using 51cr l"bul1ed B6AF. spleen cellsI' 7L



FÍgure page

g. Cytotoxic test for the titraËion of poly RAMIg usÍng
51ct 1"0"11ed B6AF, Ëhynocyres . 7J

10. Cytotoxic test for the títration of rabbit antf-IgGr"r

aÃtí-irgczb, anti-IgG, using 51cr 1"b"11ed B6AF,

thymocytes.: ...o

1l-. Cytotoxic test for the titration of rabbít anËi-IgM,

anti-IgA and anËi-F(ab)r, sera using 51ct l"b.3-J-ed thyno-

. cytes .. ls
L2, In¡munoelectrophoretÍc analysis of the poLy RAl"lIg serum used

in the cytotoxic assay - againsË NMS and'tglZb . , .16
13. Imm¡:noelectrophoretic analysis of the poly RAllIg serum used.

ín the cytotoxic assay - against IgG, and t9Gza, . 76

L4. Inrmunoelectrophoretíc analysis of the poly RAMIg serum used

ín the cytotoxic assay - against IgM and IgA . . 76

15. Cytotoxic test, for.tïe titration of .aga-rose absorbed

poly RAMI8 serum usÍng 51ar 1"b"11ed B6AF, Ëhymocyres . 7g

16: cytotoxicity test for the titration of liver ext,ract absorbed

poLy RAMIg using 51ar l"b"ll-ed B6AF, thynocyres ,. . 79

17. Cytotoxicity test for the titration of liver extracË absorbed

specific rabbir anri-mouse F(ab'), using 51ar l"b.lled B6AFI_

thyuocytes.....g0

18. Analytieal (double) diffusion analysis of poly RAl"fig serum

after absorption r¿íËh live thynocytes . gz

19. Cytotoxic test for the titrat,ion of gl_utaraldehyde fixed

thynocyte absorbed poly RAr.frg serum usÍng AT'BM A and B6AF'
51cr l.b"J-led spleen and J-ymph node ceLls . g6



l ...:r .'11:
.l

I

I
I

l

i';

Fígure

20. Cytotoxic test for the titratíon of AKR anti-C3l{ 0 serum

Page

wíth B6AF. labelled sp]-een cells using various concentra-
I

tions of agarose absorbed GPC

2L. Cytotoxic test for the tiËration of AKR anti-CaH 0 serum

rù.ÍÈh B6AF. ttat labell-ed J-ynph node cells using various
I

concentrations of agarose absorbed GPC - . 89

22. Cytotoxic test for the titration of AKR anti-Caif e serum on

B6AF' and AT)GM I 51ct label-led spl-een, lynph node, bone

rlrarrohr and thymus eells . . -!-.!r !-. t t . 90

23. Cytotoxic tesË for the tiÈraËion of AKR antj--C.H e serum on
J

51a= labelled thymocytes using a 60 minuÈe first incuba- I

tionperiod :. .... ". 9L j

1

24. Cytotoxic test for the ËitraËion of AKR anti-Call 0 serum on i

J

51ar 1"b"11ed thynus and spl-een cells using the one-step

and two-step method

25. Inrmunoelectrophoretic analysis of serum from an anti-U

treated mouse agaínst arlti-MtüS and anti-Ig åerurn

26. InmunoelectroPhoretic anal-ysis of serum from a control- m€use

ft{nS treated) againsÈ anti-Mtls and anti-Ig serum. . 64

27. InrmunoelectrophoreËic anal-ysis of serum from an anti-U

treated mouse againsË anti-Igcl and anti-IgG, sera ' ' 65

28. ImmunoelecËrophoretic analysis of anËi-Igc2 serum against

88

93

64

normal mouse serum and purified myel-orna IgGr" 65



LIST OF TABLES

Table Page

I. Direct plaque fornation resPonse to SRBC by experimenËal

(anËí ¡r treated) and litter-mate controls (1.e. normal-

rabbitseraËreaËed)B6AFrmice .. ...... " 67

II. CyËotoxic tesË for the t,itratíon of live thymocyte

. absorbed poI-y RAtfrg using 51at l"b"lled B6AF1 thynocytes '
lymphnode and spleen cells . . . . . . . . . . 8l-

III. CyËoLoxic Lest for the titration of gluËaraldehyde fixed

thynocyte absorbed poly RAMIE serum using 51ar 1"b"11ed

thynus, lynph node and s.pleen cells . . . . . . .'. 84

IV. PercenË 1-ysis values from Ëhe cytotoxic titratign of AKR

anti C.H e serum or, 51cr labelled spleen and lynph nodeJ

cel-ls of B6AF, anti F treated (experimental) and normal

rabbít serum treated (control) and unËreated (normal)

miCe o . . . . . : . . . . . . . . . . . . . . . ' ' ' t95



Æ.ITI IgM SUPPRESSION IN

B6AF- MICE

-

LITERATURE REVIEI,{

A. Introduction:

ltre mechanísms involved in the inducËÍon and regulation of the

ir¡mune response are not yet fulLy understood. It Ís generalLy agreed

that for the Índuction of the response, antigen (Ag) must meet some

kind of receptol either free in the body fluids or attached to some

cel1 surface. Studies r¿ith radioactÍvel-y Labe1led antigens (1r2) have

shor,m that only a small proportíon of the recepËor bearing lymphocyËes

have the ability to recognize and bind speiífic anÈlgen ín vitro.

There has been much evidence establishíng t-he immunoglobulín

(Ig) nature of these receptors on Ëhe surface of thyrnus independent

B lynphocytes of nice (3-11). The nature of the receptor on the Èhymus

dependent T lymphocytes is stil-l unknown but it ís Iikely that eíther

Ëhese cel-l-s do not possess any surface Ig or Ëhey .do so in a very low

concentration¡ Thus, it was expected that the treaËment of newborn mice

r¿ith anti Ig serr:m woul-d affect only the B lymphocyt,es. Several studies

(L2rL4r1-5) have shown that Ín vivo ínjection of anti Ig antíbodies can

result ín suppressed B ce1L Ig and Ab formaÈion. However, thÍs suppression

Ís difficult to achieve in Ëhe adult animal- because itts 1¡punoJ-ogical1-y

competenÈ lyrnphocyËes produce circulatÍng Igrs which Prevent the ínjected

anti Ig antibodies from reaching the B lyrnphocyte. Thus, the ínjection of

anti IgM antibodies int,o newborn mice which have immunologically incompetent

lynphocyte and 1or.r serum Ig Leve1s (pl-acenËaL transfer of maternal Ig) will

::1 ç
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result in a strong imtunosuppressi.on and in some cases resulÈ fn compl-ete

agamnaglobulinenÍa (L6rL7r19). The objective of the present investígatlon

ûras to reproduce this immunosuppression Ín order to examine T cell
function Ín the absence of B cell-s or the rg that they produce.

B. .Anti IgM Suppression Ln Mices

¡t""y stu¿iås have been done on the suppressíve effects of ant,i

Ig serum on varj.ous immunological reactions. The most extensive studies

. have Ínvolved the suppression of anËibody synthesis in vivo and ín vitro
by anti rg serum. Anri rgM heavy chain (anri ,, ".r,r*ã-."" ,*
powerful reagent suppressíng all the humoral classes of Ab in the mouse

sËrains, BALB/C (15), conventional Swíss nÍce (12) and nud.e

nice (1-6,1-7). La¡,rton and Cooper (1-9) also.found thai "in chiekens, anti - -,

IgM treatment Ín ovo foll-owed by bursectomy resulÈed in agammaglobulínemic

'chÍckens

Many.researchershaver¿orkedwiËhanË.Í'IgM..suppression'withgenera1.1y.''.,

concordant resulËs. Lawton et al. (L5) subjected neonataL BALB/C nÍce

to a serÍes of intraperitoneal Ínjectíons of purífied goat anËi mouse IgM 
:

i

serum- specÍfic anËi rgM antÍbody (0.5 mg) or nonspecific globuJ-Ín ín

0.05 mls of PBS were given on each of the fírst four days after birth and ,

1 mg each week thereafter. QuantíËatÍon of serum rg levels in anti u

treated nice did not. reveal any serum IgM although the sera r^rere found to

contaín goat antíbodies Ëo mouse rgM. The suppressed mÍce showed 
il

significanËly lowered concenrrarÍons of serum rgG (p(0.05) , rgG, (p(0.025)

and IgA (p(0.005) fron lit,termaËe conÈrols. MannÍng (14) adminisrered a

sinll-ar series of intraperitoneal injectlons of rabbit anti r¡ chaln serum

int,o newborn BAr.B/c nfce. rnjectfons hrere adminÍstered on the day of

--2-



bfrth and subsequent doses were gfve¡ at 2-7 day lntervals. Ouchterlony

anal-ysis of Ig l-evels Ín the young adult revealed a complete absence of

serum IgM and a reduction of other serum immunoglobul-ins (IgG, IgA) to

. low residual- l-eveLs. However, ff the treatment Íras ceased aft,er the f irs.¿ . -.

fifËeen days of l-ife and the anímal-s were allowed to coast until day 46,

serum IgM and IgG levels !Íere seen to recover Ëo control vaLues.

' Nude mice were found to be much more sensi.Ëive to antÍ p treatment

than normal littermates (17). AthymÍc BALB/C mice were gíven 0.05 nls of

purified rabbit anti u globul-Ín on day 0 and lncreasing doses on alËernaËe

day's untiL a maximr.rm of 0.20 nls of gLobu1-ín r¿as achíeved on day 30.

Alternate day injecËions of Ëhis maxÍ.mum dose (0.20 mls) was cont,inued

through day 56. Al-1 of the nude míce given this suppressive treatment

demonstrated an absolute loss of IgM ãnd IgA. Serum lèvel-s of IgG, and

IgG, were shown to exhibit consÍderabl-e variaÈion between lítters (see

Fig. I) .

MannÍng (l-6) exanÍned the suppressíve effect,s of lh. do"" and the

injectíon schedule of Ëhe anËi ¡ ËreaËmenË on Ig level-s in nude mÍce

and l-ittermaËe BALB/C mice (see Fig. II). The paËUern of suppression

fnduced by a slíghË suppressive schedule (0.47 mls Ín first 15 days) lras

sÍnilar in both groups, i.e. compleËe suppression of IgM and IgA and

severe reduction of IgG, and IgGr. Hor.rever, by day 46, the líËtermates

demonstrated considerable recovery of both IgG subclasses as well as IgM

and IgA. An increased suppressive schedule (3.15 m1s over 42 days)

resulted Ín suppressed IgM and IgA levels r+hÍch showed no recovery at

47 days. The suppression of the IgG classes hras also maÍntai.ned at 47

days.

The ability of both nude mfce and thefr lLttermates to recover

r'.:ì:l'
l:..

l' . ... '.

i.. _.1_'l:

|,- .. :' ::
. 1r'1- .
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Flg.I. (L7) Indfvidual In¡munoglobul-Ín and AnËibody Levels in Nude

Mlce Injected with AnË1-Ig AnËisera

Fig.II. (16) Effect of .Anti-q .Antíserum

Schedule on Immunoglobulín

Dose and Injeetion

Levels Ín l{ice

I\fouse
No.

(Litter
ti".)

Injection Ig or antibody levetsGat Day 32/Day 57

IgM IgGl lsGZ Anti-. Anti-lg
rabbít

IgA

t (l) Anti-¡r
2 (l) Anti-r
.3 (l) Anti-p
4 (2) Anti-¡¡
5 (2) Anti-¡¿
6 (3) Anti-r¡

7 (4) A¡rti-c
8 (5) Anti-c
9 (6) Anti-c

10 (6) Anti-c
1l (7) Anti-c

t2 (8)' Anti-rlr2
13 (8) Anti-zlz2
14 (8) Anti-zlz2
15 (9) Anti-zlz2
16 (9) Ar¡tirlz2

0/0 8/t6
olo 8/t6
o/o 8/16
olo 2/o
0/0 2/8
olo 2to

32t32 8/4
s2/32 4/r
t6/32 t/2
s2/32 2/t6
t6/32 2/4

32/sZ " 0/0*
32/32 O/4
32/Ú olD
L6/32 O/2
t6/D OlD

8/8 0/O
8/8 olo
8/8 olo
o/o 0/0
o/o o/0
olo o/0

32/256 0/0
32/128 OlO

32/64 OlO

6,4/128 0/0
64/t28 OlO

'0/4e,' "''4/4
olr 4/4
olD 4/D
o/o 4/4
4/D 2/D

0/o t6/ t6
0¡0 t6/16
o/o t6/r6
olo 32/32
o/o s2/32
o/0 s2/r6

0/0 16/8
olo t6/8
0/0 8/8
o/0 t6/8
olo t6/8

0/o , t6/4
0/0 8/8
olD 8/D
0/o 8/t6
olD 8/D

¿-{ll anti-rlr'2-treated mice showed at1'pical, additional faint precipitiñ bands n'ith both anti'rl
anti-¡2 ar one or both assa¡-s, rvhich differed from IgGl and lgG2 by position in Ouchterlony

difrusion.
Df)ied prior to second assay.

BNumerical averagcs of individual highest reciprocal serum dilutions producing distinct precipitin I

inst standardizcd anti-lg antisera or purified mouse Ig in Ouchterlony gel diffusion.

Ilean I;¡ or lntibod¡' Leselo Assa1. l/Åssav 2

260/l{ì0 : O.rZl:rl I lfs ND.
BAI.lllc (:l) | Anti-¡¿

BALtì/c (.t) I NRS i020/t ì.r(i I 96/160
e6/??0 i 9/$

I

2ôVl0:10 I {s/6.1
2/!'L I L/t

BALts/c ({) | Anti-r,

BALIì/c (:ì)
BAI-tl/c ({)

LNI 1 l0)
LM (6)

Nu (10)

Nu (6)

o LM, littermate; Nu, nude.
rNumerical av€raßes of individual highest reciprocal serum dilutions proclucing distinct precipitin lint,s

against standardized ant¡-¡g antisera or purified mouse Ig in Ouchteriony gel cliflusion.
'Not done.

Phenot¡-pe'
(.\o. trlice)

Su¡r¡rreisivc Trcat nrent

16 I 2i/:\2
46 I 0/27

5S I 3y32
58 I 0/0

1? I 32/32
.{? I 0/0

5? I 30/32
57 i 0i0

I

5; | :¿e¡¡:
õ? I 0/0

0.17 | 24

0.17 I t4

1.25 I t2
r.!5 I {!

3.15

3.t5

4..10

{..r0

1..10

.t..r0

:;2
;Ì2

.t.)

32

a,)

32
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from anti fr induced suppression of Ig l-evels was examined on day 16 and

on day 3l- fol-l-owing the terninatlon of treatment.(see Flg'III)' After

3L days of coastf.ng (no treatmenÈL no recovery of IgM was seen elther

1n nude mice or litternates despite apparent dísappearafice of anti ¡

antÍbodies ín the sera. The IgG l-evels in the antí r¡ treaËed littennates

of nude mj-ce were seen to approach levels in'conËrol mice whil-e the

IgG levels in nude mice shor¿ed no recovery. Thus, lt was concl-uded ÈhaË

anti rr suppression ín nude uice differed from ËhaË in normal mice only

quantitatÍvely, i.e. nude mice suppressed more easíly and to a gÏeater

degree wÍth less abil-ity to recover. The degree. t3 which different Ig

levels were suppressed by neonatall-y initiated anËí F treaËment and the

perslstance of Èhe suppression, was seen to be dependent on the toËal-

dose of antíserum used and the suppressíve schedule employed'

Fíg.III. (16) Recovery of Immunogl-obulin Levels During

PosË-treatmenË Coasting PerÍod ín Mice

Treated with AnËi-¡r Antisertm

Menn tr¡ or 
^ntibocly 

LcvclÙ 'Àssay l/Assnv 2

1r¡ | Bnlll/c (.tl

5 I Nu(4)

:kT;L|,iï,'il:;"ì"i :ih,"idual hiehesr reciprocal serum dilutions producing distinct p¡ecipitin li

against standardized ".ti.fS-"ìt¡r"ta 
or furilied mouse Ig in Ouchterlony gel diffusion'

l0!0/t 020

72ll9o

?30Æ30
340/-¡10

26128
418

3?:ì2
0/3

321'J2

0/0

32/32
0i0

tl
lt

72
i2
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C. AnËl IgGn, IgGn, IgA Suppresslon in I'Iice

Sera direcËed to the other classes of Ig have not been as powerful

ln humoral Ig suppression as the antl P sêltlltro Treatment of nude míce

¡¡ith antÍ IgG serum produced a distinct .suppressíon' of 'both IgG, and

IgGza l-evel-s (L6rL7). There were rio detecËable effects on IgM or

IgA 1-evels w1Ëh anti IgG treaËment (see Fig;IV). Level-s of IgG, and.

Fig.IV. (16) Imrnunoglobut-in Levels in Mice Treated r¿1th

Anti-a or AnËi-yly2 Antiserum Duríng and

Following Treatmerit.

IeG, ín nude mÍce shot¡ed littl-e abilíty to recover from anti IgG

suppressíon, whereas IgG, and IgG, levels in l-Ítternates showed substantial

recovery even during treatmenL. l"fanning (16117) al-so examined the ability

of IgA levels in nude mice and Èheír l-fttermates to recover from antÍ

IgA lnduced suppressÍon (see tr'ig.Ir IV). The antí IgA treatmenË dld not

affecË IgM or IgG Levels in Ëhe nude mlce or thelr l-itternates. Nude mlce

were shown to be more sensÍtive to anti IgA suppresslon than their liËÈer-

mates. Levels of IgA 1n nude mÍce remaÍned suppressed after cessatlon

Mean Ig or Antibod¡- Levelo Assn-'" l/.'\ssas !
Group

41,

4c

4

4b
4c

LM (IO) I NIIS
LM (6) | Anti-¿t
LM (i¡) I Anti-rtr2

I,M (7)

I,M (6)

LII (i¡)

Nu (10)

Nu (5)

Ìriu (5)

57

57

57

87
8?

87

57

5?

lt1

8?

87

32
32

32

72
72
i2

:l!
:12

:l'J

72

7..l

lir/'lt I ù/(ì

(ì.il I lrs

' l,If , litter¡nltr,'; Ntt, :ttttlo.
â Numcric:rt av(,rag(.s of ir¡<livitlt¡al hightst reci¡rnrcll st'rt¡rn <liltttiotts ¡rrotlucitrg tlistinct prccipitiu i :

ai.1¡irrst stanrIrr<lizttl arrti.lgnlrtiseru rlr ¡rtrrificrl trurttse l¡1 irt Ortclrterlorty ¡¡el dift'usion.

67/140

2{0/3{0
82/90

110/:220

290/!90
r50/'rô0

97il13
.ll'r/ l-t0

r/2

lÍ)u!!o
210/llr)

640/870
620/1 r50
230/!C0

730/730

??0/rìir0
5r0^;10
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of antl IgA treatment buË IgA levels fn

around 57 days after terminatÍon of Ëhe

Lfttermates rùere

treatment.

shown to recover

D. Ef.f

Studies with inmunofluorescent antfbera have further deËai'l-ed the

effects of antí r¡ on l-ymphoÍd tÍssue. MurgÍtats (1-3) sËudies on 30 day o1-d

nlce gíven long Èerm anti Ju treatment from bírth, reveal-ed Ëhe presence

of spleens completely devoÍd of all Ig containfng cells. The spleens of

8-9 weeks ol-d mice treated wiËh anti y f.rom birth contained the same

ntmber of follicles as control- animals but rrere compl-eËel-y devoid of

gernínal centres. !Íhen the spleens of cont,rol animals were stalned r¡ith

fluorescent antí Ig, they showed l-arge clusters of bríghtl,y stained plasma

cells. Spleen cells of experinental mÍce (antí ¡lr treated) were uore, easíIy

stained by antí IgG, than by anËi IgM. In general there hras a Èen-fold

reductíon |n the number of fl-uorescent stained cel-l-s in experimenËal

versus control animals. It was a curÍous observatíon that the number of

ceLls staÍning wíËh anti ÍgG, ín experimental animals was 3 times higher

than Ëhe number of cells sËaÍ-ning wíth antÍ IgG, despíte the fact that

the aninals had higher l-evel-s of IgG, in the serun.

In the anti p treaËed mice the gross aPPearance of the Ëhynus

showed a no:mal medulla and cortex. The spleen was reduced in size and the

Íntestine appeared normal. However, further analysis of the intestine showed

that there lras a normal mucosa but Ëhe viLlí had a complete absence of

plasma cells.

E. Relationshfp Between Surface Receptor and Secreted I8 ProducË:

. Anti Ig reagents have been used to examfne the relatfonshÍp between

the Ig receptor on Ëhe surface of the ce1L (B) membrane and the cLass of

Ig to be secreted later. It had been formerly believed that the rrreceptor

f-'



equals product'r (26), 7.e. the class of the surface Ig wtl-l be the sane

class of the Ig secreted by the class. Thus, saturatlon of a receptor of
a given class with a specifíc antfglobulÍn should suppress productlon of
ab of only that rg class after antlgenic stímulatlon. However, thÍs
predictÍon was found to be strictly correct only for antf rgA whÍch

suPPressed only Ëhe IgA resPonse (26). PÍerce et aL. (2OrZ7) demonstrated

that anti ¡u could reduce all- cr-asses (rgl"f, rgGrr rgA) of Ab response to

SRBC to l_ess than L0% of. control l_eveLs.

(a) Suppression of Dírect and Indírect pFC.

Several other studies (2Or2Lr28) have shoum that ín vivo antÍ ¡r
tÏeatment of newborn nice inhibÍËs the dÍrect and indÍreçË pFc response

of mouse spleen ce1ls to SRBC. TreatmenÈ of newborn mice wíth anti IgG

serum produced a parËial reductíon ín the dírect p1-aque response buË

elímínated the indirect plaque response t,o sRBC. rn additíon, either anti
IgG* or anÈi IgGz serum couLd suppress the production of both classes of
Ig' suggesÈíng thaË Lhe sera cont,ained cross-reacËÍng antibodíes or

the same ceLl had more Ëhan one type of receptor. The fact that only anti

¡r could suPpress the direct plaque response suggqsts thaË the unprimed

B celf functÍonal receptor is almost exclusÍ.vely of the ¡r class. Thus,

' virgín Precursor celLs couLd have Èhe ¡r receptor and the y recepÈors

lsould aPPear only after differenLiatíon evenËs provoked by antigen.

(b) Inhibfrion of Roserte Formíng Cell-s.

The effecËs of antí ¡ treatment on rosette formÍng cells (RFC)

have also been examined. A RFc ls deffned as a cell that bínds partfculate

Ag, usual1-y heterologous red cell-s, or antlgens coupled to red cells. Anti

¡r and anÈi Y reagents were used to examine the formation of rosettes in
mouse spleen ceLl suspenslons taken at varylng intervals after SRBC

-8-



1n¡munization (23).. Rosettes examíned up to 14 days aft,er finmunization are

inhiblted up to 65-857" ln vit,ro wfth antl ¡r serum. The extent of the

lnhtbltion declined late in Ëhe response reachíng 392 lnhibitlon by day

28. The degree of ÍnhiblËfon observed by anti IgG serum rose fol-lowíng

fnmunization and r¿as maxÍmaL 28 days later at 48%. These results are

further confÍrned by Adats work (29). He found that in immunízed mice

701l of Ëhe antlgen bínding cel-ls (ABC), faíled ro rake up radíoacrÍve

antigen after antÍ r¡ treatment.

The resul-ts of the above sËudíes r¿ith RFC suggesË that following

lnmunízatÍon the propoïtion of RFC r¡íth recepËors of y specifÍcities,

increases rel-aËive Lo Èhose bearing p specífícítÍes. The sum of the

ínhibiËion achÍeved by antísera directed to the various cl-asses (orury),

was found. to increase to a maximum of. L337" and then decLine to LOL"II by '

day L4 (23). ïhís rrsuperaddÍtíont', suggesËíng thaË cells may bear more

than one receptor, has been observed ín other studÍes (30131). The sum

of the 7l ín}libition of rosette formation oo-taaned with antÍ. IgG, and antÍ

TgG, Lreatment of lynrph node cel-ls obtained from guinea pigs ínnunízed

with either SRBC or dÍnitrophenol bovÍne garnma globulin (DNP-BGG) was

found to add to more than 1002 in every case (30).

F. Mechanísm of þtí t¡ Suppressíon:

(a) Target of Anti ¡r Antibodies.

The mechanism of anti F suppressÍon of Ig levels Ín serum is unknown

but there fs much evidence t,o show that the primary target of anti p

antibodies is the B lymphocyte. Examination of lymphoíd tissues from anËi

P treated mice showed a severe deficiency 1n germfnal centres and prímary

fol-l-icl-es Ín J-ymph node cortex whích are the naJor homing sltes for the

B I-ynphocytes (15). Fewer than 21( of the spl-een cell-s from these treated

f--.ti.i,:r-:,i\:.
': i. .. -"
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mice had membrane Ig as detected by inmunofluorescence (4,32). The

frequeney of spl-een cel-ls from anti ¡r treated mice that bma l25r-ferrltfn

was less than 1 ín 105 and r,ras not iuproved foll-owing immunizatíon (33).

(b) Lack of CytoÈoxic AcËíon.

the effects of anti rr treatmenE do not appear Èo be cytotoxíc' In'

viËro suppressive effects of anti P serum have repeaËedly been shown to

be complement independent (36137138). It was also shown that suppression in vitro

can be achíeved by non-compJ-emenË fixíng Fab fragrnent (39) ' Manníng eË al'

(14) exanined the response of young mice lrhich had been lethaLLy íxradiated

(900 rads) and reconstÍtuted with various combínations of bone marrow (B)

and thynus (T) cel-l-s. from normal and heavily suppressed mice. Al-L

combínaËionsofBandTcellsfromnorualorsupPresseddonorsmadefully

reconstituted resporsês. This implies that once cells are removed from

the suppressive environment they are capable of recovering and restoring

the ínmune resPonse.

pÍerce (20) noted that norma1 spleen cells which were incubated for

48 hours Ín a medir:m contaÍning anti ¡r anÈibodíes could sËi1l respond Ëo

a nest Ag when separaËed from the medium. Howeverr' the spleen cel-1 response

was detected only when the culture períod had been extended Èo 7 days

whereas spleen cel-l-s in control culËures, (i.e. no anti ¡r) responded ín

5 days. The addítion of 1 gu rnyel-oma protein with the ne¡v Ag ímproved the

response, indÍcaÈing that anÈÍ P bound to the surface coul-d be enticed

from Èhe cell by an excess of IgM in the solution. Effectlve èuppression

of PFC response requires the incubation of the spleen cells with antl ¡r

fot 24 hours or longer. Thís suggests Èhat' the mechanÍsm of lnhibitfon

fs more complex than just the sÍmple saturaÈion of Ig receptors and

preventlon of anËigenÍc stinulatfon. Other studies (34r35) conflrn thl-s

-10-
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concLusion r.rith Ëhe observaËÍon that pronounced suppression 1s possible ' : :

wiËh anti rr at concentrations that are unable to effect complete antfgen'..:.

maskfng.

(c) Antigeníc Modulation.

Raff (40) has shor"m that Èhe .restÍng lymphocyte has a dif fuse Ig 
,,.,,,.,.,,..

distributÍon on Ítst surface while anti Ig reagents índuce a polar

redístributíon. Following this redistribution, the Ig molecules are

pÍnocytosed and there are correspondíng altered sensitÍviËies at the

membrane. A sÍnilar antigenic modul-atÍon r^ras also descríbed wíËh thymic

leukenic TL antigens (41). In thís siËuation, when the TL* cell-s are exposed i,.1,,,j,.;,,
i

to antí TL anribodies in vivo or ûf-:¿¡¡o thèy Iose their surface TL

antÍgens and consequently become resistant to Ëhe cytotoxÍc action of anti

TL serum and cornplement.

The effecËs of anti. Ig antíbodies on human B l-ymphocyËes seem t,o be

just as complex. Several phenomena on B lyrnphocyËes r.¡ere observed r¿Íth

anËi Ig antÍbodíes, i.e. redist'ribution of"srrrface compl'exes'¡-;pinocytosis;"-'"" 
,

I

catabolism of compl-exes, shedding Ínto extracellular environment and 
i

:

trans1aËiona1movement.A11oft'hesechangesappeartoresu1tÍnasteri].e

blast ce1l that has lost ítsl dÍfferenËiaËed "rrri""" receptors buË also i,,,'¡t",'¡1

' .' '"'
a cell that can recover to itsr former potential , i.e. to differentíaËe . .,',".,

'tttt't

ínto a plasma cell, when iË j-s removed from Ëhe suppressive environment.

(d) Generation of Suppressor Cells

T cells have been shown Ëo exert a regulatory effect on Ab synthesÍs 
;.i,,.,_;..;;,:
:::-:-a;:(43). Thus, lt was thought thaË anti p may generate a population of suppressor

cells which could exert a negative influence on Ab synthesis. IË has also

been proposed that the antí,r antÍbodies may affect some ontogenet,lc :

regulator cell or cell product that Ís responsÍble for Ëhe further

-11 -
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dffferentiatíon of nultipotenËfar. precursor ce1ls to plasna ceL1s.
However, coculturÍng spleen cells from normal and suppressed míce did not
reveal the presence of any lnhibitory ce1ls or factor s (44). The
observatíon that suppressíon courd be achieved in athymic (nude) níce
tends to invar-ídate theories on suppressor celr invorvement"(16.17).
G.,

rt l¡as thought that the model of allotype suppression, first described
by Dray (45) 

' may be a paral-lel system to study the mechanísm of suppression
índuced by antÍ rg reagenËs. rn an aL10type heÊerozygote, chromosome
(or al-lelic) excr-usÍon leads to two popuratÍons of rg producíng cells,
those bearÍng rg with Ëhe paternal allotype ânä"ttrose bearíng ig with rhe
maternaL allotype. rn the t4 t5 heterozygotes, i.e. offspring of parents
homozygous at the b r-ocus, rgts controll-ed by the genes inherÍt,ed from
the dam and sire can be identÍfied both on lyrnphocyte membranes and Ín the
sera' rf the young heterozygoÈes are exposed to maÊernal Ab dírected to
thepaterna1-a1J-otype,theappea.ranceofcircu1atingIgwÍtli.paterna1

allotype Ís sígnificantly retarded and there is also a rapid and. complete
elinÍnation of membrane assocíated ïgrs of the suppressed alrotyp e (46,
47,48)

rn rabbits the suppressíon is severe and 10ng term, enduring ín
some cases for one year (46148149). However, in the mouse hybríd the
suppression ís usuaLly short tern with a normal balance after 10-14 weeks.
The sJL dx BALB/C $nouse fs an.exceptÍon and has been shovm to exhibÍË
chronic suppressÍon (20150). rt was also found that there was a compensatory
fncrease fn the expression of the non-suppressed rg allotype on the
lymphocyte membrane as ¡veLl as ln the secreted lgrs in the suppressed
heterozygote.

-::
I - tl
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The two models are slmil-ar in the absence of lgrs from l-ymphocyte

membranes and from the sera that results from anÈÍ allotype and anti u

treatment. NeÍther of the sera seem Ëo Ínvolve a cytotoxÍc event to

mediate Ëheir effects. This lack of cyËotoxiclÈy that r'ras previousl-y

described for anti u serum, was also verified with Êhe anti allotype

suppression, Í.e. neíther the Fc fragment nor the bivalency of the

aatibody rüas necessary for suppression (51). The observaËíon thaÈ the

Fab fragnent Ís effícient although l-ess effícient than the F(abr),

fraguent in aIJ-otype suppressíon suggests that the cross-línkÍng of

surface determinants is noË essenËÍal for suppression.

The naÍn difference'between the two systems is Ëhat the al-lotype

suppressionseemStobemediatedbysomeactiveregu1atoryproceSs
i

invol-víng T cel-l-s (47150), whereas the antÍþ systen does noË appear to 
]

Ínvolve suppressor T cells. ït has been shown ËhaË allotype suppression i

cannot be overcome or reversed by flooding the intacÈ suppressed animal or 
l

i

the transferred suppressed aninal with sp1-een cel1s or large anounts of serum
l

:

Ig. ThÍs confírms the suggestíon that anti allotype antibodies Índuce a

popul_ation of suppressor cells which are capable.of recognizing potential 
r..,,.,,,,,,

Ig producíng cells and. prevenÈing the expression of the appropriaËe allotype. .', ","'''' ,.',,,...
It ís curÍous that al-though both sera (anti allotype and anti ¡) :.,'.':",

are directed to surface determínants on lynphocyËes, one generates the

appearance of regulatory T cells while the other does not,. It was suggested

(46) that allotype suppression may result from the magnificaËion of

regulatj-on mechanisms which nornally prevenÈ the fornation of self-

reactive clones. In the newborn, rrdetectorrt lymphocyËes woul-d examÍne or

monitor circulatíng lymphocytes and upon detectíon of 1-ynphocyËes that

could react r¿fth self components, they ¡vould produce antíbodies to these
i.'i
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Lynphocytes. These anti rg antibodfes woul-d result Ín abortfve

dLfferentiation to a sterile blast cell-. This surface Ag-Ab complex would

inftiate a second phase of suppressor T cells that r¡oul-d prevent the

further developnent of these clones. However, t.his.does not explain why

antí ¡ anËibodies ¡.rhÍch also resul-t in a steril-e bl-ast ceLl- do not

appear to generaÈe suppressor cel-Ls. These'models have served to gfve some

insight into the compLexÍty of the reguLatory neÈwork thaË results Ín the

dífferenËÍation and. c1ona1 expansÍon of the lynphoíd cells desËíned t,o

secrete Ig.

'II. Ontogenesis of the B Lr¡mphoóvte3

(a) AntÍ u PanspecÍfic Suppressiono

The anti rg reagents have been a powerful tool Ín defÍning Ëhe

ontogenesís of the B l-ynphocyte. Most of the theories are based on Ëhe

observatíon that anti u antíbodies chronically adrnínistered to neonatal mice

and chíckens can affect all classes of inmunoglobulins in the adult (13114,

15116). If antir¡ ís ínjected into 13 day o1d chicken embryos and Ëhe chicken Ís

bursecËomízed at hatchÍ-ng, the bírd ís rendered. agarmaglobulineuric. The

injectÍon of ant,i p Abts at bÍrth followed by cootinuous weekLy inject,ions

the díminished capacíËy of the anírnal to produce IgM, IgGwtl1 resurt ín the díminished capacíËy of the anírnal to produc

and IgA and ¡"¡i11 result Ín littIe or no Ab response to a variety of antigens.

Antf ¡rrs panspecific effect can be besË explaÍned by the presence oÍ. a y
bearíng precursor cell for all 1Ínes of rg producÍng cells. This fs

, supported by Vítettars (5) observatlon that ¡r chains comprfse sone 90-952

of the heavy chaíns recovered. fron the surface of mouse sp1-een l¡rurphocyËes.

Another sÈudy (16), shonred that the number of spLeen cel-ls that could be

detected ¡sith radLolabelled anti ¡ was as great as the number detected ¡vith

Labelled antl kappa, the latter representing practtcally the total number
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of cells bearing surface Ig.

(b) Coopeis Theorv of B Cell Development

SeveraL authors (53154155) suggest Ëhat B cel1 dífferentiaËÍon Ís a

dfscontÍnuous prqcess dÍvisible ínto two.major stages. The first stage.involves
the generaÈíon of nultiple clones of B ce1ls from stem cells of haematogenous : '.,,r;...,

orígÍn' rn the chicken, this stage occurs in the specific mÍcroenvÍronment

of the bursa. rn mammals there is no bursa equivalenË, thus the exact
place of the generatíon of these clones is unknown. The fírst stage resuLts ;i:..;.J:..'

-::ín the production of large numbers of B cel1 clones, i.e. celrs which 
i,,,.i.,,.,._
iexpress a single paÍr of v-regÍon genes, which are prepared for a long i

journey ín search of anËigens r¿íth reserve energy for the synthesis and

secretíon of Ab. rt ís postulated that the diversiËy of rg classes origínates
from an intraclonal switch of rgM to rgG and rgA whÍch are then expressed

on Ëhe cell- surfaces. After a number of divísions, Ëhe switch i-nvolves

repression of the gene for the c ¡ region and derepression of the gene for
the c y regÍon whÍch occurs índependentr-y of any alteratíon in the

expression of V-regÍon gene producÈs.

There are several pÍeces of evidence that, support the ontogenetic

seguence of IgM-åI8HI8A. ExaninatÍon of the IgM and IgG myeloma proteins
i. t,rt:, '-,

Produced by dífferent cells in the same patíent showed thaù the L chain ¡,'..'.:,:

N-terminal amÍno acid sequence lüere identical (56). Also, rabbÍt celLs

engaged in IgG synthesis were observed to have IgM on theír surface(55).
Moreover, as nentíoned previously, treatment of mÍce with anti IgM antibodies ,'',' ' ,,"''

fron birth to maturity significantly suppressed the developuent of rgM,

IgG and IgA producing cells.

The second stage begins with the conmitted precursor contact r{ith
the appropriaÈe antÍgen. This fnduces Ëhe cells to proliferate to forn

-15-



' ,:, ':t :: {

germinal centres

to expand ínto a

by helper T celLs

Ab.

todffferent'1at'efntoAbproduclngp1asmace1]-sand

pool 0f memory cells. These steps cour.d be further modur-ated

or gl-ass adherent cells (nacrophages) and/or cÍrculating

IÙarner and PÍerce (55157) have proposed a model of B cell developnent
that does not ínvolve a sequentíal developnent of ceLl-s, Í.e. IgM-+IgG-¡IgA
(see Fig.V).

Fig.v. (ss¡ A hemaËopoieríc stem celr_ (H) differentÍates
to a B Jymphocyre havíng IgM receptors (lÍght
chain L and heavy chain u). Antigenic (Ag)

sËimulatíon of the B cel1s Leads to some

IgM rel_ease and to actívation of oÈher

heavy chaín genes (l *). This pruiiþoùenríâf.- (pB)

ecËivaËed B cel1 differentiates furËher into
either a IgM, IgA or IgG secrering plasma cell (pC).tL

,,.,"9.,"-'9 o* ÐO<;;
stem celt J

I

o
'[,

I
@
,JU
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The nodel postulates the existence of a pluripotential B cerl- and

several studies conffrm the presence of B cells ¡vith nultfple heavy chains,
l'e' antfgl-obul-in stímulatlon (158), inhibítlon of rosette formíng ceLls
(23r30) and ÍnhibitÍon of dírecr globulin staining rests (6). The fÍnar_

transiÈÍon t,o plasma cel-l has been shown to ínvolve the loss of the B

cel-L surface antÍgenic markers (60), the l-oss of the cytophilÍc receptor
for the Fc of Ie (55) and the acquísítíon of the pc_l isoantÍgen sysrem (61).

(d)

Manning (14) has proposed another theory that contradicËs cooperrs
Ëheory of seguentíal B cel-l development (see Fig.Vr). He reasoned that if
rgA formíng ceL1s are derÍved from rgG forning cèlrs Ëhen ínjection of
antl rgG Ínto newborn mÍce should ínhibit productÍon of both rgG and rgA.
Thi's was not observed experÍmentally as anti rgG had no ,effect on rgA
producËion suggesËing that celLs bearÍng rgG receptors are not the precursors
of rgA producíng cells. consequentLy, Manning proposed the separate

developnent of the IgM, IgA and rgG bearing cells -froui a coí,nncin IgM beaú"íríg 
,

stem cell pool, thus accounting for Ëhe panspecífíc effect of anti ¡r and

the specifÍc suppressÍve effeets of the other crasses, í.e. anti rgA

suppresses only rgA and anti rgG suppresses only rgG responses.

Fíg.VI. (16) Manníng and Jutil_ars Theory of B

Devel-opment.

o
-L7-

Ce11

o'o ,

O'- OËå=-+,.,

Q"" -
rgM__)

rgM
'IsM"-____*IgM

fng and JutÍl_ars Theorv on B Cell DeveloÞment.

Stem



(e) 
.

(f) stte of B cer-l devel0pment. The dlfferent moder.s proposed to
explaÍn B cerr. differentiation demonstraËe the deflciencres of our
understanding. The síte of B cel1 devel0pment ín mammals 1s sllll
controversÍal. several tÍssues have been considered to be the central
lynphoid organ anal0gous to the bursa of Fabrícius Ín birds. Bone marrow,
spleen, appendÍx and íntestÍna1 lymphoepiËhelial have also been examÍned,
as areas of B cer-r- ínductlon. However, evid.euce to date has been
inconcl-usive and it is stílr- not known Íf B cer-r- development occurs Ín a
centraL site or in a varÍety of sites.

(tt) . ifr. factors rhar induce B celL
character are also unknown. Locally produced factors, hormones or
accessory cells (T) nay al-l play a role Íh'ihe transformation from 

"a",cel1 to rg carryÍng cell. rt has, however, been observed. that B ce11s
with surface rgG develop Ín,,media free of exogenous antÍgens as well as
they do in medía contaíning antigenÍc nateiiiai, e.g. calf serr¡m proteíns
(62) ' Thís suggesËs that B cell prograrnrning is able to operate ¡sithout
PronPtÍng from the external envÍronment. Thus, \he dÍfferentiati-on of stem
cells Ínto a diverse popul-ation of B ce1ls would follow an orderry program
encoded Ín the genes.

partially resolved is the relaËionship between the rg cJ-ass of the receptor
for 'A'g and the secreted Ab. The clonal selectfon theory postulates that
the receptor rg is identical to the Ab ultfrnately secreted by the progeny
of these pïecursor cells fn terms of specifÍcity, arloÈype and inmuno_
globulin class (63164). ït fs dlfflcult ro reconcile this statement wÍth
observatfon of frsuperadditfonrf in studies on RFC inhfbltfon (23r30) and

i...,1,. j.1,:.,': :ii:.,

1..'.-.

i. ,. _.:. .: . :;:
i: :i::::r-.
,: ;:: :. _, - -.-_

(ífi) 
. only
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Èhe abillty of anËÍ p antibodres to suppress rgG pFc response (25rs7).

(i") Ag d.p""a.""" of r .,, There Ís much conflíct,
whether the receptor sl,ritch ís Ag dependent or Índependent. Although antf

F suppressed rgM and rgG responses in vrtro, rgc r._:3:nses r,,'ere not
suppressed Íf anti ,r sras gíven followlng Ag prining Ín vivo (57).

Another sËudy (65) showed that 69"/. of ABC in unprírned mice have ¡r
receptors whíIe - and y receptor bearíng A3c shorv an increase upon

inmunization. The most drnmatic change Ín ABC receptors.occurs wiËh rgG,

ABC reeept,or, Í.e. fron 0.2Á to 92. However, other data has shown

that the proportíon of l,, y and * bearing B ce1ls is síníl_ar Ín germ free
and conventional- mice. Thus, the dependeriby or independeney of the receptor
switch on anËÍgenic stÍmulation is noÈ generall-y agreed upon.

(v) Rg]9,.-of T çel.ls' The role of T.cells ín rhe developmenr of B ce1ls
has not been fu1ly clarÍfied yeË. rt was suggested that T cells may function
in modulaËíng or initÍatíng Ëhe ïeceptor switch. However, the observation

thet deÌeloqpgnç of- B. cells wíth each rg class is possÍbl-e ín athynic
nfce (L6) and humans (67) suggests that T ceLls are not a prerequísiÈe.

Further anal-ysis of rg levels Ín nude mice (53rÍg) 
"rgg.st rhat rgM

synthesís and secretÍon ís thymus independent whereas rgG, and rgA are
hÍghly thymus dependenr and rgG, is facilÍtated by the thymus but has no

absolute thymus requirement.

Many antígens have been shov¡n to activaËe B cell-s to secrete Ab

onl-y when specifíc T cells are assÍsting. rn some,cases where thynus

deprfved míce make a definite buË moïe meager ïesponse than lnt,acË

anÍnals, the rgG response is always depressed to a greater extent than

the rgM suggestÍng that the development of an rgG response is more

dependent than the rgM response (53). Thls ts fn agreement wfËh the

on

I :ì.:: ' r

l

:'- :rj,
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observed Ig levels 1n nude mÍce.

A study (69) on the response of CaH.S!{ mice to the branched chaín

poJ-ymer of poly-L-(Tyr-Glu)-poly D,L-AJ-a-pol-y-D-L-Lys(TG,AL) suggests

that T cel1s rnay influence the switch of IgM bearing celIs to IgG. The

C^H.SI{ mice respond to Ëhís po1-yner with Ëhe production of IgM and IgG :ì:',,::.1
J ;':.:;,,::'

antÍbody whil-e the thynus deprived CaH.SI^l nice nake an essenLÍally

' normal IgM response, buË LitËle íf any Ab of the IgG class. Thus, Ëhe

IgG response Ëo thís Ag at least seems Ëo be dependent on T cells' 
:1.,:,.,.., :,

Mice defícÍenË in T cell-s can make a response almost equfval-ent i""'""

tat of an intact II pneumococcal pol-ysaccharide ::,''t,':,:,.. tO that of an intact mouse to type III pneumococcal Polysaccnall-de ,:.:::...:..1::

(SIII) (70). However, the bulk of the response in the T depríved animal ''

Ís IgM suggesting that a T cell- ínfluence is necessary for the emergence 
i

i- - *-,- of the IgG secreËing cel1. The observatÍon. (71-).,tha-t T deprived mice -..".---, =l

"an 
generate a sma1l IgG response to SIII suggests thaË T cells nay p1-ay 

i

:

, " rol-e in the prol-íferatíon of the IgG bearing cel-ls rather than 
i

i 
inítíating the switch of B cell- recepËors.,-Ilo¡rrever,r several- auLtrors jJ''::.¡:'I'. +-j.

( Lg4rLgs) have shown Ëhat SIII fails Èo el-Íci.t much of an IgG resPonse j

even Ín normal anÍnals suggesLÍng that this polymeric nonprotein Ag ís

-t"': êxtremely poor Ín elÍcitíng helper T ce1ls even when Ëhey are avail-able ,.,,.,,t,,,..,:

he IgG :.:i..',t, 
'rThus, SIII is a poor Ag to exanine T dependence or Índependence of L 

::.,.;:.,:.,,1

response.

Kishinotots süudíes (72) on the response to DNP- Ascarís suggest

extensive regulaËion of hapten specific (B) cells by carrier specific T

cells. I{hen he prímed the animals with carrier ìOta> onlyrhe found

Ëhat lymph node cells formed IgG antibody whereas lymph node cel-ls

from animals primed wÍth hapten and carrÍer (DNP-ASC) formed more IgM

than IgT anËÍbody. Thts suggests that in some way T cel-ls have

. i:--:l:.-:.-:
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accelerated the shift of IgM precursor to IgG producer.

Grumet (73) confirms these observatfons r¿1th hls study on the Ab

response of genetJ.call-y hígh and low responders to synthetfc peptide

anËigens. Both strains produced a brlsk IgM response after prlrnary

in¡munizatíon. However, wiËh a secondary challenge, only hígh responders

produced a hígh títer of IgG Ab. MitcheLl (74) has shor.m thaÈ thymectomy

of hígh responders abated the secondary IgG.

Kishimoto also showed that the optimal antígen concentratíon

required for maximal- Ab formaËÍon decreased when donors rüere pre-

Lmmunízed wiËh free carríer. This Ínplies that carríer specific helper

cel-l-s were Ínvol-ved in the emergence or sel-ectíve prol-íferatÍon of

hapten specific memory cell-s (B) bearíng hígh affÍniËy receptors. Thus,

-Kishinoto concl-uded that the funciion of T'cêlIs"in'Ab foniatíön Ís not'

just to íncrease Ëhe quantÍty of Ab produced by B cel1 progeny but also

to regulate the class dÍstribution and affiníty of Ab through the

eiêrtíon of some selective pressure on thá fenåration of B memory cell-s.

There are Ab responses that have been shovm to be compl-etely

índependent of the presence. of T cel-l-s¡ ê.g. the.Ab responses Ëo Ficoll

(75). That anËÍbody respon'ses to some Agts are regulated by T,cel-ls

and responses Ëo other Agrs are not is a further complication Ín the

proposed regulat,ory rol-e of T cell-s. If T cel-ls are not mediaËíng

regulatíon Ín some Ab responses, the question aríses as Ëo whaË factors

are responsíble for regulatíng the quantíty of Ab produced, Ab cl-ass

dLstrlbution and Ab affinÍties Ín T-independent responses. Thus, the role

of T cells in the swlËch of Ig receptors on B celLs and in the developmenÈ

of Ig secretíng cells is complex and deserves much more study.

. (f) Species Variabll-ltv ln B Cell Developrnent.
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A great deaL of cautlon shoul-d be exercized in generallzing

from the results on B cel-L development based on chicken and mouse

studies because of the confllcting data found Ín various species. A

major difference between mouse and guinea,plg studies ís .that the major
i..,:-:::

fraction of Ag bínding ce1ls ín the adult uninmunj-zed gufnea pig possess i.,,t,:,,::

surface Ig of t]ne TEG, class (76), whereas the majority of ABC Ín the

mouse possess surface Ig of the IgM class.
i.,.: ,.: ;,';

of B cells in the guinea pig. Thus, ít is unlikely Ëhat the sequenËial

ontogeny of B cel-l- l-Ínes (rgu-+rgc-+rgA) proposed by cooper and Kincade

(54), which ís based on studies ín the mouse, can be generaLízed to a1l-

specíes. In addition, sËudÍes in mice, whÍch suggest that the IgM

molecule is the primordíal surface receptor cannot be generalízed to

the human case. Pernis (77) has shown that IgD occurs first on tfr"

surface of lymphoid cel-l-s ín hunans and is probably Ëhe primordial
i

recepËor on human B cells. It was later shown that there is al-so an ttlgDtt 
i
j

like noLecule on murine lynphoid cells which occurs after the presence ]

of IgM (78). Several authors have proposed an addítíonal recepÈor swiËch l

on mouse B ce1ls fron IgM to IgD (78,79).

I. Nature of the T Cel1 Receptor3

Anti Ig reagenÈs have been extensively used to ínvestigate the

nature of the T ce1l receptor. The specificíty of the ceLl mediated,

Ínrmune phenomena inrplies that there fs recognition by T ce11-s but the

receptor for this funcËÍon has not yet been establlshed.

(a) InhibÍtion of T Cel1 FuncËlon.

(i) Delayed hypersenslÈivÍÈy. DeJ-ayed hypersensiÈivity (DH) is

an fmmune Process medfated by T cell-s. DH responses fn bursectomized
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chl-ckens were inhlbited by rabblt antl IgM and antl IeG (80). Antl L

chain serum has been shown Ëo suppress Èhe classÍcal tuberculÍn type

of hypersensiÈ1vity. Greaves (81) has shown that antf L chain serum

can achieve al-most complete suppressíon of uiÍËogeníc TesPonses of sensÍtÍve

human lymphocytes to PPD. Antí.L chain Ab-Íncubated wíth mouse lynphocyËes

sensiËized to DUPTOCSA; inhíbitêd DII when Ëransferred Ëo irradiaÈed syngeneic

recipienËs (82). Ilo!üever, antí L chaín serum treaÈment of mouse T cel-l-s

sensiËized to polyn etízed f1-age1-i-inr rüas shotm not to inhibit the adoptive

transfer of DII (1-96).
' --'.:

(íi) Graft-versus-host dísease. Graft-versus-host (GVII) is another -- ..-.---..-l'''''

refl-ection of T cell- activity. Ivanyi (86) found thaË preincubaÈion of

lynphocytes ín vitro wiËh anti whole.Ig serum did not Ínhíbit the abílity.'.

of the lynphocytes Ëo índuce eiËher cutaneous reacüions when injected ínËo

4 day old F, recipÍenËs or splenomegaly when injected ínËo 15 day old

embryos. Anti L chain and anti rr antibodies were unable to ÍnhÍbit Ëhe

abíl-ity of 1-ynphocytes Ëo Índuce embryoníc spLenomegaly in chíckens (133).

Warner was also unabl-e to ínhibit GVII reacÈions ín chíckens (87) and in

nice (82) by pretreatÍng cel-l-s with anËi L chaÍil serum.

Ilowever, severaL other sËudíes (83r84r85) have indicated thaË pre-

treatment of mouse J-yrnphocytes with ant,isera to whole Ig or ganma

globulin fractions did ÍnhibÍË GVII splenomegaly. Mason and lüarner (82rL2L)

found that although pretreatment,of mouse-splenocytes l¡iËh anti L chaÍn

serum resu1ted Ín reduced or aboll-shed splenonegal-y in F, hVbríd recÍpientg

none of the anti heavy chain sera (anti ¡r, anticc, anti Y, or anÈí Y2)

¡sere able to supPress GVII. thus, the data on the effects of anË1 Ig sera on

GVII reactlons are confllctLng, buÈ do suggest that ln some cases anti L chafn

sera can lnhibtt GVII reacËions.
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(üi) lfixed l-vmphocvÈe reacË1v1tv. The mLxed l-¡rmphoeyte reactl-vlty

(ìff,R) is anoËher índfcatlon of T cell reactÍvity. The effects of antt Ig

serum on MLR are contradictory as some studies (1Or89 rLi]O) have shown

lnhibftlon of MLR by pretreatmenË of lymphocytes wíth anti Ig serr'm and

others have not (90).

(iv) Macrophage migration inhíbition. Marsman (91) has shown that

anti ¡tr anti y or anti - antíbodies did not ínhibit Ëhe migration of

nacrophages in his test sysLem. ThÍs suggests ËhaË this process is mediated

by 1-ymphocytes r¡hich do not seem to carry any surface heavy chain antíbody

(u,y, *) or the release of ínhibitory factors from lynphocytes Ís not

ínfl-uenced bY ítsr surface Ig.

(v) cvtgtoxic T l-vmphocyËes. The effects of antí Ig serum on the

activÍty''óf ttkillerrt cel-ls or cel1s responsíble for graft rejection have-- '

been exa,míned. l"lanning (28) found thaË mice suppressed with anti F or anti

Ig did not display decreased graft rejecLíon. SÍlverstein (92) demonsËrated

that allografted fetal sheep injecËed wiËh rabbÍt anti sheep 75 gamna

gl-obulin and anti 19s ganma globulin, rejected grafts at a raËe comparable

to controls. IË was also shown that chíckens bursectomízed aÏrd injected

¡vith antíf $¡ere stíl-l- conpetent to reject all-ografts or wattle skin (19)'

Two kínds of effector cells are generated when alJ-ogeneic spleen

cel-ls are Èransferred into a heavily irradiated recipienË - alloantibody

pl-aque formíng cell (PFC) and cytotoxic lymphocytes (CL) ' Anti J¡ was

shown to inhibit the PFC response but the activiÈy of the cytoËoxic lynpho-

cyËe was Índependent of thís and was not affecËed by Ëhe antÍ P serum (93)'

The lytlc activity of these cL has also been shown ln other studies to be

unaffected by antisera Lo varlous mouse rgrs (94r95). IË was also shown

that effector cells from mice presensitfzed 1n vivo againsÈ an allogenelc
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tumor showed no loss of cytotoxiclty for the targeÈ tllmor ln the

presence of anti c, anti Y or antl F Abts (95). Polyvalent anLi mouse

Ig serum was also unabl-e Ëo impaír anti tumor cyÈotoxic actlvity of

'^.\ ñ r r --- /ô?\ l^*¡¡a+*a+azl +Lr¡f fha' activated murine T ceLls (96). Feldman (97) demonstrated that the

abÍlíty of normal rat lynPhocytes Ëo recognize mouse flbroblasts,

ultímately become sensitízed to and 1-yze Ëhen in culËuret I'ras not

. impaÍred by Èhe Presence of rabbÍt anËi raË L or II chain serum'
.. t:

General-ly Ëhere are tÌIo kinds of cell medíated cytotoxicíty' (Dtc) 
'ì:i'it'"'::' : .' :,.i..t'.

and Ab dependenË lymphocyte mediated cytotoxicíty (ADIJC) not Ínvolving
cllL¡t''IrL LJuyLLvvJ i-...: -':::

)..... .-.

T cells (gg). The effector cell in Ëhe DLC sysËem has been shown to be l'.':";"'r'

a T cel-l (100), whereas the effecËor cell in the ADLC is thought to be

a K celI, a nonphagocyÈic cell of the myeloid or lymphoid series (191,

1021103). Anti Igserum was found to inhibit the cytotoxiciËy in rhe

ADLC system buË noÈ the direcË lynphocyte medÍated cytoËoxicity (104) '

(vi) Rosette formíng T cel-ls. The abílity of anËi Ig serum to inhíbit

uurÍne rosett,e forníng I cel-l-s has been reporËed by several workers

Greaves et al. (31) using 0 bearing cells'enríched to 857' by fí1-terÍng

prÍmed spleen cells through a cottonhtool columng shor¿ed Ëhat anti ü serum
|t;r,,,ri.:.

inhÍbÍted up to 857" of. Ëhe rosetËes. This suggests Ëhat innune T cells l. -t'.
i:;,;:..:, ¡:.

carry F or ¡r-l-ike deËerminants. However, other studies using congenie :::':: 
"

anti e to identify the T cel-ls have cast some doubt on the true T cel1

nature of the roseËtes (1-05) '
(víi) Helper T cel-ls. The effects of antl P serum on co-oPeratlng ;i:"rii:

T cerls have been examined Ín severaL systems. rn vitro LreaËment of 
iiì:;:'r";-

normal thymocytes with anËi rr did not inhibÍr Èheir abillty to co-operaÈe

wlth splenocytes from nude mice Ín an in vltro response to sheep

erythrocytes(106).Inanotherstudy(107)educatedspleencel]-stakenjl¡1¡:.::'.r.'.1r1,
j,:, ¡';:1¡,',.1:.i;
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from anti ,¡ treated mice were abl-e to provfde he1-per functlon rvhen reconsti-

tuted ln vitro r^rith nornal B cells. Pferce eË al-. (20) al-so showed that

,ou toill lymph node T cells Èo co-operate in cell cul-ture !ías nor,

affecËed by the ín vitro anti F treatment that severLy suppressed B cells.

These studies suggest that T ce1ls thaË medíate the

helper activity for B ceLls are unaffected by antÍ p treatment. Ilor,rever,

it has been claimed that the principal- target of antí L chain suppression

ln muríne cell cul-Ëures ís the hel-per T cel-l (los) . Thus, alËhough most

of the studÍes ínply that T cell-s do not have any surface rgM or rgG

some studies affirn thaË T cell-s have surface Light chaín determÍnants

or determinants that cross-react wÍth l,igþ¡ chains.

The effects of anti Ig on various functíons nediated by T cel1s

has gíven only índirect informaËíon on the nature of the T cell- receptor.

Thus, studíes r^iíth anËi Ig serum have not shed much iíght on the question

of the T cel-l- receptor except to suggest that the receptors on the

pop.ulation of T cel1s examÍned are noÊ conventional Ímmunoglobul-ín.

(b) Detection of T Surface Ig.

Studíes on the presence or absence of surface Ig on T ce1ls have

been confLícËíng. FLuoresceín (3r32) peroxÍdase ,rOÐ o. 125, labelled

antí Ig (110) have failed Ëo detect the presence of Ig on T cel-ls. On

the other hand, severaL studÍes (52rL25) have shom that T cells bear

Ig nolecul-es ín low but detectable number.

Marchalonís (11-4) r¿as abl-e to isoLate Ig from murfne and human

thymocytes. They covalently labe11-ed the cell surface proteín wÍth 125t

and then subsequentl-y fractionated and ídentified the protein. They

fdentiffed a protein wÍth a si:nilar electrophoretíc nobilÍty as

¡r and estimated that there rdas a mininr¡m of 400 moLecules per ce1l.
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Feldman (l-l-5) also found a 75 IgM fraction that derlved from

acËivated T cel-l-s which were able to co-operaËe 1n vitro with B cel-l-s.

Bankhurst (112) exanlned the abilÍty of thymocytes and t,horacic,

duct l-ymphocytes (TDt) Ëo be radíoiodínated with antí L chain Ab. NíneËy-

fivepercentoftheTDLwereshowntohaveËhe9markerandradioiodinated
,!,

antf L chain Ab l-abel-led L9"/" of the thymus cell-s and 50i4 of the TDL.

ThÍs suggests that thynocytes and immunocompetent (TDL) e bearing celts

express surface L chain Ig. .:, ,:.' :'
Studies with indírect fl-uorescence (11-6) reveal that peripheral :

I cel-ls coul-d be labe11ed wÍth polyvalent antiglobulin serum. However, 
¡,:
:

the strength of the bÍnding of the antÍglobu1in reagent to T cel1s díd 
i

not exceed that of normal rabbit sera by a very large factor. Ilowever,
i

the specíficíty of the,,reactj-on r^ras confírmed by sÍgníficanË, though ', 
I

incompl-ete bl-ockíng of the binding through removâl of antígIobuIin ' I

antibodies.TheobservationthatunderthesameconditionsBceI1sbind

100-400 Ëimes.more anËÍglobulín"than T*cells'may decrease 'the signíffg¿iiss'-r'Lr,'

of the bínding.

Anti Ig reagents have also been shown to.inhibíË T ce1l suicíde

by ínterferÍng with radioacÈive Ag bindíng Qgr52). Anti ¡r chaín serum

was found to be effect,ive ín blockÍng the bindíng of thyurus cel-l-s to
125r-1"b.11ed Ag (l-13). Roelants (LLl) r¡as abl-e Ëo prevenË Ëhe bindíng

of T ce11s to radioactively labelled 125, ,*O" by incubaËÍng them wíth

polyvalent rabbit ant,í mouse Ig label-led wlÊh fl-uorescein ÍsoLhiocyanate.

It was suggesËed thaÈ Ig associated with T cel-ls may be burled Ín

Ëhe membrane and out of the reach of antfglobul-in ssrurno Spleen cell-s

depleted of B cells and thymus cells were dÍsrupted by three different

methods, f.e. freeze-thaw, NP40, 9M urea-l-SM acetfc acid and examined

l

!: at,

ì',.:',: . a
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t,oxTgcontent(1-17).However'nosignlflcantreleaseoflgwasobserved

under these conditlons'

(i)?resenceoflightchaindeËerminaFÈ'AlÈhoughstudíeswith

antf Ig question Ëhe presence of a heavy chain g1-obu1-in on the surface

of T ce1-ls, oËÏrer studies suggest that T cel-ls may carry a L chaín

determinantox'adetermínantthaLcross-reacËswíthaLchaÍn(].]-8,119).

ManyímunefunctíonsmediaËedbylcel].shavebeenreportedtobe

hhíbited by antí L chain serum (82'87'1OB'1-20)-'

SeveralauthorshaveshownthaËpretreatmentofmousedonorcells

withrabbitarrt'lLchainserumsuppressed.cvrr,{illaseaSwel-lasthe

.u"n,,'"transferofDE.AntiLchainserumwasshovmtoachievealmost

compleË.esuppressíonofmÍtogenicresPonsesofsensitívehumanlrrnnhogvtes.-
noË gener aLLy agreed upon as two other groups

have failed to confirn Ëhis findíng (86'105)'

AntÍ L chaín serum was also shor^m:': 3-1:tU 
tO"

of T cel-l-s (52) ' They shor'red Ëhat írradiated animals

treated r¡Íth antí L chain Ab and 
1251-tt" responded

whereas those glven T cells exposed Ëo normal-'rabbit

faí1ed to do so'

Leslíe and Dutton (L22) found Ëhat the ability of norrnal spleen cells

to respond Ëo sheep erythrocyÈe antigen (snBc) can þs inhibiteday pre-

treatingËhecellswíthrabbitanËiLchaínSerumandcomplement.They(1-08)

alsoexaminedtheinvitroresponseEo2'4'6'trinitrophenyl(TNP)

coupledtoSRBCa¡rdfoundthatantiLchaínserumandcornpl-emenÈprevented

T celI help' IË is odd that T cell-s can be iyzed by anti L chain

serunandcomplementwhereastheprecursorLoAbforningcellswerenot

inactivated. They did ffnd however' that the serum prevents the

t25r-o" índuced suicíde

receivíng T cel-ls

normallY to FIgG'

rgG antl 
125r-rtge
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fnductlon of an unresponslve state which occurs ¡shen B cell-s are

incubated with polyvalent hapten or non-lmmunogenefc carrier (r23).

The results of the above studies on T cell- surface Ig have Ëo be

examined critícally. The Ínhibitlon of T cêl-l function by anti L chaín

serum is an indírect test at best and the observaËÍon that antí L chain

serlm btnds to cells does not conclusívely prove Ëhat it is bíndÍng Ëo

1-íght chains.

The observaËíon that there ís some sequence homology between HLA

antigens and IgG (L24) supports thÍs suggestíon. Even if ít is

concl-usivel-y shown that there are f-ight chaíns on Ëhe T cel1 surface, proving

that this observed L chaín ís Ëhe acËual r.ä11 receptor or part of ít,

is another problem. The problen of examÍníng T cell surface receptors Ís

further conplicated by the pos'sibí1-íty of -steríc-hinderance. 
The L chain

may be in a position cl-ose enough to Ëhe actual- receptor to prevent, itst

access to Ag.

Some caution should be exercÍzed wÍ¿h 'stïaies thaË examine cel1

surface rgrs usíng Ab preparatíons to purified. myelomas. The ascític

fl-uíd preparations from which the varíous m¡¡elom? Igts are purifíed,

may contain addítional membrane fragment contamÍnanËs. If these

contamínants, are not removed in the Ig purifícatÍon procedure and used in

the ínmunízirrg pïeparation, addiÈional Ab specifÍcÍtíes coul-d be raised

Ëo cel-l surface determinants other than Ëhe desired Ig determinanËs.

Thus, the abiLity of anti L chaín serum Ëo bfnd to T cells or prevent

T ceLl functíon may be due to Abts raised to some oËher cell surface

determinant. Rash (Lg7) has suggested that mouse H-2 preparations may

conËain a polypeptfde chain homol-ogous to the hunan Se nicroglobulín a

lor.r MI,I proteln (11r600) whfch occurs ín bloLoglcal fluids (L98) and is

['. -i:,-i-j
i ::rt l
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presen¿ tn high concentrations on l-eukocyÈe surfaces (l-99). If antlbodLes . ¿s

a'T2-m-líke protein r,ihích exísË either free in the ascítÍc fl-uid or on membrane

surfaces have been raised, Ëhey may serfously alter the lnterpretatíon

of the previous sËudies. Antl ß-r-n Abrs have been shown to affect

human T cell functfon, i.e. inhibiË the MLR resPonse (200). Thus¡ the

results of the studies with anËi L chaÍn serum must be reexamÍned Ín víew

of the possible interference by anti ß-r-m Abts.

(c) AssocÍatíon of T Cel-l- Receptor rtríth HisËocompaËibílítv Antígens.

In the last few years there has been an explosíon of literature

suggesting that Ëhe H-2 gene comPlex associated Agrs are Ínvolved ín the

effective operation of the T cell- receptor for Ag. Several- authors (l-b9,

L25,L26|L27) 1nave been able to completel-y ínhíbíË murine T-ABC by

prefncubaËÍng them with anËí H:2 sêrum. Iloivever, Ín one of Ëhese sËudies

(1-25) it was found thaË anti IgM and antí L chaín sera partially blocked

T-ABC for (TC,-AL). The response of guinea píg T cell-s to speeífie Ag

was also abated in viËro by sera versus hisËocompaËíbí1-ÍËy ant,igens (128).

PretreaËment of t ."t* but notl of B cells with the Fab fragment of anËi

H-2 Ab pïotecËed them from the suicide effect oÞtained with radiolabelled

Lg (L29). 
,,,:

Another approach Ëo study the T cell receptoï was Lo exanÍne the ,.,

T cell producË. It seems unlíkely that the T cel-l- would produce a specífic

molecule different in terms of Ag recognitíon from the T cell recePËor.

Taussíg (130) isolated a non Ig antigen speciflc factor from primed T 
I

celLs which was capable of replacíng heLper T cells.i-n vitgo. He passed the *"di,,''

containing the factor through a Sepharose 48 colunn coupled to anti H-2
I

antfbodies. After transferring the resultanË material r+fËh BM and (TG-AI)

fnto lethally frradiated recÍpients, he found that the factor had been 
i.:
t''l
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. removed.

Further studies have indicated a posftive assocfation between the T

cell- receptor and the histoconpatibíI-íty Agts. The mixed lymphocyte

response (t"trR) and the ppD prol_iferatíve responses of human J-ymphocytes 
., ,:,, ..,fn vitro can be blocked by anËi HLA serum (1311132). GVH responses were also .,'...1 ,:,.r;:

shown to be ínhibited by alLoantÍbodies (1-33). The interactÍon of sensitized

T ce1ls with target cel-Ls occurs when at least one set of. H-2 anËigeníc

' specffíciËies is shared (L34r135). Co-operatÍon between T and B cells is ,,,,.,1',,
t,;,tt ,;'.'1;,:,:

genera11yeffectiveon1ybetç¡eensyrrgeneicorsemia].1ogeneicce11s(136)
t::.t-..:.--.-..-.

There has also been a Lot of work d.one to show that Ir genes can ínfluence i.,,,;t;':.t,it.

T cell response to a variety of antigens (137).

(d) Comparison of T and B Cell Receptors.
i

Several st,udies usíng 'anti histocouiþatibiLÍty (H-2) antisera have -' ' 
i
tt

. 
clearly delineated. some basic dífferences between Ëhe T and B cell- rec,epËor. 

i
ì

Anti H-2 serum was found to completely block the binding of TG-AL to T ce1ls i

i

but not to B cel-ls (125). In addÍtion, the authoís found thaË anti IgM j

could partíal-ly block the binding of naÍve and. educated T cel1s to (TG-AL) i

l¿hereas only anti IgG could bl-ock the B-ABC ín immunized míce. Hudson (96), :,:,. .

¡êêi f r'¡ R ¡or 1 A¿ 
i':t':ì't'ì.t'"'thus proposed that under some condit,ions specÍfíc B cell- derived Ig or 1.:,:,..1
i: ; ,,.:..::. .

even Tts natural Ab nay serve Èo stabi.l-ize interactíons beÈr.¡een antigen- ,,' ,..,:

and prinary T cell receptor. This nay explain why some authors have been

successful- ln inhibitÍng T-ABC wíth antÍ rg and oËhers have not.

Another difference between the T and B ceII receptor is reflecËed ',':,,:' ..¡::.-1.:., .i.-

in Ëhe vaiied condit,ions necessary Ëo lnduce T or B ceLl suicíde and Ag

bÍndlng. First T cells had to be lncubated at 37oC suggestÍng that some

netabollcal-ly actÍve step is necessary whereas B cell suicide can be

perforned entfrely in the cold. The necessity of metabol-fsm fs further 
ìi::,.:.:,: 

:,,:,:
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confirned Èhe ability of. azíde or díniËrophenol to prevent 125f-(TG-At)

induced suicide with T but noÈ B cells (L26). SpecÍfic adherance of T cells Ëo

fibroblast monolayers does noË occur at 4oC or in the presence of sodium a,zld,e

(138). The different condítj.ons needed to achieve B or T cell suicid.e may

refl-ect some basíc differences in the nature of Ëhe binding of T and B receptors

to antigen.

Another study (139) has shown that the number of T-ABC and B-ABC thaË are

detected ín an assay are greatly affected by Ëhe dose of anti.gen presented.

Antigen dÍlution affects the label density far more narkedly on T-ABC than

B-ABC suggesting thaË the avÍdity of the T ce1l receptor for antigen is both

lower and nore uníform than the B cel1 receptor.'tr{hether this èffect ís due

to an inherent property of the receptor, or Èo Ëhe nature of the T cell

memb'rane.''canno-tbeconc1ud.edfromthisexperiment..Ho'\¡Iever'.'theexperiment

does show that binding curves over a wide range of antígen concenËratíons

should be established in any of the binding studi-es in any valid observatj-ons

ar.3 to be made.

The nature of Ëhe T cell receptor is stÍll beíng hotly debated. There

are several distinct possíbilÍtíes open, í.e. (a) conventÍonal serum Ig class,

(b) new type of complete Ig synËhesÍzed only by f ".ff" 
(Iex), (c) an i.ncompl-eËe

molecule such as a 1-ight or heavy chain or V-region fragment of the light or

heavy chain, (d) H-2 associated antigen such as Ia antigens. Thus, reviews of

the work done on T cell receptors still leave open the critical question on

Ëhe ídentÍËy of Èhe T cel1 recepÈor. The role of the observed Ig on the

surface of T cells, in the event that they are shown not. to be functional

receptors is also unanswered.

J. Effect of Anti ¡l Treat*ent oq Tumor Gror¿th:

The effects of anËl p suppressÍon 1n mÍce have been ex¡rníned in

lt.:::)li:i

:.:-:i.-
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several- tumor nodel systems with interestÍng results. Manníng et, al. (140)

found that antl ¡ treated BArB/c mice were rendered refractory to 2.2 toso

doses of Friend leukemia virus and did not devel-op any signs of the

disease, 1:e. leukocytosís, spl-enomegaly or spleen focus formatíon. Since

It has been shor^rn that the target of the antí p Èreatment is the B cel1

(4r15r20) the above sÈudy confírms other findings that suggest that

the target of the Friend leukenia virus is a relatively differentÍated

I-ymphoíd cel-l líne (L4LrL4Z,L43)

In another system, Manning (L44) showed Ëhat BALB/C mice given.a

rigorous treatment of anti ¡r antÍbodies were rendered refractory to
subsequenË chall-enges with myelomas at doses that produced. Ëumors ín all
nÍce treated wíth normal- rabbít serum. The proËectíon offered was found

to be speêÍfíc, Í.e. antí p tréatnent preVented the -growth of IgM uryelo'ná

(MOPC-1048) and offered no protectÍon to the growrh of IgA myeloma (MOpC-

406). The sÊudy served to verify Ëhat tumor cell bound proÈeins are

servÍng as targets for Êhe irunune serum. However, contradÍctory effects
gtere turned up Ín the control- of serum rg level-s. AntÍ p treaËment

produced a stable loss of serum IgM and IgA as qell as offering protectÍon

agaínst the growth of IgM myeloma. Anti IgA treatment offered protection

to the gro!ùth of rgA myeloma buÈ -also allowed normal recovery of
serum Ig. IË Ís puzzLíng that large numbers of tumor cell-s deposited

subcutaneousl-y shoul-d be compl-etely suppressed while normal IgA producíng

cells are not suppressed although they are all under a suppressÍve

fnfluence aLl the tíme. This suggest,s that, eiËher there are separate

reguLatory mechanÍsms or tumor cells are inherently more sensiËíve to

antl Ig Ab than the normal cel-l types. Thus, further studies should be

carrfed out to clarify the Ínconsistencles observed fn the regulatory
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mechanisms of myeloma grolüth'

IthasbeenimpossibleËodatetosuppresstheserumlglevel.sof

adultmice.ThisisnoLunexpectedsíncetheseanimalshaveamuch

greaËerserumleve]-oflgthanner.rborns.ThisseruDlgwouldcombíne

wlthËhelgantibodiesandPreventítfrornreachingÈheinmunocompeËenË

cells. Hovrever, several sËudíes (L47rJ-48) have shown rhat anui rg

treatment may have some suppressive effecÈs in adulr rnice'

Reif(147)hasdemonstraËedthattheínjectÍonofrabbÍtantíserum

directed Ëoward. mouse rgG induces a smal-l, buË statistically significant

prolongat,ion of life in míce already devel-oping.trarrqplaqtaþle myel-omas' ... ,

ManningandJutí]-a(]-4s)shor¡edthat'youngadultmícetreatedwithantj-

¡ showed severe reductions (26-33 tines).,ii á":ib--o{V resOonse whel 
ln"t,

wereinjecËedwíÈhasíngledoseofsheepredb]-oodcell.Thus,al-though

theauËhorsIìTereunabletoeffectoverallsuppressionofantibodylevel-s'

tlreywereabletogetaninhibíËíonofc.].ones9h"|.hadnotbeencornmitted

(to SRSC) or possíbly prevented the recruiËnent of new clones'
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'. OBJECTIVE OF THE PRESENT INVESTIGATION
,

ÏhisstudyispartofanongoingProgramaÍnedatclarifyingthe

mechanisms which regulate T cel-l- mediated ínmune resPonses. There has - -"';:1,:¡.::

been consÍderable documenËatíon on the reguLaËory affects of T cel-..l-s on ::"::::::'

B cell_ dífferenriarion (145-152) and activíty (153-158) and on T cell-

mediated reacËions (159). Hor¿ever, we know very little about possible B

t',,.,-.

cell reguLation of T cell activity. (Dyninski (160) suggesËs that an 
i,-.;:,;¡.','.l
i:

accessory cell- with the characÈerisÈics of a B cell is necessary for a 
,:,.,,,:,,,1

MLR response. several- sËudÍes (I45-I46)..sgqg9-s-!-!13t B cell deríved Ig ;:r'r::.r::":

may inÈerfere wiËh T cel-1 recognitíon of tumor cells by coveríng up the 
;

I

antigenÍc siËes on the tumor cell. Berenbaum (211) obtained a prolongation j

j

of allograft survíval ín H-2inccmpaËible mice with injections of cycl-o- j

i

phosphamíde. preËreatement of mÍce (2L2) and guínea pigs (2L3) with cycl-o-
i

phosphanide before sensitiza1ion increased' the intensiËy and prolonged 
i

.contact sensítivÍËy reactions. TreaLment wíth cyclophosphamide has been i

i

shovmtoresu1Ëinadecreasedhumora1antibodyproducÈionandadep1etion

of B lymphocyte areas Ín Ëhe lynph nodes. ThÍs{suggests thaL thisphenomenon i.'.',,'
.t,.¡.,..,,,.:,

may be another example of B cell regulaËíon of r cell function' l 
',.,',,-,,i. i..- , -.:

The naËure of the T cell receptor is stíl1 conËroversial- but several )'::::::::':'

sLudies show that T cell-s have a sna1l amounL of Ig on their surface (52'

1-14'1].5'125).ThíssurfaceIgnayÏepresenÈtheTce1]-receptororiÈroay

be that the rg is B cell derived and funcÈÍons to stabil-Íze Lhe lnteraction ¡"';¡":''
1.,: ::: :::i_,'r:':

beÈween Ag and the priurary T cell recePÈor (l-61-). Ilowever' recent sËudies

(203,204)haveshownthatbothTandBcellscanbeprimedinvivofor

anfumuneresponsebyantiÍdiotypeanËibodies.Idlotypicantibodies

recognize deÈerminants on Ëhe variable reglon of Ig heavy chains' thust 
' ,,. ,'ii:rrt::.:
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these studies strongly suggest thaË the T cell receptor ís Ig. Horrever ,

the possibiJ-íËy that the T cell Ig i-s derived from the B cell- is not

elirninated Ín the studies.

The chronic treatment of newborn mice with anti ¡r serum results in

a strong suppression of the function of B cells and l-eaves apparenËly

unaffected most of the T cell medíated functions (see LiteraLure Revíew).

Thus, the anti F suppressed mouse offers an excellent. systen in which

to examine T cell- reacÈions Ín the absence of B cells or the antÍbodíes

that they produce. However, Ít shouLd be sÈressed that the irnportance of

the proposed regulatory functions of the B cel-l-s can be cLarÍfied only

íf Ít can be proven that anËÍ F Ëreatment suppresses totally B cell

functÍons and does not affect T ce1I function. 
.

l\lthough Ëhe long term objective'of this study Ís the examinatíon''"':i 1:. :-

of the regulation of T cell funct,ions by B cel1s or B cell products, the

specific aÍm of the investígations reported in this study was only to

establish íf the claímed suppressíve effeéËs'of antí ¡r ín newboin mice" .

could be reproduced in the B6AF, strain which is presentl-y being used ín

thÍs laboratory Ëo study several T cel1 mediated immune reactions. The

degree of suppression of B cell functions r,ras st,udíed r^ríth the measuremenÈ j:r::::::'

of circulating Ig by Írrmunoelectophoresis and Ouchterlony gel díffusion.

the abÍlity of Ëhe B cel-l- to make Ab upon SRBC challenge r¿as examined

by the. plaque forming ceJ-l assay. Quantitation of thyrnus dependenË (T)

and thymus independent (B) cells,was effected by a cytotoxic'assay empl-oying ;..,,, .,,,,.,..

anti e and RAMIg sera respect,ÍveIy.
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MATERIALS A}ID METIIODS

Chemical- and Bíochemical Materfals:

Radioactive chromium (51ct) was sup.plÍerl by. Arnersham, u.K. as

the sal-ine solut,ion of sodium chromate. Radfation r¿as counted ín a

wel-I- type ganma scintillation counter (Nucl-ear chlcago corp. , Des

Pl-aines, IllinoÍs) .

Agarose (Sea-Kem)_ was obtaÍned fron Maríne coll-oid, Inc., U.S.A.

Agar (Noble) was supplied by Difco LaboraËories' Detroit, u.s.A.

Freundts Conpl-ete AdjuvanL was also suppl-íed by Difco Laboratories.

Sephadex G-200 was obtained from Pharmacía Fíne Chemicals, Uppsala,

Sweden.

DEAE cellul-ose (Ce11ex D) was obtaíned ffon Bío:Rad l],"bot"Ëoríes,

Cãlifornia' U.S.A.

sepharose 4B was supplied by Pharmacia FÍne chemícals, uppsala,

Sweden.

Cyanogen bromide was supplied by MaËheson Col-eman, CincÍnnatÍr U.S'A'

Tissue Culture Plates: r

Microtiter p1-ates (V) were obtaíned from Cooke Laboratory

Products, Vírginia, U.S.A.

PlaËe Sealer:

Mlcrotíter plate sealers !üere supplied by cooke Laboratory

Products, Virginia' U.S.A.

Petrí Pl-aËes:

Sterll-e plastÍc Petri dishes (60 x 15 nm) I,tere supplied by

Fal-con Pl-astlcsr Becton-DÍckÍnson and Co., Mary1and, U'S:A'

Fetal Calf Serun:
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Fetal calf serum was purchased from GIBCO, Grand Island, N.y.

It was then heat inactivated aË 56oC for one hour.

Tissue Culture Media

Ilanks! Ba:l.anced Salt Sol-utíon Ìras prepared by reconstitutíng the

dehydrated salt mÍxËure r¡Íthout bÍcarbonate supplfed by GrBco. 0.01 M

N-2-Hydroxyethyl-pÍperazine-N-2 ethansulfonic acid (HEPES) (Calbiochen)

lras used as the buffering agent. The pH was adjusted to 7.1- and the solutÍon

tri1L be referred to as Hanksr-Hepes.

RPÙfi-l-640 wíth L-glutamÍne and without sodíum bicarbonate rüas

supplied by GIBCO. The dried powder r,ras reconsËiËuted with 1.0 M Hepes

and the pHwas adjusted to 7.2. Thus, the RPtrII nedíumlras used at a

7.2 pH and a 0.04 nolality.

Myel-omas:

Five BAI,B/C nyeJ-onas, MOPC-104E (IgM), MOPC-L4 (IgA), MOPC-214

(Igcr) , MoPc-195 (Iecr') and IICPC-I (reGr") were kíndJ-y suppl-ed by

Dr. B. Carter, Department of Inmunology, Uníversíty of Manitoba.

IrmunoeLectrophoretic Apparatus :

A Gelman electrophoresís chamber was used ¡,rith a Gelman

transisto rízed power supply for inrmunoelectrophoresÍs.

Columns:

Glass col-umns (2.4 x 35 cn) for DEAE celIulose and (2.5 x 100 cn)

for Sephadex G-200 ¡¡ere obtained from Pharnacia Fine Chenicals, Uppsala,

Sweden.

Complement:

Gufnea pÍg serum used as a source of complement nas supplied by

North American Laboratory Supplies, Gunton, Manit,oba" A1-1 subsequenÈ

absorptÍon procedures rrrere done at 4oC to minimize complement

i.::::.::

i._i':-:'
:.._ 1 : :
i,.-:-:-:
l: r .': i:::'
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inactÍvation. The serum r.ras dÍluted 1:4 with Hankst-Hepes and míxed

wíth agarose (Sea-Kern) at 4oC to absorb the natural anËi mouse

a¡rtÍbodies (175). The mixture was genËly rotated at 4oC for 30 minutes.

the agarose r4räs removed by centrifugation at 4oC'and the comptrement

was then divided into aIíquots and.stored at -70oC until used j-n Lhe ''.,1 '.

cyËotoxÍc assay. None of the aliquots were stored f,or longer than 2

months at-70oC. Lyophilized guinea pig complement was obtained from

Connaught Laborat,oríes, ToronËo, Ontario. ': :
i'-: ..: .. .

i'....',ì ..'

Mye'orna Protein 
i.,.:.,.:.,.

Fíve mgs of I-gM, IgGr", IgG2h, IgGl and IgGO were obtained as i'" '

reference proteins from LÍtton Bionetics, Maryl-and, U.S.A. The purity

oftheproteinshadbeenascertaínedby.-theSupp1íerbypo1yacry1amíde
i

ge1 eJ-ectrophoresis and agar ge1 diffusÍon against class specific 
i

antisera. The commercial proteins were obËaíned to be used as reference j

proteíns to confÍrm the idenËíty of the myeloma inmunoglobulÍns i

I

purifíed in the laboratory. 
i

Anírnals: i'r

(a) Mice. The followíng inbred sÈrains(listed r¿ith theír respectíve 1: ;:1-:;'::¡

E-2 genotyp.")r.t" purchased fron Jackson Laboratories, A(H-24),
Lrr-

c57BLl6 (H-2b), BArB/c (n-zd), AKR (n-zk) and c3H (H-2k).

(b) Rabbits. Nehr Zealand lfhite young adult rabbits r¡ere obtained 
,,,i.,.',,:,,,,,

from Canadian Breeding Laboratories, Montreal, Quebec.

Production of Mveloma Protein:

Five rnyeloma tumors (M0PC-104E, MOPC-L4, MOPC-214, HOPC, MOPC-195)

were obtaÍned in the frozen form, Í.e. -90oC. The víals ü¡ere quickly ; ,

. l.'..,','., ., -
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thawed and celL viablllty was examined by tryPan blue" Live (9 x tO6¡

cel-ls of each myeloma were injected separately subcutaneously fnto 5

BALB/C mice. Sol-id tumors r,¡ere removed from the nice abouÈ 1 month

laÈer. The tumors were ground up in a homoþenizer with a I mm clearance

and then passed through a sÈainless steel screen mesh. Ce1ls were

counted and examined for viabilíty in trypan blue. Tumor cells (g x fO6)

were i.njected intraperitoneally into 50 BAIB/C mice. Aliquot vÍals (1 nl)

r"." ,-,".d to pïeserve the various tumor l-ines in liquid nítrogen, i.e.

-90oC in the presence of. 7.52 DMSO. lfhen the mice had developed sufficient

amounts of ascitic fl-uids, they were trËapped'r daily for Ëhe fluid¡ Í.ê.

pressure exerted on the abdomen forced the fluid ouÈ of 18 gauge needles.

The ascitÍc fluid was then stored at -20oC unËíl subsequenË puríficaËion.

(a) Purification of Various Myeloma Cl-asses:

The following f1-ow díagram (Fig.VII) illustrates the purífication

procedure of the myelomá proËeins:

rgM

SAS/2 treatmenË ascític
fl-uid
I

diaLyzed versus 0.02 M

phosphate pH 8.0
I

DEAE column

ú
díalyzed versus 0.15 M

phosphaËe pH 8.0
I

G-200 coltmn
I

diaLyzed versus barbital-
buffer u=0.1 pH B;6

t
agar bLock el-ectrophoresis

I
diaLyzed versus phosphate
buffered safine pH 7.2

puríÈy .."Ju by ouchterlony and
Ínmunoel-ect rophores Ís

IgGrr tBGZ^r tEGZA

SLS/ 2 Ëreetment asciËic
, f ]-uid

.T
,-diaLyzed versus 0.15 M

phosphate pII 8.0
¿

G-200 colunm
T

diaLyzed versus barbiral
buffer u=0.1 pH 8.6

ù
agar block electrophoresisI

díaLyzed versus phosphaÈe
buffered saline (PBS) PH 7..2

ù
purity Èested by OuchterlonY and
immunoelec trophores is
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(b) Saturated Anrnonium Sul-fate TreatmenË:

SaÈurated ammonium sulfate v¡as added drop by drop in the cold

(¿oC) to an equaL volume of ascitic fluid whlch was befng s1owly

stlrred. The nixture r¡ras then left s1-ow1y st,írring overnighÈ. The

mfxture ruas then poured ínto plastic rounded non-lípped tubes and

centrÍfuged at 101000 rpm for 10 ruínuËes ín a refrigerated sorvall-

centrifuge usÍng a Sorvall SS-34 rotor. The precipitate rôras resuspended

ín normal- saline to the original volume and the precipítation procedure

wfth SAS/2 was repeated three times. The sanple vras then diaLyzed versus

0.L5 M phosphate buffer pH 8.0, wíth 6 changes every 5.hours.

(c) DEAE (ce11ex D) Colurnn Treatment:

DEAE (35 g) cellulose rrere activated r^ríth 1000 urls 0.5 N NaOII.

The mixture ï,ùas then r,rashed wÍth 10 l-iters of distilled ivaËer on a

Buchner funnel under negative pressure. It was then inactivated with

1000 nls 0.5 N HCI- for 15 mÍnutes and again washed !üith 10 liters of

dÍstilled !'Iater on a Buchner fuirnel-. The cellulose was again reactivated

by an overnÍght tïeatment of l-000 mls of 0.5 N NaOH and agaín nrashed

iri 4-6 liËers of disÈilleal \^rater on a Buchner funne]- rt was then washed
i,o:a,t ,,r',,with 0.02 Ùt phosphate and resuspended in it. The suspension was degassed ',''.:' ,

,:.-. ,:.--:j: :.1

in a hoÈ'water bath arrd s1o'..r1-y poured down Ëhe sÍde of a.2.4 x 35 cm ;'11",,' ,'.

column.

DEAE cellulose, because of lts ion exchange propertles can be used

to seParate IgM and IgG from a partíally purífied ascitic fluid preparation,

L.e. SAS/2 treated. DEAE cellulose ís negaËívely charged buË becomes

posftively charged if ít 1s prepared in a phosphate buffer pH 8.0. The rgG

molecule Ls less negatÍvel-y charged than IgM, thus 1t was not able to
::.,:_
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bfnd to Ëhe DEAE column as sËrong as the IgM. Hence, at a low nolaLfty,

i.e. 0.02 yI phosphate, IgM will bind to the DEAE and most of the IgG

will be unable to blnd and w111 be washed through the DEAE coLurn. The

addítíon of a second buffer with an increased ionic strength, í.e. 0.03 M

phosphate wÍl1 result ín the elution of IgM frorn the DEAE column. 'Ilowever, i,'t,

IBG, bínds more strongLy to the DEAE cok:mn.than IgG, and was ofËen found

" ; '" 
'' 

'::to contaminate the pooled, fracÈions containÍng IgM.

The col-r¡mn was loaded with 30 ngs of SAS/2 treated ascitic fluid

for every gram of DEAE cellulose in the column. The fírst buffer, i.e.

0.02 M phosphate, ÍIas used to elute the IgG component in the preparation.

Ihe eluate rilas collecËed in 4 nl fracËions by a LKB Ultrorac Fraction

Collector unËí1 the OD values of the fractions were less than 0.02. The

second buffer, i.e. 0.03 M phosphate was used to elute the IgM component

and 4 rn1 fractions r¡¡ere collected ín the same manner as Èhe IgG fractíons.

fhe IgM fracËions hrere then pool-ed and díalyzed against 0.15 M phosphate

buffer for subsequent purifícaËíon on Sephadex G-200. NaCl (2 M) was Èhen

run through the column to remove any materíal sti11 bound to Ëhe p¡Ag and the

column r¿as then washed exËensively with 0.02 Mþhospnate.

i...1 \.-....

(d) Sephadex G-200 Column:

A (2.5 x 100 crn) Pharmacia col-umn wiËh a bed volume of 502 cn3
tt

[V = hnr- = (100)(3.14)(1.25)- = 502] was used. One gram of dry Sephadex

was, used per 30-40 ml bed volume, thus, including a l0|Z excess, 23 grams

of dry Sephadex were hydrated Ín 900 rnl- of O.l-5 M phosphate buffer pH 
il;,
I

8.0. The gel was shaken ín the buffer and the fÍne particl-es r.qere

repeated1ydecantedoff,ensuríngahomogenouspartic1esize.Thege1was

p1acedÍnboi1ingv7atextodegasit.Thege1wass1ow1ypouredfntoa

Pharmacía column to avoid trapping air bubbles ln the slurry. The column ,..,
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rûas operated at 4oC and the packing pressure slas kept at a mlnimurn by

taÍsing the exit l-ine 10-16 cm down from Ëhe entrance. The column was

washed for several- days wiÈh the phosphate buffer and Ëhen 1.0 nl- of

0;12 blue dextran 2000 was added to measure Ëi¿e void volume of the

colr:rn and .Ëo examine the packing uniformity in the column. .-..

AJ-1- sampl-es were fÍrst concent,rated to 4 mls by membrane (P-30)

ultrafiltraËion before appl-ication to Ëhe G-200 colunn. The eluates !,Iere

col-lected in 4 ml- fracÈions by a LKB UlËrorac Fraction CollecËor. The

fractions conËaíning IgM, ,i.e. the fracËions excl-uded from the G-200

column, were pool-ed and dialyzed againsË barbÍtal buffer pH 8.6 Í.ot

further purifícaËion wj-th agar block electrophoresis.

(e) Agar Block El-ectrophoresiss

Ari agar bl-ock (25 x I cm) was prePared by solidifying 300 m1s

of O,85% Noble agar in barbital- buffer p=0.1 pII 8.6. Saran Ìsrap vlas

laid over Ëhe tray and the hot agar qlas Poured Ín and allowed to

solidÍfy. Two wicks made ouË of gauze hTere embedded aË both ends of Ëhe

.block 
and were held in pl-ace by the hardened gel. A trAnsversal agar

strÍp of. 7.75 x L cm T,üas cut out and the exposed. botËom was covered

with a snall amount of gel. The snall- Èrough was thén filled with

0.85% agar contaínÍng sample soluËion (5 ml L.7'Å agax * 5 ml sample).

CauËíon was taken to avoÍd ÍntroducÍng air bubbles r+hich could

affecË Ëhe elecËrophoreticmigration of sample components. A stable '

current (200 V, 1-00 ma) r¡as then applÍed across the bl-ock for about 24

hours (36 hours for IgM separatlon). After the electrophoresis, the agar

bl-ock was cut Ínto transversal striPs of I x 1 cm which were Ëhen puÈ

into numbered tubes and then subjected t,o freezing and thawfng three

tfmes to release the contained proteins. ,

lr::'
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-,.lheprotelncontentofthevarfousfractionswasdetermfnedby

ËheLowrytestbecausethebarblta]-bufferabsorbsat.2Bomuand

optícal-densitydeËerminatíonsvlouldbeinaccurate.Thepurityofthe

fracËions was furËher examined by Ouchterlony analysis'

lf) Lowry Test:

AserÍesoftubeshTeresetupusingvariousamountsofbovíne

serum albtmÍn (BSA) to establish a standard curve'

rube No. BSe tuÊ9$rl Hzo

(Vol-) (vol-)

0.5

0.4

a.2

0.0

111 i r.1' :.:

i :1 r...::

l ,,l i;1" I : '-'

i.--,':.

l-:-----------0.l-

2------------0.2

3------------0.4
!¡----'-------0 . 6

lhreem].sofLowryreagent,obtaínedbynixingl00mlsof0.1NNaoII
jrn2%Na,C0,with1mlof1%CuSooandlm]-ofL%EattxaËe'Ì.TaSadded

toeachËubeandt'henshaken.Tenminuteslater0.4nlofFo].ínreagenË

(lN) was added and the tubes were íncubated for 30 mínuËes"aË 37oC.

The optical density of the tubes was then read at 750 mp'

Ouchterlony Analysis:

Nobleagax(L7.)inboraËebuffero.o05MpIIB.0waspouredongl-ass

sl-ides(7.5x5.0cm).Aseriesofholes(1.5mníndianreÈer)were

punched between two sets of parallel Ëroughs on the same slíde as

demonstrated in figure bel-o¡u'

o o o oo o o

o o oo o o o
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Íhe eluates from each of the agar strips were placed in different

hol-es and various anLisera T.tere p1-aced in the troughs' Trhe slides

were then íncubated in moist chamber fot 24 hours and Ëhen washed

3 tímes Ín BBS. After a flnal wash in dístilled \'laÈer the slÍdes Idere

covered with strips of lintless paPer and allowed to dry at room

temperature. fhey were then stained fot a few mínutes in amido

black whÍch had been prepared wiÈh Ëhe fol-lowing maËeríalsz 2'O grams

amido black + 180 ml meËhanol- + 20 ml acetic acid. The slides lì7ere

then desËaíned in 211 aceËíc acid and again left to dry at room

temperature and ülere examined for precipitin lines l-ater'

ñoblè ag.ar (0.852) rfas prePared Ín'barbital buffer u=0.05 pH-'8'2 ""

and pourgd on glass slídes (2.5 x 7'5 cn) in a polystyrene frame to

which silicone grease had been app.lied-^E-o prevgnt the hot agar.. ÍIot .

seepíng under the slides. The frames l¡lere secured on a l-evel- table to

ensure an even distribution of the agar on the slides' A Gelman punch

was used to make a series of holes ín.rthe gel- and ühe material to Þe

el-ectrophoresed was added Ëo Lhe hol-es with a Pasteur pipette' Paper

fil-ter wícks soaked in the barbiËal buffer hrere puË aË each end of the

frame containing the slides. A drop of L"/" åitrirr" red was put on each

slide Ëo act as a visual marker during the qlectrophoretic Process. The

material to be electrophoresed was Ëhen subjected to 4so v' 50 ma for l-

hour. After electrophoresis, the Gelman punch rn¡as used to cut the

troughs out and the aPproprÍate antisera were added to the troughs with

a Pasteur pípette. The sl-ides were Ëhen incubated f'or L8'24 hours in a

molsÈ chamber to allow the development of precipitin bands. They were

then washed three times in BBS' one time in distilled r¡tater and then

i.:: : :

i: .,...
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covered wlth lintless paper stríps and aLlowed to dry at room

temperature. Ihe slides !'tere removed from Ëhelr ho1-ders, numbered and

stained in amido black for 3-5 minutes and then destained in 2%

acetic acíd.

Inmunizatíon of Rabbits:

Young adult Ner.r Zealand Ï,Ihite rabbits were immunízed with Ëhe

myeloma proteins purified in the l-aboraËory, i.e. IgM, T9GZ^, tg0Zb

and IBG'. The protein r¿as emulsified ín Freundrs Complete AdjuvanË (FCA)

by forcíng the mixËure beËween two syrínge barrels through an adaptor.

One rng of purified ímmunoglobulÍn was Ínjected Ín a one to orie ratío by

volume with the FCA ínto the four footpads and four j.ntradermal sites

on the back. The animals were boosËed tr¿o rnreeks laËer l.riËh 1 ng of the

same íu¡nunoglobul-in preparatíon inËo four subc,rf"rr"o,r" siËes on the back.

The animal-s were Ëhen test bled ten days 1-ater and their sera \iras

examÍned electrophoretícally and by Ouchterlony analysis. ïhe anímals

were subsequently bled every ten days and the serun \.ras prepared by

rímning the blood, lettÍng it stand for l- hour at 37oC and cenËrÍfuging

to coll-ect an optícally claear serum. The serum u¡as then stored at -20oC

until use.

Irmunoadsorbent Column PrepaFatíon i

Both direcË (Igc2a, IgGr) and indirect (anti LeGr^) Ímmunoadsorbent

coltmns r,¡ere prepared. Cyanogen bromide (1- gran) was sl-owly added to

30 nls distÍl-led water Ín the fr:rne hood. ThirËy m1s of packed Sepharose 48

hrere poured ínto the above solution and the pH was constantly adjusted to 11 by

2 N NaOH. The suspension was then washed \lÍth 500 mls of PBS Ín a Buehner

funnel- under negaÈive pressure ín the fume hood. The purÍfied protein

(90 mg) to be coupled to the Sepharose, r,ras added to the mlxture and
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stirred slowly at AoC for 24 hours. The Sepharose mixture was then poured

through a filter and the optical density of the fÍl-trate was examlned

to determine the amount of protein that did noÈ coupl-e to Ëhe Sepharose.

The Sepharose r¡ras then washed wíth 1.5 liÈers of. PBS on .a Buçhn.er funne|

and then put Ín a beaker with 140 mls of 0.1 M ethanolamíne for 30 minutes

ín the cold (4oC) to inactivate any free sites on the gel. The mixture r.qas

then washed wÍÈh 1 liter of PBS on a Buchner funnel úntíl the optical

densíty of the el-uaËe was less Ëhan 0.01. The solutíon was then washed

wÍth 400 mls 0.2 M glycine-HCl Èo remove the loosely bound proteín. The

Sepharose was again washed with PBS unËi-l Ëhe pII of the eluate was 7.2

and then poured inËo glass columns.

Dírect Plaque Forming Cell Assav:

The ability of anËi F treated B6AF1 nice to form an imnurre resPonse

to red sheep blood ce1ls (SRBC) was examíned by Jernet s direct p1-aque

forming cell assay. The anímals were given an Í¡traperíËoneal injecËíon

of 5 x t08 SRSC on day 0. Petri Plates (60 x 15 nrn) ü7ere pÏePáred with

'2.5 nls of O.B"/. gs¿ Kem agarose in phosphate buffered saline pH 7.2

solution and then stored at 4oC. Ihree days latqr the mice were killed

by cervical dislocation and ËheÍr spleens ldere removed and suspended ín

ice-cold Hankst Hepes supplemented with L0"Å fetal calf serum.

The spleens \^reïe homogenized with a homogenizer with a l- mm cl-earance

and the crude suspension rüas filtered through a stainl-ess steel- mesh

screen. The suspension rras allowed Ëo stand in ice for about 5 mÍnutes

to 1et the clumps settle. The c1-r:mp-free suspension rlas Èhen r'rashed once

in ice-cold llankst-Hepes (without FCS) and adjusted to Ëhe desÍred

concentrations. Three separate dilutions were made up for each spleen

cell- suspension. Pyrex gl-ass cul-ture tubes (13 x 100 mrn) were placed in
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a rack in a water bath at 46o¡r¿1th 0.4 ml-s of 2X Hankst-Hepes and 0'4 n1s

of 0.8% agarose made in distil-led water. Then 0.1 n1 of a 25% solution of

SRBCwasaddedtogrouPsofthreeÈubesatatime.Then0.lmlofa

slngle dílution of one of the spleen ce1l 'sus,:ensions'$Tas added to each-

of the three tubes. The tube r¿as rapidly shaken and the resul-tÍng mixture

üTaspouredonthepreviousJ-yprepared?etripl.ateswhíchcontained2.5mls

of o.87" agarose in PBS. The plates were lhen íncubaËed for 60 minutes at

36oC. Then 2 nl of a 1:10 dilutíon of guinea píg complemenË were added Ëo

each plate. The plates were agains incubated at 37oC f'or 30 minutes' fhe

guinea píg complement was then poured off and Ëhe .resul-tant 
pl-aques on the

p1aËes were eiËher counted innediateJ-y or the plates vlere stored aÈ 4oC

to be counLed Ëhe nexË day. The total cell- number of the spleen Ifas

determined wiËh a haemocytomeËer. Thus, Èhe number of plaques produced

by a known spl-een cell concentÏatíon Ì^7as exLrapolated to calculate the

number of plaques thaË the total spleen cel1 population would produce'

. i.ê. PFC/sPl-een.

Breeding Program:

Young A males and c57BL/6 f.emaLes l¡Iere obçaÍned from Jackson Laboratoríes'

1\ÀIenty-five p1-astic breedíng cages each including one A male maËed with Ëwo

CSTBL16 females úrere seü up. The míce were examined perÍodícal1-y and when

the females showed obvÍous signs of pregnancy the cages l¡Iere examined daily

to ensure the offspring were injected on Ëhe day oi their birth.

len A/J mice r'rere thymecËomízeð' by Tony llong' Lab' Technician'

Depargment, of Irrnunology and when recovery from the operation was completet

i.e. 3-4 r¿eeks later, the animals were lethally irradiated wÍth 900 rads' The

foL1-owing day the mice were reconstituted (iv) with 1 x l-06 syngeneie BM cells'

Some of the animals from this grouP were sacrfficed and a hLstol-ogical

Production of T ived Mousê, i.er 4T)(Blf Mouse:
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examination using seríal sections of the mediastinum of the animal- was . : :

performed by the llístology Department. Dr. SabbadinÍ e:ramlned the slides

and confirned the completeness of the thymectomy. Approxírnatel-y one month

from the day of the bone marrorlr reconstitution, the animals were sacrifÍced

and the numbers of T and B cel1s ín their spleen and lymph nodes were measured. 
,,,,,,,,,,.,

inthecytotoxicityassay,withantÍeandRAÞttgSerumrespecËive1y.

Suppressive TreaÈment :

Líttermates were designated as conËrol animalswhich received normal 
,,:,,.,,,:

rabbit serum, or experímental anÍma1s whích receíved rabbit anÈÍ u serum by 
':"'-"":"

toe markings. The conËrol anínals had the second toe on a front 1eg cut off .:,,.:,,

'antiiheeþeTimenta1anima1shadthesecond,'toe'-onaback1.eg-'cutoff.¿-'.A.

wíde range of suppressíve regÍues which altered the dose of anti u and the I

schedule of injection were ex¿rmined. AnËi p çerum that produced precip!.Êí4 þa4ds

r,rith 30 Ug/nl of purified IgM and nms diluted Iz32 in Ouchterlony dÍffusion

analysis, was diluted wíth PBS, i.e. !22, Lz4 ox 1:8. These various dilutíons

. ..-r{ere adn:Ínistered either on al,ternate day-s..or..every .5th .day f.rop Ëhe".,dg.y -of "- ,]
i

birth. The foJ-lowing sequence of inÈraperitoneal ínjectíons employing a 1:2 PBS 
I

i

dilution of anti ¡r represerits the mosÈ successful schedule for Ëhe suppression :

of serum Ig levels as determined by Írnmunoele.itophot"sís of the adult sera: i,',,', ¡,,,,,.,.
day0- 0.05mIs, day 2-0.06nls, day4-0.08nls, day 6- 0.10urls, day B- ',,.,',',','

' tll:r::::1:ll-

0.15 mls, day 10 - 0.20 rnls and then 0.20 nls every second day until day 40.

Antíbody Mediated Cytotoxicity Test:

The number of T and B cells in míce that had received the anËí ¡r i,i,-,_..,,.,.
ì :::-::-. :.1:'::

suppressive treaÈment ürere studied wíth the cytotoxic assay using iiri;'r-j: :r:';::

chromium Sf (51c=) labelled cells. ïhe ¡nice r,rere killed by cervical

dÍslocation and their spleen and lyurph nodes r¿ere removed.. Spleen cell
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susPensions ÌIere freed of red blood cel-l-s wlth trÍs buffered NH,Cl (2OL)
q

and washed tr^rÍce Ín Hanks t Hepes.

(a) Labelling of Target Cells:

RadioactÍve chromíum was added to washed lymph node and spleen

suspensions. chromium nas added tn the raÈio of 2oo uci per I x 107

spleen cel-Ls and 250 pci per 1 x 1-07 lymph node cel-l-s. The mixture (L nl)
fn Falcon round bott,om platic tubes (l-7 x 100 mn), r{as íncubated at 37oC

tor 45 mínuËes wíth occasional- agitation. The cells were then washed

five tÍmes wÍth Ëhe medíum (Hankst-Hepes) and the concentration was adjusËed

to l- x tO6 nt for use in microÈiter V-shaped plates.

(b) ProducËion of RAMIg Serr¡m:

Rabbit anti mouse rgGrr TgGz", rgG2b, rgA and ïgM which had been

heat ínactivated aË 56oc for 30 minuËes r^iefe uríxéd,íri-equal proportions

to make a polyvalent, rabbiË anËÍ mouse Ig serum.

(c) AKR Anti CrH Theta Serurn:

Thymuses from twenty young CrH mÍce weré'ðòliected. These Ìrere then

injected inËraperitoneally into síxËy AKR mice, about 3 x 107

cell-s Per mouse. After a period of 4 weeks Ëhe mice were injected once a

week for fÍve weeks in the same manner as the fírst Ínjectíon. O." r".k
after the fínal injection the mice.$¡ere bl-ed and the sera were pooled and

heat ÍnactÍvaËed aË 56oC for 30 minutes. The serun was then stored at

-7OoC until use. A high titered anti ê serum, whíeh Ìqas necessary for the

l-ysfs of perípheral T lymphocyËes in the cytotoxíc assay, r{as obtained

fro¡n this exËended ÍmmunÍzatíon schedule.

(d) Rabbit Anti Mouse Lymphocyte Sera (RAMLS):

1
On day 0, 2.5 x 10' mouse spLeen and lfnph node cells Ì^rere injected

fn a l-:1 volurne ratfo with Freundrs Complete AdJuvant Ínto the four foot-
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pads of a New zeaLandrfhite rabbit. on day 28, 29, and 30 2'5 x L07

]-ymphocyteslùereadminf.steredbyanint'ravenousinjection.Aftera

period of 7 days the animal was bled and Ëhe sera tTas stored at -70oc

wrúil used. rhe serum lras not absorbed , th.us, Ít r¿as noL specífig for

lyxophocytes.

(e)

the 1\üo-steP Assay:

Micro-tissueculËureplateswithV-shapedl¡ellsandholdinga

¡naximum of 0.3 ml r¿ere used. Dupl-icates of xenoanËisera and alloantisera

wereseriall-ydil-utedintwo-foj-ddi]-utionsin0.lnlofHanksl-Hepes.To

each well, 0.r ml- of 1 x 1-05 
51ct-l-"b.11ed cel-ls was added using an oxford

sampler. The plates ïdere then covered wi,th a microtíter plaËe sealer and

'-'ri: - ta and cell-s' Íhe PlaËesgenÈly agiiated to ensure adequate mixing of se

¡vere incubated at eíther 37oC for 30 minutes in some experiments or aË

.4oC for 60 minutes in other experimenLs. They were then spun aE 250 g

I.

for 10 minutes. A portíon (0.15 nl-) of Èhe supernaÈant was removed r+íËh

a pipetternan variable volume sampler and 0.1-5 nl of guinea pig cornplement

(G?c)'atanappropriaËelytestedconcentratioq,wasaddedtothewel]-s.

Ïhecontrolwellshadcel].sandG?Calone,cel]-sandanËiseraaloneand

cellsandmediumalone.Thepl-atestlerethenagainagitatedtodÍspqrse

the pellet and íncubaËed aË 37oC for 30 minutes. The plaËes were Èhen

sPunat250gforl0minutesand0.lrnlofthesupernatafit\,Ùasremovedfron

each well with an oxford sampler and put into (13 x l-00 mn) Falcon glass

culturecountÍngËubes.TheradioacËivit'ywasthencountedfor]-minute

wfth a well-type gama scintillation cou¡rËer'

t:
i,:

l-' -:; r'
' i...

: ..'..'

(f) TÍËration of XenoanËisera (RAl'lIg) and'AlloantÍsera
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V-shaped micro-tlssue culture plates holdíng a rnaximun of 0.3 ml-

were used. Xenoantisera and alloantÍsera uere two-fold serially di1-uted.

in 0.1 ml- volumes with Hanks'-Hepes. 
51at labelled cel-ls (0.05 n1s with

1 x l-06 cells) were added to each welL with an Oxfgr.p, sampler' A previousl-y

determined, maximal concenËration of agarose absorbed GPC (0.05 mls) was

added to Lhe r,¡ells after l-ettÍng the plate stand for l-5 minuLes at room

temperature. The plates were sealed wÍth microÈíter p1-aËe seal-ers,

genËly agitated td ensure maximal- mixíng and then íncubated at 37oC for

60 mÍnutes. they were then spun at 250 g for 10 mínuËes and 0.1 ml-s of

the supernatant I¡Ias removed wíth an Oxford sampler and 'put ín culLure

tubes Èo be counËed. The released radíoacËivity I¡Ias counËed for 1 mínuËe

per tu-be wíËh a well-type gamna scíntíllaLion counter.

(e) Calculâtio@:

cytoËoxicity was cal-culated according Ëo the formul-a:

= E-C- -r where

R -c
L00

.a
L = corrected percent lYsis.

E.= counts in the supernatant of experinental welLs.

C = counËs in the suPernaËant of the control well-s. The control-

values, derÍved from the Íncubation of the target cell-s and

guinea pÍg conplemenË, rì7ere recorded as the mean value of

cpn triPlícates.

R1O0 = 1002 releasable radioactivíty, L.e. counts in the supernatarit

1n the presence of ALS and cornplement. The Af,g was used üo

deterníne the Rroo value because it effects chromium release
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from the target ceLl-s in a simllar manner as the antl € and

RAMIg serum, i.e.'complement attachment. to Ag-Ab complexes on

the cell- surface with the subsequent lysis. The use of physícal

dgents¡ ê.go f.xeeze-thaw, ultrasound which disrupË cells tot".'

extensivel-y couLd result in an addítional- chromium release.

Thís would ínfl-ate the Rroo value and decrease the "Á Lysis

values determíned for anti e and anti RAl"fIg seruni. The ALS serum

had been prevíously shown to índuce 100% lysis of the Èarget

cel-ls by the trypan blue exclusíon cytotoxic test (2O2). The

dilution of ALS serum (1:10, 1:100, or 1:1000) fhar yíelded rhe

maximum release of radíoacËivíËy, varÍed from experíment to

,experiment'.fhrls,a11-threedilutionswereincludedineach-

cYtotoxÍc assaY.

Absorption of Pol-yvalenË RAl"fIg Serums

. the RAI4Ig serum was found Ëo have a strong cytotoxicity activíty for

Ëhymocytes (see Fig.9). Thus, a seríes of absorpËions \^lere carríed out in

an attempt Ëo reduce this toxicÍty.

(a) Mouse Li.ter E*ttact Ab"otptiott: '

Ìlhol-e livers from A mÍce were ground up with a homogenizet of a

1 mr cl-earance. They were Ëhen mixed with 5-6 times their volume v¡ith

absoluÈe acetone. This was repeated 4-5 times and the residue was then

left for 4-6 hours at 4oC to settle out. The residue r¿as then put into

equal volumes of aceËone and eÈher to remove the 1ípid content. Thís was

repeaËed twice for abouË 5-6 hours. The residue was then Put on filter

paper and left at 37oC to dry out. The dried residue was ground up wÍth

a mortar. and pestle inÈo a very fine powder, The powder vlas reconsLiËuËed

wfth physiologícal saline pH 7.2 , and repeaÈedly washed unËfl- the

-53-



supernat.ant no longer shovred Ëhe presence of protein, Í.e. 0D4.04. the

fíxed Liver powder was then mixed with the serum and slowly rotated for

t hour at 4oC. the serum was then spun at 1000 g for 10 minutes to clear

the serum.

(b) Gl-utaraldehyde FÍxed and Live Thymocytes Absorption:

Thynuses tlere removed from young B6AF1 mice taking care to avoid

contaminatíon wÍth blood. The fíxative effects of various glutaraldehyde

concenËrations (!7", 2%, 3i4) on thymocytes were examined anð. 17. glutaralde-

hyde was found to produce the best results. AJ-l three concentrations

fÍxed the thyrnocyËes, as vras evidenced by a bror,mish colour change, but

ttre L"Á concentratí-on gave the least rmounË of cell clumpÍ-ng. Fifty nls

of L7" glutaraldehyde were added to 2 m1s of packed thymocytes (from 50

yound B6A.FI -mice) and then gently rotated at-49C for 2 hours.-The,thymocyËes

were then spun down aË 1000 g for 10 nínutes and extensÍvely washed with

PBS until the supernatant r¿as clear of protein, í.e. OD 4.04. For Ëhe

'abeorption of the RAt"fIg serum the fíxed thymoeyËes.'\üere mixed with

polyvalent RAl"fIg serum in a 1:1 ratío by volume and left slowly rotatíng

for 3 hours at 4oC. The thymocytes r¡rere spun out at 2000 rpn for 10 minutes

and the absorbed RAMIg serum was stored at 4oC ""rif use. The adsorbed

antibodÍes Ìüere removed from the fixed thymocytes by washing with glycine-

HCl pH 2.8. The thymocytes ürere Èhen washed several tímes ín PBS to remove

the glycine-HCl- and were stored at 4oC for further use.
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RESULTS

This sectíon ís divfded into fir¡e maÍn parËs: (A) Ëhe puriflcation

of myelona proteíns and the producËion of monospecífic rabblt anti mouse

IgM serurn, (B) ímmunoel-ectrophoretÍc analysis of círculating Ig ln

B6Atr'I mice treated wíth antí F serumr (C) anal-ysis of the degree of

ínrmunosuppression ín antí ¡r treated B6AF, nice determíned by the direct

p[aque eell assay, (D) examination by the antibody dependent cyËotoxicity

assay of the effecËs of anti F suppression ón the level of iuununoglobuJ-in

(Ig) bearing cells and (E) . Ëhera (o) bearing cel1s ín B6AF, sp1-een and

lynph nodes

(A). Productíon and Specifícity of Rabbít Anti-Mou :

(a) Preparation of Purífied Mouse IgM:'

Ascític fluid wiËh high concentrations of IgM globulin was obtaíned

by injectíng the MOPC-104E plasma myeloma Ëumor into BALB/C mice. The

resulËant asciËic fluÍd was collected and subjected to 50% saturated

(NII4)2 S04 treatmenÈ (see METIIODS) to remove albumins and haemoglobin.

However, ascÍtic fl-uÍd preparatíon was further coptaminated by the animals

normal serum iumunoglobul-Ín which were not removed by SAS/2 treatment.

Thus, the ascític fluid preparaÈion T,ras run through an anlonlc cellulose

exchange column, Í.e. DEAE. The column was equil-ibrated with 0.02 M tris

phosphate buffer pH 8.0 in the cold (4oC). The (mff+¡rSO4 treared

asciËic fluid r¿as loaded on the colunn and washed with several- column

volumes of buffer to remove the unabsorbed proteín. The materÍal bound

to the column (IgM) was eluted with a 0.03 M phosphate buffer. However,

not only IgM bound to the DEAE colurnn at hígh ionic strength as rôras

evfdenced by a severe skewlng in the elut1ôn pat,tern. Other serum proteins,

l:::.-,.,..:.-.
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f.e. IgGr, transferrin, which have a símilar electrophoretíc charge

as IgM were lÍke1y contaminants

The IgM containíng fractions eluted from Ëhe DEAE column r¡ere

'then concentrated using a PM-30'uLtrafiltratíon membrane which excludes- -'

materials with a M[,I under 301000 and applíed to the G-200 column. The

G-200 column provided an excellent method to separate out the 75

conËaminant fractions because the 75 IgG fractíon has a Mt^I 1601000 and

is not excluded ín the void vofu:me whÍ1e the L9S IgM fraction has a M['I

9001000 and ís excluded Ín the voÍd volume. UnforËunately, other large

MW compounds are also excluded in the

voíd volume. Ihe first fractions eluted from the G-200 column were

pool-ed (rZl-r+ì and Ín Fíg.l- rìrere.referred to ás Ëhe F, f,raction. An

examinaËion of this pooled F, fraction by imrnunoelectrophoresis revealed. the

Presence of more Ëhan one component. Rabbit antí mouse garma globulín reveals

the presence of anoËher class of gamma globulin and the rabbit antÍ t'lI^IS serum

reveals the presence of some other non gâmma globulin serum proteín

(see Fíg.2). Thus, the pooled concentrated F, fraction from the G-200

column was then applied to an agar block elecËrophoresís to further purÍfy

the IgM globulín. The agar block hras run for 48 hours Ëo effect maxímal

separatÍon of the IgM from ÍËs cont:minants. Mouse IgM protein has a very

l-ow electrophoretic mobilÍty, thus the el-uates from Ëhe orígín and slightly

to the left i.e. cathode síde of the orÍgin, were examined by immuno-

electrophoresÍs for purity (see FÍg.3). The eluates fron aLl three strips

(0r-1r-2) contained only one serr¡m proteín, as determÍned by anti lfl,lS and

that protein was IgM ÍrnnunoglobulÍn, as determíned by anti IgM. The eluaËes

frour all three strips r¿ere then pooled, concenËrated and dialyzed versus

PBS to remove the barbital buffer.
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Eíg.2. ImmunoelectrophoresÍs of the pool-ed concenËraËed

F- fraction of rgu, i.e. in the origín, from the .,r:r,t!':.,.:1,

I
SePhadex G-200 colurn¡rj

NOTE:Thetenn'inal-portionsofthisa¡rdall

subsequenË elecËrophoresis slides
:

have been bl-anked ouË for photographic

onalPurPoses and conËained no additíonal
''t:

PreciPÍtin lines | ,

i.'.;lt'-''',,.t''
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Fig.3. ImrnunoelecËrophoreËic analysis of

after agar block electrophoresís'

has eluate from the origÍn sËriP '

fírst strip tovrard the cathode' c

second st,rj-P toward Ëhe caËhode'

NOTB:

mouse IgM myeloma Protein

The cenËral well- of A

B has eluate from the

has eluate from the

Rabbit anti mouse lgl'1 r¿as kíndly supplied by

Dr. S. FujÍmotoc I



Flg.3A

Fig.3B

Fig" 3C
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(b) Productiop of RabbiË Anrí IgM serum:

Three New Zealand tr{hite rabbits vrere then ímmunízed with the

purified IgM preparaËions (see METHODS). The rabbits r¡rere bled ar two

weeks and the sera r^7as stored. at -7OoC. The rabbits responded with high

tÍtered sera to the Ínjected material as demonstraËed by the strong bands

the sera produced with purified IgM íromunoglobulin and normal sera in
irmrunoelecËrophoresis (see Fig.4). The presence of a ,shorter band. with ¡hs

purified IgM myeloma may be due Èo their monoclonal nature, i.e. move to-

a, more restricted area. Abrs to oËher serum components in the anti IgM seruu

v¡ere demonsËïated by the addi-tional precipitin lines against nms.

(c) Production of Rabbit Anti u Serun:

To,produce anÈí ¡J serum the cross-reacting antí líght chain activity
was absorbed out by ímmunoadsorbenË columns, i.e. ÍgG2^and rBG, immuno-

globulins coupleci to sepharose 48. The Tg"2^ and rgG, þreparations had

been purified using a sirnílar protocol to the IgM purificaËion except that

the DEAE column was elíminated as IgG subclasses cannot. be separated

on DEAE columns. The purity of both these classes üras ascertained by

immunoelectrophoresis (see Figs. 5r6). The anti IqM serum was extensively

absorbed on the rgG, and TgGz^ sepharose 48 column after absorption. The

anti rgM serum produced no bands againsÈ other rg classes (TgGr, rgÇ2^,

recro) when tested immunoelectrophoretically or by double dj.ffusion

analysis. The anti F serum was then títrated against normal mouse serum

and purified IgM to assess the leve1 of anti ¡: actÍviËy. The anti tr serum

produced precipitin bands with normal mouse serum diluted to 1:16 and with

purifíed rgM containÍng 0.031 mg/ml dÍ1uËed ro l:32. The anri F serum

was then diluted in an equal volume vrith PBS and administered to newborn

B6AF' mice (see ITETHODS).
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Fíg.4. ImmunoelectrophoreËíc analysis of rabbit

anti mouse IgM. Purified IgM supplled

from Lit.ton hTas used as the reference

protein



G--nns

4 l{IgM



Fig.5. ImrnunoelecËrophoretic analysís of mouse IgGr'

i.e. origin contains mouse IgG,

Fíg.6. Immunoelectrophoretíc analysis of mouse IBGZ^,

Í.e. origin contains mouse TBG2^



Fig.5

Fíg" 6

<- Anti-IeG,

4-Anti-lMS

Anti-MtüS

Anti-IEGr"



(B)

Anti P Treated Mice:

Several test animals (12) given Ehe anti F treatment' were weaned

onday20andonday40,theirSeralTasexaminedbyinrrnunoelectrophoresis

forcirculatinglg"TheserafromcheanuiFtreatedmiceproducedno

precipitinbandsüTithant'i¡rwhentestedeitherbyimmunoelectrophoresis

orby0uchterlonydíffusiontests,althoughtheanti¡rSerunrwasableto

detectlgMinuntÏeatedmice(seeFie.4).TheSera$IeÏethenexaminedfor

Ëhe presence of other Ïgts and Eíg'25' ríg'26 represent typícal serum

electrophoreticprofilesobservedinthemice.Serumfromacontrolmouse

(¡S5treated)developedseveralprecipitinlinesofganrnaglobulinnature

asdefinedbytheanËilgserum(Fig'26)'whereastheserumfromtheanti

Ftreatedmiceproducedonlyonestrongprecipitínlíneofgammaglobulin
nature(Fíg.25).TheprecípitínlinesfromtheSerumofanti¡rtreatedmice

developedagainstantilgcl(Fig.27)wexesimilarËotheprecipiEinlines

againstantíTgGlfromtheSerumofcontrolmice(seeFig.2B).Ilowever'

theprecípitinlinesfroutheSeÏumofantiPtreatedmicedeveloped

againstantíIgG,u(Fis.27)werebarelyvisible¡.whilestrongprecipitin

bandswereproducedr¡ithanormalserumandagainstpurifiedlBG,'(see

Fie.2B).Thus,itwasconcludedthattheanti¡rËreatmenthadeffecteda

completesuppressíonofserumlgl"landapartíalsuppressionofserumlgG

subclasses,i.e.I8G,!üasstrorrglyreducedandleG'hadrecovered.The

observationthatlBG,wastheleastabletorecoverissupportedbyoEher

workers(15,17).Lar¡ton(15)hasproposedthatthedifferenceobservedin

theconcentrationsoflgG,andlEG,mayactuallyreflecÈdifferencesin

ratesofsynthesisbecauseoftherelativelylonghalf-].ifeofIgG

imunoglobulins"
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Fig" 26
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Fíg"27 " Inrmunoelectrophoret.ic analysis of the

serum of an anËi- u treated mouse, i.e.

origín contains i¿ho1e serum.

Fig.28. Immunoelectrophoretic analysis of

anÊi IgG2" serumr i.e. Ërough conËaíns

anti IgGr".



e--Anri-MI^ts

€--AntÍ-Ig

; F-Anti-MI^IS

4-- Anti-Ig



(C). Analysis of Anti Treated B6AF., with the Difect plaque FormÍn

CeIl Assay:

The anti F treaËnent vras shornm Èo effecË a complete suppression of
serrrm rgM levels. Thus, the ability of antí F treatment Ëo suppress the
animals rgM response uPon anËigen sËimu1aËion (SRBC) was examined usÍng
Jerners (167) antibody plaque assay Ín agarose. The indirect or rgG

resPonse to antigenic stimulation Ìras not examined. because the serum IgG

levels demonstrate the ability of the B cell to produce ïgG Ímmunoglobulin.
Tfius, the ability of anti F treated mÍce to produce rgM Ab after an

Ínjection of 5 x to8 snnc cel1s v/as compared with theÍr l-Íttermate controls,
i'e' normal rabbit serum treated" (sei: table' r). Group 2, 3 and 4 demonstrate

a significant inhÍbition, p{.005, p{.005, p4,005 respectÍvely, of Èhe

PFC response of antí ¡r treated mice when compared wíth theÍr liËtermätes,. , '.,,
Background plaque values contríbuËed by spleen AFC, i.e. Ab response d.ue

not to the test Ag prínÍng, but due to a previous exposure of the Ag or
a cross-reacting Ag, were not subtracËed fiom the ïécordêd pFC responses

of the control or experimental animals. Thus, the 1or¿ pFC values, rargely
background, in these groups demonsËrate Ëhat the anti- F treated mice are
auppressed in their abilÍLy to form an rg}4 response to sRBC. rn group 1,
one of the control mice faÍled to respond to the sRBC Ag and itsr pFc

value accounted for the high S.E. This was thought

to represent an error either in the immq¡i2¿¡ion procedure or Ín the
assay conditíons as these resulÊs are not repeated. with any other group.

one of the experinental miee responded with an unusually high pFc value,
reflecting a partial suppression of the anËÍ F Lreatment. However, the
PFC values from this group are questionable in vÍew of the poor response

from control mfce. Thus, based on Èhe resulÈs from group 2r3 and 4 Ít was
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concl-uded that the B cell in the anti F treated mouse rrTas suppressed in tq!
ability to form Ab and the antibody nediated cytotoxÍcity test vras enproyed

to deËermine if this functíonaI loss of B cell actívity could be correraËed

t¿ith a corresponding loss of B cells. T cel1 help is necessary to form an

Ab response to SRBC thus, T ce1ls were also examined to see Íf there.!üere
any changes ín theÍr numbers, í.e. increased or decreased T cell population.

The original cytotoxic tesE as devísed by Gorer and orGorman (16g)

was performed r¿ith the use of a dye Ëo act as an indicator of cerl death.
The use of 51ct-l¡a 

chromate as an indícatío; òr ci:ll death Ín the cytotoxic'
test I'fas fi'rst íntroduced by sanderson (162) and. later nodifÍed by Brunner
(l-63) andüIigzell (164). The first cyroËox.i.eiry Èesrs usÍng tta, Iabelled,,.,
ce1ls have been used Ín the mouse H-2 arloantisera Ëitrations (170, L7L).

Although measuring isotope release is a simple method it enables the use
of higher numbers of ce1ls per plate, thus-;''Íncteasíng the aicùracy of Èhé.----.-^

technique over the forrner conventional assays using supravÍ-Èal dyes. rhe
1abel1ing has been shor¿n not to increase the fragílity of the cells and

o""" 51ct Ís bound Íntracel1u1ar1y to a cell it does noË interchange wiËh
other ce1ls (169). the amount of labe1 released into the supernatant is
Proportional to the ¡mount of cytolysis and is an object,ive and reproduci-
ble representation of cell death (170). ïhus, it was decided to use the
cytotoxíc 51ct t"l"ase assay to quanti.tate the numbers of rg bearing and

€ bearing cells with RAMIg and anti € sera respectively.
(a) ,

rhe cytotoxic assay \,¡as used to examine the levers of theta (e)

bearÍng cells (T) and inmunogloburin (rg) bearíng cells (B) fn Èhe lymph

(D) anrirarion of I
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nodes and spleens of B6ar'1 anti f t,reated mÍce. use of the cytotoxic assay

requires the establishment of several paramet,ers, l.e. concentration of Gpc,
concentration of RAMLS and specificity of Ëest sera (RAMrg, AKR antÍ crH e)
obviously the GPC should be used at a concentratj-on that will Lyze aLL

Earget cel1s thaÊ have attached the appropriate antibodi_es. '

However ' the GP ser''m containerl some natural- antibodíes to mouse ce1l
surface protein and an attempt was made to. dÍlute out the natural antíbodies

that Ís able::to

dies ín the 
I

guÍnea pig ser'm could not be diluted out ;ithout reducing the strength
of the complement below an effectÍve concentratíon, the Gp seïum r¡ras 

:

absorbed with agarose before use. ag"to". is belj.eved to have a determinant 
i

which cross-reacts I^7ith a mouse component, thus, could. act to absorb out i

natura1antimouseantÍbodies(L72).Thus,theGPCabsorbedwithagarose
lwas tÍËrated vrith various concentlatíons of-"rabbit anÈi mouse lymphocytit *=- --' 
i.serum (RAr"fLS) on young B6AF1 lynph node and spleen cells. ïhe cytotoxíc 
l

assay was initially a t\^7o-step assay v¡ith a 30 minute first íncubation 
i,.j:

at 37oc and a 30 ninuËe second incubation at 37oc (see Figs.7;s). ,

The 51ct t"l-.ase detected with the íncubaËÍon of spleen (170 cpm) "

and lymph node (65 cpn) cells with Hankst-Hepes medium only was sinilar t,o

the release detected when the cells (133 cpnand--78 cpm)respectively) were

Íncubated with the agarose absorbed GPC c1:10), whereas high chromíum release 
,1,

(483 cprn and 357 cPm resp.ectively) had been obtaíned.in their incubation
wfth unabsorbed GPc(:10). Thus, the natural antibodies appear to have been

absorbed our wÍrh rhe agarose. Alr four Gpc dÍlurions (L/Lo, L/20, r/40,
1/80) produced maxfmal J.ysis for both spleen and lymph node cells thus iì

-69-
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the 1:l-0 dilutton. which represents an excess of complement r^ras chosen for

use 1n the subsequent assays.

(b) Activity of Polyvalent RAMIg Serr:m:

The polyvalent rabbit anÈj- mouse Ig serum (see METIIODS) used to

determÍne the number of Ig bearing ce1ls produced strong precipitln bands

agaínst all purified classes (IgGf, TBG2^, tBtZU' IgM) of immunoglobulins

tested by irnmunoelectrophoresis analysís (see Figs. L2r13'1-4). However,

the RAMIg serum produced no precipítÍn lines when tested agaÍnst IgA.

Then the polyvalent rabbiË serum rnras also examined to deËermine íf the serum

contained any natural antibodies to mouse protein that l,rould yÍeld false

results in the cytotoxic assay. The serum r¿as fÍrst tested for ÍËs

cytotoxícity on Ëhymocytes (see Fig.9). "The Ëest revealed the marked

cytotoxicíty of the RAMIg serum for thyrnocyËes'whích rnay have been due to

eíther Ëhe presence of Ig on the T eell surface or iË may have been due

to the presence of antibody to other cell surface structures. The second

possibility Ís rnore likely since numerous sÈùdies have faÍled Ëo detecË

any T cell surface Ig (3132111-0) and others have found onJ-y low levels of

surface Ig (52'LLArL25). Further ÈesËs were done.with thymocyËes to see if

Ëhe antibodÍes rüere present in other rabbit antÍ mouse Ig preparations'

f.e. anti lgGrr anti lgGr.r antÍ IgM, anÈi IBGTOT anËi IgA and anti F(abr),

sera (see Figs.lOrl-l). Anti F(abr.)2r anti ,E"ZA and antÍ tE"Z^ were found

to have a much hígher toxiciÈy for thymocytes Ëhan Èhe anËi IgM, anti IgGl

and anti IgA sera. The resul-ts clearly demonstraÈed a strong thymocyte

toxiciÈy in anti Ig sera taken from at least six New ZeaJ.and White rabbíËs.

(c) AËqe¡npË to Absorb out Thymoc :

(i) Agarose and liver extracÈ adsorptign

' The RAI{Ig serum was first absorbed with agarose Ín an attempt to remove

-72 -
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Eig.L2r13'14 rmmunoelectrophoretíc analysis of the poly rabbít

anti mouse immunoglobulin serun (po1y RAMrg) used in
the cytotoxícity assay. Each trough of Fig. 12r1-3,

14 contains the RAMIg serum.
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the toxicÍty for mouse thymocytes although agarose was orlginal-ly used

to absorb out thymocyte activíty only ín guÍ.nea pfg serum (L72). The

tÍtratÍon of agarose absorbed poly anti Ig with thyrnocytes revealed that
the thyrnocyte ÈoxicÍty had not been eliminated for there r,ras still
extensíve lysÍs of thymocytes with the antí Ig sera (see Fig.15). Although , ,,

increasing the time of the agarose absorption decreased the toxícíty for
thymocyËes there r¡7as sËill a hígh degree of Ëoxícity observed Ín the serum.

rhe RAMrg ".t.tt could not be absorbed with larger anounts of agarose because :

the agarose took up the serum and swelled to such an exËent that the serum 1','"'

could not be removed by centrifugation. The poly antÍ rg serum was absorbed. ,,., ,

' with v-arious dÍlutions of liver exËr:act (sëe'I"lETIloDS) in an aÈtèmpt to ábsoiË''"-'"
out the antíbody (see Fig.16). rne lÍver absorption procedure úras also tríed

'¿ -'.- --<

titratj-on of both the absorbed RAIvlrg serum and the anti F(abt),, seru, against :

thynocytes demonstrated the persistence cf a marked ËoxicíËy for thymoeytes.

(ií)'Litu 
"td g1nt"t.1d"hy'1"-fi*.d thyro"yt" 

"b"orptior.'Absorption 
^ ..-

wÍth thynocytes was carríed out in a further aËtempË Ëo reduce the thyurocyte

toxícíty in the RAMIg serum. The absorpËíon reduced the toxicity of the

serum for thyrnocyt.es buË unfortunately, its activity for lymph node and

spleen cells was also sÍgnifÍcantly reduced. (see tabie II). However, Ëhe

presence of anti Ig actÍvíty in the serum after the absorption preeed.ure

was confirmed by OuchÈerlony analysís, i.e. showed definiËe precipÍtin
bands with purified Ig (see Fig.18). The possibiliry was considered rhar

thymocytes which are known Ëo secrete a vast number of substances (L77),

may have released a factor that ínterfered r,¡ith the abílÍty of eíther

. the antÍ Ig to attach Ëo Ëhe target, cel-l surface or with the subsequent

activity of complement. Thls posslbflfty was suppotted þv the observatÍon

-77-
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Fig.18. AnalytÍcal (double) díffusion analysis of poly

RAMIg after absorpËion wíth live thymocytes.

The top series of r¿el-ls contains purífied IgM

and the boËtom seríes of wells contaíns

purified TEGZ^ in halvíng dilutions from an

oríginal concentïation of 1 rng/ml.



Fig" 18
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that several cytotoxic assays using RAMIg serum absorbed wíth live

thymocytes released less chromium from spleen and lymph nodes that was

released r,rhen the target cells were íncubaËed only r,¡ith medium or GPC.

fhus, to elininate the possible complications thaË may have been íntroduced

with líve thymocytes, glutaraldehyde fixed thymocyËes were then used ín

the absorpËion (see METHODS) of the RAMIg serum (see Table III). AlÈhough

the RAMIg serum is absorbed wíËh glutaraldehyde fixed Ëhymocytest it is

Cítrated agaínst live thymocyËes and the possíbilÍty Ëhat they interfere

wíËh either GPC acËivity or AIg aËËachmenË ís again supported by the

observed percent lysÍs values which are suPpressed below zero percent'

Thus, although the RaMIg serum deËecËed some Ig bearing cel1s ín the LN

(L3'/.) and splee n (]l9l), the values lüere too low Ëo represent actual numbers

of Ig bearing cells.

(d) Attempt to Increase Ëhe Sensitívity of Ëhe PolyvalenË RqMIg Serum:

(í) Two-steip en!:L assay wíth a 4oc fi¡e!-ittçgÞtti*. The assays

presented abbvê have all- employed a two-step procedure wiÈh a 37oC first '

íncubation. It was thought that capping of Ig may have occurred duríng

this firsË incubaËion. The capping or i¡ternalízaËion of Ag-Ab complexes

woul-d. have caused decreased 1-ysÍs as the complemenË would have less of a

chance to aÈtach and lyze target cells. Thus , fox this reason the cytotoxic

assay was repeated hriËh the RAMIg serum absorbed with fÍxed thymocytes

using a 4oC incubatíon in the first step. The change of temperature for the

first incubation did noË seem to affecË the degree of cytotoxicity (see

Fig.19) of the RAMIg serum for lyrnph node or sp1-een Ëarget cells. However,

the 4oC temperature was adopted 1n the first incubation for the subsequent

assays described in this sectÍon slnce it would minirnize any Potential

capplng or shedding of Ag-Ab complexes from the eell surface.
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An ATXBM mouse I'las used Ín order to assess the abilfty of the RAMrg

serum absorbed r,iíth fixed thymocytes, to deËect a change in the percentage

of B ce1ls ín a lymphoíd organ. A hígher percentage of B cells is expected

ln the 1y*9h nodes and spleens of'these anímals because of the absence of
T cells. However, alt.hough the RAMrg serum was able to deËect an increase
of B cel1s ín the lymph nodes of the AT$M mouse, ít was not abre to
detect sígnÍficant increase of B cell_s in the spleen cell population of
the AT)GM mouse over the spleen cell populatíon of an untreated mouse

(see Fíg.19). rne results indicate that the lysis with the RAMrg serum

Ín the cytotoxic test is affected by varíations in rymphoid B cell
populatíons' However, the assay d.oes not provide a reliable percentage of
B cells as the B cell 1eve1s deÈermíned in the splee¡ and lynph node are

belor¡ levels cited by others (I7BrLlg). .ì

(iÍ) one-step antíbody cytotoxícíty assay: other authors (L73rL74)

have shown that Íncubation of anËi L chain serum with lymph node or myeloma

target cells and Ëhe later âdditíoir of coùplénieiit resul-ted in decreased

or abolÍshed sensitivity to anti L chain serum, i.e. no lysis. However,

they did detect 1ysís when all Èhe components, í.g target cells, antÍ L

chaín serum and complement, were j.ncubated together. T\us, it r¿as decíded

to use the one-step cyËoËoxÍcíËy assay ín an attempt to increase the
numbers of B cells detected by the RAl"frg serum absorbed $rith fÍxed
thymocytes' However, the one-sÈep assay díd not result ín improved toxíciÈy
of the RÆ[rg serum for eÍÈher lymph node or spleen B cerl popul_ations. The

chromium release from targeË cells incubaËed with various dilutíons of the

lMtg serum and GPC was often comparable wj-th the chromium release of
target cells Íncubated with Gpc alone. Thus, all attempts to raise the

toxicÍty of the RAl"fIg serum v¡ere unsuccessful.
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(E). Determínation of Leve1s of e Bearing Cells with the Cytotoxic Assay:

The eytotoxic assay usíng AKR anti CaH e serum was employed to determine

the number of.€ bearÍng (T) eells in the spleen and lymph node of the antÍ

F treated mice. A percentage T cell increase r¡ras expected if the anti p

ÈreaÊment had decreased or eliminated B ce11s ín the lymph node and sp1-een. ::. r

t:,:-: ::

(a) TÍtratÍon of GPC with AKR Anti CrH e Serum:

the anti €.serum was titered agaínst lymph node and spleen cells

wiËhvariouSconcentrations(1:10'Lz20,Lz40,1:B0)ofGPCabsorbedr¿ith
:. 

.: ''agarose to determÍne the most effective concenËxations of GPC to use

(see FÍgs. 2Or2L). Since all GPC concentraÈions gave similar levels of .,,,

cytotoxícity a 1:10 GPC dilutíon was adopted for all subsequent assays t.o 
"''

ensure that the compleuenË activiËy is ín excess of the amount required

for maximal lysis

(b) Two-step Anti € Cytotoxicity Assay:

Cytotoxic tesËs r¡ith anti ê serum rirere then carried out. using a tI.7o-step

procedure comparíng a fírst incuba.uion of 49c'îirith-379c' (see Fíg;22). The'use'''l '

of the 4oC terperature in the first íneubation resulted in decreased percent.

lysis for correspondÍng antisera dílutÍons wiËh a 37oC first incubation.
a

Thus, iË was 
"orr"lrrd"d 

that 37oC is the optimal temperature for the fírst ':,i ,,

'.'.'
íncubation' 

""""''', (c) One-step AnËi e Cytotoxic Assay:

The one-step assay was then performed titrating the anti e serum with

thymocytes and splenocytes. The percenÈ lysis from the one-step method was i ,.
consÍderably less than the values deríved from the Er.to-sËep assay for both ''

thymocytes and splenocytes (see Fíg.23). These resulLs suggest that removal

of anti-complementary factors from Ëhe serum by the tv¡o-step method fs more

fmportant than any anËigenic surface modulaÈion that nay be occurrlng. This
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Fig.20. Cytotoxic tesË for the títration of AKR antÍ

CaH e serum on B6AF, 51Cr 1"b.11ed spleen cells

using varíous concentratíon of agarose absorbed

guinea pÍg courplemenË. The determination of the

Z lysfs was based on Ëhe following controf values:

spleen f medium = 43 cpm, spleen + GpC = 54 cpm,

spleen + ALS' = 383,cpm.*1oo

@ = GPC 1:10

@ = GPC'1:20

O = GPC 1:40

@ = GPC l:Bo
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Fig.21. CyËotoxic Ëest for Ëhe titratíon of AKR anti

c^H e seïum on B6AF. 
5tat 1"0"11ed lymph node 1.,-3----I 

,l'
cells using various concentrations of agaros 

:..,

absorbed guinea pÍ-g conplemenË. The determination ::::

of Ëhe 1[ itys'rs was based on the following control

values: lynph node * medium = 42 cpm, lymph node *

GPC = 45 cpm, lymph node f AJ.S- = 345 cpm'*too

ffil = GPC 1:l-o

@ = GPC 1:20

O = GPC 1:40

@ = GPC l-:Bo ,
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agrees with Schlesingerts (175) work who found mouse serum highly anti-

complementaty, Reif and Allen (L76) were unabl-e to Lyze Q bearing cells

ín peripheral lymphoíd tissue r¿hen they dÍd not úrash away Èhe anÈísera

before adding complemenË._ Thus, the two-step methods usíng a 37oc first

incubatíon temperature was enployed for al-1 subsequent anti e cyËotoxic
?

assays.

(d) Reliabílíty cf AKR Antí C"H € Sen:m:

The basÍc thTo-step meËhod eurployíng a 37oC fÍrst incubation, was used ,,

to deteet the toxÍcíty of the antÍ 0 serum for bone marrorù cells. The level '

of T cells detected in the spleen and lymph node of AT)ßM mice was compared ,,,.,

with the T cell- levels j-n the untreated B6AF, nice (see Fig.24). Neglígib1e

l-evels of toxicity were observed at all díluËions of the anËi e serum v¡iËh

bone marro\',7 target cells. The anËí 0 serr:m was seen to have a high toxicity
for thymocytes and was capable of producÍng a 50% lysÍs at a 1:640 dilution.
The abÍlÍty of the antí O serum Ëo deËect a change, i.e. decrease in T ce1l

ievels was confirmed using an adult Ëhymectomízed, irradiated and bone

marrohr reconstit.uted (AT)GM) mouse. The anti e serum demonstrated lor¿ levels

of T cells both in the spleen and lynph node of ühe ATXBM mouse. However, the

anti e serum also detected lor.r levels of T cells (207").in the spleen of

untreated mice suggesting that either, splenÍc T cells are íutterently more

resisËant to lysis wíth anti e serum and complement oï they are a more

heterogeneous PoPulation with respect to the density of e surface.Ag than

lynph node or thynocyte T cell populaËÍons. Thus, these results demonsÈrated,

that the anti ê serum used Ín these studies was specific for T ce]ls and also

demonstraÈed that Ëhe AT)ßM mice had been properly thymectomized
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(e) Comparison of e Bearíng Ce1ls between Normal Control and

Experimental B6AF' Þfice :

T cel1s have been shor¿n to contain some surface Ig (29r 52r111rL25),

thus it was thought that anËi u treaÊment may affect the number of T cells.

The theta (e) antigen determined by a single locus with Èwo alleles has

been shornm to be a marker for all thymus dependenÈ lymphocyËes (1891190,

191). The AKR € ís found in AKR and RF straíns of míce whereas the CrH e

Ís found in most other inbred strains of míce. Thus, the AKR anËÍ CaHe

serum was used Ëo quantiËate e bearing cè11s Ín the peripheral lynphoid ''

organs of normal (untreated) control (nrs treated) and experÍmental (anti ¡r ,: 
,,,t,,,.,

:

treated) B6AF- mice..L

Six groups of animals ranging from 39-98 days o1d krere examíned for

]-eve1sof€-bearíngce11síntheír.sp1eeirSand1ynphhodes.(seeTab1eIV);
:':

No significant differences .r{ere found in the percent.age of e bearing cel1s

between the normal or the control gïoups (0.20g{.15, 0.35g4.40 respectÍvely) 
i

ín either the spleen or Ëhe lyroph node. No sigÞificant dj-fference of T'ceI1
l

numbers were detected in the spleen between control and experímenËal animals :

(o.25<p{.20) but a LO?" statístically signi-ficant (.0025 9 <.0005) íncrease

Ín T cell number was observed in the lyroph nodes of Ëhe experimental animals 
',,t:,,,:,','..:,:,-
ì. -- ì-,':.:_:

from the control anÍmaIs. The number of €.bearing ce1Is detected ín the ... ..r., 
,',i ,

cytotoxÍc assay (see Table IV) correlates with values reported by other 
i :

aqthors, Í.e. 60%-8;57" ê'positive lynph node cells and 257"-457" ê positiúe

spleen ce1ls (178,I92,L93). 
i,, ,-.,,,,,
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DISCUSSION

The objective of this thesis was to reproduce with the B6AE, strain,

the anti ¡: nedi¿:ted suppression of, serum.Ig previously shown with" Ëh9

..s^LBlCstrainofmÍce(14,]-5,I7).ChronicantipÈreatnentofnewborn

e vras shornm to result ín some cases i.n complet.e agamaglobulinemia. Thus,ml c(

the anti ¡r treated mice could be used to exam'íne T ce1l mediaËed phenomena
.:

,. ín the absence of B ce1ls or the ínmunoglobul-in they produce. ,., '.'.', ;','

. .A. Anti F SuPPression of Serum Ig:
., .-=-: 

_,,.,,,,,,,,,,,,:i
', fhe long term anti lr tïeaËment. of newborn B6AF1 mice rnras seen to result ir'::j:..' :'i; ::

; in a complete suppression of serum IgM and an incomplete suppression of

: IgG. Several suppressive schedulesr,involvíng variatíons in dose and

i "dninistraËion 
schedule (see METIIODS), had been tried" and iË was thought

I unlikely that the incomplete suppressÍon was due to an inadequate schedule. l

The rabbiË anËÍ IgM serum had been extensively absorbed on purified Í}GZa

i 
IgG, adsorbent columns and vras specific for IgM as demonsËraÈed by the

inabílity of the serum to form precipitÍn lines agaínst other Ig classes in

êlecËrophoretic or Ouchterlony studies. Ïhus, circulaËing maternally deríved
-:.i '

-g^l --i¡L +1-^ ^-+-í fi a¡r-il,nãiac ená 
'1':,1 

.,t':.t,:::,
ì

.ÏgGinthenewbornwou1dnothavereacËedr¿iththeanËipanËibodiesand -.: -: .:
. . : : .. : .'.

I prevent Èhem from reaching Ëhe immunocompetent, cells. BasËen (52) has ",,,,-':

shown thaË bone marrow derived cel-ls are susceptíble to radioactívely
l

label-Ied Ag only when they have been peripheralízed to the spleen suggesting

i ahat natural recovery i¡ay occur by thÍs pool of inaccessible stem cells' A , ,,
:f.1':. :,: :1..-.'

pool of BM cells Èhat escape anti lr would produce Abts Èo the rabbíË anti ¡r

Abts and the removal of the latter would ensure recovery of Ig levels.

Several oÈher studies have suggested thaÈ antíbodies of dÍfferent classês mir

: êxert differenË and opposite effects on imune resPonses. The suppression 
ri,.,.,:,,:,,.
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or activatlon of the production of mouse Ab bearing a particul-ar ídiotype by

gulnea pig antÍ ídiotype Ab has been shoqm to be depressed on the class of Ab

used, í.e. IBG, c1-ass enhances the producti.on of the Ab wÍth the.idiotype and

IgG, c1-ass suppresses the productíon of Ëhe Ab with the ídiotype (2O61207).

Jansen (2OS) showed that Ëhe dífferent classes of Ig wíÈhin the mouse ítself

exhíbited opposíte biologícal activties. The 75 IeG, (B6AF1 anËi B1O.D2) Ab

showed a clearcuÈ acceleration of 810.D2 skin graft destructíon whereas Ëhe 75

IeG, Ab induced both enhancement and hyperacute destructíon of grafËs. lhus,

these studies suggest thaË the use of antibody fracËÍons of differenË c1-asses,

Í.e. IBG, c1-ass or IBG, class of rabbÍt antÍ ¡r serum because of their opposing

reguJ-aËory activities, may have resulted in t.he incomplete suppres3ion.

A panspecífíc suppression of Ig classes has only been shou¡n with the

BALB/C mÍce (1411-5117). The d.ose of anti f and the Ínjection sched.ule employed

Ín the present i-nvestigations using the B6AF, mouse were simílar to those

used in these previous sËudíes so it was concluded that serum IgG leve1s of

the B6Af', mouse are not, as easily suppressed as the BALB/C IgG levels. A straín

specífíc restrj.cted phenomenon has also.been show4 in alloÈype suppressíon, i.e.

chroníc allotype suppression occurred only in Èhe SJL x BALB/C mouse

(20,50). ' 
-'r

The present investigaËions showed that serum IgM levels hrere suppressed

and serum Ig G levels although reduced were present. This tends to refut.e

Ëheories (53r54r55) Ínvolving sequential development of B cel-ls and support

the Ëheories (14r55157) involvíng a separate lÍne of development for each

Ig class. The mechanism whereby anti p antibodies mediate a suppression of

IgM bearing cells Ís still unknown although several sÈudÍes (see LiteraËure

Revfew) suggest, that the effects of antÍ F are not cytotoxic. It has also
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been shor^m that sinpl-e prevention of antigenic stimulation (20) and

símple saturation of Ig receptors (34r35) is inadequate for anti P

suppression of PFC response. The possíbí1-ity that Ag receptors are losÈ

by òapping is unlikely in view,of the abi-lity of monovalent Abrs which

do not induce capping, to induce heavy chain isotype suppression (39)' 
.,, , ..:'

The forroation of Ag-Ab compl-exes on the surface of ímmature lynphocytes

may have resulted in opsoní za1íon. This has been shown to occur ín mice

(52) and this removal of lymphocytes would explain Èhe suppressive effecËs 
::::
:i :: :..

of anti u ín vÍvo but not in v!t¡s. Ihus, the anti Ig antibodies are ' : '
f,- 

-

thoughË to interact direct,l-y wiÈh the ce1l surface Ig of immature lymphocytes l' ' ',

and eÍËher transmíË a sígnal or effect membrane changes ËhaË result in

the inability of the lymphocyte to produce Ab' I

l

A. Inhibition of Direct Plaque Formation: I

A previous study (209) has shown that a few B cell clones stímulaËed

by Ag will differentiate and their subsequent loss of cell surface ¡r

receptoï enables them to escape from anti ¡r medíated suppression' Thus, iË

was shown thaË serum Ig levels are a relatively insensitive índex of

suppressíon as a few B cells may produce many Plasma cells r¿hich may result

in normal- serum Ig 1eve1s. The effects of anti F treatnent on B cells were

examined more direcËly vlith the plaque foruring cell assay whích measures

the abílity of the B cell to mounË an adaptive immune response' Antí P

treated animals when compared r¿ith theír lítÈermate controls \üere suppressed

Ín their ability to form IgM antibody to the SRBC antigens' This

unresponsiveness has been shown not Èo occur at the T cell level as T cells

from anËi F treated mice could still provide helper function (20'106'107).

studies employing fluorescent labelIed antíbodies (13r15) shov¡ed that sp1-eníc

B cells from anti P treaËed roice had líttle or no surface Ig' Thts would
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suggest that the B ceLl 1s unable to respond to antigen because Ít lacks
adequate surface receptors. ït is unlikeJ-y that the injected antí ¡ Abrs

are interferÍng ín the assay (complexing wÍth rgM and prevenÈing praque

formatÍon) because all i.njections ürere ceased 10 days príor to the assay

and the presence of residue anti p Abts would not, be expected to cornpletely
suppress IgM plaque for:rnation.

c.

Polyvalent RAMrg serun was used to quantÍtate rg bearÍng cells in
perípheral lymphoid organs using the antibody nedÍated cytotoxÍcity assay.

unfortunately, the RAMrg serum demonstrated a strong toxiciËy fo, 51c,

labelled thymocyte Ëarget cells. rË rras thought that the RÁMrg toxicity
may be due eíther to (a) the presence of rg on the T cell surface or (b) the
presence of other induced Abrs in the RAMrg serum; (c), the presence of,nacural
antíbody. Di-fferent sera demonstrated varíed degrees of toxicity for
thymocytes, Í.e. anti rgGro and anti rgGr" had a greaËer toxÍcity than anËi

IgM, anti IgG and antí IgA suggesting that lgc2b-äñd'fÈGZaúajz occur on thê
I cell surface ín higher concenËratíon than rgM, rgG, and rgA. since
numerous studies have faÍ1ed to detecË any T cell surface rg (31221110) and

other'only low levels of surface rg (54rrr4rrzs)rit was unlikely that the
RAl{Ig toxicity for thyrnocytes ¡nras due Ëo the pr.".rr". of'cell surface Ig.
The RAMIg serum has been raised by the immunízation of rabbits with
purÍfied myeloma proteÍns and anÈÍbodies raÍsed to contaminanÈ membrane

fragments or 3'2 mÍcroglobulÍn-like antigensr mây be responsible for the
toxlclty of the RÁMrg serum for thymocytes. However, this is also unlikely
as É(abt), serrrn, produced in rabbÍt,s Ínmunized with normal serum imruno-

globulin, ¡+as also toxi-c for mouse thymocytes. rn addÍEion, serum obtaÍned

from unim¡nunized rabblts often demonstrated considerabLe toxíciËy when

the Cytotoxic Assa
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fncubated with thynocyte target celrs Ín the presence of complement

suggesting that natural antibody in rabbit serum is responsible for the
toxicity' rhus, the New zealanð. hlhite rabbit should not be used to raise
Abrs to study mouse T cell surface receptors because of the interference
fron ÍÈs strong natural antíbody to mouse thymocytes.

The MMrg serum was subjected to a series of absorption in an attempt
to remove the natural antibody. Absorption with glutaraldehyde fíxed
thymocyËes removed the RAMrg toxÍcity for thymocyËes but, it was also
ÍnsuffÍci-ently toxic for lymph node and spleen cells, i.e. L37" of lyrnph

node ce1ls and L9"Á of spleen cel1s. All attempËs to increase the toxicity
of the RAMrg serum ü7ere unsuccessful. The i-nabílity to detect sÍgnÍficant
levers of toxicity of the RAl"frg serum for normal B cell populatíon (spleen
and1ynphnod.e)canbeexp1aínedinsevera1..Úays.

I'Ihole inmunoglobulin was used as the irurunizing antigen for production of
RAMrg thus a gÏeateÏ sPectrum of Ab specificities would have been raised..rf
the Ab specÍficÍty hras directed mainly or partly Ëo the Fc fragment, the ç,1¡"1rg

antibodies may not have been able to attach to the cell surface rg receptors
as the surface rg Fc pÍece has been suggested to bp largely buried in the cell
membrane (108) ' The class of antibody raised in the w¡g serum is important
as not all rabbit rg classes can fix cornplement (210). Thus, Íf the main class
of antibodíes rai.sed in the rabbit is not a complement fÍxÍng class, then
although the RAlfrg antibodies will be able to attach ro rg bearÍng têrget
cells they wÍll be unabre to lyse them in the presence of comprement.

Although gel diffusion tests indicated that the absorbed RAMrg serum

combined wÍth purified serum ímrnunoglobulin, i.e. produced precipitin bands,
it does not gíve any Ínformation on the ability of the sera to bind surface
membrane iurmunoglobulins. The affinity of the RAMrg antibodfes may also be
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crftical as 1t has been shornm that hígh afffniÊy antfbodÍes are better
abLe to i-nduce conformaËional changes that trigger complement activÍty than
low affinity antibodies' Thus the serum may contaÍn 1ow affinity antibodies
r¿hich are eÍther unable to attach to surface rg or unable to actfvate
complement eff icÍently.

rt was also thought that the cel1 surface Fc receptors may directl¡r inÈerfere
with compt"r"rrt lysís (see díagram be10w). Thus, this surface complex,
i'e' antibody attached to cell surface by its Fc fragment¡ may not effect
the conformaËional changes necessary to activate complement. The ce'l Fc
receptor may also interfere in an índirect fashion by attachÍng to the
Fc fragment.of RÁMrg antÍbodÍes thaË have attached to cell surface rg r¿íth .....

their F(abr)r, fragment (see dÍagram below). tfris may constraín addiËional
conformatíonal changes that inhibÍt courplement activaËion or attachment. However, 

,both mechanisms necessitate thaË the Fc receptor and the rg receptor ,,

are Ín cl0se proxínÍty Êo each other. This Ís supported. by Lawsonrs (181)
cappíng studies Ëhat shor,¡ that -both rg and Fc tend to aggregate. over the
samepo1esuggestÍngat1eastthatt'heyareíntheSameareaonthece11

surface. Thus, the Fc receptor interference may be a significant facËor
for the observed weak cytotoxÍcity of the RAMïg 

"!r,rr. However, this j.nter_ 
|

ference would be difficult to avoid because the Fclfragment of the
antibody is necessary for complement attachrenË.
Fc Receptor Direct Interference Fc RecepÈor Indirect Interferencez

_J

-

-
-

Fc receptor

RAMIg, surface
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It is knor,r¡n that lymphocytes will resíst immune cytolysis unl-ess

Ëhere are mínimum surface receptor.sÍtes that can bÍnd the relevant

antibodies. If optimal conditions for complement activation are met,

i.n{nune cytolysis will provide quantitaËive evidence of the immune reaction.

Thus, the density and distribution of Ig receptors on Ëhe B cell surface

are critical. However, B lyrnphocytes have been shovm to have 104 - to5 rg

molecules on their surface (3r32rL82). unanue (182) using a freeze-

eËching technÍque showed that surface Ig molecules occur as a continuous

network of molecules close to each other forming a lacy paËtern. Thj.s

pattern was also confírmed Ín a study by Karnovskyrs (1s3) in which

appropríately labelled anËíbody was 
,seen 

as a fairly continuous layer

all around the cel1. Thus, the density and distribution of Ig molecules

on the B lymphocyte apPear to create optimal conditions for immune ]-ysis.

Lynphocyte surface Ig is noË rigidly attached to the plasna membrane

and anti Ig anËÍbodies result in the formation of Ig antÍ,Ig complexes ËhaË

have been shown Ëo follow four basic pathways subsequenË to or durÍ-ng

redistríbution: (a) dÍssociatíon, (b) persístance for finite períod, on _the cell
membrane, (c) sheddíng off into the exËracellular ni1Íeu or (d") interiorization
by the ce11, i.e. endocytosis (1841185,186). Three of Ëhe above pathürays

r,¡ould act to reduce complement activity in the "ytolo*i"'assay. The modulaËíng-

effects of the anti Ig serum that results Ín an apparent phenotypic loss

of surface imnunoglobulin has been observed Ín oüher systems. Modulation

described for the Èhymus leukemia (TL) antigens by the anti TL antíbodies

(187) and for myeloma and lyurph node Kappa deÈerminanÈs produced by antÍ Kappa

antibodies (173) are similar to the anti Ig induced modulatÍon ín that Èhe

treated cells are rendered Ínsensitive t.o complement mediated lysis. The

capping phenomena nay be resposÍble for Èhe decreased toxicity of Ëhe RAMIg
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serum in the 45 minute 37oC fírst incubation assay as Raff (40) has shown

that capping can occur very rapidly at 37oC, í.e. 5Oi( of' the cells wil-l

be capped in 1-5 minutes. EndocyÈosis of lg-anti Ig complexes which can occur

wlthouË capping (188) can also.occur very fapidLy., !hu-q, boçh of these

processes (capping and endocytosís) which resulË in altered or decreased

Ig-antÍ Ig compl-exes on the cell surfacer could account for Ëhe decrease

toxiciËy of the RAMIg serum by preventing complemenË activity.

InhÍhitors of glycolysís or oxídaËive phosphorylaËion (Na azíde or

iodoacetamide) have been shown to inhibíË anËi Ig induced cappÍng (182)

However, the use of these inhibitors in the cytoÈoxÍc assay is l-inited because

al-though Ëhey a1low the formatíon of surface lg-antÍ Ig complexes (182)

and prevent theÍr subsequent. capping, they would also Ínhibít complement

actívíty. Both capping and endocytosís have been shown to be dependent on

the degree of cross-línking of surface determinants which requires a

bivalent lígand (40,184). The surface lg-anti Ig compl-exes formed by a mono-

val-ent whole antíiody would noË effec¡ cross línking of surface molecules and

al-though complexes formed by monovalent ligands can be inËeriorized they

are done so at a much slower rate and Ëo a l-esse¡ degree (182)' However,

ít is not known íf the monovalent antibodies would be- as effícient as the

bival-ent antibodies ín inducing the conformaËíonal changes necessary

to active complement or if it r¿ould offer an adequate site for eomplemenÈ

attachment.

Thus, the cyt.otoxic assay using rabbit RAI'IIg serum vlas unsuccessful

ln quantiËatíng Ig bearing cells. However, the assay did detect the strong

toxicity of the RAl"fIg serum for mouse thyrnocyËes probably due t'o natural

anËibody. The RAMIg serum would only have indicated Íf the anti F antibodies

had effected an eliminaÈion or alteration of surface Írmunoglobulin. The
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use of the mouse specÍfÍc B lynphocyte antigen (MBLA) defÍned by heterologous

antÍbodies raised Ín rabbits against mouse B cells nay further detaÍl Èhe

effects of antí /u treatnenË on B cells. Raff (17s) has shor"m that alr B

cel1s íncluding Ab forrning precursors and-Ab-.fornring cellsr. all carry rhe

ÞIBLA narker. Thus, as antÍ p antibodíes would not be expected to arter the

surface MBLA marketr.a decreased percentage of MBLA bearing cells would j-n

índicate an actual eliroination of B celIs

The cytotoxicÍty assay was used to examÍne the effects of anti ¡r
treatmenË on Èhe number of T cells in the perÍpheral lymphoíd organs

(spJ-een and lymph node). the comparíson of the number of T cells in control
and normal groups of aniroals suggest that lynph nodes have more T ce1ls

than spleens. The 1or¿er levels of o bearing ce1ls in the spleen vrere thoughË

to be due to a greater difficult y in Lyzíng splenic T cells wiËh anti e

and complement because of a low level of e Ag on theír surfaces. However, it
has been shown (205) that Ëhe subpopularions of T ce11s (T1) that

Preferentially homes to Ëhe spleen have a hígher e Ag concentratíon on Ëhe

cell surface and are more sensíËive to antí I and.complement in vitro than

the T cell subpopulation (T2) that preferentÍally homes to the lymph node.

rË r^¡as thought that the lower levels of T cells in the spleen likely reflects
a percentage difference, i.e. the spleen has more ce1ls Èhan the tymph node,

thus, Ít rnay actually have a higher number of T cells than the lymph node

although it registers a lower percentage of T cells. Thus, on a percentage

basis, the lymph node Ís a richer source of T ce1ls than the spleen.

the anti f treatnenË resulted in a L)T" increase in T cell number ín the
lymph nodes of experimental anímals (58"¿) r+hen compared with control animals

(487.). However no signÍficant differences (0.25g{.20) were detected in

e Cytotoxic Assay:
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Ëhe T cell nunbers of theír spleens. The 7" of. Q bearÍng cells detected

ln controls (L7%) or normal (L3%) spleens appeared to be depressed when

compared. to values (25%-45%) cfted in oËher studies (L7grirgzrLg3). Thus,

the anti e sgfqn may noË be able to díscrj-minat.e between T cell variances,

1.e. íncrease of decrease in the spleen because of the relatively small

Percentage: of T cells that, exist or can be det.ecËed because of Ëhe heterogenous

cel-L population exisËíng in the spleen cell populatÍon. The observation

Ëhat anti f Ëreatnent effects a 102 Íncrease in T cel-1 numbers in the lymph

node may be interpreted several r¡rays. The increase in the percentage of T

cel-ls may represent, an absolute Íncrease in T ce11 number or Ít may represent

a relative increase of T cel1s due to a B cell- loss.

E. General Discussíon:

The results of the presenË investigatÍo-n rlriÈh B6AFI mouse confirm the

resulËs obtained wiËh anti p chronically treated BALB/C mice (15,1-6,L7).

Although serum lgl"i levels ï¡/ere completely suppressed in the B6AF, mouse, the

suppression of the B6AF, serum 'I.gG levels diff,ered,qualitaËivetry from. ËhaË'. .-

obtained Ín the BAIB/C mouse. Immunoelectrophoretíc studies indÍcated that

B6AF1 serum IgG, levels were unaffecËed and serum tBGZ^ levels \¡lere partÍally
a

suppressed by antí F treaËment whereas previous authors (15'16) demonsËrated

a severe (residual level) suppression of both IeG, and igc, in the BALB/C

mouse. The direcË plaque cell assay demonstrated thaË the anti F treated

B6AFI mouse was compl-eÈely suppressed in íÈs abÍlíty to produce IgM Ab to

SRBC. However, Ëhe study of B cel1 regulation of T cell medÍaËed reactíons

required the suppression of both IgG and IgM. The suppression of the IgG

class is parÈÍcularly important for studies on Ëumor grafts because of the

pfotecÈ1ve or enhancing acËivity of the IgG class (2L4). Thus, ft was

concluded that because of the fncompl-ete supPressíon of serum Ig J-evels. the
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antí F treated B6AF' mouse may not be a good model to study the regulation

by B cells of T cel-1 functions.

The present ínvestígations enploying the cytoËoxic assay demonsËrated a

L0% íncrease in T cell numbe.rs in the lynph nodes of anti ¡r treated mice

when compared with their litterlnate control-s. Unfortunately, the RAlfIg serum

used in the cytotoxic assay lras unable Ëo quantÍt.ate B cells to dÍrectly

confirm a B cel1 loss because the serum rnras strongly toxic formouse thymocytes

and the absorbed serum did noË lyse signíficanË numbers of B cells. The

thyrnocyte absorbed RAI'fIg serum demonstrated anti Ig activíÈy when tested by

Ouchterlony índícating that Ëhe antibody activiËy removed by absorptÍon ïüas

not anti Ig. Sera from inmunized. NZtrl rabbiËs hTas strongly toxic for mouse

thymocytes indícative of natural antibody Ëo mouse thymocytes. Thus, rabbits

should noË be used as a serum source to study T cell recepËors or T ce11

functions because of the interference from Ëhis natural anËibody.
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. 
CONCLUSIONS

From Èhe observatíons presented ín this thesis, the following

conclusíons can be made:

(1)ChronicantiFtÏeatmenËofB6AF,micefromblrihresultedinacompl.ete

suppression of serum IgM and an incomplete suppression of IgG'

(2)Anti¡rtreatmenteffectível-ysuppressedtheabilityofyoungB6AF1

mice to mount an IgM antÍbody response to SRBC'

(3) The anti F suppressed B6AF, mouse is not a good model for the study

of B cetrl regulation of T cell medieted imqgle reactions because

the suppression of serum Ig levels ís incomplete'

(4)RAMlgseracontainsantibodiestoamousecellsurfaceProtein'

particularly thymocytes, and may not be suiËable for the study of

Ëhe T cell recePtor'

(5)TheantibodymediaËedcytotoxicityassayísnoËsuitableforÈhe

quantiËatíon of I8 bearíng cells'

(6)NogrossdifferencesofthetabearingcellsweredeËectedinÈhe

spl-eens of control ( NRS treated) and experlmenËal (anti ¡r treated)

miee.However,aL01%increaseofÈhetabearíngcellswasdetectedín

the lymph nodes of experimenËal mice over control míce'
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