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ABSTRACT

IMMUNOCHEMICAL, CELLULAR AND MOLECULAR ASPECTS 

OF RHEUMATOID FACTORS AND OTHER AUTOANTIBODIES

by

Audrey J111 Manheimer-Lory

Adviser: Professor Constantin A. Bona

The nature of the Immune response to  polysaccharide thymus-independ­

e n t  (TI) a n tig en s  was In v e s t ig a te d  1n rheumatoid f a c t o r  (RF) producing 

mouse s tra in s ,  129/Sv and MRL/lpr, and th e i r  normal congenlc counterparts, 

129/0 and MRL +/+. An age-dependent v a r i a t io n  of c lo n e s  s p e c i f i c  f o r  

b a c t e r i a l  lev a n  (BL) and a lp h a  1, 3 dex tran  B1355 (Dex) was observed 1n 

129/J mice. The ant1-BL and ant1-Dex responses observed for 1-month-old 

129/Sv mice fa r  exceeded those of th e i r  age-matched controls Indicating an 

accelerated  ontogenlc development of these Immune responses. A poor re­

sponse was observed fo r  both MRL+/+ and MRL/lpr mice a f te r  Immunization 

with BL MRL mice were unresponsive to  Dex. These mice, however, could 

respond to  th e  T-dependent (TD) form of t h i s  a n tig en , suggesting  t h a t  

perhaps th e se  mice lack  a su b se t  o f B c e l l s  req u ire d  to  respond to  TI-2 

a n tig en s . The most s t r i k in g  o b se rv a t io n  was the occurrence of Isotype- 

s p e c l f l c  RF subsequent to  Immunization with th e se  an tig en s  1n an im als 

prone to  develop RF, as well as 1n aged animals th a t  do not spontaneously 

produce RF.

The secondary Immune response to  TNP-KLH and the ant1-1mmunoglobul1n 

response were studied 1n 1-, 3- and 6-month o ld  129/J, 129/Sv MRL+/+ and 

MRL/lpr mice. A profound In a b i l i ty  of aging 129/Sv mice and MRL/lpr mice



to  produce IgGga (129/Sv) and a l l  IgG (MRL/lpr) ant1-TNP antibodies was 

observed. This markedly low responsiveness could not be r e la te d  to  the 

presence  o f RF s in c e  t h e i r  normal c o u n te rp a r ts  a l s o  produced RF a f t e r  

Immunization.

We Investigated the Immunochemical and molecular c h a rac te r is t ic s  of 

murine monoclonal RF and other autoantlbodies. Although the sp e c i f ic i t ie s  

o f th e se  a u to a n tib o d ie s  v a r ie d ,  many expressed an 1 n te rs tra 1 n  c ro s s -  

r e a c t i v e  1d1otype (IdX). Our panel u t i l i z e s  a r e s t r i c t e d  s e t  o f  the  

r e p e r t o i r e  re p re se n t in g  the  more 31 f a m i l i e s  (Vjj 7183, Q52,

J558). The nucleotide sequences of two cloned RF genes show no major 

d ifferences between genes encoding the heavy chain of autoantlbodies 

and antibodies against foreign antigens. F ina lly , 60% hybrldomas produced 

from BALB/c, NZB, or MRL/lpr which express 7183 genes, are sp ec if ic  fo r 

se lf-ep ltopes and express IdXs.
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1.

INTRODUCTION

I t  1s g e n e r a l ly  accep ted  t h a t  th e  animal organism acq u ires  th e  

a b i l i ty  to  d istinguish  between s e l f  and non-self 1n the  Immune response 

during ontogeny. Indeed, as e a r l y  as 1900, Paul E r l i c h  and J u l i u s  

Morgenroth found th a t  the In jec tion  of se lf -an tig en s  In to  the autologous 

host did not e l i c i t  an Immune response (Ehrllch, 1900). S im ilarly , when 

animal hosts were injected with th e i r  own red blood c e l l s ,  no autoanti­

bodies were produced. From these experiments, Ehrllch formulated a con­

cept which he c a l le d  'horror au to to x lcu s . '  This concept considered  t h a t  

the Immune response against se lf -an tig ens  was harmful.

Not u n t1 1 the  mid 1900's d id  Ehrl 1ch's o r ig in a l  Idea  come to  be ex­

pressed as B urnet's  concept o f ' s e l f - t o l e r a n c e '  (Burnet, 1959). This 

hallmark theory Implicated the thymus as an organ of su rv e i l la n c e  which 

could prevent a n t i - s e l f  clones from arising . Nevertheless, even Ehrllch 

had recognized th a t  a d isruption  of Immunoregulatory mechanisms could lead 

to  the  m a n ife s ta t io n  o f th e  autoimmune s t a t e .  I t  1s now c l e a r  t h a t  th e  

phenomenon c a l le d  autoimmunity 1s a r e s u l t  of m u ltip le  fac to rs:  genetic

predisposition. Immune Incompetence, exogenous fac to rs  ( v i r a l ,  b a c te r ia l)  

and p h y s io lo g ic a l  f a c to r s  a s s o c ia te d  with sex hormones and aging 

(Hlrokawa, 1985).

The dec lin e  of age-re la ted  Immune functions has been well docu­

mented 1n both humans and mice (Helmer, 1963; Hallgren, 1973; Haklnodan, 

1980). Although 1t appears th a t  macrophage and dendrit ic  c e l l s  function 

a t  c ap a c i ty  1n o ld e r  I n d iv id u a l s ,  both B and T c e l l  fu n c t io n  s u f fe r s .  

Generally, B c e l l s  become le s s  responsive 1n th e i r  a b i l i t y  to  p ro l i f e ra te



2

a f te r  stimulation with B c e l l  mitogens and th e i r  capacity to  produce Ig 

a f t e r  a n t ig e n ic  chal lenge d im in ishes  (Abraham e t  a l . ,  1977; C a l la rd  e t  

a l , ( 1977; Klshlmoto e t  a l . ( 1976). Furthermore, several T ce ll  functions 

a re  Impaired 1n the  aged mouse or human. For example, 1n NZB mice th e re  

1s an Increase  1n p o ly c lo n a l  h e lp e r  a c t i v i t y  (T heofl lopo u lo s  e t  a l . ,  

1985). The da ta  on suppresso r  ce l I s  (Ts) 1s c o n t r o v e r s i a l .  One might 

expect t h a t  a decrease 1n Ts c e l l s  might p rov ide  th e  foundation  f o r  the  

autoimmune response, yet various Inves tiga to rs  report an Increase 1n th is  

population as a function of age (Goldl e t  a l . ,  1976).

I t  1s well established th a t  some autoimmune diseases Involve genetic 

predisposition and su s c e p t ib i l i ty  1s most l ik e ly  a multi f a c to r ia l  based 

process 1n both animals and humans. I t  may be th a t  the genes of the major 

histocom patib ility  complex (MHC) (the HLA antigens) play a c r i t i c a l  ro le  

1n predisposition, 1mmunoregulat1on and etlopathogenesls of auto1mmun1ty. 

Many human autoimmune diseases have been found to  be p o s i t iv e ly  corre la ted  

with the HLA-B and HLAr-D a l l e l e s  (Svejgaard, 1983).

The contribution th a t  v i r a l  Infections make to  the e tio logy of auto- 

immunity has a lso  been pursued. Since v iruses are e sp e c ia l ly  capable of 

forming immunogenic units with su rface  a n t ig e n s  o f In fec ted  hos t  c e l l s ,  

some viruses such as Epste1n-Barr v iru s  may Induce B lymphocytes to  pro­

l i f e r a t e  by themselves (Cruse and Lewis, Or., 1985). In th is  way, v i ru s -  

host c e l l  surface antigens may I n i t i a t e  T lymphocyte helper e f fe c ts  lead­

ing to  autoantibody formation. In p a r t ic u la r ,  1n NZB mice, type C re t ro ­

virus may be associated with autoantlbodies produced against red c e l ls  and 

n u c le ic  a d d s  (T heo fllop ou lo s  e t  a l . ,  1981). I t  1s hypothesized t h a t  

v i r a l  In fe c t io n s  may s t im u la te  th e  p ro duction  of a u to an tl  bodies by the
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c re a t io n  o f  neoantigens 1n complexes w ith  h i s to c o m p a t ib i l i t y  an tig en s  

(A l l i s o n ,  1977), by n o n sp e c if ic  s t im u la t io n  o f B lymphocytes (EBV) 

specific  fo r  autoantigens and by Inducing the expression of antigens not 

normally expressed by the host c e l ls .

In the ea r ly  days and 1n the years th a t  followed, many advances were 

made by prominent physicians and Immunologists 1n the recognition of the 

e t lo p a th o g e n es ls  o f autoimmunity. In f a c t ,  th e re  were many c la im s t h a t  

one type  of d isease  p rocess  or another had an autoimmune b a s is .  Donath 

and Landstelner (Cruse and Lewis, Jr., 1985) observed th a t  pa tien ts  with a 

blood disease (hemolytic anemia) would develop a serum antibody th a t  could 

adsorb to  t h e i r  e ry th ro c y te s  a t  low tem pera tu res  and lead  to  l y s i s  by 

complement upon warming. In an attempt to  uncover the e tio logy  of ce rta in  

hem oly tic  d iso rd e rs ,  Dameshek e t  a l .  (1938) In je c te d  guinea p igs  with 

rabb it  antibody prepared against guinea pig red c e l l s .  They could then 

Induce experim ental hem oly tic  syndromes s im ila r  to  the human disorders. 

Although th is  advance allowed these Inves tiga to rs  to  e lim inate  the Idea 

th a t  there  was an In t r in s ic  erythrocyte defect In these diseases, 1t was 

not u n t i l  the development o f the Coombs t e s t  some years l a t e r  fo r  the de­

tec tion  o f an tig lobulin  against red c e l l s  th a t  fu rther  progress was made. 

At t h i s  time, th e  In tro d u c t io n  o f  th e  term " a u to a n tlb o d ie s” In to  th e  

l i t e r a t u r e  was made and th e  a s so c ia t io n  o f th e se  g lo b u l in s  with o th e r  

blood diseases soon followed (e.g.t a n t i - p la t e l e t  antibodies 1n Idiopathic 

thrombocytopenia purpura (Cruse and Lewis, J r . ,  1985).

Autoimmune diseases have been c a te g o r iz e d  as e i t h e r  organ s p e c i f i c  

e.g., Hashlmoto's th y ro id i t is  or as non-organ specif1c/system1c disorders 

e.g., systemic lupus erythematosus (SLE). T h y ro id i t i s  was considered  an
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autoimmune d ise a se  1n the  mid 1950's by Wltebsky and Rose (1957). They 

showed t h a t  r a b b i t  thy rog lo bu l 1n (Tg) p lu s  Freund's complete a d ju v an t  

(CFA) cou ld  e l i c i t  a n tib o d ie s  d i r e c te d  a g a in s t  th y ro id  e x t r a c t  1n the  

autologous host. This response was shown to  be T c e l l  dependent. R oltt 

and h is  co-workers confirmed th a t  th e  serum o f  Hashlmoto's t h y r o i d i t i s  

p a t i e n t s  conta ined  a n t ib o d ie s  to  human Tg (1956). I n i t i a l  s tu d ie s  on 

ant1-Tg autoantlbodies were f a c i l i t a t e d  by the a v a i l a b i l i t y  of the animal 

model of the disease, the Buffalo (BUF) r a t  s tra in . Zanettl and Blgazzl 

(1981) described th is  spontaneous disease 1n these ra ts  and demonstrated 

th a t  neonatal thymectomy Increases the Incidence of disease presumably by 

depleting T suppressor c e l ls .

Another d ise a se  o f  endocrine  o r ig in .  Insu l1n-dependent Type I 

Diabetes M elHtus was recognized as an autoimmune organ specific  disorder 

because the Inflammatory lesions 1n the pancreatic I s l e t s  were a r e s u l t  of 

Immunologic attack on the beta c e l ls  of the I s l e t s  (Gepts. 1965).

N eurologic d iso rd e rs  have a l s o  been d esc r ibed  as autoimmune 1n 

etiology. That 1s, Immune reactions leading to  myelin t is su e  Injury could 

be a t t r i b u t e d  to  r e a c t i v i t y  to  c e n t r a l  nervous system (CNS) an tig en s  

(Kabat e t  a l . ,  1947). Injection of homologous CNS antigens 1n monkeys In­

duced a l l e r g i c  encephalomyelitis. This animal disease Is reminiscent of 

the human autoimmune disease, m ultip le  sc le ro s is ,  1n which the p r inc ip le  

antigen was shown to  be myelin basic pro tein  (MBP) (Paterson, 1977).

Another neurologic disorder, myasthenia g rav is , 1s one 1n which the 

presence o f  a n t ib o d ie s  to  a c e ty lc h o l in e  re c e p to r  1s prominent. This 

re s u l ts  1n the destruction of these receptors and could possibly account 

fo r the physiological t is su e  Injury th a t  1s associated with the disease
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( I to  e t  a l . ,  1978).

Several autoimmune diseases of the skin have been described such as 

pemphigus and scleroderma. Beutner and Jordan (1964) found the presence 

of antibodies which could react with I n t e r c e l lu l a r  substances of s t r a t i ­

fied squamous epithelium 1n sera from p a t i e n t s  diagnosed with pemphigus 

vulgaris. They demonstrated tha t  the course o f disease could be monitored 

by the r ise  and f a l l  1n antibody t i t e r .  The antibodies were considered to 

be a u to a n tib o d ie s  s in ce  the  serum a n t ib o d ie s  from the  p a t ie n t s  were 

reactive  with the Indiv idual's  own skin. Scleroderma 1s a connective t i s ­

sue d iso rd e r  o f unknown o r ig in  c h a ra c te r iz e d  by f i b r o s i s  and changes 1n 

the skin, a r te r ie s ,  and small In te s t in a l  organs. I t s  autoimmune nature 1s 

characterized by the presence of an tlnuclear antibodies, cryoglobulins and 

other autoantlbodies (Kumar e t  a l . ,  1985). Terato and co-workers (1985) 

have described an a r th r i t i c  condition 1n mice Induced by Type II collagen 

th a t  serves as an animal model of th is  disease.

Although these diseases have been ex tensive ly  studied, 1t 1s without 

a doubt t h a t  system ic  autoimmune d is e a s e s  such as SLE and rheumatoid 

a r t h r i t i s  (RA) have been th e  su b je c t  o f  th e  most In tense  I n v e s t ig a t io n s  

over th e  years . SLE was f i r s t  descr ibed  as a cutaneous d ise a se  1n the  

e a r ly  1800's, but was l a t e r  recognized as a multisystem disorder. I t  was 

not u n til  the 1940's th a t  SLE was estab lished  as an Immunologic disorder. 

This was due p r im a r i ly  to  th e  advances made 1n au toan tibody  d e te c t io n  

t e s t s  beginning w ith th e  LE c e l l  t e s t  (Hargreaves e t  a l . ,  1948). 

C e r ta in ly ,  the  a s s o c ia t io n  of a n t i -n u c le a r  and ant1-DNA antibodies with 

SLE has aided physicians 1n the diagnosis o f th i s  disease (95-98Z of SLE 

patien ts  are p ositive ) .
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Although we have lea rn ed  much about human SLE 1n re c e n t  y ears ,  our 

knowledge about th i s  disease has come prim arily  from the  a v a i la b le  animal 

models. In fact, four spontaneous models of lupus have been ex tensively  

s tu d ied :  NZB, (NZB x W) FI, BXSB and MRL. The d ise a se  p rocess  1s not 

homogeneous 1n these animals, yet several common abnormalities e x is t  among 

them. In p a r t i c u l a r ,  B c e l l  h y p e ra c t iv i ty  1s a f e a tu r e  common to  a l l  

these SLE s tra ins . In addition, these models are characterized by hyper­

gammaglobulinemia, ant1-DNA and an ti-nuclear antibodies, an t1- r e t r o v i r a l  

gp70 a n tib o d ie s  and c i r c u l a t i n g  Immune complexes (T h eo f l lo p o u lo s  and 

Dixon, 1981). One o th e r  common fe a tu re  among th ese  s t r a i n s  1s t h a t  when 

these mice are made congenlc fo r the x1d (x-1Inked Immunodeficiency) gene 

from CBA/N mice, a l l  exh ib it  markedly reduced le v e ls  of autoantl bodies and 

a d e la y  1n o nse t  and s e v e r i t y  o f d ise a se  (S te inbe rg  e t  a l . ,  1982; 

Steinberg e t  a l . ,  1983), but th is  e ffec t  1s not e n t i re ly  complete.

The genetic de riva tion  of these s tra in s  1s quite  d if fe ren t .  NZB and 

NZW were spontaneously derived and Inbred fo r  co lo r  from a stock of unde­

f ined  background (T h eo f l lo p o u lo s  and Dixon, 1981). BXSB mice were 

genera ted  by c ro s se s  between C57B1/6 fem ale mice and SB/Le male mice 

s e l e c te d  fo r  a s a t i n  beige  co a t  (Andrews e t  a l . ,  1978). MRL mice were 

f i r s t  described by Murphy and Roths (1979) and were the re s u l t  of Inbreed­

ing among four s t r a i n s :  LG (75%), AKR (13Z), C3H (12%) and C57B1/6 (0.3%). 

A ll  o f  th e se  models e x h ib i t  two forms of the  d ise a se :  a l a t e - l i f e  type 

which u su a lly  appears during the second year of l i f e  (NZB x W male; BXSB 

female and MRL+/+ o f  both sexes) and an acu te  o n se t  form In which 

phenotypic and functional abnormalities of the disease can occur within 

the f i r s t  weeks of l i f e  (NZB) and death (u sua lly  from glomerulonephritis)
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can occur w ith in  the  f i r s t  year o f  l i f e  (NZB x W fem ale, BXSB male and 

MRL/lpr of both sexes). Male and female NZB mice develop a la te  form of 

lupus t h a t  1s not In f lu en ced  by sex. The development o f autoimmune 

hemolytic anemia 1s characterized by the e a r ly  appearance of ant 1-ery thro­

cyte and anti-thymocyte antibodies by 3-4 months of age (T ala l,  1976), 

but a low Incidence of an ti-nuclear  antibodies. The FI hybrids (B x W) FI 

d isp lay  symptoms quite reminiscent of human SLE. I t  should be mentioned 

th a t  accelerated maturation and aging of Immune functions 1n NZB mice has 

been reported. More sp e c if ic a l ly ,  the thymus prematurely Involutes and 

th e re  I s  prominent degenera tion  o f e p i t h e l i a l  c e l l  vascularization  (De 

V ries e t  a l . ,  1967). In f a c t ,  young a d u l t  NZB mice seem to  lack  a thymic 

hormone a c t i v i t y .  I t  1s y e t  u n c le a r  what r o l e  the  thymus p lay s  1n the  

autoimmune process 1n these mice. Some I n v e s t ig a to r s  have demonstrated 

th a t  neonatal thymectomy accelerated disease 1n NZB x W females (Steinberg 

e t  a l . ,  1980). Contrary to  t h i s ,  athymlc (nude) NZB and (B x U) FI mice 

have been reported to  develop disease 1n a s im ila r  time frame to  th a t  of 

th e i r  nude (nu/+) counterparts (Gershwin e t  a l . ,  1980). Theofllopoulos 

e t  a l .  (1980) have found th a t  thymectomy had no real e ffec t  on the course 

of disease 1n NZB mice.

B c e l l  function 1n NZB mice has been the subject of Intense in v e s t i ­

gation by several groups (Moutsopoulos e t^ a l . ,  1977; Manny e t  a ). ,  1979; 

Hayakawa e t  a l . ,  1983). This work i n d ic a t e s  t h a t  th e  primary d e fe c t  1n 

th e  NZB mouse 1s a t  the  l e v e l  o f  th e  B c e l  1. Moutsopoulos e t  a l .  (1977) 

found t h a t  u n l ik e  normal mice, NZB and (B x W) FI mice e x h ib i t  a hyper­

secretion of IgM even a t  b ir th , and by 6-8 weeks of age, spleen c e l l s  from 

these mice could produce as much as 40 fo ld  more IgM than those of normal
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mice. Manny e t  a l .  (1979) confirmed these s tud ies  and a lso  showed th a t  18 

day and 19 day fe ta l  U v e r  c e l l s  matured Into IgM hypersecretors In the 

absence of T c e l l s .  I t  has been Implied th a t  a small subset of B c e l l s ,  

the Ly1.+B c e l l  may be responsible fo r autoantibodies seen 1n th is  s t ra in  

and 1n other SLE s tra in s  (Hayakawa e t  a l.,  1983). These c e l l s  have a high 

r a t i o  o f slgM to  slgD and a re  p re se n t  1n high f req u en c ie s  1n th e se  mice 

unlike normal mice. Apparently, th is  subset 1s Involved 1n high spontan­

eous (non-m1togen stimulated) IgM hypersecretion.

BXSB mice spon taneous ly  develop  a f a t a l  d is e a s e  c h a ra c te r iz e d  by 

high le v e ls  of serum Immunoglobulins (Igs), Including an ti-nuclear  a n ti­

bodies and an ti- thym ocyte  a n tib o d ie s .  U nlike  th e  NZB s t r a in ,  the  male 

BXSB mice experience  pronounced d isease . This has been linked  to  an 

a c c e le r a t io n  f a c to r :  a Y chromosome-1 inked gene (E lsenberg and Dixon,

1980), yet the mechanism 1s s t i l l  poorly understood.

MRL/lpr mice probably have been the most widely studied of a l l  the 

SLE s t r a in s .  The onse t o f  d ise a se  usual ly  occurs  a t  3 months o f age and 

1s c h a ra c te r iz e d  by the  f e a tu r e s  p re v io u s ly  mentioned. A n e c ro t iz in g  

p o ly a r te r i t i s  and a RA-l1ke disease 1s concommltant with the presence of 

RF 1n serum, ant1-Sm antibodies and t issue  deposits of the IgG2 subclass 

(Theofl lopoulos e t  a l . ,  1980; Theofl lopoulos and Dixon, 1981). In these 

mice the  o n se t  o f  symptoms depends upon two f a c to r s :  the  autosomal 

recessive lymphopro11ferat1ve O p r)  gene and the  thymus. I t  1s c le a r  th a t  

the production of certain  autoantlbodies can be unique to  a p a r t ic u la r  SLE 

s tra in  and thus one might surmise th a t  the production of these au toan ti-  

bodles 1s under separate gene control. Furthermore, some autoantlbodies 

(ant1-red c e l l  or ant1-Sm) p lay  very small ro le s  (1f any) in mediating the



9.

le th a l  lesions of the  disease. The lp r  gene 1s a prime example of a gene 

which may be c r u c i a l  1n Inducing d ise a se  u n l ik e  o th e r  genes. This was 

shown when S te inbe rg  e t  a l .  (1983) in troduced  t h i s  gene onto the  back­

ground of non-auto1mmune mice (C57B1/6 and C3H). Although autoantibodies 

were produced« the sev e r i ty  of disease was lessened and i t  occurred la te r  

1n l i f e .  The r o l e  o f  th e  thymus has been c l e a r l y  de fined  1n th e se  mice. 

I t  has been shown th a t  neonatal thymectomy prevents lymphadenopathy and 

the 1ymphoprol1ferat1ve disorder, delays the onset o f disease and reduces 

the le v e ls  of ant1-DNA and other autoantlbodies (Steinberg e t  a l . ,  1980). 

This, however, 1s not the case when thymectomy 1s a t  1 month of age (Hang 

e t  a l . ,  1984). F in a lly ,  when the thymus from a +/+ mouse was transplanted 

Into a neonatally  thymectomlzed lp r  mouse, the r e s u l t  was e a r ly  disease 

Indicating th a t  the genotype of the thymus 1s not c r i t i c a l  (Theofllopoulos 

e t  a l . ,  1985).

As mentioned above, RA 1s a genera l c l i n i c a l  m a n ife s ta t io n  1n MRL 

mice and the presence of serum rheumatoid fac to rs  (RF) Is quite  common by 

3 months of age. Although th is  spontaneous animal model was described 1n 

th e  l a t e  1970's, 1 t was over f o r ty  y ears  ago 1n th e  human system th a t  RF 

were discovered (Waaler, 1940). In these studies, Waaler was a c tu a l ly  re­

in v e s t ig a t in g  an e a r l i e r  ob se rv a t io n  1n which 1 t was seen t h a t  c e r ta in  

human se ra  were a b le  to  a g g lu t in a te  s e n s i t i z e d  sheep red c e l l s  when 

routine complement f ixa tion  te s t s  were being performed fo r  the detection 

o f  s y p h i l i s .  A l th o u g h  W a a le r 's  e x p e r im e n ts  found o n l y  l i m i t e d  

a g g lu t in a t in g  a c t i v i t y  1n normal se ra ,  p a t i e n t s  w ith  RA had e le v a te d  

a c t iv i ty .  This fac to r  was renamed 'rheumatoid fa c to r1 based on I t s  asso­

c ia tion  with RA. Although RA prim arily  a ffec ts  the jo in ts ,  l ik e  SLE, 1t
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too 1s a systemic disorder which can be associated with malaise, fatigue, 

p e r i c a r d i t i s ,  s c l e r l t l s  and v a s c u l i t i s  (Pope and T a l a l ,  1985). At th e  

peak of autoimmune d iscoveries 1n the mid 1950's, the  demonstration th a t  

RF reacted best with heat-aggregated or denatured gammaglobulin led to  the 

proposal th a t  perhaps RF were autoantibodies. Franklin e t  a l .  (1957a, b) 

found both 19S RF and 7S gammaglobulin as a 22S complex when u l t r a -  

c e n t r i f u g a t io n  was used to  study RA p a t ie n t s '  se ra .  Sera from p a t i e n t s  

with advanced RA contained complexes which sedlmented 1n the range of 9S 

to  17S and these complexes could read ily  d issoc iate  to  7S units (Kunkel e t  

a l . ,  1961). This In d ic a te d  t h a t  RF were g e n e r a l ly  IgM or IgG t h a t  

could bind to  antigenic determinants on autologous IgG. RF were not only 

found 1n a s s o c ia t io n  w ith  RA, but l a t e r  found 1n s a rc o id o s is ,  subacute  

e n d o c a rd i t i s ,  h e p a t ic  d is e a s e s ,  d i f fu se  sc leroderm a and Waldenstrom's 

macrog1obu11nem1a (Carson e t  a l . ,  1981).

The s p e c i f i c  r e a c t i v i t y  o f  human RF with antigenic determinants 1s 

located on the Fc fragment of IgG molecules, p a r t i c u la r ly  on the  CH2 and 

CH3 domains. These de te rm inan ts  Include a) Gm a l l o t y p i c  de te rm inan ts  

(Natvlg and Kunkel, 1967), b) antigenic determinants shared by various IgG 

su b c la s se s  (A lle n  and Kunkel, 1966), o r e )  by IgG from v a r io u s  sp ec ie s  

(Williams and Kunkel, 1963). RF obtained from a mouse s tra in  th a t  spon­

ta n e o u s ly  produces a n t1 - Ig s  (129/Sv) recognize a n t ig e n ic  de te rm inan ts  

located on the CH3 domain of IgG-j and the C-term1na1 8 residues of the CH2 

domain p lus the complete CH3 domain of Ig ^ a  (Stassln  e t  a l . ,  1983). The 

129/Sv and MRL/lpr mice serve as models for the spontaneous production of 

RF (Van Snick and Masson, 1979; Andrews e t  a l . ,  1978). Each o f  th e se  

s t ra in s  has enabled Investiga to rs  to  study the age-dependent occurrence of
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RF. U nlike MRL mice* the  occurrence  o f  RF 1n 129/Sv mice has not been 

associated with a well-defined autoimmune process. The high Incidence of 

ant1-Ig a c t iv i ty  1n the sera of these mice was shown to  e x is t  even p rio r  

to  a r t i f i c i a l  Induction  (Van Snick and Masson« 1979). D resser (1978) 

showed th a t  most IgM-produc1ng c e l l s  1n the mouse secrete  autoantlbodies 

(RF) a f te r  LPS administration. RF from 129/Sv mice were characterized as

Igs of the  a lph a  and mu Iso types (Van Snick and Masson, 1979). IgA RF, a
•

product o f  lymphocytes a sso c ia te d  w ith gut lymphoid t i s s u e  was h ig h ly  

s p e c i f i c  fo r  IgGgg, whereas IgM RF, a sp le n ic  lymphocyte p roduct exh i­

bited much brooder sp e c if ic i ty  fo r  various IgG subclasses (Van Snick and 

Masson, 1979; Van Snick e t  a l . ,  1983). In a s e r i e s  o f  papers by Coulle  

and Van Snick (1983a, 1983b, 1985), the  production of IgM RF a f te r  Immuni­

z a t io n  with p ro te in  an tigens  was shown 1n 129/Sv mice. These RF were 

tran s ien t  and l a t e r  1t was shown th a t  the ac tiva tion  of RF precursors was 

Induced by th e  I n te r a c t io n  with Immune complexes and c a r r i e r - s p e c i f i c  

helper T c e l ls  (1985).

The fundamental b e l i e f  has been t h a t  a) RF a re  a s so c ia te d  with 

chron ic  d is e a s e s  and aging and b) p a th o lo g ic a l  consequences may r e s u l t  

from th e i r  presence 1n the c ircu la tio n . That 1s, they can Induce and/or 

maintain the disease s ta te  by forming Immune complexes 1n sera and 1n the 

synovia. However, 1t 1s within the l a s t  few years th a t  th i s  concept has 

been questioned. Nemazee and Sato (1983) described the appearance of RF 

1n A/J mice, a s t r a i n  which does no t produce a u to a n tib o d ie s  norm ally . 

This autoimmune response was a s so c ia te d  with hyper1mmun1zat1on to  a T- 

dependent a n tig en , Ars-LPH, Inducing RF s p e c i f i c  f o r  IgGj. Thus, th e re  

appears to  be a paradox: why a re  RF (genera l 1y a s so c ia te d  w ith adverse
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effec ts  to  the host) produced during conventional antigenic stimulation? 

This phenomenon 1s not unique to  mice. In f a c t .  1n humans 1t  was shown 

th a t  even a f te r  vaccination with Tetanus Toxoid, RF occur (Welch e t  a l . ,  

1983). I t  has a l s o  been demonstrated t h a t  RF e x i s t  t r a n s i e n t l y  1n the  

c irc u la t io n  of pa tien ts  during the course of Infections such as syph ilis ,  

tuberculosis , mononucleosis, chronic ac tive  h e p a t i t is ,  subacute bac teria l  

e n d o c a rd i t i s ,  and r u b e l l a  (Almeida e t  a l . ,  1980; Tsoukas e t  a l . ,  1980; 

Carson e t  a l . ,  1981). Therefore, some Investiga tors  have ascribed bene­

f i c i a l  ro le s  for RF. More sp e c if ica lly ,  a RF-I1ke a c t iv i ty  was described 

1n th e  serum of l a c t a t l n g  r a t s  which have never  been In fec ted  w ith the  

parasite  Trypanosoma 1ew1s1 (Clarkson and Mellow, 1981). This fac to r  was 

shown to  confer resistance  to  Infected lac ta t ln g  r a t s  and th e i r  suckling 

progeny by amplification of a specific  gammaglobulin response. Further­

more, another rheumato1d-H ke fac to r which 1s produced la te  1n the course 

o f t h i s  In fe c t io n ,  a m p l i f ie s  an e a r l i e r  IgG response and 1s cap ab le  o f 

terminating the Infection 1n nonlactatlng ra ts .

I t  1s apparen t from th e  p rev iou s  d e s c r ip t io n s  o f  the  v a rio u s  au to ­

immune diseases, th a t  the a n t i - s e l f  response 1n humans and 1n animals has 

been approached 1n v a rio u s  ways. In e f f o r t s  to  b e t t e r  understand the  

nature and binding properties of antibodies spec if ic  fo r  self-m olecules, 

Investiga tors  have used an t1- 1d1otypes (ant1-Ids)  to  explore the re la te d ­

ness among molecules with sp e c if ic i ty  fo r  the same or d if fe ren t  antigens 

(Z an e tt l  e t  a l . ,  1986). The 1d 1otypes ( Id s)  o f  two organ s p e c i f i c  a u to -  

antibodies, an t1-Tg (Hashlmoto's disease) and ant1-acetylcho11ne receptor 

(AchR) (Myasthenia gravis) have been well characterized.

Autoantlbodies produced 1n Hashlmoto's disease or 1n the experimental
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models Is limited. Therefore* th is  f a c i l i t a t e s  the study o f the 1d1otypy 

o f  the  Igs. Using r a b b i t  ant1-1d1otype a n t ib o d ie s  prepared a g a in s t  BUF 

r a t  serum a f f i n i t y  p u r i f ie d  a u to a n tib o d ie s .  1t  was rep o r te d  t h a t  these  

an tib o d ies  exp ress  a c r o s s - r e a c t i v e  1d 1otype (IdX) (Z a n e t t l ,  1986). In 

fac t,  th is  was evident 1n the majority of r a t s  studied and was apparently 

up to  5QZ of the to ta l  serum autoantibodies. Zanettl e t  a l .  (1983b) could 

Id e n t i fy  the  same IdX on a u to a n tib o d ie s  to  Tg from o th e r  s t r a i n s  or 

species and even on human autoantibodies. This group has a lso  documented 

a high degree of Idlotype c ro ss - re a c tiv i ty  among murine monoclonal auto- 

antibodies d irec ted  against a highly conserved epitope on Tg (Zanettl e t  

a l . ,  1983a). This Idlotype, Id 62, was found 1n serum of BALB/c mice Immu­

nized with Tg as well as 1n mice Immunized with a n t i - id  antibody. Id 62 

was a ls o  expressed  on an tl-T g  a n t ib o d ie s  produced by BUF and BB r a t  

s t r a in s .  Z an e tt l  e t  a l .  (1985) dem onstrated t h a t  a n t1 -Id  a n t ib o d ie s  

s p e c i f ic  fo r  Id 62 r e a c t  w ith the  same 1d1otope on both heavy and l i g h t  

chains.

Antibodies to  AchR have been ex tensive ly  studied because o f th e i r  In­

volvement 1n myasthenia gravis . IdX was detected on antl-AchR antibodies 

from d ifferen t s t ra in s  and species when an t1- Id  antibodies were produced 

1n mice a f te r  Immunization with syngeneic T lymphoblasts educated 1n v i tro  

with acetylcholine receptor (Schwartz e t  a l . ,  1978). In humans. Immuniza­

tion with receptor leads to  the production of sp ec if ic  antibodies and to  

muscle weakness. L e fv e r t  (1981) and L e f v e r t  e t  a l .  (1982) were a b le  to  

demonstrate IdX on a n t ib o d ie s  s p e c i f i c  f o r  AchR In s e ra  o f  60% of 

myasthenic pa tien ts  tested. In te re s t in g ly  enough, th is  Id was a lso  found 

1n the  supernatant of PWM stimulated lymphocytes from healthy  subjects.
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This Indicates th a t  the precursors o f antl-AchR antibodies are present 1n 

the normal population.

The second group 1s the  non-organ s p e c i f ic  a u to a n tib o d ie s  which 1s 

exemplified by the systemic diseases SLEf RA and Sjorgen's syndrome.

In p a t i e n t s  with SLE and 1n mice which produce SLE-l1ke syndromes, 

autoantlbodies to  DNA are prevalent. In mice, many groups have shown th a t  

a n t 1-DNA a n t i b o d i e s  from NZB/W and MRL/lpr s t r a i n s  p o s s e s s  IdX 

(Andrejewskl e t  a l . ,  1981; Marlon e t  a l . ,  1982; Rauch e t  a l . ,  1982; Tron 

e t  a l . ,  1983; Hahn and Ebllng, 1984). Shared 1d1otypy was demonstrated 

among monoclonal an t1-DNA antibodies w ith  d i f f e r e n t  e p ito p e  s p e c i f i c i t y  

(Andrejewskl e t  a l . ,  1981; Marlon e t  a l . ,  1982). The 1d1otypy among human 

antibodies has a lso  been studied. To examine the relatedness of au toanti­

bodies to  DNA among unrelated Indiv iduals , mouse monoclonal an t1- ld  a n ti ­

bodies were genera ted  (Diamond and Solomon, 1983; Solomon e t  a l . ,  1983). 

The expression of the IdX, 31, 1s found 1n high t i t e r s  among r e l a t iv e s  of

pa tien ts  with SLE and usua lly  occurs 1n the absence of an t1-DNA a c t iv i ty

(Halpern e t  a l . ,  1985).

Another c la s s  of autoantlbodies found 1n lupus 1s th a t  specific  fo r  a 

c e l l u l a r  constituent -  a nuclear g ly co p ro te in , Sm. Severa l monoclonal 

a n t1-Sm antibodies have been prepared 1n MRL/lpr mice. Ant1- Id  antibodies 

against these monoclonal antibodies were prepared 1n rabbits  (Plsetsky and 

Lerner, 1982). Dang e t  a l .  (1985) showed that an t1- Id  antibodies can In­

h ib i t  the Sm spec if ic  p ro l i f e r a t iv e  T c e l l  response 1n mice primed with 

th e  Sm an tigen  1n CFA. This suggested  t h a t  T c e l l s  recogn iz ing  the  Sm 

antigen share the 1d1otypes of antl-Sm antibodies.

Probably the most widely occurring autoantlbodies 1n both humans and
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mice, th e  RF, was f i r s t  e s ta b l is h e d  by Kunkel e t  a l .  (1973) to  not only  

possess private  Idiotypic s p e d f l t l e s ,  but a lso  public determinants. The 

Ua s p e c i f i c i t y  was found to  account fo r  approxim ate ly  601 o f a l l  RF 

whereas the  minor IdX, Po, accounts fo r  30Z o f  a l l  RF. This group 1s 

considered to be IdXs of the germllne type. Heavy chain variab le  region 

p ep tid e  a n a ly s i s  showed t h a t  two an tibodies  sharing IdX shared sequence 

Id en ti ty  (Capra and Kehoe, 1974) and thus th is  Idlotype was l ik e ly  to  be a 

germl 1ne-determ1ned one. The prevalence of the Wa IdX 1n RA was confirmed 

by the fac t  th a t  PWM stimulated lymphocytes from RA pa tien ts  express the 

Ua IdX a t  a higher ra te  than lymphocytes from healthy subjects (Bonagura 

e t  a l . ,  1982). In the e a r ly  studies by Kunkel's group (1973), 1t  was a lso  

found th a t  in most of the IgM RF proteins, the V|(iiib l ig h t  chain was used 

as opposed to control proteins which lacked RF a c t iv i ty .  This suggested 

t h a t  th e  major c o n t r ib u to r  to  the  Wa IdX was th e  l i g h t  chain.

Recent ev idence from Chen e t  a l .  (1985b) suppo rts  t h i s  view. They 

prepared a synthetic  peptide corresponding to  the second complementarity 

determining region (CDR) of V^j j j  l ig h t  chain. Antibodies to  th is  peptide 

cou ld  bind e f f i c i e n t l y  to  a l l  Wa+ p ro te in s  and I s o la te d  kappa chain 

lend ing  support to  th e  Idea t h a t  the  IdX was l a r g e l y  dependent upon the  

primary sequence of the CDR2 segment of the l ig h t  chain.

In c o n t r a s t  to  t h i s  type o f  IdX on monoclonal RF, w ide ly  c ro s s -  

reac tiv e  Ids on polyclonal RF from unrelated Ind iv idua ls  were reported by 

Forre e t  a l .  (1979) and Fong e t  a l .  (1983). Fong e t  a l .  used a new method 

of purifica tion  1n which rabbit ant1-Id (RF) was Iso la ted  on an a f f in i ty  

column of an 'Id-equivalent* produced 1n the same species thus se lec ting  

s p e c i f i c a l l y  f o r  a n t1- I d  t h a t  recognized  th e  an tig en  b inding  s i t e
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( in te rn a l  Image) (Colvin and Olson, 1985). This an t1- Id  could react with 

a lm ost 80Z o f  p o ly c lo n a l  RF and 100Z of monoclonal RF even though d i f ­

ferences 1n l ig h t  and heavy chain variab le  region subgroups were present 

and d i f f e r e n c e s  1n h y p e rv a r ia b le  reg ions were obvious. In 1980, 1t  was 

shown by Agnel lo  e t  a l .  t h a t  a p a r t i c u l a r  ep ito pe  s p e c i f i c i t y  cou ld  be 

co rre la ted  with Idlotype. An IdX tha t  was o r ig in a l ly  characterized on a 

monoclonal RF which bound to  a DNA-h1 stone complex and Fc IgG, was shared 

among o th e r  p o ly c lo n a l  RF o f  s im i l a r  s p e c i f i c i t y .  Chen e t  a l . ,  (1985a) 

presented data showing th a t  an t1-Id  against RF reacts both with the Id of 

RF and the antigen recognized by RF. This type of antibody was designated 

eplbody (Bona e t  a l . ,  1982).

Recently, there has been much experimental evidence Indicating th a t  

spontaneousautoimmune responses may be regulated through the Immune net­

work. N atu ra lly  occurring autoant1-Id antibodies spec if ic  fo r  au toanti­

bodies have been documented 1n se v e ra l  systems (DNA, Coombs, AchR, RF, 

Tg). Autoant1-Ids to  DNA in serum of lupus pa tien ts  could s p e c i f ic a l ly  

block the binding of DNA autoantl bodies to  DNA during the Inac tive  phase 

o f  d ise a se  (Abdou e t  a l . ,  1981). In NZB mice, Cohen and Elsenberg (1982) 

showed t h a t  FI hybrids  and s e v e ra l  normal s t r a in s  which produce low 

q u an ti t ie s  of an t1-erythrocyte antibodies, spontaneously develop au toan tl-  

Ids which agg lu tina te  erythrocytes from Coombs p o s i t iv e  NZB mice. These 

a u to a n t1- I d  a n t ib o d ie s  a re  hypothesized to  p la y  some r o l e  1n down 

regulation  of Coombs autoantibody formation 1n mice. Dwyer e t  a l .  (1983) 

s tu d ie d  th e  Incidence  o f  a u to a n t1- Id s  1n many pa tien ts  with myasthenia 

gravis . 40Z of the sera tes ted  contained antibodies specific  fo r  the Id 

expressed  on a mouse monoclonal antibody w ith antl-AchR s p e c i f i c i t y .
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(There was an Inverse re la tionsh ip  between antl-AchR antibodies and auto- 

a n t1- Id  a n t ib o d ie s ) .  Therefore, th ese  reports  provide evidence for the 

e x is te n c e  o f n a t u r a l l y  occurring  a n t ib o d ie s  to  1d1otypes expressed by 

se lf - re a c t in g  Igs. The true  functional ro le (s )  (down regulation) of these 

autoant1-Ids  s t i l l  needs to  be evaluated fu rther .

Thus, the a n t i - s e l f  response may be a manifestation of many complex 

processes Including physiologic and genetic responses. All of the factors 

d iscussed  above appear to  c o n tr ib u te  1n some way to  th e  t r a n s i t i o n  from 

autoimmune response to autoimmune disease.

In the  s e c t io n s  t h a t  fo l lo w , d a ta  1s p resen ted  t h a t  focus on th e  

Immune response and a n t i - s e l f  response 1n two spontaneous murine models of 

autoimmunity. In pa r t icu la r ,  the 1n vivo Immune response to  various T- 

Independent and T-dependent antigens 1n 129/J, 129/Sv, MRL+/+ and MRL/lpr 

mice was explored. The re s u l ts  on the k inetics  of these responses and the 

an t1-Ig  phases of the response 1s discussed. Furthermore, the functional 

ro le (s )  of the RF was Investigated 1n an 1n v i t ro  antibody synthesis assay 

through the u t i l i z a t io n  of monoclonal an t1- Ig  antibodies. The possib le  

significance of RF production during conventional responses 1s outlined.

In th e  l a t t e r  h a l f  o f t h i s  r e p o r t ,  the  m o lecu la r  a n a ly s i s  o f 

hybrldomas which secrete  RF and other autoantlbodies 1s presented. More 

s p e c i f i c a l l y ,  th e  v a r i a b le  region heavy chain  gene f a m i l ie s  were 

Iden tif ied  fo r  a panel of RF and other autoantlbodies, two represen ta tive  

RF were genomlcally cloned and sequenced, and the slgnflcance o f c ross- 

reactive  1d1otypes among various types of autoantibodies 1s considered.
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MATERIALS AMD METHODS

Animal s. One, th ree ,  and f i v e  or s ix  month o ld  129/J, 129/Sv, MRL 

+/+ and MRL/lpr mice were purchased from The Jackson L abora to ries  (Bar 

Harbor, ME). Two and three month old BALB/c, C57B1/6 and C58/J were a lso  

obtained from The Jackson L ab o ra to r ies ,  whereas BALB.K and BALB.B were 

bred 1n our own f a c i l i t y .  Young a d u l t  female New Zealand White (NZW) 

rabbits obtained from The Jackson Laboratories were used to  prepare a n t i ­

id io type  antisera.

Antigens.

T-Independent Antigens: TI-2. Bacterial levan (BL) was iso la ted  by 

alcohol p rec ip ita tion  from c u ltu re  superna tes  o f  A erobacter 1 aevenicum 

(ATC15552) grown a t  23°C 1n nu tr ien t  broth supplemented with 5-10% sucrose 

(Lleberman e t  a l . ,  1975). Alpha 1,3-Dextran (B1355frS) (Dex) was a g i f t  

from A. Jeanes ( r e t i r e d  from Northern Regional Research Center, P eo ria , 

IL). A p e r io d a te -o x id iz e d  d e r i v a t i v e  o f  Dex was prepared according  to  

Sanderson and Wilson (1971). Tr1n1tropheny1-am1noethy1carbamylmethy1- 

F lco ll  (TNP-F1co11) was prepared according to  the  method of Inman (1975).

TI-1. Tr1n1trophenyl (TNP)-Brucel1 a ab o rtu s  (BA) (TNP-BA) was a 

kind g i f t  from Dr. J. Mond (Uniformed Services, University of the Health 

Sciences, Bethesda, MD). TNP-Nocardla Water Soluble Mitogen (TNP-NWSM) 

was prepared from Nocardla opaca as previously  described by Clorbaru e t  

a l .  (1975) and was a g i f t  from Dr. R. Barot (Un1v e r s 1t e  P a r is  Sud, Orsay, 

FR).

T-Dependent Antigens. TNP-keyhole limpet hemocyanln (KLH) and TNP- 

ovalbumln (OVA) were prepared according to  the methods of Rlttenberg and
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Table 1

Genetic C haracteris tics  of Mice Utilized 1n These Studies

BALB/c

H-2

d

- Igh-V 

a

Iqh-C

a
BALB.B b a a
BALB.K k a a
C57B1/6 b b b
C58/J k a a
129 b b a
MRL k j j
NZB d d n
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P r a t t  (1969) and Park e t  a l .  (1983). KLH was purchased from Calblochem- 

Behrlng, Los Angeles, CA). B1355 Dex-KLH was p repared  and donated by R. 

Ward (Roswell Park, Buffalo, NY).

Mitogens -  U popolysaccharlde  (LPS). In v i t r o  stim ulation studies 

employed E. C o ll  LPS (50 ug/ml). In v i t r o  a n t i - s h e e p  red blood c e l l  

(SRBC) s tu d ie s  u t 111zed 10 ug LPS. Y ersin ia  e n te ro c o l  1t 1ca was k ind ly  

donated by Dr. J. Rudbach (Abbott Lab., Chicago, IL).

Antigens Used to  Test Binding Properties of Monoclonal Antibodies 

Generated in Some Molecular Studies. Myelin b a s ic  p ro te in  was a kind 

g i f t  from Dr. G, Lewis ( In s t i tu te  fo r  Basic Research Devel. D isab ili t ie s ,  

S ta ten  Is la n d ,  NY), and Sm an tigen  was k in d ly  donated by Dr. H. Dang 

(U n iv e rs i ty  o f  South Texas, San Antonio, TX). T hyroglobulin  and 

card1o l 1p1n were purchased from Sigma, murine t r a n s f e r r i n  was purchased 

from United S ta tes  Biochemical Corp., (Cleveland, OH). IgG3, IgG-], IgG2b* 

and IgG2a, were purified  from su p e rn a ta n ts  produced by hybrldomas Y5606 

(IgG3), 88-C692 (IgG]), BA6 (IgG2b), and H0PC1 (IgG2a).

Labelling o f Sheep Erythrocytes (SRBC) with BL. Dex. Ars and TNP. An 

o - s te a ro y l  d e r i v a t i v e  o f BL was prepared acco rd ing  to  th e  method of 

Hammerllng and Westphal (1967). SRBC (Pocono R abbit Farms, Canadensis, 

PA) were washed th re e  times with s a l i n e  and resuspended to  a f i n a l  

concentration of 10% v/v. The reaction vessel contained 1 ml of 10% SRBC, 

3 ml sa lin e  and 10 ul stearoyl lev  an. The mixture was allowed to  Incubate 

fo r  30 minutes a t  37°C with gen tle  agitation. The SRBC were then washed 

(3 tim es) with s a l i n e  to  s top  the  coup ling  r e a c t io n  and remove any 

uncoupled levan . TNP-SRBC were prepared accord ing  to  th e  method of 

R ltten b e rg  and P r a t t  (1969). B r ie f ly ,  20 mg TNP was Incubated ( s t i r r e d )
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with 7 mis 0.2M Na C acodylate  B uffer and 1 ml packed washed SRBC f o r  10 

minutes a t  2S°C. The re a c t io n  was stopped by adding a 1:5 d i l u t i o n  of 

Barbital Buffer (MBB). After p e l le t in g  (2000 rpm, 5 minutes), c e l l s  were 

washed 2x with NBB plus g lycylg lyclne to  remove unbound TNP. C e lls  were 

washed 2x and resuspended to  10Z v /v  1n NBB, Dextran B1355S was coupled 

to  SRBC according to  Sanderson and Wilson (1971). SRBC were washed 2x 

with PBS and once with Borate buffered sa line  (BBS). To 200 ul of Dextran 

B1355 (10 mg/ml) in b o ra te  b u ffe r ,  2 mis of 10Z SRBC were added. This was 

s t i r red  1n a s c i n t i l l a t io n  v ia l  a t  37°C for 5 hours followed by 2 washes 

with BBS. C e l l s  were resuspended to  10Z v /v  1n s a l in e .  Ars-SRBC were 

prepared 1n three steps according to  Isakson e t  a l .  (1979). To 1 mmol of 

1M NaN02 was added on 1ce. One minute l a t e r ,  5 ml co ld  150mM NaCl was 

added and t h i s  m ixture was Incubated f o r  30 minutes on 1ce. 400 ul o f  

methyl-p-hydroxybenz1m1date-HC1 (amidoester) 1n 5 ml of 35mM sodium borate 

was adjusted to  pH 9.2 with 5N NaOH. 5 ml of the prepared a rson lU c  a d d  

was slowly added over a period of 20 minutes on 1ce with s t i r r in g  and was 

allowed to  s t i r  for 2 hours a t  room temperature. 1 ml o f th is  mixture was 

added to  1 ml I s o to n ic  borate-NaCl b u f fe r  and was Incubated o v e rn ig h t  

(shaking) with 0.5 ml packed SRBC. F in a l ly ,  coupled c e l l s  were washed 

once with Isotonic borate-NaCl buffer and once with sa line .

Immunizations.

Age-Dependent Primary Responses; TI-1. TI-2 Antigens. 129/J, 129/Sv, 

MRL +/+, and MRL/lpr mice were Immunized with BL (20 ug 1.v .)  o r  Dex 

B1355S (100 ug 1.p.) 1n Complete Freunds Adjuvant (CFA) or sa line . 129/J 

and 129/Sv mice were Immunized 1.p. with 0.1 ml of a 0.1Z so lu tion  TNP-BA. 

129/J or 129/Sv mice were Immunized 1.p. with 20 ug TNP-F1co11 1n sa line .
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Age-Dependent Secondary and T ertia ry  Responses: TD Antigens. 129/J, 

129/Sv, MRL +/+, and MRL/lpr mice were primed with TNP-KLH, 100 ug 1.p. 1n 

CFA and were challenged 4 weeks l a t e r  with TNP-KLH 10 ug 1.p. 1n sa lin e  1 

week p rio r  to  sa c r if ice .  For the t e r t i a r y  response, mice received an addi­

t i o n a l  boost of 10 ug TNP-KLH 1n sa l  1ne. The p laque forming ce l 1 (PFC) 

response was measured 7 days la te r .  3 month old MRL +/+, MRL/lpr, BALB/c, 

BALB.K, BALB.B, C57B1/6, C57Bl/lpr, and C58J mice were Immunized 1.p. with 

100 ug Dex-KLH 1n CFA with a boost 4 weeks la te r  1 .v . ,  with 15 ug Dex-KLH.

In Vitro Ant1-SRBC Response; Coculture Experiments. 129 Mice. 129/J 

o r  129/Sv were Immunized with 100 ug TNP-0VA 1.p, 1n CFA and boosted 1 

month l a t e r  1.p. with 10 ug TNP-OVA 1n s a l in e .  129/Sv 6 month o ld  mice 

were Immunized 1.p. w ith  10 ug LPS. 129/J 6 month o ld  mice rece iv ed  1 x 

10® SRBC 1.p. in s a l in e .

Monoclonal Antibodies (MAb).

S e le c t io n  of Rheumatoid Factors (RF). Rat anti-kappa antibody gen­

e ra te d  from the  hybrldoma 187.1, a g i f t  from Dr. M. S ch a rf f  (A lb e r t  

E in s te in  C o llege  o f  Medicine, Bronx, NY), was l a b e l l e d  and used to  

s e le c t  hybrldomas which exhibited RF ac t iv i ty .

Fine S p e c i f i c i ty  Assays. IgG3« lambda (Y5606), IgG2a* lambda (HOPC 

1), and IgA, lambda (M0PC315) were donated by Dr. M. P o t te r  (NCI, 

Bethesda, MD). IgG-|, lambda (88-C692) and IgG2|,, lambda (BA6) were 

donated by Dr. T. Moran (Mount Sinai School of Medicine, NY, NY).

Monoclonal Reagents Used To Test Serum Antibodies for Antigen Speci­

f i c i t y  and RF A c t iv i ty .  Monoclonal a n t i b o d i e s  s p e c i f i c  f o r  2 ,4 -  

dlnltrophenyl Included: IgM, kappa (Dr. D. Katz, Medical Biology In s t i ­

tu te ,  La J o l l a ,  CA), 39-8, IgG3, kappa (Dr. L.J. R ubinste in , N ational
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I n s t i t u t e  o f  H ealth , Bethesda, MD), 109.3, IgG^, kappa, 10.12, IgGgb’ 

lambda (Dr. N. Zanettl, Medical Biology In s t i tu te ,  La J o l l a ,  CA) and IC4, 

IgG2a, kappa (Dr. Z. Ovary, New York U n iv e rs i ty ,  NY). Monoclonal a n t l -  

arsonate antibodies Included: IgGj (ascites); 36-71, IgGj; 31-64, IgG2|,; 

and 31-62, IgG2a (Dr. A. M arshak-Rothsteln, Boston U n iv e rs i ty  Medical 

School, Boston, MA).

In Vitro Antibody Synthesis Studies; 129 and MRL Mice. Monoclonal 

ant1-Thy-1.2 and ant1-L yt-1 .2  a n tib o d ie s  (NE 1-017) were purchased from 

New England Nuclear, Boston, MA.

Induction of RF. BALB/c sp lenic  lymphocytes cu ltured  1n RPMI sup­

plemented w ith 20Z FCS were s t im u la te d  w ith  E. c o l l  LPS (50 ug/ml) fo r  

fou r  days. BALB/c mice were In jec te d  1.p. w ith  10 ug Y. e n te ro co l  1t1ca. 

Y. e n te ro co l  1t1ca was u t i l i z e d  s ince  1 t  1s b e l ie v e d  to  be In v o lved  1n 

se v e ra l  human autoimmune d ise a se s :  Y. a r t h r i t i s .  Graves' d ise a se ,  and 

R e i te r 's  Syndrome (C a lln  e t  a l . ,  1976, Ford e t  a l . ,  1977, Weiss e t  a l . ,

1982).

P re p a ra t io n  o f  Monoclonal RF (MRF). Spleen c e l l s  were harvested 

from the spontaneously producing RF mouse s t ra in s  (6 month old) 129/Sv and 

(5 month o ld )  MRL/lpr and fused w ith th e  nonsecre to ry  tumor l i n e  sp2/0 

using s tand ard  p ro toco l (Kohler and Mil s t e in ,  1975). LPS s t im u la te d  

BALB/c lymphocytes 5 x 10® or Y. en te roco l1t 1ca primed BALB/c lymphocytes 

were a ls o  fused with sp2/Q.

S e le c t io n  of RF and Fine Spec if ic ity  Assays. Among the various MAb 

obtained, RF were se lec ted  v ia  radioimmunoassay (RIA) 1n which m icro tite r  

p l a t e s  were coated w ith  5 ug heat aggregated  (15 m1n. 63°C) monoclonal 

an tibody  H0PC1 fo r  1 hour a t  37°C. P l a te s  were washed th re e  tim es with
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phosphate buffered sa l in e  (PBS) and subsequently Incubated with 3% Bovine 

serum albumin (BSA) to  block nonspecific s i t e s  (1 hour, 4°C). P la tes  were 

then washed as above and hybridoma supernatants were added to  the p la tes  

(4°C, overnight). After washing, monoclonal labeled r a t  anti-kappa

antibody was used as the developing reagent allowing us to  measure 98Z of 

a n tib o d ie s  with RF a c t i v i t y .  Rad1o a c t1 v l t y  was measured 1n a Beckman 

LS9000 s c in t i l l a t io n  counter a f te r  extensive washing. The f ine  sp e c if ic i­

ty  of the RF was a lso  measured 1n a RIA. M icrotiter p la te s  were Incubated 

overnight with 10 ug monoclonal heat aggregated (15 m1n, 63°C) Ig bearing 

lambda l i g h t  chain. (See MAb). A f te r  washing with PBS (3 tim es) and 

post-coating with PBS-BSA (IX), the p la te s  were Incubated fo r  2 hours with 

2 ug/ml RF monoclonal antibodies. After extensive washing with PBS-Tween 

20 (0.05X), the p la te s  were Incubated for 2 hours with r a t - a n t1-kappa 

monoclonal antibody (50,000 cpm/well). The rad io ac tiv ity  was measured In 

a Packard gamma counter. The background was subtracted (I.e., BSA coated 

p la te s  Incubated with RF MAb).

Hemagglutination Assays (HA). HA were u t i l i z e d  to  de term ine  the  

t i t e r  and f in e  s p e c i f i c i t y  o f  serum RF. Sera were absorbed w ith SRBC 

p r io r  to  t e s t in g .  SRBC were coupled to  e i t h e r  TNP (Bona e t  a l . ,  1982) to  

t e s t  p re-1mmune sera or with p-azophenylarsonate (Isakson e t  a l . ,  1979) to  

t e s t  post-immune se ra  s in c e  the  Immunization p ro toco l In v o lv e d  a TNP 

conjugate. The assay was carried  out In a 96 U-bottom well f l e x ib le  assay 

p l a t e  (Falcon 3911). Each w e ll  rec e iv e d  25 ul o f 3Z f e t a l  c a l f  serum 

(FCS) 1n saline. 25 ul of serum from the d if fe ren t  age groups studied was 

added to  the f i r s t  well and twofold s e r ia l  d i lu tions  were made, followed 

by an additional 25 ul 3Z FCS. 25 ul of subagglutlnatlng amounts of MAb



25

d ire c te d  a g a in s t  e i t h e r  o f  the  above haptens was Incubated w ith the  

coupled SRBC and the p la te s  were covered with se a le rs  and allowed to  s i t  

a t  room temperature 3 hours. HA t i t e r  was scored as 1/1092 of the highest 

d ilu tion  giving agglutination.

Purifica tion  of HRF. All IgM MAbs were purified  on a Sephacryl 300 

Column 1n Tr1s buffer pH8.0.

Iodine (Rat anti-kappa) and Tritium (Iqs) Labelling of Monoclonal Re­

agen ts . MAbs were 1od1nated by the  chloram lne T method (Greenwood e t  

a l . ,  1963). B r ie f ly ,  to  a p l a s t i c  re a c t io n  tube co n ta in in g  50 o r 100 ul 

PBS, 100 ug protein to  be 1od1nated 1s added. 10 ul of ^®I 1s added next 

with a syringe followed by 10 ul chloramlne T (1 mg/ml 1n 0.1M Tr1s-HCl). 

The reaction 1s vortexed and allowed to  s i t  for 2 minutes. 10 ul Na£S20g 

(2 mg/ml 1n 0.1 M Tris-HCl) 1s then added to  the  re a c t io n  and m ixture  1s 

vortexed  again and al lowed to  s i t  fo r  2 minutes. 100 ul KI (5 mg/ml 1n 

PBS-BSA 1%) 1s f i n a l ly  added. The mixture 1s placed over a Sephadex G25 

column (Pharmacia) and f ra c t io n s  a re  c o l l e c t e d  (5 d ro p s / f r a c t io n ) .  Two 

peaks o f  r a d i o a c t i v i t y  a re  ob tained : th e  f i r s t  peak c o n ta in s  bound ^ ® I  

and the second peak has free  ^® I. Monoclonal Igs were t r l t l a t e d  by the 

method o f  W ilder e t  a l .  (1979). Igs were r a d lo la b e l  led  v ia  r e d u c t iv e  

m e thy la tlo n  with t r l t l a t e d  [^H] sodium borohydrlde (NaBjH^). B r ie f ly ,  

0.2M Borate B uffer (pH9) was p laced  in  a septum topped v i a l  In to  which 

0.1-1.0 ml of p ro te in  a t  1-10 mg/ml was p laced  (4°C). A fte r  a d d i t io n  o f 

formaldehyde (12-60 umol) from a 3.7% formaldehyde so lu tion  1n water, the 

eps11on-am1no lysine groups were reduced to  the  mono- and dimethyl (^H) 

d e r i v a t i v e s  by the  a d d it io n  o f NaB^H^ (1-15 umol o f  10-60 Cl/mmol spec, 

a c t . )  (prepared  p r io r  to  use). Subsequently , t h i s  s o lu t io n  was added
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Immediately to  the protein formaldehyde so lu tion  and allowed to  reac t fo r 

30 minutes on Ice. The labe lled  protein was separated from unincorporated 

reactants  on a Sephadex G25 column which had been pre-washed with 15Z BSA 

and PBS (pH 7.4).

Kinetics of Antl-TNP Response. The k inetics of the ant1-TNP response 

were determined by RIA. M 1crot1ter p l a t e s  were coated with 5 ug TNP 

bovine serum albumin (BSA) and Incubated 1 hour a t  37°C. Following three 

washings with phosphate buffered sa l in e  (PBS), p la te s  were coated with 3Z 

BSA fo r  1 hour a t  4°C to  block n o n -sp e c if ic  binding s i t e s .  P la te s  were 

washed as before and Incubated overnight a t  4°C with sera which had been 

c o l l e c t e d  from mice on day 3, day 10, day 20, and day 30 p o s t  second 

boost. After three  additional washings, p la te s  were reincubated overnight 

a t  4°C w ith  ant1-IgM, antl-IgG-j, antl-IgGgj, and ^H ant1-IgG£a 

(donated by P.K.A. Mong1n1, Hospital fo r Jo in t Diseases, NY). Radioacti­

v i ty  was measured 1n a Beckman s c in t i l l a t io n  counter LS9000 a f te r  exten­

s iv e  washing. The co n cen tra tio n  o f ant1-TNP a n tib o d ie s  1n th e  se ra  of 

Immunized animals was determined from the l in ea r  pa rt  of a standard bind­

ing curve obtained with known amounts of un labe lled  IgM, IgG3, IgG-j, IgG2b 

and IgGg# monoclonal ant1-TNP antibodies.

Detection of Plaque-Forming Cells (PFC). The number of c e l ls  secret­

ing IgM antibody spec if ic  for BL or Dex was determined by a modification 

of the Jerne plaqulng technique as previously described (Rlttenberg and 

P r a t t ,  1969; V ic to r  e t  a l . ,  1983). B r ie f ly ,  50 ul o f  a suspension  o f 

Immune spleen c e l l s  were added to  0.3 ml of Q.5Z agarose th a t  contained 50 

ul of coupled erythrocytes (10Z). S lides (precoated with 0.1Z agar) were 

Incubated I n i t i a l l y  fo r 2 hours a t  37°C and then were reincubated for an



27.

a d d i t io n a l  hour 1n th e  presence of guinea pig complement (1:20) (Flow 

L ab o ra to r ie s ,  MacLean, VA). Control s l i d e s  were prepared by using a 

mixture of the same Immune spleen c e l l s  and unsensitized SRBC. The a n t l -  

SRBC PFC response, which v a r ied  between 0 and 100 PFC/spleen, was sub­

trac ted  from ant1-BL and ant1-Dex PFC responses. Ant1-BL PFC bearing the 

E109Id and ant1-Dex PFC bearing the J558Id were enumerated by Incorporat­

ing A/J ant1-E109Id antiserum  (1:100 f in a l  co n cen tra t io n  o r goat a n t i -  

J558Id ant 1 serum (1:500), respec tive ly . Into the agarose. The number of 

PFC secreting antibodies bearing a given Idlotype was ca lcu la ted  as the 

d ifference between the number of PFC observed 1n the absence and presence 

of the ant1-1d1otype antiserum. The d ifference was considered to  be the 

number of PFC secreting antibodies expressing the Idlotype.

Iso e lec tr ic  Focusing (IEF). IEF was performed according to  d e ta i led  

methods (B r l le s  and Davie, 1975; N lc o lo t t l  e t  a l . ,  1980). Ten ul o f each 

serum were applied to  the focusing g e l.  Radioactive antigens used for the 

gel overlays consisted of 20 x 10® cpm/gel of ^ ® I- la b e l le d  tyramlnated BL 

or B1355S Dex. Autoradiograms were exposed fo r  7 days or 2 days, respec­

t iv e ly .  The number of c e l l s  secreting  IgM antibody specific  fo r  TNP was 

determ ined In a Cunningham p laqu lng  chamber (Cunningham and Szenberg, 

1968). Two g la s s  s l i d e s  were taped  to g e th e r  with double s t i c k  tape 

c re a t in g  a channel between th e  two s l i d e s .  A m ixture  co n ta in in g  50 ul 

spleen c e l l  suspension 10 ul 10Z SRBC, 10 ul guinea pig complement (1:3) 

and when a p p ro p r ia te ,  10 ul a n t1 - Id  a n t i s e r a  was added to  the  chambers. 

S lides  were sealed with paraffin  and Incubated a t  37°C for 1 hour. C e lls  

secreting  IgG were determined by the addition of developing rab b it  a n t l -  

mouse Ig (1:640) (Dr. E. B lkoff, Mount S inai School o f Medicine, NY, NY)
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and were enumerated by subtracting the number of d i re c t  (IgM) PFC from the 

to ta l  number of PFC, The background antl-SRBC PFC was scored 1n p a r a l l e l  

and was subtracted from the ant1-TNP PFC response.

In Vitro Antibody Synthesis Assay 129 and MRL Mice. TNP-spec1f1c B 

ce l I s  were ob tained  from mice Immunized with 100 ug 1.p. TNP-OVA 1n CFA 

and challenged 1 month la te r ,  i.p. with 10 ug TNP-OVA 1n sa line . Two days 

before sa c r if ice ,  the mice received 0.2 ml of rabb it  anti-mouse thymocyte 

serum (M. A. Bioproducts, Walkersvl 1 le, MD). The spleen c e l l  suspension 

was d e p le te d  o f  r e s id u a l  T ce l  1 s by t rea tm en t  with a cocktal 1 o f  mono­

c lo n a l  a n t1 -L y t- l .2  and an ti-T hy-1 .2  and r a b b i t  complement (1:20). The 

KLH-speclflc T c e l l s  were obtained from lymph nodes of mice primed with 

100 ug KLH 1n CFA by In je c t io n  s.c. a t  th e  base o f the  t a l l  and 1n the  

hind foot pads. Seven days la te r ,  T c e l l s  from the p o p lite a l ,  p e r ia o r t ic  

and Inguinal lymph nodes were purified  on a nylon wool column. Primed B 

ce l  I s  (3 x 10®) were c u l tu r e d  fo r  5 days a t  37°C 1n a 7Z COg hum idified  

Incubator alone or with 1 x 10® KLH-primed T c e l l s  1n 2 ml Mlshell-Dutton 

media 1n 60-mm-d1ameter w e lls  (3524, Costar P la tes , Cambridge, MA). The 

m ixture of c e l l s  was c u l tu re d  not rocked) e i t h e r  1n the  p resence  or 

absence of 1 ug/ml or 10 ug/ml TNP-KLH or 10 ug/ml TNP-OVA, as an antlgen- 

spec1f1c1ty control. Only the responses obtained with 10 ug TNP-conjugate 

were reported .

Regulatory Effects of RF on the Ant1-TNP and Ant1-SRBC Responses.

Ant1-TNP Response. 2 x 10® sp leen  c e l l s  from BALB/c, 129/J or 

129/Sv mice were cultured fo r  3 days 1n Mlshell-Dutton medium containing 1 

ug/ml TNP-NWSM. E ith e r  FD5-13 (an t1-460Id), LP32-14 (IgM MAb) d e r iv e d  

from J558 Idlotype suppressed mice which 1s devoid of RF a c t iv i ty  and 1s
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of  unknown s p e c i f i c i t y ,  129-48 o r  LPS 10-1 (IgM RF) was added to  the 

c u l t u r e  a t  c o n c e n tra t io n s  o f 0.01-10 ug/ml. A fte r  3 days, c e l l s  were 

harvested and the d irec t  and Ind irec t PFC responses were measured as was 

the 460Id+ component of the response.

Ant1-SRBC Response. The secondary 1n v i tro  response of 129/0 was 

measured by c u l tu r in g  sp leen  c e l l s  from primed 129/J mice a t  va rious  

c o n c e n tra t io n s  w ith  3 x 10® SRBC per  1 ml c u l tu r e .  This response was 

s tu d ied  a f t e r  mixing 129/J sp le en  ce l I s  with e i t h e r  sp leen  ce l  I s  from 

na ive  129/J o r  ce l  I s  from mice known to  make RF, I .e . ,  129/J and 129/Sv 

boosted with TNP-OVA or c e l l s  from 129/Sv mice Immunized with LPS. After 

4 days of c u l t u r e ,  the  d i r e c t  and i n d i r e c t  SRBC PFC responses were 

measured.

P rep a ra t io n  of MAbs Which Express VH7183 Genes. Sp 1 enocytes from 

BALB/c, MRL/lpr and NZB mice were cultured  1n RPMI (Glbco) supplemented 

with 10Z FCS, 2-mercaptoethanol, pyruvate, non-essential amino acids, and 

glutamine. C e lls  were stimulated with E. c o l l  LPS (50 ug/ml) fo r 3 days. 

Lymphocytes were then fused with the nonsecretory tumor l in e  sp2/0 using 

s tandard  p ro to co l  (Kohler & Mil s t e in ,  1975). MAbs were p u r i f ie d  on 

Sepharose 4B-rat ant1-mur1ne kappa column except Z318 which was purified 

on a Sephacryl column.

Selection of Hybrldomas Positive For VH7183 Gene Expression.

RNA S lo t  B lotting. RNA was prepared from cytoplasmic lysa tes  of 1-3 

x 10® hybrldoma c e l l s  and was applied to  n i t ro c e l lu lo s e  using a Minifold 

I I  appara tus  (S c h le ic h e r  and S c h u e l l ,  Inc. NH). The f i l t e r s  were baked, 

hybridized to  a ^ P  lab e lled  V^7183 sp ec if ic  probe (V^ 81X probe donated 

by G. Yancopoulos, Columbia University, NY), washed and autoradiographed



30.

(Yancopoulos e t  a l . ,  1984).

Northern Blot Analysis of Total RNA. To confirm re s u l ts  obtained by 

s l o t  b lo t t i n g ,  t o t a l  RNA was prepared from 3-5 x 10^ c e l l s  using the  

guan1d1n1um th lo c y an a te  e x t r a c t io n  procedure. Briefly, frozen or fresh 

c e l l s  (3-5 x 10^) were added d i r e c t ly  to  4M guan1d1n1um thlocyanate so lu­

tion  and homogenized Immediately using a polytron. This homogenate was 

c a re fu l ly  layered onto a 5.7M CsCl cushion and tubes were spun 1n a SW41 

Beckman ro to r  a t  32 K f o r  18 hours a t  20°C. Supernatants  were q u ic k ly  

suc tloned  o ff .  RNA p e l l e t s  were r in se d  in  100Z ethanol a t  25°C, r e ­

suspended 1n 10 mM Tr1s 1 mM EDTA (pretreated  with DEPC), extracted once 

with Phenol-SEVAG-(chloroform/Isoamyl a lcohol, 24:1) solution and p rec ip i­

t a te d  tw ice with 1/10 volume 4M NaCl (DEPC) and 2 volumes o f e th a n o l .  

Northern b lo tt ing  (used to  confirm gene family assignments) was per­

formed by e lec trophore tica l ly  frac tiona ting  the RNA on a 1.2Z agarose gel 

(6Z formaldehyde) in  40 mM MOPS, 20 mM NaOAc, 2 mM EDTA. The ge l was 

b lo tted  without pretreatment onto n i t ro c e l lu lo s e  using 20xSSC (3M NaCl 0.3 

M Na-c1trate) (Maniatis e t  a l . ,  1982).

Preparation of Anti-Idlotype Ant1sera. Female NZW rabbits  were Immu­

nized subcutaneously  with 400 ug MRF (129-48, Y19-10 or LPS10-1) 1n CFA 

and boosted monthly under the same conditions. The rabbits were periodi­

ca l ly  b led  and t e s te d  fo r  an tibody  t i t e r .  F ina l ly ,  when ant1-1d1otype 

antibody t i t e r s  were su f f ic ie n t ly  high, animals were exsanguinated. Anti­

idiotype antibodies were purified  on a Sepharose 4B column th a t  had been 

conjugated  to  the  corresponding  RF. The ant1-RF antibodies were e lu ted  

from these columns and made ant1-Id spec if ic  by extensive absorption on a 

Sepharose 4B column th a t  had been linked to  a pool of various MAb of the
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IgM, kappa Isotype th a t  were devoid of RF a c t iv i ty .

Study of Idlotypy (Cross-reactive 1d1otypes -  IdX).

Sandwich RIA to Detect IdX Among RF. Microplates were coated o v e r­

night with 2 ug/ml various RF MAbs. After washing and post-coating with 

PBS-BSA, the p la te s  were Incubated fo r  2 hours with 2 ug/ml rabbit a n t l -  

1d1otyp1c a n t ib o d ie s  (a n t i  129-48 Id, a n t i  129/Sv RF MAb, a n t i  LPS 10-1 

Id, a n t i  Y19-10 Id s p e c i f i c  fo r  BALB/c RF) o r  normal r a b b i t  Ig. A fter  

washing, *^®I donkey (F ab )^  a n t i - r a b b i t  Ig (Amersham) was added as the  

developing reagent (50,000 cpm/well, 2 hour Incubation).

Competitive RIA to Detect IdX Among VH7183+ Hybrldomas or Autoantlbodies 

of Various S pec if ic i t ie s .  The fo llow ing  a n t i - I d  a n tib o d ie s  were used: 

anti-LPS 10-1 Id, ant1-129-48 Id, ant1-RF Ids; anti-Y2 Id, a MRL/lpr a n t l -  

Sm MAB; ant1-62 Id, a BALB/c antl- thyrog lobulin  MAb; and ant1-PYl02 Id, an 

ant1-PR8 Influenza v irus specific  MAb. Py102 expresses a gene from the 

7183 family.

Com petitive I n h ib i t io n  RIA was c a r r ie d  out as fo l lo w s :  B r ie f ly ,

m ic r o t i t e r  p l a t e s  were coated o v e rn ig h t  a t  4°C with 10 ug/ml chromato- 

g r a p h lc a l ly  p u r i f ie d  an t1 -Id  a n t ib o d ie s .  A f te r  washing and postcoating 

with PBS-BSA, the p la te s  were Incubated fo r  2 hours a t  25°C with various 

d i l u t i o n s  o f MAbs (5,50,500 n g /w e ll) .  After extensive washings, p la te s  

were Incubated f o r  2 hours a t  25°C with I -  1 abel 1 ed id lo ty p e  11gand 

(50,000 cpm), washed extensively  and rad io a c t iv ity  was counted 1n a gamma 

counter. Antibodies yielding a t  l e a s t  40Z Inhibition were considered IdX 

positive .

Study of Antigen Binding Properties of VH7183+ Hybrldomas.

Techniques: radioimmunoassay to  assess the binding a c t iv i ty  to IgG, card l-
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o 11 p1 n, DNAf Smf thy ro g lobu l 1n, m yelin b a s ic  p ro te in ,  t r a n s f e r r in ,  and 

thymocytes; ELISA to assess the binding a c t iv i ty  fo r  murine collagen type 

II  and Immunofluorescence to  study the  binding a c t i v i t y  fo r  c e l l u l a r  

antigens.

In a sandwich RIA m ic r o t i t e r  p l a t e s  were coated  (o v e rn ig h t a t  4<>C) 

with 10 ug/ml antigen 1n 1M pH9 sodium carbonate buffer, washed with PBS 

and post-coated with PBS-BSA (1X) and sodium azlde (0.02%). After several 

washings, the p la tes  were Incubated for 2 hours a t  room temperature with 

10 ug/ml chrom atographlcal ly  pu rif ied  monoclonal antibodies 1n PBS-BSA. 

A f te r  e x te n s iv e  washing, ^ ® I - r a t  anti-m ouse kappa l i g h t  chain (50,000 

cpm) was added fo r  2 hours a t  room temperature as the developing reagent. 

The a b i l i t y  o f  our panel o f monoclonal a n t ib o d ie s  to  bind to  DNA was 

k in d ly  t e s t e d  by Dr, B. Diamond (A lb e r t  E in s te in  C o lle g e  o f Medicine, 

Bronx, NY) according to a previously described technique (Solomon e t  a l . ,

1983).

The binding spec if ic i ty  fo r  various antigens was fu rther  studied by a 

c o m p e ti t iv e  I n h ib i t io n  assay. In th e se  experim ents, 10 ug/ml o f mono­

clonal antibodies (deemed po s it iv e  by RIA) were Incubated for 2 hours a t  

37°C with In c reas in g  amounts o f an tig en  (0, 10, 50, 100 ug/ml), and then 

added to  m ic ro p la te s  coated w ith an tig en s .  The b inding  of the  an tibody  

was studied using RIA as above.

Binding to  col lagen type I I  was k in d ly  c a r r ie d  ou t by L. K lareskog 

(Uppsala University) by ELISA, according to  a previously  described tech­

nique (Holmdahl e t  a l . ,  1985). Briefly , to  t e s t  the binding properties to  

c e l l u l a r  antigens, 3 techniques were used: RIA fo r  ant1-thymocyte a n t i ­

bodies, agglu tination  te s ts  fo r an ti-red  blood c e l l  antibodies and Immuno-
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f lu o u rescen ce  fo r  a n t1 - t1 ssu e  a n tib o d ie s .  Binding to  thymocytes was 

tested  using a c e l l  surface assay as previously  described (Waters e t  a l . ,

1984). Binding to  red blood c e l l s  was t e s te d  using an I n d i r e c t  an t1 -Ig  

t e s t  (American A ssoc ia tion  Blood Banks T echnical Manual, 7th E d ition , 

1977. Am. Assn. Blood Banks, Wash., D.C.) and po lybrene  t e s t  (L a le z a r l ,  

1968). Binding to  t i s s u e  an tig en s  was s tu d ie d  using c ry o s ta t  prepared 

sections from kidney and stomach. These were Incubated for 1 hour a t  4°C

with various amounts of antibodies (0.1, 5, 10 ug/ml), washed extensively

and then Incubated fo r  1 hour a t  37°C with FITC r a t  anti-mouse Ig as the  

development reagent.

Iden tif ica tion  of VH Gene Families U tilized  by RF. VH7183+ Selected 

Hybrldomas. Autoantlbodies. Briefly, RNA from cytoplasmic lysa tes pre­

pared from 107 c e l l s  was fixed to  n i t ro c e l lu lo s e  using a s lo t -b lo t t in g  

apparatus (White and Bancroft, 1982; Man1at1s e t  a l . ,  1982). The f i l t e r s  

were baked, hybridized to  gene probes, washed and autoradiographed as 

described previously  (Alt e t  a l . ,  1982).

P rep a ra t io n  of VH and JH S p e c if ic  Fragments. The probe and

specific  probes represen ta tive  of the various fam ilies  were prepared as 

descr ibed  elsew here  (Yancopoulos e t  a l . ,  1984; B lackw ell e t  a l . ,  1984). 

The probes were kindly provided by G. Yancopoulos (Columbia University, 

New York, NY).

DNA Preparation. DNA was prepared from the tumor c e l l  l in e  sp2/0, 

c u l tu re d  RF l i n e s  and germ l i n e  t i s s u e  ( l i v e r )  as described  elsew here  

(Steffen e t  a l , ,  1979; Alt e t  a l . ,  1980).

Analysis of Heavy Chain Gene Organization 1n C e l lu la r  DNA. Approxi­

m ately  10 ug genomic DNA was d ig es ted  w ith  Eco RI (New England B io labs)
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and f r a c t io n a te d  on a IX agarose  gel ( I n t e r n a t io n a l  B io techno log ies , 

Inc.). Following e le c t r o p h o r e s is ,  DNA was t r a n s f e r r e d  from th e  gel to  

n i t ro c e l lu lo s e  f i l t e r  paper by the Southern method (1975). Subsequently, 

f i l t e r s  were baked, pretreated, hybridized, washed and autoradiographed as

described by A lt e t  a l .  (1982).

Cloning and Sequence Analysis. Complete Eco RI digests of genomic 

DNA from two RF l in e s  were c loned In to  the  Eco RI s i t e  o f Charon 16A 

(B la ttner e t  a l . ,  1977) and Individual l ib ra r ie s  were screened fo r  phages 

containing Inse rts  tha t  hybridized to  the probe as described by A lt e t

a l .  (1982). J^ -posltlve  phages were purified and subsequently subcloned

Into pUC9. Appropriate r e s t r ic t io n  fragments were prepared and sequence 

analysis  was performed by the method of Naxam and G ilbert (1980).

S ta t i s t ic s .  The two-sample t - t e s t  was employed to te s t  whether d i f ­

ferences ex is t  between 1 month old 129/J and 1 month old 129/Sv animals, 1 

month old  MRL +/+ and 1 month old MRL/lpr animals fo r the ant1-BL PFC re­

sponse, and 1 month o ld  129/J and 129/Sv mice f o r  the  express ion  of th e  

E109Id component of the response. This t e s t  was a lso  used to  determine 1f 

there  were d ifferences between MRL/lpr and C57BL6/lpr mice fo r  the a n t l -  

Dex-KLH response. A s in g le -fa c to r  analysis o f variance (ANOVA) was u t i ­

l i z e d  to  t e s t  th e  hypo thes is  t h a t  ul -  u2 -  uk. Chi square s t a t i s t i c a l  

analysis  was ca lcu la ted  according to  Zar (1974) and was used to  determine 

s ig n i f ic a n c e  o f r e s u l t s  o f th e  frequency o f express ion  of V^7183 1n 

hybridomas ob ta ined  from 1n v i t r o  LPS s t im u la te d  lymphocytes and PR8 

Influenza v irus  Immunized mice.
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RESULTS

Age-Dependent Appearance of RF In 129 and MRL Mice. The spontaneous 

occurrence  o f  RF was s tud ied  1n 1-, 3-, and 6-mo-old 129 and MRL mice. 

The humoral lev e l  of RF was determined by using m ultip le  systems and scor­

ing hem agg lu tina tion  of TNP or a r s o n a te - l a b e le d  SRBC coated with sub- 

agglu tinating  doses of various monoclonal antibodies of d i s t in c t  isotypes 

specific  for these haptens. The sp e c if ic i ty  of th i s  technique described 

by Nemazee and Sato (1983) was c o n tro l  led  fo r  by t e s t i n g  se ra  from new­

born, 1-mo-old 129/Sv, MRL/lpr, and BALB/c mice as well as other I r r e l e -  

vent monoclonal antibodies (M0PC104E and Ab2A48-3). As Indicated 1n Table 

2, Part A, only the monoclonal RF antibodies and sera from 6-mo-old 129/Sv 

and MRL/lpr mice cause hemagglutination. In addition, we have shown th a t  

the Inhibition of agglutination by RF monoclonal antibodies specific  for 

IgG2a-TNP-coated SRBC occurred with the Fc fragments of IgG2a ku* n0* 

those  from IgG3» IgG-j, TgG2b* or f i g m e n t  (Table  2, P a r t  B)

(Porter, 1959). Using th is  technique, we found th a t  129/J and MRL+/+ (1- 

to  6-mo-old) do no t produce RF, whereas th e  129/Sv mice produce high 

t i t e r s  o f  RF beginning a t  4 mo of age; MRL/lpr mice produce s i g n i f i c a n t  

t i t e r s  a t  5 mo o f  age (Fig, 1). These r e s u l t s  a re  s im i l a r  to  those p re­

v io u s ly  rep o r te d  f o r  the  age-dependent appearance o f RF 1n 129/Sv (Van 

Snick and Masson, 1979) and MRL/lpr mice (Andrews e t  a l . ,  1978).

Study of Anti-Polysaccharide Response.

TI-2 Antigens. BL, a be ta  2-6 f ru c to sa n  w ith b e ta  2-1 branch 

p o in ts ,  Induces a v igorous TI response r e g a r d le s s  of the  MHC o r  Igh.C 

hap lo type  of th e  mouse s t r a in  (R ubinste in  e t  a l . ,  1982). Moreover, the



Table 2

SpccS/lctty Qf HA for detection qf RF
A. HA using TNP-SRBC coated with a subeggluUnaUng amount (5 *g/ml) of an IgG2a. 

TNP-apedflc monoclonal anUbody (1C-4)
Ab or Sera Origin Age HA Titer (toga units)

HALB/cf Newborn 0
BALB/c 6 mo 0
129/Sv 1 mo 0
129/Sv 6 mo 5
MRL/lpr 1 mo 0
MRL/lpr 6 mo 2
Monoclonal* A1305A9-3 >8
RF antibodies . MRL 55-18 >8
Other monoclonal antibodies' MOPC104E 0

Aba A48-3 0
B. Hemagglutination inhibition

HI Titer (logs unite) 
Inhibitors (1 mg/ml) -------------------------------------

A1305A9.3 MRL55-18
Fey 3* >8 0
Fcyl >8 *8
Fey2a 3 7
Fcy2b > 6 >8
Fab >8 >a

.Undiluted serum in f i r s t  well.
RF monoclonal antibodies: A1305A9-3 is  a 129/Sv monoclonal an ti­
body kindly donated by Dr. Van Snick (Brussels) and MRL 55-18 
was prepared in our laboratory.
M0PC104E is  an IgM monoclonal protein specific  for Dex, whereas 
Ab«A48-3 is  a monoclonal antibody specific  for A48-1diotopes.
.AIT monoclonals were used a 1 mg/ml concentration in f i r s t  well. 
Fc IgG, was prepared from J606. Fc IgG. from M0PC21, Fc IgG? 
from M0PC173, and Fc IgG^u from IDA23 according to  methods 
described by Guyer e t  a l .  (1976) and the Fab fragment from IDA23 
according to  methods described by Porter (1959). These prepara­
tions were a kind g i f t  from Dr. M. Stanislovsky (CNRS, V ie ll ju if  
France).
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antibodies th a t  bind beta 2-6 and beta 2-1-1 Inked polyfructosans express a 

polymorphic c r o s s - r e a c t i v e  1d1otype shared by s e v e ra l  1nul1n-b1nd1ng 

myeloma proteins. The expression of th e s e  1d1otypes 1s a s so c ia te d  with 

the Igha allotype (Rubinstein e t  a l . ,  1982).

Immunization of mice of the Igh.Ca haplotype with Oex a lso  Induces a 

s tro ng  TI Immune response. The m a jo r i ty  o f  th e s e  a n tib o d ie s  express  

c r o s s - r e a c t iv e  1d1otypes Id e n t i f ie d  on Dex-b1nd1ng J558 and M0PC104E 

myeloma proteins (Riblet e t  a l . ,  1975).

Because the 129 and MRL mouse s t ra in s  a lso  bear the a a llo type ,*  1t 

was therefore In teresting  to  study the ant1-BL and ant1-Dex responses and 

th e  p ropo rt ion  of those  an tib o d ies  e x h ib i t in g  the  IdX borne by EPC 109 

(E109), an 1nul1n-b1nd1ng myeloma p ro te in ,  and J558, a d ex tran -b lnd lng  

myeloma protein, as a function of the aging process.

Ant1-BL PFC Response. The PFC response was studied in 1- to  6-mo- 

o ld  129/Sv and MRL/lpr mice as wel 1 as 1n th e  corresponding congenlc 

s tra in s ,  129/J and MRL+/+. In the 129/J mice, an age-dependent Increase 

1n the ant1-BL PFC response was observed (Table 3). This observation 1s 

1n agreement with th e  r e s u l t s  obtained 1n BALB/c mice 1n which 1 t was 

shown th a t  the magnitude of the ant1-BL response was greater 1n o lder  mice 

(Bona, 1980). This Increase 1n responsiveness 1n o lder  mice 1s probably 

re la te d  to  environmental exposure during the l ife tim e  of the animal. In 

contrast, a dramatic Increase 1n the PFC response was observed 1n 1-mo-old

•Footnote: At the time of these studies, MRL was c la ss if ied  on the basis 
of serology as Igha; 1t has now been shown to  be IghJ a t  the DNA level. 
(Treplcchlo and Barrett, 1985).



Table 3

Age dependence oj anti-BL response In 129 and MRL micef
_ _ Anti-BL Response:

Strain Total PFC/Spleen % E109kT
(log GM ± SEM (A.M.))

129/J 1 3.06 ± 0.21 (1.668) 14.4 ± 0.5
3 4.18 ± 0.16 (19.896) 17.3 ± 7.8
6 4.69 ± 0.13 (56.850) 10.2 ± 6.7

129/Sv 1 4.23 ± 0.19 (22.161) 40.4 ± 18.7
3 3.57 ± 0.21 (7,533) 31.4 ± 14.6
6 4.30 ± 0.14 (23,500) 58.0 ± 5.6

MRL/++ 1 2.56 ± 0.34 (912) 52.7 ± 16.0
3 3.32 ± 0.22 (3.636) 58.3 ± 9.5
6 3.42 ± 0.24 (3.720) 41.0 ± 0.7

M RL/lpr 1 3.60 ± 0.12 (4.610) 32.2 ± 3.4
3 3.81 ± 0.25 (10.690) 7.0 ± 6.0
6 3.39 ± 0.20 (2.195) 10.3 ± 6.2

a Log GM ± SEM (arithmetic mean) of five mice for each group. Mice 
were immunized i.v. with 20 fig BL and the PFC response was measured 
5 days later.
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129/Sv  mice as  compared w ith  th e  1 2 9 /J ag e-m atched  c o n t r o l s  

(0.002<p<0.005). Although the  magnitude of the  E109Id+ component was 

s im ila r  within the groups of 129/0 (p>0.25) studied, the E109+ component 

was s ig n if ican tly  higher 1n 129/Sv vs. 129/J animals (p<0.001).

MRL+/+ and l p r  mice develop  a s i g n i f i c a n t l y  lower ant1-BL PFC 

response than the 129/J and Sv s t ra in  (0.02<p<0.05). Furthermore, 1n th is

group of animals, 1-mo-old MRL/lpr mice a lso  exhibited a higher response

than t h e i r  MRL+/+ aged-matched c o n t r o l s  (0.002<p<0.05). Unlike 129/Sv 

animals, a s ign if ican t decrease of E109Id+-produc1ng clones was observed 

1n 3- and 6-mo-old MRL/lpr mice (p<0.001).

The IEF p a t te rn s  o f  the  ant1-BL se ra  of 129 mice (Fig. 2) were

s im ila r  to  those observed previously  for BALB/c mice (Stein e t  a l . ,  1980). 

In the sera of 129/0 mice, three d i s t in c t  spectrotypes could be seen, one 

of which was shared by a l l  3- and 6-mo-old mice. No 1-mo-old 129/0 mouse 

made IgG ant1-BL a n tib o d ie s ,  which 1s c o n s is te n t  with the  low ant1-BL 

d ire c t  PFC response described above.

In 129/Sv mice, IgG antibodies to  BL were observed 1n a l l  age groups 

s tu d ied . The major IgG sp ec tro ty p e  seen 1n 129/J anim als 1s seen 1n 

129/Sv mice and 1s shared by a l l  Individuals; however, additional spectro­

types are observed 1n some Individual mice Independent of th e i r  age. I t  

should be noted tha t  an occasional 129/Sv mouse, regardless of age, made a 

poor IgG response.

The IEF analysis  of the MRL sera (Fig. 3) revealed th a t  most MRL/lpr 

and MRL+/+ mice made on ly  very  sm all amounts o f IgG ant1-BL antibody. 

Furthermore, the spectrotypes seen fo r  both MRL/lpr and MRL+/+ mice were 

s im ila r  to  those seen 1n 129/Sv mice, but more heterogeneous than 1n 129/J



129/J 129/S*

12S|.Bacterial Levan

Fig . 2 . IEF spectro types  o f  anti-BL an tib od ies  in 129 mice o f  various ages.
The ge l  was exposed to  I-BL.
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Age at 1 3 6 1 3  6
Immunization month months months month months mos

Animat# 1 2 3 4 5 6 7 8  1 2 3 4 5 6 p H
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125l-Bacterial Levan

Fig . 3. IEF sp ectro typ es  o f  anti-BL an tib od ies  in MRL mice o f  various ages.
The ge l was exposed to  '25 i _ bl .
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mice.

Ant1-Dex PFC Response. The data presented 1n Table 4 I l l u s t r a t e  an 

age-dependent Increase of the ant1-Dex response 1n 129 mice. In the a n t l -  

Dex response, we a l s o  observed t h a t  the  t o t a l  PFC 1s a lm ost fo u r fo ld  

higher 1n 1-mo-old 129/Sv as compared to  tha t  of the 129/J congenlc mice. 

Although 129/Sv and 129/J show a general decline 1n the expression of the 

J558 IdX, there are few, 1f any, clones th a t  express th is  1d1otype 1n a l l  

age groups of 129/Sv mice.

The spectrotypes observed for ant1-Dex antibody 1n 129 mice (Fig. 4) 

are consistent with those published by Hansburg e t  a l .  (1976) for BALB/c 

mice. Both congenlcs show several spectrotypes th a t  are shared between 

In d iv id u a ls .  One o f th re e  1-mo-old 129/J mice (No. 1, Fig. 4) f a i l e d  to  

make IgG antibodies, as did 1-mo-old 129/J mice Immunized a t  another time 

(data not shown). In 3- and 4-mo-old 129/Sv mice, two Individual animals 

made weak IgG responses; otherwise, l i t t l e  or no differences were observed 

between th e  IEF p a t te rn s  fo r  the  6-mo-old mice of e i t h e r  129 congenlc. 

These data are consistent with a high PFC response to  Dex 1n th is  age group 

(see Table 4). Most MRL/lpr and +/+ mice f a i le d  to  produce IgG and a n t l -  

Dex a n t ib o d ie s  as rev e a le d  by IEF. This concurs with our I n a b i l i t y  to  

demonstrate an ant1-Dex PFC response fo r  MRL mice 1n several experiments 

repeated  a t  v a rio u s  I n t e r v a l s  with the  use of f i v e  I n d iv id u a ls  per age 

group. We Investigated whether th is  unresponsiveness was re la ted  to  the 

MHC gene complex or to  the protocol of Immunization. The data depicted 1n 

Table  5 show the  r e s u l t s  o f  th e  ant1-Dex PFC response o f  v a r io u s  age- 

matched (3 mo) mouse s tra ins . Whereas BALB/c mice develop a strong a n t l -  

Dex PFC response subsequent to  Immunization with B1355 Dex 1n s a l i n e  or



Table 4

Age dependence of antt-Dex response in 129 mice0

Strain Age
(mo)

Total PFC/Spleen 
(log GM ± SEM (A.M.)) % J5 5 8 k f

129/J 1 2.76 ± 0.26 (803) 37.8 ± 20.7
3 3.96 ± 0.22 (11,180) 22.7 ± 4.0
6 4.11 ± 0 .0 6  (13.140) 18.1 ±  12.9

129/Sv 1 3.54 ± 0 .0 9  (3,545) 8.3 ±  8.2
3 3.35 ± 0 .1 0  (2.631) 9.3 ± 4.1
6 4.59 ± 0 .1 2  (40.480) 0.0 ± 0.0

a Log GM ±  SEM (arithmetic mean) of five mice for each group. Mice 
were immunized with 100 ftg of Dex in CFA and the PFC response was 
measured 5 days later.



129/J 129/Sv

IP  - 8

125l-Dextran (1355)

IEF spectro types  o f  anti-Dex a n tib od ies  1n 129 (nice o f  various ages.
The ge l was exposed to  I-dextran (1355).



Table 5

Antl-Drx rc o p o a ae  (n  u a rto m  mouMt tlra in t bearing various allotypes'

Strain H-3 KC.
Total m ySpiM n (le t GM± SEM |A J 4 |

Dex-SaUne Dcx-CFA 0ex404t

B A l& c d ■ 4 .8 8  ± 0 .1 2  (62,2721 4 .6 8  ± 0 .0 4  (49,577) 2 .8 7  ±  0 .0 6  (751)
BALB.K k a N.D. N.D. 4 .3 6  ±  0 .4 1  (34 .835)
C 3 8 /J k a 4 .1 5  ±  0 .0 8  (14 .300) 4 .2 2  ± 0 .1 0  (17 ,240) N.D.
C 57B L /8 b b 2 .9 9  ± 0 .3 1  ( 7 .144) 3 .8 0  ± 0 .2 7  (2 8 3 4 8 ) 3 .8 4  ±  0 .2 0  (8 3 0 0 )
C 3 7 B L /lp r b b N.D. 4 .7 6  ± 0 .4 3  (114.675) 3  4 3  ±  0 0 6  (2 7 8 3 |
BALB.B b a S .2 8  ±  0 .1 6 (2 0 6 .2 3 8 ) 3 .71  ±  0 .37  (6960) N.D.
M R L/++ k a N.R.* N.R. 3 .4 7  ±  0 .3 8  (5718)
M R L /lp r k a N.R. N.R. 2 .4 2  ±  0 .5 0  (448)

* Lag GM ±  SEM  (a rith m etic  m ean) of th re e  to  fiv e  m ice fo r each  g roup . M ice w ere Im m unized  l.p . w ith  100 *4 o f Dex tn  m k n e  o r In  CFA o r  w ith  
100 l.p . KLH In  C FA . T h la  g ro u p  w ee im m unized  4  w k la te r w ith  IS  >< D c t-IO H I.t. P laque e n e y e  w ere perform ed 5  dajra la te r.

* P laque aaaay  n o t d one.
* Ho resp o n se  [< 4 0 0  P F C /apleen).
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CFA, the MRL mice were unresponsive. This unresponsiveness,* however, was 

not r e l a t e d  to  the  MHC gene complex because C58/J mice (H-2*4, IghCa) 

developed a Dex PFC response. Furthermore, the unresponsiveness of MRL 

mice was not re la ted  to  the Ip r  gene, because MRL+/+ mice did not mount a 

Dex response whereas C57Bl/lpr developed a strong response subsequent to 

Immunization with Dex-CFA. These r e s u l t s  c l e a r l y  In d ic a te  t h a t  MRL 

s t r a i n s  have a p a r t i c u l a r  d e fe c t  1n t h e i r  a b i l i t y  to  respond to  TI 

an tigens . The MRL mice have the  p re c u rso rs  o f Dex-react1ve c lo n es , 

since they did develop an ant1-Dex PFC response subsequent to immuniza­

tion with Dex-KLH. Nevertheless, 1t should be noted th a t  even a f te r  immu­

n iz a t io n  with dex tran  as a T-dependent a n tig en ,  MRL/lpr develop  a s i g ­

n i f i c a n t l y  lower response as compared to  C57Bl/lpr (0.02<p<0.05). These 

r e s u l t s  suggest t h a t  the  MRL mice may have a d e fe c t  1n the  sub se t  o f  B 

c e l l s ,  which enables them to  respond to  TI antigens of the TI—2 type.

T ite r  of RF Produced in 129 and MRL Mice After Immunization with BL 

and Dex. The t i t e r  of ant1-gamnaglobul1n a c t iv i ty  was a lso  measured in 

the serum of mice immunized with BL The data depicted 1n Figure 5 show a 

marked Increase of ant1-IgG2a antibodies 1n 6-mo-old 129/Sv mice and the 

de novo production of ant1-IgGga antibodies 1n 6-mo-old 129/3 mice. This 

Increase 1s a lso  evident fo r  3- to  6-mo-old MRL/lpr and MRL+/+ mice. A 

s im i l a r  p a t te r n  was observed fo r  antl-IgGgjj a n t ib o d ie s ,  whereas no 

apparent Increase 1n t i t e r s  of antl-IgGi and IgG3 antibodies were observed

♦Footnote: The most l ike ly  explanation fo r  unresponsiveness 1s the fa c t
th a t  MRL mice are IghJ and not Igha (see above).
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(data  not shown). These da ta  c l e a r l y  show t h a t  th e  o ld e r  mice develop 

ant1-gammag1obul1n antibodies subsequent to  Immunization with BL.

Ant1-gammaglobul1n antibodies 1n 129 mice Immunized with Dex was a lso  

measured. The d a ta  1n Figure 6 show t h a t  th e  ant1-IgG£a antibody t i t e r  

Increased 1n 6-mo-old 129/Sv as well as 1n 129/J mice. Only 3- to  6-mo- 

old 129/J mice appeared to  make ant1-IgG-| antibodies a f te r  Dex Immuniza­

tion whereas 129/Sv 6-mo-old mice did not Increase th e i r  preimmunization 

t i t e r .  No an tl-IgG g or ant1-IgG2[, a n t ib o d ie s  were d e tec ted  1n 129 mice 

(data not shown).

Study of In Vivo Ant1-TNP Response 1n 129 Mice.

Ant1-TNP-BA PFC Response. In 129 mice, there  was an age-dependent 

Increase 1n the to ta l  PFC response (Table 6). In addition, the magnitude 

of the PFC response 1n 1-mo-old 129/Sv mice p a ra l le le d  tha t  of the adu lt 

129/J animals. This 1s 1n agreement with our previous re s u l ts  1n which an 

accelera tion  of the Immune response against TI—2 antigens was shown. The 

460 Id component of the response varied: the percentage of antibodies ex­

p ress ing  th e  460 Id d ec l in e d  by 6 mos. of age 1n 129/J mice w hile  no

change 1n th is  component was observed 1n 129/Sv mice.

T ite r  of RF Produced 1n 129 Mice After TNP-BA Immunization with TNP- 

BA. A s i g n i f i c a n t  Increase  1n the  t i t e r  o f  serum RF ant1-IgG2a was 

observed a f te r  Immunization with TNP-BA 1n 6-mo-old 129/Sv mice (Fig. 7A).

Most Importantly, serum RF were Induced 1n 6-mo-old 129/J mice.

Study of Ant1-TNP-Flcoll Response. No remarkable age-dependent re­

sponse differences were observed 1n 129/J mice Immunized with TNP-Flcoll, 

except th a t  a t  3 mos. animals did not respond as well. A general decline 

1n the magnitude of the ant1-TNP PFC response was observed 1n 129/Sv mice.
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1JbU fc- Aita-dagandancn of a n tl-IHP raaoonaa a l ld ta d  by 1— m in t  ton 
with a n -1 antlaan la  129____________

________m l  TOP-PPC/Solaan1
Strain Aga(ln aoa) Total M60M+1
129/J 1 3.46+0.39 (7.937) 41.8+14.9

3 3.80+0.29 (10,380) 17,2+15.3

6 4.50+0.09 (39,510) 17,6+4.6

129/Sv 1 4.62+0.21 (25,960) 12.1+3.6

3 4.34+0.13 (25,650) 12.2+9.3

6 4.40+0.22 (31,200) • K.D.

'Log GM+SEM(arlthnatlc naan) of 3-5 b I co  fo r  aach group. Mleo uoro 
laaainlaed l .p .  with 0.1 i l  of O .lf  1NF-8A. Tha PIC raaponaa waa 
naaaurad 3 daya la ta r .

i
460-Id -  Tha antl-TMF PFC carcying tha HOPC 460-Id vara anuaaratad by 
Incorporating BALB/c anti-M0PC460-Id an ti-aarua ( I >500) to  tha plaqulng 
chanbar. tha nuabar of PFCa aacratlng antlbodlaa baarlng th la  ldlotypa 
waa calculatod aa tha nuabar of PFC obaarvad la  tha abaanca and praaaoca 
of tha a n tl-Id  antlaarua. Tha d lffaraaca waa conaldarad to  ba tha nuabar 
PFCa aacratlng antlbodlaa axpraaalng tha ldlotypa.

a
Hot Dona.



1 0

(A

E

CM
o»
o

<r
LU

H
<
X

8
0  P re im m un iz a t io n  t i ter  
□  P o s t i m m u n iz a t i o n  t i t e r

AGE IN MONTHS: 1 3  6 1 3  6
STRAIN: J  S v

Fig. 7A. T ite r s  o f  RF produced by 129 mice a f t e r  immunization with TNP-BA,

ro



53.

Moreover, the response observed for 1 mo. 129/Sv mice fa r  exceeded th a t  of 

th e i r  age-matched controls or even adult normals (Table 7).

U t e r  of Ant1-Gammaq1obul1n Antibodies 1n 129 Mice Immunized with 

TNP-F1co1 1. A s i g n i f i c a n t  In c re ase  of RF a n t1-IgG2|j and -IgG2a was 

observed 1n sera of mice Immunized with TNP-Flcoll (Fig. 7B).

In Vivo Secondary and T ertia ry  Responses to  a TD Antigen in 129 and 

MRL Mice.

Variation of Isotype of Ant1-TNP Antibodies During the Secondary Re­

sponse; 129 Mice. The age-dependent varia tion  of Isotypes of an t1-TNP 

a n t ib o d ie s  was s tu d ied  1n 1-, 3-, and 6-mo-old 129/J and 129/Sv mice 

during the  TNP-KLH Induced secondary response. Sera were col le c te d  on 

days 3, 10, 20, and 30 a f t e r  c h a l le n g e  (1 month a f t e r  priming). The 

amounts o f TNP s p e c i f  1c-ant1bod1es were determined by RIA 1n which the  

c o n ce n tra t io n  o f Iso ty p es  was measured from standard curves constructed 

with TNP specific  IgM, IgGj, IgG-j, IgG2[) and IgG2a MAbs. The k inetics  of 

the IgM an t1-TNP antibodies were s im ila r  between the congenlcs within each 

age group of mice studied. The concentrations of IgM ant1-TNP antibodies 

decreased  during  th e  20-day period  as would be expected f o r  a secondary 

response (Fig. 8A). In a d d it io n ,  p r o f i l e s  o f the  IgGj a n t1-TNP a n t i ­

bodies fo r  the age-matched groups were s im ila r  1n th a t  high concentrations 

o f  IgG3 a n t ib o d ie s  were produced a t  3 and 6 months o f age. A sharp  de­

c re a se  1n the  c o n c e n tra t io n  o f  IgGj a n tib o d ie s  occurred between days 20 

and 30 o f the  response 1n 3 and 6 month 129/Sv mice (Flg.8B). The study 

o f  th e  k in e t i c s  o f  th e  IgG-j a n t 1-TNP response shows t h a t  th e re  1s a 

g rea te r  concentration of IgG-j specific  antibody 1n 1-month-old mice vs. 3 

and6 month o ld  129/J and 129/Sv mice (Fig. 8C). The k inetics  of the ^ 62^



Table 7

Age dependence of ant1-TNP response e l ic i te d  by Immunization 
with TNP-Ficoll 1n 129 mice

TOTAL PFC/SPLEEN 
S train  Age (1n mos) log GM ± SEM (A.M.)

129/J 1 4 .22±0.30 (25,440)

3 3.54±0.22 ( 4,306)

6 4.28*0.34 (25,280)

129/Sv 1 4.86*0.10 (78,087)

3 4.47*0.08 (29,950)

6 3.76*0.29 ( 7,160)

Log GM * SEM (arithm etic  mean) of 3-5 mice for each group. 
Mice were Immunized 1.p. with 20 ug TNP-Ficoll. The PFC 
response was measured 5 days la te r .
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response 1s s i m i l a r  1n both s t r a in s  (Fig. 80). However, the  r e s u l t s  de­

picted In Fig. 8E show th a t  the concentration of IgGja antibodies 1n both 

3- and 6-month-old 129/Sv mice was s ig n if ic a n t ly  lower than tha t  observed 

1n 129/J mice (P<0lOO5, Student's t - t e s t ) .  The decrease of IgG2a ant1-TNP 

antibodies 1n 129/Sv mice may be re la te d  to  the spontaneous production of 

autoant1-IgGga antibodies which has been described 1n th is  s tra in .

Study of the Occurrence of Anti-Gamma Antibodies During the Secondary 

Immune Response. The sera from mice Immunized with TNP-KLH co llec ted  at 

the  p re v io u s ly  designa ted  tim epo ln ts , 1 month a f t e r  priming, were a ls o  

used to  determ ine th e  t i t e r s  of RF as w e ll  as the  f in e  s p e c i f i c i t y  of 

these antl-gammaglobul 1n antibodies. The t i t e r  of RF was determined by HA 

using Ars-SRBC coated w ith subagg lu tina tlng  doses of Ars-spec1f1c mono­

clonal antibodies of various Isotypes.

Both 129/J and 129/Sv mice produced antl-gammaglobul 1n antibodies 

during the secondary response (Fig. 9). The most s trik ing  finding was the 

observed long l a s t i n g  production o f  RF and t h e i r  broad s p e c i f i c i t y  fo r  

various Isotypes. The study of the k ine tics  of RF specific  for IgGj shows 

th a t  they are produced Immediately a f t e r  challenge and are maintained 1n 

1- and 3-month-old mice, whereas a decrease can be noted between days 10 

and 20 of the secondary response 1n 6-month-old mice (Fig. 9A). The con­

centration of ant1-IgG-| antibodies sharply  Increased 1n the f i r s t  10 days 

a f t e r  c h a l le n g e  1n both 129/J and 129/Sv mice (Fig. 9B). The t i t e r  of 

ant1-IgG2b antibodies was lower than th a t  of antl-IgGj antibodies except 

a t  30 days 1n 129/J mice when a sharp  Increase  was observed (Fig. 9C). 

L i t t l e  varia tion  was observed 1n the k inetics  of the ant1-IgGga response 

between 1- and 3-month-old 129/J and 129/Sv mice. In contrast, the study
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of the k inetics  of antl-IgGgj antibodies during the secondary Immune re­

sponse showed a s i g n i f i c a n t  d i f fe re n c e  between 3- and 6-month old 129/0 

and 129/Sv mice (Fig. 9D) which may be re la ted  to  the clearance of RF from 

circu la tion  by In teraction  with IgGgj antl-TNP antibodies.

Study of Secondary Ant1-TNP PFC Response 1n 129 Mice. To more f u l ly  

understand the basis of the observed Isotypic va ria tion  th a t  occurs 1n the 

secondary response* the  PFC responses were s tu d ied  1n o rder to  d isc e rn  

whether the  decreased c o n cen tra tio n  of some Iso typ es  1n the  se ra  1s r e ­

lated  to  the clearance of antibodies by RF or to an In teraction  of RF with 

the receptor of antibody forming ce l ls .

The d ire c t  and Ind irec t PFC responses were studied In 1 to  6-month- 

o ld  129/J and 129/Sv mice 7 days a f t e r  secondary o r  t e r t i a r y  c h a l le n g e  

(Table 8). In the case of the t e r t ia r y  PFC Immune response, the same group 

of mice u t i l iz e d  1n the k inetic  study o f ant1-TNP a n tib o d ie s  during the  

secondary response was used here.

An age-dependent In c re ase  o f the  d i r e c t  secondary PFC response was 

observed 1n 129/0 mice whereas the I n d i r e c t  PFC did not vary  (P>0.05, 

ANOVA). In contrast, o ld  129/Sv mice make s ig n if ic a n t ly  low d ire c t  and 

Indirect PFC responses as compared to  the age-matched 129/J group (P<0.01, 

S tudent t - t e s t ) .  S im i la r ly ,  the  study of the  I n d i r e c t  t e r t i a r y  PFC re ­

sponse shows th a t  6-month-old 129/Sv animals cannot mount a t e r t i a r y  re­

sponse e q u iv a le n t  to  even 3-month-old 129/J animals (P<0.001, Student's 

t - t e s t ) .

In Vitro Study of Function of T and B Cells of Young and Old 129 Mice. 

The r e s u l t s  of the study of secondary and t e r t ia r y  ant1-TNP PFC responses 

In the mice Immunized with the TNP-KLH c le a r ly  indicated th a t  the humoral
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varia tion  of Isotypes of ant1-TNP antibodies 1s not simply re la te d  to  the 

clearance of certa in  Isotypes by RF. I t  appeared, therefore. Important 

to  study the I n te r a c t io n  of T and B cel I s  1n an 1n v i t r o  h a p te n -c a r r le r  

antibody synthesis system (Table 9). B c e l l s  were prepared from spleens 

o f TNP-OVA primed mice and T c e l l s  were ob ta ined  from KLH primed mice. 

They were co-cultured with 10 ug TNP-KLH as well as 10 ug TNP-OVA, which 

served asa control fo r  the ca r r ie r  sp e c if ic i ty  of helper T c e l l s .

I t  was apparen t t h a t  when B and T c e l l s  were both d e r iv e d  from 1- 

month-old 129/J mice, low IgM and IgG responses were observed. In con­

t r a s t ,  when 129/J B c e l l s  were cultured with 129/Sv T c e l l s ,  the Indirec t 

PFC response d ram atically  Increased. The 129/Sv B c e l l s  produced a sig­

n if ic a n t ly  higher IgM PFC response when cultured with 129/Sv T c e l l s  than 

when they were c u l tu r e d  with 129/J T c e l l s  (0.01<P<0.02, S tuden t 's  t -  

t e s t ) .

The studies described above employing various T-1ndependent antigens 

as Immunogens revealed th a t  1-month-old 129/Sv mice display a PFC response 

e q u iv a le n t  to  t h a t  o f a d u l t  129/J mice. The r e s u l t s  ob ta ined  1n v i t r o  

a lso  show th a t  129/Sv mice may present an accelerated maturation of T and 

B c e l ls .  Perhaps th i s  Involves RF 1n the activa tion  of B ce ll  clones.

A completely d if fe re n t  picture was observed with c e l l s  from 6-month- 

o ld mice. 129/J B c e l l s  Incubated with T c e l l s  from 129/J or 129/Sv mice 

develop and e x c e l le n t  ant1-TNP PFC response 1n which the IgG response was 

prevalent. In contrast, when the B c e l l s  from 129/Sv mice were cultured 

with 129/Sv T c e l l s ,  the IgG PFC response was 2-fold  lower than th a t  when 

B c e l l s  were J derived. However, T c e l l s  from 129/J mice brought the re­

sponse to  w ith in  range o f the  normals (Table  9). These r e s u l t s  a l s o
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suggest th a t  the production of RF 1n old 129/Sv mice may a l t e r  both B and 

T c e l ls  which cooperate 1n the production of IgG ant1-TNP antibodies.

Variation of Isotypes Ant1-TNP Antibodies During the Secondary Re­

sponse: MRL Mice. The age-dependent variation of Isotypes of ant1-TNP

antibodies was studied 1n 1-, 3- and 6-month-old MRL+/+, MRL/lpr or 129/J 

mice during the TNP-KLH secondary response. Sera (pooled from a group of 

5 mice) were d i lu t e d  1:5,1:10, 1:50 and 1:100 and the  c o n cen tra tio n  of 

antibody was ca lcu la ted  by assigning the number of cpm corresponding to 

the l in ea r  portion of standard curves constructed using a ff in i ty -p u r if ied  

anti-TNP monoclonal a n t ib o d ie s .  To con tro l  fo r  n o n sp e c if ic  binding of 

mouse serum proteins, newborn mouse serum was Incubated on TNP-BSA-coated 

p la te s  giving a very low background (100-500 cpm) and th is  was subtracted 

from the cpm obtained for the binding of Immune sera. The k inetics  of the 

mu ant1-TNP response (F1g. 10A-E) were s im ila r  between the MRL congenlcs 

and 129/J control within each age group of mice studied. The p ro f i le s  of 

the  k in e t ic s  fo r  the  IgG3 ant1-TNP response r e v e a le d  t h a t  markedly low 

concentrations of these antibodies were present 1n sera of a l l  MRL mice 

(except 3-month-old MRL+/+, and 3-6-m onth-old 129/J) and 1s c o n s i s t e n t  

with previous data which have shown tha t  IgG3 1s genera lly  a negllgable  

component of a thymus-dependent (TD) response 1n MRL mice while a signi­

f i c a n t  IgG3 response was observed 1n 3 and 6-month-old 129/J mice (Fig. 

10B) (Park e t  a l . ,  1983). In contrast, differences 1n the k inetics  of the 

Immune response were observed for IgGj, IgGg^t and I g ^ a  ant1-TNP a n ti­

bodies. Although 1-, 3- and 6-month-old MRL+/+ displayed s im ila r  k inetics  

fo r  IgG<|, IgG^jj and IgG2a Iso types  (with the exception  o f 1-month-old 

MRL+/+ mice), MRL/lpr mice had consis ten tly  lower IgG-|, IgG2b an<̂  *9®2a
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Fig. 10. Kinetics of the anti-TNP response. A) IgM a n t i -  
TNP, B) IgGj anti-TNP, C) IgGi anti-TNP, D) IgG?h 
anti-TNP, E) IgG2a anti-TNP. Sera were collected 
from immunized mice on days 3,10,20, and 30 a f te r  
tbe second boost. Pl(pre-immune). Concentrations 
of TNP-specific antibody were determined from 
standard binding curves.
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(except 1-m onth-old MRL/lpr IgG-j) responses (Fig. 10C-E). Furthermore, 

the decrease 1n the concentration of these Isotypes was most profound a t  6 

months of age. The decrease 1n a l l  gammaglobulin Isotypes a t  th is  age 1n 

MRL/lpr mice may be r e l a te d  to  th e  presence of auto-antl-gammaglobul 1n 

a n tib o d ie s ,  g e n e r a l l y  of the  IgM and IgG Iso type  (Hang e t  a l . ,  1982; 

Theof11opou1 os e t  a l . ,  1980) th a t  exhib it a broad sp e c if ic i ty  fo r Fc frag­

ments of various subclasses of gammaglobulin. Since we had found th a t  RF 

are produced 1n both MRL+/+ and lp r  mice subsequent to  Immunization with 

polysaccharide antigens, the sera from mice Immunized with TNP-KLH were 

a ls o  used to  determ ine the  presence and f in e  s p e c i f i c i t y  o f RF. T i t e r s  

were determined via HA assays.

Study of the  Occurrence of Anti-Gamma-Ant1bodies During the Secondary 

Response. Not o n ly  do MRL/lpr mice produce ant1-gammaglobulin a n t i ­

bodies during the secondary response, but MRL+/+ and 129/J animals do so 

as wel 1 (Fig. 11). The most I n te r e s t in g  f in d in g  was th e  observed long- 

la s tin g  production of RF and th e i r  broad sp e c if ic i ty  fo r  a l l  IgG Isotypes, 

even though some antigen-specific  antibody was not present 1n the serum. 

We a lso  studied the PFC responses to  discern whether the decreased concen­

tra t io n  of gammaglobulin Isotypes 1n the sera 1s re la te d  to  the clearance 

of an tigen-specific  antibodies by RF or to  an In te rac tion  of RF with the 

receptor of antibody-forming c e l ls .

Study of the Ant1-TNP PFC Response 1n MRL Mice. The d irec t  and in­

d irec t  PFC responses (Table 10) were studied 1n the  same group of 1 to  6- 

month-old 129/J, MRL+/+ and MRL/lpr an im als  u t i l i z e d  1n the  k in e t ic  

s tu d ie s .  The response  was measured seven days a f t e r  th e  second boost 

( t e r t i a r y  c h a l le n g e ) .  Age-matched 1-month-old control mice (MRL+/+ and
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Fig. 11. Kinetics of the anti-gammaglobulin response 
during the secondary anti-TNP response (HA 
t i t e r ) .  A) anti-IgG3« B) anti-IgGlf C) a n t i -  
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mined from sera obtained from the same mice 
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129/J) make s i m i l a r  IgM ant1-TNP responses (0.02<p<0.04 t w o - t a i l e d  t -  

te s t ) ,  the IgM response for  MRL/lpr mice 1s s imilar  to the control group 

(p>0.25). S im i la r ly ,  the  IgG component of  the  response f o r  1-month-old 

mice was s im ila r  between MRL congenlcs and 129/J mice (0.20<p<0.50 ANOVA). 

However, by 3 months of age, the 129/J mice make a s ign i f ican t ly  stronger 

Indirec t  response than do e i th e r  3-month-old MRL+/+ (p<0.005, two-tai led 

t - t e s t ) ,  or MRL/lpr mice (0.25<p<0.05 two-tai led t - te s t ) .  Finally,  by 6 

months of age, when MRL/lpr mice exhibit  profound symptoms of the disease, 

the  lowest  IgG ant1-TNP response was observed as measured by the  PFC 

response. This 1s consistent  with the isotypic p ro f i le s  obtained for  a l l  

su b c la s se s  of IgG ant1-TNP a n t ibo d ies  1n these  mice a t  6 months of  age 

(Fig. 1 OB—E). Therefore ,  we cannot r e l a t e  to  the  low ant1-TNP IgG a n t i ­

bodies to simple clearance mechanism. Rather, th i s  In a b i l i ty  to produce 

gammaglobulins to  a TD antigen may be the r e s u l t  of an Innate lymphocytic 

defect  1n these mice.

We then s tud ied  the i n t e r a c t i o n  of  T and B c e l l s  1n an 1n v i t r o  

hapten-carrler antibody synthesis system. The re s u l t s  depicted 1n Table 11 

I l l u s t r a t e  a representat lve experiment showing th a t  MRL+/+ B and T c e l l s  

could  mount s t rong  IgM and IgG responses 1n the  presence o f  th e  

appropriate antigen. However, although the 1ymphopro11ferat1ve defect  in 

lp r  mice causes an Increased antigen-nonspecific help to B c e l l s ,  these 

lp r  T c e l l s  could not provide su f f ic ien t  help to +/+ TNP-specif1c B c e l l s  

1n th i s  an t lgen-spedf lc  response. Therefore, the response measured was 

on ly  35Z of  t h a t  observed f o r  +/+ B and T c e l l s  c o -c u l tu re d  1n the  

presence of  TNP-KLH. In a d d i t io n ,  6-month-old MRL/lpr mice could  not  

mount an 1n v i t ro  antibody response to TNP when the source of the T c e l l s
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was l p r  der ived .  I t  1s a l s o  I n t e r e s t i n g  to  note t h a t  +/+ T cel  I s  could 

provide only some help to  lp r  B c e l l s  but th i s  was not su f f ic ien t  to  re­

store the IgG response. These re su l t s  are consistent  with the serum pro­

f i l e  of gammaglobulins th a t  we obtained by 1n vivo hyper1mmun1zat1on of 

MRL mice with TNP-KLH. This suggests  t h a t  MRL/lpr mice e x h ib i t  T and B 

cel 1 defects and moreover, the production of RF may, in some way, hamper 

cooperation between T and B c e l l s  1n the production of IgG ant1-TNP an t i ­

bodies 1n old MRL/lpr mice. Since one could Induce RF In both normal and 

autoimmune mice a f t e r  Immunization with convent iona l  an t igens ,  1 t  was 

important to  more c lo se ly  examine the nature and regulatory properties  of 

RF produced during normal Immune responses and during disease s ta tes .  For 

th is  reason, monoclonal RF (MRF) were generated 1n a varie ty  of ways.

Fine Specif ici ty  of MRF. A panel of  hybrldomas was obtained  from 

several d i f feren t  mouse s t ra in s  Including: (1) splenocytes from unmanipu­

lated  6-month-old 129/Sv and 5-month-old MRL/lpr mice which spontaneously 

produce RF upon aging, (2) sp len ocy tes  from BALB/c mice In je c te d  with 

Yers in ia  en te roco l  1 t1ca ,  or (3) BALB/c sp len o cy tes  s t im u la te d  in v i t r o  

with LPS. The majority of monoclonal RF were IgM, with the exception of 

129-74, 129-77 (IgGj, k) and 129-102 (IgA, k). Based on t h e i r  f in e  

s p e c i f i c i t y ,  our panel o f  murine RF monoclonal an t ib o d ie s  can be d i ­

vided Into three categories. The f i r s t  group (4 of 20) binds with high 

a f f in i ty  to IgG^^, the second group (6 of 20) binds with high a f f i n i t y  to 

some IgG subclasses and/or with low a f f in i ty  to others, and the remainder 

(10 of  20) bind with low a f f i n i t y  t o  one or  more IgG s u b c la s s e s  (Table  

12). I t  should be noted t h a t  a few RF s e l e c t e d  on p l a t e s  coated with a 

murine IgG2a p ro te in  ( i . e .  H0PC1) e x h ib i ted  low a f f i n i t y  f o r  Fc (Table



Tabla 12.

IT

Binding to  a ic ro tlta r  plataa coated v ith i

I«C3 <15*06 23.1)** laCl(88-0*92 Yl.l)*** Ia62b(BA6 Y2b.»>*** IcC2*(B0Ki T2a.Wi“
a l l 223*1* 144*2 434*21 291*26

129-48 839*81 1,681*219 2.060*296 0
129-78 1.324*184 0 U 4 M 0
129-7* 914*13 469*98 1.308*72 410*94
129-101 1.303*208 436*28 1.483*321 1.299*213
129-61 713*127 11,778*441 4.611*138 741*208
129-74 108*1* 151*28 390*59
129-102 440*4 170*30 *12*2 24.278*800
129 77 600*73 323*13 769*135 18.280*1.263
219-10 0 3,053*153 \ , 460*22 816*113
219-16 291*32 371*93 1,676*23 0
243-3 1.127*730 138*35 | 812*38 238*13
LPflO-1 720*716 21.476*593 9.938*1.303 L 2 M I I*
LM5-4 1.347*1*0 2,796*296 984*147
LPS3-7 4.327*347 12.503*289 4.309*141 1.413*141
LTS7-4 0 1.007*22 408*33 221*43

MU-31 1,001*60 814*12 1.143*223 313*10
MU2-46 1.113*190 0 2.634*31 1.116*13
MU0-8 318*33 913*123 JLJZ12UI 1.069*112
MLL35-18 1,134*461 237*140 707*7 10^392*492
WL9S-23 338*28 2.853*33 783*101

aatoratad with 3Z ISA a d  iK iib tttd  fo r 3 hro a t  rooa taaperatura with 2 | i |M  V  boooclonal aatlbodlaa. Aftar 
auoaalvo waahlags with M * IM h  20(0.032), tha platan wara incubated fo r 2 h n  with I M lT i t  aatl-kappa mm* 
cloaal Mtlhody (^30,000-cpa/wall). Background ( l .a .  BSA eoatad p lataa lacubetad with IT ■naor l oaal aatlbodlaa) 
waa aubtractod. *^Ciadly dooatad by Dr. N. Pot car, MCI, Bathaada, KD. ***Xiodljr dooatad by Dr. T. Korea, 
Nn K  i la a l  School of Nadlclaa, NIC., MI.
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12). This 1s exp la ined  by a m odif ica t ion  of  experimental  procedure to  

s tudy the  f i n e  s p e c i f i c i t y  of  RF 1n which ex te n s iv e  washings with PBS- 

Tween were employed to  minimize a possible  non-specific "st ickiness"  of RF 

of the IgM Isotype.

In Vitro Effect of MRF on Ant1-TNP and Ant1-SRBC Responses.

Ant1-TNP-NWSM Response. When sp leen  cel  1 s from BALB/c, 129/J  or  

129/Sv mice were cultured with both TNP-NWSM and ant1-460Id MAb(FD5-13), 

45-65% of  the  ant1-TNP plaques were In h ib i ted  a t  high doses o f  FD5-13 

(Fig, 12, l e f t  upper panel) .  Under th ese  cond i t ions  45% of the  anti-TNP 

PFC from BALB/c spleens were 460Id+ whereas only 25% of the ant1-TNP PFC 

from 129/J or 129/Sv spleens were 460Id+ (Fig. 12, r igh t  upper panel).

To determine whether MRF could modify the ant1-TNP response, spleen 

c e l l s  from BALB/c, 129/J or 129/Sv mice were cul tured with TNP-NWSM and 

LPS10-1 (IgM RF which a l s o  binds IgD, da ta  not  shown) or  129-48 (IgM RF 

which binds IgG-j and IgG2[,). We compared the e f fec t  of a monoclonal a n t i -  

dextran antibody [LP32-14, (IgM)] with the e ffec ts  of RF LPS10-1 and 129- 

48. At 10 ug/ml, LPS10-1 appeared to  enhance the  ant1-TNP response 

e l i c i t e d  by 129/Sv spleen c e l l s ,  but Inhibited the 129/0 ant1-TNP response 

and to  a l e s s e r  e x te n t  the  BALB/c response. In c o n t r a s t ,  a t  10 ug/ml, 

129-48 did not a f fec t  the responses e l i c i t e d  by 129/J and 129/Sv spleen 

c e l l s ,  but s l i g h t l y  Inhibited the BALB/c anti-TNP response (Fig. 12, lower 

panels).

Antl-SRBC Response. Since 1t  had been reported tha t  immunization 

with Ars-OVA (TD antigen) or LPS can Induce RF production (Dresser, 1978; 

Nemazee and Sato, 1983), the  e f f e c t  o f  c o -c u l tu r1 ng  sp leen  c e l l s  from 

129/Sv or 129/0 p r e v io u s ly  primed with  LPS or TNP-OVA with 129/0 SRBC-
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primed sp leen  ce l  1 s was s tud ied .  Only sp leen  cel  1 s from LPS 1mmun1 zed 

129/Sv mice caused a s i g n i f i c a n t  decrease  1n the  I n d i r e c t  PFC response 

(Table 13). No e f f e c t  was observed on the d i r e c t  PFC response  under any 

circumstance.

Id lo type  of MRF. Rabbit an t1 - Id  a n t ib o d ies  a g a in s t  MRF 129-48, 

Y19-10 and LPS 10-1 were p u r i f i e d  using a two-step  procedure. F i r s t ,  

ant1-mu, anti-gamma, anti-kappa a c t i v i t i e s  were removed by absorption on 

IgM, IgG, kappa sepharose 4B-columns. Subsequently ,  a column which 

contained bound-1mmunogen was used to purify the ant1-Id anti serum. Our 

an t1 - Id  an t ib o d ie s  a re  devoid of  anti -IgM or an t i -kappa  a c t i v i t y  as 

assessed by the lack of binding to  a panel of IgM, kappa antibodies with 

various antigen sp ec i f ic i t ie s  (Table 14).

Expression of Cross-Reactive Idlotypes (IdX) on MRF. The expression 

of IdX was studied using a sens i t ive  sandwich RIA (described 1n Materials  

and Methods). 14 of 20 monoclonal RF share 1d1otopes of 129-48 and LPS10- 

1 w h i le  7 of  20 share the  Y19-10 1d1otope(s) (Table  15). This sugges ts  

th a t  the expression of IdX on monoclonal RF 1s neither re la ted  to  s t ra in  

nor t o  the  f i n e  s p e c i f i c i t y  of  the  RF. I t  should be noted t h a t  th r e e  

monoclonal RF obtained from 129/Sv mice specif ic  for  only Ig02a (129-74, 

129-77, 129-102) and one s p e c i f i c  f o r  IgG2b (129-76) did not share  1dio-  

topes of 129-48, LPS10-1, or Y19-10 monoclonal RF (data not shown). Also, 

MRL 55-18 did not share Id lo to pes  of any of  the  MRF 129-48, LPS10-1 or 

Y19-10.

VH Gene Family U t i l iza t ion  by RF. Because our Immunochemical studies 

showed t h a t  MRF from v a r ious  sources share  IdX, 1 t  seemed p o s s ib l e  t h a t  

these monoclonal antibodies may be encoded by re la ted  genes. To screen



Table l i . In vitro xnti-SRBC PfC response

A Spleen cclb (X 10*) (fora 
SRBC primed, 129/J

SRBC- PFC'

direct indirect

2 6,339 2,642
I.S 3,1)1 906
1 1,336 167
0.S 136 29

B Spleen celli (X 10*) from SRBC- PFC

SRBC primed. 129/J nooimmune, 129/J dimct indirect

2 0 6,339 2,642
I.S 0.3 3,336 1,106
1 1 1.406 306
O.S 1.3 233 17

C Spleen cells (X 10*) from * SRBC- PFC

SRBC primed, 129/J TNPOVA primed, 129/J direct indirect

2 0 6,339 2,642
1.3 0.3 4,173 1,533
1 1 1,663 363
0.3 1.3 233 0

D Spleen cells (X 10*) from SRBC- PFC

SRBC primed, 129/J LPS primed, 129/Sv dinct indirect

2 0 6,359 2,642
1.3 0.3 3,467 342
1 1 1,630 63
0.3 1.3 196 2

£  Spleen ceils (X 10*) from SRBC- PFC

SRBC primed, 129/J TNPOVA primed, 129/Sv direct indirect

2 0 6,539 2,642
1.3 0.3 3,036 1,273
1 1 1,396 306
0.3 1.3 253 21

A SRBC primed, 129/J.
B, C, D Mixing experiment: SRBC primed, 129/J+nooimmunc 129/J, TNP-OVA boosted
129/J LPS boosted 129/Sv, TNPOVA boosted 129/Sv, respectively.
1 SRBC PFC/cuhure.



Table 14. Specificity of and-Id io typ ic  w l M l w

AWT HOOT_______ANTI-129-48 Id ANTI-US 10-1 M AKTI-T19-10 Id

2-8-2 355 1 33 254 t  36 231 ± 3

129-48 8948 t  307 8292 ± 211 3899 ± 79

17-38 690 t  42 411 t  64 284 ± 60

LPS10-1 6543 1 323 8109 i  287 1908 ± 69

2-9-17 371 1 49 262 1 60 234 ± 43

2-11-1 315 t  65 264 ± 43 265 ± 57

2-12-19 375 ±90 ’ 232 ± 28 750 ± 10

Y19-10 6461 ± 335 4227 t  91 4057 ± 177

3-14-19 1832 ± 244 885 ± 33 347 ± 22

3-76-4 296 ± 16 192 ± 16 243 ± 49

1-5-1 276 ± 30 256 ± 59 194 ± 16

3-76-42 351 ± 49 294 ± 66 321 ± 39

BSA 211 ± 30 222 ± 32 270 ± 80

Sandwich R1A. M lcrotltar p lataa vara coated ovarnl|ht with 2 pg/el of
2-8-2, 2-9-17, 2-11-1, 2-12-9, 1-5-1 (antl-levan antlbodlaa), 17-38 (antl-48-Id
antibody:) 3-14-19, 3-76-4, and 3-76-42 (antl-antl-48-Id antlbodlaa) and 129-48,
LFS10-1 and Y19-10 (17). All of than are antlbodlaa. After waehlng and poat-

125coating, 2 pg/el of rabbit an ti- id  antlbodlaa wore added to  the platea. 1- 
f(ab’>2 donkey an ti-rab b it Ig waa uaad aa the develop Ing reagent.



Table 15. B lndlna o f ra b b it a n t i - Id  an tlbo d laa  to  monoclonal >1 antlbodlaa

RF Antll29-48 Id AntlLPS10-l Id AntlY19-10 Id

129-48 5,375*713 6,915*153 3,421*165

LPS10-1 4 , 748*270 6,812*106 1,355*43

Y19-10 5,323*288 4,742*600 3,728*78

129-78 505*369 193*79 277*24

129-101 3,409*900 3,857*349 780*28

129-61 5,969*190 6,377*728 2,679*109

Y43-5 1,196*215 .1,266*90 0

Y19-16 2,793*188 2,375*332 1,753*332

LPS5-4 2,049*123 3,2301250 84*23

LPS5-7 4,474*395 7,880*150 2,209*70

LPS7-4 4,812*89 7,395*180 1,843*180

MRU-51 3,719*227 4,163*426 605*116

MRL22-46 3,962*449 4,674*734 798*143

KRUO-8 3,340*417 1,072*88 416*69

MRU5-18 892*84 140*113 0

KRL55-23 1,086*118 1,584*71 0

Klcroplatea were Incubated overnight with 2ug RF monoclonal antibody, waahed, 
■aturated with IX BSA and Incubated with 2ug/ml rabbit an tl-ld  antlbodlaa. 
After washing, p lates wara Incubated for 2 hra with 125l F(Ab')2 donkey an tl-  
rabblt antibody (Aaerahaa) (30,000 cpm/uell). The resu lts  are expressed In cpm 
(meanlS.D.) a f te r  tha background was aubtractad. P ilo t experiments showed no 
aijp ilflean t binding of RF to normal rabbit Ig (data not shown). The remaining 
6 xF did not bind to any an tl-ld  antibody (data not shown).
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monoclonal RF for gene expression, cytoplasmic lysates were assayed for 

hybridization to probes specific  fo r  each of the known families (F1g.

13). Of the 7 wel 1 c h a rac te r ize d  gene fam111es (Brodeur and R1 b 1 e t ,  

1984), on ly  th ree  f a m i l i e s  a re  u t i l i z e d  by the  RF t e s te d :  J558, the

l a r g e s t  family  (4 RF), QPC52, a more 3' fam ily  (2 RF) and 7183, the  

most proximal family (4 RF). Subsequent to these studies, three other 

RF were found to  u t i l i z e  a gene from the  7183 family:  129-74, 129-76, 

129-102 (data not shown). These r e s u l t s  Indicate tha t  a res t r ic ted  se t  of 

V̂j genes encode the variable  regions of murine RF. However, the data a lso 

show t h a t  the heavy chain V reg ions  of  many MRF which express  c ro s s -  

reac t ive  1d1otypes are encoded by divergent genes.

Cloning of Expressed H chain VH Gene From Two RF Hybrldomas. In 

order to study the precise s t ruc tura l  nature of the genes encoding RF, 

we have cloned the expressed a l l e l e s  from two hybrldomas producing MRF: 

129-48 (V^ 7183 family) and Y19-10 (V^ J558 family). Southern b lo t t ing  

analysis  of Eco RI digested genomic DNA Indicated posi t ive  rearrange­

ments of  2.0kb and 3.5kb from 129-48 and 3.8kb and 6.6kb from Y19-10 (Fig.

14). The rearranged fragments of 3.5kb from 129-48 and 3.8kb from Y19-10 

were shown to be productive (data not shown). These fragments were cloned 

in to  the  Eco RI s i t e  of lambda phage Charon 16A (A l t  e t  a l . ,  1982), 

subcloned, r e s t r i c t i o n  mapped (Fig. 15) and the  n u c le o t id e  sequences of  

the re levan t  regions determined. The segments u t i l i z e d  by 129-48 and 

Y19-10 corresponded to  the  BALB/c J^4 and J^3 sequences, r e s p e c t i v e l y .  

The D segments were a l s o  d i f f e r e n t  from each o ther :  DFL 16.1 1n 129-48 

and DSP2 1n Y19-10. Comparison of the  n u c le o t id e  sequence of  the  

expressed gene o f  129-48 with germ llne  genes 1n the  V^7183 fam ily
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Fig. 13. Uti l izat ion of Vh genes by MRF. Autoradiogram 
composite of s lo t -b lo t  analysis of cytoplasmic 
RNA lysates  from RF-secreting hybrldomas. Nitro­
cel lulose was hybridized to 32p nick-transla ted 
Vh gene probes under normal stringency conditions, 
washed and autoradiographed. Posi tive controls 
are shown a t  the bottom of  the f igure .  Under 
normal stringency (42°C hybridization, 50% for-  
mamlde; 68°C wash 2xSSC 0.1% SDS), Vh 7183 and 
Vh 441-4 cross-hybrid1ze.
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Fig. 14. Southern blot analysis of RI digested genomic DNA 
from RF lines 129-48 and Y19-10, germline l ive r  
DNA from 129 and BALB/c mice and parental fusion 
partner sp2/0. Nitrocellulose was hybridized to 
32p nick t ransla ted  BamHI-RI probe, washed 
and autoradiographed.
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15. Restr iction enzyme analysis of RF clones. Plasmids p129-48 and pYl9—10 
were subjected to r e s t r ic t io n  mapping analysis. Sequencing strategy is 
shown.
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showed th a t  129-48 1s very s im ila r  to the 37,1 germllne gene (Hartman 

and Rudlkoff, 1984) (19bp d i f f e r e n c e s )  and l e s s  homologous t o  81X 

(which 1s t h e  most d i v e r s e  member o f  t h e  7183 f a m i l y  (F ig .  16). 

Similarly, comparison of the sequence of the expressed gene Y19—10 to

v a r ious  J558 germllne genes of  e i t h e r  BALB/c (V^33) o r ig in  or C57B1/6 

(V^|23 and V^186-2) o r ig in  (Fig. 17) Ind ica ted  t h a t  Y19-10 1s c l o s e l y  

r e l a t e d  to  germllne genes 1n the  J558 family .  I t  should be noted t h a t  

very few changes 1n the e n t i r e  gene were observed for  e i the r  V^129-48 or 

Y19-10 as compared to the most c lo se ly  re la ted  germllne genes for

which nucleotide sequence exis ts .  However, 1f one compares the protein 

sequence of VH 129-48 and Y19-10, 1 t  1s apparent  t h a t  they  share  a 

t e t r a p e p t l d e  in framework 2. This common s t r e t c h  of amino ac ids  may 

contribute to the IdX one observes between these RF (Fig. 18).

Since we a l read y  determined t h a t  murine RF obtained  from va r ious  

sources were encoded by o n ly  c e r t a i n  gene f a m i l i e s ,  1 t  was e q u a l ly  

Important to  determine whether or not other types of autoantlbodies a lso  

used a r e s t r i c t e d  s e t  o f  genes. The o r ig in  and s p e c i f i c i t y  of 

monoclonal au toantl  bodies In c lu d in g  th e  MRF used 1n th e se  s t u d i e s  a re  

shown 1n Table 16.

Cytoplasmic lysates were prepared from 10^ hybridoma c e l l s ,  t rans­

f e r re d  t o  n i t r o c e l l u l o s e  and assayed by h y b r id iz a t io n  to  a gene 

s p e c i f i c  probe fo r  each known fam i ly  (White and Bancroft ,  1982). With 

some autoantl bodies, the r e s u l t s  obtained with the s lo t - b lo t t in g  technique 

were unclear, and, 1n those cases, the purif ied RNA was hybridized to  the 

probes using the Northern blo t t ing  technique.

Out of  43 a u to an t ibo d ies  t e s t e d ,  17 used a gene from the  l a r g e s t



-19 -10 Incron

SIX
129-48

ATC GAC TTC COG CTC AGC TTC CTT TTC CTT GTC CTT ATT TTA AAA ACT AATTTATACACATGAGATTCTC

81X TCTCTTGTATGCACTTTAGAAATAGTACAAATAi n  IG111 Cl HAGAI ICTT'l 11111ATTI tTATTTATTTACCTCACACn T1
129-48 —  A-C-C--------A-G------- C—A-A—T----A-T-C-TA-GTT-C-CAC...............................................................

-4
SIX CTCACCAGCACTCTTTCTTTGCA cgt cta cag tgt

129-48 ........................................... .............................
1 10 20 

37 .1 GAA CTG AAG CTG CTC GAG TCT CCC CCA GCC TTA GTC AAC CCT OGA CCG TCC CTC AAA CTC TCC TCT

12,-48 ° JO I COR 1 1 40
37.1 GGA ACC TlT CCA TTC ACT TTC ACT AGC TAT GCC ATC TCT TCC GTT OGC CAC ACT CCG GAG AAC AGC
SIX -A- T— AA- -A- -A- GAA ---- CC- TC--C------A-----------------------C ---- A-------------------------------

50-------------- COR 2-------------------------------- 60 ■ — — -  *
37.1 CTC CAG TCC CTC CCA ACC ATT ACT GGT CGT CCT ACT TAC ACC TAC TAT CCA GAC ACT CTG AAC GGG
SIX  T--------C A- A A C— AG---------------------------------CC A— C— A-A

129-48 ------------------------------ AA —---------------------------------1-------C------------------------c----------C-----C
70 80

37.1 CCA TTC ACC ATC TCC AGA CAC AAT CCC AAG AAC AAC CTC TAC CTC dAA ATG AGC ACT CTC ACC TCT

129-48 90
37.1 CAC CAC ACC CCC TTC TAT TAC TGT CCA AGA

129-48  A -------------A------------------------------0I - p n U .l------ li------------Jh4----- ------------1
germllne TAT TAC TAC GGT ACT AGC TAC GCT CCT ATG CAC TAC ICC CGT CAA CCA
129-48 CAA A— —---------------  a. CGG -—  - — — -—--------------- —,

TT ------------------ 0-----------   V  3

Fig. 16. Nucleotide sequence of RF clone VH 129-48. Sequence of Vu 129-48 is 
compared to 2 germline genes in the 7183 family. 37.1 is  a Vu R ene

e t° a l t e (1984)’ Hartman ^1984) and VH81X wa* isolated by G. Yancopoulos

00CO



■*6 -10 -4 Intron
23 ACC TCT ATC ATC CTC ITT TTC CTA CCA GCA OCT AAC OCT AAGGGGCICACACTACCAGGCTTGAGGTCIGCC

106-2 —  —  —  —AS------ —C —  -G— —  A—— —— —CA   —g

“4 1
23 ..............................CATATACATCGCTGACAATCACATCCACTTTGCCTTTCTCTCCACA CCT CTC CAC TCC CMS CTC CAA

T19-10  TTCAGCTCTCGC----------T-----------------------------------------  CT--------
10 20 

23 CTC CAC CMS CCT GGG ACT CAA CTC CTC AMS CCT GGC CCT TCA CTC AAG CTC TCC TCC AAC CCT TCT GCC

Y19-10 —C A— —- ----- CC--------------------------C-T----------------- -C----------------
30 l CD* 1--------------1 40

23 TAC ACC TTC ACC ACC TAG TCC ATC CAC TCC CTC AAC CAC AGG CCT CCA CAA GGC CTT CAC TCC ATT OCA
3 3 -------------------------------------------C G— T-------------------------------------------------------------

106-2------- -C------------------------------------
YU-10 ----------—  G AT   T--------------C-------G------------------G--------------C-----------------G

50----------------CD* 2  60-.......-  —I 70
23 AAT ATT AAT CCT GGC AAT CCT GCT ACT AAC TAC AAT GAG AAG TTC AAG ACC AAC CTC ACA CTG ACT CTA

106-2 -CC----- G----------AAT -C----------------- -----C ------------------------------------------■----C------------------------
T19-10 GCC------------------------------------------------------T -G- -G -  G— -C- -C---------------------- C

60 90
2) CAC AAA TCC TCC ACC ACA GCC TAC ACG CAC CTC ACC ACC CTG ACA TCT GAG CAC TCT GCG CTC TAT TAT

106-2-----------------C------------------------------------ T-------------------------- —
T19-10  C-G ---------T-----A----G— G----------------- -C-  —-------------------  -C

t-------Oap2—1 1------------------------- JB3-----------------1
23 TCT GCA AGA gcnlln* CCT ACT ATC TCG TTT CCT TAC TOC OGC CAA GGC ACT
33  A---T- YS 9 - 1 0 ----------. peg C-------------------------------- — ---------

1 6 6 - 2   D U  3
T19-10  A----C

Fig. 17. Nucleotide sequence of RF clone Y19-1Q. Sequence of Vh Y19-10 is  com­
pared to germline genes of the J558 family incuding: Vjj23 and 1^186-2, 
germline genes of C57B1/6 origin, and 33, a germline gene of BALB/c 
origin.
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18. Protein sequence of 129-48 and Y19-10 indicating shared tetrapeptide
residues (36-39) in framework 2.
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Table 16

Origin and Specif ici ty  of Autoantibodies

Strain Origin Designation Specificity Reference

129/Sv S 129-48,129-78,129-74®,129-76 
129-102,129-66,129-61,129-77

Fc IgG Manhe1mer-L<

MRL/lpr S MRL50-8, MRL5-51, MRL22-46 
MRL55-26,MRL18-68,MRL55-18

BALB/c LPS in 
v i tro

LPS10-1, LPS7-4,LPS5-4,LPS7-3

BALB/c I Y19-10, Y19-16,Y43-5

MRL/lpr S HI02b,HI 30,H241b, RL1-3 ss DNA R. Schwartz

BALB/c I HB2 ds DNA B, Roux

BALB/c I 1-15C,62c,B10H2A2C, APDB6C Tg M. Zanettl

CBA/J I 10VA2,1OIAIc,84A3 
8ID2,8IB1, 84D1

Tg N. Rose

MRL/lpr s Y2b,2G7b,Y12b,6B6 Sm D. Pisetsky

BALB/c I F8D5 AchR B. Erlanger

BALB/c I Le4 TSHR B. Erlanger

NZB s CP3, CP4 Br.treated A. Bussard

CBA s CP5 MRBC

DBA/1 I A12d,B11c,E8c ,F9,C2d,E5c 
F4 , F10c ,E7C,Clb,B1

Type 2 
Collagen

R. Holmdahl

BALB/c I HB8C, HB9 micro­
f ib r i l s

J.  Brochler

BALB/c I HB10, HB11.HB12 skin J.  Brochier
antigens

S “ spontaneous
I » immunized , ,
All antibodies are IgM except ®IgG3, “ igGgj, cIgG-|, IgG2j,
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family, V̂  J558, 5 used a gene from QPC52 and 20 used a gene from 

7183. Only one u t i l ized  a gene from the S107 family. Examples 

of s l o t  b lo t t ing  are I l lu s t r a t e d  In Fig. 19. The r e s u l t s  of th is  study, 

summarized 1n Table 17 Indicate that  a res t r ic ted  se t  of genes encodes 

murine monoclonal autoantlbodies.

Id lo type  of Monoclonal Autoantlbodies. Several 1d1otyp1c systems 

previously used to characterize IdX expressed on RF, anti-Sm and ant1-thy- 

roglobulln autoantibodies were used 1n th is  study. All the autoantibodies 

used were chromatograph1ca11y purified on a Sepharose 4B-rat monoclonal 

anti-murine kappa antibody column.

a) ^ I -Y 1 9 -1 0  anti-LPS10-l Id antibodies.

Y19-10 is  a MRF Induced 1n BALB/c mice by Immunization with Yersinia 

en te roco l  1 t ica .  LPS10-1 1s a MRF encoded by a gene from the 7183 

family. In th i s  system, a large number of monoclonal autoantibodies with 

various spec i f ic i t ie s  gave >40% inhibition a t  a concentration of 10 ug/rnl. 

The re s u l t s  (Fig. 20) show th a t  the inhibit ion was dose dependent with the 

majority of the IdX posi t ive  autoantlbodies with the exception of 129-61, 

LPS7-4, MRL22-46, MRL50-8, 10V A2 and CPS for which an Inhibition was not 

observed with Sng of antibody/well.

b) 125I Y19-10 ant1-129-48 Id antibodies.

Monoclonal 129-48 1s a RF obtained from 129/Sv mice, encoded by a V̂  

gene c lo se ly  re la ted  to the 37.1 germline gene, a member of the V̂  7183 

family (Hartman and Rudikoff, 1984).

In t h i s  system, an IdX was detected among 4 monoclonal RF, 2 a n t i -  

thy rog lobu l1n  an t ibod ies ,  one a n t 1 - c o l 1agen type  2 and 2 a n t i - s k i n  

antigen antibodies (Fig. 21).
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19. Autoradiogram composite of s lo t  blot  analysis of 
cytoplasmic RNA lysates of autoantibodies. Nitro­
cel lulose was hybridized to  32p nick t ransla ted  
Vh gene probes under normal stringency conditions, 
washed and autoradiographed. Positive controls 
for each family are shown a t  the top of the f igure.
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c) ^®I-Y2 ant1-Y2 Id antibodies.

Monoclonal Y2 1s an Sm binding antibody obtained from MRL/lpr mice

encoded by a gene from the J558 family.

Idiotypic c ross - reac t lv l ty  was observed 1n th is  system among 3 an t l -  

Sm an t ibod ies  and 8 RF. For some a n t ib od ies  (LPS10-4, Y43-5, Y19-16, 

MRL55-26, MRL55-18 and MRL18-68), a strong Inhibit ion was only observed 

with 1 ug of ant1bod1es/we1l (Fig. 22).

d) ^®I-1-15 -  ant1-62 Id antibody.

Monoclonal 1-15 and 62Id were obtained from BALB/c mice that  had been

Immunized with thyrog1obu11n. These antibodies are encoded by a gene

from the  7183 family. In t h i s  system, an IdX was observed f o r  four 

monoclonal anti-Tg antibodies obtained from BALB/c mice but not on other 

antibodies with d if feren t  spec i f ic i t ie s ,  except for  LPS10-1 which gave a 

weak inhibit ion (Fig. 23).

e) I t  was Important  to  determine 1f the  monoclonal au toan t ibod ies  

a l s o  shared IdX with conven t iona l  a n t ib o d ie s  s p e c i f i c  fo r  fo re ign  

an t igens .  For t h i s  purpose, we s tud ied  the  i n h i b i t o r y  a c t i v i t y  of 16 

antibodies specif ic  for PR8 or X31 Influenza viruses 1n our RF idiotypic 

systems. These ant1-v1ra1 antibodies were used as controls  because they 

a l  1 use a gene from 7183 fam1 l y  which i s  h ig h ly  represented  (20/43) 

among the autoantlbodies.

Only one (VM114) In h ib i ted  weakly ( a t  500 n g /w e l l )  the binding of 

ant1-l29-48Id to labe l led  Y19-10. The o th e r  an t1 -1n f  1 uenza an t ib od ies  

showed no Inhibitory a c t iv i ty  1n any system used (data shown 1n Summary, 

Table 18).

Conversely, the a b i l i t y  of monoclonal autoantlbodies to Inhib i t  an
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IdX system d e l in e a t e d  among an t l -1  nf 1 uenza an t ibod ies  was s tudied .  In 

these studies, labeled VM202, antibody and ant1-Py102 Id antibodies were 

used. Both (VM202, Pyl02) are MAb specif ic  for  PR8 influenza virus: they

both use a gene from the  7183 fam ily  and a V«21 l i g h t  chain (Moran e t  

a l . ,  1986).

None of the autoantibodies displayed any Inhibitory a c t iv i ty  1n th is  

system, whereas 6 of 16 monoclonal antibodies specif ic  for  Influenza virus 

antigens gave a s ign i f ican t  Inhibit ion (data shown 1n Summary, Table 18).

Since molecular studies of the heavy chain of autoantlbodies showed 

th a t  the V,D,J segments used to encode the var iab le  region are s im ila r  to 

those  used by a n t ib o d ie s  aga in s t  fo re ign  an t igens  (Andrews and Capra, 

1981; Kofler  e t  a l . ,  1985a), and our p rev ious  s tu d ie s  on an t ibo d ies  

displaying various s e l f - s p e c i f i c i t i e s  c l e a r l y  indicated tha t  a res t r ic ted  

se t  of the gene reper to ire  1s u t i l i zed ,  we chose to examine the most 3' 

V̂j family more c lose ly .  The 1/^7183 family i s  of p a r t icu la r  in te res t  for 

several reasons: a) there i s  preferent ia l  u t i l i z a t io n  of a germline gene

( V|| 81X) 1n pre-B c e l l s  and Immature c e l l s  (Yancopoulos e t  a l . ,  1984);

b) Lyl B, autoantibody producing B c e l l s  d isplay the phenotype of Immature 

B c e l l s  (Hayakawa e t  a l . ,  1983); c) apparent  o v e r r e p re s e n ta t io n  of  ex­

press ion  of  the  Vj^7T83 fam i ly  by a u to a n t ib o d ie s  de sp i te  the  smal 1 s ize  

of th is  family (12 members) r e l a t i v e  to J558 (60 members) and QPC52 

(15 members), and d) t h i s  fam ily  1s r a r e l y  used by an t ib o d ie s  s p e c i f i c  

for  foreign antigens (Brodeur and Rlblet, 1984).

The goal o f  t h i s  s tudy was to  I n v e s t i g a t e  the  frequency of  a n t i ­

bodies specific  for  se lf -epi topes  among V^7183+ hybrldomas obtained from 

normal mice versus autoliranune mice.
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Selection of VH7183 Positive Hybridomas. Hybrldomes from LPS stimu­

l a t e d  lymphocytes which express  a v a r i a b l e  reg ion  gene from the V^7183 

fam i ly  have been s e l e c te d  using the  s l o t - b l o t t l n g  technique  descr ibed 

above. A ^^P-n1ck t r a n s l a t e d  probe prepared from the  most d iv e r s e  

member of the 7183 family, V̂ 81X, was hybridized to n i trocel lu lose  pre­

v io u s ly  f ixed with RNA from cytoplasmic l y s a t e s  of  these  c e l l s .  

Hybridomas p o s i t i v e  fo r  V^7183 express ion were c loned  and 5-10 c lones  

were retested using the same probe. One posi t ive  clone from each was then 

used fo r  f u r t h e r  study. By using t h i s  technique ,  we obtained 14/356 

BALB/c, 16/101 NZB and 5/65 MRL c lones  p o s i t i v e  f o r  V^7183 express ion.  

The vast  majority of these hybridomas are mu, kappa except for  Z14 (IgG2a, 

kappa and Z318 mu, lambda (Table 19). In order to confirm that  hybridiza­

t io n  to  the  Vj|7183 probe was from the expressed a l l e l e ,  t o t a l  RNA was 

prepared and analyzed in a Northern b lo t  analysis  using a J t p nick trans­

l a t e d  probe V̂ | 129-48 (Fig. 24-26). (VH 129-48 was i s o l a t e d  from a 

genomic l i b r a r y  prepared 1n Charon 16A). This hybrldoma s e c r e t e s  a mu, 

kappa RF. The sequence of Vjj 129-48 is  very homologous to a germline gene 

V  ̂ 37.1, a member of  the  V^7183 family  (Hartman and Rudlkoff, 1984). 

Total RNA from 2 BALB/c hybrids and one MRL hybrid which did not hybridize 

with the  V^7183 probe, hybr id ized  with o th e r  V probes which In d ica t in g  

th a t  they ac tu a l ly  express a d i f fe ren t  gene. For example, the MRL hy- 

hybrldoma M15 selected by s l o t  b lo t t ing  as V^7183+ a c tu a l ly  hybridized 

with Vj|441 —4 probe 1n Northern a n a ly s i s  (da ta  not  shown), (These two 

probes cross-hybr1d1ze). 2 of the hybridomas from the NZB fusion did not 

s e c r e t e  Ig, a l though they hybr id ized  to  the  V^7183 probe. Southern b l o t  

analysis  performed 6 months l a t e r  showed only the sp2/0 parental EcoRI
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Toblo It. Qgiila end I w t w i  of Bonccloftil »ntlbodl«» Droduc«d by hvbrldo* 

ooloctod with Vh TIM probe

3 m  old 
BALB/c

1 15? (pk), Bt(pk), 193(pk)

2
B56(pk), 134<pk), B36(pk), BBB(uk) 

B61(pk), B7t(lik)

3
B28(pk), BM(pk), B48(pk), B38(uk) 

BJ3(pk)

3 bo old 
NZB 1

Z121(pk), Z2»(pk), Z51(pk), Z318(pl) 

Z317(pk), 239(pk), Z26(pk), Z59(pk) 

Z218(pk), ZM(pk), ZU(Y2bk), Z232(pk) 

ZU(pk), Z113(pk).

3 wo old 
MtL/lpr

1 M 16(pk), X13(pk)

2 H56(pk), J©3(pk), KB8(pk)



Fig. 24. Northern analysis of BALB/c hybridomas. 5 ug to ta l  RNA was e lec tro-  
phoresed through a 1.2% agarose gel (6% formaldehyde) blotted and 
hybridized to ^2p transla ted 129-48 probe.
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4.9kb band was p resen t  In d ica t in g  t h a t  th e re  may have been a l o s s  of 

chromosomes 1n c u l tu re  during th is  period (data not shown). These r e s u l t s  

show th a t  s l o t  b lo t t ing  can only be used as a screening method and confir­

mation of V̂ | expression by Northern analysis  1s necessary. The r e s u l t s  

a l s o  show t h a t  the  frequency of V^7183 usage was s i g n i f i c a n t l y  h igher  

among hybridomas produced by NZB sp lenocy tes  than 1n BALB/c, whereas no 

s ignif icant  difference was observed for MRL/lpr versus BALB/c (Table  20).

Since i t  i s  known t h a t  genes used by BALB/c an t ib o d ie s  s p e c i f i c  

for Influenza A s t ra in  PR8 hemagglutinin a l s o  d e r iv e  from t h i s  fam ily  

(Hartman and Rudlkoff, 1984), a fus ion  was c a r r i e d  out from NZB mice 

immunized with t h i s  v i r u s .  Among 15 an t igen  p o s i t i v e  hybridomas, 2 

antibodies u t i l i z e  a gene from the 7183 family as compared to 9/51 of 

our co l lec t ion  of BALB/c hybridomas. Although the sample of hybridomas 

from NZB was quite small,  there was no s ign if ican t  difference between the 

two groups.

Antigen Binding Propert ies of MAbs. In previous studies, 1t was ob­

served th a t  the V^7183 family is frequently  u t i l i z e d  by autoantibodies of 

various spec i f ic i t ie s .  Therefore, 1t was important to  determine the bind­

ing p r o p e r t i e s  of  a n t ib o d ie s  which had been s e l e c te d  by a V^7183 probe. 

This was done using m u l t i p l e  techniques:  RIA, ELISA, and IF. A l a rg e

panel of ava i lab le  antigens was tested (see Materials and Methods). Our 

panel of antibodies can be divided into five major groups.

Antigen-Inhibitable Antibodies (Table 21).

Rheumatoid Factors. 4 a n t ib od ies  obtained  from BALB/c (B56, B57, 

B61, B68) and 1 from MRL/lpr (M88) e x h ib i ted  RF a c t i v i t y .  BALB/c a n t i ­

bodies exh ib i ted  s p e c i f i c i t y  fo r  the  Fc fragment of 3 IgG su b c la s se s



Tabla 30* fraouancr of tha axpraaalca of Vh7183 aana faa llv  In hvbrldonaa 

obtalnad froa la  v itro  LPS atlaulatad  lvohocytaa and ?M lnfluam a 

ylrua 1—uni rad mica

Hybrldoaaa froa LPS atlw ilatad ljraphocytaa Hybrldoaaa froa PM lnfluaiua vlrua l im <  lad alco

Mouaa
Strain

Muabar toatad V&7183+ X eUl aquara 
taa t

Huabar taacad
1

9*7183+ X chi aquara 
taa t

MB 101 16 13.S

> P<0.001

13 2 13.3

> “
BALB/c 336 16 3.9

> »

51- 9 19.6

MRL/lpr 63 3 7.3 HD

NS -  not a1golfleant



Tabla 2 1 .  A ntlaan ln h lb lta b la  an tib o d laa  aacra tad  by Vh 7183+ hybrldoaaa

A. Bhaunitold factora
Antibody
(IQua)

BSA IgC3 2
In h it.

IgCi 2
Inhlb.

IgC2a 2
Inhlb. laC3h

2
Inhlb.

I5( 9711139+ 14,41911,667 78 8,11911,016 21 5,4731211 43 6221107 0
■17 1,577±26 8.30US54 34 3,75311,692 81 4,7331259 32 1,9641814 0
■61 533130 3,6101140 69 9,42212,087 70 3,2041562 46 1,0481278 0
■68 336116 5,704149 49 2,4631475 72 2.0631105 30 5151141 0
H88 16013 1,020160 0 2,8181122 65 491119 0 283152 0

B. Ttarroalobulin
Antibody BSA TC 2
(IOWA) lab lb .
6 .ADI 375112 1,3621432 49 ■ ‘
251 550161 2,7541587 24

C. Sn
Antibody BSA Sn Z
(IOiib) Inhlb.
T2 576144 10,0971982 60
■36 601122 7,8441917 18 i
226 6061146 10,10711,100 49 1

2318 216127 2,1831304 51
K13 553135 2,5341387 19
Ml 6 6941117 8,8971521 58
K56 7031165 8,8871702 29
193 2121150 2,1761304 44

D. Cardlollola and DNA
lantlbody BSA Cardiollpln X da DNA
* (1 0 i*k) Inhlb. E ip .l b n .2
N 241 9517 2,6431508 45 2,377172 4,673124
2 121 186124 1,743136 65 137111 324115
2 317 71H2 823161 28 368151 944122
2 41 85124 714114 40 289126 504144
Z 49 88112 1.14212 36 313122 52012
■6(nagatlva 113116 12713 0 5315 102110

control)
*cpn -  avaraia + S.D. “ inh ib ition  obtalnad with 50wg of antlgan. Antlbodlaa vara pralncubatad for 2 hra at 37 

with M tlgea baforo to ba add ad to  a lc ro tlta r  plataa eoatad with antlgan. 8.4D1 la an antl-TG Monoclonal antibody, 
T-2 la apaclflc for Sn and H-241 fo r DNA(poaltlva controla)

g. cionarular baaal wanbrana (1— innfluoraacanea). BS3;
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(IgG^. IgG-j and IgG2a)* whereas the antibody from MRL/lpr bound to the Fc 

of IgG-j. This binding ac t iv i ty  was Inhibited by heat-aggregated Ig.

Thyroglobulin. One antibody from NZB (Z51) bound to  thyroglobulin 

and the I n h i b i t i o n  of  t h i s  binding by antigen was weaker compared to  a 

monoclonal antibody (84D1) obtained from CBA/J mice Immunized with thyro­

globulin.

Sm. One monoclonal from BALB/c (B36), 2 from NZB (Z26,Z318), and 4/5 

(M13, M16, M56, M93) from MRL bound to  Sm. However, on ly  4 of  them (Z26, 

Z318, Ml6, M93) exhibited a level  of inhibit ion s im ila r  to  th a t  obtained 

with a monoclonal antibody specific  for Sm (Y2).

DNA. 4 antibodies from NZB (Z49, Z317, Z41) showed various degrees 

of binding to ds DNA and cardiolip in  but only 1, Z121 bound as strongly as 

H241, an ant1-DNA antibody obtained from MRL/lpr mice (Table 21).

Glomerular Basement Membrane. F i n a l l y ,  1 monoclonal from BALB/c 

(B53) bound uniquely to the glomerular basement membrane of human kidney 

(Fig. 27).

Antibodies Exhibiting Multiple Binding Properties fo r  Self-Antigens 

(Table 22).

5 MAbs. 3 from BALB/c (B28, B34, B93) and 2 from NZB (Z113, ZX25) 

exhibit  various binding sp e c i f i c i t ie s  for  self-ant1gens. For example, B28 

bound to myelin basic protein, Sm, lgG and collagen type 2, whereas Z113 

bound to  th y r o g lo b u l in ,  Sm, ca rd io l  1p1n, smooth muscle and g lo m eru la r  

basement membrane. Immunofluorescence of antibody B76 binding to smooth 

muscle 1s shown (Fig. 28). However, we were unable to c lear ly  Inhib it  the 

binding of these antibodies to the various antigens.

"Sticky11 Antibodies. In th is  panel of monoclonal antibodies, 2 ex-
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Fig . 27. S ta in in g  o f  kidney s e c t io n  w ith  B53 monoclonal antibody.



Table AA. antibodies n t w r i  hr VH >11) htbrldcaaa w h lb l t lm  n u ltlp la  

binding ntopartlaa for i«H  

Mithod b itlM M  Antibodies (10u«)___________

ISA
■28

476126*
134

170126
193

365139
2113

681143
2X25

213119

IQrelln
laalc  Protein

3,0901*34
(171)

557136
(OX)

522163
(OX)

822142
(OX)

453H3
(OX)

Thyroglobulin
XIA

7631131
(OX)

44113
(OX)

1,276156
(OX)

5,2421717
(15X)

674158
(OX)

Sn 4,9821317
(OX)

6841150
(OX)

9781284
(OX)

1,0141322
(OX)

5,295193
(OX)

Cardlollpla 8661202
(OX)

'383149
(OX)

1,267111
(OX)

3,5281185
(OX)

647117
(OX)

l(P2a 2,4681149
(OX)

298124
(MD)

488133
(HD)

2,0281373
I0X)

4281142
(HD)

BSA 0.025** 0.025 0.025 0.025 0.025

KLISA

Type 11 
Collagen

1.800
(MD)

0.327
(HD)

0.240
(HD)

0.109
(HD)

0.102
(HD)

Mitochondria 4 - - - -

Snooth
K isde

- - - 4 -

Ihicleua - - - - 4

Cloaerular 
Baacaant acabrane

- 4 - 4 4

*cpwav*r«g«iSD ( ) X of Inhibition with antlgan (aa t legend.Tabla 3)
** OD a t 405 on 

n> -  not dona
In th la  experlnent, F2. a aonoclonal specific for collagen type 2 gave 
an O.D. of 1.9. . .



Fig. 28. Staining of smooth muscle section with B76 monoclonal antibody.
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h lb l t e d  an unusual l y  high binding a c t i v i t y  to  BSA and al  1 au toan t igens  

t e s t e d  (B76 and Z121), Obviously, the  binding a c t i v i t y  of  these  a n t i ­

bodies was not Inhibited by antigen (data not shown).

Antibodies Lacking Ant1-Se1f-Activ1ty. Antibodies which did not  

exhibit  binding a c t iv i ty  for  se lf -ant igens were tested for the i r  a b i l i t y  

to bind to galactan and PR8 Influenza virus. PR8 was chosen since an t i ­

bodies specific  for  PR8 influenza virus are encoded by germline genes from 

th e  Vj^7183 fam ily  (Hartman and Rudlkoff, 1984; Clarke e t  a l . ,  1985). 

Galactan 1s encoded by germline genes from the V^441-4 family. I t  should 

be mentioned t h a t  on ly  one ant ibody (B38) bound g a la c tan  and two a n t i ­

bodies bound to PR8 (B64, Z218) (Table 23).

Anti-Thymocyte and Anti-Red Cell Activity. No antibody e x h ib i ted  

anti-thymocyte or anti- red  ce l l  ac t iv i ty .

The summary of  the  s tudy  on binding a c t i v i t y  i s  presented in Table  

24. All  MRL/lpr V^7183 s e l e c t e d  hybridomas (5/5) are  a u toan t lb o d les ,  

and 8/16 NZB and 9 /14  BALB/c a n t i b o d i e s  a r e  s p e c i f i c  f o r  s e l f ­

antigens.

Cross-Reactive Idiotypes. I t  was previously demonstrated that  auto- 

an t ibo d ies  with va r ious  s p e c i f i c i t i e s  share  an IdX expressed on RF and 

ant1-Sm antibodies. This IdX system was used to investigate  the expres­

sion of th is  IdX by the monoclonal antibodies selected for  V^7183 expres­

sion. As a co n t ro l  1n the  study,  the  Id system used was one which can 

detect  IdX expressed on PR8 Influenza virus ant1-hemagglut1n1n antibodies 

(Py102,VM202) which are a lso  encoded by genes derived from th is  family 

(Moran e t  a l . ,  1986). The presence of IdX was studied by competitive in­

hibit ion RIA using various amounts of chromatographical ly  purified a n t i -



Tikl*9Si Antibodies tecratad by Vh7183* hvbrtdonaa davoid «f fci«wn.ig
sp ec ific ity  for aalf-an tliana and exh lb ltlm  bind In « ac tiv ity  
to r fo ra lm  antliana

Antibody
(10wg/nl)

M lcrotltar p la te s  coated v lth  1

BSA Galactan -  BSA
PRB Influenaa i 

Virus

XKFC24 235115* 6,7721330 ID

PY207 451121 ND 19,96512,509

B6 20711 41613 414127

B38 23817 '5,7121588 4241104

B64 259112 356121 2,13216

Z14 290110 315138 34412

Z41 114110 9116 14013

Z59 120125 16019 109154

Z218- 830116 79713 1,341151

J3 3 2 10213 96126 11411

Z230 204112 278111 417173

*cpn « averagetSB

M lcrotltar p la tes vexe coated for 3 hra a t 37°C v lth  5yg galactan-BSA or 
PM Influenaa v irus, vashed three t la e a , and then Incubated v lth  nonoclonal 
antibodies. The blading of nonoclonal antibodies vaa Manured v lth  1231- 
ra t antl-vurlne kappa nonoclonal antibody.

XBFC24 la  a galactan binding nyaloaa protein and PT207, a PU Influenaa 
virus hanagglutlnln specific  antibody.



Table Suawary m i i l t i  on blndlnt proportion of ■opoclonol antibodies produced by hybrid owes 
■elected with VH71B3 proba

( r l i l s  of Bbt of Mbr of VH71B3+
Autoantlbodlea

"StlckT" Antibodies Aotlbodlaa withn tx |« n Antlbodlea with
Antlbodlea Vu7183+ Secretlng la Inhlbltabla M iltlf l i Antibodies n i e l f U  for sa ta w s

Specific ities forolan antlcena apeclflc lty

BALB/c 14 14 6 3 1 2 2

MZB 16 14 6 2 1 0 3

MRL/lpr 3 3 3 0 0 0 0
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bodies (5 to 500 ng/well).  The binding of labe l led  Y19-10 (a RF) to  a n t l -  

LPS10-1 Id (ant1-RF-Id)  an t ibo d ies  was Inh ib i ted  1n a dose-dependent  

manner by a vast majority of the MAbs except for B28 and Z113 (Fig. 29).

A s i m i l a r  s tudy was c a r r i e d  out employing o ther  IdX systems, I.e. ,  

125I-IPS10-1 ant1-l29-48-Id (an ant1-RF-Id), 125I-Y19-10 - a n t i - l2 9 - 4 8 - I d ,  

and ^2®I-VM202, anti-Pyl02-Id (data not shown).

The r e s u l t s  of th is  study summarized 1n Table 25 show that  9/35 mono­

clonal antibodies share 129-48Id, and 27/35 share the LPS10-1 Id.
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Fig. 29. Competitive inhibit ion of the binding of 1251 Y19—10 to anti-LPS 10-1
idiotypic antibodies by various amounts (5-500 ng) monoclonal antibodies.



Tab i«  a s . ruACTiOH or ahtimdies modoc ed by wnmpoms » el te rm

WITH Vu71>3 P608E EXPRESS IHC CROSS-REACTIVE IDIOTYPES

[dlotjrpe
q ra tn i IALB/c KZB MRL/lpr

M Ll/c antlbodlea apaclflc 
for Influenaa virue (Vg7183*)

PR8 131

-PS10-1
intl-129-48

>34(49.31)*
>36(51.31)
>53(50.71)
>57(50.11)
>61(58.51)
>64(471)
>76(521)

7/16**

2218(51.8)

1/14

M88(43.81)

1/6 0/12 0/4

T19-1Q
intl-LFS10-l

>93(70.91)
>66(711)
>68(731)
>36(711)
>57(81.61)
>76(761)
>56(741)
>34(751)
>28(661)
>36(76.61)
>48(78.51)
>53(611)
>63(571)
>64(752)

14/16

2218(661)
Z113(611)
2318(501)
2317(621)
Z39(47X)
251(751)
2121(531)
226(711)

6/14

M15(71X)
M56(57X)
M16(59X)
763(611)
7113(771)

3/6

VM114(482)

1/12 0/4

Tl»-10
mtl-129-48

>28(621)
>38(62.11)
>48(64.61)
>53(67.91)
>63(71.31)
>64(721)

6/16 0/14 0/6

VH114(512)

1/12 0/4

VH202
ancl-FT102

0/16 0/14 0/6

VM202 
FT 102 
VM113 
FT 109

4/12

XT101

1/4

*( ) -  percentage of Inhibition at concentration of 500 n* of chronatograpby
purified  u tlbody .

* *
freccloa of antlbodlt* u p rc u in g  c ro ii-reactlv c  Idlotypes*
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DISCUSSION

Although Paul E h r l l c h ' s  e a r l y  concept  of  'ho r ro r  au to to x lcu s1 was 

accepted by many Immunologists during the f i r s t  ha lf  of th is  century, Paul 

Ehrllch was s t l l 1 able to recognize and appreciate the p o ss ib i l i ty  tha t  

' f a i l u r e  of  I n t e r n a l  r e g u la t i o n  as w el l  as the  a c t io n  of  d i r e c t l y  

in ju r io u s  exogenous or  endogenous subs tances '  could be Invo lved  1n the 

etlopathogenesls of the autoimmune sta te .

The r e s u l t s  of a comparative study of the age-dependent variation of 

clones specif ic  for  polysaccharide TI antigens 1n 129/Sv and MRL/lpr mice, 

which spontaneously develop ant1-IgG antibodies, and in 129/J and MRL+/+ 

congenlc s t ra in s  which do not produce ant1-IgG antibodies show that  there 

i s  the concommitant induction of RF in both groups of animals subsequent 

to th is  Immunization.

The analysis  of the spec i f ic i ty  of RF in multiple systems showed that  

they bind to  v a r io u s  c l a s s e s  of Ig. The s p e c i f i c i t y  of RF produced in 

129/Sv mice 1s IgG2a, IgG2b' an(* ^  produced in MRL mice e x h ib i t  a

broader s p e c i f i c i t y  1n t h a t  they s t r o n g ly  bind to IgGgj and IgG2),« but 

a lso  bind (although less  well)  to  IgG-j and IgG3>

The study o f  the  PFC responses to  b a c t e r i a l  an t igens ,  BL and alpha 

1,3 Dextran, in 129/J mice re v e a le d  an age-dependent Increase  1n the  

response  t h a t  i s  probably  r e l a t e d  to  the  Increase  1n the  frequency of 

an t ibody-responding  c e l l s  by exposure t o  environmental an tigens .  In 

129/Sv mice, however, we observed tha t  the magnitude of the PFC responses 

t o  these  an t ig ens  1n 1-mo-old mice was s e v e r a l  fo ld  h igher  than t h a t  of 

t h e i r  age-matched controls. These r e s u l t s  are consistent with our other
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s tu d ie s  t h a t  I n d i c a t e  the 1n v i t r o  PFC responses to  TNP-TI or  TO 

a n t igens  are  h igher  1n the 1-mo-old 129/Sv mice r e l a t i v e  to  t h e i r  age- 

matched controls (TNP-BA, TNP-KLH responses). This unexpected observation 

suggests  t h a t  129/Sv mice e x h ib i t  e i t h e r  an a c c e le ra te d  matura t ion  of 

th e i r  Immune apparatus or perhaps an Increased Intes t inal  permeability to 

environmental antigens. The l a s t  hypothesis 1s supported by the observa­

tion of Van Snick et  a l .  (1979) who showed tha t  RF 1n 129/Sv can be of the 

IgA type, and in f a c t ,  I t  1s well  known t h a t  the  m ajor i ty  of  th e  pre­

cursors of IgA are located in the gut-associated lymphoid t is sue  system.

This accelerated maturation of 129/Sv mice 1s a lso  re f lec ted  in IEF 

data ,  which showed an Increased IgG component of BL and Dex-specif1c 

antibody in these  mice vs. the  age-matched 129/J mice. The a n a l y s i s  of 

clonotypes by IEF showed tha t  Dex and BL clonotype patterns are s im ila r  to 

those  repor ted  f o r  BALB/c mice shar ing  the  same IghC genes. However, a 

s ign if ican t  decrease of the E109ld+ component of the ant1-BL response and 

of the  J558+ Id component of  the ant1-Dex response  was observed in o ld  

MRL/lpr and 129/Sv mice, r e s p e c t iv e ly .  These r e s u l t s  suggest  t h a t  1n 

animals prone to  deve lop  RF, the re  1s an a l t e r a t i o n  of dominant c lones .  

(The e ffec ts  of RF monoclonal antibodies on 1d1otype expression (1n v i t ro)  

subsequent to  Immunization with TI antigens will be discussed l a t e r . )

Furthermore, we observed that  both MRL+/+ and MRL/lpr mice develop a 

low BL response and are unresponsive to  Immunization with Dex 1n sa l ine  or 

CFA. Because the Dex response 1s g en e t ica l ly  well defined, we Inves t i ­

gated whether the unresponsiveness of MRL mice was re la ted  to the H-2 gene 

complex or to  the  e f f e c t s  of the I p r  gene. At the  time of  these  e x p e r i ­

ments, serologic  analysis  showed tha t  MRL mice shared the same haplotype
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as C58/J and BALB.K mice (H-2^ and IghCa) and thus should be capable  of 

responding to Dextran. We Investigated whether the unresponsiveness was 

re la ted  to H-2, IghC or Ipr gene complexes by tes t ing  several s t ra ins  of 

common haplotypes and a lso  a s t ra in  congenlc fo r  the  Ipr  gene. Responses 

were observed for the other s t ra ins  (Table 5), yet the MRL mice remained 

unresponsive. Not until  th is  past year was 1t established tha t  MRL mice 

are ac tu a l ly  of the Igh^ haplotype (Trep1cch1o and Barrett, 1985; Kofler 

e t  a l . ,  1985b). Thus, t h e i r  i n a b i l i t y  t o  respond 1s 1n agreement with 

re su l ts  obtained for other s t ra ins  which are not IghVa and IghCa of BALB/c 

(CBA/jJ, AKRn) (Blomberg e t  a l . ,  1972).

The very poor response to BL 1n these mice suggests a defect 1n the 

Lyb-5 subset, which 1s required for  the response to TI-2 antigens (Mosier 

e t  a l . ,  1983). Indeed, Mond e t  a l .  (1983) found t h a t  CBA/N mice and 

C3H Ia mice, a l ine  that  exhibits a synergist ic  defect responsible for  the 

complete unresponsiveness to TI—1, TI-2, and B c e l l  mitogens a lso  develop 

low or no IgG3 and IgGj a n t ib od ies  in response to  the  immunization with 

TNP-KLH.

These r e s u l t s  suggest tha t  MRL mice exhib i t  a genetic defect 1n the 

Lyb-5 subset despite  the fac t  th a t  the defect  i s  not as profound as i t  i s  

1n CBA/N or C3Hx1<* mice. Actually, the MRL defect  for  TI-2 antigens more 

c l o s e l y  resembles the d e fec t  observed in R I I IS /J  mice. The RIII mice 

develop a good response to TNP-Flcoll (J. Mond, personal communication) 

but not to  Dex, S I I I ,  E. c o l i  0113 LPS a n t ig en s  (Hlernaux e t  a l . ,  1982), 

or BL (J. Hiernaux, personal communication).

The most s tr iking observation 1n th is  study was the occurrence of RF 

subsequent to immunization with polysaccharide TI-2 antigens in the older
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animals.  In the  129/J and MRL+/+ mice, RF were f i r s t  de tected  a f t e r  

Immunization whereas 1n the o lder  129/Sv and MRL/lpr mice, an additional 

Increase 1n the pre1mmun1zat1on RF t i t e r  was observed. Interest ingly, the 

spec i f ic i ty  of RF varied with the antigen. Whereas RF were specific for 

IgG2a a f te r  BL immunization, they were specific  for IgG-j and Igfi2a a^ er 

Immunization with Dex. There 1s no c le a r  explanation for  the induction of 

Fc isotype-specific  RF a f te r  immunization with these antigens, and a t  th is  

time i t  i s  not known whether th i s  1s re la ted  to the nature of Immunogen 

or to the class of antibody produced a f te r  Immunization.

Several explanations can be entertained regarding the mechanisms for 

the occurrence of these RF. a) I t  1s known tha t  substances endowed with B 

c e l l  mitogenic propert ies can s t imulate  the RF-produc1ng c e l l s  (Dresser, 

1978; Bona e t  a l. ,1979a; Izui  e t  a l . ,  1979). One may imagine t h a t  these  

RF produced a f t e r  immunization with BL and Dex occurred because these sub­

stances are B c e l l  mitogens (Andersson e t  a l . ,  1972). This explanation is 

not suff ic ien t ,  however, 1n th a t  recent data from Nemazee and Sato (1983) 

demonstrated the  induct ion  of  RF during the  secondary Immune response 

e l i c i t e d  by TD an tigens ,  b) The s t im u la t i o n  of  RF-producing c e l l s  can 

occur by antigen-antibody complexes in a TI manner as was r e c e n t ly  pro­

posed by Nemazee and Sato (1982). c) The s t im u la t io n  of RF-producing 

c e l l s  may occur by a n t i - i d  a n t ib o d ie s .  Recently, Bona e t  a l .  (1982) 

d e l in e a te d  a p a r t i c u l a r  ca tegory  of anti- idiotype antibodies designated 

"ep1 bodies" which exhibit  a high a f f i n i t y  fo r  1d1otypes and seco n d a r i ly  

bind with a lower a f f i n i t y  to  human Fc gamma fragments (Bona e t  a l . ,  

1984).

Although the mechanlsm(s) responsible for the ac t iva t ion of RF-pro-
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duclng c e l l s  1s not understood and needs further  Investigation, 1t c le a r ly  

appears tha t  RF can occur during various Immune responses. In humans, RF 

were de tec ted  1n th e  c i r c u l a t i o n  of p a t i e n t s  during va r ious  In fec t io n s  

(syphil is ,  tuberculosis , subacute bacter ia l  endocarditis,  mononucleosis) 

and even subsequent to  vacc ina t ion  (Welch e t  a l . ,  1983; Carson e t  a l . ,  

1981). Thus, our comparative studies 1n the autoant1-IgG-producing 129/Sv 

and MRL/lpr mice and t h e i r  normal congenic co un te rp a r t s ,  the  129/J and 

MRL+/+ mice, suggest that  two categories may exis t:  one associated with

autoimmune diseases, leading to the deposition of Immune complexes with 

I t s  dele ter ious consequences, and a second category of RF beneficial for  

the  host.  This second category designated  as "enhancing an t ibod ies"  

(Nemazee and Sato, 1982) could have beneficial  properties  for the host by 

accelerating the process of clearing antlgen-antibody complexes or even by 

manifesting pro tec t ive  roles  1n paras i t ic  diseases (Carson e t  a l . ,  1981; 

Clarkson and Mellow, 1981). Such enhancing antibodies can be beneficial 

and aid defense reactions 1n the clearance of Infect ious agents, particu­

l a r l y  when a decrement of  T c e l l  func t ions  occurs  during aging (Tyan, 

1977).

In the  age-dependent study of the  Immune response  1n 129 mice to  a 

TI-1 antigen, TNP-BA, I t  was c le a r  tha t  the 1-mo-old 129/Sv animals dis­

played a 3-4 f o l d  increase  in the  PFC response (Table  6). This a c c e l e ­

ra te d  response was s i m i l a r  to what was observed fo r  TI-2 an t igens .  Al­

though th is  response exceeded tha t  of the age-matched control group, there 

was no decrease 1n the frequency of ant1-TNP precursors 1n the 129/Sv mice 

as a consequence of aging. This 1s 1n agreement with an observation made 

by Hooijkaas e t  a l .  (1983). There was a s ign i f ican t  increase 1n the t i t e r
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of RF against IgG2a ® mo* 129/Sv mice and 129/J mice Indicating tha t  RF 

can be induced 1n vivo with TI-1 antigens.

Immunization with another  TNP conjugate ,  TNP-Flcol 1 (a p ro to typ lc  

TI-2 antigen) a lso  resul ted  1n the production of RF 1n a l l  age groups of 

both 129/J and 129/Sv mice.

Since various TI responses had already been studied 1n these strains, 

i t  was important  to  examine the response e l i c i t e d  by a TD antigen (TNP— 

KLH) in vivo.

Severa l  p o in ts  can be made from th ese  s tu d ie s :  In 129 mice: (1) RF

can also be produced 1n these s t ra in s  1n response to TD antigens. (2) Al­

though r e s u l t s  from prior studies showed th a t  Immunization with a particu­

l a r  TI antigen Induced the production of RF against  a specific  isotype in 

both 129/J and 129/Sv mice, Immunization with TNP-KLH led to the produc­

tion of mult ispeclf ic  RF. (3) The k inet ics  of the secondary response for 

TNP-KLH was b a s l c a l l y  sim11 ar  f o r  a l 1 I so types  except IgG2a, in which 

case, 3- and 6-month-old 129/Sv mice showed markedly depressed concentra­

t io n s  of IgG2a ant1-TNP s p e c i f i c  antibody. (4) The study of the  d i r e c t  

and Indirect secondary and t e r t i a r y  PFC responses Indicated that  although 

129/J mice show an age-dependent Increase 1n the response, o lder  129/Sv 

mice made s ig n i f ic an t ly  lower IgM and IgG responses. This may Indicate 

tha t  the depletion of serum IgG2a ant-*“TNP antibodies may not be a conse­

quence of the  c le a ra n c e  of  t h i s  i so ty p e  from the  sera  but r a th e r  may be 

re la ted  to an innate lymphocyte dysfunction and/or the interaction of RF 

with the receptor of antibody forming c e l l s .  The 1n v i t ro  studies u t i l i z ­

ing T and B c e l l s  from young or old 129/J or 129/Sv 1n coculturation ex­

periments confirmed the in vivo assays.
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Analysis and comparison of the kinetics between the antibody-specific 

response  and the  RF response rev e a le d  t h a t  the production of  RF 1n 129 

mice was long las t ing  and occurred 1n p a ra l l e l  to peak react ive  antigen 

specif ic  antibody t i t e r s  except in the case of IgGga ant1-TNP antibodies. 

In th is  case, 129/Sv mice were Incapable of making an equivalent antigen 

specif ic  antibody response compared to t h e i r  age-matched controls. This 

i s  somewhat in oppos i t ion  to  the  s h o r t - l i v e d  e f f e c t  of RF produced by 

129/Sv or C57B1/6 mice repor ted  by CouHe and Van Snick (1983b). How­

ever,  t h i s  v a r i a t i o n  may be due 1n f a c t  to  the  nature  of the  I n i t i a l  

Immunogen, the route of Immunization or even to the dose of the antigen.

Study of the fine spec i f ic i ty  revealed tha t  no s ingle IgG subclass 

was the ta rge t  of RF produced by e i ther  129/0 or 129/Sv mice. This i s  in 

agreement with monoclonal RF tha t  we have prepared from 6-month-old 129/Sv 

animals which bind to a l l  IgG subclasses. High t i t e r s  of RF against a l l  

Isotypes could be demonstrated for a l l  age groups of each subline. This 

d i f f e r s  from r e s u l t s  repor ted  by o thers  1n which production of  RF a n t i -  

IgG-| was e l i c i t e d  by several d i f feren t  T-dependent antigens (Coulie and 

Van Snick, 1983; Nemazee and Sato, 1983). Here, however, the predominant 

ant igen-specif ic isotype produced by 3- and 6-month-old 129/J and Sv mice 

was IgGj and not IgG-j-ant1-TNP antibody. S t i l l ,  1 t  seems f e a s i b l e  t h a t  

cer tain  Isotypes may be more immunogenic than others 1n stimulating the 

production of RF (Nemazee and Sato, 1982). This might occur by the  

s ta b i l i z a t io n  of antlgen-antibody complexes on su r faces  of  c e l l s  which 

might 1n turn act  In a T-1ndependent fashion in stimulating the precursors 

of RF-produc1ng clones.

I t  occurred to  us th a t  the depletion of the IgG;>a TNP-spec1fic an t i ­
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body could have r e s u l t e d  by c le a ra n c e  of  t h i s  Iso type  by RF. This 

c le a ra n ce  mechanism 1n which RF a re  considered to  be enhancers of  the 

Immune response was proposed 1n an attempt to explain the presence of RF 

1n response to  conventional Immunogens, vaccines, or bacter ia l  and v i ra l  

Infections (Clarkson and Mellow, 1981). That 1s, enhancing RF may be pro­

duced 1n order to amplify an e a r l i e r  response or aid 1n the recovery from 

a d isease  (Welch e t  a l . ,  1983) by c o n t r ib u t in g  to  the  c le a ra n ce  of 

antlgen-antibody complexes through cytolysis  or even phagocytic mechanisms 

(Van Snick and Coulle , 1983a). However, the  f a c t  t h a t  we could demon­

s t r a t e  s i g n i f i c a n t l y  low secondary and t e r t i a r y  IgG responses in the  

129/Sv s t ra in  indicated tha t  the low level  of I g ^ a  ant1- TNP antibodies 

was not merely due to clearance but rather may have been a consequence of 

the interact ion of spontaneously produced RF with ant igen-specif ic  an t i ­

body p rec u rso r  c e l l s  or  perhaps a r e s u l t  of  an i n h e r i t e d  lymphocytic 

defect.

In order to  more c le a r ly  examine the components of the specific  an t i ­

body response, we s tudied  the  age-dependent  1n v i t r o  sy n th e s i s  in a 

hapten-carrier  system 1n the 129/J and 129/Sv mice. As was observed for 

s e v e r a l  TI responses,  here too,  1n a T-dependent response system, 1- 

month-old 129/Sv mice exhibited markedly accelerated d i rec t  and indirect  

responses to  TNP. This was e sp e c ia l  ly  apparen t  when both T and B ce l  Is  

were derived from 129/Sv animals. Evidently, 129/J T c e l l s  enabled ant i ­

body l e v e l s  to  remain within the range of t h e i r  normal counterparts. How­

ever ,  129/Sv B ce l  I s  were not s u f f i c i e n t  to  produce an adequate IgG re ­

sponse even when he lp  was provided by 129/J T c e l l s .  In o l d e r  mice, a 

s imilar  accelerated response was obtained. That 1s 129/Sv T c e l l s  pro-



123.

vlded more help to 129/J B c e l l s  for  the IgG response, but could not pro­

vide su f f ic ien t  help to autologous B c e l l s .  In addition, 129/Sv B c e l l s  

produced an enhanced IgM response. S eve ra l  exp lan a t io n s  can be e n t e r ­

t a ined  here. I t  may be t h a t  B ce l  I s  from 129/Sv mice, 11 ke t h a t  of NZB 

and BXSB mice, have a heightened e x c i t a b i l i t y  to triggering stimuli such 

as an t igens  and mitogens, but  the  T c e l l s  from 129/Sv are  unable  to 

provide su f f ic ie n t  help for  an IgG response. Furthermore, RF production 

in 6-month-old mice may a f fec t  the a b i l i t y  of B and T c e l l s  to cooperate 

which is  necessary for  IgG antibody synthesis to  occur.

The data reported for  MRL mice show a low IgGg anti-TNP response a t  

various ages (except 3-month-old) and the absence of IgG-j, IgGgt, and IgG2a 

components of the  response in 6-month-old MRL/lpr mice while  the  IgM 

response does not d i f f e r  from tha t  of MRL+/+ and 129/J mice.

The lack  of a IgGg response  may be r e l a t e d  to  a Lyb5 B c e l l  subse t  

defect.  I t  i s  we 11-documented th a t  CBA/N or C3H/HeJx^  mice develop a low 

IgG^ response during the  secondary response  e l i c i t e d  by var ious  TD 

an t igens  and they  lack  t h i s  B c e l l  p o pu la t ion  e n t i r e l y  (Scher e t  a l . ,  

1976; Mond e t  a l . ,  1983). The most s t r i k i n g  d i f f e r e n c e  between MRL/lpr 

and MRL+/+ and 129/J was the absence of IgG-j, IgGgj, and IgG2a resP°nses 

6-month-old MRL/lpr mice. This was a lso  confirmed by the study of the in­

d i r e c t  ant1-TNP PFC response. The study of  funct ion  of T and B In a 

hapten-carrier  type (TNP-KLH) 1n v i t r o  response indicated that  while T and 

B c e l l s  from MRL+/+ produce a r e l a t i v e l y  good anti-TNP response, the T and 

B c e l l s  from MRL/lpr produce a s ig n i f ic an t ly  lower response. In addition, 

the mixture of B c e l l s  from MRL/lpr mice with T c e l l s  from MRL+/+ mice did 

not r e s t o r e  the  response to  the  MRL+/+ l e v e l .  Taken toge ther ,  these
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re su l t s  suggest th a t  a c e l l u l a r  defect of both T and B ce l l  compartments 

1s more prominent in aged MRL/lpr mice and 1s responsible for the lack of 

IgG ant1-TNP antibodies. This Interpreta t ion 1s supported by data which 

demonstrate a hypo-react lvity of B c e l l s  from 20-25 day old MRL/lpr mice 

to  various  s t i m u l i  such as ant1-u,  11popolysacchar1de, con canav a l in -  

derived spleen supernatants. B c e l l  growth factor and the i r  In ab i l i ty  to 

develop an ind irec t  SRBC PFC response upon in v i t ro  culture  with antigen, 

1 ipopolysaccharide or  various factors (Prud'homme e t  a l . ,  1983; Scott e t  

a l. ,  1984). The polyclonal lymphoprolIferation of T c e l l s  prominent in 

o l d e r  mice p robab ly  c o n t r ib u te s  to  t h i s  d e fec t  by not a l l  owing antigen 

(KLH)-induced expansion of the precursors which have already prol iferated.  

I t  may a l s o  be t h a t  once a c t i v a t i o n  of B c e l l s  occurs in these  mice, 

c lo n a l  expansion i s  in h ib i t ed  by v i r t u e  of the low production of IL2 in 

th is  s t ra in  (Theofilopoulos e t  a l . ,  1985).

The study of the fine spec i f ic i ty  of RF produced during the secondary 

response shows th a t  RF were produced against a l l  of the IgG isotypes. One 

may imagine two mechanisms by which antigenic stimulation could expand the 

precursors of RF. a) via immune complexes: antigenic stimulation induces

the synthesis of specif ic  antibodies tha t  bind to c i rcu la t ing  antigens and 

u l t im ate ly  leads to  the formation of immune complexes. These immune com­

plexes can bind to the receptor of RF precursors (since the Fc fragment is 

a l t e r e d )  and t h e r e f o r e  t r i g g e r  t h e i r  p r o l i f e r a t i o n  1n a T-independent 

manner. This mechanism was favored by Nemazee and Sato (1983) to explain 

the  rapid  s y n th e s i s  of  RF during th e  secondary response and by Welch e t  

a l .  (1983) to explain the rapid expansion of IgM-RF producing c e l l s  in in­

d iv iduals  vaccinated with tetanus toxoid, b) Via d i rec t  antigen stimula-
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t1on. One of the most basic axioms 1n Immunology 1s that  antigen speci­

f i c i t y  of the  r e c e p to r  of immuno-competent c e l  1s governs the response. 

The variab le  region of these receptors has a three-dimensional s tructure 

which a l lo w s  1t t o  I n t e r a c t  with the  an t igen .  However, t h i s  does not 

Imply th a t  a receptor can only Interact  with one antigen. Indeed, 1t can 

bind to an antigen which occupies the en t i re  c l e f t  with high a f f in i ty  and 

1t can a lso  bind to another antigen which In teracts  with only a small area 

of the combine s i t e  tha t  has a d if feren t  a f f in i ty .  A c la ss ic  example of 

such a m u l t i s p e c i f i c  antibody was given by Czaja e t  a l .  (1976). They 

studied the binding of MOPC 460, a myeloma protein to menadione and the 

DNP hapten. S im i la r  f ind ings  were made by Davies e t  a l .  (1975) on using 

the Fab1 fragments of the 'New' protein which bind a hydroxy der iva t ive  of 

vitamin K and phosphocholine. Therefore, the Ig receptor of RF precursors 

can be likened to a mult ispecif ic  antibody which binds with low a f f in i ty  

to  the  Fc fragment of IgG and with high a f f i n i t y  to  o ther  an t igens  which 

can subsequently t r igger  th e i r  expansion. This po ss ib i l i ty  1s strongly 

supported by a recent observation 1n which Bona e t  a l .  (1984) showed that  

rabbit  ant1-Id antibodies specif ic  for  ant1-a or b series a l lo type  anti­

bodies can a l s o  bind with a low a f f i n i t y  to  human Fc and th e re fo re  they 

d isp layed  a RF-l ike  a c t i v i t y .  Thus, 1t  appears t h a t  some p ro t ru s io n s  of 

Idiotypes or anti - id lotype antibodies represent "infidele" copies of the 

three-dimensional st ructure of Fc domains and can stimulate the expansion 

of RF precursors subsequent to  binding to the receptor of these precursors. 

At th is  point 1n time, we do not know the precise  mechanism of the act iva­

t ion of the RF precursors during physiological Immune responses. However, 

the data discussed above suggest several  potentia l  candidates such as B
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c e l l  mitogens. Immune complexes, ant1-1d1otypes or even the foreign a n t i ­

gens themselves.

Since RF production can be Induced 1n a physiologic response, one may 

ask 1f 1n general, RF exhibit  a regulatory ro le  on lymphocytic functions 

or contribute to the maintenance of physiological c e l l u l a r  homeostasis. 

Because the penetration of foreign molecules into a body causes a dramatic 

a l te ra t io n  of homeostasis, m u l t i c e l lu la r  organisms have developed various 

mechanisms to maintain th is  physiologic balance. The Immune apparatus rep­

resents one of the most highly evolved systems by which vertebrates are 

able to recognize foreign molecules, eliminate them from the bloodstream, 

i n a c t i v a t e  t h e i r  fo re ign  c h a r a c te r  by s e c re t in g  s p e c i f i c  products  and 

f ina l ly  destroy them.

I t  has been suggested t h a t  RF may aid in the  c le a ra n c e  of  a n t ig e n -  

antibody complexes from the blood and even promote the endocytosis of such 

complexes by n e u t r o p h i l s  and macrophages (Coulle and Van Snick, 1983a). 

This func t ion  may be compared to  the "scavenger" func t ion  of  phagocytes 

which e l im in a te  and c a t a b o l i z e  an t igen-an t ibody  complexes and a l t e r e d  

autologous c e l l s  tha t  r e s u l t  from aging, chemical in jur ies ,  etc. However, 

one must keep in mind the  f a c t  t h a t  RF are  an t ib o d ie s  s p e c i f i c  fo r  

a n t igen ic  de terminants  of immunoglobulin m olecules .  Indeed, th e r e  i s  

e v id e n c e  which I n d i c a t e s  t h a t  a n t i b o d i e s  s p e c i f i c  fo r  a n t ig e n ic  

determinants of immunoglobulin molecules play an important regulatory  ro le  

on Immunocompetent c e l l s .  Thus, an t ib o d ie s  s p e c i f i c  f o r  i s o ty p ic  

determinants such as antl-mu or a n t i - d e l t a  a n t ib o d ie s  can under c e r t a i n  

cond i t ions ,  s t im u la te  B c e l l s  to  p r o l i f e r a t e  (Finkelman e t  a l . ,  1979). 

Conversely, anti-mu or anti-k  antibodies administered in vivo can induce
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suppress ion  of Ig syn thes is  or even promote the  expansion of the  lambda 

r e p e r t o i r e  as a compensatory e f f e c t  f o r  the  suppression of  the  k 

reper to ire  (Weiss e t  a l , ,  1984). Similarly, ant1-al lotype antibodies ad­

m in is te red  a t  b i r t h  or  t r a n s fe r r e d  v ia  p la c e n ta  from the  mother 

func t iona l ly  de le te  the expansion of the corresponding allotype in hetero­

zygous progeny (Eskinazi  e t  a l . ,  1979). Furthermore, anti- id  antibodies 

administered a t  b i r th  or during adult  l i f e ,  or transferred via placenta or 

colostrum from the mother can e i ther  suppress or expand the clones bearing 

the corresponding 1d1otype on th e i r  receptor (Bona e t  a l . ,  1979b). There­

fore ,  one may ask whether or not RF produced during the  course of in fe c ­

t io n  or  during an immune response e l i c i t e d  by va r ious  antigens e x h ib i t  

regulatory propert ies on immunocompetent c e l l s .  The study of the e ffec t  

of a MRF which binds IgD (LPS10-1, da ta  not shown) on the  in v i t r o  a n t i -  

TNP response e l i c i t e d  by a TI—1 antigen which st imulates mature lympho­

cytes expressing both surface IgM and IgD receptors revealed that  a t  high 

concentrations, the MRF (LPS10-1) inhibited the TNP PFC response 1n normal 

amlmals (BALB/c and 129/J) but  enhanced the  response  in 129/Sv mice. 

Thus, 1t appears p laus ib le  that  RF which can bind IgD, can bind to IgD-IgM 

bearing c e l l s  and may then expand mature lymphocytes in vivo.  Subse­

quently, one may observe an accelerated maturation of the immune response 

in 129/Sv mice. H y p e r rea c t iv i ty  of  B c e l l s  does occur in o th e r  au to­

immune s t r a i n s  (NZB and BXSB) (Theof 11 opou 1 os e t  a l . ,  1985) and i t  has 

been shown tha t  parenteral administration of a n t i -d e l t a  antibodies stimu­

l a t e s  B c e l l s  leading  to  the  Increased sy n th e s i s  of  immunoglobulins 

(Flnkelman e t  a l . ,  1979).

Since monoclonal antibodies specif ic  for  Fc of IgG were generated, i t
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f a c i l i t a t e d  our attempts to define more precise ly  the origin and molecular 

nature of autoantibodies by studying the 1d1otype and genes encoding 

RF produced by hybrldomas from se v e ra l  mouse s t r a i n s .  The s tudy of the 

f ine  spec i f ic i ty  of the monoclonal RF Indicates a wide degree of hetero­

geneity among these antibodies. However, despite th is  apparent combining 

s i t e  (paratope) heterogeneity and d i f fe ren t  s t ra in  origin, these RF share 

In te rs t ra in  c ross- reac t ive  idlotypes. The expression of IdX in our system 

was independent of  H-2 and gene complexes and was not found on a 

varie ty  of antibodies with other sp e c i f i c i t ie s .

Molecular data showed tha t  the shared idiotype c ro s s - re ac t iv i ty  does 

not r e s u l t  from a common u t i l i z a t i o n  of heavy chain v a r i a b l e  region 

segments (V^t D or  J^) as i s  observed in some systems (M argolles  e t  a l . ,  

1983); thus, 129-48 and Y19-10 which share IdX, use t o t a l l y  d i f fe ren t  V̂ , 

D and gene segments. However, there is  a shared tetrapeptlde 1n frame­

work 2(residues 36-39) (Fig 18) which may ex p la in  the  IdX we observed. 

Recently, Chen e t  a l .  (1984, 1985a) using a sy n th e t i c  pep tide  showed the 

s t r u c t u r a l  c o r r e l a t e  of  a human RF id io type  corresponds to  a few amino 

acid residues on the l ig h t  chain. The possible  contribution of the l ight  

chain to IdX expression in these RF w i l l  be elucidated via  Western b lo t­

ting analysis, hybrid molecules and the preparation of monoclonal anti-Id 

antibodies.

A res t r ic ted  number of gene families 1s u t i l i z e d  among murine RF 

(J558, QPC52, and 7183). I t  appears t h a t  t h i s  r e s t r i c t i o n  1s not unique 

to  an t1-Ig  a n t ib o d ie s  because a study of 10 murine ant1-DNA monoclonal 

antibodies from the MRL/lpr s t ra in  has a lso shown that  these families are 

p re fe ren t ia l ly  u t i l i z e d  (K. Barrett,  personal communication). Our other
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r e su l ts  Indicate th a t  autoantibodies of  v a r ious  s p e c i f i c i t i e s  p re fe re n ­

t i a l l y  use these gene families as well.  One possible explanation for 

the  biased fam ily  usage among these  au to a n t ib o d ies  1s t h a t  the  o th e r  

families may not contain genes encoding autoantibodies. However, 1t Is 

Interest ing to note tha t  the three families used are 3' gene families; 

preferential  expression of 3' genes 1s known to  occur ear ly  in develop­

ment (Yancopoulos e t  a l . ,  1984). Thus, i t  seems p o s s ib l e  t h a t  the 

preferential  u t i l i z a t io n  of 3' gene families  in the anti-Ig  and an t i -  

DNA responses may r e f l e c t  the repertoire  of the B c e l l s  from which these 

clones are selected; for example, the clones may a r ise  ear ly  in ontogeny. 

Two r e p r e s e n t a t i v e  RF were genomical ly  c loned and the  reg ions  were 

sequenced. The data demonstrate tha t  the genes encoding the heavy chain 

variable  region of autoantibodies and antibodies against  foreign antigens 

are not obviously d ifferent .  A s im ila r  conclusion was reached from the 

a n a ly s i s  of an anti-DNA antibody (K of le r  e t  a l . ,  1985a). Comparison of 

the  n u c le o t id e  sequence of 129-48 with the  7183 germline  gene 37.1 

revealed that  the expressed V̂j gene i s  c lo se ly  re la ted  to th i s  gene and 

other members of th i s  family. Similarly, Y19-10 is  very c lo se ly  re­

lated to germline genes 1n the J558 family. I t  1s e spec ia l ly  homologous 

to  the 23, 33, and 186-2 germline genes which encode the NP response. In 

addition, CDR sequences are r e l a t i v e l y  conserved between Y19-10 and J558 

germline genes and base pair  changes, when observed, u sua l ly  can be found 

in other germline genes from th is  family. Thus, l i t t l e  somatic mutation 

is apparent. This r e s u l t  1s consistent  with the finding th a t  these RF are 

IgM antibodies and frequently, somatic mutation does not contr ibute to IgM 

divers i ty .
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The study of  th e  id io typy  and genes encoding a panel of  mono­

clonal autoantibodies produced by hybridomas from several mouse s t ra ins  

revealed s imilar  findings. Some hybridomas were obtained from mice which 

spontaneously  produce au toan t ibod ies .  Inc lud ing  RF obtained from o ld  

129/Sv or MRL/lpr mice, ant1-DNA and ant1-Sm antibodies from MRL/lpr, and 

ant1-red blood c e l l  antibodies from NZB or CBA mice. Others were obtained 

from normal immunized animals:  e.g., RF from BALB/c mice In jec te d  with 

Yersinia en te rocol i t lca ,  ant1-Tg antibodies from BALB/c or CBA/J mice in­

jec ted  with thy rog lobu l  in, and an t ib od ies  a g a in s t  type 2 col 1 agen from 

DBA/1 mice.

Because the panel of monoclonal antibodies covers various antigenic 

s p e c i f i c i t i e s ,  one might expect  t h a t  a l l  the  gene f a m i l i e s  would 

be used a t  random. However, as found for  RF, only a res t r ic ted  number of 

gene families are used among these autoantibodies, namely J558 and the 

most 3' f a m i l i e s :  QPC52 and 7183. This r e s t r i c t i o n  1s t o t a l l y  Inde­

pendent of combining s i t e  spec i f ic i ty  and is  not re la ted  to a spontaneous 

or induced o r ig in .  As proposed fo r  RF, th e se  genes used by a u to a n t i ­

bodies may r e f l e c t  an immature repertoire  of B or pre B c e l l s  or a l te rna ­

t i v e l y ,  these  V  ̂ genes may be r e p r e s e n t a t i v e  of  a subse t  of the  B c e l l  

lineage such as Ly1 B c e l l s  which secrete a high percentage of IgM auto­

antibodies (Hayakawa e t  a l . ,  1984). This lineage 1s highly represented in 

autoimmune s t ra in s  such as NZB or (NZB x NZW) FI mice (Hayakawa, 1985) and 

is  also frequently found in patients  with rheumatoid a r t h r i t i s .

The various autoantibodies studied express IdX despite  the fac t  that  

they are  heterogeneous with respec t  to  combining s i t e  and u t i l i z e  

d i f fe ren t  genes. For example, the presence of IdX o r ig in a l ly  borne by
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RF LPS10-1 and 129-48 and Y2 (a monoclonal anti-Sm antibody) was Identi­

f i ed  among these  au toan t ibod ies .  The presence of  th ese  IdXs 1s Inde­

dependent of t h e i r  spec i f ic i ty .  MHC, and gene complexes.

At f i r s t ,  the presence of an IdX on antibodies encoded by various V|̂  

gene f a m i l i e s  1s s u r p r i s in g ,  s ince  I t  1s accepted t h a t  IdX are  of ten  

markers of a pa r t icu la r  family as was shown for antl-dextran, anti-NP 

or anti -arsonate antibodies (Green and Nlsonoff, 1984). However, several 

exceptions to th is  ru le  have been reported. Anti-arsonate antibodies pro­

duced by BALB/c mice express IdX despite the fact they use a V̂j gene which 

does not d e r iv e  from the  36-65 germline gene (Leo e t  a l . ,  1985). In 

addition, c ross-reactive  1d1otypes were a lso observed for  antibodies of 

various sp e c i f i c i t i e s  th a t  were derived from d if fe ren t  members of the same 

family of germline genes (Victor-Kobrln e t  a l . ,  1985).

These IdXs shared by autoantlbodies of various sp e c i f ic i t ie s  may be a 

c lu e  to the  g ene t ic  and immunoregu 1 a to ry  bas is  of  autoimmunity. I t  i s  

c l e a r  t h a t  the  c e l l s  t h a t  produce these  a u to an t lb od ies  are  p re sen t  in 

normal animals where they can be Induced a t  times into clonal expansion by 

hyper1mmun1zat1on as 1n the  case of  RF. They may a l s o  emerge spontane­

ous ly  during the  course of an autoimmune d isease  or perhaps even during 

the aging process.

Since 1t appeared th a t  the 7183 family was u t i l i z e d  by various kinds 

of autoantlbodies and th a t  th is  family 1s not extensively  used to encode 

sp e c i f i c i t ie s  for foreign antigens frequently, the most s tr iking aspect of 

the study on the propert ies of antibodies secreted by hybridomas se lected 

for  7183 expression was the very high percentage (60%) of VH7183+ an t i ­

bodies t h a t  was shown to  bind to  var ious  s e l f - a n t1 g e n s  r e g a r d l e s s  of
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whether they were generated from autoimmune mouse s t r a i n s  or a normal 

mouse s t r a in .  I t  was s u rp r i s in g  t h a t  among the NZB V^7183 an t ibod ies ,  

th e re  were none which could bind red blood c e l l s ,  1n s p i t e  of the  f a c t  

tha t  th is  mouse s t ra in  develops an autoimmune hemolytic anemia l a t e r  1n 

l i f e ,  and t h a t  we p re v io u s ly  showed t h a t  3 of 3 monoclonal a n t ib o d ies  

specific  for bromelain treated mouse red blood c e l l s  are encoded by 1/^7183 

genes. This suggests  t h a t  e i t h e r  the frequency of  these  autoanti-RBC 

antibody forming c e l l s  i s  very low a t  3 months or  they lack  the  LPS 

receptor.

A major p o r t io n  of these  a u toan t ib o d ies  were an t igen  I n h i b i t a b l e .  

However, 3 an t ib o d ie s  obtained from BALB/c and 2 from NZB exh ib i ted  

m u l t i p l e  binding a c t i v i t i e s  which were not an t igen  I n h i b i t a b l e .  This 

group of a n t ibo d ies  may be s i m i l a r  to  t h a t  descr ibed  by Dighiero e t  a l .  

(1985), obtained from newborn BALB/c. The in a b i l i ty  to  Inhibit  the bind­

ing of these antibodies by antigen suggests tha t  they have low av id i ty  for 

the corresponding self-antigens.  I t  should be mentioned tha t  a l l  an t i ­

bodies with mult ip le  binding s p e c i f ic i t ie s  are IgM. Their mult ip le  bind­

ing p roper ty  can be r e l a t e d  e i t h e r  to  a common 3 dimensional s t r u c t u r e  

shared by va r ious  s e l f - a n t i g e n s  or to  a p r o t e ln - p r o te ln  i n t e r a c t i o n  of 

these antibodies with the antigens rather  than a paratope-mediated recog­

nition.

Two IgM a n t ib o d ie s  (B76 and Z121) exh ib i ted  a s trong n on -sp e c i f i c  

binding for  BSA 1n addition to binding to s e l f  antigens. Such antibodies 

have been a lso  reported by other groups (Serban e t  a l . ,  1985). The origin 

of th is  "s t ickiness" 1s unknown and needs to be investigated further .

The precise mechanisms that  could down regulate  the p o te n t i a l ly  auto­
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react ive B c e l l  clones are not known but they probably Involve both In t ra -  

cel  l u l a r  (I .e .,  g e n e t ic )  and e x t r a c e l  1 u l a r  (I .e .,  suppress ion)  events .  

One such I n t r a c e l lu l a r  event, based on findings in th i s  report,  might be 

the  u t i l i z a t i o n  of a r e s t r i c t e d  s e t  of  genes. The presence of  an 

Immature B c e l l  su b se t  (e.g., Lyl B c e l l s )  may be a sso c ia ted  or even 

necessary for th is  to  occur.

E x trace l lu lar  mechanisms leading to polyclonal B c e l l  ac t iva t ion and 

autoimmunity may Involve f a i lu re  of T c e l l  suppression, Interference with 

network r e g u la t io n  based on id io ty p e  reco g n i t ion ,  f a i l u r e  of n a tu ra l  

k i l l i n g  (Schoenfeld e t  a l . ,  1984; Talal ,  1978; 1984), or some combination 

of these. I f  IdX i s  present on the surface of autoreactive B c e l l s  and is 

recognized by o ther  ce l  I s ,  then I t s  over-abundance in autoimmunity may 

c o n t r i b u t e  in some way to  immunoregu1a t o r y  f a i l u r e  and d i s e a s e  

pathogenesis . I t  i s  q u i t e  l i k e l y  t h a t  the  response to  au toan tigens  

Involves a l l  the fac tors  mentioned in th is  report. One's genetic predis­

pos i t ion ,  environmental  in f luences ,  endogenous subs tances ,  r e g u la to r y  

f a i l u r e s ,  and aging a re  a l l  presumed to  be p a r t  of the  b as i s  fo r  s e l f -  

a n t i - s e l f  reac t iv i ty .  Manipulation of the idiotype network through Id or 

ant1-Id therapy has provided some promise 1n c o n t r o l l i n g  d i se a se  in 

animals (Colvin  and Olson, 1985). N ev er the le ss ,  t h i s  type of  immuno­

therapy does not always improve the cond i t ion  and 1s not  ye t  understood 

completely. As we gain a greater understanding of the receptors on B and 

T cel  1 s, the genes which c o n t r ib u te  to  a n t l - s e l  f  p rocesses ,  the  ro l  e of 

the idiotype network in regulation and homeostasis, i t  i s  anticipated that  

future studies wil l  provide an Improved understanding of autoimmunity and 

disease pathogenesis.
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