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Abstract

The study of the Ig variable region heavy chain (Vy) genes used
to encode antibodies specific for self-epitopes from murine hy-
bridomas showed that three Vy families are primarily utilized:
Vy J558, the largest family, and Vy; QPC52 and Vy 7183, the
families most proximal to the Ig joining region heavy chain genes.
These monoclonal autoantibodies express cross-reactive idiotopes
shared by rheumatoid factors and antibodies specific for Sm.
The expression of these idiotypes is independent of major his-
tocompatibility complex and Ig constant region heavy chain
haplotypes, self-antigen specificity, and even the Vy gene family
utilized. ‘

Though the experiments described here are limited to murine
autoantibodies, similarities exist between murine and human au-
toimmune diseases. Studies that aim to investigate the relation-
ship between Vi gene expression and the presence of cross-
reactive idiotypes among human autoantibodies should enable
us to better understand the mechanisms of autoimmunity and
self-tolerance.

Introduction

Autoantibodies of various specificities are not only features of
many autoimmune diseases but also occur frequently in chronic
infections, aged individuals, and after the use of numerous drugs
(1). Thus, a predisposition to autoimmunity has been preserved
throughout evolution, and the expression of autoimmunity is
surprisingly common. _

One striking feature of both human and murine autoanti-
bodies is the incidence of idiotypic crossreactivity (IdX).! This
has been reported among antibodies to thyroglobulin (2, 3), DNA
(4, 5, 6), Sm (7), and acetylcholine receptor (8), as well as with
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rheumatoid factors (9, 10, 10a). In addition, there is a high degree
of IdX among natural murine autoantibodies with multiple
specificities (11). ,

In previous studies, we identified an IdX among murine
monoclonal rheumatoid factors (RFs) originating from both
normal and autoimmune strains. Moreover, we determined that
these monoclonal antibodies (MAbs) are encoded by a limited
set of Ig variable region heavy chain (Vy) gene families.

In this communication we report the results of an extended
study of a large panel of monoclonal autoantibodies of various
specificities. Our analysis indicates that monoclonal autoanti-
bodies of various specificities are encoded by Vy genes from
three families and that many of them share IdXs. The expression
of this IdX is independent of major histocompatibility complex
and Ig constant region heavy chain gene complexes as well as
the Vy gene utilized.

Methods

The origin, specificity, and isotypes of the monoclonal autoantibodies
used in this study are shown in Table I.

Asa control foridiotype (Id) specificity, 16 MAbs specific forinfluenza
viruses (12 for PR8 and 4 for X31) were used. These antibodies are
encoded by genes from the Vy 7183 family (19).

Identification of expressed Vy gene families. Briefly, RNA from cy-
toplasmic lysates prepared from 107 cells was fixed to nitrocellulose using
a slot-blotting apparatus (20). The filters were baked, hybridized to Vy
gene probes, washed, and autoradiographed as described previously (21).

Preparation of Vy gene probes. The Vy-specific fragments represen-
tative of the various Vy families were prepared as described previ-
ously (22).

Preparation of total RNA and Northern blot analysis. Total RNA
was prepared from 3-5 X 107 cells using the guanidinium thiocyanate
extraction procedure. Northern blotting (used to confirm Vy gene family
assignments) was performed by electrophoretically fractionating the RNA
on a 1.2% agarose gel (6% formaldehyde) in 40 mM 4-morpholinepro-
panesulfonic acid, 20 mM NaOAc, and 2 mM EDTA. The gel was blotted
without pretreatment onto nitrocellulose using 20X standard saline citrate
(3 M NaCl, 0.3 M Na citrate) (22).

Study of idiotypy. The expression of IdX has been studied by com-
petitive inhibition radioimmunoassay. Several polyclonal rabbit anti-Id
antibodies were used; their preparation, purification, and specificity have
been previously described (3, 23, 10a).

The following anti-Id antibodies were used: anti-LPS 10-1 Id, specific
for a BALB/c RF; anti-129-48 Id, an anti~129/Sv RF MAb; anti-Y2
Id, an MRL/Ipr anti-Sm MAD; anti-62 Id, a BALB/c antithyroglobulin
MADb; and anti-PY102 Id, an anti-PR8 influenza virus-specific MAb.

Competitive inhibition radioimmunoassay was carried out as follows.
Briefly, microtiter plates were coated overnight at 4°C with 10 ug/ml
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Table 1. Origin, Specificity, and Isotypes of Autoantibodies

Origin Designation and isotypes Specificity Reference
6-mo-old 129/Sv 129-48(ux), 129-78(ux), 129-74(y3x), RF 10a
“spontaneous” 129-102(ux), 129-66(ux), 129-61(u),
129-76(ux), 129-77(ux)
5-mo-old MRL/Ipr MRL50-8(ux), MRLS5-51(ux), MRL22-46(ux), RF 10a
“spontaneous” MRLS55-26(ux), MRL18-68(ux), MRL55-
| 18u)
BALB/c LPS10-1(ux), LPS7-4(ux), LPS5-4(ux), RF 10a
In vitro LPS-stimulated LPS7-3(ux)
BALB/c Y19-10(ux), Y19-16(ux), Y43-5(ux) RF 10a
Injected with Y. enterocolitica
MRL/Ipr “spontaneous” H102(~v2ax), H130(ux), H241(y2ax), ss DNA 12
_ “RL1-3
BALB/c immunized HB2(ux) ds DNA 13
BALB/c immunized 1-15( 1), 621d(y 1x), BIOH,Ax(v1x), thyroglobulin 3
APDB6(v1x)
CBA/J immunized 10VA,(ux), 10IA,(y1x), 8.4A5(ux), thyroglobulin 14
8.IDy(y2bx), 8.IB,(ux); 8.4D;(ux)
MRL/Ipr “spontaneous” Y2(y2ax), 2G7(y24x), Y 12(y2ax), 6B6(ux) Sm 7
BALB/c immunized F8D5(ux) AcR
BALB/c immunized LE4(y1x) TSHR 15
NZB “spontaneous” CP3(ux), CP4(ux) Br-treated MRBC 16
CBA “spontaneous” CP5(ux) Br-treated MRBC 16
DBA/l immunized A12(y2bk), Bl1(v1k), E8(y1x), Fo(ux), collagen type I 17
C2(y2bx), E5(v1x), F4(y2ax), F10(y1x),
E7(y1x), Cl(y2ax), B
BALB/c immunized HBS8(y 1x), HB(u«x) microfibrils 18
BALB/c immunized HB10(ux), HB11(ux), HB12(ux) skin antigens 18

AcR, acetylcholine receptor; Br-MRBC, bromelain-treated mouse red blood cells; ds, double stranded; ss, single stranded; TSHR, thyroid-stimulat-

ing hormone receptor.

chromatographically purified anti-Id antibodies. After washing and post-
coating with phosphate-buffered saline/bovine serum albumin, the plates
were incubated for 2 h at 25° with various dilutions of MAbs (5, 50, and
500 ng/well). After extensive washings, plates were incubated for 2 h at
25° with 'I-labeled Id ligand (50,000 cpm), washed extensively, and
radioactivity was counted in a gamma counter. Antibodies yielding at
least 40% inhibition were considered IdX-positive.

Results

Identification of Vy gene families

Since we previously determined that mouse monoclonal RFs
obtained from various sources were encoded by only certain Vy
gene families, it was equally important to determine whether or
not other types of autoantibodies also used a restricted set of Vy
genes.

.Cytoplasmic lysates were prepared from 107 hybridoma cells,
transferred to nitr’ooellulose,l and assayed by hybridization to a
Vi gene-specific probe for each known family (24). With some
autoantibodies, the results obtained with the slot-blotting tech-
nique were unclear, and, in those cases, the purified RNA was
hybridized to the Vy probes using the Northern blotting tech-
nique.

Of the 43 autoantibodies that we tested, 17 used a Vy gene
from the largest family, Vy J558, 5 used a Vy gene from Vy
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QPC52, and 20 used a gene from Vi 7183. Only one utilized a
Vu gene from the Vi S107 family.

Examples of slot and Northern blotting are illustrated in
Figs. 1 and 2. The results of this study, summarized in Table II,
indicate that a restricted set of Vy genes encodes murine mono-
clonal autoantibodies.

Id of monoclonal autoantibodies

Several idiotypic systems previously used to characterize IdX
expressed on RF, anti-Sm, and antithyroglobulin autoantibodies
were used in this study. All the autoantibodies used were chro-
matographically purified on a Sepharose 4B rat monoclonal anti-
murine kappa antibody column.

1251_Y19-10 anti-LPS10-1 Id antibodies. Y 19-10 is a mono-
clonal RF induced in BALB/c mice by immunization with Yer-
sinia enterocolitica. LPS10-1 is a monoclonal RF encoded by a
Vy gene from the Vy 7183 family. In this system, a large number
of monoclonal autoantibodies with various specificities gave
>40% inhibition at a concentration of 10 ug/ml. The results
(Fig. 3) show that the inhibition was dose-dependent for the
majority of the IdX-positive autoantibodies with the exception
of 129-61, LPS7-4, MRL22-46, MRL50-8, 10VA,, and CPS5,
for which an inhibition was not observed with 5 ng of antibody/
well.

1251_Y19-10 anti-129-48 1d antibodies. Monoclonal 129-48
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Figure 1. Utilization of Vy genes by monoclonal autoantibodies. Au-
toradiogram composite of slot blot analysis of cytoplasmic RNA ly-
sates from autoantibodies secreting hybridomas. Nitrocellulose was
hybridized to 3?P-nick translated Vy; gene probes under normal strin-
gency conditions, washed, and autoradiographed. Positive control cell
lines from each family are shown at the top of the figure.

is an RF obtained from 129/Sv mice, encoded by a Vy gene
closely related to the Vy 37.1 germline gene, a member of the
Vy 7183 family (25).
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Figure 2. Northern blotting analysis of six hybridomas. 5 ug RNA was
electrophoresed through a 1.2% agarose gel (6% formaldehyde), blot-
ted, and hybridized to the 3*P-nick translated Vy; 129-48 probe.

In this system, an IdX was detected among four monoclonal
RFs, two antithyroglobulin antibodies, one anti—collagen type
1I and two antiskin antigens (Fig. 4).

1251.Y2 anti-Y2 Id antibodies. Monoclonal Y2 is an Sm
binding antibody obtained from MRL//pr mice encoded by a
Vy gene from the Vy J558 family. _

IdX was observed in this system among three anti-Sm an-
tibodies and eight RFs. For some antibodies (LPS10-4, Y43-5,
Y19-16, MRL55-26, MRL55-18, and MRL18-68), a strong in-
hibition was only observed with 1 ug of antibodies/well (Fig. 5).

Table II. Summary Results: Frequency of Vy Gene Families Expressed in Autoantibodies

Specificity
Vy family RF Thyroglobulin DNA Sm Br-MRBC TSHR Collagen type I Microfibrils ~ Skin antigens Frequency
Vu X24 0/43
Vi J606 0/43
Vi 36-60 _ 0/43
VuJ558  MRL50-8 10VA, HI102 Y12, Y2 Al12, B11, E8 17/43
LPS5-4 8.4A; HI130 6B6
Y19-10 8.ID, H241
Y19-16 8.IB,
Vi S107 2G7 1/43
Vu QPC52 MRLS5-51 8.4D, Bl HBS 5/43
LPS7-3
Ve 7183 12948, 129-78,  1-15,62ld RLI-3 CP3 LE4 D3u HBI10 HB12  20/43
MRL22-46, BIOH,A,  HB2 CP4
LPS10-1, 129-74,  10AI CP5

129-70, 129-78

Br-MRBC, bromelain-treated mouse red blood cells; TSHR, thyroid-stimulating hormone receptor.
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Figure 3. Competitive inhibition of the binding of '>I-Y19-10 to anti-LPS10-1 idiotypic antibodies by various amounts (5-500 ng) of mono-

clonal autoantibodies.

135]_]1-15 anti-62 Id antibody. Monoclonal 1-15 and 62 Id
were obtained from BALB/c mice that had been immunized
with thyroglobulin. These antibodies are encoded by a Vi gene
from the Vi 7183 family. In this system, an IdX was observed
on four monoclonal antithyroglobulin antibodies obtained from
BALB/c mice but not on other antibodies with different speci-
ficities, with the exception of LPS10-1, which gave a weak in-
hibition (Fig. 6).

It was important to determine if our monoclonal autoanti-
bodies also shared IdX with conventional antibodies specific for
foreign antigens. For this purpose we studied the inhibitory ac-
tivity of 16 antibodies specific for PR8 or X31 influenza viruses
in our RF idiotypic systems. These antiviral antibodies were
used as controls because they all use a Vi gene from the 7183
family, which is highly represented (20/43) among the autoan-
tibodies.

Only one (VM114) inhibited weakly (at 500 ng/well) the
binding of anti-129-48 Id to labeled Y19-10. The other antiin-
fluenza antibodies showed no inhibitory activity in any system
used (data shown only in summary, Table III).

Conversely, we also studied the ability of monoclonal au-
toantibodies to inhibit an IdX system delineated among antiin-
fluenza antibodies. In these studies, we utilized labeled VM202
antibody and anti-Py102 Id antibodies. Both (VM202, Py102)
are MAb-specific for PR8 influenza virus; they both use a Vy
gene from the 7183 family and a V,21 light chain (19).

None of our autoantibodies displayed any inhibitory activity
in this system, whereas 6 of 16 MAbs specific for influenza virus

1251-Y19-10-anti 129-48

129-61 129-48 Yi9-16 YI19-10 8.4A I0IA,

8

% OF INHIBITION
(64
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antigens gave a significant inhibition (data shown in summary,
Table III).

Discussion

In an attempt to define more precisely the genetic basis and
molecular nature of autoantibodies, we studied the Vy genes
and the idiotypy of a panel of 61 monoclonal autoantibodies
produced by hybridomas from several mouse strains. Some hy-
bridomas were obtained from mice that spontaneously produce
autoantibodies, including RFs obtained from old 129/Sv or
MRL/Ipr mice, anti-DNA and anti-Sm antibodies from MRL/
Ipr mice, and anti-red blood cell antibodies from NZB or CBA
mice. Others were obtained from normal immunized animals:
e.g., RFs from BALB/c mice injected with Y. enterocolitica, an-
tithyroglobulin antibodies from BALB/c or CBA/J mice injected
with thyroglobulin, and antibodies against type II collagen from
DBA/J mice.

Because our panel of MADbs covers various antigenic speci-
ficities, one might expect that all the Vy; gene families would be
randomly used. However, we found that only a restricted number
of Vy gene families are used among these autoantibodies, namely
J558 and the most 3' families: QPC52 and 7183. This restriction
is totally independent of combining site specificity and is not
related to a spontaneous or induced origin.

It is interesting to note that among these three families the
3' V4 7183 gene family is infrequently used by mature B cells,
whereas it is frequently used normally in early development (22,

F4 HBII HBI3

Figure 4. Competitive inhibition
of the binding of '*I-Y19-10 to
anti-129-48 idiotypic antibodies
by various amounts (5-500 ng)

ng/well ¢ monoclonal autoantibodies.
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Figure 5. Competitive inhibition of the binding of '*°I-Y2 anti-Y?2 id-
iotypic antibodies by various amounts (0.01-1 ug) of monoclonal au-
toantibodies.

26). Thus, it is possible that these Vi genes used by autoanti-
bodies reflect an immature repertoire of B or pre-B cells. Alter-
natively, these Vi genes may be representative of a subset of the
B cell lineage such as Ly-1 B cells, which secrete a high percentage
of IgM autoantibodies (27). This lineage is highly represented
in autoimmune strains such as NZB or (NZB X NZW)F, mice
(28). Moreover, the T1+ B cell subset, a human equivalent of
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Figure 6. Competitive inhibition of the binding of '*I-1-15 to anti-62
idiotypic antibodies by various amounts (5-500 ng) of monoclonal au-
toantibodies.

the murine Ly-1 B subset, is significantly increased in patients
with rheumatoid arthritis (29).

The autoantibodies studied in this report express IdX despite
the fact that they are heterogeneous with respect to combining
site and that they utilize different Vy genes.

For example, among our large panel we have identified the
presence of IdX originally borne by LPS10-1 and 129-48 RFs
and by Y2, a monoclonal anti-Sm antibody. The presence of
these IdXs is independent of their specificity, major histocom-
patibility complex, and Ig constant region heavy chain gene
complexes.

Table I11. Summary Results: Fraction of Autoantibodies Expressing Crossreactive Idiotypes

Specificity
Anti-ld Thyro- Collagen Micro-  Cytoplasmic  Influenza
antibodies RF globulin DNA Sm Br-MRBC TSHR  typell AcR fibrils skin antigens  virus
Y19-10 anti- 129-48, Y19-10, 10VA, H130 Yi2 CP5 LE4 F4 F8D5 HB9 HB10
LPS10-1-ld  LPS10-1, 129-61, 8.4.A, HB2 6B6 HBI12
Y19-16, LPS5-4,
LPS7-4, MRLS5-51,
MRL22-46, MRL50-8
10/20* 2/9 2/5 2/4 1/3 1/1 1/10 1/1 1/2 2/3 0/16
Y19-10 anti- 12948 8.4A, F4 HB10 VM114
129-48 Id Y19-10 101A, HBI11
129-61
Y19-16
4/20 2/9 0/5 0/4 0/3 0/1 1/10 0/1 0/2 2/3 1/16
Y2 anti-Y2 129-77, LPS5-4, Y2
Id MRL55-18, LPS10-4, Yi2
MRL16-68, MRL55-26, 6B6
Y19-10, Y43-5 NDt ND ND
8/20 0/9 0/5 3/4 0/3 0/1 0/10 0/1
1-15 anti-62 LPS10-1 1-15
Id , ADPB6
62ID
B10H,A, ND
1/20 4/9 0/5 0/4 0/3 0/1 0/10 0/1 0/2 0/3
VM202 anti-  0/20 0/9 0/5 0/4 0/3 0/1 0/10 0/1 ND ND 6/16
PY102 Id

AcR, acetylcholine receptor; Br--MRBC, bromelain-treated mouse red blood cells; TSHR, thyroid-stimulating hormone receptor. * Fraction of

antibodies expressing cross-reactive idiotypes. { Not done.
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At first glance, the presence of an IdX on antibodies encoded
by various Vy gene families is surprising, since it is accepted
that IdX are often markers of a particular Vy family, as was
shown for antidextran, antinitrophenyl, or antiarsonate anti-
bodies (30).

However, several exceptions to this rule have been reported.
For example, antiarsonate antibodies produced by BALB/c mice
express IdX despite the fact that they use a Vy gene that does
not derive from the Vy 36-65 germline gene (31). In addition,
crossreactive Ids were also observed for antibodies of various
specificities that were derived from different members of the
same family of Vy germline genes (32). Furthermore, our pre-
vious molecular data showed that shared IdX can result even if
D and JH segments are not identical. It is possible that this kind
of IdX is related to a short DNA segment conserved among Vy
gene families used by antibodies. In fact, we and others suggest
that a conserved framework may be responsible for IdX (10a).

These IdXs shared by autoantibodies of various specificities
may be a clue to the genetic and immunoregulatory basis of
autoimmunity. It is clear that the cells that produce these au-
toantibodies are present in normal animals, where they can be
induced at times into clonal expansion by hyperimmunization,
as in the case of RF. They may also emerge spontaneously during
the course of an autoimmune disease, or perhaps even during
the aging process.

The precise mechanisms that down-regulate these potentially
autoreactive B cell clones are not known, but they probably
involve both intracellular (i.e., genetic) and extracellular (i.e.,
suppression) events. One such intracellular event, based on the
findings in this report, would be the utilization of a restricted
set of Vi genes. The presence of an unusual B cell subset (e.g.,
Ly-1 B cells) may be associated or even necessary for this to
occur.

Extracellular mechanisms leading to polyclonal B cell acti-
vation and autoimmunity may involve failure of T cell suppres-
sion, interference with network regulation based on Id recog-
nition, failure of natural killing (33, 34, 35), or some combination
of these. If IdX is present on the surface of autoreactive B cells
and is recognized by other cells, then its overabundance in au-
toimmunity may contribute in some way to immunoregulatory
failure and disease pathogenesis.
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