1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"% NIH Public Access

O
H%

Author Manuscript

Published in final edited form as:
Lupus. 2009 April ; 18(4): 299-308. doi:10.1177/0961203308097480.

Spontaneous Autoimmunity in Mice That Carry an IghV Partial
Transgene: A Required Arginine in VHCDR3

Amanda Guth*’l, Thiago Detanico**l’z, Diana Smithl, Kenneth S.K. Tung3, Cristina
Bonorinoz, and Lawrence J. Wysockil'4

! Integrated Department of Imnmunology, National Jewish Medical and Research Center, and
University of Colorado School of Medicine, Denver, CO 80206, USA

2 Faculdade de Biociéncias and Instituto de Pesquisasx Biomédicas, PUCRS, 90010, Porto Alegre,
RS, Brazil

3 Departments of Microbiology and Pathology, University of Virginia, Charlottesville, VA 22908, USA

Abstract

We describe a unique spontaneous mouse model of autoimmunity, which occurs on a
nonautoimmune-prone SWR genetic background. In this model, SWR mice carry an IghV partial
transgene encoding only the heavy chain variable domain of an antibody directed against chromatin.
Autoimmune disease in partial transgene mice was manifested by some of the features of systemic
lupus erythematosus (SLE), including the presence of serum anti-nuclear antibodies, splenomegaly,
skin lesions and a moderate degree of kidney pathology, in various combinations among individuals.
Autoimmunity was observed in three independent transgenic lines, but not in three control lines
carrying a nearly identical partial transgene, in which a VHCDR3 codon for Arg was replaced by
one for Ser in order to ablate chromatin-reactivity. Various features of disease were often but not
always accompanied by anti-chromatin antibodies. Unexpectedly, the anti-chromatin antibodies
detected in seropositive animals were not encoded by the partial transgene. These observations
strongly implicate a role for the transgene product in disease initiation but not necessarily for end-
state pathology, and they raise the possibility that autoreactive B cells may play a previously
unappreciated role in initiating the development of systemic autoimmunity.
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Introduction

SLE is a systemic autoimmune disease or group of related diseases with numerous
manifestations involving multiple organ systems that include the kidney, the skin and
sometimes the lung (1). Much of the pathology is thought to be induced by immune complexes
between autoantibodies and ubiquitous nuclear antigens. And many of the autoantibodies are
derived from B cells that appear to be driven ina T cell-dependent immune response, indicating
breaches in both T- and B-lymphocyte self-tolerance (2-5).
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Although numerous self-antigens targeted by SLE autoantibodies have been defined, the
antigenic specificity of T cell help for autoreactive B cells has proved to be elusive and
controversial (6-10). Nevertheless, T cell help for autoreactive B cells seems to be a major rate-
limiting step in disease. This can be inferred from studies in which anti-nuclear antibodies are
induced when an arbitrary avenue of T cell help to anti-nuclear B cells is provided. Many
investigators have reported this, even in mice that are not genetically predisposed to develop
systemic autoimmunity (10-16). As such, it is tempting to conclude that the kinetics of
autoantibody development in SLE is limited primarily or exclusively by the availability of
autoreactive T helper cells.

On the other hand, it has proved more difficult to directly test whether the development of anti-
nuclear B antibodies in SLE is also kinetically limited by the frequency of nuclear antigen-
specific B cells in the repertoire. While it is clear that the B cell repertoire contains a substantial
frequency of low-avidity polyreactive members, it is unclear whether these are the actual
antecedents of the T cell-dependent clones that eventually emerge in SLE and secrete anti-
nuclear antibodies of high avidity (17-21). Studies in mice that carry Ig transgenes, encoding
anti-nuclear antibodies have not unambiguously resolved this issue because the transgenic
autoreactive B cells are subjected to self-tolerance mechanisms (21-23). This is probably why
anti-nuclear antibody levels are relatively modest and often undetectable in mice that carry Ig
transgenes derived from hybridomas producing anti-nuclear antibodies (24-29). In addition, it
appears that many of the autoreactive B cell clones that ultimately escape in such transgenic
mice, edit their receptors by RAG-mediated recombination (24,30-32). These observations
suggest that immature bone marrow B cells that are “born” with an anti-nuclear B cell receptor
(BCR) are not necessarily the immediate and unedited precursors of the high-avidity
autoreactive clones that emerge in SLE.

The problem of not being able to increase the frequency of BCR-defined immunocompetent
precursors to autoreactive clones is compounded by a lack of knowledge regarding exactly
which subpopulation(s) of B cells are eligible, or at what stage of development they are eligible,
for recruitment into an autoimmune response. A bone marrow B cell that is “born” with an
autoreactive receptor must traverse all developmental stages and associated self-tolerance
checkpoints to participate in autoimmunity. This could partly explain why mice that carry anti-
nuclear Ig transgenes generally produce no or limited quantities of such autoantibodies. On the
other hand, a B cell that acquires an autoreactive BCR via genetic means at a late stage in
development would have to escape fewer tolerance checkpoints before differentiating into an
antibody-secreting cell. Therefore, despite the relatively modest effects of Ig transgenes on
autoantibody development, it is possible that a rate limiting step in autoimmunity is the
presence of B cells with autoreactive receptors in a specific niche and at a particular moment.
On the basis of this consideration, we asked what would happen if a B cell could recombine
and express a VH/D/JH gene for an anti-nuclear antibody independently of the RAG-mediated
mechanism that normally restricts this to pro- and pre- B cells.

To this end, we created mice carrying an IghV partial transgene encoding a VH/D/JH domain,
derived from a hybridoma producing an antibody to a complex of histone 2A, 2B and dsDNA
(H2A/H2B/dsDNA). Partial transgenes recombine into the Igh locus at a low frequency by
homologous recombination in the JH intron to generate a complete functional 1g gene
(33-36). Because the recombination mechanism does not require RAG enzymes, B cells that
recombine and express a VH/D/JH partial transgene do not necessarily have to pass all of the
developmental stages and tolerance checkpoints while expressing the transgene-encoded
receptor.

We found that approximately one quarter of the partial transgene mice from 3 independent
founders developed autoimmunity with some of the features of SLE. This disease occurred in
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mice of a nonautoimmune-prone SWR genetic background. It did not occur in 3 independent
lines of SWR mice carrying a version of the partial transgene that was modified at one Arg
codon previously shown to be essential for the chromatin specificity of the original monoclonal
antibody (37). Unexpectedly, we could find no evidence that the transgene product was
involved in end-state pathology, as might be expected of an autoantibody.

Materials and Methods

Mice

SWR/J were purchased from Jackson Laboratory. All mice were bred in our facility and used
according to an IACUC approved animal protocol. All IghV partial transgene (pTg) mice were
initially generated on an SWR/J background, as described previously (33). Two versions of
pTg mice were developed: pTg18R and pTgl04RS. The pTg18R encodes the heavy chain V
domain of an antibody specific for a complex of H2A/H2B/dsDNA. The original hybridoma
(SN5-18) was generated from a spontaneously autoimmune (NZB x SWR)F1 mouse (3,8).
Two somatic mutations in the VH region that had no influence on chromatin-specificity were
eliminated to produce pTgl18R (8). In pTg104RS, an arginine codon at position 104 in CDR3
was additionally converted to a serine codon to eliminate chromatin specificity in the
corresponding antibody (37). The partial transgenes contained approximately 1 kb of DNA
upstream of the leader AUG start codon and approximately 1.6 kb of downstream DNA that
included the JH cluster and the intron (mu) enhancer (Figure 1A). Three founder lines of SWR
mice for each construct were obtained by injecting SWR eggs with EcoRI fragments of DNA
(3 kb) devoid of bacterial sequences.

PCR and sequencing of genomic partial transgenes

Partial transgenes were amplified from genomic DNA in a nested PCR reaction, using primers
Forward 1 (5’ ACTGGCAAGGATTCACAGCAA 3') and Reverse 1 (5’
GAAATGCAAATTACCCAGGTGG 3') for the first round, Forward 2 (5’
ACTCTTCCATTGCTGGTGGGATTTC 3') and Reverse 2 (5
TTTGCTCAGCCTGGACTTTCGG 3') for the second round (Figure 1A arrows). All the
reactions were performed using a high-fidelity DNA polymerase with proof-reading function,
Phusion DNA Polymerase (Finnzymes, Espoo, Finland) according to the manufacturer's
specifications. The PCR products were extracted from an agarose gel following electrophoresis
and sequenced to confirm that they contained intact promoter and enhancer elements.

Assessing autoimmunity in partial Tg mice

Sera of partial transgene and wild type SWR mice were screened every three weeks for anti-
chromatin antibodies and for physical signs of illness. The latter included skin lesions on the
back of the neck and ears, splenomegaly (postmortem) and kidney pathology with Ig and
complement factor 3 (C3) depositions (postmortem). Diseased animals, or animals that
appeared healthy at 12 months of age were sacrificed, and organs were collected for further
analysis. B cell hybridomas were generated from splenocytes of some animals using a standard
procedure (38).

Kidney histology

Kidneys were frozen in Optimal Cutting Temperature (O.C.T.) Compound (Sakura Finekek
Incorporated, Torrance, CA) or fixed in 2% formalin for at least 24 hours. Ig and C3 deposits
were detected by immunofluorescence (IF), using FITC goat anti-mouse IgM, IgG or C3, using
a in OCT frozen samples as described (10). Formalin fixed samples were stained with
hematoxilin and eosin (H&E). All samples were blindly analyzed and scored.
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Anti-nuclear antibodies

HEp-2 staining was performed on NOVA-Lite HEp-2 cells (Inova Diagnostics, San Diego,
CA) using sera at a dilution of 1:50 followed by FITC goat anti-mouse IgG (heavy chain-
specific) (Sigma, St. Louis, MO). Anti-chromatin 1gG antibodies were detected by first coating
96-well microtiter trays with mouse chromatin (10 pg/ml), followed by incubation with
blocking buffer solution [2 mg/ml bovine serum albumin (BSA), 1 mg/ml gelatin, 0.02%
thimerosal, and 0.05% Tween-20 (Fisher Biotech, Fair Lawn, NJ)] at 37°C for 2 hours. Mouse
sera diluted in blocking buffer (1:100) was added to the trays for one hour. 1gG anti-chromatin
antibodies were detected with a biotinylated goat anti-mouse 1gG (heavy chain-specific)
antibody (Southern Biotechnology Associates, Inc., Birmingham, AL). Bound antibodies were
quantified using a europium (Eu*)-based fluorimetric immunossay as described (10), with
one modification: the enhancement solution was prepared according to Keelan et al. (39). To
control for nonspecific binding, serum samples were tested against BSA-coated trays and the
bound radioactivity was subtracted from that of the chromatin-coated trays. Anti-chromatin
antibody concentrations were calculated using the SN5-18 antibody to construct a standard
curve (37). Total IgG antibodies were assayed in a similar manner, except that trays were coated
with goat anti-mouse Ig (H+L) at 1 ug/ml (Southern Biotechnology Associates, Inc.,
Birmingham, AL). For chromatin-binding studies, of Figure 5C, IgG antibodies were purified
and stripped of nuclear material as described (37).

A competition assay using an anti-clonotypic antibody (mAb7.4) was used to detect the
presence of anti-chromatin antibodies encoded by pTg18R. MAb7.4 is specific for paired heavy
and light chain variable domains of the SN5-18R mAb. 96-well trays, coated with mAb7.4 and
treated with blocking buffer, were incubated with test sera (1:100) together with biotin-
SN5-18R (0.5 ug/ml) followed by streptavidin-Eu3* and enhancement solution. 50%
competition was attained with 0.15-0.3 mg/ml of unlabeled SN5-18R.

IgG anti-chromatin subclasses

Results

IgH isotypes of anti-chromatin antibodies were determined as above, except that antibodies
were detected using horse radish peroxidase-conjugated goat antibodies against 1gG1, 1gG2a,
1gG2b and IgG3 (Southern Biotechnology Associates, Inc., Birmingham, AL) with the
developing reagent, 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid). Samples were
defined positive when the absorbance at 405 nm exceeded the average of negative controls
plus 3 standard deviations.

Spontaneous disease in SWR mice that carry an IghV partial transgene

We generated three independent lines of mice (pTg18R) carrying an IghV partial transgene
encoding the heavy chain variable domain of an antibody directed against a complex of H2A/
H2B/dsDNA.. The original hybridoma producing this antibody was produced from a
spontaneously autoimmune (NZBxSWR)F1 female mouse and belonged to a large lineage
(3). As show in Figure 1A, the partial transgene construct contains approximately 1 kb of DNA
upstream of the leader sequence and approximately 1.6 kb of DNA downstream of the
assembled JH segment but lacks all constant region sequences. As such, only rare B cells with
a partial transgene that has translocated into the Igh locus can express an antibody heavy chain
with a variable domain specified by the partial transgene. Previous studies have shown that
translocation occurs by homologous recombination at the 3' end of the partial transgene (35).
However, such recombination was so rare that it could not be detected in ex vivo B cells. Instead,
recombination was revealed in B cell hybridomas that were selected to express the partial
transgene by an immunization strategy. For each pTg18R line, the partial transgene was
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amplified from genomic DNA (Figure 1B) and sequenced to confirm that promoter and
enhancer elements were intact (data not shown).

When the first cohort of pTg18R mice aged beyond 5 months, some of the mice developed
visible signs of chronic inflammation, as manifested by skin lesions and a scruffy appearance
(Figure 1C). Control SWR mice in our colony never showed these signs of disease. Anti-
nuclear antibodies were also present in sera of some animals, as seen in stains of HEp-2 cells
(Figure 1D) and in chromatin-binding immunoassays. All mice with visible evidence of disease
or chromatin-binding antibodies also had enlarged lymph nodes and spleens (Figure 1E), but
not to the extent that they could be seen from the exterior. Table 1 lists various disease
manifestations distributed among affected individuals together with the age of onset and
gender. These first data suggested that there was no female sex bias among affected mice, an
interpretation confirmed by subsequent cohorts of pTg18R mice.

SLE-like disease with kidney pathology

A CDR3 Arg

Because kidney pathology is a key manifestation of SLE, we examined kidneys of pTg18R
mice that exhibited at least one other feature of disease (anti-chromatin 1gG, skin lesions or
splenomegaly). As predicted, most of these animals demonstrated some signs of kidney
pathology, including glomerular deposits of 1gG and/or C3 (Table 2 and Figure 2). However,
proliferative disease was modest and limited to relatively few animals. This could be due to
the fact that mice were sacrificed shortly after the first manifestation of disease. It is interesting
to note that kidney pathology did not require the presence of 1gG anti-chromatin, which has
been seen in other studies (40,41). To test for the presence of alternative autoantibodies that
might induce pathology due to formation of immune complexes, we screen the sera of diseased
animals for the presence of autoantibodies against small ribonucleoproteins (Sm), cardiolipin
and erythrocytes. None of the diseased animals had detectable titers of autoantibodies against
these self-antigens (data not shown). One animal without IgG or C3 deposition showed modest
signs of kidney pathology. Although this animal did exhibit low levels of glomerular IgM
deposition, they were not higher than that seen in several of the control nontransgenic SWR
animals.

is required for development of disease

Because disease developed in three independent lines of pTg18R mice and because it occurred
in mice that were hemizygous with respect to the transgene, we infer that disease was not likely
due to gene disruption at genomic sites of transgene integration. Given the origin of the partial
transgene, we conjectured that development of disease was dependent upon the anti-nuclear
specificity of antibody encoded by partial transgenes that recombined into the Igh locus. To
test this idea we created three more lines of SWR mice with the same partial transgene in which
a CDR3 Arg codon was converted to a serine codon. This alteration ablates the chromatin
specificity of the original monoclonal antibody (37). As before, we amplified and sequenced
the partial transgenes (pTg104RS) from genomic DNA to confirm that promoter and enhancer
elements were intact.

Several cohorts of pTg104RS mice and pTg18R and SWR mice were allowed to age until they
developed disease, as assessed by the appearance or anti-chromatin antibodies, or until 12
months if no visible signs of disease were present. Animals were then sacrificed and their
spleens were assessed for mass. While 23% of pTg18R mice showed clear signs of disease,
none of the pTg104RS mice or SWR mice showed any sign at one year of age. There was no
significant gender bias among afflicted pTg18R mice. Table 3 summarizes these results. The
most common disease feature was splenomegaly followed by serum IgG anti-chromatin
antibodies. On average, spleens of diseased pTg18R animals were 2.5 times the mass of those
of pTg104RS or SWR mice or of non-diseased pTg18R mice (Figure 3). This was reflected by
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similar increases in lymphocyte numbers. No changes in the percentages of T and B cells
subpopulations were seen in the spleens of diseased mice (data not shown). Although a modest
shift favoring follicular B cells over the other B cell subsets was apparent, this was insufficient
to account for the total increased splenic cellularity. We can infer from this that the >2-fold
increase in cellularity must be due to increases in both T and B lymphocyte numbers. Kidneys
of several aged pTg104RS were also analyzed for the presence of IgG deposits, but none showed
any difference when compared to the SWR control mice (data not shown).

Chromatin-reactive autoantibodies

We tested the anti-chromatin 1gG for heavy chain isotype and found that the predominant
subclasses were y2a and y3, followed by y2b (Figure 4). This subclass distribution, which is
indicative of inflammation, is similar to that observed in other spontaneous models of SLE
(1,42). Sera of pTg18R mice that contained IgG anti-chromatin were further analyzed
quantitatively in a fluoroimmunometric assay, as described in the Materials and Methods. The
concentration of 1gG anti-chromatin in these mice averaged 40 pg/ml, which was
approximately 2-fold less than that in sera pooled from 10 autoimmune B6.Slel mice (Figure
5A). On average, pTg18R mice with IgG anti-chromatin also had total 1gG concentrations that
were approximately 2-fold higher than non-diseased and control animals (Figure 5B).

To ensure that we were not misled by increased nonspecific binding to the assay trays due to
increased concentrations of total 1gG in diseased mice, we performed an additional test with
serum IgG that was purified on a goat anti-mouse 1gG affinity column. The purification
procedure was designed to remove nuclear antigens from anti-nuclear antibodies because such
immune complexes can produce artifacts in binding assays (37,43,44). Purified 1gG was then
tested at defined concentrations in the chromatin-binding assay. As shown in Figure 5C, the
sera that tested positive for anti-chromatin IgG in the initial assay were positive again in the
normalized assay using purified 1gG. This result is consistent with idea that the anti-chromatin
antibodies were products of specific clonal expansion, as opposed to polyclonal expansion/
activation.

To determine if the anti-chromatin antibodies were encoded by the partial transgene, we tested
sera of pTg18R mice in competition immunoassay using a monoclonal anti-idiotypic antibody
directed against the original SN5-18 monoclonal antibody. However, no such antibodies were
detected in any pTg18R mouse sera. In addition, we generated 4 hybridomas producing anti-
chromatin antibodies from 2 diseased pTg18R mice and sequenced their heavy chain variable
regions. The sequences revealed that none of the hybridomas expressed the VH gene encoded
by pTg18R (data not shown). Thus, we found that most diseased pTg18R mice produced anti-
chromatin antibodies, but none of the mice had detectable levels of antibody derived from the
partial transgene.

Discussion

We describe an autoimmune disease that develops spontaneously in SWR mice that carry a
partial transgene encoding the heavy chain V domain of an anti-nuclear antibody with
specificity for a complex of H2A/H2B/dsDNA. The disease is variously manifested among
individuals by one or more of the following features: serum anti-chromatin antibodies, kidney
pathology, skin lesions and enlarged secondary lymphoid organs, which collectively occur at
a penetrance of ~20-25%. A majority of the anti-nuclear antibodies were of heavy chain
isotypes (y2a, y3) indicative of inflammation and class switch recombination driven by IFN-
v. This, together with the other disease manifestations, such as skin lesions and enlarged
lymphoid organs, indicate an inflammatory condition.
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The kidney pathology observed in our mice is milder than that seen in some of the other
prototypical SLE disease models and does not strongly correlate with the presence of 1gG anti-
chromatin antibodies. One possible explanation is that our animals were sacrificed soon after
any sign of disease was observed, and before sufficient time elapsed for severe kidney
pathology to develop. In addition, the presence of anti-nuclear antibodies alone isn't always
accompanied by kidney disease, as other factors such as genetic predisposition and
inflammatory milieu are also important (45). The SWR strain appears to be relatively resistant
to antibodies directed to the glomerular basement membrane (46).

None of the autoimmune features observed in pTg18R mice were observed in similarly aged
control wildtype SWR mice, which are not genetically-predisposed to develop autoimmunity.
Moreover, it is unlikely that disease in pTg18R mice is due a genetic disruption at the site of
transgene integration because disease occurred in hemizygous pTg18R mice, in all 3 lines of
pTg18R mice, and not in any of 3 control pTg104RS lines. These observations indicate that
pTg18R induces autoimmunity in mice that are not genetically predisposed.

We infer that protein product of the partial transgene initiates disease because a VHCDR3
arginine codon in pTg18R was required for pathology. This same Arg was also required for
the chromatin-specificity of the original anti-nuclear monoclonal antibody that defines our
system (37). Moreover, the SWR genome carries the same Vx10.2 gene that encodes the light
chain V region of the original anti-chromatin monoclonal antibody (47).

It is unlikely that the untransloctated pTg18R directs synthesis of a protein product because
mRNA lacking proper termination and polyadenylation sequences is highly unstable. We also
considered the possibility that pTg18R integrated within the genome in such a manner as to
encode a pathogenic fusion protein, but dismissed this for two reasons. First, such an event
would have to occur 3 times independently. Second, the recombination event(s) would have
to be restricted to a 70 base segment of DNA between the disease-determining Arg codon at
position 104 in CDR3 and an in-frame translation termination codon located just 12 bases
downstream of the last JH codon. We considered the possibility that the NZB-derived
pTg18R encoded an immunogenic VHCDR3 peptide (containing Argig4) With respect to SWR
CD4+ T cells and hence provided an avenue of help to B cells without recombining into the
Igh locus. This is also highly unlikely because of the mRNA instability issue mentioned above.
Moreover, in a preceding study, immunodominant VH peptides of the 18R antibody (restricted
by the SWR I-A% molecule) were found in FR1 and CDR2 (47). Because these peptides are
also encoded by pTg104RS, we would have expected autoimmunity in pTg104RS mice if T
cell help to VH peptides were rate-limiting in disease initiation.

IghV partial Tg mice are unique among current Ig transgene models for autoimmunity because
genetic recombination is presumably required for expression of the heavy chain variable
domain encoded by the transgene. Importantly, partial transgenes have no heptamer/nonamer
recombination signal sequences, and studies in the anti-arsonate model have confirmed that
partial transgenes recombine into the Igh locus by homologous recombination (33-36). In
principle, such recombination could occur at any stage of B cell development, even in a cell
that already expresses an antigen receptor. The result of such a scenario would be similar to
one in which a mature nontransgenic B cell generates an autoreactive antibody by the process
of somatic hypermutation or receptor editing in the periphery (48-52). Evidence for receptor
editing in peripheral B cells of autoimmune-prone nontransgenic mice was recently reported
by Wakui et al. (53) and in autoimmune-prone lg transgenic mice by two laboratories (54,
55).

Late-stage recombination of pTg18R into the Igh locus of peripheral B cells could explain why
pTg18R mice develop autoimmunity despite the infrequency of such recombination events.
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Presumably these B cells would not have to traverse all stages of development and face the
associated self-tolerance checkpoints that begin in the bone marrow. Late-stage recombination
could also explain why there is no gender bias for disease in pTg18R mice. Estrogen relaxes
negative selection of autoreactive B cells and is partly responsible for the female sex bias seen
in spontaneous human SLE or animal models of SLE (56,57). However, estrogen may not be
so critical if the B cell is already activated at the time when partial transgene rearrangement
occurs. Regardless of why partial transgene mice develop autoimmunity, the induction of
disease by a partial Ig transgene in mice that are not otherwise predisposed to autoimmunity
is unique among current models of SLE.

Our findings suggest that immunocompetent precursors to anti-nuclear B cells can be rate-
limiting with respect to the development of anti-nuclear antibodies in systemic autoimmunity.
Although this idea is not widely accepted by investigators of SLE, there is some support for it
in the literature. For example, Wang et al. (58) reported that a DNA mimetope did not induce
anti-nuclear antibodies in DBA/2 mice, although it did so in BALB/c mice. Similarly, we have
found that when SWR mice are injected with calf chromatin, they develop strong IgG anti-
chromatin antibodies that bind calf chromatin but not mouse chromatin (unpublished data).
Both of these observations indicate that even though T cell help was available, anti-nuclear B
cells could not be successfully recruited into an autoimmune response in mice of certain genetic
dispositions. There are many possible reasons for this, including the absence of anti-nuclear B
cells in mice of certain genetic compositions.

Partial transgenes translocate to the Igh locus at a very low frequency, such that very few B
cells in pTg18R mice are expected to produce a receptor with the appropriate light chain that
confers specificity for H2A/H2B/dsDNA. In fact, like Guisti et al. (35), we have not been able
to detect the recombined partial transgene in central or peripheral lymphoid tissue by PCR of
ex-vivo lymphocytes. Moreover, in another study involving a partial transgene encoding the
VH of a rheumatoid factor crossed onto an MRL/Ipr genetic background, the pTg-derived
antibody could not be detected even though the repertoire of spontaneous autoantibodies was
clearly altered (59). The low frequency of recombination could, in part, explain the low
penetrance and delayed Kkinetics of disease in pTg18R mice. In addition, other regulatory
mechanisms may functionally inactivate or physically remove most of the anti-nuclear B cells
expressing the partial transgene. Hahn and colleagues reported evidence for regulatory CD8 T
cells that are able to suppress autoreactive B cells, apparently in a manner that is specific for
the B cell receptor (60). Cells of this type in the SWR strain conceivably could inhibit anti-
nuclear B cells expressing the pTg18R, resulting in marginal propagation of the B cells and a
low penetrance of disease. Although some of our diseased pTg18R mice produced no detectable
serum anti-nuclear antibodies, there are controversial reports of seronegative SLE, in which
no anti-nuclear antibodies can be detected. This was seen humans and in an MRL Ipr/lpr mouse
model where B cells express a transgene-encoded Ig that cannot be secreted (40,61,62). It is
also possible that the combination of the pTg18R heavy chain with an endogenous light chain
generated a tissue-specific autoreactive antibody with a nonnuclear specificity that induced the
pathology seen in some of our mice without anti-chromatin antibodies.

Collectively, our results support the idea that low frequencies of anti-nuclear B cells can initiate
autoimmunity with SLE-like manifestations in animals that are not genetically predisposed.
They show that the product of the 1g transgene that initiates disease is not a major contributor
to the anti-nuclear antibodies observed at late stages of disease. And they show that in some
cases, the transgene product induces what appears to be a seronegative form of autoimmunity.
Whether anti-nuclear antibodies or B cells cryptically initiate spontaneous SLE is unknown,
but the possibility is raised by the apparent seronegative feature of disease that is shared
between some of our pTg18R mice and certain patients that ostensibly have SLE.
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FIGURE 1.

Partial transgene construct design and disease manifestations. A, Schematic illustration of
pTg18R construct that was injected into fertilized SWR eggs and PCR products (B) resulting
from amplification of genomic DNA with indicated primers (arrows in A), as described in
Materials and Methods. Promoter (P), leader (L) and enhancer (E) positions are indicated
(Figure is not to scale). Note that the constructs lack constant region exons. Example of skin

lesion (C), nuclear staining of HEp-2 cells using sera (diluted 1/50) from one pTg18R animal
(D, left panel) but not another (D, right panel) and splenomegaly (E).
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FIGURE 2.

Kidney pathology in autoimmune pTg18R mice. A, kidney sections stained with goat anti-
mouse 1gG-FITC ata low magnification (10x). B, 1IgG and complement factor 3 (C3) deposition
revealed by immunofluorescence, and glomerular inflammation revealed by H&E staining for
representative diseased (left panels) and non-diseased (right panels) pTg18R mice.
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FIGURE 3.

Splenomegaly in autoimmune pTg18R mice. Average spleen masses are indicated for diseased
pTg18R mice, and non-diseased pTg18R, pTg104RS and SWR mice. The spleens of pTg18R
diseased animals were significantly more massive than those the control groups (* pTg18R
diseased vs pTg18R nondiseased p= 0.0167, ** pTg18R diseased vs pTg104RS p= 0.003, ***
pTgl8R diseased vs SWR p= 0.009).
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FIGURE 4.

Heavy chain isotypes of 1gG anti-chromatin antibodies in pTg18R mice. IgG Anti-chromatin
antibodies in pTg18R sera were quantified with isotype-specific antisera. 1 unit (dotted line)
represents the average for a pool of negative sera from SWR mice plus 3 standard deviations.
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FIGURE 5.

IgG anti-chromatin as a product of clonal selection. 1gG anti-chromatin (A) and total 19G (B)
in pTg18R sera were quantified as described in the Materials and Methods. Asterisk indicates
that counts bound to chromatin-coated trays were less than or equal to zero after subtracting
counts bound to BSA-coated control trays. B6.Slel mice were 5 months old. C, IgG anti-
chromatin normalized to total 1gG. Assay was performed with purified serum IgG that was
treated to remove contaminating nuclear antigens. Results are expressed as micrograms of 19G
anti-chromatin per milligram of total purified 1gG to control for nonspecific binding as a
function of total 1gG.
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Table 3
Frequency of SLE-like disease in pTg18R mice
Disease Spleent  Lesion 4G g-chrC
pTg18R combined 26/123 (21.13%) 24 9 18
pTglgR_la 7141 7 0 2
pTglgR_za 5/18 3 3 4
pTglgRsa 14/64 12 6 12
pTg104RS combined 0/114 (0%) 0 0 0
pTglO4RS.la 0/56 0 0 0
pTglo4R5.2a 0/41 0 0 0
pTglo4RSI3a 0/17 0 0 0
SWR 0/60 (0%) 0 0 0

aNumbers following decimal point indicate lines of pTg18R or pTg104RS mouse.

bSplenomegaly

c . . .
1gG anti-chromatin detected in sera.
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