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We investigated the possibility that manifestations of Lyme disease in certain hosts, such as arthritis and
carditis, may be autoimmunity mediated due to molecular mimicry between the bacterium Borrelia burgdorferi
and self-components. We first compared amino acid sequences of Strepfococcus pyogenes M protein, a known
inducer of antibodies that are cross-reactive with myosin, and B. burgdorferi and found significant homologies
with OspA protein. We found that S. pyogenes M5-specific antibodies and sera from B. burgdorferi-infected mice
reacted with both myosin and B. burgdorferi proteins by Western blots and enzyme-linked immunosorbent
assay. To investigate the relationship between self-reactivity and the response to B. burgdorferi, NZB mice,
models of autoimmunity, were infected. NZB mice infected with B. burgdorferi developed higher degrees of joint
swelling and higher anti-B. burgdorferi immunoglobulin M cross-reactive responses than other strains with
identical major histocompatibility complex (DBA/2 and BALB/c). These studies reveal immunological cross-
reactivity and suggest that B. burgdorferi may share common epitopes which mimic self-proteins. These
implications could be important for certain autoimmunity-susceptible individuals or animals who become

infected with B. burgdorferi.

Lyme disease is caused by the spirochete Borrelia burgdorferi
(4, 40). One isolate, B31, has been completely sequenced (15).
The bacterium is complex, containing more plasmids than
other bacteria, and over 90% of these plasmid genes have no
similarity to genes outside Borrelia spp. (6, 15). Some of its
plasmids are frequently lost during cultivation. Loss of some
genes may block experimental in vivo infectivity from one host
to another yet may permit pathogen survival even after anti-
biotic therapy (5). This may allow an inflammatory host re-
sponse with certain clinical features that resemble autoimmune
manifestations (41). Thus, it is plausible that individual clinical
manifestations from an infection may vary depending on the
combination of host response and pathogen properties. These
factors prompted us to consider experiments to support or
counter the possibility of an infection-triggered autoimmunity-
like phenomenon in certain cases of Lyme disease, especially
when the organism or its antigenic material persists beyond an
acute period. We decided to pursue experimentation after our
database search revealed common motifs between B. burgdor-
feri and human alpha myosin heavy chain.

There is precedent for infection-triggered autoimmunity or
inflammation and a genetic predisposition. Molecular mimicry
is one mechanism of autoimmunity following infection (16, 45)
and may have relevance to the arthritis and carditis of Lyme
disease. Arthritis and autoimmune carditis are common se-
quelae following infection with Streptococcus pyogenes (16, 45,
46). Autoimmune damage and arthritis can also result second-
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ary to infection with Shigella, Salmonella, and Yersinia (24).
Arthritis and arthralgia are common manifestations of Lyme
disease (38) and are seen in autoimmune diseases such as
systemic lupus erythematosus and rheumatoid arthritis. It has
been postulated that infectious agents may trigger and sustain
chronic inflammatory arthritis due to the persistent release or
presentation of immunogenic material in affected individuals
(2, 3, 20, 32). Alternatively, arthritis may be due to the trig-
gering of anti-self-reactivity from cross-reactive antibodies
(Abs) which recognize both the infectious agent and self-com-
ponents. Both may occur.

In this study, we used the murine NZB model of autoim-
mune disease for experimental B. burgdorferi infection to de-
termine if it provokes demonstrable features such as joint
swelling and anti-B. burgdorferi antibodies which bind to self-
components. We also investigated whether antistreptococcal
monoclonal Abs (MAbs) that react with streptococcal M pro-
teins and self-components also react with B. burgdorferi-spe-
cific proteins.

MATERIALS AND METHODS

Mice. All mice were obtained from Jackson Laboratories, Bar Harbor, Maine,
and housed in the animal facilities at the University of Medicine and Dentistry
of New Jersey. DBA/2, BALB/c, and NZB mice were employed in this study.
Mice (five mice in a group) were infected with B. burgdorferi, and sera were
obtained at various time points following infection. Joint swelling of tibiotarsal
joints was assessed weekly. At the time of death, sera were obtained by retro-
orbital sinus puncture, and tissues were saved for histopathological examination.

Sequence analysis of protein similarities between OspA of B. burgdorferi and
M proteins of S. pyogenes. Genlnfo, a multiple-database information retrieval
and analysis system at the National Center for Biotechnology Information, was
used to reexamine previously noted sequence homologies between B. burgdorferi
lipoproteins and S. pyogenes M proteins (30). Amino acid sequence comparisons
between OspA (GenPept accession number AAC6620) and S. pyogenes M pro-
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FIG. 1. Joint swelling in mice at various weeks after infection with B. burgdorferi. Mice were between 9 and 12 months of age at the time of
initial infection. Data are means =+ standard deviations (approximately five mice/group). Values are shown as the differences from uninfected time
zero for each mouse. The NZB group was significantly different from the other groups on day 14 (P < 0.05; Student’s ¢ test).

tein sequences in the Swiss-Prot, GenPept, and PIR databases were performed
by using FASTA software homology comparisons (31). LFASTA was used to
determine multiple similarities between B. burgdorferi OspA and S. pyogenes M5
sequences which had known cross-reactivity with self-proteins (8). Inclusion of
conservative amino acid changes (amino acid substitutions that share the same
properties) increased the overall similarities between these sequences. Peptides
derived from the primary structure of the M5 protein were chemically synthe-
sized for use as experimental controls with a DuPont RAMPS manual peptide
synthesizer as previously described (19), and the high-performance liquid chro-
matography-purified synthetic peptide was confirmed by amino acid analysis.
The peptide sequences were NT2 (KEALDKYELENHDLKTKN), NT3 (LKT
KNEGLKTENEGLKTE), and NT4 (GLKTENEGLKTENEGLKTE).

Borrelia strain and infections. The low-passage B. burgdorferi isolate 910255
used in these experiments has previously been described (23). Spirochetes were
grown in vitro in Barbour-Stoenner-Kelly medium (1), harvested, and counted.
Mice were injected subcutaneously with 5 X 10° B. burgdorferi spirochetes in a
total volume of 0.3 ml.

Joint lesion assessment. Arthritic joint lesion development in B. burgdorferi-
infected mice was quantitated by measuring changes in the anterior-posterior
tibiotarsal joint diameter over time. Before experimental B. burgdorferi infection,
baseline joint diameters for all mice were measured and recorded. Measurement
of joint swelling in B. burgdorferi-infected mice was performed at weekly intervals
by using a spring-loaded microcaliper (Federal, Providence, R.I.). Data are
reported as the difference in diameter from the uninfected time zero with each
animal serving as its own control.

ELISA. Enzyme-linked immunosorbent assays (ELISAs) were performed by us-
ing Immulon plates according to established protocol with minor modifications.
Briefly, plates were coated with antigens at 10 wg/ml. Antigens employed were S.
pyogenes M5 protein (obtained as described previously [12]), bovine myosin (Sigma-
Aldrich, St. Louis, Mo.), and sonicated B. burgdorferi protein (strain 910255) and
OspA (obtained from J. Dunn). Plates were coated with the various antigens for 2 h
at room temperature, and 2% bovine serum albumin was used to block the plates.
Antistreptococcal MAbs were hybridoma culture supernatants obtained from fu-
sions of BALB/c spleens from mice immunized with purified M type 5 streptococcal
membranes as described previously (12, 36). Sera (from mice immunized with B.
burgdorferi) or MAbs were added to the blocked and washed triplicate wells and
incubated for 1 h at 37°C. Sera from B. burgdorferi-infected animals were used at a
1:100 dilution. Antistreptococcal MAbs were tested as undiluted culture superna-
tants. Wells were then washed and incubated for 1 h at 37°C with horseradish
peroxidase-conjugated goat anti-mouse immunoglobulin G (IgG) (y chain specific;
Sigma-Aldrich) or conjugated goat anti-mouse IgM (p chain specific; Sigma-Al-
drich). After washing, the plates were developed with ABTS [2,2"azinobis(3-ethyl-

benzthiazolinesulfonic acid] or TMB peroxidase substrate (Kirkegaard & Perry,
Gaithersburg, Md.). Specific Ab concentration was determined by incubation of sera
on plates coated with either anti-IgM or anti-IgG, and optical density (OD) readings
were compared to standards of known IgM or IgG concentrations. Competitive
ELISAs to determine polyspecificity (9) were performed by preincubation of sera or
monoclonal antibodies with specific antigens (10 wg/ml) at both 1 h at room tem-
perature and overnight at 37°C prior to addition to the ELISA plates. Nonspecific
competition was performed with mouse IgM. Percent inhibition was calculated by
comparing the OD readings with values obtained with no preincubation as previ-
ously described (9).

Western blot analysis. B. burgdorferi (B31) sonicates (kindly provided by Marc
Golingtly, State University of New York, Stony Brook, N.Y.) or recombinant
full-length OspA (expressed in Escherichia coli and purified by Triton X-114 and
ion exchange chromatography as described previously [11]) was added to
Laemmli gel sample reducing buffer consisting of 2% sodium dodecyl sulfate, 60
mM Tris-HCI (pH 6.8), 0.1 M dithiothreitol, 0.005% bromophenol blue, and
10% glycerol and boiled to load each well of the preparative gel with either 16
wg of whole B. burgdorferi sonicates or 1.6 pg of recombinant OspA protein.
Molecular weight standards were run in tandem. The Western immunoblot was
run and the blot was developed as previously described (35). Mouse sera were
reacted with nitrocellulose strips at a 1:100 dilution. Antistreptococcal MAbs
were concentrated 10-fold using a SpeedVac. Secondary Abs consisted of goat
biotinylated anti-mouse IgM (. chain specific) or biotinylated anti-mouse IgG (y
chain specific).

Microscopic examination and image acquisition. High-quality computerized
images were obtained from the hematoxylin- and eosin-stained sections by using
a DM-RB compound microscope (Leica Microskopie und System GmbH) and
the Image Pro Plus version 4.0 image processing and analysis system for Win-
dows (Media Cybernetics, Silver Spring, Md.). A 10X PL Fluotar lens was used
for this application. The images were acquired through a DEI-750 CE color
camera (Optronics, Goleta, Calif.), and the digitized images were processed
using Microsoft Windows N'T Workstation, version 4.0, with a Trinitron Pentium
IIT computer. Images were assessed for the number of nuclei present in a fixed
area. The total area of the image was obtained as well, allowing for determina-
tion of the amount of nuclear area per total image area. While this method was
unable to distinguish between cardiac cells and inflammatory cells, the actual
nuclear area of cardiac cells for a given area should be roughly the same in both
treated and untreated samples. Once the nuclear area and total area values were
obtained, they were exported into Microsoft Excel for statistical analysis.

PCR amplification of B. burgdorferi DNA. PCR amplification and detection of
B. burgdorferi DNA followed previously reported procedures that have been
shown to have high reliability in detection of B. burgdorferi DNA in mouse tissues
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FIG. 2. Levels of anti-B. burgdorferi antibodies in B. burgdorferi (Bb)-infected animals at various times pre- and postinfection using equivalent
serum dilutions. Data in columns represent mean values for OD (O.D.) readings in an ELISA of pooled sera from each group. Sera (diluted 1:10)
were obtained from animals studied at 9 to 12 months of age. Columns are IgM (left three groups) and IgG (right three groups) antibodies reactive

with B. burgdorferi.

(27). The OspA and OspB primers employed have been shown to have 92 to 96%
reliability in detecting B. burgdorferi DNA in mouse tissues (27). Primers were as
follows: primer set 15/272 (detects a 280-bp portion [positions 15 to 294] of the
OspA gene), consisting of OspA6 (ATT GGG AAT AGG TCT AAT ATT AGC
CT) and OspA7 (TGT GGT TTG ACC TAG ATC GTC AG); and primer set
1110/1428 (detects a 328-bp portion [positions 1110 to 1438] of the OspB gene),
consisting of OspB-1110 (AAA CGC TAA ACA AGA CCT TCC TG) and
OspB-1411 (AGC TTT GAG AGT TTC CTC TGT TAT TGA).
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RESULTS

Overall, our results show that an autoimmunity-prone NZB
mouse can develop a greater degree of clinicopathologic features
than a non-autoimmunity-prone mouse. Furthermore, there is a
greater antibody response to the inciting infectious pathogen, B.
burgdorferi, which is cross-reactive with host tissue.

B \Vithout myosin absorption
With myosin absorption

NZB Sham Infected

NZB Bb Infected

FIG. 3. Levels of IgM anti-OspA antibodies in control and B. burgdorferi-infected NZB mice infected between 5 and 6 months of age and bled
on day 35 postinfection. Data in columns represent mean values for OD (O.D.) readings in an ELISA.
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FIG. 4. The mean ELISA OD (0O.D.) readings of IgM anti-myosin
reactivity in pooled sera of groups of mice infected with B. burgdorferi
35 days prior to readings. The anti-S. pyogenes (Strep) M5 MAb 36.2.2
was employed for comparison.
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Joint swelling in mice infected with B. burgdorferi. Autoim-
mune NZB and nonautoimmune mice were infected with B.
burgdorferi, and tibiotarsal joint swelling was measured (Fig. 1).
Joint swelling was moderate in the NZB mice and maximal at
2 weeks postinfection, while nonautoimmune H-2-matched
control strains showed little joint inflammation. This was sig-
nificant by the Student’s 7 test (<0.05). NZB mice experienced
increased joint swelling over the duration of the experiment.

Antibody response in mice infected with B. burgdorferi: an-
ti-B. burgdorferi, anti-OspA, and anti-S. pyogenes M5. Analysis
of the immune reactivity of the sera from all mice infected with
B. burgdorferi indicated that the IgM anti-B. burgdorferi re-
sponse was maximal on day 20 and that autoimmune NZB
mice had the highest levels (Fig. 2). The IgM anti-B. burgdorferi
response was temporally related to the peak joint swelling
observed in these mice. The nonautoimmune strains of mice
showed reduced IgM anti-B. burgdorferi responses and reduced
joint swelling relative to that observed in the H-2-identical
autoimmune NZB mice (Fig. 2). There was little difference
between the NZB and the nonautoimmune mice in terms of
IgG response at day 20, when joint swelling was observed in
NZB mice, but at day 35, a significant increase in the IgG
response in NZB mice was seen.

To further characterize the antibody response to B. burgdor-
feri, the response to a B. burgdorferi-specific protein, OspA, was
studied. There was a significant increase in anti-OspA reactiv-
ity in NZB mice following infection. (Fig. 3). Restated, it ap-
pears that there is an inducible IgM-specific component of
anti-OspA antibody when the animal is infected. Since only the
NZB strain demonstrated the induction of anti-myosin cross-
reactivity following infection with B. burgdorferi, competitive
analysis was performed with this strain. No reactive changes to
cardiolipin were observed.

Anti-self-reactivity induced in B. burgdorferi-infected mice.
In Fig. 4, the induction of anti-myosin reactivity in mice in-
fected with B. burgdorferi is shown. The NZB mice had more
anti-myosin reactivity following B. burgdorferi infection than
did the two nonautoimmune strains tested. In general, NZB
strains are the most responsive strains (Fig. 5). Approximately
50% of the reactivity of S. pyogenes M MAb (MAD 36.2.2),
which was cross-reactive to B. burgdorferi, was reduced (Fig. 6).
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FIG. 5. Levels of IgM anti-S. pyogenes M5 antibodies in B. burg-
dorferi-infected animals at various times pre- and postinfection. Data
in columns represent mean values for OD readings in an ELISA.
Pooled sera (diluted 1:10) were obtained from animals studied at 9 to
12 months of age (approximately five mice/group).

The IgM level of NZB mice at day 20 was competitively re-
duced by approximately 90% (Fig. 6). The non-autoimmunity-
prone strain, DBA, which had only a limited IgM response to
B. burgdorferi after infection at day 20, had an insignificant
reduction of that reactivity. Since anti-myosin reactivity is often
generated following S. pyogenes infection, we looked for and
found a sequence similarity in silico. This similarity was found
between B. burgdorferi OspA and S. pyogenes M5 peptide al-
ready associated with cross-reactivity (the region of similarity
between OspA and S. pyogenes M5 was in the previously iden-
tified NT2 region [amino acids 159 to 168]). The induction of
anti-S. pyogenes M5 IgM antibodies following infection with B.
burgdorferi was significant only in the autoimmunity-prone
NZB mice and not with DBA or BALB/c mice on day 20 and
day 35 postinfection (Fig. 5). As noted, in the competitive
ELISA, only the NZB anti-B. burgdorferi antibodies were sig-
nificantly decreased (90% reduction) by preincubation with S.
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FIG. 6. Competition of anti-B. burgdorferi (anti-Bb) reactivity with
S. pyogenes M5 protein. Sera from 9- to 12-month-old individual NZB
and DBA mice obtained on day 20 postinfection with B. burgdorferi or
culture supernatants from anti-S. pyogenes (Strep) MAb 36.2.2 were
preincubated with 10 g of S. pyogenes M5 protein and then tested by
ELISA for reactivity with B. burgdorferi lysates. Data represent mean
OD values.
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FIG. 7. (A) Western blot immunoreactivity of serum or monoclonal antibodies to purified recombinant OspA lipoprotein. The control lane
contains anti-OspA monoclonal antibody which detects the 31-kDa OspA protein. Sera were obtained from B. burgdorferi-infected NZB (lane b),
DBA/2 (lane c¢), and BALB/c (lane d) mice 35 days following infection. Also shown are anti-S. pyogenes (Strep) M5 IgM MAbs 36.2.2 (lane e) and
54.2.8 (lane f). (Anti-OspA reactivity was detected with specific conjugated goat anti-mouse IgM in all lanes except the control lane, which was
reacted with goat anti-mouse IgG.) (B) Anti-S. pyogenes monoclonal antibodies were screened for binding to ELISA plates coated with either B.
burgdorferi sonicates, purified M5 protein, or control subpeptides NT3 and NT4. Data in columns represent mean values for OD readings in an

ELISA.

pyogenes M5, and for comparison, an antistreptococcal MADb,
36.2.2, with known cross-reactivity with myosin is presented
(Fig. 6). We found amino acid sequence similarity between B.
burgdorferi OspA and streptococcal M protein, which sug-
gested that B. burgdorferi and S. pyogenes share epitopes which
cross-react with self-components. This reactivity was investi-
gated further by Western analysis. Infected NZB and DBA/2
mice both demonstrated anti-B. burgdorferi IgM reactivity with
a band at 31 kDa (marked by recombinant B. burgdorferi
OspA) (Fig. 7). In addition, the antistreptococcal MAbs rec-
ognized this same 31-kDa OspA protein. We used NT3 and
NT4 as negative controls. ELISA and Western blot results
show that two anti-S. pyogenes M5 MAbs, 36.2.2 and 54.2.8,
reacted with full S. pyogenes M5 but not NT3 or NT4 synthetic
subpeptides (Fig. 7).

Carditis following B. burgdorferi infection in NZB mice.
Heart tissue was studied for the presence of B. burgdorferi
spirochetes and inflammation. Infected NZB mice remained
positive for the presence of B. burgdorferi DNA throughout the
duration of the experiment (Table 1). Controls were negative
for the presence of spirochetes in the heart as well as inflam-
mation. Microscopic examination of heart tissue showed that
inflammation in the heart was readily observed in NZB mice
following B. burgdorferi infection. This was quantified by enu-

merating cellular infiltrates (nuclear ratios). A statistically sig-
nificant increase in cellular infiltration was observed in the B.
burgdorferi-infected hearts. The computer analysis showed that
there were 663 = 36.9 cells in the control mice compared to
996.8 = 72.4 cells in the infected mice.

DISCUSSION

The present study investigated the possibility of epitope sim-
ilarities between the infectious agent (B. burgdorferi) respon-
sible for Lyme disease and host proteins. Our experiments took
advantage of two well-characterized systems to study self-re-
activity. The first system involved the relationship between the

TABLE 1. Persistent presence of B. burgdorferi in the hearts of
infected mice

Time of B. burgdorferi % PCR positive for OspA

Mice

infection (no. positive/total)”
NZB None (control) 0(0/3)
NZB 6 weeks 60 (3/5)
NZB 8 months 100 (4/4)

“ Each group was tested for the OspA gene in the heart and spleen by semi-
quantitative PCR.
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MS protein of S. pyogenes and self-components. This relation-
ship was analyzed further since we noted a sequence similarity
between the B. burgdorferi protein OspA and the S. pyogenes
MS protein. The second system used the NZB strain of mice,
which develops autoimmune disease characterized by IgM hy-
pergammaglobulinemia due to a subset of B cells, B-1 cells,
noted for the polyreactive nature of the IgM they produce.
NZB mice were infected with B. burgdorferi to determine if
cross-reactive antibodies were produced. The anti-B. burgdor-
feri response in NZB mice was compared to that of two non-
autoimmune strains of mice, DBA/2 and BALB/c, as well as
uninfected NZB mice. All three strains are myosin heavy chain
identical, H-2¢, to control for the fact that the development of
Lyme arthritis in humans may be linked to the myosin heavy
chain loci (39). We hypothesized that in autoimmunity-prone
animals, much of the anti-B. burgdorferi response might also
recognize the S. pyogenes M5 protein as well as myosin due to
molecular mimicry. We found that the infected NZB strain
developed higher levels of IgM anti-B. burgdorferi, which was
temporally related to the higher levels of joint swelling ob-
served in NZB mice compared to those of control strains. The
IgM anti-B. burgdorferi response in NZB also cross-reacted
with S. pyogenes M and myosin, both of which share sequence
homology with B. burgdorferi OspA, suggesting a role for mo-
lecular mimicry in the generation of these Ab reactivities.
These findings are consistent with prior evidence that immune
responses to infectious agents may lead to deleterious autoim-
mune phenomena due to the immunological cross-reactivity of
bacterial epitopes and self-components (8, 16).

In this report, sequence similarity between the NT2 peptide
of the S. pyogenes M5 protein and B. burgdorferi OspA was
noted. Based on the sequence similarity and secondary struc-
ture similarities between OspA, S. pyogenes M5 (NT2 peptide),
and myosin, the immune response to B. burgdorferi which re-
sults in an anti-OspA response may have both beneficial and
potentially harmful effects. OspA is a major outer surface
protein of B. burgdorferi and is a basic lipoprotein with an
approximate size of 31 kDa and demonstrates antigenic vari-
ability (29, 44). In the majority, but not all, of spirochetes
involved at the onset of infection, OspA is downregulated,
whereas OspC is upregulated (10). However, sufficient expo-
sure occurs, since several studies have detected T- and B-cell
responses to OspA in the acute phase (21, 25, 35). Antibodies
specific for OspA occur in Lyme disease, and when anti-OspA
antibodies are passively transferred, they protect (14, 37). Al-
though antibodies play a role in resistance to B. burgdorferi
(22), T cells and their associated cytokines are also involved in
the type of immune response invoked during B. burgdorferi
infections (22, 26, 28). OspA has been shown to cause poly-
clonal activation of B cells (43), which may result in increased
production of polyreactive IgM antibodies which cross-react
with self-components in B. burgdorferi-infected NZB mice.
However, other mechanisms may be involved.

It is possible that cross-reactive antibodies initially triggered
by B. burgdorferi lipoproteins such as OspA have initiated an
autoimmune reaction. The IgM response to B. burgdorferi and
the ability of S. pyogenes M5 to compete with this reactivity
further suggest that cross-reactive antibodies induced by B.
burgdorferi may be involved in mimicry to self-components and
could play a role in certain cases of Lyme arthritis. Anti-B.
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burgdorferi antibodies, in particular anti-OspA antibodies, may
be protective in Lyme disease; however, even healthy patients
vaccinated with an OspA-containing formulation developed
transient arthralgia (34). However, a reactive arthritis was not
a universal finding in the OspA vaccine recipients (42). In
some cases, the anti-B. burgdorferi response may have undesir-
able effects which may be more severe in individuals with a
predisposition towards autoimmunity. A component of the an-
ti-B. burgdorferi response is T-cell independent (13), and a
subpopulation of T-cell-independent B. burgdorferi-responsive
B cells may produce polyreactive antibodies which cross-react
with self-components. In the present study, the fact that the
anti-S. pyogenes M monoclonal antibodies (which recognized
the NT2 peptide) also reacted with B. burgdorferi proteins
suggests that the polyreactive nature of IgM antibodies elicited
in response to both S. pyogenes and B. burgdorferi may play a
role in autoimmunity and the development of arthritis. In
addition to sequence similarity between B. burgdorferi proteins
and S. pyogenes M proteins, other infectious agents such as
coxsackie B3 virus, known to induce autoimmune damage, also
have sequence similarity to S. pyogenes M5 (17, 19). These
studies indicate that pathogenic immune response to cross-
reactive self-epitopes may be responsible for cardiac injury
following infection with a number of agents. In this report, we
provide evidence that similar to the anti-S. pyogenes response,
anti-B. burgdorferi antibodies may have the ability to cross-
react with self-components and lead to autoimmune tissue
reactivity or impairment of function.

Studies with non-autoimmunity-prone mice have shown that
in the course of an immune response to foreign antigen, auto-
reactivity arises normally and is eliminated by apoptosis (33).
Autoimmunity-prone individuals may have an increase in the
production of polyspecific IgM antibodies which cross-react
with self-components as well as defective apoptosis induction
which would otherwise eliminate self-reactive B cells, including
those which have acquired self-reactivity as a result of somatic
mutation. This suggests that the basic mechanism leading to-
ward the production of autoantibodies may lead to the induc-
tion of cross-reactive antibodies following some infections, as
was observed in the present study. It is conceivable that cross-
reactive Abs may remain at low circulating levels but may still
be tissue bound.

Immunological response to B. burgdorferi may be responsi-
ble for many of the symptoms associated with Lyme disease,
and Ab production may be crucial to clearance of this spiro-
chete. It is unclear which isotype may be more effective in
clearance, but Th1 or Th2 subsets determine the predominant
immunoglobulin class involved. In patients who have treat-
ment-resistant chronic Lyme disease, autoimmune mecha-
nisms may play a role in persistent disease (18, 41).

We found that the majority of our infected animals were
PCR positive for B. burgdorferi DNA. Thus, B. burgdorferi may
be an active agent in causing cardiac damage or dysfunction
(7), but the mechanism of the usual human transient conduc-
tion defections remains unexplained.

In summary, our data, albeit preliminary, suggest that the
degrees of autoimmunity in Lyme disease warrant further in-
vestigation to distinguish pathogenetically related possibilities
from epiphenomena.
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