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C-reactive protein (CRP) is an acute-phase reactant frequently used in histochemistry as a marker of
ongoing inflammation. Furthermore, CRP is a powerful biomarker for the prediction of coronary artery disease
risk. Heat-shock protein 60 (Hsp60) and CRP are complement-activating molecules, and the effect of their
interactions on the regulation of complement activation was studied. However, during the first experiments, we
learned that polyclonal anti-CRP antibodies cross-react with Hsp60. Therefore, the aim of our present study
was to analyze the cross-reactivity of anti-CRP antibodies (Ab) with Hsp60 in solid-phase enzyme immune
assays, in epitope studies using a series of overlapping synthetic peptides, and in Ouchterlony analyses. We
found that three different commercial rabbit polyclonal antibodies and two monoclonal (9C9 and CRP-8)
anti-CRP antibodies specifically recognize recombinant human Hsp60 and recombinant Mycobacterium tuber-
culosis Hsp65, respectively. Hsp60 was found to inhibit the binding of anti-CRP polyclonal Ab to Hsp60. Six
epitope regions of Hsp60 were recognized by the anti-CRP antibodies, and one region (amino acids [AA] 218
to 232) was recognized by monoclonal antibodies CRP-8 and 9C9. This epitope region of Hsp60 displays 26.6%
amino acid identity to CRP AA region 77 to 90. These data suggest that the B-cell epitopes shared between CRP
and Hsp60 give rise to a true mimicry-based cross-reaction and the induction of cross-reactive antibodies. Our
study underlines the importance of thorough study design and careful interpretation of results while using
polyclonal anti-CRP antibodies for histochemistry, especially at low dilutions. Furthermore, analytical inter-
ference with Hsp60 in CRP assays should also be tested.

C-reactive protein (CRP) is an acute-phase reactant in
humans, rabbits, and a number of other mammalian species.
It is expressed and secreted primarily by hepatocytes, but
recently, local production at sites of inflammation by mono-
cytes has also been reported (20). The serum CRP concen-
tration increases up to 1,000-fold during the acute-phase
reaction or inflammation. CRP has been shown to activate
the classical complement pathway by C1q binding (7). Fur-
thermore, CRP is active in opsonization and lymphocyte
modulation and in natural killer cell, macrophage, neutro-
phil, and platelet responses (5). It has been reported that
human CRP may exist in two antigenically distinct forms,
which are known as native CRP (nCRP) and modified CRP
(mCRP). Neoepitopes are expressed on mCRP when the
native pentameric form of CRP is dissociated into free sub-
units (10). Commercial anti-CRP antibody preparation may
possess a significant proportion of specificities (up to 16% of
the total reactivity) directed against CRP neoepitopes (14).

Heat shock proteins (Hsps) are ubiquitous, phylogenetically
highly conserved stress proteins, having essential roles in cell
survival (3). Hsps are often immunodominant antigens recog-
nized in bacterial, fungal, and parasitic infections and are
therefore capable of inducing strong humoral and cellular im-
mune responses in mammals (1). Immunization schedules of-
ten involve the administration of the antigen in complete
Freund’s adjuvant (CFA), followed by booster injections of
antigens. CFA is an emulsion of mycobacteria in oil, and
Hsp65 is an immunodominant antigen of mycobacteria. It is
hardly surprising that Hsp65-reactive T cells and antibodies
develop in response to CFA; indeed, this has been demon-
strated with rats (13) and rabbits (18).

We have previously shown strong activation of the classical
pathway of complement by human Hsp60 (11). Since the ex-
pression of Hsp60 and the complement-activating acute-phase
reactant CRP are increased at sites of inflammation, we in-
tended to determine whether Hsp60 is able to form complexes
with CRP. However, we learned during the first experiment
that anti-CRP polyclonal antibodies recognize human Hsp60.
Hence, the aim of the present study was to characterize the
anti-Hsp60 activity present in anti-CRP antibody preparations.
Since anti-CRP antibodies are widely used for immunohisto-
chemistry, our data may be of importance in regard to the
interpretation of these studies.
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MATERIALS AND METHODS

Proteins and antibodies used. Recombinant human Hsp60 and recombinant
Mycobacterium tuberculosis Hsp65 antigens were obtained from Lionex, Ltd.,
Braunschweig, Germany. Rabbit polyclonal anti-Hsp65 antibodies were pro-
duced by immunizing two New Zealand White rabbits by using a standard
protocol. Briefly, following prebleeding to collect preimmune serum, 0.2 mg of
antigen was injected intradermally into the rabbits, with CFA (Sigma-Aldrich, St.
Louis, MO). Quintuple booster immunizations with 0.2 mg antigen and incom-
plete Freund’s adjuvant were given to the rabbits intradermally every 2 weeks
following the initial immunization. Animals were bled 1 week after the second
and fourth booster injections to determine titers. One week after the final
booster injections, the animals were exsanguinated under deep anesthesia. All
experimental procedures were approved by the Animal Care and Ethics Com-
mittee of the Faculty of Veterinary Science, Szent István University, and com-
plied with the Hungarian Code of Practice for the Care and Use of Animals for
Scientific Purposes. Purified human C-reactive protein (code C-4063) was ob-
tained from Sigma. Goat anti-CRP (Autokit CRP-HS R2; WAKO Chemicals
GmbH, Neuss, Germany), rabbit anti-CRP (code C-3527; Sigma-Aldrich, Stein-
heim, Germany), and rabbit anti-CRP (code A0073; DAKO, Glostrup, Den-
mark) polyclonal antibodies were purchased. The anti-CRP monoclonal
antibody (Ab) panel (clones I-15-1D6, II-15-2C10, III-26-8C10, IV-13-3H12,
IV-26-9C9, and IV-13-12D7), the phosphatidylcholine conjugated to keyhole-
limpet hemocyanin (PC-KLH), and the recombinant modified CRP were pro-
duced as described previously (21) and kindly provided by L. A. Potempa.
Anti-CRP monoclonal antibody CRP-8 was obtained from Sigma (code C-1688).

Enzyme-linked immunosorbent assay. Enzyme-linked immunosorbent assay
(ELISA) plates (Greiner, Germany) were coated with 100 �l/well recombinant
human Hsp60 (2 �g/ml) or recombinant M. tuberculosis Hsp65 (2 �g/ml) in 0.1
M bicarbonate buffer (pH 9.6) and incubated overnight at 4°C, and uncoated
plates were used as controls. Plates were washed with phosphate-buffered saline
(PBS) containing 0.05% Tween 20 and blocked with 0.15 M PBS (pH 7.2)
containing 0.5% gelatin for 1 h in room temperature. The wells were incubated
with 100-�l serial dilutions of goat anti-CRP polyclonal (WAKO) or two differ-
ent rabbit anti-CRP polyclonal (Sigma and DAKO) antibody preparations and
mouse anti-CRP monoclonal antibodies diluted in PBS containing 0.5% gelatin
and 0.05% Tween 20 (pH 7.2). Binding was determined using horseradish per-
oxidase-labeled anti-goat immunoglobulin G (IgG) (Atlantic Antibodies, Still-
water, MN), anti-rabbit IgG (Sigma), or anti-mouse IgG (Southern Biotechnol-
ogy Associates, Birmingham, AL) antibodies and an o-phenylene-diamine (OPD;
Sigma) detection system. The optical density (OD) was measured at a � of 490
nm (reference at a � of 620 nm), and the mean value of two parallel measure-
ments was calculated.

The same ELISA system was applied to assess the inhibition of binding of
rabbit anti-CRP polyclonal antibody and of 9C9 or CRP-8 anti-CRP monoclonal
antibodies to human Hsp60 or M. tuberculosis Hsp65 coating the ELISA plates
by free inhibitors (with Hsp60, Hsp65, and native CRP and bovine serum albu-
min [BSA] as controls). In these competitive experiments, the ELISA plates were
coated with 1 �g/ml Hsp60 and Hsp65 and indirectly with native CRP through
PC-KLH (1:1,000 dilution). The antibodies with the serial dilutions of inhibitors
were preincubated for 1 h at room temperature before the addition of the
mixture to the Hsp-coated wells. Anti-rabbit or anti-mouse IgG horseradish
peroxidase-labeled antibodies were added, and binding was determined by OPD,
as described above.

Ouchterlony analysis. Double-diffusion plates were prepared with 1% agarose
(Reanal, Hungary) in 0.2 M K3PO4 buffer (pH 7.8; Merck, Darmstadt, Ger-
many). Wells were filled with 4 �l of samples, and precipitation patterns were
read after 24 h of incubation at room temperature by detection with 0.2%
amido-black stain after differentiation.

Synthesis of peptides on the tips of polyethylene pins. Decamer peptides
overlapping by five amino acid residues were synthesized using 9-fluorenyl-
methyloxy carbonyl (Fmoc)-�-alanine-glycine ester-derivatized pins (Chiron
Technologies, Australia) as previously described (17). Briefly, the Fmoc–tert-
butyl technique was used: the Fmoc protecting group was removed by 20%
piperidine–N,N-dimethylformamide (vol/vol). The coupling was performed with
diisopropylcarbodiimide–1-hydroxybenzotriazole methodology and monitored
with bromophenol blue added to the coupling mixture. The peptides were acety-
lated at the N terminus, and then the side chain protecting groups were removed
with trifluoroacetic acid (TFA)–1,2-ethanedithiol–anisole 38:1:1 (vol/vol/vol),
but the unprotected peptides remained covalently attached to the pins.

ELISA for epitope scanning of anti-CRP antibodies. Binding of anti-CRP
polyclonal (Sigma) and monoclonal 9C9 or CRP-8 antibodies to human Hsp60
and M. tuberculosis Hsp65 peptides immobilized on polyethylene pins was de-

tected by modified ELISA. After blocking (PBS, 0.5% gelatin), pins were incu-
bated with 150 �l antibodies diluted 1:500 in PBS containing 0.5% gelatin and
0.05% Tween 20 for 1 h at room temperature. Binding of antibodies was deter-
mined using anti-rabbit IgG horseradish peroxidase-labeled antibodies and an
OPD detection system. The optical density was measured at 490 nm (reference
at 620 nm) and means of duplicates were calculated. Pins were used repeatedly
after they were thoroughly cleaned by sonication in disruption buffer (PBS, 1%
sodium dodecyl sulfate [SDS], 0.1% 2-mercapto-ethanol).

Statistical analysis. Data are presented as the means of parallel measurements
with standard errors of the means. Binding characteristics of different antibodies
were compared by the analysis of variance method. A P value of less than 0.05
was considered significant. GraphPad Prism 3.0 was used for data presentation
and statistical analysis.

RESULTS

Binding of anti-CRP antibodies to 60-kDa heat shock pro-
teins. In the first experiment, the formation of potential com-
plexes between microplate-coated Hsp60 and soluble CRP was
studied (Fig. 1). However, we learned that the polyclonal rab-
bit anti-CRP antibodies fixed to the Hsp60-coated plate irre-
spective of the previous addition of CRP. Thus, we hypothe-
sized that anti-CRP antibody cross-reacts with Hsp60 or
contained anti-Hsp60 activity. Therefore, in the upcoming ex-
periments we repeated this observation with different anti-
CRP preparations and intended to characterize this reaction
thereafter. ELISA plates were coated with recombinant hu-
man Hsp60 or recombinant M. tuberculosis Hsp65 and were
incubated with polyclonal antibody preparations against CRP.
All of the three polyclonal antibody preparations showed dose-
dependent binding to heat shock protein (Fig. 2). Binding of
the DAKO and WAKO anti-CRP preparations to Hsp60 and
Hsp65 was detected at high concentrations, whereas the Sigma
antibody preparation showed a marked binding to both Hsps,
even at 1:400 dilution.

In the next experiment, the interaction between the poly-
clonal anti-CRP antibody (Sigma) and heat shock proteins was
studied by an independent, non-surface-coated method, i.e., in
a double-diffusion analysis. Polyclonal anti-CRP antibody was
added to the central well, and different dilutions of Hsp60,
Hsp65, native, and modified CRP were added to the peripheral
wells. Recombinant human Hsp60 and M. tuberculosis Hsp65
were precipitated by rabbit polyclonal anti-CRP antibody as
well as by native and modified CRP (Fig. 3). Furthermore, it
can also be seen that every precipitin band joins at its closest

FIG. 1. Binding of polyclonal anti-CRP antibody to solid-phase
Hsp60 in the presence or absence of CRP. Negative controls were
uncoated plates, while positive controls were CRP-coated plates. Each
bar represents means � standard errors of the means of OD values.
Results are the sum of three independent experiments, each per-
formed in duplicate.
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end and fuses, which means that the antigen epitopes are
identical and cross-reactive.

Results of the Ouchterlony analysis prompted us to investi-
gate a panel of mouse anti-CRP monoclonal antibodies for the
presence of cross-reactive clones. Seven different anti-CRP
monoclonal antibodies (clones 1D6, 2C10, 8C10, 3H12, 9C9,
12D7, and CRP-8) were tested in these experiments together
with an anti-Hsp60-specific monoclonal antibody (clone LK2)
for positive control. Two out of seven anti-CRP monoclonal
antibodies (clones 9C9 and CRP-8) recognized solid-phase
heat shock proteins (Fig. 4).

Inhibition of binding of anti-CRP antibodies to Hsp60 and
Hsp65. To test whether anti-CRP polyclonal and monoclonal
antibodies cross-react with human Hsp60 and M. tuberculosis
Hsp65, a competitive inhibition ELISA was performed next.
Polyclonal anti-CRP (Sigma) preparation or monoclonal anti-

bodies 9C9 and CRP-8 were preincubated with Hsp60, Hsp65,
or CRP before the reaction with solid-phase 60-kDa heat
shock proteins in the ELISA plate. The inhibition of anti-CRP
antibody binding to CRP was also measured as a control.
Hsp60 inhibited the binding of anti-CRP polyclonal Ab to
Hsp60 (Fig. 5A). The inhibition level was pronounced at a high
concentration of the competitive protein (10 �g/ml). The in-
hibition of anti-CRP antibody binding to Hsp60 by Hsp65 and
native CRP was very weak. A similar reaction was observed on
Hsp65-coated plates (Fig. 5B). However, on CRP-coated
plates, the binding of anti-CRP antibody was markedly inhib-
ited by soluble CRP, whereas the inhibitory effects of heat
shock proteins were very weak, although statistically significant
in the case of Hsp65 (Fig. 5C).

Next, the monoclonal antibodies to CRP (clones 9C9 and
CRP-8) were preincubated with Hsp60 and added to Hsp60-
coated plates. Hsp60 was found to significantly inhibit the
binding of both the 9C9 and the CRP-8 monoclonal anti-
bodies to Hsp60 (P � 0.0001) (Fig. 5D and E). BSA applied
as a negative control did not have any effect on antibody
binding.

Epitope scanning of the binding sites for polyclonal and
monoclonal (CRP-8) anti-CRP antibodies on human Hsp60.
Data of the binding experiments documented that antibodies
specific for Hsp60 are present in the anti-CRP antibody prep-
arations. Therefore, the epitope specificities of these antibod-
ies were studied in the next experiment, using a set of over-
lapping synthetic peptides. Potential antigenic sites were
predicted based on hydrophilicity and secondary structure and
selected for synthesis as described previously (17). A total of 46
decamer peptides covering 50% of human Hsp60 were synthe-
sized. The binding sites for monoclonal antibodies against
CRP (CRP-8 and 9C9) on human Hsp60 were analyzed (Fig.
6). Importantly, the same epitope region located between
amino acids 218 and 232 on Hsp60 was found to be recognized
by CRP-8 and 9C9 monoclonal antibodies. The corresponding
region of Hsp65 was also recognized by both monoclonal an-
tibodies, and 9C9 showed a stronger reaction than CRP-8.
Strong and significant binding to different peptides of the
epitope, exceeding the level of background values by 2.75- to
116-fold, was found by both monoclonal antibodies. This re-

FIG. 2. Interaction of polyclonal anti-CRP antibodies with 60-kDa heat shock proteins. Binding of different dilutions of goat (WAKO, panel
A) and two different rabbit (DAKO, panel B; SIGMA, panel C) anti-CRP polyclonal antibodies to recombinant human Hsp60 (■ , 2 �g/ml) or
recombinant M. tuberculosis Hsp65 (Œ, 2 �g/ml) target antigens as detected by ELISA. Control wells were uncoated (�). Optical densities were
measured at 490 nm; means � standard errors of the means of OD values are shown. Results are the sum of three independent experiments, each
performed in duplicate.

FIG. 3. Precipitation of 60-kDa heat shock proteins with polyclonal
anti-CRP antibodies. Ouchterlony analysis of the interactions among
Hsp60, Hsp65, native, and modified CRP and polyclonal anti-CRP
antibody. Well B, 2 mg/ml native CRP diluted in K3PO4 buffer (pH
7.8); wells C and D, Hsp60 (1 mg/ml and 0.5 mg/ml, respectively); well
E, mCRP (2 mg/ml); wells F and A, Hsp65 (1 mg/ml and 2 mg/ml,
respectively). Central well, polyclonal anti-CRP antibody (DAKO)
diluted 1:10 in K3PO4 buffer (pH 7.8). Experiments were performed
with 1% agarose.
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gion showed 26.6% amino acid identity to the CRP AA 77 to
90 region compared with 17.4% identity between the whole
molecules analyzed by ClustalW (16). The similarity (nucleo-
tide identity) in the nucleotide sequences of the same regions
was 40.48% between the two molecules (Fig. 6).

Results of epitope analysis of the DAKO rabbit anti-CRP
antibody are presented in Table 1 (similar results were ob-
tained for the Sigma anti-CRP antibody as well; data not

shown). For comparison, a purified IgG preparation from a
rabbit immunized with M. tuberculosis Hsp65 was also applied.
Six epitope regions of Hsp60 were recognized by the anti-CRP
antibodies, whereas anti-Hsp65 IgG cross-reacted with 12
epitope sites of the 10 regions of Hsp60 analyzed. Four out of
the six regions recognized by anti-CRP antibodies were exactly
the same as the sites recognized by anti-Hsp65 antibodies; the
remaining two sites were partly overlapping.

FIG. 4. Binding of anti-C reactive protein monoclonal antibodies (1D6, 2C10, 8C10,3H12, 9C9, 12D7, and CRP-8) to adsorbed human Hsp60
(A) and mycobacterial Hsp65 (B) target antigens. Supernatant antibodies were used with serial dilutions from 1:2, except CRP-8, which is a purified
antibody (serially diluted from 1:200). LK-2 monoclonal anti-Hsp antibody (LK-2-Hsp) was used as a positive control, and uncoated plates were
used as negative controls (panel C). Each point represents means � standard errors of the means of two parallel measurements. The experiment
for which results are shown was performed three times in duplicate; the variance between assays was less than 10%.

FIG. 5. (A, B, and C) Inhibition of rabbit anti-C reactive protein polyclonal and monoclonal (D) antibody binding to solid-phase adsorbed
Hsp60 (A), Hsp65 (B), and native CRP (C) by preincubation with soluble Hsp60 (■ ), Hsp65 (Œ), and CRP (�) (�, antibody alone; E, antibody
on uncoated plate) in competitive ELISA. In panels D and E, the interaction of mouse 9C9 or CRP-8 anti-CRP monoclonal antibodies and soluble
Hsp60 are shown (�, antibody alone; ■ , antibody � Hsp60 [10 �g/ml]; }, antibody � BSA [10 �g/ml]; E, antibody on uncoated plate). The
antibodies (polyclonal and CRP-8 monoclonal, 1:200; 9C9 monoclonal, 1:50) and inhibitors (10 �g/ml) were preincubated for 1 h at room
temperature and diluted on the plate thereafter. Values represent means � standard errors of the means of parallel measurements. Results are
the sum of three independent experiments, each performed in duplicate. Two-way analysis of variance values are as follows (comparison was to
antibody alone): for (A) Hsp60, P � 0.0001; Hsp65, P � 0.0002; CRP, P � 0.0013; for (B) Hsp60, P � 0.0001; Hsp65, P � 0.0004; CRP, P � 0.048;
for (C) Hsp60, P � 0.089; Hsp65, P � 0.0157; CRP, P � 0.0001; for (D) Hsp60, P � 0.0001; and for (E) Hsp60, P � 0.0001.
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DISCUSSION

The major novel observation from this study is the descrip-
tion of antigenic cross-reaction between 60-kDa heat shock
protein and C-reactive protein. The cross-reacting IgG anti-
bodies characterized in this study are able to recognize human
Hsp60 and M. tuberculosis Hsp65 in solid-phase binding experi-
ments and in an Ouchterlony precipitation assay as well. Results
of the precipitation assay indicated antigenic cross-reaction be-
tween the two proteins. Induction by a mimicry mechanism was
supported by the following observations. First, the specificity and
dose dependence of the anti-CRP binding to Hsp60 was shown by
competitive inhibition of free Hsp60 and Hsp65. Importantly, the
binding of the anti-CRP antibodies was significantly inhibited by
Hsp60 (Fig. 5). Second, two out of seven monoclonal anti-CRP
antibodies were also found to cross-react with 60-kDa heat
shock proteins. Furthermore, the two anti-CRP monoclonal
antibodies reacting with Hsp60 recognized the same antigenic
region on Hsp60 (amino acids [AA] 223 to 236). Finally, ac-
cording to the ClustalW homology search, there is a homolo-
gous region in the CRP molecule (AA 77 to 90) showing 26.6%
amino acid identity to Hsp60 (Fig. 6). All of these novel ob-

servations indicate a true antigenic cross-reaction between
Hsp60 and CRP.

There are, however, two, although not mutually exclusive,
explanations for the induction of anti-Hsp60 antibodies in anti-
CRP antibody preparations: generation by true antigenic
cross-reaction (mimicry)-based mechanism or nonspecific in-
duction during the immunization process by the adjuvant con-
taining Hsp. Detailed analysis of the polyclonal CRP prepara-
tions also supports the possibility of induction of anti-Hsp60
antibodies by CFA. All of the rabbit polyclonal anti-CRP an-
tibodies were raised using complete CFA in the animals
(DAKO Ltd. and Sigma Chemical Co., personal communica-
tion). Some observations of the present study indicate that the
anti-Hsp60 reactivity present in the polyclonal anti-CRP prep-
arations may also be raised by the method of immunization,
namely, the application of CFA. The anti-Hsp60 antibodies in
anti-CRP preparations seem to be specific antibodies with
dose-dependent binding activity. Second, the binding of anti-
Hsp60-reactive antibodies to Hsp60 can be inhibited by free
Hsp60, but the inhibitory activity of free CRP in this reaction
is weak but significant (Fig. 5A and B). Some data from the

FIG. 6. Binding of anti-CRP monoclonal antibodies to 60-kDa heat shock protein peptides. Epitope analysis of human Hsp60 (panels A and
B) and M. tuberculosis Hsp65 (panels C and D) protein for the binding sites of monoclonal antibody against C-reactive protein (clone CRP-8, white
bars; clone 9C9, black bars). Bars represent means � errors of the means of different overlapping peptides, corrected with background OD values.
Background reactivity is indicated by the horizontal line. The experiment was repeated three times with similar results. Sequence homology
between the CRP and the Hsp60 AA region 223 to 236 analyzed by ClustalW program is indicated just below panels C and D. Identical residues
are marked with an asterisk, and similar residues are marked with dots.
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literature also support this possibility. Complete Freund’s ad-
juvant is known to induce anti-Hsp65 antibodies in immunized
rabbits, as shown previously in the study by Xu et al. (18) and
proposed by Hajeer and Bernstein (6). B-cell epitope analysis
was carried out to study potential induction of anti-Hsp60
reactivity present in anti-CRP preparation by CFA immuniza-
tion. Specificities of antibodies induced by Hsp65 (in CFA)

immunization and the anti-Hsp60 reactivity present in anti-
CRP preparations were compared. An overlapping set of syn-
thetic peptides representing predicted epitope sites of human
Hsp60 was used in these experiments. The immunization of a
rabbit with Hsp65 yields a preparation with reactivity to 12
epitope regions on Hsp60, whereas the anti-Hsp60 antibodies
present in the anti-CRP preparation recognized 6 epitope re-
gions on Hsp60. Four out of the six regions were the same as
the sites recognized by anti-Hsp65 antibodies; the remaining
two sites were partly overlapping (Table 1). These data support
our assumption that the induction of anti-Hsp60 antibodies in
animals immunized with CRP may partially also be a conse-
quence of the usage of CFA. All of the above observations
support the possibility that anti-Hsp60, anti-CRP, and cross-
reacting antibodies exist in parallel in polyclonal anti-CRP
preparations.

There are important practical consequences of our novel
results. Serum samples of healthy humans are known to con-
tain soluble Hsp60 (9), and elevated levels of serum-soluble
Hsp60 were reported in atherosclerosis (19). These observa-
tions raise the possibility of false positivity caused by sHsp60 in
CRP assays if Hsp60 cross-reacting monoclonal is applied in
the turbidimetric assay. Furthermore, autoantibodies against
CRP and Hsp60 in systemic lupus erythematosus patients were
reported (2, 4), indicating that cross-reacting antibodies might
indeed occur in vivo as well. These autoantibodies could play
significant roles in immunomodulation by interfering with bi-
ological effects of both Hsp60 and CRP.

The polyclonal antibodies characterized in this study are
widely used reagents in immunohistochemistry, used in con-
centrations comparable to those in our experiments (8, 12, 15,
22). Special attention should be paid to the interpretation of
studies using the above reagents. Although some eminent stud-
ies apply appropriate controls to rule out undesirable cross-
reactions and provide data for the characterization of the an-
tibodies applied, there are several studies reporting the
deposition/presence of CRP using antibodies even in low con-
centrations for detection.

A potential limitation of the present study is the lack of
inhibition data for the Hsp60 peptides. This is due to the fact
that the overlapping peptides were covalently synthesized onto
polyethylene pins and could not be used for inhibition. Thus,
the strength of antibody binding to CRP and Hsp60 epitopes
could not be compared directly.

In conclusion, the novel observation of antigenic cross-reac-
tion between Hsp60 and CRP reported in this study has two
important practical consequences. The cross-reacting antibod-
ies need to be tested in the future for their immunomodulating
effects in clinical studies, and ultrasensitive CRP assays must
be validated with samples containing amounts of soluble
Hsp60 high enough to rule out interference. Furthermore,
polyclonal antibody preparations raised against CRP using
CFA should be used only with special attention. Appropriate
design and interpretation of studies using such antibody re-
agents are essential for the future.

ACKNOWLEDGMENTS

We thank W. van Eden for the anti-Hsp60 monoclonal antibody
clone LK2, Larry A. Potempa for the monoclonal anti-CRP antibodies,
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TABLE 1. Reactivity of rabbit polyclonal anti-CRP antibodies with
synthetic peptides representing regions of human Hsp60

Region Human Hsp60 peptidea

Reactivity (OD/OD control �2)b

Rabbit anti-CRP
polyclonal antibody

Rabbit anti-Hsp65
polyclonal antibody

I 52AVTMGPKGRT61 	 �
57PKGRTVIIEQ66 	 �
62VIIEQSWGSP71 � 	
67SWGSPKVTKD76 	 	
72KVTKDGVTVA81 	 	

II 117TVLARSIAKE126 � �
122SIAKEGFEKI131 	 	
127GFEKISKGAN136 	 	
132SKGANPVEIR141 	 	
137PVEIRRGVML146 	 �

III 162VTTPEEIAQV171 	 	
167EIAQVATISA176 � �
172ATISANGDKE181 	 	
177NGDKEIGNII186 	 	

IV 203DGKTLNDELE212 	 	
208DNELEIIEGM217 	 	
213IIEGMKFDRG222 	 	
218KFDRGYISPY227 	 �
223YISPYFINTS232 � 	
228FINTSKGQKC237 	 	
233KGQKCEFQDA242 	 	
238EFQDAYVLLS247 	 	
243YVLLSEKKIS252 	 �
248EKKISSIQSI257 	 	
253SIQSIVPALE262 	 	

V 303PGFGDNRKNQ312 	 �
308NRKNQLKDMA317 	 �

VI 368EKRIQEIIEQ377 	 	
373EIIEQLDVTT382 � �
378LDVTTSEYEK387 	 	

VII 394LAKLSDGVAV403 	 	
399DGVAVLKVGG408 	 �
404LKVGGTSDVE413 	 	

VIII 436IVLGGGCALL445 � �
441GCALLRCIPA450 	 	
446RCIPALDSLT455 	 	

IX 470RTLKIPAMTI479 	 �
475PAMTIAKNAG484 	 	
480AKNAGVEGSL489 	 	
485VEGSLIVEKI494 	 	
490IVEKIMQSSS499 	 	
495MQSSSEVGYD504 	 	
500EVGYDAMAGD509 	 	

X 531DAAGVASLLT540 	 	
536ASLLTTAEVV545 	 �
541TAEVVVTEIP550 	 	

a Peptides were immobilized on polyethylene pins at their C termini. Numbers
represent the position of the sequence in the protein.

b Reactivity was defined as follows: ratios of the OD of the given peptide/OD
of control peptide (OD background) were calculated for each peptide; ratios �2
were considered positive (�). OD/OD background ratios obtained for each
peptide with anti-CRP � anti-rabbit IgG antibody conjugated with peroxidase or
anti-Hsp65 � anti-rabbit IgG antibody conjugated with peroxidase were cor-
rected with ratios obtained from the control experiment (anti-rabbit IgG anti-
body conjugated with peroxidase only).
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