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Abstract

Antibodies against the proliferating cell nuclear antigen (PCNA) was first discovered in the sera
of systemic lupus erythematosus (SLE) patients.  However, the reactivity and specificity of anti-PCNA
autoantibodies are still unclear.  To investigate the property of anti-PCNA autoantibodies, we conducted
an ELISA screening of the anti-PCNA autoantibodies in sera of SLE patients.  Eighteen out of 191 SLE
sera were found to be positive for anti-PCNA antibodies giving a frequency of nearly 10%.  Among the
positive sera, a sample with the highest titer of anti-PCNA autoantibody preferentially recognizes the
wild-type PCNA as compared to the Y114A mutation which contains a single amino acid substitution at
114 and fails to form the toroidal structure.  Moreover, the autoantibody purified from this serum
identifies only the free PCNA in crude mammalian cell extracts but not other associated cellular
components.  This finding raises a possibility that immunostaining with the human anti-PCNA
autoantibodies in previous studies might have only partially PCNAs in tissues.
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Introduction

Proliferating cell nuclear antigen (PCNA), also
known as an auxiliary factor of DNA polymerase δ,
was first identified by autoantibodies in sera of
systemic lupus erythematosus (SLE) patients.  PCNA

is highly conserved in various eucaryotic organisms
ranging from yeast to human.  PCNA is required for
both DNA synthesis and DNA excision repair in
eukaryotes (11, 13, 16, 17, 19, 22, 25).  The protein,
an analogue of δ subunit of DNA polymerase III of
E. coli, forms a trimeric ring around the DNA strands
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to assist DNA polymerase δ in DNA replication (15).
In addition to its interactions with components of
the DNA synthesis machinery, PCNA has also been
found to interact with cell-cycle regulators such
as cyclin D, p21(Waf1/Cip1) and Growth Arrest DNA
Damage (Gadd)-45 (7, 8, 14, 18, 26, 32).

The frequency of SLE patients whose sera
contain anti-PCNA antibodies is about 3% determined
by counter-immunoelectrophoresis and immuno-
precipitation (2, 19).  The epitopes of anti-PCNA
autoantibodies have also been studied.  A previous
study using limited proteolysis has indicated that
both C- and N-terminal halves of PCNA are essen-
tial for the recognition of the autoantibodies (21).
Investigation using C-terminal truncated protein
synthesized in vitro and mutants forms of PCNA
expressed as fusion protein suggested complex
heterogeneity of human autoantibodies and epitope
dependence on conformation (10).  The sulfhydryl
groups in the PCNA protein are involved in the
antigenicity as PCNA treated by the thiol-modifying
agent thimerosal was unable to be recognized by the
autoantibodies (31).  Recently, studies by Brand et
al. and Szüts et al. (3, 27) show that autoantibodies
to PCNA belong to two classes: one consisting 80%
of the positive sera recognition region of which
depends on nearly the full-length of the PCNA protein,
and the recognition region of the other recognition
region seems to be more confined.

In this study, while studying the frequency of
Chinese SLE patients who produce the anti-PCNA au-
toantibodies, we have identified a serum sample with a
high titer of anti-PCNA autoantibody.  The anti-PCNA
autoantibody of this serum exhibits preferential recog-
nition of wild-type PCNA as compared to the mutant
Y114A which differs from its native counterpart by a
single amino acid residue.  Furthermore, the purified
autoantibody recognizes PCNA which is not associated
with other components in the cell extract.

Materials and Methods

Sera

Serum samples were obtained in 1995 from SLE
patients of the affiliated hospital of Chung Shan
Medical and Dental College or the Veteran General
Hospital in Taichung.  All patients willing to partici-
pate were accepted without exclusion and diagnosis
was made by a single board-certified physician.
Control sera were obtained from healthy individuals
who were mainly students of Tsing-Hua University
or Chung-San Medical and Dental College.

Construction of PCNA Expression Vector and Cell
Transformation

Wild-type PCNA expression vector was con-
structed using a rat PCNA cDNA-containing plasmid,
PCNA/pGEM-1 (16), as the DNA template in the
polymerase chain reaction (PCR).  The forward and
reverse primers were 5’GCCGGATCCATGTTTGA-
GGCA3’, 5’CCCGTCGACCAACGCCTAAGA3’,
respectively, in which the initial and stop codons are
in bold face and the restriction enzyme sites (BamHI
and SalI sites) for facilitating cloning are under-
lined.  The PCR product was purified and inserted
into a prokaryotic expression plasmid, pET-30a (+)
(Novogene, Madison, WI, USA).  Similar schemes
were used to construct the mutant PCNA expression
vector with a plasmid containing the mutant human
cDNA, Y114A. (12).  The BL21 (pLys) strain of E.
coli was used as the bacterial host for expressing the
recombinant proteins.

Western Blotting

Western blotting was performed as described
(22, 24).  Proteins were separated on 12.5% SDS-
PAGE and subsequently transferred to a nitrocellulose
membrane.  PCNA protein in the membrane was
recognized by the mouse monoclonal antibody to
PCNA (Ab-1,Oncogene Science, Uniondale, NY,
USA).  Goat anti-mouse IgG conjugated with horse-
radish peroxidase (Santa Crutz Biotechnology, Santa
Crutz, CA, USA) was then used to detect the Ag-Ab
complexes with an ECL detection kit (Amershanm,
Freiburg, Germany).

ELISA

PCNA is a highly conserved protein as can be
seen by the amino acid sequence homology between
mammalian PCNAs as well as its structure and func-
tions (20).  To obtain sufficient quantities of PCNA
protein for ELISA screening, a PCNA expression
vector was constructed and introduced into E. coli
as described above.  Expression of the recombinant
protein was induced by Isopropyl β-D-1-thiogalacto-
pyranoside (IPTG) and purified using a His-tag affinity
column.  In the procedure, 0.5 µg of recombinant
PCNA was immobilized on the surface of each sample
well of 96-well plates.  To each sample well, 2 µl of
human serum was added to the reaction mixture in
1:100 dilution and incubated at 37°C for 1 h.  After
the incubation period, supernatant of each well was
removed and each sample well was washed with
excess water.  An aliquot of 200 µl of 1,000-fold
diluted anti-human IgG (KPL, Gaithersburg, MD,
USA) was added as the secondary antibody, and the
mixture was incubated at 37°C for 1 h followed by
excess washing with water prior to the color reaction.
The secondary antibody was conjugated with peroxi-
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dase.  The color reaction was done with the substrate
ABTs [2, 2'-Azinobis(3-ethylbenzthiazoline-sulfonic
Acid)] in the presence of H2O2 (0.002%) at room
temperature for 15 min before measurements of optical
density at 405 nm using a microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

Preparation of Monospecific Anti-PCNA Autoantibody

A SLE serum sample which exhibited high titers
of anti-PCNA in ELISA was used to prepare the
monospecific anti-PCNA autoantibody.  Purification
was performed using a column of Sepharose-4B
immobilized with rat PCNA protein.  The bound IgG
on the affinity column was eluted by 0.1 N HCl.  The
elute was collected in 1-ml fractions containing 0.1
ml of 1 M Tris-Cl, pH 8.0.

Indirect Immunofluorescence

Fixed HEp-2 cells were provided by MRL Co
Aliquots of diluted sera (1:320 dilution) or purified
anti-PCNA autoantibodies (1:80 dilution) were added
to the fixed cells.  The cells were incubated in a moist
chamber at 25°C for 30 min, then washed in 1 × PBS
for 5 min.  After rinsing the cells with distilled water,
the fluorescein isothiocyanate-conjugated antibody
was added to the cells.  The slides were incubated as
before while shielded from excess light.  The cells
were counterstained with Evans Blue.  After rinsing
with 1 × PBS, the cells were mounted and analyzed
using a Nikon fluorescence microscope.

Immunodiffusion

A double diffusion method was performed as
previously described (1).  In the experiment shown in
Fig. 4B, 20 µg of PCNA (wild type or Y114A) was
used in the center wells and 20 µl of sera in the
surrounding wells.  In the experiment shown in Fig. 5,
all the antigens except PCNA were obtained from a
commercial source (MBL Company, Nagoya, Japan)
and optimal concentrations were used according to
the suggestion of the manufacturer.  The reaction was
incubated at room temperature for 72 h.

Metabolic Labeling and Immnuoprecipitation

CHO-K1 cells at log phase were labeled with
35S-labelled methionine (50 µCi per 10-cm dish) for
18 h.  The cells were harvested and incubated in Lysis
Buffer (50 mM Tris-Cl pH 8.0, 150 mM NaCl, 0.02%
Na Azide 0.1 mg/ml PMSF, 1 µg/ml aprotinin, 0.1%
NP-40) on ice for 15 min.  The mixture was gently
mixed by vortexing for 5 min followed by a centrifu-
gation at 12,000 rpm.  Supernatant was used for the

subsequent analyses.  Concentration of protein in the
cell lysate was determined with a BCA kit (Pierce,
Rockford, IL, USA).  For each immunoprecipitation
reaction, an aliquot of 1 ml cell lysate was mixed with
10 µl human serum and incubated on ice for 4-6 h
followed by the addition of 50 µl of protein A-agarose
beads (Santa Crutz Biotechnology, Santa Crutz, CA,
USA).  The mixture was incubated on ice for 1 h and
then centrifuged at 10,000 rpm for 5 min.  The pellets
were washed three times with 1 ml of NET buffer (150
mM NaCl, 5 mM EDTA, 50 mM Tris-Cl pH 7.4,
0.02% Na-azide, 0.01% NP-40).  Pellets were resus-
pended in 25 µl sample buffer and were boiled for 10
min followed by centrifugation as in previous steps.
Proteins in the supernatant were separated by SDS-
PAGE and visualized by autoradioraphy.

Results

Rat PCNA cDNA was cloned into an E. coli
expression vector (Fig. 1A).  The expression vector
was introduced into E. coli and expression of the
recombinant protein was induced by Isopropyl β-
D-1-thiogalactopyranoside (IPTG) (Fig. 1B).  Subse-
quently, the overproduced recombinant protein was
isolated and purified by affinity chromatography on
a immobilized nickel column (Fig. 1C).  The identity
and purity of the product after affinity chromatography
were demonstrated by SDS-PAGE and Western blot
analysis (Fig. 1D).

Purified recombinant PCNA protein was used
in ELISA to screen for anti-PCNA autoantibodies in
sera of patients with SLE.  In the procedure, a constant
amount of the recombinant PCNA was coated on each
sample well of the ELISA plate.  To each sample well,
a fixed volume of human serum (1:100 dilution) was
added.  The reaction mixture was incubated at 37°C
for 1 h and the Ag-Ab complexes in the mixture were
detected as in Materials and Methods.  Results of a
typical ELISA screen are shown in Fig. 2.  Optical
densities above an arbitrary level were considered as
positives.  The arbitrary level was the sum of mean
value plus three standard deviations of normal indi-
viduals.  By this criterion, we identified 18 positives
out of 191 sera.  This counts for a frequency of nearly
10%, which is 2-3 times higher than previously
reported figures (13, 19).  As a comparative study,
sera of patients with other autoimmune diseases were
similarly screened for anti-PCNA autoantibodies.  The
results shown in Fig. 2 indicate that only the SLE
patients have anti-PCNA autoantibodies.

A previous study using immunoprecipitation
procedure has suggested that majority of the anti-
PCNA autoantibodies recognizes a conformational
epitope (3).  Here, taking the advantages of ELISA,
we examined if the anti-PCNA autoantibodies could
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differentiate wild-type PCNA from the Y114A mutant.
As mentioned earlier, PCNA forms a toroidal structure.
The ring structure is critical to the protein activity.
The mutant Y114A contains a single substitution
at position 114 in which Tyr has been replaced with
Ala.  The protein fails to form the toroidal structure
and is functionally inactive (12).  Results of our
ELISA study shown (Fig. 3A) that as compared to
the wild-type PCNA, the mutant protein was recog-
nized by the autoantibodies with lower efficiencies
ranging from 19 to 83%.  In contrast, both wild-type

and mutant PCNA were equally well recognized by
the monoclonal antibody (Ab-1, Oncogene Science,
this antibody, also called PC-10, has an epitope
located in amino acid sequence 181-195 of PCNA).
Five out of 6 antisera were able to differentiate
the wild type from the mutant, notably the sample
designated as patient 5 which had the highest anti-
body titer.  Consistently, the autoantibodies form
precipitin lines only with the wild type but not with
mutant Y114A in the immunodiffusion experiment
(Fig. 3B).

Fig. 1. Construction, expression and purification of PCNA recombinant protein.  (A) The PCNA cDNA was digested from PCNA/pET
30(a) plasmid and was separated on a 1% agarose gel.  Lane 1 is the 1-kb ladder DNA marker, lane 2 is the undigested plasmid
DNA, lanes 3-6 are the various clones of the plasmid.  (B) Induction of expression of the recombinant PCNA protein.  Lane 1,
the molecular weight marker; lanes 2 and 3, cell lysates of non-transformed and transformed cells, respectively.  (C) Affinity
column purification of recombinant PCNA protein.  Lane 1, the marker; lane 2, the flow through; lanes 3-9, eluates obtained
with increasing imidazole concentrations.  (D) Identification of affinity-purified protein by western blotting.  Lane 1, marker;
lane 2, Comassie Brilliant Blue staining of purified PCNA; lane 3, Western blotting of PCNA.
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As mentioned earlier, activity of PCNA is regu-
lated by its association with other components in
cells.  To investigate the PCNA-associated com-
ponents, the monospecific autoantibody was used in
immunoprecipitation (IP) experiments.  The mono-
specific autoantibody to PCNA was purified from the
serum sample of patient 5 by affinity chromatography
using immobilized PCNA columns; scarcity and
instability of the blood samples prevented us from
examining other sera for the IP study.  Specificity of
the purified autoantibody was verified by both indirect
immunofluorescence and immunodiffusion (Fig. 4).
In the IP experiments, the monospecific autoantibody
was incubated with 35S-labeled crude extracts of
Chinese hamster ovary cells (CHO-K1).  PCNA-
associated proteins were revealed by SDS-PAGE and
autoradiography (Fig. 5).  In comparing the pat-
terns obtained with control IgG and an monoclonal
antibody (lanes 1 and 2, respectively), PCNA and
other specific components were ‘co-identified’ by the
monoclonal antibody (lane 2).   These specific proteins
(indicated by arrows) probably co-precipitated with
PCNA by the monoclonal antibody.  In contrast, in
comparing the patterns obtained with normal human
IgG and anti-PCNA autoantibody (lanes 3 and 5,
respectively), none of the previous specific proteins
were co-precipitated with PCNA by the anti-PCNA
autoantibody.  In consistent with the observations,
the crude anti-serum (containing multi-autoanti-
bodies) did not co-precipitate the specific components
either (lane 4).  Therefore, the data strongly suggest

that the autoantibody recognizes free PCNA but not
bound PCNA.

Discussion

In our study, rat PCNA was used as the antigen
simply because of the availability of a cDNA clone.
Rat and human PCNA proteins are almost identical in

Fig. 3. Autoantibodies preferentially recognize wild-type
PCNA.  (A) Comparative ELISA using wild-type or
mutant Y114A PCNA as antigens.  Serum samples 1-6
were SLE sera which were identified as anti-PCNA by
in previous screenings.  Normal sera and the monoclonal
antibody to PCNA (Ab-1, Oncogene) were used as
negative and positive controls, respectively.  Each sam-
ple well was coated with 0.5 µg of wild-type or mutant
PCNA.  The data were presented as the mean and
standard deviations of three independent measurements.
Except for serum 6, the SLE serum recognized wild-type
PCNA significantly better than the Y114A serum.  (B)
Comparative immunodiffusion using wild-type or mu-
tant Y114A PCNA as antigens.  The double diffusion
method was described in Materials and Methods.  Wild-
type PCNA protein but not Y114A formed precipitins
with the autoantibodies.

Fig. 2. ELISA screening for anti-PCNA antibodies in patients
with different autoimmune diseases.  Patient sera of
SLE, RA (rheumatoid arthritis), PM (polymyositis) and
SS (Sjogren syndrome) were screened for anti-PCNA
antibodies by the same ELISA procedure as described
above.  The patient sera numbers are indicated.
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primary sequences with homology greater than 95%.
We found that the frequency of SLE patient sera con-
taining autoantibodies to PCNA was approximately
10%, which is 2-3 times higher than that described
previously.  The difference is likely due to variations
in sensitivity among the different methods used.
Despite of such differences, our data agree with pre-
vious investigations that autoantibodies to PCNA
are only detected in SLE patients as no positive was
detected with other autoimmune diseases such as
rheumatoid arthritis, polymyositis and Sjogren syn-
drome (Fig. 2).  In characterizing the autoantibodies
to PCNA, we found that the majority of antibodies

Fig. 4. Purity of the monospecific anti-PCNA autoantibody.
(A) Indirect immunofluorescence.  SLE sera before
purification are shown in a and b; purified anti-PCNA
antibodies are shown in c and d.  Sera or purified antibody
were pre-incubated with free PCNA before use (b and
d).  (B) Immunodiffusion.  SLE sera (top) or purified
antibody (bottom) were loaded in the center wells.  An-
tigens SSA, SSB, Sm/RNP, SCL70, PCNA and NE
(nuclear extracts) were placed in the surrounding wells.

Fig. 5. Monospecific anti-PCNA autoantibody bound PCNA
in a free state.  Immunoprecipitation was performed
as described in Material and Methods.  Lane 1, normal
mouse IgG (mouse IgG); lane 2, monoclonal antibody
to PCNA (Anti-PCNA MoAb; Ab-1, Oncogene); lane 3,
normal human IgG (Human IgG); lane 4, patient’s
antiserum (patient serum); lane 5, purified anti-PCNA
autoantibody of patient (Purified anti-PCNA IgG of
patient).  The band specific to PCNA was indicated
and the proteins co-precipitated with PCNA by the mono-
clonal antibody were marked with arrows.

appeared to have better recognition for wild-type
PCNA than for mutant Y114A (Fig. 3).  In contrast,
monoclonal antibody Ab-1/PC-10 did not show any
difference between these two proteins.  This finding
is basically in agreement with the previous report
that the bulk of the anti-PCNA autoantibodies recog-
nizes a conformational epitope (3, 27) and supports
the native antigen driven theory.  The antiserum
of patient 5 (Fig. 3) showed a remarkable preference
for the wild-type protein (5:1 as compared to mutant
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Y114A).  The preference suggests that the antibody
binds to an active site, or its vicinity, of PCNA.

Previous investigators have found that human
antiserum (AK) but not monoclonal antibodies (against
PCNA peptides) can neutralize the activity of the
auxiliary protein for DNA polymerase δ activity (29).
In our study, the autoantibody purified from the
antiserum of patient 5 only identifies PCNA, which is
not associated with other cellular components.  Since
PCNA can interact directly with many cellular com-
ponents, PCNA activity is, thereby, regulated.  For
instance, p21(Waf1/Cip1) might prevent interactions
between PCNA and DNA polymerase δ; p21(Waf1/Cip1)

binds to the interloop region of PCNA and may disrupt
PCNA trimer (6, 9).  Therefore, if the autoantibodies
demand a conformational epitope, they would not
bind PCNA when the epitope is associated with other
protein molecules.  Interestingly, a brief report by
Takeuchi et al. (28) also described that when the
anti-PCNA autoantibodies of a patient serum (AK)
was immobilized and used as an affinity column, no
other components of rabbit thymus extracts were
co-purified with PCNA.  Hence, it is likely that the
immunostaining of PCNA with human antisera (AK
or others) in previous studies (4, 5, 23, 30) might
represent only a fraction of the total PCNA population.
In other words, the PCNAs the epitopes of which were
accessible to autoantibody were detected, but those
with masked epitopes for some reasons were not.  We
are currently examining these possibilities to verify
whether this has clinical significance.

In summary, we describe herein the use of ELISA
to screen anti-PCNA autoantibodies.  Perhaps because
of the the higher sensitivity of ELISA, a slightly but
significant higher frequency than that reported
previously was found for SLE patients to have anti-
PCNA autoantibodies.  The majority of anti-PCNA
autoantibodies exhibited preference in recognizing
PCNA with a conformational epitope.  Furthermore,
the conformational epitope-dependent autoantibodies
only recognize free PCNA.
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