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Summary

 

Both the infection of human cytomegalovirus (HCMV) and the immuniza-
tion of its recombinant glycoprotein (gB) in mice have been known to induce
autoimmunity, resulting in symptoms similar to those of human systemic
lupus erythematosus (SLE). Research has also found that the murine cytome-
galovirus (MCMV)-specific monoclonal antibody (mAb) is able to react with
a human U1-70K-like autoantigen. To investigate HCMV involvement in
autoimmunity, we analysed the humoral responses to HCMV by autoimmune
patients and normal adults. Our studies show unambiguously that sera from
SLE patients exhibited an elevated IgG titre to HCMV when compared with
those observed in controls and other connective tissue disease (CTD) patients
(

 

P

 

 <<<<

 

 0·001). The IgM titres to HCMV and IgG to HBV were evaluated, and no
significant differences were noted among all testing groups. In addition to ini-
tiating T cell activity, as reported by many investigators, we found that the
HCMV pp65 antigen (also known as lower matrix protein) was able to induce
humoral responses in SLE patients. Immunoblot assays showed that 82·56%
of sera from SLE patients reacted with the HCMV pp65 antigen, but only
11·11%, 23·53% and 31·17% of patients from normal control, rheumatoid
arthritis (RA) and CTD patients, respectively, reacted to it. Unlike HCMV
pp65, HCMV pp150 induced B cell activity in most collected sera (92·22%-
98·04%). Finally, female NZB/W F

 

1

 

 mice immunized with plasmids encoding
HCMV pp65 open reading frame (pcDNApp65) developed an early onset of
autoantibody activity and more severe glomerulonephritis. Thus, we con-
clude that the HCMV pp65 antigen triggers humoral immunity in SLE
patients and autoimmune-prone mice and that it could very well exacerbate
the autoimmune responses in susceptible animals.
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Introduction

 

Human cytomegalovirus (HCMV) is a member of the herpes
virus group and is a ubiquitous pathogen that causes latent,
usually asymptomatic, infection throughout a patient’s life-
time [1]. HCMV persists in hosts after primary infection and
can be reactivated by immunosuppression. In addition to
severe medical conditions in infant and immune-suppressed
individuals, HCMV infection has been shown to induce
autoimmunity through molecular interactions with the
immune system [2–4].

It has been suggested that infection with HCMV can evoke
autoimmunity [2,5,6]. HCMV infection is seen frequently in
systemic lupus erythematosus (SLE) patients [4] and can
induce diseases with autoimmune-like components. Exam-
ples of this include acute myocarditis and Sjögren’s syn-
drome (SS) [5,7]. Another characteristic of autoimmunity
found in humans and laboratory animals as a result of
HCMV infection is the presence of circulating autoantibod-
ies to erythrocytes, nuclear components or smooth muscles
[8,9]. HCMV shares sequence homology with the host, and
the immunological cross-reactivity between the host and the
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virus is a possible mechanism to the HCMV-induced toler-
ance break [10]. HCMV early RNA has also been found to
induce anti-Ro (SSA) activity [11]. Similarly, its infection
can cause the cell  surface expression of Ro autoantigens
[12] and anti-phospholipid antibodies [13]. Furthermore,
immunization with HCMV gB (UL55) provokes anti-snRNP
activity in mice [3,14]. The monoclonal antibody to HCMV
structural protein against snRNP has also been reported
[15].

The HCMV particle contains at least 33 structural pro-
teins and the lower matrix phosphoprotein (pp65) antigen,
which is a product of UL83 open reading frame (ORF), is the
most abundant one. Although the anti-pp65 antibodies and
the pp65 antigens are detected in immune-depressed
patients with active viral infection [16], the antibody
response to the pp65 antigen in normal infected individuals
is not always detectable by immunoblotting [17]. It has been
reported that the pp65 antigen is targeted by a cell-mediated
immune response and that its vaccination can induce a
pp65-specific CTL response [18–21]. Unlike the pp65 anti-
gen, the HCMV pp150 is another viral tegument phosphop-
rotein that has been found to elicit a strong humoral
response in most infected individuals [17].

Both the M83 and M84 ORFs of murine cytomegalovirus-
encoded proteins are homologues to the HCMV pp65 anti-
gen. The M83 and M84 share 17% and 21% of their identity,
respectively, to their human counterparts [20,22]. The M84
ORF shares greater homology to pp65 and induces CTL
responses. The M83 gene product is a 98-kDa protein, which
is similar to HCMV pp65 in its late expression, phosphory-
lation and virion association. It has been demonstrated that
a murine cytomegalovirus (MCMV)-neutralizing mono-
clonal antibody (mAb) cross-reacts to both the M83 ORF
product-like, 113-kDa phosphorylated structural protein
and human U-1 70K-like autoantigen. This mAb caused fur-
ther tissue damage that resembles a mixed connective tissue
disease (MCTD) [15]. Unfortunately, the relation between
the MCMV M83 and the 113-kDa structural protein remains
elusive.

In the present study, we conducted a preliminary serolog-
ical analysis to investigate the humoral response of SLE,
connective tissue diseases (CTD), rheumatoid arthritis (RA)
patients and healthy donors to HCMV, hepatits B virus
(HBV) and Epstein–Barr virus (EBV) among patients in Tai-
wan. The population of Taiwan is known to have high serop-
ositive rates for HCMV, HBV (85–91%) and EBV (90%)
[23,24]. While EBV infection and its association with SLE
has been studied in great detail [25–28], little has been done
to reveal the link between HCMV and SLE. Herein, we found
a significant elevated IgG titre to the HCMV pp65 antigen in
SLE patients in Taiwan. HCMV pp65-immunized NZB/W F

 

1

 

mice also developed early onset of anti-dsDNA, anti-nuclear
activities and more severe glomerulonephritis. In addition to
NZB/W F

 

1

 

 mice, BALB/c and C57/B6 mice exhibited positive
reactivity to nuclear components following immunization.

These results suggest a possible association between the anti-
HCMV pp65 antigen responses and a tolerance break among
SLE patients and animals.

 

Materials and methods

 

Patients

 

This study, involving human subjects, was approved by the
Tzu Chi University, National Science Committee and the
National Blood Center or Taichung Veteran Hospital Review
Boards. Patients were classified based on the classification
criteria of the American College of Rheumatology as SLE
(

 

n

 

 

 

=

 

 86), rheumatoid arthritis (RA, 

 

n

 

 

 

=

 

 51), CTD (Sjögren’s
syndrome) (SS, 

 

n

 

 

 

=

 

 34), dermatomyositis (DM, 

 

n

 

 

 

=

 

 20), sys-
temic sclerosis (SSc, 

 

n

 

 

 

=

 

 15) and progressive systemic sclero-
sis (PSS, 

 

n

 

 

 

=

 

 8). Normal sera were collected from qualified,
sex- and age-matched adult blood donors (

 

n

 

 

 

=

 

 90). The
demographics, clinical status, disease duration and treat-
ment history of the patients are presented in Table 1. Disease
activity was defined as described previously [29–33].

 

Cell culture and purification

 

HCMV, HBV and EBV were collected, as described [34], but
with some modification. Briefly, the HCMV 

 

AD

 

 169 strain
was purchased from the American Type Culture Collection
(ATCC) and was grown on MRC-5 cells. The MRC-5 cells and
medium were collected when the 100% cytopathic effect had
occurred or when the HCMV-infected cells detached from
culture dishes. HBV was collected from a supernatant of MS-
G2 cells which was a gift from Dr Shi-yen Lo of Tzu Chi Uni-
versity. EBV was collected from a B958 cell culture following
induction with tetradecanoyl phorbol acetate and sodium
butyrate. The B958 cell line was a gift from Lin-chun Lin of
Tzu Chi University. For virus purification, HCMV-, HBV- or
EBV-infected cultures were frozen, thawed and refrozen sev-
eral times, and viral particles were purified following a few
rounds of low- and high-speed gradient centrifugations. For
viral denaturation, viral particles were placed in a 1% SDS
buffer prior to enzyme-linked imunosorbent assays (ELISA).

 

Mice

 

NZB and NZW mice were purchased from Jackson Labora-
tory (Bar Harbor, ME, USA), and BALB/c and C57/B6 mice
were purchased from the National Experimental Animal
Center, mated and maintained in a specific pathogen-free
animal facility in Tzu Chi University. The mice were exam-
ined daily, and any mouse that showed evidence of having
entered a rapid terminal decline was sacrificed, as described
previously [35]. Organ samples were collected and placed in
buffered formalin and processed for subsequent histological
analysis, and the haematoxylin- and eosin-stained tissues
were examined using light microscopy.



 

Human cytomegalovirus pp65 lower matrix protein

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

143:

 

 167–179

 

169

 

Plasmid constructs, immunization and sera collection

 

Plasmid-encoding pp65 was a gift from Dr Zaia [16], and the
plasmid encoding M83 and M84 genes were gifts from Dr
Morello [22]. Briefly, the CMVpp65 gene comprising int-
ronA/CMVpp65 was removed from pBluescript with 

 

Spe

 

1
and 

 

Eco

 

R1 and inserted in the 

 

Nhe

 

1 and 

 

Eco

 

R1 site of
pcDNA 3·1

 

+

 

 vector (Invitrogen, San Diego, CA, USA). All the
plasmid DNAs were transformed in DH5

 

α

 

 competent cells,
grown in appropriate media and isolated using Qiagen Maxi
Kit (Qiagen, Valencia, CA, USA). Sequencing was performed
on the plasmid isolates to verify the constructs.

A total of 25 6-week old female NZB/W F

 

1

 

 mice were
divided randomly into pp65 (

 

n

 

 

 

=

 

 10), M83 (

 

n

 

 

 

=

 

 5), M84
(

 

n

 

 

 

=

 

 5) and plasmid only (

 

n

 

 

 

=

 

 5) groups. All the mice were
inoculated intramuscularly five times at 2-week intervals
with 80 mg of pcDNA3·1 plasmids encoding either HCMV
pp65 (pcDNApp65), MCMV M83 (pcDNAM83) or M84
(pcDNAM84) or without insertion in 100 ml of sterile saline
in one thigh. The mice were bled via the retro-orbital vein 1
day prior to each assay and at 2–4-week intervals. Unused
sera were stored in a 

 

−

 

20

 

°

 

C and 

 

−

 

80

 

°

 

C freezer.
A total of 18 6-week-old female C57BL/6 and BALB/c mice

were divided randomly into pp65 (

 

n

 

 

 

=

 

 3/each), M83 (

 

n

 

 

 

=

 

 3/
each) and M84 (

 

n

 

 

 

=

 

 3/each) groups. All mice were inoculated
and tested, as described in NZB/W F

 

1

 

 immunization.

 

Affinity purification of HCMV pp65 antigen

 

The HCMV pp65 and the pp150 antigens were purified from
viral particles following electrophoresis and blotting. As
described [36], antigens on the PVDF membrane were
excised and eluted individually using an elution buffer [1%
sodium dodecyl sulphate (SDS), 0·5% Triton X100, pH 7·4].
When required, SDS in the buffer was removed via dilution

or acetone precipitation. The eluted proteins were subjected
to MALDI-TOF-MS to confirm their purity.

 

ELISA

 

The titre for the anti-dsDNA antibody of NZB/W F

 

1

 

 mice
was measured in accordance with ELISA, as described pre-
viously [37]. In brief, each well of the 96-well plates (Costar,
Cambridge, MA, USA) was coated with calf thymus DNA
(Sigma-Aldrich, St Louis, MO, USA), air-dried at room tem-
perature and washed in Tris-buffered saline (TBS, pH 7·4).
After being blocked with skimmed milk (5%), 25 

 

μ

 

l  of
400–1000

 

×

 

 phosphate-buffered saline (PBS) diluted sera
were added, and this preparation was incubated for 2 h at
room temperature. Subsequently, each well was washed and
incubated with proper secondary antibody with horseradish
peroxidase conjugated. To visualize the interaction of the
antigen and antibody, o-phenylenediamine dihydrochloride
(OPD) was used as a substrate, and absorbance at 450 nm for
each well was measured with a microplate reader.

Titres for the anti-HCMV, anti-nuclear and anti-pp65
antibodies were measured by ELISA as described [38]. In
brief, each of the 96 wells was coated with a nuclear protein
extract or the purified HCMV pp65 antigen overnight at 4

 

°

 

C
and was then washed in TBS, pH 7·4, several times. After
being blocked with skimmed milk (5%), ELISA was per-
formed as described in the anti-dsDNA antibody ELISA.

 

Anti-dsDNA assays (

 

Crithidia luciliae

 

 assay)

 

In addition to using an ELISA for the anti-dsDNA activity,
the anti-dsDNA antibody was also measured with FLRRO
nDNA kits (MBL, Nagoya, Japan). The assay was performed
as described by the manufacturer. At least two different dilu-
tions (1 : 10 and 1 : 20) for each serum were tested. It was

 

Table 1.

 

 Demographics of patients, state of disease activity and treatment received for patient and controls that were studied.

Normal SLE SS SSc DMs PSS CTD RA

Age (years) (mean) 18–67 (42·7) 18–77 (41·1) 17–78 (48·2) 37–78 (55·2) 27–51 (41) 25–76 (55·1) 18–80 (54·9)

% Female 91 91 91 87 75 75 80

Total specimen 90 86 34 15 20 8 77 51

State of disease N/A Inactive (39) Inactive (22) Inactive (9) Inactive (13) Inactive (5) Inactive (21)

(no. of patients) Active (47) Active (12) Active (6) Active (7) Active (3) Active (30)

Duration

mean 

 

± 

 

s.d. (months)

N/A 36·9 

 

± 

 

46·9 22·0 

 

± 

 

25·6 21·9 

 

± 

 

15·7 40·6 

 

± 

 

44·1 44·3 

 

± 

 

34·6 92·6 

 

± 

 

63·5

Treatment

(total patients)

N/A NSAID (4)/

P (64)/

pL (74)

NSAID (3)/

P (12)/

pL (31)

NSAID (1)/

P (6)/

pL (12)

NSAID (2)/

P (8)/

pL (16)

NSAID (0)/

P (2)/

D(5)

NSAID (51)/

P(42)/

pl (46)

Prednisolone (P), plaquenil (pl), 

 

d

 

-penicillamine (D). Active systemic lupus erythematosus (SLE) was defined as SLEDAI (SLE Disease Activity

Index) more than 2 at the time of investigation. Active rheumatoid arthritis (RA) was defined as RA patients who had more than six swollen and six

tender joints for at least 3 months. Active Sjögren’s syndrome (SS) was defined as being manifest in patients who had extraglandular manifestations,

including vasculitis, non-erosive arthritis or fibrosing alveolitis at the time of investigation. Active dermatomyositis (DM) was defined as the presence

of active cutaneous manifestations with or without clinical myositis at the time of investigation. Active progressive systemic sclerosis (PSS) was defined

as being present when the index is more than 3 by the whole series activity index, as proposed by the European Scleroderma Study Group (EScSG).

For immunoblot, sera were tested on purified human cytomegalovirus (HCMV) blots, as described in the Materials and methods section. The results

are representative of at least two similar experiments. 

 

P

 

 

 

<

 

 0·001 (compared to normal control).
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defined as positive only when positive for both concentra-
tions. When it was positive for a lower dilution but negative
for a higher dilution, it was described as a weak positive.

 

Immunoblot and anti-nuclear antibodies (ANA)

 

Immunoblot was performed as described previously [35].
Briefly, cell lysates or the antigens of interest were electro-
phoresed and transferred onto polyvinylidine fluoride
(PVDF) membrane and blotted with the sera of interest. The
interaction between antigens and antibodies was visualized
via 4-chloro-1-naphthol (4 CN) developed colour or by
following enhanced chemoluminescence (ECL) methods
(Amersham, Piscataway, NJ, USA), as described by the
manufacturer.

We assessed the ANA-specificities (Sm, RNP, SS-A, SS-B)
with Western blot immunoassay (Immco Diagnostics, Inc.,
Buffalo, NY, USA). This assay was performed as described by
the manufacturer.

 

Renal histology and necropsy

 

The severity of glomerulonephritis was scored as described
previously [35,39]. Briefly, the number of specific abnormal-
ities in 100 glomeruli in a 4 mm-thick haematoxylin and
eosin-stained cross-section of each kidney was recorded.
The glomerular abnormalities were scored: mesangial stalk
thickening and hypercellularity, glomerular base membrane
thickening, generalized glomerular hypercellularity and
crescent formation.

 

Statistical analysis

 

The differences in the titres and frequency of positive test
results were compared using Student’s 

 

t

 

-test and Fisher’s
two-tailed exact test, respectively, using the 

 

prism

 

 program
(version 4·0, Graphpad) on Macintosh computers. 

 

P

 

-values

 

<

 

 0·05 were considered significant.

 

Results

 

Antiviral activity for collected sera

 

Our ELISA analysis revealed that sera from SLE adult
patients exhibited a more elevated IgG titre to the HCMV

viral particles than did those from normal blood donors and
non-SLE CTD and RA patients (

 

P

 

 

 

<

 

 0·001, Fig. 1a). To con-
firm whether reinfection or active infection contributed to
this anti-HCMV activity, the IgM titres to HCMV of all col-
lected sera were measured, but no significant differences
were found (Fig. 1b). The differences in the titres of both IgG
and IgM from HBV were insignificant in all testing groups
(Fig. 1c,d). We also found elevated EBV activity in SLE sera,
but the titre was not statistically significant (Fig. 1e) com-
pared to health controls.

 

Qualitative analysis of anti-HCMV pp65 and pp150 
reactivity

 

Immunoblot was used to identify antigenic peptides in
HCMV and the anti-pp150 activity was used as a reference to
define HCMV seropositivity, as both our studies and the
published results [17] showed that close to 100% HCMV-
infected individuals developed an antibody activity to the
pp150 antigen. Those who were seropositive (SP) were
grouped and analysed for reactivity to pp65. We found that
the HCMV pp65 antigen was recognized by the majority of
SLE sera (88%) but less frequently by CTD and RA sera (32%
and 24%, respectively). Reactivity to the pp65 antigen by
normal controls was rare (12%, Fig. 2 and Table 1, 2). The
anti-pp65 reactivity was often found in patients with active
disease, irrespective of their clinical manifestation (Table 2).
All collected patient sera with active disease showed signifi-
cantly elevated titres of IgG than normal controls, but the
differences were insignificant for sera collected from patients
with inactive disease. It is noteworthy that, even in the inac-
tive disease state, SLE sera still have a considerably higher
positive rate to the pp65 antigen (77%) than do CTD, RA
and normal sera (Table 2).

 

Quantitative analysis of anti-HCMV pp65 and 
pp150 activities

 

One significant feature of SLE sera was the highly elevated
anti-pp65 activity, as measured by ELISA. To avoid back-
ground and interference from other viral antigens, both the
HCMV pp65 and the pp150 antigens were blot-purified
from isolated HCMV virions. Results showed that SLE
patients exhibited IgG reactivity to the HCMV pp65 antigen

 

Table 2.

 

The frequencies of antibody to human cytomegalovirus (HCMV) pp65 antigen in HCMV seropositive patient and controls.

SLE CTD RA Normal

Anti-pp65

 

+

 

– IgG

 

+

 

– IgG

 

+

 

– IgG

Active (%) 41 (87) 6 (13) Elevated* 10 (36) 18 (44) Elevated* 8 (27) 22 (73) Elevated*

Inactive (%) 30 (77) 9 (23) 13 (27) 36 (73) 4 (17) 17 (83)

HCMV seropositive (%) 81 (94) 5 (6) 73 (95) 4 (5) 50 (98) 1 (2) 85 (92) 5 (8)

Anti-pp65 positive (%) 71* (88) 23* (32) 12 (24) 10 (12)

*

 

P

 

 

 

<

 

 0·05 (

 

versus

 

 normal sera). For immunoblot, sera were tested on purified human cytomegalovirus (HCMV) blots, as described in the Materials

and methods section. Seropositive is defined as antibody reactivity to any of the viral antigens at immunoblot assays. The results are representative of

at least two similar experiments. 

 

P

 

 

 

<

 

 0·001 (compared to normal control).
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almost twice as high as those from other patients or normal
controls (Fig. 3). Some CTD patient sera, such as SS and RA,
also exhibited enhanced anti-HCMV pp65 activity but these
elevations were not statistically significant (

 

P

 

 

 

=

 

 0·068, data
not shown). The IgM titres to the HCMV pp65 antigen by
different patient groups were analysed, and no significant
differences were found (data not shown). The HCMV pp150
tegument protein was recognized by the majority of HCMV
seropositive sera regardless of their clinical conditions [17].
Most SLE sera had more elevated IgG titres to the pp150
antigen than those from normal controls and CTD
(

 

P

 

 

 

=

 

 0·045 and 

 

P

 

 

 

=

 

 0·007, respectively, Fig. 3). The anti-
HCMV pp150 IgM titres of all sera were analysed, and no
statistical differences were found (data not shown).

 

Slot-blot analysis

 

Slot-blot analysis was performed to compare the antigenicity
of pp65 under denatured and renatured states. The majority
of normal sera did not react to the pp65 antigen on immu-
noblot despite increased serum concentration (Fig. 2, data
not shown), but exhibited low reactivity to the pp65 antigen
in the ELISA tests. To investigate this discrepancy, blot puri-
fied pp65 was either denatured with SDS or renatured with 6

 

M guanidine hydrochloride prior to this assay. The results
showed that approximately 86% and 23% of the HCMV
seropositive SLE and normal sera, respectively, recognized
the denatured form of pp65. Most seropositive SLE sera
(91%) and normal controls (68%) showed activity to the
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Fig. 1. Detection of IgG and IgM anti-human 

cytomegalovirus (HCMV)  and anti-hepatitis B 

virus (HBV) in sera from systemic lupus erythe-

matosus (SLE) (n = 86), connective tissue dis-

eases (CTD) (n = 77), rheumatoid arthritis (RA) 

(n = 51) patients and normal controls (n = 90). 

Sera were tested by enzyme-linked immunosor-

bent assay (ELISA) against purified HCMV 

(a,b), HBV (c, d) and EBV (e) viral particles. 

(a,c,e) IgG reactivity to the viruses; (b,d) IgM 

reactivity to the same virus. *P < 0·001 (Stu-

dent’s t-test, compared to normal controls).
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Fig. 2. A representative immunoblot analysis showing IgG reactivity to human cytomegalovirus (HCMV) antigens among systemic lupus erythema-

tosus (SLE) patients (a), connective tissue diseases (CTD) (b), normal controls (c) and rheumatoid arthritis (RA) (d) patients. Markers, the HCMV 

pp150 and pp65 are labelled on the left.
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Fig. 3. Detection of IgG anti-human cytomegalovirus (HCMV) pp65 and pp150 in sera from systemic lupus erythematosus (SLE) (n = 86), connective 

tissue diseases (CTD) (n = 77), rheumatoid arthritis (RA) (n = 51) patients and normal controls (n = 90). Sera were tested by enzyme-linked immu-

nosorbent assay (ELISA) against blot purified HCMV pp65 (a) and 150 (b). The error bars show the s.e.m. *P < 0·001, **P = 0·0014 (Student’s t-test, 

compared to normal controls).
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renatured pp65 antigen, although the titre was notably lower
for the latter (data not shown).

Induction of a specific anti-HCMV pp65, anti-dsDNA 
and anti-nuclear antibody

To investigate the possible connection between the immune
response to the pp65 antigen and autoimmunity, mice were
immunized with a DNA vaccine encoding the pp65 antigen.
The results showed that pcDNApp65- or pcDNAM83-
immunized mice developed a significant antibody reactivity
to the HCMV pp65 antigen in both ELISA and immunoblot
at 4 and 6 weeks, respectively, post-primary immunization
(Fig. 4, but immunoblot data not shown). Both pcDNAM84
and plasmid-immunized mice did not elicit a detectable
antibody response to the HCMV pp65 antigen (Fig. 4).

NZB/W F1 mice that received pcDNApp65 developed an
early onset of both anti-nuclear components and anti-dsDNA
antibodies (Fig. 5). Both Crithidia luciliae assay and ELISA
were undertaken to compare qualitatively and semiquantita-
tively the anti-dsDNA titres among different treatment
groups. The pcDNApp65-immunized mice exhibited anti-
dsDNA activity in ELISA assay at 4 weeks post-primary
immunization (Fig. 5a), and the activity increased in the next
4 weeks. For the Crithidia luciliae assay, seven of 10 sera from
this group showed positive stains at 1 : 20 dilution. In addi-
tion, anti-nuclear antibody titre from this group reached sta-
tistical significance at 8 weeks post-primary immunization
(Fig. 5b). The pcDNAM83-immunized mice developed anti-
dsDNA activity in ELISA at 6 weeks, and the titre increased at
8 weeks, although this increase in titre was not statistically sig-
nificant (Fig. 5a). For the Crithidia luciliae assay, three of five
sera from this group showed positive stains at 1 : 10 dilution

at 8 weeks post-immunization (data not shown). Anti-
nuclear activity from the same mice was detected at 8 weeks
after primary immunization (Fig. 5, P = 0·047).

In addition to the NZB/W mice, C57BL/6 and BALB/c
mice also developed anti-dsDNA reactivity following immu-
nization with pcDNApp65 (Fig. 5a), as shown in ELISA and
Crithidia luciliae stain. Both C57BL/6 and BALB/c mice that
received pcDNApp65 developed an elevated anti-pp65 (data
not shown) and anti-dsDNA activity in ELISA at 4 and
8 weeks post-primary immunization, respectively, and the
titre increased in the next 4 weeks. For the Crithidia luciliae
assay, two BALB/c mice (n = 5) were positive (1 : 20), one
was weakly positive (1 : 10) and the other was negative at
12 weeks post-immunization (data not shown). In the
C57BL/6 (n = 4) mice only one serum was positive, two were
weakly positive and one was negative (data not shown) for
the Crithidia luciliae stain. Unlike the NZB/W mice, the
pcDNAM83 plasmid was unable to induce a detectable
autoreactivity in either of the two assays.

With the pcDNAM84- or plasmid-immunized mice,
both NZB/W F1 and normal strains did not develop a
detectable autoantibody activity. The proteinurea was
tested for both BALB/c and C57BL/6 mice, but no patho-
logical changes were found at 12 weeks post-primary
immunization (18 weeks of age). Most NZB/W F1 mice,
regardless of their previous treatment, developed signs of
proteinurea by 18 weeks, but the differences were statisti-
cally insignificant.

Renal pathology

NZB/W F1 mice were sacrificed either at the exhibited ter-
minal signs of disease or at the end of the project (28 weeks

Fig. 4. Mean IgG development against the 

human cytomegalovirus (HCMV) pp65 

(± s.e.m.) antigen in sera from mice (NZB/W) 

immunized with plasmids encoding HCMV 

pp65, murine cytomegalovirus (MCMV) M83, 

M84 and vector only. Sera were tested by 

enzyme-linked immunosorbent assay (ELISA) 

against the blot purified HCMV pp65 antigen. 

The error bars show s.e.m. P-values are listed 

at the top (Student’s t-test, compared to vector 

control). Tests were conducted in triplicate.

2·00 P < 0·001

P < 0·001

P = 0·01

P = 0·02

P < 0·001

P = 0·004

Anti-pp65 reactivity

1·75

1·50

1·25

1·00

0·75

0·50

0·25

0·00

M
83

/p
re

M
83

/2

M
83

/4

M
83

/6

M
83

/8

M
84

/p
re

M
84

/2

M
84

/4

M
84

/6

M
84

/8

pp
65

/p
re

pp
65

/2

pp
65

/4

pp
65

/6

pp
65

/8

pc
D

N
A

/p
re

pc
D

N
A

/2

pc
D

N
A

/4

pc
D

N
A

/6

pc
D

N
A

/8

n = 5

Treatment/weeks after immunization

A
 (

45
0 

nm
)



M. Chang et al.

174 © 2005 British Society for Immunology, Clinical and Experimental Immunology, 143: 167–179

of age). The pcDNApp65-immunized mice had more severe
glomerulonephritis than mice immunized with other plas-
mids (Figs 6, 7, P < 0·001). The pcDNAM83-immunized
mice also had a higher score for nephritis, but the differences
were statistically insignificant when compared to either the
M84- or plasmid- immunized animals. The pcDNApp65-
immunized mice exhibited severe signs of sclerosis (Fig. 7)
and slower growth than pcDNAM84 and controls (data not
shown). Despite significant signs of renal disease, the
pcDNApp65-immunized animals did not show early mor-

tality when compared to other treatment groups (data not
shown). We did not observe significant glomerulonephritis
in control animals (BALB/c and C57BL/6) and the increased
anti-pp65 titres are not directly correlated to anti-dsDNA
activity.

Discussion

There is controversy over the connection between infection
of HCMV and SLE, and high seropositive rates to HCMV,

Fig. 5. Mean IgG development against dsDNA 

and nuclear components (± s.e.m.) in sera from 

mice (NZB/W, C57BL/6, BALB/c) immunized 

with plasmids encoding human cytomegalovirus 

(HCMV) pp65, murine cytomegalovirus 

(MCMV) M83, M84 and vector only. Sera were 

tested by enzyme-linked immunosorbent assay 

(ELISA) against dsDNA or nuclear extract. (a,c) 

Anti-dsDNA activities by NZB/W F1 or C57BL/6 

and BALB/c, respectively. (b) Anti-nuclear reac-

tivity by NZB/W F1 mice. The error bars show 

s.e.m. P-values are listed at the top (Student’s 

t-test, compared to vector control). Tests were 

conducted in triplicate.
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HBV and EBV (Fig. 2 and Tables 1 and 2) [23,24] in Taiwan
further dilute the possible connection. Some researches have
shown a negative relationship between HCMV infection and
autoimmunity and stated that infection could not increase
autoimmunity in a random population. These studies often
focused on studying the infection rate rather than how the
immunity responded to HCMV in populations with possible
genetic differences (SLE versus normal), as we have per-
formed. We found that the anti-HCMV IgG activity was sig-
nificantly elevated in SLE patients, but their reactivity to
HBV and EBV was not different. The SLE, CTD and RA
patients with active disease showed elevated IgG, but this ele-
vation was insignificant in patients with inactive diseases.
Even though their disease state was inactive, SLE patients
exhibited more elevated anti-HCMV activity than non-SLE
patients and normal controls. Unlike HCMV, neither HBV
nor EBV was capable of inducing elevated immunity in SLE
patients (Fig. 3). Non-SLE patients (CTD and RA) exhibited
insignificant changes in their IgG titres to HCMV, HBV and
EBV (Fig. 1), despite almost identical medical treatment for
these patients (Table 1). These observations suggested that
the elevated B cell reactivity to HCMV by SLE patients was
less likely to be a result of viral reinfection/reactivation.

The elevated anti-HCMV pp65 activity that was found in
SLE patients was unlikely to be caused by polyclonal activa-
tion of B cells as a result of chronic viral infection and

inflammation. Both EBV and HBV infection could cause
chronic infection, but immune responses to these viruses
were not enhanced in all patient sera. Polyclonal activation of
B-lymphocytes due to active disease has been reported for
SLE, CTD and RA, but only SLE sera showed enhanced IgG
activity to the HCMV pp65 antigen. Also, non-SLE sera
showed elevated IgG for an active disease as SLE sera, but their
reactivity to HCMV or the HCMV pp65 antigen was not
enhanced significantly. Moreover, James et al. have studied
viral infection in SLE patients, and polyclonal activation to
specific viruses was not found [40]. These results indicated
that this B cell activity to the HCMV pp65 antigen found in
SLE sera was unlikely to be an outcome of polyclonal activa-
tion by infection. The discovery of the enhanced anti-EBV
activity among SLE patients concurred with previous studies
[40], but the differences were not statistically significant. The
insignificant response to EBV by SLE patients could have been
the result of a high seropositive rate in Taiwan.

Biased Th1 versus Th2 is one possible cause of autoimmu-
nity but a diverted immune response to a specific antigen in
the opposite direction, such as from T to B cells, in an autoim-
mune disease was not reported. The HCMV pp65 antigen is
a very well-known T cell antigen [41,42]. In addition, it has
been reported that the humoral response by viral-infected
individuals against the pp65 antigen appears to be variable
and is not always detectable with immunoblot [17]. Contrary
to these studies, B cell activity on the part of SLE patients to
the HCMV pp65 antigen was enhanced dramatically. Both
slot-blot and immunoblot assays suggested that SLE sera
reacted with additional epitopes that were not (or less)
immunogenic to controls. Severe immunosuppression, such
as in transplant or AIDS patients, may experience reactivation
of HCMV and an elevation in IgG specific to the p65 antigen
[1], but such incidences were not reported for autoimmune
patients even in those under therapy or in the active disease
state. Additionally, according to clinicians, none of our SLE
patients developed signs of HCMV infection. Therefore, the
highly selected IgG activity to the HCMV pp65 antigen is
more like a feature of SLE patients than an outcome induced
by immunosuppressive treatment for SLE patients.

The SLE sera showed higher IgG titre to the HCMV
pp150 than normal controls, but the difference was less sig-
nificant than the anti-HCMV pp65 reactivity (P = 0·045
versus P < 0·001). The HCMV pp150 is a strong humoral
immunogen in terms of eliciting B cell responses at the
time of infection, and close to 100% of HCMV seropositive
individuals exhibited anti-pp150 activity (Fig. 2, Table 2
[18]). Epitope spreading is one possible cause of this ele-
vated anti-pp150 activity in SLE sera, because a highly ele-
vated anti-pp65 response may enhance the reactivity to the
pp150 antigen via spreading. Viral reactivation may also
induce elevated activity to the HCMV pp150, but this is a
less plausible scenario because in our study the anti-pp150
reactivity was enhanced much less than the anti-pp65
reactivity.

Fig. 6. The effect of human cytomegalovirus (HCMV) pp65 and 

murine cytomegalovirus (MCMV) M83 and M84 immunization on 

glomerular lesion counts. Mice received pp65, M83, M84 and the plas-

mid had a mean renal severity score of 61, 60, 54 and 50, respectively 

(a). The error bars show s.e.m. P-values are listed at the top (Student’s 

t-test, compared to vector control).
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The development of an early onset of autoimmunity and
glomerulonephritis in NZB/W F1 mice following immuni-
zation suggested a possible pathogenic role with the anti-
pp65 response. Genetics plays an essential component in
autoimmunity, particularly in its clinical manifestation.
Therefore, NZB/W F1 mice were selected as our primary
subject to verify the consequences following an immune
response to the HCMV pp65 antigen. It has been well
established that the immunization of pcDNApp65 could
initiate strong CTL responses in mice [43], while the

immunization of pcDNAM83 or pcDNAM84 induces
humoral and cellular reactivity, respectively [44]. Our
results showed that the immunization of either
pcDNApp65 or pcDNAM83 induced humoral activity to
the pp65 antigen in NZB/W F1 mice, and this cross-reactiv-
ity could probably be attributed to homology between the
two antigens [20]. The pp65 antigen was found to be ‘less’
immunogenic than the M83 antigen with regard to induc-
ing IgG activity to themselves. One possible explanation is
that the CTL-dominated responses by the pp65 antigen

Fig. 7. Histological staining of renal tissues from mice that received DNA vaccinations.

(a) (b)
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could downplay the humoral response to this antigen
through Th1 cytokines. It is noteworthy that the
pcDNApp65 plasmid is more potent in inducing anti-
dsDNA activity. The early onset of the anti-dsDNA activity
by NZB/W F1 mice could be related to the renal abnormal-
ity we observed in these mice. The pcDNApp65 immuniza-
tion also induced anti-dsDNA activity in normal strains of
mice, but the clinical symptoms were not obvious. The
plasmid itself was unlikely to be the cause of the autoim-
munity because either plasmid alone or the pcDNAM84
was unable to reproduce the anti-dsDNA activity. It has
been reported that a surrogate peptide can induce anti-
dsDNA activity in mice, but we did not identify such an
epitope on the pp65 antigen [45]. This autoimmune exac-
erbating effect by pcDNApp65 indicated possible autoim-
mune-inducing epitopes on the pp65 antigen. However,
cross-examination of the sequence homology between the
pp65, M83, M84 and the human genome via GenBank did
not reveal any possible sequence. The mortality rates of the
immunized animals were statistically indifferent among
treatment groups (data not shown). One possibility is the
low sample size (n = 5), except in the case of the
pcDNApp65-treated animals (n = 10). We also noted that
pcDNApp65-immunized NZB/W F1 and C57/B6 mice
exhibited slower growth rates than other treatment groups
(data not shown).

The immune response to the pp65 antigen may have ini-
tiated a process that triggers the tolerance break in subjects
with a particular genetic background. It was reported that
healthy human subjects with previous HCMV infection and
HCMV vaccination did not develop autoimmunity [46].
Other studies also verified that the pp65 antigen activated a
CTL response in a normal population [21,41]. We found
strong B cell activity against the HCMV pp65 antigen in SLE
patients, and immunization of the pp65 antigen induced
early onset of autoimmunity on NZB/W F1 mice. An imbal-
ance of Th1 and Th2 in those autoimmune patients has long
been speculated [47]. It is possible that the pp65 antigen con-
stitutes epitopes that are able to induce a Th1-dominant
response in non-autoimmune subjects, but SLE-prone sub-
jects may preferentially direct the anti-pp65 response
towards Th2 due to genetic make-up. The T cells are known
to suffer more intense selection pressure than B cells. There-
fore, a T cell-dominated response to the HCMV pp65 anti-
gen in a normal population may exert a protective effect in
order to avoid a risky autoimmune-prone Th2 response.
This biased response by SLE patients could be the conse-
quence of genetic make-up, but it is not clear which genes are
involved. It is of great interest to determine whether SLE
patients could develop proper CTL activity to the pp65 anti-
gen as well, and subsequent studies in this regard are in
progress.

In conclusion, we report that compared to normal and
CTD controls, SLE patients exhibited a significant humoral
activity in response to the HCMV pp65 antigen. Immunob-

lotting and ELISA results revealed increased B cell activity to
the HCMV pp65 antigen by SLE sera. NZB/W F1 mice
injected with the pcDNApp65 plasmid also developed early
onset of autoimmunity and a higher score for glomerulone-
phritis. The pcDNApp65-immunized C57BL/6 and BALB/c
mice also produced autoantibodies to nuclear components.
Thus, the HCMV pp65 antigen is not only an inducer to a
CTL activity, but also a humoral immunogen among SLE
patients. The immune response to this antigen by SLE
patients and NZB/W F1 mice may contribute to the subse-
quent development of autoimmunity.
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