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Hepatitis B Virus-associated Antigen Deposition in
Renal Tissue from Patients with Systemic Lupus
Erythematosus
ZHUOLONG WANG, MENGTAO LI, XIAOFENG ZENG, and XINJIAN LIU

ABSTRACT. Objective. To determine the significance of hepatitis B virus (HBV)-associated antigen deposition in

renal tissue from patients with systemic lupus erythematosus (SLE).

Methods. The medical records of 166 inpatients with lupus nephritis and 384 controls without SLE

were analyzed retrospectively. Patients with SLE were classified as positive or negative depending

on whether HBV-associated antigen deposition was detected in renal biopsies.

Results. HBV-associated antigen deposition was mainly detected in renal tissue from patients with

SLE (50.6%), primary renal glomerular disease (20.8%), and allergic purpura (21.7%). It was not

detected in renal tissue from patients with diabetic nephropathy, hypertensive nephrosclerosis, thin

basement membrane nephropathy, or Alport syndrome. Hepatitis B surface antigen and core antigen

were deposited in the mesangial region and vascular loops. The positive group had a significantly

higher frequency of IgG, IgA, and IgM deposition than the negative group (53.6% vs 30.5%; p <

0.01). There was no significant difference in the types of lupus nephritis observed between the 2

groups.

Conclusion. There was a high prevalence of HBV-associated antigen deposition in renal tissue of

patients with SLE by indirect immunofluorescence, which may result mainly from the cross-reac-

tivity with deposited immunoglobulins. (J Rheumatol First Release March 15 2012; doi:10.3899/

jrheum.111107)
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Systemic lupus erythematosus (SLE) is a multisystem

autoimmune disease characterized by the production of

autoantibodies to components of the cell nucleus. Renal

damage occurs in most patients with SLE. Despite intensive

research, the cause of SLE remains unknown1.

Hepatitis B virus (HBV), a member of the Hepadna-

viridae family, is a small DNA virus with unusual features

similar to those of retroviruses. There are currently more than

300 million people worldwide infected with HBV2. In China,

there is a 10%–15% rate of chronic HBV infection in the

general population3,4. The prevalence of HBV infection in

patients with SLE varies according to local endemicity4,5,6.

The relationship between HBV and SLE remains unclear.

It is reasonable to suspect a higher frequency of HBV infec-

tion in patients with SLE than in the general population

because of the increased susceptibility to infection that

results from immunological dysfunction and treatment with

corticosteroids and other immunosuppressive agents.

Unexpectedly, patients with SLE have lower prevalence of

serum hepatitis B surface antigen (HBsAg) and higher

prevalence of anti-HBV antibody compared with the gener-

al population4,7,8,9,10. In China, the prevalence of serum

HBsAg is 2.33% in patients with SLE compared with 9.56%

in the general population4. HBV-associated antigen deposi-

tion in renal tissue may cause HBV-related renal disease11,

and one study has shown HBsAg renal deposition in 30 of

47 patients with SLE12. It seems contradictory for patients

with SLE to have low prevalence of HBsAg in serum and

high prevalence of HBsAg deposition in the kidneys.

Whether renal deposition of HBV antigens is caused by

HBV infection (genuine HBV antigen) or some nonspecific

reaction (artifactual staining of HBV antigen) remains

uncertain.

We discovered HBV-associated antigens may deposit in

renal tissue from SLE patients even the serologic screening

tests for HBV infection are negative in our clinical practice

(unpublished data).

We have conducted a retrospective study by analyzing

the medical data of 166 inpatients with SLE and 384 with-

out SLE (as controls) to determine the significance of

HBV-associated antigen deposition in renal tissue.
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MATERIALS AND METHODS

Patients. All patients were admitted to Peking Union Medical College

Hospital from October 2004 to March 2010.

Selectioncriteria. Inclusion criteria for the SLE group were (1) patients ful-

filled the revised American College of Rheumatology classification criteria

for SLE13; (2) patients had lupus nephritis and underwent renal biopsy to

clarify the pathological changes; (3) serological screening tests for HBV

infection were negative including HBsAg, hepatitis B surface antibody

(HBsAb), hepatitis B e antigen (HBeAg), hepatitis B e antibody (HBeAb)

and hepatitis B core antibody (HBcAb). Exclusion criteria: any positive

serological screening tests for HBsAg, HBsAb, HBeAg, HBeAb, or

HBcAb.

Patients with SLE were classified into 2 groups: (1) negative group:

HBsAg and hepatitis B core antigen (HBcAg) were both negative in renal

biopsy specimens; (2) positive group: HBsAg and/or HBcAg were positive

in renal biopsy specimens.

Controlgroup. Inclusion criteria for the control group (non-SLE) were (1)

patients with renal disease who underwent renal biopsy to clarify patho-

logical changes; (2) serological screening tests for HBV infection were

negative, including HBsAg, HBsAb, HBeAg, HBeAb, and HBcAb.

Exclusion criteria: any positive serological screening tests for HBsAg,

HBsAb, HBeAg, HBeAb, or HBcAb.

Clinicalandlaboratorydata.Data were collected from the medical records

of the Peking Union Medical College Hospital. Serological screening for

HBV infection included HBsAg, HBsAb, HBeAg, HBeAb, and HBcAb.

Testing was performed by chemiluminescence (Abbott Architect I2000SR;

Abbott Park, IL, USA) during hospitalization and before renal biopsy.

Renalbiopsy. Biopsy tissue was divided into 3 samples. One sample was

fixed and cut into sections 3 µm thick, then stained with hematoxylin and

eosin and periodic acid silver methenamine. The second sample was

embedded in ornithine carbamoyltransferase compound and cut into sec-

tions 5 µm thick for detecting IgG, IgA, and IgM with direct immunofluo-

rescence, and HBV antigen with indirect immunofluorescence. The third

sample was processed using conventional methods for observation by elec-

tron microscopy.

DetectionofHBVantigeninrenaltissue. Frozen sections (5 µm) of fresh

renal tissue were stained for HBsAg and HBcAg by indirect immunofluo-

rescence. The primary antibodies for HBV antigens were mouse mono-

clonal HBsAb (isotype IgG2b, kappa; Invitrogen, Carlsbad, CA, USA) and

rabbit anti-HBcAg (Invitrogen). Secondary antibodies were rabbit polyclon-

al anti-mouse immunoglobulins/FITC (DakoCytomation, Glostrup,

Denmark), and swine polyclonal anti-rabbit immunoglobulins/FITC

(DakoCytomation). Staining specificity for HBV antigens was checked by

blocking and absorption procedures. No cross-reactivity of anti-HBV anti-

gens or with immunoglobulins, complement, fibrinogen, and glomerular

tissues from HBsAg-negative controls was observed.

The deposition site was classified as the mesangial region, capillary

loops, or interstitial zone, and the deposition type as diffuse, local, propor-

tional, or segmental. The deposition site, main site, and deposition type

were routinely recorded on the examination reports. A renal pathologist

reviewed the pathological diagnosis and immunofluorescence results.

Histological classification of lupus nephritis was according to the

International Society of Nephrology/ Renal Pathology (2003).

Statisticalanalysis. Clinical data were compared using t, chi-square, and

Fisher’s exact tests. The statistical significance of the various tests was

examined by 2-sided hypothesis testing. P values < 0.05 were considered

significant. Statistical analysis was performed using SPSS version 17.0.

RESULTS

Demographiccharacteristics.A total of 166 patients met the

entry criteria for the SLE group. There were 384 patients in

the control group, including 226 with primary renal glomeru-

lar disease, 92 with allergic purpura, 14 with diabetic

nephropathy, 12 with hypertensive nephrosclerosis, 33 with

thin basement membrane nephropathy, and 7 with Alport

syndrome. Demographic features are shown in Table 1.

ComparisonofHBV-associatedantigendepositioninrenal

tissue. HBV-associated antigen deposition in the kidney is

shown in Table 2. Patients may have deposition of HBsAg

or HBcAg alone or in combination. It was detected in renal

tissue mainly from patients with SLE (Figures 1 and 2), pri-

mary renal glomerular disease, or allergic purpura.

HBV-associ ated antigen deposition was not detected in renal

tissue from patients with diabetic nephropathy, hypertensive

nephrosclerosis, thin basement membrane nephropathy, or

Alport syndrome.

HBV-associated antigen deposition was found in 50.6%

of patients with SLE and 20.8% of those with primary renal

glomerular disease. Patients with SLE had obviously signif-

icantly higher prevalence of HBV-associated antigen depo-

sition than those with primary renal glomerular disease

(chi-square = 38.21, p < 0.01).

We compared the 2 groups of patients for prevalence of

HBsAg alone, HBcAg alone, and combined HBsAg/

HBcAg. HBsAg deposition was found in 49.4% of patients

with SLE, compared with 20.4% of those with primary renal

glomerular disease. Patients with SLE had obviously signif-

icantly higher prevalence of HBsAg deposition than those

with primary renal glomerular disease (chi-square = 36.71,

p < 0.01). Among patients with SLE, 25.3% had HBcAg

deposition, compared with 4.9% of those with primary renal

glomerular disease. Patients with SLE had obviously signif-

icantly higher prevalence of HBcAg deposition than those

without SLE (chi-square = 34.17, p < 0.01). Among patients

with SLE, 24.1% had combined HBsAg/HBcAg deposition,

compared with 4.4% of those with primary renal glomerular

disease. Patients with SLE had obviously significantly high-

er prevalence of HBsAg/HBcAg deposition than those with

primary renal glomerular disease (chi-square = 33.28, p <

0.01).

HBV-associated antigen deposition was found in 21.7%

of those with allergic purpura. Patients with SLE had obvi-

ously significantly higher prevalence of HBV-associated

antigen deposition than those with allergic purpura

(chi-square = 20.49, p < 0.01).

We compared the 2 groups of patients for prevalence of

HBsAg or HBcAg alone, or combined HBsAg/HBcAg.

Patients with SLE had obviously significantly higher preva-

lence of HBsAg deposition than those with allergic purpura

(49.4% vs 20.7%, respectively; chi-square = 20.53, p <

0.01). Patients with SLE had obviously significantly higher

prevalence of HBcAg deposition than those with allergic

purpura (25.3% vs 2.2%; chi-square = 22.38, p < 0.01).

Patients with SLE had obviously significantly higher preva-

lence of HBsAg/HBcAg deposition than those with allergic

purpura (24.1% vs 1.1%; chi-square = 23.44, p < 0.01).
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HBV-associated antigen deposition and immunoglobulin

deposition inrenal tissue. All 84 patients with SLE in the

positive group had immunoglobulin deposition (IgG, IgA,

or IgM) in renal tissue (Table 3). The positive group had a

significantly higher prevalence of IgG/IgA/IgM deposition

than the negative group. We compared deposition of IgG,

IgA, and IgM with that of HBsAg and HBcAg, and found

that they had a similar site and distribution of deposition.

HBV-associated antigen deposition and type of lupus

nephritis. The proportion of patients with Class I-VI lupus

nephritis is shown in Table 4. Class IV and V lupus nephri-

tis were more common than the other types in the positive

and negative groups. There was no Class I lupus nephritis in

the positive group. There was no significant difference in

the types of lupus nephritis in the 2 groups.

DISCUSSION

HBsAg is often regarded as the marker of HBV infection,

and anyone who has a serological positive test for HBsAg

should be presumed to have some level of ongoing

viremia14. Atypical HBV infection, including seronegative

or latent HBV infection, is HBsAg-negative (either seroneg-

ative for all HBV markers or positive for HBcAb and/or

HBsAb). HBcAg can be found only in cell nuclei and/or

cytoplasm, but not in blood. The clinical manifestations are

determined by the immunological response of the host14,15.

The mechanisms involved in HBV-related autoimmune

diseases may include molecular mimicry between HBV

antigens and self-proteins, generation of immune complex-

es between HBV antigens and antibodies, and exposure of

intracellular antigens to the immune system following apop-

tosis/tissue damage, reproducing the spectrum of nonhepat-

ic manifestations of natural hepatitis B16,17.

HBV-associated antigen can be deposited in the

glomeruli and cause HBV-associated glomerulonephritis by

the following mechanisms: immune complex formation in

situ; circulating immune complexes becoming trapped in the

glomeruli; or HBV directly infecting cells in the

glomeruli18,19,20.

In our study, 50.6% of SLE patients with negative sero-

logical screening for HBV infection had renal deposition of

HBV-associated antigens. HBV-Ag was mainly detected in

renal tissue from patients with SLE, primary renal glomeru-

lar disease, or allergic purpura, which belongs to the

immune-complex type of glomerulonephropathy; it was not

detected in renal tissue from patients with diabetic

nephropathy, hypertensive nephrosclerosis, or thin basement

membrane nephropathy. Although the secondary antibodies

used in our study were solid-phase-absorbed with human

and fetal calf serum and cross-reactivity with human

immunoglobulins was low, it remains possible that we had

false-positive results. If all the patients with HBV-Ag renal

deposition (50.6%) were thought to have HBV infection,

this seems contradictory to clinical results. Secondary anti-

bodies may bind nonspecifically to deposited immunoglob-

ulins. The kidneys of patients with SLE could have more
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Table1. Demographic features.

Groups N Sex, Age, Disease Duration,

M/F mean ± SD, yrs mean ± SD, mo

SLE 166 14/152 30.8 ± 10.9 35.9 ± 56.4

Primary renal glomerular disease 226 42/184 32.1 ± 12.1 23.2 ± 39.9

Allergic purpura 92 51/41 26.1 ± 11.1 23.4 ± 42.8

Diabetes nephropathy 14 8/6 47.6 ± 13.6 65.4 ± 66.8

Hypertensive nephrosclerosis 12 7/5 40.7 ± 11.4 35.8 ± 46.3

Thin basement membrane nephropathy 33 14/19 33.9 ± 11.9 36.4 ± 56.0

Alport syndrome 7 5/2 17.2 ± 4.8 70.7 ± 58.7

SLE: systemic lupus erythematosus.

Table2. Comparison of HBV-associated antigen deposition in renal tissue.

Groups N A (%) B (%) C (%) D (%)

SLE 166 84 (50.6) 82 (49.4) 42 (25.3) 40 (24.1)

Primary renal glomerular disease 226 47 (20.8) 46 (20.4) 11 (4.9) 10 (4.4)

Allergic purpura 92 20 (21.7) 19 (20.7) 2 (2.2) 1 (1.1)

Diabetes nephropathy 14 0 0 0 0

Hypertensive nephrosclerosis 12 0 0 0 0

Thin basement membrane nephropathy 33 0 0 0 0

Alport syndrome 7 0 0 0 0

A: HBsAg(+) and/or HBcAg(+). B: HBsAg(+). C: HBcAg(+). D: HBsAg (+), HBcAg(+). HBV: hepatitis B

virus; SLE: systemic lupus erythematosus; HBsAg: HB surface antigen; HBcAg: hepatitis B core antigen.
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deposited immunoglobulins, which means that patients with

SLE may have a significantly higher prevalence of HBV-

associated antigen deposition than non-SLE patients.

In our study, the positive group had a significantly high-

er frequency of IgG/IgA/IgM deposition compared with the

negative group (53.6% vs 30.5%; p < 0.01). This implied

that there was a difference between the 2 groups for deposit-

ed immunoglobulins, and the cross-reactivity with deposit-

ed immunoglobulins resulted in artifactual staining of HBV

antigen. This explanation is supported by the fact that no

significant difference in the types of lupus nephritis was

observed between the 2 groups.

HBV DNA has been detected in some patients with renal

HBV-associated antigens by in situ hybridization or

Southern blot analysis20,21. In a transgenic mouse model, the

expression of HBsAg and HBcAg on tubular epithelial cells

was associated with upregulation of complement-mediated

inflammatory gene pathways in the absence of HBV repli-
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Figure1. Indirect immunofluorescence staining with mouse anti-hepatitis B surface antigen

and FITC-conjugated rabbit anti-mouse immunoglobulins shows diffuse positive staining.

Figure2. Indirect immunofluorescence staining with rabbit anti-hepatitis B core antibody and

FITC-conjugated swine anti-rabbit immunoglobulins shows segmental positive staining.
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cation22. In our study, 25.3% of SLE patients had HBcAg

positivity in the mesangial region. Whether HBV directly

infected cells in the glomeruli or it was atypical HBV infec-

tion needs to be clarified. The HBV seronegative finding

may be due to sedimentation of immune complexes in the

kidneys.

HBV-related glomerulopathy may coexist with SLE11.

HBV-related nephropathy and lupus nephritis have morpho-

logical similarities23, which leads to difficulty in diagnosis.

Our results suggest that HBV-associated antigen deposition

detected by indirect immunofluorescence may not be a good

marker, because of the possible cross-reactivity.

Our findings suggest that indirect immunofluorescence

shows a high prevalence of HBV-associated antigen deposi-

tion in renal tissue of patients with SLE, which may result

mainly from cross-reactivity with deposited immunoglobulins. 
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Table3. HBV-associated antigen and immunoglobulin deposition.

Group (n) IgG (%) IgA (%) IgM (%) IgG/A (%) IgG/M (%) IgA/M (%) IgG/A/M (%)* Ig-negative (%)

Positive group (84) 23 (27.4) 0 1 (1.2) 9 (10.7) 6 (7.1) 0 45 (53.6) 0

Negative group (82) 22 (26.8) 1 (1.2) 1 (1.2) 12 (14.6) 10 (12.2) 1 (1.2) 25 (30.5) 10 (12.2)

* Chi-square = 9.06, p < 0.01. HBV: hepatitis B virus.

Table4. HBV-associated antigen deposition and lupus nephritis, by classification stage.

Group (n) I (%) II (%) III (%) IV (%) V (%) V + III (%() V + IV (%) VI

Positive group (84) 0 6 (7.1) 7 (8.3) 28 (33.3) 26 (31.0) 5 (6.0) 12 (14.3) 0

Negative group (82) 2 (2.4) 14 (17.1) 7 (8.5) 32 (39.0) 18 (22.0) 3 (3.7) 6 (7.3) 0

HBV: hepatitis B virus.
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