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Abstract

Aims/Background Membranous nephropathy (MN) is categorized into primary and secondary forms
based on its etiology, with autoimmune diseases significantly contributing to the secondary form. The
phospholipase A2 receptor (PLA2R) antibody has been widely used as a specific marker for primary
MN. However, explaining PLA2R positivity in MN patients who also exhibit typical features of Sjo-
gren’s syndrome (SS) is challenging.

Case Presentation A 51-year-old male patient presented with acute systemic edema, hypertension,
macroalbuminuria, and hypoproteinemia, confirming a diagnosis of nephrotic syndrome. Concurrently,
SS, characterized by dry mouth and dry eye symptoms, positive specific antibodies, and positive labial
gland biopsy results, was also confirmed. Renal pathology indicated MN (stage I-1I) with moderate
secondary chronic renal tubulointerstitial lesions. The cluster of differentiation 3 (CD3)+ and CD20+
immunostaining of renal tissue was consistent with renal interstitial damage associated with SS, and the
clinical manifestations aligned with the typical presentation of renal tubular acidosis (RTA). PLA2R was
negative in the serum but positive in the renal tissue.

Conclusion SS is one of the autoimmune diseases associated with secondary membranous nephropathy,
which has a low clinical incidence. In this particular case, the diagnosis of SS was confirmed, and the
histopathological examination revealed typical tubulointerstitial lesions clinically accompanied by RTA.
However, the specific antibody PLA2R, which is typically associated with primary MN, was positive in
renal tissue. Additionally, IgG immunodeposition was not observed. Further investigation is warranted
to ascertain whether the MN is secondary to SS.
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Introduction

Primary Sjogren’s syndrome (pSS) is a systemic autoimmune disease charac-
terized by lymphocytic infiltration of exocrine glands (Patel and Shahane, 2014),
resulting in multisystem involvement. Among renal manifestations, tubulointer-
stitial nephritis (TIN) is the most common, accounting for 85% of SS cases with
kidney lesions, while glomerulonephritis (GN), another primary lesion, arises from
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secondary immune complex-mediated mechanisms (Evans et al, 2015; Ren et al,
2008). Membranous nephropathy (MN) is the predominant type of GN in pSS, ac-
counting for 36% and 50% of renal lesions in recent studies of pSS renal biopsy
patients (Luo et al, 2019; Pan et al, 2020; Yang et al, 2018). Furthermore, renal
tubular acidosis (RTA) is a specific complication of pSS, primarily affecting the
renal tubules and typically manifesting as metabolic acidosis, urolithiasis, bone dis-
ease, hypokalemia, and, in severe cases, respiratory failure and cardiac dysfunction
related to myasthenia gravis (Ohtani et al, 1999).

MN is a leading cause of nephrotic syndrome in adults, characterized by the ac-
cumulation of sub-epithelial immune complexes, predominantly Immunoglobulin
G (IgG), leading to the thickening of the glomerular basement membrane (Rugge-
nenti and Remuzzi, 2019). Approximately 20-25% of MN cases are secondary,
arising from various etiologies, such as malignant tumors, autoimmune diseases,
infections, and exposure to certain drugs or toxins (Keri et al, 2019). SS is one of
the rare causes of secondary MN. The phospholipase A2 receptor (PLA2R) serves
as a target antigen in about 70% of patients with primary MN (Beck et al, 2009).
However, Chen et al (2021) reported that serum PLA2R was positive in 8 cases out
of 13 patients with MN and SS. Here, we report a case of membranous nephropathy
associated with SS, characterized by PLA2R-positive renal tissue, tubulointerstitial
injury, and RTA.

Case Report

Patient History

This case report is compiled in accordance with the CARE consensus guide-
lines to ensure high-quality reporting. The completed CARE checklist is available
for reference as Supplementary Material. A 51-year-old male patient was ad-
mitted to Jiaxing Hospital of Traditional Chinese Medicine with “bilateral lower
limb edema persisting for over 2 months”. The edema developed gradually without
any identifiable cause. One month before hospital admission, he experienced pro-
gressive lower limb edema, swollen eyes, blurred vision, dizziness, and headache.
He sought medical attention at a local eye hospital, where his blood pressure was
recorded at 190/120 mmHg, with urine protein at 3+, serum albumin level at 19
g/L, and serum creatinine at 105.9 pmol/L. He was diagnosed with “nephrotic syn-
drome with suspected chronic renal failure”, and he was prescribed oral antihy-
pertensive therapy. However, despite clinical intervention, his edema gradually
worsened. Furthermore, his medical history showed “hypertension” diagnosed one
year before, with a maximum recorded blood pressure of 190/120 mmHg. Upon
admission, clinical examination revealed severe edema in both lower limbs and a
blood pressure of 144/104 mmHg.

Serum Laboratory Examination

The serum laboratory results obtained upon admission revealed the 24-hour
urinary protein was 11,618 mg. Blood biochemistry showed the following: Total
protein: 37 g/L, Albumin: 16.2 g/L, Serum total cholesterol: 6.37 mmol/L, Triglyc-
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erides: 1.98 mmol/L, Low-density lipoprotein cholesterol (LDL-C): 4.38 mmol/L,
Serum Creatinine: 118 pmol/L, Serum Potassium: 2.75 mmol/L, and Serum Chlo-
ride: 113.5 mmol/L. Considering the presence of severe proteinuria, hypoproteine-
mia, and hyperlipidemia, a diagnosis of nephrotic syndrome was established. Fur-
thermore, blood gas analysis revealed the following: pH: 7.34, Standard residual
base: —4.0, Actual base excess: —3.8, Standard bicarbonate: 20 mmol/L, Actual
bicarbonate: 20.8 mmol/L, Potassium: 2.57 mmol/L, and Chloride: 109 mmol/L.
Moreover, urine routine analysis showed Urine protein: 4+, pH: 7.0, and Erythro-
cytes: 24.71/HP.

Immunological and Hematological Analysis

Autoantibody profiling revealed: Anti-nuclear antibody (ANA): 1:320, Anti-
Sjogren’s-syndrome-related antigen A (anti-SSA): Positive, Anti-RO-52 antibody:
Positive, Anti-Sjogren’s-syndrome-related antigen B (anti-SSB): Positive, Anti-smith
antibody (anti-SM): Negative, and Anti-double-stranded DNA (anti-dsDNA): Neg-
ative. Furthermore, immunoglobulins and complement levels were as follows: Im-
munoglobulin G (IgG): 8.75 g/L, Immunoglobulin A (IgA): 2.19 g/L, Immunoglob-
ulin M (IgM): 1.91 g/L, Complement C3: 0.74 g/L, and Complement C4: 0.22 g/L.

The increased anti-nuclear antibody (ANA) titer and positive SSA, SSB, and
Ro-52 antibodies, were suggestive of Sjogren’s syndrome, warranting further clin-
ical investigation. Furthermore, hematological indicators were as follows: Leuko-
cyte count: 2.99 x 10%/L, Red blood cell count: 3.45 x 10'%/L, and Hemoglobin:
107.0 g/L. Inflammatory markers revealed Rheumatoid factor (RF): 28.6 IU/mL
and Erythrocyte sedimentation rate (ESR): 44 mm/h, and other key findings in-
cluded a negative serum PLA2R.

Lip Gland Biopsy

The patient also complained about ocular and oral dryness, warranting further
assessment. Immunofluorescence analysis for ANA was positive, with positive
SS-A (anti-SSA), SS-B (anti-SSB), and RO-52 antibodies. A salivary gland biopsy
revealed chronic sialadenitis with peri-acinar lymphocytic infiltration, yielding a
focus score greater than 1. This score indicates the presence of at least 50 mononu-
clear inflammatory cells per 4 mm? of glandular section (Fig. 1). Based on the
2016 American College of Rheumatology/European League Against Rheumatism
(ACR/EULAR) Classification Criteria for Sjogren’s Syndrome, the patient meets
the histological diagnostic criteria for SS, as confirmed by an experienced patholo-
gist (Franceschini et al, 2017).

Renal Biopsy: Histopathological Examination

Light microscopy showed glomerular sclerosis in one out of twelve glomeruli.
The remaining glomeruli exhibited diffuse thickening of the basement membrane
with spike and bubbling formations and mild mesangial cell proliferation. The re-
nal interstitium demonstrated multifocal fibrosis affecting more than 25% of the
area, accompanied by moderate inflammatory infiltration, primarily including lym-
phocytes, plasma cells, and monocytes (Fig. 2A).
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Fig. 1. Salivary gland lesions in the patient. (A) Peri-acinar lymphocytic infiltration was observed
in hematoxylin-eosin staining (HE, 200x). (B) Another area of lymphocytic infiltration around a
dilated acinus (HE, 200 ).

The immunohistochemistry showed that both cluster of differentiation 3 (CD3)
and CD20 were multifocally positive. The number of CD20-positive B cells ex-
ceeded the CD3-postive T cells in some areas, indicating a higher presence of B
cells than T cells (Fig. 2C,D). The immunofluorescence (IF) staining revealed that
IgA, IgG, and IgM were positive along the glomerular basement membrane (GBM)
and the mesangial area. IgG subclass analysis showed positivity for both IgG1 and
IgG4 (Fig. 2B). Furthermore, C3 was positive, while complement component 1q
(Clq) was lacking. Similarly, PLA2R staining demonstrated granular positivity
along the GBM with a 2+ intensity.

Electron microscopy showed GBM thickening with diffuse subepithelial gran-
ular electron-dense deposits. Segmental mesangial hyperplasia and granular de-
posits were observed. Moreover, diffuse effacement of foot processes was also
found (Fig. 2E).

Renal tissue mass spectrometry identified PLA2R as a predominant antigen,
with high spectral counts (67), confirming PLA2R-associated MN.

Final pathological diagnoses were consistent with PLA2R-associated MN and
chronic interstitial nephritis, likely secondary to SS.

Treatment and Clinical Follow-Up Outcomes

A middle-aged male presented with acute-onset systemic edema, hypertension,
massive proteinuria, and hypoproteinemia, confirming a diagnosis of nephrotic syn-
drome. Furthermore, Sjogren’s syndrome was diagnosed based on dry mouth and
dry eye symptoms, seropositivity for specific autoantibodies, and a positive lip
gland biopsy. Renal biopsy findings were consistent with MN (stage [-I1) and mod-
erate chronic renal tubulointerstitial lesions. CD3+ and CD20+ immunostaining in
renal tissue suggested secondary lesions associated with SS-related tubulointersti-
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B

Fig. 2. Renal Pathology of the Patient. (A) Diffuse thickening of the basement membrane with
spike and bubbling formations and mild mesangial cell proliferation (Periodic acid-methenamine
silver (PAM) staining, 400x). (B) Immunoglobulin G (IgG) was granularly positive along the
glomerular basement membrane (GBM) (Immunofluorescence (IF): staining, 200x). (C) Cluster
of differentiation 3 (CD3) showed focal positive (Immunohistochemistry (IHC): 200 x). (D) CD20
showed more positive cells than CD3 (IHC, 200 x). (E) Diffuse thickening of GBM with subepithe-
lial deposits and diffuse foot process effacement (Electron microscope (EM): 2000 x).

tial nephritis. The patient started on methylprednisolone at a dose of 40 mg/day
(body weight 76 kg), with gradual reduction based on renal function. The dose
was reduced 8 weeks after initiation, with 10% reductions from the initial dose
until it was discontinued. Furthermore, the patient received intravenous cyclophos-
phamide at a dose of 0.8 g/month as an immunosuppressive therapy, with a cumu-
lative dose of 6.4 g. Additionally, the patient received supportive treatment, such
as calcium supplementation, gastric protection, and blood pressure control. The
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overall treatment regimen aimed to manage renal disease progression and systemic
complications associated with SS and MN.

After 6 months of follow-up, the patient showed substantial clinical improve-
ment. Laboratory examination revealed that plasma albumin increased to 34 g/L,
blood creatinine decreased to 98 pmol/L, and the 24-hour urinary protein excretion
reduced to 640 mg. Clinically, the patient experienced partial remission, and renal
tubular acidosis was successfully resolved.

Clinical Considerations

The possibility of MN secondary to SS could not be excluded based on clinical
results. The negative serum PLA2R result was consistent with the typical character-
istics of secondary MN. Immunofluorescence analysis of the patient’s renal biopsy
revealed IgG1 and IgG4 expression, but without a predominant expression of IgG1,
a pattern usually noticed in secondary MN. However, positive PLA2R in the renal
tissue conflicted with secondary MN diagnosis. Given the conflicting clinical and
pathological findings, renal tissue mass spectrometry was performed to identify po-
tential antigens associated with MN. The results of this analysis are presented in
Table 1.

Table 1. Renal tissue mass spectrometry (dominant expression of specific antibodies
associated with membranous nephropathy).

Item Description PSMs MSRRBI17511  Protein FDR
confidence

1 Secretory phospholipase A2 receptor (PLA2R) 67 782.598301 High

2 Early endosome antigen 1 (GEN1) 23 83.57356927 High

3 Serine protease HTRA1 3 11.06758406 High

4 Low-density lipoprotein receptor-related protein 2 (LRP2) 9 7.103855536 High

5 Protein NDNF 2 6.872050461 Low

6 EGF-containing fibulin-like extracellular matrix protein 2 2 6.767388713 High
(EFEMP2)

7 Thrombospondin type-1 domain-containing protein 7A 1 6.376155582 Medium
(THSD7A)

8 Macrophage mannose receptor 1 (TSP-1) 1 6.196741203 Low

9 Insulin-degrading enzyme (IDE) 5 4.519606512 High

10 Reversion-inducing cysteine-rich protein with Kazal 1 2.872293394 Medium

motifs (RECK)
11 Extracellular sulfatase Sulf-1 3 1.687265733 Medium

Supplementary Diagnostic Approach: A comprehensive mass spectrometry analysis of renal tissue was per-
formed to detect MN-related antibodies, including Exostosin 1, Exostosin 2, TGFBR3, NCAM1, and others.
Mass Spectrometry Findings: The proteomic expression of these antigens was weak, and the findings were
not robust enough to be included in the data table. NDNF, neuron derived neurotrophic factor; HTRAI,
high-temperature requirement A serine peptidase 1; PSMs, Physical Self-Maintenance Scale; FDR, false
discovery rate; TGFBR3, Transforming Growth Factor Beta Receptor 3; NCAM1, Neural Cell Adhesion

Molecule 1.
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Discussion

MN is traditionally divided into two main categories: primary MN (~70%) and
secondary MN (~30%). The primary MN occurs without any identifiable systemic
disease, while the secondary MN type is associated with underlying systemic dis-
eases (Couser, 2017; Glassock, 1991; Glassock, 1992; Ronco et al, 2021). These
conditions include, but are not limited to, autoimmune diseases, infections, neopla-
sia, hematopoietic stem cell transplantation, sarcoidosis, and exposure to drugs or
toxins. Secondary MN can occur as a result of well-defined autoimmune diseases,
such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), urticar-
ial vasculitis, sarcoidosis, SS, systemic sclerosis or ankylosing spondylitis (Jara
et al, 2009; Makino et al, 2002; Mok, 2009; Rosato et al, 2018; Shanmugam and
Steen, 2012; Strobel and Fritschka, 1998; Tonsawan et al, 2019; Vinicki et al, 2015).
Among these diseases, SS is a well-recognized but relatively rare cause of sec-
ondary MN. Despite its low prevalence, it should be considered in the differential
diagnosis of MN, mainly when clinical features of SS are observed.

PLAZ2R was first identified in 2009 and has since become the most character-
istic target antigen in MN (Beck et al, 2009). Using Western blot immunoassay, a
185 kDa protein band was identified in human glomerular extract, which was found
to be expressed in 70% of patients with primary MN but not in those with secondary
MN. Mass spectrometry analysis confirmed this protein M-type PLA2R (Beck et
al, 2009).

Anti-PLA2R reactivity is primarily carried by IgG4, although other IgG sub-
classes may also be involved. In some cases, PLA2R positivity in kidney tissue
by negativity in serum may be due to the “sinking effect”, a phenomenon observed
in 15% of primary MN cases (Couser, 2017). A study focusing on MN secondary
to SS reported PLA2R positivity in only 1 out of 6 patients (Larsen et al, 2013).
PLA2R-positive MN associated with SS has been reported in only a few cases (Hari
Krishna Reddy et al, 2018), making it more challenging to determine whether a pa-
tient has primary MN with SS or secondary MN caused by SS.

Tubulointerstitial nephritis (TIN) and renal tubular acidosis (RTA) are common
manifestations of pSS-associated MN (Bossini et al, 2001; Maripuri et al, 2009).
Research indicates that approximately 75% of pSS patients undergoing renal biopsy
demonstrate TIN (Maripuri et al, 2009; Ren et al, 2008). In this case report, the pa-
tient exhibited moderate chronic tubulointerstitial disease, consistent with findings
of pSS-associated renal involvement. Glomerular diseases associated with pSS is
relatively rare. When glomerular involvement occurs, it frequently manifests as
membranoproliferative glomerulonephritis (MPGN). Other glomerular diseases as-
sociated with pSS include minimal change disease, IgA nephropathy, membranous
nephropathy, fibrillary glomerulonephritis (GN), and vasculitis (Bossini et al, 2001;
Goules et al, 2019; Kidder et al, 2015). While these glomerular diseases may be
part of the pSS disease spectrum, the possibility of coexisting glomerular lesions
unrelated to pSS should be considered.

Initially, we proposed a monistic explanation, attributing the MN and tubuloin-
terstitial lesions to SS. However, several findings challenged this hypothesis:
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» High PLA2R expression in renal tissue is typically associated with primary
MN.

* Negative serum immune-related antibodies are often observed in secondary
MN.

» Immunofluorescence indicates balanced IgG1 and IgG4 expression, which is
not typical for primary MN.

These findings suggest a more complex pathophysiological scenario where
tubulointerstitial lesions could be secondary to SS, while MN might be a distinct
primary pathology.

With the identification of new target antigens, our understanding of MN con-
tinues to advance. In 2023, the Mayo Clinic Consensus introduced a revised classi-
fication system for MN (Sethi et al, 2023), impacting the diagnostic approach to the
disease. Based on this updated classification, mass spectrometry was utilized to an-
alyze related antibodies for further characterization in this case. Given that PLA2R
is positive in this case, the distinction between primary MN and secondary MN as-
sociated with SS remains uncertain. To address this uncertainty, a comprehensive
examination of all autoimmune markers outlined in the Mayo Clinic’s diagnostic
criteria was conducted.

In the evaluation of this case, several antigens commonly associated with au-
toimmune diseases were not detected:

» Exostosin 1/Exostosin 2: These antigens are the most commonly detected
proteins linked to autoimmune diseases (Sethi, 2021). They were not found in the
present case.

* Transforming Growth Factor Beta Receptor 3 (TGFBR3): Reported in nearly
6% of patients with membranous lupus nephritis (Caza et al, 2021a), this antigen
was not identified in the current case.

* Neural Cell Adhesion Molecule 1 (NCAM1): Typically found in a subset
of MN patients with membranous lupus nephritis and other autoimmune-related
diseases (Caza et al, 2021b), NCAMI1 expression was not found in this case.

The absence of these antigens in the renal tissue analysis does not support a
diagnosis of MN associated with the autoimmune diseases typically linked to these
markers. This finding is essential for differential diagnosis and may guide further
investigation into the etiology of the patient’s MN. NCAMI is detected in 1-2% of
MN cases and approximately 6% of membranous lupus nephritis cases. However,
no NCAMI1 expression was observed in current cases.

Conclusion

When MN coexist with primary SS, establishing a correlation between these
two conditions is essential. The presence of PLA2R in serum and kidney tissue
serves as an effective diagnostic tool. However, a comprehensive assessment should
include the detection of other specific antigens.

While it is more likely that PLA2R-positive MN coexisting with an autoim-
mune disease represents a coincidental occurrence of both conditions, this possi-
bility does not eliminate the need for a thorough investigation. The possibility of
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PLA2R-negative secondary MN remains crucial and warrants further exploration
by the global medical community. Understanding this distinction is essential for
fully characterizing MN and its associations with autoimmune diseases.

e The patient has Sjogren’s syndrome, and serum PLA2R antibodies are
negative, yet renal-tissue PLA2R staining is positive, raising the key ques-
tion of whether the membranous nephropathy is primary or secondary.

e  When the positive expression of PLA2R in renal tissue conflicts with the
diagnosis of secondary MN, and the immunofluorescence of renal tissue
shows a balanced expression of IgG1 and IgG4, making it unclear whether
MN is primary or secondary, renal tissue mass spectrometry for the detec-
tion of related antigens can be an option.

e Insome cases, PLA2R positivity in renal tissues that are negative in serum
may be due to the “sinking effect”, a phenomenon observed in some cases
of primary MN.

e This case offers the possibility of PLA2R-negative secondary MN, which
is worthy of further exploration.
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