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Abstract

Target antigens in idiopathic membranous nephrgp@iN) include the
phospholipase A2 receptor (PLR), and in some cases, the thrombospondin type 1
domain-containing 7A (THSD7A). A notable phenomei®the high rate of cancer
(reported to be as high as 20%) in patients witlsDMA-associated MN.
Neurofibromatosis type 1 (NF1) is an autosomal chami disease caused HNiFl

gene mutation, and clinically characterized by ipldtcutaneous neurofibromas and
café-au-lait spots. In this article, we report tgra with NF1 who developed
THSD7A-associated MN when the NF1 skin lesionsri@t@ted. The patient, a
62-year-old male, was referred to us for nephmgrmdrome for 6 months. Physical
examination revealed multiple cutaneous nodulesutttout the entire body, and the
patient noted recent increase in the numbers gktkkin lesions. Cutaneous nodules
excisional biopsy suggested NF1 and Sanger sequeunsing genomic DNA
extracted from peripheral blood revealed a pre\noreported heterozygous
frameshiftNF1 mutation (c.1541 1542delAG, p. GIn514fs). Renapbijorevealed

MN and immunohistochemistry (IHC) showed enhanc¢aohsg of THSD7A as well
as PLAR along the glomerular basement membrane whereasetiim level of
THSD7A and PLARwere both within normal range. The neurofibrorsaues were
positive for THSD7A but not for PLAR on IHC. The patient did not respond to

6-month treatment with glucocorticosteroid and optlosphamide. In this
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exceptional case, strong positive staining of THAMDYboth skin and renal biopsy
samples, together with the temporal associatiowdxt nephrotic syndrome and skin
lesions and lack of treatment response, suggesteplassibility that MN could be the
result of immune response to THSD7A in NF1. Thgoré may improve

understanding of the mechanistic link between MN eancer.
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Neurofibromatosis type 1, Membranous nephropati&D7A
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1. Introduction

Neurofibromatosis type 1 (NF1) is an autosomal c¢h@mi disease (prevalence 1.
2500 to 1: 3000) caused by the mutation ofNF& gene that participates in the
control of cell division (Lin et al., 2013). Firstported by von Recklinghausen in
1882, NF1 is characterized by cutaneous neurofiesmmafé-au-lait spots and
axillary or inguinal freckling (Dombi et al., 201@atients with NF1 are at increased
risk of developing malignancies and display an @ssnt of benign and malignant
lesions including cutaneous and plexiform neuraiibas, malignant peripheral nerve
sheath tumors, optic gliomas, bone abnormalitieslamkemia (Boyd et al., 2013).
NF1 is associated with renal artery stenosis, arsbme cases with glomerular
diseases, e.g., membranous nephropathy (MN), minh@ge disease, focal
segmental glomerulosclerosis, IgA nephropathy giinephropathy (Van-Gils et
al., 2010).

MN is caused by formation of immune deposits ondtier aspect of the glomerular
basement membrane, which contain podocyte or mlaartBgens and circulating
antibodies specific to those antigens (Cattran. e2@17). Pathologically, MN is
characterized by diffuse thickening of the glomarddasement membrane and
widespread subepithelial deposits. The major antigediopathic MN is the
phospholipase A2 receptor (PER) with about 70% of idiopathic MN cases have

circulation autoantibodies against PIRA(Beck et al., 2009). In a small but
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significant percentage (about 2% to 9%) of the gatde antigen responsible for the
immune attack in MN is thrombospondin type 1 dorr@ontaining 7A (THSD7A)
(Tomas et al., 2014; lwakura et al., 2015; Wangl.e2017). Notably,
THSD7A-associated MN is strongly associated withignant tumor. Approximately
20% of the patients with THSD7A-associated MN hawealignant tumor upon
diagnosis (Hoxha et al., 2017), in contrast to @imlower rate of 1% to 12% in the
overall population of MN patients (Jhaveri et aD13). In a previous case report,
surgical removal of the gallbladder cancer in agpatcomorbid with
THSD7A-associated MN resulted in THSD7A antibodsoseversion and proteinuria
remission (Hoxhat al., 2016). In another report of endometrial cancenaxtid

with THSD7A-associated MN (Hoxha et al., 2017), T¥& was detected in the
metastatic lymph nodes of endometrial cancer.ikdticle, we report a case of
THSD7A-associated MN in a patient with NF1 and jdeva speculation on the

possible mechanistic link between MN and NF1.

2. Patient, materials and methods
2.1 Human samples
This study was approved by the Institutional Revigvard of Shanghai Xin Hua

Hospital. Peripheral blood sample was collectethftbe patient, whereas blood



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

samples were not available from the first-degréagives of the patient. Written
informed consent was obtained from the patient.

2.2 Sanger sequencing

Genomic DNA was extracted from the peripheral bleadhple of the patient. The
entireNF1 gene coding regions and splice sites were amgl#ied directly
sequenced (primer sequences available upon requsast) an ABlI PRISM 3730xl
Genetic Analyzer (Applied Biosytems, USA). Reswtre analyzed based on NCBI
reference sequence number NM_001042492.

2.3 Immnohistochemistry

Paraffin-embedded sections of formalin-fixed rdmapsy tissues and cutaneous
nodules tissues of the NF1 patient were utilizedrfonunohistochemistry (IHC)
staining. Normal kidney sections from normal neptomy samples adjacent to
tumors were used as normal control. IHC of PLA2RSD7A and IgG4 on renal
tissues and IHC of PLA2R1, THSD7A, neurofibromim&$+100 on cutaneous
nodules tissues were performed as previously destHanai et al., 2016; Hoxha et
al., 2012; Tomas et al., 2014). Dilution of thenpatry antibodies were as follows:
PLA.R (1:100, Atlas Antibodies, Sweden), THSD7A (1:B@as Antibodies,
Sweden), 1gG4 (1:300, Abcam, UK), neurofiorominl(0, DAKO, Denmark) and

S-100 (1:500, Longislandbio, China). The percentafeling index (hnumber of



139 positive neurofibroma cells/total number of neusadima cells expressed as a

140 percentage) was calculated.

141 2.4 Enzyme linked immunosor bent assay

142  Serum anti-PLA2R antibody was measured by Enzymied immunosorbent assay
143 (ELISA) with the ELISA kit provided by EUROIMMUN, &many [normal range
144  0-20 relative units (RU)/mL]. Serum anti-THSD7A inaidy was measured by

145 ELISA test with the ELISA kit provided by JiangRiotech, China (normal range
146  5.05-95.5 ng/ml) and the anti-THSD7A antibody resiithe patient was also

147 compared with that of 6 normal controls.

148

149 3. Results

150 3.1 Clinical characteristics of the patient

151 The patient is a 62-year-old male. On August 2@6visited Renal Clinic of Xin
152 Hua Hospital with progressive edema of both loweramities, ascites and foamy
153 urine. Physical examination revealed diffuse saftaneous nodules of different sizes
154  scattered on his face, trunk and extremities (&), which he claimed had been
155 presented since his 30s and the number of nodutesased when edema was

156 presented since January 2016. No café-au-lait agitiary freckling or any other
157 NF1l-associated clinical phenotype was observechddiea 2+ pitting edema on both

158 lower extremities. The patient had no family higtof either kidney or skin disease.
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Abnormal laboratory findings revealed heavy prateia (urinary protein excretion
6.8g/day), occult hematuria 2+, hypoalbuminemi&gA. (total protein 43.7 g/d).
Renal function was within normal range (serum eng@a, Scr 72umol/L). Serum
anti-PLA2R antibody level was 13.57 RU/mL (normahge 0-20 RU/mL). THSD7A
serum level of this patient is 19.85 ng/ml, whicasmot elevated compared with that
in normal controls (the average THSD7A serum leveet 20.19 0.66 ng/ml, n=6).
Laboratory testing ruled out hepatitis B/C, lupeplnritis, sarcoidosis and solid
tumors or hematological malignancies other than.NFhthalmologic examination,
neurological examination and brain magnetic reso@amaging were normal.
Cutaneous nodules excisional biopsy was performddatology was consistent
with NF1. Renal biopsy revealed features of MN vaiigmental endothelial and
mesangial cell proliferation (Fig. 1B). IHC staiginevealed enhanced staining of
THSD7A (Fig.1C) and PLAR (Fig. 1D) along the glomerular basement membrane
compared with THSD7A and PLAZ2R staining of normaicol (Fig. 1E and Fig. 1F).
The patient was also positive for IgG4 depositiothie glomeruli. IHC staining of
the cutaneous nodules excisional biopsy tissuesegththat the neurofiboroma cells
were positive for S-100 (labelling index 50%) (F2d\), neurofibromin (labelling
index 8%) (Fig. 2B) and THSD7A (labelling index 2b¥peig. 2C), but negative for

PLAR (Fig. 2D).
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The patient received treatment with angiotensinveaimg enzyme inhibitor
(benazepril), oral prednisolone (1 mg/kg/day itigiggapering gradually to 20mg/day
after 6 months) and intravenous cyclophosphamided/month). The patient did not
respond to the treatment. Laboratory testing &teronths revealed 24-hour
proteinuria at 4.8 g, occult hematuria 2+, serubuiain 22 g/L and Scr 63mol/L.

3.2 Mutation analysis

Sanger sequencing in the patient revealed a prelyioeported heterozygous
frameshiftmutation ¢.1541 1542delAG resulting in p. GIn5liaftheNF1 gene (Fig.
3) (Maruoka et al., 2014; Pordt al., 2014). None of the first-degree relativethe

patient were available for sequencing.

4. Discussion

A literature search of the PubMed identified altofesB8 NF1 cases associated with
membranous nephropathy, but with no molecular amalyfab 1). Gene sequencing
in the patient in this report revealeti@erozygous frameshift mutation

(c.1541 1542delAG, p.GIn514fs) in tNE-1 gene. To our knowledge, this represents
the most credible case of NF1 in association wHSID7A-associated MN.

THSD7A was initially characterized as an endothgratein that is expressed in the
placental vasculature (Wang et al., 2010). In 20HISD7A was identified as an

autoantigen in adult idiopathic MN (Tomas et al12) and the prevalence of

10



198 THSD7A-associated MN is about 2% to 9% (Tomas .e8all4; Iwakura et al., 2015;
199 Wang et al., 2017). Subsequent studies suggesjbédrrate of cancer comorbidity
200 (approximately 20%) in patients with THSD7A-assteiBMN (Hoxha et al., 2017).
201 Stahl et al. documented positive THSD7A in a vgradtcancers including renal cell
202 carcinoma, colorectal cancer, prostate cancer egasbcancer. Notably, in patients
203  with prostate cancer, THSD7A overexpression wasaated with unfavorable

204 tumor phenotype and prostate-specific antigen renge (Stahl et al., 2017).

205 In our NF1 patient with THSD7A-associated MN, sg@ositive staining of

206 THSDTYA in both skin and renal biopsy samples, togetwith the temporal

207 association between nephrotic syndrome and skiongs&nd lack of treatment

208 response, suggested the possibility that MN coalthke result of immune response to
209 THSD7A in NF1. Such a notion is consistent withublshed cases of

210 THSD7A-associated MN and malignancy, in which TH8DWVas aberrantly

211 expressed in the primary gallbladder and endonteiizcer tissues and lymph-node
212 metastases (Hoxha et al., 2016; Hoxha et al., 20iféyestingly, in the patient with
213 THSD7A-associated MN and gallbladder cancer, treatrof the primary cancer

214 resulted in THSD7A antibody seroreversion and pnotga remission (Hoxha et al.,
215 2016). The underlying molecular mechanism for theoaiation between

216 THSD7A-associated MN and NF1 remains obscure. @ssiple explanation is that

217 the immune system might have recognized THSD7Afasesgn antigen in the

11
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nerufibroma cells; the resulting THSD7A antibodiesn recognize THSD7A on
podocytes to initiate MN. However, serum THSD7Ailaodly, as detected by ELISA,
was within the normal range in our patient, ahiésdase for PLAR, which was
positive along the glomerular capillary wall but netected in the serum in this
patient. It is plausible that alternative mecharsigfor example, the presence of
antibodies not recognized by the assay kits) cexist. Other possibilities might
include that the circulating THSD7A and PiRAantibodies has not yet reached a
level high enough or may have disappeared froneiticelation, or the antibody
could all be bound to the antigen in the glometualihe Chinese cohort of 578 MN
patients (Wang et al., 2017), circulating anti-TH@Dwas detected in only 6 out of
12 (50%) patients with enhanced glomerular expoasst THSD7A, whereas 120
out of 514 (21%) patients negative for anti-BRAantibodies showed enhanced
expression of PLAR in glomeruli.

It is noteworthy to point out the p. GIn514fs migatof theNF1 gene does not
necessarily lead to MN; neither proteinuria noratedysfunction was noted in 2
previous reports of NF1 patients (Maruoka et &14 Pontiet al., 2014). Also, the
patient in the current case had NF1 for over 30sy/bafore nephrotic syndrome.
Spontaneous remission occurs in about 30% of itdhpdIN patients with nephrotic
syndrome (Polanco et al., 2010). In a previous ogsert of comorbid NF1 and MN

(antigen not determined), spontaneous remissigmatéinuria was noted (Table 1;
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Kokubo et al., 1993). In our case, proteinuriamtd remit after 6-month therapy of
oral prednisolone and intravenous cyclophosphamida result, we believe that
MN could either be coincident or mechanisticalllated depending on differing
disease antigens.

In conclusion, the current case suggested thelphigsihat MN could be the result
of immune response to THSD7A in NF1. Supportinglerce included positive
THSD7A in both skin and renal biopsy samples, émeporal association between
nephrotic syndrome and skin lesions, and lackeztiment response to
glucocorticoids and cyclophosphamide. This repay mmprove understanding of

the mechanistic link between MN and cancer.
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Figurelegends

Figure 1. A. Clinical features of the NF1 patient: multiple cugaus neurofiboroma of
different sizes scattered on the neck, trunk ancesities of the patienkigure 1.
B-Figure 1.D. Renalhistological findings of the NF1 patierfB) Light microscopy
showing membranous nephropathy with segmental Betiat and mesangial cell
proliferation (silver staining, x40); Immunohistaghistry (IHC, x40) showed strong
positive staining of THSD74C) and PLAR(D) along the glomerular basement
membrane in the NF1 patieigure 1. E-Figure 1.F. IHC staining (x40) of

THSD7A(E) and PLARL(F) in renal biopsy tissue of normal control.

Figure 2. Microscopic findings of the cutaneous nodule excial biopsy and the

results of immunohistochemistry (x4@). S-100;B. Neurofibromin;C. THSD7A,

andD. PLA;R1.

Figure 3. Electropherogram showing the heterozygous franftedRil mutation

(c.1541_1542delAG, p. GIn514fs) in the patiéh} comparing to a non-carri€B).

18



Table 1 Neurofibromatosistype 1 associated with membranous nephropathy in theliterature.

Case Age/Gender Family history NF1-related features NF1 mutation Renal outcome Reference
No family history of NF1 Subcutaneous neurofiboromas;.1541 1542delAG, N o. proteinuria
1 62 yr/male . . . . remission after GC and  Current report
or kidney disease no café-au-lait spots p. GIn514Argfs*43
CTX treatment
5 70 yr/female No famllly hlsto.ry of NF1 Subcutane(?us negroflbromas No molegular N/A Waniet al.. 2006
or kidney disease and café-au-lait spots analysis
3 49 yr/male No famllly hlsto.ry of NF1 Subcutane(?us negroflbromas No molegular N/A Tothetal. 1996
or kidney disease and café-au-lait spots analysis
I Subcutaneous neurofibromas, N
4 68 yr /male No family history of NF1 café-au-lait spots and axillary No molecular Spontaneous protelnurlaKokuboet al. 1993

or kidney disease analysis remission

freckling

CTX: cyclophosphamide; GC: glucocorticosteroid; Nt available; NF1: Neurofibromatosis type 1
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