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Abstract

Background Currently, no markers accurately differentiate benign from malignant renal masses. CD34 and FSHR 
are transmembrane proteins involved in neo-angiogenetic pathways and are differently expressed in several normal 
and cancerous tissues. However, little evidence exists on their distribution in different renal tumors. We aimed to 
evaluate their expressions in various renal tumors and adjacent normal tissue.

Methods We retrieved 810 histological samples from 26 patients who underwent surgery for suspected RCa. In each 
case a core of 10 × 1 mm was selected perpendicular to the tumor capsule between normal kidney and tumor. Within 
this core 30 regions of interest (ROI), each measuring 669 μm × 500 μm, were acquired at 20× magnification (n = 2 
adjacent normal tissue; n = 2 tumor capsule; n = 26 tumor). The surface area of FSHR and CD34 immunostaining was 
quantified in each ROI using number of stained pixels. The results were compared between RCa and normal kidney.

Results Immunostaining was significantly different in normal, tumor capsular, and tumor tissues (both CD34 and 
FSHR P < 0.0001), with overall highest expression in normal and lowest in tumor tissues, where CD34 and FSHR were 
differently expressed amongst different tumor subtypes (both P < 0.0001). CD34 and FSHR were more expressed in 
benign versus malignant (both P < 0.0001) and in chromophobe carcinoma versus oncocytoma tumor tissues (CD34 
P = 0.0003; FSHR P < 0.0001). The discriminating ability of FSHR alone for benign versus malignant (AUC 0.805; 
95% CI 0.771 to 0.837) and chromophobe carcinoma versus oncocytoma (AUC 0.973; 95% CI 0.939 to 0.991) was high. 
In both cases FSHR AUC was significantly higher than CD34 (both P < 0.0001) and equivalent to the combination 
of CD34 and FSHR (both P > 0.9). The correlation amongst levels of staining in tumor tissues and distance from the 
capsule were overall weak (Spearman coefficient CD34 to 0.0644; FSHR-0.16322).

Conclusion CD34 and FSHR are differentially expressed across renal tumor subtypes and between tumor and 
surrounding tissues. FSHR expression alone may be a useful tool to differentiate benign from malignant tumors and 
chromophobe carcinoma from oncocytoma.

Introduction 
Neo-angiogenesis is an important process for malignant and benign tumors growth and progression, allowing 
unrestricted expansion[1,2]. CD34 and follicle-stimulating hormone receptor (FSHR) are transmembrane proteins 
present in endothelial cells on the surface of blood vessels and differently expressed in several normal and cancerous 
tissues[2].
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CD34 is an intercellular adhesion and cell-sur-
face glycoprotein present in hematopoietic progenitor 
cells and endothelial vascular and lymphatic cells[2,3]. 
Although its specific function is not yet precisely char-
acterized, CD34 is a pan-endothelial marker, and 
anti-CD34 antibodies are highly sensitive for endo-
thelial differentiation. CD34 is differentially expressed 
in neoplastic and normal endothelium and/or may 
yield a prognostic value for several cancers including 
cervical[2], gastric[4] hepatoellular[5], prostate[6,7], 
kidney[8], bladder[9], and other neoplasms.

FSHR is a glycosylated transmembrane protein of the 
G protein receptors family, normally found in human 
testis Sertoli and ovarian granulosa cells[10,11]. Its 
presence has also been demonstrated in other tissues 
including osteoclasts, monocytes, endometrial cells, 
and the thyroid and the prostate glands, where, however, 
its expression is usually limited[11]. On the contrary, 
several malignancies—ovarian[12], prostate[13,14], 
breast[15], and others[15,16]—are found with FSHR 
expression. Although in cancer cells FHSR presence 
has been shown to vary depending on tumor type, its 
expression is constant in the endothelial cells within 
several cancers[11].

Kidney cancer is not infrequent, currently represent-
ing the sixth and eighth commonest cancer in men and 
women respectively, with more than 70 000 new cases 
detected yearly in the US[17]. In recent years, renal 
cancer (RCa) diagnosis has undergone a shift, with more 
than 60% of cases being diagnosed in the form of inci-
dental small renal masses when abdominal imaging 
is performed for other investigations[18]. These renal 
lesions can be benign or malignant, and the RCa can 
vary widely with respect to prognosis. Conventional 
imaging, including CT and/or mpMRI, despite being 
currently able to identify renal masses, cannot reliably 
distinguish benign angiomyolipoma (AML) with mini-
mal fat and oncocytoma from malignant lesions[19–21]. 
This diagnostic challenge holds even more true for 
oncocytoma as even when renal biopsies are performed, 
final histology of the surgical specimens confirms onco-
cytic neoplasms in only about 64.6% of cases, with the 
remaining tumors being mainly chromophobe carci-
noma (18.7%)[22].

Although several attempts have been made, to date 
no molecular markers are able to reliably differentiate 
benign from malignant renal lesions[23]. Some studies 
previously detailed CD34 and FSHR expression in renal 
tissues and renal cell carcinoma (RCC), but overall, little 
to no evidence exists on their distribution in different 
RCa[11,24]. Furthermore, as they are expressed in tumor 
endothelial cells and involved in neo-angiogenetic path-
ways at multiple levels, they represent a potential target 
for molecular imaging with specific contrast agents and 
for novel therapeutic agents[1,2,10,11].

Our aim was to perform a preliminary evaluation of 
CD34 and FSHR expression in surgical specimens of 
different types of benign and malignant renal neoplasms 
and surrounding normal tissues and to detail their abil-
ity to differentiate amongst different subtypes of renal 
neoplasms.

Materials and Methods 
Patients and tissue analysis 
We retrieved histological samples from 26 patients 
who underwent surgical removal of a renal tumor 
including chromophobe RCC (n = 4), type 1 papillary 
RCC (pRCC1; n = 3), type 2 papillary RCC (pRCC2;  
n = 3), clear cell RCC (ccRCC; n = 9), oncocytoma (n = 6), 
and AML (n = 1). Paraffin-embedded tissue blocks 
were retrieved from the archives of the Department of 
Biopathology, Institut Mutualiste Montsouris, Paris, 
France.

Immunohistochemistry 
Immunohistochemistry assay was performed using 
FSHR-A02 antibodies (homemade antibody, mouse 
monoclonal, at 0.2µg/mL for 30min at RT) and CD34 
antibodies (DAKO ref:M7165, mouse monoclonal 
Qbend-10, at 1/200 for 30min at RT).

All immunostainings were processed using a Leica 
BOND RX research automated immunostaining 
device. Heat induced antigen retrieval was performed 
using citrate pH6 buffer (FSHR) and EDTA pH9 buffer 
(CD34). Immunodetection was performed using Leica 
Bond Polymer Refine detection kit according to the 
manufacturer’s instructions. Antibodies specificity was 
confirmed on a panel of human testis tissue.

Quantitative analysis 
FSHR and CD34 labeled whole slides were scanned with 
the Perkin Elmer Vectra 3 scanner at ×10 magnification. 
Sections of 3 µm were cut with a microtome perpen-
dicularly from the paraffin-embedded tissue block, 
including samples from the normal kidney, the tumor 
capsular zone, if present, and the kidney tumor. In 
each case, a core of 10 mm (depth) × 1 mm (width) was 
selected perpendicular to the capsule between normal 

Abbreviations 
AML angiomyolipoma
ChC chromophobe carcinoma
FSHR follicle-stimulating hormone receptor
RCa renal cancer
RCC renal cell carcinoma
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kidney and tumor to simulate a biopsy core. Within 
this core, 30 regions of interest (ROI), each measuring 
669 μm × 500 μm, were acquired at 20× magnification. 
Two ROI were analyzed from normal kidney, 2 from 
the tumor capsular zone, when present, and 26 from 
the tumor (Figure 1). These ROI were then analyzed 
using the Perkin Elmer inForm software, which made 
it possible to determine the number of positive pixels 
for the DAB and thus to know the percentage of FSHR 
and CD34 labeled surface. Recorded variables included 
FSHR and CD34 staining, distance from the capsule 
and/or normal tissue, and tumor type. Figure 2 and 
Figure 3 display examples for the different tumors that 
were assessed according to ROI type for CD34 and 
FSHR immunostaining, respectively.

Study aims 
Our primary aim was to evaluate expression of CD34 
and FSHR in different types of renal neoplasms 
including surrounding normal tissues, tumor capsular 
tissue, and tumor tissue.

Secondary aims were to evaluate whether CD34 
and FSHR are differentially expressed in and can 
discriminate between (1) malignant versus benign 
renal tumor; (2) oncocytoma versus chromophobe 
carcinoma.

Statistical analysis  
Summary data were presented as median and 
interquartile range for continuous variables and as 
frequency and percentages for categorical variables. In 
univariate analysis, continuous variables were compared 
with the use of Wilcoxon-Mann-Whitney or Kruskal-
Wallis test as appropriate. Spearman’s coefficient was 
used to evaluate correlation between CD34 and FSHR 
immunostaining in cancerous tissues depending on the 

distance from the capsule. To investigate the ability of 
biomarkers to discriminate benign from malignant 
tumors and oncocytoma from chromophobe 
carcinoma, CD34 and FSHR immunostaining values 
in cancerous tissues and the combination of both 
were used to perform different receiver-operating 
characteristics curves (ROC). Results are given as area 
under the curve (AUC) and 95% confidence interval 
(CI). Comparison between AUC was perform using 
DeLong’s test. All tests were two-tail, and the level of 
statistical significance was set at 0.05. All the analyses 
were performed with SAS software, version 9.4 (SAS 
Institute Inc., Cary, US).

Results 
Baseline analysis 
We analyzed 810 tissue samples, including 210 
(26%) benign and 600 (74%) malignant tumors. 
The majority of samples were from tumor tissues 
(n = 702) and a minority from tumor capsular (n = 54) 
or normal (n  =  54) tissue surrounding the cancer. 
Immunostaining values for CD34 and FSHR stratified 
by tumor subtype and tissue source (normal adjacent 
tissue, tumor capsule or tumor) are displayed in 
Figure 4A-B.

Overall distribution of CD34 and FSHR in 
normal, capsular, and tumor tissues 
Table 1 displays immunostaining values of CD34 and 
FSHR depending on tumor subtypes and malignant or 
benign diseases. Overall, we observed immunostaining 
was slightly but statistically significantly different in 
normal, tumor capsular, and tumor tissues (both CD34 
and FSHR P < 0.0001), with overall highest expression 
in normal tissues and lowest expression in cancerous 
tissues. Expression was always higher in normal 
and tumor capsular tissues compared with tumor 
tissues with the exception of CD34 for chromophobe 
carcinoma.

Overall, capsular CD34 and FSHR did not yield 
significant differences amongst different tumors with 
CD34 ranging from 4.47 for pRCC2 to 11.16 for pRCC1 
(P = 0.1450) and FSHR ranging from 1.05 for AML to 
5.25 for oncocytoma (P = 0.14). CD34 expression was 
different amongst normal adjacent tissue from differ-
ent tumors (range 6.98 for ccRCC to 13.33 for AML;  
P = 0.0196) while FSHR did not yield any significant 
differences (range 0.92 for AML to 4.65 for oncocytoma; 
P = 0.1120). CD34 and FSHR were significantly differ-
ently expressed across the different tumor tissues (both  
P < 0.0001). The range was relatively wide for CD34 (from 
1.45 for pRCC1 to 8.72 for chromophobe carcinoma), 
whereas FSHR always had a mean staining percentage 
< 0.9 with the exception of oncocytoma (4.28).

FIGURE 1. 

Tissue sampling methodology for CD34 and FSHR 
quantification  

For each case acquisition of 30 zones of 669 µm x 500 µm  
(10 mm depth x 1 mm width) was performed.
Red: normal surrounding tissue; blue: capsular tissue;  
green: tumor tissue.
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FIGURE 2.

CD34 immunostaining in adjacent normal, tumor 
capsular and tumor tissue in different types of renal 
neoplasms 

FIGURE 3. 

FSHR immunostaining in adjacent normal, tumor 
capsular and tumor tissue in different types of renal 
neoplasms 

Malignant versus benign renal cancers 
Immunostaining values for CD34 and FSHR stratified 
by cancer subtype and location (normal adjacent tissue, 
tumor capsule or tumor) are displayed in Figure 4C-D 
and Table 1.

CD34 expression was highest in normal tissue, 
followed by tumor capsular and tumor tissues both for 

malignant and benign neoplasms (P = 0.0301 amongst 
benign and P < 0.0001 for malignant lesions) but no rele-
vant differences were found between expression in the 
tumor capsule and normal tissue of benign versus malig-
nant diseases (both P > 0.2). However, CD34 was slightly 
but statistically significantly more highly expressed in 
benign (5.69, IQR 3.5 to 7.3) versus malignant tumor 
tissues (4.92, IQR 1.7 to 7.1, P < 0.0001).
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TABLE 1. 

Immunostaining values of CD34 and FSHR stratified by tumor type and site 

CD34 % staining (IQR)

All ccRCC Cromophobe  Carcinoma pRCC1 pRCC2 Oncocytoma AML P value

Normal 8.58   (5.9–11.0) 6.98    (4.5–9.8) 9.84  (8.3–10.8) 10,24    (10.0–10.5) 11.49    (11.0–12.2) 7.57  (5.8–8.3) 13.33    (9.4–17.2)* 0.0196

Capsule 6.12   (2.7–8.6) 3.97    (1.8–5.8) 7.53  (5.3–9.5) 11.16 (3.8–18.9) 4.47 (1.2–8.0) 6.83  (5.3–8.8) 5.31 (1.4–9.2)* 0.1450

Tumor 5.10   (2.0–7.2) 5.42   (2.7–7.3) 8.72  (5.2–12.2) 1.45 (0.9–2.0) 2.09 (1.5–2.5) 6.27  (4.5–7.7) 3.05  (2.2–3.5) <0.0001

P <0.0001 0.0399 0.6131 <0.0001 0.0002 0.4914 0.0663

All 5.41  (2.63–7.42) 8.69  (5.3–12.2) 2.33 (1.0–2.2) 2.96 (1.5–3.0) 6.43  (4.7–7.8) 3.89  (2.1–4.4) <0.0001

Benign Malignant

Normal     8.39 (5.9–9.4) 8.67   (6.9–11.0) 0.4274

Capsule    6.61  (5.1–9.0)  5.93 (2.3–8.1) 0.2275

Tumor 5.69   (3.5–7.3)   4.92  (1.7–7.1) <0.0001

P 0.0301 <0.0001

All    5.98 (3.7–7.7) 5.20   (1.8–7.6) <0.0001

Chromophobe Oncocytoma

Normal 9.84   (8.3–10.8) 7.57    (5.8–8.3) 0.0678

Capsule   7.53 (5.3–9.5) 6.83    (5.3–8.8) 0.6160

Tumor 8.72   (5.2–12.2) 6.27    (4.5–7.7) 0.0003

P 0.6131 0.4914

All 8.69   (5.3–12.2) 6.43   (4.67–7.8) <0.0001

FSHR % staining (IQR)

All ccRCC Cromophobe  Carcinoma pRCC1 pRCC2 Oncocytoma AML P value

Normal 2.22  (0.7–2.7) 2.03   (0.5–2.3) 3.12   (2.6–3.7) 1.29  (1.3–1.3) 1.35   (2.2–2.5) 4.65   (3.8–5.7) 0.92 (0.8–1.1) 0.1120

Capsule 2.49   (2.7–8.6) 1.94   (0.2–3.2) 1.47   (0.4–1.7) 1.63  (0.5–2.5) 3.44   (0.8–5.0) 5.25   (3.3–6.3) 1.05   (1.0–1.1) 0.1400

Tumor  1.28  (0.03–1.8) 0.82   (0.01–1.1) 0.08   (0.02–0.1) 0.29   (0.0–0.3) 0.82   (0.2–1.3) 4.28   (2.2–5.1) 0.02  (0–0.01) <0.0001

P <0.0001 0.0002 <0.0001 0.0005 0.0691 <0.0001 0.0059

All 0.98   (0.02–1.4) 0.32   (0.02–0.2) 0.41 (0.06–0.43) 1.07   (0.18–1.6) 4.35   (2.2–5.2) 0.15   (0–0.02) <0.0001

Benign Malignant

Normal 3.41   (1.2–5.1) 1.99   (0.5–2.6) 0.1932

Capsule 4.32   (1.1–4.9)  2.05  (0.4–3.4) 0.0500

Tumor 3.50   (1.5–4.5) 0.61    (0.02–0.65) <0.001

P 0.7875 <0.0001

All 3.55   (1.35–4.8) 0.80   (0.03–1.072) <0.001

Chromophobe Oncocytoma

Normal 3.12  (2-6–3.7)  4.65   (3.8–5.7) 0.4705

Capsule 1.47   (0.4–1.7)   5.25   (3.3–6.3) 0.0268

Tumor 0.08   (0.02–0.1)   4.28   (2.2–5.1) <0.0001

P <0.0001 <0.0001

All  0.32  (0.02–0.2)   4.35 (2.2–5.2) <0.0001
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TABLE 1. 

Immunostaining values of CD34 and FSHR stratified by tumor type and site 

CD34 % staining (IQR)

All ccRCC Cromophobe  Carcinoma pRCC1 pRCC2 Oncocytoma AML P value

Normal 8.58   (5.9–11.0) 6.98    (4.5–9.8) 9.84  (8.3–10.8) 10,24    (10.0–10.5) 11.49    (11.0–12.2) 7.57  (5.8–8.3) 13.33    (9.4–17.2)* 0.0196

Capsule 6.12   (2.7–8.6) 3.97    (1.8–5.8) 7.53  (5.3–9.5) 11.16 (3.8–18.9) 4.47 (1.2–8.0) 6.83  (5.3–8.8) 5.31 (1.4–9.2)* 0.1450

Tumor 5.10   (2.0–7.2) 5.42   (2.7–7.3) 8.72  (5.2–12.2) 1.45 (0.9–2.0) 2.09 (1.5–2.5) 6.27  (4.5–7.7) 3.05  (2.2–3.5) <0.0001

P <0.0001 0.0399 0.6131 <0.0001 0.0002 0.4914 0.0663

All 5.41  (2.63–7.42) 8.69  (5.3–12.2) 2.33 (1.0–2.2) 2.96 (1.5–3.0) 6.43  (4.7–7.8) 3.89  (2.1–4.4) <0.0001

Benign Malignant

Normal     8.39 (5.9–9.4) 8.67   (6.9–11.0) 0.4274

Capsule    6.61  (5.1–9.0)  5.93 (2.3–8.1) 0.2275

Tumor 5.69   (3.5–7.3)   4.92  (1.7–7.1) <0.0001

P 0.0301 <0.0001

All    5.98 (3.7–7.7) 5.20   (1.8–7.6) <0.0001

Chromophobe Oncocytoma

Normal 9.84   (8.3–10.8) 7.57    (5.8–8.3) 0.0678

Capsule   7.53 (5.3–9.5) 6.83    (5.3–8.8) 0.6160

Tumor 8.72   (5.2–12.2) 6.27    (4.5–7.7) 0.0003

P 0.6131 0.4914

All 8.69   (5.3–12.2) 6.43   (4.67–7.8) <0.0001

FSHR % staining (IQR)

All ccRCC Cromophobe  Carcinoma pRCC1 pRCC2 Oncocytoma AML P value

Normal 2.22  (0.7–2.7) 2.03   (0.5–2.3) 3.12   (2.6–3.7) 1.29  (1.3–1.3) 1.35   (2.2–2.5) 4.65   (3.8–5.7) 0.92 (0.8–1.1) 0.1120

Capsule 2.49   (2.7–8.6) 1.94   (0.2–3.2) 1.47   (0.4–1.7) 1.63  (0.5–2.5) 3.44   (0.8–5.0) 5.25   (3.3–6.3) 1.05   (1.0–1.1) 0.1400

Tumor  1.28  (0.03–1.8) 0.82   (0.01–1.1) 0.08   (0.02–0.1) 0.29   (0.0–0.3) 0.82   (0.2–1.3) 4.28   (2.2–5.1) 0.02  (0–0.01) <0.0001

P <0.0001 0.0002 <0.0001 0.0005 0.0691 <0.0001 0.0059

All 0.98   (0.02–1.4) 0.32   (0.02–0.2) 0.41 (0.06–0.43) 1.07   (0.18–1.6) 4.35   (2.2–5.2) 0.15   (0–0.02) <0.0001

Benign Malignant

Normal 3.41   (1.2–5.1) 1.99   (0.5–2.6) 0.1932

Capsule 4.32   (1.1–4.9)  2.05  (0.4–3.4) 0.0500

Tumor 3.50   (1.5–4.5) 0.61    (0.02–0.65) <0.001

P 0.7875 <0.0001

All 3.55   (1.35–4.8) 0.80   (0.03–1.072) <0.001

Chromophobe Oncocytoma

Normal 3.12  (2-6–3.7)  4.65   (3.8–5.7) 0.4705

Capsule 1.47   (0.4–1.7)   5.25   (3.3–6.3) 0.0268

Tumor 0.08   (0.02–0.1)   4.28   (2.2–5.1) <0.0001

P <0.0001 <0.0001

All  0.32  (0.02–0.2)   4.35 (2.2–5.2) <0.0001
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FIGURE 4. 

CD34 and FSHR immunostaining in adjacent normal, tumor capsular and tumor tissue amongst different types of 
renal neoplasms
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FSHR was expressed similarly in normal, tumor 
capsular, and benign tumor tissues and no relevant 
differences with corresponding sites related to malig-
nant tumors were noted (normal tissue P = 0.19 and 
tumor capsule P = 0.05). However, FSHR expression 
was significantly greater in benign (3.55, IQR 1. 5 to 4.5) 
versus malignant tumor tissues (0.15, IQR 0.02 to 0.65, 
P < 0.0001).

ROC curves are displayed in Figure 5A. The highest 
AUC in differentiating malignant from benign tumors 
was for FSHR (AUC 0.805; 95% CI 0.771 to 0.837). The 
discriminating ability of FSHR alone was comparable 
to the use of the combination of FSHR and CD34 (AUC 
0.805; 95% CI 0.770 to 0.837, P = 0.9920) and superior 
to CD34 alone (AUC 0.630; 95% CI 0.589 to 0.669, 
P <0.0001).
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Oncocytoma versus chromophobe carcinoma 
CD34 expression was overall not significantly different 
amongst different sites within oncocytomas and 
chromophobe subtypes (both P > 0.4). Similarly, no 
significant staining differences were observed between 
tumor capsular and normal tissues of oncocytomas 
versus chromophobe carcinomas (both P > 0.05). 
Nonetheless, CD34 was present at higher levels in 
chromophobe carcinoma (8.72; IQR 5.3 to 12.2) 
versus oncocytoma tumor tissues (6.27, IQR 4.5 to 7.8, 
P = 0.0003).

FSHR was expressed differently in normal, capsular, 
and tumor tissues both for chromophobe carcinomas 
and oncocytomas (both P < 0.0001). FSHR was signifi-
cantly higher in capsular sections related to oncocytoma 
compared with chromophobe carcinoma (5.25, IQR 
3.3 to 6.3 versus 1.47, IQR 0.4-1.7; P = 0.0268) and even 
more markedly expressed in tumor tissue from oncocy-
toma (4.28, IQR 2.2 to 5.1) compared with chromophobe 
carcinoma, where the FSHR was almost not expressed 
(0.08, IQR 0.02 to 0.1; P < 0.0001).

ROC curves are displayed in Figure 5B. FSHR expression 
in tumor tissues was able to accurately differentiate 
oncocytomas from chromophobe carcinomas (AUC 
0.973; 95% CI 0.939 to 0.991). The discriminating ability 
of FSHR alone was comparable to the combination of 
FSHR and CD34 (AUC 0.973; 95% CI 0.939 to 0.991, 
P = 0.9875) and superior to that of CD34 alone (AUC 
0.666; 95% CI 0.595 to 0.731; P < 0.0001).

Capsular distance in cancerous tissue
The correlation amongst levels of staining in tumor 
tissues and distance from the capsule were overall 
weak (Spearman’s coefficient CD34 -0.0644; FSHR-
0.16322) and different amongst different cancer 
subtypes (Supplementary Table S1). Lowest and highest 
correlation for CD34 were with tpRCC2 (0.01529) and 
chromophobe carcinoma (0.18685), respectively and for 
FSHR with chromophobe carcinoma (0.01521) and AML 
(−0.349949), respectively.

Discussion
In the current study, we assessed CD34 and FSHR 
expression in different renal cancer subtypes, including 
benign and malignant neoplasms and cancerous and 
non-cancerous surrounding tissues. To our knowledge, 
this is the first work to detail CD34 and FSHR expression 
in this context. Several findings of our work are of 
interest.

First, we found both markers can vary widely 
amongst different subtypes of renal cancers. This holds 
true especially for the expression of CD34 and FSHR 
in cancerous tissues, but differences amongst cancer 
subtypes in normal surrounding tissues and in the 

capsule are less marked. A limited number of stud-
ies investigated immunostaining levels depending on 
kidney cancer histology for CD34[25,26], suggesting 
different levels of expression, and no studies assessed 
FSHR. Immunostaining differences need to be further 
explored to determine the possible roles of these mole-
cules in different types of carcinogenetic pathways 
according to the corresponding cancer subtypes.

Second, within the same renal cancer subtype, 
CD34 and FSHR also vary significantly, depending on 
whether we analyzed the normal peri-tumoral tissue, 
the capsule, or the cancer. Some cancers, as for TPP1 and 
TPP2 for CD34, have markedly higher staining outside 
the cancerous areas, and others, like oncocytomas, 
have similar levels of expression throughout different 
sites. Indeed, patterns of expression of these molecules, 
whether they are more or less present towards the 
cancerous or non-cancerous tissues or whether they are 
more or less uniform throughout different sites, also 
mandate further assessment as they may help in recog-
nizing different renal cancers and in clarifying different 
molecular carcinogenetic pathways.

An increased staining at the level of the cancer 
surface may suggest increased angiogenesis and inva-
sive and metastatic potential for cancer cells, through 
newly formed vessels deriving from FSHR pathway acti-
vation[27]. Similarly, previous authors suggested VEGF-
mediated downregulation of CD34 adhesion molecule 
may constitute a tumor-mediated escape mechanism 
from immune surveillance[28].

In this context, it was interesting to note there were 
only weak correlations/changes in CD34 and FSHR 
expression depending on the depth within the cancerous 
tissues. Others detailed a shell type distribution of the 
FSHR receptor, reaching the highest level of expression 
at the border between normal and cancerous tissues and 
then gradually decreasing inside and outside the cancer. 
This finding was noted for all the 11 different cancers 
analyzed, except for renal cell carcinoma, where, as 
in our work, only mild differences between cancerous 
and non-cancerous tissues and overall weak correlation 
of FSHR and CD34 expression and distance from the 
capsule were highlighted[15]. Whether these findings 
may be related to different angiogenetic molecular path-
ways in kidney neoplasms and/or linked to the relatively 
high radiation and drug resistance of kidney neoplasms 
remains to be understood[29].

Third, CD34 and FSHR may help in differentiating 
benign and malignant renal cancers as, especially when 
looking at cancerous areas, they are both more expressed 
in benign tumors. Importantly, this difference, although 
being statistically significant, remains weak for CD34 
and possibly not clinically meaningful. By contrast, 
the expression difference of FSHR between benign and 
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malignant renal cancers is more pronounced. In fact, if 
used as a diagnostic test, FSHR has acceptable to excel-
lent ability in discriminating between benign and malig-
nant lesions. Not only is the FSHR discriminating ability 
superior to that of CD34 alone, but it does not signifi-
cantly increase if used in combination with CD34.

Fourth, CD34 and FSHR may also be useful in distin-
guishing oncocytoma from chromophobe carcinoma. 
Again, while CD34 staining differs little between tumor 
types, FSHR is expressed at very low levels in chromo-
phobe carcinoma and at a high level in oncocytoma. As 
such, FSHR has an outstanding discriminating ability 
in differentiating these 2 tumor types, with an AUC of 
0.973 (95% CI 0.939 to 0.991).

Currently, relatively poor evidence is present for 
diagnostic biomarkers and for the ability of differen-
tiating amongst different renal cancer subtypes over-
all. Several molecules have been tested in a diagnostic 
setting. However, even the most promising ones, includ-
ing PAX2 and PAX8, vimentin, cytokeratine 7 and other 
subtypes, and c-kit, have a limited diagnostic ability 
and/or show relevant limitations such as negativizing 
in high-grade tumors, or not staining in some of the 
commonest renal malignancies[30]. Contrarily, a recent 
meta-analysis highlighted several promising molecules 
that may help to differentiate ChC from oncocytomas, 
warranting future comparisons with our results[24].

Several groups already showed FSHR expression 
in different cancerous tissues[15]. Nonetheless, FSHR 

FIGURE 5.  
ROC analysis and respective AUC values to differentiate amongst subtype of kidney tumor
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expression in renal neoplasms has been explored in only 
a few reports limited to renal cell carcinoma.

From a clinical perspective FSHR may have import-
ant implications in a diagnostic setting. Cancer misclas-
sification on biopsy specimens is not infrequent overall 
and as many as 1 in 3 oncocytomas detected on biopsy 
are found to be chromophobe carcinoma on examina-
tion of the surgical specimen[22]. Considering the global 
increase in the use of renal biopsy and the diagnostic 
shift towards small renal masses[18,31], the ability of 
FSHR to rule out malignant disease and chromophobe 
carcinomas urgently requires further investigation. If 
confirmed, FSHR use may have a relevant impact on 
clinical decision-making.

Another potential application may be represented by 
in vivo diagnostic imaging. Radu et al. proved intrave-
nous accessibility of the FSHR using gold-labeled-an-
tibodies in prostate cancer xenograft mouse models. 
Furthermore, distribution in normal organs was low[15]. 
Recently, Ingels and colleagues showed in vivo ultra-
sound with targeted FSHR microbubbles may correlate 
with sunitinib treatment response in mouse renal cell 
carcinoma[32]. If confirmed in patients, FSHR-based 
imaging could be used to identify renal tumor subtype, 
which would dictate which lesions require further inves-
tigation and possibly intervention.

In a prognostic setting, the value of FSHR remains 
unknown. Given our initial findings on its ability to 
discriminate between malignant and benign diseases 
and the findings of other studies detailing its ability in 
predicting treatment response[29], it is our intent to clar-
ify their prognostic abilities within malignant diseases 
in the near future. Similarly, previous reports found 
possible prognostic value for CD34, depending on its 
immunostaining pattern for renal cell carcinoma[8].

From a research perspective, further efforts should 
be made to elucidate possible roles of FSHR and CD34 
in kidney cancer pathways. CD34 may play a role in 
cancer immune escape but its role overall remains 
largely unknown[28]. On the contrary, amongst its 
several functions, the FSH/FSHR axis has been shown 
to increase angiogenesis through the HIF-1 and VEGF 
pathway[33], with FSHR overexpression promoting 

VEGF/VEGF-receptor binding, and, thus, angiogenesis. 
Furthermore, the pathway also promotes activation of G 
proteins in endothelial cells with activate VEGF recep-
tor in the absence of VEGF, possibly inducing prolifer-
ation and migration independent of VEGF[34,35]. Not 
surprisingly, some authors have speculated that block-
ing FSH-receptor may represent a valid antitumor strat-
egy, inhibiting angiogenesis. Furthermore, FSHR is 
expressed on the luminal surface of endothelial cells, 
thus being an ideal target for ligands to induce peritu-
moral vascular infarction[36].

In this sense, our work also clarifies FSHR may 
have a limited interest as a direct binding site for ther-
apeutic drugs. Others have hypothesized FSHR may 
represent an important target because its expression is 
higher in cancerous than in normal Sertoli and granu-
losa cells[15]. In the context of kidney cancer, we found 
FSHR is more highly expressed in benign tumors and 
associated normal tissue than in malignant tumors and 
associated normal tissue. Nonetheless, we sampled only 
normal tissue surrounding the cancer, possibly includ-
ing areas where molecular alterations may be more 
reflective of tumor microenvironment than unaltered 
normal tissues, which calls for further analysis.

Our work has some limitations. We included a rela-
tively small number of cases and, as a consequence, we 
did not perform multivariable analysis adjusting for 
patient features and/or investigating possible roles in 
patient prognosis. Nonetheless, our aim was to perform 
a preliminary analysis. On the basis of our present 
results, we are in the process of increasing the number of 
patients to confirm our preliminary findings.

Conclusion   
From our preliminary analysis of CD34 and FSHR 
in different subtypes of renal neoplasms, we found 
they are differently expressed in renal tumors and/or 
surrounding tissues depending on the Ca histology. 
FSHR expression alone may be a useful tool to 
differentiate amongst benign and malignant subtypes 
and chromophobe carcinomas and oncocytomas. 
Larger studies are needed to confirm our findings and to 
evaluate their potential applications.
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SUPPLEMENTARY TABLE S1. 

Spearman’s coefficient for correlation amongst levels 
of staining in tumor tissue and distance from the tumor 
capsule overall and amongst different tumor subtypes 

Kidney Cancer Subtype Spearman’s Coefficient

CD34 FSHR

All −0.0644 −0.16322

AML 0.03701 −0.34994

Chromophobe carcinoma 0.18685 0.01521

Oncocytoma −0.16441 0.17977

Clear cell renal cell carcinoma −0.09991 −0.19721

Papillary renal cell carcinoma 
type 1 −0.01529 0.23871

Papillary renal cell carcinoma 
type 2 −0.21508 0.11991

Negative correlation: bold; positive correlation: underscored.
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