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23 ABSTRACT 
 

24 Renal cell carcinoma (RCC) biomarkers are necessary for diagnosis and prognosis. They 
 

25 serve to monitor therapy response and follow-up, as drug targets, and therapy predictors in 
 

26 personalized treatments. Proteomics is a suitable method for biomarker discovery. Here we 
 

27 investigate differential protein expression in RCC, and we evaluate Reticulocalbin 1 (RCN1) 
 

28 use as a new potential marker. Neoplastic and healthy tissue samples were collected from 24 
 

29 RCC  patients  during  radical  nephrectomy.  Seven  specimens  were  firstly  processed  by 
 

30 proteomic analysis (2-DE and MALDI-TOF) and 18 differentially expressed proteins from 
 

31 neoplastic and healthy renal tissues were identified. Among them, RCN1 was over-expressed 
 

32 in all cancer specimens analyzed by proteomics.  Consequently RCN1  use as a potential 
 

33 marker was further evaluated in all 24 donors. RCN1 expression was verified by Western 
 

34 Blotting (WB) and immunohistochemistry. WB analysis confirmed RCN1 over-expression in 
 

35 21 out of 24 tumor specimens, whereas immunohistochemistry displayed focal or diffuse 
 

36 expression of RCN1 in all 24 RCC tissues. Thus RCN1 appears as a potential marker for 
 

37 clinical approaches. A larger histopathological trial will clarify the prognostic value of RCN1 
 

38 in RCC. 
 

39 
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40 1. Introduction 
 

41 Renal cell cancer (RCC) is the most frequent neoplasm of the kidney.  This disease accounts 
 

42 for  approximately  2–3%  of  all  cancers.  RCC  is  a  heterogeneous  disease,  comprised  of 
 

43 different histological variants with a distinct clinical course, genetic changes and response to 
 

44 systemic  treatment.  The  categorization  of  RCC  includes  different  subtypes   based  on 
 

45 morphology,  including  clear  cell,  papillary,  chromophobe,  granular,  spindle  cell,   cyst- 
 

46 associated, translocation and collecting-duct carcinomas. The most common subtype is clear 
 

47 cell carcinoma, accounting for 75% of cases, papillary follows with 10%, chromophobe 5% 
 

48 and  undifferentiated  represent  approximately  10%  of  cases  [1].  RCC  incidence  varies 
 

49 substantially  worldwide  [2].  Nonetheless,  several  studies  have  shown  evidence   of  an 
 

50 increasing number of RCC cases. Apparently, this was associated with a larger  number of 
 

51 early-stage diagnoses - presumably due to improved use of imaging techniques - but also with 
 

52 an increasing incidence of late-stage tumors [3]. Even though imaging examination such as 
 

53 ultrasonography  represents  a  major  tool  for  diagnosis  and  screening  of  renal  masses, 
 

54 complementary research methods should not be neglected, and several authors have recently 
 

55 suggested new potential RCC markers [4-7]. 
 

56 Indeed, RCC biomarkers are useful not only in diagnosis but also to determine the prognosis, 
 

57 function as drug targets, monitor follow-up and therapy response, and choose  therapy in 
 

58 personalized  treatments  [4-7].  To  date,  a  quite  large  number  of  molecules   (including 
 

59 cytokeratins, vimentin, PAX2, PAX8, CD10, E-cadherin, kidney-specific cadherin, 
 

60 parvalbumin,  claudin-7,  claudin-8,  α-methylacyl  coenzyme  A  racemase,  CD117,  TFE3, 
 

61 thrombomodulin, uroplakin III, p63, CD57, and carbonic anhydrase IX) are under evaluation 
 

62 as   RCC   markers,   and   some   of   them   are   used   in   pathological   diagnosis   through 
 

63 immunohistochemical  (IHC)  techniques  [8].  Some  major  issues  calling  for  IHC  include 
 

64 differential diagnosis of renal versus non-renal neoplasms, histologic sub-typing of  RCC, 
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65 diagnosis of renal neoplasms in small core-biopsy specimens, diagnosis of possible metastatic 
 

66 renal  carcinomas,  and  less  frequently,  molecular  prognostic  prediction  [8-9].   Notable, 
 

67 proteomics is a major approach used for biomarker discovery, since it allows examination of 
 

68 either biological fluids or tissues [10] and  comparison of protein expression between cancer 
 

69 patients and normal subjects [11]. 
 

70 In this study, we investigated the presence of abnormally expressed proteins in RCC tissues 
 

71 from a small cohort of patients, through an already described proteomic approach [12]. The 
 

72 most  significantly  differentially  expressed  protein  was  Reticulocalbin  1  (RCN1),  which 
 

73 underwent  additional investigation through  IHC and Western Blotting (WB), in  order to 
 

74 confirm data from proteomics and support its putative use as RCC biomarker. 

75 

76 2. Materials and methods 
 

77 
 

78 2.1 Materials 
 

79 Unless otherwise stated, all materials were from Sigma-Aldrich, Milano, Italy.  TissueLyser 
 

80 was from Qiagen, Milano, Italy; Standard RNA Releaser was from Nurex S.r.l., Sassari, Italy; 
 

81 DC Protein Assay Kit, IPG strip gels, Protean IEF cell apparatus, Bio-Rad XI cell,  PDQuest 
 

82 software (version 7.2), Immun-Star HRP chemiluminescence kit, and Mini Protean  system 
 

83 were from Bio-Rad, Segrate (MI), Italy; Immobilon-P Transfer Membranes were from Merck 
 

84 Millipore, Milano, Italy; anti-RCN1 rabbit polyclonal antibodies (only for WB use) were from 
 

85 Bethyl Laboratories, Montgomery, TX, USA; EnVision system and  3,3'-diaminobenzidine 
 

86 (DAB) were from DakoCytomation, Glostrup, Denmark. 

87 

88 2.2 Tissue collection 
 

89 From October 2010 to February 2012, patients with a renal mass were enrolled in this study 
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90 before undergoing radical nephrectomy; patients with a histological diagnosis other than RCC 
 

91 were subsequently excluded. The study was approved by the local research Ethical Committee 
 

92 and was conducted according to Helsinki Declaration principles. All subjects included in the 
 

93 protocol signed a declaration of informed consent.   The specimens of RCC   and 
 

94 macroscopically normal tissue distant from tumor mass were obtained from 24 RCC patients 
 

95 (Table 1). Renal tissue cold sections were obtained during radical nephrectomy, immediately 
 

96 after kidney removal. Almost 5-10 mg of both malignant and normal tissues were collected . 
 

97 Tissue specimens were immediately frozen in liquid nitrogen and stored at -80 °C before use. 
 

98 
 

99 2.3 Protein extraction 
 

100 Neoplastic and normal renal tissues were disrupted through TissueLyser in 1 ml of Standard 
 

101 RNA Releaser, followed by the addition of 0.1 ml of chloroform and proteins were extracted 
 

102 as previously described [12]. Briefly, the homogenate was kept for 5 min in wet ice and then 
 

103 was centrifuged (12,000 g for 15 min). The upper aqueous phase was discarded, then 0.3 ml 
 

104 of  100%  ethanol  was  added  to  the  lower  organic  phase  for  DNA  precipitation.  After 
 

105 centrifugation (2000 g at 4 °C for 5 min), the supernatant was used for protein purification by 
 

106 adding 1 ml of isopropanol. The mixture was incubated for 5 to 10 min at room temperature 
 

107 and was centrifuged (12,000 g for 10 min). The pellet was washed twice for 20 min at room 
 

108 temperature  in  0.3  M  guanidine  hydrochloride  (dissolved  in  95%  of  ethanol).  After 
 

109 centrifugation (7500 g at 4 °C for 5 min), 2 ml of ethanol were added to the protein pellets 
 

110 and samples were incubated overnight at -20 °C.  After discarding the ethanol, the protein 
 

111 pellets were suspended  in solubilization buffer (8 M urea, 2% [w/v] Chaps, 40 mM Tris, 1 
 

112 mM PMSF, 1 mM EDTA), then sonicated for 10 min in a water bath, and incubated at 4°C for 
 

113 24 h. After protein centrifugation, the supernatants were collected and stored at -20 °C before 
 

114 use. Protein concentration was quantified through a DC Protein Assay Kit, using bovine 
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115 serum albumin as a standard, according to manufacturer’s instructions. 
 

116 2.4 Two-dimensional polyacrylamide gel electrophoresis 
 

117 2-DE was performed using IPG strip gels (17 cm IPG strips, pH 3–10NL). Each protein 
 

118 sample (1.2 mg) was loaded onto an IPG gel through overnight in-gel rehydration. Isoelectric 
 

119 focusing was carried out in a Protean IEF cell apparatus as previously described [12]. Briefly, 
 

120 focusing commenced at 50 V, and the voltage was increased to 9000 V until a maximum of 
 

121 60,000 V/h was reached. Focusing was performed at 18 °C with a limit of 50 A per strip. The 
 

122 IPG strips were equilibrated under continuous shaking for 15 min in equilibration buffer no. 1 
 

123 (6  M  urea, 3% [w/v] SDS,  0.375  M Tris–HCl  [pH 8.8], 30% [v/v] glycerol, 1% [w/v] 
 

124 dithiothreitol) and for 12 min in equilibration buffer no. 2 (6 M urea, 3% [w/v] SDS, 0.375 M 
 

125 Tris–HCl [pH 8.8], 30% [v/v] glycerol, 2.5% [w/v] iodoacetamide). For the second dimension 
 

126 protein separation, 12% acrylamide gels were run on a Bio-Rad XI cell. 
 

127 2.5 Gel staining and image analysis 
 

128 Gels  were  stained  with  colloidal  Coomassie  (18%  [v/v]  ethanol,  15%  [w/v]  ammonium 
 

129 sulfate, 2% [v/v] phosphoric acid, 0.2% [w/v] Coomassie G-250) for 48 h and destained with 
 

130 water. Gel images were obtained by scanning through a Chemidoc MP Bio-Rad. 2-DE image 
 

131 analysis was performed using PDQuest software (version 7.2) according to manufacturer’s 
 

132 instructions. Normalization of each individual spot was performed according to total quantity 
 

133 of the valid spots in each gel, after subtraction of background values. Spot volume was used 
 

134 as an analytical parameter to quantify protein expression. 
 

135 2.6 Sample preparation for mass spectrometry analysis 
 

136 Coomassie G-stained spots underwent excision from 2-DE gels, and proteins were digested 
 

137 with  trypsin.  Each  spot  was  destained  with  100  µl  of  50%  (v/v)  acetonitrile  in  5  mM 
 

138 ammonium bicarbonate  and dried with 100 µl  of acetonitrile. Each dried gel  piece was 
 

139 rehydrated for 40 min at 4 °C in 10 µl of digestion buffer (5 mM ammonium bicarbonate; 10 
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140 ng/l trypsin). Digestion was allowed to proceed overnight at 37 °C, and peptide mixtures were 
 

141 
 

142 

stored at 4 °C before use. 

 

143 2.7 MALDI-MS and peptide mass Fingerprinting 
 

144 MS analysis of peptides was performed using a MALDI-TOF spectrometer (MALDI micro 
 

145 MX) equipped with a delayed extraction unit, according to manufacturer’s tuning procedures, 
 

146 operating on reflectron mode as previously described [13]. Briefly, samples were loaded onto 
 

147 the  MALDI  target  using  1.5  µl  of  the  tryptic  digest  mixed  1:1  with  a  saturated  α- 
 

148 cyanohydroxycinnamic   acid   (10   mg/ml)   solution   in   40%   v⁄v   acetonitrile,   60%   v⁄v 
 

149 trifluoroacetic acid 0.1%. The MALDI-TOF was calibrated with a mix of PEG (PEG 1000, 2000 
 

150 and 3000 with the ratio 1:1:2) and mass spectra were acquired in the positive-ion mode. Peak lists 
 

151 were  generated  by  ProteinLynx  Global  Server  2.2.5  (Waters,  Milford,  MA,  USA)  data 
 

152 preparation using the following parameters: external calibration with lock mass using a mass 
 

153 of  2465.1989  Da  for  ACTH  (adrenocorticotropic  hormone),  background  subtract  type 
 

154 adaptive combining all scans, and deisotoping with a threshold of 1%. The 25 most intense 
 

155 masses were used for database searches against SWISSPROT database (Release 2011_12 of 14- 
 

156 Dec-11)  using free search program MASCOT 2.3.02 (http://www.matrixscience.com). The 
 

157 following parameters were used in the searches: taxa Homo sapiens, trypsin digest, one 
 

158 missed  cleavage  by  trypsin,  carbamidomethylation  of  cysteine  as  fixed  modification, 
 

159 methionine oxidation as variable modifications and 100 ppm as maximum error allowed. 
 

160 
 

161 

Only proteins with a Mascot score > 56 were considered. 

 

162 2.8 Western Blotting 
 

163 After adding Laemmli buffer [14], samples were boiled for 5 min, and 30 µg of each protein 
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            sample  were  run  on  10%  SDS-polyacrylamide  gel  on  a  Mini  Protean  system.  Proteins 

165 resolved  by  electrophoresis  were  blotted  onto  Immobilon™-P  polyvinylidene  fluoride 
 

166 membranes.  After  blotting,  membranes  were  probed  using  anti-RCN1  rabbit  polyclonal 
 

167 antibodies (diluted 1:3000 in PBS-TWEEN 1% non-fat dry milk) and anti-β-actin mouse 
 

168 monoclonal antibodies (diluted 1:500 in PBS 1% BSA) for 1 h. After washing, they were 
 

169 incubated for 1 h with horseradish-peroxidase-labeled anti-rabbit (diluted 1:10000 in PBS- 
 

170 TWEEN 1% BSA) or anti-mouse (diluted 1:10000 in PBS-TWEEN 1% non-fat dry milk) 
 

171 antibodies. The immunoreactivity was detected by using a Immun-Star HRP 
 

172 chemiluminescence kit. Densitometric analysis of the bands was performed using free ImageJ 
 

173 
 

174 

software (version 1.44). 

 

175 2.9 Immunohistochemistry 
 

176 Formalin-fixed paraffin-embedded selected blocks from 24 RCC specimens were cut into 4 
 

177 µm thick sections and collected onto charged slides for IHC staining. After de-paraffination 
 

178 and  rehydration  through  graded  alcohols  and  PBS  (pH  7.5),  the  endogenous  peroxidase 
 

179 activity was blocked by incubation with absolute methanol and 0.3% hydrogen peroxide for 
 

180 15 minutes. Antigen retrieval was performed by sterilizing the section in 10 mmol/L citrate 
 

181 buffer (pH 6.0) at 98 °C for 40 minutes.  Sections were incubated at the optimal conditions 
 

182 with anti-RCN1 rabbit polyclonal antibodies (1:1000). Immunoreaction was revealed by a 
 

183 dextran-chain (biotin-free) detection system (EnVision), using DAB as a chromogen. The 
 

184 sections  were  lightly  counterstained  with  hematoxylin.  Negative  control  reactions  were 
 

185 obtained by omitting primary antibodies, whereas neuroblastoma cell line blocks were used as 
 

186 positive  control.  A  pathologist  (LD)  interpreted  the  results  from  immunohistochemical 
 

187 analysis unaware of the concurrent results obtained from investigation by histopathology and 
 

188 
 

proteomics. 
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190 2.10 Statistical analysis 
 

191 Statistical  significance,  calculated  by  a  two-sided  Student’s  t  test,  a  chi-square  test  and 
 

192 ANOVA was  set  at  p  values  <  0.05.  In  2-DE  experiments,  proteins  were  classified  as 
 

193 differentially expressed when spot intensity ratios between neoplastic and normal tissues were 
 

194 greater  than  1.5-fold  (over-expressed  proteins)  or  lower  than  0.5-fold  (down-expressed 
 

195 proteins). The  relationship  among TNM  staging,  Fuhrman  grading,  histotype  and  RCN1 
 

196 
 

197 

expression (both by WB and IHC) were also explored. 

 

198 
 

199 

3. Results 

 

200 3.1 Renal tissue proteomic analysis 
 

201 Seven tissue specimens of RCC and corresponding normal tissue distant from neoplastic 
 

202 lesion were comparatively analyzed. Figure 1 shows two representative 2-DE gel images of 
 

203 normal  and  neoplastic  renal  tissues  stained  by  colloidal  Comassie.  Table  2  shows  MS 
 

204 identification of differentially expressed proteins listed by frequency.  For each identified 
 

205 protein,  the  average  ratios  of  protein  expression  in  cancer  versus  normal  tissues  and 
 

206 corresponding p values are also shown. Results showed 18 differentially expressed proteins in 
 

207 neoplastic tissues. Seven of them (corresponding to spots 1-9) were found over-expressed in 
 

208 neoplastic specimens. In particular, spot 1 (corresponding to RCN1) was over-expressed in all 
 

209 
 

210 

analyzed neoplastic tissues. 

 

211 3.2 RCN1 expression analysis by WB in RCC and normal tissues 
 

212 Since RCN1 was over-expressed in all RCC tissues analyzed by MS, results were validated by 
 

213 performing anti-RCN1 WB and subsequent densitometry on a larger cohort of patients (24 
 



10 
 

214 RCC patients, including the seven cases previously analyzed by proteomics). RCN1 protein 

 

was over-expressed in 21 out of 24 RCC tissues. Among these 21 cases, RCN1 was found to 
 

216 be induced de novo in 9 neoplastic tissues, whereas in the remaining 12 patients RCN1 
 

217 protein  levels  from  RCC  tissues  were  significantly  enhanced  compared  to  normal  renal 
 

218 tissues. Such an enhancement was measured by calculating densitometric RCN1 protein ratios 
 

219 between RCC and normal tissues (mean value ± SD: 3.28 ± 2.76, p<0.01). Eight RCC tissues 
 

220 appeared weakly enhanced (mean value ± SD: 1.57 ± 0.35, p<0.001), whereas 4 RCC tissues 
 

221 were  intensely  enhanced  (mean  value  ±  SD:  6.70  ±  2.07,  p<0.05).  Figure  2  shows  a 
 

222 representative blot obtained from three RCN1-positive RCC patients in which RCN1 was 
 

223 induced de novo or intensely/weakly enhanced. As already showed by Cooper et al. [15] two 
 

224 bands are detected by the antibody and both are RCN1. The analysis of histopathological data 
 

225 and  WB  results  did  not  show  any  statistically  significant  relationship  between  RCN1 
 

226 
 

227 

expression and tumor stage (TNM) and grade (G). 

 

228 3.3 RCN1 expression analysis by IHC in RCC and normal tissues 
 

229 All  24  RCC/normal  tissues,  including  those  displaying  low  RCN1  expression  after WB 
 

230 analysis, were additionally tested for RCN1 protein levels by IHC. Normal renal tissues 
 

231 adjacent to lesions showed a positive and uniform staining of the tubules but not of the 
 

232 glomerulus (Figure 3, Panel A). On the contrary, all RCC specimens displayed either focal or 
 

233 diffuse  expression  of  RCN1  protein,  with  stain  intensity  varying  from  weak  to  strong 
 

234 depending on patients. Figure 3 shows a representative IHC image from 2 RCC patients out of 
 

235 24 analyzed in which RCN1 was weakly or intensely expressed. The degree of expression did 
 

236 not appear to correlate to stage (TNM) and grade in a statistically significant manner, even 
 

237 though most of  the low T stage cancers had a weak staining while most of the high T stage 
 

238 
 

can

cers had a strong degree (p=0,19).
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240 4. Discussion 
 

241 Molecular biomarkers are relevant for a large kaleidoscope of applications in clinical practice, 
 

242 including diagnosis, outcome prediction, drug targeting, monitoring of response to therapy, 
 

243 and development of personalized treatments. In recent years, proteome analysis revealed itself 
 

244 as a useful approach to identify differentially expressed proteins as possible new biomarkers. 
 

245 Therefore, the present work aimed at finding new biomarkers for RCC - a life-threatening 
 

246 disease characterized by high incidence in Western countries - by performing differential 
 

247 proteomic analysis of neoplastic and normal renal tissues obtained from a small cohort of 
 

248 RCC patients (n=7). 
 

249 Results showed 18 differentially expressed proteins in RCC tissues. Seven proteins were over- 
 

250 expressed in RCC tissues in comparison with healthy tissues, whereas 11 proteins appeared 
 

251 down-regulated. Over-expressed proteins included molecules related to glucose metabolism 
 

252 (α-enolase,  phosphoglycerate  kinase  1  and  triose  phosphate  isomerase),  carrier  proteins 
 

253 (transthyretin and retinol binding protein-4), a member of the small heat shock protein family 
 

254 (α-crystallin B) and a calcium-binding protein (RCN1). Down-regulated proteins included 
 

255 molecules  related  to  metabolism  (ATP  synthase,  NADH  dehydrogenase  flavoprotein  2, 
 

256 electron-transfer-flavoprotein, alcohol dehydrogenase, inorganic pyrophosphatase) or signal 
 

257 transduction (WD40-repeat-containing gene 25, phosphatidylethanolamine-binding protein 1), 
 

258 stress  proteins  (HSP β-1  and  Protein  DJ-1)  and  ion  binding proteins  (myosin  and  ester 
 

259 hydrolase C11orf54). 
 

260 Interestingly, some of the identified proteins have been previously associated to renal cancer 
 

261 (α-enolase,  triosephosphate  isomerase,  α-crystallin  B,  RCN1,  HSP beta-1, ATP synthase, 
 

262 phosphatidylethanolamine-binding protein 1) [11, 16-19] or to other renal diseases (retinol- 
 

263 binding protein-4) [20]. A possible role for HSP beta-1 and triosephosphate isomerase as 
 

264 prognostic/diagnostic markers was validated by Valera and collegues by IHC [17]. However, 
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265 any data confirming the possible use of these proteins in clinical practice is not available to 
 

266 date. 
 

267 Notable, our results from proteomic analysis showed a significant over-expression of RCN1 
 

268 protein in all RCC tissues. RCN1 is a Ca(2+)-binding protein discovered two decades ago and 
 

269 shown to be stored in endoplasmic reticulum [21]; a recent study displayed RCN1 additional 
 

270 localization at the surface of bone endothelial cells and prostate cancer cells [22]. Moreover, 
 

271 RCN1 is a component of CREC molecules (acronym for: Cab45, Reticulocalbin, ERC-45, 
 

272 Calumenin),  a  family  of  multiple  (up  to  seven)  EF-hand  proteins  involved  in  secretory 
 

273 pathways of mammalian cells and associated with pathological activities such as malignant 
 

274 cell transformation, mediation of the effects of snake venom toxins and putative participation 
 

275 in amyloid formation. Nevertheless, the role of RCN1 in malignant transformation is largely 
 

276 unknown. In some tissues, RCN1 was observed to interact with SEC63p, a protein related to 
 

277 autosomal polycystic liver and kidney disease, that should operate in protein translocation and 
 

278 quality control pathways in the endoplasmic reticulum [23, 24]. It was also proposed that loss 
 

279 of the RCN1 gene might compromise cell survival [25]. 
 

280 According to literature data, broad expression of RCN1 was found by IHC analysis in a large 
 

281 number of endocrine and exocrine organs, apart from thyroid gland cells. However, RCN1 
 

282 expression appears heterogeneous, depending on which specialized cells of different organs it 
 

283 belongs to. Increased RCN1 expression concurrent with inflammation was observed both in 
 

284 epithelial and non-epithelial cells [26]. Notable, epithelial cells generally display strong RCN1 
 

285 staining, except for squamous cells; on the other hand, strong staining is also found in non- 
 

286 epithelial cells, including testicular germ, neuronal, vascular endothelial, follicular dendritic 
 

287 and plasma cells [25]. Up-regulation of RCN1 protein or gene was detected also in a number 
 

288 of cancerous cell lines, including breast [27], colorectal [28] and liver [29]. In non-small cell 
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289 lung cancer patients, RCN1 was proposed as a prognostic factor to identify post-operative 
 

290 adjuvant chemotherapy responders [30]. 
 

291 To validate our proteomic data, and to confirm the involvement of RCN1 in renal cancer, we 
 

292 set up a small pilot study by collecting surgical samples from a more extensive cohort of RCC 
 

293 patients,  and  RCN1  protein  levels  were  evaluated  by  WB  and  IHC.  Interestingly,  IHC 
 

294 confirmed RCN1 over-expression in RCC tissues of all examined patients, displaying weak 
 

295 protein expression in healthy renal tissues only in correspondence to the renal tubule section. 
 

296 On the other hand, WB analysis showed over-expressed RCN1 protein in 21 RCC patients out 
 

297 of 24. This data indicates a possible use of RCN1 as a new marker in renal cancer and 
 

298 indicates the proximal convoluted renal tubule as a putative origin point for RCC. This 
 

299 evidence is consistent with results by Fukuda and colleagues [25], suggesting that RCN1 may 
 

300 be helpful in establishing cellular origin of neoplasms in some organs. Therefore, IHC for 
 

301 RCN1 could be employed in clinical practice in order to distinguish between RCC and other 
 

302 tumors not originating from renal tubule, provided that a number of different histological 
 

303 types of renal cancer will be tested in order to confirm it. Since IHC staining displayed 
 

304 different grades of intensity in tested tissues, RCN1 could also be employed as a prognostic 
 

305 marker or as a response predictor for RCC-targeted therapy. The analysis of correlation of 
 

306 IHC staining and TNM stage, grade and histotype did not show any statistically significant 
 

307 results because of the small population of the study. Nevertheless, a correlation trend between 
 

308 tumor staining degree and T stage was observed (p=0,19). As far as histotype is concerned, 
 

309 only three non-clear cell cancers were included (1 cromophobe and 2 papillary) and we 
 

310 cannot formulate any hypothesis on different RCN1 expression in different histotypes, even 
 

311 though  one  can  expect  that  a  different  kind  of  RCC  could  have  a  larger  or  smaller 
 

312 involvement of RCN1 molecular paths. To test the correlation of IHC staining with TNM 
 

313 stage, Fuhrman grade, histotype, response to therapy and survival, a larger retrospective trial 
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314 on paraffin-embedded tissues obtained from radical or partial nephrectomy of RCC patients is 
 

315 planned to be performed by our group. 
 

316 In conclusion, in the present study a preliminary proteomic approach, performed on a small 
 

317 cohort of 7 RCC patients, identified 18 differentially expressed proteins. Among them, RCN1 
 

318 was significantly over-expressed in all seven samples. Further investigation on RCN1 protein 
 

319 expression performed either by IHC or by WB on a larger cohort (24 patients) confirmed 
 

320 previous results from proteomics. Therefore, data from the present pilot study supports the 
 

321 potential use of RCN1 as a new marker in renal cancer, encouraging future large-scale studies 
 

322 
 

323 

to be performed. 
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417 FIGURE LEGENDS 
 

418 Fig. 1 - 2-DE proteomic analysis of differentially expressed proteins in RCC tissue. 
 

419 Neoplastic and normal tissues from 7 RCC patients were analyzed by 2-DE proteomics. Data 
 

420 are shown as representative gels obtained from one patient out of seven showing almost 
 

421 consistent results (Panel A: normal Tissue; Panel B: RCC tissue). Black circled spots indicate 
 

422 the position of identified proteins (listed in Table 2) differentially expressed in RCC and 
 

423 normal tissues. 
 

424 Fig. 2 - RCN1 protein is over-expressed in RCC tissues: WB analysis. 
 

425 Paired biopsies of neoplastic and normal tissues (30 µg proteins for each tested sample) from 
 

426 24 RCC patients were analyzed for RCN1 protein expression by WB. Results are shown as a 
 

427 representative blot (upper Panel) of RCN1 protein levels in normal (lanes A, C, E) and 
 

428 neoplastic (lanes B, D, F) renal tissues from three of 21 RCC patients in the cohort identified 
 

429 as RCN1-positive. House-keeping β-actin protein levels are also shown (lower Panel). 
 

430 Fig. 3 - RCN1 protein is over-expressed in RCC tissues: IHC analysis. 
 

431 Paired  biopsies  of  neoplastic  and  normal  tissues  from  24  RCC  patients  underwent 
 

432 hematoxylin/eosin staining and IHC reaction with anti-RCN1 antibodies. Results are shown 
 

433 as representative IHC images (20X magnification, all Panels) from 2 RCC patients out of 24 
 

434 analyzed. Panel A: IHC reaction with anti-RCN1 antibodies on normal renal tissue; Panels B- 
 

435 C: hematoxylin/eosin staining (B) and IHC reaction with anti-RCN1 antibodies (C) on weakly 
 

436 RCN1-positive neoplastic renal tissue; Panels D-E: hematoxylin/eosin staining (D) and IHC 
 

437 reaction with anti-RCN1 antibodies (E) on strongly RCN1-positive neoplastic renal tissue. 



 

Table 1 
 
 
 
 

 

Table 1 - Summary of clinicopathological features of the 
renal cancer patients 

 

Characteristic  

Patients, no. 24 

Age, years, mean (range) 63.17 (42-79) 

Sex, no., male/female 13/11 

Kidney cancer histology, no. (%) 
 

Clear cell (cRCC) 

 

 

21 (87,5%) 

Papillary (pRCC) 2 (8,33%) 

Chromophobe (chRCC) 1 (4,17%) 

Pathological T stage no. (%) 
 

T1a 

 

 

3 (12.50%) 

T1b 7 (29.17 %) 

T2a 1 (4.17%) 

T2b 2 (8.33%) 

T3a 6 (25.00%) 

T3b 5 (20.83%) 

Pathological N stage no. (%)  

N0 14 (58.33%) 

Nx 9 (37.5%) 

N+ 1 (4.17%) 

Pathological M stage no. (%)  

M0 4 (16.17%) 

Mx 18 (75.00%) 

M+ 2 (8.33%) 

Pathological G stage no. (%) 
 

G1 

 

 

1 (4.17%) 

G2 12 (50.00%) 

G3 6 (25.00%) 

G4 5 (20.83%) 



 

Table 2 

 

Table 2 - List of identified differentially expressed proteins sorted by frequency between normal and RCC tissues obtained 

after 2-DE coupled with MALDI-TOF mass spectrometry analysis. aFrequency: number of samples in which a protein is 
altered more than 1.5-fold (over-expressed proteins) or less than 0.5-fold (down-expressed proteins) in RCC tissues. Total 7 

samples. bSpots  numbers relatives to Figure 1, B. cAverage ratio of differential expression (≧ 1.5-fold increase or ≦ 0.5-fold 
decrease) between RCC and normal tissues. dp values corresponding to average ratios. 

 
 

 
Frequencya 

 

 
Spot No.b 

 

 
 

Protein name 

 

 
Accession 

No. 

 

 
matched/unmatched 

peptides 

 

 
 

coverage 

 

 
MASCOT 

score 

 
Average 

Ca/N ratioc 

 
Ca/N p 

valued
 

         

7 1 Reticulocalbin-1 [Precursor] Q15293 10/25 33% 102 2.92 <0.05 

6 2 Alpha-enolase P06733 10/25 28% 100 3.11 <0.01 

5 3 Phosphoglycerate kinase 1 P00558 7/25 26% 62 2.82 <0.01 

3 4 Phosphoglycerate kinase 1 P00558 9/25 26% 67 2.40 <0.001 

4 5 Transthyretin [Precursor] P02766 5/25 48% 73 1.94 <0.001 

3 6 Retinol-binding protein 4 
[Precursor] 

P02753 8/25 40% 96 2.19 <0.01 

3 7 Triosephosphate isomerase P60174 12/25 66% 171 2.23 <0.01 

3 8 Alpha-crystallin B chain P02511 7/25 40% 77 2.86 <0.01 

3 9 Alpha-crystallin B chain P02511 9/25 52% 125 2.41 <0.01 

4 10 Heat shock protein beta-1 P04792 7/25 32% 86 0.45 <0.001 

4 11 Myosin light polypeptide 6 P60660 10/25 47% 115 0.35 <0.001 

4 12 ATP synthase subunit d, 
mitochondrial 

O75947 8/25 46% 98 0.41 <0.001 

4 13 Ester hydrolase C11orf54 Q9H0W9 10/25 26% 77 0.30 <0.001 

4 14 NADH dehydrogenase 
[ubiquinone] flavoprotein 2, 
mitochondrial [Precursor] 

P19404 8/25 32% 66 0.40 <0.001 

4 15 Protein DJ-1 Q99497 7/25 37% 70 0.45 <0.001 

4 16 WD repeat-containing protein 
25 

Q64LD2 7/25 23% 72 0.46 <0.01 

5 17 Inorganic pyrophosphatase Q15181 12/25 44% 156 0.33 <0.001 

5 18 Electron transfer flavoprotein 
subunit alpha, mitochondrial 

[Precursor] 

P13804 9/25 43% 104 0.39 <0.001 

5 19 Phosphatidylethanolamine- 
binding protein 1 

P30086 9/25 54% 131 0.13 <0.001 

6 20 Phosphatidylethanolamine- 
binding protein 1 

P30086 10/25 54% 132 0.37 <0.001 

5 21 Alcohol dehydrogenase 
[NADP+] 

P14550 14/25 41% 181 0.23 <0.001 

6 22 Ester hydrolase C11orf54 Q9H0W9 9/25 20% 78 0.34 <0.001 
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