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21 Abstract

22 Authors: Mikkelsen ML, Marcussen N, Rabjerg M. Surgically induced ischemia has no impact 

23 on protein expression levels of HIF-1α and related biomarkers in renal cell carcinoma.

24 Background and purpose:

25 The increasing demands for personalized targeted therapy directed against Renal Cell 

26 Carcinoma has driven a search for predictive markers. Novel therapies targeting HIF-1α in 

27 Renal Cell Carcinoma have been developed and HIF-1α has been suggested as a novel 

28 predictive marker of response to therapy. The surgical resection of a kidney tumor induces 

29 tissue ischemia and HIF-1α is an oxygen-sensitive transcription factor, which is known to be 

30 up-regulated during hypoxia. 

31 Materials and Methods:

32 This study investigated the impact of intra-surgical and post-surgical ischemia on protein 

33 expression levels of HIF-1α and three related biomarkers (VEGF, GLUT-1 and CAIX) in 20 

34 patients with Renal Cell Carcinoma with immunohistochemistry and Western Blotting. 

35 Results: 

36 Surgical ischemia did not have a significant impact on protein expression levels of any of the 

37 investigated markers. Long post-surgical ischemia resulted in reduced expression levels of 

38 HIF-1α, probably due to autolysis.

39 Interpretation:

40  Our results suggest that HIF-1α is a stable protein, with expression levels not affected by 

41 intra-surgical ischemia and hence HIF-1α is suited for marker analysis.

42 Keywords: hypoxia, hypoxia-inducible factor 1α, predictive marker, prognostic marker.

43 Introduction

44 Renal cell carcinomas (RCC) represent one of the most lethal urologic malignancies and are 

45 responsible for 2,5% (male) and 1,4% (female) of all cancer incidences in Denmark (1). 
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46 Histologically, RCC can be divided into a number of different subtypes, with four main 

47 subtypes: clear cell RCC, papillary RCC, chromophobic RCC and collecting duct carcinoma. 

48 Clear cell RCC (ccRCC) is the most common subtype representing more than 70% of kidney 

49 malignancies (2).

50 The development of targeted therapies has led to a search for prognostic and predictive 

51 markers in a range of tumor types (3), in hope of detecting candidates for adjuvant therapy 

52 and choosing the right personalized cancer therapy.

53 Proposed as a prognostic and predictive biomarker in RCC is Hypoxia inducible factor 1α 

54 (HIF-1α)(4, 5). HIF-1α is a subunit in the basic helix-loop-helix Per-Arnt-Sim domain 

55 heterodimer transcription factor belonging to the family of HIF transcription factors (6). The 

56 hypoxia-inducible factors (HIFs) are composed of a β-subunit (HIF-1β) and one of three 

57 oxygen sensitive α subunits (HIF-1α, HIF-2α and HIF-3α) each having their own functions 

58 despite the existence of a significant overlap between HIF-1α and HIF-2α (7). HIFs mediate 

59 the cells adaptive response to a hypoxic environment under pathological as well as 

60 physiological conditions, by regulating transcription of genes important for cell adaptation 

61 (8). 

62 Hypoxia often occurs in solid tumors such as RCC due to insufficient vascularization as a 

63 consequence of rapid growth (8). Moreover, when performing a nephrectomy, it often 

64 involves early clamping of the arterial supply to facilitate surgical dissection and aid tumor or 

65 kidney extirpation. Thereby, vascular inflow is interrupted which leads to tumor hypoxia and 

66 acidosis (9). 

67 Studies have provided evidence indicating that HIF-1 mediates resistance to chemotherapy 

68 and radiation (10). Inhibition of HIF-1α activity could therefore be of importance, and several 

69 novel therapeutic agents inhibiting HIF-1α activity in different tissues have been discovered 

70 though none of them are specific inhibitors of HIF-1α (11). In addition, HIF-1α has been 

71 proposed as a predictive marker of Sunitinib therapy for advanced renal cell carcinoma (12). 

72 However, it is known, that delays in tissue fixation following extirpation reduce the efficacy of 

73 subsequent protein and mRNA analysis (13) and the risk could be that marker expression in 

74 postoperative tumor samples does not reflect true in-vivo levels of HIF-1α. It has been found 

75 that HIF-1α is increased postoperatively compared to a preoperative biopsy, suggesting that 

76 duration of both intra-surgical ischemia time and delays in tissue fixation have an impact on 

77 intra-tumoral gene expression (3). In order to use the expression levels of HIF-1α for 
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78 targeting therapies and further investigation, the stability of the expression levels of HIF-1α 

79 ex-vivo is of importance. Currently, the biomarker VEGF is used as a target in cancer therapy 

80 in the treatment of RCC (14). VEGF might also be affected by the expression levels of HIF-1α, 
81 which makes it relevant to know the ex-vivo stability of HIF-1α and the exact correlation 

82 between HIF-1α and VEGF.

83 A study found that HIF-1α regulates a non-protein-coding, single-stranded RNA 

84 (microRNA) miR-127-3p (referred to as miR-127) (15). MicroRNAs are small non-coding 19 – 

85 25 nucleotide long single stranded RNA molecules (16) that function as negative gene 

86 regulators and have shown to play a role in numerous pathways that regulate cancer-related 

87 processes, such as cell growth, tissue differentiation, apoptosis and angiogenic signaling (17). 

88 MiR-127 is a relatively unknown miRNA that is thought to function as a tumor suppressor  

89 (18) induced by ischemia due to HIF-1α stabilization. miR-127 is involved in maintenance of 

90 cell-cell adhesion (15) and moreover, it inhibits growth and induces apoptosis (18). RCC 

91 patients, expressing high levels of miR-127, had a longer relapse free survival compared to 

92 patients with low levels of miR-127 (19). Based on the apparent correlation between HIF-1α 

93 and miR-127, it is of interest to investigate the putative miR-127 tumor suppressor further in 

94 RCC.

95 The aim of this study was to determine the impact of ischemia during surgery on protein 

96 expression of HIF-1α, VEGF, GLUT-1, and CAIX and expression of miR-127 in patients with 

97 renal cell carcinomas.  Furthermore, the study aimed at investigating, whether delays in tissue 

98 fixation could influence protein expression of these markers.

99

100 Materials and Methods

101 Patients and samples

102 The study was designed as a prospective experimental study. We included 20 patients 

103 (11 men and 9 women) diagnosed with RCC, treated with partial or radical nephrectomy at 

104 the Department of Urology, Odense University Hospital in 2015. 

105

106 Statement of Ethics
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107 A written consent had been given from each patient prior to treatment and the study was 

108 approved by the Danish Ethical Committee (notification number 29573, Region of Southern 

109 Denmark).

110

111 Clinical and pathological characteristics of the patients included age, gender, survival 

112 time (date of surgery to date of death or last follow up), tumor stage (TNM), histologic 

113 subtype, Leibovich score and Fuhrman nuclear grade (Table 1). The histological diagnosis was 

114 performed by a pathologist according to the guidelines of the World Health Organization 2004 

115 (20).

116 During nephrectomy, three biopsies were taken prior to clamping of the A. renalis: two 

117 from tumor and one from normal tissue. One tumor biopsy and a half normal tissue biopsy 

118 were flash-frozen in liquid nitrogen. The other tumor biopsy and the remaining half of the 

119 normal tissue biopsy were fixated in 4% formaldehyde.  For all patients, the duration of intra-

120 surgical tumor ischemia (defined as time of arterial clamping until time of kidney extirpation) 

121 was noted and designated as intra-surgical ischemia time. Tissue from the resected kidney 

122 was separated into tumor and control tissue at the Department of Pathology. Furthermore, 

123 the tissue for Western Blotting and Polymerase Chain Reaction (PCR) analysis was separated 

124 into cortex and medulla for control samples and central and peripheral for tumor samples.  

125 For immunohistochemistry, control samples contained both cortex and medulla tissue and 

126 tumor samples central and peripheral tissue. The samples were then exposed to different 

127 ischemia times, defined as post-surgical ischemia: 15, 30, 60 and 120 min. and 24hs+ (24hs–

128 120hs) in order to investigate changes in protein expression due to delays in tissue fixation. 

129 During the ischemia period, samples were kept at room temperature in a humid environment 

130 without control of the oxygen tension, before being fixated in either 4% formaldehyde or 

131 flash-frozen in isopentane. The frozen samples were stored at -80°C until analysis. The 

132 samples and biopsies were fixated in 4% formaldehyde for 24 hours (biopsies) or 48 hours 

133 (sectioned tissue) at 4°C, prior to paraffin embedding.

134 Ischemic time were calculated for each sample from time schedules prior to analysis. 

135 Samples that exceeded the time frame with more than 10 min. were excluded (Fig. 1).

136

137 Fig. 1. Flowchart of the final numbers of samples included in the study.
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138 The study included 20 patients in total. During the different steps in the procedure of sample 

139 preparations, some samples were excluded, shown in the different boxes. The last two boxes 

140 show the remaining and final numbers of samples.

141 Out of the 20 patients 5 were chosen for Western Blotting and PCR analysis.

142 IHC: Immunohistochemistry, t =: the given ischemia time, WB: Western Blotting, PCR: 

143 Polymerase Chain Reaction.

144

145 Immunohistochemistry

146 The paraffin-embedded blocks were sectioned and stained with Hematoxylin and Eosin (HE) 

147 and Periodic Acid-Schiff (PAS) with the purpose of encircling appropriate areas for core 

148 punching for the construction of tissue micro arrays (TMA). One block was excluded due to 

149 necrosis (Fig. 1). A peripheral and a central core from the tumor blocks and a cortex and a 

150 medulla core from the control blocks were stamped out. In cases with lack of vital tissue only 

151 one core was stamped out. The biopsies were not included in the TMAs, but instead stained as 

152 whole sections. 

153 Staining for VHL, CAIX, GLUT-1 and HIF-1α was performed using an Autostainer 

154 (BenchMark Ultra, Ventana Medical System, Tucson, AZ, USA). At first, sections were blocked 

155 for endogenous peroxidase using H2O2. Epitope retrieval was then carried out with HIER (heat 

156 induced epitope retrieval) in CC1 buffer (950-124, Ventana Medical System, Tucson, AZ, USA) 

157 for HIF-1α, GLUT-1 and CAIX for 48 min., 32 min. and 32 min. respectively. The TMAs were 

158 incubated for 32 min. at 36°C with the primary antibodies for HIF-1α (monoclonal mouse 

159 anti-human HIF-1α 1:100, clone 54/HIF-1α, 610958, BD Biosciences, NJ, USA) and CAIX 

160 (polyclonal rabbit 1:1000, NB100-417, Novus Biologicals, CO, USA) and for 16 min. at 36°C for 

161 GLUT-1 (polyclonal rabbit 1:1000, 07-1401, EMD Millipore, MA, USA). Epitope retrieval for 

162 VHL was carried out with enzymatic retrieval with Protease 1 (760-2018, Ventana Medical 

163 System, Tucson, AZ, USA) for 4 min. TMAs were incubated for 32 min. at 36°C with the 

164 primary antibody (polyclonal rabbit 1:400, FL-181, Santa Cruz Biotechnology, TX, USA). The 

165 detection and visualization of all four stainings were carried out using OptiView-DAB (760-

166 700, Ventana Medical System, Tucson, AZ, USA). Nuclear staining was performed with 

167 Hematoxylin II counterstaining (790-2208, Ventana Medical System, Tucson, AZ, USA) in 8 

168 min. and Bluing Reagent (760-2037, Ventana Medical System, Tucson, AZ, USA) for 4 min.
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169 The VEGF staining was conducted using an Autostainer from DAKO (Autostainer Plus, 

170 DAKO, Glostrup, Denmark). Sections were treated with H2O2 to block endogenous peroxidase. 

171 Afterwards the epitope retrieval was carried out with HIER in T-EG buffer (Tris-EDTA-

172 Glucose/Dextrose buffer, Fagron Nordic A/S, Denmark) for 15 min.  The TMAs were then 

173 incubated with the primary antibody (monoclonal mouse 1:1000, 26503 code MAB293 R & D 

174 systems, MN, USA) for 60 min. and later washed in TNT buffer (Tris-Nacl-Tween buffer, 

175 Fagron Nordic A/S, Denmark). TMAs were treated with “Ready-to-use” Post-Blocking 

176 (Novocastra PowerVision+Poly-HRP IHC Detection Systems, Leica Biosystems, Germany) for 

177 20 min. Detection and visualization were carried out with incubation for 30 min. with the 

178 secondary antibody Poly-HRP anti-mouse/rabbit IgG (Novocastra PowerVision+Poly-HRP IHC 

179 Detection Systems, Leica Biosystems, Germany) followed by incubation for 10 min. with DAB+ 

180 (DAB+ chromogen, DAKO A/S, Denmark) and counterstained with hematoxylin.  

181

182 Quantification of protein expression

183 The TMAs and biopsies were semi-quantitative and blindly scored according to their protein 

184 expression and staining intensity by two pathologists. Assessment of protein expression was 

185 performed using the following score: 1 (0%-25%), 2 (26%-50%), 3 (51%-75%) and 4 (76%-

186 100%).  The intensity was scored on a scale from 0-3, where 0 represented none or a very 

187 weak point-form staining and 3 represented a very strong, nearly black staining of the 

188 nucleus.

189 Since HIF-1α predominantly localizes to the nucleus, expression was scored according to 

190 the nuclear staining. In control tissue the scoring was divided into the expression in proximal 

191 tubules versus distal tubules and collecting ducts (referred to as distal tubules henceforth). 

192 VEGF expression included both membrane and nuclear staining. 

193 VHL expression was analyzed by the method of Weber et al. (21) with cut-off points for 

194 altered vs. normal marker expression being ≤10% vs. >10% respectively.  Cores with the 

195 same ischemia time were chosen for the VHL analysis.      

196 The expression of GLUT-1 included both membrane and cytoplasmic staining. CAIX 

197 expression was scored as a membrane staining.

198
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199 Western Blotting

200 Antibodies used for immunohistochemistry were validated with Western Blotting. Five 

201 patients with available tissue from most ischemia times were selected (Fig. 1). 

202 The extraction was carried out the same day as the blots to minimize freeze-thaw cycles and 

203 oxygen exposure to the samples. Samples were fractionated and homogenized in urea buffer, 

204 an aqueous solution containing 12.5 mmol/L Tris-HCL, 10% glycerol, 4% SDS, 5 mmol/L 

205 mercaptoethanol, 7.5 mmol/L bromophenol blue and 4 mol/L urea. The tissue was weighed, 

206 and the buffer (µL) was added in the ratio 19 times volume (mass of tissue in mg). MagNa 

207 Lyser Green Beads tubes (03358941001, Roche, Basel, Switzerland) containing tissue, buffer, 

208 ceramic- and 1.0 mm silicon carbide beads were run in a MagNa Lyser (SER-No 40255745, 

209 2002, Roche, Basel, Switzerland) for 4x20 sec. at 6500 rpm. The tubes were incubated at a 

210 heat block (110126001, VWR ANA, PA, USA) at 95°C for 3 min. and afterwards spun down 

211 (Centrifuge 5414R Eppendorf, Eppendorf AG, Hamburg, Germany) at 9400 rpm, 4°C for 5 min. 

212 The wells on the gel were loaded with 30 µL of the extractions.        

213 To ensure that equal amounts of protein had been loaded, the membranes were 

214 striped and incubated with monoclonal primary antibody β-actin 1:1000 (8H10D10, #3700S, 

215 Cell Signaling Technology, MA, USA). Monoclonal primary antibody Mouse Anti-Human HIF-

216 1α 1:250 (clone 54/HIF-1α, 610958, BD Biosciences, NJ, USA) and polyclonal secondary 

217 antibody Goat Anti-Mouse IgG, Horseradish Peroxidase Conjugate 1:1000 (GOXMO HRP XADS, 

218 A16072, Novex, Life Technologies, MA, USA) was diluted in 5% milk. The blots were 

219 performed on NuPAGE 4-12% Bis-Tris gels (NP0321BOX, Novex, Life Technologies, MA, USA) 

220 and transferred to polyvinylidene fluoride microporous membranes (IPVH00010, Immobilon-

221 P, EMD Millipore, MA, USA). The quality of transfer was checked with Ponceau red staining 

222 (P7170-1L, Sigma-Aldrich, MO, USA). Visualization of the proteins was conducted using Novex 

223 ECL HRP Chemiluminescent Substrate Reagent Kit (WP20005, Novex, Invitrogen, Life 

224 Technologies, MA, USA). The positive control from the commercial kit (HeLa 

225 Hypoxic/Normoxic Cell Lysate, NBP2-36452, Novus Biologicals, CO, USA) was included in 

226 each blot. 

227 Quantification of protein expression was measured and analyzed using ImageJ version 1.49 

228 software (available at http://rsb.info.nih.gov/ij) following a protocol by Miller (22).

229
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230 Quantitative Polymerase Chain Reaction

231 qPCR was carried out to analyze the expression of miR-127. MiR-28-5p and miR-103a-3p 

232 were used as reference genes. The same five patients as selected for Western Blotting were 

233 included. 

234 Total RNA purification

235 Purification of biopsies and samples from both control and tumor were performed using the 

236 miRNeasy Micro Kit from Qiagen (217084, Qiagen, Dusseldorf, Germany). Samples, weighing 

237 up to 5 mg, were placed in eppendorf tubes containing 700µl QIAzol Lysis Reagent and 5mm 

238 Zirconium silicate Bulk beads and homogenized in a TissueLyser (Np. 85220, 2007, Qiagen, 

239 Dusseldorf, Germany). Thereafter, total RNA purification and small RNA enrichment 

240 procedure were performed according to the manufacturer’s instructions. Total RNA 

241 concentration was measured in triplicate using a NanoDrop ND-1000 Spectrophotometer 

242 (NanoDrop Technologies, Inc., Wilmington, DE).

243 Reverse transcriptase and qPCR 

244 Reverse transcriptase of the isolated total RNA was performed with TaqMan MicroRNA 

245 Reverse Transcription Kit (4366596, Applied Biosystems, Foster City, CA, USA) following the 

246 manufacturer’s instructions. Thermal cycling conditions were as follows: 16°at 30 min, 42° at 

247 30 min and 85° at 5 min. 

248 qPCR was performed with the use of TaqMan Fast Universal PCR Master Mix (4352042, 

249 Applied Biosystems, Foster City, CA, USA). Each well in a 96-well format was loaded with 20µL 

250 qPCR reaction including 1.33 µL of the product from the RT reaction according to the 

251 manufacturer’s instructions. All measurements were done in triplicate. Thermal cycling 

252 conditions were as follows: 50° at 2 min, 95° at 10 min followed by 40 cycles of 15 sec at 95 ° 

253 and 60 sec at 60°. One purified sample of total RNA was run as a non-template control. 

254 All PCR data were collected and evaluated with StepOnePlus Real-Time PCR system 

255 (4376600, ThermoFisher Scientific, Waltham, MA, USA).           A
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256 Statistics

257 The software GraphPad Prism version 5.0a (GraphPad Software, Inc. La Jolla, Ca, USU) was 

258 used for statistical analysis. Data are presented as mean ± SEM except the intra-surgical 

259 ischemia time, which is presented as mean ± standard deviation (SD). Two-way ANOVA 

260 followed by Bonferroni or Tukeys post-test was used to compare tumor and control tissue, the 

261 biomarkers CAIX, VEGF and GLUT-1 expression and intensity with the HIF-1α expression and 

262 intensity, and the qRT-PCR data according to different ischemia times. Kruskal-Wallis one-

263 way analysis of variance followed by Dunn´s multiple comparison test was performed to 

264 investigate the impact of ischemia time on the expression and intensity of each of the 

265 biomarkers in tumor and control tissue. Spearman´s test was used for calculating correlations.  

266

267 Results

268 A total of 20 RCC tumors were examined together with unaffected kidney tissue samples for 

269 the presence of HIF-1α, VEGF, GLUT-1 and CAIX according to different ischemia times. Of the 

270 20 patients, 18 were diagnosed with the subtype ccRCC. The remaining two patients were 

271 diagnosed with not classifiable RCC of which one of the tumors had a little ccRCC component. 

272 Western Blotting and qPCR data were generated from 5 of the patients. Clinico-pathological 

273 parameters are presented in Table 1. Mean intra-surgical ischemia time was 34±14 min.  

274

275 Intra-surgical and post-surgical ischemia has no effect on tumor 

276 protein expression

277 The median duration of intra-surgical ischemia was 34 ±14min.

278 Fig. 2A illustrates the fold change in expression levels with immunohistochemistry of the 4 

279 investigated protein markers (HIF-1α, GLUT-1, CAIX and VEGF) during intra-surgical 

280 ischemia, defined as the interval between T=0 (biopsy taken prior to clamping of the renal 

281 artery) to T=15 (intra-surgical ischemia + 15 min of postsurgical ischemia). A small but non-

282 significant rise in the expression level of HIF-1α was observed. Fig. 2B shows the overall 

283 change in expression + intensity of the 4 markers during both intra-surgical and post-surgical 

284 ischemia. 
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285 Fig. 2. Change in expression levels during intra-surgical and post-surgical ischemia

286 A. Fold changes of immunohistochemical protein expression of the 4 markers during intra-

287 surgical ischemia. B. Overall change in expression and intensity (combined) of the 4 markers 

288 during intra-surgical and post-surgical ischemia.

289

290 In Fig. 3, the expression of HIF-1α in normal kidney and RCC is illustrated. The staining was 

291 present mainly in the nucleus. In RCC the intensity was strongest in areas close to necrosis. In 

292 normal kidney tissue the expression and intensity were far more present in medulla than in 

293 cortex, which also was visualized by the proximal tubules showing less overall presence of 

294 HIF-1α compared to the distal tubules (expression in proximal versus distal tubules was 

295 1.07±0.04 and 1.46±0.11, P<0.0001, respectively, and intensity in proximal versus distal 

296 tubules was 0.14±0.04 and 1.50±0.21, P<0.0001 respectively). 

297 Fig. 3. HIF-1α expression in RCC and control tissue. 

298 A. Representative section of a ccRCC core with positive HIF-1α staining, Magnification 100x, 

299 ischemia time T=24hs+.B. Representative section of a cortex/control core showing the 

300 presence of HIF-1α in the distal tubules (d) and a lower if any HIF-1α presence in the proximal 

301 tubules (p). Magnification 100x, ischemia time T=60 min. C. Graphical illustration of the HIF-

302 1α expression levels in RCC, proximal and distal tubules at different ischemia times. The levels 

303 of HIF-1α were highest in RCC and lowest in the proximal tubules. The difference in the 

304 expression levels between the three types of structures was significant, *** (P<0.0001). The 

305 ischemia time did only have an impact on the HIF-1α expression levels in RCC tissue 

306 (P=0.004). Mean ± SEM is shown, Two-way ANOVA followed by Bonferroni post-test. D. 

307 Boxplot showing change in HIF-1α protein expression levels with immunohistochemistry 

308 during ischemia in RCC. There was an association between longer ischemia time and 

309 decreased HIF-1α expression (P=0.004) with a significant negative correlation (R=-0.89, 

310 P=0.03). Mean ± SEM is shown, Kruskal-Wallis test followed by Dunn’s multiple comparison 

311 test. T=15, 30, 60: minutes of ischemia, 24hs+: 24hs or more of ischemia. * P<0.05.

312

313 Western Blotting analysis supported results from immunohistochemistry of HIF-1α. The 

314 overall expression levels of HIF-1α were significant higher in RCC than in control tissue (Fig. 
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315 4).  However, no significant change in the expression levels of HIF-1α was found during 

316 ischemia time.

317

318 Fig. 4. Protein expression of HIF-1α in Western blots. 

319 A. Representative Western blot illustrating HIF-1α expression at 98 kDa and the loading 

320 control β-actin at 45 kDa at different times of ischemia in RCC samples from the same patient. 

321 T: RCC, K: Control tissue, 15, 30, 60: minutes of ischemia, 24hs+: 24hs or more of ischemia, +: 

322 positive control.

323 B. Comparison of the HIF-1α expression in control vs. RCC samples analyzed by Western 

324 Blotting (n=5). A significant difference between HIF-1α expression in RCC and control tissue 

325 was found at each specific ischemia time, (P<0.0001). However, no significant change in the 

326 expression levels of HIF-1α was found over time in neither control tissue nor RCC.

327  Data is given as mean + SEM. Two-way ANOVA followed by Bonferroni post-test. * P<0.05.   

328

329  The expression of HIF-1α correlates with the expression of 

330 proteins of target genes 

331 We found a positive correlation between the protein expression levels of HIF-1α and CAIX 

332 (R=0.93, P= 0.02) and HIF-1α and GLUT-1 (R= 0.94, P= 0.02), Fig. 5E-F. HIF-1α was in both 

333 cases lower expressed than CAIX (P< 0.0001) and GLUT-1 (P= 0.0010), Fig. 5C-D. No 

334 correlation was found between the intensity of the biomarkers in RCC, Fig. 5A-B.

335 The presence of VEGF did not correlate with the intensity and expression levels of HIF-1α, Fig. 

336 6C-D. The expression levels of VEGF were higher than the levels of HIF-1α (P=0.0003) and 

337 conversely the HIF-1α intensity was stronger than the intensity of VEGF (P=0.0005) (Fig. 6A-

338 B). 

339

340 Fig. 5. Correlation of expression levels of HIF-1α vs. CAIX and GLUT-1 during ischemia 

341 in RCC.

342 All data are presented as mean ±SEM. A. Graphical illustration of the degree of intensity of the 

343 two biomarkers CAIX and HIF-1α in RCC. The intensity of CAIX was stronger compared to HIF-

344 1α (P= 0.0087) but the ischemia time had no influence on the degree of the intensity. B. 

345 Graphical illustration of the degree of intensity of the two biomarkers GLUT-1 and HIF-1α in 
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346 RCC. The intensity of GLUT-1 was lower compared to HIF-1α (P= 0.0003). The ischemia time 

347 was not found to influence on the degree of intensity. C. Graphical illustration of the 

348 expression levels of HIF-1α and CAIX in RCC. CAIX had higher expression levels compared to 

349 HIF-1α (P< 0.0001). The ischemia time was not found to have an impact. D. Graphical 

350 illustration of the expression levels of HIF-1α and GLUT-1 in RCC. GLUT-1 showed higher 

351 expression levels compared to HIF-1α (P= 0.0010). The ischemia time was not found to have 

352 an impact. E-F. Linear regressions showing the correlations between HIF-1α and CAIX 

353 expression and HIF-1α and GLUT-1 expression levels in RCC. In both cases the correlations, 

354 calculated with Spearman test, were positive and significant, (R=0.93, P= 0.02) and (R= 0.94, 

355 P= 0.02) respectively. * P<0.05.

356

357 Fig. 6. Presence of HIF-1α vs. VEGF in RCC. 

358 All data are presented as mean ±SEM. A. Graphical illustration of the degree of intensity of the 

359 two biomarkers VEGF and HIF-1α in RCC. The intensity of HIF-1α was stronger compared to 

360 VEGF in RCC (P=0.0005) but the ischemia time had no influence on the degree of the intensity. 

361 Two-way ANOVA followed by Bonferroni post-test. B. Graphical illustration of the expression 

362 levels of HIF-1α and VEGF in RCC. VEGF had higher expression levels in RCC compared to HIF-

363 1α (P=0.0003). The ischemia time was not found to have an impact. Two-way ANOVA 

364 followed by Bonferroni post-test. C-D. Linear regressions showing the correlations between 

365 HIF-1α and VEGF intensity and HIF-1α and VEGF expression levels in RCC, P=0.10. 

366

367 VHL mutations and the effect on the presence of HIF-1α
368 Only two of the 20 tumors were mutated. None of the mutated tumors (VHL÷) were 

369 represented with biopsy samples and the time T=0 was therefore missing in the analysis.  

370 There was a tendency towards a higher expression and intensity of HIF-1α in the VHL÷ 

371 tumors than in the non-mutated tumors (VHL+) during intra-surgical ischemia. However, 

372 neither the intensity nor the expression differences in VHL+ vs. VHL÷ tumors were significant 

373 (S1 Fig.).    

374

375 miR-127 expression in RCC and paired control tissue
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376 The qPCR analysis showed a significant lower expression level of miR-127 in RCC versus 

377 control tissue (p<0.0001). A trend towards a decrease in the miR-127 level during post-

378 surgical ischemia was seen (Fig. 7A).  No correlation between change in expression levels of 

379 HIF-1α and miR-127 during ischemia was found (Fig. 7B).

380 Fig. 7. miR-127 expression in RCC vs. control tissue.

381 A. Comparison of miR-127 expression levels in RCC vs. control samples over time with 

382 ischemia (n= 5). Mean +SEM is shown. P<0.0001. Two-way ANOVA followed by Tukeys 

383 multiple comparisons test. ****P<0.0001. B. Graphical illustration of the change in HIF-1α 

384 expression levels during ischemia compared to miR-127-p in RCC. There was no significant 

385 correlation between changes in expression of the two markers.

386

387 Discussion  

388 In the present study we investigated changes in expression levels of HIF-1α and related 

389 biomarkers (VEGF, GLUT-1 and CAIX) during intra-surgical and post-surgical ischemia. Intra-

390 surgical ischemia has been shown to alter gene expression levels in a range of tissue types 

391 (23)  and since HIF-1α has been proposed as a novel target and predictive marker of medical 

392 treatment, change in expression levels during ischemia could influence the final decision of 

393 treatment. 

394 We found a small, but non-significant rise in expression levels of HIF-1 during intra-

395 surgical ischemia, and a significantly reduced expression during post-surgical ischemia, 

396 which, at least in part, could be due to autolysis. However, this is merely speculative, since no 

397 morphological signs of autolysis could be demonstrated. Fluctuations in intra-surgical 

398 ischemia time (34±14 min) could contribute to an unclear picture of the change in expression 

399 levels. It could also be speculated, whether this time frame is sufficient for translation to 

400 protein to occur. However, the fluctuating intra-surgical ischemia time reflect how samples 

401 are handled in the clinic, which makes our findings more realistic for picturing how the 

402 stability of HIF-1α ex-vivo would behave in possible future use of HIF-1α in the clinic.   

403 The expression of HIF-1α was up regulated in RCC compared to normal tissue, which 

404 supported previous studies (6, 24, 25) and was validated by both immunohistochemistry and 

405 Western Blotting. HIF-1α is known to be a 120 kDa big protein (26) but in our Western blots it 

406 was detected at 98 kDa. Depending on the type of gel, the proteins can migrate further down 
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407 in the gel than expected, and with the positive control also placed at 98 kDa, we could assure 

408 that it was HIF-1α we had detected.  

409 The biomarkers VEGF, CAIX and GLUT-1 are known to be transcriptional targets of HIF-1α 

410 (10). We investigated the expression of these biomarkers during ischemia and the correlation 

411 to HIF-1α. The protein expression was not affected in any of the three target proteins during 

412 ischemia. In a study by Dorevic et al, a correlation between expression of VEGF and HIF-1α 

413 was found, contradictory to our study (4). However, limitations of our study, such as a small 

414 patient number, could be the cause of this. A positive correlation between HIF-1α expression 

415 and both CAIX and GLUT-1 expression was found. It could therefore indicate a differential 

416 induction by the two HIF isoforms where HIF-1α mainly induces apoptosis and 

417 gluconeogenesis and HIF-2α preferentially induces angiogenesis and thereby VEGF, which 

418 earlier have been indicated by array studies (7). 

419 The oxygen dependent regulation of the degradation of HIF-1α is mediated by the von 

420 Hippel Lindau protein (pVHL).  pVHL is the substrate recognition part of the E3 ubiquitin 

421 ligase complex that marks HIF-1α for proteasomal degradation (27). In normoxia, the prolyl 

422 hydroxylase domain proteins (PHD1, PHD2 and PHD3) stimulate the degradation of HIF-1α by 

423 enabling pVHL’s recognition of HIF-1α as a consequence of hydroxylation. When oxygen levels 

424 are low, hydroxylation does not occur and pVHL cannot bind HIF-1α, which leads to 

425 stabilization and protein accumulation of HIF-1α. HIF-1α translocate to the nucleus, 

426 heterodimerizes with HIF-1β thereby forming HIF-1, which promotes the transcription of 

427 target genes such as VEGF, GLUT-1, PDGF-β, TGF-α, CAIX and CXCR4 involved in cell growth, 

428 angiogenesis, glucose metabolism, pH regulation and cell survival/apoptosis (28). These 

429 proteins are important in tumoral adaptation to a tissue microenvironment that is low in 

430 oxygen (24). In the RCC subtype clear cell RCC (ccRCC) approximately 50%–75% of the 

431 sporadic cases display loss of the von Hippel Lindau tumor suppressor gene (VHL) (29) and 

432 HIF-1α is found to be more upregulated in ccRCCs than in non-ccRCCs (6). 

433 The 20 patients were not diagnosed with the same subtype of RCC. Of the tumors, 18 were 

434 diagnosed with ccRCC and two were not classifiable of which one contained a little component 

435 of ccRCC. In a small study like the present, it would have been an advantage for the statistical 

436 strength of the findings, if all tumors were the same subtype. 

437 The use of immunohistochemistry to assess VHL alterations can be uncertain due to 

438 heterogeneity in tumors as well as the fact that altered genes can express defective proteins 
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439 that despite defection still are positive for staining. A more precise method would include a 

440 genomic DNA analysis with sequencing and amplification of the three exons of the VHL gene. 

441 Assessment of VEGF and HIF-1α analyzed by TMAs and scored by light microscopy is object to 

442 subjective assessments. In the present study TMAs were independently blinded scored by two 

443 persons to avoid subjectivity. It has also previously been found that TMAs are a useful method 

444 to analyze HIF-1α expression in RCC (30).  

445 With the qPCR analysis we found a significant higher expression of miR-127 in control 

446 tissue vs. tumor tissue. MiR-127 has earlier been found to be downregulated in breast cancer 

447 tissue compared to control tissue (18) and might function as a tumor suppressor, which our 

448 data supports. Ischemia did not induce a higher expression of miR-127 as otherwise 

449 suggested by Aguado-Fraile et al (15), but on the contrary, a trend toward a significant 

450 decrease was found. No association between change in the expression levels of HIF-1α and 

451 miR-127 during ischemia was found.

452 Delays in tissue fixation or slow tissue processing could result in decreased protein levels 

453 as demonstrated in this study by reduced HIF-1α expression after 24hs of ischemia. Tumor 

454 fixation occurs at unpredictable rates depending on the size of the specimen and the fixative 

455 (31), why large specimens always should be incised to accelerate fixation or a representative 

456 tumor sample should be excised and fixed immediately to be used for protein quantification. 

457 Delays in tissue fixation could moreover compromise immunohistochemistry.

458

459 Conclusion

460 In patients undergoing nephrectomy, no significant changes in protein expression levels of the 

461 4 investigated markers (HIF-1α, GLUT-1, CAIX and VEGF) were found during intra-surgical 

462 ischemia. Expression levels of HIF-1α decreased significantly during post-surgical ischemia 

463 (up to 24hs post-surgery), which in part is supposed to be due to autolysis, since none of the 

464 tissue was kept in oxygen-rich media. We found a correlation between the expression of HIF-

465 1α and the expression of the two biomarkers CAIX and GLUT-1. The expression of miR-127 

466 was significantly reduced in RCC compared to control tissue, which supports the idea of miR-

467 127 being a tumor suppressor in RCC. However, our results are achieved from a small number 

468 of samples and only a preliminary conclusion can be made. Our data suggest further 

469 investigation in the stability of HIF-1α during surgically induced ischemia. 
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470 Novel therapeutics targeting HIF-1α for cancer therapy has already been developed but not 

471 clinically approved. With HIF-1α as a possible target in future personalized cancer therapy of 

472 patients, it becomes important to determine whether expressions levels change during 

473 surgically induced ischemia. In the current study no significant changes in protein expression 

474 levels of HIF-1α during intra-surgical ischemia was found and HIF-1α might therefore be 

475 useful as a predictive marker of therapy. 
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578 Supporting Information

579

580 S1 Fig. HIF-1α presence at different ischemia times in VHL mutated and VHL intact RCC 

581 tumors.  

582 A. Representative section of a ccRCC core showing mutations in the VHL tumor suppressor 

583 gene. <10% of the core is stained, magnification 100x, ischemia time T=60 min.

584 B. Representative section of a ccRCC core showing a non-mutated tumor. >10% of the core is 

585 stained identified by brown staining of the membranes and cytoplasmic of the ccRCC cells, 

586 magnification 100x, ischemia time T=60 min.  

587 C. Graphical illustration of the development of the HIF-1α expression levels over time with 

588 ischemia. The altered tumors showed higher levels of expression at the early ischemia times. 

589 After 60 min. of ischemia the RCC tumors with intact VHL gene showed higher levels than the 

590 altered. The finding was not significant (P=0.95) and the ischemia time was not found to affect 

591 the expression levels.

592 VHL÷: altered RCC tumors, VHL+: RCC tumors with intact VHL gene. 

593 D. Graphical illustration of the degree of intensity of HIF-1α over time with ischemia. The 

594 altered tumors showed a higher degree of intensity compared to the non-mutated tumors. 
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595 After an ischemia time of 120 min. the RCC tumors with intact VHL gene had a higher degree 

596 of intensity. The finding was not significant (P=0.51) either was the impact of the ischemia 

597 time.

598 VHL÷: altered RCC tumors, VHL+: RCC tumors with intact VHL gene. 

599 All data are presented as mean values, Two-way ANOVA followed by Bonferroni post-test.

600

601 Table 1. Clinicopathological data

Clinicopathological parameters of the patients included in the study at time of surgery 

(n=20)

Mean age, years (range) 65.5 (46-81)

Sex

Male 11 (55%)

Female 9 (45%)

Subtype

Clear cell 18 (90%)

Papillary 0

Chromophobic 0

Not classifiable with a little clear cell 

component 

1 (5%)

Not classifiable with focal sarcomatoid 

growth

1 (5%)

T-stage

pT1a 8 (40%)

pT1b 4 (20%)

pT2a 0

pT2b 1 (5%)

pT3a 6 (30%)

pT3b 0

pT4a 0

pT4b 0

ypT1 1 (5%)
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N-stage

0 11 (55%)

X 6 (30%)

1 3 (15%)

M-stage

0 18 (90%)

1 2 (10%)

Fuhrman

G1 3 (15%)

G2 8 (40%)

G3 4 (20%)

G4 5 (25%)

Mean Leibovich score (range) 3.45 (0-11)

602
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