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Purpose: Both insulin and insulin-like growth factor (IGF)-1 signaling are key 
regulators of energy metabolism, cellular growth, proliferation, and survival. The 
IGF-1 receptor (IGF-1R) is overexpressed in most types of human cancers includ-
ing renal cell carcinoma (RCC) with poor prognosis. Insulin receptor (IR) shares 
downstream effectors with IGF-1R; however, the expression and function of IR in 
the tumorigenesis of renal cancer remains elusive. Therefore, we examined the ex-
pression of IR and its prognostic significance in clear cell RCC (CCRCC). Mate-
rials and Methods: Immunohistochemical staining for IR was performed on 126 
formalin-fixed paraffin-embedded CCRCC tissue samples. Eight of these cases 
were utilized for western blot analysis. The results were compared with various 
clinico-pathologic parameters of CCRCC and patient survival. Results: IR was 
expressed in the nuclei of CCRCC tumor cells in 109 cases (87.9%). Higher IR 
expression was significantly correlated with the presence of cystic change, lower 
Fuhrman nuclear grade, lower pathologic T stage, and lower TNM stage, although 
it wasn’t significantly related to diabetes status and patient survival. Western blot 
analyses supported the results of the immunohistochemistry studies. Conclusion: 
IR expression in CCRCC may be associated with favorable prognostic factors.

Key Words:   Insulin receptor, clear cell renal carcinoma, diabetes mellitus, prog-
nosis, immunohistochemistry

INTRODUCTION

Renal cell carcinoma (RCC) comprises 2--3% of all malignant tumors in adults, 
accounting for about 209000 new cases and 102000 deaths per year worldwide.1 
The most common subtype of RCC is clear cell RCC (CCRCC), which repre-
sents 87.7%.2 Most patients who have a localized tumor can be cured by surgery 
alone. However, one third of patients are diagnosed with metastatic RCC and an 
additional 20--40% of patients develop metastases after curative surgery.3 Treat-
ment of locally advanced and/or metastatic RCC is still complicated due to the 
lack of specific therapeutic targets and inadequate methods to assess certain drug 
efficacies.4

Original Article http://dx.doi.org/10.3349/ymj.2014.55.4.861
pISSN: 0513-5796, eISSN: 1976-2437          Yonsei Med J 55(4):861-870, 2014

http://crossmark.crossref.org/dialog/?doi=10.3349/ymj.2014.55.4.861&domain=pdf&date_stamp=2014-06-13


Sayamaa Lkhagvadorj, et al.

Yonsei Med J   http://www.eymj.org   Volume 55   Number 4   July 2014862

patients who underwent radical nephrectomy at the Yonsei 
University Wonju Severance Christian Hospital from 2001 
to 2011. All tissue samples were formalin-fixed paraffin-
embedded (FFPE) tissues with a pathological diagnosis of 
CCRCC. Eight fresh tissue samples were available for 
western blot analysis. Two expert pathologists reviewed all 
pathology slides along with the pathologic reports and clin-
ical records. TNM stage and Fuhrman nuclear grading were 
reconfirmed.24,25 Fuhrman nuclear grades were grouped into 
low (grade 1+2) and high (grade 3+4) grades. The institu-
tional ethics committee of Yonsei University Wonju Col-
lege of Medicine approved this study (YWMR-12-0-014). 

 
Immunohistochemistry (IHC)

Tissue microarray (TMA) preparation
A total of 126 FFPE samples were used for TMA. A repre-
sentative tumor site without necrosis, hemorrhage, or artifact 
was marked in the paraffin blocks. The selected tumor area 
was harvested using a 5 mm Quick-ray tip-punch (Unitma, 
Seoul, Korea), placed on a 20 pore TMA mold (Unitma), 
and re-embedded with paraffin. 4 µm sections of TMA 
blocks were cut and attached onto coated slides. 

Staining
Staining was performed using a Ventana Benchmark XT 
(Roche Diagnostics, Basel, Switzerland) automatic immu-
nostaining machine. The sections were deparaffinized in 
xylene, rehydrated in graded alcohols, and subjected to pre-
treatment with CC1 (Roche Diagnostics). The sections were 
washed with reaction buffer followed by incubation with 
primary IR-β antibody (Abcam, Cambridge, MA, USA) at 
a 1:100 dilution for 60 min at 42°C. Bound antibody was 
detected with the Ultra View Universal DAB kit (Roche 
Diagnostics) and sections were counterstained with hema-
toxylin (Roche Diagnostics) according to the manufactur-
er’s instructions. Positive and negative control stains were 
also performed. 

Quantification of IHC
We used a modified Allred scoring system to evaluate posi-
tivity, with staining intensity and distribution being scored 
separately.26,27 The staining intensity was scored as 0 points 
(negative), 1 point (weak), 2 points (intermediate), or 3 points 
(strong) and the distribution of positive-stained cells was as-
sessed as 0 points (negative), 1 point (<1%), 2 points (1--
10%), 3 points (11--33%), 4 points (34--67%), or 5 points 

Obesity is a well-established risk factor for RCC and dia-
betes.5,6 Diabetes is a serious health problem worldwide, 
characterized by failure of insulin production by the pancre-
atic β-cells and insulin resistance in peripheral tissues.6 Pa-
tients with diabetes are at a higher risk of developing certain 
malignancies including kidney, liver, pancreas, bladder, 
breast, and colon compared with the general population.7-13 
Additionally, diabetes is a common cause of end stage renal 
disease and --20% of diabetic patients develop an irreversible 
nephropathy after years of uncontrolled hyperglycemia.14 

Insulin and insulin-like growth factor (IGF)-1 signaling 
regulate cellular growth, proliferation, metabolism, and sur-
vival.15 The insulin/IGF signaling system is composed of 
three ligands, IGF-1, IGF-2, and insulin, and at least four 
receptors including IGF-1 receptor (IGF-1R), IGF-2 recep-
tor, insulin receptor (IR), and the hybrid receptors of IGF 
and insulin.16 IR is a heterotetrameric protein consisting of 
two extracellular α subunits and two transmembrane β sub-
units. The binding of ligand to the subunits of IR stimulates 
the intrinsic tyrosine kinase activity of the β subunits of the 
receptor.17 IR is a close structural homolog of IGF-1R. Ami-
no acid sequence similarities range from 40 to 85% in dif-
ferent domains, with the highest degree of homology being 
found in the tyrosine kinase domain.18,19 The ligand-recep-
tor interaction results in phosphorylation of several intracel-
lular substrate proteins and activates multiple downstream 
signaling cascades including the phosphatidylinositol 3-ki-
nase and mitogen activated protein kinase pathways, which 
mediate metabolic and mitogenic activities in cells.20 

Overexpression of IGF-1R is associated with poor prog-
nosis in various human malignancies including renal, breast, 
prostate and ovarian cancers.21-23 However, the expression 
level of IR and its potential prognostic significance have 
not been elucidated in CCRCC. Therefore, we hypothe-
sized that IR may be expressed in CCRCC which originates 
from proximal tubular epithelium and that IR expression 
may correlate with the clinico-pathological parameters of 
CCRCC. In this study, we examined the expression of IR in 
CCRCC and compared its expression with well-known 
prognostic factors of CCRCC and patient survival to vali-
date the prognostic value of IR. 

MATERIALS AND METHODS

Patients and tissue samples
Samples from 126 cases of CCRCC were collected from 
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RESULTS
 

General clinico-pathological characteristics
The patients were predominantly men with a mean age of 
57.4±10.5 years. The mean tumor size was 5.3±2.7 cm. 
Twenty-two patients (17.5%) had a history of diabetes. Fif-
teen cases (11.9%) were Fuhrman nuclear grade 1, 57 cases 
(45.2%) were grade 2, 42 cases (33.4%) were grade 3, and 
12 cases (9.5%) were grade 4. Eighty-seven cases (69.0%) 
were TNM stage I, 13 (10.3%) were stage II, 22 (17.5%) 
were stage III, and 4 (3.2%) were stage IV. Of the 126 pa-
tients, 123 had follow up information. The median follow 
up time was 45 months. Of the patients with follow up in-
formation, 9 (7.1%) had tumor recurrence. At the time of 
the last follow up, 12 patients (9.5%) had died due to the tu-
mor. These statistics are detailed in Table 1.

Expression pattern of IR in CCRCC and non-tumor 
renal tissues
The IGF-1 signaling plays a major role in cancer cell prolif-

(>67%). The total staining score was calculated as the sum 
of two parameters. Total staining scores from 0 to 3 points 
were considered negative, while scores from 4 to 8 points 
were considered positive. To overcome the limitations of 
this quantification method, we also compared the mean 
staining score as continuous variables in each group. 

Western blot analysis
Western blot analysis was performed on eight cases of 
CCRCC with adjacent normal kidney parenchyma. The fresh 
tissues were lysed using 2 mL of PRO-PREP lysis buffer 
(iNtRon Biotechnology, Daejeon, Korea), and then ground 
for 15--20 sec on ice using a homogenizer (ProScience, Wo-
burn, MA, USA). The lysates were centrifuged at 13000 rpm 
for 15 min; the supernatants were collected and protein con-
centration was measured using the Bradford method. 10 ug 
of protein was used for sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis. Proteins were transferred to im-
mobilon-P membranes (Millipore, Billerica, MA, USA), us-
ing an electrophoretic transfer system (Bio-Rad, Hercules, 
CA, USA) at 100 V for 1.5 hours. The membranes were 
blocked with 5% skim milk in TBS-T buffer for an hour. 
The blocked membranes were washed with TBS-T buffer 
and incubated overnight at 4°C in primary IR-β (Abcam) 
and β-actin (Santa Cruz Biotechnology, Dallas, TX, USA) 
antibodies, diluted 1:1000 and 1:5000, respectively. The 
membranes were then incubated for 1 hour at room temper-
ature in Anti-Mouse IgG-HRP secondary antibody (Santa 
Cruz Biotechnology) using dilutions of 1:2000 for IR-β and 
1:5000 for β-actin. Bound antibodies were detected using 
Luminata TM Forte Western HRP Substrate (Millipore) 
and the Biospectrum Imaging System (UVP, Upland, CA, 
USA). Band densities on immunoblots were measured with 
ImageJ software (available at http://rsb.info.nih.gov/ij/in-
dex.html). 

Statistical analysis
Statistical analysis was performed using PASW, version 
20.0 (SPSS Inc., Chicago, IL, USA). Student’s t-test and χ2 
test were used to compare the categorical and continuous 
variables. The period of overall survival was measured from 
the date of surgery to the date of death due to the tumor. 
Tumor recurrence was defined as the presence of clinically 
diagnosed or pathologically confirmed metastases. Surviv-
al analysis was performed using the Cox regression meth-
od. A value of p<0.05 was considered statistically signifi-
cant. 

Table 1. Summary of Clinical and Pathological Findings
Characteristics Number of cases (%)
Gender 
    Male   94 (74.6)
    Female   32 (25.4)
Age (yrs)
    Mean±SD 57.4±10.5
Diabetes 
    Yes   22 (17.5)
    No 104 (82.5)
Tumor size (cm)
    Mean±SD   5.3±2.7
Fuhrman nuclear grade
    1   15 (11.9)
    2   57 (45.2)
    3   42 (33.4)
    4   12 (9.5)
TNM stage
    I   87 (69.0)
    II   13 (10.3)
    III   22 (17.5)
    IV     4 (3.2)
Recurrence
    Present     9 (7.1)
    Absent 103 (81.7)
Health status
    Alive 111 (88.1)
    Died   12 (9.5)

SD, standard deviation.
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Expression level of IR is associated with Fuhrman 
nuclear grade and clinico-pathological parameters of 
CCRCC
Several clinico-pathological parameters are used to predict 
the prognosis of RCC. To determine if IR has any prognos-
tic value, we carried out correlation analysis between IR ex-
pression and the well known prognostic factors for RCC. 
The analysis of IR expression in fresh tissue showed that the 
level of IR protein was inversely correlated with Fuhrman 
nuclear grade of CCRCC (Fig. 2A and B). We next exam-
ined the nuclear expression of IR in 126 FFPE samples 
from CCRCC cases using IHC. In a similar manner to im-
munoblot analysis, IHC staining showed that IR expression 
in FFPE samples was inversely correlated with Fuhrman 
nuclear grade (Fig. 2C and D). IR was positive in 76.5% of 
patients without diabetes and 68.2% of patients with diabe-
tes. IR was positive in 74.8% of cases lacking sarcomatoid 
feature and 80.0% of cases with sarcomatoid feature. Fur-
thermore, IR was positive in 77.8% of cases without tumor 

eration and survival. Moreover, the IGF-1R is overexpressed 
in most types of cancer including CCRCC.28 IR and IGF-1R 
share down-stream signaling cascades. Those observations 
prompted us to carry out the present study to examine the IR 
expression pattern and clinical significance in CCRCC. The 
IHC staining showed that IR was expressed in both carci-
noma and normal renal parenchymal tissues (Fig. 1A). The 
immunoreactivity of IR was mostly observed nuclear in can-
cer tissues, whereas IR protein was detected in nuclear and/
or cytoplasm in adjacent normal parenchymal tissues in-
cluding podocytes of glomeruli, tubular epithelium, and en-
dothelial cells of blood vessels (Fig. 1A). There was no dif-
ference of total protein amount of IR between non-tumor 
and tumor tissues in western blot analysis from 8 fresh sam-
ples (Fig. 1B). This observation leaded us to examine ex-
pression pattern of IR in individual pair tissues. Compared 
with that of non-tumor tissue, the expression level of IR 
was elevated in low-grade tumors but not in high-grade tu-
mors (Fig. 1C and D). 

Fig. 1. Expression pattern of insulin receptor (IR) in clear cell renal cell carcinoma (CCRCC) and non-tumor tissues. (A) Immunohistochemical staining for IR 
in tumor and non-tumor tissue from same patient. Nuclear and/or cytoplasmic immunoreactivity of IR in podocytes (arrow), normal tubular epithelium, and 
lymphocytes in non-tumor tissues (left side) and nuclear positivity of IR in tumor cells (right side). (B) Relative expression of IR in non-tumor and tumor tis-
sues was analyzed from fresh tissues using immunoblotting. β-actin served as a protein loading control. (C) Expression pattern of IR was examined in indi-
vidual pair tissues from 8 cases of CCRCC (low and high nuclear grades). Expression level of IR in the pair tissues of carcinoma and adjacent non-tumor was 
analyzed with immunoblotting. (D) Quantitative analysis of IR immunoblotting. IR expression level of tumor tissues was normalized with those of normal renal 
parenchymal tissue. N, non-tumor tissues; T, tumor tissues. 
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in IR expression was statistically significant (Table 2). IR 
was expressed in 79.8% of cases with pathologic T stage 1 
and 62.9% of stage 2--4 cases, which was again a statistical-
ly significant difference (Table 2). IR was expressed in 80.2% 
of cases of TNM stage I and 63.2% of cases with TNM 
stages II--IV. IR expression seemed be to higher in low 
TNM stage tumors as compared to high TNM stage tumors, 
although this was not a statistically significant finding. 

We also compared the staining score of each group to 
overcome the potential limitations with respect to quantifi-
cation in IHC assays. The mean staining score of IR was 
5.45±1.79 in cases with cystic change and 4.52±1.90 in 
cases without cystic change, which was a statistically sig-
nificant difference (Table 3). With respect to low and high 
Fuhrman nuclear grades, a statistically significant differ-
ence (p=0.002) was seen between the two groups with 
mean staining scores of 5.21±1.98 and 4.17±1.65 for low 
and high grades, respectively. For pathologic T stage, the 
mean staining score was 4.97±1.93 in cases with stage 1 

necrosis and 64% of cases with tumor necrosis. With re-
spect to the rhabdoid component, IR positivity was seen in 
76.3% of cases without rhabdoid feature and 60% of cases 
with rhabdoid feature (Table 2). IR was positive in 83.1% of 
cases with a low (1+2) Fuhrman nuclear grade and 64.2% 
of cases with a high (3+4) Fuhrman nuclear grade, which 
was statistically significant (Fig. 2C and D, Table 2). IR was 
positive in 77.1% of cases without perirenal fat invasion 
and 60% of cases with perirenal fat invasion. 74.8% of cas-
es lacking renal pelvis invasion were IR positive, as were 
77.8% of cases with renal pelvis invasion. IR was found to 
be positive in 77.5% of cases without vascular invasion and 
53.8% of cases with vascular invasion (Table 2). Although 
IR expression seemed to be higher in cases without vascu-
lar invasion, this difference was not statistically significant. 
IR was also expressed in 74.8% of cases without renal si-
nus fat invasion and 80.0% of cases with renal sinus fat in-
vasion. IR was positive in 87.9% of cases with cystic change 
and 70.3% of cases without cystic change. This difference 

Fig. 2. Expression level of insulin receptor (IR) in clear cell renal cell carcinoma (CCRCC) is associated with tumor grade. (A) Representative immunoblotting 
of IR in the low and high grade CCRCC tissues. (B) Summary of results in (A) (mean±SEM, n=4). Asterisk denotes p<0.05 high versus low grade. (C and D) The 
IHC staining for IR from low (A) and high nuclear grade (B) CCRCC. IHC, immunohistochemistry; RCC, renal cell carcinoma; SEM, standard error of mean.
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DISCUSSION

Prognosis of RCC can be predicted using several well-
known prognostic factors. The TNM staging system is the 
most reliable prognostic factor and takes into account tu-
mor size and the extent of the tumor.24 The Fuhrman nucle-
ar grading system, an independent prognostic factor based 
on nuclear and nucleolar morphology, is divided into grades 
1 to 4.25 Pathologic poor prognostic factors include the 
presence of tumor necrosis, sarcomatoid and rhabdoid fea-

and 4.26±1.79 in cases with stages 2--4. Although higher IR 
expression was correlated with lower pathologic T stage, 
this was not a significant difference (Table 3). A statistically 
significant difference (p=0.042) was seen between the mean 
staining scores of TNM stage I and TNM stages II--IV 
(4.99±1.95 vs. 4.26±1.74). Survival analysis was performed 
after adjusting for sex, age, Fuhrman nuclear grade, cystic 
change status, and pathologic T stage. There was no signifi-
cant difference between IR positive group and IR negative 
group in both survival (p=0.834) and recurrence rate (p= 
0.691) (Fig. 3).

Table 2. Correlation of Insulin Receptor Expression and Clinico-Pathological Parameters of Clear Cell Renal Cell Carcinoma

Parameters 
Insulin receptor expression

p value
No. of positive cases (%) No. of negative cases (%)

Diabetes
    Absent 78 (76.5) 24 (23.5) 0.287
    Present 15 (68.2)   7 (31.8)
Sarcomatoid feature
    Absent 89 (74.8) 30 (25.2) 0.683
    Present   4 (80.0)   1 (20.0)
Tumor necrosis
    Absent 77 (77.8) 22 (22.2) 0.124
    Present 16 (64.0)   9 (36.0)
Rhabdoid feature
    Absent 87 (76.3) 27 (23.7) 0.217
    Present   6 (60.0)   4 (40.0)
Fuhrman nuclear grade
    Low (1+2) 59 (83.1) 12 (16.9) 0.014
    High (3+4) 34 (64.2) 19 (35.8)
Perirenal fat invasion
    Absent 84 (77.1) 25 (22.9) 0.134
    Present   9 (60.0)   6 (40.0)
Renal pelvis invasion
    Absent 86 (74.8) 29 (25.2) 0.601
    Present   7 (77.8)   2 (22.2)
Vascular invasion
    Absent 86 (77.5) 25 (22.5) 0.069
    Present   7 (53.8)   6 (46.2)
Renal sinus fat invasion
    Absent 89 (74.8) 30 (25.2) 0.633
    Present   4 (80.0)   1 (20.0)
Cystic change
    Present 29 (87.9)   4 (12.1) 0.035
    Absent 64 (70.3) 27 (29.7)
Pathologic T stage
    1 71 (79.8) 18 (20.2) 0.044
    2--4 22 (62.9) 13 (37.1)
TNM stage 
    I 69 (80.2) 17 (19.8) 0.083
    II--IV 24 (63.2) 14 (36.8)
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by the glucose transporter type 4 (GLUT-4), to the cell sur-
face.32 Insulin resistance in classic insulin-target organs and 
the related hyperglycemia and hyperinsulinemia are patho-
logic hallmarks of metabolic disorders such as obesity and 
type 2 diabetes.6 Several studies have reported an associa-
tion between type 2 diabetes and an increase in risk of de-
veloping various human cancers, including liver, pancreas, 
bladder, breast, and colon.7-12 However, the association be-
tween RCC, and type 2 diabetes and/or obesity remains con-
troversial. In a meta-analysis of nine cohort studies by Lars-
son and Wolk7 diabetes is associated with a 42% increased 
risk of kidney cancer. This association was found to be 
stronger in women than in men. In contrast, a study by Höf-
ner, et al.33 showed that obesity and type 2 diabetes have no 

tures, vascular, perirenal fat, renal pelvis, and renal sinus fat 
invasions.29 By contrast, cystic change in RCC is a known 
favorable prognostic factor in predicting survival.30 We 
found that IR expression was present in 109 cases (87.9%) 
of CCRCC. Higher IR expression was significantly related 
to the presence of cystic change, lower Fuhrman nuclear 
grade, lower pathologic T stage, and lower TNM stage. Ad-
ditionally, the results of western blot analyses showed that 
the expression of IR was higher in low-grade CCRCC than 
in high-grade tumors. However, there was no difference in 
IR expression between CCRCC and adjacent normal tis-
sues. Therefore, we suggest that high IR expression may be 
associated with the favorable prognostic factors of CCRCC. 
In this study, our survival analysis did not show significant 
results. This discrepancy may be explained by the fact that 
a few patients who underwent radical nephrectomy died, 
while the patients diagnosed with metastatic RCC did not 
undergo surgery. 

IR exists in two isoforms, A and B, which are formed due 
to exclusion (isoform A) or inclusion (isoform B) of exon 
11 of the IR gene.17 IR-A is ubiquitously expressed, where-
as IR-B is expressed largely in the classically insulin-sensi-
tive tissues of liver, skeletal muscle, and adipose tissue. Inter-
estingly, IR-B is also expressed abundantly in the kidney.31 In 
the current study, we demonstrated diffuse IR staining in 
distal tubular epithelium as well as in podocytes of glomer-
uli. Therefore, we can conclude that the kidney is an insulin 
sensitive organ. In healthy individuals, blood glucose con-
centration is maintained by a state of balance between insu-
lin production by specialized pancreatic β cells and insulin-
mediated glucose uptake in target tissues, which is promoted 

Table 3. Correlation of Mean Staining Score of Insulin Recep-
tor Expression and the Major Clinico-Pathological Param-
eters of Clear Cell Renal Cell Carcinoma

Insulin receptor expression
Mean±SD p value

Cystic change 
    Present 5.45±1.79 0.014
    Absent 4.52±1.90 
Fuhrman nuclear grade
    Low grade (1+2) 5.21±1.98 0.002
    High grade (3+4) 4.17±1.65
Pathologic T stage 
    1 4.97±1.93 0.056
    2--4 4.26±1.79
TNM stage 
    I 4.99±1.95 0.042
    II--IV 4.26±1.74

SD, standard deviation.

Fig. 3. Association between insulin receptor (IR) expression level and clinical outcome in clear cell renal cell carcinoma. Results of survival analysis shows 
no significant difference between the IR positive and IR negative groups in both survival (A) and recurrence rates (B). Survival analysis was determined us-
ing the Cox regression method after adjusting for sex, age, Fuhrman nuclear grade, cystic change status, and pathologic T stage.
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translocates into the nucleus following activation by its li-
gands40 and SUMOylation mediates this nuclear transloca-
tion of IGF-1R.44 IR can be also translocated to the nucleus 
to regulate cell proliferation as well as IGF-1R.45 Overex-
pression of IR is predictive of poor survival in patients with 
lung cancer.46 In our IHC staining, IR was mainly expressed 
in the nuclei of tumor cell that was tumor grade-dependent 
manner supporting the notion that high IR expression was 
associated with the favorable prognostic factors of CCRCC. 

In conclusion, IR expression was studied in CCRCC and 
its expression was compared with clinico-pathological pa-
rameters and survival data. We demonstrated that higher 
nuclear IR expression was significantly correlated with fa-
vorable prognostic factors of CCRCC. To the best of our 
knowledge, this is the first study to focus on IR expression 
in CCRCC patients with known diabetes status and progno-
sis. Caveats to our study include our small study sample 
size and the fact that we only performed analysis at the lev-
el of IR protein expression. 
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