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HER?2 expression in renal cell carcinoma is rare and
negatively correlated with that in normal renal tissue
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Abstract. The aim of this study was to evaluate the status of
HER?2 protein expression in patients with renal cell carcinoma
(RCC) and to determine its prognostic significance. A total of
42 paraffin-embedded tumor tissues and 42 additional corre-
sponding adjacent normal tissues from RCC patients were
randomly collected and studied using immunohistochemistry
(IHC). Protein samples of 6 fresh specimens from tumor and
adjacent normal tissues obtained during surgery were extracted
and tested using western blotting to confirm the THC results.
Of the 42 tumor tissues and adjacent normal tissues tested,
[HC showed that 7 tumors (16.67%) and 33 adjacent normal
tissues (78.57%) expressed the HER2 protein. In addition,
results of the western blotting revealed weak HER2 reactivity
in primary tumor cells in two of 6 specimens obtained during
surgery. All 6 normal tissues showed positive expression,
which was in accordance with the outcome of IHC. In conclu-
sion, HER?2 is frequently expressed in normal renal tissues
and rarely expressed in RCC tissues. Furthermore, the HER2
status of normal tissue is negatively correlated with that of
the RCC tissues (r=-0.410, P=0.007) and the TNM stage
(r=-0.246, P=0.027), suggesting that HER2 is involved in
RCC oncogenesis.
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Introduction

Renal cell carcinoma (RCC) is one of the most common types
of malignant tumor of the human urinary system. To date, the
benefit of conventional therapies for RCC, including surgical,
radiological and chemotherapeutic approaches, is limited.
Treatment with IFN and IL-2 remains the main immuno-
therapy method for RCC after surgery treatment. The efficacy
rate is 10-20% when IFN is used alone to treat metastatic
RCC (1). Therefore, a more effective potential therapy needs
to be found. New targeted therapy for RCC may open up a new
avenue for cancer treatment and targeted therapy depends on
the evaluation of target gene status.

HER2, or ErbB-2, is a member of the epidermal growth
factor receptor (EGFR) family with intrinsic protein tyrosine
kinase activity and its increased activity is the assumed mecha-
nism underlying cell transformation (2). HER2 combines with
the other EGFRs to form heterogeneous dimers and is involved
in signal transduction, cell proliferation, development, differ-
entiation, migration and tumor formation (3). Previous studies
have reported that HER2-positive status was an independent
predictor of poor prognosis in multivariate analysis (4).
Herceptin, which is targeted against the HER2 cell-surface
receptor, has been successfully used for the treatment of breast
cancer. At present, there are conflicting reports concerning
HER2 expression in RCC due to different laboratory condi-
tions, case groups or the ethnicity of patients. In the present
study, we evaluated the HER?2 status of 42 RCC tumor and
normal tissue specimens using immunohistochemistry (IHC)
and 6 specimens using western blotting. Unlike the overex-
pression observed in breast cancer, IHC showed that HER?2 is
commonly expressed in normal renal, rather than RCC tissues.
Since it has been found that HER?2 is expressed by the normal
adult kidney, the presence of this oncoprotein in the normal
kidney may affect the possibility of using HER2-targeted
therapy for the treatment of RCCs overexpressing HER2. The
present study represents the rationale of the analysis.

Materials and methods

Study population and tissue specimens. A total of 84
paraffin-embedded specimens, including 42 tumor tissues and
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42 corresponding adjacent normal tissues, obtained during a
two-year period (between January 2009 and December 2010)
and provided by The Union Hospital of Fujian Medical
University (Fuzhou, China), were analyzed to identify HER2
immunohistochemically stained sections in renal carcinoma
cases. Of these cases, 37 patients had clear cell renal carci-
noma, 3 had papillary renal carcinoma and 2 had carcinoma
of the collecting ducts. Adjacent normal tissues were also
identified from the RCC nephrectomy specimens. A total
of 6 patients with RCC, who were histologically diagnosed
following surgery and treated in the Department of Urology,
The Union Hospital of Fujian Medical University, China, were
enrolled in a protein extraction and western blotting study to
verify the HER2 THC expression. The study was approved by
the Institutional Ethics committee of the Union Hospital of
Fujian Medical University, and written informed consent was
obtained from the participants.

IHC analysis. Immunohistochemical staining was performed
using HER2/ErbB2 (29D8) rabbit mAb (dilution 1:100, Cell
Signaling Technology, Beverly, MA, USA). Briefly, the slides
were rehydrated and antigen retrieval was achieved by micro-
wave for 15 min in citrate buffer. The slides were incubated
in 3% hydrogen peroxide to quench endogenous horseradish
peroxidase (HRP) for 30 min, followed by incubation with
normal goat serum in PBS for 60 min at room temperature.
The slides were then incubated with the primary antibody at
4°C overnight. Subsequently, the slides were incubated with
biotin-labeled anti-rabbit IgG and preformed avidin-biotin
peroxidase complex. The slides were then counterstained with
hematoxylin, dehydrated and mounted.

For analysis of HER2 staining, the tumor images were
collected at a magnification of x400 and the proportion of
positively stained nuclei was determined for a minimum of
5 fields of view. The integrated optical density (IOD) was then
measured using Image-Pro plus 5.0 software. The expression
of HER2 of the 42 specimens was classified by two patholo-
gists in our institute using the semiquantitative scoring (SQS)
recommended in UK guidelines in separate settings. In this
setting, these guidelines define a positive HER?2 status as: THC
score of 3+, uniform, intense membranous staining in >30%
of the tumor; 2+, weak to moderate complete membranous
staining that is non-uniform or weak in intensity in at least 10%
of the cells; 1+, weak and incomplete membranous staining in
<10% of the tumor cells; a negative HER?2 status is defined as
an THC score of 0, no staining. Hematoxylin and eosin staining
of the slides of tumors was performed to show the area of the
tumor or adjacent normal tissues and then scanned using a
microscope (Nikon TE2000-U, Tokyo, Japan).

Western blotting. Fresh specimens, including tumor tissues and
corresponding adjacent normal tissues, were obtained during
surgery. A total of 6 RCC tissues, including 1 papillary renal
carcinoma, 5 clear cell renal carcinomas and their normal adja-
cent tissues, were used. Cell membrane proteins were extracted
using a Mem-PER Eukaryotic Membrane Protein Extraction
kit (Thermo Fisher Scientific Inc., Logan, UT, USA). For the
western blotting analysis, crude membrane pellets were solu-
bilized in electrophoresis sample buffer and boiled for 10 min,
then separated on an 8% gel. Following electrophoresis, the
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proteins were loaded onto a polyvinylidene fluoride (PVDF)
microporous membrane (Millipore, Billerica, MA, USA).
After blocking of non-specific binding with 5% bovine serum
albumin (BSA) for 2 h at room temperature, the proteins were
subsequently identified using a primary antibody specific to
HER?2 (dilution 1:1,000) in PBST under gentle agitation at 4°C
overnight. Western blots were developed with the secondary
antibody anti-rabbit IgG (dilution 1:5,000; Bioss, Beijing,
China) and enhanced chemiluminescence (ECL; Amersham
Pharmacia, Freiburg, Germany) detection system. [3-actin was
used as a loading control.

Statistical analysis. The Mann-Whitney U test was used to
analyze the statistical contrast between HER2 expression in
RCC and normal tissues. The correlation coefficients (r and
P-values) between the HER?2 status of normal tissue and the
TNM stage were obtained using the Spearman test. P<0.05
was considered to indicate a statistically significant result.
Statistical analyses were performed using SPSS 11.5 software
(SPSS, Inc., Chicago, IL, USA).

Results

The clinical and demographic details of the 42 patients are
shown in Table I, based on TNM classification. HER2 expres-
sion was assessed generally by IHC. Our aim was to determine
the frequency of HER2 expression in RCC and corresponding
normal tissue and the correlation between HER2 expression
and tumor grading. A distinctive HER2 expression in renal
normal tissue was confirmed at the protein level by IHC. The
sections of tumor and adjacent normal tissues are shown in
Fig. 1. Of a total of 42 tumor and adjacent normal tissues,
HER?2 expression was observed in 7 of the 42 tumors (16.67%)
using IHC. For the majority of the tumors, HER2 expression
was negative. However, 33 adjacent normal tissues (78.57%)
expressed the HER?2 protein (Table II), which was confined to
the renal tubule and renal collecting duct as shown in Fig. 1.
This is an unfavorable outcome contrary to our intent.

To confirm this result, we investigated the HER2 expres-
sion in 6 fresh RCC and adjacent normal tissues by western
blotting. Of the 6 tumor and adjacent normal tissues, only
2 cases of tumor tissue expressed HER2 weakly. However, the
adjacent normal tissues exhibited positive expression (Fig. 2).
This outcome is in accordance with the results previously
described in the paraffin-embedded tissues. Therefore, HER2
is mainly expressed in normal kidney tissue specimens, rather
than in RCC tissues. To examine the change in HER2 expres-
sion during RCC pathogenesis, we analyzed the correlation
between normal renal tissue and tumor tissue. The HER2
status of normal tissue was negatively correlated with that of
the RCC tissues (r=-0.410, P=0.007; Table II). Furthermore,
the HER?2 status of normal tissue was negatively correlated
with the TNM stage (r=-0.246, P=0.027) following statistical
analysis according to the difference in stage (Table III).

Discussion
The incidence rate of RCC, including clear cell renal cell

carcinoma (70-80%), papillary renal cell carcinoma (10-15%),
chromophobe renal cell carcinoma (5%) and carcinoma of the
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Table I. Clinical data of 42 patients with RCC.

HER2 expression

Case Gender Age (years) Clinical stage Tumor size (cm) TNM stage RCC tissues Normal tissues

1 F 63 1 3 TINOMO 0 3+
2 M 43 1 35 TINOMO 0 3+
3 M 61 1 29 TINOMO 0 3+
4 F 57 1 43 TINOMO 0 3+
5 M 38 1 6.0 TINOMO 2+ 0
6 M 63 1 43 TINOMO 0 1+
7 M 59 2 8.5 T2NOMO 3+ 1+
8 F 25 1 43 TINOMO 0 3+
9 M 17 4 10 T4N1MO 0 0
10 M 55 1 3.6 TINOMO 2+ 0
11 F 60 1 35 TINOMO 0 3+
12 F 56 2 10 T2NOMO 2+ 1+
13 F 58 2 13.1 T2NOMO 0 3+
14 M 61 1 09 TINOMO 0 0
15 M 60 1 4.1 TINOMO 3+ 0
16 M 46 1 43 TINOMO 0 2+
17 M 62 3 59 T3bN1IMO 0 3+
18 M 31 1 22 TINOMO 0 1+
19 M 69 3 24 T3NOMO 0 1+
20 F 60 3 8.6 T2N1MO 0 3+
21 F 58 2 9.9 T2NOMO 0 0
22 M 65 1 6.5 TINOMO 0 3+
23 M 67 3 1.7 T3NOMO 0 2+
24 M 40 1 22 TINOMO 0 3+
25 M 70 3 25 T2N1IMO 0 3+
26 M 61 3 1.2 T3NOMO 0 0
27 M 48 2 13.6 T2NOMO 0 2+
28 M 47 3 45 T3N1IMO 0 0
29 M 44 1 6.0 TINOMO 1+ 3+
30 M 47 1 1.7 TINOMO 0 3+
31 M 43 1 48 TINOMO 0 3+
32 M 50 1 30 TINOMO 0 3+
33 M 53 1 42 TINOMO 0 2+
34 M 41 1 4.5 TINOMO 0 2+
35 M 69 1 1.5 TINOMO 0 3+
36 F 62 1 59 TINOMO 0 3+
37 M 45 1 6.1 TINOMO 0 2+
38 M 51 4 14.0 T2N2MO 0 0
39 F 62 1 4.5 TINOMO 0 3+
40 F 45 1 52 TINOMO 2+ 3+
41 M 48 2 3.8 T2NOMO 0 2+
42 F 52 1 5.7 TINOMO 0 2+

RCC, renal cell carcinoma; M, male; F, female.

collecting ducts (1%), comprises 90-95% of all neoplasms of  and that available chemotherapeutic agents are ineffective
the kidney. As a malignant tumor, RCC has a poor prognosis, against RCC (5). Thus, there is a need for the development of
due in large part to the fact that 40% of patients develop  new treatment strategies. In recent years, molecular targeted
distant metastases following removal of the primary tumor therapy has become a new treatment modality for RCC.
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Table II. The correlation between HER2 expression in RCC
and normal tissue.
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Table III. HER2 status of normal tissue is negatively correlated
with the TNM stage.

HER2 Normal tissue
- + ++ +++ Total r P-value @ TNM - + ++ +++ r P-value
RCC 35 1 4 2 42 -0.410 0.007 T1 4 2 5 16 -0.246 0.027
Normal 9 5 8 20 42 T2 2 2 2 3
T3 2 1 1 1

RCC, renal cell carcinoma. T4 1 0 0 0

HER-2 Negative Positive + Positive ++ Positive +++

= .- }“1‘;' é. 1-“-,{
RCC
Normal [

=185 kDa

B-actin =43 kDa

Figure 2. The verification of the HER2 expression using western blotting.
HER?2 expression in adjacent normal tissues was found to be higher than that
in RCC tissues. RCC, renal cell carcinoma.

Herceptin, which is targeted against the HER2 cell-surface
receptor, has been reported to increase the cure rate of breast
cancer by 20% (6,7). HER?2 has been identified as a potential
therapeutic target. However, molecular targeted therapy for
RCC depends on the evaluation of the target gene status.
HER?2 amplification and overexpression play significant
roles in signal transduction, cell proliferation, development,

e I S Tk
Figure 1. Immunohistochemical staining of RCC and normal kidney tissues. HER2 expression in either RCC or normal renal tissues varies from negative to

moderately or intensively positive. It should be noted that HER2 was mainly expressed in the renal tubule in normal tissues, as indicated by the arrow. Original
magnification, x400. RCC, renal cell carcinoma.

differentiation, migration and tumor formation. Findings of
available reports indicate a discrepancy with regard to HER2
expression in RCC. It has been reported that the HER?2 positive
rate in RCC is 40% (8). However, other authors have found that
the positive rate of HER2 expression was 11% in RCC tissues
and was expressed at heterogeneous levels independently of
tumor grading and staging (9). Another study reported that
the HER?2 gene was neither overexpressed nor amplified in
cases of Wilms tumor (10). This discrepancy may partly be
explained by differences in staining technique and patient
cohorts (11,12). Results of the present study emphasize the low
rate of expression and complete concordance between THC
and western blotting analyses in RCC. Therefore, although a
high positive rate was observed in breast cancer, gastric carci-
noma and bladder cancer (13,14), HER2 expression in RCC
may be rare, as in endometrial cancer (15). It is not appropriate
to employ antibody- or CTL-based immunotherapy, such as
antibody-coated tumor cell vaccine, in cases of RCC (16).
Notably, in our study there was a negative correlation
between the HER2 expression in normal tissue and that of
RCC (P=0.007, r=-0.410). Coincidently, the location where
HER?2 was expressed in normal tissues was the same site from
which RCC later originated. Taken together, this finding indi-
cates that a decrease in the expression of this gene occurred
during RCC oncogenesis. Furthermore, for the patients in
whom RCC had already occurred, the HER2 status of the



normal tissue was negatively correlated with the TNM stage
to a certain extent (P=0.027, r=-0.246), which also confirms
that HER?2 is involved in RCC oncogenesis. This observa-
tion suggests that HER2 expression was reduced during the
process of RCC oncogenesis and also played a significant role
in RCC development later, indicating a new mechanism of
HER?2 in the progression of RCC. In conclusion, HER?2 is not
an important target for the treatment of RCC. In fact, since
tumors which overexpressed HER2 showed negative adjacent
normal tissues, HER?2 in this specific patient subgroup could
serve as a candidate treating target.
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