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Abstract: The EGFR-KRAS-BRAF-MEK-ERK (MAPK) pathway plays an important role in most cancers with close as-
sociation of EGFR, KRAS or BRAF mutations with carcinogenesis and drug resistance. EGFR have been developed
for molecular targeted therapy of various cancers. However, it remains to be determined whether aberration of this
pathway is essential for the survival of clear cell renal cell carcinoma (CCRCC) and whether EGFR tyrosine kinases
inhibitors (TKIs) could benefit CCRCC patients. In this study, we detect EGFR, KRAS and BRAF mutations in CCRCC,
investigate the potential of EGFR TKIs for the treatment of CCRCC patients, and summarize clinicopathological
characteristics of CCRCC carrying EGFR, KRAS and BRAF mutations. EGFR, KRAS and BRAF mutation in 100 CCRCC
from China were detected by high resolution melting analysis. Positive mutations were confirmed using direct se-
quencing. The cases with EGFR, KRAS and BRAF mutations were further assessed by immunohistochemistry (IHC).
The diagnosis of CCRCC was confirmed by IHC staining of CK (Pan), EMA, Vimentin, CD10, Desmin and SMA, and
the activation of MAPK pathway was assessed by IHC staining of EGFR, KRAS, BRAF and p-BRAF. One KRAS while no
EGFR or BRAF mutations were identified in these 100 CCRCC patients. The case with KRAS mutation was histologic
grade G4, tumor stage Ill and TNM stage Il (T3NOMO). Lung metastasis was found four months after surgery and
the patient died two and a half months after metastasis. The tumor with KRAS mutation was positive for CK (Pan),
EMA, Vimentin, CD10, but negative for desmin and SMA, and positive for KRAS, BRAF, and p-BRAF, but negative for
EGFR. To conclude, our results support EGFR, KRAS and BRAF mutations are rare in CCRCC, EGFR TKIs may be not
suitable for the majority of CCRCC patients and CCRCC patients with the tumor carrying KRAS mutation might have
poor prognosis.
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Introduction Some genetic and epigenetic events contri-
bute to the occurrence and development of

Clear cell renal cell carcinoma (CCRCC) is the CCRCC, including loss-of-function mutations of

most common cancer of kidney and accounts
for 75% of all renal cell carcinomas (RCC). The
incidence of CCRCC has been increasing over
the past several years. Surgical resection is the
main treatment module for CCRCC and the
majority of patients will obtain good prognosis
after surgery. However one-third of patients will
develop metastatic lesions with a 5-year sur-
vival rate less than 10%. Traditional cytotoxic
chemotherapy is difficult to kill the tumor cells
of CCRCC due to anatomical and physiological
characteristics of kidney. Therefore, it is very
important to elucidate the molecular biology
and identify effective therapeutic strategies for
CCRCC.

Von Hippel-Lindau (VHL) gene [1]. Inactivation
of VHL leads to stabilization and accumulation
of transcription factor hypoxia inducible factor
alpha (HIFa), which in turn accelerates deve-
lopment of CCRCC by upregulating a series of
proteins [2]. However, VHL mutation rate is
only 24%-45% in CCRCC, which suggests the
mutations of other important genes might ex-
ist in CCRCC. The EGFR-KRAS-BRAF-MEK-ERK
(MAPK) pathway regulates multiple cellular
functions including growth, proliferation, and
apoptosis. It has been well documented MAPK
pathway is upregulated and molecular target-
ing this pathway is a promising strategy for
the development of targeted medicine of many
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Table 1. Relationship of EGFR, KRAS and BRAF muta-
tions to clinicopathological features of CCRCC patients

In addition, KRAS, a downstream molecule
of EGFR, plays a ‘molecular switch’ role

EGFR KRAS BRAF

in MAPK signaling pathway, and KRAS
mutations lead to active downstream mol-

Variables status status status
Gender
Male 72 0 1
Female 28 0
Age (Median 61)
<61 50 0 0
>61 50 0 1
Tumor size (Average 5.5 cm)
<7cm 69 0 0
>7 cm 31 0 1
Histologic grade
G1-G2 75 0 0
G3-G4 25 0 1
Tumor stage
T1-T2 81 0 0
T3-T4 19 0 1
TNM stage
-1 73 0 0
-1V 27 0 1

ecules even if EGFR is inhibited by EGFR
TKIs. KRAS mutations are critical in EGFR
TKls resistance and high frequency of
KRAS mutations is found in many malig-
nant tumors cancers such as colorectal
cancer [11], NSCLC [12] and pancreatic
cancer [13]. However, the status of KRAS
mutations in CCRCC is still controversial. A
previous study from Italy reported that
KRAS mutations rate were high [14], while
studies from Germany [15], France [16]
and Austria [17] showed that KRAS muta-
tion could not be detected in CCRCC. In
CCRCC of Chinese, whether KRAS muta-
tion exists is unknown.

Furthermore, similar to KRAS mutation,
BRAF mutations lead to constitutive acti-
vation of the downstream molecules in
MAPK pathway and are commonly found

cancers including non-small cell lung cancer,
breast cancer, gastric cancer and so on [3-5].
Previous studies have confirmed that EGFR,
KRAS and BRAF are the most frequently alter-
ed genes in cancers. Whether these three ge-
nes play an important role in CCRCC remains
elusive.

EGFR is a transmembrane glycoprotein with
receptor tyrosine kinase (RTK) activity and reg-
ulates cell proliferation, differentiation, and
apoptosis. EGFR mutations increase its kinase
activity, which leads to upregulated activation
of several downstream signaling pathways in-
cluding AKT and MAPK. EGFR mutations have
been found in many malignancies such as
lung, colorectum, head and neck cancers [6-8].
EGFR tyrosine kinases inhibitors (TKIs) such
as gefitinib or erlotinib bind the tyrosine kina-
se domain of EGFR by competing with ATP.
Accumulating data indicate tumors carrying
EGFR mutations are sensitive to EGFR TKls
especially in non-small cell carcinoma (NSCLC)
[9, 10]. Recently, EGFR mutation has drawn
great attention in the potential use of EGFR
TKls for other cancers treatment. Neverthe-
less, there are few reports about EGFR muta-
tions and therapeutic potential of EGFR TKIs in
CCRCC.
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in melanoma, thyroid papillary carcinoma

and colorectal-cancer [18-20], however,
BRAF mutation status in CCRCC remains un-
clear and there is no report on BRAF mutation
in CCRCC from China.

In this study, we detected the mutation status
of EGFR, KRAS and BRAF genes in 100 CCRCC
to estimate the applicability of EGFR TKls in
CCRCC patients, and profiled the clinicopatho-
logical characteristics of CCRCC carrying EGFR,
KRAS or BRAF mutations.

Materials and methods
Patients and samples

A total of 100 CCRCC tissues were obtained
from the Dalian Friendship Hospital of North-
ern China from 2003 to 2015. Among the
100 CCRCC patients, 72 were male and 28
were female with a median age of 61 years
(range 26-86 years) and an average maximum
diameter of 5.5 cm (range 1.3-17 cm). This
study was approved by The Ethics Committee
of the Dalian Friendship Hospital. Informed
consent of all patients was obtained. None
of the patients received chemotherapy and
radiotherapy for cancer before surgical treat-
ment. The diagnoses were certified by two ex-
perienced pathologists according to standard
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Table 2. EGFR, KRAS and BRAF primers

of dNTPs, 0.5 uM of

Exon Forward Reverse

each primer, 0.5 U of

EGFR

19 5'-TGGATCCCAGAAGGTGAGAA-3’

21 5-CGCAGCATGTCAAGATCA-3’
KRAS

2  B5-AGGCCTGCTGAAAATGACTG-3’
BRAF

15 5’-TAGTAACTCAGCATCTCAGG-3’

5’-AGCAGAAACTCACATCGAGGA-3’
5’-CCTCCTTACTTTGCCTCC-3’

5’-TCAAAGAATGGTCCTGCACC-3’

5’-CTCTTCATAATGCTTGCTCTGATAgE-3’

Taq DNA polymerase
(Takara, China), 1xLC
Green Plus (Biochem,
USA), 5 ng of genomic
DNA. Cycling condi-
tions for exon 19 of
EGFR were as follows:
60 cycles of 98°C for

criteria. Histologic grade and TNM stage was
determined according to Fuhrman criteria [21]
and 2006 WHO TNM staging system [22].
Clinicopathological features of the patients are
shown in Table 1. These specimens were diag-
nosed as G1 and G2 (n=75), G3 and G4 (n=25);
T1 and T2 (n=81), T3 and T4 (n=19); TNM | and
TNM 1l (n=73), TNM lll and TNM IV (n=27).

Genomic DNA extraction

Paraffin embedded sections of 5 ym thick-
ness were stained with H&E, followed by local-
ization of tumor-rich regions under a micro-
scope. Tumor-rich regions were isolated for
DNA extraction. Genomic DNA was extracted
by TIANamp Genomic DNA kit (TIANGEN Bio-
tech, Beijing, China) according to manufactur-
er’s instructions and kept at 4°C till use.

High resolution melting analysis (HRMA)

Polymerase chain reactions (PCRs) were per-
formed using a 96-well PCR plate on the gra-
dient Eppendorf Mastercycler (Eppendorf, Ger-
many). The primers of EGFR, KRAS and BRAF
are listed in Table 2. Reaction mixture in a 10
uL final volume contained the following: for
exon 19 of EGFR, 1xPCR buffer (Takara, China),
0.2 mM of dNTPs (Takara, China), 0.5 uM of
each primer, 0.5 U of HotStart Taq (Takara,
China), 1xLC Green Plus (Biochem, USA), 5 ng
genomic DNA; for exons 21 of EGFR, 1xPCR
buffer (Takara, China), 2.5 mM MgCl,, 0.2 mM
of dNTPs, 0.5 uyM of each primer, 0.5 U of Taq
DNA polymerase (Takara, China), 1xLC Green
Plus (Biochem, USA), 5 ng of genomic DNA;
for exon 2 of KRAS, 1xPCR buffer (Takara,
China), 0.2 mM of dNTPs, 0.5 uM of each prim-
er, 0.5 U of Tag DNA polymerase (Takara,
China), 1xLC Green Plus (Biochem, USA), 5 ng
of genomic DNA; for exon 15 of BRAF, 1xPCR
buffer (Takara, China), 2 mM MgCl,, 0.2 mM
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10 s, 53°C for 10 s,
72°C for 20 S. Cycling
conditions for exon 21 of EGFR as follows: 60
cycles of 98°C for 10 s, 58°C for 10 s, 72°C
for 20 s. Cycling conditions for exon 2 of KRAS
were as follows: 60 cycles of 98°C for 10 s,
61°Cfor 10 s, 72°C for 20 S. Cycling conditions
for exon 15 of BRAF were as follows: 60
cycles of 98°C for 10 s, 60°C for 10 s, 72°C
for 20 S. PCR for each specimen and corre-
sponding wild type specimen was performed
in triplicate for mutation screening. PCR pro-
ducts were scanned by LightScanner (ldaho
Technology, USA).

DNA sequencing

All positive samples identified by HRMA were
further confirmed by DNA sequencing. Samples
with potential exon 2 of KRAS mutation were
amplified using the primers described in HRMA.
Reaction mixture a 60 pL final volume con-
tained 1xPCR buffer (Takara, China), 0.2 mM of
dNTPs, 0.5 uM of each primer, 0.5 U of Tag DNA
polymerase (Takara, China), 1xLC Green Plus
(Biochem, USA), 30 ng of genomic DNA. The
reaction conditions were as follows: 60 cycles
of 98°C for 10's, 61°C for 10 s, 72°C for 20 S.
Purified PCR products were sequenced in
Takara.

Immunohistochemistry

Using immunohistochemistry, the diagnosis
associated proteins including CK (Pan), EMA,
Vimentin, CD10, Desmin and SMA, and MAPK
pathway associated proteins including EGFR,
KRAS, BRAF and p-BRAF were detected in
CCRCC with EGFR, KRAS or BRAF mutation.
The steps of immunohistochemical staining
were operated according to the instruction
manual. The antibodies used in this study are
listed in Table 3. Primary antibodies were
replaced by PBS in the negative control.
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Table 3. The detailed information of the antibodies used in immu-

nohistochemistry

the tumor was 14 cm. The his-
tologic grade was G4 accord-

ing to Fuhrman differentiation

Name Clonality ~ Clone number Dilution Manufacturers, country € o
CK (Pan) Monoclonal ~ MX005  Without Mai Xin, China ir;f;';er:rg)l' aT:iEotsuem:a:plan;le;
EMA Monoclonal E29 Without Mai Xin, China and there was a tumor throm-
Vimentin  Monoclonal V9 Without Mai Xin, China bus in inferior vena cava. The
CDh10 Monoclonal MX002 Without Mai Xin, China tumor stage was IIl. No metas-
Desmin  Monoclonal D33 Without Mai Xin, China tasis was found before opera-
SMA Monoclonal 1A4 Without Mai Xin, China tion and TNM stage was Il
EGFR Monoclonal ~ EGFR.113  Without Mai Xin, China (T3NOMO). He did not receive
KRAS Monoclonal  F 132-62 1:50 Abcam, England radiotherapy, chemotherapy
BRAF Monoclonal F-7 1:250  Santa Cruz, America or molecular targeted therapy
p-BRAF  Monoclonal  EPR2207  1:100  Abcam, England before radical nephrectomy.
Lung metastasis was found
four months after operation.
30 40 i €0 The patient died two and
I ES s BN NS - = B NN NN = ® =N a half months after metasta-
AAACTTGTGGTAGTTGGAGCTTGTGGCGTAGGCAAGA sis. The correlation between
ﬂ KRAS mutation and clinico-
pathological features is sum-
( f | marized in Table 1.
A H I" | : |F|‘ Immunohistochemistry analy-
||’ H H \’ ” ’“‘ H sis
|
’ I' ’\ ’ H ‘| ‘ Immunohistochemistry analy-
I hl | L ‘J‘ \ L sis demonstrated the tumor

Figure 1. DNA sequencing showed KRAS mutation in CCRCC. g.10570G>T,

¢.34 G>T, heterozygous, p.G12C.

Results
EGFR mutation detection

Among the 100 CCRCC patients, no one was
found to have sequence variations in EGFR
exon 19 and 21 as detected by HRMA (Table 1).

BRAF mutation detection

None of the 100 CCRCC patients was revealed
to harbor sequence variations in BRAF exon 15
as detected by HRMA (Table 1).

KRAS mutation detection

In the 100 CCRCC cases, one mutation in KRAS
exon 2 was found by HRMA. The mutation was
confirmed by DNA sequencing (Figure 1). The
mutation was a substitution of glycine by cyste-
ine at codon 12 (34 G>T, G12C). The patient
was a 77 years old man. Maximum diameter of
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with KRAS mutation was posi-
tive for CK (Pan), EMA (Figure
2B), Vimentin (Figure 2C) and
CD10, but negative for Des-
min and SMA proteins, and
positive for KRAS (Figure 2D), BRAF (Figure 2E)
and p-BRAF (Figure 2F), but negative for EGFR
proteins.

Discussion

In MAPK pathway, EGFR, KRAS and BRAF are
the most important components, mutations of
them result in activation of a series of protein
kinases, leading to enhanced cell growth, prolif-
eration and survival. In the past two decades,
accumulating evidence has shown that EGFR,
KRAS or BRAF mutation occur in lots of can-
cers, and KRAS or BRAF mutations contribute
to the response of patients to tyrosine kinases
inhibitors such as gefitinib or erlotinib. The
MAPK signaling pathway is one of the main tar-
get pathways for the currently molecular tar-
geted therapy of cancers. However, it remains
to be determined whether aberration of this
pathway is essential for the survival of CCRCC,
and whether EGFR tyrosine kinases inhibitors

Int J Clin Exp Pathol 2017;10(1):578-586
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Figure 2. Immunohistochemical analysis of the CCRCC with KRAS mutation. A: H&E staining. B: EMA staining. C:
Vimentin staining. D: KRAS staining. E: BRAF staining. F: p-BRAF staining. Magnification, x400.

(TKIs) could be used for CCRCC patients. More-
over, the mutation rates of EGFR, KRAS and
BRAF of CCRCC in Chinese are unclear. With
the advance of precision medicine for cancer
patients, it is urgent to determine EGFR, KRAS
and BRAF mutation status in CCRCC and pro-
vide the genetic basis for clinician to choose
the right drugs for the right patients.

EGFR is a tyrosine kinase receptor belonging
to the ErbB family and plays a key role in multi-
ple cellular processes. EGFR mutations can
cause constitutive activation downstream pro-
teins, and patients with EGFR mutations in
NSCLC are sensitive to EGFR TKis. The current
available data show EGFR mutation rate is
relatively low in CCRCC. Sakaeda et al [23],
and Szymanska et al [16] tested 19 and 50
CCRCC cases respectively, and none of them
found EGFR mutation. However, lvantsov et al
reported four EGFR mutations in 336 CCRCC
cases with the frequency of 1.2% [24]. Similar
to these previous studies, we found no EGFR
mutation in 100 CCRCC samples. Our findings
demonstrated EGFR mutation is very low in
Chinese CCRCC, which suggests EGFR-TKIs
may be not suitable for most Chinese CCRCC
patients. However, lyevleva et al reported one
CCRCC patient carrying an EGFR mutation was
sensitive to gefitinib treatment [25], indicating
the very few CCRCC patients might benefit from
EGFR-TKIs.
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High KRAS mutation rates have been found in
various malignant tumors. The KRAS mutation
frequencyis 15-32% in NSCLC [26, 27], 35-40%
in colorectal cancer [28], 0-21% in gastric can-
cer [29]. Current data show that KRAS muta-
tions in CCRCC are variable among different
populations. In a study from lItaly, Raspollini et
al detected KRAS mutation in 11 CCRCC of T1a
stage and found all cases carried KRAS muta-
tion [14]. However, no KRAS mutation in CCRCC
tumors was found in 63 cases from Germany
[15], 50 tumors from France [16], and 12
tumors from Austria [17]. In our study, there
was one KRAS mutation in 100 CCRCC with
mutation rate of 1%. KRAS mutation in human
cancers takes place primarily at codon 12 and
13 in exon 2. The common types include G12D,
G12V, G12A, G12C, G12S, G12R, G13D and
G13A, which are usually detected in pancreatic
and colorectal cancers. In CCRCC, KRAS muta-
tions were founded only in one study. The muta-
tions occurred at codon 12 and 13 in exon 2
with the mutations types of G12S, G12V, G12C,
G12D and G13D, G13S [14]. In this study, the
mutation type was G12C, similar to previous
report of Raspollini [14]. Our results suggest
that KRAS mutation frequency of CCRCC from
Chinese mainland is similar to that in Germany,
France and Austria. But KRAS mutation rate
was found to be higher in Italy than that in other
countries. This discrepancy might be due to
geographic and racial factors.

Int J Clin Exp Pathol 2017;10(1):578-586
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BRAF is one of the most important pro-onco-
genes. The mutation rate is approximately 8%
in total human tumors [30, 31]. BRAF muta-
tions exist in melanoma, thyroid carcinoma and
colorectal cancers most commonly, but rela-
tively low in other carcinomas. Similar to the
report of Gattenléhner [15], we did not detect
BRAF mutation in CCRCC. Therefore, BRAF mu-
tation may be very rare in CCRCC.

In conclusion, the very low frequency of EGFR,
KRAS and BRAF mutations suggests EGFR;
KRAS and BRAF mutations may be not requir-
ed for the initiation, development and survi-
val of most CCRCC. However, KRAS mutations
lead to constitutive activation of downstream
signal molecules and are associated with poor
response to EGFR TKls in carcinomas. Since
EGFR TKils have the possibility to be applied for
CCRCC patients carrying EGFR mutations [25],
and KRAS mutations do exist in CCRCC though
with a relatively low rate, KRAS mutation must
be detected before EGFR TKIs therapy.

In our study, the patient, with the tumor carry-
ing KRAS mutation, was a 77-year-old man,
who was diagnosed as CCRCC in right renal
with the maximum tumor diameter of 14 cm in
December 2003. The age of the patient was
significantly older than the mean 61 years in
our study and a previous report of 62.2 years
[32]. The tumor maximum diameter was also
bigger than the average maximum diameter of
5.5 c¢m in our study and another study of 5.3
cm [32]. These suggest CCRCC patients with
KRAS mutation might be older and with larger
tumor size. Histopathology analysis by H&E
staining showed the tumor was architecturally
diverse with solid and acinar patterns. There
were 20% region with rhabdoid patterns in solid
features region, demonstrating as large epithe-
lioid cells, eccentric nuclei and large and
paranuclear intracytoplasmic hyaline globules
(Figure 2A). The rhabdoid cells were positive
for CK (pan), EMA, Vimentin and CD10 proteins,
negative for Desmin and SMA proteins. These
results proved rhabdoid cells also were CCRCC.
Agaimy et al reported KRAS mutations existed
in pancreatic undifferentiated rhabdoid carci-
noma and the mutation rate was 54% [33].
In our study, the tumor with rhabdoid feature
also carried KRAS mutation similar to the
study of Agaimy et al. The tumor with KARS
mutation expressed KRAS, BRAF and p-BRAF
proteins but not EGFR protein, suggesting
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KRAS mutation activates expression of KRAS
and downstream proteins without EGFR
protein in MAPK pathway leading to promote
tumor cells proliferation.

The relationship between KRAS mutations and
prognosis of carcinoma patients has been a
controversial issue. Most reports showed that
KRAS mutations were significantly associated
with shorter disease-free survival or recur-
rence-free survival period compared to patients
with wild-type KRAS in NSCLC [34], colon ade-
nocarcinoma [35] and so on. On the contrary,
other researchers founded KRAS mutations
were not poor prognosis factors in NSCLC [36],
Vater cancer [37] and pancreatic cancer [38].
In the study of Kulemann et al, pancreatic carci-
noma patients with KRAS mutation in circulat-
ing tumor cells had a substantially better sur-
vival than patients with wild type KRAS [39]. In
the study of Raspollini, KRAS mutation was
detected only in T1la stage CCRCC [14]. However
in our study, tumor with KRAS mutation had
high histologic grade and tumor stage. The
tumor infiltrated into renal adipose capsule.
There was a tumor thrombus in inferior vena
cava. Lung metastasis was found soon after
surgery. Survival time of the patient was only
six and a half months. The result suggests
the prognosis of CCRCC patients with the tu-
mor carrying KRAS mutation may be very
poor. Nevertheless, due to the low frequency
of KRAS mutation and small number of pa-
tients screened up to now in CCRCC, the rela-
tionship between KRAS mutation and progno-
sis of CCRCC patients remains to be deter-
mined through a large cohort of patients in mul-
tiple centered studies.

In summary, EGFR, KRAS and BRAF mutations
are very rare in CCRCC. EGFR, KRAS and BRAF
are not the main genes during the occurrence
and progress of CCRCC and the majority of
CCRCC patients may not benefit from EGFR
TKls. However, the CCRCC patients with the
tumor carrying KRAS mutation may have poor
prognosis.
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