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Abstract: Extracellular signal-regulated kinases (ERKs) are activated by the MAPK pathway. ERKs are downstream
effectors of the epidermal growth factor receptor (EGFR), which belongs to the receptor tyrosine kinases family.
Studies on the activation of the EGFR-ERK pathway in Kazakh patients with esophageal squamous cell carcinoma
(ESCC) have not been reported. Using immunohistochemical staining on tissue microarrays, we investigated the
protein expression of EGFR and ERK in 90 ethnic Kazakh patients with ESCC and 48 adjacent normal esophageal
tissues (NETs). EGFR and ERK1 expression was localized in the cytoplasm, whereas ERK2 expression was local-
ized in the nucleus. Both were more highly expression in the ESCC tissues than in the NETs, and the difference
was considered significant (P = 0.003, 0.002, and 0.005, respectively). ERK1 and EGFR expression was positively
correlated with lymph nodes metastasis (P = 0.011 and 0.013, respectively). ERK1 staining was also significantly
associated with tumor-node-metastases stage of ESCC (P = 0.044). ERK2 staining was significantly associated
with Histological grade (P = 0.012). Furthermore, ERK1 and EGFR expression in the ESCC tissues were positively
correlated (r = 0.413, P < 0.001); EGFR was more highly expressed in the ESCC tissues with high ERK1 expression
than in the ESCC tissues with low ERK1 expression (4.95 + 0.57 vs. 3.21 + 0.35, P = 0.01). This study is thus far
the first to demonstrate the correlation between EGFR overexpression and ERK overexpression in Kazakh patients
with ESCC. This correlation suggests that the EGFR-ERK signaling pathway participates in ESCC progression and can
thus be used as a prognostic marker.
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Introduction Epidermal growth factor receptor (EGFR), which

is located on the cell surface, is activated by the

Esophageal squamous cell carcinoma (ESCC) is
one of the most aggressive malignancies with a
very poor outcome in China [1, 2], particularly
in the Chinese Kazakh ethnic population resid-
ing in Xinjiang, Northwest China [3-5]. The five-
year survival rate of ESCC is approximately 42%
despite recent advancements in clinical treat-
ment [6]. To improve patient outcome, the
molecular mechanisms of ESCC, as well as the
biomarkers of tumor growth and development
as new prognostic and therapy targets, must
be investigated in the Kazakh ethnic popula-
tion in the Xinjiang.

binding of its specific ligands, such as epider-
mal growth factor (EGF) and transforming
growth factor o (TGFa), resulting in monomer to
the dimer [7]. EGFR activation initiates the
phosphorylation of tyrosine residues in the
EGFR cytoplasmic domain, leading to recruit-
ment and activation of various factors with mul-
tiple consequences, such as cell proliferation,
cell differentiation and organ morphogenesis.
Moreover, EGFR participates in carcinogenesis
of tumor metastasis [8, 9]. EGFR overexpres-
sion has been found in various solid tumors,
including breast cancer [10], colon cancer [11,
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Table 1. Antibodies and immunostaining procedures used in this study

Restoration

Antibody Source Dilution Staining Restoration Condition Producers

ERK1 Mouse monoclonal 1:100 Immunostainer / / Santa Cruz, CA,USA
ERK2 Mouse monoclonal  1:50 Immunostainer / / Santa Cruz, CA,USA
P-ERK1/2 Mouse monoclonal 1:50 EnVision Pressure cooker  Citrate Abcam, USA

EGFR Mouse monoclonal  1:50 EnVision Pressure cooker  Citrate ~ MaixinBio, Fuzhou, China

12] and lung cancer [13, 14]. Several studies
have demonstrated that aberrant expression of
EGFR exhibits an important function in ESCC
[15-17] as an oncogene. Moreover, phosphory-
lation of the cytoplasmic domains of EGFR can
be enhanced by its ligand binding, subsequent-
ly activating multiple signaling cascades, such
as extracellular signal-regulated kinase (ERK).

ERK is a key component of the classical mito-
gen-activated protein kinase (MAPK) pathway.
Both ERK1 and ERK2 are activated by the
MAPK/ERK pathway, which is downstream
effectors of the EGFR signal pathway [18]. ERK
is activated in human liver and colon cancer
[19] and non-small cell lung cancer (NSCLC)
[20]. ERK has likewise been reported to be acti-
vated in ESCC [21], which is inconsistent with
the study by Zheng et al, who found that the
protein expression of p-ERK1/2 in Kazakh
ESCC tissues was lower than that in the adja-
cent tissues [22]. Numerous studies have
reported that the EGFR-ERK pathway exists in
various cancers, such as epithelial ovarian can-
cer tissues [23] and breast cancer [24].
However, no studies on the activation of the
EGFR-ERK signal pathway in Kazakh ESCC have
been report. Considering that a complex net-
work of genetic and epigenetic aberrations
involving various signaling pathways is required
in the management of ESCC pathogenesis, we
hypothesize that the EGFR-ERK pathway is
involved in Kazakh ESCC carcinogenesis.

To address this problem, we assessed the
expression of EGFR and ERK-related proteins
(ERK1, ERK2, p-ERK1/2) by immunohisto-
chemistry in tissue microarrays (TMASs) to eval-
uated the possible correlations of the expres-
sion with ESCC clinicopathological charac-
teristics. We further explored whether the
EGFR-ERK pathway is activated in Kazakh
ESCC samples and found that the expression of
EGFR, ERK1 and ERK2 is higher in ESCC sam-
ples than in normal tissue. ERK1 exhibited a
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significant positive correlation with EGFR in
Kazakh ESCC samples.

Materials and methods
Patients and tumor samples

TMAs were used for immunostaining EGFR and
ERK-related proteins in 90 Kazakh patients
with ESCC from the First Affiliated Hospital,
Shihezi University School of Medicine, Xinjiang
Yili Prefecture Friendship Hospital and the
People’s Hospital of Xinjiang Uyghur Auto-
nomous Region. All patients underwent esoph-
agectomy without prior chemotherapy or radio-
therapy. Data on clinicopathologic variables,
such as tumor sites, depth of tumor invasion,
and lymph node metastasis, were collected. All
cases with pathologic diagnoses for tumor-
node-metastasis (TNM) stages were evaluated
based on Cancer Stage Manual, 7th Edition,
issued in 2009 by the American Joint Commi-
ttee on Cancer. Out of the 90 ESCC specimens,
48 specimens that matched adjacent normal
esophageal tissues (NETs) were used as con-
trols. A written informed consent was obtained
from each patient, and the study was approved
by the hospital ethics committee.

Immunohistochemistry

Immunohistochemistry was performed using
the EnVision method. Tumor samples were
fixed with 10% formalin in PBS, embedded in
paraffin, sectioned into 4 um slices, and then
baked at 60°C for 3 h. Each tissue section was
deparaffinized, rehydrated, and incubated with
fresh 3% hydrogen peroxide in methanol at
room temperature for 15 min (Table 1). The
sections were then autoclaved in sodium citrate
buffer (pH of 6.0) at 100°C for 8 min in a micro-
wave oven and cooled to 30°C for 30 min.
Washed thrice with PBS for 5 min each, the
section were incubated with primary antibody
ERK (Santa Cruz, CA, USA; 1:100 dilution),
ERK2 (Santa Cruz, CA, USA; 1:50 dilution),
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Table 2. Clinicopathological demographics for
the 90 patients with ESCC

Clinical properties

No. of patients (%)

Total 90
Gender

Male 57 (63.3)

Female 33 (36.7)
Age (years)

<65 65 (72.2)

> 65 25 (27.8)

Median 58

Range 34-76
Histological grade*

G1+G2 76 (84.4)

G3 14 (15.6)
Invasion depth

T1-T2 47 (52.2)

13-T4 43 (47.8)
Lymphatic invasion

Negative 65 (72.2)

Positive 25 (27.8)
TNM stage?

I/ 67 (74.4)

/v 23 (25.6)

Histological grade was with reference to WHO classifica-
tion; published in 2009. 2TNM stage was based on the
UICC criteria published in 2009.

p-ERK1/2 (1:50; Abcam), and EGFR (MaixinBio,
1:50) at 4°C overnight. Negative controls were
prepared by replacing the primary antibodies
with PBS. The tissues were washed in PBS for 5
min three thrice being incubated with second
antibodies. The sections were then stained for
3 min to 5 min with 3,3’-diaminobenzidine tet-
rahydrochloride, counterstained with Mayer’s
hematoxylin, dehydrated, and mounted.

Assessment by immunohistochemistry

Cytoplasmic staining of ERK1 and EGFR in
ESCC, as well as nuclear staining of ERK2 in
ESCC and p-ERK1/2, was performed. The
results were assessment by two investigators.
The percentages of positive stained cells were
assigned the following scores: 0 (< 5% positive
cells), 1 (6% to 25% positive cells), 2 (26% to
50% positive cells), 3 (51% to 75% positive
cells), or 4 (> 75% positive cells). The staining
intensity was scored on a scale of O to 3 as fol-
lows: O, negative; 1, buff; 2, yellow; and 3,
brown. The percentages of positive epithelial
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cells and the staining intensities were then mul-
tiplied to generate the immunoreactivity score
(IS) for each case. Overall staining scores from
0 to 4 and > 4 were considered low and high
expression, respectively.

Statistical analysis

All statistical analyses were performed with
SPSS version 13.0 (SPSS Standard version
13.0, SPSS, Chicago, IL, USA). The chi-square
test was used to statistical analyze the expres-
sion of ERK1, ERK2, p-ERK1/2 and EGFR in
normal tissues and ESCC sample, as well as
the clinicopathologic factors. The Spearman’s
rank correlation coefficient was used to evalu-
ate the expression of ERK1, ERK2, p-ERK1/2,
and EGFR. All P value were two-sided and con-
sidered statistically significant at P < 0.05.

Results
Clinical-pathologic variables

We conducted a case series study of 90 ESCC
samples. The clinical pathologic variables of
the patients are listed in Table 2.

Overexpression of ERK1, ERK2 and EGFR in
Kazakh ESCC tissues

The expression of EGFR and ERK-related pro-
teins was explored in ESCC tissues and adja-
cent NETs by immunohistochemistry. As show
in Figure 1A, the diffuse ISs for ERK1 detected
in the cytoplasm of ESCC cells (3.79 = 0.302)
were significantly higher than those in the NETs,
with an average IS of 1.78 + 0.345 (P < 0.005,
Figure 1A4). As shown in Figure 1B, high ISs for
ERK2 (4.09 + 0.261) were observed in both
nucleus and the cytoplasm of carcinoma cells.
These scores for ERK2 in ESCC tissues were
significantly higher than those in the NETs
(1.958 + 0.419, P < 0.001). However, the pro-
tein expression of p-ERK1/2 was stained in the
cytoplasm and nucleus (4.616 + 0.300).
Moreover, 47.8% (43/90) of the samples were
highly stained in ESCC but 46.4% (13/28) in
normal tissues. The expression of p-ERK1/2
was lower in NETs (4.464 + 0.612); however,
this difference was not statistically significant
(P > 0.05, Figure 1C). EGFR expression was
observed in the cytoplasm of the ESCC cell
(2.522 £ 0.163); 28.9% (26/90) of were highly
stained in the samples and none (0/24) in the
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Figure 1. Immunohistochemical staining of the protein expression of ERK1, ERK2, p-ERK1/2, and EGFR in Kazakh
esophageal cancer tissues and adjacent normal tissues. High expression of ERK1, ERK2, P-ERK1/2, and EGFR in
ESCC (A1, ERK1; B1, ERK2; C1, P-ERK1/2; D1, EGFR. Original magnification x40). High power view (Original mag-
nification x200) shows strong staining for ERK1 and EGFR in the cytoplasm of cancer cells (A2, ERK1; A4, EGFR),
ERK2 in the nucleus of cancer cells (B2), and P-ERK1/2 in the cytoplasm and the nuclei of cancer cells (C2). Low ex-
pression of ERK1, ERK2, P-ERK1/2, and EGFR is detected in NETs (A3, ERK1; B3, ERK2; C3, P-ERK1/2; D3, EGFR.
Original magnification x40). The boxplot shows that the expression of ERK1, ERK2, and EGFR are significantly
higher in ESCC tissues than in NETs (P < 0.005, P < 0.001, and P < 0.001, respectively); meanwhile, the results

were different for P-ERK1/2 (C4).

adjacent NETs. The expression of EGFR was
lower in normal tissues (0.58 + 0.189) than in
the ESCC tissues (P < 0.001, Figure 1D).

Correlation of ERK and EGFR expression with
the clinical features of Kazakh ESCC tissues

The correlation of ERK and EGFR protein
expression with several clinicopathologic fac-
tors is shown in Table 3. Of 25 Kazakh ESCC
patients with lymph nodes metastases, 15
cases (60.0%) and 12 cases (48.0%) showed
high expression of ERK1 and EGFR, respective-
ly. In comparison, in 65 Kazakh ESCC patients
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without lymph nodes metastases, 30.7% and
21.5% of which showed overexpression of
ERK1 and EGFR, respectively. Therefore, ERK1
expression and EGFR expression in ESCC was
significantly correlated with lymph node metas-
tasis (x? = 6.492, P = 0.011, x2 = 6.154, P =
0.013, respectively). Of 23 Kazakh ESCC
patients with tumor-node-metastases stage Ill/
IV, 13 cases (56.5%) showed overexpression of
ERK1, however, only 22 cases (32.8%) showed
overexpression of ERK1 in 67 Kazakh ESCC
with tumor-node-metastases stage I/Il. There-
fore, ERK1 expression in ESCC was significantly
correlated with tumor-node-metastases stage
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Table 3. Correlations between ERK1, ERK2, EGFR protein

expression and clinicopathologic factors

coefficient of 0.413; P =0.001; Table
4, Figure 2A). In addition, higher
EGFR histoscores were obtained for

Groups No. of high expression (%)
NO. of ERK1-high patients (4.95 + 0.57),
patients ERK1 ERK2 EGFR whereas lower EGFR histoscores
Gender were found in ERK1-low patients
(3.21 + 0.57, P = 0.01; Figure 2B).
Male 57 21(36:8) 28(49.1) 19(333) These results indicate that the up-
Female 33 14(424) 15(454) T7(21.2) regulation of EGFR is associated with
Age (years)! the up-regulation of ERK1 in Kazakh
<65 65 26 (40.0) 30(46.2) 18(27.7) ESCC.
> 65 25 9 (36.0) 13 (52.0) 8(32.0)
Histological grade? Discussion
G1+G2 76 28(36.8) 32(42.1) 24(31.6) ESCC is a highly malignant tumor of
G3 14 7(50.0) 11(785) 2(14.3) the digestive system; thus, key fac-
Invasion depth tors involved in the development and
T1T12 a7 17(36.1) 24(511) 16(34.0) progression of the disease must be
1374 43 18 (41.8) 19 (44.2) 10(23.3) investigated. In our previous rese-
Lymphatic invasion arch, the phospholipase C epsilon 1
Negative 65  20(30.7) 32(49.2) 14(21.5) (PLCE1) gene was identified as a new
Positive 25  15(60.0)° 11(44.0) 12(48.0)  Susceptibility gene to ESCC [25-27],
TNM stage? 1?spemally as el pi)termal Zmrgzrker
. or cancer metastasis and aggres-
Vi 67 22(328)° 24(358) 26(388) siveness in Kazakh ESCC [28-30].
/v 23 13(56.5) 11(47.8) 9(39.1)

“P < 0.05, 'Mean age. 2Histological grade was with reference to WHO clas-
sification published in 2009. *TNM stage was based on the UICC criteria

published in 2009.

Table 4. Correlations between ERK1 and
EGFR protein expression

ERK1 ERK2 p-ERK1/2 EGFR
ERK1 1
ERK2 0.231" 1
p-ERK1/2 0.04 -0.031 1
EGFR 0.413"™" 0.028 0.113 1

“P < 0.05, P < 0.005, P < 0.001.

(x> = 7.385, P = 0.007). Of 14 poorly differ-
entiated tissues, 11 cases (78.5%) showed
high expression of ERK2, whereas in 76 well
and moderately differentiated tissues 42.1%
showed overexpression of ERK2. Therefore,
ERK2 expression in ESCC was positively corre-
lated with Histological grade (x> = 6.301, P =
0.012).

Relationship between ERK1 and EGFR expres-
sion in ESCC

Collectively, our data suggest a significant cor-
relation between ERK1 expression and EGFR
expression in the ESCC tissues (Spearman
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However, multiply factors, such as
aberrant activation of many signal
pathways, could be involved in ESCC
carcinogenesis. Belonging to the sub-
family of the MAPK pathway, ERKs
contain ERK1 and ERK2. These two kinases
are required for physiological processes, such
as cell growth, differentiation, apoptosis, and
tumorigenesis in various malignancies [31].
However, the MAPK signaling pathway, as a
central subject of research on cancer cell sig-
naling, remains undetermined in Kazakh ESCC.

Using immunohistochemistry in TMAs, we
found that ERKland ERK2 is more highly
expressed in ESCC tissues than in adjacent
NETs. These results are consistent with other
findings that ERK1 and ERK2 are more highly
expressed in various cancers, such as clear cell
renal cell carcinoma, hepatocellular carcinoma
and gastric adenocarcinoma [32-34], than in
normal tissue. Moreover, p-ERK1/2 was poorly
expressed in ESCC; nevertheless, but this dif-
ference was not significant. These results con-
tradict the findings by Zheng et al. [22] and
Garavello et al. [35], who indicated that
p-ERK1/2 is poorly expressed in ESCC or squa-
mous cell carcinoma of the larynx tissues than
in adjacent normal tissues. This discrepancy
may be attributed to the variation in population
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Figure 2. Correlation between ERK1 expression and
EGFR expression in Kazakh ESCC. A: ERK1 expres-
sion was positively corrected with EGFR expression in
ESCC tissues (r = 0.413, P < 0.001). The dotted line
represents the mean score of protein expression. B:
EGFR expression was higher in ESCC tissue with high
ERK1 expression (4.95 + 0.57) than in those tissues
with low ERK1 expression (3.21 + 0.35; P =0.01).

heterogeneity and the influence of p-ERK1/2 in
ESCC carcinogenesis between the early and
the later stages. Thus, further studies need to
be conducted on the same ethnic groups with
larger ESCC samples in different stages.
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In the present study, we demonstrated that the
protein expression of EGFR was higher in
Kazakh ESCC tissues than in normal tissues.
EGFR overexpression has been reported in
breast cancer [10], colon cancer [11, 12], and
lung cancer [13, 14]. Silencing of EGFR mRNA
in prostate cancer stem-like cells (PCSC) result-
ed in the self-renewal and robust reduction of
propagation in PCSC [36]. Our observation that
EGFR expression was upregulated in Kazakh
ESCC tissues agree with the study by Itakura et
al. Their study indicated that the immunohisto-
chemical overexpression of EGFR in a Japanese
population occurred more frequently than did
EGFR DNA amplification in ESCC [37]. This
result suggests that in several cancers, includ-
ing Kazakh ESCC, EGFR significantly affects the
biological behavior of ESCC and can be used as
a biomarker for Kazakh ESCC.

Moreover, we analyzed the correlation of EGFR
and ERK expressions with clinicopathological
features and found that ERK1 is correlated not
only with lymphatic invasion but with the TNM
stage as well. ERK2 expression was higher in
well and moderately differentiated tissues than
in poorly differentiated tissues. Notably, the
inhibition of the ERK signal pathway such as
Rab25 and dual-specificity phosphatase 6
(DUSP®6) can suppress cell migration and ESCC
invasion [38, 39]. Protein tyrosine kinase 7
(PTK7) and fibronectin (FN) phosphorylate Raf
and further activate ERK, resulting in invasive
in ESCC [21, 40]. Similarly, Li et al. suggested
that Stomatin-like protein 2 (SLP-2) can be the
downstream gene of the ERK pathway and that
SLP-2 can promote ESCC invasion through the
ERK signaling pathway [41]. In addition, EGF
signaling can increase the invasive capability of
human prostate cancer cells by the up-regula-
tion of p-ERK and the HH signaling transcrip-
tional factor GLI-1, which may be among the
important effectors activated by EGF down-
stream signaling [42] (Figure 3). The present
study found that EGFR was correlation with lym-
phatic invasion. This correlation supports the
finding that the higher expression of the EGFR
gene in the cytoplasm can significantly affect
the progression of invasive in salivary adenoid
cystic carcinoma [43]. This finding was derived
from the report that EGFR activates mesenchy-
mal to epithelial transition through MAP kinas-
es to enhance NSCLC invasion and brain
metastasis [44].
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PTK7

SLP-2

correlation between ERK and
EGFR in Kazakh patients with
ESCC. To the best of our
knowledge, this study is the
first to report on the involve-
ment of the EGFR-ERK signal-
ing pathway in ESCC carcino-
genesis in Kazakh patients.
Further studies are necessary
to examine the therapeutic
potential of the EGFR-ERK

inhibitor in anticancer therapy,
GLI-1 particularly in ESCC.
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