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 1 

Introduction 2 

Endometrial carcinoma (EC) is the most common gynecological malignant tumors 3 

in Japan, and over 8,000 women were diagnosed with it in 2012. Based on the 4 

clinicopathological findings, there are two subtypes of endometrial carcinoma, type 5 

I and type II EC (1, 2). Type I EC, accounting for about 80% of EC, is generally 6 

associated with better outcome than type II EC since it is composed of low grade 7 

endometrioid histology with less aggressive characteristics and favorable prognosis 8 

(3). However, the number of patients with advanced stage or recurrent low-grade 9 

tumor cannot be negligible since type I EC comprises about 80% of the newly 10 

diagnosed EC in western Europe, North America, and Japan (3, 4).  11 

After staging surgery, adjuvant therapy is considered based on the pathological 12 

risk factors such as tumor grade, histological type, myometrial invasion, positive 13 

margin, lymphovascular space invasion, and positive node status (5). Radiotherapy 14 

has proved to reduce the risk of local recurrence, but no randomized study has 15 

shown benefit for overall survival (6, 7). In the last decades, there has been 16 

emerging evidence suggesting that systemic cytotoxic chemotherapy may have 17 

favorable prognosis in advanced EC (8, 9). Taxanes, platinum agents, and 18 

anthracyclines have been utilized in advanced or recurrent EC patients, with 19 

response rates to these drugs ranging from 33% to 57% (8, 10-14).  20 

Recently, a better understanding of the molecular and genetic characteristics of 21 

EC has promoted clinical research that targets angiogenesis and cellular signaling 22 

pathways involved in cancer development and progression. Epidermal growth factor 23 

receptor (EGFR) has been shown to be overexpressed in human cancers, including 24 

lung (15, 16), central nervous system (17), head and neck (18), bladder (19), 25 
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pancreas (20), and breast (21), and have a correlation with poor prognosis (22). 26 

EGFR expression has been demonstrated in 43–67% of EC tissue and associated 27 

with patient outcomes (23-25). In type II EC, including serous carcinoma and clear 28 

cell carcinoma, EGFR and HER2, another member of the EGFR family, have been 29 

shown to be expressed. Targeted therapy against the signaling system of the 30 

tyrosine kinase family could beneficial for patients with type II EC (26, 27). 31 

However, there have been no promising therapies, including small molecule 32 

tyrosine kinase inhibitors and the anti-EGFR monoclonal antibody, for antagonizing 33 

EGFR functions (28, 29). Thus, in this study, we aimed to evaluate whether 34 

targeting the EGFR tyrosine kinase has a therapeutic effect against EC, by 35 

precisely analyzing the expression levels of EGFR in cancer cells. 36 

 37 

Material and Method 38 

 39 

Reagents 40 

 Erlotinib (Abcam, Tokyo, JAPAN) was dissolved in DMSO, and Pertuzumab 41 

(Tyugai, Tokyo, JAPAN) was dissolved in distilled water for the in vitro and in vivo 42 

study. EGF (Invitrogen, Carlsbad, CA) was dissolved in phosphate buffered saline 43 

(PBS) (stock solution: 20 ng/mL). 44 

DMEM (without phenol red) and gentamicin sulfate (Geneticin®) were purchased 45 

from Invitrogen. (Carlsbad, CA). DMEM /Ham’s nutrient mixture F-12 (1:1, vol/vol) 46 

(without phenol red) was purchased from Sigma-Aldrich (St. Louis, MO, USA).  47 

 48 

Cell culture and culture condition 49 

Ishikawa cells were purchased from Japanese Collection of Research Bioresources 50 
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(JCRB) cell bank (Tokyo, JAPAN). HEC-1A and KLE cells were purchased from 51 

American Type Culture Collection (Manassas, VA). 52 

Ishikawa cells were maintained in DMEM supplemented with 10% charcoal fetal 53 

bovine serum (FBS) and 50 µg/µL gentamicin sulfate. HEC-1A cells were 54 

maintained in McCoy`s 5A medium supplemented with 10% charcoal FBS. KLE 55 

cells were maintained in DMEM/nutrient mix F-12 Ham’s supplemented with 5% 56 

charcoal FBS. All media used were phenol red free. Cells were incubated at 37℃ 57 

in a humidified atmosphere containing 5% CO2. All cells were harvested using 58 

trypsin/EDTA when confluence was less than 80%. 59 

 60 

Tissues and patient 61 

 All carcinoma tissues (from 51 patients) were obtained from Gunma University 62 

Hospital. Quantitative RT-PCR and immunohistochemistry were conducted 63 

according to the ethical guidelines of Gunma University and approved by the 64 

Institutional Review Board of Gunma University. Tissue specimens were handled 65 

according to the guidelines of the local ethics committee. 66 

 67 

Immunohistochemistry 68 

Formalin fixed samples were embedded in paraffin, sectioned and dried, then 69 

deparaffinized and rehydrated. The sections were immunostained using DAKO 70 

ENVISION+ KIT/HRP (DAKO, Carpentaria, CA) and Histofine SAB-PO kit 71 

(Nichirei, Tokyo, Japan) according to manufacturers’ protocols. Rabbit monoclonal 72 

anti-EGFR antibody (diluted 1:100, DAKO, Carpentaria, CA) and mouse 73 

monoclonal anti-HER-2 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) were 74 

used for immunohistochemistry (IHC) to determine EGFR and HER-2 expression 75 
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levels. Positivity was defined as more than 50% of specific cell staining of any 76 

intensity. 77 

 78 

Western blotting 79 

Twenty-four hours before starting the analysis, all cells were changed to medium 80 

without FBS. For analysis of phosphorylated extracellular signal-regulated kinases 81 

(ERK) 1/2, cells were treated with EGF (range from 1 pg/mL to 1 ng/mL) for 10 min, 82 

then washed twice with cold PBS, and incubated on ice with RIPA buffer (pH 7.4, 83 

supplemented with protease inhibitors, 200 mM NaF, 200 mM sodium 84 

orthovanadate) for 30 min. Lysates was aspirated and centrifuged at 15000 rpm for 85 

10 min at 4°C. Supernatant was collected and protein concentration was measured. 86 

Frozen patient samples were homogenized and lysed in RIPA buffer. Protein 87 

samples (10–20 mg) were diluted in equal volume sample buffer (pH 6.8, 4% SDS, 88 

10% 2-mercaptoethanol, 20% glycerol, 0.004% bromophenol blue, 0.125 M Tris-HCl) 89 

and incubated for 30 min at 25°C. Protein samples were loaded on a 12% 90 

polyacrylamide/bisacrylamide SDS-PAGE gel and transferred onto PVDF 91 

membrane (BIO-RAD, Hercules, CA, USA). Membranes were blocked with 5% BSA 92 

or 5% skim milk in TBST (100 mM Tris, 0.9% NaCl, 0.1% Tween-20, pH 7.4) for 1 h 93 

at room temperature. Membranes were incubated overnight at 4°C with the 94 

primary antibody (phosphor-ERK 1/2 at 1:2000, total-ERK at 1:1000, EGFR at 95 

1:1500, rabbit anti-human HER-2 at 1:1000 [Cell Signaling Technology, MA, USA], 96 

and mouse anti-human beta-actin at 1:3000 [Sigma-Aldrich]). After incubation, the 97 

membranes were washed 5 times with TBST and incubated with the appropriate 98 

secondary antibody conjugated to horseradish peroxidase (anti-rabbit or mouse at 99 

1:40000, BIO-RAD) for 1 h at room temperature. After washing 5 times more with 100 



6 
 

TBST, the membranes were incubated with Immobilon Western Detection reagent 101 

(Millipore, Billerica, MA) for 5 min and detected by an Image Quant Imager (GE 102 

Healthcare Bio Science). The expression levels of phosphorylated ERK were 103 

quantified by scanning the digital image and digitized data were analyzed with the 104 

Image J (NIH, USA). 105 

 106 

RNA isolation and quantitative RT-PCR 107 

RNA was extracted from the endometrial cancer cell lines and primary resected 108 

endometrioid adenocarcinoma tissues. Total cellular and tissue RNA were extracted 109 

using Isogen (WAKO, Osaka, Japan) and 2 µg total RNA was treated with DNase I 110 

(Isogen, De Meern, Netherlands) according to manufacturer’s protocol. RNA was 111 

reverse transcribed using SuperScript III transcriptase (Invitrogen) with random 112 

primers (Invitrogen). The samples were incubated with RNAse at 37°C to remove 113 

RNA, and were diluted to 100 µL with distilled water. Each quantitative PCR 114 

consisted of 5 µL of cDNA template, 12.5 µL SYBR Green real-time PCR master mix 115 

(Toyobo, Osaka, JAPAN), 0.2 µL forward and reverse primers (50 µM), and 7.1 µL 116 

distilled water. The sequences for the forward and reverse primers are as follows: 117 

human EGFR: 5’ –GGAGAACTGCCAGAAACTGACC- 3’ and 5’ –118 

GCCTGCAGCACACTGGTTG- 3’; human HER-2: 5’ –119 

ATCTGGCGCTTTTGGCACAG- 3’ and 5’ –CACCAGCCATCACGTATGCT- 3’; 120 

human GAPDH: 5’ -AATTCCATGGCACCGTCAAG- 3’ and 5’ –121 

GGTGAAGACGCCAGTGGACT- 3’. The reactions were carried out in an ABI 122 

PRISM 7000 sequence detection system (Applied Biosystems, Foster City, CA) for 123 

40 cycles (95°C for 15 sec, 60°C for 1 min) after initial 1-min incubation at 95°C. The 124 

fold change in the expression levels of each gene was calculated using the standard 125 
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curve method, with GAPDH as an internal control. 126 

 127 

siRNA transfection 128 

SiRNA against human EGFR (siEGFR) or HER-2 (siHER-2), and siRNA for 129 

negative control (si cont) were obtained from Applied Biosystems. All cell lines were 130 

plated for 24 h to approximately 50% confluence, and were transfected with 10 nM 131 

siRNA using Lipofectamine RNAiMAX (Ambion, Grand Island, NY, USA). The 132 

transfected cells were subjected to western blotting, quantitative RT-PCR, and 133 

growth inhibition assay. 134 

 135 

Growth inhibition assay 136 

Cells were plated at 5000 cells (Ishikawa, KLE) or 10000 cells (HEC-1A) per well 137 

in 96 well plates. After 12 h incubation at 37°C in a humidified atmosphere 138 

containing 5% CO2, the cells were treated with drugs(ErbB inhibitor: 139 

erlotinib(EGFR tyrosine kinase inhibitor) and trastuzumab(HER-2 monoclonal 140 

antibody)) or transfected with siRNA, and incubated for further 48 h in the same 141 

conditions. Erlotinib was dissolved in DMSO and added to the cell culture medium 142 

at a concentration not exceeding 0.1% (v/v). At the end of various treatments, 10 µL 143 

cell counting solution (WST-1, Dojindo Labs, Tokyo, Japan) was added. The 144 

absorbance was measured at a wavelength of 450–650 nm using a Microtiter Plate 145 

Reader (Becton Dickinson, Franklin Lakes, NJ). 146 

 147 

Tumor xenograft model and treatment 148 

Female mice, 4-weeks-old nude BALB/C nu/nu, were obtained from Charles River 149 

Japan (Tokyo, JAPAN). Mice were housed in suitable cages in a pathogen-free 150 
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condition in a room maintained at 23–26°C, 50% humidity, and 12-h light/12-h dark 151 

cycle. The mice were allowed to acclimatize for 2 weeks prior to the study. Regular 152 

health checks were done. Mice were implanted with tumor cells in a single 153 

subcutaneous (s.c.) site on the shoulder flank (5 x 105 HEC-1 and 1 x 106 Ishikawa 154 

per mice in a 0.1 mL growth factor reduced matrigel (Corning, Tewksbury, MA) and 155 

0.1 mL culture medium. Tumor-bearing mice were randomized into erlotinib (1 mg, 156 

3 mg, 10 mg, 30 mg/kg/day, intraperitoneal (i.p.) for 5 days per week), pertuzumab 157 

(1 mg, 3 mg, 10 mg/kg, i.p. twice per week), and vehicle (DMSO and distilled water, 158 

i.p.) groups when the mean tumor volume was 100–150 mm3. Equal volume of the 159 

vehicle (0.1 mL) was injected in all animals. Tumor volume and body weight were 160 

determined twice weekly. The tumor volume was determined according to the 161 

following formula: tumor volume = (length) x (width)2 /2. On day 28, mice were 162 

euthanized; tumor was excised, and fixed in formalin. Tumors were processed for 163 

hematoxylin and eosin (HE) staining. 164 

 165 

Data analysis 166 

The data represent the means ± SEMs from at least three independent 167 

experiments.  168 

Comparisons between groups were performed by one-way ANOVA. The 169 

significance of the differences between the mean values of the control group and 170 

each treated group was determined by Dunnett’s multiple-comparison test. A value 171 

of P < 0.05 was considered significant. 172 

 173 

Results 174 

 175 
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Expression of EGFR and HER-2 in endometrial cancer 176 

Fifty-one surgically resected endometrioid carcinoma samples, diagnosed as well 177 

(Grade 1, G1), moderately (G2), or poorly (G3) differentiated adenocarcinoma, were 178 

obtained from patients who had undergone surgery at Gunma University Hospital 179 

with their consent (Table 1). In our institution, 20.9% of patients with endometrial 180 

cancer with low-grade endometrioid histology have been diagnosed as stage III and 181 

IV. As a first step, IHC was carried out on endometrial carcinoma to confirm the 182 

expression of EGFR and HER-2 proteins (Fig. 1A). EGFR protein was highly 183 

expressed in G1 and G2 endometrioid carcinoma, whereas HER-2 was almost 184 

evenly expressed in G1, G2, and G3 tumors. We also evaluated the EGFR mRNA 185 

and HER-2 mRNA expression levels in EC tissues by RT-PCR (Fig. 1C). EGFR 186 

mRNA levels were higher in G1 and G2 (P < 0.05) than in G3, but there was no 187 

significant difference in HER-2 mRNA expression between the three grades. 188 

 189 

EC cell line experiments 190 

 Cancer cell lines were utilized for further experiments to elucidate the roles of 191 

EGFR and HER-2 in EC cells. Three cell lines (Ishikawa, HEC-1A, and KLE) were 192 

evaluated by western blotting to determine protein expression levels of EGFR and 193 

HER-2. HEC-1A showed high EGFR and low HER-2 expression while Ishikawa had 194 

low EGFR and high HER-2 expression. In KLE, the expression levels of EGFR and 195 

HER-2 were intermediate between Ishikawa and HEC-1A. (Fig. 2A). These results 196 

were reconfirmed by quantitative RT-PCR experiments, which indicated that EGFR 197 

mRNA level were significantly the highest in HEC-1A (P < 0.005), but there was no 198 

significant difference in HER-2 mRNA expression between the three cell lines. (Fig. 199 

2B) 200 
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The three cell lines were treated with EGF and were evaluated for downstream 201 

signaling of EGFR, by detecting phosphorylated ERK 1/2 by western blotting (Fig. 202 

3). The phosphorylation of ERK 1/2 was induced in all three cell lines, but increased 203 

in HEC-1A at a lower concentration in comparison with the other two cell lines. This 204 

result suggested that the amount of EGFR expression was an important factor for 205 

the activation of mitotic-activated protein kinase (MAPK) pathway by EGF 206 

stimulation in endometrial carcinoma cells.  207 

To investigate the significance of EGFR and HER-2 in the proliferation of 208 

endometrial cancer cells, all cells were transfected with siRNA to knock down EGFR 209 

or HER-2. After 48 h, EGF was added, and ERK 1/2 phosphorylation and 210 

proliferation were evaluated. When EGFR was knocked down (Fig. 4A and 4C), all 211 

cells showed decreased ERK 1/2 phosphorylation (P < 0.05). The viability of 212 

Ishikawa cells was reduced to 72%, HEC-1A to 76%, and KLE to 73%, compared 213 

with negative control (P < 0.05). When HER-2 was knocked down (Fig. 4A and 4C), 214 

ERK 1/2 phosphorylation was significantly decreased in Ishikawa, which highly 215 

expressed HER-2 (P < 0.05), but not in HEC-1A and KLE. Similarly, cell viability 216 

was reduced in Ishikawa (to 65% compared with negative control) (P < 0.05), but not 217 

in other cell types (HEC-1A: to 85% KLE: to 76% compared with negative control).  218 

 219 

Growth inhibition assay following ErbB inhibitor treatment in vitro 220 

The results in figures 1A and 2A prompted us to investigate whether ErbB 221 

inhibitors could effectively inhibit EC proliferation. In subsequent experiments, all 222 

cells were treated with erlotinib (ERL: EGFR tyrosine kinase inhibitor) or 223 

trastuzumab (TRA: HER-2 monoclonal antibody), and evaluated for ERK 1/2 224 

phosphorylation and proliferation in EC cells. The result shown figure 5A 225 



11 
 

demonstrated that all cells treated with ERL showed decreased ERK 1/2 226 

phosphorylation (P < 0.001). However, only HEC-1A treated with ERL showed 227 

reduction in cell viability to 38% compared with vehicle control (P < 0.01). In the 228 

case of TRA treatment (Fig 5A and 5B), only Ishikawa cells showed a decrease in 229 

ERK 1/2 phosphorylation (P < 0.05) and cell viability to 78% compared with vehicle 230 

control (P < 0.05). 231 

  232 

Tumor growth inhibition assay following ErbB inhibitor treatment in mice 233 

xenograft model  234 

Because the in vitro studies were examined for short periods, the long-term effect 235 

of either ERL or TRA was studied using an EC xenograft in vivo model. 236 

Tumor-bearing mice were treated with either ERL or TRA for 28 days. The results 237 

showed that only tumors in HEC-1A xenografted mice administered with ERL at a 238 

dose of 3 mg/kg or more (Fig. 6A and 6B) showed reduction, whereas TRA did not 239 

induce significant tumor growth inhibition in mice implanted with either HEC-1A 240 

or Ishikawa. The resected tumor from the xenograft model stained with HE, 241 

suggesting that clear fibrosis occurred in HEC-1A tumor treated with ERL (Fig. 242 

6C).  243 

 244 

Discussion 245 

In the present study, we demonstrate that both mRNA levels and protein levels of 246 

EGFR were highly expressed in low-grade endometrioid carcinoma, but were 247 

expressed at low levels in high-grade endometrioid carcinoma. We examined the 248 

molecular differences that underlie the variable responsiveness to erlotinib in 249 

accordance with the expression levels of both mRNA and protein of EGFR in the 250 
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endometrial carcinoma cells, using quantitative RT-PCR and IHC. We found that 251 

erlotinib, a known potent selective inhibitor of the EGFR tyrosine kinase, 252 

significantly inhibits the proliferation of endometrial carcinoma cells, which 253 

express high levels of EGFR in xenograft mice models. 254 

The degree of tumor differentiation is one of the prognostic factors in EC; 255 

low-grade endometrioid tumors tend not to progress to deep myometrial invasion 256 

or spread to distant sites (30). In contrast, high-grade endometrioid tumor is 257 

aggressive and diagnosed at advanced stages, and involved recurrent or metastatic 258 

tumors at high rate. On the other hand, overall prognosis for those who are 259 

diagnosed with low-grade tumor is positive, although the number of patients with 260 

recurrent or metastatic tumors is still quite large due to the corresponding amount 261 

of newly diagnosed type I EC patients (3, 4). In fact, in our institution, 20.9% of 262 

endometrial cancer patients with low-grade endometrioid histology have been 263 

diagnosed as stage III and IV (Table 1). We comprehensively analyzed EGFR and 264 

HER2 expression levels in endometrioid carcinoma (Fig. 1), demonstrating that 265 

EGFR mRNA and protein were highly expressed in low-grade endometrioid tumor 266 

as compared to high-grade endometrioid tumor. In contrast, HER2 was not 267 

significantly expressed at a varying level in any grade of endometrioid tumor. 268 

Collectively, these results prompted us to further investigate the significance of 269 

EGFR in the proliferation of low-grade endometrioid tumor. 270 

To date, anti-EGFR antibody, anti-EGFR, or dual EGFR/HER2 tyrosine kinase 271 

inhibitors have been evaluated across a variety of disease types. For 272 

HER2-positive patients with breast cancer, trastuzumab has significantly reduced 273 

the rate of recurrence (31). In the subsequent study (32), lapatinib, the EGFR and 274 

HER2 dual kinase inhibitor, demonstrated a significant antiproliferative effects in 275 
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HER2 overexpressing breast tumor cell lines, suggesting that EGFR expression 276 

level has no association with the sensitivity to lapatinib. In contrast, both EGFR 277 

and HER2 expression has been found in patients of non-small-cell lung cancer with 278 

poor prognosis (33), and erlotinib was beneficial in those patients in an EGFR 279 

dependent way (34). In this study, trastuzumab did not reduce the tumor growth of 280 

Ishikawa cells in xenograft mice (Fig. 6B), which was in contrast to the in vitro 281 

results (Fig. 5B). On the other hand, the antitumor effects of erlotinib against 282 

HEC-1A cells clearly inhibited tumor growth both in vitro (Fig. 5B) and in vivo (Fig. 283 

6A), whereas it reduced the tumor growth of Ishikawa cells in the xenograft mice 284 

to a less extent. Taken together, the current data indicate that the expression 285 

levels of EGFR is a key factor in the molecular targeted therapy against 286 

pathogenic tyrosine kinases in endometrial cancer, and suggest that EGFR 287 

inhibitor may be clinically useful in well-defined subgroups of endometrial cancer. 288 

A phase II study (NCIC IND-148) has been largely referred to conclude that 289 

erlotinib is not a promising agent for recurrent or metastatic EC. However, in that 290 

study, tumors were regarded as EGFR positive if tumor cell membranes stained 291 

positively with anti-EGFR antibody in IHC in more than 10% of tumor cells. Thus, 292 

we speculate that this clinical study contained large cases of high-grade 293 

endometrioid tumors and type II EC, based on our finding that a majority of cell 294 

membranes were stained (Fig. 1). 295 

  Patients with risk factors such as tumor grade, deep myometrial invasion, and 296 

positive lymph nodes are recommended for systemic chemotherapy, although it is 297 

not unanimously accepted. Basic cancer research is conducted to identify the 298 

markers that determine patients to chemotherapy regimen according to the 299 

responses. In malignant tumors, it is unlikely that one signaling pathway is solely 300 
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engaged in its aggressive behavior including progression and metastasis. However, 301 

the present data shown in this study demonstrate that erlotinib has an efficacy for 302 

treatment of endometrial cancer, which highly express EGFR. We believe that 303 

further analysis of the molecular signature of the EC tumors will define patients 304 

who can be benefited by erlotinib therapy.  305 
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Fig. 1 Detection of EGFR and HER-2 proteins in endometrial adenocarcinoma 485 

(surgically resected endometrioid cancer sample) 486 

A) We used tissue samples of well differentiated (G1), moderately differentiated 487 

(G2), and poorly differentiated (G3) endometrial carcinoma for 488 

immunohistochemical study. The tissues were fixed in formalin and embedded in 489 

paraffin. Sections were taken from the paraffin-embedded tissue and stained with 490 

1:200 anti-EGFR or 1:150 anti-HER-2. Primary antibody binding was detected 491 

through a biotin-conjugated secondary antibody. Top panels, HE stained; middle 492 

panels, stained with anti-EGFR; bottom panels, anti-HER-2. Magnification × 200．493 

Bars =1000µm. 494 

B) The expression status of EGFR and HER-2 in each grade of tumor were assessed 495 

by immunohistochemistry. The ratio of immunopositive cases for each protein is 496 

represented in the bar graph. 497 

C) The carcinoma portions were excised, and RNA was isolated. EGFR and HER-2 498 

mRNA levels were measured using quantitative RT-PCR, GAPDH mRNA levels 499 

were quantitated as an internal control. The amounts of EGFR and HER-2 mRNA 500 

were respectively normalized by the amounts of GAPDH mRNA.  501 

*, Decrease in the expression level of EGFR mRNA in G3 compared to those in G1 and G2 502 

cancers, P < 0.05 503 

 504 

Fig. 2 EGFR and HER-2 protein and mRNA expression levels in EC cell lines 505 

A) Cells were cultured, harvested, solubilized in detergent, and resolved by 12% 506 

reducing SDS-PAGE. Each sample was confirmed with anti-EGFR, anti-HER-2, and 507 

anti-β-actin antibody. The detection of β-actin protein served as a loading control. 508 

The blot is representative of three independent experiments. *, increased expression 509 
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levels of EGFR protein in HEC-1A compared to those in HEC293 and Ishikawa, P < 0.001 **, 510 

increased expression levels of EGFR protein in HEC-1A compared to those in KLE, and 511 

increased expression levels of HER-2 protein in Ishikawa and KLE compared to those in 512 

HEC-1A, P < 0.05. 513 

B) EGFR and HER-2 mRNA levels were measured by quantitative RT-PCR. Data 514 

were normalized with GAPDH mRNA level in each sample. Data represent the 515 

means ± SEMs of five independent experiments. *, increased expression levels of EGFR 516 

mRNA in HEC-1A compared to those in HEC293 and Ishikawa, P < 0.005 **, increased 517 

expression level of EGFR mRNA in HEC-1A compared to those in KLE, and increased 518 

expression level of HER-2 mRNA in Ishikawa and KLE compared to those in HEC-1A P < 519 

0.05. 520 

 521 

Fig. 3 Phosphorylation of ERK treated EGF in EC cell lines 522 

 EC cells were incubated with epithelial growth factor (EGF) (1–1000 pg/mL), and 523 

cells were harvested at the 10 min for western blotting. Each sample was confirmed 524 

with either anti-phospho-ERK or anti-total-ERK.  525 

 526 

Fig. 4 EGFR is involved in ERK phosphorylation in EC cell lines 527 

 All EC cells were transfected with 10 nM of siRNA (control, EGFR, or HER-2). 528 

Cells were harvested 48 h after transfection to evaluate ERK phosphorylation after 529 

knockdown of EGFR (A) or HER-2 protein (B). Cells were incubated with EGF (1 530 

ng/mL) for 10 min and harvested for western blot analysis. The detection of β-actin 531 

protein served as a loading control. The blot is representative of three independent 532 

experiments. The expression levels of phosphorylated ERK were quantified by 533 

scanning the digital image and digitized data were analyzed with the Image J. Data 534 



23 
 

represent the means ± SEMs of three independent experiments. *, decreased 535 

compared to siRNA control transfection (NC), P < 0.05. 536 

C) All EC cells were transfected with 10 nM of siRNA (control, EGFR or HER-2), 537 

and cell proliferation was monitored after 48 h using WST-1 assay. *, decreased 538 

compared to siRNA control transfection (negative control), P < 0.05. 539 

 540 

Fig. 5 Effect of inhibition of ERK phosphorylation by erlotinib (ERL) or 541 

trastuzumab (TRA) on proliferation in EC cell lines 542 

A) All cells were treated with either ERL (3 µM, 30 µM) or TRA (100 µg/mL, 1000 543 

µg/mL). After a 2-h incubation with the drug, cells were treated EGF (1 ng/mL) for 544 

10 min and harvested for western blot analysis. The blot is representative of three 545 

independent experiments. The expression levels of phosphorylated ERK were 546 

quantified by scanning the digital image and digitized data were analyzed with the 547 

Image J. Data represent the means ± SEMs of three independent experiments. *, 548 

decreased with the drug treatment compared to control, P < 0.001 549 

B) All cells were treated with either ERL (0.1–30 µM) or TRA (10–1000 µg/mL). 550 

After 2 h incubation with the drug, all cells were treated EGF (1 ng/mL). Cell 551 

proliferation was monitored after 96 h using WST-1 assay. *, decreased as compared 552 

to vehicle control, P < 0.01. 553 

 554 

Fig. 6 Inhibition of tumor growth by Erlotinib (ERL) in vivo  555 

Mice were implanted with Ishikawa (A) or HEC-1A (B) and treated with ERL or 556 

TRA for 28 days. Tumor volume was measured twice a week. Data represent the 557 

means ± SEMs of three independent tumor volumes. *, decreased as compared to 558 

vehicle control, P < 0.05. 559 
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C) On day 28 after starting treatment, mice were euthanized and tumor was excised. 560 

The tissues were fixed in formalin and embedded in paraffin. Sections were taken 561 

from the paraffin-embedded tissue and HE stained. Top and upper middle panels, 562 

HEC-1A tumor; lower middle and bottom panels, Ishikawa tumor. Magnification × 563 

200．Bars =1000 µm. 564 
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