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Abstract. Esophageal squamous cell carcinoma (ESCC) is a 
common histologic subtype in China. It has been suggested 
that abnormal expression of microRNAs (miRNAs) is associ-
ated with carcinogenesis. We investigated miR-126 expression 
and its potential targets in ESCC. The expression of miR-126 
was detected in cancerous and paired paracancer tissues from 
102 patients with ESCC. Target analysis of miR-126 was 
predicted using online tools. The effect of miR-126 expres-
sion on target proteins was assessed using miR-126 mimics or 
miR-126 inhibitors in ESCC cell lines. In addition, the impact 
of miR-126 on cell proliferation, apoptosis, migration and 
invasion was detected in ESCC cell lines. The expression of 
miR-126 was significantly lower in ESCC tissues, which was 
associated with tumor differentiation, lymph node metastasis, 
tumor in-depth and TNM stage. Insulin receptor substrate-1 
(IRS-1) and Golgi phosphoprotein 3 (GOLPH3) were over-
expressed in ESCC. Overexpression of IRS-1 was associated 
with cell differentiation, whereas GOLPH3 was related to 
lymph node metastasis, tumor invasion in-depth and TNM 
stage in ESCC patients. miR-126 mimics downregulated the 
expression of IRS-1 and GOLPH3 protein and suppressed the 
proliferation, migration and invasion of ESCC cells, whereas 
miR-126 inhibitors led to the opposite results. miR-126 
suppressed the proliferation, migration and invasion of ESCC 
cells, and acted as a tumor suppressor in the carcinogenesis 
of ESCC. IRS-1 and GOLPH3 are downstream targets of 
miR-126 at the post-transcriptional level in ESCC.

Introduction

Esophageal cancer is the eighth most common cancer world-
wide and the sixth most common cause of cancer-related 
mortality (1,2). Although Barrett's adenocarcinoma is the most 
rapidly increasing cancer in Western countries, esophageal 
squamous cell carcinoma (ESCC) remains dominant in East 
Asia (3). Often diagnosed at later stages, the prognosis of 
affected patients is unsatisfactory despite the development 
of therapeutic options such as surgery, chemotherapy and 
radiotherapy (4). Consequently, there is a great need for ESCC 
biomarkers to allow a tailored multimodal approach with 
increased efficacy. Nevertheless, efforts to identify molecular 
markers in association with the pathogenesis of ESCC have, to 
date, been unsuccessful (5).

Mature microRNAs (miRNAs) are a class of small, well-
conserved, non-coding RNA molecules that silence gene 
expression usually by interfering with mRNA stability or 
protein translation (6,7). The function is performed by iden-
tifying 3'-UTRs (untranslated regions) of target mRNAs with 
conserved complementarities to the seed (nucleotides 2-7) 
of the miRNA. Up to 30% of human protein-coding genes 
may be regulated by miRNAs (8,9). miRNAs are involved in 
biological and pathological processes including cell differen-
tiation, proliferation, apoptosis and metabolism, and they are 
emerging as highly tissue-specific biomarkers with potential 
clinical application for defining cancer types and origins. 
miRNAs can either function as oncogenes or tumor suppres-
sors (10,11).

It has been reported that miR-126 is located on chromo-
some 9q34.3 within the host gene encoding for epidermal 
growth factor like-7 (EGFL-7), an endothelial cell-derived, 
secreted inhibitor of smooth muscle cell migration and a 
regulator of blood vessel formation (12,13). Vasculature is 
required for the expansion of tumor masses, as inhibition of 
new vessel formation prevents tumor growth. Studies have 
shown that the expression of miR-126 is downregulated in 
cancers such as non-small cell lung cancer and colon cancer 
(14,15), suggesting that the downregulation of miR-126 is 
significantly related to the occurrence and development of 
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cancer. However, studies have also reported that aberrant 
overexpression of miR-126 contributes to carcinogenesis, 
suggesting that miR-126 acts as an oncogene in gastric cancer 
and oral squamous cell carcinoma (16,17). Therefore, miR-126 
may have diverse roles in tumor carcinogenesis. To date, some 
genes have been identified as miR-126 target genes, including 
sex determining region Y-box 2 (SOX2), Crk, vascular endo-
thelial growth factor (VEGF), matrix metalloproteinase-9 
(MMP‑9), insulin receptor substrate-1 (IRS‑1), SLC7A5, TOM1, 
and CD97/G-protein-coupled receptor (GPCR) (16,18-21). 
Bioinformatics has also shown that the 3'-UTR of genes such 
as IRS-1, FBXO33, PTPN9, PLK2, and Golgi phosphopro-
tein 3 (GOLPH3) contains a putative binding site for miR-126.

However, the functional role and mechanism of miR-126 in 
regulating tumorigenesis of ESCC is still not fully understood. 
To identify miRNAs which can be specifically expressed and 
exert distinct biological actions in ESCC, we investigated 
miR-126 expression and its functional role in ESCC. miR-126 
expression was measured in ESCC tissue specimens and paired 
paracancer tissues, and the relationship between the expression 
level of miR-126 and the clinicopathological characteristics 
were analyzed. Further functional studies of miR-126 showed 
that it could inhibit ESCC cell growth, migration and inva-
sion. IRS-1 and GOLPH3 are potential downstream targets of 
miR-126 in ESCC.

Materials and methods

Tissue specimens and cancer cell lines. Specimens of 102 
ESCC tissues and paired paracancer tissues were collected 
from Henan Cancer Hospital between July 2012 and July 2013. 
Clinicopathological data of patients were collected. None of 
the patients received preoperative antitumor therapy. All spec-
imens were collected using two methods: one was snap frozen 
in liquid nitrogen immediately after surgery and stored at -80˚C 
for further miRNA detection, the other was formalin-fixed for 
histopathological assay. The clinicopathological information 
of the ESCC patients is shown in Table I. All patients provided 
informed consent under a protocol reviewed and approved by 
the Institutional Review Board, Henan Cancer Hospital.

The human ESCC cell line Eca9706 was purchased from 
the cell bank of the tumor hospital of the Chinese Academy 
of Medical Sciences/Biological Detection Center (Beijing, 
China). The cells were cultured in RPMI-1640 (Thermo, 
Waltham MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Thermo) and penicillin/streptomycin in a 5% 
CO2 humidified incubator at 37˚C (normal conditions for cell 
culture).

RNA isolation and real‑time reverse transcription polymerase 
chain reaction (qRT‑PCR). Total-RNA in cancer tissues or cell 
lines was isolated using QIAzol lysis reagent and miRNeasy 
mini kit (Qiagen, Düsseldorf, Germany), according to the manu-
facturer's instructions. Total-RNA was isolated 48 h after cell 
transfection. Quantitation of total-RNA was carried out using 
spectrophotometry. All samples had an excellent 260/280 ratio. 
RNAs were reverse-transcripted into cDNAs using miScript 
Reverse Transcription kit (Qiagen) and stored at -20˚C for 
immediate or further use. The qRT-PCR of miRNA and mRNA 
expression was detected using miScript SYBR-Green PCR 

kit (Qiagen) on an ABI 7500 detector (Applied Biosystems). 
RUN6 was used as internal control according to the protocol. 
miR-126 miScript Primer assay (no. MS00003430), RNU6 
miScript Primer assay (no. MS00033740), IRS-1 QuantiTect 
Primer assay (QT00074144), GOLPH3 QuantiTect Primer 
assay (no. QT00061320), and β-actin QuantiTect Primer 
assay (no. QT00095431) for miRNA or mRNA detection 
were commercially provided by Qiagen. Relative gene expres-
sion determinations were made using the comparative ΔΔCt 
method (2-ΔΔCt). Patients were divided into two groups (high 
or low miR-126 expression) for further analysis. The high 
miR-126 expression group was defined as an expression level 
of miR-126 in tumor tissue higher than the paired paracancer 
tissue.

Online prediction of miRNA targets. To predict potential 
targets of miR-126, we searched PicTar (http://www.pictar.org), 
miRGenTargets (http://microrna.gr) and TargetScanHuman 
(http://www.targetscan.org/vert_61/). The 3'-UTR of IRS-1 
mRNA (RefSeq 005544) and GOLPH3 mRNA (RefSeq 022130) 
may have putative miRNA-126 binding sites.

Immunohistochemistry. To explore expression of IRS-1 and 
GOLPH3 proteins in ESCC, immunohistochemistry experi-
ments were carried out on the collected 3-5 µm tissue slices. 
After deparaffinization and antigen retrieval, slices were 
incubated at 4˚C overnight with rabbit polyclonal GOLPH3 
antibody (1:100; Abcam, Hong Kong), or rabbit polyclonal 
IRS-1 antibody (1:50; Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA; sc-559). After washing with phosphate-buff-
ered saline (PBS) three times, the slides were incubated with 
biotinylated secondary antibody (1:80; goat anti-rabbit IgG, 
ready-to-use; Dako, Denmark) for 1 h at 37˚C, washing with 
PBS three times and chromogenic use of 3,3'-diaminobenzi-
dine (DAB) for 5 min. Counterstaining was carried out with 
hematoxylin. The immunohistochemically stained tissue 
sections were reviewed and scored separately by two patholo-
gists blinded to the clinical information. Any intensity of cell 
membrane, endosome or cytoplasmic staining was considered 
a positive stain for GOLPH3, whereas cytoplasmic or nuclear 
staining was considered positive for IRS-1. Increased expres-
sion of proteins was considered if the percentage of stained 
cells was ≥10%.

Transfection of miR‑126 mimics or inhibitor into ESCC cells. 
Eca9706 cells were seeded into 24-well plates and transfected 
when the cells reached 60% confluence. Syn-hsa-miR-126-3p 
miScript miRNA Mimic (no. MSY0000445), anti-hsa-
miR-126-3p miScript miRNA Inhibitor (no. MIN0000445), 
and miScript miRNA Inhibitor Negative Control (mock 
sequence, no. 1027271), commercially provided by Qiagen, 
were transfected into Eca9706 cells. siRNAs were allowed 
to form transfection complexes with HiPerFect Transfection 
Reagent (Qiagen) in serum-free Opti-MEM, according to the 
manufacturer's protocol. All groups were performed in tripli-
cate. Cells were collected for RNA or protein assay at different 
time points after transfection.

For the invasion and apoptosis assays, cells were seeded in 
6-well plates and the transfected cells were suspended using 
tyrosine; a hemocytometer was used for cell counting.
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Western blot analysis. Transfected cells were lysed in RIPA 
buffer (Sigma, St. Louis, MO, USA) with protease inhibitors. 
Proteins were resolved in 10% SDS-PAGE gel and electro 
transferred onto a PVDF membrane, blocked with 5% milk, 
and then the membrane was incubated with a primary anti-
body at 4˚C overnight (rabbit polyclonal GOLPH3 antibody, 
1:500; Abcam, or rabbit polyclonal IRS-1 antibody; 1:500; 
Santa Cruz). After washing with Tris-buffered saline 3 times, 
corresponding horseradish peroxidase-conjugated secondary 
antibody (1:2,000; goat anti-rabbit IgG; Dako) was used to 
incubate the membrane at room temperature for 2 h. The 
membrane was then washed 3 times and the blots were visual-
ized using Western Lightning Ultra (PerkinElmer, Waltham, 
MA, USA). Bands were quantified using FluorChem FC3 

Software® (ProteinSimple, San Francisco, CA, USA) for band 
intensity and β-actin was used as internal control.

Cell proliferation assay. The cells transfected with 50 nM 
miR-126 mimics, inhibitors or mock sequence were initially 
seeded at a density of 5.0x103 cells/well in 96-well plates 
with siRNAs. After 6-8 h, non-adherent cells were removed 
by washing with PBS. The remaining adherent cells were 
cultured under normal conditions, and this time point was 
set as the start point. Cell counting kit-8 (CCK-8) analyses 
were performed at 5, 24, 48, 72 or 96 h for cell proliferation 
observation. Absorbance was detected at 490 nm in an enzyme 
microplate reader (Wellscan MK-3; Labsystems Dragon, 
Finland).

Table I. Expression of miR-126, IRS-1 protein and GOLPH3 protein in ESCC patients.

Variable Total miR-126 high P-value IRS-1-positive P-value GOLPH3-positive P-value

Age (years)   0.298  0.68  0.833
  <60 45 13  32  14 
  ≥60 57 23  34  20 
Gender   0.513  0.275  0.408
  Male 69 26  43  22 
  Female 33 10  23  12 
Tumor location   0.413  0.788  0.582
  Upper 15 4  11  4 
  Middle 68 23  45  25 
  Lower 19 9  10  5 
Differentiation   0.017  0.006  0.462
  Well 29 10  19  7 
  Moderate 24 14  10  9 
  Poor 49 12  37  18 
Smoking   0.539  0.539  0.294
  Yes 44 14  30  12 
  No 58 22  36  22 
Alcoholic   0.477  0.477  0.814
  Yes 26 11  15  8 
  No 76 25  51  26 
Lymph node metastasis   0.019  0.289  0.01
  Yes 39 8  31  7 
  No 63 28  35  27 
Invasion depth   0.009  0.515  <0.01
  T1 12 9  3  11 
  T2 34 11  23  12 
  T3,4 56 16  40  11 
TNM stage   0.03  0.406  <0.01
  Ⅰ 10 7  3  9 
  Ⅱ 59 21  38  18 
  Ⅲ 33 8  25  7 

Relationship between expression levels of miR-126, IRS-1 protein, GOLPH3 protein and clinicopathological characteristics in 102 patients 
with ESCC analyzed using the Fisher's exact test. miR-126 high is defined as an expression level of miR-126 in tumor tissue higher than the 
paired paracancerous tissue. IRS-1- or GOLPH3-positive are defined as the percentage of immunoreactive cells ≥10%.



LI et al:  IRS-1 AND GOLPH3 ARE DOWNSTREAM TARGETS OF miR-1261228

Cell apoptosis assay. Cells were suspended in 0.25% trypsin 
without EDTA and harvested at 48 h after transfection. After 
washing twice with PBS, the cell concentration was adjusted 
to 1x106 using Annexin V-FITC binding buffer. Then, 100 µl 
of the suspended cells were stained with 5 µl of Annexin V for 
30 min and 10 µl of propidium iodide (4Abio, Beijing, China) 
for 15 min in the dark at room temperature. After washing with 
PBS, 400 µl of PBS was added to the samples and analysis was 
performed using a flow cytometer (BD Biosciences, San Jose, 
CA, USA). The percentage of Annexin V-positive cells was 
recorded for analysis.

Cell migration and invasion assay. The Transwell invasion 
system (8.0 µm polycarbonate membrane, 6.5 mm insert in 
a 6-well plate; Corning, Lowell, MA, USA) with or without 
Matrigel was used for the invasion or migration assay. After 
transfection for 24 h, cells were harvested using 0.25% 
trypsin-EDTA (Thermo). For the migration assay, 2x106 cells 
were added into the upper compartment of the Transwell 
chamber. For the invasion assay, 1x105 cells were plated on 
chambers preloaded with Matrigel. In both assays, all cells 
were suspended in 100 µl of RPMI-1640 without serum, 
1,000 µl RPMI-1640 supplemented with 10% FBS was added 
in the bottom compartment of the chamber. After 12 h of incu-
bation, Matrigel, dead cells and non-migrated or non-invaded 
cells on the upper surface of the membrane were removed with 
a cotton swab. The membranes were fixed with 4% parafor-
maldehyde and stained with 1% crystal purple. The invasive 
cells that were stuck to the lower surface of the membrane 
were then counted.

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Data 
obtained from qRT-PCR were log2 transformed. Differences 
in miR-126 expressions between ESCC and paired para-
cancer tissues were analyzed using non-parametric test. The 
two-sided Fisher's exact test was used to determine the rela-
tionship between miR-126, IRS-1 and GOLPH3 expression 
and clinicopathological variables. Quantitative data expressed 
as means ± standard deviation and differences between groups 
were calculated with the t-test. All results were considered 
statistically significant when P<0.05.

Results

Downregulation of miR‑126 expression and association with 
lymph node metastasis, tumor in‑depth or cell differentiation 
in ESCC. To investigate the expression of miR-126 in ESCC, 
we first evaluated the status of miR-126 in samples of ESCC 
by RT-qPCR. Total-RNA was isolated from 102 pairs of 
ESCC and paracancer tissues. Lower expression of miR-126 
was found in 66 (64.7%) patients. The expression of miR-126 
in ESCC samples was on average decreased ~68.36% of that 
in paracancer samples (P<0.05; Fig. 1A and B).

To further investigate the relationship between the expres-
sion level of miR-126 and clinicopathological characteristics, 
all patients were divided into two groups. Lymph node metas-
tasis, tumor in-depth, cell differentiation and TNM stage were 
all associated with miR-126 expression. Greater possibility 
of lymph node metastasis was observed in the miR-126 low 
expression group. There were no statistically significant 
associations between miR-126 expression and other clinico-
pathological parameters, such as gender, age, tumor location, 
alcoholism or smoking (P>0.05; Table I).

IRS‑1 and GOLPH3 are potential targets of miR‑126 predicted 
online. Since miR-126 was closely related to clinicopatholog-
ical characteristics in ESCC, we further analyzed its function 
and molecular mechanism in the carcinogenesis of ESCC. We 
predicted targets of miR-126 in humans using the online tools 
miRGenTargets, TargetScanHuman and PicTar. Following 
computational prediction, the proteins IRS-1, FBXO33, PLK2, 
PTPN9, and GOLPH3 were analyzed. We reviewed published 
reports that focused on individual miRNAs of the proteins. 
Among them, IRS-1 has been reported as a target of miR-126 
in colon cancer, whereas GOLPH3 shows overexpression 
in ESCC and is associated with poor prognosis. Therefore 
IRS-1 and GOLPH3 were selected as targets of our research 
(Fig. 2A).

IRS‑1 and GOLPH3 are overexpressed in human ESCC. To 
verify our prediction, we first studied the relationship between 
the two proteins in ESCC. IRS-1 and GOLPH3 were deter-
mined using immunohistochemistry in ESCC tissues and 
the paracancer tissues respectively. The expression of IRS-1 

Figure 1. Downregulation of miR-126 in ESCC tissue specimens. miR-126 expression was analyzed by real-time reverse transcriptase polymerase chain reac-
tion and normalized to U6 expression. (A) Lower expression of miR-126 in ESCC tissues compared with normal tissue in 102 ESCC patients. (B) The mean 
expression level of miR-126 in 102 ESCC tissues and paired paracancer tissues. *P<0.05.
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protein was significantly higher in ESCC samples compared 
with paracancer tissues, and the same results were found for 
GOLPH3 expression levels (P<0.01; Fig. 2B).

We also analyzed the relationship between IRS-1 or 
GOLPH3 protein and clinical characteristics. Positive expres-
sion of IRS-1 was associated with cell differentiation but no 
obvious association with any other clinical characteristics. 
Meanwhile, GOLPH3 was closely related to lymph node 
metastasis, tumor invasion in-depth and TNM stage (Table I).

IRS‑1 and GOLPH3 protein expression after up/down 
regulation of miR‑126. To further explore the impact of 
aberrant expression of miR-126 on IRS-1 and GOLPH3, we 
transfected miR-126 mimics, inhibitors or mock sequence 
into Eca9706 cells. miR-126 levels increased on an average 
5.17-fold (P<0.01) after transfection with miR-126 mimics and 
decreased 0.37-fold (P<0.01) when transfected with miR-126 
inhibitors. There was no obvious change in cells transfected 
with the mock sequence (Fig. 3A).

Initially, relative mRNA levels of IRS-1 and GOLPH3 in 
Eca9706 cells were detected. Then, 50 nM of miR-126 mimics, 
inhibitors or mock sequence were transfected into Eca9706 
cells. After transfection for 48 h, we detected the mRNA 
levels of IRS-1 and GOLPH3 in these cells. In cells transfected 
with miR-126 mimics, altered relative mRNA levels of IRS-1 
(1.05-fold) and GOLPH3 (0.94-fold) had no statistical differ-

ence compared with non-treated controls. Downregulation of 
miR-126 in Eca9706 cells showed no significant difference in 
IRS-1 (0.92-fold) and GOLPH3 (0.92-fold) mRNA levels, and 
there were also no differences in the mock sequence group 
(P>0.05; Fig. 3B).

We then analyzed the relationship between miR-126 and 
IRS-1 or GOLPH3 protein. The expression level of IRS-1 protein 
decreased 0.71-fold (P<0.05) compared with the non-treated 
control, and GOLPH3 protein decreased 0.66-fold (P<0.01) 
when transfected with miR-126 mimics. In addition, when 
transfected with miR-126 inhibitors, IRS-1 protein expression 
increased 2.01-fold (P<0.01) and GOLPH3 protein increased 
2.14-fold (P<0.01) compared with the non-treated controls, and 
there were no differences between the mock sequence group 
and the non-treated controls (Fig. 3C and D).

miR‑126 suppresses cell proliferation but has no effect on 
apoptosis in ESCC cells. To further characterize the func-
tional role of miR-126 in ESCC, we observed the effect of 
miR-126 on the proliferation and apoptosis of ESCC cells. 
After transfection with miR-126 mimics, cell proliferation was 
suppressed after 48 h (0.433±0.054 vs. 0.514±0.061, P<0.05) 
and 72 h (0.680±0.038 vs. 0.943±0.070, P<0.01). In addition, 
transfection with miR-126 inhibitors showed an improvement 
in cell proliferation at 48 h (0.584±0.088 vs. 0.514±0.061, 
P<0.05) and 72 h (1.130±0.098 vs. 0.943±0.070, P<0.01); no 

Figure 2. IRS-1 and GOLPH3 are potential targets of miR-126 and are overexpressed in human ESCC tissues. (A) Position of the miR-126 target site in the 
3'-UTR of the IRS-1 or GOLPH3 mRNA predicted by TargetScan or PigTar, a putative miR-126 binding site that encompasses 6 perfectly matched nucleotides 
was defined at the 3'-UTR of IRS-1 or GOLPH3. (B) Immunohistochemical analysis of proteins in tumor or paired paracancer tissues. 
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alteration of cell proliferation occurred in the mock sequence 
group (P>0.05; Fig. 4A) compared with the non-treated group. 
However, cell apoptosis, which was measured using flow 
cytometry at 48 h after transfection, showed no significant 
differences between all three groups compared to that in the 
non-treated controls (P>0.05, Fig. 4B and C).

miR‑126 regulates cell migration and invasion. To explore 
the correlation between miR-126 expression and migration 
or invasion potential in human ESCC cell lines, we carried 
out the Transwell assay. To reduce the bias of proliferation 
suppression of miR-126, the incubation time was controlled for 
24 h. In the migration assay, the number of migrated cells was 
significantly decreased in the group transfected with miR-126 
mimics compared to the non-treated controls (43.87±7.59 vs. 
67.77±10.57, P<0.01), whereas the number of cells increased 
in the miR-126 inhibitor group (89.59±12.16 vs. 67.77±10.57, 
P<0.01, Fig. 5A and B). In the invasion assay, cell invasiveness 
increased significantly when transfected with the miR-126 
inhibitor (48.21±10.21 vs. 27.03±8.36, P<0.01), whereas over-
expression of miR-126 significantly suppressed Eca9706 cell 
invasion (14.44±6.14 vs. 27.03±8.36, P<0.01); results in the 
mock sequence group were similar to the non-treated controls 
(P>0.05, Fig. 5A).

Discussion

miRNAs have important roles in tumorigenesis by various 
mechanisms. miRNAs can act as tumor suppressors depending 
on the targeting of specific suppressor genes or oncogenes, 
or they can alter tumorous epithelial-mesenchymal transi-
tions to promote tumor invasion and metastasis, and they can 
also regulate the expression of metastasis-associated genes 
in tumors (22,23). Thus, the aberrant expression of tumor-
suppressive miRNAs may contribute to human carcinogenesis. 
For example, downregulation of miR-7 can promote metastasis 
of gastric cancer by targeting the insulin-like growth factor-1 
receptor, and the low level of miR-210 is associated with the 
carcinogenesis of ESCC (24,25). The expression of miR-126 is 
downregulated in many cancers, such as lung, breast and liver 
cancer (14,26), suggesting that the suppression of miR-126 
was significantly related to the occurrence and development 
of cancer. The results of the present study confirmed that 
miRNA-126 was downregulated in ESCC compared with 
paracancer tissues, indicating that miR-126 may be associ-
ated with the carcinogenesis of ESCC. We therefore analyzed 
the relationship between downregulation of miR-126 and 
the clinicopathological characteristics of ESCC patients. 
We found that downregulation of miR-126 was associated 

Figure 3. Effects of miR-126 on mRNA or protein expression of IRS-1 and GOLPH3. (A) Levels of miR-126 in Eca9706 cells were detected 24 h after trans-
fection, the miR-126 level increased after transfection with miR-126 mimics and decreased when transfected with miR-126 inhibitors; there was no obvious 
change in cells transfected with mock sequence compared with non-treated controls. (B) Relative expression level of IRS-1 and GOLPH3 mRNA in Eca9706 
cells after transfection with 50 nM of miR-126 mimics, miR-126 inhibitors or mock sequence; there was no significant change in mRNA levels in all groups 
compared with non-treated controls. (C and D)  Relative expression of IRS-1 and GOLPH3 protein were detected using western blotting. IRS-1 and GOLPH3 
protein levels showed a significant increase after downregulation of miR-126, whereas the expression of the 2 proteins decreased with upregulated miR-126 
in Eca9706 cells. *P< 0.05, **P<0.01. 
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Figure 4. Effect of miR-126 on cell proliferation and apoptosis in the Eca9706 cell line. (A) Cell proliferation significantly increased 48 and 72 h after trans-
fecting miR-126 inhibitors, whereas upregulation of miR-126 led to a decrease of cell proliferation. (B and C) miR-126 on cell apoptosis. Neither the miR-126 
mimics nor the inhibitors caused a statistical change in cell apoptosis. *P<0.05, **P<0.01.

Figure 5. Effect of miR-126 on cell invasion and migration in vitro. (A) Results of cell invasion and migration assay. After incubation for 12 h, the invaded 
or migrated cells that penetrated to the lower surface of the membrane were counted from 5 randomly selected visual fields. (B) In the migration assay, 
downregulation of miR-126 promoted cell migration, whereas upregulation of miR-126 caused a decrease of migrated cells. **P<0.01. 
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with tumor cell differentiation, lymph nodes metastasis and 
tumor invasion in-depth in ESCC patients, which indicated 
that miR-126 acts as an oncogene in ESCC and participates 
in tumor invasiveness and metastasis. This result is similar to 
that found in colon and lung cancer (18,20).

To further explore the molecular mechanism of miR-126 
in suppressing ESCC development and invasion, we predicted 
IRS-1 and GOLPH3 as novel targets of miR-126. The insulin 
receptor substrates are cytoplasmic signaling adaptor proteins 
that function as intermediates of the insulin receptor and 
insulin-like growth factor receptor (IGF-IR), which are 
involved in cell growth and survival. As a member of the IRS 
family, IRS-1 has been a hotspot and is widely expressed. 
Tyrosine-phosphorylated IRS-1 bind proteins containing Src 
homology 2 (SH2) domains, which activate mitogen-activated 
protein kinase (MAPK) by effector cascades such as the PI3K 
pathway (27). Porter et al (28) reported that IRS-1 was highly 
expressed in localized breast tumors and that high IRS-1 levels 
can be a good indicator of the effectiveness of specific types of 
chemotherapy in breast cancer, but were not related to tumor 
aggressiveness. Several studies have also shown that IRS-1 
forced expression of VEGF expression via transcriptional acti-
vation and promoted cell proliferation in human colon cancer 
(29,30). The results of the present study showed that IRS-1 
was overexpressed in ESCC tissues and was associated with 
cell differentiation. Forced expression of miR-126 downregu-
lated the expression level of IRS-1 protein in Eca9706 cells. 
Therefore, we suggest that IRS-1 is a direct target of miR-126 
in human ESCC.

The endocytic protein, GOLPH3, is a highly conserved 
34 kDa protein which was initially identified by proteomic 
characterization of the Golgi apparatus. It was suggested an 
enhanced activation of mTOR signaling represents a molecular 
basis of the oncogenic activity of GOLPH3 (31). Several studies 
have reported that the increased expression of GOLPH3 is 
closely associated with the clinicopathological characteristics 
of cancers, such as prostate, lung, ovary and gastric cancer 
(31-33). Wang et al (34) showed that GOLPH3 was overex-
pressed in ESCC and was positively associated with clinical 
stage, TNM classification, histological differentiation and vital 
status. The present study indicates that GOLPH3 is highly 
expressed in ESCC and is related to tumor invasion in-depth, 
lymph nodes metastasis and TNM stage, which is the same as 
the above study. However, in our study, expression of GOLPH3 
was not related to histological differentiation. Although 
there are few differences, results from the present study and 
previous studies suggest that GOLPH3, as well as IRS-1, are 
targets of miR-126 in ESCC, indicating that miR-126 can have 
different targets and roles across malignancies. In the present 
study, the mRNA levels of IRS-1 and GOLPH3 did not change 
significantly with miR-126 levels (when up/downregulated) in 
ESCC cell lines. This indicated that IRS-1 and GOLPH3 were 
negatively regulated by miR-126 at the post-transcriptional 
level in ESCC.

Crawford et al (18) indicated that miR-126 inhibited the 
proliferation of the human lung cancer cell line A549 both 
in vitro and in vivo. Li et al (35) found that miR-126 suppresses 
the proliferation and invasion of the human colon cancer cell 
lines HCT116, SW620 and HT-29. However, the functions of 
miR-126 in esophageal cancer progression remain unresolved. 

In the present study, the overexpression of miR-126 suppressed 
cell proliferation in the ESCC cell line Eca9706. Moreover, the 
Transwell experiment also showed that miR-126 can inhibit 
ESCC cell migration and invasion in vitro. Collectively, these 
results suggest that miR-126 may function as a tumor suppressor 
by inhibiting cell proliferation, suppressing migration and 
invasion, which, in turn, affect multiple clinicopathological 
characteristics of cancer such as lymph node metastasis and 
depth of invasion. At the same time, this is the first report 
indicating the suppressor action of miR-126 in ESCC.

In conclusion, as a tumor suppressor, miR-126 expression 
decreased in ESCC and might have a tumor suppression role 
via the regulation of IRS-1 and GOLPH3. It can suppress cell 
proliferation, migration and invasion. miR-126 correlates with 
lymph node metastasis, tumor invasion in-depth and TNM 
stage of ESCC, and could serve as a potential marker and 
therapeutic target in ESCC.
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