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Upregulation of miR-125b is associated with poor prognosis
and trastuzumab resistance in HER2-positive gastric cancer
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Abstract. Gastric cancer is one of the most common types of
human cancer associated with a poor prognosis. MicroRNAs
(miRs), a class of non-coding RNAs that are 18-25 nucleotides
in length, act as key regulators in gene expression, and have
been implicated in various human cancer types. miR-125b has
been implicated in the malignant progression of gastric cancer.
However, the association between miR-125b expression, clini-
copathological characteristics and trastuzumab resistance in
human epidermal growth factor receptor 2 (HER2)-positive
gastric cancer remains unclear. In the current study, in situ
hybridization data demonstrated that 81.8% (108/132) of gastric
cancer tissues exhibited positive expression of miR-125b,
while only 26.3% (10/38) of non-tumor gastric tissues were
miR-125b-positive. Reverse transcription-quantitative poly-
merase chain reaction data indicated that the expression level
of miR-125b was markedly increased in gastric cancer tissues
compared with non-cancerous gastric tissues. Furthermore,
the miR-125b level was significantly associated with tumor
(T) stage, lymph node metastasis, distant metastasis and
TNM stage of gastric cancer (P<0.05). Increased miR-125b
expression predicated poor prognosis in patients with gastric
cancer. For HER2-positive gastric cancer, the upregulation
of miR-125b expression was significantly associated with
advanced malignant progression, as well as a poor prognosis
(P<0.05). Furthermore, data from the present study indicated
that the increased miR-125b level was significantly associated
with trastuzumab resistance in HER2-positive gastric cancer
(P<0.05). Therefore, the current study suggests that miR-125b

Correspondence to: Professor Huiyuan Zhai, Department of
Gastrointestinal Surgery, Yuhuangding Hospital, 20 Yuhuangding
East Road, Yantai, Shandong 264001, P.R. China

E-mail: drzhaihuiyuan@sina.com

“Contributed equally

Key words: gastric cancer, microRNA-125b, prognosis, human
epidermal growth factor receptor 2, trastuzumab

may become a potential biomarker for predicting prognoses
and clinical outcomes in patients with HER2-positive
gastric cancer that receive trastuzumab treatment.

Introduction

Gastric cancer is one of the most common cancer types
diagnosed in humans with a poor prognosis (1,2). Although
significant progress has been achieved, the clinical outcomes
for gastric cancer are not yet satisfactory (1,2). Dysfunctions of
oncogenes or tumor suppressors, including microRNAs (miRs)
and human epidermal growth factor receptor 2 (HER?2), have
been implicated in the development and drug resistance of
gastric cancer (3,4). Thus, an understanding of the molecular
mechanisms is urgently required for the development of more
effective treatments for patients with gastric cancer.

miRs are non-coding RNAs, 18-25 nucleotides in length,
that typically have a suppressive role in regulating gene expres-
sion by directly binding to the 3'-untranslational region of their
target mRNAs and leading to mRNA degradation or transla-
tion inhibition (5,6). Deregulation of specific miRs, associated
with tumor development and progression, has been observed
in gastric cancer along with drug resistance (7,8). Therefore,
investigating the roles of these miRs may help improve the
diagnosis and treatment of gastric cancer.

miR-125b is located at chromosome 11q24 and chromo-
some 21q21, the so-called fragile sites that are frequently
deleted (9). It has been reported to be significantly down-
regulated in osteosarcoma (10), breast cancer (11), ovarian
cancer (12), and hepatocellular carcinoma (13), suggesting a
tumor suppressive role. However, miR-125b is upregulated in
colorectal cancer (14), prostate cancer (15) and non-small-cell
lung cancer (16), suggesting that miR-125b has dual roles
depending on the type of cancer. miR-125b has been impli-
cated in gastric cancer; two studies reported that miR-125b
was among the most upregulated miRs in gastric cancer
tissues compared with non-tumour gastric tissues (17,18). In
addition, miR-125b was identified to be upregulated in gastric
cancer tissues and cell lines where it significantly promoted
proliferation, migration and invasion by downregulating
the expression of protein phosphatase 1 catalytic subunit-a
(PPP1CA) and upregulating retinoblastoma (Rb) phosphory-
lation (19). Furthermore, it was demonstrated in a previous
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study that miR-125b is involved in the malignant progression
of gastric cancer and increased miR-125b expression predi-
cated a poor prognosis for patients with gastric cancer (19).
These results suggest that miR-125b has an oncogenic role
in gastric cancer. By contrast, Fassan et al (20) demonstrated
that miR-125a-5p and miR-125b were significantly down-
regulated in intestinal-type gastric cancer. Accordingly, the
exact role of miR-125b in gastric cancer, specifically in some
subtypes, is yet to be fully uncovered. Moreover, trastuzumab
is an important target drug for patients with human epidermal
growth factor receptor 2 (HER2)-positive breast and gastric
cancers (21). However, the role of miR-125b in trastuzumab
resistance in the HER2-positive gastric remains unclear.

The present study aimed to investigate the expres-
sion of miR-125b in gastric cancer and analyzed the
association between miR-125b expression and clinicopatho-
logical characteristics, prognosis and trastuzumab resistance
in the HER2-positive subtype.

Materials and methods

Tissue samples and clinical data. Gastric tissues from a total
of 132 cases of gastric cancer and 38 non-cancerous cases
(21 male and 17 female; mean age, 47.5+8.5) were collected at
the Yuhuangding Hospital (Yantai, China) between November
2008 and September 2012 who were admitted due to gastro-
helcosis. The mean age of patients with gastric cancer was
54.5+10.8 years and of the 132 patients, 75 were male and
57 were female. Among patients with HER2-positive gastric
cancer, 28 cases received trastuzumab (6 mg/kg, once every
3 weeks, for 6 months; Roche Diagnostics, Basel, Switzerland)
until the time of tissue collection. Clinicopathological char-
acteristics of the patients with gastric cancer were evaluated
according to the TNM system (22), as summarized in Table I.
Overall survival (OS) was defined as the time from diagnosis
to mortality or the date last known alive. Informed consent
was obtained from all patients or their dependents involved.
The present study was approved by the Committee on the
Ethics of Yuhuangding Hospital (Yantai, China).

In situ hybridization. The probe for in situ hybridization of
miR-125b was synthesized by Sangon Biotech, Co., Ltd.
(Shanghai, China). An enhanced Sensitive in sifu hybridization
detection kit I (POD; Wuhan Boster Biological Technology,
Ltd., Wuhan, China) was used to perform in situ hybridization,
according to manufacturer's protocol. Slides were deparaf-
finized, dehydrated with xylene, put through an ethanol
gradient (100, 95, 90, 80 and 70%, each for 5 min), and rinsed
with dH,0. Following treatment with 3% H,O, for 15 min
and washing twice with dH,O, the slides were incubated
with pepsin solution (enhanced Sensitive in sifu hybridization
detection kit I; Wuhan Boster Biological Technology, L.td.) for
10 min at 37°C and washed three times with phosphate-buff-
ered saline (PBS) and once with dH,O at room temperature.
Following this, the slides were incubated with prehybrid-
ization solution (enhanced Sensitive in situ hybridization
detection kit I; Wuhan Boster Biological Technology, Ltd.)
at 37°C for 3 h and then with the miR-125b probe (2 pg/ml;
Yearthbio, Changsha, China) overnight at 55°C. Subsequently,
the slides were incubated in 2X saline sodium citrate (SSC)
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Table I. Clinicopathological characteristics of patients with
gastric cancer (n=132).

Characteristic Value
Age, mean = SD 54.5+10.8
Sex

Male 56.8 (75/132)

Female 43.2 (57/132)
T stage

T1-2 53.8 (71/132)

T3-4 46.2 (61/132)
Lymph node metastasis

Present 60.6 (80/132)

Absent 394 (52/132)
Distant metastasis

Present 10.6 (14/132)

Absent 89.4 (195/132)
TNM stage

I 6.1 (8/132)

11 57.6 (76/132)

111 25.0 (33/132)

v 11.4 (15/132)

Data are presented as % (n/N) unless otherwise stated. SD, standard
deviation; T, tumor.

for 30 min at 37°C, washed once with 0.5X SSC for 15 min
and washed three times with 0.2X SSC for 10 min. Slides
were incubated with normal goat serum (1:50; Yearthbio) at
37°C for 30 min and then with biotin-antidigoxin IgG (1:200;
21563; Yearthbio) for 1.5 h at 37°C. Subsequently, the slides
were washed three times with PBS, followed incubation with
Streptavidin-Biotin-Complex (1:100; 21511; Yearthbio) and
biotin-peroxidase (1:100; 21435; Yearthbio) for 30 min at 37°C.
Slides were visualized with 3,3'-diaminobenzidine (DAB;
Fuzhou Maixin Biotech, Co., Ltd., Fuzhou, China) for 5 min
and counterstained with hematoxylin for 2 min. Slides were
dried and observed using a CX23 microscope (magnification,
x200; Olympus Corp., Tokyo, Japan).

Immunohistochemical staining. Expression of HER2 was
evaluated using immunohistochemical staining (22). Sections
with a thickness of 4 ym were deparaffinized and subjected to
heat-induced antigen retrieval using citrate buffer for 22 min
using a microwave oven. The sections were incubated at 37°C
for 2 h with primary anti-HER?2 antibody (1:100; ab16901;
Abcam, Cambridge, MA, USA). Sections were washed with
PBS for 10 min and incubated with the secondary antibody
(1:10,000; ab150116; Abcam) for 60 min at room temperature.
The reaction was developed using substrate DAB, coun-
terstained with hematoxylin, and observed under a CX23
microscope (magnification, x200).

Evaluation of staining data. All tissue sections were scored
independently by two experienced pathologists, and the
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Figure 1. In situ hybridization data indicated miR-125b-positive expression in the cytoplasm and nucleus of gastric cancer cells. Purple stain indicates

miR-125b. Magnification, x200.
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Figure 2. Reverse transcription-quantitative polymerase chain reaction
data demonstrated that miR-125b expression was significantly increased in
gastric cancer tissues compared with non-cancerous gastric tissues. Data are
presented as the mean + standard deviation. "P=0.001 vs. normal.

average score was calculated. For evaluating the expression
of miR-125b and HER?2 in gastric cancer tissues, the staining
extent and intensity were evaluated. The scoring system was
as follows: Percentage of positively stained cells was scored
as 0 (negative, -), 1 (>0 and <25% of cells positive, weak, +), 2
(>25 and <75% of cells positive, moderate, ++) and 3 (>75% of
cells positive, strong, +++). Scores of 0 or 1 were considered
as low expression, whereas scores of 2 or 3 were considered as
high expression.

Reverse transcription-quantitative polymerase chain reaction
(RT-qgPCR). Total RNA (10 ul) was extracted using TRIzol
reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA),
according to the manufacturer's protocol. For miR-125b
expression analysis, PCR was performed using a PrimeScript
miRNA RT-PCR kit (Takara Biotechnology, Co., Ltd., Dalian,
China) with an ABI PRISM 7500 Fast Real-Time PCR system
(Thermo Fisher Scientific, Inc.), according to the manufactur-
er's protocol. Primer sequences for miR-125b were as follows:
Forward, 5'-TGCGCTCCTCTCAGTCCCTGAGA-3' and
reverse, 5-'TGCGCTCCTCTCAGTCCCTGAG-3. U6
(sequences not provided by the manufacturer) was used as the
internal reference. qPCR was performed using SYBR-Green
(Invitrogen; Thermo Fisher Scientific, Inc.). Reaction condi-
tions were 95°C for 10 min, followed by 45 cycles of 95°C for
15 sec and 60°C for 15 sec. Relative expression was analyzed

by the 2224 method (23). Experiment were performed in
triplicate.

Statistical analysis. Data are presented as the mean + standard
deviation. GraphPad Prism 5 software (GraphPad Software,
Inc., La Jolla, CA, USA) was used for statistical analysis.
Differences in miR-125b expression between gastric cancer
and non-cancerous gastric tissue were analyzed via Student's
t-test. Contingency data were analyzed via 2, ¥’ test for trend
or Fisher's exact tests. OS estimates over time were calculated
using the Kaplan-Meier method with log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-125b is significantly upregulated in gastric cancer. To
elucidate the role of miR-125b in gastric cancer, the present
study examined the level of miR-125b expression in gastric
cancer tissues and non-cancerous gastric tissues using in situ
hybridization and RT-qPCR. As presented in Fig. 1, positive
staining of miR-125b was observed in the cytoplasm and
nuclei of gastric cancer cells. Positive expression of miR-125b
was observed in 81.8% (108/132) of gastric cancer tissues.
However, only 26.3% (10/38) of non-tumor gastric tissues
were miR-125b-positive, indicating that miR-125b is more
frequently expressed in gastric cancer tissues compared with
non-tumor gastric tissues.

RT-qPCR was performed to determine the expression
levels of miR-125b in gastric cancer tissues and non-tumor
gastric tissues, respectively. The results of the present study
indicate that miR-125b levels were significantly increased in
gastric cancer tissues, when compared with non-cancerous
gastric tissues (P=0.001; Fig. 2). According to the results of the
present study, miR-125b is significantly upregulated in gastric
cancer.

Association between miR-125b levels and clinicopathological
features of gastric cancer. The association between the level
of miR-125b and clinicopathological characteristics of gastric
cancer was analyzed using a univariate y” test, which included
age, sex, T stage, lymph node metastasis, distant metastasis
and TNM stage data. No significant difference was observed
between miR-125b expression and the age, sex or distant
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Table II. Association between low (n=79) and high (n=29) miR-125b expression and clinicopathological characteristics in

patients with breast cancer.

Variable High expression (score =1) Low expression (score <1) y* P-value
Age, mean + SD 52.3+7.2 53.7+8.8 0.796
Sex 0.652
Male 48 (60.8) 19 (65.5)
Female 31(39.2) 10 (34.5)
T stage <0.001*
T1-2 32 (40.5) 23(79.3)
T3-4 47 (59.5) 6 (20.7)
Lymph node metastasis 0.001*
Present 60 (75.9) 12 (41.4)
Absent 19 (24.1) 17 (58.6)
Distant metastasis 0416
Present 12 (15.2) 2(6.9)
Absent 67 (84.8) 27 (93.1)
TNM stage 0.009*
I-11 47 (59.5) 25 (86.2)
mI-1v 32 (40.5) 4(13.8)

Data are presented as N (%) unless otherwise stated. *P<0.05. miR, microRNA; SD, standard deviation.
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Figure 3. Kaplan-Meier curves indicating the survival rate of patients with gastric cancer. (A) Kaplan-Meier curves indicated that the overall survival rate for
patients with gastric cancer and high miR-125b expression was significantly lower than for patients with low miR-125b expression (P=0.044). (B) Kaplan-Meier
curves indicated that the overall survival rate for patients with HER2-positive gastric cancer and high miR-125b expression were significantly lower than for
patients with low miR-125b expression (P=0.034). (C) Kaplan-Meier curves indicated that for patients with gastric cancer treated with trastuzumab, the overall
survival rate was significantly lower for those patients with high miR-125b expression, when compared with patients with low miR-125b expression (P=0.047).

HER?2, human epidermal growth factor receptor 2; miR, microRNA.

metastasis of gastric cancer (P>0.05; Table II). However,
miR-125b expression was significantly associated with T
stage (P<0.001), lymph node metastasis (P=0.001) and clinical
TNM stage (P=0.009), suggesting that the upregulation of
miR-125b is associated with the malignant progression of
gastric cancer (Table II).

The association between miR-125b level and the prognosis
of patients with gastric cancer was analyzed. OS duration
ranged from 3 to 65 months. Data from the current study
indicated that the OS rate of patients with gastric cancer
exhibiting high miR-125b expression was significantly lower
than those with low miR-125b expression (P=0.044; Fig. 3A).
Multivariate cox regression analysis was completed and indi-
cated that the miR-125b expression (P=0.001), lymph node
metastasis (P=0.004), distant metastasis (P=0.001) and TNM
stage (P=0.005) may be independent prognostic factors for

gastric cancer (data not shown). However, no significant differ-
ences were observed in the OS rate of patients with gastric
cancer regarding the age, sex and tumor stage (P>0.05).

Association between miR-125b levels and clinicopathological
characteristics in HER2-positive gastric cancer. HER2 has
been identified as a direct target of miR-125b and is involved
in the development and progression of gastric cancer (20).
Therefore, the association between miR-125b levels and
clinicopathological characteristics in HER2-positive gastric
cancer was assessed. As presented in Table III, among the
82 cases of HER2-positive gastric cancer patients, miR-125b
expression was significantly associated with the T stage
(P=0.015), lymph node metastasis (P=0.014) and TNM
stage (P=0.002). However, no significant differences were
observed between miR-125b levels and the age, sex or distant
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Table III. Association between miR-125b expression and clinicopathological characteristics in patients with HER2-positive

breast cancer.

miR-125b expression

High (score=1) Low (score<l)
Variables n=58 n=24 %’ test P-value
Age, mean + SD 52.7+6.2 53.3+7.1
Sex 0.639
Male 33 (56.9) 15 (62.5)
Female 25 (43.1) 9(37.5)
T stage 0.015*
T1-2 24 (41.4) 17 (70.8)
T3-4 34 (58.6) 7(292)
Lymph node metastasis 0.014*
Present 41 (70.7) 10 (41.7)
Absent 17 (29.3) 14 (58.3)
Distant metastasis 1.000
Present 8 (13.8) 3(12.5)
Absent 50 (86.2) 21(87.5)
TNM stage 0.002*
I-11 27 (46.6) 20 (83.3)
mI-1v 31(53.4) 4 (16.7)

Data are presented as N (%) unless otherwise stated. “P<0.05. miR, microRNA; HER2, human epidermal growth factor receptor 2; SD, standard

deviation.

metastasis of patients with HER2-positive gastric cancer
(P>0.05; Table III).

Furthermore, the OS rate of patients with HER2-positive
gastric cancer and higher miR-125b expression was signifi-
cantly reduced compared with those with lower miR-125b
expression (P=0.034; Fig. 3B). This suggests that the upregu-
lation of miR-125b expression predicts a poor prognosis in
patients with HER2-positive gastric cancer.

Upregulation of miR-125b expression predicts poor prog-
nosis in patients with HER2-positive gastric cancer who
received trastuzumab treatment. Trastuzumab is a targeted
drug used for HER2-positive cancer (21). In the current study,
the effect of miR-125b expression on the clinical outcome of
trastuzumab treatment in HER2-positive gastric cancer was
examined. Among patients with HER2-positive gastric cancer,
28 cases received trastuzumab treatment. Our data indicated
that the OS rate of patients with HER-2-positive gastric cancer
and higher miR-125b expression was significantly reduced,
when compared with those with low miR-125b expres-
sion (P=0.047; Fig. 3C). This suggests that low expression
of miR-125b is beneficial for the prognosis of patients with
HER-2-positive gastric cancer, while a higher miR-125b level
may predicate poor prognosis.

Discussion

miR-125b has been reported to be deregulated in various
types of human cancer. It is significantly downregulated in

osteosarcoma (10), breast cancer (11), ovarian cancer (12),
and hepatocellular carcinoma (13), but upregulated
in colorectal cancer (14), prostate cancer (15) and
non-small-cell lung cancer (16), suggesting dual roles of
miR-125 in different cancer types. In the present study,
miR-125b expression was demonstrated to be signifi-
cantly increased in gastric cancer tissues compared with
non-cancerous gastric tissues, which is consistent with
previous studies (17,19). However, the underlying mechanism
by which miR-125b expression is upregulated in gastric
cancer remains unclear. Bousquet ef al (24) reported that the
translocation t(2;11)(p21;923) led to increased expression of
miR-125b in myelodysplastic syndrome and acute myeloid
leukemia. Similarly, the translocation t(11;14)(q24;q32) led
to the upregulation of miR-125b in B-cell progenitor acute
lymphoblastic leukemia (25). Therefore, it is reasonable that
chromosomal translocation may also result in higher expres-
sion of miR-125b expression in gastric cancer, and future
studies should aim to verify this speculation.

Data from the current study indicated that, although the
higher miR-125b expression was not associated with sex or
distant metastasis of gastric tumors, it was significantly asso-
ciated with the T stage, lymph node metastasis and clinical
TNM stage. A previous study also indicated that miR-125b
expression was positively associated with the tumor size, depth
of invasion, lymph node metastasis and clinical TNM stage of
gastric tumors (19). In addition, data from their study and the
present study indicated that increased miR-125b expression
predicted poor prognosis in gastric cancer patients (19). Based
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on these results, the upregulation of miR-125b is potentially
involved in the malignant progression of gastric cancer.

Song et al (26) performed a consensus clustering analysis
of miR profiles for 90 different gastric cancer tissues and
identified a key miR regulatory network potentially driving
the poor-prognosis gastric cancer subtype, which was char-
acterized by the overexpression of epithelial-to-mesenchymal
transition markers. Within this regulatory network, miR-125b
was observed to target genes that were significantly associated
with survival. These data are consistent with the results of
the current study, in that a high miR-125 expression is asso-
ciated with a poor prognosis in patients with gastric cancer.
Furthermore, Wu et al (19) conducted an in vitro investigation
and demonstrated that miR-125b overexpression significantly
promoted the proliferation, migration and invasion of gastric
cancer cells by inhibiting the expression of PPPICA and
upregulating Rb phosphorylation. This revealed an important
molecular mechanism by which miR-125b has an oncogenic
role in gastric cancer.

HER?2 is a member of the epidermal growth factor receptor
family of receptor tyrosine kinases (27-30). Although HER2
has no ligand binding domain of its own and therefore cannot
bind growth factors, it is able to bind to other ligand-bound
EGF receptor family members to form a heterodimer. This
heterodimer is able to stabilize ligand binding and enhance
kinase-mediated activation of downstream signaling
pathways, such as mitogen-activated protein kinase and phos-
phatidylinositol-3 kinase, the aberrant activation of which
has key roles in the development and progression of human
cancer (27-30). Furthermore, amplification and/or overexpres-
sion of HER2 has been identified in common human cancer
types, including breast, ovarian and gastric cancer, and has
been developed into an important therapeutic target (31-33).
Fassan et al (20) reported that HER2 status correlated
inversely with miR-125 expression and dysregulation of
miR-125a-5p/125b. Also indicating that HER2 is an early
event in intestinal-type gastric cancer (16). However, to the
best of our knowledge, no previous study has focused on the
association between miR-125b expression and the clinico-
pathological characteristics in HER2-positive gastric tumors.
In the present study, high miR-125b expression was demon-
strated to be significantly associated with T stage, lymph node
metastasis, and TNM stage, although no significant associa-
tion was observed between miR-125b expression and the age,
sex or distant metastasis of HER2-positive gastric tumors.
Data from the current study suggests that miR-125b should be
considered among the therapeutic targets in HER2-positive
gastric cancer.

In addition, accumulating evidence has suggested that
miR-125b participates in the regulation of drug resistance
in human cancer types. Vilquin et al (34) demonstrated that
increased miR-125b expression predicted a poor prognosis
in letrozole resistant breast cancer and overexpression of
miR-125b conferred the resistance of breast cancer MCF-7
cells to letrozole and anastrozole. As trastuzumab has been
commonly used as a targeted drug for HER2-positive
cancer, the present study speculated that miR-125b may also
affect the clinical outcomes of patients with HER2-positive
gastric cancer who received trastuzumab treatment. Indeed,
the results of the present study indicate that high miR-125b
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expression is significantly associated with a poor prognosis
of patients with HER2-positive gastric cancer that are treated
with trastuzumab, suggesting that miR-125b is involved
in the regulation of drug resistance. Therefore, targeting
miR-125b may be beneficial for improving the treatment of
trastuzumab in patients with HER2-positive gastric cancer.
Yagishita er al (35) also reported that cytotoxic drugs, such as
cisplatin, induced significant upregulation of HER2 through
the downregulation of miR-125b, which in turn acted as a
novel therapeutic target for trastuzumab-mediated cellular
cytotoxicity in small cell lung cancer.

In conclusion, the present study demonstrates that the
expression of miR-125b is significantly increased in gastric
cancer, and its upregulation is associated with the malignant
progression and poor prognosis of patients with gastric
cancer, including HER2-postive gastric cancer. In addi-
tion, upregulation of miR-125b expression predicts poor
prognosis in patients with HER2-positive gastric cancer
who received trastuzumab treatment. Therefore, the
miR-125b/HER?2 axis may become a potential therapeutic
target for gastric cancer.
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