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Abstract
This study aimed to determine the role of plasma miR-17–92 cluster level in predicting chemoresistance in patients with gastric
cancer (GC) undergoing oxaliplatin/capecitabine (XELOX) chemotherapy.
Patients recently diagnosed with advanced GC were chosen as participants based on the inclusion criteria. The plasma levels of

miR-17-5p, miR-18a, miR-19a/b, miR-20a, and miR-92-1 (miR-17–92 cluster) were determined through quantitative RT-PCR of
blood samples from GC patients and healthy volunteers. All the patients received XELOX chemotherapy, and the effectiveness of the
chemotherapy was evaluated.
The miR-17–92 plasma level was increased in advanced GC patients and decreased after XELOX chemotherapy. Moreover, the

miR-17–92 cluster level was associated with chemotherapy response but not with chemotherapy-related toxicity. The miR-17–92
cluster plasma level was decreased in chemosensitive patients, but not in chemoresistant patients, after chemotherapy. The
sensitivity and specificity of the combined detection of the miR-17–92 cluster in patients with advanced GC were 100% each.
The results suggest that the miR-17–92 plasma level is associated with the progression of advanced GC and effectiveness of

XELOX chemotherapy.

Abbreviations: AUC = area under the curve, Ct = cycle threshold, GC = gastric cancer, miRNA = microRNA, PR = partial
response, RT = reverse transcription, XELOX = oxaliplatin/capecitabine.
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1. Introduction

Gastric cancer (GC; also referred to as stomach cancer) is a public
health problem and is a leading cause of cancer-related deaths on
a global scale.[1] Although GC develops in stages over years, it
often progresses to an advanced stage in most patients before its
initial diagnosis; moreover, the prognosis of GC is often poor.[2]

Systemic chemotherapy is the main therapeutic approach used
for treating patients with advanced GC.[3] Drug resistance is a
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persistent problem that limits the continued success of cancer
chemotherapy, delays the administration of effective salvage
treatment, and decreases survival rates in patients with GC.[4]

Therefore, it is urgent to identify sensitive and objective
biomarkers to determine the efficacy of chemotherapy and to
change chemotherapy regimens for improving clinical outcomes.
Abnormal microRNA (miRNA) expression is found closely

linked to cancer pathogenesis and progression.[5] miRNAs have
been used as biomarkers to assess the invasion, metastasis,
prognosis, and drug resistance of different cancers.[6] Multiple
miRNAs exhibit high sensitivity and specificity for predicting
response to chemotherapy.[7] For example, overexpressed
miRNAs, including let-7g, miR-1, and miR-34, are associated
with chemosensitivity in patients with GC who are treated with
cisplatin/fluorouracil.[8] Wu et al[9] reported that multiple
miRNAs, including miR-196a and miR-7, are associated with
the chemosensitivity of human GC cells to hydroxycamptothec.
However, the expression levels of some miRNAs are not stable
and consistent in GC possibly because of high genetic
heterogeneity in GC patients. The miR-17–92 cluster has been
found to be associatedwith human cancers, includingGC,[10] and
is a promising marker of drug resistance in hepatocellular
carcinoma.[11] Moreover, it may be a candidate predictor for the
diagnosis of GC,[10] suggesting its role as a novel biomarker for
determining chemotherapy efficacy and disease progression in
patients with GC.
Oxaliplatin/capecitabine (XELOX) chemotherapy, which is an

efficient, convenient, and less toxic chemotherapeutic regimen, is
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Table 1

Primers used for amplifying the miR-17–92 cluster.

Primers Sequences

hsa-miR-17-3p 50-ACUGCAGUGAAGGCACUUGUAG-30

hsa-miR-17-5p 50-CAAAGUGCUUACAGUGCAGGUAG-30

hsa-miR-18a-5p 50-UAAGGUGCAUCUAGUGCAGAUAG-30

hsa-miR-19a-3p 50-UGUGCAAAUCUAUGCAAAACUGA-30

hsa-miR-19b-1-5p 50-AGUUUUGCAGGUUUGCAUCCAGC-30

hsa-miR-20a-5p 50-UAAAGUGCUUAUAGUGCAGGUAG-30

hsa-miR-92a-3p 50-UAUUGCACUUGUCCCGGCCUGU-30
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well accepted as a 1st-line therapy in patients with GC.
However, it is very challenging to identify multiple serum
miRNAs for predicting response to XELOX chemotherapy in
advanced GC patients. An initial study analyzed the relation
between the miR-17–92 plasma level and chemosensitivity to
XELOX chemotherapy in Qinghai area, which shows high
prevalence of GC in China.[13]

2. Materials and methods

2.1. Subjects

Patients who were recently diagnosed with advanced GC between
July 1, 2015 and September 30, 2016, at the Affiliated Hospital of
Qinghai University were included in this prospective clinical trial.
The stage of GC in each patient was determined using the 2010
AJCC TNM Staging System (7th edition). Peripheral blood
samples were collected simultaneously from healthy volunteers
(control group). This study was approved by the local ethics
committee, and the informed consents were signed by all
participants or their family.
Patients met the following inclusion criteria were enrolled in

the study: presence of at least one measurable lesion, ≥20-mm in
diameter on chest radiography, computed tomography, or
magnetic resonance imaging, or ≥ 10-mm on spiral computed
tomography; a good physical condition and an Eastern
Cooperative Oncology Group score of �2 points; expected
survival of >3 months; normal peripheral hemography and
electrocardiography results, and without heart, liver, kidney, and
other vital organ abnormalities; and voluntary participation,
showing good compliance in all tests, and signed a written
informed consent form. The following patients were excluded
from the study: pregnant, lactating women or fertile women who
did not use contraception; patients with serious and uncontrolled
infections, suppurative and chronic infections, or delayed wound
healing; patients who previously affected by severe heart diseases,
including congestive heart failure, uncontrollable high-risk
arrhythmias, unstable angina, myocardial infarction, severe
valvular heart disease, and refractory hypertension; and patients
with difficult-to-control nervous and/or mental illness, uncon-
trolled primary brain tumor or CNS metastasis, or intracranial
hypertension or neuropsychiatric symptoms and patients who
did not comply or cooperate during different tests. The following
patients were rejected from inclusion in the study: patients
showing serious signs of toxicity or intolerance to the study
treatment that were recorded as adverse reactions, and patients
who withdrew from the study voluntarily or because of a medical
necessity after the advice of the study researchers.

2.2. miRNA detection

PubMed and GeneGlobe databases were searched to determine
experimentally validated andGC-associatedmiRNAs of themiR-
17–92 cluster. Venous blood samples were collected from
patients with GC before and after the chemotherapy (5mL
each) and were centrifuged. The obtained plasma samples were
stored at �80 °C. miRNAs were extracted by miRcute miRNA
isolation kit (Tiangen, Beijing, China) and were purified using
High Pure RNA Isolation kit (Roche, Basel, Switzerland).
The extracted miRNAs were reverse transcribed using miScript

reverse transcription (RT) (QIAGEN, Hilden, Germany). The
miR-17–92 cluster level was detected using miScript SYBR Green
PCR Kit (QIAGEN). U6 snRNA gene was used as an internal
reference gene for PCR amplification. Primers used for amplifying
2

the miR-17–92 cluster are listed in Table 1. PCR was performed
using the cycling conditions of pre-denaturation for 3minutes at
94 °C and amplified for 40 cycles consisting of denaturation for 20
seconds at 94 °C, annealing for 40 seconds at 62 °C, and extension
for 15 seconds at 95 °C.Melting curves were obtained by 1minute
at 60 °C, 15 seconds at 95 °C, and 15minutes at 60 °C.
2.3. Relative quantification and analysis of miRNA gene
expression

After the completion of PCR, fluorescence signals were analyzed
automatically using ABI 7300 SDS software (Foster City, CA)
and converted to a cycle threshold (Ct) value. Relative miRNA
expression values for each sample were normalized to that
obtained for the U6 snRNA gene and were calculated using the
following formula: relative miRNA expression=2�DDCt, where
DCt value=miRNA Ct value�U6 Ct value.[14]
2.4. Chemotherapy

All the patients received XELOX chemotherapy (2 hour-intrave-
nous injections of 130mg/m2 L-OHP was administered on day 1
and oral 1250mg/m2 Xeloda twice a day from day 1 to days 14).
The treatment cycle was repeated every 21 days. After two cycles,
effects of the treatmentwere evaluated in each patient. Responding
patients received 6 cycles of the chemotherapy. Patients who did
respond after 2 cycles of the chemotherapywere discontinued from
the treatment, and theywere followed up until disease progression,
after which they were administered other therapeutic options.

2.5. Evaluation of treatment effectiveness

Therapeutic efficiency was determined using Response Evalua-
tion Criteria in Solid Tumors criteria[15] and classified into
complete response (CR), partial response (PR), no change/stable
disease (SD), and progressive disease (PD). Valid (chemo-
sensitive) and invalid (chemoresistant) responses were defined
as CR+PR and SD+PD, respectively.
Follow-up was initiated after the discontinuation of the

treatment, and it was repeated every 2 months by providing
reminders through telephone calls or through repeated visits to
the clinic until patient death.

2.6. Statistical analysis

The count data were analyzed using chi-square test and Fisher
exact probability test. Paired rank sum test of independent
samples was used to identify differences of the miRNA cluster
level before and after chemotherapy. Kaplan–Meier method was
applied to analyze survival curves of each factor (log-rank test).
Stepwise logistic regression analysis with application of binary
logistic regression models was performed to generate a new



Table 2

Clinical characteristics of patients included in this study.

Clinical parameters Classification Number of patients

Age �35 y 9
35–70 y 51

Gender Male 39
Female 21

Ethnic Han Chinese 49
Tibetan 11

Pathological type Well-differentiated
adenocarcinoma

11

Moderately differentiated
adenocarcinoma

17

Poorly differentiated
adenocarcinoma

32

Clinical stage Iva 14
IVb 46

Tumor site Near the stomach 15
Gastric corpus 16
Distal stomach 29

ECOG score 0–1 32
2 28

ECOG=Eastern Cooperative Oncology Group.
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variable predictor. The new variable predictor was used as a test
variable, and chemotherapy response was used as a state variable.
ROC curve analysis was performed to calculate area under the
curve (AUC). All statistical analyses were performed using SPSS
17.0 with P< .05 as statistically significant.
3. Results

3.1. General characteristics of the study subjects

This study included 60 patients (39 men and 21 women; age
range, 21–70 years [median age, 56 years]; 9 patients with an age
of �35 years), 11 of whom were Tibetan. Of the 60 patients, 14
patients had stage IVa GC and 46 patients had stage IVb GC.
Pathological analysis showed that tumors of all patients were
adenocarcinomas, with 11 patients having well-differentiated
adenocarcinomas, 17 patients having moderately differentiated
adenocarcinomas, and 32 patients having poorly differentiated
adenocarcinomas (Table 2). There were also 20 healthy
volunteers (9 men and 11 women; age range, 26–70 years
[median age, 56 years]; subjects with an age of �35 years, 3).
Figure 1. Plasma expression level of miR-17-5p, miR-18a, miR-19a, miR-20a,
3.2. Chemotherapy response in patients with GC

A total of 34 patients were chemosensitive (56%) and 26 patients
were chemoresistant to XELOX chemotherapy. Among 11 Tibetan
patients, 5patientswere chemosensitive (45.5%)and6patientswere
chemoresistant. Except for Tibetan patients, in the remaining 49
patients, the total response rate includingCPandPRwas59.2%(29/
49), which was not statistically significant (X2=0.69, P= .406).
miR-19b-1, and miR-92-1 in subjects of the different groups.

3.3. The miR-17–92 plasma level was increased in patients
with advanced GC

To investigate the plasma level of miR-17–92 cluster in patients
with advanced GC, we performed RT-PCR to detect level of them
in patients with GC, and healthy subjects. All the plasma level of
miR-17–92 cluster was significantly higher in patients with GC
than in controls (P< .01 for all; Fig. 1A).
3

3.4. Plasma level of miR-17–92 was decreased after
chemotherapy

To investigate changes in the plasma level of miR-17–92 cluster in
advanced GC patients before and after chemotherapy, we
determined the plasma expression level of them through RT-
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Figure 2. The median time to progression of patients after an 8-month follow-up period.
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PCR. Plasma expression level of miR-17–92 was lower after
chemotherapy compared to that before chemotherapy (P< .01
for all; Fig. 1B).
3.5. Plasma level of miR-17–92 was higher in
chemoresistant patients than that in chemosensitive
patients before chemotherapy

To investigate differences of miR-17–92 level in patients with
advanced GC showing different responses before chemotherapy,
we determined the expression level of them in patients before
chemotherapy. The miR-17–92 level was higher in chemo-
resistant patients than that in chemosensitive patients (P< .01 for
all; Fig. 1C).
3.6. Plasma level of miR-17–92 was decreased in
chemosensitive patients and did not change in
chemoresistant patients after chemotherapy

To investigate changes in the plasma level of miR-17–92 in
chemosensitive and chemoresistant patients before and after
chemotherapy, we determined the expression level of them. The
levels of the miRNAs were decreased in chemosensitive patients
(P< .01 for all; Fig. 1D). However, no significant difference was
found in the miRNAs level in chemoresistant patients between
before and after chemotherapy (P> .01 for all; Fig. 1E).

3.7. Median time to progression for patients with GC

Median follow-up duration for patients with GCwas 7months. In
November 2016, 32 of 60 patients, including 13 chemosensitive
patients and 19 chemoresistant patients, showed disease progres-
4

sion (Fig. 2). Median time to progression for these patients was
5.40 months. Among 28 patients who did not show disease
progression, the median follow-up duration was 5 months for
chemosensitive patients and 3months for chemoresistant patients.

3.8. The miR17–92 level may be associated with GC
progression

To determine the plasma level of miR-17–92 in 32 patients
showing disease progression, we determined the plasma level of
them before and after chemotherapy, and before and after disease
progression. In chemosensitive patients showing disease progres-
sion, all miRNAs levels were higher than those before
chemotherapy (P< .001, P= .001, P< .001, P< .001, P= .001,
and P= .007, respectively) and those after chemotherapy (all
P< .001) (Fig. 3). Moreover, in chemoresistant patients showing
disease progression, relative expression levels of these miRNAs
were also higher than that before chemotherapy (P< .001 for all)
and that after chemotherapy (P< .001 for all).

3.9. Plasma levels of the miR17–92 cluster may not be
associated with the risk of chemotherapy-related toxicity
in patients with GC

The main adverse reactions in 60 patients were hematological
toxicity, including leucopenia (4 patients), decreased hemoglobin
level (3 patients), and thrombocytopenia; neurotoxicity (7
patients); and allergic reaction (4 patients). No difference was
observed in the relative plasma expression level of the miR-17–92
cluster between patients with grade 3 to 4 chemotherapy-related
toxicity and those without chemotherapy-related toxicity before
chemotherapy (P> .05).



Figure 3. Plasma expression level of the miR-17–92 cluster in 32 patients with gastric cancer before and after chemotherapy and before and after disease
progression. CR=complete remission, PD=progressive disease, PR=partial remission, SD=stable disease (no change).
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3.10. Combined value of 6 miRNAs for predicting disease
progression in patients with advanced GC

The AUC for combined detection by using the 6 miRNAs of miR-
17–92 cluster was higher than that for each miRNA alone
(Fig. 4A). Overall, the sensitivity and specificity of the combined
detection for predicting disease progression in patients with GC
were superior to those with each miRNA alone.

3.11. Combined value of 6 miRNAs for predicting
chemotherapy efficiency in patients with advanced GC

The AUC of 6 miRNAs was 0.780, 0.998, 0.804, 0.903, 0.833,
and 0.889, respectively (Fig. 4B). The AUC of miR-17-5p was
closer to 1, and the sensitivity and specificity of miR-17-5p were
97.1% and 100%, respectively, which were higher than those of
other miRNAs. Moreover, the sensitivity and specificity of the
combined detection of the 6 miRNAs were 100% each in patients
with advanced GC.
5

4. Discussion

The plasma level of the miR-17–92 cluster was increased in
advanced GC patients and deceased after XELOX chemothera-
py. In addition, the miR-17–92 plasma level was suggested to be
associated with the curative effect of chemotherapy. High plasma
level of miR-17–92 before chemotherapy was related to poor
response to chemotherapy compared with low plasma expres-
sion. As expected, the miR-17–92 level decreased in chemo-
sensitive patients but not in chemoresistant patients after
chemotherapy. Moreover, the plasma miR-17–92 level was
suggested to be associated with disease progression but not with
chemotherapy-related toxicity. Therefore, the combined value of
miR-17–92 cluster for predicting disease progression and
chemotherapy efficiency in patients with advanced GC was
investigated.
The oncogene miR-17–92 cluster is important for the

pathogenesis of cancers. miR-17, miR-20a/b, miR-18a, and
miR-19a are highly expressed in GC cells.[16] Moreover, miR-92a
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Figure 4. The combined value of miR-20a, miR-17-5p, miR-18a, miR-19b-1, miR-19a, and miR-92-1 for predicting disease progression (A) and chemotherapy
efficiency (B) in patients with advanced gastric cancer.
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regulates the self-renewal and proliferation of GC stem cells,
highlighting its value as an independent prognostic factor in
GC.[17] The negative feedback coupling between miR-17–92 and
E2F-/Myc-positive feedback loops regulates uncontrolled cell
proliferation in cancers.[18] The miR-17–92 cluster impairs TGF-
b signaling response, and increases cell proliferation and
promotes cell viability by activating the BRAF oncogene in
thyroid follicular cells.[19] Moreover, VEGF-induced expression
of the miR-17–92 cluster regulates angiogenesis to promote
tumor development.[20] Repression of the miR-17–92 cluster by
transcription factor C/EBPb is negatively correlated with
PHLPP2 levels in differentiating acute myeloid leukemia cells.[21]
6

Therefore, expression level of the miR-17–92 cluster may predict
GC progression.
The results of this study suggested that the miR-17–92 level was

associated with the efficiency of XELOX chemotherapy. The
tumor suppressor gene PTEN, which is directly regulated by miR-
17-5p, plays an important role along with growth factor receptor
a, in inducing chemoresistance inpancreatic cancer.[22]Wuet al[17]

reported that miRNAs including miR-19b and miR-92a main-
tained the stemness of GC stem cells by inducing chemoresistance.
One study examined the potential of miR-17–92 in overcoming
chemoresistance in cancer stem cells.[23] Zhou et al[24] suggested
that overexpressed miR-17–92 induced cisplatin resistance in



[11] [5] Slattery ML, Herrick JS, Pellatt DF, et al. MicroRNA profiles in
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prostate cancer cells by ERK1/2 phosphorylation. Awan et al
reported that miR-17–92 cluster-targeted therapy could enhance
the anticancer efficiency of sorafenib. Therefore, we calculated the
sensitivity and specificity of the miR-17–92 cluster for predicting
chemotherapy efficiency in patients with advanced GC. We found
that although the accuracy of miR-17-5p was higher than that of
miR-20a, miR-18a, miR-19b-1, miR-19a, or miR-92-1 alone, the
combined detection of them could further improve the predictive
sensitivity and specificity for detecting chemotherapy response in
patients with advanced GC.
There are several limitations in our study. The sample size is

relatively small. Additionally, it was not randomized in any
manner nor was it multicenter. Therefore, additional studies
involving a large sample size are required to determinewhether the
miR-17–92cluster is a clinically significant target for improving the
chemotherapy response and preventing cancer progression, and
whether it is a prognostic marker of advanced GC.
In conclusion, this study indicates that the plasma miR-17–92

level is associated with the progression of advanced GC and
effectiveness of XELOX chemotherapy, suggesting the drug
resistant potential of miR-17–92. The suppression onmiR-17–92
expression may improve chemotherapy efficacy and survival
outcomes in patients with advanced GC.
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