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Background: Neoadjuvant chemotherapy has been widely applied in treating advanced 
gastric cancer (GC). However, little research has been conducted on evaluating the 
effect of neoadjuvant chemotherapy. Purpose of this study was to evaluate the effect 
of	SOX	regimen	as	neoadjuvant	chemotherapy	by	detecting	some	microRNAs.
Methods:	Total	120	GC	patients	who	had	received	neoadjuvant	chemotherapy	(SOX	
regimen)	were	recruited	with	100	healthy	participants	as	control	contemporarily.	Age	
and gender have no significant difference in both groups (P > .05). The effect of chem-
otherapy	was	evaluated	by	the	results	of	CT	scan	and	surgery.	Also,	adverse	effects	of	
chemotherapy were documented. Peripheral blood of GC patients was collected 
twice: one day before chemotherapy and surgery, respectively, whereas healthy con-
trols’ peripheral blood was collected once. Quantitative real- time PCR (qPCR) was uti-
lized to detect expression of miR- 145, miR- 185, miR- 381, and miR- 195 of peripheral 
blood in both groups.
Results:	One	hundred	and	twenty		patients	with	advanced	GC	completed	a	total	of	386	
cycles of neoadjuvant chemotherapy with effective rate at 84.17% (101 of 120). 
Expression of miR- 145, miR- 185, and miR- 381 of  patients with GC was lower than that 
in the control group before chemotherapy commence (all P < .05), while the expres-
sions of miR- 145 and miR- 185 elevated noticeably in CG patients after neoadjuvant 
chemotherapy (P < .05). The differences in the expression of miR- 145 and miR- 185 in 
advanced GC patients with different chemotherapy outcomes were detected.
Conclusion:  Patients with GC at advanced stages had aberrant miRs expressions. 
Detection of miR- 145 and miR- 185 expression may assist to predict effectiveness and 
adverse	effects	of	SOX	regimen	as	neoadjuvant	chemotherapy.
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1  | INTRODUCTION

GC is one of the most common malignancies with the second high-
est morbidity and mortality rate.1 Early diagnosis is difficult because 
it is often asymptomatic or only moderate nonspecific symptoms are 

manifested at the early stage. Consequently, most patients suffer 
from the advanced stages of GC upon first diagnosis.2-4 Treatments 
for advanced GC are mainly focused on surgical combined with ad-
juvant chemotherapy. However, surgical removal could not cure for 
a number of patients with late- stage GC. Therefore, to maximum 
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surgery outcome and improve prognosis, neoadjuvant chemother-
apy has been adopted widely resulting in increased tumorectomy 
succeed and enhanced treatment outcomes.5-8 However, the ef-
fectiveness of current chemotherapies in patients with GC remains 
unpredictable	 including	 neoadjuvant	 chemotherapy.	 If	 biomarkers	
are available for predicting outcomes and adverse effects of neo-
adjuvant chemotherapy, the treatment ratio for advanced GC may 
be able to improve. Therefore, new biomarker detection is of signif-
icance for clinical practice.

MicroRNAs	 are	 single-	stranded	 RNA	 molecules	 with	 18-	25	
nucleotides in length, having functions in regulating target post- 
transcriptional genes.9-11	 Recent	 findings	 show	 that	 microRNAs	
play a pivotal role in GC progress, and researches have revealed 
that in GC tissues or cells, miR- 145, miR- 185, miR- 381, and miR- 
195 appear aberrant expression and also are involved in regulat-
ing GC cell proliferation, apoptosis, and metastasis.12-15 However, 
little researches have been conducted to explore the expression 
of	 these	microRNAs	 in	 peripheral	 blood	 of	 patients	with	GC	 and	
the	association	between	expression	of	these	microRNAs	and	neo-
adjuvant chemotherapy. This study aims to test the expression of 
miR- 145, miR- 381, miR- 185, and miR- 195 in peripheral blood of 
patients with GC and explore the possibility of their expression 
to be predictive markers for the outcome of neoadjuvant chemo-
therapy.	A	total	of	120	patients	with	GC	receiving	SOX	regimen	as	
neoadjuvant chemotherapy were recruited, and the expression of 
miR- 145, miR- 381, miR- 185, and miR- 195 in their peripheral blood 
was	investigated.	In	addition,	these	markers	in	predicting	outcomes	
of neoadjuvant chemotherapy were further analyzed, and the re-
sults of this study may provide certain evidence to improve the GC 
treatment.

2  | MATERIALS AND METHODS

2.1 | Population study

A	 total	 of	 120	 patients	with	 advanced	GC	 received	 neoadjuvant	
chemotherapy in Fourth Hospital of Hebei Medical University 
were	 recruited	 between	 January	 2015	 and	 October	 2016.	 The	
mean age of this group was (55.30 ± 7.11) years with males and 
females	 contributing	 81	 and	 39,	 respectively.	 All	 patients	 met	
the criteria of recruit as following: (1) had received pathological 
endoscopic	 diagnosis	 of	 gastric	 adenocarcinoma	 at	 IIB-	IIIC	 stage	
by	 CT	 scan	 staging	 according	 to	 the	 7th	 edition	 of	 AJCC/UICC	
tumor staging system (2010); (2) were at their first visit without 
contraindications for surgery; (3) the informed consent in writ-
ten	 was	 obtained	 for	 participation	 of	 SOX	 regimen.	 Criteria	 for	
exclusion were that GC patients: (1) with surgical history and di-
agnosed as recurrence, (2) combined with other malignancies, (3) 
had surgery contraindication, (4) who was not cooperative or re-
fused to consent. Meanwhile, 100 healthy objectives as control 
were selected from physical examination department with no sta-
tistical	 significance	 in	 gender	 and	 age.	 Informed	 consent	 in	writ-
ten was obtained from all participants and approval from Ethics 

Committee of Fourth Hospital of Hebei Medical University was  
received.

2.2 | Neoadjuvant chemotherapy regimen and 
evaluation of its effectiveness

All	 participants	 received	 SOX	 chemotherapeutic	 regimen	 including	
Oxaliplatin	 and	 S-	1	 (Taiho	 Pharmaceutical	 Co.,Ltd).	 S-	1	 was	 taken	
orally on 40- 60 mg/m2 from the 1st to the 14th day, twice every 
day;	with	Oxaliplatin	infused	intravenously	at	130	mg/m2 on the first 
day. Followed by 1 - week break, one course of treatment was then 
completed. Each patient was scheduled with 2- 4 periods of neoad-
juvant chemotherapy. The chemotherapy was ceased immediately 
if patient suffered any serious adverse effect. CT scanning was ap-
plied both preoperatively and postoperatively. Participants were 
divided into four groups based on therapeutic efficacies which are 
rated as complete relief (CR, disappearance of primary lesion), partial 
relief (PR, >25% of primary lesion constriction), stable disease (SD, 
≤25%	of	 primary	 lesion	 constriction),	 and	 progressive	 disease	 (PD,	
>25% lesion enlargement). CR, PR and SD patients received surgi-
cal treatment after the chemotherapy, and the surgery anatomy was 
confirmed by CT results. Relevant adverse effects were recorded 
including myelosuppression or bone marrow suppression (anemia, 
leukopenia, and/or thrombocytopenia), and severe gastrointestinal 
reactions (required fluid resuscitation or even no tolerance to chemo-
therapy), or peripheral nervous damages. For bone marrow suppres-
sion, criteria included leukocyte reduction <4 × 109/L, neutrophil 
decrease <2 × 109/L, platelet reduction <50 × 109/L, or anemia (male 
HGB	<	120	g/L,	 female	 HGB	<	110	g/L).	 Severe	 gastrointestinal	
reaction is characterized by severe nausea and vomiting, requiring 
intravenous rehydration therapy. Criteria for peripheral neuropathy 
included significant sensory interference and abnormalities resulting 
from	Oxaliplatin	action.

2.3 | Sample collection

A	total	of	4	mL	of	fasting	blood	sample	were	collected	each	time	per	
person	for	microRNA	detection.	Fasting	venous	blood	was	collected	
twice in participates of the case group with the first sample collected a 
day before chemotherapy and the second gathered 1 day before sur-
gery. The blood samples were obtained from the control group only 
once.	All	of	the	blood	samples	were	collected	in	anticoagulation	tubes	
and	stayed	still	for	30	minutes.	After	that,	these	samples	were	centri-
fuged	for	serum	separation,	and	stored	at	−80°C.

2.4 | Quantitative PCR detection of miR- 145,  
miR- 185, miR- 381, and miR- 195 expression in serum

Total	RNA	was	extracted	from	serum	of	blood	samples,	strictly	following	
the	manufacturer’s	instruction.	All	reagent	kits	targeting	each	microRNA	
were	from	GeneCopia,	and	U6	snRNA	was	utilized	as	internal	reference	
gene. Reverse transcription reaction was carried out with 20-  μL reac-
tion	system	as	following:	Poly(A)	reaction	mixture	2	μL, 10 × RT Primer 
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2 μL,	10	×	RT	Buffer	2	μL, Super Pure dNTPs 1 μL, RNasin(40U/μL) 1 μL, 
Quant RTase 0.5 μL, and RNase- Free ddH2O	11.5	μL. The reaction sys-
tem was placed at 37°C for 60 minutes after centrifugation, then stored 
at	−20°C for PCR reaction. PCR procedures were performed with cy-
cling parameters including 5- min denaturation at 95°C,followed by 95°C, 
20 seconds of 60°C, 20 seconds of 72°C, and 20 seconds of 78°C, for 
40 cycles. Fluorescent signal from each group was detected, using 2ΔΔCt 
method	to	calculate	the	relative	level	of	each	microRNA.

2.5 | Statistical analysis

Research data statistically analyzed using Statistical Product and 
Service	Solutions	(SPSS)	18.0.	MicroRNA’s	relative	expressive	level	
was expressed as mean ± SD (x̄	±	s).	Comparison	of	MicroRNA	ex-
pression levels between case and control group was examined by 
independent samples t	tests.	In	the	case	group,	expression	levels	of	
microRNA	before	and	after	treatments	were	compared	using	paired	
sample t	tests.	One-	way	analysis	of	variance	(ANOVA)	was	applied	
to	examine	differences	 in	microRNA	expression	 level	between	pa-
tients with different outcomes of treatment. Differences between 
any	pair	of	means	were	detected	using	SNK	test.	Adverse	events	in	
relation	to	microRNA	expression	level	were	compared	using	group	
comparison t	 tests.	 Receiver	 operating	 characteristic	 (ROC)	 curve	
was	applied	for	evaluation	of	the	predictive	value	of	microRNA	ex-
pression level in diagnosis, outcome evaluation, and adverse effect 
prediction in gastric carcinoma. P < .05 was considered statistically 
significant.

3  | RESULTS

3.1 | Efficacy of neoadjuvant chemotherapy

One	 hundred	 and	 twenty	 patients	with	GC	 in	 advanced	 stage	 had	
completed	total	386	courses	of	neoadjuvant	chemotherapy	(all	SOX	
regime) with mean (3.19 ± 0.98) courses for each patient. Evaluation 
was conducted in the end of each course of chemotherapy, and 
maximum of 4 neoadjuvant chemotherapy courses were received. 
Surgeries were performed on patients (CR + PR + SD) who achieved 
remission and stabilization, while patients with developing stage 
(PD)	changed	regimen	to	palliative	chemotherapy.	One	hundred	and	
twenty participants consisted of 6 CR patients (5.00%), 51 PR pa-
tients (42.50%), 44 patients with SD (36.67%), 19patients with PD 
(15.83%). The effective rate was 84.17% (101/120)(CR + PR + SD 
considered effective).

3.2 | Adverse response to neoadjuvant 
chemotherapy

Documentation focusing on major adverse chemotherapeutic effects 
mainly included bone marrow suppression, severe gastrointestinal 
reactions, and significant peripheral nerve damages. The criteria for 
adverse	events	are	defined	as	following.	In	the	case	group,	31	patients	
had bone marrow suppression (25.83%), 18 suffered severe gastroin-
testinal reactions (15.00%), and peripheral nerve injury occurred in 38 
case group members (31.67%).

3.3 | A comparison of miR- 145, miR- 185,  
miR- 381, miR195 expression between patients 
with GC before neoadjuvant chemotherapy and the 
control group

Before	 neoadjuvant	 chemotherapy,	 lower	 expression	 levels	 of	 miR-	
145, miR- 185, and miR- 381 in serum of case group were detected 
compared with control group (all P < .05), while no statistical differ-
ence was shown between these two groups in the level of miR- 195 
(P > .05)	 (Table	1).	 ROC	 curve	was	 used	 to	 illustrate	 the	 expression	
level of miR- 145, miR- 185, and miR- 381 in the case group prior to 
neoadjuvant chemotherapy.

3.4 | Alteration in miR- 145, miR- 185, miR- 381, and 
miR- 195 serum expression levels of patients with GC 
after neoadjuvant chemotherapy

In	 the	 chemotherapy	 recipients,	 miR-	145,	 and	 miR-	185	 levels	 el-
evated drastically, whereas changes in miR- 381, and miR- 195 levels 
before and after neoadjuvant chemotherapy were considered no sta-
tistical significance (P > .05) (Table 2).

3.5 | Association of serum levels of miR- 145,  
miR- 185, miR- 381, and miR- 195 in patients 
with GC before neoadjuvant chemotherapy and 
outcomes of the chemotherapy

Participants in case group were divided into 4 subgroups based on 
their responses to chemotherapy in terms of CR, PR, SD and PD, and 
the expression level of miR- 145, miR- 185, miR- 381, and miR- 195 was 
compared in these 4 subgroups. The results showed that a decrease 
in expression of miR- 145 and miR- 185 was found in 4 subgroups with 
a descending order from CR to PD (P < .05). miR- 381 levels varied 

miR- 145 miR- 185 miR- 381 miR- 195

GC group 
(120)

0.4136 ± 0.1606 0.2342 ± 0.1233 0.4856 ± 0.1947 0.2576 ± 0.1035

Control 
group (100)

0.5376 ± 0.1928 0.6375 ± 0.2903 0.7453 ± 0.2780 0.2411 ± 0.1097

t −5.2048 −13.8024 −8.1203 1.1457

P <.001 <.001 <.001 .2532

TABLE  1 Comparison of miR- 145, 
miR- 185, miR- 381, and miR- 195 
expression between patients with GC 
before chemotherapy and the control 
group
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in each group (P < .05), but its level was not related to the outcome 
of neoadjuvant chemotherapy. miR- 195 expression had no difference 
statistically in these groups (P > .05) (Table 3).

3.6 | Association of serum levels of miR- 145,  
miR- 185, miR- 381, and miR- 195 before chemotherapy 
with their related adverse events in GC

Results indicate that patients with bone marrow suppression had 
lower miR- 145 expression compared with those without (P < .05), but 
this	tendency	of	expression	was	absent	in	other	microRNAs.	The	re-
sults	also	detected	the	expressions	of	these	4	microRNAs	were	not	
related to peripheral neuropathy (P > .05) (Table 4).

4  | DISCUSSION

In	China,	GC	 is	 one	 of	 the	most	 common	 cancers	 and	 responds	 to	
a high mortality rate.16 Despite numerous researches on it, there is 
still no highly effective treatment for GC.17 Current treatments for GC 
are a combination of surgical, chemotherapy, radiation, target therapy 
and biotherapy, in which, surgery is particularly adopted as a main 
treatment.18 However, surgery alone is not effective to treat patients 
with GC in advance stage. Many patients in advanced stage of CG suf-
fered cancer recurrence soon after surgery. Therefore, neoadjuvant 
chemotherapy is recently widely utilized prior surgery to achieve the 
optimal outcome of CG treatment.7,19,20 Neoadjuvant chemotherapy 
is a treatment applying on GC patients with advanced stage, and their 

miR- 145 miR- 185 miR- 381 miR- 195

Before	therapy	
(120)

0.4136 ± 0.1606 0.2342 ± 0.1233 0.4856 ± 0.1947 0.2576 ± 0.1035

After	therapy	
(120)

0.4806 ± 0.2473 0.3180 ± 0.1805 0.4975 ± 0.2695 0.2524 ± 0.1397

t −7.8865 −4.1995 −0.3921 0.3276

P <.001 <.001 .6954 .7435

TABLE  2 MiR- 145, miR- 185, miR- 381, 
and miR- 195 expression in patients with 
GC before and after chemotherapy

miR- 145 miR- 185 miR- 381 miR- 195

CR (6) 0.6655 ± 0.0732 0.4249 ± 0.0647 0.3817 ± 0.1067 0.2295 ± 0.1297

PR (51) 0.5097 ± 0.0671 0.2863 ± 0.1187 0.4627 ± 0.1882 0.2598 ± 0.1064

SD (44) 0.3350 ± 0.1656 0.1952 ± 0.0981 0.5566 ± 0.1889 0.2466 ± 0.1023

PD (19) 0.2579 ± 0.0547 0.1247 ± 0.032 0.4158 ± 0.2029 0.2863 ± 0.0908

F 41.2185 21.7502 3.8211 0.8014

P <.001 <.001 .0118 .4937

TABLE  3 Serum expression of miR- 145, 
miR- 185, miR- 381, and miR- 195 in patients 
with GC before neoadjuvant chemotherapy 
with different treatment outcomes

miR- 145 miR- 185 miR- 381 miR- 195

Bone	marrow	suppression

Yes (31) 0.2912 ± 0.0743 0.2288 ± 0.1014 0.4648 ± 0.1765 0.2499 ± 0.1043

No (89) 0.4562 ± 0.1609 0.2361 ± 0.1305 0.4929 ± 0.2011 0.2603 ± 0.1036

t −5.4976 −0.2829 −0.6905 −0.4805

P <.001 .7778 .4913 .6318

Gastrointestinal reaction

Yes (18) 0.4515 ± 0.1610 0.2624 ± 0.0917 0.4586 ± 0.1741 0.2689 ± 0.0993

No (102) 0.4069 ± 0.1604 0.2293 ± 0.1278 0.4904 ± 0.1985 0.2556 ± 0.1045

t 1.0870 1.0505 −0.6373 0.5014

P .2792 .2957 .5252 .6171

Peripheral nerve injury

Yes (38) 0.4490 ± 0.1709 0.2515 ± 0.1015 0.4678 ± 0.1845 0.2528 ± 0.1019

No (82) 0.3971 ± 0.1539 0.2262 ± 0.1320 0.4939 ± 0.1998 0.2599 ± 0.1047

t 1.6589 1.0460 −0.6816 −0.3485

P .0998 .2977 .4968 .7281

TABLE  4 Adverse	responses	to	
chemotherapy and its association with the 
expression of miR- 145, miR- 185, miR- 381, 
and miR- 195 in patients with GC who 
underwent neoadjuvant chemotherapy
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lesion is difficult to be removed surgically. The following treatment 
will be determined by the effects of neoadjuvant chemotherapy re-
sulting	in	higher	effective	rate	in	surgical	removal	of	GC	lesion.	SOX	
regimen is one of the common options for neoadjuvant chemotherapy 
with	Oxaliplatin	 and	S-	1	as	main	 targeting	drugs	accompanied	with	
other types of drugs to subside the adverse effects with 3 weeks for 
one cycle.21	In	this	study,	most	of	the	120	neoadjuvant	chemotherapy	
recipients had completed neoadjuvant chemotherapy as scheduled 
without	any	fatal	side	effects.	This	suggests	that	SOX	regimen	is	safe	
for	neoadjuvant	chemotherapy.	Our	study	finds	that	the	percentage	
of patients responding to treatment (CR + PR + SD) reaches 84.17%, 
indicating	that	SOX	regimen	effectively	suppressed	cancer	develop-
ment.	SOX	regimen	could	be	recommended	for	neoadjuvant	therapy,	
and this result is consistent with other reports.22 However, some pa-
tients with advanced CG still failed to respond to neoadjuvant chemo-
therapy	and	they	lost	the	opportunity	to	receive	further	treatment.	If	
biomarkers are available for evaluation, this type of patients would be 
benefited via choosing other suitable therapies, which might result in 
a better outcome. Therefore, our research investigated the value of 
microRNA	 in	peripheral	blood	of	patients	with	GC	as	potential	bio-
marker	to	predict	effects	of	SOX	regimen.

MicroRNAs	 are	 a	 DNA-	transcribed	 noncoding,	 and	 single-	
stranded	 RNAs,	made	 of	 18-	24	 nucleotides.	The	main	 function	 of	
microRNA	is	gene	suppression	which	allows	it	to	regulate	its	target	
genes and therefore to participate in biological regulation in cells.23	It	
has been reported that miR- 145, miR- 185, and miR- 381 were associ-
ated with GC.12-15,24-27	It	is	reported	that	miR-	145	could	inhibit	pro-
liferation, migration, invasion, and cell cycle progression via targeting 
transcription factor Sp1 in gastric cancer cells.28 Li Q et al29 verified 
that miR- 185 could increase the sensitivity of gastric cancer cells, 
and	apoptosis	repressor	with	caspase	recruitment	domain	(ARC)	is	a	
direct	target	of	miR-	185.	As	for	miR-	381,	Zhang	M	et	al	found	that	
miR- 381 could inhibit migration and invasion in human gastric car-
cinoma	 through	 downregulatedting	 SOX4,	 and	 targeting	 miR-	381	
may be a novel therapeutic option for the treatment of patients with 
GC.30 However, little agreement is reached in relation to how these 
microRNAs	express	in	the	peripheral	blood	in	patients	with	GC.	This	
study reports that the expression of miR- 145, miR- 185, and miR- 381 
appeared altered in the peripheral blood in patients with GC. These 
three	microRNAs	can	be	potential	novel	marker	s	of	GC	examination,	
although more researches about their expression in the peripheral 
blood are still needed.

To	 understand	 the	 values	 and	 feasibility	 of	 these	 4	 microRNAs	
as biomarkers for neoadjuvant chemotherapy, this study examined 
the	differences	 in	 the	microRNA	expression	 in	 the	peripheral	 blood	
in neoadjuvant chemotherapy recipients before and after treatment. 
miR- 145 and miR- 185 were found increased levels in patients with GC 
after treatment. This result suggests that chemotherapy could influ-
ence miR- 145 and miR185 levels. Furthermore, our study compared 
patients in PR, SD and PD groups in terms of therapeutic outcomes 
and	microRNA	expression	 in	 the	peripheral	blood.	The	 result	 shows	
decreased expression of miR- 145 and miR- 185 in PR, SD, PD groups 
in	a	descending	order.	Accordingly,	we	conclude	that	a	considerable	

decrease in miR- 145 and miR185 in the peripheral blood may suggest 
unsatisfactory	outcomes	of	SOX	neoadjuvant	chemotherapy.	Another	
therapeutic option might be better. However, this conclusion requires 
further research conducted in multiple centers with a larger scale of 
samples to confirm.

We	 further	 analyzed	 the	 association	 of	 the	 4	 microRNAs	 with	
major adverse events in chemotherapy. Results show that the miR- 
145 expression was lower in patients with bone marrow suppression 
than	those	with	none,	while	none	of	these	mircroRNAs	was	correlated	
with gastrointestinal adverse reactions and peripheral nerve injuries. 
MiR- 145 is suggested to be utilized to predict myelotoxicity before 
SOX	neoadjuvant	chemotherapy.

In	sum,	this	study	finds	aberrant	expression	in	advanced	patients	
with	GC	their	peripheral	blood.	Some	microRNAs	can	assist	in	predict-
ing outcomes and adverse events for neoadjuvant chemotherapy in 
GC. Further efforts should focus on elucidating the molecular mecha-
nisms in a larger scale in associated with blood miR- 145 and miR- 185 
their	values	of	evaluating	the	effect	of	SOX	regimen	as	chemotherapy	
for GC.
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