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Up-regulation of miR-335 predicts a favorable prognosis 
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Abstract: Introduction: MicroRNAs (miRNAs) are noncoding RNAs that regulate multiple cellular processes during 
cancer progression. MiR-335 has recently been identified to be involved in tumorigenesis of several cancers such 
as ovarian cancer and gastric cancer. However, the regulation of miR-335 in esophageal squamous cell carcinoma 
(ESCC) has not been reported yet. Methods: Expression of miR-335 in tumor and their normal matched tissues was 
determined by quantitative real-time PCR in 67 ESCC patients and its association with overall survival of patients 
was analyzed by statistical analysis. Results: The expression level of miR-335 was reduced in malignant tissue 
samples in comparison to normal matched tissue (P < 0.05). It was also proved that miR-335 expression was as-
sociated with ESCC histological grade, lymph node metastasis, tumor stage and clinical stage (P < 0.05). In addition, 
the Kaplan-Meier survival curves revealed that low miR-335 expression was associated with poor prognosis in ESCC 
patients. Multivariate analysis showed that miR-335 expression was an independent prognostic marker of overall 
survival of ESCC patients. Conclusions: The study proves for the first time that miR-335 is down regulated in a major-
ity of ESCC patients. Our results indicate that miR-335 expression is an independent prognostic factor for patients 
with esophageal cancer, which might be a potential valuable biomarker for ESCC.
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Introduction

Esophageal cancer (EC) is the eighth most com-
mon cancer in the world and the sixth leading 
cause of cancer mortality [1]. Esophageal squa-
mous cell carcinoma (ESCC) is the most preva-
lent pathological type of EC, predominates in 
east countries, particularly in China, with a pro-
portion of more than 90% of all EC [2]. Despite 
the wide application of radical esophagectomy 
and systemic chemoradiotherapy, the overall 
5-year survival rate of patients for ESCC is 
approximately 10-41% [3]. To date, extensive 
molecular biology studies of ESCC have identi-
fied a mass of dysregulated molecular events 
involved in esophageal carcinogenesis, which 
cover a wide range of genes with diverse func-
tions. However, the reliable biomarkers for 
high-risk population screening, for clinical diag-
nosis and prognosis are still lacking. Therefore, 

it is imperative to identify and characterize 
more effective biomarkers for such purposes.

MicroRNAs (miRNAs) are short, and are noncod-
ing RNAs of roughly 22-nucleotides in length, 
repress protein translation through binding to 
target mRNAs and play an important role in car-
cinogenesis [4]. Accumulating evidence has 
shown that miRNAs can act either as onco-
genes or as tumor suppressors in ESCC [5, 6], 
and measurement of miRNA expression in 
malignancies may have diagnostic and prog-
nostic implications [7]. Their very small size in 
principle makes them less prone to degrada-
tion processes, unlike messenger RNAs, which 
were previously proposed as molecular mark-
ers. miR-335, which is the predicted homologue 
of a miRNA cloned from rat neuronal tissue and 
later verified in human, is transcribed from the 
genomic region on chromosome 7q32.2 [8]. It 
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has been demonstrated to function as an onco-
genic or a tumor suppressor miRNA in various 
human malignancies. For example, Yan indicat-
ed that miR-335 was upregulated in gastric 
cancer, and a high frequency of recurrence and 
poor survival was observed in gastric cancer 
cases with high levels of miR-335 [9]. In con-
trast, Xu et al. found that miR-335 was dramati-
cally downregulated in gastric cancer cell lines 
than in the normal gastric cell line GES-1. Low 
expression of miR-335 was significantly associ-
ated with lymph-node metastasis, poor pT 
stage, poor pN stage and invasion of lymphatic 
vessels [10]. Lynch reported that miR-335 sup-
presses neuroblastoma cell invasiveness by 
direct targeting of multiple genes from the non-
canonical TGF-β signaling pathway [11]. Cao 
showed that miR-335 was downregulated in 
the recurrence group of epithelial ovarian can-
cer [12].

However, to our knowledge, the clinicopatho-
logic or prognostic significance of miR-335 
expression in ESCC has not been studied sys-
tematically. In the present study, we deter-
mined the differential expression of miR-335 in 
ESCC from 67 patients. We found that miR-335 
was an independent prognostic indicator in 

study was approved by The Human Ethics 
Committee of Henan Provincial Chest Hospital 
and, all patients signed an informed consent 
form. Clinical data of all the patients were col-
lected from hospitalization and subsequent 
records. Detailed information is listed in Table 
1. All patients were followed up until September 
2012 with a median observation time of 48 
months.

Quantitative real-time PCR

Total RNA was purified from all the 67 ESCC 
and matching adjacent normal specimens by 
the manufacturer using Trizol reagent (Invitro- 
gen, CA, USA). Only those total RNA samples 
with OD A260/A280 ratio close to value of 2.0, 
which indicates that the RNA is pure, were sub-
sequently analyzed. The miR-335 and RNU44 
internal control specific cDNA were synthesized 
from total RNA using gene-specific primers 
according to the TaqMan microRNA assays pro-
tocol (Applied Biosystems, CA, USA). The rever- 
se transcription products were then amplified 
and detected by real-time PCR using Taqman 
MicroRNA Assay (Applied Biosystems) specific 
for miR-335. Each sample was examined in 
triplicate and the raw data were presented as 

Table 1. Association of miR-335 with clinicopathological 
characteristics of ESCC patients

Parameters Group Total
MiR-335 

expression P value
Low High

Gender Male 54 39 15 0.731
Female 13 10 3

Age (years) < 60 40 30 10 0.675
≥ 60 27 19 8

Tumor size (cm) < 4 cm 46 34 12 0.831
≥ 4 cm 21 15 6

Histological grade G1 28 15 13 0.003
G2+G3 39 33 5

Tumor stage T1-T2 20 10 10 0.005
T3-T4 47 39 8

Lymph nodes metastasis Absence 39 23 16 0.002
Presence 28 26 2

Clinical stage I-II 41 24 17 0.001
III-IV 26 25 1

Tumor location Upper 6 5 1 0.555
Middle 44 32 12
Lower 17 12 5

ESCC, and the reduction of miR-335 
may be a selective pressure within 
neoplastic tissue. We have identified 
miR-335 as having the potential to 
predict the risk of ESCC.

Materials and methods

Patients and specimens

A total of 67 ESCC tumor tissues and 
matched adjacent normal esopha-
geal tissues were obtained from 
patients at Henan Provincial Chest 
Hospital between the years 2006 
and 2008. The tissue specimens 
were immediately frozen in liquid 
nitrogen after surgery and stored at 
-80°C until the extraction of total 
RNA. The clinical stage of all ESCC 
patients was classified or reclassified 
according to the seventh edition of 
the American Joint Committee on 
Cancer staging system. All patients 
recruited to this study did not receive 
any pre-operative treatments. This 
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the relative quantification of miR-335 expres-
sion evaluated by the comparative cycle thresh-
old (CT) method, normalized with respect to 
RNU44. Mean normalized miR-335 expression 
± standard deviation (SD) was calculated from 
triplicate analysis. Real-time PCR was per-
formed using an ABI 7900 system (Applied 
Biosystems) and comparative 2-ΔΔCt analysis 
was performed using SDS 2.2.2 software (App- 
lied Biosystems).

Statistical analysis

All computations were carried out using the 
SPSS software version 17.0 for Windows (IBM 
Corporation, NY, USA). Data were expressed as 
mean ± SD. Paired Student’s t-test was con-
ducted to compare miR-335 expression in 
paired clinical samples. The association bet- 
ween miR-335 expression and clinicopatholog-
ic characteristics of ESCC patients was asse- 
ssed by Mann-Whitney U and Kruskal-Wallis 
tests. Survival curves were obtained by using 
the Kaplan-Meier method and compared by 
using the log-rank test. Multivariate survival 
analysis was performed using the Cox propor-
tional hazards model. The factors selected 
from univariate analysis, based on a P < 0.05, 
were entered into the Cox proportional hazards 
model. P < 0.05 were considered statistically 
significant.

Results

Reduced expression of miR-335 in human 
ESCC

The expression of miR-335 was detected in 67 
human ESCC and matched adjacent normal tis-
sues by quantitative real-time PCR. After nor-
malization to RNU44, the expression level of 
miR-335 in ESCC tissues (1.47 ± 0.39) was sig-
nificantly lower than that in adjacent normal 
specimens (3.56 ± 1.17, P < 0.001). These 
results indicated that miR-335 might play a 
tumor suppressor role in ESCC. ESCC patients 
who expressed miR-335 at levels less than the 
cutoff value were assigned to the low expres-
sion group (mean expression value 0.96, n = 
49), and those with expression above than the 
cutoff value were assigned to the high expres-
sion group (mean expression value 1.94, n = 
18).

Relationship between miR-335 expression and 
ESCC patients’ clinicopathologic variables

In our ESCC cohort, the relationship between 
the expression of miR-335 and patient clinical 
characteristics was shown in Table 1. Low 
expression of miR-335 was found to significant-
ly correlate with higher histological grade (P = 
0.003), lymph node metastasis (P = 0.002), 
tumor stage (P = 0.005) and clinical stage (P = 

Table 2. Prognostic factors in Cox proportional hazards model

Variable
Univariate analysis Multivariate analysis

Risk ratio 95% CI P Risk ratio 95% CI P
Gender 1.173 0.619-1.587 0.594
Male vs. Female
Age (years) 1.439 0.517-1.894 0.264
< 60 vs. ≥ 60
Tumor size 2.642 1.784-3.921 0.149
< 4 cm vs. ≥ 4 cm
Histological grade 5.264 3.976-12.043 < 0.001 2.781 1.867-4.638 0.006
G1 vs. G2-3 

Tumor stage 3.796 2.117-6.484 0.013 2.966 1.937-6.714 0.021
T1-2 vs. T3-4

Lymph node 5.108 2.974-8.265 0.015 3.681 2.171-4.472 0.031
Absence vs. Presence
Clinical stage 4.369 1.744-9.015 0.007 3.979 1.114-7.528 0.014
I-II vs. III-IV
miR-335 5.718 2.219-9.448 < 0.001 5.011 2.074-8.526 0.008
high vs. low
Abbreviations: CI, confidence interval; miR, microRNA.
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0.001). However, miR-335 expression was not 
significantly related to gender, age, tumor size 
and tumor location (P > 0.05).

Relationship between clinicopathologic fea-
tures, miR-335 expression, and ESCC patients’ 
survival: univariate survival analysis

In univariate survival analyses, cumulative sur-
vival curves were calculated according to the 
Kaplan-Meier method. Differences in survival 
times were assessed using the log-rank test. 
First, to confirm the representativeness of the 
ESCC in our study, we analyzed established pro- 
gnostic predictors of patient survival. Kaplan-
Meier analysis demonstrated a significant im- 
pact of well-known clinical pathological prog-
nostic parameters, such as histological grade, 
lymph node metastasis, tumor stage and clini-
cal stage on patient survival (P < 0.05, Table 2). 
Assessment of survival in ESCC patients revea- 
led that lower expression of miR-335 was cor-
related with adverse survival of ESCC patients 
(P < 0.001, Table 2; Figure 1).

Independent prognostic factors for ESCC: mul-
tivariate Cox regression analysis

Since variables observed to have a prognostic 
influence by univariate analysis may covariate, 

Esophageal cancer (EC) is one of the most com-
mon malignant diseases with a poor prognosis. 
Although several clinicopathologic features 
have been the standard for determining the 
clinical outcome of ESCC patients, this classifi-
cation scheme is probably an imprecise predic-
tor of the prognosis of an individual patient 
[13]. Therefore, it is necessary to identify novel 
and effective biologic markers which are asso-
ciated with advanced tumor progression for the 
early diagnosis and the discovery of a thera-
peutic target.

Recent studies showed more than 1,900 hu- 
man miRNAs have been identified, which are 
estimated to regulate over 60% of genes in 
mammals [14]. Due to their great importance in 
the regulation of gene expression, it has been 
widely accepted that miRNAs are involved in 
multiple cellular functions such as differentia-
tion, proliferation and apoptosis, thus, have 
been implemented in diverse physiological and 
pathological processes ranging from develop-
ment to cancer [15, 16]. However, the role of 
miRNAs in ESCC is yet to be fully elucidated. 
Among human miRNAs, miR-335 as an evolu-
tionarily conserved miRNA has been demon-
strated to have a close correlation with cancer 
development. But the expression patterns and 

Figure 1. Kaplan-Meier postoperative survival curve for patterns of patients 
with ESCC and miR-335 expression.

the expression of miR-335 
and those clinicalopathologi-
cal parameters that were sig-
nificant in univariate analysis 
(histological grade, lymph no- 
de metastasis, tumor stage 
and clinical stage) were fur-
ther examined in multivari-
ate analysis. The results sh- 
owed that the expression of 
miR-335 was an indepen-
dent prognostic factor for 
overall patient survival (rela-
tive risk: 5.011, CI: 2.074-
8.526, P = 0.008, Table 2). 
With regard to other param-
eters, histological grade, 
lymph node metastasis, tu- 
mor stage and clinical stage 
were also shown to be an 
independent prognostic fac-
tor for overall survival (P < 
0.05, Table 2).

Discussion
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function of miR-335 are different in different 
cancers. Dohi et al. indicated that the expres-
sion levels of miR-335 were significantly lower 
in primary hepatocellular carcinoma, compared 
to their non-tumor tissue counterparts, and the 
expression levels of miR-335 were significantly 
lower in hepatocellular carcinoma with distant 
metastasis compared to those without distant 
metastasis [17]. Cao found that miR-335 sup-
pressed the invasiveness of ovarian cancer cell 
lines by targeting Bcl-w and the Bcl-w effector, 
matrix metallopeptidase 2, and showed that 
miR-335 was downregulated in primary ovarian 
cancers in comparison with normal ovarian epi-
thelium, and an even sharper reduction in miR-
335 expression was revealed in omental 
metastases [12]. Wang found that miR-335 
acts as tumor suppressor by targeting the 
ROCK1 gene and inhibiting osteosarcoma cells 
migration and invasion [18]. In contrast, Yan 
found that high frequency recurrence and poor 
survival were observed in gastric cancer cases 
with high level of miR-335 and they evaluated 
that miR-335 were involved in regulating target 
genes in several oncogenic signal-pathways, 
such as p53, MAPK, TGF-β, Wnt, ERbB, mTOR, 
Toll-like receptor and focal adhesion [10]. 
Jiang’s results indicated that miR-335 expres-
sion was increased in human gliomas and was 
associated with advanced tumor progression. 
And miR-335 expression was demonstrated for 
the first time to be an independent marker for 
predicting the clinical outcome of patients with 
gliomas [19]. Shi found that miR-335 is a typi-
cal microRNA overexpressed in meningiomas in 
humans and play an essential role in the prolif-
eration of meningioma cells by directly target-
ing the Rb1 signaling pathway [20].

However there have been no reports on the 
clinical relevance of miR-335 to ESCC, in the 
present study, we sought to determine whether 
there was any difference in miR-335 expres-
sion between ESCC and normal tissue samples 
which had not been studied previously. This 
study showed that miR-335 were down-regulat-
ed in the ESCC, and explored available evi-
dence of close correlation of miR-335 expres-
sion and the total patients’ survival during a 
5-year follow-up survey.

To directly address the potential roles for miR-
335 in the occurrence and development of 
ESCC, an elaborate experiment was conducted 
and a rigorous analysis was performed of 

human miR-335 expression on ESCC samples. 
Our results revealed that the miR-335 expres-
sion in ESCC specimens was remarkably lower 
than that in normal esophageal tissues (P < 
0.05). In the present study, we found the 
expression level of miR-335 was significantly 
associated with histological grade (P = 0.003), 
lymph node metastasis (P = 0.002), tumor 
stage (P = 0.005) and clinical stage (P = 0.001). 
It is suggested that miR-335 may play impor-
tant roles in esophageal cancer carcinogenesis 
and progression and may affect tumor invasion 
and metastasis. We further imagined that miR-
335 may affect the activation of cellular signal 
transduction pathway, cell division cycle and 
tumor angiogenesis to influence biological 
behavior of tumor, and this had just been unrav-
eled in the latest relevant researches. Recent 
study showed that miR-335 regulates a set of 
genes, which are SOX4, RUNX2, Rb1, PTPRN2, 
BRCA1, MERTK and SP1, the collective expres-
sion of which in a large cohort of human tumors 
is associated with the risk of aggressive tumor 
progression [21].

Ultimately, A total of 67 patients histologically 
proven esophageal cancer with follow-up infor-
mation were conducted a systematically analy-
sis to confirm the relationship of miR-335 and 
outcome of patient initially. Our finding demon-
strated that patients with lower expression of 
miR-335 in tumor tissue had a worse overall 
survival than patients with higher expression (P 
< 0.05, respectively), providing evidence that 
reduced expression of miR-335 in esophageal 
cancer might facilitate an increased malignant 
and worse prognostic phenotype. It is notewor-
thy that by multivariate Cox analysis combining 
expression of miR-335 with other parameters, 
miR-335 was found as an independent prog-
nostic factor (P = 0.008) for patient survival. 
The aberrant expression of miR-335 linked to a 
poor prognosis of patients has never been 
investigated in esophageal cancer before.

In conclusion, our data indicated that miR-335 
expression was decreased in human ESCC and 
was associated with advanced tumor progres-
sion. Furthermore, miR-335 expression was 
demonstrated for the first time to be an inde-
pendent marker for predicting the clinical out-
come of patients with ESCC. Apparently, a fur-
ther understanding of the molecular mechanism 
by miR-335 in human ESCC would help in the 
discovery of novel targeted agents and might 
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also lead to the development of new approach-
es for effective therapy of human ESCC.
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