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Abstract: Gastric cancer is the second most common cause of cancer-related death partially because of its aggres-
sive metastasis and the fact that it is often diagnosed at an advanced stage. Recent studies have shown that long 
noncoding RNAs (lncRNAs) play critical roles in multiple biological processes including oncogenesis. In the present 
study, we found for the first time that the lncRNA ZMAT1 transcript variant 2 is downregulated in gastric cancer tis-
sues compared with adjacent normal tissues (P < 0.001). The expression of ZMAT1 transcript variant 2 was inverse-
ly correlated with lymph node metastasis (P < 0.05), depth of tumor invasion and tumor node metastasis stage (P < 
0.05). Univariate and multivariate analyses showed that ZMAT1 transcript variant 2 expression was an independent 
predictor for overall survival (P < 0.05). Our study suggests that ZMAT1 transcript variant 2 is a potential diagnostic 
factor in patients with gastric cancer.
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Introduction

Despite a marked decline in gastric cancer (GC) 
incidence in recent years, GC remains the sec-
ond most frequent cause of cancer-related 
death partially because of its aggressive 
metastasis and the fact that it is often diag-
nosed at an advanced stage [1, 2]. App- 
roximately one half million new cases are diag-
nosed in China every year, accounting for 42% 
of the world total [3]. GC is very heterogeneous 
and patients usually present with different clini-
cal courses and prognoses even at the same 
clinical stage [4]. Although some biomarkers 
have been identified as significant prognostic 
factors for GC [5, 6], few of them have been 
confirmed as independent predictive factors. 
Therefore, identifying accurate predictive bio-
markers would be of great clinical value for 
both prediction and improvement of clinical 
outcome.

The discovery of numerous non-coding RNA 
(ncRNA) transcripts in human cells has dramat-

ically altered our understanding of the biology 
of normal and malignant cells. A large number 
of small ncRNAs, especially microRNAs, have 
been characterized as oncogenes or tumor sup-
pressors through post-transcriptional regula-
tion of protein expression [7]. By contrast, the 
functional identities of most long ncRNAs 
(lncRNAs), which are defined as ncRNAs longer 
than 200 nucleotides, have not been fully inves-
tigated. Mounting evidence indicates that 
lncRNAs are associated with a diverse range of 
functions in cell biology [8-11], and the aberrant 
expressions of lncRNAs have been linked with 
many types of cancer [12]. LncRNAs play roles 
in both oncogenic and tumor-suppressive path-
ways [13] and regulate gene expression at tran-
scriptional, post-transcriptional and epigenetic 
levels [11, 14, 15]. Altered expression of 
lncRNAs may potentially promote oncogenesis 
by altering some of these functions [10, 16]. 
Thus, to understand the expression and func-
tion of lncRNAs may lead to the identification of 
novel biomarkers and therapeutic targets for 
cancer.
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A recent search for lncRNAs that may be 
involved in the promotion or suppression of the 
metastatic process identified a number of 
novel lncRNAs. One of them is zinc finger, 
matrin-type 1 (ZMAT1) transcript variant 2 
(NR_036431). This gene is located in chromo-
some X: 101,138,612-101,187,000 reverse 
strand, and has 6 transcripts (splice variants), 
including ZMAT1-001 (3185 bp), ZMAT1-202 
(2367 bp), ZMAT1-201 (3185 bp), ZMAT1-003 
(5754 bp), ZMAT1-002 (2654 bp), ZMAT1-003 
(755 bp) (www.ensembl.org). The first three 
transcript variants are protein-coding, whereas 
the last three, including ZMAT1 transcript vari-
ant 2, are non-protein-coding. Whether this 
gene is associated with cancer remains to be 
elucidated.

Materials and methods

Patients and samples

A total of 89 patients who underwent D2 radi-
cal resection between January 2007 and 
December 2008 were recruited from our hospi-
tal. The study was approved by the Ethics 

Committee of our hospital. Specimens were 
obtained immediately after surgical resection 
and stored at -80°C for further analysis. Lymph 
nodes (LNs) with or without metastasis were 
also harvested during gastrectomy. There were 
41 men and 48 women, ranging in age from 44 
to 78 years, with a median age of 66 years. 
Tumor stage was defined according to the 
American Joint Committee on Cancer/Inter- 
national Union Against Cancer tumor, node, 
metastasis (TNM) classification system (sev-
enth edition). Clinical data such as date of birth, 
sex, date of surgery, serum CEA level, HP sta-
tus, tumor size, tumor location and other con-
tent of histopathological reports were extracted 
from a computerized clinical database.

Total RNA extraction, reverse transcription and 
real-time RT-PCR

Total RNA from tissues and cells was extracted 
using the Trizol reagent (Invitrogen, CA). Reverse 
transcription for mRNAs was performed using 
the M-MLV Reverse Transcriptase (TaKaRa, 
Dalian, China). The cDNA template was ampli-
fied by real-time RT-PCR using the SYBR® 

Figure 1. ZMAT1 transcript variant 2 expression in gastric cancer tissues and its clinical significance. A. The rela-
tive expression of ZMAT1 transcript variant 2 was quantified by real-time RT-PCR in tumorous and adjacent non-
tumorous tissues. B. The relative expression of ZMAT1 transcript variant 2 mRNA in LNs with or without metastasis. 
C. ROC analysis of ZMAT1 transcript variant 2 expression as a predictor of LN metastasis.
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Premix Dimmer Eraser kit 
(TaKaRa, Dalian, China). 
GAPDH was used as an 
internal control, and ZM- 
AT1 transcript variant 2 
values were normalized to 
GAPDH. Real-time RT-PCR 
reactions were performed 
by the ABI7500 system 
(Applied Biosystems, CA). 
The relative expression 
fold change of mRNAs was 
calculated by the 2-ΔΔCT me- 
thod.

Statistical analysis

Comparisons of continu-
ous data were performed 
by the independent t test 
or paired t test between 
the 2 groups, whereas cat-
egorical data were ana-
lyzed by the chi-square 
test. Overall survival was 
analyzed by the Kaplan-
Meier method, and the dif-
ferences between groups 
were estimated by the log-
rank test. Independent p- 
rognostic indicators were 
assessed in the multivari-
ate analysis us-ing Cox’s 
proportional hazard model. 
All statistical analyses we- 
re performed using SPSS 
for Windows v.16.0 (SPSS, 
Chicago, IL) and GraphPad 
Prism 5.0 (GraphPad Soft- 
ware, La Jolla, CA). P < 
0.05 was considered sta-
tistically significant.

Results

ZMAT1 transcript variant 
2 is downregulated in gas-
tric cancer tissues

The expression of ZMAT1 
transcript variant 2 was 
assessed in 89 pairs of 
human gastric cancer and 
adjacent noncancerous ti- 
ssues by quantitative real-

Table 1. Relationship between ZMAT1 transcript variant 2 expression 
and clinicopathological features

Clinicopathological variable
Number of 
patients in 
each group

ZMAT1 tran-
script variant 
2 expression X2 P 

value
Low High

All cases 89 69 20
Age (years)
    < 50 39 27 12 2.743 0.098
    > 50 50 42 8
Gender
    Male 41 33 8 0.382 0.536
    Female 48 36 12
HP
    Positive 48 36 12 0.382 0.536
    Negative 41 33 8
Size of tumor (cm)
    < 5 (small) 35 24 11 2.656 0.103
    ≥ 5 (large) 54 45 9
Location of tumor
    Cardia 19 14 5 0.236 0.889
    Body 22 17 5
    Antrum 48 38 10
Depth of tumor invasion
    T1-T2 32 19 13 9.451 0.002
    T3-T4 57 50 7
Lymph node metastasis
    Present 72 61 11 9.140 0.003
    Absent 17 8 9
Liver metastasis
    Absent 59 43 16 2.169 0.141
    Present 30 26 4
Invasion of contiguous organs n (%)
    Yes 37 28 9 0.125 0.724
    No 52 41 11
Vessel invasion
    Negative 45 34 11 0.203 0.652
    Positive 44 35 9
Stage
    I, II 32 19 13 9.451 0.002
    III, IV 57 50 7
Lauren’s classification
    Diffuse 22 16 6 0.107 0.743
    Intestinal 67 53 14
Grade of differentiation
    Sell and moderate 35 24 11 2.656 0.103
    Poor and not 54 45 9
Preoperative chemotherapy
    Yes 41 32 9 0.012 0.913
    No 48 37 11
Serum CEA value (μg/L)
    < 5 55 39 16 3.620 0.057
    ≥ 5 34 30 4
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time PCR. ZMAT1 transcript variant 2 was 
downregulated in 69/89 (77.5%) of gastric can-
cers as compared to their non-tumorous coun-
terparts (P < 0.005, Figure 1A).

We next evaluated the relationship between 
ZMAT1 transcript variant 2 expression and vari-
ous clinicopathological parameters. Our results 
showed that decreased expression of ZMAT1 
was significantly associated with the depth of 
tumor invasion. The expression level of ZMAT1 
transcript variant 2 was inversely correlated 
with advanced TNM stage (P < 0.01). The 
results of DCt analysis showed that patients 
with positive lymph node metastasis had low 
levels of ZMAT1 transcript variant 2 (P < 0.01). 
However, no significant correlation between 
ZMAT1 transcript variant 2 expression and sex, 
age, tumor location, tumor size, liver metasta-
sis, Lauren’s classification or serum CEA levels 
was observed (Table 1).

ZMAT1 transcript variant 2 downregulation is 
associated with lymph node metastasis

Lymph node metastasis is one of the most 
important prognostic factors in patients with 

GC. To further explore the role of ZMAT1 tran-
script variant 2 in lymph node metastasis, the 
expression level of ZMAT1 transcript variant 2 
was analyzed in 30 paired LN specimens by 
real-time RT-PCR. Each paired LN specimen 
consisted of a lymph node with metastasis and 
a lymph node without metastasis derived from 
the same patient. ZMAT1 transcript variant 2 
was downregulated in metastatic lymph nodes 
compared with their matched non-metastatic 
lymph nodes in 22/30 paired lymph node spec-
imens (70.3%) (P < 0.05, Figure 1B).

In addition, we explored whether ZMAT1 tran-
script variant 2 expression status in primary 
tumors could predict lymph node metastasis. 
Investigation of predictive values by ROC analy-
sis showed that the area under the curve was 
0.781 (Figure 1C).

Downregulation of ZMAT1 transcript variant 2 
and clinical outcomes

The 1-, 3- and 5-year cumulative survival rates 
were 92%, 79%, and 66% respectively, for 
patients with high ZMAT1 transcript variant 2 
expression, and 79%, 55% and 32%, respec-

Figure 2. Overall survival curves of GC patients ac-
cording to ZMAT1 transcript variant 2 expression lev-
els. A. Kaplan-Meier survival curves of the whole co-
hort of 89 patients. B. Kaplan-Meier survival curves 
of patients in stage N2. C. Kaplan-Meier survival 
curves of patients in stage N3a.
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tively, for those with low ZMAT1 transcript vari-
ant 2 expression, indicating that GC patients 
with low expression of ZMAT1 transcript variant 
2 had a poorer prognosis than those with high 
ZMAT1 transcript variant 2 expression (Figure 
2A). Univariate analysis indicated that the fac-
tors significantly associated with survival were 
invasion depth, TNM stage, ZMAT1 transcript 
variant 2 level, preoperative chemotherapy, 
lymph node metastasis, and Lauren’s classifi-
cation. However, gender, age, and serum CEA 
levels et al were not related to the prognosis of 
the patients (Table 2). The clinicopathological 
parameters that were correlated with the sur-
vival of the patients in the univariate analysis 
were included in the multivariate Cox analysis. 
The results showed that TNM stage, lymph 
node metastasis, and ZMAT1 transcript variant 
2 expression were independent prognostic fac-
tors for patients with GC (Table 2).

When stratified by lymph node status, most of 
our patients were at N2 and N3a stages. In 
both stages, patients with high expression of 
ZMAT1 transcript variant 2 had significantly lon-
ger mean survival times than those with low 
expression of ZMAT1 transcript variant 2 
(Figure 2B and 2C).

Discussion

Mammalian genomes encode thousands of 
lncRNAs [17], which are generated through 

pathways similar to those of protein coding 
genes, indicating that lncRNAs could play 
important roles in diverse cell signaling path-
ways. More than 30,000 lncRNAs have been 
annotated in the FANTOM database and many 
lncRNAs remain to be identified and character-
ized. Now a growing line of evidence supports a 
role for lncRNAs as predictive biomarkers or 
tumor targets in human cancers [18-21].

In the present study, we found that ZMAT1 tran-
script variant 2 was significantly decreased in 
GC and that its expression level was inversely 
correlated with the aggressive biological behav-
ior of GC. Patients with low ZMAT1 transcript 
variant 2 expression were at a more advanced 
stage and more frequently showed lymphovas-
cular infiltration and a shorter disease-free 
interval than those with high expression. To the 
best of our knowledge, this is the first study 
showing the downregulation of ZMAT1 tran-
script variant 2 expression in gastric cancer.

ZMAT1 transcript variant 2 has not been well 
characterized and little is known about its 
expression profile and biological functions. In 
the present study, we found that decreased 
ZMAT1 transcript variant 2 expression may be 
predictive of poor prognosis in gastric cancer; 
however, the study had some limitations. All the 
patients enrolled in the study were from the 
same hospital, and the number of samples was 
not sufficient for subgroup analysis. These 

Table 2. Univariate and multivariate analyses of factors associated with overall survival

Clinicopathological variable Univariate P
Multivariate

Hazard rate 95% CI P
Age (years): ≤ 50 versus > 50 0.304 NA
Gender: male versus female 0.543 NA
HP: positive versus negative 0.616 NA
Size: < 5 cm versus ≥ 5 cm 0.497 NA
Location: cardia versus body versus antrum 0.513 NA
Invasion depth: T1-T2 versus T3-T4 0.032 0.944 0.693- 1.286 0.688
LNM: N0 versus N1 versus N2 versus N3a versus N3b 0.004 1.647 1.146-2.367 0.010
Liver metastasis: yes versus no 0.45 NA
ZMAT1: high versus low 0.007 0.68 0.333-1.389 0.03
Invasion of contiguous organs: yes versus no 0.556 NA
Microvessel invasion: yes versus no 0.287 NA
Stage: I, II versus III, IV < 0.001 0.933 0.570-1.527 0.01
Lauren’s classification: diffuse versus intestinal 0.017 1.551 0.804-2.992 0.341
Grade of differentiation: well and moderate versus poor 0.87 NA
Preoperative chemotherapy: yes versus no 0.001 1.678 0.96-2.933 0.16
CEA (μg/mL): ≤ 5 versus > 5 0.067 NA
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issues may lead to incorrect conclusions. In a 
future study, we will increase the number of 
samples and examine the molecular mecha-
nisms underlying the altered expression of 
ZMAT1 transcript variant 2 in gastric cancer at 
a cellular level.

In summary, ZMAT1 transcript variant 2 was 
downregulated in GC and its expression levels 
were inversely correlated with lymph node 
metastasis, distant metastasis, and poor prog-
nosis of patients with GC. These data suggest 
that ZMAT1 transcript variant 2 is a potential 
biomarker for the diagnosis of gastric cancer.
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