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Long non-coding RNA HIT000218960 is associated
with poor prognosis in patients with gastric cancer
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Abstract. Long non-coding RNAs (IncRNAs) have been indi-
cated to have important roles in the development of malignant
tumors. In the present study, the expression of HIT000218960
in gastric cancer (GC) tissues was assessed and its clinical
significance was analyzed. It was revealed that HIT000218960
was highly expressed in GC tissues and HIT000218960 levels
in GC tissues from 103 cases were positively correlated with
high mobility group AT-hook 2 (HMGA?2) mRNA expression.
Furthermore, HIT000218960 was significantly associated
with tumor diameter, TNM stage, histological grade, the
number of lymph nodes with metastasis and HMGA?2 expres-
sion in tumor tissues of patients with GC. The results of the
univariate and multivariate Cox regression analysis indicated
that HIT000218960 expression was a factor affecting the
prognosis of patients with GC. In addition, patients with GC
with lower HIT000218960 or HMGA?2 expression had more
favorable 3-year survival, while HIT0O00218960 expression
did not affect the 3-year overall survival of patients with GC
with different levels of HMGA?2 expression. In conclusion,
HIT000218960 was highly expressed in patients with GC and
was related to poor prognosis.

Introduction

Gastric cancer (GC) is one of the most common malignant
tumor types of the digestive tract in the world. Japan, South
Korea and China are regions with a high incidence of GC
and >600,000 new cases are registered each year in China,
accounting for 42% of newly registered cases in the world (1,2).
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The mortality rate of patients with GC ranks among the top 3
of all malignancies and has not exhibited any downward
trend (3). Although early detection and early treatment are the
most effective measures to reduce the mortality of GC, the
detection rate of early GC is only 10% and the lack of specific
biomarkers for GC is a major obstacle (4).

Of the human genomic DNA (including introns and
exons), 75% is transcribed into RNA, but only 2% of
the genome encodes proteins and 98% of transcripts are
non-coding RNAs (5,6). A single-stranded RNA molecule
with a length of about 20-24 nucleotides is called a non-coding
single-stranded RNA molecule, and a non-coding RNA
with a length of >200 nucleotides is called long non-coding
RNA (IncRNA) (5,6). IncRNA was originally considered to
be ‘junk’ RNA, but in recent years, research has indicated
that IncRNA has an important role in numerous biological
processes such as dose compensation effects, epigenetic
regulation and control of the cell cycle regulation and cell
differentiation (7). In GC, increasing evidence has indicated
that certain IncRNAs are involved in the proliferation,
migration, invasion and evasion of apoptosis of GC cells,
including IncRNA LINCO00978 (8), IncRNA ZFAS1 (9) and
IncRNA HAGLROS (10). IncRNA HIT000218960 is a newly
discovered IncRNA and was reported to be highly expressed
in papillary thyroid cancer (11) and GC (12). In addition, the
expression levels of HIT000218960 were associated with
tumor size, Tumor-Node-Metastasis (TNM) stage and lymph
node metastasis in patients with GC (12). However, studies on
IncRNA HIT000218960 in GC are rare. In the present study,
HIT000218960 expression was detected in GC tissues from
103 cases and normal gastric mucosal tissues from 62 subjects
and its prognostic value in patients with GC was assessed.

Materials and methods

Patients, tissues and grouping. Between January 2015 and
June 2016, GC tissues from 103 cases and normal gastric
mucosal tissues from 62 subjects were collected for analysis
in the present study. GC tissues were collected from surgical
removal of tumors and normal gastric mucosal tissues
were collected from gastric mucosal biopsies of healthy
individuals). The clinical data of the patients with GC are
provided in Table I, and the age individuals providing normal
gastric mucosal tissue was 55.2+13.8 years (38-72 years), with
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25 males and 37 females. The inclusion criteria were as follows:
i) Diagnosed with GC, ii) complete 3-year follow-up, iii) being
informed of the content of the study and voluntarily joining the
research. The exclusion criteria were as follows: i) Diagnosis
with another malignant tumor type, severe cardio-cerebral
vascular disease or organ dysfunction, ii) a lack of basic and
3-year follow-up records, iii) death from other illnesses or
an accident, iv) individuals who were pregnant, lactating or
diagnosed with chronic viral (HIV, hepatitis B and/or C virus)
or bacterial infections (M. tuberculosis), v) individuals who
underwent chemotherapy, immunotherapy or targeted therapy
prior to tissue acquisition. All patients were informed and
signed an informed consent form. All experiments involving
human tissues were approved and supervised by the Ethics
Committee of the 970th Hospital of the PLA joint Logistics
Support Force (Yantai, China). In addition, patients were
divided into groups based on HIT000218960 expression and
HMAG2 mRNA expression: The low HMGA?2 expression
group (n=53) consisted of patients with HMGA?2 expression
levels < median of the HMGA20 expression levels (2.505)
and the high HMGA2 expression group (n=50) consisted of
patients with HIT000218960 expression levels > median of the
HMGA? expression.

Reverse transcription-quantitative (RT-q)PCR analysis. Total
RNA was extracted furom the tissues using RNAiso plus
(cat. no. 9108; Takara Bio, Inc.). After preparing the comple-
mentary DNA using a PrimeScript RT reagent kit with gDNA
eraser (cat. no. RR047A; Takara Bio, Inc.), 20 pl of a qPCR
mixture were prepared using GoTaq qPCR Master Mix
(cat. no. A6001; Promega, Corp.) according to the manufac-
turers' protocols for both RT and PCR using Touch system
(CFX384; Bio-Rad Laboratories, Inc.) and the thermocycling
conditions were showed as follows: 95°C of 2 min, (95°C of
5 sec and 65C of 15 sec) for 40 cycles. The primer sequences
wereasfollows: 3-actinforward,5'-AGCCCATCCTTCGAGTA
CAAA-3'andreverse,5-TCTTGGTGCGATAACTGGTGG-3";
HIT000218960 forward, 5'-CCACCTACCCATCTGAC
TTTG-3' and reverse, 5'-CCACTATTTCCCACTGCCTT-3";
high mobility group AT-hook 2 (HMGA?2) forward, 5'-ACCCA
GGGGAAGACCCAAA-3' and reverse, 5-CCTCTTGGCC
GTTTTTCTCCA-3'. The relative expression of HIT000218960
and HMGA2 mRNA were calculated with the 2-2*“Amethod (13)
and B-actin was used as a housekeeping gene.

Immunohistochemistry. Paraffin sections that were 4-ym
thick of preserved GC tumor tissue and normal gastric
mucosal tissues were subjected to immunohistochemistry
for the detection of the expression of HMGA?2 protein.
HMGA?2 staining was performed in accordance with the
instructions of the VECTASTAIN® Elite® ABC Kit (Vector
Laboratories, Inc.). Anti-HMGA?2 antibody (1:500 dilution;
cat. no. ab207301; Abcam) was selected as the primary
antibody and goat Anti-Rabbit IgG H&L (HRP) (1:2,000 dilu-
tion; cat. no. ab6702; Abcam) was selected as the secondary
antibody. Samples were incubated with primary antibody
overnight at 4°C and with secondary antibody for 2 h at 37°C,
and then the slices were soaked in hematoxylin and stained
for 30 sec at room temperature. Finally, slices were analyzed
using a Leica TCS SP5 microscope (Leica Microsystems)

with the LAS AF Lite 4.0 image browser software (Leica
Microsystems) and the HMGA2-positive cells were recorded.

Statistical analysis. GraphPad Prism 5 software was used for
data analysis. Differences between two groups were analyzed
using the Student's t-test or the % test, and differences between
multiple groups were assessed using one-way ANOVA with
Tukey's test as the post-hoc test. The log-rank (Mantel-Cox)
test was used to compare the survival of patients with GC.
The Pearson correlation coefficient was used to measure the
correlation between two variables in the cohort. The Cox
regression model was employed for analyzing factors that
affect the survival of patients with GC. P<0.05 was considered
to indicate statistical significance.

Results

HIT000218960 is highly expressed in GC tissues. Normal
tissues from a total of 62 subjects and GC tissues from
103 cases were collected and used to detect HIT000218960
expression by RT-qPCR. As presented in Fig. 1A, the expres-
sion of HIT000218960 in GC tissues was significantly higher
than that in normal tissues. Next, HIT000218960 expression
was compared among different subgroups of patients with
GC based on clinical features and significant differences were
obtained among patients with different histological grades
(Fig. 1B), TNM stages (Fig. 1C) and numbers of lymph nodes
with metastasis (Fig. 1D). The expression of HIT000218960
was lowest in 28 cases of histological grade I and in 17 cases of
histological grade III, it was the highest (Fig. 1B). Furthermore,
in 41 cases of TNM stage-I1, 48 cases of stage-III and 14 cases
of stage-IV GC, HIT000218960 expression increased gradu-
ally with the TNM stage (Fig. 1C). According to the number
of lymph nodes with metastases, the 103 cases of patients
with GC were divided into 3 groups with 0 (n=18), 1-6 (n=48)
and =7 (n=37) lymph nodes with metastases. As presented in
Fig. 1D, HIT000218960 expression increased gradually with
the number of lymph nodes with metastases in patients with
GC.

HIT000218960 expression is related to HMGA2. HMGA?2
is an oncogene for GC and has been indicated to be elevated
in GC tissues (14,15). In the present study, the expression of
HMGA? was first detected in normal tissues and GC tissues
and the correlation between HIT000218960 expression and
HMGAZ2 expression was then analyzed to assess the signifi-
cance of HIT000218960 expression in GC tissues. The data
of the RT-qPCR analysis suggested that the expression of
HMGA?2 mRNA in GC tissues was significantly higher than
that in normal tissues (Fig. 2A). Similarly, the results of the
immunohistochemistry analysis indicated that the expression of
HMGAZ2 protein in GC tissues was also significantly higher than
that in normal tissues (Fig. 2B). Of note, the correlation between
HIT000218960 expression and HMGA2 mRNA expression in
GC tissues was analyzed and it was revealed that there was a
positive correlation between HIT000218960 expression and
HMGA2 mRNA expression in GC tissues (Fig. 2C).

Clinical significance of HITO00218960 expression. To further
evaluate the clinical significance of HIT000218960 expression
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Table I. HIT000218960 expression and clinical data of patients with gastric cancer.

HIT000218960 expression

Item Cases (n) Low (n=56) High (n=47) ¥ P-value
Sex 0.920 0.337
Female 65 33 32
Male 38 23 15
Age (years) 0.690 0.406
>60 59 30 29
<60 44 26 18
Tumor diameter (cm) 6.756 0.009
>3 65 29 36
<3 38 27 11
TNM stage 10914 0.004
1I 41 29 12
I 48 24 24
v 14 3 11
Histological grade 6.336 0.042
I 28 19 9
II 58 32 26
I 17 5 12
Lymph node metastasis (n) 13.195 0.004
0 18 15 3
1-2 20 13 7
3-6 28 15 13
>7 37 13 25
HMGA? expression 27.234 <0.001
Low 53 42 11
High 50 14 36

HMGAZ2, high mobility group AT-hook 2.

in patients with GC, the 103 cases of GC were divided into
2 groups based on HIT000218960 expression, namely the low
HIT000218960expression group (n=56; HIT000218960 expres-
sion levels < median of the HIT000218960 expression levels in
103 the GC patients) and the high HIT0O00218960 expression
group (n=47; HIT000218960 expression levels > median of the
HIT000218960 expression levels in the 103 GC patients). At
the same time, GC patients also were divided into 2 groups
based on HMGA2 mRNA and HIT000218960 expression.
As presented in Table I, the expression of HIT000218960
in the 103 cases of GC was not significantly associated with
sex (P=0.337) or age (P=0.406), while it was significantly
related to tumor diameter (P=0.009), TNM stage (P=0.004),
histological grade (P=0.042), the number of lymph nodes with
metastasis (P=0.004) and HMGAZ2 expression (P<0.001).

HIT000218960 is associated with the prognosis of patients
with GC. Survival prognosis is the best indicator for tumor
patients to obtain treatment benefits and thus, the prognostic
significance of HIT000218960 expression in GC patients was
assessed by analyzing factors affecting prognosis. Following

univariate logistic regression analysis, the results of the multi-
variate Cox regression analysis indicated that TNM stage
(hazard ratio =2.658, 95% CI=0.891-3.254), histological grade
(OR=1.026, 95% CI=0.658-1.627), lymph node metastasis
(OR=2.232, 95% Cl=1.241-3.654), HIT000218960 expression
(OR=1.567, 95% CI=1.118-3.567) and HMGA?2 expression
(OR=2.892, 95% CI=1.387-4.125) were factors affecting the
prognosis of patients with GC (Table II). Next, the 3-year
survival of patients with GC with different HIT000218960 and
HMGAZ? expression was compared. As presented in Fig. 3, the
3-year survival of patients with GC with low HIT000218960
expression was significantly higher than that in patients
with high HIT000218960 expression (Fig. 3A). Among the
56 cases of GC with low HIT000218960 expression, the
3-year survival of patients with low HMGA?2 expression was
significantly higher than that of patients with high HMGA?2
expression (Fig. 3B), and similar results were also obtained
for the 47 cases of GC with high HIT000218960 expression
(Fig. 3C). Similarly, the 3-year survival of patients with GC
and low HMGA?2 expression was significantly higher than that
of patients with high HMGA?2 expression (Fig. 3D). However,
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Figure 1. HIT000218960 expression in GC tissues. (A) Reverse transcription-quantitative PCR analysis of HIT000218960 levels in normal gastric tissues
from 62 subjects and GC tissues 103 from cases. Statistical comparison of HIT000218960 levels among cases of GC with different (B) histological grades,
(C) TNM stages and (D) number of lymph nodes with metastasis. Values are expressed as the mean + standard deviation. "P<0.05, “P<0.01 and *“P<0.001.

GC, gastric cancer.
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Figure 2. Correlation between HIT000218960 and HMGA?2 expression in patients with GC. (A) Reverse transcription-quantitative PCR analysis of the
indicated HMGA2 mRNA levels in normal tissues from 62 subjects and GC tissues from 103 cases. (B) Immunohistochemistry was used to determine
HMGAZ2 protein expression in normal tissues (n=62) and GC tissues (n=103). The immunohistochemical score is provided on the left and representative
immunohistochemical staining images (magnification, x100) are provided on the right. (C) Correlation analysis of HIT000218960 and HMGA?2 expression in
GC patients. The r-value was calculated by the Pearson method. Values are expressed as the mean + standard deviation. ““P<0.001. HMGAZ2, high mobility

group AT-hook 2; GC, gastric cancer.

there was no significant difference in survival between GC
patients with low and high HIT000218960 expression, whether
in the group of 53 cases with GC low HMGA?2 expression
(Fig. 3E) or among the 50 cases of GC with high HMGA?2
expression (Fig. 3F).

Discussion

According to data released by the China National Cancer
Center (3), the morbidity and mortality of GC rank second
among all malignancies in males and 679,000 new cases and
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Table II. Univariate and multivariate Cox regression analysis for the prognosis of patients with gastric cancer.

Univariate analysis Multivariate analysis

Clinical parameter OR 95% CI P-value OR 95% CI ~ P-value
Sex (males vs females) 1.032 0.569-2.031 0.632 - - -
Age (=60 vs <60 ) 0.628 0.235-1.351 0.289 - - -
Tumor diameter, =3 vs <3 2.325 1.256-3.541 0.068 - - -
TNM stage, II vs III+IV 3.021 1.568-4.025 <0.001 2.658  0.891-3.254 <0.001
Histological grade, I vs IT+I11 2.541 1.335-2.987 0.021 1026  0.658-1.627 0.038
Lymph node metastasis, yes vs no 1.524 0.985-3.127 0.005 2.232 1.241-3.654 0.002
HIT000218960 expression, low vs high 1.023 0.569-1.352 0.038 1.567 1.118-3.567 0.042
HMGAZ? expression, low vs high 1.953 1.055-3.246 <0.001 2.892 1.387-4.125 0.003

SPSS statistical analysis software was used for multivariate Cox regression analysis. When P>0.05, the OR and 95% CI were not displayed by
the software. HMGA?2, high mobility group AT-hook 2; OR, odds ratio.
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Figure 3. HIT000218960 predicted that the poor prognosis of patients with GC was related to HMGA?2 expression. (A) Survival (3-year) of patients with GC
were compared based on different HIT000218960 expression. (B) Survival (3-year) of patients with GC with low HIT000218960 expression were compared
based on different HMGA?2 expression. (C) Survival (3-year) of patients with GC with high HIT000218960 expression were compared based on different
HMGA?2 expression levels. (D) Survival (3-year) of patients with GC were compared based on different HMGA?2 expression levels. (E) Survival (3-year) of
patients with GC in low HMGA?2 expression were compared based on different HIT000218960 expression levels. (F) Survival (3-year) of patients with GC
with high HMGAZ2 expression were compared based on different HIT000218960 expression levels. The P-value was calculated with the log-rank (Mantel-Cox)
test. HMGAZ2, high mobility group AT-hook 2; GC, gastric cancer.
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60,000 deaths are reported each year. Of note, most patients
with GC are already at an advanced stage at the time-point of
diagnosis, and thus, the 5-year survival for patients with GC
is low, e.g. the 5-year overall survival rate of patients with GC
treated only by surgery is ~20% and 30-50% in patients treated
by surgery and adjuvant therapy (16,17). Therefore, it may be
worthwhile to identify biomarkers that may be used to diagnose
and evaluate the prognosis of patients with GC. In the present
study, it was not only determined that HIT000218960 was
highly expressed in GC tissue, but also that HIT000218960
expression increased with the degree of GC differentiation,
clinical stage and number of lymph nodes with metastases. A
recent similar study suggested that HIT000218960 was highly
expressed in GC as compared to normal tissues adjacent to
GC tissues (12). Furthermore, a previous study suggested that
HITO000218960 was highly expressed in papillary thyroid
cancer tissues and promoted the proliferation and metastasis
of papillary thyroid cancer cells in vitro (11). Of note, these
two studies all indicated that the function of HIT000218960 in
cancer cells was related to HMGAZ2.

HMGAZ?2 has been recognized as a novel oncogene and
HMGA?2 protein is a non-histone chromatin-related protein
that may change its structure by binding to chromatin or
directly interact with related proteins to regulate the transcrip-
tion of other genes to then induce tumor formation (18,19).
HMGA?2 was reported to be involved in numerous aspects of
the biological characteristics of GC, such as proliferation (14),
epithelial-mesenchymal transition (15,20), migration and
invasion (21,22), chemical resistance (23), tumor angiogen-
esis (21,24) and tumor stem cell characteristics (25). In the
present study, HMGA2 mRNA expression was detected using
RT-qPCR and HMGA?2 protein expression using immunohis-
tochemistry, and it was determined that HMGA?2 was highly
expressed in GC tissues, which was consistent with previous
studies (15,20). Furthermore, the expression of HIT000218960
was positively correlated with the expression of HMGA?2
mRNA in GC tissues. This suggested that HIT000218960 may
be an oncogene in GC.

To further explore the significance of HIT000218960
expression in patients with GC, the association between
HIT000218960 expression and clinical features of GC was
explored. As expected, HIT0O00218960 was significantly asso-
ciated with clinical stage, tumor size, lymph node metastasis
and HMGA?2 expression in GC, and HIT000218960 was a
factor affecting the prognosis of patients with GC. Furthermore,
the effect of HMGA?2 expression on the 3-year survival of
patients with GC in HIT000218960 low or high expression
was compared and significant differences were obtained, that
was patients with GC with lower HIT000218960 or HMGA2
expression had more favorable 3-year survival. However, insig-
nificant differences were obtained when comparing the effect
of HIT000218960 expression on the 3-year survival of patients
with GC with HMGAZ2 low or high expression individually.

As an IncRNA, HIT000218960 does not directly regulate
biological processes of cells and it may only have a biological
function by directly interacting with the mRNA encoding a
protein or by indirectly regulating the expression of a protein by
binding to the microRNA (26,27). Previous studies indicated
that HIT000218960 promoted HMGA?2 protein expres-
sion in GC and papillary thyroid cancer (11,12). Therefore,

HIT000218960 may affect the biological characteristics of
GC cells through HMGA?2 and then affect the progression
and prognosis of patients with GC. Overall, the present study
suggested that HIT000218960 was highly expressed and was
related to poor prognosis in patients with GC.
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