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Long non-coding RNA GASS inhibits cell proliferation,
induces G0/G1 arrest and apoptosis, and functions
as a prognostic marker in colorectal cancer
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Abstract. Colorectal cancer (CRC) is the third most common
cancer worldwide and its treatment remains a challenge.
Effective control of cell survival and proliferation is critical
in the prevention of oncogenesis and successful treatment of
cancer. Long non-coding RNAs (IncRNAs) have emerged as
primary regulators of carcinogenesis. Growth arrest specific
5 (GASS), a IncRNA, is known to be aberrantly expressed in
several types of cancer, however, the role of GAS5 in CRC
remains unclear. In the present study, GASS mRNA expres-
sion was measured in CRC and adjacent normal mucosa tissue
samples from 53 patients using reverse transcription-quan-
titative polymerase chain reaction analysis, in addition to
seven CRC cell lines. GAS5S mRNA expression was observed
to be markedly downregulated in human CRC tissues
and cell lines. Decreased GASS5 expression was associated with
an increase in tumor diameter [odds ratio (OR), 0.176 (95%
CI, 0.053-0.586); P=0.003] and later tumor-node-metastasis
stage [OR, 0.261 (95% CI, 0.083-0.819); P=0.019]. Patients
with decreased GASS expression exhibited decreased overall
survival rates compared with patients with increased GASS5
expression (P=0.015). The Cox proportional hazards model
demonstrated that downregulated GASS5 expression was an
independent prognostic factor for CRC (hazard ratio, 0.236;
95% confidence interval, 0.067-0.827; P=0.024). Functional
assays demonstrated that overexpression of GASS inhibited
cell proliferation and survival, and induced GO/G1 cell cycle
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arrest and apoptosis; however, knockdown of GASS5 expres-
sion enhanced cell proliferation, and reduced GO/G1 arrest
and apoptosis. In conclusion, the results of the present study
suggest that GASS is essential in the control of apoptosis and
cell growth in CRC. Therefore, GAS5 may represent a novel
prognostic and diagnostic marker of CRC, in addition to being
a potential therapeutic target.

Introduction

Colorectal cancer (CRC) is the third most common cancer
in men, the second most common cancer in women and the
fourth-leading cause of cancer-associated mortality world-
wide (1). CRC morbidity and mortality has increased in recent
years (2). Although advancements in treatment have been made,
the identification of new prognostic biomarkers and improving
the understanding of the molecular mechanisms underlying
CRC remains a challenge (3). Therefore, investigating the
mechanisms underlying the occurrence and development of
CRC, and identifying novel diagnostic biomarkers and effec-
tive therapeutics is of high importance (4,5).

Long non-coding RNAs (IncRNAs) are RNA transcripts
of >200 nucleotides in length that are located in the nucleus
and cytosol, and are often expressed in a disease-, tissue- or
developmental stage-specific manner (6). Previous studies
have demonstrated that IncRNAs serve important roles in
transcriptional regulation, cell growth, carcinogenesis and
metastasis (7,8). Aberrant expression of IncRNAs has been
observed in CRC and may have an oncogenic or tumor suppres-
sive role in the cancer initiatome (8,9). Growth arrest specific 5
(GASS) is a IncRNA that is associated with cell proliferation,
and serves an essential role in the growth arrest of T-cells and
non-transformed lymphocytes (10). Overexpression of GASS
decreases the rate of cell cycling, whereas downregulation
of GASS inhibits apoptosis and maintains faster cell cycle
progression. Mourtada-Maarabouni et al (11) demonstrated
that GASS transcription levels were significantly decreased in
breast cancer samples compared with adjacent healthy breast
epithelial tissue. Inhibition of cell growth and induction of
apoptosis through GAS5 overexpression was independent of
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other stimuli in certain cell lines (11). However, the role of
GASS in CRC remains to be completely elucidated.

To clarify the clinical significance of GAS5 expression
in CRC, GASS expression in CRC tissues and cell lines was
investigated, and the association between GASS expression
in tumor tissue and patient outcome was analyzed. To further
understand the functional significance of GASS, the effect
of altered GASS levels on the phenotype of CRC cells was
examined. The results of the present study demonstrated that
GASS expression is frequently decreased in CRC, indicating
that GASS serves an essential role in the suppression of CRC
and is a predictor of poor survival in patients with CRC. The
present study demonstrates the importance of developing
IncRNA-directed diagnostic and therapeutic agents.

Materials and methods

Tissue collection. A total of 53 CRC tissue samples and
the adjacent normal tissues were obtained from patients
diagnosed with CRC following histopathological evaluation
between January 2010 and May 2010, according to the seventh
edition of the American Joint Committee on Cancer Staging
Manual (12). The patients whose clinicopathological data was
incomplete or whose total RNA following extraction was
degraded were excluded. Patients underwent surgery at Peking
University People's Hospital (Beijing, China) and clinicopath-
ological information was recorded for all samples (Table I).
No local or systemic treatment was given to patients prior to
CRC tissue sample excision. All specimens were immediately
frozen in liquid nitrogen and stored at -80°C until required
for RNA extraction. The present study was approved by the
Research Ethics Committee of Peking University (Beijing,
China). Informed consent was obtained from all patients.

Cell lines and culture conditions. A total of seven human CRC
cell lines (SW480, SW620, RKO, HCT116, HT-29, LoVo and
LS174T) were purchased from the American Type Culture
Collection (Manassas, VA, USA). The wild-type human colon
mucosal epithelial cell line, NCM460, was purchased from
INCELL Corporation LLC (San Antonio, TX, USA). SW480
and SW620 cells were cultured in Leibovitz's L-15 medium,
while the other cell lines were cultured in RPMI-1640 medium,
both supplemented with 10% fetal bovine serum (FBS) (all
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
100 IU/ml penicillin and 100 mg/ml streptomycin. Cells were
incubated at 37°C with 5% CO,.

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR) analysis. Total RNA
was extracted from tissue samples/cultured cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
cDNA was synthesized from RNA via reverse transcription
using the PrimeScript RT 5X Master Mix (cat no. RRO36A;
Takara Biotechnology Co., Ltd., Dalian, China). qPCR was
performed using the SYBR® Green I Premix Ex Taq™ II
master mix (cat. no. RR820A; Takara Biotechnology Co.,
Ltd.) according to the manufacturer's protocol. cDNA (50 ng)
was used and the thermocycling conditions were as follows:
30 sec at 95°C; then 95°C for 5 sec; and 60°C for 30 sec
for 40 cycles. Results were normalized to the expression of

YANG et al: ROLE OF LONG NON-CODING RNA GAS5 IN COLORECTAL CANCER

GAPDH. PCR primer sequences for GASS5 and GAPDH
were as follows: GASS forward, 5-CTTCTGGGCTCAAGT
GATCCT-3' and reverse, 5-TTGTGCCATGAGACTCCA
TCAG-3"; and GAPDH forward, 5-GTCAACGGATTTGGT
CTGTATT-3' and reverse, 5'-AGTCTTCTGGGTGGCAGT
GAT-3'. RT-qPCR and data collection was performed using an
ABI® 7500 Real-Time PCR System running version 2.0 7500
software (Applied Biosystems; Thermo fisher Scientific, Inc.).
GASS expression was calculated and subsequently normal-
ized to the expression of GAPDH in SW480, SW620, RKO,
HCT116, HT-29, LoVo and LS174T and NCM460 cells using
the 2724€4 method (13).

GASS5 overexpression, knockdown and transfection. The
full-length GASS5 sequence (National Center for Biotech-
nology Information code, NR_002578) synthesized by PCR
was purchased and cloned into a pCDNA3.1(+) vector with
Nhel and BamHI sites (both Invitrogen; Thermo fisher Scien-
tific, Inc.) to produce pCDNA-GASS. An empty pCDNA3.1(+)
vector was used as the vehicle control. Small interfering RNAs
(siRNAs) targeting human GAS5 mRNA (si-h-GASS) and
the negative control siRNA (cat no. siN05815122147) were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). The sequences of the anti-GAS5 siRNAs were as
follows: si-1, CTTGCCTGGACCAGCTTAA; si-2, GCA
AGCCTAACTCAAGCCA; si-3, GCAAAGGACTCAGAA
TTCA. Transfections with 50 nM pCDNA-GASS, empty
vector, sSiRNA-h-GASS5 or NC siRNA were performed using
Lipofectamine® 2000 (Invitrogen; Thermo fisher Scientific,
Inc.) according to the manufacturer's protocol and cells were
harvested following a 72 h incubation at 37°C with 5% CO,.
For functional analysis of GASS, pCDNA-GASS5 was trans-
fected into SW480 and HCT-116 cells, and siRNA-h-GAS5
was transfected into RKO cells.

Analysis of apoptosis and cell cycle progression. A total of
2x10° cells were seeded into 12-well plates 1 day prior to
transfection and cells were harvested 72 h following transfec-
tion. Apoptotic cells were analyzed using the Alexa FluorR®
488 Annexin V/Dead Cell Apoptosis kit (Invitrogen; Thermo
fisher Scientific, Inc.) according to the manufacturer's protocol.
To assay the number of cells in each stage of the cell cycle,
cells were harvested and subsequently stained using the BD
Cycletest™ Plus DNA Reagent kit (BD Biosciences, Franklin
Lakes, NJ, USA), according to the manufacturer's instruc-
tions. Cells were then detected using flow cytometry and data
analyzed using FlowJo software (version 7; Tree Star, Inc.,
Ashland, OR, USA).

Cell proliferation and colony formation assays. SW480,
HCT-116 and RKO cells (2x10%) were seeded into 12-well
plates day prior to transfection and cells were harvested
72 h following transfection. Cell proliferation assays were
performed over the next 24-120 h using the Cell Counting
Kit-8 (CCKS; Sigma-Aldrich; Merck Millipore, Darmstadt,
Germany), according to the manufacturer's instructions. For
the colony formation assay, SW480, HCT-116 and RKO cells
were plated into 6-well plates at a density of 500 cells/well,
and maintained in media containing 10% FBS for 10 days at
37°C with 5% CO,. Colonies were then fixed with methanol
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Figure 1. GAS5 mRNA expression in cancerous and normal colorectal tissues and cell lines, and its association with overall survival. (A) GAS5 mRNA
expression (normalized to GADPH) in CRC tissues compared with CRN tissue samples (n=53). (B) GAS5 mRNA expression in CRC cell lines compared
with the wild-type colorectal cell line NCM460. “P<0.01. (C) Kaplan-Meier estimator curves of overall survival rates in patients with CRC according to high
or low GAS5 mRNA expression levels. GASS, growth arrest specific 5; CRC, colorectal cancer tissue sample; CRN, corresponding wild-type tissue sample.

and stained using 0.1% crystal violet (Sigma-Aldrich; Merck
Millipore). Visible colonies were manually counted. The
colony assay was repeated three times in duplicate.

Statistical analysis. Statistical analysis was performed using
SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA).
Values are presented as the mean + standard deviation. Statis-
tical differences between groups were analyzed using the
Student's #-test. The association between GASS5 expression and
the clinicopathological features of CRC was analyzed using the
Chi-squared test. The difference in GASS expression between
CRC tissue and adjacent normal tissue was analyzed using
a Student's #-test. Survival analysis was performed using the
Kaplan-Meier estimator. The log-rank test was used to analyze
differences between the high and low GASS expression
groups. A Cox proportional hazards analysis was performed to
evaluate the independent prognostic factors of overall survival
(OS) in patients with CRC. P<0.05 was considered to indicate
a statistically significant difference.

Results

Expression of GASS is downregulated in human CRC tissues
and cell lines. GASS expression was examined in CRC tissue
samples and adjacent histologically normal tissue samples
from 53 patients using RT-qPCR, with results normalized to
GAPDH. GASS expression was significantly decreased in

CRC tissue samples compared with the adjacent healthy tissue
by a median relative expression difference of 0.2568+0.6722
(P=0.006; Fig. 1A). The median ratio between relative GASS
expression in cancerous tissue compared with normal tissue
was 0.532 (Fig. 1A). GASS expression was downregulated in
35/53 (66%) CRC tissue samples compared with the corre-
sponding adjacent healthy tissue. In addition, the relative
expression level of GASS5 in the CRC cell lines (SW480, SW620,
RKO, LOVO, LS174T, HT-29 and HCT116) was significantly
decreased compared with the normal colorectal mucosa
cell line (NCM460) (P<0.001, P=0.003, P=0.004, P<0.001,
P<0.001, P=0.003 and P<0.001, respectively; Fig. 1B). These
results indicate that abnormal GASS5 expression is associated
with CRC tumorigenesis and pathogenesis.

Association between GASS5 expression and clinicopatho-
logical features in patients with CRC. The clinicopathological
characteristics of 53 patients with colorectal carcinoma are
presented in Table I. According to the median ratio of GAS5
mRNA expression in CRC tissue compared with adjacent
healthy tissue (0.532), the 53 patients with CRC were classi-
fied into two groups, high GASS expression (n=27; relative
GASS expression =0.532) and low GASS expression (n=26;
relative GASS expression <0.532) (Table II). Follow-ups
demonstrated that the low GASS5 expression group exhib-
ited a significantly increased tumor size [odds ratio (OR),
0.176; 95% CI, 0.053-0.586; P=0.003) and more advanced
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tumor-node-metastasis (TNM) stage (OR, 0.261; 95% CI,
0.083-0.819; P=0.019) (Table II). No significant differences
were observed in the distribution of gender, age, histological
differentiation, depth of invasion, lymphatic metastasis,
regional lymph node status or presence of distant metastasis
between patients in the high and low GAS5 mRNA expression
groups (Tables I and II).

Decreased GAS5 mRNA expression is a predictor of poor
prognosis in patients with CRC. The correlation between
GASS expression and the outcome of patients with CRC
following a colectomy was examined. OS curves of patients
were plotted according to high or low GASS5 expression status
using the Kaplan-Meier estimator. As shown in Fig. 1C, patients
expressing low levels of GAS5 mRNA had a significantly
shorter median survival time (37.8+3.8 months) compared with
patients expressing high levels of GAS5 (49.2+2.1 months)
(P=0.015). These results suggest that downregulated GASS5
expression is significantly associated with poor OS in patients
with CRC.

The Cox proportional hazards model demonstrated that the
level of GASS mRNA expression [hazard ratio (HR), 0.236;
95% confidence interval (CI), 0.067-0.827; P=0.024], TNM
stage (HR, 0.164; 95% CI, 0.032-0.754; P=0.010) and distant
metastasis status (HR, 0.089; 95% CI, 0.025-0.317; P<0.001)
were significantly associated with the OS rate of patients with
CRC, and may be used as independent prognostic factors
(Table III). These results indicate that a low GASS expression
level is an independent risk factor for CRC and a predictor of
poor prognosis.

GASS decreases CRC cell growth and colony formation, and
induces GO/GI cell cycle arrest and apoptosis. The role of
GASS in CRC pathology was functionally analyzed in vitro
through the overexpression or knockdown of GASS5 in CRC
cell lines. SW480 and HCT116 cells were transfected with
pCDNA3.1-GASS in order to induce GAS5 overexpression,
and RKO cells were transfected with siRNA-h-GASS in order
to knockdown GASS5. GAS5 mRNA overexpression and knock-
down was confirmed using RT-qPCR (Fig. 2A and B). CCK-8
analysis demonstrated that GASS overexpression significantly
repressed the rate of cell proliferation in the SW480 and HCT116
cell lines, whereas knockdown of GASS increased proliferation
in siRNA-h-GAS5-transfected RKO cells (Fig. 2C). Further-
more, a colony formation assay revealed that clonogenic
survival was significantly decreased in SW480 and HCT116
cells transfected with pCDNA3.1-GASS5 compared with the
negative control group (P<0.001; Fig. 2D); however, the oppo-
site phenomenon was observed in siRNA-h-GAS5-transfected
RKO cells (P=0.001; Fig. 2D).

The inhibitory effect of GASS5 on cell cycle progression
and apoptosis was examined using flow cytometry. Compared
with their respective controls, upregulation of GASS5 expres-
sion resulted in the accumulation of GO/G1 cells in the
SW480 (52.83+3.16% vs. 61.58+3.47%; P=0.032) and HCT116
(53.88+3.82% vs. 63.95+2.97%; P=0.022) cell lines, whereas
downregulation of GASS5 expression reduced the number of
GO/GI cells in the siRNA-h-GAS5-transfected RKO cells
(66.22+1.24% vs. 56.42+2.30%; P=0.020 vs. the control)
(Fig. 2E). In addition, the rate of apoptosis was significantly
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Table I. Clinicopathological characteristics of 53 patients with
colorectal carcinoma.

Clinicopathological parameter Number of patients (%)

Gender

Male 35 (66.0)

Female 18 (34.0)
Age (years)

<60 15 (34.0)

>60 38 (66.0)
Tumor size (cm)

<2 23 (434)

>2 30 (56.7)
Histological differentiation

Well 2(3.8)

Moderate 42 (79.2)

Poor 9(17.0)
Depth of invasion

T1+T2 504

T3+T4 48 (90.6)
TNM stage

I+11 25 (47.2)

HI+1V 28 (52.8)
Lymphatic metastasis

Yes 25 (47.2)

No 28 (52.8)
Regional lymph nodes

pNO 28 (52.8)

pN1 16 (30.2)

pN2 8 (15.1)

pNX 1(1.9)
Distant metastasis

Yes 9(17.0)

No 44 (83.0)
Expression of GASS

High 27 (50.9)
Low 26 (49.1)

T, tumor stage; TNM, tumor-node-metastasis stage; pN, pathological
assessment of regional lymph nodes; GASS, growth arrest specific 5.

increased following ectopic expression of GASS in SW480
(13.37+0.54% vs. 21.89+0.85%) and HTCI116 (9.92+0.56%
vs. 16.33+0.85%) cells (both P<0.001; Fig. 2F), but decreased
in siRNA-h-GASS5-transfected RKO cells (16.19+0.32% vs.
7.08+1.02%); (P<0.001 vs. the control group; Fig. 2F). These
results suggest that GASS inhibits CRC cell growth and colony
formation, and induces GO/G1 arrest and apoptosis.

Discussion

The cancer transcriptome is more complex than was previously
expected (14,15). Although initially thought to be spurious
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Table II. Correlation between GAS5 mRNA expression and clinicopathological characteristics in patients with colorectal

carcinoma.
GASS5 mRNA expression group
Clinicopathological High (number Low (number Chi-squared
parameter of patients) of patients) test P-value
Sex
Male 15 20 0.101
Female 12 6
Age
<60 7 8 0.696
>60 20 18
Tumor size (cm)
<2 17 6 0.003*
>2 10 20
Histological differentiation
Well 0 2 0.492
Moderate 22 20
Poor 5 4
Depth of invasion
T1+T2 4 1 0.370
T3+T4 23 25
TNM stage
I+11 17 8 0.019*
HI+1vV 10 18
Lymphatic metastasis
Yes 14 11 0.487
No 13 15
Regional lymph nodes
pNO 13 15 0.771
pN1 8 8
pN2 4 4
pNX 1 0
Distant metastasis
Yes 3 6 0.427
No 24 20

P<0.05. T, tumor stage; TNM, tumor-node-metastasis stage; pN, pathological assessment of regional lymph nodes; GASS5, growth arrest

specific 5.

transcriptional noise, IncRNAs are now known to participate
in the regulation of cellular development, cell growth and
the development of human disease, including cancer (16-19).
A number of IncRNAs serve important regulatory roles in
chromosome modification (20), transcription in the nucleus
and post-transcriptional processing in the cytoplasm (21).
Accumulating evidence has demonstrated that IncRNA
dysregulation affects epigenetic regulation and induces cell
growth, resulting in progressive and uncontrolled tumor
growth (8,20,22-26). The IncRNA GASS is non-coding, hosts
multiple small nucleolar (sno) RNA sequences in its introns
and contains 12 exons (27,28). GASS was initially identified
during screening for potential tumor suppressor genes (29) and

is a stress-inducible gene, which is differentially expressed in
healthy and tumor tissues/cell lines (30). In addition, GASS5
has been demonstrated to be involved in the regulation of the
cell cycle (31) and to function as a tumor suppressor in human
T cells, and breast and prostate cancer cell lines by inducing
apoptosis (10,11,32,33). Furthermore, reduced expression of
GASS5 and/or its snoRNAs has been observed in head and
neck squamous cell carcinomas, and gastric and cervical
cancer (34-36), indicating that it serves an important role in
tumorigenesis.

However, the underlying mechanisms behind the effects
of GASS5 in CRC remain unclear. In the present study, the
clinical and prognostic significance of GASS in 53 patients
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Table III. Cox proportional hazards model of variables associated with overall survival in patients with colorectal carcinoma

(n=53).

Multivariate analysis
Variables HR (95% CI) P-value
Age (<60 vs. =60 years old) 0.996 (0.954-1.041) 0.996
Sex (males vs. females) 0.805 (0.231-2.806) 0.805
Tumor size (<2 vs. =2 cm) 0.489 (0.193-2.179) 0.484
Histological differentiation 0.366 (0.100-1.339) 0.129
(well and moderate differentiation
vs. poor differentiation)
TNM stage (I+11 vs. III+1V) 0.164 (0.032-0.754) 0.010*
Depth of invasion (T1+T2 vs. T3+T4) 2.258 (0.202-25.235) 0.508
Lymphatic metastasis (present vs. absent) 0.506 (0.159-1.611) 0.249
Distant metastasis (present vs. absent) 0.089 (0.025-0.317) 0.000*
GASS5 mRNA expression (high vs. low) 0.236 (0.067-0.827) 0.024*

“P<0.05 obtained by Cox proportional hazards analysis. HR, hazard ratio; CI, confidence interval; TNM, tumor-node-metastasis stage; GASS,

growth arrest specific 5.

with CRC was investigated. Analysis of GAS5 mRNA
expression using RT-qPCR demonstrated that GASS was
significantly downregulated in CRC tissue samples compared
with adjacent normal tissue. Decreased GASS expression was
also identified in several CRC cell lines compared with a
wild-type colorectal mucosa cell line. In addition, the present
study revealed that decreased GASS expression was associ-
ated with increased tumor size and an increased TNM stage.
Furthermore, downregulated GASS5 expression was associated
with poor prognosis in patients with CRC. Ectopic expression
of GASS in multiple CRC cell lines resulted in an increase in
apoptosis, a reduction in the rate of proliferation and inhibition
of cell cycle progression. Conversely, downregulation of GASS
inhibited apoptosis, and increased proliferation and cell cycle
progression.

In conclusion, the results of the present study indicate that
GASS negatively regulates the survival of CRC cells, and
functions as a tumor suppressor by regulating cell growth
and apoptosis, which is consistent with the results of previous
studies performed in lymphoid cells and other epithelial cell
lines (10,11,37,38). However, the mechanisms underlying the
effects of GASS in CRC remain to be completely elucidated.
The results of the present study suggest that GASS5 has a
complex role in CRC development. Dysregulation of GASS may
be an important diagnostic and prognostic marker in patients
with CRC. An improved understanding of the GAS5-mediated
pathogenesis and development of CRC may facilitate the
development of IncRNA-directed cancer therapeutics.
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