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Abstract

Long non-coding RNAs (IncRNAs), which have emerged as important regulatory RNA molecules that
have been implicated in carcinogenesis and cancer progression, may also serve as novel potential
biomarkers for cancer diagnosis and prognosis. Our previous analysis has identified the IncRNA
GHRLOS, the ghrelin antisense strand non-coding RNA gene, as one of the hub genes in the
co-expression network of differentially expressed IncRNAs/mRNA:s in colorectal cancer (CRC). Here,
we further evaluate the expression of GHRLOS in CRC and explore its clinical significance. The
expression of GHRLOS in 366 pairs of CRC and adjacent non-cancerous tissues was detected by
quantitative RT-PCR assays. The results showed that the expression level of GHRLOS was significantly
lower in CRC tissues than in matched non-cancerous tissues (P < 0.001). Decreased GHRLOS
expression was observed in 54.4% (199/366) of cases, and was significantly correlated with the
occurrence of lymph node metastasis (P = 0.033) and distant metastasis (P = 0.005). A Kaplan-Meier
analysis demonstrated that decreased GHRLOS expression contributed to poor disease-free survival
(log-rank test, P < 0.001) and overall survival (log-rank test, P < 0.001). Moreover, a multivariate Cox
regression analysis revealed the decreased expression of GHRLOS as an independent prognostic marker
of poor outcomes [disease-free survival: hazard ratio (HR) = 2.02, 95% confidence interval (Cl) =
1.42-3.88; overall survival: HR = 1.96, 95% Cl = 1.34-2.86] in CRC patients. In conclusion, our data
suggest that the IncRNA GHRLOS might serve as a candidate biomarker of tumor metastasis and a
prognostic indicator in CRC.

Key words: long non-coding RNA; GHRLOS; colorectal cancer; clinical relevance; prognosis

Introduction

Cancers of the colon and rectum (colorectal) are
some of the most commonly diagnosed malignant
tumors in both males and females worldwide [1].
Although improved colorectal cancer (CRC) screening
and treatment modalities have provided substantial
benefits with respect to patient outcome, CRC still
constitutes a leading cause of cancer-related death [1].
Up to half of CRC patients experience cancer relapse
[2] and more than half of those at an advanced disease
stage die from cancer recurrence after curative
surgery for CRC [3]. Therefore, it is urgent that novel

molecular biomarkers that predict the recurrence and
survival of CRC be identified.

About 80% of the human genome is dynamically
and pervasively transcribed, mostly as non-protein-
coding RNAs [4, 5]. Long non-coding RNAs
(IncRNAs) comprise a newly identified type of
non-protein-coding RNAs that is greater than 200
nucleotides in length. All known IncRNAs can be
classified into the following five subtypes according
to their proximity to nearby protein-coding genes:
sense, antisense, bidirectional, intronic, and intergenic
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[6, 7]. The role of IncRNAs in biological processes has
attracted increased attention, but this role has only
partially been elucidated. As a novel regulatory RNA
molecule, IncRNA has been suggested to regulate
gene expression at the transcriptional, epigenetic, and
post-transcriptional levels [6], and therefore, IncRNAs
participate in various physiological and pathological
processes, including carcinogenesis and cancer
progression [8, 9]. The aberrant expressions of certain
IncRNAs, such as HOTAIR, CCATI1, and MALATI,
have been observed in different types of solid tumors
[10-12].  Furthermore, growing evidence has
demonstrated the clinical significance of IncRNAs and
has linked the dysregulation of IncRNA expression to
cancer prognosis [13, 14]. For example, HOTAIR, one
of the well-studied IncRNAs, has been reported to be
significantly associated with survival outcomes in
patients with diverse cancers [15], including CRC [16].
These findings indicate IncRNAs as an emerging
source of novel potential biomarkers for cancer
prognosis.

In a recent study, we identified a number of
differentially expressed IncRNAs and mRNAs in CRC
by screening their expression profiles, and after a
co-expression gene network analysis of differentially
expressed IncRNAs and mRNAs, we highlighted the
importance of the IncRNA GHRLOS [17]. GHRLOS
was first identified from the opposite strand of the
ghrelin gene GHRL by Seim and colleagues and was
found to transcribe natural antisense transcripts of
GHRL [18]. GHRL encodes ghrelin, which is a
multifunctional peptide hormone with roles not only
in various physiological processes including appetite
regulation, insulin release, and gut motility but also in
cancer progression [19]; GHRL also encodes other
potentially active peptides such as obestatin [20, 21].
GHRLOS has been shown to function as a non-coding
RNA that is involved in regulation of the ghrelin axis
due to its overlapping genomic arrangement with
GHRL [22]. The expression of GHRLOS has been
demonstrated in a range of normal tissues and in the
cells of various cancer types including CRC [22].
However, the clinical value of GHRLOS in cancers has
not yet been investigated.

Therefore, in the current study, we aimed to
determine the expression pattern of GHRLOS in CRC
tissues and in adjacent non-cancerous tissues and to
elucidate the clinicopathological and prognostic
significance of GHRLOS in CRC.

Materials and Methods

Patients and collection of tissue samples

The participants of this study were derived from
the patients who underwent radical resection for CRC

in the Department of General Surgery in Huashan
Hospital (Shanghai, China) between 2007 and 2012.
The inclusion criteria for participants were as follows:
1) the patients were diagnosed with pathologically
confirmed CRGC; 2) the patients were primarily treated
with surgery; 3) the patients did not receive
preoperative chemotherapy or radiotherapy; 4) the
patients had complete medical records. Patients were
excluded from this study if they met any of the
following exclusion criteria: 1) advanced CRC
patients with unresectable metastases who underwent
palliative surgery; 2) insufficient tissues harvested for
RNA isolation; 3) refused consent. Finally, 366 CRC
patients were enrolled in this study. All
clinicopathological data were obtained from the
patients” medical records and the pathological staging
was determined according to the American Joint
Committee on Cancer TNM staging system for CRC.
Cancer tissues were collected immediately after
surgical removal. Corresponding adjacent
non-cancerous colorectal tissues were obtained at a
distance of 5 cm from the tumor margin and further
confirmed by haematoxylin and eosin staining (Figure
1A). Fresh tissues, including both CRC tissues and
adjacent non-cancerous tissues, were snap-frozen in
liquid nitrogen and stored at -80 °C until RNA
extraction. The present study was approved by the
Medical Ethics Committee of Huashan Hospital,
Fudan University and conducted according to the
principles of Declaration of Helsinki. A written
informed consent document was signed by each
participant.

RNA extraction and quantitative RT-PCR

The total RNA was extracted from cancer and
non-cancerous tissues using TRIzol reagent (Thermo
Fisher  Scientific) in accordance with the
manufacturer’s instructions. After quantification
using a NanoDrop spectrophotometer, the isolated
RNA (0.5 pg for each sample) was subjected to reverse
transcription using the PrimeScript RT Reagent Kit
(TaKaRa). The synthesized cDNA was used as a
template for the quantitative PCR analysis of the
expression of the IncRNA GHRLOS using a FastStart
Universal SYBR Green Master kit (Roche Diagnostics).
The thermal cycling program used was as follows: an
initial step at 95 °C for 10 minutes, followed by 40
cycles of denaturation at 95 °C for 15 seconds and
annealing and extension at 60 °C for 45 seconds. The
melting curve of each PCR product was obtained by
continuous fluorescence monitoring at a temperature
gradient ramp from 60 to 95 °C. The quantitative PCR
reactions were performed in triplicate to remove any
outliers. The expression of GHRLOS was normalized
to that of the internal reference gene GAPDH. The
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primers used were as follows: GHRLOS-F:
5-TGGAAACTCCCCTAGCCACA; GHRLOS-R:
5-GCATCTCTCCTCTGTTCCGT; Gapdh-F: 5-ATCC
TGGGCTACACTGAGCACC; Gapdh-R: 5-AAGTGG
TCGTTGAGGGCAATGC. The GHRLOS-specific
primers, which were designed to encompass all
validated transcript variants, were generated using
the free online NCBI tool Primer-BLAST (available at
https:/ /www.ncbi.nlm.nih.gov/tools/primer-blast/i
ndex.cgi?LINK_LOC=BlastHome).

Measurement of endpoints

Patients were followed-up at intervals of
approximately 3 months until death or until October
2016. Follow-up studies included a physical
examination, laboratory tests, imaging analyses
(including endoscopy, ultrasonography, computed
tomography, magnetic resonance imaging, and
positron emission tomography), and biopsy if
necessary. Disease-free survival (DFS) is defined as
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defined as the time from surgery until death or the
last follow-up examination. Patients who were alive at
their last follow-up were censored.

Statistical analysis

Paired Student’s t test was used for the
comparison of GHRLOS expression between cancer
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expression with the clinicopathological factors.
Survival curves were plotted according to the
Kaplan-Meier method, and the difference between
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shown in Figure 1B, the
expression levels of
GHRLOS were significantly
downregulated in CRC

Upregulation
(66 /366)

Unchanged
(101 /366)

Figure 1. Expression of the IncRNA GHRLOS in colorectal cancer. (A) The representative images of
haematoxylin and eosin staining of cancer tissue and matched adjacent non-cancerous tissue from 2 CRC patients
(original magnification, x100). (B) The expression levels of GHRLOS were assessed by quantitative RT-PCR in cancer
tissues and adjacent normal tissues from 366 patients. The expression levels of GHRLOS were normalized to the level
of GAPDH. Note that the levels of GHRLOS in CRC tissues were significantly lower than those in adjacent
non-cancerous tissues. ***, P < 0.001. (C) Relative GHRLOS expression (expressed as log2 fold change) in cancer
tissues compared with matched non-cancerous tissues (n = 366). Patients with colorectal cancer were classified into
either the decreased GHRLOS expression group (log2 fold change < -1; n = 199) or the non-decreased GHRLOS
expression group (log2 fold change > -1; n = 167) according to the changes in GHRLOS expression.

Downregulation
(199 /366)

tissues  compared  with
adjacent non-cancerous
tissues (paired Student’s ¢
test, P < 0.001). Out of the
366 patients, 199 patients
(54.4%) exhibited lower
GHRLOS expression levels in
cancer tissues compared
with  the corresponding

http://www.jcancer.org



Journal of Cancer 2017, Vol. 8

4043

non-cancerous tissues (fold change < 0.5), while 101
patients (27.6%) exhibited similar expression levels in
cancer tissues and non-cancerous tissues (0.5 < fold
change < 2.0). Only 66 patients (18.0%) exhibited
higher expression levels in cancer tissues compared
with non-cancerous tissues (fold change = 2.0; Figure
1C). Therefore, the results showed that GHRLOS was
downregulated at a high frequency in CRC tissues.

Association between GHRLOS expression and
the clinicopathological features of CRC
patients

To explore the clinical value of decreased
GHRLOS expression in CRC, the medical records of
all 366 CRC patients were reviewed. The
clinicopathological features are shown in Table 1.
Based on the change in expression of GHRLOS in CRC
tissues, all patients were divided into two groups, as
follows (Figure 1C): the decreased GHRLOS
expression group (fold change < 0.5; n = 199) and the
non-decreased GHRLOS expression group (fold
change > 0.5; n = 167). The clinicopathological factors
in these two groups were then analyzed. As shown in
Table 1, decreased tumoral expression of GHRLOS
was more frequently detected in CRC patients with
lymph node metastasis (P = 0.033) and distant
metastasis (P = 0.005). Decreased GHRLOS expression
had a nearly significant association with poor
histological tumor grade (P = 0.079) and deeper tumor
invasion depth (P = 0.074). However, GHRLOS
expression was not associated with the other
clinicopathological factors included in our analyses,
such as age, gender, tumor size and location,
histological subtype of tumors, and serum CEA level
(all P > 0.05). These results suggested a significant
association between the decreased tumoral expression
of GHRLOS and CRC metastasis.

Prognostic implications of GHRLOS expression
in CRC patients

To determine the influence of GHRLOS
expression on the prognosis and survival of patients
with CRC, we attempted to evaluate the correlation of
decreased GHRLOS expression with DFS and OS.
Among the 366 CRC patients included in this study,
132 died during the follow-up period. After surgery
for CRC, the follow-up time ranged from 5 to 85
months, and the median follow-up time was 56
months. The cumulative 5-year DFS and OS rates
were 57% and 63%, respectively, for all included
patients with CRC. Kaplan-Meier analyses showed
that the CRC patients with decreased tumoral
GHRLOS expression had a significantly worse DFS
(log-rank test: P < 0.001) and OS (log-rank test: P <
0.001) compared with those with non-decreased

GHRLOS expression (Figure 2), which suggested an
adverse prognostic impact of decreased GHRLOS
expression in CRC patients.

Table 1. GHRLOS expression and clinicopathological
characteristics of patients with colorectal cancer
Characteristics Number GHRLOS expression 14
of case Decreased Non-decreased value

(n=199) (n=167)

Number (%) Number (%)
Age 0.465
> 65 years 159 83 76
< 65 years 207 116 91
Gender 0.253
Male 196 112 84
Female 170 87 83
Tumor site 0.930
Colon 135 73 62
Rectum 231 126 105
Tumor size 0.475
<5cm 214 113 101
>5cm 152 86 66
Histological 0.281
subtype
Adenocarcinoma 341 188 153
Others 25 11 14
Histological grade 0.079
Well/Moderate 271 140 131
Poor 95 59 36
Depth of tumor 0.074
invasion
T1+T2 110 52 58
T3+T4 256 147 109
Lymph node 0.033
metastasis
Absence 217 108 109
Presence 149 91 58
Distant metastasis 0.005
Absence 315 162 153
Presence 51 37 14
Serum CEA level 0.136
210 ng/mL 268 152 116
<10 ng/mL 98 47 51

CEA, carcinoembryonic antigen.

In addition, univariate and multivariate analyses
using Cox proportional hazards models were
performed for both DFS and OS. In the univariate
analysis, decreased GHRLOS expression [hazard ratio
(HR) =2.20, 95% confidence interval (CI) 1.57-3.09, P <
0.001], larger tumor size, poor histological tumor
grade, deeper tumor invasion depth, the presence of
lymph node metastasis and distant metastasis, and
higher CEA levels, were found to be significantly
associated with worse DFS in CRC patients (Table 2).
All of the above variables, including decreased
GHRLOS expression (HR = 2.16, 95% CI 1.50-3.11, P <
0.001), were consistently associated with worse OS in
the univariate analysis (Table 3). The significant
prognostic variables were considered potential
prognostic predictors and were then entered into the
multivariate analyses. As shown in Tables 2 and 3,
decreased expression of GHRLOS in cancer tissues
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maintained its significance as an independent
prognostic factor for both DFS (HR = 2.02, 95% CI
1.42-3.88, P < 0.001) and OS (HR = 1.96, 95% CI
1.34-2.86, P = 0.001) in CRC patients. In addition,
histological grade, depth of tumor invasion, lymph
node metastasis, and distant metastasis were also
shown to be significantly associated with shorter DFS
or OS after controlling for other clinicopathological
factors.

Discussion

Increased recognition and understanding of
IncRNAs have defined these non-protein-coding
RNAs as important components of tumor biology
[23]. Aberrant changes in IncRNA expression are seen
across the spectrum of cancer progression and have
been considered to be emerging potential biomarker
candidates for patient outcomes [23]. With the
application of whole-transcriptome high-throughput
screening, increasing numbers of IncRNAs have been
found to be aberrantly expressed in CRC.
Furthermore, some of the dysregulated IncRNAs,
such as HOTAIR [16], NEAT1 [24], and H19 [25], have
been demonstrated to be significantly associated with
CRC prognosis, which indicates the prognostic
importance of IncRNAs in CRC. In our previous
study, we compared transcript expression profiles
between CRC tissues and matched non-cancerous
tissues and revealed a number of differentially
expressed IncRNAs and mRNAs related to CRC [17].
Further co-expression analysis of these aberrantly
expressed IncRNAs and mRNAs identified several
genes, including the IncRNA GHRLOS, as hub genes
in the IncRNA/mRNA co-expression network in CRC
[17]. Nonetheless, currently, little is known about the
clinical value of GHRLOS in CRC or in other types of
cancer.

The current study analyzed the expression of
GHRLOS in 366 pairs of CRC tissues and in matched
adjacent non-cancerous tissues and demonstrated the
high frequency of GHRLOS downregulation in cancer
tissues, which suggests an important role of GHRLOS
in CRC carcinogenesis. We further assessed the
relationship between changes in GHRLOS expression
and the clinicopathological features of CRC patients.
It was found that decreased expression of GHRLOS
was significantly associated with the presence of both
lymph node metastasis and distant metastasis in CRC
patients, which suggests a functional role of GHRLOS
in the promotion of CRC metastasis. LncRNAs have
been shown to be important regulators of the
metastasis of various cancers including CRC [26-29].
Further functional studies wusing GHRLOS-
overexpressing or GHRLOS-knockdown cells are
necessary to determine its influence on the migratory

and invasive behavior of CRC cells. Furthermore, we
revealed a significant association of decreased
GHRLOS expression with poor survival outcomes
(both DFS and OS) in CRC patients. Taken together,
the above results indicate that GHRLOS may function
as a tumor suppressor during CRC development and
decreased GHRLOS expression promotes CRC
progression via enhancing tumor metastasis.
Therefore, GHRLOS may represent a potential
therapeutic target for controlling cancer progression
in patients with CRC, but this requires further
functional studies. Importantly, the association
between decreased GHRLOS expression and worse
DFS or OS remained significant after adjustment for
other clinicopathological factors, which highlights the
clinical significance of GHRLOS as an independent
prognostic predictor in CRC. These results suggest
that measurements of GHRLOS expression may help
identify CRC patients who are in high risk of early
recurrence and death following curative surgery, and
are candidates for receiving more aggressive
treatment. Our findings, together with those of
previous studies [16, 24, 30, 31], demonstrated the
prognostic importance of various IncRNAs in CRC
and supported IncRNAs as an emerging “gold mine”
of prognostic biomarkers.

Table 2. Univariate and multivariate analyses of disease-free
survival in patients with colorectal cancer (Cox proportional
hazards regression model)

Univariate analysis Multivariate analysis

Variables HR 95%CI P HR 95%CI P value
value

Age

> 65 vs < 65 years 0.81 0.59-1.12 0.198

Gender

Male vs Female 091 0.66-1.25 0.568

Tumor site

Rectum vs Colon 095 0.68-1.32 0.738

Tumor size

>50ps<5cm 1.54 1.11-2.12 0.009 1.33 0.95-1.86 0.096

Histological subtype

Adenocarcinoma vs 0.88 0.47-1.61 0.670

others

Histological grage

Poor vs Well/Moderate 1.73 1.24-2.41 0.001 1.53 1.08-217 0.016

Depth of tumor
invasion

T3+T4 vs T1+T2 256 1.70-3.87 <0.001 1.65 1.07-2.56 0.024
Lymph node metastasis

Presence vs Adsence 290 2.10-4.00 <0.001 1.78 1.24-2.57 0.002
Distant metastasis

Presence vs Adsence 6.79 4.779.67 <0.001 431 2.91-6.38 <0.001

Serum CEA level

210 vs <10 ng/mL 1.50 1.07-2.10 0.019 1.30 0.91-1.86 0.144
GHRLOS expression

Decreased vs 220 1.57-3.09 <0.001 2.02 1.42-2.88 <0.001

Non-decreased

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen.
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Figure 2. Kaplan-Meier survival curves of colorectal cancer patients according to relative GHRLOS expression. (A) The disease-free survival curve
and (B) the overall survival curve were analyzed based on the relative GHRLOS expression in 366 patients with colorectal cancer. Note that decreased GHRLOS
expression (n = 199) was significantly associated with worse disease-free survival (log-rank test, P < 0.001) and overall survival (log-rank test, P < 0.001) compared

with non-decreased GHRLOS expression (n = 167).

Table 3. Univariate and multivariate analyses for overall survival
in patients with colorectal cancer (Cox proportional hazards
regression model)

Univariate analysis Multivariate analysis

Variables HR 95%CI P HR 95%CI P value
value

Age

> 65 vs < 65 years 1.07 0.75-1.53 0.719

Gender

Male vs Female 0.98 0.70-1.38 0.904

Tumor site

Rectum vs Colon 1.21 0.83-1.77 0.312

Tumor size

>50ps<5cm 148 1.04-2.11 0.029 1.33 0.92-1.93 0.126

Histological subtype

Adenocarcinoma vs 0.66 0.36-1.18 0.160

others

Histological grage

Poor vs Well/Moderate 1.64 1.15-2.35 0.006 1.56 1.07-2.27 0.020

Depth of tumor

invasion

T3+T4 vs T1+T2 3.03 1.90-4.85 <0.001 1.77 1.08-2.91 0.023
Lymph node metastasis

Presence vs Adsence 3.63 255-519 <0.001 241 1.62-3.58 <0.001

Distant metastasis

Presence vs Adsence 5.81 3.96-8.54 <0.001 3.32 2.18-5.05 <0.001
Serum CEA level

210 vs <10 ng/mL 1.51 1.05-2.17 0.025 132 0.91-1.93 0.147
GHRLOS expression

Decreased vs 216 1.50-3.11 <0.001 1.96 1.34-2.86 0.001

Non-decreased

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen.

Despite the promising findings from the current
analysis of clinical data, the biological function and
mechanisms of GHRLOS in CRC were not
investigated in this study. Since this IncRNA
transcribes natural antisense RNA transcripts of the
ghrelin gene, GHRLOS has been proposed to exert an
important regulatory function in the ghrelin axis [22].

Ghrelin, the most-studied product encoded by the
ghrelin gene, is an important gastrointestinal peptide
hormone characterized as the ligand of the growth
hormone secretagogue receptor [21]. Apart from its
important physiological roles in the regulation energy
homeostasis, ghrelin is also involved in the
carcinogenesis and progression of various cancers,
including both gastrointestinal and
non-gastrointestinal cancers [19, 21, 32]. In terms of
CRC, the expression of ghrelin has been observed in
both cancer cell lines and malignant tissue samples
[33]. Serum ghrelin levels were also found to be
elevated in patients with colon cancers, which
supports the idea that ghrelin is produced by tumors
[34]. Some studies have shown that ghrelin could
promote the proliferation, as well as the migration
and invasiveness of colorectal cancer cells [33, 35]. On
the contrary, the knockdown of the ghrelin receptor in
colorectal cancer cells was shown to impair their
growth in vitro and in vivo [36]. These findings
indicate ghrelin as an autocrine/paracrine factor that
functions in the promotion of CRC progression. Given
that GHRLOS was identified as an overlapping gene
on the antisense strand of ghrelin and may act as a
silencer of its overlapping gene, we speculate that
decreased GHRLOS expression may promote CRC
metastasis and progression via stimulating the ghrelin
signaling. Further functional studies, as well as a
correlation analysis between the expression of
GHRLOS and the peptide hormone ghrelin in CRC
tissues, are required to demonstrate this hypothesis.
To date, little is known about the mechanisms for
the regulation of GHRLOS expression. Although
GHRLOS transcripts have been suggested to be
genuine products of RNA polymerase II-mediated
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transcription [22], the transcription factors that
contribute to the regulation of GHRLOS transcription
have not yet been identified. Interestingly, recent
studies have revealed the involvement of several
cancer-related transcription factors, such as HIF-1a
and C/EBPa, in the regulation of the expression of
various IncRNAs in cancer cells [37-39]. These
transcription factors are frequently dysregulated in
cancers [40, 41]. Thus, this provides a rational
explanation for the aberrant expression of IncRNAs in
cancers. Additional study is underway to identify the
transcription factor that directly regulates the
expression of GHRLOS, which may extend our
understanding of the mechanism by which GHRLOS
is downregulated in CRC tissues.

In conclusion, the present study demonstrated
that the IncRNA GHRLOS is downregulated at a high
frequency in human CRC tissues. To the best of our
knowledge, for the first time, we revealed that
GHRLOS may have clinical potential not only as a
prospective biomarker for metastatic phenotype of
CRC but also as a promising prognostic predictor in
CRC. Our findings encourage further functional
studies, which will explore its potential as a
therapeutic target that may be used for the control of
CRC metastasis and progression.
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