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Long Non-Coding RNA (lncRNA) X-Inactive 
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Predicting Clinical Prognosis and Progression of 
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	 Background:	 Long non-coding RNAs (lncRNAs) participate in all cancer biology processes of cells. Although functions and as-
sociated mechanisms of lncRNAs have been proven in colorectal cancer (CRC), the roles of lncRNA X-inactive 
specific transcript (XIST) have not been clearly investigated in CRC.

	 Material/Methods:	 Expression of XIST was detected by quantitative real-time PCR (qRT-PCR) assay in CRC cell lines and 196 clin-
ical samples. Correlations between XIST expression and CRC clinicopathological features were analyzed. Log-
rank test and Kaplan-Meier test were performed to assess and compare the prognoses of patients with higher 
and lower expression of XIST. The multivariate Cox regression and univariate Cox regression were conducted 
to evaluate the risk factors for prognosis of CRC.

	 Results:	 lncRNA XIST was upregulated in CRC cells lines and tissues (p<0.05). Statistical analysis found high XIST ex-
pression was correlated with larger tumor size, N1, M1, and topography lymph node metastasis (TNM) III+IV 
stage of CRC. Moreover, higher expression of XIST could predict poor progression-free survival (PFS) and poor 
overall survival (OS) of CRC patients. The M1 stage and high expression of XIST were proven to be indepen-
dent risk factors for poor prognosis (p<0.05).

	 Conclusions:	 XIST is upregulated in CRC and is significantly correlated with CRC clinical progression. lncRNA XIST overex-
pression predict poor PFS and poor OS for CRC patients. lncRNA XIST can be an independent risk factor for CRC 
prognosis, and could be a potential therapeutic target and prognostic biomarker for CRC patients.
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Background

Colorectal cancer (CRC) is the second most common cancer in 
females and the third in males, with an estimated 1.4 million 
new cases and about 693 900 deaths in 2012 [1]. In past de-
cades, the mortality rate of CRC has been reduced by the de-
velopment of new screening methods and treatment strate-
gies. However, more than 10% of CRC patients are diagnosed 
at an advanced stage and about 30% of patients diagnosed at 
an early stage will develop metastatic disease [2]. Moreover, 
the 5-year survival rate differs greatly between CRC patients 
with early stage (90%) and advanced stage (12%). Presently, 
the AJCC TNM staging system is the most frequently used ap-
proach for the therapeutic selection and prognostic evalua-
tion [3]. Nevertheless, the TNM staging system lacks suffi-
cient sensitivity in predicting the recurrence rate of localized 
CRCs following radical surgical resection. Therefore, the un-
derlying mechanisms of CRC must be further explored to find 
novel prognostic markers and therapeutic targets.

Long non-coding RNAs (lncRNAs), defined as non-protein-cod-
ing RNA molecules greater than 200 nt, are important mem-
bers of the ncRNAs family. Next-generation sequencing has 
allowed detection of functional mutations of the non-coding 
genome. The pivotal role of lncRNAs in cell biology and disease 
progression is being revealed gradually [4–6]. lncRNAs drive 
many cancer phenotypes and provide signals for malignant 
transformation [7,8]. Recent evidence of the role and mecha-
nisms of lncRNAs show these molecules as attractive targets 
for therapeutic intervention [4–8].

lncRNA X-inactive specific transcript (XIST) is considered to 
be the most important regulator (or gene) for X inactivation 
in mammals [9]. XIST plays critical roles in the processes of 
cancer cell proliferation, differentiation, and genomic mainte-
nance [10]. Specifically, due to gene dysregulation caused by 
heterochromatin instability, XIST may function as an oncogenic 
molecule in cancer [11]. Moreover, expression of XIST has been 
proven to be associated with the progression of the cancers 
and was reported to be dysregulated in multiple non-sex-as-
sociated tumors [12–20]. Previous research has reported that 
XIST gene amplification could be detected in micro-satellite-
unstable sporadic human CRC tissue in comparison with paired 
normal colorectal epithelium [21]. However, the detailed func-
tion of XIST in CRC has not been elucidated.

This study aimed to investigate the clinical significance of the 
lncRNA XIST in the pathogenesis of CRC. The expression of XIST 
was discovered and its functional role was analyzed. We also 
assessed the prognostic value of XIST in progression-free sur-
vival (PFS) and overall survival (OS) of CRC patients.

Material and Methods

Patients and samples

We initially included 220 patients, but 13 patients did not 
complete follow-up and 11 patients did not finish the imag-
ing examinations. Therefore, we finally included 196 patients 
who were diagnosed as CRC and underwent radical surgery at 
Linyi People’s Hospital from June 2010 to March 2013. None of 
the enrolled patients had received radiochemical treatments 
prior to surgery. Cancer tissues and adjacent tissues were im-
mediately isolated after surgery, frozen in liquid nitrogen, and 
stored at –80°C until use.

The patients were followed up at an out-patient clinic, and 
progression of disease was assessed primarily by imaging ex-
aminations. Informed consent was obtained from all CRC pa-
tients. The protocol of this study was approved by the Ethics 
Committee of Linyi People’s Hospital, Linyi, China.

Cell lines and cell culture

A total of 6 CRC cell lines (LOVO, HT-29, HCT8, HCT116, SW480, 
and DLD1) and normal human colon epithelial cells (HCoEpics) 
were used to define the level of XIST in CRC. These cells 
were obtained from Shanghai Institute of Biological Sciences 
(Shanghai, China). The HT-29, LOVO, and DLD1 cells were cul-
tured in RPMI-1640, and the HCT116, HCT8, and SW480 cells 
were cultured in DMEM, supplemented with 10% FBS (Gibco 
BRL. Co., Grand Island, NY) and 1% penicillin-streptomycin 
(Beyotime Biotech. Shanghai, China) in an atmosphere with 
5% CO2 at 37°C.

Quantitative real-time PCR (qRT-PCR) assay

The RNAs were extracted from the CRC cancer cells or the can-
cer tissues using TRIzol reagents (Invitrogen, NY). Extracted total 
RNA (2 μg) was used as the template for complementary DNA 
(cDNA) reverse transcription using a PrimeScript RT Reagent Kit 
(Cat. No. RR037A, Takara Biotech, Dalian, China). According to 
the manufacturer’s instructions, qRT-PCR assay was conducted 
using SYBR Premix Ex Taq (Cat. No. DRR041A, Takara Biotech, 
Dalian, China) on an ABI 7500 system (Applied Biosystems, 
CA). Relative expression level of XIST was calculated as 2–DDCT 
values, normalized to glyceraldehydes-3-phosphate dehydro-
genase (GAPDH) gene. The sequences of the primers used in 
this study were: human XIST: 5’-GCATAACTCGGCTTAGGGCT-3’ 
(forward), anti-sense: 5’-TCCTCTGCCTGACCTGCTAT-3’(reverse); 
human GAPDH: sense: 5’-CTCTGC TCCTCCTGTTCGAC-3’ (for-
ward), anti-sense: 5’-ACCAAATCCGTTGACTCCGA-3’ (reverse).
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Statistical analysis

All statistical analyses were conducted with SPSS 17.0 soft-
ware (SPSS, Inc., Chicago, IL). Data are represented as mean 
values ± standard deviations (mean ±SD). Statistical differ-
ences of qualitative data between groups were compared by 
c2 test. The t test was performed to define the difference in 
quantitative data. Tukey’s post hoc test was used to validate 
the ANOVA for comparing measurement data between groups. 
Survival curves were calculated with Kaplan-Meier method, and 
differences between different groups were assessed with the 
log-rank test. The median of XIST expression across all sam-
ples was used as a cut-off (T/A values in this study) for the 
survival analysis. The cut-off values were determined by com-
paring XIST expression in CRC tissues with adjacent tissues. 
The negative cut-off value represented the lower expression 
of XIST compared to the cut-off value, and the positive cut-
off value represented the higher expression of XIST. Univariate 
and multivariate Cox regression methods were used to eval-
uate the effects of variables on survival. p<0.05 indicates sta-
tistically significant differences.

Results

lncRNA XIST expressions were enhanced in the CRC cells 
and tissues

Expressions of lncRNA XIST were evaluated in the CRC cancer 
cells and cancer tissues to clarify the roles of XIST in the CRC. 
As shown in Figure 1A, XIST expression was notably higher in 
CRC cells than in normal human colon epithelial cells (HCoEpics). 
Expression of XIST was measured in 196 CRC tissues and paired 
adjacent tissues. The qRT-PCR results showed that XIST was 
significantly overexpressed in the CRC cancer tissues compared 
to the associated adjacent tissues (1.00±1.72 vs. 3.25±3.06, 
p<0.001) (Figure 1B). The upregulation of lncRNA XIST sug-
gested that it may play an oncogenic role in CRC.

Overexpression of lncRNA XIST was correlated with CRC 
progression

To further verify the role of XIST in CRC, the expression of XIST 
in patients with different clinicopathological features was de-
tected by qRT-PCR assay. It was discovered that XIST displayed 
higher expression levels in tumor tissues with tumor size no 
less than 5 cm, N1 stage, M1 stage, and TNM stage III and 
IV compared with tumor size less than 5 cm (2.38±2.84 vs. 
3.24±2.97, p<0.05), N0 stage (2.17±2.94 vs. 3.83±2.59, p<0.001), 
M0 stage (2.56±2.89 vs. 4.06±2.83, p<0.001), and TNM stage 
I and II (2.48±3.02 vs. 4.27±2.81, p<0.001), (Figure 1C–1F).

XIST promoted the clinical progression of CRC

We divided the CRC patients into a high XIST expression group 
(n=110) and a low XIST expression group (n=86) with the mean 
T/A value (3.26, determined by comparing XIST expression in 
CRC tissues with corresponding tumor adjacent tissues) serv-
ing as the cut-off score. The results also indicated that high 
expression of XIST was correlated with advanced N stage, 
M stage, and TNM stage and was associated with larger tu-
mor sizes (Table 1, p<0.05). Together, these findings indicate 
XIST can promote the clinical progression of CRC.

The upregulated lncRNA XIST can predict poor prognosis 
of CRC

To clarify the prognostic and predictive values of lncRNA XIST 
in CRC, the log-rank test and the Kaplan-Meier test were per-
formed to define the functions of lncRNA XIST in the prog-
nosis of CRC. We found that high expression of XIST was 
correlated with poor PFS and poor OS in the CRC patients 
(Figure 2A, 2B). By using univariate analysis to evaluate the 
association of clinicopathological factors with survival, we 
found that N1 stage (HR=1.965, 95%CI=1.184–3.264, p=0.009), 
M1 stage (HR=5.694, 95%CI=3.226–10.048, p<0.001), TNM 
stage III and IV (HR=3.020, 95%CI=1.783–5.115, p<0.001), 
and high XIST expression (HR=1.284, 95%CI=1.143–1.442, 
p<0.001) were risk factors of poor OS (Table 2). These fac-
tors were also proven to be risk factors for poor PFS, N1 
stage (HR=1.874, 95%CI=1.146–3.065, p=0.012), M1 stage 
(HR=5.164, 95%CI=2.952–9.036, p<0.001), TNM stage III and 
IV(HR=2.757, 95%CI=1.665–4.564, p<0.001), and high XIST ex-
pression (HR=1.242, 95%CI=1.115–1.384, p<0.001) (Table 2). 
Multivariate analysis of the above factors showed that M1 
stage (HR=4.007, 95%CI=1.884–8.522, p<0.001) and high XIST 
expression (HR=1.197, 95%CI=1.064–1.364, p=0.003) were 
independent risk factors for poor OS (Table 2). The M1 stage 
(HR=3.725, 95%CI=1.768–7.845, p=0.001) and high XIST ex-
pression (HR=1.165, 95%CI=1.044–1.300, p=0.007) were proven 
to be the independent risk factors for poor PFS. In summary, 
the lncRNA XIST may be a potential prognostic biomarker for 
use in CRC patients (Table 2).

Discussion

In recent years, the lncRNAs have attracted great attention due 
to their extensive involvement in cancer biology [7,22,23]. CRC-
associated lncRNAs participate in modulation of the cancer-re-
lated bioactivities at both post-transcriptional levels and tran-
scriptional levels [23]. Moreover, multiple signaling pathways 
have been discovered to mediate the function of lncRNAs in 
CRC. lncRNACCAT2 can trigger metastasis by regulating MYC-
activated microRNAs (such as the miR-17-5p and the miR-20) 
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by activating the Wnt signaling pathway [24]. Ellis et al. [25] re-
ported that knockdown or downregulation for intronic-region in 
the lncRNACRNDE transcripts can affect insulin/IGF-associated 
signaling pathway gene expression. For evaluating the clini-
cal significance of lncRNAs, numerous studies have examined 
the expression of lncRNAs in cancer tissues and its correla-
tion with clinicopathological characteristics. For the primary 
roles and features of lncRNAs in cancers, a growing number of 
new lncRNAs are being discovered and characterized in recent 
years. However, to the best of our knowledge, no studies have 
investigated the significant effects of XIST in CRC until now.

The present study shows that lncRNA XIST was increased in 
the CRC cancer cells and cancer tissues. XIST overexpression 
was also discovered in CRC tissues with lager tumor size, N1 
stage, M1 stage, and TNM stage III and IV. Furthermore, by 
analyzing the relationship between XIST expression and CRC 
clinicopathological features, patients in the high XIST expres-
sion group showed larger tumor size and more advanced N, 
M, and TNM stages. Further analysis with Kaplan-Meier anal-
ysis and log-rank test found that high XIST expression pre-
dicted poorer OS and shorter PFS. In addition, together with 
M1 stage, high XIST expression may be an independent risk 
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Figure 1. �lncRNA XIST was overexpressed in CRC and was associated with CRC clinical progression. XIST expression was evaluated 
using qRT-PCR assay in the CRC cells and the normal colon cells (A), CRC cancer tissues and the paired or associated tumor 
adjacent tissues (B), the CRC tumors with size more than or less than 5 cm (C), the CRC tumor samples with N0 state and N1 
stage (D), CRC tumor samples with the M0 stage and M1 stage (E), and the CRC tumor samples with the TNM stage I +II and 
TNM stage III+IV (F). * p<0.05 was calculated with the t test.
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factor of CRC poor prognosis. The above results suggest that 
lncRNA XIST might be a promising therapeutic target and a po-
tential prognostic biomarker for use in CRC patients.

Recent studies have extended our understanding of the func-
tion of XIST in cancer metastasis, proliferation, apoptosis, and 
stem cell characteristics [12–20,26]. Rottenberg et al. [27] re-
ported that high XIST expression is associated with cisplatin 
resistance in most tumors, and predicted shorter recurrence-
free survival of HER2-negative stage III breast cancer patients 
treated with intensive platinum-based chemotherapy. Besides, 

high XIST and low 53BP1 expression predicted poor outcome af-
ter high-dose alkylating chemotherapy in patients with BRCA1-
like breast cancer [28]. Moreover, the expression level of XIST 
demonstrated a significant association with the prognosis in 
patients with cervical squamous cell carcinoma [29], pancre-
atic cancer [19], NSCLC [18], nasopharyngeal carcinoma [16], 
and gastric cancer [13]. Mechanistically, XIST can influence 
cancer biology through various pathways. In glioma, lncRNA 
XIST knockdown or downregulation could inhibit the glioma 
angiogenesis and increase the permeability of the blood-tu-
mor barrier by suppressing expression of FOXC1 and enhancing 

Parameters No.
XIST

p Value
Low (n=86) High (n=110)

Sex 0.944

	 Male 102 45 57

	 Female 94 41 53

Age 0.375

	 <60 years 86 39 47

	 ³60 years 110 47 73

Tumor location 0.505

	 Colon 95 44 51

	 Rectum 101 42 59

Differentiation grade 0.601

	 Well+moderate 152 63 69

	 Poor 44 23 21

Tumor size 0.008

	 <5 cm 109 57 52

	 ³5 cm 87 29 58

T stage 0.208

	 T1+T2 104 50 54

	 T3+T4 92 36 56

N stage 0.004

	 N0 126 65 61

	 N1 70 21 49

M stage 0.010

	 M0 168 80 88

	 M1 28 6 22

TNM stage 0.025

	 I+II 112 51 61

	 III+IV 84 25 59

Table 1. Correlation between lncRNA XIST expression and clinicopathological characteristics of CRC patients.
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the levels of zonulaoccludens 2 (ZO-2) through upregulating 
the levels of miR-137 [30]. Previous studies [31–33] reported 
that the lncRNA can sponge miR. lncRNA XIST can also func-
tion as sponge of miR-449a, 133a [19], miR-34a-5p [16], miR-
139-5p [15], and miR-133a [18], which could further modulate 
expression of the protein-coding genes. The mechanisms by 
which XIST exerts its functions in cancer remain obscure and 
deserve further exploration. The mechanisms by which XIST 

influences CRC clinical progression was not explored, and this 
needs to be verified in future studies.

Conclusions

XIST is upregulated in CRC and is significantly correlated with 
CRC clinical progression. lncRNA XIST overexpression can 

Parameters
Overall survival Progression-free survival

HR 95%CI p Value HR 95%CI p Value

Univariate analysis

Sex: Male vs. Female 1.144 0.688–1.903 0.604 1.194 0.729–1.957 0.481

Age: <60 years vs. ³60 years 0.990 0.594–1.650 0.970 0.947 0.576–1.555 0.947

Tumor location:  Colon vs. Rectum 0.872 0.525–1.448 0.597 0.816 0.499–1.334 0.417

Differentiation: Poor vs. well+moderate 1.436 0.819–2.517 0.207 1.321 0.759–2.301 0.325

Tumor size: ³5 cm vs. 5 cm 1.207 0.727–2.005 0.467 1.076 0.656–1.763 0.772

T stage (T1+T2) vs. (T3+T4) 0.847 0.508–1.412 0.524 0.862 0.526–1.413 0.556

N stage: N1 vs. N0 1.965 1.184–3.264 0.009 1.874 1.146–3.065 0.012

M stage: M1 vs. M0 5.694 3.226–10.048 <0.001 5.164 2.952–9.036 <0.001

TNM stage: (III+IV) vs. (I+II) 3.020 1.783–5.115 <0.001 2.757 1.665–4.564 <0.001

XIST: High vs. low 1.284 1.143–1.442 <0.001 1.242 1.115–1.384 <0.001

Multivariate analysis

N stage: N1 vs. N0 1.261 0.539–2.952 0.593 1.216 0.521–2.836 0.651

M stage: M1 vs. M0 4.007 1.884–8.522 <0.001 3.725 1.768–7.845 0.001

TNM stage: (III+IV) vs. (I+II) 1.146 0.405–3.244 0.798 1.159 0.417–3.219 0.778

XIST: High vs. low 1.197 1.064–1.346 0.003 1.165 1.044–1.300 0.007

Table 2. Statistical analysis of risk factors for overall survival and progression-free survival of CRC patients.

Figure 2. �High lncRNA XIST predicts poor prognosis of CRC patients. The overall survival rate (A) and progression-free survival rate (B) 
of patients with high XIST expression and low XIST expression. p<0.001 in A and B were analyzed by log-rank test.
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predict poor PFS and poor OS for CRC patients. lncRNA XIST 
can also act as an independent risk factor for CRC prognosis 
in clinical practice. Thus, the lncRNA XIST might be considered 
as a promising therapeutic target and a potential prognostic 
biomarker for CRC.
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