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Upregulated Long Noncoding RNA LINC01234 
Predicts Unfavorable Prognosis for Colorectal Cancer 
and Negatively Correlates With KLF6 Expression  
Xiao Jiang , M.S., Qiaoying Zhu , M.S., Pengxi Wu , M.S., Fengsheng Zhou , M.S., and Jun Chen , M.S. 
Department of Ultrasound, Wuxi People’s Hospital Affiliated to Nanjing Medical University, Wuxi, Jiangsu, China 

Background: LINC01234, a long noncoding RNA (lncRNA), is overexpressed in several 
cancers, including colorectal cancer (CRC). We investigated the role of LINC01234 in 
CRC development and confirmed its correlation with Krüppel-like factor 6 (KLF6), a tumor 
suppressor gene that is dysregulated in CRC.

Methods: We tested mRNA levels using quantitative reverse transcription PCR (qRT-PCR). 
Tissue samples from patients with CRC, inflammatory bowel disease (IBD), hyperplastic 
polyp, and adenoma were included. Correlations between clinicopathological parameters, 
overall survival (OS) rate, and LINC01234 were analyzed using Kruskal-Wallis H test. Addi-
tionally, cell proliferation, apoptosis, and tumor formation in nude mice were tested to inves-
tigate the mechanism of LINC01234. Western blotting was used to determine protein levels. 

Results: LINC01234 expression was significantly upregulated in CRC tissues and CRC 
cell lines than in non-tumor tissues and normal epithelial cells, respectively. LINC01234 
was associated with high tumor stage, larger tumor size, and metastasis. Patients with 
higher LINC01234 expression showed reduced OS. Cell proliferation was inhibited by 
LINC01234 knockdown, whereas apoptosis was enhanced. Mice injected with SW480 
cells with LINC01234 knockdown displayed decreased tumor volume, weight, and Ki-67 
levels compared with those injected with control cells. KLF6 was negatively regulated by 
LINC01234. Overexpression of KLF6 showed effects similar to those observed following 
LINC01234 knockdown on cell proliferation and apoptosis.

Conclusions: LINC01234 could be a prognostic biomarker in CRC patients. Upregulation 
of LINC01234 in CRC promotes tumor development through negative regulation of KLF6. 
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INTRODUCTION

Colorectal cancer (CRC) is the third most malignant tumor in 

both males and females [1]. CRC incidence and mortality con-

tinue to rise in developed countries, possibly due to late diagno-

sis [2]. Therefore, a sensitive biomarker of CRC progression 

could dramatically improve poor clinical outcomes.

The encyclopedia of DNA elements (ENCODE) project as-

sessed the entire human genome information and revealed that 

approximately 80% of the genome performs biochemical func-

tions, whereas only approximately 1.2% is protein-coding [3]. 

These non-protein-coding genome regions are transcribed into 

noncoding RNAs, which have wide regulatory functions. Of 

these RNAs, long noncoding RNAs (lncRNAs), approximately 

200 bp to 100 kb in length, mediate numerous cellular activi-

ties, such as chromatin remodeling, inhibition of protein interac-
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tions, interruption of the splicing process, and modulation of 

gene transcription by acting as co-activators or repressors [4-6]. 

Owing to these varied functions, lncRNAs play important roles 

in cell growth, differentiation, and homeostasis [7, 8], all of 

which are known to be disrupted in cancer cells. In fact, dys-

regulation of lncRNAs has been linked to various cancers [9]. 

LINC01234 is a recently identified lncRNA that plays impor-

tant roles in the development of several cancers [10]. High ex-

pression of LINC01234 has been observed in numerous tu-

mors, such as gastric cancer [11] and colorectal adenocarci-

noma [12]. In triple-negative breast cancer, LINC01234 has 

been shown to be a core regulatory lncRNA [13]. Furthermore, 

LINC01234 has been suggested as a potential cancer bio-

marker owing to its positive correlation with tumor size, tumor 

stage, and metastasis, as well as a negative correlation with pa-

tient survival [12, 14]. In vitro results have further demonstrated 

that LINC01234 promotes the proliferation, migration, and inva-

sion and inhibits the apoptosis of esophageal cancer cells [15]. 

However, little is known regarding the underlying mechanism 

through which LINC01234 promotes CRC development.

Krüppel-like factor 6 (KLF6) is a transcription factor with a 

zinc finger structure and is involved in various biological pro-

cesses, including cell proliferation and differentiation [16]. Loss 

of KLF6, a tumor suppressor, has been observed in various can-

cers, including gastric cancer, hepatocellular cancer, lung can-

cer, and CRC, and it has been demonstrated to play an impor-

tant role in the early events of cancer development [11, 17-19]. 

Both KLF6 and LINC01234 have been shown to be critical dur-

ing the early stage of colon adenocarcinoma (COAD) [20]. 

Therefore, we investigated whether LINC01234 is associated 

with CRC and its regulatory effect on KLF6, as well as the func-

tions of KLF6 in CRC.

METHODS

Cell culture
All CRC cells, including SW480, HCT116, SW620, and LoVo, as 

well as a normal colonic cell line, NCM460, were obtained from 

the American Type Culture Collection (ATCC, Rockville, MD, 

USA). SW480, SW620, LoVo, and NCM460 were maintained in 

Dulbecco’s modified Eagle’s medium (DMEM; Gibco, New York, 

NY, USA) containing 10% fetal bovine serum (FBS; Gibco), 100 

U/mL penicillin, and 100 μg/mL streptomycin. HCT116 cells 

were grown in RPMI 1,640 medium supplemented with 10% 

FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin. All cells 

were incubated in a humidified atmosphere at 37°C and 5% CO2.

LINC01234 knockdown cell line
The LINC01234 knockdown cell line was established based on 

a previous report [14]. We transfected cells with scrambled 

siRNA, si-LINC01234 1#, and si-LINC01234 2# using Lipo-

fectamine 2000 (Invitrogen, Life Technologies, Carlsbad, CA, 

USA). The medium was changed after four hours of transfection.

RNA isolation and quantitative reverse transcription PCR 
(qRT-PCR)
Total RNA was isolated using TRIzol (Invitrogen), according to 

the manufacturer’s instructions. For tissue samples, 1 mL of 

TRIzol reagent was added to 50–100 mg of tissue. For cells, 

500 µL of TRIzol reagent were added to 105 cells. Isolation was 

achieved by adding chloroform to the TRIzol mixture (0.2–1 

mL). Next, the colorless upper aqueous phase containing RNA 

was transferred into a new tube, and the RNA was precipitated 

by adding 500 µL of isopropanol. The precipitates were washed 

with 75% ethanol, and the RNA was finally suspended in 

RNase-free water. cDNA was synthesized using a Reverse Tran-

scription kit (Promega, Madison, WI, USA) with 1 µg of RNA per 

reaction. qRT-PCR was performed using the SYBR Select Mas-

ter Mix (Life Technologies), and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) was used as an internal control. The 

comparative cycle threshold (CT; 2–ΔΔCT) method was employed 

to analyze the results. Each cDNA template had six replicates 

per experiment, and each experiment was repeated three times. 

The primers for LINC01234 and KLF6 were as follows: KLF6 

forward (F): 5′-CTGCCGTCTCTGGAGGAGT-3′, reverse (R): 5′-T-

CCACAGATCTTCCTGGCTGTC-3′; LINC01234 F: 5′-ACCACACC-

TGAGATAAGC-3′, R: 5′-GAGACAGACAGCAAGAGA-3′; and GAPDH 

F: 5′-GTCAACGGATTTGGTCTGTATT-3′, R: 5′-AGTCTTCTGGGT-

GGCAGTGAT-3′.

Patients
We retrospectively recruited 136 CRC patients who received 

radical resection at Wuxi People’s Hospital Affiliated to Nanjing 

Medical University, Jiangsu, China, from June 2014 to July 

2017. The patients were divided into two groups according to 

their LINC01234 expression level: high- (N=68) and low-level 

(N=68) LINC01234. Patient characteristics, including age and 

gender, were recorded. LINC01234 expression was measured 

in all 317 colorectal disease tissues obtained from patients diag-

nosed as having inflammatory bowel disease (IBD; N=49), hy-

perplastic polyp (N=65), adenoma (N=67), or CRC (N=136) 

from June 2011 to July 2017. For overall survival (OS) analysis, 

patients were enrolled from June 2014 and followed up for 60 
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months, and the OS rate was analyzed using Kaplan-Meier 

analysis. The study was approved by the Institutional Review 

Board of Wuxi People’s Hospital Affiliated to Nanjing Medical 

University (Approval No. WPH201104Z), and written informed 

consent was obtained from all patients. We tested the gene ex-

pression of KLF6 and LINC01234 in 76 CRC patients and cal-

culated their correlation.

Clinicopathological characteristics
Tumor location, differentiation, stage, size, and regional lymph 

node invasion were analyzed and diagnosed using B-mode ul-

trasound screening. Tissue harmonic and spatial compounding 

software were employed to reduce noise and increase baseline 

lesion conspicuity. An ultrasound contrast agent (SonoVue, 

Bracco, Milan, Italy, sulfur hexafluoride microbubbles) was used 

to for imaging.

Cell viability, colony formation, and apoptosis analyses
Cell viability was assessed using Cell Counting Kit 8 (CCK-8, 

Dojindo Laboratories, Kumamoto, Japan), with at least four rep-

licate wells for each group of cells; the results were confirmed 

by three independent experiments. Cells transfected with si-

LINC01234, Scrambled siRNA (si-NC), pCMV-Tag2B-KLF6, or 

empty vector were seeded in 96-well plates (1,000 or 2,000 

cells/well), and CCK-8 values were read every 20 hours. For col-

ony formation, cells were plated on a 6-well plate at a density of 

500–1,500 cells/well, with three replicate wells for each group. 

Methanol was used to fix cells after two weeks of culture, and 

crystal violet (0.1%) was used for staining; colonies were 

counted manually. Cell apoptosis was determined by fluorescein 

isothiocyanate-conjugated annexin V (FITC-annexin V) and 

propidium iodide (PI) stains and analyzed using FACSCalibur 

and Cell Quest Pro software (BD Bioscience, San Jose, CA, 

USA). Briefly, cells were collected using trypsin and washed 

twice with phosphate-buffered saline (PBS). For staining, 104 

cells were suspended in PBS and incubated with 5 µL of FITC-

annexin V for 5 minutes and 10 µL of PI for 15 minutes before 

FACSCalibur analysis.

Western blotting
Protein expression was detected by western blotting, as previ-

ously described [21]. All antibodies, namely those against 

cleaved caspase 3, poly-ADP-ribose-polymerase (PARP), B-cell 

lymphoma 2 (Bcl-2), BCL2-associated X (Bax), KLF6, and 

GAPDH, were purchased from Abcam (Cambridge, MA, USA). 

The secondary antibody was obtained from Cell Signaling Tech-

nology (Danvers, MA, USA). The detection of protein expression 

was repeated at least three times.

Tumor formation analysis
A total of 3×106 SW480 cells transfected with either empty vec-

tor or sh-LINC01234 were inoculated subcutaneously to the 

right flanks of 8-week-old athymic BALB/c nude female mice 

(weight, ~20 g). A total of 16 mice were used in this study, with 

eight mice in each group. The animal care and experimental 

protocols were approved by the Institutional Review Board of 

Wuxi People’s Hospital Affiliated to Nanjing Medical University 

(Approval No. WPH201104Z). Tumor volume was recorded ev-

ery five days and calculated as follows: V=0.5×D×d2 (V, vol-

ume; D, longitudinal diameter; d, latitudinal diameter). Tumor 

weight was recorded at day 20 after the mice were sacrificed.

Immunohistochemistry
The tumor tissues from mice were stained with Ki-67 (Santa 

Cruz Biotechnologies, Santa Cruz, CA, USA) using a standard 

immunohistochemistry protocol, as previously described [22]. 

All stained sections were analyzed, and two random pictures 

were chosen for presentation. The protein expression was de-

tected three times using samples collected at different times.

Statistical analysis
All data are presented as mean±SD. GraphPad Prism 7 (Graph-

Pad Software, San Diego, CA, USA) was used for data analysis. 

The associations between clinicopathological parameters, OS 

rate, and LINC01234 expression were analyzed using Kruskal-

Wallis H test or Mann-Whitney U test. The Kaplan–Meier method 

was used to curve the OS rate, followed by the log-rank test for 

significance comparison. ROC curves (95% confidence inter-

vals [CI]) were employed to evaluate the sensitivity of LINC01234 

as a biomarker for distinguishing CRC tissues from benign or 

normal tissues. The correlation between KLF6 and LINC01234 

was calculated using Pearson’s correlation analysis. For other 

comparisons, Student’s t-test and one or two-way ANOVAs with 

the Bonferroni post hoc test were used. P <0.05 was consid-

ered statistically significant.

RESULTS

LINC01234 is associated with CRC development and patient 
survival 
LINC01234 levels were significantly higher in CRC tissue than in 

other non-tumor tissues (P <0.001; Fig. 1A). However, there was 
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no significant difference across the non-tumor tissues (all 

P >0.05). To further confirm LINC01234 expression in CRC, we 

divided the level of LINC01234 in CRC tissues by the level in 

their paired adjacent non-tumor tissues and calculated the rela-

tive expression level using the 2−ΔΔCt method. Most CRC tissues 

showed high expression of LINC01234 (Fig. 1B). The same 

LINC01234 trend was observed in CRC cell lines. NCM460 

showed a significantly lower level of LINC01234 than other CRC 

cells, including SW480, HCT116, SW620, and LoVo (Fig. 1C). 

Furthermore, LINC01234 expression level was associated with 

pathological characteristics, such as tumor stage (P <0.05), tu-

mor size (P <0.05), and metastasis (P <0.001; Table 1). 

Patients with high-level LINC01234 showed a poorer survival 

rate than those with low-level LINC01234 (Fig. 1D). The area 

under the curve (AUC) was 0.849 (P <0.001, 95% CI=0.775− 

0.907; Fig. 1E), demonstrating the high sensitivity (72.8%) and 

specificity (73.6%) of LINC01234 as a CRC biomarker.

Knockdown of LINC01234 inhibits CRC cell proliferation and 
induces cell apoptosis
We tested the efficiency of LINC01234 knockdown in SW480 

and HCT116 cells (Fig. 2A and 2B). LINC01234 knockdown sig-

nificantly inhibited cell viability and colony formation (Fig. 2C, 2D, 

and 2E). In contrast, apoptosis rate was higher in LINC01234 

knockdown cells than in control cells (Fig. 2F). Correspondingly, 

several apoptosis-related proteins were upregulated, including 

cleaved caspase-3, PARP and Bax, whereas Bcl2 was signifi-

cantly repressed in LINC01234 knockdown cells than in control 

cells (Fig. 2G).

We confirmed the success of establishment of LINC01234 

knockdown cell line (Fig. 3A). Mice injected with LINC01234 

knockdown cells showed a significantly smaller tumor volume 

(Fig. 3B) and lower tumor weight (Fig. 3C) than those injected 

with control cells. These results suggest that LINC01234 has a 

significant inhibitory effect on tumor growth, which was further 

evidenced by the smaller number of Ki-67-positive cells in 

LINC01234 knockdown cells than in control cells (Fig. 3D).

LINC01234 negatively regulates KLF6 expression
To further investigate the mechanism of LINC01234 in CRC, we 

analyzed the correlation between KLF6 and LINC01234 in CRC 

patients. Intriguingly, KLF6 expression was significantly re-

Fig. 1. LINC01234 is upregulated in CRC tissues and cells and associated with poor prognosis in CRC patients. (A) Quantitative analysis of 
lncRNA LINC01234. *P <0.001 vs CRC. (B) LINC01234 expression was analyzed in CRC tissues and the corresponding adjacent non-tu-
mor tissues; data are presented as log2 fold change (CRC/NC; N=136). Median value of the log2 fold change is 1.736, and log2 fold chang-
es were defined as follows: >1.736, high expression; <1.736, low expression. (C) Relative expression of LINC01234 in CRC cell lines and 
normal colon epithelial cell line NCM460 (N=10). †P <0.001 vs NCM460. (D) Patients with high LINC01234 expression (N=68) showed 
shorter OS (P <0.05) than  those with low LINC01234 expression (N=68). (E) Analysis of the sensitivity and specificity of LINC01234 for 
distinguishing CRC tissues from normal and benign tissues by ROC curve analysis (cut-off=2.601). Data are presented as mean±SD.
Abbreviations: CRC, colorectal cancer; NC, negative control (adjacent non-tumor tissues); IBD, inflammatory bowel disease; HP, hyperplastic polyp; AD, ad-
enoma; OS, overall survival; ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval.

25

20

15

10

5

0

100

80

60

40

20

0

100

80

60

40

20

0

5

4

3

2

1

0

15

10

5

0

-5

-10
	 NC	 IBD	 HP	 Ad	 CRC

	 20	 40	 60 	0	 20	 40	 60	 80	 100
Time (months) 100-Specifity

P <0.05 AUC=0.849
P <0.001N=68

N=68

Low LINC01234

95% CI=0.775−0.907
Specific: 72.8%
Sensitivity: 73.6%

High LINC01234

	NCM460	 SW480	 HCT116	 SW620	 LoVo

Re
la

tiv
e e

xp
re

ss
ion

 le
ve

l
of

 LI
NC

01
23

4

Ov
er

al
l s

ur
viv

al
 (%

)

Se
ns

iti
vit

y

Re
la

tiv
e e

xp
re

ss
ion

 le
ve

l
of

 LI
NC

01
23

4

Re
la

tiv
e e

xp
re

ss
ion

 of
 LI

NC
01

23
4

Lo
g 2

 fo
ld

 ch
an

ge

A

D E

B C



Jiang X, et al.
Long noncoding RNA LINC01234 in CRC

https://doi.org/10.3343/alm.2020.40.2.155 www.annlabmed.org    159

pressed in CRC tissues than in the adjacent non-tumor tissues; 

KLF6 was moderately correlated with LINC01234 (R=0.497, 

P <0.01, Fig. 4A and 4B).  KLF6 mRNA and protein levels were 

significantly increased in LINC01234 knockdown cells than in 

control cells (Fig. 4C, 4D, and 4E). The same result was also 

obtained in the LINC01234 knockdown cell line (Fig. 4F).

Overexpression of KLF6 impairs CRC cell proliferation and 
induces apoptosis
We established KLF6-overexpressing cell lines, SW480 and 

HCT116 (Fig. 5A). Overexpression of KLF6 dramatically re-

duced cell viability and colony formation compared with those 

of the control cells (Fig. 5B, 5C, and 5D), consistent with the re-

sults in the LINC01234 knockdown cells. In addition, apoptosis 

was enhanced in KLF6-overexpressing cells (Fig. 5E), indicating 

that LINC01234 plays a role in the regulation of KLF6.

DISCUSSION

LINC01234 has recently attracted attention because of its high 

expression levels in different tumors [10], such as triple-negative 

breast cancer [13], gastric cancer [14], esophageal cancer [15], 

and colorectal adenocarcinoma [12]. We analyzed a total of 136 

patients at different tumor stages and tumor sizes and contain-

ing positive or negative regional lymph node invasion. We found 

that LINC01234 expression level was associated with higher tu-

mor stage and metastasis. These associations have also been 

observed in gastric cancers [14]. Although LINC01234 is re-

ported to be a biomarker for distinguishing tumor and non-tu-

mor tissues, no correlation between LINC01234 expression and 

prognosis has been reported [12]. However, LINC01234 was 

found to predict poorer prognosis in patients with gastric cancer 

[14]. These different results might be due to the differences in 

the tumor type and investigation method used. Nevertheless, 

among a set of regulatory genes, LINC01234 showed a com-

paratively high k-core score, indicating its key role in breast 

cancer [13]. Hence, the importance of LINC01234 in tumori-

genesis requires further investigation to clarify its mechanism in 

different tumors.

The association between LINC01234 expression and CRC 

raised the question of whether LINC01234 impacts cell prolifer-

ation or apoptosis. To this end, we knocked down LINC01234 

using siRNA; lower LINC01234 expression dramatically de-

creased cell viability, but increased apoptosis rate and upregu-

lated apoptosis-related proteins. Knockdown of LINC01234 has 

been reported to induce cell cycle arrest and promote apoptosis 

in gastric cancer cells [14] and esophageal cancer cells [15]. 

Furthermore, the levels of several apoptosis-related proteins, in-

cluding caspase-3, PARP, BAX, and BCL2, were altered in 

LINC01234 knockdown SW480 and HCT116 cells; similar re-

sults have also been reported in gastric cancer cells [14]. To the 

best of our knowledge, this is the first study showing the effects 

of LINC01234 in CRC cells. The effects of LINC01234 on cells 

and tumor formation in nude mice further confirmed that 

LINC01234 is critical in tumorigenesis. However, further studies 

including a larger set of CRC cell lines are required to validate 

these results. 

A study examining the association between differentially ex-

pressed (DE) microRNA–DElncRNA–DEmRNA interactions and 

early-stage COAD identified KLF6 and LINC01234 as two im-

portant factors related to COAD [20]. To obtain deeper insights 

into the mechanism of LINC01234, we compared the expres-

sion levels of KLF6 in CRC and non-tumor tissues. KLF6 expres-

Table 1. Associations between clinicopathological parameters and 
LINC01234 expression level in patients with CRC (N=136)

Clinicopathological features
Patients 

(N)

LINC01234 
expression level P

Mean±SD

Age (yr) 0.362

   <60 74 3.531±1.237

   ≥60 62 4.049±1.674

Sex 0.297

   Male 65 3.972±1.053

   Female 71 3.573±1.945

Tumor location 0.167

   Rectum 80 3.575±0.981

   Colon 56 4.041±2.143

Tumor differentiation 0.352

   Good/moderate 54 3.972±2.169

   Poor/undifferentiated 82 3.632±1.794

Regional lymph node invasion   0.013*

   Negative 70 2.032±1.368

   Positive 66 5.607±2.942

T stage   0.042*

   T1+T2 59 3.043±1.057

   T3+T4 77 4.322±1.854

Tumor size   0.007†

   <5 cm 70 1.694±0.722

   ≥5 cm 66 5.965±2.041

*P <0.05, †P <0.01.
Abbreviations: lncRNA, long noncoding RNA; CRC, colorectal cancer.
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sion was lower in CRC than in non-tumor tissues and it moder-

ately correlated with LINC01234 levels (R=0.497, P <0.01). 

KLF6 is a known tumor suppressor [23-25], and its aberrant ex-

pression has been observed in hepatic and gastric cancers [17]. 

Splice variants of KLF6 have been linked with poor prognosis 

and are considered risk factors in several cancers such as 

breast, lung, and prostate cancers [18, 26, 27]. 

Early studies demonstrated that KLF6 is frequently inactivated 

in CRC [28]. A recent study revealed that the mRNA level of 

KLF-SV2 tended to be reduced in CRC tissues compared with 

that in adjacent non-tumor tissues [29]. Additionally, overex-

pression of KLF-SV2 markedly decreased the proliferation and 

enhanced the apoptotic rate of SW480 and SW620 cells. Those 

results are consistent with the present results, as well as reports 

that KLF6 mutants play important roles in CRC development 

[16, 30]. KLF6 likely disrupts the complex formation between 

Fig. 2. Effects of LINC01234 knockdown on CRC cell viability and apoptosis in vitro. (A) and (B) LINC01234 expression level was deter-
mined by qRT-PCR following transfection of SW480 and HCT116 cells with si-LINC01234 (N=6) or si-NC. *P <0.001 vs Scrambled. (C) 
and (D) CCK-8 analyses were used to determine the viability of si-LINC01234-transfected SW480 and HCT116 cells. Values are from aver-
age of three independent experiments. †P <0.01 vs Scrambled. (E) Colony-forming analyses were conducted to determine the proliferation 
of si-LINC01234-transfected SW480 and HCT116 cells. Values are from three independent experiments. *P <0.001 vs Scrambled. (F) 
Flow cytometry was performed to analyze apoptosis rates in CRC cells transfected with si-LINC01234 after 48 hours. Values are from three 
independent experiments. *P <0.001, †P <0.01 vs Scrambled. (G) Western blot analysis of apoptosis-related proteins after transfection of 
SW480 and HCT116 cells with Scrambled siRNA, si-LINC01234 1#, or si-LINC01234 2#. GAPDH was used as an internal control. Data 
are presented as mean±SD.
Abbreviations: CRC, colorectal cancer; qRT-PCR, quantitative reverse transcription PCR; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CCK-8, Cell 
counting Kit 8. 
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cyclin D1 and cyclin-dependent kinase 4 (Cdk4), which is criti-

cal for cell cycle progression, causing cell cycle arrest [31]. 

However, KLF-SV2 mutations antagonize the functions of KLF6, 

thus promoting cell growth. Studies found that KLF6 expression 

contributes only to tumor growth, and not to metastasis or pro-

gression through stages [16], suggesting that dysregulation of 

KLF6 expression could be an early event in CRC development. 

It is possible that overexpression of LINC01234 represses KLF6 

Fig. 3. Down-regulation of LINC01234 suppresses tumor growth in vivo. (A) qRT-PCR analysis of LINC01234 expression in tumor tissues 
formed from SW480/sh-LINC01234, SW480/empty vector. *P <0.001, sh-LINC01234 vs Empty vector. (B) and (C) Tumor volume was cal-
culated every four days after injection of SW480 cells stably transfected with sh-LINC01234 or empty vector (N=8). *P <0.001, †P <0.01, 
sh-LINC01234 vs Empty vector. (D) Tumors developed from sh-LINC01234-transfected SW480 cells showed lower Ki-67 protein levels 
than tumors developed from control cells. Scale bar, 100 μm. Data are presented as mean±SD. 
Abbreviation: qRT-PCR, quantitative reverse transcription PCR.
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at the beginning of tumorigenesis, causing uncontrolled cell cy-

cle progression.  

Further studies are needed to comprehensively establish the 

mechanism through which LINC01234 functions in CRC devel-

opment and modulates KLF6 protein level (e.g., via alteration of 

KLF6 promoter methylation). However, it is possible that KLF6 is 

not the key factor promoting CRC development. Therefore, 

RNA-seq analysis might provide more comprehensive insights 

into the changes in the gene expression profile. 

This study has several limitations. First, we investigated only 

one specific lncRNA in CRC patients. Other lncRNAs might also 

be dysregulated in CRC. Second, we did not correlate the 

LINC01234 expression in each patient with the pathological 

pattern. 

In conclusion, LINC01234 expression was elevated in CRC 

than in the paired adjacent non-tumor tissues and non-tumor 

colorectal tissues. This observation was confirmed by compar-

ing LINC01234 levels in CRC cells and normal epithelial cells. 

LINC01234 was significantly associated with tumor size, stage, 

and metastasis. Our study provides further support for the use 

of LINC01234 as a biomarker for predicting poor prognosis of 

CRC patients. Additionally, the functions of LINC01234 in tu-

morigenesis appear to mostly occur through the negative regu-

lation of KLF6. Overexpression of KLF6 showed the same trend 

as LINC01234 knockdown on cell proliferation and apoptosis.
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