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Abstract

Background
Glucose metabolism reprogramming is one of the major hallmarks of malignant tumors and is regulated
by long non-coding RNA (LncRNA). However, the role of glycolysis-associated LncRNA in colorectal
cancer (CRC) remains largely unknown. In this study, we identi�ed a novel LncRNA TRG-AS1 that inhibits
CRC glycolysis and proliferation through comprehensive bioinformatics analysis and experimental
validation.

Methods
TRG-AS1 overexpressing stable cell line and silence the target gene cell line were generated. Glucose
assay kits and Pyruvate assay kits were utilized to analyze glycolysis. The cell proliferation ability was
evaluated by CCK8, Colony formation assays and EdU. Xenograft tumor experiments were performed to
assess proliferative capacity. Cell migration and invasion abilities were examined using the Transwell
assay.

Results
TRG-AS1 was signi�cantly down-regulated in CRC tumors as revealed by nine independent CRC cohorts,
including our own in-house cohort. Clinically, high expression of TRG-AS1 predicts favorable overall
survival (OS) and disease-free survival (DFS) in CRC patients, and high level of TRG-AS1 is closely
associated with earlier tumor stage. In terms of function, over-expression of TRG-AS1 signi�cantly
inhibited CRC aerobic glycolysis, proliferation, metastasis potential and tumor growth, while knockdown
of TGR-AS1 dramatically promoted CRC aerobic glycolysis and progression. Data based on
bioinformatics analysis suggest that TRG-AS1 may be involved in CRC progression by in�uencing
glycolysis-related molecules, such as SLC2A1, PGK1 and ENO1, etc.

Conclusion
Our study advances the understanding that LncRNA inhibits CRC glycolysis and progression, and provide
a promising molecular target for the treatment of CRC.

1. Background
Colorectal cancer (CRC), ranked as the third in terms of cancer-related morbidity and second in terms of
cancer-related mortality, is one of the most common malignancies worldwide according to the
GLOBOCAN 2020[1]. Numerous studies have demonstrated that several risk factors such as hereditary
susceptibility, epigenetic changes, age, sex, obesity, red meat consumption, alcohol, smoking, and
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sedentary lifestyle are considered to contribute signi�cantly to colorectal cancer initiation and
progression [2–5]. Recently, the incidence of CRC is still on the rise and shows younger trend [6]. CRC
pathogenesis is a multifactorial, multistep, complicated biological process which involves the expression
of both coding and non-coding genes [7–9]. As CRC is highly heterogeneous and intricate in molecular
pathogenesis, the underlying mechanisms of initiation and development remain largely unknown [10].
Therefore, further exploring the molecular mechanism involved in the development of CRC and �nding
potential biomarker is indispensable for establishing better diagnosis and treatments for CRC.

Long non-coding RNA (lncRNA) belongs to a type of limited coding capacity transcript, which have a
length of more than 200 nucleotides [11–14]. A large amount of studies has been identi�ed that lncRNA
plays a vital role in the biological functions of cancer, such as initiation, progression, metastasis, and
chemotherapy resistance, particularly in CRC [15–19]. It is currently thought that the dysregulation of
lncRNAs promoted to malignant progression of cancer at the epigenetic, transcriptional, and post-
transcriptional levels [20, 21]. Some lines of evidences indicate that lncRNAs affect the transcriptional
and epigenetic regulation of gene expression by acting as decoys for transcription factors, miRNA
sponges, RNA interference, scaffolds for ribonucleoprotein complexes, recruiters of chromatin-modifying
complexes, transcriptional regulation in cis or trans [22–25]. These �ndings indicate that lncRNAs may be
potential biomarkers for CRC.

Metabolic reprogramming, which is one of the hallmarks of cancer, is one of the key drivers of the cancer
initiation and progression [26–28]. Reprogramming of cellular metabolism accelerates the rapid
proliferation and long-term maintenance of cells [29, 30]. LncRNAs are able to regulate complex
biological processes via diverse mechanisms, particularly in glycolysis, de novo synthesis of lipids,
glutamine and mitochondrial metabolism [31, 32]. However, studies on the involvement of lncRNA
regulation on glycolysis in CRC have been limited.

In the present study, we obtained LncRNAs related with CRC by bioinformatics analysis from public
databases, in which TRG-AS1 was identi�ed because of lower expression and correlated with prognostic
features. Subsequently, the expression of TRG-AS1 was validated in paired clinical samples and CRC cell
lines. As a tumor suppressor, over-expression of TRG-AS1 signi�cantly inhibited CRC cell proliferation,
facilitated cell apoptosis and suppressed glycolysis. Silencing TRG-AS1 remarkably contributed to CRC
cell proliferation and glycolysis, curbed cell apoptosis. Collectively, we investigated the functional of the
TRG-AS1 in the progression of colorectal cancer for the �rst time. This study provides a novel perspective
in elucidating the mechanism of the occurrence and development of colorectal cancer and searching for
potential biomarkers.

2. Methods

2.1 Bioinformatics Analysis

2.1.1 Data collection
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The RNA sequencing (RNA-seq) dataset (including FPKM and read count) and clinical data of 622 CRC
(including COAD and READ) patients were retrieved from the TCGA Project in UCSC
(https://xenabrowser.net/datapages/). Seven independent datasets including GSE15960 (6 patients),
GSE9348 (32 patients), GSE8671 (32 patients), GSE37364 (38 patients), GSE33133 (90 patients),
GSE21510 (123 patients) and GSE39582 (443 patients) were downloaded from Gene Expression
Omnibus (GEO), and gene expression was detected by the GPL570 platform of U133 plus 2 array.

2.1.2 Identify novel differentially expressed LncRNAs
The differential expression analysis was performed by comparing the expression pro�les between tumor
samples and normal samples for the expression data (read counts) detected by RNA-seq in TCGA,
differentially expressed genes (DEGs) were identi�ed using R package EdgeR and Deseq2 [33] with FDR 
≤ 0.05 and fold change (FC) ≥ 2 or ≤ 0.5. For subsequent validation, only DEGs with high-expression
level (median FRKM expression > 1) were retained, and probes were annotated on the GPL570 platform.
For the expression data detected by GPL570 platform, the DEGs were identi�ed using Limma [34] with
FDR ≤ 0.05 and FC ≥ 1.2 or ≤ 1/1.2 in GEO datasets.

2.1.3 Evaluation of the LncRNA related prognostic model
Except for differential expression analysis, log2 (FPKM + 1) was conducted for other analysis in TCGA. In
TCGA and GEO datasets, CRC patients were strati�ed into two subgroups based on the median level of
TRG-AS1 expression. The survival curves (including overall survival and disease-free survival) were
estimated using the Kaplan-Meier method, and the log-rank test was utilized to analyze differences in
survival time. The p value < 0.05 was considered as statistically signi�cant.

2.1.4 Functional enrichment analysis
Pearson correlation analysis was adopted to estimate expression correlation of TRG-AS1 and the key
enzyme of glycolysis. In TCGA, CRC patients were strati�ed into two subgroups based on the median
level of TRG-AS1 expression. Differential expression analysis was used to obtain the gene list associated
with TRG-AS1 GO enrichment analysis and GSEA analysis were implemented using ClusterPro�ler
package based on MsigDB datasets [35].

2.2 Tissue specimens
Participants were recruited from subjects who underwent endoscopy and were pathologically diagnosed
with colorectal cancer at Zhengzhou central Hospital A�liated to Zhengzhou University during the period
2020–2021. Patients were excluded if they were con�rmed or highly suspicious for recurrent gastric
cancer, secondary malignant disease, received chemotherapy, immunotherapy, or radiotherapy [36].
Finally, 66 patients with complete information were included in this cohort. Detailed clinical
characteristics were presented in Table 1. The procedures used in this study adhere to the tenets of the
Declaration of Helsinki. With institutional review board approval (Ethical Batch Number:202021), and
following informed consent, tumor tissue and paired normal tissue were collected and promptly frozen in
a -80°C refrigerator.
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Table 1
Detailed clinical characteristics

clinical characteristics   n = 66 %(n = 66)

Age(years)      

  ≤ 60 20 30.30%

  > 60 46 69.70%

Gender      

  Male 39 59.09%

  Female 27 40.91%

Tumor volume      

  ≤ 5cm3 21 31.82%

  > 5cm3 45 68.18%

Depth of invasion      

  T1-T2 6 9.09%

  T3-T4 60 90.91%

Metastasis      

  Yes 35 53.03%

  NO 31 46.97%

TNM stage      

  I + II 29 43.94%

  III + IV 37 56.06%

Serum CEA level      

  ≤ 10 ng/ml 51 77.27%

  10 ng/ml 15 22.73%

Grade      

  G1 + G2 46 69.70%

  G3 + G4 20 30.30%

Smoking history      

  Yes 11 16.67%
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clinical characteristics   n = 66 %(n = 66)

  NO 55 83.33%

Drinking history      

  Yes 10 15.15%

  NO 56 84.85%

2.3 Cell culture
All colorectal cancer cell lines including NCM460 (RRID:CVCL_0460), HCT8 (RRID:CVCL_2478), HCT116
(RRID:CVCL_0291), HT29 (RRID:CVCL_0320), SW480 (RRID:CVCL_0546), CaCo2 (RRID:CVCL_0025), RKO
(RRID:CVCL_HE15) and Lovo (RRID:CVCL_0399) were purchased from Procell Life Science Technology,
routinely monitored by PCR to ensure they were mycoplasma free and authenticated by STR pro�ling.
NCM460 and HCT8 cells were cultured in RPMI 1640 medium. HCT116 and HT29 cells were cultured in
McCoy’s 5A medium. SW480 cells were cultured in IMDM medium. CaCo2 cells were cultured in DMDM
medium. All culture media were supplemented with 10% heat-inactivated fetal bovine serum (FBS, Gibco,
Carlsbad, CA), 100U/ml penicillin, and 100 mg/ml streptomycin (Beijing Solarbio Science & Technology).
All cells were cultured under standard incubator conditions (37°C, 5% CO2) and passaged at
approximately 90% con�uence.

2.4 Quantitative Reverse Transcription Polymerase Chain
Reaction (qRT-PCR)
Total RNA was extracted from tissues and cells using reagent (Invitrogen, USA) and RNeasy Mini Kit
according to the manufacturer’s instructions. RNA concentration and purity were measured on the
Nanodrop 2000, and the RNA integrity was veri�ed by gel electrophoresis. First-strand cDNA was
synthesized from the total RNA using a reverse transcriptional kit (Invitrogen, USA). Quantitative RT-PCR
was performed on an Applied Biosciences 7500 Real-Time PCR system following the QuantiTect SYBR
Green PCR kit protocols (Qiagen). A list of primer sequences is reported in Table 2. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used for normalization and relative abundance of lncRNA and
mRNA. The 2 − ΔΔCTmethod was used to calculate the expression of LncRNA [37].

2.5 Cell Transfection
When 50% con�uent, transient transfection of cells were performed using interferin transfection reagent
(Polyplus-transfection), according to manufacturer’s instructions. The sequences of negative control
small interfering RNA (siRNA) and on-target individual siRNAs were described in Table 2 and were
synthesized by Shanghai GenePharma. siRNA oligonucleotides were transfected at a �nal working
concentration of 20 nmol and kept at − 20°C. Six hours after transfection, the culture medium was
replaced. The knockdown and transfect e�ciency of siRNA was determined 48 hours post transfection by
qRT–PCR.
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Table 2
The primers and siRNAs used in this study.

Human Gene Sequences (5′- 3′)

GAPDH Forward primer: CCGGGAAACTGTGGCGTGATGG

  Reverse primer: AGGTGGAGGAGTGGGTGTCGCTGTT

LncRNA TRG-AS1 Forward primer: GCCTAGGCTAATGTGTGGCT

  Reverse primer: AGGCAGAAGAGTCGCTTGAC

Si RNA-NC Sense: UUCUCCGAACGUGUCACGUTT

  Antisense: ACGUGACACGUUCGGAGAATT

Si RNA TRG-AS1#1 Sense: GGACUACAGUGAUAUUGAAGA

  Antisense: UUCAAUAUCACUGUAGUCCAG

Si RNA TRG-AS1#2 Sense: GGUUUAUGUAAUUACUAUAUU

  Antisense: UAUAGUAAUUACAUAAACCAG

Si RNA TRG-AS1#3 Sense: GGUUGAAUGUUCUUUAUAAA

  Antisense: UAAUAAAGAACAUUCAACCCU

2.6 Lentivirus packaging and stable cell lines
Lentiviral vectors that stably overexpressing lncRNA TRG-AS1 (OE-TRG-AS1) and negative control
lentiviral vectors (OE-NC) were designed and packaged by Shanghai Jikai Gene Company. HCT116 and
SW480 cells were transfected with lentivirus /medium at a ratio of 1:50. Transfection e�ciency was
con�rmed by observing the �uorescence of green �uorescent protein (GFP) carried by the viral vector,
whereas lncRNA TRG-AS1 levels were veri�ed by real-time PCR.

2.7 Glucose uptake assay
Cells were collected and re-suspended in distilled water, ultrasonic wave disruption the cells in ice bath
with 120W for 7min. The mixture was placed in a boiling water bath for 10min, cooled at room
temperature, and then centrifuged after cooling at 8000g for 10min. After add 180µL mix reagent to 20µL
supernatant and incubation at 37°C for 15min, the absorbance values at 505 nm were determined.

2.8 Pyruvate assay
Cells were collected and re-suspended in extraction buffer, ultrasonic wave disruption the cells in ice bath
with 120W for 7min. The homogenate was left to stand for 30min, centrifuged for 10min at 8000g and
the supernatant was removed. Standard solution in the kit was used to prepare the standard curve. The
working solution was added to supernatant, which was left for 2min and then added to working solution
. Absorbance was measured at a wavelength of 520 nm.
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2.9 CCK-8 cell viability assays
Cell counting kit 8 (CCK8) experiment for in vitro proliferation assay were performed using the CCK8 Kit
(Sigma-Aldrich) according to the manufacturer’s protocol. The transfected cells were seeded into 96-well
plates at a density of 2000 cells per well with 6 replicates. The medium was replaced with 100µl fresh
complete medium containing 10µl CCK8 solution following a culture of 0, 24, 48 and 72h, respectively.
Then, the plates were incubated at 37°C and 5% CO2 for 2h, and the absorbance was measured at a
wavelength of 450nm.

2.10 Colony formation assays
1000 cells/well were plated in 6-well plates, and pools of cells were used to assess growth and
clonogenic ability. Ten days after plating the cells, clonogenic progenitors were determined and cells in
each group were replated for 6 times. Colonies were rinsed twice with ice-cold PBS, �xed with 4%
paraformaldehyde for 20 min on ice and washed twice with PBS. After �xed with methanol, cells were
stained with 0.1% crystal violet solution 30 min and then the colonies were imaged and counted.

2.11 Ethynyl deoxyuridine (EdU) Staining

Transfected cells were inoculated at a density of 2 × 104/ml per well in 96-black bottom. A total of 6
reduplicate wells were set up for each group. EdU staining using the Click EdU kit (Abbkine, USA) was
performed according to protocol. Cells were incubated with basal medium containing 10µM EdU at 37°C
for 2h. Subsequently, cells were �xed with 4% paraformaldehyde for 30min followed by washing with 3%
BSA and permeabilization with 0.1% Triton X-100. Afterwards the cells were stained with 50µL of fresh
reaction cocktail, and the nucleus was stained with 50µL of DAPI, followed by viability determination with
a �uorescence microscope (LEICA DFC450C). The EDU-positive cells were counted in �ve random visual
�elds from each well and percentages were calculated.

2.12 Cell migration and invasion assays

Transfected cells resuspended in serum-free medium were seeded into the upper chamber of 24‐well
inserts with or without Matrigel (BD, USA). Then, 600ul of medium supplemented with 20% FBS was
added into the lower chamber. After incubation for 24 hours (SW480) or 36 hours (HCT116), non-invading
cells in the upper chamber were scraped off. The cells on the bottom surface of the chambers were �xed
using 4% paraformaldehyde, and stained with crystal violet solution. Invading cells or migrating cells
were photographed and counted under a light microscope (LEICA DFC450C).

2.13 In vivo tumor xenograft experiments

Ten 6-week-old BALB/c male nude mice were used for the tumor xenograft experiment. The cell
suspensions of HCT116-OE-NC and OE-TRG-AS1 were inoculated subcutaneously on the upper right
forelimb of nude mouse, respectively. The body weight and tumor morphology were recorded. Tumor
volume was measured every 3d with a vernier caliper and calculated as 0.5 × width2 (cm2) × length (cm).
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All experimental procedures have been approved by the Ethics Committee of Zhengzhou Central Hospital
A�liated to Zhengzhou University.

2.14 Statistical Analysis

The data were presented as mean ± standard deviation. Statistical analysis between two groups was
performed using the Student's t-test. The expression correlation was determined by Pearson coe�cient
analysis. The correlation between TRG-AS1 expression and clinicopathological features of CRC patients
was evaluated by Chi-square test. The P < 0 .05 was considered signi�cant. Statistical analysis was
performed on SPSS 24.0.

3. Results

3.1 Identify differentially expressed glycolysis-related
LncRNAs in CRC and normal tissues
To explore the potential involvement of lncRNAs in colorectal cancer, we analyzed the lncRNA expression
analysis across the seven GEO datasets and TCGA dataset. 585 (328 up-regulated and 257 down-
regulated lncRNAs) and 6782 (3611 up-regulated and 3171 down-regulated lncRNAs) differentially
expressed lncRNAs (DElncRNAs) were identi�ed (Fig. 1A). Interaction diagram based on high con�dence,
9 signi�cantly up-regulated and 23 down–regulated lncRNAs were obtained. The change in direction of
expression of TCGA is consistent with the GEO datasets, and the intersection is shown in Fig. 1B-C.

To consider whether those DElncRNAs were closely related to the overall survival (OS) and disease-free
survival (DFS) of CRC patients in the TCGA and GEO cohort, we performed the univariate Cox regression
to identify the prognostic value of the DElncRNAs for OS and DFS. Among the 21 differentially expressed
down- regulated DElncRNAs, TRG-AS1 had a signi�cant association with the patient’s survival. The
work�ow of lncRNA identi�cation was presented in Fig. 1D. Collectively, these results indicated that TRG-
AS1 could be a suppressor lncRNA with a potential prognostic capability.

3.2 Con�rmation of the differential expression of lncRNA
TRG-AS1 in CRC
Based on all of the results described above, the expression and role of TRG-AS1 in CRC has not been well
characterized at present. Therefore, we selected TRG-AS1 for further study. Analysis of the human CRC
datasets from 8 public cancer databases contained 1498 patients revealed that TRG-AS1 expression level
was signi�cantly decreased in CRC samples compared with that in normal colon tissues (Fig. 2A-H). The
TGA-AS1 expression was down-regulated by microarray analysis in 6 Hungarian intestinal
adenocarcinoma patients compared to paired normal tissues [38]. This phenomenon was validated in a
study from the University of Zurich in 32 CRC patients [39]. Additionally, a Singapore study found that
TRG-AS1 expression was decreased in CRC patients compared to healthy subjects [40]. This was also
revealed by microarray data from 65 independent samples from the Hungarian [41]. The sequencing
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results of the 96 samples from the Netherlands were consistent [42]. Results remained generally stable,
regardless of different races and regions [43, 44]. We next veri�ed the expression pattern of TRG-AS1 by
66 pairs of clinical samples from our center. Consistently, the expression of TRG-AS1 in tumor tissue was
obviously lower compared with the normal colon tissue by qRT-PCR (Fig. 2I). As expected, TRG-AS1
expression was down- regulated in CRC cell lines compared with normal colon epithelium (NCM460)
(Fig. 5A). The results suggest that TRG-AS1 was signi�cantly down-regulated in CRC cells and tumor
tissue from CRC patients.

3.3 Con�rmation of potential prognostic value of lncRNA
TRG-AS1 in CRC
High and low TRG-AS1 expression was determined based on the median patient expression level. Kaplan-
Meier survival curve revealed that the CRC patients with lower TRG-AS1 expression were associated with
poorer OS and DFS (Fig. 3A-D). We further investigated the relationship between TRG-AS1 expression and
clinicopathological characteristics in CRC. The TRG-AS1 expression was declined as the tumor stage
progressed in TCGA dataset (Fig. 3E). The result was validated in our cohort (Fig. 3I). The TRG-AS1
expression was signi�cantly associated with lymph node and distant metastases in TCGA cohort
(Fig. 3F-G). In addition, the Affymetrix GeneChip arrays data of 155 colorectal cancer tissues from 8
different centers were further performed [45]. Speci�cally, increased TRG-AS1 expression was more
prominent in microsatellite instability tumors compared with microsatellite stable tumors(Fig. 3H).
Microsatellite status is an important factor in the prognostic predictive value of CRC, and high-
microsatellite instability was signi�cantly associated with a favorable prognosis in CRC patients [46].
This suggests that the TRG-AS1 is of high value for the prognosis of CRC patients. Meanwhile, this
potentially demonstrates a marked advantage of TRG-AS1 in guiding the clinical therapy of CRC. Next,
the correlation between the expression level of LncRNA TRG-AS1 and clinical data was veri�ed through
our samples, and we present the results in Table 3. LncRNA TRG-AS1 expression is markedly associated
with depth of invasion, metastasis and tumor size in our cohort (Fig. 3J-L). Collectively, these results
indicate that lncRNA TRG-AS1 could be a suppressor lncRNA with a potential prognostic capability.
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Table 3
The relationship between LncRNA TRG-AS1 expression and clinical

characteristics
clinical characteristics LncRNA TRG-AS1 expression P value

Low High

Age(years)     0.7893

≤ 60 9 11  

> 60 24 22  

Gender     0.8023

Male 19 20  

Female 14 13  

Tumor volume     0.0012

≤ 5cm3 4 17  

> 5cm3 29 16  

Depth of invasion     0.0244

T1-T2 0 6  

T3-T4 33 27  

Metastasis     0.0001

Yes 30 5  

NO 3 28  

TNM stage     0.0001

I + II 0 29  

III + IV 33 4  

Serum CEA level     0.2396

≤ 10 ng/ml 23 28  

> 10 ng/ml 10 5  

Grade     0.2840

G1 + G2 21 25  

G3 + G4 12 8  

Smoking history     0.5105
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clinical characteristics LncRNA TRG-AS1 expression P value

Low High

Yes 4 7  

NO 29 26  

Drinking history     0.7330

Yes 4 6  

NO 29 27  

3.4 Potential biological functions of lncRNA TRG-AS1 in
CRC
We next intended to investigate the biological functions of TRG-AS1 in CRC. 622 CRC patients were
divided into two groups depending on the median expression of TRG-AS1 from the TCGA database, and
the associated mRNAs were identi�ed by differential expression analysis. To determine the biological and
functional signi�cance of the differentially expressed genes, we performed an enrichment analysis of
gene ontology (GO) terms and Gene Set Enrichment Analysis (GSEA) using Molecular Signatures
Database (MSigDB). The enrichment analysis revealed that the differentially expressed mRNAs were
enriched in cell proliferation, glycolysis, immune, and so on (Fig. 4A-B). Furthermore, Pearson correlation
test from multiple sets of databases demonstrate a signi�cant inverse correlation between TRG-AS1
expression and key rate-limiting enzymes of glycolysis, including SLC2A1, PGK1 and ENO1 (Fig. 4C-E).
These observations suggest that lncRNA TRG-AS1 contributed to cell glycolysis and proliferation.

3.5 LncRNA TRG-AS1 contributes to weakened glycolysis
Next, to ascertain whether TRG-AS1 regulates the biological functions of colorectal cancer cells, the
expression of lncRNA TRG-AS1 was down-regulated in HCT116 and SW480 cells (Fig. 5A). LncRNA TRG-
AS1 overexpression was carried out. At 48 h after transfection treatment, the expression e�ciency was
measured by qRT-PCR (Fig. 5B). The bioinformatic analysis revealed TRG-AS1 might be involved in
glycolysis of CRC. To investigate the effect of TRG-AS1 on the glycolysis of CRC cells, glucose uptake
and pyruvate levels were then detected. The over-expression of lncRNA TRG-AS1 signi�cantly decreased
glucose uptake and pyruvate production (Fig. 5C-D).

HCT116 and SW480 cells were transiently transfected three lncRNA TRG-AS1-speci�c small interfering
RNAs (siRNAs) or with an unrelated siRNA (Si-NC). At 48 h after transfection treatment, the expression
e�ciency was measured by qRT-PCR analysis (Fig. 5E). Then, siRNA1(Si-1) and siRNA3(Si-3) were
selected for further experiments. Compared with control group, TRG-AS1 silencing can accelerated the
metabolic process, resulting in an increase of glucose uptake, lactate production, and pyruvate
consumption (Fig. 5F-G). In accordance, these results showed that LncRNA TRG-AS1 contributes to
weakened glycolysis.
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3.6 LncRNA TRG-AS1 suppress the proliferation of CRC
cells
Glycolysis is well associated with the regulation of cell proliferation [47]. Consequently, the effect of TRG-
AS1 on cell proliferation was further investigated. Compared with the OE-NC group, the overexpression of
TRG-AS1 inhibited the proliferation of HCT116 and SW480 cells as measured by the CCK8 assay, colony
formation and EdU in vitro experiment (Fig. 6A-C). Tumor xenograft experiment was carried out to
evaluate the effect of TRG-AS1 on the tumorigenic ability of HCT116 cell. The results showed that
overexpression of TRG-AS1 effectively suppressed the tumorigenicity, reduced the tumor size and weight
comparing with control cells (Fig. 6D). Collectively, the overexpression of TRG-AS1 markedly inhibited
CRC cells proliferation.

The knockdown of TRG-AS1 in HCT116 and SW480 cells clearly enhanced cell growth as measured by
the CCK8 assay, colony formation and EdU (Fig. 7A-C). Overall, these data demonstrated that knockdown
TRG-AS1 markedly induced CRC cells proliferation.

3.6 LncRNA TRG-AS1 inhibit cell invasion and migration of
CRC cells
Cancer cells use high glycolysis to satisfy the requirement for metastasis [48]. To determine the role of
TRG-AS1 in regulating invasion and migration in CRC cells, the ability to invade invasion and migration
were examined using Transwell. The results indicated that TRG-AS1 overexpression signi�cantly inhibited
invasion and migration. while TRG-AS1 silencing suppressed cell invasion and migration (Fig. 8). These
results indicated that silencing of TRG-AS1 promoted cell invasion and migration of colon cancer cells.

4. Discussion
There is a crucial public health concern about the high prevalence of CRC worldwide [49]. Despite
extensive study investigating CRC, relatively little is known about the underlying causes and pathogenesis
[50, 51]. In the present study, we unveiled a novel lncRNA, TRG-AS1, as a potential biomarker in CRC. To
our knowledge, this study �rst showed an important role of the TRG-AS1 in modulating glucose
metabolism in CRC. The expression of TRG-AS1 was considerably reduced in CRC tissues, which
suppressed tumor cell glycolysis, proliferation, migration and invasion. To sum up, our pooled results
suggested that TRG-AS1 functions as a tumor suppressor in CRC.

Accumulating evidence supports that lncRNAs play critical roles on regulate the expression of genes and
involved in the development and progression of cancer through complex tumor networks [52–54]. Cui et
al found that LncRNA linc00460 promoted esophageal cancer cell metastatic and epithelial
mesenchymal transition process via sponging miR-1224-5p [55].The recently study identi�ed lncRNA
RP4-694A7.2 interacted with PSAT1 to promote the proliferation and metastasis of Hepatocellular
Carcinoma Cell [56]. To date, studies on the association of TRG-AS1 expression with cancer are limited.
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For instance, TRG-AS1 affects cell proliferation and invasion via miR-224-5p/SMAD4 in Lung cancer cells
[57]. As a miR-4500 sponge, TRG-AS1 promotes the development of hepatocellular carcinoma [58].
Additionally, TRG-AS1 may act as a pro-oncogenic regulator in tongue squamous cell carcinoma and
glioblastoma cell. Interestingly, our study identi�ed TRG-AS1 as a tumor suppressor in colorectal cancer.
This disparity may be due to the different conditions of tumor microenvironment, especially the immune
cell in�ltration and gut microbiota [59]. Inevitably, tumor site and cell line characteristics may also be
involved.

Reprogramming of cellular metabolism is currently viewed as a hallmark of cancer, ful�lling the demands
of rapid proliferation [60, 61]. For example, lncRNA MIR17HG has been proven to promote CRC liver
metastases by mediating a positive feedback loop in the regulation of glycolysis [62]. PTTG3P induction
by hypoxia inducible factor-1α targeting the promoter region promoted glycolysis and M2 phenotype of
macrophage in CRC [63]. The gut microbiota also seems to be involved. Fusobacterium nucleatum
promoted CRC glycolysis and tumorigenesis by activating lncRNA ENO1-IT1 transcription [64]. However,
the study on lncRNA TRG-AS1 regulated glycolysis in CRC has not been reported previously. We �rst
identi�ed the overexpression of lncRNA TRG-AS1 inhibited glycolysis in CRC cells. Regrettably, the
speci�c molecular mechanisms involved and the veri�cation of animal experiment have not been
presented. These problems are the subject of our next research.

5. Conclusions
In general, we demonstrated for the �rst time that lncRNA TRG-AS1 was lower expression in CRC, and
lower lncRNA TRG-AS1 expression levels were association with OS and PFS. At the same time, the
biological functions of lncRNA TRG-AS1 in CRC was revealed. This study provided a new perspective to
the understanding of the molecular mechanisms in colorectal cancer.
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Figure 1

Identi�cation of differentially expressed lncRNAs in colorectal cancer.

(A)Volcano plots of TCGA showing the differentially expressed lncRNAs between CRC samples and
normal tissue samples. (B) The overlap between differentially expressed lncRNAs among TCGA and
seven GEO databases representation through a Venn diagram. (C) Cluster heat map of differentially
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expressed lncRNAs. (D) The Work�ow of identi�cation of differentially expressed LncRNAs.(LncRNAs,
long non-coding RNAs; TCGA, The Cancer Genome Atlas; CRC, colorectal cancer; GEO, Gene Expression
Omnibus)

Figure 2

The expression pro�les of TRG-AS1.
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(A) The relative expression levels of LncRNA TRG-AS1 in normal tissues and colorectal cancer tissues
based on TCGA database. (B-H) The relative expression levels of LncRNA TRG-AS1 in normal tissues and
colorectal cancer tissues from seven GEO databases. (I) The relative expression levels of LncRNA TRG-
AS1 in 66 paired normal tissues and colorectal cancer tissues from our center. (LncRNAs, long non-
coding RNAs; TCGA, The Cancer Genome Atlas; CRC, colorectal cancer; GEO, Gene Expression Omnibus;
*** P<0.001)

Figure 3

Con�rmation of potential prognostic value of TRG-AS1 in CRC.

(A) Kaplan-Meier survival curves for disease-free survival of colorectal cancer patients according to
lncRNA TRG-AS1 levels in TCGA database. (B) Kaplan-Meier survival curves for disease-free survival of
colorectal cancer patients according to lncRNA TRG-AS1 levels in the GSE143985 database. (C) Kaplan-
Meier survival curves for overall survival of colorectal cancer patients according to lncRNA TRG-AS1
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levels in TCGA database. (D) Kaplan-Meier survival curves for overall survival of colorectal cancer
patients according to lncRNA TRG-AS1 levels in the GSE29621 database. (E) The Correlation between
lncRNA TRG-AS1 and AJCC TNM stage in the TCGA database. (F) The Correlation between lncRNA TRG-
AS1 and lymph node metastasis in the TCGA database. (G) The Correlation between lncRNA TRG-AS1
and distant metastasis in the TCGA database. (H) The Correlation between lncRNA TRG-AS1 and
genomic instability. (I) The correlation of lncRNA TRG-AS1 with TNM stage was analyzed from our
cohort. (J) The correlation of lncRNA TRG-AS1 with invasion depth was analyzed from our cohort. (K)
The Correlation between lncRNA TRG-AS1 and metastasis in our cohort. (L) The correlation of lncRNA
TRG-AS1 with tumor size was analyzed from our center data. (LncRNAs, long non-coding RNAs; TCGA,
The Cancer Genome Atlas; CRC, colorectal cancer; GEO, Gene Expression Omnibus)
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Figure 4

Potential biological functions of TRG-AS1 in CRC

(A-B) Gene Ontology enrichment analyses and GSEA analysis of lncRNA TRG-AS1 were performed. (C-E)
The correlations of lncRNA TRG-AS1 with key enzymes of glucose metabolism in public databases were
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predicted. (LncRNAs, long non-coding RNAs; TCGA, The Cancer Genome Atlas; GEO, Gene Expression
Omnibus)

Figure 5

LncRNA TRG-AS1 contributes to weakened glycolysis
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(A)The expression levels of lncRNA TRG-AS1 in colon epithelial cells and intestinal cancer cell lines. (B)
The overexpression e�ciency of lncRNA TRG-AS1 in HCT 116 and SW480 cell lines were detected by q
RT-PCR. (C) The glucose uptake capacity was detected in lncRNA TRG-AS1- overexpression HCT 116 and
SW480 lines. (D) The relative production of pyruvate in lncRNA-overexpressing HCT 116 and SW480 cell
lines. (E) The knockdown e�ciency of lncRNA TRG-AS1 in HCT 116 and SW480 cell lines were detected
by q RT-PCR. (F) The glucose uptake capacity was detected in lncRNA TRG-AS1-knockdown HCT 116 and
SW480 lines. (G) The relative production of pyruvate was detected in lncRNA TRG-AS1-knockdown HCT
116 and SW480 lines. (OE-NC: vector control group, OE-TRG-AS1: lncRNA TRG-AS1 overexpressing
groups, T-Si-NC: negative control small interfering RNA, Si-1: target LncRNA TRG-AS1 small interfering
RNA 1, Si-3: target LncRNA TRG-AS1 small interfering RNA 3.*, P<0.05;**, P<0.01;***,P<0.001.)
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Figure 6

The overexpression of TRG-AS1 inhibits the CRC cell proliferation in vitro and in vivo.

(A) The cell proliferation ability was determined by CCK8 method in vitro. (B) The cell proliferation was
measured using plate clone formation in vitro. (C) EDU-incorporating live cells were detected by EDU
proliferation assay in vitro. The nucleus was labeled with DAPI (blue). The red colors indicate EDU-
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positive nuclei and proliferative cells. (D) LncRNA TRG-AS1 overexpression signi�cantly reduced the
volume of tumors by and slowed down the speed of tumor growth in nude mice xenograft tumors. (OE-
NC: vector control group, OE-TRG-AS1: lncRNA TRG-AS1 overexpressing groups, * P<0.05, **P<0.01,
***P<0.001)

Figure 7
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The knockdown of lncRNA TRG-AS1 promotes the colorectal cancer cell proliferation.

(A) The cell proliferation ability was determined by CCK8 method. (B) The cell proliferation was measured
using plate clone formation. (C) EDU-incorporating live cells were detected by EDU proliferation assay.
The nucleus was labeled with DAPI (blue). The red colors indicate EDU-positive nuclei and proliferative
cells. (T-Si-1: target LncRNA TRG-AS1 small interfering RNA 1, T-Si-3: target LncRNA TRG-AS1 small
interfering RNA 3. ***P<0.001)

Figure 8

LncRNA TRG-AS1 inhibits the metastatic potential of CRC cells.

(A) Transwell assay was performed to detect the invasive abilities of HCT116 cell after LncRNA TRG-AS1
overexpression or knockdown. (B) Transwell assay was performed to detect the invasive abilities of
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SW480 cell after LncRNA TRG-AS1 overexpression or knockdown. (C) Transwell assay was performed to
detect the migratory abilities of HCT116 cell after LncRNA TRG-AS1 overexpression or knockdown. (D)
Transwell assay was performed to detect the migratory abilities of SW480 cell after LncRNA TRG-AS1
overexpression or knockdown. (E) The numbers of cells that migrated and invaded were quanti�ed. (OE-
NC: vector control group, OE-TRG-AS1: lncRNA TRG-AS1 overexpressing groups, Si-NC: negative control
small interfering RNA, Si-1: target LncRNA TRG-AS1 small interfering RNA 1, Si-3: target LncRNA TRG-AS1
small interfering RNA 3)


