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A Bioinformatics-Based Screening and Identification of Biomarkers and 

Therapeutic Target for Colorectal Cancer 

 

Ruoyu Wu and Qianming Du 

 

Abstract 

Colorectal cancer (CRC) is one of the most frequently diagnosed cancers worldwide with high 

mortality rate. Most CRC patients are already at terminal stages when been diagnosed. The 

first-line therapy for CRC remains as FOLFOX/FOLFIRI chemotherapy, which comes with 

limited therapeutic effects and serious side effects. Therefore, identification of novel biomarkers 

and therapeutical targets for CRC is needed. This study was carried out to identify novel key genes 

for CRC prognosis and therapy. We identified 323 differentially expressed genes (DEGs) between 

tumor and adjacent normal tissues from three independent CRC datasets from Gene Expression 

Omnibus (GEO). GO and KEGG pathway enrichment analysis was performed for these DEGs and 

it showed that the functions of these DEGs involved mostly in the regulation of cell proliferation 

and metabolism. Among these DEGs, CTHRC1, FXYD5, and SULT2B1 were demonstrated to 

have prognostic significance for CRC, which could potentially be used as biomarkers for 

unfavorable prognosis. We also found that these three genes were overexpressed in CRC tumor 

tissues compared with normal counterparts. Knocking down SULT2B1 in HCT116 and HT29 cells 

by shRNA suppressed cell proliferation, whereas knocking down CTHRC1 or FXYD5 had no 

such effects. We next designed Locked Nucleic Acids (LNAs) to knockdown SULT2B1 in 

HCT116 and HT29 cells, which significantly inhibited cell proliferation. Collectively, we have 

identified CTHRC1, FXYD5, and SULT2B1 as potential prognostic biomarkers and SULT2B1 as 

a promising therapeutic target for CRC, and LNAs that we designed could be used for the targeted 

treatment for CRC. 

  

 

Key Words: Colorectal cancer; differentially expressed genes (DEGs); sulfotransferase family 2B 

member 1 (SULT2B1), Locked Nucleic Acid 
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Introduction 

  Colorectal cancer (CRC) is the third most frequently diagnosed cancer and accounts for 

approximately 10% of all cancer-related death worldwide [1, 2]. Although new treatments for 

CRC have emerged, including laparoscopic surgery for primary tumors, more aggressive resection 

for metastatic diseases, radiotherapy for rectal tumor, neoadjuvant chemotherapy and targeted 

therapies, the outcomes remain dismal in CRC patients [3-5]. Long-term survival for CRC is 

hardly improved over the past few decades.  

 

  In recent years, differentially expressed genes (DEGs) when comparing tumor samples with 

normal counterparts could be identified through gene expression profiling [6-8]. Still, the number 

of identified functional genes is limited, and studies are needed to identify more genes to better 

understand the mechanism underlying the pathogenesis of CRC. Thus, we used bioinformatics 

tools in this study to identify novel key genes in CRC from three gene expression profiles from 

GEO database and accessed the clinical relevance of these identified DEGs in the prognosis of the 

disease. The expression and importance of the DEGs were then tested using clinical samples. And 

we also explored the possibility of using these DEGs as potential therapeutic targets. 

 

  Among the approaches to develop targeted drugs, antisense oligonucleotides have attracted 

great attention. This is partly due to the fact that many causative proteins for diseases have be 

facing difficulties to target by conventional methods including low-molecular-weight chemicals as 

well as antibodies [9]. The antisense nucleic acid strategy is based on the hybridization-base 

synthesis of oligonucleotide to bind to its complementary mRNA. Locked Nucleic Acid (LNA) is 

a new nucleic acid analog that has unprecedented properties as a potential oligonucleotide drug, 

including good affinity, specificity, stability and easy delivery [10, 11].  

 

Due to its RNA-like conformation, LNA is not subject to RNase H cleavage when bound to its 

target mRNA. Therefore, LNA oligonucleotides are designed as gapmers which typically comprise 

a central DNA phosphorothioate segment, which recruits RNase H when the gapmer hybridizes 

with mRNA, flanked at both ends by 2 to 4 LNA monomers. LNA gapmers have shown 

extraordinary activities in several in vivo animal models for diseases [12, 13]. In this study, we 

used 17-18 LNA gapmer as the antisense oligonucleotides (as shown in Figure 1), which 

structured as 3 LNAs distributed in each side to enhance the affinity to target sequences, a gap of 

DNA monomers in the center, which are linked by phosphorothioate (PTO) backbones [14]. The 

design of LNA gapmers were strictly based on the criterion previously reported by Jaschinski, F. et 

al [15]. 
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Figure 1. Schematic diagram of locked nucleic acid (LNA) structure, PTO: phosphorothioate 
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Materials and Methods 

Human colorectal cancer tissue microarray and clinical samples 

The human colorectal cancer tissue microarrays were obtained from Shanghai Outdo Biotech. 

Tumor and adjacent normal tissues were obtained from 21 CRC patients from Nanjing First 

Hospital. Written informed consent files were obtained from all patients recruited in this study.  

 

Cell lines and culture 

HCT116 and HT29 cell lines were obtained from the Cell Bank of Shanghai Institute of 

Biochemistry and Cell Biology. Cells were cultured in DMEM medium (Gibco) with 10% FBS; 

HT29 cells were cultured in McCoy’s 5A medium (Gibco) with 10% FBS.  

 

Cell transfection 

Lentivirus plasmid pLVX-shRNA2 encoding shRNA sequences against human CTHRC1, 

FXYD5, and SULT2B1 were transfected into HEK293T cell along with packaging plasmids 

PsPAX2 and pMD2.G by using transfection reagent (Beyotime) to generate indicated shRNA 

lentivirus particles (targeting sequences are listed in Table S1). HCT116 and HT29 cells were 

transfected with lentivirus, and efficiency was verified by western blotting assay. 

 

Supplementary Table S1. shRNA sequences used in this study 

Target 

Gene 

shRNA 

ID 
Sequence (5' to 3') 

FXYD5 
1# GATCCCGTTGAAAGATACCACGTCCATTCAAGAGATGGACGTGGTATCTTTCAACGTTTTTTG 

2# GATCCGAGACACACAAGAGCACCAAATTCAAGAGATTTGGTGCTCTTGTGTGTCTCTTTTTTG 

SULT2B1 
1# GATCCCCAGAAGTTGCCAGGTGAATATTCAAGAGATATTCACCTGGCAACTTCTGGTTTTTTG 

2# GATCCGATCGAGATCATCTGCTTAATTTCAAGAGAATTAAGCAGATGATCTCGATCTTTTTTG 

CTHRC1 
1# GATCCCGCATCATTATTGAAGAACTATTCAAGAGATAGTTCTTCAATAATGATGCGTTTTTTG 

2# GATCCGCGTTGGTATTTCACATTCAATTCAAGAGATTGAATGTGAAATACCAACGCTTTTTTG 

 

For LNA knockdown of SULT2B1, 2 μmol/L LNAs were transfected into HCT116 or HT29 for 

72 h without assistance of transfection reagent, and knockdown efficiency was verified by western 

blotting assay (LNA sequences are listed in Supplementary Table S2). 

 

Supplementary Table. S2 LNA sequence used in this study 

LNA Name Length Sequence (5’ to 3’) 

LNA 1# 17 +T*+T*+C*T*T*C*A*G*C*T*C*C*A*A*+G*+G*+C 
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LNA 2# 17 +A*+C*+A*C*C*C*G*A*C*C*A*G*T*T*+C*+C*+T 

LNA 3# 18 +G*+T*+G*C*G*G*G*A*C*G*A*C*G*A*C*+A*+T*+C 

LNA 4# 18 +G*+G*+C*G*A*C*T*G*G*A*A*G*A*A*C*+C*+A*+C 

Ctrl Oligo 18 +C*+G*+T*T*T*A*G*G*C*T*A*T*G*T*A*+C*+T*+T 

+ represent LNA-modified nucleotides and * represent phosphorothioated backbones. 

 

Bioinformatics analysis of online dataset 

mRNA expression matrix and clinical features of three colorectal cancer GEO datasets 

(GSE81582, GSE89076, and GSE106582) were downloaded from 

https://www.ncbi.nlm.nih.gov/geo/, differential expression genes (DEGs) were identified by 

limma package of R (parameter setting: log2FC >1, P value <0.05). Integration analysis of DEGs 

identified from the three GEO datasets was carried out by RobustRankAggreg package of R [16], 

and visualized by pheatmap package of R. GO and KEGG enrichment analysis and visualization 

of DEGs were carried out by clusterProfiler package of R. mRNA expression matrix and clinical 

features of TCGA-COAD dataset was downloaded from https://portal.gdc.cancer.gov/, and 

survival analysis was carried out by survival package of R, visualized by survminer package of R. 

 

Western blotting 

For tissue samples from CRC patients, 100 mg tissue was cut into 1-mm pieces and 

homogenized in RIPA lysis buffer (Beyotime). Total protein lysate was obtained by centrifugation 

(12000 x g, 5 minutes) and qualified by BCA method with a commercial kit (Beyotime). Lysates 

were adjusted to 30 μg protein for each well were separated by SDS-PAGE gel, then transferred to 

PVDF membrane for immunoblotting analysis using the following primary antibodies obtained 

from Proteintech: anti-CTHRC1, anti-FXYD5, and anti-SULT2B1 and anti-β-actin (Bioworld). 

Then, PVDF membranes were incubated with goat anti-mouse IgG or goat anti-rabbit IgG  as 

secondary antibodies. Protein bands were analyzed using chemiluminescence system (Tanon). The 

intensity of bands was analyzed by Image J software.  

 

Real-time PCR 

For tissue samples from CRC patients, 100 mg tissue was cut into 1-mm pieces and homogenize 

by a glass homogenizer in 1 mL Trizol reagent (Life Technologies) under ice bath condition. Total 

RNA was qualified by a micro-spectrophometer. cDNA were synthesized from total RNA 

templates via reverse transcription reaction by EasyScript® First-Strand cDNA Synthesis Super 

Mix (Transgen) according to the manufacturer’s instruction. mRNA expression detection was 

carried out by LightCycler 96 real-time PCR system (Roche) using AceQ qPCR SYBR Master 
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Mix (Vazyme) in a 20 μL reaction system. The primer sequence of targeted genes used in this 

study were listed in Table S3. 

 

Supplementary Table S3. Primers sequences used in this study 

Gene symbol Forward (5’ to 3’) Reverse (5’ to 3’) 

FXYD5 CTCACCATCGTTGGCCTGATT TCCATGATAGTTGAGTCTGCTGA 

SULT2B1 GTTGCCAGGTGAATACTTCCG CCCGCACATCTTGGGTGTT 

CTHRC1 CAATGGCATTCCGGGTACAC GTACACTCCGCAATTTTCCCAA 

 

Colony formation assay 

For shRNA related experiments, HCT116 and HT29 cells with anti-CTHRC1 1-2#, 

anti-FXYD5 1-2#, and SULT2B1 1-2# transfected were seeded in 6-well dishes. After 24 h culture, 

cells were replaced with fresh medium and continually cultured for another 14 days. For LNA 

related experiments, HCT116 and HT29 cells were seeded in 6-well plates. After 24 h culture, 

fresh medium containing 1 μmol/L LNAs (1-4#) was added and cultured for another 14 days. 

At the end of culture, cells were washed three times with PBS, and fixed with 4% 

paraformaldehyde for 15 min, then washed three times with PBS. Cells were stained with 0.1% 

crystal violet staining solution for 3 min and then washed three times with PBS, dried in the air at 

room temperature. Counting for colony was carried out under an inverted microscope. Images for 

colony were captured by a digital camera. 

 

MTT assay 

HCT116 and HT29 cells were seeded in 96-well plates with a density of 5 x 10
3
 cells/well. 

After 24 h culture, cells were replaced with fresh medium contained 5, 2.5, 1.25, 0.625, 0.3125, 

and 0.15625 μmol/L LNAs and incubated for another 72 h. 

At the end of culture, 20 μL methylthiazolyldiphenyl-tetrazolium bromide (MTT, 5 mg/mL) 

were added to each well, and incubated at 37°C for 4 h. Supernatant was removed and 150 μL 

DMSO was added to each well, shocking for 10 min to dissolve MTT. The optical density (OD) 

for each well was detected at 570 nm by a microplate reader. Cell suppression ratio was calculated 

as: (1-ODtreatment well/ODcontrol well) x 100%. 

 

Statistical analysis 

Quantitative data are presented as mean ± SD, and categorical data are presented as frequency. 

Statistical analysis was performed by using SPSS software. One way ANOVA was used for 

multiple group comparison. Paired samples t-test was used for paired quantitative variable 
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comparison between two groups; independent samples t-test was used for unpaired quantitative 

variable comparison between two groups. McNemar’s test was used for paired categorical variable 

comparison between two groups; Chi-square test was used for unpaired categorical variable 

comparison between two groups. P value < 0.05 was considered as statistically significant. 
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Results 

1. Identification of differentially expressed genes (DEGs)  

1.1 DEGs have been identified from three GEO datasets of colorectal cancer 

We analyzed three independent clinical datasets of colorectal cancer (CRC) from GEO, and 

identified 701 upregulated and 835 downregulated genes in CRC tumor tissues of GSE81582, 

1457 upregulated and 2572 downregulated genes in GSE89076, and 212 upregulated and 363 

downregulated genes in GSE106582, when compared with adjacent normal tissues (Figure 2). 

 

 

Figure 2. A-C, gene expression profiles of colorectal tumor tissues which is normalized to 

adjacent normal tissues; data are downloaded from GEO database, and the GEO accession IDs are: 

GSE81582, GSE89076, and GSE106582; FC, fold change; red dots represents up-regulated genes 

(log2FC > 1, P value < 0.05), and blue dots stands for down-regulated ones (log2FC > -1, P value < 

0.05). 

 

1.2 Integration analysis of DEGs identified from GEO datasets 

To integratedly analyze the DEGs identified from these three cohorts, Robust Rank Aggregation 

algorithm was used and 94 upregulated and 229 downregulated genes were identified with 

significance scores < 0.05 (Figure 3).  
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Figure 3. A, heat map for DEGs identified by Robust Rank Aggregation analysis of the three 

datasets (significant score < 0.05, and 323 DEGs have been identified). B, Fold change heat map 

for DEGs identified by Robust Rank Aggregation analysis. 

 

1.3 Functional enrichment analysis of identified DEGs 

We next run Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genome (KEGG) 

enrichment analysis for these 323 identified DEGs, and it was found the biological functions of 

the DEGs mainly involved in the regulation of cell proliferation and metabolism, which are 

critical features for tumor cell growth and survival during cancer progression (Figure 4). 

 

 

Figure 4. A, GO enrichment analysis. B, KEGG enrichment analysis. FDR, false discovery rate. 

 

2. Three DEGs have prognostic significance in colorectal cancer 

2.1 Survival analysis of colorectal cancer patients from TCGA database according to DEGs 

mRNA expression 

To discover the prognostic significance of the DEGs we identified, the correlation between 

DEG expression and survival of CRC patients from TCGA-COAD dataset was accessed. We 

found that the mRNA levels of three genes, namely collagen triple helix repeat containing 1 

(CTHRC1), FXYD domain containing ion transport regulator 5 (FXYD5), and sulfotransferase 

family 2B member 1 (SULT2B1), are significantly correlated with the outcomes of CRC patients’ 

survival (patients with high mRNA expression have poorer overall survival, while those with low 

expression of these three genes have better OS; Figure 5). 
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Figure 5. A-C, overall survival (OS) analysis of colorectal cancer patients from TCGA database 

according to CTHRC1, FXYD5, and SULT2B1 mRNA expressions. 

 

2.2 CTHRC1, FXYD5, and SULT2B1 expression validation and prognostic value analysis in 

CRC 

CRC tissue microarray (containing tissue sections of pairs of tumor and adjacent tissues from 

83 CRC patients) was next used to look at the protein expressions of CTHRC1, FXYD5, and 

SULT2B1 in human CRC tissue samples, and we found that the expression of these genes are 

reversed correlated with survival outcomes of patients, with higher gene expression correlates 

with worse overall survival and disease free survival (Figure 6), indicating that the expressions of 

CTHRC1, FXYD5, and SULT2B1 may have prognostic significance for CRC. 

 

 

 

Figure 6. A-C, Overall survival (OS) analysis of colorectal cancer patients from clinical tissue 

microarray corresponds to CTHRC1, FXYD5, and SULT2B1 expressions. D-F, disease-free 

survival (DFS) analysis of colorectal cancer patients from clinical tissue microarray corresponds 

to CTHRC1, FXYD5, and SULT2B1 expressions. HR, Hazard ratio. 

 

3. CTHRC1, FXYD5, and SULT2B1 are identified as prognostic biomarkers for colorectal 

cancer 

3.1 Cox regression analysis of CTHRC1, FXYD5, and SULT2B1 

Given that the expressions of CTHRC1, FXYD5, and SULT2B1 in tumor tissues are closely 
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correlated with the outcomes of CRC patients, we next analyzed whether they could be used as 

prognostic biomarkers for CRC. Cox regression analysis showed that the expression of CTHRC1, 

FXYD5, and SULT2B1 in tumor tissues are independent risk factors of CRC patients’ outcomes 

(Table 1 and Figure 7). 

 

Table 1. Univariate and multivariate Cox regression analysis of colorectal cancer tissue 

microarray 

 

HR, Hazard ratio; CI, confidence interval; *, P < 0.01; **, P < 0.01. 

 

 

Figure 7. Forest plot for visualization of multivariate Cox regression analysis. *, P < 0.01; **, P < 

0.01. 

 

3.2 Logistic regression analysis of CTHRC1, FXYD5, and SULT2B1 

Logistic regression analysis also showed that the expressions of CTHRC1, FXYD5, and 
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SULT2B1 in tumor tissues are significant risk factors for CRC patients’ prognosis, which can be 

used to predict outcomes of CRC patients (Table 2 and Figure 9). These results above concluded 

that CTHRC1, FXYD5, and SULT2B1 can be used as prognostic biomarkers for colorectal cancer. 

 

Table 2. Logistic regression analysis of colorectal cancer tissue microarray 

 

OR, odds ratio; LR-test, likelihood ratio test; *, P < 0.01; **, P < 0.01. 

 

 

Figure 8. ROC analysis of logistic regression model using CTHRC1, FXYD5, and SULT2B1 

expressions for colorectal cancer survival prediction. AUC, area under the curve. 

 

4. CTHRC1, FXYD5, and SULT2B1 are up-regulated in tumor tissues of colorectal cancer 

4.1 Comparison of protein levels of CTHRC1, FXYD5, and SULT2B1 in tumor tissues and 

adjacent normal tissues from clinical samples 

We detected protein levels of these three genes in CRC tissue samples. The results showed that 

protein levels of CTHRC1, FXYD5, and SULT2B1, accessed by Western blot, were up-regulated 

in tumor tissues when compared with adjacent normal tissues from 21 clinical samples obtained 

from Nanjing First Hospital (Figure 9), which was in line with the results from the CRC tissue 

microarray. 
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Figure 9. A-D, protein bands and quantification of CTHRC1, FXYD5, and SULT2B1 in adjacent 

normal and tumor tissues from colorectal cancer patients; N: adjacent normal tissue, T: tumor 

tissue. *, P < 0.05; **, P < 0.01. 

 

4.2. Comparison of mRNA levels of CTHRC1, FXYD5, and SULT2B1 in tumor tissues and 

adjacent normal tissues from clinical samples 

 

We next detected mRNA levels of these three genes in CRC tissue samples. The results showed 

that mRNA levels of them, accessed by real-time PCR, were up-regulated in tumor tissues when 

compared with adjacent normal tissues from 21 clinical samples obtained from Nanjing First 

Hospital (Figure 10). 

 

 

 

 

Figure 10. Relative mRNA levels of CTHRC1, FXYD5, and SULT2B1 in adjacent normal and 
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tumor tissues from colorectal cancer patients. *, P < 0.05; **, P < 0.01. 

 

5. SULT2B1 knockdown impairs colorectal cancer cell proliferation 

5.1 SULT2B1 knockdown by shRNA inhibits colorectal cancer cell proliferation 

Since we have demonstrated that CTHRC1, FXYD5, and SULT2B1 can be used as biomarkers 

for CRC prognosis and are up-regulated in CRC, we next checked whether CTHRC1, FXYD5, or 

SULT2B1 have influences on CRC cell proliferation. We designed shRNAs to knockdown 

CTHRC1, FXYD5, and SULT2B1 in HCT116 and HT29 cells, and as illustrated in Figure 11, the 

expressions of these three genes were greatly diminished in both cell lines transfected with 

shRNAs, demonstrating that these shRNAs were transfected with good knocking down efficiency.  

 

 

 

Figure 11. Verification of shRNA induced CTHRC1, FXYD5, and SULT2B1 knockdown in 

HCT116 and HT29 cells by Western blotting assay. 

 

Colony formation assay was next carried out to determine the influences of CTHRC1, FXYD5, 

and SULT2B1 knockdown on cell proliferation. It was found that SULT2B1 knockdown by 

shRNA significantly suppressed colony formation in HCT116 and HT29 cells, whereas CTHRC1 

or FXYD5 knockdown has no significant effects (Figure 12). 
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Figure 12. A-B, representative cell colony photos and quantification of colony formation assay in 

HCT116 cells after transfected with shRNA against CTHRC1, FXYD5 or SULT2B1. C-D, 

representative cell colony photos and quantification of colony formation assay in HT29 cells after 

transfected with shRNA against CTHRC1, FXYD5 or SULT2B1. **, P < 0.01; n.s., no significant 

differences. 

 

5.2 Anti-SULT2B1 locked nucleic acid inhibits colorectal cancer cell proliferation 

We next designed anti-SULT2B1 locked nucleic acids (LNAs) and detected proliferation 

suppression activity in HCT116 and HT29 cells, and it was found that LNAs 1#, 2#, 3#, and 4# 

successfully knocked down the expression of SULT2B1 (Figure 13), and they significantly 

suppressed cell proliferation activity with IC50 ranged 1~2 μM (Figure 14). LNA 1#, 2#, 3#, and 

4# also markedly suppressed colony formation in both cells (Figure 15). These results indicated 

that SULT2B1 may play an important role in CRC cell proliferation and warrant future 

investigation towards therapeutic target for CRC. In addition, LNAs targeting SULT2B1 could be 

used for the treatment of CRC. 

 

仅
用
于

20
22
丘
成
桐
中
学
科
学
奖
公
示

20
22

 S.-T
. Y

au
 H

igh
 Sch

oo
l S

cie
nc

e A
ward

s



18 
 

 

 

Figure 13. Assessment of LNA-induced SULT2B1 knockdown in HCT116 and HT29 cells by 

Western blotting assay. 

 

 

 

 

Figure 14. Growth inhibition curves (A-B) and calculated IC50s (C) of LNAs after 72 h treatment 

in HCT116 and HT29 cells, respectively. 
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Figure 15. Representative cell colony photos (A) and quantification of colony formation assays 

(B-C) in HCT116 and HT29 cells after treated with 1 μM LNAs. For B and C, **, P < 0.01; n.s., 

no significant differences for compared with untreated group. 
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Discussion 

Over the past few decades, CRC has become one of the most common cancers, and its 

incidence is expected to increase. Despite major advances in treatment, especially in 

chemotherapy and targeted therapy, mortality rate remains high. Accurate diagnosis and prognosis 

are challenging to improve CRC outcomes. Various therapeutic methods are been used to meet the 

clinical needs to treat CRC, and targeted therapy, focusing on genes that play essential roles during 

tumor pathogenesis, has attracted great attention and made a lot of progress in recent years [17]. In 

this study, we tried to identify novel biomarkers and therapeutics targets for CRC.  

 

SULT2B1 (sulfotransferase family 2B member 1) is a member of sulfotransferases super family, 

which selectively catalyzes cholesterol into cholesterol sulfate. Cholesterol sulfate is involved in a 

variety of important biological progressions, like regulates keratinocytes differentiation, skin 

barrier formation as well as T cell signaling transduction [18-20]. The pathological role of 

SULT2B1 in cancer seems contradictory and the molecular mechanism remains largely 

unexplored. Evidences have indicated that SULT2B1 improves cancer cell growth by blocking 

tumor necrosis factor signaling in prostate cancer, also enhances epithelial mesenchymal transition 

via interacting with beta-catenin/ matrix metallopeptidase 7 (MMP7) signaling in liver cancer [21, 

22]; while evidence also indicates that SULT2B1 is a suppressor for esophageal squamous cell 

carcinoma by upregulation period circadian regulator 1 (PER1) mRNA expression [23]. Further 

investigations shall be done to detail the complex role of SULT2B1 in cancer progression as well 

as decipher the underlying mechanisms. 

 

All 4 LNAs that have been designed and used in our study have shown significant suppression 

activity for cell proliferation. We are currently carrying out an in vivo experiment to see if LNA #3, 

the most potent LNA among the four LNAs we designed, would have therapeutics effects in CRC 

xenograft mouse model (as illustrated in Figure 16). Antisense oligonucleotides including LNAs 

has developed very rapidly over the past few decades, and several LNA oligonucleotides are 

currently under investigation for the treatment of cancer, metabolic diseases and infectious 

diseases [24, 25]. Given the difficulties that traditional drug designs have encountered with 

numerous protein targets, the development of nucleic acid drug is therefore promising. 
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Figure 16. Illustration of future in vivo experiment plan. 

 

In conclusion, we identified 3 differentially expressed genes, namely CTHRC1, FXYD5, and 

SULT2B1, from three independent CRC datasets from GEO, and validated them as biomarkers for 

unfavorable prognosis. We also found that they were all up-regulated in CRC tumor tissues as 

compared to normal counterparts, while only knocking down SULT2B1 suppressed cancer cell 

proliferation. LNAs were designed to knockdown SULT2B1 in HCT116 and HT29 cells, which 

significantly inhibited cell proliferation, indicating the therapeutic potential of these LNAs for the 

treatment of CRC, as well as the use of SULT2B1 as a therapeutic target. Collectively, we have 

identified that CTHRC1, FXYD5, and SULT2B1 may serve as potential prognostic biomarkers 

and SULT2B1 as a promising therapeutic target for CRC, and LNAs targeting SULT2B1 have 

therapeutic potential for CRC. 
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