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Abstract:  
Microsatellite instability (MSI) colorectal cancer (CRC) is a malignant tumor with a poor prognosis. 

Significant advancements have been achieved in the field of peptide drug development in recent years, 

propelled by innovative manufacturing processes, modification and analytical techniques. Thus, further 

research is needed to identify predictive biomarkers and promising short peptide targets. In this study, 

multiple bioinformatics methods were used to mine TCGA and other tumor databases to analyze the 

differential expression of Werner syndrome protein (WRN) genes and their prognosis. To further explore 

the effects of WRN-2310 on the proliferation and migration of MSI colorectal cancer cells HCT116/RKO, 

and predict its functional mechanism. The results revealed that the level of WRN protein in colorectal 

cancer tissues was higher than that in normal tissues, which was beneficial to the prognosis of patients and 

was a risk factor affecting the prognosis of patients. Meanwhile, further study of antagonist peptide WRN-

2310 inhibited both proliferation and migration of MSI colorectal cancer cells RKO (p<0.01). This study 

demonstrated that WRN is a potential prognostic and diagnostic marker and that WRN-2310 could be a new 

short peptide target for the clinical treatment of MSI colorectal cancer. 
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Introduction 

Globally cancer incidence and associated 

mortality are rapidly increasing, with colorectal 

cancer (CRC), which includes colon and rectum 

adenocarcinoma (COADREAD), being one of the 

most common gastrointestinal tumors, ranking 

almost third and second in terms of morbidity and 

mortality, respectively 
[1]

. With the development 

of targeted therapies and immunotherapies 
[2]

, the 

5-year survival rate of colorectal cancer patients 

remains worrisome. Due to the heterogeneity of 

colorectal cancer, patients with the same clinical 

presentation may have significantly different 

outcomes 
[3]

. Therefore, there is an urgent need to 

develop new diagnostic markers and therapeutic 

targets to improve the clinical outcomes of CRC 

patients. 

Microsatellite instability (MSI) is a distinctive 

feature of certain genetic disorders that affect the 

accuracy of DNA replication. This condition 

arises from a dysfunction in the DNA mismatch 

repair (MMR) system, which is crucial for 

maintaining the fidelity of DNA during replication 

and for repairing errors that occur after replication 
[4]

. In the case of colorectal cancer (CRC), MSI 

contributes to the development of approximately 

10% to 20% of all cases, indicating that a 

significant proportion of these cancers are linked 
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to defects in the mechanisms that ensure the 

precision of DNA replication and subsequent 

repair processes 
[5]

. MSI is involved in the 

pathogenesis of many types of tumors, both 

hereditary and sporadic, including CRC 
[6]

, 

bladder cancer 
[7]

, gastric cancer 
[8, 9]

, and ovarian 

cancer 
[10, 11]

. Among them, 45% to 60% of 

cancers are unresponsive to immune checkpoint 

antagonism 
[12, 13]

. Therefore, new therapeutic 

approaches are needed for MSI tumors. 

The WRN gene is responsible for the production 

of Werner Syndrome Protein, which is a 

component of the RecQ family of DNA helicases. 

This gene is vital for preserving the integrity of 

the genome, as it is involved in various critical 

processes such as DNA repair, replication, 

transcription, and the upkeep of telomeres 
[14, 15]

. 

When there are mutations or defects in the WRN 

gene, it can lead to Werner Syndrome 
[16, 17]

, a 

condition inherited in an autosomal recessive 

pattern. This syndrome is marked by premature 

aging and an increased susceptibility to specific 

types of cancer. 

Chan EM et al. 
[18]

 showed that WRN is a 

synthetic lethal target in MSI cancer. WRN 

deficiency selectively causes double-stranded 

DNA breaks in MSI cancer cells, which promotes 

apoptosis and cell cycle arrest. Defects in DNA 

damage repair genes may be synthetically lethal in 

relation to the inactivation of the WRN gene to 

kill cancer cells 
[19]

, suggesting that WRN is a 

potential therapeutic target for MSI colorectal 

cancer. In recent years, immune checkpoint 

blockade (ICB) therapies have made significant 

achievements in clinical outcomes for colorectal 

cancer patients. However, not all patients benefit 

from ICB. Certain peptides that have been 

modified have shown to possess excellent 

stability. In a notable instance, Carvajal et al. 
[20, 

21]
 developed stable α-helical peptides that 

function as inhibitors of the MDM2 and MDMX 

proteins. These peptides are significant in the 

therapeutic approach for cancers that rely on the 

p53 pathway. 

In recent years, peptides have emerged as a novel 

category of therapeutic agents, distinguished by 

their unique biochemical properties and promising 

therapeutic applications. In this study, a 

bioinformatics approach was used to analyze the 

correlation between WRN and the occurrence, 

development and prognosis of CRC. To better 

understand the effect of WRN on the prognosis of 

MSI colorectal cancer, we analyzed the effects of 

WRN antagonist peptides on the proliferation and 

migration of MSI colorectal cancer cells as a way 

to screen for new targets and develop novel 

antitumor drugs. 

Material and Methods 

Data retrieval and Manipulation 

The University of ALabama at Birmingham 

CANcer data analysis Portal 
[22, 23]

 (UALCAN) is 

a comprehensive, user-friendly, and interactive 

web resource for analyzing cancer OMICS data. It 

is built on PERL-CGI with high quality graphics 

using javascript and CSS. The website 

(https://ualcan.path.uab.edu/) was used to 

download RNA express ion profile and clinical 

data of CRC in the Cancer Genome Atlas dataset 

(TCGA). WRN expression data were converted 

by Log2 for intergroup comparison. 

Expression and Prognostic Analysis of WRN 

Data analysis was performed using UALCAN. Set 

the conditions: ①Analysis ②Scan my genes 

③WRN; other settings are the database defaults. 

Click on the cancer abbreviations shown in red to 

analyze the gene differential expression and 

survival curves. 

Analysis of the Clinical Significance of WRN 

LinkedOmics: Select the cancer type 

"TCGA_COADREAD", retrieve the dataset 

"HiSeq RNA", enter the gene "WRN", select 

"Clinical" for the dataset, select "Non-parametric 

T test" for the statistical method, and analyze the 

results. 

Docking with WRN molecules, short peptides 

with binding energy scores better than -10 

kcal/mol 

In this study, we used ZDOCK 3.0.2 to predict the 

binding of 620 short peptides of 16-30 amino acid 

sequences to WRN proteins. Before the docking, 

we obtained WRN protein structure files and short 

peptides with 16-30 amino acid sequences (620 in 

total) from AlphaFold 
[24, 25]

 database 

(https://alphafold.ebi.ac.uk/) and CPPsite 2.0 
[26]

 

database (http://crdd.osdd.net/raghava/cppsite/), 

respectively. Subsequently, the proteins obtained 

from the above downloads were optimized using 

the Protein Preparation Wizard of the meastro13.0 

software, including the removal of non-ligand 

http://crdd.osdd.net/raghava/cppsi
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molecules and water molecules, the addition of 

hydrogen atoms and the optimization of the 

structure using the OPLS2005 force field to 

remove intermolecular collisions. 

For docking, amino acids in the range of 1370-

1409 aa 
[27]

 at the C-terminus of WRN were 

defined as the active site, and the docking study 

was carried out with the default configuration of 

ZDOCK 3.0.2. After completion of docking 

energy minimization was performed using 

AMBER18 at ff14SB force field. Finally, the 

short peptide and protein complex conformations 

after energy minimization were evaluated for 

binding energy using the prodigy tool. The 

binding model based on the best binding energy 

was visualized and analyzed using PyMOL 2.5.5. 

Subsequently, we commissioned Jiangsu Jitai 

Biological Company to synthesize the membrane 

penetrating peptides TAT: RKKRRQRRR, 2093: 

RKKRRQRRR YTFGLKTSFNVQ and 2310: 

RKKRRQRRRYARAAARQARAKALARQLGV

AA. 

WRN-2093/2310 short peptide and 

HCT116/RKO cell proliferation assay 

Cell suspensions (100μL/well) were inoculated in 

96-well plates, and the plates were pre-cultured in 

an incubator (37°C, 5% CO2). After the cells were 

treated, 10μL Cell Counting Kit 8 (CCK8) 

solution was added to each well (be careful not to 

generate air bubbles in the wells, as they will 

affect the optical density (OD) reading), and the 

plates were incubated in an incubator for 1-4 

hours, and the absorbance at 450 nm was 

measured by an enzyme meter. If the OD value is 

not measured for the time being, 10μL of 0.1M 

HCl or 1%w/v sodium dodecyl sulfate (SDS) 

solution can be added to each well, and the plate 

should be covered and stored at room temperature 

to protect the plate from light, and the absorbance 

will not change when measured within 24 hours. 

(three biological replicates; α=0.05; ns, p≥0.05; *, 

p<0.05; **, p<0.01; ***, p<0.001). 

WRN-2310 and RKO cell wound healing assay 

Colorectal cancer RKO cells with a cell density of 

5-10 ×10
5
 cells /mL were spread on 24-well plates 

(500μL per well), add RPMI-1640 culture 

medium containing 10% fetal bovine serum, and 

incubate for 16~24h to form a monolayer of cells. 

The single-layer cells were marked with the word 

"one" with the tip of a 10μL pipette gun and 

cleaned with PBS for 3 times. After incubation for 

24h, the cells were replaced with the RPMI-1640 

culture medium containing 10% fetal bovine 

serum, which was incubated for 24h, observed 

and photographed. (two biological replicates; 

α=0.05; ns, p≥0.05; *, p<0.05; **, p<0.01; ***, 

p<0.001). 

Statistical Analyses 

Overall survival was measured by Log-rank, and 

the effect of WRN expression difference on 

survival of colorectal cancer patients was 

analyzed. The difference of WRN expression in 

normal colorectal and colorectal cancer tissues 

and the influence of clinical indexes on WRN 

expression were detected by nonparametric T test. 

Moreover, cell proliferation and cell wound 

healing were analyzed using Graphpad prism 7 

software. Significance was determined with a 

Oneway ANOVA followed by Bonferroni’s 

Multiple Comparison test comparing to control or 

blank. (ns, p≥0.05; *, p<0.05; **, p<0.01; ***, 

p<0.001). 

Results 

Differential Expression of WRN 

To study the potential clinical significance of 

WRN, we used the TCGA dataset pan-cancer to 

analyze the differential expression of WRN in 24 

tumors and normal tissues, which was 

significantly up-regulated in COAD, and not 

significant in READ (Figure 1A). In COAD, 

analysis of the TCGA dataset alone showed that 

the expression level of WRN was significantly up-

regulated (p<0.001), which was consistent with 

the results of the pan-cancer data analysis (Figure 

1B). Identically, none of the WRN expression 

levels were statistically significant in READ 

(Figure 1C). 
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Figure 1. Differential expression of WRN in colorectal cancer. (A) Comparison of WRN expression 

between tumor and normal samples in 24 types of cancer; (B) Expression of WRN in colon adenocarcinoma 

tissues and normal tissues; (C) Expression of WRN in rectum adenocarcinoma tissues and normal tissues. 

ns, p≥0.05; *, p<0.05; **, p<0.01; ***, p<0.001. 

 

Prognosis significance of WRN 

To further investigate the relationship between WRN expression levels and prognosis, we performed a 

survival correlation analysis for colorectal cancer, including overall survival (OS) and disease-free survival 

(DFS). The results of survival curve analysis all showed that low expression of WRN gene was detrimental 

to the prognosis of patients and was a risk factor for poorer prognosis of colorectal and colon cancer (Figure 

2A, C). Additionally, the difference between WRN expression and disease- free survival of colorectal cancer 

and prognosis of Rectum adenocarcinoma was not statistically significant (Figure 2B, D). 

 

 
Figure 2. WRN gene expression and patient prognosis. Kaplan-Meier analyzed the relationship between 
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WRN expression and (A) OS and (B) DFS in CRC patients; (C-D) Kaplan-Meier analyzed the effect of 

WRN expression level on survival of COAD/READ patients. *, p<0.05; **, p<0.01. 

 

Correlation between WRN expression and 

clinical indicators of CRC 

To explore the clinical significance of WRN 

expression in colorectal cancer and to analyze the 

correlation between WRN expression and patients' 

clinical indexes. In CRC, WRN expression was 

affected by lymph node number (p=0.0124), 

pathologic stage (p=0.0206) and pathology N 

stage (p=0.0456) (Figure3 A-C). In COAD, WRN 

expression based on lymph node metastatic status 

(Normal vs N0/Normal vs N1/Normal vs N2, 

p<0.001; N0 vs N1, p<0.05) was different for 

different N stages (Figure 3D); different 

individual cancer stages (Normal vs 

Stage1/Normal vs Stage2/Normal vs Stage3, 

p<0.001; Stage1 vs Stage2, p<0.05; Stage1 vs 

Stage4, p<0.01), the expression of WRN was 

different (Figure 3E); the expression of WRN was 

also affected by the sex of patients (Normal vs 

Male/Normal vs Female, p<0.001) (Figure 3F). In 

READ, there was a difference in WRN expression 

according to nodal metastasis status (N0 vs N2, 

p<0.05) (Figure 3G); there was no statistically 

significant effect of individual cancer stage and 

patient gender on WRN expression (Figure 3H-I).

  

 
Figure 3. Correlation between WRN expression and clinical indicators of CRC. (A-C) Expression of 

WRN in lymph node number, pathology and N stage of colorectal cancer; (D-F) Expression of WRN in 

COAD based on nodal metastasis status(Normal vs N0/Normal vs N1/Normal vs N2, p<0.001; N0 vs N1, 

p<0.05)、individual cancer stages(Normal vs Stage1/ Normal vs Stage2/Normal vs Stage3, p<0.001; Stage1 

vs Stage2, p<0.05; Stage1 vs Stage4, p<0.01) and patient’s gender(Normal vs Male/ Normal vs Female, 

p<0.001); (G-I) Expression of WRN in READ based on nodal metastasis status(N0 vs N2, p<0.05)、
individual cancer stages(p>0.05) and patient’s gender(p>0.05). 

 

Screening of WRN short peptides with binding 

energy scores better than -10 kcal/mol 

Short peptides have been gaining popularity in 

various fields such as biology, chemistry, and 
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medicine because of their unique properties. Their 

wide range of structures, coupled with their ability 

to adopt various shapes, allows for precise control 

over how they engage with specific receptor sites. 

This results in peptides exhibiting a high degree of 

selectivity, as they interact in a very specific 

manner with their intended targets 
[28]

. In this 

study, we used CPPsite 2.0 to predict the binding 

scores of 620 short peptides with sequences of 16-

30 amino acids and WRN proteins as shown in 

Supplementary Table 1. Then, ZDOCK 3.0.2 

software was used to screen out a total of 11 

WRN short peptides with binding energies greater 

than -10 kcal/mol. The screened high scoring 

short peptides bound to each other with amino 

acids in the range of 1370-1409 aa at the C-

terminal end of the WRN, and their names, 

sequences, and binding energies with the WRN 

are shown in Table 1. 

 

Table 1. Total of 11 WRN short peptide binding energy scores better than -10 kcal/mol. 

Peptide Sequence Binding energy (kcal/mol) 

1301 LLIIARRRIRKQAHAHSK -10.2 

1753 AAVACRICMNFSTRQARRNHRRRHRR -10.3 

1806 GRKKRRQRRRPPQTYADFIASGRTGRRNAI -10.3 

2003 IYLATALAKWALKQGFGGRRRRRRR -10.2 

2093 YTFGLKTSFNVQYTFGLKTSFNVQ -10.9 

2152 GLFKALLKLLKSLWKLLKAGGC -10.1 

2310 YARAAARQARAKALARQLGVAA -10.9 

2829 YSSYSAPVSSSLSVRRSYSSSSGS -10.6 

2854 KKLALHALHLLALLWLHLAHLALKK -10.9 

2943 HRLRHALAHLLHKLKHLLHALAHRLRH -10.1 

 

ZDOCK 3.0.2 software was used to screen out a 

total of 11 WRN short peptides with binding 

energies greater than -10 kcal/mol. The screened 

high scoring short peptides bound to each other 

with amino acids in the range of 1370-1409 aa at 

the C-terminal end of the WRN, and their names, 

sequences and binding energies to WRN are 

given. 

High binding energy WRN short peptide that 

can hydrogen bond to sites ARG-1403 

Peptides are able to finely regulate the binding 

mode to specific receptor sites due to their diverse 

structures and multiple morphologies. To further 

explore how high binding energy short peptide 

bind to WRN, we analyzed the microstructure of 

high binding energy short peptides. The high-

scoring short peptides we screened bound to 

amino acids in the range of 1370-1409 aa 
[27]

 at 

the C-terminal of WRN. Among them, 2093, 

2310, 2829 and 2854 can hydrogen bond with site 

ARG-1403, which implies that 2093, 2310, 2829 

and 2854 are important short peptides screened 

(Figure 4A-D). It is worth noting that 2093 has 9 

binding sites (Figure 4A), 2310 and 2829 have 4 

binding sites (Figure 4B, D), while 2854 has only 

2 binding sites (Figure 4C), so 2854 is excluded 

based on the fact that the more binding sites there 

are, the stronger the binding. Interestingly, both 

2310 and 2829 have four binding sites and their 

sequences are shown in Table 2.
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Figure 4. High binding energy WRN short peptide that can hydrogen bond to site ARG-1403. (A-D) 

Among them, 2093, 2310, 2829, 2854 can hydrogen bond with site ARG-1403, implying that 2093, 2310, 

2829, 2854 are important short peptides screened. 

 

Table 2. Further screening of the short peptides 2310 and 2829. 

Peptide Sequence Number of 

repeated 

sequences 

Total amino 

acids 

Binding 

energy 

(kcal/mol) 

2310 YARAAARQARAKALARQLGVAA 2 22aa -10.9 

2829 YSSYSAPVSSSLSVRRSYSSSSGS 3 24aa -10.6 

 

It can be found that 2829 has one more repeat 

sequence than 2310 and also has 2 more amino 

acids, and the binding stability is poor with many 

repeat sequences, so 2829 is excluded. 

Based on the above analysis, it can be found that 

2829 has one more repeat sequence than 2310 and 

also has 2 more amino acids, and the binding 

stability is poor with many repeat sequences, so 

2829 is excluded. According to the above 

analysis, 2093 and 2310 were finally selected as 

short peptides for subsequent experiments. This 

suggests that the high binding energy short 

peptide recognizes and binds precisely to the 

WRN molecule, just as one key can only open one 

lock. 

Correlation analysis of WRN-2093/2310 short 

peptide with proliferation of HCT116/RKO 

cells 

In order to verify whether the screened WRN-

2093/2310 has an effect on MSI colorectal cancer 

cells HCT116/RKO, we performed a CCK8 cell 

proliferation assay. The experimental results 

showed that at a concentration of 20µM, WRN-

2310 had a significant effect on the proliferation 

of RKO cells, WRN-2093 had no effect on RKO 

cells, and neither WRN-2093/2310 had any effect 

on HCT116 cells (Figure 5A-B); different 

concentrations of WRN-2310 significantly 

affected the proliferation of RKO cells, especially 

at WRN-2310 40µM (p<0.01) and 80µM 

(p<0.001), while none of them affected HCT116 

cells (Figure 5C-D). This suggests that WRN-

2310 plays a role by affecting the proliferation of 

MSI colorectal cancer cells, thereby regulating the 

occurrence and development of MSI colorectal 

cancer.

 



                                        Hu Zhang et al. 

CURRENT SCIENCE 
 

CURRENT  SCIENCE 
 

CS 4 (5), 641-667 (2024) 

 

648 

 

 
 

 

 
Figure 5. WRN-2093/2310 short peptide and HCT116/RKO cell proliferation assay. (A-B) Effects of 

WRN-2093/2310 short peptides on proliferation of HCT116/RKO cells, respectively; (C-D) Effects of 

different concentrations of WRN-2310 on proliferation of HCT116/RKO cells respectively. **, p<0.01; ***, 

p<0.001. 

 

Correlation analysis of WRN-2310 with cell 

Wound healing of RKO cells 

Whether the effect of WRN-2310 on MSI 

colorectal cancer cells is other than inhibition of 

proliferation was tested by applying cell scratch 

assay. Cell scratch assay showed that wound 

closure was slowed down in the WRN-2310 

40µM and WRN-2310 80µM groups compared to 

the control group (Figure 6A), i.e., reduced 

migration ability; the migration rate of RKO cells 

varied with the concentration of WRN-2310, 

especially at WRN-2310 40µM (p<0.01) and 

80µM (p<0.001) (Figure 6B), the migration rate 

was lower, i.e., inhibited RKO cell migration. It is 

hypothesized that WRN-2310 plays a role in RKO 

cell migration to affect MSI colorectal cancer 

development and may be a new therapeutic target 

for MSI colorectal cancer. 
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Figure 6. WRN-2310 short peptide and RKO cell Wound healing assay. (A) Wound healing assay under 

microscope (40×); (B) The graphical data represented the percentage of migration area determined by 

wound healing assay. 

 

Discussion 

CRC is the third most common cancer in the 

world, with a higher incidence in recent years 

posing a serious impact on patients’ quality of life 

[29]
. Different types of CRC patients present varied 

prognosis, which means they responded 

differently to the same treatment plan 
[30, 31]

. MSI, 

which stands for microsatellite instability, is a 

significant mechanism that contributes to the 
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development of colorectal cancer, being present in 

around 15% of non-hereditary cases 
[32]

. To date, 

the role of MSI is currently used to select patients 

with colorectal cancer for immunotherapy, but its 

efficacy varies and only some cancer patients may 

benefit from it 
[33, 34]

. Recently, therapeutic 

peptides have risen to prominence as a unique 

class of pharmaceutical agents consisting of an 

ordered series of amino acids, usually with 

molecular weights of 500-5000Da 
[35]

. Therefore, 

it is urgent to actively screen new pharmaceutical 

targets and develop novel antitumor drugs in the 

clinic. 

Werner syndrome protein (WRN), also known as 

WRN RecQ Like Helicase, is a protein-coding 

gene that is mainly localized in the nucleus and 

cytoskeleton of cells. Our study found that WRN 

gene is highly expressed in colorectal cancer, and 

the trend of this expression level was analyzed in 

TCGA pan-cancer and TCGA normal and tumor 

tissues, respectively, suggesting that WRN is 

involved in colorectal carcinogenesis and 

progression. The RecQ DNA helicase WRN has 

been reported to be a potential therapeutic target 

for cancers characterized by microsatellite 

instability, which is a type of genetic instability 

resulting from defects in the mismatch repair 

system 
[18, 36, 37]

. When WRN is removed from 

cells with MSI, it triggers extensive DNA double-

strand breaks, which can cause the cells to stop 

dividing or apoptosis
[4]

. This further validates our 

study that high WRN expression is an 

independent risk factor for CRC. Survival curve 

analysis showed that low WRN expression was 

closely associated with poorer OS in colorectal 

cancer and colon cancer, which is contrary to our 

study, and it is possible that part of the colorectal 

cancer cells are dependent on the WRN gene for 

survival 
[38]

, and in particular, MSI colorectal 

cancer cells are more dependent on the WRN gene 

for survival 
[37]

. 

In this paper, we found that in colorectal cancer, 

the expression of WRN was affected by the 

number of lymph nodes, pathological stage and 

pathological N stage, reflecting the heterogeneity 

of colorectal cancer. Tumor heterogeneity refers 

to the fact that different tumor cells can exhibit 

different morphological and phenotypic 

characteristics, including cell morphology, gene 

expression, proliferation and metastasis potential. 

Increasing evidence suggests that tumor 

heterogeneity and the intra- and extra-tumor 

environments are both independent of and interact 

with each other, and Wang, et al. 
[39]

 reported that 

the relationship between intra- and extra-CRC 

factors and CRC heterogeneity. In COAD, there 

were differences in WRN expression in different 

N and S stages, suggesting a role in the different 

progression of colon cancer. 

Currently, peptides are showing significant 

promise as versatile agents in the field of cancer 

treatment. A variety of peptides, both naturally 

occurring and artificially created, are designed to 

bind to their native receptors for both diagnostic 

and therapeutic purposes. Synthetic peptides, in 

particular, can be readily modified to enhance 

their stability within the body, their ability to 

cross cell membranes, and their specificity for 

targets, often drawing on the properties of well-

established natural peptide families 
[40, 41]

. In this 

paper, we performed molecular docking using 

ZDOCK 3.0.2, and the screened highly scored 

short peptides bound to amino acids in the range 

of 1370-1409 aa 
[27]

 at the c-terminus of the WRN, 

of which, 2093 and 2310 were able to form a 

hydrogen bond with the ARG-1403 site, 

suggesting that 2093 and 2310 are important short 

peptides for the screen. The results of cell 

proliferation assay showed that WRN-2310 had a 

significant effect on the proliferation of RKO cells 

compared with WRN-2093; different 

concentrations of WRN-2310 significantly 

affected the proliferation of RKO cells, suggesting 

that WRN-2310 plays a role in regulating the 

development of MSI colorectal cancer by 

affecting the proliferation of MSI colorectal 

cancer cells. At the same time, RKO cell 

migration also depends on WRN-2310 

concentration, especially at WRN-2310 40µM 

(p<0.01) and 80µM (p<0.001). We hypothesized 

that WRN-2310 is involved in RKO cell 

migration affecting MSI colorectal cancer 

development and may be a new therapeutic target 

for MSI colorectal cancer. This is consistent with 

the fact that WRN helicase is a promising 

synthetic lethal target for MSI colorectal cancer 
[18]

. 

Notably, when doing the wound healing assay of 

WRN-2310 on RKO cells, we found that the 

membrane-penetrating peptide TAT 80µM was 

not effective on RKO cells, and the reason might 

be related to its delivery mechanism and 
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application conditions. TAT is a short-chain 

polypeptide rich in basic amino acids with a 

strong ability to penetrate cell membranes, and 

has been called a “biological missile”. However, 

despite the ability of TAT to bring nucleic acid 

molecules and drug-protein molecules into the cell 

to act, its application is not unconditional. For 

example, although TAT has been found to deliver 

molecules, including nucleic acids, proteins, and 

small-molecule drugs, through non-covalent 

linkages and other forms, no study has yet 

compared differences in the ability of TAT to 

deliver proteins 
[42]

. This suggests that the poor 

effect of TAT when used as a control may be 

related to the choice of delivery method, and it is 

further hypothesized that the amount of the 

membrane-penetrating peptide TAT that enters 

the RKO cells cannot be determined, which, in 

turn, affects the wound-healing ability of the RKO 

cells. Moreover, TAT is rich in basic amino acids 

and the amino acid sequence is usually positively 

charged. This characteristic enables TAT to carry 

a variety of bioactive substances of different sizes 

and properties into cells, including peptides, 

proteins, plasmid DNA, siRNA, etc   
[43, 44]

. 

However, this broad applicability does not mean 

that optimal results are achieved under all 

experimental conditions, especially when used in 

conjunction with specific drugs or therapeutic 

approaches, which may require more refined 

optimization of conditions and experimental 

design. 

Another phenomenon was that WRN-2310 

inhibited RKO in MSI colorectal cancer cells at 

40µM and 80µM better than WRN-2310 at 20µM 

and 60µM, which may be related to the sequence 

and concentration dependence of 2310 protein 

domain peptide 
[45, 46]

. Firstly, the 2310 sequence 

is YARAAARQARAKALARQLGVAA, in 

which there are two adjacent repeating A, with a 

total of 22 amino acids. If 2310 is further 

improved by increasing or decreasing the number 

of amino acids, 2310 presents a variety of 

structures and morphologies, it will be able to 

finely regulate the way of binding with WRN 

molecules, which may affect the effect of WRN-

2310 on MSI colorectal cancer cell RKO effects. 

Secondly, different concentrations of WRN-2310 

may affect the rate and amount of entry into RKO 

cells, and thus affect the effect on RKO cells. 

 

Based on the above inference, we make a bold 

speculation that protein molecules such as WRN, 

a cancer-related multifunctional DNA helicase 

with nuclear localization signals, synthesized in 

the cytoplasm and localized in the nucleus, which 

plays an important role in DNA repair, 

replication, transcription, and telomere 

maintenance, can be designed into antagonistic 

peptides to inhibit cancer development, promote 

clinical prognosis, and become a new target for 

cancer treatment. 

Conclusion 

In summary, this study comprehensively analyzed 

the role of high WRN expression in prognosis, 

clinical staging in colorectal cancer. Meanwhile, 

the effect of WRN-2310 antagonistic peptide on 

MSI colorectal cancer cells (HCT116/RKO) was 

designed and verified, indicating that WRN may 

become a new target for anti-MSI colorectal 

cancer therapy and presents a novel approach to 

combating cancer. 
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1736 -6.6 

1737 -6.7 

1739 -7 

1742 -5.5 

1743 -4.9 

1744 -8.1 

1745 -5.3 

1746 -6.5 

1747 -8.3 

1749 -5.8 

1750 -5.8 

1751 -4.3 

1753 -10.3 

1759 -8 

1762 -5.4 

1763 -8.9 

1764 -7.6 

1765 -7.3 

1766 -7 

1767 -9.2 

1768 -5.2 

1773 -6.7 

1780 -5.4 

1783 -6.2 

1784 -5.9 

1785 -6.4 

1786 -7 

1788 -7.9 

1789 -8.6 

1791 -3.4 

1792 -6.7 

1793 -7.2 

1794 -9.3 

1800 -7.2 

1801 -8 

1806 -10.3 

1807 -5.2 

1810 -8.1 

1825 -6.6 

1827 -6.9 

1828 -5 

1832 -6.8 

1833 -9 

1834 -7.2 

1836 -7.3 

1837 -7.6 

1838 -6.5 

2001 -7.4 

2002 -6.6 
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2003 -10.2 

2004 -7.3 

2005 -8.1 

2006 -5.5 

2007 -6.1 

2011 -6.1 

2013 -4.5 

2014 -7.6 

2015 -6 

2034 -6 

2035 -6.7 

2038 -5.2 

2039 -6.5 

2041 -8.9 

2042 -8.5 

2064 -8.3 

2071 -9.2 

2084 -5.6 

2085 -6.7 

2086 -5.3 

2087 -5.7 

2093 -10.9 

2095 -8.1 

2103 -8.1 

2122 -5.9 

2123 -6.2 

2124 -6.3 

2127 -9.5 

2133 -9.5 

2134 -6.3 

2135 -8 

2136 -8.4 

2137 -9.4 

2148 -5.7 

2149 -5.8 

2151 -6.4 

2152 -10.1 

2153 -4.4 

2154 -6.7 

2155 -6.1 

2157 -8.1 

2158 -5 

2159 -6.7 

2163 -7.1 

2164 -6.5 

2165 -8.6 

2166 -8.6 

2172 -5.5 

2176 -6.6 

2177 -5.2 
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2191 -6.6 

2195 -7.7 

2196 -6.3 

2197 -5.3 

2198 -5.4 

2199 -4.6 

2203 -6.5 

2204 -6.2 

2206 -5.5 

2207 -7.2 

2215 -5.4 

2220 -8.3 

2224 -6.5 

2225 -7.3 

2226 -7.1 

2227 -7.4 

2228 -7.7 

2229 -7.1 

2233 -8 

2235 -8.6 

2236 -6.6 

2237 -8 

2238 -7.2 

2264 -6.4 

2289 -5.2 

2290 -6.3 

2297 -5.8 

2300 -6.7 

2301 -8.1 

2303 -7.3 

2304 -8.1 

2308 -4.9 

2309 -5.7 

2310 -10.9 

2313 -7.6 

2322 -6.5 

2325 -6.5 

2326 -5.8 

2327 -5.7 

2331 -8.4 

2333 -6.5 

2335 -6.1 

2336 -5.5 

2340 -6 

2342 -8.2 

2349 -7.9 

2350 -8 

2351 -7.2 

2352 -8 

2353 -7.1 
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2354 -7.1 

2355 -7.5 

2356 -7.6 

2357 -8.8 

2358 -7.2 

2359 -7.1 

2360 -6.9 

2361 -6.4 

2362 -6 

2363 -5.5 

2364 -6.6 

2365 -7 

2366 -8.8 

2367 -7.6 

2368 -7.7 

2369 -8.2 

2370 -8.9 

2371 -7.5 

2372 -9.5 

2373 -7.4 

2374 -6.8 

2375 -6.4 

2376 -6.2 

2377 -6.2 

2378 -8 

2379 -7.2 

2380 -7.7 

2381 -7.4 

2382 -8 

2383 -8.2 

2384 -8.5 

2385 -7.6 

2393 -7.7 

2394 -7.3 

2395 -6 

2396 -4.8 

2397 -8.4 

2398 -5.9 

2399 -5 

2400 -7 

2404 -6.2 

2405 -8.8 

2406 -5.7 

2407 -5 

2408 -5.4 

2409 -6 

2410 -6.7 

2411 -6.2 

2428 -6.6 

2433 -5 
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2434 -6.5 

2436 -6.9 

2438 -5.2 

2439 -4 

2447 -6.1 

2469 -5.1 

2493 -5.5 

2497 -5.2 

2505 -7.3 

2514 -6.7 

2515 -6.6 

2516 -6.2 

2523 -5.2 

2524 -5.2 

2525 -8.5 

2526 -7.6 

2528 -8.5 

2545 -7.7 

2546 -7.7 

2549 -7.1 

2550 -8.1 

2560 -7.3 

2566 -6.5 

2567 -7.3 

2568 -7.1 

2569 -7.4 

2570 -7.7 

2571 -7.1 

2578 -8 

2579 -7.9 

2581 -7.3 

2583 -7.3 

2592 -5.8 

2595 -6.1 

2598 -6.1 

2599 -9.8 

2601 -7.1 

2613 -6.1 

2614 -5.5 

2615 -7.8 

2616 -5.9 

2617 -8 

2618 -6.1 

2619 -9.6 

2620 -7 

2623 -6.9 

2624 -7.3 

2625 -7.7 

2626 -9.3 

2627 -7.6 
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2628 -7.1 

2629 -6.4 

2630 -5.5 

2631 -6.8 

2632 -8.1 

2633 -6.9 

2634 -7.1 

2652 -5.5 

2661 -8.4 

2663 -7.4 

2664 -7.5 

2665 -6.7 

2667 -9.8 

2671 -5.7 

2674 -6.5 

2676 -5.9 

2690 -6.2 

2691 -5.9 

2693 -4.6 

2694 -5.2 

2700 -6.2 

2712 -7.1 

2713 -7.3 

2716 -8.7 

2717 -5.4 

2719 -7.3 

2764 -5.7 

2773 -6.7 

2775 -8.2 

2776 -7.4 

2777 -7.1 

2778 -7.9 

2779 -6.1 

2780 -6.7 

2781 -6.1 

2785 -6.1 

2790 -7 

2792 -7 

2793 -5 

2794 -7 

2795 -5 

2804 -5.2 

2817 -8.8 

2818 -7.1 

2819 -5.5 

2820 -5.5 

2825 -7.7 

2826 -5.5 

2829 -10.6 

2833 -5.9 
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2838 -9 

2843 -5.2 

2844 -7.2 

2846 -6.7 

2848 -7.4 

2852 -8.4 

2853 -6.1 

2854 -10.9 

2855 -7.5 

2856 -5.5 

2857 -6.7 

2858 -7.9 

2886 -6 

2887 -6.8 

2888 -5.6 

2899 -7.8 

2900 -7.2 

2901 -7.2 

2908 -8.5 

2913 -8.1 

2914 -6.4 

2915 -7.2 

2916 -7.7 

2917 -8.2 

2918 -9.2 

2919 -7.2 

2920 -6.8 

2925 -5.1 

2926 -5.7 

2927 -6.6 

2928 -6.5 

2934 -7.4 

2935 -8.7 

2936 -6.2 

2940 -5.7 

2942 -4.6 

2943 -10.1 

2944 -10.2 

2945 -6.7 

2946 -5.6 

2947 -8.6 

2948 -4.7 

2949 -5.9 

2950 -6.6 

2951 -6.5 

2960 -7.7 

2990 -4 

2991 -4 

2993 -5.2 

2994 -4 
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2998 -8.4 

3000 -6.7 

3001 -5.2 

3002 -5.2 

3006 -5.2 

3009 -7.3 

 


