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High expression of LIMD2 predicts a poor 
prognosis and promotes migration of colon 
cancer cells
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Xiaoyan Wang1* and Xiaomin Li1*

1  Introduction
Colon cancer is a common malignancy with a high rate of morbidity and mortality [1]. 
Metastasis remains the leading reason of mortality in patients with colon cancer [2], 
yet effective clinical strategies for preventing metastasis are still lacking. Therefore, to 
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Abstract
Background  LIM domain-containing protein 2 (LIMD2) is known to promote 
metastasis in several cancers. However, its role and underlying mechanisms in colon 
cancer remain unclear. This study focused on investigating the prognostic value, 
functional impact, and molecular mechanisms of LIMD2 in colon cancer.

Methods  LIMD2 expression in colon cancer tissues and matched non-cancerous 
tissues was detected using RT-qPCR and immunohistochemistry. The chi-square test 
was used to assess the association between LIMD2 expression and clinicopathological 
characteristics. Kaplan–Meier survival analysis and Cox proportional hazards models 
were applied to evaluate the prognostic value of LIMD2. The functional role of LIMD2 
in colon cancer cell migration was examined through Transwell and wound healing 
assays. Additionally, RNA sequencing (RNA-seq), co-immunoprecipitation (CoIP), silver 
staining, and mass spectrometry were performed to uncover the role of LIMD2 in colon 
cancer cell migration.

Results  LIMD2 expression was significantly increased in colon cancer samples and cell 
lines. High LIMD2 expression was positively correlated with lymph node metastasis and 
TNM stage. Patients with elevated LIMD2 expression exhibited poorer overall survival 
(OS). Gain-of-function assays demonstrated that LIMD2 accelerated colon cancer cell 
migration. RNA-seq analysis revealed that LIMD2 regulates ECM-receptor interactions 
and focal adhesion pathways. Furthermore, CoIP and mass spectrometry identified 
cofilin1 as a LIMD2-interacting protein.

Conclusions  Our findings indicate that LIMD2 serves as a novel prognostic biomarker 
and potential target for colon cancer treatment.
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further elucidate the molecular mechanisms of colon cancer metastasis is important 
for improving patient prognosis. The ability of cancer cells to migrate is a key driver of 
metastasis. Several metastasis-associated pathways, such as the ECM-receptor interac-
tion and focal adhesion pathways, play important roles in regulating cytoskeletal dynam-
ics, adhesion and metastasis of cancer cell [3]. These pathways are often abnormally 
activated in tumors, leading to cancer metastasis.

LIM domain containing 2 (LIMD2) belongs to the LIM domain protein family, which 
is known to regulate multiple aspects of tumor progression, including gene expres-
sion, cytoskeletal remodeling, cell adhesion, motility, and signal transduction [4, 5]. For 
instance, LIMK1 and LIMK2 have been shown to enhance colorectal cancer metasta-
sis and contribute to chemoresistance by regulating the cofilin pathway [6]. Addition-
ally, LIM-HD and LIM-only proteins function as transcription factors or components 
of transcriptional complexes in the nucleus, thereby influencing gene expression and 
tumorigenesis [7–9].

LIMD2 contains one LIM domain. Janete M. et al. [10] first reported that LIMD2 
mRNA expression was higher in metastatic lesions of papillary thyroid carcinoma than 
in primary tumors and normal tissues, suggesting a potential role for LIMD2 in metas-
tasis. Subsequently, a Brazilian research team confirmed through immunohistochemi-
cal staining that LIMD2 protein expression was higher in lymph node metastases of 
papillary thyroid carcinoma than that in primary tumors [11]. Further studies demon-
strated that LIMD2 knockdown in thyroid cancer cell lines reduced cancer cell invasion 
and migration [12]. Beyond thyroid cancer, emerging evidence indicates that LIMD2 is 
upregulated in various malignancies, including non-small cell lung cancer [13, 14], renal 
clear cell carcinoma [15], esophageal cancer [16], and ovarian cancer [17]. Additionally, 
LIMD2 overexpression was positively associated with poor prognosis and increased 
metastasis. These studies demonstrate that LIMD2 plays a key role in cancer cell motility 
and metastatic progression. However, its function and underlying mechanisms in colon 
cancer remain unknown.

In the current research, we aim to explore the correlation between LIMD2 expres-
sion levels and the prognosis of patients with colon cancer, as well as its association with 
clinicopathological characteristics. Additionally, we examine the function of LIMD2 in 
promoting colon cancer cell migration. Moreover, we identify the involvement of the 
ECM-receptor interaction and focal adhesion pathways, along with cofilin1 signaling, in 
LIMD2-driven cancer cell migration.

2  Materials and methods
2.1  Cell culture

The human colonic mucosal epithelial cell line FHC and the human colon cancer cell 
lines SW480, RKO, SW620, HCT116 were purchased from the American Type Culture 
Collection (ATCC, USA). DMEM Medium (Gibco, USA) supplemented with 20% FBS 
(Gibco, USA) was used to culture FHC cells. Cancer cell lines were maintained in the 
recommended medium with 10% FBS.

2.2  Colon cancer samples

The colon cancer tissue microarray (HColA180Su17) containing 96 cases of colon can-
cer was purchased from Shanghai Outdo Biotech Company (Shanghai, China). The 
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Ethics Committee of Shanghai Outdo Biotech Company approved the use of microar-
ray for research purposes. Fresh colon cancer tissues and paraffin-embedded specimens 
were obtained from Jiangsu Province People’s Hospital Suqian Hospital (Suqian, China). 
All patients signed the informed consent, and the Ethics Committee of Jiangsu Province 
People’s Hospital Suqian Hospital (Suqian, China) approved the use of clinical samples 
for research purposes.

2.3  Immunohistochemistry (IHC)

IHC staining and quantitative H-score were performed as described in our previous 
study [18]. Briefly, the H-score was calculated as follows: H-score = (% of strong × 3) + 
(% of moderate × 2) + (% of weak × 1). The resulting score is between 0 and 300. The pri-
mary antibody was anti-LIMD2 (1:200, 15471-1-AP, Proteintech, USA).

2.4  Construction of LIMD2 overexpression vector

The LIMD2 and LIMD2-Flag overexpression vectors were constructed by Ruibiotech 
(Guangzhou, China). Briefly, the coding sequences of LIMD2 were generated and cloned 
into the pcDNA3.1 or pcDNA3.1-Flag plasmids. Lipofectamine 3000 (Invitrogen, USA) 
was used to conduct transfection.

2.5  RNA isolation and reverse transcription (RT)

RNA isolation and RT were carried out as described in previous study [18]. RNA was 
isolated using RNAiso Plus reagent (#9109, Takara, Japan). RT was performed using 
PrimeScript™ RT reagent Kit with gDNA Eraser (RR047A, Takara, Japan).

2.6  Quantitative reverse transcription polymerase chain reaction (RT-qPCR)

RT-qPCR was conducted in the ABI 7500/7500 Fast Real-Time PCR System or Light-
Cycler-480 according to our previous study [18, 19]. SybrGreen qPCR Mastermix 
(DBI2043, DBI Bioscience, Germany) was used in RT-qPCR. The relative expression lev-
els of mRNA were calculated using the 2−ΔΔCt method. GAPDH was the internal refer-
ence. Ruibiotech (Guangzhou, China) generated all primers used in this research, and 
their sequences are listed in Supplementary Table S1.

2.7  Western blot

Cells were lysed on ice using lysis buffer (FD008, FDbio, China) for 30 min. The lysate 
was centrifuged at 12,000 rpm for 15 min at 4 ℃. Proteins were quantified, separated by 
12% SDS-PAGE, and transferred onto a PVDF membrane (Millipore, USA). The incu-
bation of PVDF membrane was performed at 4 ℃ overnight with primary antibodies: 
anti-LIMD2 (1:1000, 15471-1-AP, Proteintech, USA), anti-cofilin1 (1:1000, 10960-1-AP, 
Proteintech, USA), anti-p-cofilin1 (Ser3) (1:1000, 310036, ZENBIO, China), and anti-
β-tubulin (1:2000, 10094-1-AP, Proteintech, USA). The next day, the PVDF membrane 
was incubated with the second antibodies HRP-conjugated goat anti-mouse IgG (1:5000, 
SA00001-1, Proteintech, USA) and goat anti-rabbit IgG (1:5000, SA00001-2, Proteintech, 
USA) for 1 h at room temperature. An enhanced chemiluminescence [20] detection Kit 
(FD8020, FDbio, China) was used to visualize proteins. The original blots are provided in 
the Supplementary information file.
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2.8  Transwell migration assay

Briefly, cells were transfected with either LIMD2 overexpression vector or the control 
vector. After 24 h, cells were trypsinized, resuspended in serum-free medium, counted, 
and added to the Transwell insert. After 48  h, migrated cells were fixed, washed and 
stained. Pictures of migrated cells were captured under a microscope and analyzed for 
quantification.

2.9  Wound healing assay

Colon cancer cells were transfected with the LIMD2 overexpression plasmid. After 48 h, 
the confluence of cells reached 90%. A linear scratch was generated by a 10-µl plas-
tic pipette tip to simulate a wound. Then, cells were washed by PBS, and serum-free 
medium was added to the plates. Images of the wounds were captured under a micro-
scope at 200× magnification at 0, 24, and 48 h.

2.10  RNA-seq

RNA sequencing (RNA-seq) and bioinformatics analysis were conducted by The Bei-
jing Genomics Institute (BGI, China). The raw RNA-seq data have been uploaded in the 
NCBI Sequence Read Archive (SRA) database under accession number PRJNA1181289 (​
h​t​t​p​s​:​​/​/​w​w​w​​.​n​c​b​i​.​​n​l​m​.​​n​i​h​.​g​​o​v​/​s​r​​a​/​P​R​J​N​​A​1​1​8​​1​2​8​9).

2.11  Co-immunoprecipitation (CoIP) and immunofuorescence (IF)

These experiments were performed according to the methods used in our previous study 
[18]. Briefly, HCT116 and SW620 cells were transfected with the LIMD2-Flag over-
expression plasmid, and proteins were extracted 48  h later using lysis buffer (FD011, 
FDbio, China). The lysate was then incubated with an anti-Flag antibody (YM3001, 
Immunoway, USA) or control IgG (AC011, ABclonal, China) at 4 ℃ for 1 h. The mix-
ture was subsequently incubated overnight at 4 ℃ with 20 µL of A/G agarose beads 
(SC-2003, SANTA Cruz Biotechnology, USA). The proteins were eluted and subjected 
to electrophoretic separation, silver staining (#P00175, Fast Silver Stain Kit, Beyotime, 
China), mass spectrometry (Wininnovate Bio, Shenzhen, China), or western blot anal-
ysis. Anti-cofilin1 (1:200, 10960-1-AP, Proteintech, USA) and dyLight 488 labeled goat 
anti-rabbit IgG (1:200, #RS23220, immunoway, USA) were used in IF assay.

2.12  Statistical analysis

GraphPad Prism 9.0 (La Jolla, CA, USA) and SPSS23.0 software (IBM, USA) were used to 
perform statistical analysis. Comparison between the two groups was carried out using a 
two-tailed Student’s t-test. LIMD2 expression levels in colon cancer tissues and matched 
non-cancerous tissues were compared using the paired t-test. The correlation between 
LIMD2 expression and clinicopathological parameters was evaluated using a Chi-square 
(χ2) test. The overall survival rates of patients with low and high LIMD2 expression were 
analyzed using the Kaplan–Meier method and the Log-rank test. The prognostic value 
of LIMD2 expression was assessed using univariate and multivariate Cox proportional 
hazards models. A P-value < 0.05 was considered statistically significant.

https://www.ncbi.nlm.nih.gov/sra/PRJNA1181289
https://www.ncbi.nlm.nih.gov/sra/PRJNA1181289
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3  Results
3.1  LIMD2 is upregulated in colon cancer tissues and colon cancer cell lines

To evaluate LIMD2 expression levels in colon cancer, we analyzed LIMD2 protein 
expression in ten paired colon cancer samples and matched non-cancerous normal 
tissues using IHC staining. IHC analysis revealed that LIMD2 expression was upregu-
lated in colon cancer samples compared to matched non-cancerous samples (Fig. 1A). 
Furthermore, LIMD2 mRNA levels were measured in ten paired colon cancer tissues 
and matched adjacent non-cancerous tissues using RT-qPCR. The results revealed that 
LIMD2 mRNA expression was higher in colon cancer samples than in matched non-
cancerous normal tissues (Fig.  1B), which was consistent with the IHC staining find-
ings. Additionally, LIMD2 expression was analyzed in colon cancer cell lines and the 
normal colonic mucosal epithelial cell line FHC using RT-qPCR. The results indicated 
that LIMD2 expression was significantly higher in the colon cancer cell lines SW480, 
SW620, RKO, and HCT116 than in FHC. Moreover, LIMD2 expression was higher in 
the metastasis-derived cell line SW620 than the primary tumor-derived cell line SW480 
(Fig. 1C). These findings confirm that LIMD2 is upregulated in both colon cancer tissues 
and colon cancer cell lines.

3.2  LIMD2 is correlated with lymphatic metastasis and TNM stage in patients with colon 

cancer

To assess the association between LIMD2 expression and the clinicopathological param-
eters of patients with colon cancer, we determined LIMD2 expression using a tissue 
microarray containing 96 available cases of colon cancer. IHC staining revealed that 
LIMD2 expression varied, exhibiting strong, moderate, or weak staining in colon cancer 

Fig. 1  LIMD2 is upregulated in colon cancer tissues and cell lines. (A) LIMD2 expression was higher in colon cancer 
samples (n = 10) compared to adjacent non-cancerous tissues (n = 10). Scale: 50 μm and 500 μm. (B) LIMD2 mRNA 
expression was higher in the colon cancer tissues (n = 10) than in the matched non-cancerous normal tissues 
(n = 10). (C) RT-qPCR showed LIMD2 expression was higher in the colon cancer cell lines SW480, SW620, RKO, and 
HCT116 than in the normal colonic mucosal epithelial cell line FHC
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tissues (Fig. 2A). Based on staining strength and area, the H-score of IHC staining was 
calculated, and patients were stratified into a high LIMD2 expression group (n = 48) and 
a low LIMD2 expression group (n = 48), using the median H-score as the cutoff value 
(Fig. 2B). Statistical analysis demonstrated that higher LIMD2 expression was positively 
correlated with both lymphatic metastasis and TNM stage (Fig. 2C and D). However, no 
significant association was observed between LIMD2 expression and age, tumor size, or 
tumor differentiation (Table 1).

3.3  High LIMD2 expression in colon cancer is associated with poor prognosis

To evaluate the prognostic value of LIMD2, we performed Kaplan–Meier survival anal-
ysis and Cox proportional hazards modeling using both univariate and multivariate 
approaches basing on the LIMD2 protein expression data used in Fig. 2. Kaplan–Meier 
survival analysis revealed that patients with lower LIMD2 expression had significantly 
higher overall survival (OS) rates compared to those with higher LIMD2 expression 
(Fig. 3A). Furthermore, univariate Cox proportional hazards analysis demonstrated that 
lower LIMD2 expression was associated with a 70% reduction in the risk of death com-
pared to patients with higher LIMD2 expression (Fig. 3B). Multivariate Cox regression 
analysis verified this association, showing that patients with lower LIMD2 expression 
had a reduced risk of death (Fig. 3B). Consistent with our findings, the cox proportional 
hazards model confirmed that the higher LIMD2 expression increased the risk of death 
based on a colon cancer cohort (CPTAC-2) of TCGA (Supplementary Fig.  1). These 

Fig. 2  Correlation between LIMD2 expression and lymphatic metastasis in colon cancers. (A) Representative IHC 
images show strong, moderate, and weak staining of LIMD2 expression in a colon cancer tissue microarray (n = 96). 
(B) Colon cancers were stratified into a high LIMD2 expression group and a low LIMD2 expression group based on 
the median H-score of LIMD2 expression. (C) and (D) LIMD2 expression was positively correlated with lymphatic 
metastasis and TNM stage in patients with colon cancer
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findings strongly indicate that LIMD2 expression is associated with poor prognosis in 
patients with colon cancer.

3.4  LIMD2 promotes migration of colon cancer cells

The above findings revealed that LIMD2 is associated with metastasis in patients with 
colon cancer and is upregulated in highly metastatic cells, suggesting that LIMD2 may 
possess the ability to promote tumor cell migration. To test this hypothesis, we con-
ducted a gain-of-function assay. First, LIMD2 mRNA and protein levels were success-
fully upregulated in SW620, HCT116, and RKO cells following transfection with a 

Table 1  Correlation between LIMD2 expression and clinicopathologic characteristics in colon 
cancer
Characteristics LIMD2 expression (n = 96) a P value

Low (n = 48) High (n = 48)
Age (years) b

< 69 26 21 0.3073
>= 69 22 27
Diameter (cm) c

< 5 19 21 0.6149
>= 5 29 26
Differentiation
Well 10 10 0.3878
Moderate 32 27
Poor 6 11
Lymphatic metastasis
No 34 24 0.0369
Yes 14 24
TNM classification
I-II 34 24 0.0369
III-IV 14 24
a) Patients were divided according to the median expression of LIMD2

b) The age used for group was the median of patients

c) Tumor size was grouped according to median

Fig. 3  High expression of LIMD2 in colon cancer predicts a poor prognosis in patients. (A) Kaplan-Meier survival 
analysis demonstrated that LIMD2 expression was negatively correlated with the overall survival rate in patients 
with colon cancer. (B) Forest plots from the univariate and multivariate Cox proportional hazards model showed 
the prognostic value of LIMD2
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LIMD2 overexpression vector (Fig.  4A, B). Transwell migration assays demonstrated 
that LIMD2 overexpression increased the number of migrated cells (Fig.  4C). Consis-
tent with these findings, wound healing assays revealed that elevated LIMD2 expression 
enhanced the migratory capacity of colon cancer cells (Fig. 4D). Additionally, the migra-
tion ability of primary tumor-derived SW480 cells was also enhanced following LIMD2 
overexpression (Supplementary Fig.  2). These results collectively demonstrate that 
LIMD2 promotes the migration of colon cancer cells.

3.5  LIMD2 regulates the ECM-receptor interaction and focal adhesion pathways

To investigate the molecular pathways through which LIMD2 influences colon cancer 
cell migration, we performed RNA sequencing (RNA-seq) and KEGG analysis using 
HCT116 cells overexpressing LIMD2. RNA-seq identified 815 differentially expressed 
genes (DEGs), including 553 upregulated and 262 downregulated genes (Fig. 5A). KEGG 
pathway analysis revealed that these DEGs were enriched in the ECM-receptor interac-
tion, focal adhesion, and PI3K/Akt signaling pathways (Fig. 5B). Among these pathways, 

Fig. 4  LIMD2 promotes the migration of colon cancer cells. (A) mRNA and (B) Protein levels of LIMD2 were up-
regulated in colon cancer cells either transfected with the LIMD2 overexpression vector (LIMD2) compared to the 
control cells transfected with pcDNA3.1 (NC). (C) Transwell migration assay revealed that LIMD2 overexpression 
resulted in more migrated cells than those in the control group. Scale: 50 μm. (D) Wound healing assay indicated 
that the upregulated LIMD2 promoted the migration of colon cancer cells. Scale: 100 μm. All experiments were 
repeated three times
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21 genes were specifically enriched in the ECM-receptor interaction pathway, and 29 
genes were enriched in the focal adhesion pathway (Fig.  5C). Additionally, 19 genes 
overlapped between these two pathways, including six integrin genes (Fig.  5D). Given 
the critical role of integrins in cancer metastasis, we further examined the expression 
of these six integrin genes in HCT116 cells using the RT-qPCR method. Results dem-
onstrated that all six integrins were upregulated following LIMD2 overexpression, with 
three genes—ITGB1, ITGB4, and ITGA6—showing statistically significant differences 
(Fig. 5E).

3.6  LIMD2 interacts with cofilin1

To identify proteins that interact with LIMD2, we performed CoIP assays. HCT116 cells 
were transfected with a LIMD2-Flag plasmid, and subsequent CoIP followed by silver 

Fig. 5  LIMD2 regulates the ECM-receptor interaction and focal adhesion pathways. (A) Number of upregulated 
and downregulated differentially expressed genes. (B) Bubble diagram showing the top 20 pathways enriched 
by the differentially expressed genes. (C) Heatmaps showing the differentially enriched genes in the ECM-recep-
tor interaction pathway (left) and the focal adhesion pathway (right). (D) Nineteen genes were enriched in both 
the ECM-receptor interaction and focal adhesion pathways. (E) Six overlapping integrin genes were identified in 
HCT116 cells with LIMD2 overexpression using the RT-qPCR method
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staining revealed two differential bands pulled down by the anti-Flag antibody (Fig. 6A). 
Mass spectrometry analysis identified the upper band as LIMD2 (Fig. 6B, Supplemen-
tary Table S2), while the lower band was confirmed to be cofilin1 (Fig. 6C, Supplemen-
tary Table S3). Additionally, CoIP, followed by western blotting, validated the interaction 
between LIMD2 and cofilin1 (Fig.  6D). Using western blotting, we found that LIMD2 
overexpression didn’t affect the expression of cofilin1 and p-cofilin1. However, immu-
nofluorescence indicated that the upregulation of LIMD2 in HCT116 cells promoted 
cofilin1 transferred into nucleus (Supplementary Figure S3).

4  Discussion
In this study, we found that LIMD2 was upregulated in both colon cancer tissues and 
cell lines. Furthermore, higher LIMD2 expression in colon cancer tissues was positively 
correlated with shorter patient survival, suggesting that LIMD2 may serve as a promis-
ing prognostic biomarker. To the best of our knowledge, this is the first study to investi-
gate the relationship between LIMD2 expression and colon cancer. Consistent with our 
findings, LIMD2 overexpression has been reported in several malignancies, including 
non-small cell lung cancer (NSCLC), esophageal cancer, renal clear-cell carcinoma, and 
ovarian cancer [13–17].

Additionally, gain-of-function analyses demonstrated that LIMD2 overexpression 
significantly enhanced the migratory capacity of colon cancer cells. Similarly, LIMD2 
overexpression has been shown to promote proliferation, invasion, and epithelial-mes-
enchymal transition (EMT) in renal carcinoma cells [15]. In ovarian cancer, LIMD2 
knockdown suppresses cancer cell proliferation and migration, as well as reduces tumor 
growth in xenograft models [21]. Moreover, downregulation of LIMD2 has been shown 
to reduce proliferation, migration, and invasion in NSCLC cells [14]. These findings 

Fig. 6  LIMD2 interacts with cofilin1. (A) CoIP and silver staining showed that the differential bands were pulled 
down by the anti-Flag antibody. (B) Mass spectrometry identified peptide fragments of LIMD2. (C) Mass spectrom-
etry identified peptide fragments belonging to cofilin1. (D) Interaction between LIMD2 and cofilin1 was verified 
using CoIP, followed by western blotting
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collectively indicate that LIMD2 functions as an oncogene, driving tumor progression, 
and may represent a potential therapeutic target for cancer treatment.

While the oncogenic role of LIMD2 has been explored in certain malignancies, its 
precise molecular mechanisms in cancer progression remain largely unknown. In this 
study, we found that LIMD2 expression in colon cancer cells led to significant enrich-
ment of DEGs in the ECM-receptor interaction and focal adhesion signaling pathways. 
Consistent with our findings, LIMD2 regulates the ECM-receptor interaction and focal 
adhesion signaling pathways to promote proliferation and invasion in ovarian cancer 
[21]. Integrins, key mediators of ECM-receptor interaction and focal adhesion pathways, 
facilitate bidirectional intracellular and extracellular signal transduction, thereby activat-
ing the FAK and PI3K/AKT signaling pathways and promoting cytoskeletal remodel-
ing. Numerous studies have demonstrated that integrins play important roles in tumor 
growth, invasion, metastasis, and drug resistance [22–24]. Through RNA-seq and verifi-
cation, we found that LIMD2 upregulates the expression of ITGB1, ITGB4, and ITGA6. 
These integrins have been reported to enhance metastatic potential in various tumors. 
For instance, ITGA6 promotes metastasis in breast cancer, pancreatic cancer, and hepa-
tocellular carcinoma through activation of the PI3K/MAPK pathway or by forming the 
integrin α6β4 complex [25–27]. Additionally, high ITGB1 expression has been identified 
as a biomarker of poor prognosis in pancreatic [28] and colorectal cancers [29], while 
ITGB1 inhibition suppresses tumor migration in colorectal [30] and breast cancers [31]. 
Moreover, ITGB4 has been implicated as a key driver of metastasis in various tumors 
[32]. It is upregulated in colon cancer and contributes to cancer cell invasion and metas-
tasis [33, 34]. Taken together, these findings suggest that these integrins may be integral 
to LIMD2-mediated colon cancer cell migration.

In this study, we also identified cofilin1 as an interacting protein of LIMD2 in colon 
cancer. Cofilin1 is a key regulator of the actin cytoskeleton, facilitating actin filament 
reorganization to promote pseudopodia formation and tumor cell motility. Several 
studies have demonstrated that cofilin1 is upregulated in various cancers [35, 36], and 
enhances tumor cell invasion and migration by regulating cytoskeletal rearrangement 
and EMT [37, 38]. In addition, we found that LIMD2 does not alter the phosphorylation 
of cofilin1 at Serine 3 but does induce its translocation to the nucleus by an unknown 
mechanism, which might be a possible explanation for the function of LIMD2 on cells 
migration. Although our findings establish a correlation between LIMD2 and metasta-
sis-related pathways, as well as its interaction with cofilin1, further studies are required 
to elucidate the molecular mechanisms underlying the regulatory role of LIMD2 in inte-
grin expression and cofilin1 function.

In conclusion, we determined that LIMD2 overexpression is associated with poor 
prognosis in colon cancer tissues. Furthermore, we demonstrated that LIMD2 promotes 
colon cancer cell migration and proposed that ECM-receptor interaction, focal adhe-
sion pathways, and cofilin1 may contribute to its oncogenic role. These findings suggest 
that LIMD2 may serve as a potential prognostic marker and therapeutic target in colon 
cancer.
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Supplementary Material 4. Supplementary Figure 1. The cox proportional hazards model revealed that the high 
LIMD2 expression increased the risk of death based on a colon cancer cohort (CPTAC-2) of TCGA.

Supplementary Material 5. Supplementary Figure 2. LIMD2 overexpression promoted the migration of SW480 cells. 
(A) LIMD2 was upregulated in SW480 cells after being transfected with the LIMD2 overexpression vector; (B) The 
wound healing assay and (C) Transwell assay indicated that increased LIMD2 expression promoted colon cancer 
migration. Scale: 100 µm and 50 μm.

Supplementary Material 6. Supplementary Figure 3. LIMD2 overexpression promoted cofilin1 transferred into 
nucleus. (A) Western blot results showed that LIMD2 didn’t affect the expression of cofilin1 and p-cofilin1; (B) Immu-
nofluorescence indicated that LIMD2 overexpression in HCT116 cells promoted cofilin1 transferred into nucleus.
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