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The phosphorylation level of Cofilin-1 is related to 
the pathological subtypes of gastric cancer
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Abstract 
The purpose of the study was to explore the relationship between multiple proteins belonging to the LIMK/Cofilin pathway, 
including LIMK1, LIMK2, Cofilin-1, and p-Cofilin-1 and clinical features of gastric cancer (GC) patients, including overall survival, 
TNM stages, and pathological subtypes. The expression of LIMK1, LIMK2, Cofilin-1 and p-Cofilin-1 in the GC tissues and adjacent 
normal stomach tissues from 141 patients were detected using immunohistochemistry (IHC) staining. Wilcoxon rank-sum test 
and Spearman rank correlation coefficients were used to measure the relationship between different TNM stages, pathological 
types, and selected parameters. OS was estimated using the Kaplan–Meier method and survival curves were compared using the 
log-rank test. Our results showed that, compared to those in the adjacent normal stomach tissues, LIMK1, LIMK2 and Cofilin-1 
were up-regulated while p-Cofilin-1 was down-regulated in the GC tissues. LIMK1 level was positively correlated to the TNM 
stages of GC. According to the published dataset, the expression levels of both LIMK1 and LIMK2 were correlated to the overall 
survival time of GC patients. The level of Cofilin-1 was significantly different between GCs of different TNM stages. Moreover, most 
importantly, this is the first study to reveal that the level of Cofilin-1 is higher, and the level of p-Cofilin-1 is lower in the diffuse type 
of GC compared to that in intestinal type. Taken together, our study demonstrated that multiple factors in LIMK/Cofilin pathway 
including LIMK1, LIMK2, Cofilin-1, and p-Cofilin-1 were associated with the clinical and pathological features of GC, which is 
potentially helpful for the diagnosis and treatment of GC.

Abbreviations: EMT = epithelial-mesenchymal transition, GC = gastric cancer, IHC = immunohistochemistry, LIMK = LIM 
kinase.
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1. Introduction

Gastric cancer (GC) is one of the leading causes of cancer-re-
lated death worldwide. According to the International Agency 
for Research on Cancer (IARC), there were over a million 
new GC cases and 780,000 GC-related deaths in 2018 world-
wide.[1] More than 679,000 new cases and 498,000 related 
deaths happen in China every year, accounting for approx-
imately half of the total number of GC globally.[2] GC is 
asymptomatic in the early stages and about 80% to 90% of 
GC patients are diagnosed at advanced stage which accom-
panied by extensive invasion, lymphatic metastasis and lim-
ited median survival time of 1 year.[3] Therefore, it is critical 
to understand the mechanism underlying GC invasion and 
metastasis.

As key regulators of the cell cytoskeleton dynamics, LIM 
kinases (LIMKs) play a crucial role in cancer and neurological 

diseases.[4–6] The LIMK family consists of two homologs, LIMK1 
and LIMK2. Although differentially expressed in cells,[7,8] both 
LIMKs perform similar functions by phosphorylating and 
inactivating Cofilin-1, regulating actin polymerization and 
depolymerization during cell migration.[4] Many studies have 
shown that abnormal activation of the LIMK/Cofilin signaling 
pathway provokes cancer development, invasion, and metas-
tasis,[9,10] and LIMK/Cofilin inhibitors has been exhibited to 
inhibit cancer metastasis.[11,12] You et al[13] demonstrated that 
the overexpression of LIMK1 in GC is associated with tumor 
differentiation, tumor size, clinical stage, lymph node metas-
tasis, and poor prognosis. LIMK1 knockdown may inhibit 
tumor cell proliferation, migration, invasion, tumor growth 
and metastatic potential both in vitro and in vivo. We have 
previously found by transcriptome sequencing that the expres-
sion of LIMK1 was significantly up-regulated in GC tissues and 
peritoneal metastases.[12] Wang et al[14] reported that Cofilin-1 
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expression was elevated in GC and could induce epitheli-
al-mesenchymal transition (EMT) by promoting cytoskeletal 
rearrangement. These evidences suggest that the LIMK/Cofilin 
signaling pathway may be involved in GC development.

Therefore, we aim to analyze the relationship between the 
expression of LIMK1, LIMK2, Cofilin-1, phosphorylated 
Cofilin-1 (p-Cofilin-1) and the clinical characteristics of GC, to 
further explore the role of LIMK/Cofilin signaling pathway in 
the occurrence and progression of GC. Furthermore, we evalu-
ated the potential of LIMK1 and LIMK2 mRNA expressions to 
be a prognostic marker in GC patients.

2. Materials and Methods

2.1. Patients and human samples

All 141 patients included in this study were from Hebei Medical 
University 4th Hospital, China. All patients provided informed 
consent for obtaining the tissue specimens. This study was 
approved by the Clinical Research Ethics Committee of Hebei 
Medical University 4th Hospital.

2.2. Immunohistochemistry (IHC)

For IHC analysis, following primary antibodies were used: Anti-
LIMK1 (1:200, Origene, USA), Anti-LIMK2 (1:200, Abcam, 
UK), Anti-Cofilin-1 (1:200, Affinity, USA), and Anti-phospho-
Cofilin-1 (ser3) (1:200, Affinity, USA). Tissue specimens were 
deparaffinized, rehydrated, and processed in boiling citrate buf-
fer for 6 minutes for antigen retrieval. Slides were blocked in 
blocking reagent (Origene, USA) incubated with primary anti-
bodies in 4 °C overnight, washed with Tris-buffered saline with 
0.1% Tween 20 (TBST), and then incubated with secondary 
antibody (Origene, USA) for 45 min. HRP/DAB kit (Origene, 
USA) was used to visualize stanning. Images of IHC were 
acquired by microscope using 10× and 20× objectives.

IHC staining was scored by percentage positive area and inten-
sity as follows. All scoring was done by two separate patholo-
gists blindly. Staining intensity was recorded as following: 0 for 
no staining, 1 for weak staining, 2 for medium staining, and 3 
for strong staining. Proportion of positive cells: 0 for <5% posi-
tive area, 1 for 5%‐25% positive area, 2 for 26%‐50% positive 
area, 3 for 51%‐75% positive area, and 4 for >75% positive 
area. The final IHC score was calculated using the intensity score 
multiplied by the proportion score. “-“ for 0‐1 point, “+” for 2‐3 
points, “++” for 4‐5 points, “+++” for ≥6 points.

2.3. Statistical analysis

The data of LIMK1/2 mRNA levels and the overall survival of 
GC patients were from published data set.[15] The cutoffs and 
P-values were calculated by the Kaplan–Meier Plotter.[16]

Levels of LIMK1/2, Cofilin-1, and p-Cofilin-1, different 
TNM stages and pathological types were compared using the 
Wilcoxon rank-sum test. Spearman rank correlation coefficients 
were used to measure the relationship between different TNM 
stages, pathological types, and selected parameters. OS was esti-
mated using the Kaplan–Meier method and survival curves were 
compared using the log-rank test. P values < 0.05 were consid-
ered to indicate significance. *P < .05; **P < .01; ***P < .001; 
****P < .0001.

3. Results

3.1. Expression of LIMK1, LIMK2, Cofilin-1 and p-Cofilin-1 
in GC and adjacent normal stomach tissues

Total 141 GC tissues and 50 adjacent normal stomach tissues 
from patients were checked. Clinicopathologic characteristics 

of patients were collected and listed in Table 1. IHC staining 
for LIMK1, LIMK2, Cofilin-1 and p-Cofilin-1 were performed 
in both tumor and adjacent normal stomach tissue samples. 
Our results showed that, compared to those of adjacent nor-
mal stomach tissue, LIMK1, LIMK2 and Cofilin-1 expression 
were all significantly increased while p-Cofilin-1 was decreased 
in the tumor tissues (Fig. 1). These results indicated that LIMK1, 
LIMK2, and Cofilin-1 may promote the tumor progression of 
GC, while p-Cofilin-1 might function as a tumor suppressor.

3.2. Correlation between LIMKs expressions in GC and 
clinical parameters

To further explore the relationship between LIMK1/2 and GC, 
we analyzed the expression of LIMK1 and LIMK2 in GC tissue 
at different TNM stages. Our results showed that LIMK1 could 
be expressed in all GC tissues and was dominantly expressed 
in the tumor tissues of TNM III and IV stages. Spearman rank 
correlation analysis showed that LIMK1 expression was posi-
tively correlated with more advanced TNM stages (R = 0.269, 
P = .002) (Fig. 2a).

We also checked the expression of LIMK1/2 in different T, N, 
or M stages separately. Samples from T3 and T4 stages tended 
to show higher LIMK1 expression compared to that in T1 and 
T2 stages (Fig.  2b). Since patients with distant metastasis are 
not candidate for surgical treatment except accompanied by 
bleeding or obstruction, only 4 GC samples from M1 stage 
were collected in our study. High expression level of LIMK1 

Table 1

Clinicopathologic characteristics of patients.

Characteristic No. of cases % 

Gender
Male 37 26.2
Female 104 73.8
Age   
20‐29 2 1.4
30‐39 4 2.8
40‐49 15 10.6
50‐59 39 27.7
60‐69 57 40.4
70 24 17
Location   
Distal 72 51.1
Proximal 69 48.9
Lauren type   
Intestinal 32 22.7
Diffuse 49 34.8
Mixed 54 38.3
Unclassified 6 4.2
TNM stage   
I 24 17
II 26 18.4
III 84 59.6
IV 7 5
T stage   
1 23 16.3
2 19 13.5
3 8 5.7
4 91 64.5
N stage   
0 46 32.6
1 23 16.3
2 26 18.5
3 46 32.6
M stage   
0 137 97.2
1 4 2.8
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(+++) were found in all 4 samples. No significant differences 
in LIMK1 expression between any different N stages (Fig. 2c). 
These results indicated that LIMK1 is more related to T and M 
stages of GC. LIMK2 expression did not show any significant 
difference between different TNM stages (data not shown).

In present study, we analyzed the correlation between 
LIMK1/2 mRNA level and the overall survival of GC patients of 
a published dataset.[15] Results showed that up-regulated expres-
sion of LIMK1 leads to poor survival of GC patients (Fig. 3a). 
Patients with higher LIMK2 expression in tumor tissue had bet-
ter overall survival in the same patient cohort (Fig. 3b).

3.3. The expression and phosphorylation of Cofilin-1 in 
different pathological subtypes of GC

According to the Lauren classification, gastric adenocarcinoma 
can be classified into diffuse, intestinal, and mixed types.[17] 
Diffuse type of GC accounts for approximately 30% of all GC 
and is associated with aggressive progression, peritoneal metas-
tasis, and poorer clinical outcomes than intestinal type.[18,19] In 
order to check the relationship between Cofilin-1 and clinical 
characteristics of GC, we then investigated the expression level 

of Cofilin-1 and its phosphorylated form p-Cofilin-1. Cofilin-1 
expression is different between GC tissues of different TNM 
stages. The expression of Cofilin-1 was relatively higher in stage 
II and stage III GC than in stage I and IV (Fig. 3a). The expres-
sion level of Cofilin-1 is relatively higher in diffuse-type GC than 
intestinal type (Fig. 4a). On the contrary, the level of p-Cofilin-1, 
the phosphorylated form of Cofilin-1, was significantly lower in 
intestinal-type GC compared to those in diffuse type (Fig.4b).

Previous studies showed that LIMK1 and LIMK2 could 
phosphorylate Cofilin-1, turning Cofilin-1 into p-Cofilin-1.[4] 
Nevertheless, in our study, results showed no correlation 
between the expression levels of either LIMK1 or LIMK2 and 
p-Cofilin-1 were found (P > .05) (data not shown).

4. Discussion
LIMK/Cofilin signaling pathway plays an important role in 
tumor cell invasion and metastasis and its dysregulated expres-
sion has been observed in various types of cancer.[5] In the pres-
ent study, we have evaluated the expression of multiple factors 
in LIMK/Cofilin pathway including LIMK1, LIMK2, Cofilin-1, 
and p-Cofilin-1 in GC and their correlations with clinical 

Figure 1. Compared to that in adjacent normal stomach tissues, the IHC staining of LIMK1 (a), LIMK2 (b), and Cofilin-1 (c) is stronger in GC tissue, which is 
manifested as having higher IHC scores overall. On the contrary, the IHC staining of p-Cofilin-1 (d) is weaker in GC tissue compared to that in normal stomach 
tissues. All IHC pictures were captured at 20X objective lenses, the scale bars are 100 μm. GC = gastric cancer, IHC = immunohistochemistry, LIMK = LIM 
kinase.
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parameters of GC patients. The results suggested that LIMK/
Cofilin signaling pathway may contribute to the carcinogenesis 
and progression of GC. To the best of our knowledge, our study 
evaluated the association between LIMK2 and p-Cofilin-1 and 
the clinicopathological features of GC for the first time.

Previous studies have shown that LIMK1 is highly expressed in 
GC and is related to tumor differentiation, invasion depth, clin-
ical stage, lymph node metastasis, and prognosis. Knockdown 
of LIMK1 expression could inhibit cell proliferation, migration, 
and invasion in vitro, and retard tumor growth and peritoneal 
metastasis in vivo.[12,13,20] Mostly consistent with previous stud-
ies, in the present study, we also found that LIMK1 is highly 
expressed in GC tissues and is related to TNM stage, tumor size 
and extent, and distant metastasis. Importantly, spearman rank 
correlation analysis showed that the expression of LIMK1 was 
positively correlated with the more advanced TNM stage, sug-
gesting that LIMK1 is associated with the clinical prognosis of 
GC patients. Differently, the expression of LIMK1 in our study 
cohort was not associated with lymph node metastasis. We 
think this might be due to the different mechanisms between the 
local proliferation and invasion, distant metastasis, and lymph 
node metastasis of tumor. The unique microenvironment within 
lymph nodes, including chemokines and lymph angiogenesis, 
can mediate the metastatic spread in the lymph system,[21] which 
might conceal the functions of LIMK/Cofilin-1 pathway.

LIMK2, which is similar to LIMK1, has been found involved 
in multiple aspects of cancer development, including cell migra-
tion,[22] angiogenesis,[23] and cell cycle arrest and apoptosis.[24] 
However, it has never been studied in GC. In the present study, 
we were the first to find that LIMK2 expression was increased 

in GC, but not associated with TMN stages or Lauren histo-
logical classification. Our analysis using the online Kaplan–
Meier plotter database also indicated that GC patients with 
low expression of LIMK2 mRNA had a poorer prognosis. The 
conclusions of LIMK2 expression in cancer tissue in previous 
studies were quite inconsistent. Overexpression of LIMK2 has 
been reported in bladder cancer,[25] breast cancer,[22] and col-
orectal cancer.[10] Conflicting results found by Lourenco et al 
showed that reduced LIMK2 expression in colorectal cancer 
was associated with shorter patient survival and increased 
colon tumor size.[26] The hypothesis was that there is selective 
pressure for reduced LIMK2 expression in colorectal cancer 
to relieve negative constraints imposed upon gastrointestinal 
stem cells.[26] That might explain the poorer prognosis of GC 
patients with low expression of LIMK2 mRNA in our study. 
Nevertheless, these conflicting results indicated that further 
research is needed to better understand the function of LIMK2 
in cancer.

In our study, we found that Cofilin-1 is highly expressed in 
tumor cells of primary GC and is associated with TNM stage, 
tumor size and extent, and Lauren histological classification. 
While the expression of p-Cofilin-1 in GC is significantly 
lower than that in normal tissues and is related to Lauren 
histological classification. It is worth mentioning that diffuse 
type of GC had an observably high expression of Cofilin-1 
and low expression of p-Cofilin-1 compared to that in intes-
tinal type. High expression of Cofilin-1 has been found in 
various cancers,[27–29] and suggested to induces EMT by pro-
moting cytoskeletal rearrangement and cell-cell adhesion.[14,30] 
Therefore, Cofilin-1 can be an important regulatory factor of 

Figure 2. (a) The expression level of LIMK1 is up-regulated in the tumor tissues of more advanced TNM stage. (b) The expression level of LIMK1 is significantly 
different between different T stages. (c) LIMK1 expression in GC showed no significantly different between different N stages (n = 137). GC = gastric cancer, 
LIMK = LIM kinase.

Figure 3. (a) According to published dataset, up-regulated expression of LIMK1 leads to a poor survival of GC patients. (b) Patients with higher LIMK2 expres-
sion in tumor tissue had a better overall survival in the same patient cohort. Both cutoff of LIMK1 and LIMK2 were calculated by the Kaplan–Meier Plotter.  
GC = gastric cancer, LIMK = LIM kinase.
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cytoskeletal reorganization in tumor cells, and its expression 
significantly correlates with the EMT of cancer.[31–33] Tanabe 
et al found that diffuse type of GC underwent extensive 
EMT and the hedgehog-EMT pathway is preferentially acti-
vated compared to intestinal type.[34] In the present study, the 
decreased p-Cofilin-1 and the increased total Cofilin-1 levels 
also indicated that the level of non-phosphorylated active 
Cofilin-1 in diffuse-type GC tissues was increased. Therefore, 
we believe that the increased level of active Cofilin-1 in dif-
fuse-type GC tissues might activate EMT, leading to tumor 
metastasis and invasion.

In summary, our data suggest that elevated LIMK1, LIMK2, 
Cofilin-1 level, and reduced p-Cofilin-1 level may be associated 
with the development and progression of disease. Especially, we 
provided novel evidence that the dephosphorylation of Cofilin-1 
is closely related to diffuse-type GC, which can be a potential 
therapeutic target for the treatment of diffuse-type GC.
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