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Abstract: Objective: To investigate the expressions of Formin-like 2 (FMNL2) and Cortactin (CTTN) in gallbladder ad-
enocarcinoma (GBAC) and their associations with the clinicopathological characteristics of the patients. Methods: 
The expressions of FMNL2 and CTTN were detected with immunohistochemistry (Max Vision) in 105 GBAC tissues 
and 40 normal gallbladder tissues. Results: The positive expression rates of FMNL2 and CTTN in normal gallbladder 
tissues were 25% and 20%, different from the positive expression rates of 84.76% and 86.67% in GBAC tissues (P 
< 0.001). The positive expression rate of FMNL2 and CTTN in GBAC correlated with tumor differentiation, tumor-
node-metastasis (TNM), lymph node metastasis (LNM), and distant metastasis. FMNL2 expression was positively 
correlated with CTTN expression. Kaplan-Meier analysis showed that the overall survival time of patients with posi-
tive expressions group of FMNL2 and CTTN was significantly shorter than that of the negative expression group. Cox 
multivariate analysis showed that TNM, LNM, distant metastasis, and positive expression of FMNL2 and CTTN were 
independent factors influencing the prognosis of patients with GBAC (P < 0.05). Conclusion: The positive expression 
of FMNL2 and CTTN in GBAC is significantly increased, which may be related to the occurrence and development of 
GBAC. The combined detection of FMNL2 and CTTN may provide a scientific theoretical basis for the early diagnosis 
of GBAC, the development of new antitumor drugs, and the search for new targets of biotherapy.
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Introduction

Gallbladder carcinoma (GC) is the most com-
mon malignant - 0 tumor of biliary tract, ranking 
the fifth in digestive system cancer [1]. It is con-
sidered to be an aggressive and highly fatal dis-
ease. GBAC is the most common subtype of  
GC, accounting for 76-90% [2]. Only 30% of GC 
was suspected preoperatively or postoperati- 
vely. There are usually 70% found by accident  
in routine cholecystectomy specimens. There 
are many occasional GC surgeries that give  
the impression of benign disease, mainly gall-
stones and cholecystitis [3, 4]. Because of its 
rarity, despite the progress of hepatobiliary 
imaging technology, most of them are in the 
late stage of diagnosis. In addition, local and/ 
or distant recurrence is often a major problem 
due to the aggressiveness and poor prognosis 
of the disease course [5]. 

FMNL2 is a newly discovered transfer related 
gene, a member of the diaphanous-related for- 
mins [6, 7], act as effectors of Rho family gua-
nosine triphosphatases (GTPases) and play 
critical roles in carcinogenesis [8, 9]. It has 
been reported that the high expression of 
FMNL2 can promote the growth and metasta-
sis of colon cancer. However, reducing the 
expression of FMNL2 can promote the invasion 
and metastasis of hepatocellular carcinoma, 
leading to poor prognosis of patients. CTTN is 
located on chromosome 11q13 and is consid-
ered to be a promising molecular prognostic 
factor in various types of cancer, which is re- 
lated to the invasiveness of various cancer en- 
tities [10, 11]. The clinicopathological signifi-
cance of CTTN overexpression has been stud-
ied in various types of cancer, such as head  
and neck cancer, colorectal cancer, gastric can-
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Table 1. Correlation of FMNL2 and CTTN expressions with clinicopatho-
logical characteristics of patients with GBAC

Variable
FMNL2

P
CTTN

P
Negative Positive Negative Positive

Gender 0.070 0.968
    Male 9 29 5 33
    Female 7 60 9 58
Age (year) 0.179 0.310
    ≤ 60 3 32 3 32
    > 60 13 57 11 59
Gross type 0.739 0.321
    Invasive 12 60 12 60
    Ulcerative 0 2 0 2
    Polypoid 4 27 2 29
Location 0.572 0.618
    Bottom 6 42 8 40
    Body 7 27 4 30
    Neck 3 20 2 21
Size 0.476 0.215
    D ≤ 3.0 cm 8 53 6 55
    D > 3.0 cm 8 36 8 36
Depth of invasion 0.933 0.707
    Muscular layer 3 15 2 16
    Serosa 12 70 10 72
    Beyond serosa 1 4 0 5
TNM stage < 0.001 0.005
    I 5 4 4 5
    II 11 42 10 43
    III 0 10 0 10
    IV 0 33 1 32
Differentiation < 0.001 0.001
    Well 7 4 5 6
    Moderate 8 55 9 54
    Poor 1 30 0 31
LNM 0.048 0.041
    Yes 0 18 0 18
    No 16 71 17 70
Distant metastasis 0.001 0.003
    Yes 0 37 0 37
    No 16 52 14 54
Gallstone 0.915 0.339
    Yes 2 12 3 11
    No 14 77 11 80

cer, renal cell carcinoma, breast cancer, and 
osteosarcoma [12].

Although efforts are being made to determine 
the role and expression of FMNL2 and CTTN in 

the development of vari-
ous types of cancer, no 
research has been carri- 
ed out in GBAC. The pur- 
pose of this study was to 
detect the expression of 
FMNL2 and CTTN in 105 
GBAC tissues by immu-
nohistochemistry, and to 
analyze their relationship 
with the clinicopathologi-
cal parameters of GBAC, 
so as to explore their po- 
ssible roles in tumor tis-
sue infiltration, metasta-
sis, and prognosis evalu-
ation of GBAC patients.

Materials and methods

Specimens

105 cases of GBAC tis-
sues and 40 cases of 
normal gallbladder tissu- 
es were collected from 
the clinical pathology de- 
partment of the First Af- 
filiated Hospital of Beng- 
bu Medical College from 
January 2013 to Dece- 
mber 2014. All patients 
had complete clinicopa- 
thological and follow-up 
data. The shortest fol-
low-up time was 5 mon- 
ths and the longest was 
79 months. The patien- 
ts were followed up un- 
til death or until August 
2019. The diagnosis of 
GBAC was confirmed by 
the pathology depart-
ment of our hospital. The 
clinicopathological data 
of patients with GBAC 
are shown in Table 1. In 
the control group, 40 ca- 
ses of normal gallblad- 

der tissues were all taken from the tumor  
more than 5.0 cm away from the gallbladder 
adenocarcinoma and confirmed as normal gall-
bladder tissues by H & E. staining in the pa- 
thology department.
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Reagents

Both Rabbit anti human FMNL2 polyclonal an- 
tibody (ab72105) and Rabbit anti human CTTN 
monoclonal antibody (ab81208) were purch- 
ased from Abcam Company of the United Sta- 
tes. The max vision kit and DAB color develop-
ment kit were purchased from Fuzhou Maixin 
biological company.

Methods

The paraffin embedded tissue was sliced con-
tinuously with a thickness of 4 μm. It was then 
baked and de-waxed in the corresponding solu-
tion until washed. The procedure of immunohis-
tochemistry was carried out according to the 
instructions of the kit. The known positive tab-
lets were used as the control and PBS solution 
as the blank control.

Result determination

The positive expression of FMNL2 and CTTN in 
GBAC tissues was brown granules, which were 

the clinicopathological parameters was exam-
ined by χ2 and Spearman rank correlation test, 
P < 0.05 was statistically significant.

Results

Expression of FMNL2 in GBAC and its relation-
ship with clinicopathological parameters

The positive rate of FMNL2 was 25% (10/40)  
in the normal gallbladder tissues group and 
84.76% (89/105) in the GBAC tissues group. 
The difference between the two groups was 
statistically significant (P < 0.001, Figure 1A, 
1B). In the GBAC tissues, with the increase of 
the positive expression rate of FMNL2, the 
higher the TNM, the worse the differentiation, 
the easier the LNM and the more likely the dis-
tant metastasis occurred (P < 0.05). The posi-
tive expression of FMNL2 was not related to 
gender, age, tumor size, tumor gross type, tu- 
mor location, tumor invasion depth, and gall-
stone of patients with GBAC (P > 0.05, Table 1).

Figure 1. Expression of FMNL2 and CTTN in GBAC and normal gallbladder 
tissue (Max Vision, original magnification: ×400). A, B: Negative staining of 
FMNL2 in the normal gallbladder tissue and positive staining in the cyto-
plasm of GBAC, respectively; C, D: Negative staining of CTTN in the normal 
gallbladder tissue specimen and positive staining in the cytoplasm of GBAC, 
respectively.

localized in the cytoplasm. 
The results of immunohisto-
chemistry were determined by 
the method of second score 
[13], if the score ≥ 3, it was 
positive, and < 3, it was nega-
tive. The results of immuno-
histochemical staining were 
determined by two senior pa- 
thologists through indepen-
dent double-blind method. Ea- 
ch section was observed un- 
der high-power microscope 
(400×) for at least 10 non 
repetitive visual fields.

Statistical analysis

Spss25.0 was used for sta- 
tistical analysis. Kaplan-Mei- 
er method was used for sur-
vival analysis of FMNL2 and 
CTTN protein expression posi-
tive and negative groups. The 
log-rank test was used for 
comparison between groups. 
Cox multivariate regression 
model was used for multivari-
ate analysis. The correlation 
between the expression of 
FMNL2 and CTTN and the nor-
mal gallbladder tissues and 
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Expression of CTTN in GBAC and its relation-
ship with clinicopathological parameters

The positive expression rate of CTTN in the  
normal gallbladder group and the GBAC group 
was 20% (8/40) and 86.67% (91/105) (Figure 
1C, 1D). The difference between the two gr- 
oups was statistically significant (P < 0.001). 
With the worse differentiation of GBAC, the 
higher the positive expression rate of CTTN, the 
difference was statistically significant (P < 
0.05). The positive rate of CTTN was related to 
LNM and distant metastasis (P < 0.05). The 
positive expression rate was 55.56% (5/9), 
81.13% (43/10), 100% (10/10), and 96.97 
(32/33) in I, II, IV, and IV stage respectively 
(Table 1). The difference between the four 
groups was statistically significant (P < 0.05). In 
addition, there was no significant difference in 
CTTN expression rate among different age, 
gender, tumor size, tumor gross type, tumor 
location, tumor invasion depth, and gallstone.

Relationship of FMNL2 and CTTN expressions 
in GBAC

Spearman correlation analysis showed that 
there was a positive correlation between the 
expression of FMNL2 and CTTN in GBAC (r= 
0.535, P < 0.001, Table 2).

Cox multivariate analysis

The age, gender, tumor size, tumor location, 
tumor gross type, invasion depth, differentia-

was significantly shorter than that of its nega-
tive expression group (P < 0.05, Figure 2B). The 
overall survival time of patients with TNM sta- 
ge (II, IV) was significantly lower than that of 
patients with TNM stage (I, II), the difference 
was statistically significant (P < 0.001, Figure 
2C). The overall survival time of patients with 
LNM was significantly lower than that of pa- 
tients without LNM (P < 0.05, Figure 2D). The 
overall survival time of patients with distant 
metastasis was significantly lower than that of 
patients without distant metastasis (P < 0.001, 
Figure 2E).

Discussion

FMNL2, located on chromosome 2q23.3, is  
the most effective actin nucleating factor [14]. 
FMNL2 has actin binding domains that affect 
actin polymerization and actin filament forma-
tion [15]. It serves as an upstream modulator 
and downstream effector of Rho family GTP- 
ases. FMNL2, as a new target of colorectal can-
cer invasion and metastasis [16], is a positive 
regulatory factor in colorectal cancer metasta-
sis [17]. It has been reported that the abnor- 
mal expression of FMNL2 is closely related to 
the invasion, metastasis, and prognosis of vari-
ous tumors [18, 19]. In this study, the expres-
sion of FMNL2 tissues in GBAC and normal  
gallbladder tissues was detected by immuno-
histochemistry. It was found that the positive 
expression rate of FMNL2 in GBAC tissues 
(84.76%) was significantly higher than that in 

Table 2. Relationship of FMNL2 and CTTN expressions in 
GBAC

Variable
FMNL2 expression

p
Negative Positive

CTTN < 0.001@

Negative 9 5
Positive 7 84
@Positive correlation.

Table 3. Multivariate survival analysis of 105 patients 
with GBAC
Covariate B SE sig Exp (B) 95% CI
FMNL2 1.614 0.516 0.002 5.022 1.827-13.801
CTTN 1.411 0.515 0.006 4.100 1.493-11.259
TNM 1.409 0.350 < 0.001 4.092 2.062-8.123
LNM 0.698 0.243 0.004 2.010 1.247-3.240
STI 1.181 0.242 < 0.001 3.259 2.028-5.236

tion degree, TNM, LNM, distant metas-
tasis, FMNL2, and CTTN expression of 
patients with GBAC were grouped. The 
parameters were introduced into Cox 
multivariate model for analysis. Analys- 
is results showed that: TNM, LNM, dis-
tant metastasis, and positive expres-
sion of FMNL2 and CTTN were indepen-
dent factors affecting the prognosis of 
patients with GBAC (P < 0.05) (Table 3).

Survival analysis

The overall 5-year survival rate was 
29.5% (31/105). Kaplan-Meier survival 
analysis showed that the overall surviv-
al time of FMNL2 positive expression 
group was significantly lower than that 
of its negative expression group (P < 
0.05, Figure 2A). The overall survival 
time of CTTN positive expression group 
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than that of patients with negative expression 
group. The above results showed that the 
abnormal increase of FMNL2 expression was 
involved in the progression, invasion, and me- 
tastasis of GBAC, which meant that the pro- 
gnosis of patients was poor, consistent with  
the literature [8, 9, 18-20]. 

CTTN was found in Thomas Parson’s labora- 
tory in 1993. It was identified as the main sub-
strate of v-src kinase. It is a kind of protein that 

normal gallbladder tissues (25%). The differen- 
ce was statistically significant. Further analysis 
showed that the worse the differentiation of 
GBAC, the higher the positive rate of FMNL2; 
the higher the positive rate of FMNL2 in LNM 
group and distant metastasis group; and the 
higher the TNM stage, the higher the positive 
rate, the difference has statistical significan- 
ce. Kaplan-Meier survival analysis showed that  
the survival time of patients with FMNL2 posi-
tive expression group was significantly lower 

Figure 2. Survival curves of GBAC patients 
with positive or negative expression of FMNL2 
(A), CTTN (B), TNM (C), LNM (D) and Distant 
metastasis (E).
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can gather in subcellular cortex and bind to fila-
mentous actin. Therefore, CTTN is also known 
as cortical actin binding protein [21, 22]. Pre- 
vious studies have confirmed that CTTN is the 
main functional protein of invasive pseudopo-
dia of tumor cells [23], which regulates cyto-
skeleton mainly through cell movement, adhe-
sion, polarization, contraction, etc, and pro-
motes tumor cell invasion and metastasis [24]. 
CTTN overexpression was significantly associ-
ated with various indicators of poor prognos- 
is, including high TNM stage, LNM, increased 
recurrence rate, and decreased overall survi- 
val rate in cancer patients [12]. In this study, 
the positive expression rate of CTTN in the nor-
mal gallbladder tissues group was 20%, while 
that in the GBAC group was 86.67%. The differ-
ence between the two groups was statistically 
significant. Further analysis showed that with 
the increase of CTTN positive expression rate, 
the higher the stage of pTNM, the worse the dif-
ferentiation, the more prone to LNM and dis-
tant metastasis. Survival analysis also show- 
ed that the survival time of CTTN positive ex- 
pression group was significantly lower than that 
of its negative expression group. These results 
indicate that the increased expression of CTTN 
may be involved in the occurrence, develop-
ment, invasion, and metastasis of GBAC, and 
the increased expression may mean poor prog-
nosis [10-12, 24]. 

It has been reported that in colorectal cancer, 
CTTN is directly combined with FMNL2 to im- 
prove the activity of actin polymerization and 
recovery of endogenous motility. The interac-
tion of CTTN and FMNL2 can further promote 
the formation of Chlamydia and matrix degra-
dation. In vivo, the formation of invadopodia 
induced by CTTN is crucial to the ability of 
FMNL2 to promote colorectal cancer metasta-
sis [25]. In this study, Spearman grade correla-
tion analysis showed that FMNL2 and CTTN 
expression were positively correlated, suggest-
ing that FMNL2 expression was closely related 
to CTTN expression in GBAC. 

Conclusions

In conclusion, the abnormal expression of FM- 
NL2 and CTTN promotes the occurrence and 
malignant progression of GBAC. Therefore, ear- 
ly combined detection of FMNL2 and CTTN 
expression can be used as a predictor of in- 

vasion, metastasis, and prognosis in patients 
with GBAC.
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