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Objective: To study the correlation of myosin light chain kinase (MLCK) and fibroblast
activation protein (FAP) expression with uterine fibroid cell proliferation and invasion.
Methods: Uterine fibroids samples and normal uterine muscle samples next to fibroids that
were surgically removed in Wuhan Red Cross Hospital between May 2014 and January 2017
were chosen, fluorescence quantitative PCR kits were used to deterct MLCK and FAP mRNA
expression, and enzyme-linked immunosorbent assay kits were used to determine proliferation
and invasion gene protein expression. Results: MLCK and FAP mRNA expression in uterine
fibroids samples were significantly higher than those in normal uterine muscle samples, and
Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein expression were significantly
higher than those in normal uterine muscle samples; Survivin, Livin, Bcl-2, Snail, N-cadherin
and MMP2 protein expression in uterine fibroids samples with high MLCK and FAP
expression were significantly higher than those in uterine fibroids samples with low MLCK
and FAP expression. Conclusion: Highly expressed MLCK and FAP in uterine fibroids can
promote the proliferation and invasion of uterine fibroids.
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1. Introduction
Uterine fibroids is a common gynecological benign tumor, which
can cause clinical symptoms such as irregular menstruation,
dysmenorrhea, and infertility. At present, the pathogenesis of uterine
fibroids is not entirely clear, the abnormal signal transduction in
stromal cells around tumor cells is thought to be closely associated
with the occurrence of tumor, and the cell function change caused
by abnormal signaling pathways within stromal cells can provide
favorable microenvironment for the occurrence and development
of tumor[1,2]. Fibroblasts are the important stromal cells around the
tumor during the development and change of uterine fibroids, and
more than 80% of fibroblasts in lesions are in the activated state and
regarded as the tumor-associated fibroblasts[3]. Activated fibroblasts
can secrete a large amount of extracellular matrix, which are the
important part of micro environment for uterine fibroids cell growth,


Corresponding author: Li Wang, Department of Obstetrics and Gynecology, Wuhan
Red Cross Hospital (Wuhan 11th Hospital) in Hubei Province, Wuhan City, Hubei
Province, 430015.
Tel: 18062519060
Fund Project: Public Health Research Projects of Health and Family Planning
Commission of Wuhan Municipality No: WG13D85.

and can promote the growth of uterine fibroids lesions. Myosin light
chain kinase (MLCK) and fibroblast activation protein (FAP) are
the molecules closely related to fibroblast activation, the correlation
of MLCK and FAP expression with uterine fibroid cell proliferation
and invasion was analyzed in detail in the following research.

2. Clinical sample information and experiment
methods
2.1 Clinical sample information
Uterine fibroids samples and normal uterine muscle samples
next to fibroids that were surgically removed were selected. All
the clinical samples were taken from the patients who received
hysteromyomectomy in Wuhan Red Cross Hospital between May
2014 and January 2017, there were a total of 52 patients, and they
were 44-58 years old. The uterine fibroids samples were collected
from the central part of the uterine fibroids lesions, and the normal
uterine muscle samples were collected from the area 1cm from the
uterine fibroids lesions. All clinical samples were collected, then
washed with saline, quickly frozen in liquid nitrogen, then taken out
and stored at -80 ℃ for test.
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2.2 Gene expression detection methods

3.2 Proliferation gene and invasion gene expression

2.2.1 mRNA expression detection methods

Analysis of proliferation genes Survivin (ng/mL), Livin (ng/

Uterine fibroids samples and normal uterine muscle samples

mL) and Bcl-2 (ng/mL) as well as invasion genes Snail (pg/mL),

were taken and added in Trizol lysis buffer to extract RNA, reverse

N-cadherin (pg/mL) and MMP2 (ng/mL) expression in uterine

transcription kit was used to synthesize RNA into cDNA, then

fibroids samples and normal uterine muscle samples was as follows:

fluorescence quantitative PCR kit was used to amplify MLCK, FAP

Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein

and β-actin, β-actin was the reference, and the amplification curve

expression in uterine fibroids samples were significantly higher

was referred to calculate MLCK and FAP mRNA expression.

than those in normal uterine muscle samples. Differences were
statistically significant in Survivin, Livin, Bcl-2, Snail, N-cadherin

2.2.2 Protein expression detection methods

and MMP2 protein expression in uterine fibroids samples and

Uterine fibroids samples and normal uterine muscle samples

normal uterine muscle samples (P<0.05).

were taken and added in RIPA lysis buffer to extract total protein,
and enzyme-linked immunosorbent assay kits were used to detect
Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein

3.3 Correlation of MLCK with proliferation genes and
invasion genes

expression.
Analysis of proliferation genes Survivin (ng/mL), Livin (ng/

2.3 Statistical methods

mL) and Bcl-2 (ng/mL) as well as invasion genes Snail (pg/mL),
N-cadherin (pg/mL) and MMP2 (ng/mL) expression in uterine

SPSS 20.0 software was used to input and analyze data,

fibroids samples with different MLCK mRNA expression was as

measurement data analysis between two groups was by t test and P

follows: Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein

＜0.05 meant statistical significance in differences.

expression in uterine fibroids samples with high MLCK expression
were significantly higher than those in uterine fibroids samples with
low MLCK expression. Differences were statistically significant

3. Results

in Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein
expression in uterine fibroids samples with different MLCK mRNA

3.1 MLCK and FAP mRNA expression

expression (P<0.05).

MLCK mRNA expression in uterine fibroids samples and
normal uterine muscle samples were (2.41±0.35) and (1.05±0.18)
respectively, and FAP mRNA expression were (2.77±0.51) and

3.4 Correlation of FAP with proliferation genes and invasion
genes

(1.02±0.14) respectively. After t test, MLCK and FAP mRNA

Analysis of proliferation genes Survivin (ng/mL), Livin (ng/

expression in uterine fibroids samples were significantly higher

mL) and Bcl-2 (ng/mL) as well as invasion genes Snail (pg/mL),

than those in normal uterine muscle samples. Differences in were
statistically significant in MLCK and FAP mRNA expression
in uterine fibroids samples and normal uterine muscle samples
(P<0.05).

N-cadherin (pg/mL) and MMP2 (ng/mL) expression in uterine
fibroids samples with different FAP mRNA expression was as
follows: Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein

Table 1.
Proliferation gene and invasion gene expression in uterine fibroids samples and normal uterine muscle samples.
n
52
52

Sample origin
Uterine fibroids
Normal uterine muscle
T
P

Survivin
1.94±0.22
0.78±0.09
12.985
＜0.05

Livin
1.25±0.17
0.48±0.07
14.249
＜0.05

Bcl-2
2.77±0.42
1.25±0.15
13.215
＜0.05

Snail
252.32±33.25
114.28±14.27
15.028
＜0.05

N-cadherin
174.52±22.56
75.42±9.32
13.218
＜0.05

MMP2
3.49±0.52
1.32±0.18
17.598
＜0.05

N-cadherin
244.21±30.93
110.37±15.82
14.293
＜0.05

MMP2
5.01±0.77
1.82±0.23
22.194
＜0.05

Table 2.
Proliferation gene and invasion gene expression in uterine fibroids samples with different MLCK expression.
MLCK expression
High expression
Low expression
T
P

n
26
26

Survivin
2.77±0.31
1.19±0.16
14.298
＜0.05

Livin
1.62±0.22
0.71±0.10
11.329
＜0.05

Bcl-2
3.88±0.51
1.65±0.22
13.239
＜0.05

Snail
327.49±41.62
168.45±21.38
9.392
＜0.05

81

Wei Lin et al./ Journal of Hainan Medical University 2017; 23(12): 79-82

Table 3.
Proliferation gene and invasion gene expression in uterine fibroids samples with different FAP expression.
FAP expression
High expression
Low expression
T
P

n
26
26

Survivin
2.62±0.28
1.28±0.18
11.398
＜0.05

Livin
1.69±0.26
0.67±0.09
13.429
＜0.05

Bcl-2
3.62±0.47
1.74±0.25
10.582
＜0.05

Snail
341.33±46.25
159.68±17.62
12.482
＜0.05

N-cadherin
238.61±32.14
117.25±14.27
10.497
＜0.05

MMP2
4.48±0.82
2.15±0.20
13.583
＜0.05

expression in uterine fibroids samples with high FAP expression

form heterodimer with Bax, prevent cytochrome C release from

were significantly higher than those in uterine fibroids samples

mitochondria into cytoplasm, and thereby inhibit the apoptosis

with low FAP expression. Differences were statistically significant

mediated by cytochrome C [10,11]. In the study, analysis of the

in Survivin, Livin, Bcl-2, Snail, N-cadherin and MMP2 protein

proliferation gene expression in uterine fibroids lesions and normal

expression in uterine fibroids samples with different FAP mRNA

uterine muscle next to fibroids showed that Survivin, Livin and Bcl-2

expression (P<0.05).

protein expression in uterine fibroids samples were significantly
higher than those in normal uterine muscle samples. This suggests
that the highly expressed anti-apoptotic genes Survivin, Livin and

4. Discussion

Bcl-2 as well as the cell proliferation mediated by them are closely
related to the occurrence of uterine fibroids.

Uterine fibroids lesions are made up of tumor cells, activated

Uterine fibroid cells can infiltrate towards surrounding tissue on the

fibroblasts, and a large amount of extracellular matrix, and

basis of abnormal proliferation, and they have the feature of invasive

fibroblast activation can secrete a large amount of extracellular

growth. MMP2 in the MMPs family can degrade various types of

matrix and make up of tye microenvironment necessary for tumor

gelatine, collagen and elastin, and is a key molecule that promotes

cell proliferation and invasion, which is beneficial to the growth of

tumor cell invasion[12,13]. Snail is an important transcription factor

uterine fibroids. MLCK and FAP are two molecules that are closely

that regulates epithelial-mesenchymal transition, and it can be

related to fibroblast activation. MLCK is the key regulatory protein

combined with the promoter region of epithelial marker gene

of myosin light chain phosphorylation status, which could catalyze

E-cadherin to inhibit its expression, and then make the epithelial

the dephosphorylation of myosin light chain process, enhance the

phenotype of cells transit to mesenchymal phenotype, which is

activity of the myosin, and thus promote fibroblast activity through

accompanied by the decreased expression of epithelial marker gene

the myosin activity[4,5]; FAP is a type of serine protease, which

E-cadherin and the increased expression of mesenchymal marker

regulates various growth factors such as vEGF, bFGF, TGF-β and
IGF-1, and is a symbol after fibroblast activation[6,7]. In the study,

gene N-cadherin [14,15]. Cells of mesenchymal phenotype have
strong motion and invasion properties. In the study, the analysis

analysis of MLCK and FAP expression in uterine fibroids lesions

of above invasion gene expression in uterine fibroids lesions and

and normal uterine muscle next to fibroids showed that MLCK and

normal uterine muscle next to fibroids showed that Snail, N-cadherin

FAP mRNA expression in uterine fibroids samples were significantly

and MMP2 protein expression in uterine fibroids samples were

higher than those in normal uterine muscle samples. This shows

significantly higher than those in normal uterine muscle samples.

that the high expression of MLCK and FAP is closely related to

This indicates that the highly expressed invasion genes Snail,

the occurrence of uterine fibroids, and promoting the activation of

N-cadherin and MMP2 as well as the cell invasion mediated by them

fibroblasts may be the pathway for MLCK and FAP to participate in

are closely related to the occurrence of uterine fibroids.

uterine fibroids.

Fibroblast activation can create favorable micro-environment for the

The growth of uterine fibroids is closely related to the abnormal

growth of uterine fibroids, and the excessively activated fibroblasts

proliferation of cells, and Survivin, Livin and Bcl-2 are the anti-

in local lesions can promote uterine fibroids cell proliferation

apoptotic genes that promote cell proliferation. Survivin is a

and invasion. As mentioned earlier, fibroblast activation-related

molecule with extensive anti-apoptotic effect, which can not only

molecules MLCK and FAP showed a trend of high expression in

antagonize the apoptotic cascade mediated by multiple caspase

uterine fibroids lesions, and in order to define whether the highly

molecules, but can also promote the process of the cell cycle[8,9];

expressed MLCK and FAP participated in the growth of uterine

Livin is a new anti-apoptotic molecule discovered in recent years,

fibroids, the correlation of MLCK and FAP expression with above

which has inhibiting effect on the pro-apoptotic effects of caspase-3,

uterine fibroid cell proliferation and invasion gene expression was

caspase-7 and other molecules; both Bcl-2 gene and pro-apoptotic

further analyzed in the study. Comparison of proliferation gene

gene Bax belong to the Bcl-2 family, the product encoded by

and invasion gene expression in uterine fibroids samples with

Bcl-2 gene is located in the mitochondrial membrane, and can

different MLCK and FAP expression was as follows: Survivin,
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Livin, Bcl-2, Snail, N-cadherin and MMP2 protein expression in
uterine fibroids samples with high MLCK and FAP expression were

checkpoint blockade resistance in colorectal cancer via promoting
immunosuppression. Biochem Biophys Res Commun 2017; 487(1): 8-14.

significantly higher than those in uterine fibroids samples with low

[7] S adighi S, Ghaffari-Moghaddam M, Saffari M, Mohagheghi MA,

MLCK and FAP expression. It means that highly expressed MLCK

Shirkoohi R. A patient with desmoid tumors and familial fap having

and FAP in uterine fibroids lesions can increase the expression of

frame shift mutation of the apc gene. Acta Med Iran 2017; 55(2): 134-

proliferation genes and invasion genes to promote uterine fibroids
cell proliferation and invasion, which is conducive to the growth of
uterine fibroids lesions.
To sum up, it is believed that MLCK and FAP are highly expressive

138.
[8] S hu SR, Luo X, Song WX, Chen PW. Ultra-structure changes
and survivin expression in uterine fibroids after radiofrequency ablation.
Int J Hyperthermia 2015; 31(8): 896-899.

in uterine fibroids; highly expressed MLCK and FAP can promote

[9] Wang Y, Jiang LL, Wu JF, Liu Z. Protective effect of honokiol against

proliferation gene and invasion gene expression to promote the

endometriosis in rats via attenuating survivin and Bcl-2: a mechanistic

proliferation and invasion of uterine fibroid cells.

study. Cell Mol Biol (Noisy-le-grand) 2016; 62(1): 1-5.
[10]Wang HY, Yu HZ, Huang SM, Zheng YL. p53, Bcl-2 and cox-2 are
involved in berberine hydrochloride-induced apoptosis of HeLa229 cells.

References

Mol Med Rep 2016; 14(4): 3855-3861.
[11]Conconi D, Chiappa V, Perego P, Redaelli S, Bovo G, Lavitrano M, et

[1] Stewart EA, Laughlin-Tommaso SK, Catherino WH, Lalitkumar S,
Gupta D, Vollenhoven B. Uterine fibroids. Nat Rev Dis Primers 2016;
23(2): 16043.

al. Potential role of BCL2 in the recurrence of uterine smooth muscle
tumors of uncertain malignant potential. Oncol Rep 2017; 37(1): 41-47.
[12]Wang Y, Li D, Xu X, Qian R, Zhang Y, Huang Y, et al. Lichong decoction

[2] S
 undquist E, Renko O, Salo S, Magga J, Cervigne NK, Nyberg P, et al.

reduces Matrix Metalloproteinases-2 expression but increases Tissue

Neoplastic extracellular matrix environment promotes cancer invasion in

Inhibitors of Matrix Metalloproteinases-2 expression in a rat model of

vitro. Exp Cell Res 2016; 344(2): 229-240.

uterine leiomyoma. J Tradit Chin Med 2016; 36(4): 479-485.

[3] Z h e n g L H , C a i F F , G e I , B i s k u p E , C h e n g Z P .

[13]Korompelis P, Piperi C, Adamopoulos C, Dalagiorgou G, Korkolopoulou

Stromal fibroblast activation and their potential association with uterine

P, Sepsa A, et al. Expression of vascular endothelial factor-A, gelatinases

fibroids (Review). Oncol Lett 2014; 8(2): 479-486.

(MMP-2, MMP-9) and TIMP-1 in uterine leiomyomas. Clin Chem Lab

[4] Lou SS, Diz-Muñoz A, Weiner OD, Fletcher DA, Theriot JA. Myosin
light chain kinase regulates cell polarization independently of membrane
tension or Rho kinase. J Cell Bio 2015; 209(2):275-288.
[5] B
 each JR, Bruun KS, Shao L, Li D, Swider Z, Remmert K, et al. Actin
dynamics and competition for myosin monomer govern the sequential
amplification of myosin filaments. Nat Cell Biol 2017; 19(2): 85-93.
[6] C
 hen L, Qiu X, Wang X, He J. FAP positive fibroblasts induce immune

Med 2015; 53(9): 1415-14s24.
[14]L i Y, Ran R, Guan Y, Zhu X, Kang S. Aberrant methylation of
the e-cadherin gene promoter region in the endometrium of women with
uterine fibroids. Reprod Sci 2016; 23(8): 1096-102.
[15]Knapp P, Chabowski A, Posmyk R, Gorski J. Expression of the energy
substrate transporters in uterine fibroids. Prostaglandins Other Lipid
Mediat 2016; 123: 9-15.

