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Pathgenesis of endometriosis-associated fibrosis and development of novel
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Our previous study demonstrated that expression of the microRNA
hsa-miR-199a-3p is attenuated in human endometriotic cyst stromal cells (ECSCs). The current study
aimed to define the roles of hsa-miR-199a-3p in the development of endometriosis. Expression of
p2l-activated kinase 4 (PAK4) mRNA in ECSCs was significantly higher than that in normal endometrial

stromal cells. Transfection of hsa-miR-199a-3p inhibited the migration, invasion, and contractility
of ECSCs via inhibition of PAK4 mRNA expression. Transfection of PAK4 small interfering RNA and the
PAK4 inhibitor PF-3758309 also inhibited ECSC migration, invasion, and contractility. Attenuation
of hsa-miR-199a-3p expression was favorable for ECSCs to acquire the highly invasive, motile, and
contractile characteristics of endometriotic cells and is involved in the development of
endometriosis. Accordingly, PAK4 inhibitors may be promising for the treatment of endometriosis.
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Systemic name FDR-adjusted P value Fold change
hsa-miR-199b-5p 0.107397 0.08
hsa-miR-503 0.107397 0.22
hsa-miR-424 0.107397 0.26
hsa-miR-196b 0.200067 0.29
hsa-miR-199a-3p 0.227034 0.41
hsa-miR-214 0.227034 0.46
hsa-miR-29b 0.216796 0.48
hsa-miR-455-3p 0.227034 0.49
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Systemic name FDR-adjusted P value Fold change
hsa-miR-210 0.200067 4.30
hsa-miR-100 0.241585 3.57
hsa-miR-132% 0.227034 2.17
hsa-miR-181a 0.107397 2.16
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(3) hsa-miR-199a-3p
Online public database TargetScanHuman (http://www.targetscan.org/, Release 7.0)
miRDB (http://mirdb.org/miRDB/)
hsa-miR-199a-3p

(4 hsa-miR-199a-3p
Lipofectamine hsa-miR-199a-3p
hsa-miR-199a-3p



p21-activated kinase 4 (PAK4) PF-3758309

Online public database

mRNA

hsa-miR-199a-3p levels (%6)

hsa-miR-199a-3p

PAK4
hsa-miR-199a-3p PAK4
hsa-miR-199a-3p
PAK4 mRNA 1
{A) hsa-miR-199a-3p (B) PAK4 mRNA
150 “ ] § 800 - h**
. =
% & i E
e || g 600 o]
¢ =400 -
50 bt %
c L] ] = . * T owk L
o - 200 p = 0.05, **p=0.003
b o ﬁ Alper = (Student’s t-test)
0 . B

FEFEE EEFEFA

Lij=E )

TERTE HAE

FEAEE EEFERA
L=k LI = e

El. FEAEERE#RE LOEETEARMEMNAEI 5 Sheaaik-19%-3pE LAPAES afNADFEH
hsa-miR-199a-3p
PAK4 mRNA

hsa-miR-199a-3p levels (%)

{A) hsa-miR-19%9a-3p
107 - *
105
1F 4
104
10°
102
10 -

Control

120 -

90 -

60 -

PAKA mRNA levels (%)

hsa-miR-199a-3p

hsa-miR-199a-3p

(B) PAK4 mRNA

*p = 0.05 (Student’s -test)

Control hsa-miR-19%9a-3p

EZ. FERBEERE#IE~DhzaniR-19%3p®HEHFERI J Shea-uiR-19%-30d JUPAES aRNADZEE(E

Migrated cells (%)

Repaired area (%)

120

90

60

hsa-miR-199a-3p

(A) HEFERE

ok PEASS
hsa-miR-199a-3p
| ':I : l".""' :; : .1;'»\!.
“* ._'. ‘.' ;

Control

(C) ¥ #hEE

120

920

60

Control

hsa-miR-19%a-3p Control

hsa-miR-199a-3p Control

hsa-miR-199a-3p

3

(B) 2 Ha: *p< 0.05, **p-<0.005

Invaded cells (%)

Gel surface avea (%)

120 ~
90 ~
60
30 4

o -

(D) IR&HE

125 4

100 +

e N -1
[ —
1 1 1

=
I

E3. FERBAETEANROAMEEE AT Dhsanik-19%-3pOHF

(Student’s r-test) P d-!

.:__ 2 'E;":.=~
hsa-miR-199a-3p

»

Control

Control hsa-miR-19%a-3p Control



PAK4 siRNA

4

(A) M FERE (B) /= He

120 - 150 -
g s g‘ 120 *p< 0.05, **p<0.005
oot = (Student’s r-test)
= = 90
= 60 <
-5
E ﬁ 60 -
en =
S 30 = 30 -

0 0 -
Control PAK4 siRNA Control PAK4 siRNA

(C) 1 #haE (D) IR&hHE y

120 - - 120 -
& $
&= = 00 4
g 7
- =
= 60 ® 60
£ &
- g
£ 30 2 34
M 3

0 0
Control PAK4 siRNA Control PAK4 siBENA

El4. FEFBREREAEOINHSGE AT SPAEL silNADAE:

PAK4 PF-3758309
5
(A) W TERE (B) 2 HaE
120 120 - . .
*p< 005, **p<0.005
(Student’s r-test)
g 90 - * F 90
- et EE
= =
< 60 - S 60
¥} &
- -
= 30 g 30
0- 0 -
Control PF-3758300 Control PF-3758300
(C) 1E #hik (D) IR & hE
120 150 drade
3 90 A g 120 -
": =
: E o0+
< 60 s
£ £ 60
B =
o & 30+
0 - o -
Control PF-3758300 Control PF-3758309

E5 FEWERERIE SRR oMIEEEL AT HPF-37583090 %



N

D

2)

hsa-miR-199a-3p

. PAK4  hsa-miR-199a-3p
. hsa-miR-199a-3p  PAK4

PAK4 PF-3758309

Abe W, Nasu K, Nakada C, Kawano Y, Moriyama M, Narahara H. miR-196b targets c-myc
and Bcl-2 expression, inhibits proliferation and induces apoptosis in
endometriotic stromal cells. Hum Reprod 2013; 28: 750-61.

Nishida M, Nasu K, Fukuda J, Kawano Y, Narahara H, Miyakawa 1. Down-regulation of
interleukin-1 receptor type 1 expression causes the dysregulated expression of CXC
chemokines in endometriotic stromal cells: a possible mechanism for the altered
immunological functions in endometriosis. J Clin Endocrinol Metab 2004; 89: 5094-
100.



5 5 0 3

Kaei Nasu, Yoko Aoyagi, Ruofei Zhu, Mamiko Okamoto, Kentaro Kai, Yasushi Kawano 55

Promising therapeutic targets of endometriosis obtained from microRNA studies 2022

Medical Molecular Morphology 85-90
DOl

10.1007/s00795-021-00308-3

Kaei Nasu, Yoko Aoyagi, Ruofei Zhu, Mamiko Okamoto, Kentaro Kai, Yasushi Kawano 55

Role of overexpressed microRNAs in endometriosis 2022

Medical Molecular Morphology 1-7
DOl

10.1007/s00795-021-00303-8

Ruofei Zhu, Kaei Nasu, Naoki Hijiya, Masato Yoshihashi, Tomoko Hirakawa, Yoko Aoyagi, Hisashi 28

Narahara

hsa-miR-199a-3p inhibits cell motility, invasiveness, and contractility of human ovarian 2021

endometriotic stromal cells by inhibition of p2l-activated kinase 4 expression

Reproductive Sciences 3498-3507
DOl

10.1007/s43032-021-00604-4

Zhu Ruofei Nasu Kaei Aoyagi Yoko Hirakawa Tomoko Takebayashi Kanetoshi Narahara Hisashi 138

Chemokine expression profiles of ovarian endometriotic stromal cells in three-dimensional 2020

culture

Journal of Reproductive Immunology

103100 103100

DOl
10.1016/j . jri.2020.103100




Takebayashi Kanetoshi Nasu Kaei Okamoto Mamiko Aoyagi Yoko Hirakawa Tomoko Narahara 18
Hisashi

hsa-miR-100-5p, an overexpressed miRNA in human ovarian endometriotic stromal cells, promotes 2020
invasion through attenuation of SMARCD1 expression

Reproductive Biology and Endocrinology 31 31

DOl
10.1186/s12958-020-00590-3

HDAC6

43

2022

PAK4

43

2022

Kaei Nasu

Aberrantly expressed microRNAs in endometriosis

1st virtual International Scientific Conference of Endometriosis Adenomyosis Society of Bangladesh

2021




miR-132 Aktl

2022

SIRTS

68

2023

Kaei Nasu

Recently developed evidences on the hormonal treatments of endometriosis

International Congress on Endometriosis 2023

2023

45

HDAC10

2024




2022

276

RNA
(Tomoko Hirakawa)
(20516132) (17501)
(Masakazu Nishida)
(90404384) (17501)
(Kentaro Kar)
(90457622) (17501)




