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Elucidation of sex-specific signaling pathways in female-specific osteoblasts
and their application to osteoporosis therapies.
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PAI-1 is an inhibitor of plasminogen activator (PA), which is important for
the fibrinolytic system and is known to be involved in the pathogenesis of various diseases other
than hemostasis such as osteoporosis. We previously showed that PAI-1 is involved in the
pathogenesis of diabetic osteoporosis only in female mice and suppresses osteoblast differentiation
and function only in female-derived osteoblasts.

Therefore, we used comprehensive gene expression analysis to extract genes whose expression was
increased by PAI-1 stimulation in female osteoblasts, and RanBP3L was extracted, and functional
analysis of the RanBP3L gene showed that it suppressed osteoblast function and differentiation,
suggesting that the RanBP3L gene is involved in the PAl-1-mediated differentiation of osteoblasts in
females. This suggests that the RanBP3L gene is involved in the pathogenesis of diabetic
osteoporosis.



PAI-1
PAI-1 PA
1
PAI-1
(cDNA
@
35
2
@
PAI-1  20uM
CDNA

2.5

( Unknown 1 \

molecules

1 A AT+ IR

Osterix
ALP
FRATAHILI Y

k BIRIE & )

HEBFHARIE TR T FTILRDFE

PAI-1

PAI-1

PAI-1

o-MEM/10%FBS

RNA

Clariom S Assay



Osteoblasts
from neonata
mouse calvaria

cDNA microarray to search
for PAI-1 responsive genes
using Clariom § (Mouse)
Gene Expression array
(22,206 genes, Affymetrix)

1
PAI-1 24 RNA CcDNA
PAI-1
(€)) PCR
RNA cDNA
SDS-PAGE
PVDF
() RanBP3L cDNA
MC3T3-E1 RanBP3L 48
(5) RanBP3L BMP
[0)) RanBP3L RNA
Runx2, Osterix, Osteocalcin, ALP) (3) PCR
BMP2 1 Smad1/5/8

BMP2 3 ALP ALP

PAI-1 PA
PAI-1
(Diabetes 2013) PAI-1
PAI-1
(cDNA
PAI-1 PAI-1 25
RanBP3L  Ccl3
Ccl3 PAI-1
Ccl3 PAI-1
RanBP3L PAI-1

PAI-1



Mouse osteoblasts 2 gRT-
2 RanBP3L RanBP3L CCL3 CCL3
% % < 69 < PCR
< 54 Tz 51 % 5] ﬂé 54
e N T T
< 44 *k < 44 E 4 E 44
o — O] < <
3 3 3 31 O 3 O 3
5 5 3 3
c 2 € 2- 9 24 g 21 PAI-1 PAI-1
& r 5 s
5N 5 11 o 1 s M 2.5
2 2 3 5
T O- T 0- X o € ol
X ContPAI-1 & = Cont PAI-1 Cont PAI-1 Cont PAI-1 RanBP3L Ccl3
Female Male Female Male
PCR
RangPaL[=— M| pougpy [ o]
PAI-1 - & PAI-1 ~ i PAI-1 RanBP3L
Female Male
RanBP3L MC3T3-E1 RanBP3L
BMP ALP Smad1/5/8
Smad6é Smad7 Noggin
Smad Smad6, Smad7 RanBP3L
RanBP3L Smad6, Smad7
MC3T3-E1  qterix ALP < Osteocalcin RanBP3L [ Control
N © * g mmeVP2
< * < — € 5 P 4 *
Z5, T— 1 Z 209 s sk 1 /mr— IS —
4 sk kk o — I %
€ [ | £ ! E . T 410° { —
I 49 sk T 151 < E E
[a] i o Q <
T 5] g £ 34 . O 2x10¢ i
g G 10 ‘_8 —/ = 50 ] s
25 o o 24 o i
8 2 2 g
8 14 ‘s *1 " 8 14 & 25 4
5 ke 5 5
5] | Q0 i
-% o LM & O RaePi R V. RanBP3L % 0 = RanBP3L
14 o 14
ALP aciivy Smadé Smad7
2. . .
ALP stain > '* B <157 . < 81 =
g 1 = pSmadi/s/8 o— E  — E
v :ﬁé SMAAS | e — — — ]E: L :E 64
o 210 2
I 14 B-Actin | “— ——— < <
< - 9 Q4
[0) RanBP3L  ~ = =
RanBP3L ; BMP-2 + - § 54 g i
o A 9 — D 24
o) 5 5
['4 o k)
© ©
0 @ o o ol
\% RanBP3L V  RanBP3L \% RanBP3L
3 RanBP3L
MC3T3-E1 RanBP3L RanBP3L
Vv BMP2 [ O 3 RNA
Osterix, ALP, osteocalcin Smad Smad6, Smad7
ALP Smad1/5/8



RanBP3L PAI-1

RanBP3L
Smad BMP
Diabetic state
BMP
Circulating PAI-1 | 4 1
Female osteoblasts BMP receptor
[ t M\
Estrogen —{RanBP3L (§ /\
» Osteoporosis
Smad6/7 p-Smad1/5/8 |
v
Differentiation
\ ALP activity
4 RanBP3L
PAIL RanBP3L

RanBP3L Smad Smad1/5/8



8 8 0 7

Okada Kiyotaka Okamoto Takahiro Okumoto Katsumi Takafuji Yoshimasa Ishida Masayoshi Kawao 134
Naoyuki Matsuo Osamu Kaji Hiroshi
PAI-1 is involved in delayed bone repair induced by glucocorticoids in mice 2020

Bone

115310 115310

DOl
10.1016/j .bone.2020.115310

Ishida Masayoshi Kawao Naoyuki Mizukami Yuya Takafuji Yoshimasa Kaji Hiroshi 22

Influence of Angptll on osteoclast formation and osteoblastic phenotype in mouse cells 2021

BMC Musculoskeletal Disorders -
DOI

10.1186/s12891-021-04278-6

Ishida Masayoshi Kawao Naoyuki Mizukami Yuya Takafuji Yoshimasa Kaji Hiroshi 26

Serpinbla suppresses osteoclast formation 2021

Biochemistry and Biophysics Reports

101004 101004

DOl
10.1016/j .bbrep.2021.101004

Ehara Hiroki Tatsumi Kohei Takafuji Yoshimasa Kawao Naoyuki Ishida Masayoshi Okada 16

Kiyotaka Mackman Nigel Kaji Hiroshi

Role of tissue factor in delayed bone repair induced by diabetic state in mice 2021

PLOS ONE e0260754
DOl

10.1371/journal .pone.0260754




RanBP3L Plasminogen activator inhibitor PAl -1

37

2019

RanBP3L Plasminogen activator inhibitor PAl -1

2019




