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[Abstract] Bone diseases, such as osteoporosis and osteoarthritis, have emerged as pressing public health concerns
requiring immediate attention and resolution. Cellular therapy and tissue engineering techniques are among the most
promising therapeutic approaches for such conditions. Human induced pluripotent stem cells (hiPSCs) possess remark-
able capacity for indefinite self-renewal in vitro and the ability to differentiate into all somatic cell types originating from
the three germ layers, thereby making them a promising source of osteoblasts. Consequently, it is crucial to establish a
well-delineated system for osteogenic differentiation of hiPSCs in vitro, with the aim to generate osteoblast-like cells that
conform to clinical application standards. Numerous research teams have achieved substantial advancements in both the
direct osteogenic differentiation of hiPSCs and the indirect pathway via mesenchymal stem cells. In this article, we pro-
vide a comprehensive review of these two osteogenic differentiation pathways and their current applications, with the
aim of serving as a valuable reference for bone regeneration technologies. Current research efforts have relied on embry-
oid body formation and monolayer induction methods utilizing biomaterials to develop a system that facilitates in vitro
culture and osteogenic differentiation of hiPSCs. However, the existing research is primarily constrained by unclear sys-
tem components and low efficiency. Therefore, the development of a stepwise and three-dimensional induction system

based on stringent regulation by specific compounds is a primary research direction for the future.
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i g A B R 5 SR I T | kS 1) i 2H 2 4t 2
R BB AT B RS, A 7E
HAURIEA PR TR s J5 P R Ae P 5 755
W AR, T AR B A P & e 52
BT s FUUURE S 2 R A8 B R AR R IR R IR
FPHER TR TR RE T & B 8] 85T 40
fif2 (mesenchymal stem cells, MSCs) B2 .7~ 4346 R
JCE 20 L Costeoblasts , OBs ) [ & 5t 78 1, {H A4Sk
U5 A8 MSCs A7 18 U AN 11 25 5 2 Ak A5 i i, PR Al
TH

OBs 7] A £ g + 20 fd (human pluripotent
stem cells, hPSCs ) /LT 2k 7', hPSCs A5 N ik S
Z fiE T 41 JfY (human induced pluripotent stem cells,
hiPSCs) #1 A B fifi + 4 Jff (human embryonic stem
cells ,hESCs)'*' hiPSCs J2& H1 A A 4 Jifd 28 o 25 2 5
R i B A5 B B — 28 0 B R o A A, ARG R A
H 3B 5 Z 10 s e S i 18 2 STy Tz
KTE . hiPSC-OBs A 2L sE Ik 1T B AL, LA
SMYTIERE T 5R OR Rz HLIC S JE Ak, B
A B 2 B SCRIIR R 6L . H AT T & Y Y hiPSC-
OBs 35 F K 22 T LLB U ML 40L B i RO 5, T2 1
5 2o A v B S TR P i 2 SR R | ) e st
FRAFAE SR, S AR AME SR R, DB AE
TC 5 T o3 25 A T A 2 % H0E 1 OBs AT I i
VFZHRIR ™ o AR SCHE hiPSCs A9 H 8 il B s 42 S H:
TEB HR AR B2 vp i o BRI AT 2504

1 BMEARMNERNEZELERBRE
BB B S bR 3 IR 4% A 5 2R e A L
R WA & E R G I
PRI S T 18 52 2ok B P AS ) 40 1) T i LA
S, AR R hiPSCs U 18] AL RO RT3
OBs /&5 5 Bl H fie £ B A i, HonT 20 WA Bl
FFIET e, 4ERFE RS, OBs A Bl B 5 ol 1)
VAT 5| S S A IR, B B RG  SEL
PRI R Y 43 Wb R G SR Bk

"
fiE
"

B AT 5T R A B sk TR M i e X
Y HE £ 1 -9 (sex determining region Y box protein 9,
SOX9) . Runt A 5% 5% [ -1 2 (Runt-related transcrip-
tion factor 2, Runx2) Fll Osterix (OSX) B9 /¢ J5 ik,
P25 T B A AN ETRCE 0 X2 OBs 1Y L
B R A 52 B 22 R L R g R AR i A
WL ARNT A4 I 1 (brain and muscle ARNT-like 1,
BMALL) % AR g 8 00 A2 W i (9 A% 0 2 G 2, 7
Z G Tl A TN 25 0T R P oA A% T A B
Bl BMALIL 5 DA f 2k 136 410 i) 4B 28 i 1 OBs JF:
AV T 10 B O3 A, BELAS: B TN I B PN I
AR, A K T RIE O TY 8 SE BAS
SEPIE'R . T3 Ah, OBs 3% A 19 2 Ak i GE W
Notch . Hedgehog . ‘& £ & & 4 £ H (bone morphoge-
netic protein, BMP)-SMAD . Wnt/B-catenin A2 5
1% A & H ¥ B (mitogen - activated protein kinase,
MAPK) . RhoA/ROCK . % fb. 4= 4 A - - B (transform-
ing growth factor-B , TGF-B) %5 1 7,

2 £ hiPSC-MSCs BF S 2 IREB B 4 i
MSCs H-A5 Az i OBs 1 8 g 1, {0 52 BR Rz H
HRA1IE 2] T MSCs R JEAS 2 A9 [a] #1120 By hiPSCs
g3 A6 T R 1) MSCs 7] A Sy — i B 48 /9 41 i R
P g JL R 5 R AU A& (embryoid bodies,
EBs) ¥ hiPSCs i 5 Jy MSCs., 7EAK IR IE & & ot
TR, R B PN R A Y R 2 R A R 2 A i g —
A4y Ak MSCs, T 3% — 53 7% 1] 3 35 8 EBs 1755 B
FHIER IR R AR . 2 5 78 o 28 KA\ B-H
TMANPUIR LR = Fh 7 1 E T, MSCs 7T 52 3
S RE A S, A MSC 4k R B 35 5L (IR I iG 4+
IR B F Al 3% SR L ) v o 2 441 i L T 2 0 G 2T 4
AR TE A, i 2 40 AR A A o Ak S 56
SR AR S FSCE AR, RAR, EBs 1A AT
PR MSCs 19 A & 43 fbad B, (H L8R AL i
ASH] 5, I ] BE K 7% B hiPSCs M S S0 G 99 1) X
W o o5 v IR 25 Sk 1 & BRI g P T R )
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A, FEEA Wt I BMP 1Y I F 554 FEE % hiPSCs,
WLZE 3 hiPSCs P 5 55 i IR 2 AR1C ) . 72
N 5 S U NGRS R D 38 g PR 8 R
WAL A0 B A B BTG T SR, R Uy ik il
T &HEFR)ZMIMTE SRS RE, T i#—
A AR k53 A T S0 B3R M3 By, AT b BRI E B B
WM ae b &9 CERK B /N e 3 R s g A
R MRS L FRAR . Kanke 5550 1 B3 1
4k 4k A R (retinoic acid,, RA) , 75 5 hiPSCs 734k
AR )ZH M . Hedgehog A1 BMP i 4% # fiF 52 1]
U5 AN S Ak AR S W A TR L A
R P 20 5 ik 7T LS ) o AR AR 4 ) & OBs
(0 A= ) 2 PR A o [ ) B AR R R B L G
I 55 J3E ik B 7 ] A HE hiPSC-MSCs 1Y 11 18 17,
{H JG 1 fiif fk iPSC-EB-MSCs 4M b i #2121, m] 1L, 4]
WM E T 8 Ko A #5207 v T 2
Xof P 3 e A A0 PN A 5 T i R R A 4 i
S, S BUR o3 A fir iz ks Al 45, ROR 2 1 4
ML B o AR

3 hiPSCsEESUARBHENEREE

i i hiPSC-MSCs 15 & OBs /5 17 75 %K ] 51
M B3 K5 hiPSCs 75 5 o OBs 1] 281 MSCs iX — H [A]
20 ., AR R R AT &40 e AR TP AR

[ B b, AF 58 N D3 B 00 76 1) B2 B o Ak it
FE iz F T EBs i, Il i 81k Ak 2 1F (L
2 B R DL ST = R A AR AR AR L Bourne S5+
4 hPSC-EBs H #1558 T WU 175 T H 92 58, Ao ) )
T H e PR )R 5 T B 2850 1 O R 5 S5
WAk, 22 B %375 3 15 3% 3 v] T hiPSCs 1Y B $2
B T . AR AL A B 5T IR SE i i) EB ikaE
T 10115 40 A, EBs 207 3 ~ 5 d A5 R it i
W%, BUB SRR S R R PN )
1 2 THT R A B 45— 0 g TR A 2 2 80 9 1 At ]
DA B 2R AR 5 S PT DR E EBs A R VF ALK
S DT 34 it 288 o R 498 5 M BB T A 5% i HL 434
=W E B Z e, Manokawinchoke 254 H1F B
T IE ERPE R R EBs B9 UE T, Hoh, TGF-B 13
Sl AT RE S 5 T (R TR 7175 T 0 A0 i
2. Limraksasin 257 % 30, 0.5 Pa 5 B 5T ) W /738
it Cx43 FIF i 1Y Exk 1/2 /5 5 1458 T hiPSCs [ B
rfbe BT A B A 2T MSCs R 7, ZF
A S SRR R 1 T A U hiPSC-EBs B9 BB 4
1k . Tahmasebi 25425 microRNA #5 A ## i 25 22 &

C R (PCL) 9K £7 4k, SE3 T 0% 4~5 d Y hiPSC
-EBs [ B0 1715 S . Kato Z5908 40 T 1 8 8 1K)
hiPSCs 75 5 i OBs Jf- % A 21| % i Jir Vg 45 S B2 1) K
B P By R P A T v AR AR R AR e S L JR R &
W AR I o BB L B By R A
HNER AT LS B A, KB T BRI RE R
TR, SR, 2 52 ILEE 21 19 B 48 i 450, X ] e
5 S i A SRR REAE G o IR, A 0
— 5 FF K& hiPSC-OBs [ BEAR A= Wy S 2800 {H AR
By, BIROPSIL TR B T A T
T MSCs WU SRR OEL , R IF A B hiPSCs 1Y 47
WRM_HE B ESMAZRS, KT
EBs 1 1 = 4E 0 2 44 5 A B T2 #E hiPSC-OBs 143
AR, B2 5 40 %) Zh B A P L A B TS A
JH 1) 1) AH ELAE AT 20 U008 it 78, iz ik 238
FHT i B R B PR 8 55 K 24 ) s 3o 25 el ) AF
GES BRI, = AE R IR R B N7 R T RE A
XE A, H A

EBs % AR B T 22 fig 1 2 R A 30 A9 44 A
Br % AEAT ARG D 3 1w i R AR A LT . [
IF, FCAAR P B B A B X D A2 I PR oK
B HK hiPSCs i 54 OBs 1Y 5 J2 7 5 vk i BT 1Y
AR T Bt o i AT DUSE & A A RO 4
AR IRF R CRAE 28 M 7 184 56 B8 07 R0 22 1) 43 ARV g T
H R T8 22 88 1 Pk 2 5 1% 77 2L 00 4 R 5 A PUIR I
2 (ascorbic acid, AA) | B-H 7t B FR £5 Al b Z€ K #iy
(dexamethasone , Dex ) 55 A6 27 U5 N 551 09 A5 5 S 5%
I KR A] SCHE AR PR AL R A2 1575 5 hiPSCs
I 3 A TE B G 4 A6 FE R 80% I RE AR £
1 OBs!*!, HLEES L BAR T b THAED IR (B
S BRATY K 52 B 22 B R R B 52 ), A4 8 R
I 1 B2 vl SN L T S T = S 1
K A F BB N hiPSCs 19 H 325§ i H - Kang
4t ss) ] g HF b B HUES9 hESCs 1 IMR90p18 hiP-
SCs , 8 3 1 Fl T B 32 7K A2bR o il i 72
RA (A F] € i hiPSCs B350 b B, 3% AT B &
BMP I Wnt {5 53 [ 09806 A & AW M
BN R R R AL R . Wang %9706 VN 2
JIRAN B BFPL 22 R4 A 3 3R 22 L e - JR W i 7e 3R
BT, A2 F T hiPSCs 1Y 3 B e HAE 155 3 B
FREETP AL . HEAE R R IR AR T B 4O CMC K
5 e A5 2 T ISR 2 AR L Kargozar S0
hiPSCs 35 72 7E 7 Sr 1 Co ) A ) 3% 5 (bio-glass con-
taining Sr and Co, BGs) I, 3% B 4Jil ifd BB 7F BGs ik
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RGNS JF A Rk bR A .

S LR JLAh 5 i #0252 B T hiPSCs 1 FL
FE B0 10755, H K 22 2 0 A it 22 P 7 3 57 )2 B
FF e, FLA Sl BRAE A L By, T BT 8
AT AW AL ] 25 5 KR 2 45 R AR
EME L, 2 E AT OBs %5 & 5 Br B i 5% 4
filt, FF A6 B T IF K 803 WA S5 40 T 19 43 B Be X
PERIT S A WHE S 0 A FR A% hiPSCs
() B Ao AR AT DAGE o 4R 1 /N o T S0 A T A
FTE N T (107 M A A N ) = R DA
Kanke %%/ %5 T Wnt , Hedgehog 1 BMP i % 4 A 175
SRR b S B R R SRk o AT TG I R
TG 37 )2 4 00 N 18 B R G B G 3 4 i R
CHIR99021 F1 Hedgehog i % 1l il 7 %I hiPSC # 17
W R E 5, O 78 B0 B 5% 2 P 4 D) Hedgehog 52
LGN ESI 5 = A N e R 3 & A N VO R = 1
MAREKELEN M BEXFREL, 2R
Runx2 ., Sp7.COLIA1 il & M ¥ 2 &5 H (bone sialo-
protein , BSP) % B JE A 1) 3% R . SR, X Ah
Z W BEi s S B A AE B 3% ) RS AR R, Zu-
jur S5 GE — B AR B 0 S A 25T L #4 hiPSCs 43
155 OBs. hiPSCs 56 5 g4 A U N T 2-ME |
B-27 i 5y £ -4 25 1 - (insulin-transferrin-sele-
nium, ITS) () DMEM/F12 & 14 8% 3% 3 M3 m 7
CHIR F1 Cyc (1) A 55 37 B (1) 3% 3% 28 11 (Vitronec-
tin) & i R 1T, FBE 4 2 & SAG FITH ) BB 5 %
Wi EEh iR 7 d, A 5 tH 40 Ml . CHIR 1 TH 4b
B2 dJE, 504 OBso dRJm , fE LB 5 S 1 R
B350 d, 3548 B OBs. X Rl A | fiy 28 1
. JC S A g HAIR 28 IR AR5 O e B
AU ) — K (1) . SR, ZIHF 5T R W,
AN TR K 5 B9 hiPSCs A] BE 23 32 21 28 W i8¢ 4% 19 52 1)
PN SN BURER X f ) SRS PN 2 i i O
L, B 4 B SR U5 Y hiPSCs 77 7E DNA H 5L 4b s &
T BOHIY W7 R RS R R BE ) A2, B AR A
B OBs I #% B 40 Mg, Ifi 6t = JE AR W5 40 M Y
fig Sytoret,

25 I, hiPSCs BE 1] 43k 1 Jee 07 1 Ji T g U1 4
K 4 Fil 5 1% (hiPSC-EB-MSC-0Bs , hiPSC-EB-0Bs .
hiPSC-MSC-OBs il hiPSC-OBs) , H i, 5 T4 2 1k
G WA R A B 43 B B 2URD = 2 1) 5 S AR R Bl
B EW R 1) o sbAk, 78 3 FH 2 AR 5 i
N ARG S H A SRR IR TR e, B
B W SR R 25 F BT 52 RN R RIS BE 37 ] LA

e LE K 20 B BOA S i 1 3t T A 2R
PR A 358 s BIF 5 0 1) A LA 1 20, i) DL % T8
P =S SR IR AR

4 hiPSCEBHHLHIEREE

125 W BF A FEE M, hiPSC-0OBs 1] E 4
PRAR B A SN AL, DAl 25 W) X 5 T R C Y 5E
Migte-ss) . hiPSC-OBs i 1] L FH T 8F 58 1595 1) & s AL
il I PHLAT AR, A 0 1 TLYA AL SRR e
PR 24 4 1R 1T S B OBs RS HERI4% 44 (2 LA e
DI RE ) 40 B A Y, SR SRR 7 SR AL AT el

SRR VI = spe A B N R R E S (7 N e R
I7 T3 V50 A B A A AR AR R A P R XL
B DL K iy A PR A (] 7, Kang 2605 1 IR 7355
F hiPSCs BB [ A 5% 78 hiPSC-0Bs 5 T H it
419 A T AR TR B IR R 33X TR 9% R hiPSCs
ANz F Kbk S SO ML T J7 ) . hiPSC-OBs
AIVE ATl 720, 455 2 Y B G s 2L TR
I AR B A3 A7 0 A 1A T 58, DT i ke it X
B SR BRE T, Ye 550K hiPSCs AP 21 #5000 25 K v
2200 B SR FEAR A 3R 551 R IR AR AT
1) 22 ] 3 AV RE T THB 52 804 /DN BUBR 9 /B Bk
1,5 I R I 45 2R S 7 A8 5B AR B B T T hiPSCs
FEAHE 2H W] b 4 T Bl S R e

FEH BB B R RE G, B AR
T B2 5 B0 1 %A FE 2R A . hiPSC-0Bs
A sk B AR Bl R A AE O S, B R M T A
AHEAE R, 38 5 A8 A 1Y) B PR AR RE T, O
IREE ) [, hiPSCs 78 WL 453 8 5 v a8 ml By
By s gz, W5 R W, hiPSCs 75 8B & 17 R 7
WINR YT Mg & 2 e B ) e R R s
Yamashita 2528 45 4k A hiPSCs Y5 1 175 B 403 40 it
TUORE B AT A5 He 92 S5k B /D B AR £ 952 9100 1) i 1R 5 1)
KT ERABAL B A B 1R AR IE S5 R
B A EL Rl A TSR Y . R 2R AR IR N S
95 14 45 S 38 2 B hiPSCs 1T FH T K& s ), iR &
N T 3 0405 IR 1T B hiPSCs A& 42 (070778

JLAE hiPSC-OBs Ji& 8L )™ i iy 1z FH i 5%, {H H:
SR R FHAT TG I — S Pk % an, - fkad B v 4
ATIS (ARS8 4% L A0 B RS A 19 A7 76 5 TR R 4
A 2 A M S I AR T B E — 2P e, (1) 3k
AR HAT0 8GR A B, B o g —
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Table 1~ System construction for differentiation of hiPSCs into osteoblasts
Methods Environments and materi- Conclusion Advantages Disadvantages Ref
als
Osteogenesis-induced me- Osteogenesis - induced medium @ Circumvention of the pluripo- @ Formation of teratoma-like tissue [43]

EBs method

Monolayer culture

method

Defined stepwise

differentiation method

dium

Diffeasy medium (pre-in-
duction) +matrigel surface
containing Ca,MgSi,07

Hypoxia

Intermittent pressure

Shear stress

PCL nanofiber scaffolds
with microRNA

Adenosine

RA

VN-BFPI peptide-grafted
Polydopamine - carboxy-
methyl chitosan surface
CMC hydrogel

BGs particles

Four small  molecules
(CHIR, Cye, SAG and
TH)

CHIR, Cye, SAG and
TH, basal medium, osteo-
genesis-induced medium,
Vitronectin - modified sur-
faces, DMEM/F12 liquid
medium  containing 2 -

ME, B-27 and ITS

can be used for direct osteogen-
esis toward induction of hPSCs.
Bioceramic  Ca,MgSi,0, pro-
motes osteogenesis in hiPSC -
EBs.

Hypoxia promotes suspension
and maturation of EBs and en-
hances adhesion and prolifera-
tive properties without compro-
mising pluripotency.

Intermittent pressure reduces
apoptosis in EBs.

Shear stress at 0.5 Pa enhances
osteogenic differentiation of hiP-
SCs.

Functionalized bioscaffold mate-
rial promotes osteogenesis in
hiPSC-EBs.

Growth factors accelerates osteo-
genesis.

RA promotes direct osteogenic
differentiation of hiPSCs.
Surface-modified bioscaffold ma-
terials promote adhesion and os-
teogenic differentiation of hiP-

SCs.

A stepwise and three - dimen-
sional induction system with de-
fined components is the most de-

sirable solution at present.

tency gene
@ Avoidance of long-term in vi-

tro cultures

@ Osteogenesis in the body is extremely lim-

ited

@ Direct use of scaffolds originally used to in- [62]

duce osteogenesis in MSCs without taking

into account the survival of hiPSCs and differ-

ences in the differentiation process [45]
@ Differentiation, mechanism and cell purifi-
cation need to be further explored
[46]
[47]
48]
@ High differentiation efficiency @ Unclear components [56]
@ Short differentiation time @ Large inter-batch variations
@ Maintenance of proliferative @ Instability of induction results [55]
capacity and multidirectional
differentiation potential of cells [57]
@ Simple operation: simply re-
place the pluripotent dry main-
tenance medium with the induc- [58]
tion medium [59]

@ Serum-free

@ Low cost
@ Clear and simple
@ Xeno-free

@ The Matrigel used in this process is diffi- [38

cult to stabilize to maintain cellular activity

@ hiPSCs from different sources may be af- [60]

fected by epigenetic properties and exhibit

premature differentiation

@ Impaired ability to form complete cell lin-

eages

ITS: insulin-transferrin-selenium

H =301 hiPSC-0Bs 44k J7 % , N [R] 52 56 48 45 19
20 i 0w A AR B (2) D) e AR UE 1 < hiPSC-OBs
FEAR SN oAb i B v, L) R AR A 1 B AZ 5 e T
[) B, 200 AR A PR P9 i i 36 B oAb B i BE T A2
T8 A B, 5 8O7 A2 (3) T
HeF 52k BRI A B UK 20 i 35 4 72 1Y)
hiPSCs B¢ I - T G g Jii vk (B AN A7 WF 52 4 4 hiP-
SCs AT A4 4l B A7 7F G B ik 22 57, 3 7] 6 A B 88 i
PEPURA . BeAh, 40 AE R N 0 K AE 0 S 1k

o BT KRS A5 0] RS o i — 2B AR s (4) FUAR
b % 5 A - hiPSC-OBs 9 14 5 4fifb 75 i A
IR BN, T BB R U Ak ) £ A | B )
FoZ W o (5) B 5 48 B . hiPSCs T 2 T2 £ 4 ¥
R AR AL AR L, 51 20 Mk U 1) A vk 1 1 TR)
B BRRAGR A Ko Az e 4 A TR U

SE R WA R R R B SRR
W & J | BF 5 hiPSCs A9 B 538 K 300 o B Z2 ML )
BACZ M RN A 2E R R T OBs A3k i AR v i)
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Biopsy e Reprogramming

ST 014, Sox2, K4, c-Myc
Somatic cells

Direct osteogenic differen-
tiation of hiPSCs may be-

come the mainstream in

hiPSCs

the future. hiPSC: human

In vitro differentiation

Patient | induced pluripotent stem
1 [ ! l ! cell; MSC: mesenchymal
i aa\ 3 ° € ) stem cell; OBs: osteo-
'f y ,:i,g; N~ blasts;  EB:  embryoid
& — - s> body; Oct4, Sox2, KIf4, c-

hiPSC-EB-MSC-OBs ~ hiPSC-MSC-0OBs
MSC maintenance medium, Growth factors,
Small molecule inhibitors, RA

Dex, B-Glycerophosphate and AA

9 Autologous transplantation J J

hiPSC-EB-OBs
Osteoinduction medi-  CHIR, Cyc, SAG and

um, Surfac

biosc

)

hiPSC-OBs

Myc: OSKM, Yamanaka
e-modified  TH, Xeno-free medi- four specific genes; CHIR:
el S VN-(]?;P‘I_PDA b CHIR99021; Cyc: cyclopa-
J ¢ mine; SAG: smoothened

agonist; TH: helioxanthin

derivative; RA: Retinoic

acid; Dex: dexamethasone; AA: ascorbic acid; VN: vitronectin; BFP1: bone-forming peptide-1; PDA: polydopamine; CMC: carboxymethyl chitosan

Figure 1 Osteogenic differentiation pathway of hiPSCs
1 hiPSCs B 115 5l 42

3‘%’%@$ /fq: ﬂ] i}ﬁ % HL ﬂ]:IJ , j’g *% Yﬁ i}ﬁ % élﬂ H@ i = jj%’ﬁji [5]  Aoi T, Tanaka A, Furuhashi K, et al. Mesenchymal stem/stromal
ﬁ jj i*%[86_87: . %ﬁ X‘T q: élﬂﬂ@féﬁ%lﬁ :J:/-\Eé% E/‘J *f cells generated from induced pluripotent stem cells are highly re-
I " . . 0 sistant to senescencelJ]. Nagoya J. Med. Sci, 2023, 85(4): 682 -
SHEEIE AT e B BB R 75 | |
o s J - e 690. doi: 10.18999/nagjms.85.4.682
Zs vE e v 2 S = A
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