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Mechanism of Cistanche phenylethanoid glycosides in treating osteoporosis by
regulating osteogenic differentiation via SIRT2-C/EBPB-AREG axis
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Abstract Objective To explore the mechanism of Cistanche phenylethanoid glycosides (CPhGs) in treating osteoporosis by regu-
lating osteogenic differentiation via SIRT2-C/EBPB-AREG axis. Methods An osteoporosis mouse model was established using ova-
riectomy. Trabecular number/thickness , bone formation rate,and tissue morphology were evaluated using micro-computed tomography,
calcein double labeling, and hematoxylin and eosin staining, respectively. SIRT2, C/EBPB, AREG, proteins related to the SIRT2-C/EBPB-
AREG axis, were analyzed by Western blotting and co-immunoprecipitation. The mRNA expression of osteogenic differentiation marker
genes OCN,OPN,RUNX2,C/EBPB,and AREG were detected by real-time quantitative PCR. Results CPhGs intervention significantly
improved the trabecular microarchitecture and promoted bone formation in mice undergoing ovariectomy, and the mechanism involved
the activation of SIRT2-mediated deacetylation of C/EBPB,which in turn upregulated AREG expression. Cell experiments confirmed that
CPhGs significantly increased the activity of alkaline phosphatase and the expression of osteogenic genes such as OCN,OPN ,and RUNX2
in MC3T3-E1 cells by enhancing the interaction between SIRT2 and C/EBPB. Notably , this effect could be reversed by SIRT2 knockdown.
Conclusion CPhGs regulate the osteogenic differentiation process through the SIRT2-C/EBPB-AREG axis, providing a new molecular
target and theoretical basis for the treatment of osteoporosis with the active ingredients of traditional Chinese medicine.
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H T UESEC/EBPRE: £ kAL XA i 1L B 434k 1Y)
SZI) B TR A% IMC3T3-E 140 i 430 X B2 (WT4H)
KI102RZE 25 2 [ K211R%E 75 2H . CPhGs/kb B 4H (EX4H) .
WTZH B 4 )00 B 175 e 1 9 ik 4 252 15 5% K102R A
K21 1REAF ARG C/EBPBREN 74 () it [X 14 15
B TRACAE G & 52 2 AR5 1) P 5, LA 2 Y pe-
DNA3.1-FLAG-C/EBPB Jti Rtk , K F 54 )5 5]
18 3 Quik Change Lightning & 5, 28 28 357 &5, #4 2
pcDNA3.1-FLAG-C/EBPB (K102RFIK211R) % A%
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1 1000) K HNZ, % BARE R IB K317 A X
FE BT A8 Image) FRAFHEAT 73 At o 7R SR E DTVE
FEFF (] Pierce TIPSR Z2 Wik o K- ML) 55 A1 N
PLIRAES CTFE R, Z 5K & T A/GI Ik
TE4 C T WEH 4 h, X E FA/GHUIE b Bk -Pi IR —4T )i
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1.5 SEHFE S PCRATIImRNA K IA K-

ff FHTRIzol 328771 45 B2 L ELRNA L SR FH 5%
AR] I A356 6 BE HHI E260 81280 nmifl K (1) 55 i
(B AR 260 nmAb (0% 2 (B TS RNAME E, 11260
F1280 nm Ak 5% B Y LUAEARRRNARY SE B . fiff HIHi-
FiScript cDNAS R & (R 5 v ME R A W B I
A BRAF]) A BeDNA  FE LI 986 S PCRAY L,
fifi Fl MLira SYBR Mixtureis 7l 781 752 2 S PCR.
11741 :0CN, IE 75" -TCTGACCTCACAGATGCCA
AG-3", 175" -AGGGTTAAGCTCACACTGCT-3" 5
OPN, iE[f]5 -CACATGAAGAGCGGTGAGTCT-3 ",

F2 155 -CCCTTTCCGTTGTTGTCCTG-3" ;RUNX2,
1E 115 -GGGACTGTGGTTACCGTCAT-3" , JZ [i]5°-A
TAACAGCGGAGGCATTTCG-3" ;C/EBPB, iE [i5°-C
TTCAGCCCGTACCTGGAG-3", JZ [1]5’-GGAGAGGA
AGTCGTGGTGC-3" ;GAPDH, iE [fi] 5°-TGGCCTTCC
GTGTTCCTAC-3", JZ[]5” -GAGTTGCTGTTGAAGTC
GCA-3" LAGAPDH AW SRR SR 24 Ak T
% H 5L mRNA R R R 255 5
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min, BB 2lK I Z PR B = T RERG S ff
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PR ELOVXYL I, 2544 56 5 1 B W o3t 4 v
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RUNX24E 1 FImRNAY £ 35 7K 7 17 B 1. &5 TNCZH
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A, representative micro-computer tomography images of the trabecular bone in the femoral metaphysis of mice; B, hematoxylin and eosin staining of the

femoral sections of mice; C, calcein double-labeling images of mice in the OVX and OVX+CPhGs groups.
E1 CPhGsAIEE IR E VIR SBIH/NR B B
Fig.1 CPhGs alleviate ovariectomy-induced osteoporosis in mice

1 CPhGs{2i#tMC3T3-E14B B B 3 LR E MR FRIL

Tab.1 CPhGs enhance the osteogenic differentiation markers in

2 CPhGs3{SIRT2, C/EBPRFI AREGFRIZHIZ M
Tab.2 Effects of CPhGs on the expression of SIRT2, C/EBPB,

MC3T3-E1 cells and AREG
Ttem NC group CPhGs group Ttem NC group CPhGs group
OCN protein 0.48 +0.14 1.24 £0.18" C/EBPB protein 0.51 +0.06 121+0.11"
OCN mRNA 1.00 £0.11 1.61+0.23" C/EBPB mRNA 1.00 £0.10 1.15£0.14"
OPN protein 0.51£0.15 1.05 +0.44" AREG mRNA 1.01 £0.15 2.05+0.24"
OPN mRNA 1.03 +0.12 2.11£0.24" SIRTI mRNA 1.03 +0.12 1.01+0.11
RUNX2 protein 0.77 +0.21 1.08 £0.25" SIRT2 protein 0.26 +0.08 0.37 £0.07"
RUNX2 mRNA 1.02+0.14 1.58+0.17" SIRT2 mRNA 0.87 £0.08 1.88+0.21"
ALP activity at day 10 0.21 +0.02 0.44 +0.05" SIRT3 mRNA 1.01£0.14 1.28 +0.17
1)P < 0.05 vs. NC group. STRT4 mRNA 1.21+0.12 1.04 + 0.05
SIRT5 mRNA 1.06 + 0.05 1.08 +0.03

2.3 CPhGsXfSIRT2-C/EBPB-AREGHH 155

YA SR EE R (R2) Wow , SNCALAH L, CPhGs
ZIMC3T3-E 140 C/EBPREE I FImRNAF 15 /K- |
AREG mRNAFR LA FH i (P < 0.05) (450K
W1, C/EBPR T ¥l #9300 . SSNCZHAH [E , CPhGs
ZHSIRT2 mRNAFIRIKF-H i A5 (P < 0.05), HAR 1
KRR THE (P<0.05) (1iiCPhGSZISIRTI SIRT3
SIRT4 SIRT5 mRNAZEA /KT A5 4K (P> 0.05),
UESE T STRT238 3 (1 AR 51k

1) P <0.05 vs. NC group.

2.4 CPhGsXFSIRT2HIC/EBPRII R M AE AL I
I S e SO YL A 45 L (K12A) KB, CPhGsZH
ENCAH A H, SIRT2 5 C/EBPREE 11 35 M i N 4t
{7 i F 58 . NCZHSIRT2HIC/EBPRYE YA 5 155
CPhGs#H FPSIRT2HIC/EBPRZE ik B 14t 1asi , HL
ZHEEENIE ] B ALE T SR A E AR TR
58 o B g2 LT VE 45 B ilE— A5 IE S, fEC/EBPRHLIR T
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L TRACHR 2R (Acetyl) 155 FEAK, 107 S.C/EBPREE [

S (K20), W CPhGs i 3 1455 C/EBPRHISIRT2
8] AR AR AP R HIMC3T3-E 140 it b I C/
EBPRZ AL -

DAPI SIRT2 C/EBPB Merge
CPhGs
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—— L — - — o
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A, immunofluorescence analysis of SIRT2 (red) and C/EBPB (green) in CPhGs-treated MC3T3-E1 cells ( x 200) ; B, co-immunoprecipitation (co-IP) ana-
lysis of SIRT2-C/EBPB interaction; C, acetylation level of C/EBPB detected by pan-acetyllysine antibody after IP purification.
B2 CPhGsxISIRT2F1C/EBPRHY =M A 1E A#HLH
Fig.2 Effect of CPhGs on SIRT2 and C/EBPP and its mechanism

2.5 SIRT2X}C/EBPREE 1 HImRNA KA 1) 5

21 0 S 5645 SR B, ControlZH 5 SIRT2 KDZH AH
L, SIRT2R A . 35 FEAIK T MC3T3-E 140 i ' C/EBPB
I FImRNAZ A 7K F 5 Control+ CPhGs 41 5SIRT2
KD+CPhGs41A Lt , SIRT2 KB IR C/EBPREE 1 FImRNA
FikK-, HCPhGs TG SIR T2 {17 3 C/EBPB
H HFImRNAZL AP FAL (F13A .3B) o LLE45R
KW, SIRT26 2K 7] ik 25 A C/EBPRAR 1 1 B 22 H1I
C/EBPB mRNARYZEIA
2.6 C/EBPRZ: LMEALXT UE 73 AL iy 52

L C/EBPBL AL A5 5825 14 (K102RFIK211R)
BRI 2 CBEALS | 43 0 A0 45 2 4 i A 53 Ak
FUH (B57R) MALPTE M A 2R 1 (55 14%) 9971k
1. SWTHLAH HE , K1I02RFIK21 1RZEAE 40 ALPRH
T AR, [) ISP ARS T (5,45 S 22 B K102RFTK21 1R
S 2 A0 L A1 3 T A3 5 s (M EXZHALP S ARSHY
i 2 25 1 TK102RFIK21 1RS840 , W CPhGs 1] 1
1o BB ] 9 42 K 1 02 FITK 2 11 XA A 52 B 4 T 41 15 R
(FI3C) 45538, CPhGs IR H B Ak N 55 C/EBPR
F W 2 BEALA 3 19 L A A R T A G,

CPhGsiffi 11 SIRT2/CEBPR/ARE Gl 5 Wi Ji & 43 4. HL
UL T DRe A

3 it

B BTBLAME O B 3R A L T A: [al R, ™ 52
M £8P 2 i o i o R 2 N PRI 2 T R
S TEIRT B BB AME h AR EZAE ], TAR
RG> TF R K 3 B e 1 A
oAb~ o3 A PR B T8 BRI B WS B RE , 78 Bl
BB R GAE D7 T A BRI B R B,
PRI A 25 4 BB R 006 A1 -5 ] 7 S 1 48 ) iy
1) RSN A E € ) | CE sl o WA i G
TR, TR A% 22 e 6% 100 T T 200 B A s R 3 gl
FRAT WM, A FHAL 6 455 0 o s B 00 s s
(InCtsk MMPOFIACPS) 35 .

KHFIE R GAFDT T CPhGsTEH B TAIT TP i
VR S5~ BIL o 38 2 1A P 0 SE 56, At 5% & 30
CPhGsifi i P8 SIRT2-C/EBPR-AREGH (i 2 12 k1
A, SRR Y 1) B AR R AL T 2
WA
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o
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A, Western blotting of C/EBP protein expression after SIRT2 knockdown (KD) ; B, quantitative real-time PCR analysis of C/EBPB mRNA expression af-
ter SIRT2 KD ; C, ALP staining on day 7 ( x 100) and ARS staining on day 14 ( x 100) in the WT,K102R,K211R,and EX groups. *P < 0.05.
El3 C/EBPBX: ZEHLIZHEA B

Fig.3 Deacetylation of C/EBPPB promotes osteogenic differentiation

AR S, CPhGsil 1 J4 TG SIRT2-C/EBPB-AREG
el s B SR/ R B 5 G R 3 I R
INGERCR AR B Y B A SE S R, CPhGs ik
F LR AR 5 L B (OCN .OPN \RUNX2) Fl
ALPHEYE . RUNX2HE M I S AR A% O i R 7
HFRIA LR T e B IR BB B B4k, 1T ALPYE
S8R D0 2 — 2 S R B 4 L i R T i
Y FH o AR W58 8 WK 8 7% T CPhGsill i I JHSIRT2 %
ik, 15 H 5 C/EBPRIM AH BAE H L 15 R:C/EBPR £
LAk . 25 LA I C/EBPRANS i i 44 52 A8 A 1 5t
LSSV, 1 % FVHAREG mRNAKIK, 5 &R
Fe R AR R 32 PR BCAAR T RE TG PIBK-AK T 1 , M
TS, X — P S ZHANG S A i 7
R R ) 3 1k PI3 K/ A KT (6 00 i st 4 B 43k
— B 3 3 A B C/EBPR L BE A A 1 58 A5 14 (K102R
FIK211R), FLIEUESLC/EBPRZ: L BRALARE HE 40 i A HE
A5 Ak, MISIRT2 A S5 56 7F — 25 B Uk 11238 #E 7E
CPhGsfERH 22, /IWISIRT2A 5 1 C/EBPR £
L TEAL 2 CPhGs IR F 5 T8 A A2 0o A o 3 2 e 3
AL JE T SIRTH G B RS Th ) 2V, B
Sy 8 ) B B SS IEIR T A RE B AL TR
W

B A 7 5 2% 1) e e R v R S A
BTV 15 R AT [) P-4 8 O 2 2 FR B A R
T B S AARE & R LN R R, £
T R B B A RE Y AR TR YT R W AT 3 B S 9
R T R 200 A R R 200 L0 %) R EL AR FH A
AREGSE 3 [z A K PR G5 10 B 5, A6 98 79 45 Fh 2k
T B 0 A K IR T R R b R R T
SIRT2J& —F R T-NAD" 14 b £, Tk it , 3= % 78 41 g
Rk (AR AE TSR AR A A% b, 4l A
hSirtuind [ 54 A9 — S R Y C/EBPBAE:
R s - FESIRT2 A i N & AR & Ak, I3
TS Ao 3k DAL (A2 SR M o TR A A B A P R v,
EBPRYS ZASEH 4545, LA Rk AR HFG S A 9 45 51
FEW], CPhGsif i3 1455 C/EBPRAE 11 R A FH e i H 5
SIRT2(AH E AR, & ] C/EBPRI £ Bt AL A& 1
HE T IF [ W #EAREG mRNARY 2234, DT A 3 15 &
4k B C/EBPRIY 36 3K K- HAREGH, 5% & . 3
TEAR DG, (AR BV HAREGHY i 5 [ F 115 7
LB

25 TR, CPhGsifl i SIRT2 i C/EBPR % Z itk
MR FFAREGZR IR , 42 it 1 4t i Ak, 08 B ot

( FH5102250 )
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