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Abstract

BACKGROUND: In China, the patient population with osteonecrosis is large, and there is an urgent need to find new preventive targets to develop more
effective treatment strategies. Metabolomics studies have shown that there is an association between human metabolites and osteonecrosis, but the causal
relationship between blood metabolites and osteonecrosis has not yet been clarified.

OBJECTIVE: To investigate the causal relationship between blood metabolites and osteonecrosis through two-sample Mendelian randomization analysis.
METHODS: The public data of 486 blood metabolites (exposure factors) and osteonecrosis (outcome factors) were collected. Data of 486 blood metabolites
were derived from a genome-wide association estimate for blood metabolites published in Nature Genetics in 2014, which covered 7 824 European adults.
The single nucleotide polymorphism data for osteonecrosis were obtained from the FinnGen public database R11 dataset, containing information on a total of
431 614 samples and 21 306 430 single nucleotide polymorphism loci, with 1 788 cases of osteonecrosis and 429 826 controls, with all participants being of
European descent. Mendelian randomization analysis (inverse variance weighting method, MR-Egger method, and weighted median method) was performed
by Rstudio software, and then the heterogeneity test, horizontal pleiotropy test and Steiger directionality test were performed to ensure the robustness and
reliability of the results.

RESULTS AND CONCLUSION: (1) Sixteen blood metabolites were identified as having a significant causal relationship with osteonecrosis (P,,,erse variance weighting <
Patse discovery rate < 0.05). (2) Eight blood metabolites increased the risk of osteonecrosis (including four known metabolites and four unknown metabolites),
specifically pantothenate, beta-hydroxyisovalerate, hippurate, salicyluric glucuronide, X-08766, X-11452, X-12776 and X-14662. (3) Eight blood metabolites
could reduce the risk of osteonecrosis (six known metabolites and two unknown metabolites), including cortisol, 1-palmitoylglycerol (1-monopalmitin),
pyroglutamyl glycine, 2-stearoylglycerophosphocholine, p-cresol sulfate, ergothioneine, X-06307, X-12092. (4) The above results suggest that there is a causal
relationship between 16 blood metabolites and osteonecrosis, which is expected to be a potential target for intervention in the occurrence and treatment of
osteonecrosis in the future. (5) Despite the lack of relevant data from large-scale Asian populations at present, this study provides important reference value for
the field of osteonecrosis in China based on European population data. In the future, domestic medical workers may be able to achieve precise intervention for
osteonecrosis by regulating metabolite levels. In addition, based on the results of this study, relevant researchers can further explore the mechanism of action
of metabolites in the treatment of osteonecrosis with traditional Chinese medicine, which not only helps to deepen the understanding of traditional Chinese
medical therapies but also promotes the progress of integrated traditional Chinese and Western medicine research, driving the development of personalized
treatment plans that are more suitable for the characteristics of the Chinese population.

Key words: blood metabolites; osteonecrosis; Mendelian randomization; causality; sensitivity analysis; genome-wide association study; single nucleotide
polymorphism; genetics; engineered tissue construction
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0 3| Introduction RAHLAFHALILT IRF K IRREH ik REARERRGEREZGHH .
BRI, SRR TS FAAFR. ARG TR XS TFR %T%ﬂ%“ﬁﬁ&fﬁ & 4% 5 B iR A
flERIe, HERATHERERZHT HWOERKRTFLATEEENLT, X8 FREHBENRRLZ, LB AHNLT
—HE AT IS HRE Y, B AR AT BRI T R ICE R A B A e R 55 SRR AL B T 69 2B X
AT T RE I —H, FENE A REIRFHELEEZAL. H—Fus HF AFX—F %k, RALKRY
PREBAKERA THRFER, BALL KA, 2R, HbEE. FEEANEY  THHEEAST, Z2HSAEREE R
R, REREFWEGREAINES SREBUNBELERFHARMMOELE  R%, BART T Kt F it
i1 7 A, BR, BRasALR KFLAKXTA, 5RETAFLGRELE TRZAGAERE, FRAHIHEZ
MR TaFREY, CoeBRrBEEe RiagEmi . XERiHFH—L RRLEHERREZ, iiﬂ’i&‘i%%{xﬁﬂ)ﬁ
FERFRG. AL AR RERA. K8 TREIRETAANRFTA@ETALE T EOTREMFRRT GG LN,
KA MR ﬁ%%ﬁ\%&m W HEMAR, HFmbAT, SRRk %#E%k%%%%ﬁ%@%ﬁwﬁ%T
TR F AR E Y, RS MRIEARE  BRRBG AL, KB LHREFR, Rt  WEHE ST 7k f T RASG L, M
KA RLWIE KRR F RN BRREEA  FEFARAFCARBEIAL S HG AT A ZEERIBROLETRE.
HRe g iE Y, BARXT B F". A®, REB A HkZ LRIERE
BOG IR R, fad T EFARRS AR S TR AERRK 1 FRIFI53E Data and methods
Fi2b, FEIALEDHEALEGRTE A, Bk, BT REKREHE T 11 BRSOR IR 486 ik Ktk
TaARAE®, ETHRFEIRSELSFTE HRNXEZ, SWRARA BHANX AR ARERE, $ERRREALEHAEL,
ZoRFARABHEXT Y, Bk, 84 #94RTE, FTARROEREARER 8 FE RPN RIR I B E E] A

%%%Aﬁ%%%ﬁ%ii%i&ﬂﬁ7 EE R FHAERRXZ . EH#ITHRE RIS
FFRAT T FeAR, B KT T RIAACR —F Q0 RAT IR FE ATE, A T SR E Rt a9 Bk, 560
AT K. MRk, CERARETZFMEATLE HAAT IANALRAMR: OAXMMEE:

BHR, MAERMPEFE—HEIAK 2, PMEFIRERFHLHRTXN TARZ (AT RELRR) LR
ik L&, CRITRA KBNS ELY OB ERRXZY. BT RO CR BRERFE (KRR TR )
A, EMEERFALFTEET T2 BRAFIEY, IHETFMIGSE ARFHMLHE; ORZMEK: TAR
B, BARAEKRRIN. HEBETF LK %M'I’Fﬁ#}u#,ﬂéﬁi%‘#’éﬁI‘d%’\ FTEHMEMRLEAEAXIK, XFRAELL
& " E—REARGFRA Y, AFERAA B, XA BT R R REREZENRFZFER TS 0B &
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1 | ZERENESTRIEREE
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B3 & 6947 IR, AR F it
B TFiriE T AR Fa95%E, 4 F>10 0,
BREINGEE AL SHEMFRL,
Mm% T EEEREY. OXFEE
B X5 SNP, VA% F 4542 B
&t 45 R e em; O3 L LDlink B 56
(https://Idlink.nih.gov/) 5 sh 4 & 5 i 4
F(woBHlA. BEASELE. A4
ML BRAE ) A X4 SNP, dw RA K
ANSNP SR B A MK, WEZH
AT EZF5) R F MR,

142 FZIEREIALSAT b I i AR
M55 RS2 1) B R A B 64 4 RIEAUL
o, EZRA B AT MR A ARG
AR Fr vk 9 £ Fm Ak (inverse variance
weighted, IVW) # 47 2 41 ™, IVW 49 1%
BEFERBEAZTRDOP A, RS BE
RIS, 2 IRATIFE) ) SNPs
AAAMTERFOAMRT, VW kT
AR KAZE MR Y s, EH LR ZHN
Kol AL R AT M, P<0.05AH ZA
RXAM., HTH—FHEIZIERMAE
WAL AT e Tt M Fo 7T 2, WXRT
R VW AR 4 25477 ik oh, B RA
T MR-Egger & AR P {244 0% (weighted
median, WM) 5 4 4k 7547 5 % ), sl gl
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R AR GRS, EAEF AR IR R IR (false
discovery rate, FDR) #2346 P A ATAZIE,
VAR R AR PR LE R e I, A oh, Ext
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Ko AHERRE B R X & 69T fekk, 4R
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iZ SNP & 77 &) M B A, A AR ROE B R
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1.43 HEMSH AT REFIE RN
oM 4 R A A R, e
AR GRERZEY R, Sk
SRR T O EZFR, TZMLTFIL
A 75 @ AT B4 % @ F R e
¥ @ T AR 4 E. A5 AR A SNPs
27 FEF R, #F Cochran’s Q #&
I ik RRAR fn i AR AR X SNPs 3t B 3%
L2t R Fo e M, P>0.05 U &R
AIEAEZREZMYLER—K, ~GLER
EWF R, QAR KE S K AL
SRS R § L C EET AT TS
5L, AT feid i iR 2 e 4 R NGA A
HAKF S s, wiEH T ZRBREZ
—. MR-Egger & )3 & ¥E 7% = MR-PRESSO
A 2 AF I R T AN B4 Fe AR B B 2
K% 30, 4 P>0.05 B RAEK
T % &, @Y — ik # (leave-one-out
analysis): A T iPAE A SNP 2t 3 4% R 1
HAC T 4E Rog Foh . BT R — P RAA
SNP S+ & #7 i+ |4 SNP 4962, =T
AF W R L HELENNPAERFAE
KFSoh, Mt B 4k R A9 AEF M Ae o] SE L,
1.5 FEMEIEIR O 486 A Riftd
58RI RXFE; QBN
AR B 4% R T 45 o T S 1.
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18 AR R ALAL 5 AT B 3 5048 7T AL 3 38
it RStudio 3k 7 (MR AN 4.3.2) T Ak, &
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W5 AL B R X R A R,
K Pyw~ Pror #7 OR B A H 95% F 42 X
[&] (95%CI) £ ) £ ZAF M 384T, & Py <
Peor < 0.05 BFIAA ZFA R FMHE L, X
FhitFrkegiid HrEHKE.
AT P EEROAITEERTH.

2 Z5R Results

2.1 TETSHREER ARIEHLEY
T AT FE45E (P<1x10°, F<0.001,
kb=10 000, F>10), *f 486 A ik Xi4h
HATT ik, RAKRBHIAZEF,
SNPs % & # 3-156 /~, 4/~ SNP &) F {4
¥R 10, HHRTHI LT EZHH A,
AEIATEEFHREAFAKGERL,
PR TR R FH A HIE RS
ZRBSRIR, A LB B oA,

22 [MARREYSBIRTEZEHER RN
N &Anid L IVW i i% B 20 FF i A
M5 BRI FEBEBRRKZ (Pyw<
0.05). 486 A fn @ Xt 4h 5 B KL &
B REAA AT RELE 2, AiE—F
BB, R RELERER,
KN 2 AR (5 RERBS. X-13549) 49
Pios > 0.05; 3t4), MR-Egger ik o m A2 F
LA E BT, 2R [5- +=
B M B2 (12:1n7). X-14977] 44 OR 14 7 &
R—E. iR 4R R AR R A B
AR, REFHET 16 A ik K H
M (845 104 4 K Fn 6 FF R 40
Rt ) 5EE LA ELESEZHREE
% % (Pyw < Pipg < 0.05), H + A 8#F
BRI I A & IR R (4 AP €
Jo Rt Ao A FF Rfo Rt 40 ), €452
B2 (pantothenate, OR=2.357, 95%Cl:
1.003-5.540, P,,,=0.049, P,,;=0.049).
B- # A 7 /X BR (beta-hydroxyisovalerate,

OR=3.603, 95%C/: 1.388-9.355,
Pw=0.008, P,;=0.042). I Jk & 2k (hippurate,
OR=2.407, 95%CI/: 1.367-4.240,

Pyw=0.002, P.;=0.024). 7K #) B& O
B2 (salicyluric glucuronide, OR=1.228,
95%C/: 1.034-1.459, P,,=0.019,

3-carbany-a-metnyl-5- 5P

1-hepta

VW P-Valve
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W P-value
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g Ratio
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0Odd Ratio
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LU P <0.05, HALCUBERR ] PG MR, SEOIMRNIZEIR PAEE M. SN 2 H8 730
R R R TR B R SER R, R OO USRI, AR O R E R MR

PEORBENLIL; VW W7 2% WM IR A G .
2 | 486 MUMKK B S EIRTE MR TR BOIFARE

P.ps=0.043). X-08766(0OR=3.113,
95%Cl: 1.063-9.119, P,,=0.038,
P.»:=0.048). X-11452(0OR=3.054, 95%Cl:
1.255-7.429, P,,,=0.014, P,,,=0.04).
X-12776(0OR=657.962, 95%Cl: 5.214-
83 032.178, P,,,=0.009, P,,;=0.034).
X-14662(0OR=1.560, 95%Cl: 1.108-2.195,
Pyw=0.011, P.,=0.036); 3 %} A 8 # fu
AR P AR B 3R 9T 69 R (6 A% & 4o
Rt Ao 2 HF K fn R4 ), QL35 KR
B% (cortisol, OR=0.270, 95%CI: 0.089-
0.815, P,,=0.02, P.,=0.037). 1- 4748 Bk
& [1-palmitoylglycerol (1-monopalmitin),
OR=0.11, 95%C/: 0.029-0.418,
Pw=0.001, P..=0.024]. £ 5 A BLH A B
(pyroglutamylglycine, OR=0.462, 95%CI:
0.222-0.964, P,,=0.04, P.,=0.044). =
A% A B H S A A2 g%, (2-stearoylglycerophos-
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phocholine, OR=0.349, 95%C/: 0.138-
0.881, Pyy=0.026, Pu,=0.04). Xt ¥ & 5%
B2 2 (p-cresol sulfate, OR=0.580, 95%CI:
0.366-0.918, Pyy=0.02, Py,=0.04). Z.%%
& B (ergothioneine, OR=0.416, 95%CI:
0.181-0.956, P,,=0.039, P;,,=0.046).
X-06307(0OR=0.268, 95%C/: 0.091-0.719,
Puw=0.017, Pyy,=0.043). X-12092(0R=0.75,
95%Cl: 0.575-0.978, P,,=0.034,
P.,:=0.048), T3 1 A[E 3.

2.3 URMEDAT

231 FAMERIE AT IRE 16 A i
WA IR —E o, RATEE
R AR A 45 4 IVW, Sf i 1T Cochran’s Q
Ko ke 3 4 A 49 SNPs Z[A] 49 5 i 1.
4 2 2 7, FiA Cochran’s Q #-%a) P14
3> 0.05, & IX K5 F UL
HRIRABEDE RN, BFERTZH
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BERRIANBLFOSH., BkIhd R | 16 LGRS BIREN MR SHER

2L 2, R Jiik nSNP  Beta  SE OR(95%Cl) P P i
PN A S VW 26 0857 0436  2.357(1.003-5.540) 0.049 0.049
232 ERBEKEZHELE ERA MREgger 26  0.133 0779  1.142(0.248-5.255) 0.866
MR-PRESSO 7 ikt 4T AT 6342 9, FRAX WM 26 0391 0714  1.478(0.364-5.996) 0.584
. " B~ BRI R VW 23 1.282  0.487  3.603(1.388-9.355) 0.008 0.042
#i4 X-12776 o T 5 SNPs 20 B A R fy MR Egger 23 1716 1227  5.560(0.502-61.629) 0.177
RARESN, B A RSB AE THE WM 23 1572 0693  4.816(1.237-18.748) 0.023
L 2 _ B HRERER VW 14 0.878  0.289  2.407(1.367-4.240) 0.002 0.024
F AR S B (P>0.05), FIEAK MR Egger 14 1182 0575  3.261(1.057-10.058) 0.062
HOREB| BEAGE., AT ARG WM 14 0.973 0397  2.647(1.215-5.768) 0.014
[ R IKGFREFEEER  IVW 12 0.206  0.088  1.228(1.034-1.459) 0.019 0.043
RV, EUATT MR-Egger =1 )3 B IE S MR Egger 12 0339 0155  1.404(1.037-1.901) 0.053
M, BRETFHRIEHELTER, #—FH WM 12 0.177  0.103  1.194(0.976-1.461) 0.085
. Lo X-08766 VW 15 1136 0548  3.113(1.06-9.119) 0.038 0.048
INT 16 AP Kt R EAE KT S MREgger 15 0333 1203  1.395(0.132-14.761) 0.786
M (P> 0.05), X k25 2 HFGEM T ik % WM 15 0679 0.668 1.972(0.532-7.308) 0310
o e N o L x5 VW 5 1116 0454  3.054(1.255-7.429) 0.014 0.040
SNPs & A& RIAHAL AT o BT F 6948 =2 MR Egger 5 3391 1640  29.688(1.193-738.885) 0.131
1 A BB T L T A AT L B LR 2, WM 5 0753 0.612  2.124(0.640-7.049) 0.218
X-12776 VW 3 6489 2468  657.962(5.214-83 032.178) 0.009 0.034
233 G—ikpit EEATE —HEAAR, MR Egger 3 10457 3.453 34 789.459(40.017-30 244 581.090) 0.203
B T B A SNPs B, {8 # A WM 3 7419  2.826  1667.325(6.547-424 596.930) 0.009
X-14662 VW 17 0445 0174  1.560(1.108-2.195) 0011 0.036
SNPs #7457 Kittdh 5 B IR su 2 [ 49 MREgger 17 0461 0299  1.585(0.883-2.846) 0.143
RBAE, AR B0 5 64 B B S A WM 17 0546 0233  1.727(1.095-2.724) 0.019
il VW 13 -1310 0564  0.270(0.089-0.815) 0.020 0.037
A RAETTERRE, X—2 R %0, MREgger 13  -2.792 1266  0.061(0.005-0.733) 0.050
o 3o A g WM 13 -1.135 0795  0.321(0.068-1.529) 0.154
AT - &9 SNPs 4 S AR AT 45 RSB 1= AEAE R H i VW 12 -2.204 0.680  0.110(0.029-0.418) 0.001 0.024
F%om, Mimit—FIEE T RAFR EE MR Egger 12 -0.848 2.141  0.428(0.006-28.459) 0.700
e B} . WM 12 -1620 0974  0.198(0.029-1.337) 0.097
TSI, 3 s R 5 JLE 4. EREMT AR VW 4 -0.771 0375  0.462(0.222-0.964) 0.040 0.044
2.4 Steiger AEMEMRK i@ i AT HA 69 947, MR Egger 4 -0.849 1252  0.428(0.037-4.977) 0.568
. o o WM 4 -0.634 0.464  0.530(0.213-1.318) 0.172
HINT 16 At ik Rl 5 7 AL A —RehE R vw 13 -1.052 0472  0.349(0.138-0.881) 0.026 0.040
ARG B R X R, #t—F g Steiger & MR Egger 13 -0.182 2331  0.833(0.009-80.350) 0.939
o _ . o WM 13 -1.143 0.654  0.319(0.088-1.149) 0.081
PRREE R R, RRILE H AL 16 SHEERLE VW 15 -0.545 0.234  0.580(0.366-0.918) 0.020 0.040
Fr otk Rt A R B R % e, /> SNP MREgger 15  -0.609 0.373  0.544(0.262-1.129) 0.126
) ) . . WM 15 -0.560 0.306 0.571(0.314-1.041) 0.067
49 Steiger_dir #5 R ¥ A TURE, &t —4 AR VW 8 ~0.877 0425  0.416(0.181-0.956) 0.039 0.046
INET B B R X 26T 5, MR Egger 8 -0.977 0751  0.376(0.086-1.642) 0.241
WM 8 -0.919 0565  0.399(0.132-1.209) 0.104
X-06307 VW 8 -1318 0553  0.268(0.091-0.791) 0.017 0.043
3 i3 Discussion MR Egger 8 -2102 1734  0.122(0.004-3.657) 0.271
+ i Bl s s WM 8 -1.976 0.735  0.139(0.033-0.586) 0.007
KIAR, AMVAREVEIRAERR 4 500 VW 21 -0.288 0136  0.750(0.575-0.978) 0.034 0.048
WS AEEI R GFTMAE DEF T @B MR Egger 21 -0.195 0172  0.823(0.587-1.152) 0.270
WM 21 -0257 0130  0.773(0.599-0.998) 0.048

ST PTF 2, dhdn 5| AL B 3R R A R AT,
B ERT M HIR P, AP E Y
BRI EEBIRF, BT RFLHBRET

ks MR Oy EAE/RBENUL; IVW: 17 22 IBLE; WM: IBUR L8075 SNP: FUZHTRZ 251 FOR: AFt L.

2 | 16 MMBRREYSBIFRERXRZNZREMSYMEDTER

. Er SR AR KT 2 2 A58

L2 3 b ap s _~‘—H—\ 22 32 oA
FRAKIRAIE, KT RXT AR R Q P1H Egger_intercept P {A PRESSO P &
A 3 > L, o oux o [22] A
FHLLFTHEAFTFRARAE T, WhE Gy 24.747 0.477 0.017 0.273 0.487
FREZIEN B RRAE MRSt BRI 11.425 0.968 -0.008 0.704 0.979
. . . N SRR & 9.996 0.694 -0.015 0.553 0.728
KeyRF, HTIRA 486 A B Rl xT  ommamm 15.046 0.180 -0.038 0318 0.250
BUILE A KM, WK LA T 08766 16.206 0.301 0.019 0.465 0.353

. ] L X-11452 3.368 0.498 -0.089 0.245 0.508
PR T4 R IEAA AT Fo BN AT X-12776 2347 0.309 -0.092 0.369
HE T 16 HA S 5 B R 6 B X-14662 19.086 0.264 -0.001 0.946 0352

o ‘ R 12.99 0.370 0.035 0.221 0.395

Rk %, ©T X-08766 5 6 7 R4 K4 1 toshigm 1 8.081 0.706 -0.022 0519 0.760
N e ey T ey b SRR 2.306 0511 0.005 0.954 0.557
Hjmt\ P, LRGSR, Bl AR e T JIEL 6.069 0.913 -0.021 0.710 0.901
XEALE & 3T8 107 ARt 5B R wommmis 10.327 0.738 0.005 0.827 0.776
o 2 1 4t 2z g s, OAR 8.981 0.254 0.007 0.873 0.302
X ERK A AR B A2 IR X-06307 2.861 0.898 0.022 0.650 0.819
B- A A FRER. DRBRLEFAKGETE %1209 24.605 0.217 -0.011 0.389 0.412
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BIE: hRoR SNP XPFIRAE (4505 ) IOARRE, MEhZRon SNP ST MR (B8 ) IRk . SNP: ARG Ak .
3 | 16 MR HEY S BIFTEH ERIERIENIL ST EU=E

FEAE A RER, A¥AE IR K AR
M, AR, KRB 1- ARANBRH b, £
P ABH REA . ARBLE AR IR AR, X
BN ARER 2 oFe LR A RN, AT
KB R R, X AR T G A A
J) 69 JE 3R A A7 &M AW R T B Ao TR
REFEZAA, BidFR5) FH AR AK
FrEMMET I, XFH BT REEKE
AEREER A, REBRFEE,

HRBALLE T A2,

ZER (Y& BS) A —FRIEM gL
%, BF AL A FBLBRE G 094
R EHR R ER LT T2 E TP,
R AR, BT AR e N E R
. EBRAKRE T, b Fizmassie
#AZ B F kB ZARFEACE F BAR S 3 098K
it m ™, X RRFRERTE
—%. EHARmE, MKIKE (<200 umol/L)

790 | PEERTIEHAR | 5530% | 5538 | 2026518

84 32 BR T 38 33 90 B 4 JL AT AR (pOCs)
oy B RS BEALEE 3 3 BR - K & M 55 B
(phosphatidylinositol 3 kinase-protein kinase
B, PI3K-Akt) @3 kX FEHLAER. KM,
HARRAIZET e A5 B LR T mie s
REmpp e it P Bk, 2EBE
AR RS0 09 R A T BRIk T R IR K
F. B FAFREA QAR 6 a- 87
THRE I — A TR — RSB L R R
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2 B- ﬁ%ﬁﬂ«@ “Jmli&ﬁn 7K1‘ZJ@%?1§§‘FT@
s S S . “ | ?
Pl « %M\ /TSNP g, BAPREROR AN AL, SNP: BZHIR D A1k,

El4 | 16 MMAR PN S BRI E—EDE

409 R 3- R R KRB AR, € —FATAY, BETOMERAENBELAEKR B F BB AR AR AR IR k0
HAREN, 3-£EAFRBRES @EFR  Hmk, CHRIERNSAMREERAT B4 B/ ok, SRk, sSRAH L
TR KA ERA £ Y, TR 2. MRAAARSHEMECERD  BRTRBRRT@IEE /TG KA
R, B- HAFRBTRAETAL RS MAF - AT R R ESATER DY, 5 REFREKTHTHON, RIAER 8P
WRHMR R, BhEARSREEFT BIIFLEDRGBRTFRTTART GLRBRKFEEFASY, T2 RR
AEGQRNMRIRE, KRR ERIAIE  REDITT oM, RINTEERRY TLABRTRALS T ERLHEELRE
kP XF - AAFRBROFLEY, HRIRFAKTLEARESEMGRG. WA, LR TS LHFLRAR
B sbe R T BT mie A s aitgy  Bb, LRBMAEREGTRAERE %, RTLERRIWEFTRLAK,
AR, AR —FIEt. DEARESEBY AW, TS FRMZEARASA, 2L ERRAEREFTIRAL R T GEALR
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HAiF#—F R, Fa AR —FE4E
KB R K BB K, MM
¥ 5 BRI A2 K A% BR (Salicylic Acid) /2 FF A
W 223 ) B AR B ERAL R R 8 At
Z— B B AT AR BT ERE 4
FRELTHETARANERRE E. FRIK
JE 4 T 3] B AR B B 18] AR T dm R 4G 38
AR S AH AR R Fm Y, Bk
%4 4] ) T Ak (100 umol/L #= 1 000 pmol/L)
Y45 4 Rl R 0 3 FH, T LA ) AR B
BA B ) 75 1k Ao o Bl LA S AR B T
Runx-2 #4 £ 3K, &S0 5% R B8 o Runx-2 &,
AR 5 F8 95 AT BE R F 40 18 09 R PO,
B b, AF# 4 m R A7 B F) A8 BT R 3R
e 64 R =T 66 & S 3t 2 B BR B 75 4 A
Runx-2 & & ¢4 B A %,

BIR B RAMF R K E Wb 24
BRI E, BWESRLmIAS, ki
R SHHEOEERAELFHT TR
B, R ERRE KT, Rm, A
FEAUKT X Ie 2 7, A BRbdAw dF 14 4 4
Ho 25 T ARF] B R R K B BT VAR B T
BRI R T ARF E B R s E
FE RPN EM BT AR AR Y KE R Ty E
A, FERLMGRTRE P, ERH
R HAEH AT R B R R—E, {2
B AT 3 B B A AR 31 5L KU 49 27 77
By, PR ERAGERANE. REA
Hyatia & B E AT FHNKE.
AT vAiE 18 2k 52 Bh SR AR I ke ) F
B Rk, 1- AR B R R —FF R
BEA o, HPARAERR (TSkBR ) 5
B e 1 a ek B, B AR TS
BRI A AN E M F B RIET .
B RBR, 1- AR A BLH T A8 95 0E PISK/
AKT 1% % i@ 5%, % PI3K/AKT il 34408 7%
B, 8 AR ST EE AR e L IR B2
FAL R . b, AAREAR, B
(Asiatic Acid) o423 3 3 (Echinacoside) #
gt 38 3 b B PIBK/AKT 38 94 49 & & K 37 4)
R iy AT Y, AR EFTARL
BAS5ARAT LB, ELEY, PIBK/
AKT 1% 53834 5 KB K 3R bpta % ™,
B sb, AEF A 1- AZARBEH b o7 483 i
WE PI3K/AKT 8 34 34 B 3R 5L AT 3 4k 47 1%
. BoRBH RRA Y RS RB
(pyroglutamic acid) A= & B (glycine) 8%,
8 Rk, B RBE A H R KR

W E RS Y. E mb AN £ T A
Jr it A2 b S RO AR - H AR - RAR
B 5 ¥, T 4R T A S RBLH
BB T AL T 8F min R 4E e 404,
fa H BLARAE R AU AT A A itk — B
ZAFAR B B AR —FF SRS BE AR
B, HLEME 2 AR, 1A
A 1L ANBRER 2 A%k SR A F 4 k. BRDE
BEASBR A JLSE 0 £ Z a2 —, ST amfe
WM R A T 2EL, AWMAT=
AFARBE I SRR ARG AR ALY, ALK VK
AR A6 E T AEHE n KR 9 69 E R R
M WS B R, AL BRRR BRI AR AR,
89 5 i B NG B AR AR A B e 9% E B A
ZAEE [Smad 15 5B AL R R @i
# 24 ¥ ZHANG % “) i@ it RT-qPCR #=
Western Blot(WB) % 7 ik A& T &% fig Bt e
et B RIE R T @it Ben, B EiE
AR B R BRAR A 5 Ak AT B AR A AL
JR T B B8 I B R E oA, X T 4
A% ZAFAR B b A AR skt B IR L KRR
PAER IR RZ —, STPEBEBR I, AR
4- FARKE, R—Aeh ZEAT R
FICAY, B A AR
A U Rk, AT B BLER S AOA S
B AR, B E AR AR IR,
AN e i 1T b R R 0 R M. R,
HA AR, T EARBR LT Ae LA
AR PR, 3T T B ALER 3T vA B At g
EHERBARKE T ZARK Y A K e
CCL20 #4 /= A, M7 )i H0H A8 R
BRI b, KRIAL TR 83T T
B AR 3k 15 7T VAR Y AR P RIE B 09 AR R Aw
ZEH R L Bk A B
FRM Y CHGE S 5 BE R LA E
ARk, ILHY IR K P Z Bk K PaE
Fh g P, 2 P B ALEL 2 T 488 i A
Z B K Fedip ] B AL P IE B 4 i ad
gk, % E N I8 AR T 69T AR B
WJE 3T SHAEAE A 89 A A A,
xRS K AR RIPAER B TR
RERR TP R RGN EHENRR, BT
B EAY, TN E AT T B R,
IRAETER. MWfshmE S Em
o Bl LR EA R KA AALE
P, oA —F AR T, TR
Fat A A L AL R AR K 49 A PO
FAL B SAGE T B S A F ARk P,

792 | PEHERTIEWAR | 5530% | 5538 | 2026518

E RO 09 A B A BAL L IR R R
EAE, A FF KK IKFe DNA ¢ 315,
malAempn e ¥, £ EHEHME T «B
FAREAE T BRE F 0915 5@ B,
P BRE 20 09T AR, Amik B3RS e R
LR B G TR L EAEE ) 4L 458, SR 4
Jof AR ER, BRIRE mIne ik
BT, Mtk ERfETar ™. 5H
HREY, it F0ERAAFHAT @R
HEETEARETHRZNH ™, mm
REREB IR EHAN T A, B, THR
RERLE AT AR BRI, T A TR A 25
IR KA

WX H T EAEUT 3IAFTE: O
GRANEEF R, B0 HERENY
Mk, @M AGIIEITT 486 ik
Rt 5B RER X R, OFE
RIEHAC AT 77 ik Gt 3k KPR L IR A%
G5 R e B R AR B & ey T
#, RP A2, BEEZEE
Fo T I S b R R AGTRAR], QAL R
R, R T B AT AR AT,
F#AT T Steiger 7 @) INIE, FART 4
R R KAL Ao vT SE 1.

AR, X ALGFE—EERME: Ok
KRR BT A% ) 4 GWAS 4 AR 248 430 &
T T RO AR, B e - 3E F T B
M, X RTLERTHEARE, AR
K 69 GWAS 47 F i1 €L45 £ % ML) ik
BAEAR, vARAE R R A R R AR #)
ERAME, XTGEERASMERIEA £ K
T HREE TR, QESITIEART, &
T R AR A I, M Rk dF
I AT FEET —ANA EA G BME
(P<1x10®), K, -/~ SNP & FIEH K
F 10, AP RHFER T AT BRE. 3t
T BMEE AN — AN AL, R IFT A AT
IR KL W M An ARG AT, HIA
Firite SNPs &9 7 fé 4% 51 & 2 2 % vf B 30
FLATAZ P AGAE ], VAL R ISGEAR AN BA
T Ak #) SNPs A5 KT 5. @ AR T4
P, RAEMATIRAA A AT, Bk
HEFR B AR 4 Fo B SRS R A 3 F
AELEMEY T bt , TTHELE RAZ B L Hvm.
J& % 5T VA A B 35 P K GWAS JC B %3t 4%
1, 81 % TF MR XA EEW 7 ik,
it — AR R R A B IR R T
HEZEEZE. @b THY>SFREAE
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B R X A6 R po iz Rt b R %,
HEATS Ha X ey Ay, BAE
XX sk XA AT m AT E, R R AF
R F R A R R R, A%
PRA A FAEAR sk ) K& B A2 5T 58 5 7 3K
Sl K o R AR . Bl AT S AR 4 S
B A (4o GWAS 25 R ). 45 RMFHIE (4
RNA-seq). &8 Jit 40 5 Ao fXgH4 5 4138
SRk, ME S ERE R RIEHAR,
VA A ) 2R MR AX 2 R Sn AR 69 o A RO E
R R TR R, Akt
—FIE SRR A9 5 R

RA I A — s By FRbE, 25t )
AR B — R a5 E L O AR
A AT, TToART R B AEE
BHATBRNA, EETUAATEABREIK
RIS AEJE, m P B 6y B ZABETR], A
WIE B = 6 A B 48 ARG 2R G R A0
AT EEARIEHF L RELTFETE
ABEF G2 SR FR T BRI iR 2 5E
Segh, T VA I BAT W I e A I B
R R 3t — H IR R AR R, QAR
HRASRFE (255 BLRESF)
st B A B R 89 Beh, K
IR B R 54 BRI N AR, kI
PR TR B IR B4 T a9 AR AL At R
T, VATRAL IR 35 B 5B SR R 49 K 2
Foh R B T AR AR T R T R
SRR VB IRE A, OFEES KA
RIEGEF BT EFHRIKE, BF
IAF A EFHEARRTUALETIEHIER,
AR ML F TR, b hma5K
W Z 18 8448 ZAE R W 24, 487 25 2 K,
ook 25 do foTi8 1T T AF A ARSHE IR R R
BRI E A AL, Nmdeahf & E 45
SR ELOL R,

2z LR, Sl i AR E SR
WA HT F7 SR ARAT T 486 ARt 5
TR R R, FER T = X7 7 5%
AR R KIK, KRR AT A AR TT
BIRFC) K A Fo B A, AR R B
HBAER R X R R RiltH, &k
H P RATF R IROE A Al 77 09 e de
Ho A2 X R T 2R BEA T E
WK, BE T KEFHFR A BT
R K e R K B X K Ak SR Be R A ST, B
E— G A BT AT AR5 R ey T 5
Wi Fels R 0697 49 R, B ATEY B0 A X—TF

MRETEENERE, B —FkiET
YEse R Y, PABAR K S XtV H A M A7
B Aeth iy de B 0 A R AT SEbE,

fEETTMR: Eta xRk, &
WA E G L e A 20 KB R AR SR, )
T AL RN AT B FRT, AT TF BA=
[ 21 51 T IS A BARRT, BREFHIL T T
W BAEIT,

FIFZE: LFagb3tEH B9, R
AL FARE A2 P R LA B AR,

TR RR: 8 — B AR L E,
B (G EET ) “F 4 - EF kA -
HE 7 R F 407 Feik, ESEIIAGHFLT,
AHRAAEF LR 69T RN ZHE. A
Aoy R, BB AHERTA P, TR N
AEih, ATEP. k. ARBEEILIE K, FAHXE
S &5, AR AR R LT T AR R

RRAREELE: S AT AR S s
T LERAGE LT,

HERMSE: ZXFREETTEREFHT
BEER S (FAHRLE R S5RERE F Y%
5RAGBENLY . XFERTO2EE LRI
GXBNELIITIAIFAEEE, XTL
PRI E F RWE FA, RATIFBOAN LE S
R LABEE.
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