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[ Abstract |

nontraumatic osteonecrosis of the femoral head (NONFH) according to the molecular interaction network

Objective: To explore the biological basis underlying the different syndromes of
associated with syndromes and the corresponding prescriptions. Method: A total of 30 NONFH patients and 10
healthy controls were enrolled in the present study. The gene expression profiles associated with different
syndromes of NONFH were detected by microarray analysis. Then, the molecular interaction networks of the
differentially expressed genes of different syndromes were constructed to identify the crucial syndrome-related
genes. After collecting the phenotype-related genes and the candidate targets of the corresponding prescriptions
of different syndromes from Integrative Pharmacology-based Research Platform of Traditional Chinese Medicine
(TCMIP) v2.0 (http://www. temip. cn/), the molecular interaction network associated with syndromes and the
corresponding prescriptions were constructed and the biological basis of each syndrome was analyzed by
functional enrichment analysis. Result: The crucial genes associated with the phlegm-stasis blocking collateral
syndrome were mainly involved into the bone and lipid metabolism, and the regulation of immune-inflammation
balance and circulation. Consistently, the candidate targets of the corresponding prescription-Jianpi Huogu
prescription might play roles in the metabolism of osteogenesis, dissipating phlegm, activating circulation to
remove blood stasis, relieving pain and inflammatory response. In addition, our data revealed that the stagnation
of meridians syndrome-related genes could be mainly involved into the regulation of circulation and
inflammatory response, as well as the metabolism of lipid and bone. Accordingly, the corresponding
prescription of this syndrome-Huoxue Tongbi Formula could exert the regulatory effects on osteogenesis and
inflammatory response, as well as the activation of the circulation and qi-invigorating. Moreover, the crucial
genes associated with the liver and kidney deficiency syndrome played roles in various pathological processes
during NONFH, such as the abnormal bone and lipid metabolisms, the immune-inflammation imbalance, and
the blocked blood circulation, which were in line with our findings on the pharmacological mechanisms of the
corresponding prescription of this syndrome-Bushen Zhuanggu formula. Conclusion: The current study
indicated that the phlegm-stasis blocking collateral syndrome may be mainly associated with the abnormal bone
and lipid metabolisms. The molecular mechanisms underlying the stagnation of meridians syndrome may be the
imbalance of "immune-inflammation" and the blocking circulation. Furthermore, the liver and kidney deficiency
syndrome may be not only associated with the abnormal bone and lipid metabolisms, but also implicated into
various biological pathways-related to inflammation and circulation. Interestingly, the pharmacological
mechanisms of the corresponding prescriptions may be in accord to the biological basis of each syndrome.

[Key words| nontraumatic osteonecrosis of the femoral head; traditional Chinese medicine syndrome;
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Table 1 Clinical information of study subjects
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3] 13 17 23.07+3.01 39(21~74) 34(2~112)
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KRB, TR GG, RS 5414 P58 BH 45 31
FHOGHEIN o A STRING %4 e 43 BT 541 4~ 28 5% BHL
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ff A S A9 40 i 8 M (natural killer cell mediated
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(platelet activation) , #M {4 I & IfiL 2% Bk (complement
and coagulation cascades) , Il 4 F ¥ Al UL 48
(vascular smooth muscle contraction)
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B B EE S EE WS RE R, el
Jliz RE %€ fih (dopaminergic synapse) , & % B2 fig ¢ fil
(glutamatergic synapse) , Ras signaling pathway, Ifil
5 2 fE 28 fill (serotonergic synapse) , MAPK signaling
pathway, # ¥ £ {5 5 i % (prolactin signaling
pathway) , osteoclast differentiation , 2 Jjt 2 g Ml & &
12 1% 3 (cysteine and methionine metabolism) , £ 4=
VU 45 T8 1 4 (arachidonic acid metabolism) , ErbB
signaling pathway, PI3K/Akt signaling pathway, & &
BE (focal adhesion) , endocrine and other factor-
regulated calcium reabsorption , /i % iz 1t i} (tyrosine
metabolism ) , natural killer cell mediated cytotoxicity,
2K A % 2 1% 18f (phenylalanine metabolism) , ¥ 75 ¥
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signaling

(tryptophan metabolism) , %k K} i% 3% (adherens
junction) ; JF 2 5 filt J8L, £b 76 AH OC ¥ , 4 regulation
of lipolysis in adipocytes, adipocytokine signaling
pathway, mTOR signaling pathway ; {ifi Ifil., 18 %% , 1|
AH G [, 40 GABA fig %8 filt (GABAergic synapse) ,
smooth

vascular muscle contraction, platelet

activation, Il % M B 4 K 5 {5 5 il #% (VEGF
signaling  pathway) , inflammatory mediator
regulation of TRP channels, FoxO signaling pathway,
A ME KL -tRNA 1 £ 9 & A (aminoacyl-tRNA
biosynthesis ) ; 4/ & HL 1A G 2 D1 BE , I8 A% 2 A S VL )
SR G 5, 4N T cell receptor signaling pathway, B
cell receptor signaling pathway, chemokine signaling
pathway, Fc epsilon RI signaling pathway, NOD-like
receptor signaling pathway, TNF signaling pathway;
IR T AL AA A A O aE B, A i R E T T
(oxytocin signaling pathway) , cGMP-PKG 5 = i 1%
(cGMP-PKG signaling pathway) , I ¥ {8 #§f (purine
metabolism) , #% f{ % (carbon metabolism) ,
adipocytokine signaling pathway, H 7 43 i (bile
secretion) , apoptosis, cCAMP signaling pathway , 3% 17
N M K R & {§ 5 (retrograde endocannabinoid
signaling) , regulation of lipolysis in adipocytes , 7 15
iz £& 96 ¥ (TCA cycle) , bt 2 2 1 2 42 i 1R it
(cysteine and methionine metabolism) . % i BH 2% iIF
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2.4 25 KO BELAIE AR O A% 0 B PR 5 3 L 38 8 5 A G

0 ¥R T 128
2.4.1 22 Bk BH IE AH O A% 0 B Ok 3T
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KW, RICR G HEIN G, L3R 1F 768 4> 248 Ik B IE
FIOCHEH . FI I STRING 48 FiE 43 T 768 A~ 248 fik 5
BEL UEAH ¢ JE DY A9 AH LA A 2 Rl 5 702 4
SR 6 312 25301, LA 2% 4 FRe A AE 1Y TR AL 5O R
{EL, U 08 1) 217 /> 28 KOs BHLAIE AR SC A% 0 5 ]

BT KEGG $d e, AT 3 28 It B UE AH 5
Bob BN Z 5 E e . HEOIERIER 2S5
1Y) 38 % 35 5 Il WG P5 A2 BHL, 40 : platelet activation,
VEGF signaling pathway, it %815 S F T la {5 5
#% (HIF-1 signaling pathway) , complement and
vascular smooth muscle

coagulation cascades,
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Fig. 1 Function of crucial genes associated with the phlegm-stasis blocking collateral syndrome and candidate targets of the corresponding

prescription-Jianpi Huogu prescription

contraction ; A ML “ B 38 - 5 i 2 G2 7 2 i A O, 4 -

chemokine signaling pathway, T cell receptor
signaling pathway, MAPK signaling pathway, ras
signaling pathway, NF-«B signaling pathway, B cell
Toll-like

signaling pathway, Fc

receptor signaling pathway, receptor
signaling pathway, TNF
epsilon RI signaling pathway, Fc gamma R-mediated
phagocytosis, leukocyte transendothelial migration,
JAK/STAT {5 5 il % (Jak-STAT signaling pathway) ,
NOD-like receptor signaling pathway, adipocytokine

signaling pathway, inflammatory mediator regulation

of TRP channels, RIG-I-like receptor signaling
pathway. JfZ 5 15 BOACHHE 2 I8 A0 A A8, LA AR
A & i % , 40 Rapl signaling pathway, FoxO
signaling pathway, PI3K/Akt signaling pathway, focal
adhesion, osteoclast differentiation, sphingolipid
signaling pathway, cAMP signaling pathway, Wnt
signaling pathway, adherens junction, regulation of
lipolysis in adipocytes, AMPK signaling pathway,
mTOR

pathway, cGMP-PKG signaling pathway, Endocrine

oxytocin signaling pathway, signaling

and other factor-regulated calcium reabsorption,
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2.4.2 0 ILIE B O M OC RO BB AR B R R T 7 M UEAR G A% 0 22 S BRI S I 5 R IR I PR 3 Y

TCMIP v2.0 Y 25 4 AR I T2, 445 28 Jiikost BHLE
Xof R 5 24 -39 000 7 ) e #E AR S L A OF R IT AR
Ja , 3EARAT 1010 A9 1 B T o 1 # AR . R
STRING 48 5 43 1 691 /> 1 1fi 38 %5 5 f6¢ 6 #E A Y
MEAEE R, P& & 621417 £ F1 4 061 5%
I, LA 28 S MR AR AR A T 2 Bk R B B 8 £U184
AT 1038 5 5 A DA% O B R T 2
BT KEGG HaJs i , A4 7% i 38 5 7 AR &A% L
AN Z 5@ EE . RO ENS S
4 388 s S 0 A DY B R R G RE BN,
AH 2& , U Rapl signaling pathway, calcium signaling
pathway, Ras signaling pathway, MAPK signaling
pathway, inflammatory mediator regulation of TRP
channels, Fc

gamma R-mediated phagocytosis,

chemokine signaling pathway, PPAR signaling
pathway, Fc epsilon RI signaling pathway, TNF
signaling pathway, mTOR signaling pathway, natural
killer cell mediated cytotoxicity, PI3K/Akt signaling
differentiation,
Toll-like

signaling pathway, B cell receptor signaling pathway,

pathway,  osteoclast leukocyte

transendothelial ~ migration, receptor
T cell receptor signaling pathway, NOD-like receptor
signaling pathway, regulation of actin cytoskeleton; I
Z: 5 4 IR OC (LK BE & AR ) , W cAMP
signaling pathway, oxytocin
cGMP-PKG
lipolysis in adipocytes, arachidonic acid metabolism,
f & Wi A A 5 4> W (aldosterone synthesis and
secretion) , Jif & & 43 W (insulin secretion) , Ji & 43 Wb

(pancreatic secretion)

signaling pathway,

signaling pathway, regulation of

, bile secretion, linoleic acid
metabolism, gastric acid secretion, adipocytokine
signaling pathway, prolactin signaling pathway,
insulin signaling pathway, i & Il B¥ = 15 5 i@ %
(glucagon signaling pathway) ; 175 I , 18 5 T %0 A
%, Qll platelet activation, GABAergic synapse, VEGF
signaling pathway, HIF-1 signaling pathway., % ik
BELIIE AH OC 25 W 2 L il 5 Xk 75 25 3 1 38 95 5 1
L A A 11355 DL P 2.

2.5 FE T HEUEAH OGO JE
1% B O 1

2.5.1 B 7 R A OC R L B R B e BT
TCMIP v2.0 F 5 3 B AH 5 73 7 B8 1, S e 1
1551 5 M IR I R R B OC KL [N, 8 & i 5
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RSN R IN= /R P

HCHEN , £ ITUR G HE NG, L3R5 1 634 M IFHE 5
HEUE A SE £ K . AT STRING 045 E 40 #1 1 634 4
JF B 5 R TR AH O E PR A A B AR A R
1552745 m A0 14677 2530, LA 2% 1 F M RRAIE B A9 o
AL HCh R E 0 %k 2] 506 4 BF B T 8 I KOG 4% 0
FHN .

BT KEGG #dls i, 345 Lk i 5 M uE AR 5
bR 25 EEEE . HECIEEERZ S
{1 38 % 3225, UL P RN B AR 5 2k 9 dn PI3KY/
Akt signaling pathway, FoxO signaling pathway,
focal adhesion, cAMP signaling pathway, osteoclast
differentiation, regulation of actin cytoskeleton,
regulation of lipolysis in adipocytes, 4% Pl i% 1% (Gap
junction) , sphingolipid signaling pathway, citrate
cycle , Wnt signaling pathway , 2l Jifd 4} 3 Ji 32 {4 [6] i
# H YE F (ECM-receptor interaction) , JAK/STAT
signaling pathway, oxytocin signaling pathway, ¥4 1k
4K F - B 15 = il ¥ (TGF-beta signaling
pathway) , mTOR signaling pathway , % f& #§ /R 1L 15
5 i# [ (oxidative phosphorylation) , cGMP-PKG
signaling pathway, Notch 15 5 il % (Notch signaling
pathway) , FIl “ ¢ % - & AF " & 48 2% 7 AH ¢,
chemokine signaling pathway, B cell receptor
signaling pathway, MAPK signaling pathway, T cell
receptor signaling pathway, Rapl signaling pathway,
TNF signaling pathway, Ras signaling pathway, Fc
epsilon RI signaling pathway, Toll-like receptor
signaling pathway, NF- kB signaling pathway, Fc
gamma R-mediated phagocytosis, NOD-like receptor
signaling pathway, adipocytokine signaling pathway,
natural killer cell mediated cytotoxicity, Calcium
signaling  pathway, leukocyte transendothelial
migration, inflammatory mediator regulation of TRP
channels, RIG-I-like receptor signaling pathway ; Jf £
5 i W18 ¥ 32 BH A OC 3 B, 40 HIF-1 signaling
pathway, VEGF
activation, fl ff & & ¢
signaling pathway, #f £

signaling  pathway, platelet
S % A OC JE #% , 40 ErbB
R W T ES %K
(neurotrophin signaling pathway ) .
2.5.2 4B E 7 M G R D SR AR R T
TCMIP V2.0 19 25 ) #EAR BN TR, 3145 B W 5 Ik
XFAIE T 2 -0 BB 5 B B AR AR B, 5 OF £ IR
Ja ARG 495 A Kb H O B 5 i gk 4 AR o A
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gamma  R-mediated chemokine

phagocytosis,
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signaling pathway,

signaling pathway, natural cell mediated

cytotoxicity, Fc epsilon RI
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5T KEGG $dls i, AR 45 40 5 B 07 A S 0
AR N Z 5 1WA . RO ERNS S
f14 108 s o 5 O G g I RE R IR A RE SN,
inflammatory mediator regulation of TRP channels,
Rapl signaling pathway, TNF signaling pathway, Ras
Toll-like
pathway, NOD-like receptor signaling pathway, Fc

signaling pathway, receptor signaling

leukocyte transendothelial migration, NF«xB signaling
pathway, T cell receptor signaling pathway, B cell
signaling pathway, MAPK signaling
pathway; 1 58 ffj , H: F A 5¢ , & cAMP signaling
pathway, i & F #t #ii (insulin resistance) ,
arachidonic acid metabolism,

receptor

oxytocin signaling
pathway, gap junction, linoleic acid metabolism , S [

i i & 4= W & Wl (steroid hormone biosynthesis) ,
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insulin secretion, c¢GMP-PKG signaling pathway, (thyroid hormone synthesis) ; 3+ = 5 1% IfiL , 1k Ji #H

AMPK signaling pathway, endocrine and other factor-
PI3K/Akt signaling
PPAR signaling

regulated calcium reabsorption,
pathway, osteoclast differentiation,
pathway , insulin signaling pathway, regulation of actin
cytoskeleton, retinol metabolism, focal adhesion,
regulation of lipolysis in adipocytes, sphingolipid
signaling mTOR

adipocytokine signaling pathway, H IR IR # 2= & W

pathway , signaling  pathway,

J 3 %, 40 vascular smooth muscle contraction , HIF-
1 signaling pathway, platelet activation, VEGF
signaling pathway , ¥ % 43} (renin secretion) , Fl
A28 &R S A K 38 I, WD serotonergic synapse,
calcium signaling pathway, aldosterone synthesis and
secretion, glutamatergic = synapse, GABAergic
synapse. ' 75 [ UE AR OC A W) 2% Bl 5 XEIE U7 24
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Fig. 4 Biological basis underlying different syndromes of NONFH and corresponding prescriptions
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UEAH DG 43 P 288 43 A 45 R s, RO IR B T &
55 0 3 % 5 B AR (W PISK/AKkt signaling
pathway, osteoclast differentiation, Ras
pathway) , I§ B 1 i ( 4 regulation of lipolysis in
adipocytes, adipocytokine signaling pathway, mTOR
signaling pathway ) #H ¢ , 3 2 5 8 5 HLAK“ 2 - 58
IiE 22 8t 745 ( 41 chemokine signaling pathway, Toll-
like receptor signaling pathway, T cell receptor
signaling pathway) 1 8 5 5 Il ¥ 1 5 ( W FoxO

signaling
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o TR A 20 A v R Y e B A U B A T
AR ZE L5 100 1 B IR 25 2 B P % BHL 4% IE ONFH
SRR AL . R RE S IR AR CT AR
I R 1T DXCE /N B EE L A R, R Sk B
AN EIL) s MRIA] UL SR B8 S A7 7 B K I, Jay 48 72 1
5 R RE Jpg B A AR 15 BH 9 9 BH 45 IF 2 B2 F K B
R WS SRRE SN o T R MR A AR
G5 Z AR ONFH 1297 2 50 JE iR J7 7 1) ONFH
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5 % M 5& (U PI3BK/Akt signaling pathway,
osteoclast differentiation, Ras signaling pathway) , Jf
% 5 4k #% ( 40 regulation of lipolysis in adipocytes,
adipocytokine signaling pathway, mTOR signaling
pathway) , ¥ Il ( 41 VEGF signaling pathway,
vascular contraction,
activation) , 1k JH ( 41 GABAergic
inflammatory mediator regulation of TRP channels) ,
VA A ML AR AR B ( 4 cGMP-PKG signaling pathway,
cAMP signaling pathway, cysteine and methionine
metabolism) , $& & % 2 I B2 ( 1 T cell receptor
signaling pathway, B cell receptor signaling pathway,
chemokine signaling pathway) , Jik % & fE ( 4l TNF
signaling pathway, Fc epsilon RI signaling pathway,
NOD-like receptor signaling pathway) %5 #1 J¢ #IL 6E ,
FoRo0 ¥ AR B 2 5 158 % 55 98 0 BH 25 TE A= ) 2
FETiAH DT L

28 KO BHAIE 5 UL T A 1 ONFH, £ A L 016 7
AR Bl R 1 R, AR B R AN (LR B T )
B, T L 1) A0 9% BEL T 28 5 4 9 Y 28 0k, 28 JDkOAS g
WIS AT ST 2, TR 7 PR g /D S 1 3 7R
DA OG5 T BB S W1 52 PR o 8 KO BELE AH OC 43
T2 o3 AT 45 SR R, RO A R TR 2 3
I 5 I8 ML 1 2 (40 VEGF signaling pathway,
HIF-1 signaling pathway, platelet activation) Fl #l {4
P - RE R G 7 F fif (40 chemokine signaling
pathway, T cell receptor signaling pathway, Toll-like
receptor signaling pathway ) A 5¢ , -2 58 1 g i 4L
Wl (regulation of lipolysis in adipocytes, mTOR

smooth  muscle platelet

synapse,

signaling pathway, sphingolipid signaling pathway ) F/l
B A% 8 ( 40 PI3K/Akt signaling pathway, osteoclast
differentiation, Wnt signaling pathway) . A ¥ @1 21
0 BE Sk PR BE oy = 3IE i 5 4 O BELAK 4 A BF 52
S 2 ok S BELAIE 1) 1/ B BOR T 88 BH 2% ik
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BELIE B 8 7K i R B2 o TR B 48 UE 5 I 5 B IR
PR UE A o RR R M,V I T 2 YA 9T P
ONFH 25 ok 5 BHIE (19 28 77, HAH 5 #EL A I 465 7 A 45
RWR O IERRIE N S 5 0 B S 4R
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Uy BE ( 40 T cell receptor signaling pathway, B cell
receptor signaling pathway, chemokine signaling
pathway) , Jik #8 % JE ( 4l TNF signaling pathway, Fc
epsilon RI signaling pathway, NOD-like receptor
signaling pathway) , i ‘B ( @1 PI3K/Akt signaling
pathway, csteoclast differentiation, Rapl signaling
pathway) M & , I3F = 5 % R ( W ¢cGMP-PKG
signaling pathway, cAMP
aldosterone synthesis and secretion) , 7§ Ifil i B ( 41
VEGF signaling pathway, HIF-1 signaling pathway,
platelet activation ) %5 A S HLAE .

JIFE 7 IR R WL T I 30 ONFHL, i 2 5 41, < il
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BUBCE KRB BT I REE— P 22 IR, S A A
ST IR L L VA Y AR R AR AT AR . AR TS
T 5 R AH 5 03 - 9 45 43 B e B, HOA% O JiE f
BN 2S5 S Y A AU (PI3K/Akt
signaling pathway, osteoclast differentiation, Notch
signaling pathway ) , ML “ 5 5 - 52 i R 427 F- iy (40

chemokine

signaling pathway,

signaling pathway, T cell
signaling pathway, Toll-like
pathway) Fl1 i§ 5 £ 3 ( U regulation of lipolysis in
adipocytes, mTOR signaling pathway, adipocytokine
signaling pathway) AH 3¢ , I Z 5 I 17 1M W 96 24 (40
HIF-1 signaling pathway, VEGF signaling pathway,
platelet activation) . 7 PR 2 Hij ] ONFH H {45 75
WF5E 2 B, BT 5 1B TR A7 7 S [ R 52 0 s A3 31
L IR AR AR L R O R A S R
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Z 5l R RS 4R R R D) R (AN Toll-like

receptor signaling pathway, T cell receptor signaling

receptor

receptor signaling

pathway, chemokine signaling pathway) , & ¥ & fE
( @ TNF signaling pathway, Fc epsilon RI signaling
pathway, NOD-like receptor signaling pathway) , i#
i oH: & (W PI3K/Akt signaling pathway, osteoclast
differentiation, Wnt signaling pathway) ¢ ; 7t & 5
1% Il (4 HIF-1 signaling pathway, platelet activation,
VEGF signaling pathway) , IE % ( 4 serotonergic
synapse, calcium signaling pathway, GABAergic
synapse ) M CHLAE , 5 5 5 M Ik A 4 = BE Ak AH ) .
£ L ik , NONFH A [a] ik 46 A= ) 24 2 il 45 A
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