Zj2f2E3 Acta Pharmaceutica Sinica 2022, 57(2): 375 -384 - 375 -

Fe fili B FE iR T T IE “ R R - E " K BT 48 B 5 T FibE F s B T VB
REAH 2 FHLHI R

XA, SRE? BB, A ', KB, K T
(1. FEF R EZG K2 b, MR AR 350122; 2. thEthER 2T 2557 78 5, B 5T 100700)

TEE: 29 E e A NI 29 0 T B IR PRAGE ROE « MLPR I o — 4 7 TR 1 R M 2 B R B R R A R R
MEENEZ —. TRARAMKTERLSG EE NP R M GeZ RS ER, B2 8IGRIE R Y, 1220 58 SR
95 s e, (H VR FPLE M AN B AR . DRIk, S 038 5 0 3 S TR~ 25 P $E b~ A 4 3 - Th RE BB 22 J2 TR S I A
L8O HT B AR P AR A S BE BEAIE, TR T RRAL B 8 v T R RS 9 1 2 A F R L oy L SEE8 T R4 E R R Rl
Besc it sh e S B R A, A sh AR A S B S E . W45 SRR BH, B A e 3 T 00 JR 0
5975 114 % 32 ) 245 AR T . 3 2 5 U T LA SR 2 — A I INE 2 it B U 356 U IS0 2 R Y U L AR S S I T L
e B AR IR & S8 AR T sl e, B2 5 PIBK/AKT/NF-«B il IR (F P 4 SEbR S H i 2 . ik — B (R4 A LA 4h
SO UE W, B A BERE B 45 24 1 A 2 B AT R 7 7 K BRI TR e B 5 3R L B AT I T /K S O
A A0 I R B A R AE RS T 8RE B0 B T RE RO R AT, T RE 958 &5 1) PI3K/AK T/NF-xB/TNF-a/IL- 14 i
PEROVETE . AT, B A B LA I U Y ML A 38— I R A 1T PR DR R T

SCERRIA): WE PP B R BE; Aoy - SN T M 4% 24538 % PIBK/AKT/NF-«xB

FE 525 RI66 XRRFRIRED: A NEHRE: 0513-4870(2022)02-0375-10

Investigation on therapeutic potential and molecular mechanisms of
Kunxian capsule against diabetic kidney disease via reversing the
imbalance of "immune-inflammation" network
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Abstract: Drug repositioning provides new clinical indications for existing drugs. The imbalance between
body's "immune-inflammation" regulation is one of the important factors in the occurrence and development of
diabetic nephropathy (DN). Chinese patent medicine Kunxian capsule is clinically used for treating rheumatoid
arthritis with satisfying immune-modulatory and anti-inflammatory actions. Notably, accumulating clinical evidence
based on small cohorts had shown that Kunxian capsule may be used to treat DN. But the underlying pharmacological
mechanisms remain unclear. Therefore, this study integrated "drug target-disease gene-biological pathway-function
module" multi-level associated network analysis, and in vivo and in vitro experiments, to verify the pharmacological
effects of Kunxian capsules in DN and to elucidate its molecular mechanisms. The experimental protocol was reviewed
by the Laboratory Animal Welfare and Ethics Committee of China Academy of Chinese Medical Sciences, and it

complies with the relevant regulations on laboratory animal welfare and ethics. As a result, the network analysis
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showed that the candidate targets of Kunxian capsule against DN were significantly involved into various functional

modules which were related to modulation of immune-inflammation system, basement membrane lesion, abnormal

hemorheology, energy metabolism and hormone metabolism, and the number of targets enriched by PI3K/AKT/NF-«B

pathway is the largest. In addition, both in vivo and in vitro experiments demonstrated that Kunxian capsule by gavage

effectively reduced blood glucose, improved insulin resistance, reduced blood lipid, inhibited renal extracellular

matrix protein production and renal inflammation, improved renal function and pathological damages, and inhibited
the activity of PI3K/AKT/NF-xB/TNF-o/IL-15 pathway in diabetic nephropathy rats. Collectively, these findings

suggest the therapeutic potentials of Kunxian capsule to alleviate DN by regulating the imbalance of immune-inflam-

mation system.
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pharmacology; PI3K/AKT/NF-xB

B JR 9% "B 9% (diabetic nephropathy, DN) 2 ## R I
RRE TR BAG R E, H  PR B i DR B 1 L 12
PEFRIEZ —o BFFUR I, 25%~40% ) 1 U IR
A 5%~ 40% I 2 BYWE R 585 f 222 R RE PR
Bt BLAnA, Bl PR B OO T S LA 5] &
A 0 E LA o AR T HoA 2RI s B, g
SBE PR B A R 2 I A E R M R K
(149 A6 R 22 (1) A Je e R GE BE JR e B  1  HE
) B T P A ) AR o B e L DA R R VR TT . AR
T, 3 L FUHE it S AN B L 1 B 70 58 318 1 B s )t
JER PR, TR R HTIIE ST 5N ARG L

Bl i %8 (Kunxian capsules, KXC) th B B 111 #
HOEERE VMDA LT AR R 2, 2 B KL
FORHE BT E SR AR 2 6 KK 2, iRk
PR K15 46 8 I o5 P e B R ESY . A% T R HE iR
NN, B PRI B0 DA KR 358 IR B AR L, B A2 LU
N3, RS B, MO R N . = B R,
FHEITIBOR o« J07E T Z @S KM 9 d 25 1
AU 5T BAL R 3 1 Dy e 276 -5 08 PR B 99 L
FHWD A, N B AW B 2836 o7 W BRI B 9 1) /A A Il PR
PRI O 0L R

BT, B AW i 28 A6 4 PR 73 B 9 J7 1D A0 4R 38 A BRI
I PRIT R 53 A, S = %8 24 B F L i 9 . DA
I, AT 50 R G < o ik R - 24 W B b — A A B - T e
B 2 2 IR A 45 53 bt S A A A SE G B6E, BIF 7T B
Al &6 97 K8 PR B 1 25 B AR F R HL o LA, A
T A% 2 LE I TT R PR B 99 I PR3 SEAE 1) 9 Jee 2 it v
RPN A 2 AR

MRS R

2 flli AR 38 1R IR BEARIE AY TN K2 B A M T sE 12 4
FIH ETCM (www.tcmip.cn/ETCM/) $d 2 e 48 B Al i
Ferpankrh 2y (R ILIERE JREE AL T MR T) I

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

b2 54 it R TCMIP v2.0 °F- &5 (www. temip.cn/)
“AGE VRS RR TII R 7 3R AG H Ak BE AR R AR (RT R
P2 %> 0.8)". H—B, R E EHE, RGO
(gene ontology) U FFF Fl KEGG i B £ 48 2, 129 B
Al FE A fE AR 1 B S 5 R fE R (P <0.05 H
Benjamini % 1E P < 0.05).

WIRFEESREXEREHREMER FH
HPO (hpo.jax.org) A1 DisGeNet (www.disgenet.org) &5
93 AT P VR R 9 A oK BRRE IR 3R B O S B
Bt X 1 1 5 R £ ; 1) F DrugBank (www.drugbank.com)
el PE WA 2R TR T R RO B R I 2B B, OF
SERULAH RHUAR O L R 4R 5 Lok g LRI AR B & 2%
TUAR G, 45 I PRI B 95 AH K JE TR 4R

“BAIREREER-TERFEREXEREEE
P& By &L Al A String 30 4% FE (Search Tool for
Known and Predicted Protein-Protein Interactions,http://
string-db.org/, version: 10.0) H [ 424 7 1 (8] A ELAE
5, BB i A5 3o B b S W R 993 ' 0 A O S TR
) B HAE SRR A, A3 17 A4) 2 5 8] - 24 D 4 s A
HAEH M4, 4 E1{E (degree). /i £ - 0y 1 (between-
ness centrality) 23T 10> 14 (closeness centrality) [ ®
ZEIRANRFAE AR TS, 970G Y B AL IR T TURE FR 0
A% OREAR EARIRIE IR 3 NS85, DL A3
A, B EER I KT 3X 3 AN R AR AL B I FEAR), FEXT
L EEFR B0 T REHEAT & 4R 0 (S35 AR ME: P < 0.05
H Benjamini £ 1E P < 0.05), 24 B Al fi 21 F06E SR 9
B A% O AR A 7 Tl

AHEm5i tbﬂhﬂx% (JMBE = BRZEG2
HIR AT, 220060267); — HF WAL (metformin, MET; H
I L it Bt 5 ) 254 PR 22 7, H20023370); 35 4% 41 i
(dapagliflozin, DAP; 3 [ [ 7 F1] 5 22 &, 120170040);
‘% IR A% T 3 (351 Sigma-Aldrich 23 ®); 5 & . C-ik .
BEAR 218 I3 e JE [ B (TC) H i =B (TG) ik

http://www.cnki.net



KR AR A B A5 3 300 o 7 T e o — SRE ™ SR A 19X 2% A 200 T I s B YT i B ML 207 L O - 37

# & A (LDL-C) & % JZfiE &2 A (HDL-C) 1 24 i
Jii (collagen 1, CO 1). £F 4 3 1% &5 H (fibronectin, FN).
H 4% 18 (interleukin- 18, IL-15) IR A FER F o (tumor
necrosis factor a, TNF-a) ELISA i 7 & (BRI AEY)
BHEA PR 2 F]); PBS 22 MR AR IR 31 22 vl (19 14
N TREA R AT, I3 T R O AL Gl (BE9)
IR W TP R IR DAB 2 307 & ()
FRYE IR BV R A R A A, R (7 AR
B4 A5 B 2 =1); B %4 Ultra Sensitive SP i 80R 7 &
(B~ B 3F WHT A BR A BR A A, DR R 2 5o B
Pk A 4EREE O 2w DA (B S AR R
B R AR, 2 ARG & (98) BCA E HIREE
W R & (Jb R 3K BHE A R A 7 ); DMEM I FE
77 . DMEM = B 5 72 55 R 28 L3S (FBS). 5 %% %/
5 F B (32 [ Sigma-Aldrich 23 w); B Fg i UL -
3-1 M (phosphatidylinositol 3 kinase, PI3K); ff 2 1k, fi
Bl Tk UL I -3- ¥4 B (phosphorylation-phosphatidylinositol
3 kinase, p-PI3K); & 1 ¥4/ B (protein kinase B, AKT);
T 2 16 2% 1 ¥ B B (phosphorylation-protein kinase B,
p-AKT); 1% %% 5% [T «B [nuclear factor kappa B, NF-xB
(p65)]; T R 10 #% ¥ 3¢ Al T~ xB [phosphorylation-nuclear
factor kappa B, p-NF-«B (p65)]; f-actin (3 [E Abcam 2
Al); FHi % 1gG HRP F i K il IgG HRP HRP-# 411l
2 1gG (3% [H Proteintech A ).

28 WKHL AL GRRABFHIRA
A)); VIR AL (RS RACES A IR A D), 23 7B (i
LA ST RHE A B A R AR, BT B4 (-
g —E RS A TR A R, #BIR RIS 48 LAk T
IRA #1382 \ ) ARIR SO HL [EAE (b ED)
B W], A K BAR A [FEER KR BHE (h ) A IR
AN B E R G (L RAERH A R A ).

SR FR R 4R M Sprague-Dawley (SD) A R
32 2, fRHE (200 £10) g, MH T RE EEELR Y H
O (EP= YAl IESR 5 SCXK2013-0002, HH M) Al
AR BRITE TO s 8 8 SRR I 260 TR AR 3%, FE S8 58 2 1,
B K RUE R IR 1 . Br g s sc 875 &
R ERFEBC B R 2 B E (JACUC-G16045) .

B PRIPS B i 1 2 R A7 B AL IE 8 RAE N IR 4,
1F 5 2H 3R FH 8 2 k) 0] 5%, 6 Ak 24 R e T TR
75 4 JJa, m IR R E 3R 1 24 RO s SS 35 mg-kg!
BEMRVEE 2 (BT 0.1 mol- L FFEE BR 22 vi it , pH {H
4.5, WP 1%), IEH AL I i G <5 BT R 2 v i -
TS RERVE B 2 1 A 5, F L > 11.1 mmol-L™ 1) B
R SR B AL 73 RO B 2 | BA I B 2 (480 mg kg™,
PR ORI B 3 45) = UL (135 mg kg™, I R 4

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

MBI 145, RBHAYELEE 4, 8 H 11k,
IE 5 SRR Y 2 o5 F S R B AR B B K . 4 24 M ), A
B KA ZHRKREERRRE, HBRK. HEIRb
BB ALK BRI T 2 2975 20%

MHAEIE TR Ry eE N /NVE bR 40 i HK-2
(Hh R 5 B g R B R ) IR S A s A ) BT
37 °C.5% CO, ¥ 7% 4f R Fl DMEM I bl 55 97 B 5 5%

e WA 2R S S ECAS T e A K ) A e AR
EABEHE AL, B 1.5} 10N FLE S BN 6 LR
I E L35 B DMEM 15 3% 5 [/ 25 4k 24 ho BEHUEE
HK-2 4 g 7 1E % 20 i BE B AL 2 |y B+ AL i 2 2
(10 #1150 pg-mL™"). fmyE+ik 4% 4115 41 (10 pmol-L™),
TSR R R R (RRTIPEZR BE2 30 mmol L),
BT 37°C.5% CO, B TR M 1577 48 h.

HLFEARAEM SR ELISA B4 I K SR i | R
T B TR AR A e br . ISR RRCTh S, B e A
== NG LR NN 119 7= Q29 1 7 11 /O L
By 2% C-JR I A I 21 2 1 KT SEIR 78 38 9 JH 4 o)
B, KEREE A 12 h, AR USCEE R BRI, A4S IR ol i
A ULEF KPR A K BRI , &I TCL TG,
LDL-C.HDL-C [f]7KF- } IL-158 TNF-a [{) 7K *F; Y5t 5 48
J 3% 35, Kl TL-18 F1 TNF-a B 7K, LA K 15 5 5
FNET 4 3% B (1 1 7KF, BL b BT A A DAL R 4 4 A 7
] KU AT .

HE #& HUK R B 4200 10% 48 /8 5 AR E &,
o W R AR AR B A5 A S D) e, s 27K 5 SR 5
AAE- A GeBT7IE S T H LR . FT
IR 40 Y628 Bt PR

TRZEN BRI T R AN A A R g2
W PRIPE B 3 R R AR R (ECMY) (A998, JF it —25
FIF G2 H AU E Qe 3 AT e . BARERAE QDR B
FHK R E ALY iz R G 5 TR R
(1:800) FLF4EZHIER A (1:800) PUALE4 °CHE R LT
W, B R 5RA &R RS, EHNRE
30 min 5 R E Y B, TR R TSI,
H:H Image-Pro Plus6.0 B 4% 25 4T 70 #7 -

Western blot % | Western blot y2: 43 #1 B2 A1l i 5
X PI3K/AKT/NF-«B il B A 2 Br A A= /EH . KR
B AT 2H 23R HK -2 Al IR s 775 a0 35, B RIPA
ZfA UK EZ4# 30 min, 4 °C.12 000 rmin™ &> 15 min.
FI BCA 27 S AG I 5 21 25 IR B2 5 revk oy B R 1, 1
LB E AR 2 PVDF IR . ff ] 10% i i 25 953
P11 30 min, 11— U E 4 °CUKFE B & ik %, TBST ¥ &%
2R, R 15 min, NN ZFH0HFH 1 h, TBST ¥E¥%k 3 X,
% 10 min, F ECL & 6 ks I 4 9% Je 97 2 1 2% o

http://www.cnki.net



- 378 - #2422 Acta Pharmaceutica Sinica 2022, 57(2): 375 -384

AR 34 B A8 A Image JEAE 44T .

RERS  FIHRIEHR AL HT NF-«B (p65) 1%
B, BUSAHRRUB AU A, il s, MRS £ 22
MR (pH 6.0) FEATHLEMEE, % 0.05% TritonX-100 Al
10% L1 3 1135 B9 PBS 3 141, S8 5 5 11100 7 FE () NF-«B
Ml p-NF-«B ik 4 °ClF &4 VI it s —Hiie |, 12
Zin 8 45 min, 7870 TE VeG4 H DAPL Qs ta . Y1 1E
WG NS, 45 5 Image J R A4-3E1 T 50 HT o

G AF AT SR EE AT 3R AE
H GraphPad Prism 8.0 B {3474t it Hr. Edls FIIAME +
brifEZE IR, HIEA IR R ANOVA 4 #T 4 (A 2 5%, P < 0.05.
P<0.01.P<0.001 HFRAZ 7 A A G5 o

LS
1 RREESTHHERRS REERE

A TCMIP v2.0 1 & 1) “ AL & P48 Fr 700 T B,
FERAF 1 080 A ELAI I FE A i #LAR RE P o MK Hfs GO #t

38 i A KEGG i i Kt e 34T & 4R o, a5 Rk W, B
Al 52 08 Ak 228 4 LA T 2 BROHE B AH 0% 38 B | R
By A5 Sl A GE B . MWD RERLICRE, BAll
R HE AL AL AR S LA S M A REE S RS 2
iR LA B R £ AR AR 5% 5 I 25 1) Zh REARR B, AL 45
ABC #iz s A IRWT A M Y 1 N IR =5 k2 5L
PR 2R G019 AR 5% (0 D R TR, o 4 e 2 37 2 P -
SARHE TR A LA R K AR R R AR B OR 50 I
B ARG TR h REAR B, AL I A BRI T
T ] I 5 1) AN A L TR U A A IR R S
MUA G 2 22 G210 19 A SR R D RERE IR, (4 Fe RIE &
Yy B 4L 46, LA AR Th BE AR R R D R B, £
5 22 A0 B 1 B S A R TR (B D)
2 RAMREEEEIFETRE-ZE"KE TR
% B s

i Bt AR R 1, FRAS B 3 472 N0 B R
FHRIEE], A 562 A2 ALK 8 9 e #0hw o i3t

Figure 1 Enrichment analysis shows that Kunxian capsule (KXC) has the potentials to treat diabetic nephropathy (DN). A: Number of

putative targets of KXC involved into different functional modules; B: Different color bubbles represent different functional modules, and

the different sizes with the same color represent the number of targets involved into the functional module; C: The top three pathways

involved into each functional module
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Figure 2 Enriched functional modules of KXC intervention in DN based on the "drug-disease" interaction network
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Figure 3 Effects of KXC on biochemical indexes, lipid metabolism and liver function in DN rats of different groups (n = 32). Changes of
body weight (A), urine volume (B), blood glucose (C) in 9 weeks. Changes of insulin (INS) (D), ¢ peptide (C-P) (E), glycated hemoglobin

(GHDb) (F) in 6-9 weeks. Changes of lipid metabolism (G-J) and liver function (K-N). Data were represented as x + s from three indepen-
dent experiments. “P < 0.05, P < 0.01, P < 0.001 vs the CON group; "P < 0.05, P < 0.01, ""P < 0.001 vs the MOD group
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Figure 4 Effects of KXC on the histological changes of kidney in DN rats of different groups (n = 32). A: Boxes represent the area with

typical pathological changes (scale bar: 200x: 100 pm; 400%: 50 um); B-D: Localizations and immunoreactive scores of collagen I (CO I)

and fibronectin (FN) proteins in kidney tissues of DN rats examined by immunohistochemistry (scale bar: 50 um). Data were represented as

x £ s from three independent experiments. ““P < 0.001 vs the CON group; ""P < 0.001 vs the MOD group

Figure 5 Expression of interleukin-1/4 (IL-15, A) and tumor necrosis factor a (TNF-a, B) in serum of DN rats. Expression of phosphati-

dylinositol 3 kinase (PI3K), protein kinase B (AKT), nuclear factor kappa B (NF-«B), and phosphorylation-phosphatidylinositol 3 kinase

(p-PI3K), phosphorylation-protein kinase B (p-AKT) and phosphorylation-nuclear factor kappa B (p-NF-«B) proteins in kidney tissues of

DN rats (C-E) (n = 32). Data were represented as x + s from three independent experiments. “P < 0.01, **P < 0.001 vs the CON group; P <

0.05, "P<0.01, ""P < 0.001 vs the MOD group
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Figure 6 Levels of IL-15 (A), TNF-a (B), FN (C), and Co I (D) in cell supernatant of HK-2 cells. Expression of PI3K, AKT, NF-xB, and
p-PI3K, p-AKT, and p-NF-«B proteins in HK-2 cells (E-G, respectively). Data were represented as x + s from three independent experiments.

P <0.001 vs the CON group; P < 0.05, P <0.001 vs the MOD group
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Figure 7

Data were represented as x = s from three independent experiments (scale bar: 50 um). **P < 0.001 vs the CON group;

MOD group. IOD: Integrated optical density
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