2025 4 4 A o [ SZ I B2 R April 2025
¥33% F4W ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 33 No. 4

57, SRR , 22 Wk, 55, LT HEAE Emp3/Tef-B/Smad3 {55 18 B 2403 1 A 4L i 5E [1]. P ESSRsh i,
2025, 33(4) . 501-511.

NI'Y F, ZHANG L N, YAN S H, et al. ShenXiankang formula modulates the Emp3/Tgf-B/Smad3 signaling pathway to
ameliorate renal fibrosis [ J]. Acta Lab Anim Sci Sin, 2025, 33(4): 501-511.

Doi: 10. 3969/j. issn. 1005-4847. 2025. 04. 004

B £F B A Emp3/Tgf-B/Smad3 {5538 %
o 3 B A 4E AL I IE 5

REF' ,kBH' 248 Z2EHE ,EE2E ,WIEA,
kIt EW L, EEAE

(1. VHEGERLK AR rh B E R P EE LS S 0F5T 0, DU 3590 64600052, PEEGERLKAE
FRPUBE LSS 2R, PO W 646000;3. PURG EERL R M IE A B2 B2 e i R AR,
PO 35 6460004, PURE BB 2= M E H R B BEE R, IUJIT 954 646000)

(#ZE] B8 G F 2 BT S Si0 f b i 24 V5 R T se iR FIBLL . ik
K A BAN i JR 45 A B, ( unilateral ureteral obstruction, UUO ) £ 57 18 4 % 5 ( chronic kidney disease, CKD) /]> fR A%
B IR AT AL BRI K 2T BEAIR 5 79 4 2 (1500 ,4500 mg/ (kg-d) ) R34 8 H, BLFREAS AR
THE T N RDR) B 00 B AP /N RO W A A AR R K 9 7 . SR A S WO A2l R A R -
21 (HE) # Masson YL (03 PAG S5 Aer-4ifk. . F] Real-time PCR S 4H Ak 1 Western Blot #5:10 £F ZEf b7 25
BB 1 3 (epithelial membrane protein 3, Emp3) & Tef-B/Smad {558 EAH G Ak, 4iEscis @
it Emp3 [815 SCH I Co-1P 43 M7 15 27 BEXF Emp3/Tef-B/Smad3 il #% K H 58404 KN T B Z 4K 2 ( TGF-beta
receptor R2, TefB2) M EAEFAYEM, SR BLAARETHUEENE T UUO B Y S 2 40 i iR g Fi e /Neg
ZYE AL T B #4993 F 1 (kidney injury molecule 1, Kim1) 18 512 #8212 (lipocalin 2, Len2) 238  I0IE T
AR B0 7 TR ROR . Masson 328 Ko 27 i AL 5 75 ) £F % 25 1 (fibronectin, Fn) Fl o-F-# UL BN & A
(a-smooth muscle actin,a-SMA ) FUREINZS SR 7, B 2F FEREA M ) UUO 5 i 2F de Akt . HLAHIBE S &
B, B £F B o e 5 T 98 Emp3/Tef-B/Smad3 15538 #1957 5 15 AL L SEVE T, MR IS 00 1 — AESE T 21 FR
W Emp3 K Tef-B/Smad3 {5 5155, Co-IP SZER45HE /R | P £F B i 4% Emp3 5 TofB2 (A7
VERDREFEVER ., 8518 B LR a8 B /N BUSTHRY 3 30 0 28 AR B/, RE RS A 00 ' 4 45 N &1 Ak
FCHLHI AT HE-5 T 34 Emp3/Tef-B/Smad3 75 5 il B 19T A A O, $71 FEF RREAE B R T BAT AR ORI T 0 (EL

[XBR] HLFRE18ME R 5 2 484 ; Emp3 ; Tgf-B/Smad3

[FESES] Q95-33 [ XHFRERL] A [XEHS] 10054847 (2025) 04-0501-11

ShenXiankang formula modulates the Emp3/Tgf-3/Smad3
signaling pathway to ameliorate renal fibrosis

NI Yufang', ZHANG Luna', YAN Shuhan®, LI Qiangian', SU Hongwei®,
HU Qiongdan®, ZHANG Qiong', WANG Li', LI Jianchun'"

[E£TH ] EZK A ARF 54 (82104665 ,82205002) , V1) 1148 BH% T T H (2023NSFSC1763,2022YFS0621)

Funded by National Natural Science Foundation of China ( 82104665, 82205002 ), Sichuan Science and Technology Program
(2023NSFSC1763, 2022YFS0621).

[MEER A VAR, o WL, FEEIN, 5507 ) h o R ZS A iR B A 4ifk . Email: niyufang@ swmu. edu. cn
LEEEE1SEE, B WL S ®Ii, s 5w . R ERiA e B 444k . Email ; lijianchunchina@ swmu. edu. cn



502

] S 56 B2 4 2025 4F 4 J145 33 %555 4 ] Acta Lab Anim Sci Sin, April 2025,Vol. 33, No. 4

(1. Research Center of Integrated Traditional Chinese and Western Medicine, the Affiliated Traditional Chinese
Medicine Hospital, Southwest Medical University, Luzhou 646000, China; 2. College of Integrated
Chinese and Western Medicine, Southwest Medical University, Luzhou 646000, China; 3. Department
of Urology, Affiliated Chinese Traditional Medicine Hospital, Southwest Medical University, Luzhou
646000 China; 4. Department of Nephrology, Affiliated Chinese Traditional Medicine Hospital, Southwest
Medical University, Luzhou 646000, China)

Corresponding author: LI Jianchun. E-mail: lijianchunchina@ swmu. edu. cn

[ Abstract ]

Objective  To evaluate the protective effects of the traditional Chinese medicine formula

Shenxiankang on renal injury and fibrosis, and to explore its potential mechanisms of action. Methods Chronic
kidney disease (CKD) model was established in mice using unilateral ureteral obstruction (UUO). The mice were
randomly divided into four groups: sham, UUO, and Shenxiankang( SXK) Low/High dose groups (1500, 4500 mg/
(kg-d) ), each comprising eight mice. The each SXK groups received daily oral administration of Shenxiankang, and
the remaining mice were gavaged equivalent volumes of saline for 7 d. After the experiment, renal tissues were
collected for assessment of renal injury and fibrosis using HE and Masson staining. The expression levels of fibrosis
markers and proteins involved in the epithelial membrane protein 3 (Emp3) and Tgf-B/Smad3 signaling pathway were
determined by Real-time PCR, immunohistochemistry, and Western Blot. In cell-based experiments, the effects of
Shenxiankang on the Emp3/Tgf-B/Smad3 pathway and its interaction with TGF-beta receptor R2 ( TgfB2) were further
analyzed using an Emp3 knockdown and Co-IP assays. Results Shenxiankang significantly reduced immune cell
infiltration and tubular atrophy in the UUO model group and decreased the expression of kidney injury markers kidney
injury molecule 1 (Kim1) and Lipocalin 2 (Len2) , confirming its efficacy in alleviating renal injury. Masson staining
and analysis of fibrosis markers Fibronectin (Fn) and a-smooth muscle actin («-SMA) indicated that Shenxiankang
effectively suppressed fibrosis induced by UUO. Mechanistic studies revealed that Shenxiankang exerted its effects by
selectively downregulating the abnormal activation of the Emp3/Tgf-B/Smad3 signaling pathway, a finding further
supported by cellular experiments showing that Shenxiankang modulates Tgf-B/Smad3 signaling through Emp3
regulation. Moreover, the Co-IP experiment result indicate that Shenxiankang exerts its effects by regulating the
interaction between Emp3 and TgfB2. Conclusions Shenxiankang exhibits significant protective effects in a mouse
model of chronic kidney disease, effectively reducing renal injury and fibrosis. These effects are likely mediated
through the downregulation of the Emp3/Tgf-B/Smad3 signaling pathway, suggesting Shenxiankang’ s potential
therapeutic value in renal protection.

[ Keywords] ShenXiankang; chronic kidney disease; renal fibrosis; Emp3; Tgf-B/Smad3
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TR 6 RGEHRARRLE]20s FH A, &
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T A S AR B E A L
1.2.4 Real-time PCR Kl £F 4Efb A5 &4 . Emp3
K Tef-B/Smad {5538 B4 AHOE mRNA 34

WL 25 mg B2, $2HLE RNA SR G H
EKOMBICR 7 ECEE T E RNA ¥ 5T,
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W, 456 Cham(Q) Universal SYBR qPCR Master Mix
FIARR B 59, Bl B Real-time PCR WA
PCR % & 41 K:95 C 30 s 28, ARG K&
(95 °C 155,60 C 155,72 °C 15 s)iaf7 40 MM
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PR 27897 SR TR L R I AR ek i, 5
YIFFIE 1,
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Tgf-B/Smad 15538 A G FH AR IA

VIBGE 4 B 2R B 11, BCA ik
JEE I 5 ) e AR R . SDS-PAGE Ji H 4
fLEAE 30 g AT ER 140 B, 8 1 i 1 O 0K
AR R 3 PVDF I E SRS 5% BSA

x1 5UFELA
Table 1 Primers information
FER AR Gk B IYPE(5-37)
Gene name  Primer name Primer sequences (5°-3")
Fn-F ATGTGGACCCCTCCTGATAGT
F Fn-R GCCCAGTGATTTCAGCAAAGG
) a-SMA-F GTCCCAGACATCAGGGAGTAA
s a-SMA-R TCGGATACTTCAGCGTCAGGA
Gapdh-F AGGTCGGTGTGAACGGATTTG
capdh Gapdh-R TGTAGACCATGTAGTTGAGGTCA

FREM L h B INA R R P 4 CHEFR A
o HH—PHAR I A BT BR/ f BR 1 E ik
BEFRICHY —H0 (1 = 5000) , FIREH 1 h, ®JT,
i e-BLOT fh2f A BUZ 73 Bt RGERT 45 R i 47
FH T, 985 FH Tmage J 1. 51 BB 4401
IKEEAE, T UM AR A BUE R — G504 .
1.2.6 TCMKI 555 T ikt

BOHBUE K I H TCMK 20 2 (10% FBS #Y
DMEM EpRs 7238 ) | 0 THERs B¢, i 100 L 1%
FrHEPALE 8000 AR, FELEERN 100 WL T 96
FLEFRM R, 2 BIINA 25 ~ 400 wg/mL B 21 Hézh
PrAb3 24 b JEREI AN LTS T BELINA B SR
1710 R EY CCK-8 5,37 CEE 1 ~ 4 h
J& ,7E 450 nm PR A OD fH, LA, K TCMKI
AR T 6 FLAR, JF00 o 4 4 XHR(NC) (it 3R
K (OE-Emp3) 4l il 3235 Emp3 + KUK JE B £F 5
(50 ( g/mL) ) 4 v B B 4F )3 (100 (pg/mlL) )
2, AR O WRER: mCherry-Emp3 Ji L 5% Y
YN YL 6 h 5 A3 B AAS [R) v B 1 A
FEANFRANM , A3 42 h e, W SR AR AR A, O
i Western Blot 43 #7185 FH ik /K, LLKHIEZS 9
TR
1.2.7  Co-IP 43 Hr ¥ £F Xt Emp3/Tgf-B/Smad3
T % K H 5 TefR2 A EAE 520

293FT 4 il (10% FBS () DMEM = 4 B 57
FVEEFR R 6 cm UL | 24400 ffg 25 5 15 3 60%
~ 70% W}, ¥ B PED % 4% i 7 By ik 25 B8 %
mCherry-Emp3 Fll GFP-TgfB2 £553% 6 h J5 IAMN
[ 77 B 4T R AL R 42 b WiekE, fd ] 1 mL Co-IP
2443 W (50 mmol/L Tris, 150 mmol/L NaCl, 1%
Trixton, 1 mmol/L EDTA,pH = 7.5) F K I Z4fi#



ol 9256 B Y2 2025 4F 4 A5 33 %5 48] Acta Lab Anim Sci Sin, April 2025, Vol. 33, No. 4 505

30 min, B0 EES GFP RBEERAE 4 °C Fliekk
BFE 2 h, FAZMRIREYE S I, SRIGHIA 50 wL
FERESE rhil B REER 95 C 4RI 10 min, B
O H I A T S BE NI AT
1.3 SitEsh

KH SPSS 21. 0 X Fdm 1 g it oA, it i
TR YA + PR (2 £ s) Rom, A 25
PR LA, R M IE 2543 A H 5 22 55 0% A AR e %
e K, Z B R BRI R 20 ik, 45
HFEBART & IESI AT BT 22455, R Kruskal-
Wallis H K:50, Z#n Al A7 e 22 5%, iE— 2 R
ST REAS [ AE S EKE 55 ( Mann-Whitney U) #1740
[E] 9 L8, P < 0. 05 M EE G X,

2 #HR

2.1 BHE3IEK CKD 25 BN RE
R LHF

W B R PRSI 58 98 A8 19136 9 7 11 I v UL
I PR 2R BRI B /N BRDE I R R B, B AR
I I R I LT I S R ARR, O HLHE /s
RS H W W (P < 0.001), WA 1, #R4E
HE L0251 B T AR T /NERIE SRR
NEE IR SERE A RY A ENE B Tk HL B
BT B NIRRT R AR S N — (P
< 0.01), XS4 A4 CKD AH Y FRRRAE
LB LT RERIT IR B /NE B ED kAR B B UG,
HE/NRIE S B AR R Y — 2B B Se it
FEY(P<0.05), MIEREHMLERER, 5
TRTFALHAR F , BV B 405 hm A ) B 400405 407
1( kidney injury molecule-1, Kim1 ) F1 5k 2 Jig
W i g A S A iz 2 #E H (lipocalin-2, Len2 ) B
KR FFH(P <0.001) , HEERETY K E
AN b B AR RGBT IS 3K S bR A W 1Y) Kk B
WA, Western Blot 45 5 iE— L 50 0F T S 4
ey R, X SEE SRR, B 2T FERE 8 A Ak k%
CKD /] B B BRAG 1, BA T TE R R VEH]
2.2 BARINRETENRRERRN

BT AR Masson Gt 2] 255 R 35 0, /D4
ORI (18] 2) o B (] Jo o e B £F
HETUAR & S0, 2T R YT R 6 0 5
ZF 2 T BRI 1 W E AR (P < 0.001) , iE—
A BT R IR T AL B AR A bR AR

Fn Fl a-SMA 11 36 35 7K 7 & 35 (% T A A 4
(P<0.01, P<0.001), [A] B}, Real-time PCR
FIl Western Blot 253 75 7F RNA Fl#E H/KF I,
BERIZ] Fn Fll o-SMA 300 & TR F R4, 1897
SN TERRI B R (P < 0.05,P < 0.01), LA
ES R B AT BREAL B AR S A S0 CKD /N
)5 ) S 4T AL AR
2.3 Bk CKD /MRS Emp3/Tgf-p/
Smad3 15 S 1& B #I =2 i

Western Blot 455 07 (18] 3) BAIH Tef-B/
Smad3 {5 538 i 2 11 1 Y Tef2 ,Smad3 M Smad2
WEMRAL ( p-TgfB2 . p-Smad3 K p-Smad2) 7K ¥ 1 i
WE(P<0.05,P<0.01,P<0.001), BT
Tt 52 B O M FRAIK p-TefB2 HI p-Smad3 7K-F-
(IR X p-Smad2 K V-1%A &0, Rl
Real-time PCR Fil Western Blot %5 % g 7~ | #5721
Emp3 B RNA FIEE 361k i i 3% IR w4141,
IMHE 2 BER YT & Emp3 KIKTE RNA Fl 8 H K P
R EFERER(P < 0.001) , TR H A KT 2%
B (P < 0.05,P < 0.001) , e fbah Rit—
HHAE T iX— &, I B/~ Emp3 EEERIE TP
SRAGE NS R, DL g SRR B AR R
s P B E I I Tef-B/Smad3 15 5 38 J& #5314
%, IE> Emp3 8955 Rk,
2.4 Emp3 3 REHFERE T EX Tef-p/Smad3
ESEERFHEMLMARIER

it — R B AR BRAE SR CKD £ 2k 1 Pl
IR 5 Emp3/Tef-B/Smad3 55 i & A 56, 1E
HAE TCMK1 4L i 335 Emp3, IFAG I ' £F B
£ Emp3 i3 355 00 T ML 4 fe s ik, B o,
it CCK-8 SCIH e T 18 XY M 2 W b 3k 1, 45
RN LF R AE 400 weg/mL A ¥ BE T A 5158
TR AN (B 4), TEMCHRRL b 1 T
TCMK1 40 g it #3587 Emp3, Real-time PCR il
Western Blot 255 & Bl Emp3 i 3k BEAE i 21 4
AR &Y Fn IR F KT 78 Emp3 i 2550
LT ,50.100 we/mL BB £F R+ HURBR T
HIEA WP et acn, o — 2K Emp3 XF
Tef-B/Smad3 1551 % B 521 , Western Blot 4% 5
#— 3R], Emp3 1 %3k W E R T p-TefB2 F
p-Smad3 7K, TE Emp3 HREWIEN T, 50,
100 pwg/mL [ ' £F F T A GES 55 Emp3 XT p-
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0.001, ( FEIMRE)
1 ELRO IR R CKD B2 B IRE AN U R AR AL (2 £ s,n = 8)
Note. Compared with before SXK group, *** P < 0.001. Compared with Sham group, ** P < 0.01, ** P < 0.001. Compared with UUO
group, "P < 0.05, "P < 0.01, "™P < 0.001. (The same in the following figures)
Figure 1 Effects of SXK on renal function in clinical CKD patients and renal pathological changes in CKD
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Figure 2 SXK delayed the progression of renal fibrosis in CKD mice(x + s,n = 8)
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Figure 3 SXK inhibited the protein expression of Emp3/Tgf-B/Smad3 pathway in kidney of
CKD mice(x + s,n = 8)
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