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cell) on AA (aristolochic acid)-induced renal fibrosis in mice and its possible mechanism. We injected huc-MSC into
the mouse model of renal fibrosis induced by AA via tail vein injection. HE, PAS and Masson staining were used
to observe the renal morphology. Western blot and immunohistochemistry were used to examine the expression of
EMT (epithelial to mesenchymal transition) markers including E-cadherin, N-cadherin and proteins of TGF-f/Smad
signaling pathway. The results showed that renal fibrosis could be induced by aristolochic acid in mice, which char-
acterized by tubular dilatation and structural destruction, visible collagen fiber deposition in the renal interstitial
region. The down-regulation of E-cadherin and up-regulation of the N-cadherin, TGF-B1 and p-Smad2/3 were also
detected in the kidney of aristolochic acid-induced fibrotic mice by Western blot and immunohistochemistry. After
the intervention of huc-MSC, renal fibrosis was significantly alleviated with the decrease of deposition of collagen
fibers. Besides, the expression of E-cadherin was up-regulated, while the expression of N-cadherin and TGF-B1, p-
Smad2/3 were reduced. We concluded that renal fibrosis in mice could be induced by aristolochic acid, and huc-
MSC could interfere with the process of epithelial to mesenchymal transition by inhibiting TGF-/Smad signaling
pathway and alleviating aristolochic acid-induced renal fibrosis in mice.

Keywords human umbilical cord mesenchymal stem cell; renal fibrosis; aristolochic acid; epithelial to

mesenchymal transition; TGF-f/Smad signaling pathways
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Control MSC

AA MSC+AA

A~D: %41 '%HEHE%% E~H: %éﬂ '%WPAS%%@, I~L: %éﬂ '%‘HEMasson @
A-D: results of HE staining; E-H: results of PAS staining; I-L: results of Masson staining.
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Fig.1 Observation of kidney morphology by HE, PAS and Masson staining
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A~D: %415 I E-cadherin %)% Qﬂﬂc%’s@, % E~H: %Qﬂ'%‘ﬂf N—cadherm%{i“?ﬂ%

AA MSC+AA

A-D: expression of E-cadherin; E-H: expression of N-cadherin; I-L: expression of Collagen L
&2 &S BiHE-cadherin, N-cadherinflCollagen I EH LR ELER
Fig.2 Result of E-cadherin, N-cadherin and Collagen I in kidney tissue detected by IHC
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*P<(.05, ***P<0.001, compared with control group; “P<0.05, “P<0.01, compared with AA group.
[El3 Western blot&i %20 5 B HE-cadherin. N-cadherinFlCollagen 155 AR IA
Fig.3 Expression of E-cadherin, N-cadherin and Collagen I in kidney tissue detected by Western blot
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A-D: expression of TGF-B1; E-H: expression of p-Smad2/3.
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Fig.4 Result of TGF-p1 and p-Smad2/3 in kidney tissue detected by THC
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Fig.5 Expression of TGF-B1 and p-Smad2/3 in kidney tissue detected by Western blot

YIRS, RI7iEGES T RN, B AT ER
) 57 41 A P — M A 28, (] B EL A 22 P S R ) i 1t
B9 FORRAE, andh I B . RIETE T R R
ER AN N RS, AN, AT UUORE
R 5 — G AR AR R, AN B2 B B8 A R0t 0] 5 2
REIEAT WU &, 58 M I RS A 9. H BT F3IE A,
AATTTEAR P 405393055 /08 BB IE S N BN b
Y R AEEMT, HAL I T BE 2 A AL 40 i 2 (8] &5 Bt
FOR, S S AR, 3 G| R R A R
Bz ) [ R #E A2, 3 HAE X —id F2 Y, TGF-B/Smadf5
51 B O B (1 R IA Y 7, $R/RTGF-B/Smad(s 5 18
IS 7R AATS S EMTH A g &% B EE 24,

AT, BATTRIE LR R 5 T /N B A 4
), B 5 B B Control 41 fx MSCH W &k /o 11t
4, HE X PASYL 4 J5 Al IL'E /NE P 5K G5 MR
8] J57 [X 445 44 B S 25 6L, Massone o m] W 7] J5i [X 4k
R TR 1 4 R B PUR, B 4F 4k b AR E ) Collagen T2
F A, R A 4k OB B . T 7E 0 A huc-
MSCT T, o] WL I &5 W B IR Je 47 4 AL FE RS B (B
%, #E7Rhuc-MSCHT B X 5 YA TR 175 5 1 5 41 4
W EARFEM .

BT EMT & B 4R 440 b i OB R 2%, Al Tdt—
A X6 B AT Y A0 FEAR Ab R FE AR EMTAH 26 35 b ik

AR . FEEMTHE TS FE A, E-cadherinfffi I\ N2 I
Fbr &2 —, N-cadherin i 4 I\ 2 5 B 18] i b
B AR L EFRbREATRI . RILAAL
H1E-cadherinfl.# 1%, N-cadherinfz %15, R LS5
AR S 5 B IE AT 2R AL R R e R) R Ak 1R
huc-MSCT- il J&, E-cadherinZ & I F+, N-cadherin#
IKBEAR, I IRATHEN, huc-MSCHIH] T & SR B
S B YA B EMTHERE .
AU FLARH, B2 —Fh 2 E R0 R
Vi, 22 AME T IE B ] CATE SR Lo e s, &
{5 5 4 FHTGF-B. Notch. PI3K/AktFINF-xb
S, XKLL (E I B (A ELE R, Rk R AT 44T 3
B, S R A0 3 o AR SR SR AR I R B S, TGF-B&
B WEEEAT P 2 4 A 5 3 A7 PRI 2 4 A 20 B R
¥, 181 Smadif ¥ 77 4= 2 B T iE AR RN, TGF-B/
Smad {5 5 18 B (G v] UE I R R R R Rk E
T B R AT 4 4 i P2 AEECM™) . TGF-BA 3 AE )
MU 2@ DUR LA AT, 09072 (1) IECM 2
FI B B (2)980/0 ECMIF) B fift; (3)34 i 240 it 3K 1T 11
ECM A2 1325 Z (3R IA, (5 41 Mo 5 26 o 28 B 48 o,
RAFECMUTAR; (4)TGF-B1 H F ik A 4F U7, (A,
Rt — 25 ¥R Fehue-MSCHI HIEMTI 1] g8 #L |, &
ATXFEMTZ: #1455 538 B TGF-B/Smad 1) # ik 2 17 K



AT NI 1) 78 5 T4 G2 i 5 SRR IR 135 5/ R P AL RO FE Ll 2107

Mo S5 % B, AAZLTGF-B1AIp-Smad2/3 % ik
Control X MSCZH 14 =1, Tfiihuc-MSCF 7l J5 TGF-B1 A&
p-Smad2/3K A 32 B FNH . H L IRATT A PAFED, huc-
MSC A fi 3 15 1 4 TGF-B/Smad {3 5 il B 11 2% i ok
% FREMTHEFZ Y B 1) 41 446 . MSC ] Ji i 4 8 1
WL FHMEN I Z TR RIESLR . PUASEILE
FHCOL ARLEAH 58 o AR B 3 A B, A 1F
BRI

ZE bRk, X B SR ER S T 1 B A 4R R,
huc-MSC# ik v 5 1] & 1@ i #1 il TGF-B/Smadf( 5
T B 1) R KT TEMTHERR, AT 401 B 27 410 1)
BERRARY T . AR S0 PR B iR B 41 44k 3t
Ji&, LA [A) 70 ot T 248 i 2 A T 1 PR T 13 4 4 A 4
LT % K B AT o

£k (References)

1 Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, et al. Prevalence
of chronic kidney disease in China: a cross-sectional survey.
Lancet 2012; 379(9818): 815-22.

2 Zoccali C, Vanholder R, Massy Z, Ortiz A, Sarafidis P, Dekker F,
et al. The systemic nature of CKD. Nat Rev Nephrol. 2017; 13(6):
344-58.

3 Leaf 1A, Duffield JS. What can target kidney fibrosis? Nephrol
Dial Transplant 2017; 32(suppl 1): i89-97.

4 Han SH, Wu MY, Nam BY, Park JT, Yoo TH, Kang SW, et al.
PGC-1alpha protects from notch-induced kidney fibrosis develop-
ment. ] Am Soc Nephrol 2017; 28(11): 3312-22.

5 Boor P, Ostendorf T, Floege J. Renal fibrosis: novel insights into
mechanisms and therapeutic targets. Nat Rev Nephrol 2010; 6(11):
643-56.

6 Mutsaers HA, Olinga P. Editorial: organ fibrosis: triggers, path-
ways, and cellular plasticity. Front Med 2016; 3: 55.

7 Hickson LJ, Cosio FG, El-Zoghby ZM, Gloor JM, Kremers WK,
Stegall MD, et al. Survival of patients on the kidney transplant
wait list: relationship to cardiac troponin T. Am J Transplant 2008;
8(11): 2352-9.

8 Debelle FD, Vanherweghem JL, Nortier JL. Aristolochic acid ne-
phropathy: a worldwide problem. Kidney Int 2008; 74(2): 158-69.

9 Huang L, Scarpellini A, Funck M, Verderio EA, Johnson TS. De-
velopment of a chronic kidney disease model in C57BL/6 mice
with relevance to human pathology. Nephron Extra 2013; 3(1): 12-
29.

10 Zhou L, Fu P, Huang XR, Liu F, Chung AC, Lai KN, et al.
Mechanism of chronic aristolochic acid nephropathy: role of
Smad3. Am J Physiol Renal physiol 2010; 298(4): F1006-17.

11 Debelle FD, Nortier JL, De Prez EG, Garbar CH, Vienne AR,
Salmon 1J, et al. Aristolochic acids induce chronic renal failure
with interstitial fibrosis in salt-depleted rats. J Am Soc Nephrol
2002; 13(2): 431-6.

12 El Agha E, Kramann R, Schneider RK, Li X, Seeger W, Hum-
phreys BD, et al. Mesenchymal stem cells in fibrotic disease. Cell

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Stem Cell 2017; 21(2): 166-77.

Hickson LJ, Eirin A, Lerman LO. Challenges and opportunities for
stem cell therapy in patients with chronic kidney disease. Kidney
Int 2016; 89(4): 767-78.

Westenfelder C, Togel FE. Protective actions of administered mes-
enchymal stem cells in acute kidney injury: relevance to clinical
trials. Kidney Int Suppl 2011; 1(3): 103-6.

Tan J, Wu W, Xu X, Liao L, Zheng F, Messinger S, et al. Induction
therapy with autologous mesenchymal stem cells in living-related
kidney transplants: a randomized controlled trial. JAMA 2012;
307(11): 1169-77.

Zhu FQ, Chen MJ, Zhu M, Zhao RS, Qiu W, Xu X, et al. Curcum-
in suppresses epithelial-mesenchymal transition of renal tubular
epithelial cells through the inhibition of Akt/mTOR pathway. Biol
Pharm Bull 2017; 40(1): 17-24.

Zeisberg EM, Potenta SE, Sugimoto H, Zeisberg M, Kalluri R.
Fibroblasts in kidney fibrosis emerge via endothelial-to-mesenchy-
mal transition. ] Am Soc Nephrol 2008; 19(12): 2282-7.

Allison SJ. Fibrosis: targeting EMT to reverse renal fibrosis. Nat
Rev Nephrol 2015; 11(10): 565.

Lovisa S, LeBleu VS, Tampe B, Sugimoto H, Vadnagara K,
Carstens JL, et al. Epithelial-to-mesenchymal transition induces
cell cycle arrest and parenchymal damage in renal fibrosis. Nat
Med 2015; 21(9): 998-1009.

Ovadya Y, Krizhanovsky V. A new Twist in kidney fibrosis. Nat
Med 2015; 21(9): 975-7.

Fragiadaki M, Mason RM. Epithelial-mesenchymal transition
in renal fibrosis-evidence for and against. Int J Exp Pathol 2011;
92(3): 143-50.

Camussi G, Deregibus M, Tetta C. Paracrine/endocrine mechanism
of stem cells on kidney repair: role of microvesicle-mediated
transfer of genetic information. Curr Opin Nephrol Hyperten 2010;
19(1): 7-12.

Monzani E, Bazzotti R, Perego C, La Porta CA. AQP1 is not only
a water channel: it contributes to cell migration through Lin7/beta-
catenin. PLoS One 2009; 4(7): ¢6167.

LiJ, Zhang M, Mao Y, Li Y, Zhang X, Peng X, et al. The potential
role of aquaporin 1 on aristolochic acid I induced epithelial mes-
enchymal transition on HK-2 cells. J Cell Physiol 2018; 233(6):
4919-25.

Man YL, Rui HL, Chen YP, Wang GQ, Sun LJ, Cheng H. Aristolo-
chic acid-induced autophagy promotes epithelial-to-myofibroblast
transition in human renal proximal tubule epithelial cells. Evid
Based Complement Alternat Mede CAM 2017; 2017: 9596256.
Lamouille S, Xu J, Derynck R. Molecular mechanisms of epithelial-
mesenchymal transition. Nat Rev Mol Cell Biol 2014; 15(3): 178-
96.

Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal
transition. J Clin Invest 2009; 119(6): 1420-8.

Liu M, Ning X, Li R, Yang Z, Yang X, Sun S, et al. Signalling
pathways involved in hypoxia-induced renal fibrosis. J Cell Mol
Med 2017; 21(7): 1248-59.

Sutariya B, Jhonsa D, Saraf MN. TGF-beta: the connecting
link between nephropathy and fibrosis. Immunopharmacol
Immunotoxicol 2016; 38(1): 39-49.

Uccelli A, de Rosbo NK. The immunomodulatory function of
mesenchymal stem cells: mode of action and pathways. Ann N'Y
Aca Sci 2015; 1351: 114-26.





