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Exosomes Derived from Human Umbilical Cord Mesenchymal
Stem Cells Alleviates Oxalate and Calcium Oxalate
Monohydrate-Induced Epithelial-Mesenchymal Transition in HK-2 Cells
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Abstract Oxalate and calcium oxalate monohydrate (COM) was used to induce epithelial-mesenchymal

transition (EMT) in human proximal renal tubular epithelial cells (HK-2), meanwhile exosomes derived from
human umbilical cord mesenchymal stem cells (hucMSC-Ex) were isolated by ultracentrifugation and applied

into the induced HK-2 cells to study its relieving effects on fibrosis. Then Western blot, transmission electron
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microscope and nanoparticle tracking analysis (NTA) were used to identify the markers and morphology of
exosomes. The effect of hueMSC-Ex on cell viability was observed by MTT. Elements in TGF-B/Smad signaling
pathway, including TGF-p and Smad2, epithelial markers, including ZO-1 and E-cadherin, and mesenchymal
markers, including N-cadherin and a-SMA changes, were evaluated by immunofluorescence and Western blot,
respectively. The results showed that, after incubated with oxalate and COM crystals, the cell morphology was
changed, the expression of E-cadherin and ZO-1 was down-regulated, while the expressions of N-cadherin, a-SMA
and TGF-B, Smad2 were increased. The morphology of hucMSC-Ex showed a double-layer membrane, hollow,
circular or elliptical. Alix, CD63 and TSG101 were positively expressed in hucMSC-Ex, their diameters were
distributed between 80 nm and 300 nm. And hucMSC-Ex pretreatment can significantly improve the viability of
HK-2 cells exposed to oxalate and COM crystals. Then, the expressions of N-cadherin, a-SMA and TGF-, Smad2
in HK-2 cells were reduced, and the expressions of E-cadherin and ZO-1 were up-regulated. We conclude that
hucMSC-Ex could alleviate EMT and reduce the injury of HK-2 cells induced by oxalate and COM crystals.
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A,B: hucMSCs were incubated with 10% exo-free FBS DMEM/F12 for 24 h; C,D: HK-2 cells were incubated with conventional medium for 24 h; E,F:
HK-2 cells were incubated with conventional medium for 48 h; G,H: HK-2 cells were exposed to oxalate (2 mmol/L) and COM (0.2 g/L) crystals for 48 h.

hucMSC: human umbilical cord mesenchymal stem cell; COM: calcium oxalate monohydrate.
[El1l exo-free FBSIEFHIhucMSC. IEEHK- 241K BEEFMCOM &R KIS S /G A HK- 248/ 7S
Fig.1 Morphology of hucMSCs in exo-free medium, narmal HK-2 cells and HK-2 cells induced by oxalate and COM crystals
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Ex: A J5F it 18] 78 5T 40 ff S0 4453 hueMSC: A 17 78 5T T2«
A: morphology of huceMSC-Ex under transmission electron microscope; B: Western blot analysis for exosome markers of hucMSC-Ex and hucMSCs;
C: NTA result of huecMSC-Ex. hucMSC-Ex: exosome from human umbilical cord mesenchymal stem cell; hueMSC: human umbilical cord
mesenchymal stem cell.
E2 ABFHEBFRTFHEINA R L ELER

Fig.2 Characterization of exosomes from human umbilical cord mesenchymal stem cell
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hucMSC-Ex
50 um

Merge

50 um

B3 HK-240585PKH26F A hucMSC-Ex££1%5%6 hy 12 h. 24 hF148 h/FHIZI LR
Fig.3 HK-2 cells after incubated with hucMSC-Ex for 6 h, 12 h, 24 h and 48 h under fluorescence icroscopy
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Merge DAPI N-cadherin Z0-1 DIC

Control 1
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E5 ZHHK- 240157748 hig 4B, 75 K% ZO-1FIN-Cadherin BRI E LR IX
Fig.5 Morphology of HK-2 cells and expression of ZO-1 and N-cadherin in each group

#
5
PO

in

1 2 3 4 5

01— - — — —

B-actin
o

Ed
E-cadherin/
&

ZO-1/B-actin

°
°

a-SMA - e a— —— — 2P
g
g gIU
*k iy

N-cadherin g - _ _ _;L10 - g T
= # 5
205 05
«\ <

Paclin' S S  — G : i
ca—— 0 “

2.0

1 2 3 4

5
TGF-p ¥ i . e

=
g
. C\L 1.0
Smad2 (I TR N Y e %
< 05
B-actin ‘ s i

1: WFERA; 2: AMAYL; 3: BFR+COMYL; 4: FhIAA(R (80 pg/mL)T-Ti4l; 5: %/MZI:.mﬁUg(léo ug/mLH:ﬁéﬂa *P<0.05, #*P<0.01, 5%
HIAELE; *P<0.05, #P<0.01, 5 ER+COMAIHLL .
1: control; 2: 160 pg/mL hucMSC-Ex; 3: oxalate+COM; 4: oxalate+COM+80 ng/mL hucMSC-Ex; 5: oxalate+COM+160 ng/mL hucMSC-Ex. *P<0.05,

*#P<(.01 compared with control group; “P<0.05, *P<0.01 compared with oxalate+COM group.
&6 F{HEHK-2¢EFZ0-1. E-cadherin, 0-SMA, N-cadherin, TGF-BAISmad2#&E HRIFRIEKFE
Fig.6 Expression of ZO-1, E-cadherin, a-SMA, N-cadherin, TGF-§ and Smad2 in HK-2 cells

[Gl- B/p actin

S COM & R TT RE 2 0% BB B S AL A IR AL ZEMTHT 78 b I 4 M5 S s Bk . A SLIR =
ERZI AL . TN T TR —E R 22 R AT 70 i A B, hueMSCo& 1 8% 77 5w DLIE i
R R. BANENX IR TS A TRED  FERE A TGE-BE F R IA KM B BEEMT!™,
A FEAH O, TGF-BUA B Ui (Smad2 25 I /ZEMT X B R E FH vT B8 5 4 ¢, TRt 3R A Td i A
R rpR AR R4 KT, TGF-B/Smad2 4 SEIGRE— B UGIE T HbMRBL. 3 AME SCHRIRIE, AR



920

N

WL -

J5 T 4 L S0 s 4R A 1] 1y A BMP-7), i A
Fe¥e i, 8 ] 40 BMP-7 (1) %k v] LR i3 B R
K COM /& 14 7% S (IHK-240 Mo £ 4 1424, BMP-7
®E )R TTGF-pHE XKk, B A HPITGF-B. />4
MU T SZFEMTSE LT 4E 40 /E ). R FRAT]
HE W, hueMSC-Ex ] §& #2 18 1 f& BEBMP-7 45 H %)
Y M FEAT IR . AHAEARSZES h, FATIE AR IRAIR T
hucMSC-Ex R 3 41 Jf 453 175 F1 2% fift 1 B 240 B 2 4 1k
(1 HARALH, I H SLa6 45 RA 75 3k — 2 5h Py sL i
Sz, M BE B b g OR AP 25 0 I 1 O
BESE R DI 76 7T B R

ZE L RTIR, A SZIGE S, 7E AR ARG R4 R,
hucMSC-Ex T %ﬁﬂu%}%iﬁ@%&mM%Mﬁ%%
HK-240 i i A= 1 b 5z 1] B Ak, EEHL AT e A2 i
T4 i &0 WA A B0, 25 11 2 1 45 L TGE- B%@imﬁk, H

PRI IE 75 38— DB TR SK

BE 3k (References)

1 Serio A, Fraioli A. Epidemiology of nephrolithiasis. Nephron
1999; 81 Suppl1: 26-30.

2 PR, TR RS A TAT I A R R TR R
#MFHi & (Yan Chunyin, Wang Liangliang. Epidemiology and
prevention of Urolithiasis. Journal of Clinical Surgery) 2008,
16(11): 733-4.

3 Lopez M, Hoppe B. History, epidemiology and regional
diversities of urolithiasis. Pediatr Nephrol 2010; 25(1): 49-59.

4 Schubert G. Stone analysis. Urol Res 2006; 34(2): 146-50.

5 Krautschick A, Esen T. The role of the papilla in idiopathic
calcium oxalate nephrolithiasis. World J Urol 1997; 15(4): 213-8.

6 Thamilselvan S, Byer KJ, Hackett RL, Khan SR. Free radical
scavengers, catalase and superoxide dismutase provide protection
from oxalate-associated injury to LLC-PK1 and MDCK cells. J
Urol 2000; 164(1): 224-9.

7 Mahalingaiah PK, Ponnusamy L, Singh KP. Chronic oxidative
stress leads to malignant transformation along with acquisition of
stem cell characteristics, and epithelial to mesenchymal transition
in human renal epithelial cells. J Cell Physiol 2015; 230(8):
1916-28.

8 Xu H, Qian H, Zhu W, Zhang X, Yan Y, Mao F, ef al. Mesenchymal
stem cells relieve fibrosis of Schistosoma japonicum-induced
mouse liver injury. Exp Biol Med 2012; 237(5): 585-92.

9 Togel F, Weiss K, Yang Y, Zhang P, Westenfelder C.
Vasculotropic, paracrine actions of infused mesenchymal stem
cells are important to the recovery from acute kidney injury. Am
J Physiol Renal Physiol 2007; 292(5): F1626-35.

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

11 Edgar JR. Q&A: What are exosomes, exactly? Bmc Biol 2016;
14: 46.

13

16

17

18

19

20

21

22

23

24

25

Gatti S, Bruno S, Deregibus MC, Sordi A, Cantaluppi V, Tetta
C, et al. Microvesicles derived from human adult mesenchymal
stem cells protect against ischaemia-reperfusion-induced acute
and chronic kidney injury. Nephrol Dial Transplant 2011; 26(5):
1474-83.

Zhang B, Wu X, Zhang X, Sun Y, Yan Y, Shi H, et a/. Human
umbilical cord mesenchymal stem cell exosomes enhance
angiogenesis through the Wnt4/B-catenin pathway. Stem Cells
Transl Med 2015; 4(5): 513-22.

Li T, Yan Y, Wang B, Qian H, Zhang X, Shen L, et al. Exosomes
derived from human umbilical cord mesenchymal stem cells
alleviate liver fibrosis. Stem Cells Dev 2013; 22(6): 845-54.

Liu B, Ding FX, Liu Y, Xiong G, Lin T, He DW, et al. Human
umbilical cord-derived mesenchymal stem cells conditioned
medium attenuate interstitial fibrosis and stimulate the repair
of tubular epithelial cells in an irreversible model of unilateral
ureteral obstruction. Nephrology 2017; doi: 10.1111/nep.13099.
Wang B, Wu B, Liu J, Yao W, Xia D, Li L, et al. Analysis of
altered microRNA expression profiles in proximal renal tubular
cells in response to calcium oxalate monohydrate crystal
adhesion: implications for kidney stone disease. PLoS One 2014;
9(7): €101306.

Chen S, Gao X, Sun Y, Xu C, Wang L, Zhou T. Analysis of HK-2
cells exposed to oxalate and calcium oxalate crystals: proteomic
insights into the molecular mechanisms of renal injury and stone
formation. Urol Res 2010; 38(1): 7-15.

Melo SA, Luecke LB, Kahlert C, Fernandez AF, Gammon
ST, Kaye J, et al. Glypican-1 identifies cancer exosomes and
detects early pancreatic cancer. Nature 2015; 523(7559): 177-82.
Fang S, Xu C, Zhang Y, Xue C, Yang C, Bi H, et al. Umbilical
cord-derived mesenchymal stem cell-derived exosomal
microRNAs suppress myofibroblast differentiation by inhibiting
the transforming growth factor-B/SMAD2 pathway during wound
healing. Stem Cells Transl Med 2016; 5(10): 1425-39.

BOR, MECE, LI N M, B, B L R AR
PR R EA LS S NE R AR R o e R T R R
K % %= fii(Zhang Jun, Qiu Minzi, Ma Yagiong, Bu Yang, Yang
Lei, Tang Xun. Advanced oxidation protein products induce
epithelial-to-mesenchymal transition in cultured human proximal
tubular epithelial cells via oxidative stress. Journal of Southern
Medical University) 2014; 34(5): 659-63.

Gheldof A, Berx G. Cadherins and epithelial-to-mesenchymal
transition. Prog Molecular Biol Transl Sci 2013; 116: 317-36.
Maroto R, Zhao Y, Jamaluddin M, Popov VL, Wang
H, Kalubowilage M, et al. Effects of storage temperature on
airway exosome integrity for diagnostic and functional analyses.
J Extracell Vesicles 2017; 6(1): 1359478.

Jiang ZZ, Liu YM, Niu X, Yin JY, Hu B, Guo SC, et al.
Exosomes secreted by human urine-derived stem cells could
prevent kidney complications from type I diabetes in rats. Stem
Cell Res Ther 2016; 7: 24.

Convento MB, Pessoa EA, Cruz E, da Gléria MA, Schor
N, Borges FT. Calcium oxalate crystals and oxalate induce an
epithelial-to-mesenchymal transition in the proximal tubular
epithelial cells: Contribution to oxalate kidney injury. Sci Rep
2017; 7: 45740.

Li RX, Yiu WH, Tang SC. Role of bone morphogenetic protein-7
in renal fibrosis. Front Physiol 2015; 6: 114.



