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HE BeY —SMLE (CoCly fRAMEF KRS /NME L4 (NRK-52E) b fz-IA) 78 i etk
(EMT) ZHMIBERIEESLJ05 . Faik A% NRK-52E 2, BEALZ s x4 (NC
1) F1 CoClp #bHE4L . CoClp AbHEL AT 1. 24 3+ 4 MER A, FAEHEFE CoCly
W3R 9 h 5 TG CoClp ¥ R B 52 3 h. SR A CCK-8 ik CoCly 153 EMT (15 i FE AN
B[R] I8 5 AR AN T B A K e 0 MR A T 5 5784k SR Western blot AT 4 5%
PRI EMT frE R ARIAKT . R 5 NC 4IML, 100 umol/L CoCl, #l# 48 h &34 1%
SHMPIT: (P<0.01) , fFEEESLIGER. EHRENAZLR TR, 100 umol/L CoCl; 4k
H NRK-52E 401 9 h 5, & CoCla ¥ 7r¥E: P IKE 3h, HE 3 NMEH, sEIFEZH T-1a
(HIF-1a) F1 a-FIEIIEIEE (a-SMA) [RETFE (P<0.001) , RIAMMLLT 44l S
BONWA . T BRI P AR D 1 AR PR Y %, 100 pmol/L CoCl, 4b 7

NRK-52E 4iiffg 9 h 5, T-7& CoCly #7-3kikE 3h, HE 3 MEH, NRK-52E 4l
SEARAL R B AR B O 3, BRI RS MR . B VORI R oK, 5 NC 4L,
100 pmol/L  CoClp 4t ¥ NRK-52E 41/ 9 h J5, TG CoCl #7#3HkE 3h, BHE 3 /Mg
W, #A4eikiidr g Collagen | FZEHREEG N (P<0.001) . #5132 100 umol/L CoCl; 4t

P NRK-52E 41/ 9 h J5T7JC CoCl, 35775k & 3 h, EE 3 MM, Al AR N EMT

gl it
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Abstract Objective To establish anin vitro cell model of Cobalt dichloride (CoCly)-induced
epithelial-mesenchymal transition (EMT) in rat renal tubular epithelial cells (NRK-52E). Methods
NRK-52E cells were cultured in vitro and randomly divided into a blank control group (NC group)
and a CoCl; treatment group. The CoCl, treatment group underwent 1, 2, 3, and 4 cycles of
treatment, with each cycle consisting of CoCl, treatment for 9 h followed by recovery in
CoCly-free medium for 3 h. The optimal concentration and time of CoCl,-induced EMT were
screened using the CCK-8 assay. Morphological changes in cells were observed using light
microscopy and phalloidin staining. The expression levels of EMT marker proteins were detected
by Western blot and immunofluorescence. Results Compared with the NC group, stimulation by
100 umol/L CoCl; for 48 h significantly induced apoptosis (P<0.01), meeting the requirements for
subsequent experiments. Western blot results showed that the expression of hypoxia-inducible
factor-la (HIF-1a) and o-smooth muscle actin (a-SMA) significantly increased in the 3-cycle
group treated with 100 umol/L CoCl; for 9 h followed by recovery for 3 h (P<0.001), indicating
the most pronounced fibrotic response. Observations wunder light microscopy and
rhodamine-labeled phalloidin staining revealed that the morphological changes and cytoskeletal
rearrangement of NRK-52E cells were most significant in the 3-cycle group treated with 100
umol/L CoCl; for 9 h followed by recovery for 3 h, demonstrating the best model stability.
Immunofluorescence results showed that compared with the NC group, the fluorescence intensity
of the fibrous matrix protein Collagen | significantly increased in the 3-cycle group treated with
100 pmol/L CoCl; for 9 h followed by recovery for 3 h (P<0.001). Conclusion The protocol
involves treating NRK-52E cells with 100 pmol/L CoCl. for 9 h, following 3 h of recovery in
CoClz-free medium. Repeating this cycle three times can establish an in vitro EMT model.

Key words NRK-52E cells; Cobalt(ll) dichloride; epithelial-mesenchymal transition; Oxygen
deprivation factor-1la; a-smooth muscle actin
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& M'EE9 (chronic kidney disease, CKD) & — i 1 2 Fl 5003 [R5 5| 1) 4 Bk 1 g B 1)
M, Ak 13% M N B AR CKD, H Ry S A RIB NERINE
J#% (end-stage renal disease, ESRD) , fKHUENT B E MER M 4E R Ly, At SR EET K
TUTEZ G AR, IR H WLE R E AR H A F 2 SR R AE, T
N ) S AT AL R AN R B335 R S 3 CKD it 8 2 )5 W L R B A4, o, B g-
] 78 #44k Cepithelial-mesenchymal transition, EMT) FE£F4ifk (1) B ERFAE 2 —. £ EMT i
i, R EEAW o FHEVUEIEE (o-smooth muscle actin, a-SMA) FILF4EHE 5 &
H(CEZR T AREEA MREAKFEZEFEP. EIRK L, SEA RSB 5 1
TEFERH, xS CKD R BA E 2R . RS SEIG, HH — 5S4k %k [ Cobalt(11) chloride,
CoClp ] L ERAIA ST, HALHE T A8 = 75 S5 S 81 1a Chypoxia-inducible
factor-1o, HIF-10) {21k, 1) CoCly 5 filk EMTE., HT I, AHF5LiEE CoCl,
FES KRB/ R4 (normal rat kidney, clone 52E, NRK-52E) , #y& 7 EMT 40/
B, BRI RBIE 7T B T A4 IR i6 T SR At T (R AR S 7 572

1 MR

1.1 FEH

111 KRENMELFgl K BB N & b % 41 it & NRK-52E ( ratrenal tubular
epithelial cells line, NRK-52E) W H i E SR A RHE A IR AR, HEA 10%06 4 i F1
1% -85 RIE AW DMEM R 3R%E, 7E 37 °C, 5% CO 40 B 7748 AT 55 9%

1.1.2 EERFIMLEE CoCl, (£E Sigma A &) 5 Annexin V-FITC/P1 X440 B T2 &
(R IEAY AT a-SMA; B-actin —3t (3£[E Affinity A7) ; Collagen Type I (i
NEBMETAT) 5 DFRCRERK (LEFEEYAFD 5 HIF-la —Hi. EVWER
ERTES T 19G i1 Alexa Fluor 488 Fric il £t 1I9gG  (3E[E Proteintech AF])
H ah b R IEEB T &4 (g Tanon A7) 5 BioTek Elx <808 g bn{X ([E BioTek 4
A s A B O R A R A (BB Leica A F]D ; SCAME R OAHL(HEE Eppendorf

2A#]) ; Cytoflex +iiil4nfgf (£[E Bectman Coulter 2A#]) .

1.2 F

1.2.1 CCK-8 i€ CoCl, #% EMT BRIFIREE ({H] 0.25%/BkN#Hs NRK-52E AH i 1L T K,
B 96 fLIFFRIR, LI 100 pb &7F 51034 NRK-52E SRR, 4kSE/E40fE: 77

F (37°C. 5% COy) HH:3% 24 h, EFFIIME AT 80%~85%. F4 /54 96 FLAR 4 Aks



IR :, F PBS {E ¥ AIBLH A R EE ) CoCl, (50 100 200, 400 pmol/L ) A
FUXH R AL B AR [FIFIE] (0. 6+ 12, 24, 48 h) o JNZy4ksss F=mt [ S 2ART 1h, ¥ 96 FL
BURN AR G, BFLIIN 10 pl CCK-8 X7, JRI4uM R sk 8 9% 1h, &Jalf
A BNEEARMXAE 450 nm AbW ERALBOCREE . xR E 3 MPATAH TR, HEESR 3
Ko
1.2.2 CoCly X} NRK-52 A TR m {57 0.25%JE K NRK-52E 400716 Tk, HL 6
LR IR, ML 2 mL 54 2>X10° 4 NRK-52E IR, 4kE/r gt o748 (37 °C.
5% CO2) Hi5F% 24 h, SRFUUARE L F] 80%~85%. HiJEA 6 FLAR - (ks 77337 %,
LI 2 mL 47 100 pmol/L  CoClp i35 FR %, 7p 4k ZE R SR AR [A] (0. 6. 12, 24,
48h) o TEINZG G4k FR BRI ) A5, FIANE EDTA JERGH AL IS4, 1 000 r/min,
4°C, B0 5min; H¥ PBS Wik 2 K FH 400 pL 1<Annexin V254 35T 20540,
FMA 5 pl Annexin V-FITC ZJif%IR )5 4 °CEEYEIFE 15 min; HE A 5 pL Pl 4t
W 4°CHEEIFE 3ming FHVN4IAIC 488 nm KA, DA i, 41
A 3 K
1.2.3 ¥ BB T AR C R R B8 NRK-52E 41 A K40 B 2R 24
e H 0.25% K NRK-52E 40 iF 46 T ok, HU 6 FLEFFRIR, ELINA 2 mL &4 2>10* 4
NRK-52E Zffffiil, 4kLEredifulzsifl (37 °C. 5% COp) HikiFR 24 h, “ERp4Mfu= %
5% 80%~85%. Z3ZH>4 100 umol/L CoCl, 42 9 h J5 & CoCly Bi FR 3 3h v 1 4
TEFR. 2 AMEP . 3 AMEFF S 4 ANMEHE,  FG2 MBI 52 % 41 NRK-52E Al 54k
{55 0.25% M MEK: NRK-52E 446 T oK, U JoK Z B 18 2 1) 14 mm 20 A€ A4 s fE
24 FLEE T, FAE MRS NN 20 Pl FOTCEE PBS Zhil, 3 T€ S 4 s B 7 24 FLIE
FERRIBUR . BEFLANA 500 L & 5x10° 4~ NRK-52E ZHMIFFIEK, AkE: e i s 7748
(37°C. 5% CO2) Hi¥%3% 24 h, SERp4HRE Rk H] 60%~80%. 434H74 100 pmol/L CoCl;
AbFE 9 h J5FJC CoCly BB K5 3 h 2y L MEIR. 2 AMIEH . 3 MEFR I 4 MEIR. K535
ZEAIRIATE], FH 4%22 58 W [E %E 10 min, 0.25% Triton X-100 i#i% 5 min, AEFLA0A 200 pi
100 nmol/L %' FFBH BRI K TAEWR, #EOGAF T =IEIEE 30 mine. A7 DAPI FIHLR G K
BAFE T TR OEORIERERE R INE, REEIE.
1.2.4 4BEFeE R Collagen IZE NRK-52E 4Hf ik /KE 18 0.25% i EEK
NRK-52E 40fiH 4k T3k, BUHE/K 2B 50 14 mm UM O7E 24 FLESFRIC,
JE RSB INN 20 Pl (TG HE PBS Z2ih i, [ TI€H S MR PR TE 24 FLIEEFRAR AR .



FLIIA 500 WL & 51084 NRK-52E ZHAI =, ARErEan st =4 (37 °C. 5% CO,)
RS 24 h, SRAMIIETIAT] 60%~80%. 43r4H%N 100 umol/L  CoCl, 43 9 h J5 T8
CoCly 5 7R KL 3 h 2y 1AM 2 MG 3 AMEHR K& 4 MEIR. B2 ZAHRI R], FH
4%% % A [ 52 30 min, 0.5% BSA =i FH 4] 15 min, 0.25% Triton X-100 i#i%E 5 min, JIA
Collagen I3 (1:200) , 4°CH#Ed#%: Alexa Fluor 488 bric il EHi % 1gG (1 : 200)
BOG, HWPFE 2he S DAPI IR G K I A RIE . T . BOGIR AU B
m, REERK.

1.2.5 NRK-52E 4iiffd EMT BLZBURER . it S0 8 CoCly s R4 25 100 pmol/L , Jf:
K A 5% ENZEALGIE 7 100 umol/L CoCl, 4bFE NRK-52E 418 9 h J5, T CoCl, k3%
Fp A 3h, BEHE 3AMEFR AL E S PPN . BRI T Bk, i
0.25%JRAEH A NRK-52E 40, 770 T 6 FLEE TRt , BALIIA 2 mL &4 2x10*1 NRK-52E
NEA)EM, BT 37 °C. 5% COx HI4HMII% TR A 5557 24 h, 1405 ik %) 70%~80%.
434124 100 umol/L CoCl, 4b#E 9 h J&5 T CoCl, #5773k & 3 h N L AMEIF. 2 MEIR. 3
MBI A AMEIR . S AL, IMANTA MR (RIPA @ R AIBEHNH] @ BERR A
H77=98 1 1: 1) #EUEA, K 10% SDS-PAGE HIIK /> B M, I, S%Miigdhs iR
B, IMA—H (0-SMA Fl HIF-1o, N 115000 4°CiE IR, —Hi#% 1 : 10 000
WE 2h, BIERGBUZ AR, RS Image I BAExTEE A S REAT 20 0T o

1.3 5il-24038  Ji] GraphPad Prism 9.0 #{FHET G50 07 BUHLE UL x2s o, Wiglin]
R RIS REAS t A%, 22 I L BCR s R R 5 220 iT . P<<0.05 A% R A Giit
2 &%

2.1 CoCL#ES EMT BEIFIIREME CCK-8 45 E R, 5 0h AL, 50 umol/L CoCl, #i#
1) NRK-52E AHiffifE 24 h A1 48 h iEPEBI 2 FF% (O h 4. #5%(=10.5, #rifE#=2.1; 24h 4.
$¥=15.3, FrpifEZ==1.8; t=18.99 , P<0.01; F=25.6, P<0.01) ; 5 0h Ak, 100 umol/L
CoCl, ¥ NRK-52E 4HIfIfE 24 h F1 48 h iE LR T B (24 h 4H: %=18.7, #rifE%=2.0;
t=19.23 , P<0.01; F=37.5, P<0.01) ; 5 0h #HAHk:, 100 pmol/L CoCl, #lli# ) NRK-52E
YHMITE 12 h M R RR (12 h 4H: 9% = 16.8, % =1.9; t=17.14 , P<0.01; F=22.3,

P<0.01) . 100 umol/L CoCl, Hll¥# 48 h I4H G 1757 & JF 82se e 2ok . WK 1.



B 1 CoCl,#S EMT HE KR ERE( xds, n=3)
Fig. 1 Determination of the concentration of CoCl, in the EMT induction model ( x3s,
n=3)
A: Cell viability at different time point after the treatment with PBS; B-E: Cell viability at
different time point after the stimulation with 50, 100, 200, 400 umol/L CoCly; F: Cell viability
at 48 h after the stimulation with different concentrations of CoCl, ; **P<<0.01 vs 0 h group; #P

<0.01, #¥P<0.001 vs PBS group.

2.2 CoClo % NRK-52 UM & T FS2m i U4 A AR AT 20 M 3 T 22 iRl . 5 0 h AREE
100 umol/L  CoCl, fill#4fE 12 h A B B4 -5 L F- (0h 41: ¥%=12.5, #nifE
#=20; 12h#: ¥¥=18.3, FxifE%E=2.0; t=5.99 , P<0.01; F=15.6, P<0.01) , [t
VRO TG IN, AT RS T . K 48 h R QU A 40% A A A i S B
Ko WHE 2.
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B 2 CoCl,%f NRK-52 ZHHIAT-HIELmI( x3s, n=3)
Fig. 2 The effects of CoCl, on the apoptosis of NRK-52 cells ( xzs, n=3)
A-E: The effects of 100 umol/L CoCl, stimulation on the apoptosis of NRK-52E at 0, 6, 12,
24 and 48 h; F: Analysis of the apoptosis of NRK-52E at different time points after the stimulation

with 100 umol/L CoCly; *P<<0.05, **P<<0.01 vs 0 h group.

2.3 NRK-52E 4liffi EMT &AL g7 @it & A e BN 43 i 27k, CoCl fETS 5 NRK-52E
RRRLT 44k SO, Hrb 100 pmol/L  CoClp 43 NRK-52E 4Hiffi 9 h J&, T CoCl, £;7:3k
R 3h, R 3 MERAFE FHCR R A EE . 5 NC HAEL, ZEHAH HIF-1a F1 o-SMA
MRILEEAT, ERESGITHE L (NC H: H$=9.0, trfEz=1.8; 3 MESLHEL

(HIF-1a) = ¥)%=16.5, riEZ=2.0; 3 MEMALELA (0-SMA) : $H%(=20.2, brifEZE=1.9;
t=5.235 , P<0.001; F=48.9, P<0.001) . it4h, ixAbEEAMAFE i tE, &6 TR

SEIGCHETT. LA 3.



& 3 NRK-52E 40/l EMT BRI R ( x2s, n=3)
Fig.3 Establishment of NRK-52E cell EMT model ( x3s, n=3)

A: Protein blot analysis of HIF-1a and a-SMA protein expression in NRK-52E cells induced
by different CoCl, treatment cycles; B: Quantitative analysis of HIF-1a expression in NRK-52E
cells induced by different CoCl, treatment cycles; C: Quantitative analysis of a-SMA expression
in NRK-52E cells induced by different CoCl, treatment cycles; 1C:1 cycle; 2C:2 cycles; 3C:3

cycles; 4C:4 cycles; **P <0.01, ***P <0.001 vs NC group.

2.4 NEBHEMT FHHIRE REF G EMEE NRK-52E B K 40ME R 1ZL @
T2 BB I 22 NRK-52E 4Rl 4%, 5 NC 4L EL, £ 100 pmol/L  CoCl, 4B NRK-52E
M9 h J5, T CoClsarderh k& 3h, =H 3 MEREMMESBIE, MpE
MG IN AR SR, ARG M 0 TR, dnfolal SR 5, Ak, HEpIZEEL, &P
SrAmARRARE R, Fo A AR, BRI AEL R AL . T 100 pmol/L CoClp 4b 2
NRK-52E Ziiffg 9 h J5, T-J& CoCl k7R ki 3h, HHE 4 MENG, REUIEMEEIH
SRS R IE R RS . I P bR IC R R YL g AT R0, 100 umol/L  CoCl, &b £
NRK-52E Ziiffg 9 h J5, TG CoCl}i7RFH k= 3h, HHE 3ENEAMPESZIIE, 5
NC ZHAHEL, #5534 LBN 1 ) £F R DN A% AL JE 5 1, =2 SRR B BSR4 12 )
A4, MR ESARY, SR EE-RREEL (EMT) BFFIE. 7 100 pmol/L



CoClp 4 ¥ NRK-52E 4Hifil 9 h J&, T CoCly 35323k 3h, EHE 4 MERXJE, K¥En
R IERES. WH 4,

B4 RFEEMENT IR REF RGP EME NRK-52E 41/
A KA AR (n=3)
Fig. 4 NRK-52E cells were stained with  rhodamine to observe the morphology and
cytoskeleton changes under optical microscope (n=3)

A: Optical microscopy images of NRK-52E cells undergoing morphological changes during
different CoCl; stimulation cycles (scale bar =25 um); B: Laser confocal observation of
rhodamine-labeled phalloidin-stained cytoskeletal changes in NRK-52E cells (scale bar =25 um),
blue indicating DAPI staining, red representing rhodamine-labeled phalloidin; 1C: 1 cycle; 2C: 2

cycles; 3C:3 cycles; 4C: 4 cycles.

2.5 SR IALFE T ERN Collagen I 7E NRK-52E ZHIH e HRiA KT @i Fs 7 '
G Collagen I fJ5% 3Rk, 5 NC ZHAHEL, 7€ 100 pmol/L  CoCl, 43 9 h J5F 7 CoCl,



Brgrdh ik E 3h AbFE 1 MEIR, Collagen T %G E 2 LS #m X 5 NC 4L L,
100 pmol/L  CoClz 4b¥E NRK-52E 4fifi 9 h J5, TJ& CoCly 3EFEEdkE 3h, EHE 3 NME
IR, Collagen I IGHRfE 2= A G0 # 2 X (NC 4l: ¥%=8.0, brizE=15; 3 MEHALEE

H. =142, bp#EE=17; t=4.533, P<0.001; F=42.3, P<0.001) . I.[& 5.

B 5 BRI EFTERR Collagen I 7E NRK-52E 40l HRIEFRIEATF( x5, n=3)
Fig. 5 Immunofluorescence chemiluminescence assay for the detection of Collagen I
fluorescence expression in NRK-52E cells ( x3s, n=3)
A: Laser-focused observation of fluorescent expression of Collagen | (scale bar =25 pum);
Blue: DAPI staining; Green: Collagen | positive staining; B: Quantitative analysis of relative
fluorescence intensity of Collagen I; 1C: 1 cycle; 2C: 2 cycles; 3C:3 cycles; 4C: 4 cycles; *P

<0.05, **P <0.01, ***P <0.001 vs NC group.

3 it



F T RS A AR R B S BRSPS B A 5 B SR R I R B A E
it SRS B, T ERE ST REARRE R ) R R 8. (R SME B IR, i
SUMIERE B CoClz, HALHIZ M8 B 7 7T S 400 HIF-10 B0, HIF-10 2 H HT#F 7K
PRSI EE T L B RIS VIR e S R, AP BSOS, 1T CoCl
REFFA G EMT. #F7tURE, B/ E Rz 5l EMT &, A% -
Bz AR R, AR A, IF Hor il R R R LT AR R 1 3 AT 4R, o
AR NE R R I R A RUR o AR 7 LA A B K NRK-52E 41l % §% T CoCl,
VB 26 R 2 4n i 7 e R 4 ( hypoxia and reoxygenation, H/R) &1 R 442448
1.

2R A A W A R BE A S K R T B B, 200 IR SEFE A B 45 R R A R R AR e P i
FHEEA O, PRI IR A DR B A SR T MR SO A, DRI, ST N A R AR R
AR A AR AR T B . EE LT 30, b1 (CoCly) « W
PEBRERR & SRR 72050, M LE T MR A R AR T, B BRI 7 VR 2T
N TR PR 4, (H A AR oo R M DLl SRR 25 (0 s TR AR B =
AT ECE WA E, AR IR S S S, BRI RSCH R RS,
SMTE BT TR K, AR PR E IR, T H & AR R . CoCla 5 3
AR AN B AR Y LE AR 2 W T A R B T2 A, kA K -B1 (transforming growth
factor-B, TGF-B1)if ik 7% Smad MM % il B #2754 15 /NVE L gk £ EMT 2314, i
CoCl il BB (HIF-1a 38 48) WK EMT 12, B 0i& FH T B FL R S8 SR 5 AH OC 1
FE, R R i R B AT AL S18], AR, CoCl #5310 a-SMA L i % B T TGF-p1 41,
PR ARG G EMT R0 5T

it CCK-8 s Ay AN fu A, #isE T 100 pmol/L  CoCl, 4bFE 48 h 7[5 S NRK-52E
AT, AL TR e BB BRI ARG . R s BT A G
P EE R R, NRK-52E 40L& K A& 42 19424k, 100 pmol/L  CoCl, b FH
NRK-52E 41l 9 h J5 -7 CoCl, #7756 ik & 3 h Ab T 3 AMEF A MU e fe i o X — 45 R
5 SRR E— 5, CoCly @i 155 HIF-Lo FRIAAEIG AL S, HH 15T EMT 2. HIF-1a
M o-SMA [RIE BT, FOREVESS 5@ IETE EMT IR rh R FECSAE A .

5IA ) CoCl, filF kAR, A5 KA 100 umol/L CoCl, b NRK-52E i/ 9 h
J& T JE CoCly B 75 4= PR 5 3 h AbEE 3 AMEHE 5k B A B i (A e MERII R 26 . SR, AR
BFRATAEAE— LSRR B2, AR T CoClo ST EF4EIb R ARSI, ARIRABTF L Rl



S HR TR TAEMSEE, RIESYRAR AT IAE . AR ST — AR
CoCl, 53] EMT il

BRI CoCly 1755 NRK-52E 4L T Fasg () EMT Bi%, 875 T CoCly %5 /N
- R AR LT AL R R L 45 SR B, 100 pmol/L CoClo &b ¥ NRK-52E 41/ 9 h J&, T CoCls
BRI 3h, EE 3MEATTEEF S HIF-1a Al a-SMA [{I8IE, {EHELF 4855 & A
VAR, B IELF4EAb BB T 3R A 1 SR ie 7 v

L P EN
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