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[HE] BB HiTW A —S 4k A A B (endothelial nitric oxide synthase, eNOS) Fl— %L %&( ( nitric oxide,

NO ) 7E 54045 JR4S M BH ( unilateral ureteral obstruction, UUO) B ] BT £F 2 Ak /1N BRI A7 4% op 94 S L, 773k
64 2 KM /NRFEHLI A PH AR TFARH n =32 H; o fRAEHERL UUO 4 n =32 K, W% 4 JH, &R 45 4

/MR BUN, Ser M — &AL A, Wi =N 4 jg i H 8040 1 CD133* /VEGFR * N B2 #H 41 Y ( endothelial progenitor cells,
EPCs) Masson 4 (o152 15 4] 28 A 2p A8 Ak, e 4l AR A 1S [R] . CD34 * 2k UL A 6 B, Sei i B PCR AR
D' JZ2 57 eNOS \VEGF mRNA £ik, #R  UUO 4lill—F A LA N B AR TH25 B 18] B w148 5 B2 eNOS \ VEGF
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[ Abstract] Objective To investigate the role of eNOS/NO signaling pathway in peritubular capillary lesions of
mouse renal interstitial fibrosis with unilateral ureteral obstruction (UUC) and the potential mechanism. Methods  Sixty-
four healthy male KM mice were randomly divided into sham operated group (n =32) and unilateral ureteral obstruction
group (n =32). At each week, serum BUN, Scr and NO were determined and the percentages of CD133 */VEGFR" en-
dothelial progenitor cells in peripheral blood mononuclear cells were detected by flow cytometry. Morphological changes of
the renal tissue were observed using Masson staining. The expression of CD34 " cells in the renal interstitium was analyzed
by immunohistochemistry to calculate the peritubular capillary density. The expressions of eNos and VEGF mRNA were de-

termined by real-time PCR. Results The expression of blood NO, the percentages of endothelial progenitor cells, peritu-
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bular capillaries, eNOS mRNA, and VEGF mRNA in the UUO group were significantly decreased compared with those of

the sham group at 2, 3, and 4 weeks (P <0.05). NO was positively correlated with peritubular capillaries (r =0.715, P

<0.05), eNOS mRNA was positively correlated with peritubular capillaries (r =0. 624, P <0.05), endothelial progeni-

tor cells (r =0.375, P<0.05), and VEGF mRNA (r =0.351, P<0.05). Conclusions

eNOS/NO signaling path-

way participates in regulation of peritubular capillary lesions in renal interstitial fibrosis of UUO mice. The mechanism may

be partly related to the regulation of vasomotor reflex, the expression of VEGF mRNA and mobilization of endothelial pro-

genitor cells.
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22 ol i R R B e A AR B /N TR BRI A8 ( per-
itubular capillaries, PTC) 3% 7%, PTC ¥ 22 & I il &
[F) Jo 2T 2 A Y o I B PN B 0 i 43 405 A g 52 )
REVOR A& 3 PTC M &R /b iy F 2R A, N
20 LA 473 I 1 8 O 0 S T A 7 e A A
SRR AR, NO FE B A N R A A
Ji, eNOS J& NO 7 A i) FR 33 il , 1 o i AL LS 2R
B NO KIEAEY T hE, eNOS/NO i 12 2 5
J2 230 1 23 i O 7 R I A8 A B, A A AR L A o R
R E AR, WS R eNOS miBR /N B AT A7 18
SERMEMENE R B 54, eNOS HFE ] T 8™ H Y
BB 4R eNOS/NO 7E B IESG 1) % 15 % Je o
PG AR, AT I W5 LN Ay PR G A
FH ( unilateral ureteral occlusion, UUO) /N iR, & 2H 21
eNOS VEGF mRNA (il i NO Fik &k, % PTC
BRE RV eNOS/NO 32 42 % ' 1] Jox 21 24 Ak S il %
o 78 1) 52 W) K ] BEAIL TR .
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Tab.1 Nucleotide sequences of the primers

Endothelial nitric oxide synthase; Nitric oxide; Peritubular capillary; Endothelial progenitor cells;

1 #MBRE5FE
1.1 ##

6 A% SPF S HEPE KM /N, /K H 37 ~40 g, K
PRT 1] R 2% 52 56 3l 1 o0 [ SCXK (1) 2013-
0001 ], JoR FARTEE TR 5250 5 ) o B e 26
BE S Seue 2 AT [ SYXK (1) 2013-0006 |, 344 52
W I 3R RN 45T NIE I C A, PE FRid
P/ CD133 5 [A] B4 i (PE-CD133 : £028258 K
Isotype control ; E028728 ) | Pacific Blue #5122 ¥t/ iR
VEGFR-2 5[] AYX} B8 ( Pacific Blue:E031625 & Iso-
type control; £022113) ) F 3£ [F eBioscience 2\ Al
ALK I S bt/ 2 s BT iA CD34 (BAO532,
ORI TR DU =AY A R, Trizol 1T In-
vitrogen /A ) (Cat nol15596-026), SYBR®  Premix
Ex Taq"™ 11 SEI 2 S 5% 51800 £ (RR420A ) 1 T
TaKaRa 7~ %], Real-time PCR FF & 5|4 A1 TaKaRa
AFERL SRS AR 1,

5| ¥4 FK Primers

SIHF5(5° 1037)

Sequences

P17/ bp

Amplifeiation products

Mouse GAPDH forward
Mouse GAPDH reverse

Mouse VEGF forward
Mouse VEGF reverse

Mouse NOS-3 forward
Mouse NOS-3 reverse

TGACCACAGTCCATGCCATC
GACGGACACTTGGGGGTAG

ACATTGGCTCACTTCCAGAAACAC
GGTTGGAACCGGCATCTTTATC

GAAGCGTGTGAAGGCAACCA
CGTGCTCTAGGGACACCACATC

203

107

146

1.2 Zh¥IHARERIEST

64 H SPF 2t KM /N UBE B 2 hy 455 780 4]
(UUO 4 ,n =32) B F- R4 (sham 4 ,n =32),
UUO /MR 10% SBERRIY 5 24 sk B8 0 47
A PRAE W 25 45 4L, Sham 4L AT B A7 0N % R 4%
AT RGEHL, NI, 20 TSR 5 7 .14 21,
28 KA A BEHLAIE 8 L ahiab e, 4bsE >4 H HE £k
B, e 25 200 Wl il AKAS I EDTA HLEEE &

AR MASI , AR DA TR A IR 2 15 45 NO . BUN
Cr Kl
1.3  IMmAELERRE

il PR i Jirt BRI T 2 I3 NO
1.4 5hE M P R 4B 48 it =X 48 B 44 i

(D) SNEBLEEIN 50 pL 208 2 LA, —5&
FIIA 5 wL PE FRicd$i/MR CD133 £ 2.5 pL Pacif-
ic-Blue i/l VEGFR2 , 55 — 5 it A 25 2 [v] A2l



486 R E SR SR 2015 4F 10 4523 %455 M1 Acta Lab Anim Sci Sin, October 2015, Vol. 23. No. 5

XTHE R0 %5 5 G R A 50 min, BB ERAS
T HNZT 40 M 2449 4 200 L, 385G 20 min, 4°C 3000
r/min X 3 min, B F1E WS PBS BEi% 3 IRG &
T AR B & 10° 4~/mL, FH Partec CyFlow
Space JiLZUAN AL LB E /Y Partec PAS Cell Quest
A AT M AT, AT pR R ) R AR B A e v
1.5 BRFREESFERN

HWHLHIVE 2 pm AU Masson Je
1.6 ®REMALKEN CD34 RiXxitE PTC ZE

K FH SP %, DL PBS A — B i B PR xT B g £,
Jee P IR ¥ & U], CD34 Y (A4 PTC %
B —PR b/ R 2 BEPTA CD34(1:100) , —
PO A D AP 1gG, PTC T ATAT
1 ANAR B 14 PN Rz A sk PN B 4 B8 1 R — 45 Bl
B B | o SO — 2R AT T4
(BRADRIMAE ) o BEDARA T LU S E R 5 X
AT E/ANER I 10 A A% 55 LB (% 400, 0. 065
mm” ), THECHYE B 40 14 B, 15 PTC 25
(A~/mm?) BOFHIME
1.7 Real-time PCR ll7E

B Kz i VEGF . eNOS mRNA fi4 %6 ik & . & & i
FREEZ) 100 mg, MIA Trizol X7 1 mL )3, % Trizol
H G B UM RNA, UG 50 cDNA, % =

Fz2 WA/NRINTE NO L (pumo/L, x = s, n=8)

Tab.2 Comparison of serum NO levels in the mice

#7% LightCycler ® Real-time PCR §34 {% ( 4 5
G10120) #F 17 SZ B %E #& PCR, PCR & ¢ . 748 ¥
95°C 30 ;¥ 95°C 5 5 .60°C 15 5.72°C 15 5,45 4>
TG I fift 28 3 7. 95°C 15 5,65°C 60 s, *E =
PCR JZJW f& % ; SYBR® Premix Ex Taq™ I1(2 x )
10.0 pL, PCR forward primer (10 pmol/L) 0.8 pL
PCR reverse primer (10 wmol/L) 0.8 wL, DNA £
2.0 uL,dH,0 6.4 pL, BAZFR 20.0 pL,
1.8 SitEFRE

K HI SPSS 15. 0 Gt A A T4 ge i t2% 43
Mo THEEE LIS « R iEZE (x +5) R, 41
TR TR ¢ K25, FR AR B AH & Pearson #H
AT, B AU | P <0. 05 A 2 54 Geit2f

2 #£R

2.1 FAMRIMTE NO T

UUO 21 8 #0555 — FE LT NO R 4R T %, — )&
Je 45 B85 Sham H2ZERAFIHF B X (WE2) .,
2.2 FHA/NRTR 4Bk i b B i B4 4% 40 R
CD133*/VEGFR * SR 45 R

Y& UUO 2H CD133 " /VEGFR * X FH 74 41 ifd
FREEfA%,2 3 4 J 5 Sham 4R AH S H ¢ X,
WLE1 2 K&Fk3,

205 Groups 18 1 week 2 Ji 2 weeks

3 Ji 3 weeks 4 [ 4 weeks

Sham 2 18.79 +6. 02 16. 15 £4.77
Uuo #H 14.08 = 1. 06 12.77 +1. 88"

19.59 +2. 65
10. 24 +3. 45"

18.38 +5.43
5.73 £1.73*

F:* 5 Sham #H HEE P <0.05,
Note. * Compared with the sham group, P <0.05.

#z3 P4/ CD133 " /VEGFR2 * SUSHPEAN M i AN A &5 5 (% , x +5, n=8)
Tab.3 Comparison of CD133*/VEGFR ™ endothelial progenitor cells in the mice determined by flow cytometry

215 Groups 11 week 2 Ji 2 weeks 3 Ji 3 weeks 4 Ji 4 weeks
Sham £ 0. 198 £0. 046 0.235 +0. 046 0. 190 £0. 021 0. 147 £0. 016
Uuo 4l 0. 157 £0. 029 0. 115 £0.030* 0.080 £0.028* 0.075 £0.023*

{E:" 15 Sham FIAHLL P <0.05,
Note. * Compared with the sham group, P <0.05.

2.3 WANMRBHLARE

Masson 4% {0, sham 2B LHA LB IE R, UUO 4
DB INEY 5K SRR AR R TR BT 2T 410 T
InEE B /NE ] B e B B 2 UKL 3,
2.4 MWAPMREREANENEBER CD3M4 RixR
PTC it#%

TR A Y AR B AR CD34 FHVE4EAE,
EH N AN IR (4, Sham 4 PTC ¥ F &, 5

AE) LA REIN, UUO 4 PTC Jk78 5 Jm k4
A3 A5, Bl AL I ] A K PTC %5 B B W A, HES 25
BiL, WL 4, 714 PTC % B, UUO 41BH B REAIG, 27 2
3.4 Ji15 sham ZEFA G, WK 4,
2.5 FWANMRSEL eNOS mRNA, VEGF mRNA
Fix

UUO £ eNOS mRNA  VEGF mRNA FikHr4: T
F,2 JAEE S Sham 422 A gt L (K5 Kk 5) .
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1 UUO /LA I ] i X
Note. 1A UUO group(1 week) ;1B UUO group(2 weeks) ;1C:UUO group(3 weeks) ;1D: UUO group(4 weeks).

Fig.1 CDI133"/VEGFR" endothelial progenitor cells in peripheral blood mononuclear cells of the UUO group at different

times
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{E:A: Sham 4(1 &) ;B: Sham #(2 &) ;C: Sham (3 J&) ;D: Sham #4(4 i) .
B2 Sham £/ A ]S 40 A P
Note. A: Sham group, lweek; B: Sham group, 2 weeks; C: Sham group, 3 weeks; D: Sham group, 4 weeks.
Fig.2 CDI33"/VEGFR " endothelial progenitor cells in peripheral blood mononuclear cells of the sham group at different

times

¥ :A:Sham £ ;B UUO ZH (1 ) ;C:UUO 41(2 Ji]) ;D:UUO 41(3 Ji]) ;E.UUO (4 J) .
3 PR/ EUE IR HE ( Masson, x 200HPF)
Note. A : Sham group; B: UUO group( 1week) ; C: UUO group(2 weeks) ; D: UUO group (3 weeks) ; E: UUO group(4weeks).

Fig.3 Morphological changes in the renal tissue under optical microscope ( Masson staining, x 200HPF)
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#£4 UUO #H K Sham AH/DNEUE A BT PTC H40(4/mm’, x +5, n=8)
Tab.4 Counting of peritubular capillaries in the UUO and sham groups.

iRl 1 2 J4 34 4 J4
Groups 1 week 2 weeks 3 weeks 4 weeks
Sham 41 418.00 £62. 62 428.15 +58.77 412.59 +28.95 405. 38 +25. 69
Uuo A 379. 54 +28. 46 256.46 +11.69* 176.92 +28. 87* 115.38 +34.77*

.0 P g sham Ml EL P <0. 05,

Note. * Compared with the sham group, P <0.05.

{E:A:Sham 2 ;B: UUO 41(1 i) ;C.UUO 41(4 J4) ,
4 PR/ R CD34 ez (e 4k x 100HPF)
Note. A ;:Sham group ; B: UUO group( 1week) ;C;UUO group(4 weeks).

Fig.4 The expression of CD34 of renal interstitium by immunohistochemical staining

£S5 MWAUNAF 414 eNOS mRNA \VEGF mRNA ik(PI, x s n=8)
Tab.5 The expression of eNOS mRNA and VEGEF mRNA in renal tissue of the mice.
5 eNOS VEGF
Groups 1A 2 4 3 ) 4 14 18 2 A 3 18 4
Sham 2 24.06 £6.23  23.36 +7.45 26.44 £3.06  26.32+7.70 25.16£7.20 27.53 +4.57  28.25+7.75 27.66 £2.9

UUO 4 20.71 +4.66 16.72 +4.85* 14.09 +3.29* 11.83 £2.10* 22.23+3.80 19.75 +4.12* 17.30 £4.64 13. 64 4. 6°

TE:* P %2 sham AL P <0. 05,
Note. * Compared with the sham group, P <0. 05.
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£ :A:GAPDH;B;eNOS;C:VEGF,
5 Real-time PCR § 3% h £k
Note. A: GAPDH; B: eNOS; C. VEGF.

Fig.5 Amplification curves of the real-time-PCR analysis

2.6 Pearson FHXDH B i

U0 MBI AR S B R O T
HERIEMHK(r =0.715,P <0.05) ;eNOS mRNA PR B2 41 %) 358 40 R T A 18 2 T RE R S 3
TR 5 B8] RN A B (r =0.624, P < PTC XM EEF N, eNOS/NO 54 f2 40 it o fig
0.05) N EZ M AT 5 (r =0.375,P <0.05),  KIEARUEEVIFI, eNOS R i 4/ BnT S8t
VEGF mRNA(r =0.351,P <0.05) 21EMH%, JEH s A B, BR AR R E AR PTC
W EAE 4E 3 eNOS ik, BB PTC #1447,
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M AEZE RIF A58 BFRERR ) ARBF9E B8 UUO 4
S eNOS NO 7K S RF2E T R #a 5, eNOS . NO
5 PTC % B A7 7F B % LR IE A 5%, $27R eNOS/NO
257 B0 A AU AR B kA R R

eNOS/NO &4 1] Gl i Z MLl = 5 PTC 1Y
PE PR B i R g R v R E R i AL A A
RPN A, NO S5 &F 1l W) T 3 Wb i /b ET-1
SR IS R RE Jn, mT 25 ) P R 40 e Y
05, SR T LT 4 Ak e eb Bt 0 A8 ) A A
B NO 2 H Rl iR A P R PR A I T
Z—  BRHEHF IE 5 N R B sk il 2= 2= e, W bR A el
FEAMEIRE Bt S Ak RN, PR RE PTC IR MIE A 2%
SEMGRIINRE . AWFE R UUO 41 NO ik HFsL T
B, $E7R eNOS/NO X IfiL 45 &7 5K DI RE A48 35 1T GE 2
57T PTC % M 4E+s,

eNOS/NO 42 2 1M 4 A= A A i I8 75 R 7, =
SR N B AL A R T I RS A R T AR i B
DB TR R AL AU il A8 AR R R AR Ak EE AR
™ S RS A 52 S TR L - A &R it
JE A i A A B S8 B T eNOS 3 PR it 2 e dgfe 1fiy.
FRCA 4 10 A5 A i O S s 5 A U A e
H1 eNOS/NO IEAR AT BT &F 2 5 45 09 A= 77 1 5
' [0 I 7 2

VEGF J&—/™ A3 1 i 42 il 8 A= i R 7, 3 47
M FE B ZUF S E TEBTE AT ad 72 v e v
T I A P AR RE T B R BR R BB eNOS I
VEGF #ikU />, A#F5E UUO 41 VEGF £ ik 542
TR AT SR 5 eNOS mRNA ik 2 LR F
S, $ER A AR A AR P 14 i S B A MR T
iEZ 5T, J& eNOS/NO 4k PTC AT REMLH

HNE I EPCs 2 I 45 PN B2 48 D 0% HiF 44 48
eNOS/NO Z: 5 T4 i i 3l 51 S 534k, eNOS 1 FE A
HRBEKG 15 B EPCs 3l 53 B A% 1M 5% w87 A6 i A A=
A BRAE o T RURE PR R A EPC LA A= B g
JIFFEFE eNOS mRNA & 3R I8 NI, NO 43 i %
I, AN FEAMIEE NO, 145 A B B | B A AR 1
i, 3SR RS BB 2 I A B RE T FEIK S NO Ak
WA X FE Verma SV IBFSE T R IR, C RV
H I (CRP) ] eNOS Ay IR TN H EPC 34
i MR BE ST AFSE UUO 240 R I EPCs %47
LR, 5 eNOS ik 2 IEME, #2885t EPCs J&

eNOS/NO H A% Pl o 45 4 BE (MLl =2 — 1
ZE LR , eNOS/NO 342X ML 48 1 45 4
AT RE X1 1 B A 43 77 A 52 e AL T 2 — , eNOS/NO
XU A R R A 2 AL 25, I R 25 9 ) 4%
eNOS/NO 345 AT 52 Wi N B2 240 946 52 K il 4 1524
R BT RE A R
& X X #
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