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[ ABSTRACT] Aim  To observe the regulation of GTP cyclohydrolase I ( GTPCH 1) /tetrahydrobiopterin ( BH4)
pathway on function of endothelial progenitor cells in hypertensive patients. Methods Nineteen hypertensive patients
and nineteen healthy volunteers were observed. Endothelial progenitor cells were isolated from peripheral blood, cultured

and identified. The in-vitro migration, proliferation, adhesion activity and in-vivo reendothelialization function of endothe-
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lial progenitor cells were detected. The model of arterial injury in nude mice was established and endothelial progenitor
cells from hypertensive patients and healthy volunteers were transplanted to evaluate the reendothelialization capacity of en-
dothelial progenitor cells. In addition, the mRNA expression of GTPCH I/BH4, and the expression of nitric oxide (NO) ,
cyclic guanosine monophosphate, and thrombospondin-1 (TSP-1) mRNA levels of endothelial progenitor cells were meas-
ured. Furthermore, RNA interfection, gene transfection and drug inhibition of GTPCH 1/BH4 were carried out to demon-
strate its role in the regulation of endothelial progenitor cell function. Results The in-vitro migration, proliferation,
adhesion activity and in-vivo reendothelialization function of endothelial progenitor cells were significantly decreased in hy-
In parallel, the expression of GTPCH 1/BH4, NO and cyclic guanosine monophosphate of endothelial
When blocking the GTPCH 1/BH4 pathway,
the in-vitro migration, proliferation, adhesion activity and in-vivo reendothelialization function of endothelial progenitor cells

Conclusion This study revealed that GTPCH I/

BH4 pathway regulates the in-vitro and in-vivo function of endothelial progenitor cells from hypertensive patients, via regu-

pertensive patients.

progenitor cells were reduced, while the TSP-1 mRNA level was elevated.

from hypertensive patient and healthy volunteers were both weakened.
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lation of TSP-1 and soluble guanylyl cyclases/cyclic guanosine monophosphate system.

PN B ) i 0 2 e LS 0 7B 5 407 18 A 3 A
I F 0 & o R W B AR AR R R T BRI
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(tetrahydrobiopterin, BH4 ) 7K 3, #ll il eNOS fi#
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T X B R I A0 T I 25 PN S AR 4 ALY GTPCH I/
BH4 38 B 235 K A IE S RE ) , RITZ 0 H 0 5
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W AR 28 &% T 500 pL DMEM 5 33 3F 72 A b
FERUWNE BRI XEE LT RTH M,
JA W B EH %, Giemsa W R L 6, TR ¥ 0
1% R
1.6 1A B 1B 40 B A 55 Bt g e iml

% BB AR ARl g 7 kU 0.25% ik B Y
U9 %A 20 e, B9 T EGM-2 ¥+, % 2x10*
R 40 e A AR B T 0K 48 i B B By 24 TR
M TNF-o (+) 4. AJiF &8 ik W & 40 fL 2 1 pg/L
TNF-o T4 2 12 h, TNF-o (=) 41+ AJF # ik 19 % 28
B F TNF-o T 4L HE | TNF-o 56 4 38 Ao 35 M 4 T &
NEABETERE, READBER],ET3TCHSE
¥, H 30 min, PBS 3 it 5, 1+ 8 IEBE 40 B A,
1.7 AR ZHRE MR SME TE BE F1 46T

WK AL T R g, Bl 0.25% ik B VA Uk B
41, B 3% T DMEM 0, F A0 Bl 302 09 0 K
Lo A AR B BOR AT R BB 96 T3
W, I A 10 L MTT(5 g/L) 3554 h 5,5 % b7F
W, BN =B T A(150 wL/FL) 7544k 7% 10 min,
FEBAR LT F 9K K 490 nm 40 OD &%)
1.8 Zh¥EBIME I R B R B AL 14

BRI A AT U Bk 8~ 10 JE 4 A M
NRMI nu/nu 7 89 B4R B, Bl T 45 A W A8 40 B,
o A JiR B R R B (100 mg/kg JB B &) 1 F K
R (S mg/kg EIEE S, FAEMI B4 H T
T, BHFEMEF MO ZFELTAL ik, 27 T
A oh kit sm R s B A 4L & AL msm A
% OREAETE L 8 i B EY B LLE ONF
KB, AT FL(ER 0.35 mm) N
Bk RIEHLE 3 R A i Wk, =R LEX
AN Bh kU3 0 B B FEAT A 4L 4 W AL 40 (5%
10° Cells) & T 100 wL T #4 (37°C) 8y PBS ¥ i F ,
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2.1 HARWSEHEZLEZR
P £ A e S B N = T 8 A
A, ARG RS L 2% (F£ 1),

® 1. MAMEIRKMEDLFIERER

Table 1. Clinical and biochemical characteristics in the

two groups
WM 1E I E4H I E L
(n=19) (n=19)
R (E) 56.5+4.2 58.0+5.1
B (em) 166.3+5.9 163.9+5.3
1A (kg) 63.5£6.8 63.6+4.8
TRE 55 (kg/m?) 223+1.8 23.8+2.0
W4 FE (mmHg) 122.7+10.1 154.4+5.1°
#F 5K K (mmHg) 76.8+6.2 94.9+4.2°
DF(R/ ) 75.5+8.3 73.8+7.6
A HEE W (mmol /L) 23.9.0+5.0 25.2+5.1
2 N ( mmol/1L) 21.3+4.3 24.2+4.2
JRZ & (mmol/L) 5.56+0.82 5.47+1.12
WUBF ( mmol/L) 62.8+11.3 59.2+12.1
% NS5 H (mmol/L) 2.84+0.48 2.88+0.45
B JH [ B ( mmol /L) 4.82+0.56 5.23+0.52
NS M (mmol/LL) 1.55+0.24 1.59+0.23
H it =E (mmol/L) 1.40+0.21 1.53+0.21
23 W A% ( mmol /L) 4.90+0.61 4.69+0.70

a i P<0.05, 51EH M EH A,

2.2 HEHEMABRKEE

PRI T EEELH BRI ac-LDL 2 GYL A FH
PERLA (K] 1), lectin FUARDE YL (L BH M by € (14
2) , #ifiA% DAPL G Ys ta fE R 5 5. (&1 3) ,ac-LDL
F lectin 22 EG e BH: A N B AHANMI (18] 4)

& 1. ac-LDL A5 Searic PR
Figure 1. The cells were positively stained by labeling of ac-

LDL through phase-contrast fluorescent microscope

2. lectin HLA T SR PEE
Figure 2. The cells were positively stained by labeling of lec-

tin through phase-contrast fluorescent microscope

[ 3. DAPI Hif 5 Seanic R
Figure 3. The cells were positively stained by labeling of

DAPI through phase-contrast fluorescent microscope

[ 4. ac-LDL #0 lectin FL &3 ARiCPAIES FF
Figure 4. The fluorescence images of the merge of labeling
of ac-LDL and lectin
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REXIHIE W IR FE AR (P<0.05) o FEAH o i A
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AEIH R NI (P<0.05) . %45 R HER M IR B
i iR R RN A IR DR
DIRe IR MR FRE(E S) .
24 BIESREMNEBEZME GTPCH 1/BH4 @ EH)
RixKkE

R I AR PN B2 AH 4L GTPCH T mRNA 3k
IKHEEH LR R 8 (P<0.05) , AH X R FY, & I
JEHE N AL 20 BH4 7K - IR %5 1E 1L 4 /b
(P<0.05), BLAb, il 28 35 N R tH 40 L NO Al
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cGMP ZKF-HI8E I8 IR R B (P<0.05) o 11 = ML MR THRE (P<0.05; K1 6) , X EEE5 PR & L&
JE R P 2 LA TSP-1 mRNA 22535 7K )48 1F 37 HBH N AN GTPCH 1/BH4 38 % 22545 T,

A P<0.05 B P<0.05 C _ P<0.05
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D ] P<0.05 E 45 P<0.05
40f

< 35

= 30f

He

i 25

g 20t

= 15

g 10}

5_
— 0 1
IEEmEAR SIEH EEm/EAR SI/EH

TNF-o+
ES5 SMEEERERLEERNEEMBEIMER(A) EHEB) FH(C.D)NEERBRNENLINEE(E)
Figure 5. The in-vitro migration ( A ), proliferation (B), adhesion (C and D) function and in-vivo reendothelialization

capacity (E) of EPC in hypertensive patients and normotensive subjects

=S 3 P<0.05 3r .
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il ~9 S
& 2.5 Te >
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£ I3 g
— [a1] 2
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==§
5 0 Fo S0
EEMmMEH ShiEH EEmER = EE EEmES = EH
] P<0.05
1.2 P<0.05 7
— I gt
& 1 el
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EEMmER =nEH EEmEH SIEH
B 6. SIE£EFMETMNEEMNZELE GTPCH I,BH4 NO,TSP-1 & ¢cGMP &k 7kF
Figure 6. The GTPCH I, BH4, NO, TSP-1 and ¢cGMP expression of EPC in hypertensive patients and normotensive subjects

2.5 GTPCH I/BH4 @3t 5 I /EEEFIEE ME By | TSP-1 ik LU K 259 B eNOS | sGC .
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P, i it siRNA Tl GTPCH 1 3K K35 PN 2 AELZI0 B ) AR I 3 A% 38 A 286 R P LA K FE s
LR [ TSP-1 ik Kol 25 ¥ il eNOS, Wy 78 o X 54 495 1L 45 /9 75 19 K2 £k T g 32 3 4
sGC . cGMP %V 4] fifi & 5 B & sEH s #I(E 7).,

A 60T WEEMEAR O SimEA

BH
=501 a
a a
% 40} a a
< 30} b b b b b
& 20
=
& 10
H oo
Scramble siRNA  — + - - - — — —
GTPCHISiRNA  — — + — - — — —
L-NAME — — — + — — — —
Scramble transfer — - - - + - — —
TSP-1 transfer - - - - - + - —
obQ — — — — — — + -
Rp-8-Br-cGMP - - - — — — - +
B 0.5
0.45
0.4
0.35 a a a a a
£ 03 b
2 0.25 b b b b
< 02
0.15
0.1
0.05
0
Scramble siRNA - + - - - - - —
GTPCH I siRNA - - + - - - — —
L-NAME - - — + - — — —
Scramble transfer  — - - - + - — -
TSP-1 transfer - - - - - + - —
obQ — - — — - — + —
Rp-8-Br-cGMP - - — —_ - - — +
C w60
::0)
= 50
4 a .
S 40 a a a
% 30 b b b b b
= 10
[
0
Scramble siRNA - + — — — — — —
GTPCH I siRNA — — + - — — — —
L-NAME — — - + — — — —
Scramble transfer — - - - + - — —
TSP-1 transfer - - - - - + - —
oDQ - - - - - — + —
Rp-8-Br-cGMP - - - - - — — +
D 45
< 40
E‘T: 35 a a a a a
*E 30
] 25
20
e 15
7 b b b b b
Iy 10
5
0
Scramble siRNA - + - - - - — —
GTPCH I siRNA - - + - - - — —
L-NAME - - - + - — — —
Scramble transfer  — - - - + - - -
TSP-1 transfer - - - — — + _ _
obQ — - - — - - + -
Rp-8-Br-cGMP - — - — - — — +

[ 7. FEET GTPCH/BH4 & B 55 N R AH AR SME M RSB N B LTIBE /3 0I%F GTPCH I Bk \ TSP-1 JE 4 eNOS i
i3 L-NAME sGC #iBfil51] ODQ .cGMP 1l Rp-8-Br-cGMP 114 3 i 1fil He £ 3 FIIE & 1L He 5 9 AL AR ML 3T A (A ) (B9%8 (B) (B (C) Jey
AR A0 HE N B AL (D) TIRERYERE AT, a 2 P<0.05, 55 i I H FE A W BRAL LU A b Ry P<0.05, 5 IEH MU0 BRAT Lb A, o i He X By
P P — AR 7B RNA 40 AR B 7 0 434, 1E 5 1006 BRAL R R A — AR 2R3 RNA T30 3 1 5 R 54,

Figure 7. Blockage of GTPCH/BH4 pathway decreased in-vitro function and in-vivo reendothelialization capacity of EPC
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Fe AL TIRE YT OA T B, 48R 06 21 P B AH 41 i ) i
Wef AT S0 P R L A 5 B T R R R O I A
B KL 2 —

5% @75, GTPCH 1/BH4 3 B 7E £h U E 5 1
JE S ] TSP-1 FR477 P B2 AL 40 D RE Il P4 Sz
A NO K- ETF, NO IR AL AT 5142 «GMP &
B, TG AL cGMP KL G M cGMP 3 P 45 25
FAHIE PP cGMP P ALY 38T 0P Bz A 40
) B 477 B 3 o A8 52 1 7 1 L 0 i
TSP-1 Sl P fz A 4 i sh R p 22 728, ik
Ah,NO Az B sl 5 S05E 3R 19 P B2 41 i TSP-1 2%
KO0 HOTSP-1 JR A B ] NO 5 cGMP
H W cGMP 1R (s S

WEFEBF 5% & B Ah 75 BH4 1] /> N iz 41 41 i
TPS-1 %3k, FEHE50 N B AL AT RE"S) , T P Jz 4
Jifl NO 2B 58/ ] 75 5 TSP-1 &35 #27% BH4 #l
NO ZEFERIIRAS T X TSP-1 23k i MkIvE R . A
I HT B BIFFE 45 5 R 8. 7% GTPCH 1/BH4 3 % 1] BEAE
o I B R X P B AL 41 B D RE A AR R T AR T, O
TIESE T 1238 F% AE Y1 7 8 9 w8 1A N R A 20 i T
REFFAOVERI") (BT v AU SEJERIDIR S (TGP R
J1F#) F GTPCH I/BH4 {5538 B %) /& ifi 7k 2 %
DAL R REL 40 6 1 T LT, AEAS B ST b, FRATT 0
siRNA THLRkBR GTPCH T L YL i TSP-1 %
KK BB 2B eNOS  sGC K cGMP , X H 43
MEAS )T 150 T BE X PN Bz AH 40 it #% | 384 5 L 6 BT LA
KA A6 5 D RE i A8 4k, 45 31 7R P K AR 41 i
R T RE NG M5, $278 GTPCH 1/BH4 3 4% X}

95 LS R P9 K AL A B D RE A1 i 2 TSP-1 fry 41
il LA S sGC/eGMP ZRGE TG L3S i A B AH 41 i NO
IRV BT 5 P4 B AL 400 B 2l RE TG P e VR T T
I AN AR RS HT AT S A Rb 7T
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