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Abstract

e AIM. To investigate the role of histidine - rich
glycoprotein (HRG) in the neovascularization of diabetic
retinopathy in rats.

e METHODS.: Streptozocin ( STZ) - induced diabetic
Sprague - Dawley ( SD) rats were utilized as an
experimental model, the protein expression of HRG and
vascular endothelial growth factor (VEGF) in the retinas
of normal ( Wild type, WT) and diabetic ( diabetic
mellitus, DM ) groups was detected using Western blot
(WB). The protein expression of HRG in high-glucose-
induced human retinal microvascular endothelial cells
(hRMECs) was verified by WB after transfection with HRG
small interfering RNA ( siRNA ) low - expression
sequences. The optimal si - HRG # 298 sequence was
selected for further experiments. In the animal
experiment, HRG gene silencing was achieved using an
adeno-associated virus (AAV) vector, with AAV2-sh-NC
and AAV2-sh-HRG#298 serving as the HRG gene silencing
group and the HRG empty vector control group,
respectively. The protein expression of HRG and VEGF in
each group was then detected by WB following the
verification of HRG protein expression. Retinal structural
changes were observed by HE staining, and
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neovascularization changes were observed by PAS
staining.

¢ RESULTS. HE staining found that the retinal structure in
the DM group was disordered, the number of cells in the
ganglion cell layer decreased, the number of cells in the
inner and outer nuclear layers decreased, and the total
retinal thickness also decreased ( P < 0. 05); cellular
capillaries were significantly increased in DM rats
observed by PAS staining ( P < 0. 05); the protein
expression of HRG and angiogenesis factor VEGF was up-
regulated in the retina of DM group ( P<0.05) ; the protein
expression of HRG was significantly downregulated in
high glucose-induced hRMECs ( P<0.05) ; the inhibition of
neovascularization in  diabetic retinas and the
downregulation of VEGF protein expression were achieved
through HRG gene silencing ( P<0.05).

¢ CONCLUSION: HRG promotes neovascularization in the
retinas of diabetic rats, and HRG gene silencing can
inhibit neovascularization.

o KEYWORDS.: diabetic retinopathy; histidine - rich
glycoprotein; neovascularization; gene silencing
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N, 3 6 o B S EOAL ) B i A8 P B2 4 D ( retinal
microvascular endothelial cells, RMECs) A~3Z 45 il i) 18 57 |
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A AR E I, 77 A S BRE R [ 405 1 HY (2023) -
2-175 5],

1.1.3 TERXFGINEE HRG T B HRG IRAH G55
Wy H 7 I IE N, HRG  VEGF £ g B iRkl 5 [F 2 =
J&/N ], Gibco DMEM X535 04 [ Gibeo 238, BL I 45 1L
IAREEYRERT] Biological industries N BEE-EDTA 1M L
(0.25%JBEMe , & M £1) W B m s 2B A A I BOR AT BRA W],
ORI R RR AN B S W (50x) \HLo GV I I F £
RN FFENRA R A R 1:250 55 PAS YL (A)
W) A AL 5T Solarbio 23 ), A€ il 44 & 1 Marker 10-250 kD |
Omni-ECL #8 R Uik 2% £ O MR & PAGE % i il &
A& (M) W [ L R G AR W R 2R A BR A H]
33 G fici VE ST 28 [ 35 [ Hamilton A ], BB E H
A Olympus 2> 6], B LAZAE A 22 [F Bio—Rad 23 H],

1.2 ik

1.2.1 dRaEE SR M4 3 55 10 7 AT 15 9% hRMECs,
FIFA M TE &4 10% G 2R NS A 1% 5 B E-HEEN
DMEM 55353878 % } 37 °C 5% CO, B 95 Ky gkt h
Rigt, WUBE T UL SR A0 i B 1k B 80% T ik AT AL AR,
HBSS Y5 8 F 0.05% 15 i1 P9 Kz 240 Mg A K5 350 il
b, I EEF DMEM K3t 4ifefe = 3 3] 6 )5 17
4 L S5

1.2.2 ApagE L

1.2.2.1 sRNAMES &M HRG /Mt RNA F4lH L
M LR A IR IR (R 1) .

1.2.2.2 HRG-siRNA #3t hRMECs Ll 3x10°/L #F T 6
Lt W E 24 h JEBEAT R YL TF HOBE R X IR (normal
glucose, NG) 41 HH] 5 mmol/L WMHUR BE AL H | v bk B Xt
M8 (high glucose, HG) 41/l A Lipo2000 ik 7 24 h J5 H
30 mmol/ LI Bk FEAL R UTERXT BR4H (HG+si—NC) Il A
HRG 7T 2% X M8 % %1 A1 Lipo2000 & &4 24 h 5 1
30 mmol/LAY 4 ¥ & 4k B HRG & A 3T 2R 5 51 117 41
(HG+si—-HRG#117) : il A si—HRG#117 J ¥ F Lipo2000
AW 24 h )5 30 mmol/L HYBEMR EE AL BE HRG FE KT
BRIF 1) 298 4 (HG+si-HRG#298) /il A si-HRG#298 J¥:%1|
1 Lipo2000 &A% 24 h J5 I 30 mmol/L. 144 i & b ¥,
HRG % [H 3T 2R JF 1] 440 41 ( HG +si — HRG #440) i1 A
si—-HRG#440/5 51 il Lipo2000 & A5 24 h J5 F 30 mmol/L.
R BE AL B

1.2.3 SD KRMERBIER (1) ELEMELEZY 8 F#11Y SD
KB 30 H (IR 25 240-300 g) ,SD K FBUIEFE7E 12 h
eI/ BIREIEIR N UL N 2342 C 1B N 50% £5% , 5
BERTREALEE SD KB40 0 IE 5 X B (WT) 41 6 HARTRE IR
W (DM) 41 24 H o WT 21338 1A R e 5%, DM 1 = R
FRRRLIER SR 4 wk G258 RZEEK 12 h, IE % X 414718
i PN S A o 1Y) STZ B AT 168 R M 2% b i, DML 4 4
M8 STZ 40 mg/kg ¥ f# T 0.1 mol/L #75 BR £ 2% ik
(pH 4.5) BURATIE s N T 5 T % & 2 B R, e 9 s
72 b T IR MK R e Dk EBC i G 0 o L R R A T
BERRGIN 1R, ESE 4 wk 25 B IMLKE =16.7 mmol/L, $/5
WAL T, (2) ¥ A 45 g, S bR r B 4 i e A T
16.7 mmol/LI IR I AYFLH 2 H SET-RY 4 2, B4y 18
HUSEHN Yy, B4 o A4 6 2. WT 41, DM
2 . DM+HRG 23 484K % 20 DM +HRGHEER TR A

#£1 siRNA F#H 5
HRG 5|¥1/751(5-3")

siRNA H Bt &

si—-HRG#117 S:CUCUAGACCUGAUCAAUAATT
AS: UUAUUGAUCAGGUCUAGAGTT

si—-HRG#298 S:CAGACGUCCAUCUGAAAUATT
AS: UAUUUCAGAUGGACGUCUGTT

si—-HRG#440 S:CCGGUCCUCAUAGAUUUCUTT

AS:AGAAAUCUAUGAGGACCGGTT

1.2.4 IR 5T HRG BREXREHME Mg
B0 e H e fE si—-HRG#298 351 F T 5 £ 52 56, o i 75 7
FE R WA 2 A O B 2R AR DT B si—-HRG#298 751, 15
F) 23 25 AR X B AAV2-GP—1-NC (LA F i #k AAV2—sh-
NC) } HRG-homo—-298 #k {4 ( LA T & B AAV2-sh—HRG#
208) . B PR 9 K R IE O B B A R B R, A
DM+AAV2-sh-NC ZH #1l DM+AAV2-sh—-HRG#298 4H . %
MER U 30 me/kg {42 5 UM B 28 17 4= B JRR e, HR 6 FH 46
PR TN 5 1 PR i AR 0 sy 38 JRR 85, 2 1 6 b I e 7 IR 9880 I
HER U 2 5 TG 1 S HRG R AH 0% B , £ % Hamilton fi
AT (33 G) T W IR R K BRUIR BR A LIS 2% 5 R4, &
Sk A B SRS, A IR VE SR FL S 0.5 L. i R
1.16x10" V.G/mL AAV2-sh—NC 23 #4455 BR A7 R 1 5 4R
TN 0.5 WL i 4 1.90x 107 V. G/mL AAV2-sh-HRG#
298 #hk, 4 wk J5 HEHCU 20 20 il WB B UE HRG
FLRUTER B L e, 8 wh JE i HE Je a2 45 2L M)
L5 R AR L, PAS Y 0 X0 52 45 21 A0 I 55 2 1 45 7% fb 1
B, WB 4541 HRG KA A i F VEGF & ik
T,
1.25 MMEARAEY S HE & W) H i il 00 o fise
HEVE eI AT 2K T 4 min—> "2 1,2 min— "
2R, 2 min—100%Jo7K B2 1,3 min—100% JG7K & BE
11,3 min—70% Jo/K 2,15 2 min—i 87K 5 min; F-i#4T HE
Pt 7R ZE S min— 387K 2 min—43 LK 0.74 min—i 3l
K1 min—iIREH 1 min—Fish7/K 1 min—80% JC/K 2 g
1 min—f4T 1 min—95% Jo/K Z.B% 2 min—100% Jo/K £
[,2 min—100%JC/K ZEE N ,2 min——HZE [ |2 min—_
A ,2 min— " 2K 1,2 min, 5205 TERHIE S A 560
BRI AR,
1.2.6 AEEYI R BB KU) A L 0900 L 21 R AT i
BEFS B AP R BUFAE Z T 99 C 1 #4 20 min,
P R B TR BT A R AR 99 C UK I &
20 min, BUH G AR HH PBS 1EFE IR vk 3 Wk, Bk
5 mini5 , TR A BC I EF 19 0.5% Triton, 3% 10 min J5
PBS 7EHE K I ¥k 3 WK, B YK 5 min; PRy 4l b 2B 7E 0 2
JE L 3% BSA iR E ] 1 h, 55448 BSA J5 i m—Ht
TFHLURM, HCET 4 CUKFE LR ; R —$T )5 F PBS
TEFRIR BT VE 3 W, B 5 min J5 5 @G I 91 T 4140
0, 7E 37 CRKIBHRPINE 1%, 748 i )5 RO H PBS
TERE R B IS BE 3 Wk, UK 5 min; B 5 T3 08 98 6 K 5
DAPI J&5 3 R B9 B FgE
1.2.7 MMEFEE AELILA PAS S8 SD KRlf7t&
PRI 22 SR A0 5 i PR AR 3K, AR A & T 10% h AR R 5
Mo IR AE 24 b DA EJSHH PBS S5k e R Bk 3 Yk, ik
BT PBS ZZ PR KR SR AP, 76 BB T 5 A T
JIES AR AR S L 20 18 18 43 0 A R IR 2 2 PR A S A
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AR IS L ZURCT 12 £LAR A 800 . 97K , 30 min
K —W, B0 4 WIR K BROF MR 7K I 3% 8
B WTH A B FEIR Ol 37 C T it sl, W H|
R P HEE 2 2R iy 300 e B G s 45 SR A, W i B 2 11 il
VSR, PR IO FBE 2 2 rck 1 6 73 B85 1 o 8 T 4R, Bt T
JE FAFIALHE 10 min, JEAN/K TIE 5 min, WL £
AR TN Schiff BB 15 min, FEHEEIK #hPE S min
Ja  ERLSE UK, W RS B TR e e e, 1B
T N SR,

Geit2E oM Al Tmage J 1.8.0 4420 B 52 56 L A ¢
#}, GraphPad Prism 8 B AT B B 2 b AR AL
R AEZS 3 A 1 T TR B B R dE (o £s) Ko 21
B R FHAR ST AEAS ¢ Ko, 2220 [] AR T R DR 3R 5 26 40 iy
(one—way ANOVA) , # B85 AN 2 1E A, R FH Ak Ao
58 ( mann—whitney) , P<0.05 /R EFBFITHE XL,
2HR

21 #3 STZHESH SD KRMERFER ALk
A 450
4004
S 350 -
]
X 3004
&
250

————

i P ..cq‘»;.‘.-.o‘v,g‘%p"" fla'd

—
/ om | §

1

B

1l pEi(mmol/L)

HEPEZY 8 JEIE B SD KB, WT 4 %3 1A KL 5%, DM 41 &
g EERER R 4 wk JFAE R OREEK 12 h, WT 414718
JE S A L STZ IS AT R RN ZE M, 5 WT 41K
UM E 6 Js 2 ) STZ J5 SD K BV i F B, 1t o 7 v
=16.7 mmol/L, 2253 H Giil 2+ 8 X (P<0.05), W% 2,
B 1A B, WLEE SD K Bk A5 [B] TR K AR £ B R ek 354 34
i, S5 AR 2 BUBE PR K R R ), i HE 4 6600
EEAN L 2L 25 4, WT 21 K BRI 45 2 45 4 3 48, HE
B HLEL , $0 22715 40 il /2 ( ganglion cell layer, GCL) HEFIA
¥, W # JZ (inner nuclear layer, INL) 14k #% )2 (outer
nuclear layer, ONL) £} %54 )7 ; DM 21 400 0 I 285 44 1
PR TL, GCL 21 it %02 s /b, INL 1 ONL 40 o B i s /b
O 08 i i JE B sl 0 (TR 1C-E) | il it PAS Y (a1 5E DM
ZH R FRUOR RS JE 20 M B A0 45 55 WT 4 AH L B B 3 2
(E1F .G) , ud BBE PR v R B A 400 0 R 2 i 4501 1,
DL ES5RARIR STZ 55 SD KA G 2 AUBE PR KB DR
JEARAE

40

w
2

»n
o
1

RGCs¥fit (

WT DM

m

200

2
1

100

AR S ) TEE ()
g

o
1

WT DM

o
]

IS
1

w
1

N
1

-
1

o
I

LA E RIS (S

50 um ]

WT DM

I STZHESH SD KRERMBER A SARREFRERE (n=6);B. FAUARFUIELI (n=6) ;C. HE JL A4 4K

UL IR S (n=3) ;DA H KRR M EF RGCs B ST ;"P<0.05 vs WT 2 (n=3) ; E: 4541 K UL W I8 SR 501
“P<0.05 vs WT 4 (n=3) ;F:PAS Y& ULEE 45 4 I R I I o 0 200 J =6 40 il A e (BB 37 Sk T /R ) (n=3) 3G 5 K R
) i I 400 R 0 1T 2 B AR e 5 P<0.05 vs WT 2 (n=3) ; WT . IEH W BRZH ; DM B PRI 4.,
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2.2 ERFEARUMELA LA HRG B VEGF EAKIE
1R RHIUE HRG ZEAK P 2014 52 30 R o R SR 1) gt e
FikIEM @it WB K HRG \VEGF AYZE I #R s g0, 5
WT 4 A, DM 41 HRG , VEGF 14 1 52 7 26k (& 2A -
C) ;2R IF R 00 HRG 76 R0 o J5 o () ek 1 o, 5 WT 41
FHEE, DM 41 HRG ik (B 2D E) , S5 SRR bR
5 R BRI I 2H 4 rh HRG B VEGF (7 2635 F
23 ERFAARBIBREXRESHETBHHRG FR i
RN SEEG 45 AR HRG FERE IR KR Rk, 8 T
P2 HRG 5948 %35 /K V5 DR B Ak 45 T8 i
KFZ RN T L5 HRG W41 R . 78 hRMECs
v =21 HRG /NT3E RNA F Bt (si—-HRG#117 ,si-HRG#
298 .si—-HRG#440) 24 h J5 , 1 30 mmol/L )1k B &b B
hRMECs 48 h,ifiif WB Kzl H PR , 5 HG+si-NC 41
M, 8 HRG KNP E E A XA W 8 F A
(I 3A B) , &5 SRR AT T I HRG /T4 Befik
Fik, WL, AT LA —XF HRG T 4 J¥ %1 298
(si—-HRG#298) HI T #4 & B AH Sk T2 4 A DT HRG

AT A B A SR B AR DT HRG 7R PR K B A
FHREST AAV2-sh—-HRG#298 , Z- IR 5 AAV2-sh—NC 2%
FRME R X IE 4 wh 5RO M AL 2L, 3@ 5 WB A
HRG B9 1225 %R, 5 DM+AAV-sh—NC A 1, e 158

*2 MAXRBHRERMIFLE (X*s,n=6)

20 5 T (g) I K% ( mmol/L)
WT 2H 382.5+24.9 5.1+1.0
DM 21 292.04+50.7 25.8+5.6

t 3.923 8.784

P <0.05 <0.05

TEWT 2 SD R SR8 AR 57 I R P T 2 25 4 19 STZ 119
TR R IR N G2 iRk

WT DM

HRG 70KDa

VEGF 21KDa

o-Tubulin 55KDa

HRG & FIRIE KT

1R 6 5 TF HK DT HRG 5 1 £ ik U A
(K 3C. D), FRATTH R TR G040 W i 2 20 h i) HRG 5
DM+AAV2-sh—-NC # Lt , B AH 5C 00 8 2R UTER HRG J5 %
KRR (B 3E F) , DL ESERHRIRAT R 2 iR AR
KNG FE A VUER HRG, o] ] T IS 225056,

2T K R B UE R A DR TR 2R DIER HRG J& 75 2351
IEH L 2R 254, E K R A R 1 5 AAV2-sh—HRG
#298 , ZE MR VE ST AAV2—-sh—NC 25 8K X IR, 4 wk IS
PRI 4 20 38 3 HE G (0 00 25 00 W I 45 7, WT +
AAV2-sh-NC 45 WT+AAV2-sh—-HRG#298 i 2H 1 K i,
LM 545 2 45 K75 48, GCL INL F1 ONL 41 i HE5) A4 )7,
ZH A4 R AR TE R (B 22 5% (1K1 3G-1) . 45 SRR E KRR PE
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