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Hi: #Rit4EA R C il i Kt IR RNA (long non-coding RNA , IncRNA) #4056
Ji i 5 A 1 (metastasis associated lung adenocarcinoma transcript 1, MALATL) 5 & &AEAK
A 2 mRNA 454 A 3 Cinsulin-like growth factor 2 mMRNA-Binding Protein 3, IGF2BP3) HIAHH.
YERT, #M#1#% 1 «B (nuclear factor-kappa B, NF-kB) {55 i8i&, MMMt IRix i %=

(streptozotocin, STZ) 5T HIFE RGBT AE (diabetic retinopathy, DR) 175 HLiil.

T 36 HMEME C57BL/6 NRBENLY =4 THELL. KERSE (diabetes mellitus, DM)
HF DM+4EAE R C 4. DM 45 DM+4E2E &R C Hidnt B4t STZ (60 mg/kgld, ES:5 K)
FRERORRETY, R 12 JJE, DM+4EAE R C AR #h 7S 1.5 o/l 4E4 3 C IFHrLk 4 . J@id
HE Bt US40 I B ZH 25 3 8 TUNEL Y20 0008 19 PS4 B 9 15 s IR e 2 WO PR 6

(enzyme-linked immunosorbnent assay, ELISA) 52 IfiLiF th 48 5 K 7635 /- F&-1B Cinterleukin
1B, IL-1B) « F4#-6 (interleukin 6, 1L-6) . B IASERHF-o (tumor necrosis factor-a, TNF-
o) « HRZAMELEE E 1 (monocyte chemoattractant protein-1, MCP-1) ff#i&/KF; Western blot
R RE LA HT AL AR NF-1cB B 6 8 LA HE NF-«B, IR 1A% 54 35 KT xB(phosphorylated
nuclear factor-kappa B, p-NF-«xB), %X+ «B #Iill [ ¥ o Cinhibitor of nuclear factor kappa B o,
IkBo) , ERIAZIA T «B #ll#][AF a (phosphorylated inhibitor of nuclear factor kappa B o, p-
IkBa) K IGF2BP3 £ 3R /K T, &= Sh KA /B (quantitative real-time polymerase chain
reaction, gRT-PCR) #ll MALAT1 . IGF2BP3 } NF-«B [f] mRNA ik /K.

ER. XHRAIAHLL, DM UM% )2 Cinner nuclear layer, INL) JERE/b 25.1%
(34.78+1.66 pum vs. 26.09+1.33 um, P <0.01) , JHT-4HHELLBIF+R (5.2540.83% vs. 0.3340.12%,
P<0.01) , i TNF-o. IL-1B. IL-6 Al MCP-1 /K74 531 10.6%. 46.1%. 41.4%#1 13.6% (1)
P<0.05) , [AHFFLMIEAH MALATL. IGF2BP3 fil NF- k B ff] mRNA Fik/K 2% i (5
P<0.05) , #LMIIEEH S p-NF-kB/NF-kB #1 p-IkBa/IxBa E AR M IGF2BP3 A KA THE, IFEAS%
TR () P<0.05) . DM+4EA2 % C 20 INL JE R E % 28.19+1.62 um (¢ DM 24340 8.1%,
P<0.05) , JET-4NftLBIfFZ 1.204£0.56% (4% DM 41 FF% 77.1%, P <0.01) , IfiE 4 5EH 1
TNF-o 7KF# DM 2H #1544 10.6% (P<<0.05) , IL-1B P&{K%) 27.2% (P<<0.01) , IL-6 [£{%&)
23.4% (P<<0.01) , MCP-1 B#{%%) 8.9% (P<<0.05) . MALAT1. IGF2BP3 Al NF- x B '/ mRNA
KIEKTE DM AR, HEAFSR IR (3 P<0.05) . p-NF-kB/NF-xB Al p-IxBo/IkBa HAE
S IGF2BP3 HE HR AV DM AR, FFRASHE L (3 P<0.05) .
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Abstract

Objective: Investigate the molecular mechanism by which vitamin C alleviates streptozotocin (STZ)-
induced diabetic retinopathy (DR) through modulating the interaction between long non-coding RNA
(IncRNA) metastasis-associated lung adenocarcinoma transcript 1 (MALATZ1) and insulin-like growth
factor 2 mRNA-binding protein 3 (IGF2BP3), thereby inhibiting the nuclear factor-kappa B (NF-«xB)

signaling pathway.

Methods: Thirty-six male C57BL/6 mice were randomly divided into three groups: control, diabetes
mellitus (DM), and DM + vitamin C. Diabetes was induced in the DM and DM + vitamin C groups by
intraperitoneal injection of STZ (60 mg/kg/day for 5 consecutive days). Twelve weeks after model
establishment, the DM + vitamin C group received vitamin C supplementation (1.5 g/L) in their drinking
water for 4 weeks. Retinal histopathological changes were evaluated by hematoxylin and eosin (HE)
staining, and retinal cell apoptosis was assessed using the TUNEL assay. The serum levels of inflammatory
cytokines—including interleukin-1p (IL-1p), interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), and
monocyte chemoattractant protein-1 (MCP-1)—were measured by enzyme-linked immunosorbent assay
(ELISA). The expression of NF-kB pathway proteins in the retina (including NF-kB, phosphorylated NF-
kB [p-NF-«B], inhibitor of nuclear factor kappa B o [IkBa], phosphorylated IkBa [p-IkBa], and IGF2BP3)
was analyzed by Western blot and immunohistochemistry, while the mRNA expression levels of
MALATL, IGF2BP3, and NF-xB were determined by quantitative real-time polymerase chain reaction

(GRT-PCR).

Results: Compared with the control group, the DM group exhibited a 25.1% reduction in inner nuclear
layer (INL) thickness (34.78 £+ 1.66 um vs. 26.09 + 1.33 um, P < 0.01), an elevated apoptotic cell ratio
(5.25 +0.83% vs. 0.33 +0.12%, P < 0.01), and increased serum levels of TNF-a (10.6%), IL-1p (46.1%),
IL-6 (41.4%), and MCP-1 (13.6%) (all P < 0.05). Concurrently, mRNA expression levels of MALAT1,
IGF2BP3, and NF-xB in retinal tissues were significantly upregulated (all P < 0.05), with elevated protein
ratios of p-NF-xB/NF-«kB, p-IxkBa/IxBa, and IGF2BP3 expression (all P < 0.05). In the DM + vitamin C
group, INL thickness recovered to 28.19 + 1.62 um (8.1% increase vs. DM group, P < 0.05), the apoptotic
cell ratio decreased to 1.20 0.56% (77.1% reduction vs. DM group, P < 0.01), and serum inflammatory

factors showed reductions of 10.6% for TNF-a (P < 0.05), 27.2% for IL-1p (P < 0.01), 23.4% for IL-6 (P <



0.01), and 8.9% for MCP-1 (P < 0.05) compared to the DM group. mRNA expression levels of MALAT1,
IGF2BP3, and NF-kB were downregulated (all P < 0.05), accompanied by statistically significant decreases

in p-NF-xB/NF-kB and p-IxkBo/IkBa ratios and IGF2BP3 protein expression (all P < 0.05).

Conclusion: This study demonstrates that vitamin C intervention significantly ameliorates retinal
structural damage, reduces retinal cell apoptosis, and alleviates inflammation in STZ-induced diabetic
mouse models. The underlying mechanism may be associated with the inhibition of MALATL1 expression
by vitamin C, which subsequently downregulates IGF2BP3 expression and suppresses the activation of the

NF-«B signaling pathway.

Key words: Vitamin C; Diabetic retinopathy; NF-xB; IGF2BP3; MALAT1
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FBG fasting blood glucose 27 I b
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B1E &L

W J 975 A8 19 75 42 (dliabetic retinopathy, DR)/Z#E /K% (diabetes mellitus, DM) [
e E UL AR, TilvhZ 2050 4F, DM EFERGEE 13.1 14, KL =42 — DM
BTG DR B, KA NS g M E o sk EoR fnltal, i 2 DM B8 &2 1)
E%x, Z5MHRIEEENNS 2B, KIS DR RFHLEIFIRNIR T, T AR
PG 51697 kg, HA EERFME.

PE F 5 K AL LR DR 3 9 aEHE A= MERE PRI AL M IS AE - (non-proliferative
diabetic retinopathy ,NPDR) F134 4= {4 R Jps #L i 42 Cproliferative diabetic
retinopathy PDR) . NPDR LA M JBEGAIE A B N RFAE, RIS KR 5k 5 R A
SORE AR A B A L S R 4 2 O A TC AR B R A LA T o I A AU DX B SR L )
DR, B R, PR S| R B RS AR i MY R 5 . X — B BeFR N PDR, &
SEI AR FE B R 22—, BT JO5E 2 T2 DR B % O IRBh R &K,
Z M RIEM O 77 DR BE RN R, B A %-1p Cinterleukin-1B, IL-
1B) « HIr%-6 (interleukin 6, IL-6) YIRS F-a (tumor necrosis factor-a,
TNF-o) . HZgifiatb A 1 (monocyte chemoattractant protein-1, MCP-1) %5, &
S0 4T R LA PN R AR T, BN - AR BT R, 3k RS A0 I A 28 A 4 59,
[R] L 00 1) 8L R 48 5 & DR FBH AR T 1 Bk

%7 kB (nuclear factor-kappa B, NF-kB) & —REENZERHNT, 5%
B RIERM . AN BT, NF-«B 7E DR 53000 BRI s, b
™, ZMPECAR S RS AL ZOR ) 3248 (receptor for advanced glycation end
products, RAGE) #5&iE NF-«xB JEH, NF-«xB #E /G LS HMEEE kB f#
B, REaRXEEHEARZSETIES, NF-xB 5% DNA 463725
DRI ELFE(E R AR 7 KE BN 2> T AR 7~ BB 5 3RIA R HEA D JIE 28 i s A 284
R, 5 AL E AR T, nfEl DR [ ik el

PR R, K849 RNA (long non-coding RNA, IncRNA) HJilid %
WUBAE S SEFPENIETE RNA MZSENLHI 25 DR pydk bl Jodr, A i
JE iR 1 (metastasis associated lung adenocarcinoma transcript 1, MALAT1) {E A
FELRSFI INCRNA,  CHEI AL R 3. RNA BT U)R1ZH i S8 s v 2 A BB T R
01, ®FFEREH, Mt MALATL Fl@EE#0%] NF-«B {5588, W0 =EiE SN g
YT i 78 i AU o0,
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JiE 5 HAEAE KR T 2 mRNA 4548 A 3 Cinsulin-like growth factor 2 mRNA-binding
protein 3, IGF2BP3) & —# RNA £5i& 8 H (RNA-binding protein, RBP) , 5 mRNA
Az sE tE AR R B VUM G . A NS 5 SO BB FI A T B i AL, &
I IGF2BP3 5 2 1 DM & U B RO, Fy 4b—T006) Bl R 1 35 BER 2 (diabetic
macular edema, DME) K 7T &K I IGF2BP3 3K B 5 il N iz A= K[ 1

(vascular endothelial growth factor, VEGF) ¥ay7#A <M1, Bribz 4k, LI stR M,
IGF2BP3 1] 4 & NF-«xB WV #.47 p65 FFii NF-«B @M1, AR N2, Yang %%
AT FEIGAE T MALATL 7] LA 5 IGF2BP3 45 & Ff s A G iz e P, DRI BR AT 14
M MALAT1 7] Ll IGF2BP3 % NF-«xB {5582 5 DR IR AEKE.

HAT, DR MFEZEIT kSN IEEOEGEE . Bt VEGF 2540 B2 ot 5[ B v
7, (HRXEETTEF AR Il B E B HAAAE—EBIEH . Br T A6 IT o, R
3 IREME SRR ANELE DR TG AG T b R FE E BRSO, 4k & C UK
PUAMER, £ —MRAPUENA], AT HOKRAGS IR, W R] LR R & kb 78 71 il
. BIEHEERPYEA % C @A E MBI PR ER, B3 DR (1 ERR AR,
HUHI AT fE S5 4E4: 2 C 30 IKK 3G 1kBo BEERILFN NF-kB 3L 5223, 2 w4k
AHMTTE R, 4E4E 2 C T LINH] MALATL 5 IGF2BP3 FHEAFH, Sma i 4w sk
FRARL M E (2 R (retinal pigment epithelium, RPE) 4Hfid NF-xB 5515, M
T 1) 98 RE B SRR 20 B ) 71241

SR1M, #4E4EZ C 7E DR {5 MALATL. IGF2BP3 1 NF-«kB 2 [&]AH B FH ) H.
HLHEMARTEE . AW BRI 4E 4 R C X DM /N RALR i F MALAT1. IGF2BP3
FNF-xB A B 5E M, HPPAl /I BRI P9 FEE ) 1215 0 B Ak P R A O 98 0 BT 7 | 3R
1%, KN DR 7 FHLEERAE 0 WA, FEAARKRFI AR C 4T DR IGIT 1R
T
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B2F ¥R

2.1 LG ER

36 HfEM: SPF 2% C57BL/6 /N, 10~12 JE#%, 4KE 20~22g, T HramEefl R #se
ahPydty, SEIGSIYIYERIIE: SCXK (GH) 2023-0001, 17T His % X S EE B sh i
SEIgHty, W (23£3) C, MXHEE (50£10%) , fEHGHE 12h, BRZE, K
BB PR TR SEE0 Y O 3R A3 8 58 27 X 5 B B SE B0 A0 38 o 2 2 1) A AT dE, it
#E5: DWLL2022121201, s IE1ESEI0 P8 FAG BRAEI f2 “3R”  JE U (AR, I3k

NN R

2.2 FESLIHIEE KR

2.2.1 FEFHGH

2 2-1 FESLIGWAE AT K

Table 2-1 Main experimental equipment and manufacturers

EESR B

ERIE

ERITiRZIN

Muitiskan GO 4= KB AR 1X
LGRS, AKX

SR BB

TS-12U £ H BB KA
RM213 B 2R Fr Bl

As /LR AV EY SREIRE LN

e £ AR DAL (3-18KS)
GrHTRF

K E B PCR AL

TR A

HERIROKFE (Forma 900)
TR IR S IR 46

Roche, it

Thermo Fisher Scientific, &
Bio-Rad, HZA

Leica, f&[E

MG,

Leica, &

FROG, PE

Sigma, [

Sartorius, & [

Bayer, (%

Agilent, £

Thermo Fisher Scientific, ¢
Thermo Fisher Scientific, Z&[H
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AR (Mi11i-Q) BT, HE
NanoDrop 1000 7 & #% & & 1% Bio-Rad, H7A
EP & . il Eppendorf, 7 [E

2.2.2 FESLIHIAF

® 2-2 G B R

Table 2-2 Main reagents and manufacturers

F A CIIE

Yz C Aladdin, [

YA 3 C brdEdn (42 =99%) Sigma, H[E

STZ Sigma, [

FHEIR . AR RN Aladdin, 1

BCA H & &M & R REKEREAWAR, SE
FIRk RIPA 44N 4R R EFEEREARAR, HE
B A 57 R REEREARAR, HE
SDS-PAGE # i fill & 71) & R REKEREAWAR, SE
NF-xB Hif4 CST, %[

p-NF-xB $ifhk CST, %[

IkBa Hiifa CST, %[

p-IxBa ik CST, %[

IGF2BP3 $ifA Proteintech, [

Tubulin Frik Proteintech, 1[E

HRP Fric L F£Hife 19G difk Abcam, JE[F

ECL 5 ROGIEY GEED Biosharp,

Protein ladder Thermo Fisher Scientific, 3E[F
EIAE RNA SREUGR A & e eXEEMBEARBNARAR, THE
JE# PCR & H s il A & TaKaRa, HZ

TR QPCR R & TaKaRa, 7

/B TNF-a ELISA 76 LR AEMRA R AE,
/B IL-1B ELISA 5 & LR AEMRA R AE,
/B IL-6 ELISA 7 £ R EMR AR A, FE
/N MCP-1 ELISA {71 £ LR AEMREA R AE],

TUNEL 20 A 8 T2 A IR S (TMR 406858 96) YRR AR AR,
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PMSF R EREREARAA, HHE
4 X loading buffer IERZEEEREHRAR, FE
20X TBST R EEEREARAA, HHE




