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and evaluate their diagnostic value. Gene set enrichment analysis (GSEA) was used to explore potential pathways
underlying candidate genes, and immune infiltration analysis revealed associations between candidate genes and
immune cells. Cellular experiments were conducted to validate the role of fibronectin 1 (FN1) in human retinal mi-
crovascular endothelial cells (HRMECs) under high glucose (HG) conditions. Results A total of 237 differen-
tially expressed genes related to angiogenesis were identified, enriched in pathways such as phosphoinositide 3-ki-
nase/protein kinase B signaling pathway (PI3K-Akt) , tumor suppressor protein 53 (P53), tumor necrosis factor
(TNF) , and Janus kinase (JAK)/signal transducer and activator of transcription signaling pathway (STAT).
Among them, collagen type I alpha 1 chain (COLIAI), COLIA2, FNI, TNF, and tumor protein p53 (TP53)
were key genes with high diagnostic value. GSEA indicated that these genes were involved in multiple signaling
pathways, including P53. CIBERSORTx analysis revealed significant associations with the infiltration of multiple
immune cells. HG treatment led to the upregulation of FN1. In HG-induced HRMECs, compared with the si-NC
control group, si-FN1 significantly reduced cell proliferation, migration, and tube formation, while P53 protein ex-
pression was increased. Conclusion This study reveals the important role of FNI in angiogenesis in DR and sug-
gests that it may be a potential diagnostic and therapeutic target.

Key words diabetic retinopathy; angiogenesis; FNI; P53 signaling pathway; tube formation

Fund program Natural Science Foundation of Anhui Province (No. 2508085QH303)

Corresponding authors Tao Yulin, E-mail: yelinto@163. com; Liu Lun, E-mail: 13956956362@163. com



ZEF K FFIR Acta Universitatis Medicinalis Anhui 2026 May;61(5) - 873 -

JRES - AR B TR ) 2] 32 B BRI B4 52 e A
M7 A A A D) RE A B 477 . OB PP A 9 4 B
THRAR A5 1 -

IR 5% TRl P R P A A5 3 1 0F 58 22 4488
AREIT I, O TE BT 7R 28 100 BRAE 5 2 BB PR Y
TRA RN T B /R 22 1 BRIEAS B sl A M 2T &
RGBT AT T e DR o B0 V1 38
45 7T RE 5 R E M A TR A O . IR &R G
KIS e A A0 R 2R BT 0k, BB PR
TR/ BRAD G B TR 252 U M 22 X 45 T g
PTG B, A PRZE PR BT L5 453 43 ) 1 2 AL ol
B Sl

1 #M#57E

1.1 #M#E5&EE
1.1.1 SE%shm Ao 7K SPF 4 C5TBL/
6J HEPE/INERL 32 HL AR T i 20~25 ¢, 1 37 DL A (O
MO A BARGBR A F o K /N BRUBEHLS3 BE 28 1F 5 %
ML OB O 21, B4 16 Ko rfa /N iR 3R T
12 h/12 h BB 38 85 1 SPF A5 v T 22~25 °C.,
B BE R R 2= 5290 Sh W18 B2 By 254t o
(%5 : LLSC20230419) .
1.1.2 EZXABRME  HENR R (streptozoto-
cin, STZ; 5% 5 S0130, 3 [ Sigma 23 7 ) ; =R 2 B
175 T48402, [ Sigma A 1)) 5 JE R Y Ak (575
CO117, Bifg 58 = RAYEARA FRA ) 5 457585 I8 45
FIR S 3 1T (calcium/calmodulin-dependent protein
kinase I (CaMK Il )#T& (925 ab52476, 9 [E Abcam
Nl s A K ZE (somatostatin, SST) i 44 (57 5
574556, 3 [F Santa Cruz /A F]) o 2 FME R M
4R (T8 [E Roched 22 7] ) ; FV3000 5 £ i ( H
ARBBREIT A A ) 5 4 520 240 M E 7 e B R 48 (B
HiF] Tissue Gnostics 22T ) o 1x32 2 4 %) By B (3£
[E NeuroNexus 23 F] ) 5 4 Bl 40 H A= BRSSOy (5
[E Blackrock microsystems 23y H] ) o
1.2 Fik
1.2.1 1AM ARDRBEAE T FEE16 H 20~
25 g 1Y 7 JE % CSTBL/6) HEYE /N, G 0 MEFE 1R .
WRIHTAS 6 h, M 25 I MM SR it . IR H S &
12 b A PR 2 /N FRA% 40 mg/kg R 448 5 d IE I TE
S 19 STZ WL, 1E 55 % HRAL /)N UM I 3 59 55 £ Ay
AR EN 22 v, 30 min PN 58 BT, 150 2 h SR
WA STZUESAS A1 JJ5 258 6 h MR 4/ Bl

MFR2S G MBE=11. 1 mmol/L AL NS Hi T . &R
o ) W N IR B 4 AT 1 IR R 2 R T 35 (oral
glucose tolerance test, OGTT )i % : 25 6 h 57 H 454
F 20% i % BE W (2 g/kg) , T 0.15.30.60.90,
120 min {0 J22 ok IR

1.2.2 REFEE WSTZi5ES RN 4 /N B
TEH X IE/INERAS S L, BRI VEE i BB o i A 2
4% %2 B W JE [ 72 24 h, 15% . 30% FERE I TR BE i
K, AL BN SR ) R . 38 BUG VY Paxinos and
Franklin's 5 €] Figure 50~51 4 i A & T 235 A,
4% 2R HEHEWEE . R REEEN R, T37C
e, 10 min, 250K 0Pk, LMK, —HIAE]
PER IS F o TG 4> 5 4 S0 5 120 B R e 443k
K% (x10) , 23 B3R 96 dpix96 dpi. M ik (8138 5E f
V1, F Image] BRI T2 FQ Y £ B 40 i 1 B 25 2
FEAE (37 B T DL A A2 0 I, % €0 TR A 1o 8 55
) #EAT N Tt T8 2 SR T e,
WOF- B o #2800 % J8 =0l 28 o0 B80T 80X I
T

1.2.3 fAfkmpgshd A32e %k

1.2.3.1 ZHARSMRAAEIC SR L R 5 Uk P
JRE/INEROE R |, Je bW e, R RS 1% ~1. 5%
S JRURE A AR A AR /N R o/ BROBUR U 3
AR RER T, MURIEEE ROk, 5 L E R
Sk Rz, B ER R . LATT XN T, Sz A 6 AR
P T00, FH /NS Bl 3k 7E V1 X (AP: 3.5 mm, ML: 2. 5
mm ) B FL A B O FH A Sk Bk T, REE IR Z, H
1x32 25 P [ 5] f % 3 1) T 47 A — D0 BRUBR V1 JZ
Ji o /NERUHTRT 30 em Kb BCE — A R B, S BER N
1 920 dpix1 080 dpi, kil #1 %4 144 Hz, 5 R ARG 2
45°JEffy o SIS 3 O B Matlab 34
OB HY R R FF 41, Psychtoolbox-3 (PTB-3) 4 5 1Y
R TR T ok S B IE 5% B Sl et o RO b R
A X LB 95% , T R i 48 T R et T
AL, 5 S IR ) 4 3 15 A 32 4 28 G B 0 s ] A
45T W R 530 R 0. 01.,0. 03.,0. 05.,0. 10,
0.21.0.42.0. 84 c/d {73 [ADFER . 10k AHZRTT
Xof A I K €0 Bt % (25 R 5 B A T O 3
SERE) R VAR R S E Bl o B RO AR R
s, B 10K, HAHIC ARG, 5 s )3
Bl B EE RIS 0. 5 s 4 1k o 0 R AR S 4ad v i g I
(300~5 000 Hz) FNMEE LBR . Mot 55 2
AR AR ORISR i J A T EAL T DL



- 874 - ZEF K FFIR Acta Universitatis Medicinalis Anhui 2026 May;61(5)

SRSB4 T o FH Plexon Offline Sorter 214 % R 4
B A 25 T B AT 40 G PR RRAE (WA | T
A WA LRI 55 45 ) T Bl e AU B
unit, P53 B H SN R TT 93 311, B Matlab B2 7
PEAT T
1.2.3.2 WAL R O ghifEd
PLIE S8 WA L (B A i AL h I 5 A
FR) F P I B LU AED) (AR (AR 0. 5 ms AR B )
) P TE (R RN A R B R 2546 ) . @ AR
R 0 A 1) i Fi Al 2 5 1 R 1A R R, R
NGRS N 79 GRS R ERE E TR P2
WA ITTFHIFE LR @ F AU % (condition
firing) : 7E—XJ W IC AR 22T p 4 Horp— Mk
TE NS HMLTC A, LA SR ALY A %)
SRS 55 A, GEit o — A PR 2R o0 B ZE N E] % 1T
(A THCHR TR, - i 28 0 B R L R B SR LA 11 PN
220 A MR IR B B . @ BA5 B H (mutual infor-
mation) : FF 45 IS Bl 23y — FR 91 1 £ 1 I 1]
BT, IR G R BT N A AT s VR L AL R R
I, DL 3% 2 1 H 3% 3l e Otk R0 B0 9
DRI of= AL EAo-a) 6 3 GIEZYL 108 1 0 T )
1545 F 30 G 0 A UL R o L[] 3 3l i 1565 0 A
WH 5 BRI AN X EE R B T WA
PZETTAS B TR SR E Z R0, I 25 EATTIEA T 3l Y
Wit ELEERE, @ EARERXRME
(Granger casuality) : & Tl 28 JUREARTE WA 0 fe A0 25
(] 30 25 SR 1) 32 200355 3 I [ e 41, iR AT 22708 s b
2ENBER I R AL R A
JCIE 259 BN AR X 55— 2 5T Y | I 2l Y T
INRE Ty , R AE W5 2 B9 J7 1) R
1L.2.4 B FLFEELEE WSTZIHREEH
4 JEI OB PRI 2H /N B T 0 R /N LA 5 HL L JRR
T WU | [ K R YR TTF o JOG B Paxinos
and Franklin's i K13 Figure 49~64 (%Il i . 10% -
13 % i 3 P R R 30 mine CaMK TLHE4A (1:500) Al
SSTHUA(1:50) By — PR T 4 CHEF A 24 h,
PBS JE0E , A — PRS2 s F 2 he 15
IR , DAPLoT VK B 7 50 B v o SRR 2 o
FV3000 H: 2 45 R (x20) 41145 V1 IF1R, Image] 43
B MR, LATS 5 X8 (JE CaMK 1 a4 55 SST R PESS
) B AL 3 A TEAE (100 ~700 15 ) -3 586
AR PR +3 AR b o 22 7 O BHPE AR 5 B, EA T 3L
AL TR K AR R 3T o

1.3 Zit=4bi8 R Graphpad Prism 9. 3 #k{4FiF
T4t 2753 B o 11 i %O Kolmogorov-Smirnov
test PEAN IE M, £F A IE S 0 A0 09T 550E L wes 36
7o K Bartlett's test UESZ4H [R] 7 22551 . £76 1F
oA BT 2857 BT A , P2 ) 22 SR R A ST
FEAR RT3 HT o FFAIER A0 BT 22 R 55101
Bl , W 18] 22 5% ok B Welch's ¢ test 2381 . AT A
1B 250 B T 400 DL A2 (IQR) 2w , I L
R FH Mann-Whitney test, P<0. 05 N 255 H 5011

2 H#R

2.1 MHERFANMNREEESEERANIH—
BB EL B A HLIE B X RA AL B PRI 4 /N FRZE T
SSTZ G B i MR 2R 2/, TR EAETE .
TG STZ VW 1 J8 5, B R 20 16 H/I BRIl A ok
(13.67+2. 25)mmol/L. ¥R/ NRZ 1646 /03,
X A S (s R ) R HER % EAACIR S
BETE R BR/IN B R R, AR TR /N HLIR , B & AL
Tt . OGTT S 7 i b s 28 456 A 1 25 8 s A 48
IEH O B2 P A ER S B S 18 (1=9. 21, P=
0. 000 8;=13.29, P=0. 000 2;=13. 25, P=0. 000 2;
=11.47, P=0. 000 3;¢=21.75, P<0. 000 1;:=17. 00,
P<0.000 1; & 1) . ¥E IR 4 16 H /N B34 3 A5
RIS

50 =@- Control
Diabetes
= EELS
g 40 EEE
g R
£ 30t
§ folotolol sk
2 X
& 20 F
9
o
2
m 10k //.\i\\.
0 1 1 1 1 1 ]
0 15 30 60 90 120
Time (min)

E1 FHENREOGTT & RILE
Fig. 1 Comparison of OGTT results between
control mice and diabetes mice
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Fig. 2 Representative Nissl-stained brain sections from the two groups of mice x10

A, B: Representative Nissl-stained brain sections from control and diabetes mice (scale bar: 500 pm) ; C, D: Example images showing the differ-

ences in V1 thickness between control and diabetes mice; E, F: Example images illustrating the differences in neuronal density in V1 between control

and diabetes mice.

®1 MAVIERESFERER (v2s)

Tab. 1 Comparison of V1 cortical morphology between the two groups ( x+s )

Variable Control (n=5) Diabetes (n=5) t value P value
Thickness (pm) 847.79+37. 51 814. 07+36. 05 2.51 0.02
Neuronal density (cells/mm?) 1477.75+227. 01 1295.40+120. 35 2.75 0.01
Hemispheric slice area (mm?) 23.62+1.31 23.74+1.02 0.29 0.78
LGN area (mm?) 0. 34+0. 07 0. 32+0. 04 0.98 0.34

F2 WHENRVIXK CaMKI5SSTRERNRLEEMEESTER (v+s)
Tab.2 Quantitative analysis of CaMK II and SST immunohistochemistry and their colocalization of V1 between two groups ( s )

Variable

Control (n=5) Diabetes (n=5) t value P value

CaMK I -positive area (pum?)

CaMK Il mean fluorescence intensity
CaMK II integrated optical density
SST-positive area (pm?)

SST mean fluorescence intensity

SST integrated optical density

Colocalization density of SST with CaMK Il + neurons ( counts/mm?)

180 198. 20+86 789. 10 142 601. 48+48 835. 79 1.46  0.16
118.76+38. 91 125. 55+63. 87 0.35 0.73

66 792. 48+41001. 04 49734. 17+30201. 26 1.30  0.21

81629. 77+62727. 35 43222.96+37616. 24 2.03  0.05

57.38+10. 54 85.68+35. 30 2.98 0.01

57 742. 82+48 664. 86 21 671.29+18 540. 35 2.68  0.01

1225.79+836. 74 599.36+385. 53 2.63  0.02
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Fig. 3 Impaired electrical activity and action potential waveforms in V1 neurons
A': Schematic representation of typical action potential waveform and waveform parameter in V1 neurons; B: Comparison of averaged action potential
waveforms from V1 neurons between the two groups; C-F: Quantitative comparisons of action potential waveforms properties and evoked firing rates be-
P<0. 000 1 vs Control group.
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Fig. 5 Immunohistochemistry results of V1 area in control and diabetic mice

A, F: Panoramic views of immunohistochemistry images of V1 in control (A) and diabetic (F) groups %20; B-E: Representative individual channel images

from the partial region of V1 in control mice  x100; G-J: Representative individual channel images from the partial region of V1 in diabetic mice X100.
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Early-stage diabetes induces structural damage and functional deficits

in the mouse primary visual cortex
Chen Hanlu, Tang Haoqiong, Feng Lixia
(Department of Ophthalmology , The First Affiliated Hospital of Anhui Medical University , Hefei 230022)

Abstract Objective To investigate morphological and functional neural network alterations in the primary visual
cortex (V1) during early-stage diabetes. Methods 32 SPF male C57BL/6] mice were randomly divided into con-
trol and diabetic groups(n=16). Type 1 diabetes was induced by intraperitoneal injection of streptozotocin (STZ),
with model validation via oral glucose tolerance test (OGTT) at week 4. Nissl staining was used to assess morpho-
logical changes in brain slices of the two groups. Immunohistochemistry was performed to detect the expression of
calcium/calmodulin-dependent protein kinase Il (CaMK Il ) and somatostatin (SST) in the V1 area. The co-
localization density of SST-positive signals on CaMK II + neurons was then quantified by Image] software. In vivo
electrophysiology was used for studying neuronal firing and functional connectivity. Results Compared with the
control mice, nissl staining showed diabetic mice exhibited significant V1 thinning (P=0.02) , reduced neuronal
density (P=0.01). Immunohistochemistry found decreased SST integral optical density (P=0.02) and elevated
mean fluorescence intensity (P=0.01), and lower SST density on CaMK Il + neurons in the diabetic group than in
the control group. Compared with the control mice, in vivo electrophysiology studies indicated that diabetic mice
showed reduced action potential peak-to-trough ratio and the absolute values of slope (P<0.01), as well as impaired
functional connectivity, including conditional firing, mutual information, and Granger causality (P<0. 000 1). Con-
clusion Early diabetes induces V1 structural atrophy accompanied by SSTergic system disruption and multi-level
functional degradation from single neurons to neural networks.

Key words diabetes; primary visual cortex; atrophy; neuron; immunohistochemistry; electrophysiology
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