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Abstract

Background: Diabetic retinopathy (DR) is the leading cause of blindness in patients with diabetes
mellitus. The difficulty in early diagnosis and the lack of effective intervention targets pose a global
health challenge. Precursor mRNA processing factor 4B (PRPF4B) plays a key role in other diabetic
complications, but its role in DR remains unclear. Methods: Two DR Datasets (GSE185011 and
GSE146615) from GEO database were integrated using bioinformatics analysis. The core hub genes
of DR were screened by batch effect correction, differentially expressed genes (DEGs) screening,
weighted gene co-expression network analysis (WGCNA), protein-protein interaction (PPI) net-
work construction and functional enrichment analysis. The CTD database and TargetScan platform
were used to analyze the disease association and upstream regulatory mechanism of core genes.
Results: A total of 1598 DEGs were identified. WGCNA combined with PPI network analysis screened
out 9 core hub genes, among which PRPF4B was significantly highly expressed in DR Tissues. Func-
tional analysis showed that PRPF4B was closely related to inflammatory response, fibrosis and
other core pathological processes of DR. CTD analysis further confirmed its association with com-
plications such as kidney disease and fibrosis. TargetScan predicted that its expression may be reg-
ulated by hsa-miR-139-5p. Conclusions: PRPF4B is a key highly expressed gene in DR, which may
mediate inflammation and fibrosis by regulating the splicing process, thereby promoting the pro-
gression of DR. As a potential biomarker, PRPF4B deserves further investigation for its potential in
the diagnosis, prognosis and treatment of DR.
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1. 518

B PR I7 (DM)FE g —Fh LAIRESE M o U 9 REAE (008 P AR VR R, A A Bk e A 38 TR fe L. o,
2 FUHE R (T2DM)Z (55 s 2000 90% LA -, FAZ O BEALA S K JBE 5 AP B WA [ 1] [2]. 2024
SEATIR SRR R, SRR PR B i CF 5.3 14(530 million), TilihAE 2045 TS 7 12
[3]. ZFEARRE S RAHE, R LRERAER, SHMEIR. W5 AR RE, £ Ok
RANTL 2% 453455 4] [5]

R DR 975 A0 D0 55975 72 (DR) AR Sy e 7™ B (1 Bl I8 R RE 22—, 2 57 AR AT 1 1 30 i [6] . &4
30%~50% 1)K FR i S & FE2 5 10~15 4E N R A4E DR, FAIEERS GE I (NP DR) LARE P4 JE i 11175988 Dy 1 3L A
&y A5 ok E 0 5 ) (PDR) BB PR 1 35 B /K Bl (DME) , U T [R5 B 38 2 1 287 1 B % 1 4 486 7 S SO o)
TR IR 7] 47T DR g B P SR T I X PR He—, AL G0 & T Bl AT A I i PR S A0 Do i
Bili, FEL 40%MFHEFIRIZ8]: H I, E Tl 2K AR bR, I PR T T R 7E B 3 St i
BT, TR RS M [9] -

R PRI TR 1 o 6 A B, UG IR R B H R g 4% 5 B S I R R L RIE 5 5 . T2DM gt f%
JE 15 T0%~80%, A KA 7t CL 4 e M ik 100 AN AL 2 [10], 17 S (i fd 57 S e WL AL A 1 25 TR 3%
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IR R 3G IN I AORE K AE B [11] o IRNSFEHT DR 43 FHLHI IR S R4 I IR, X HE ST R R s i B
“CHeBhMmpERER] 7 A ¢ AR R R B e .

VMG BB N R B TR AL T R TR, ]84 B PR 3R 4% (GEO) &6 4~ FL i FE (1K
TR A 22505, BN IE « IR R L0828 43 W (WGCNA) 28 (5 ELAE(PPI) I 28 4 i SRR
A% O F12]. R CHFMIEH DR 25 RIAHEE N, @R i TR WA R,

A& mRNA N T[HF 4B (PRPFAB)Jmit B Bk % 02l 5y, 25184 pre-mRNA By f2. H bk
W ZRBRAES, PR RINZIER @ RIE SR QIR BRI B9 0 JORE S A A R
DIFHR[13] [14]. 4R1fi, PRPF4B 7E DR A {11 1 FH A LA B o5 BRANE 1o oK WA

AT TR FH AR W45 B2 W R SRS, 22481 B PRPFAB 7E DR &R AL A 948 - 34 GSE185011
Y5 GSE146615 LIk A% O R s I B R A AR (GO) S i # 3 A 5 25 IR 4H 1 B4 15 (KEGG) il i = 48
SINTRENT I AE Y TR s B0UF PRPFAB 7E DR A1) 22 F 3R IAR S R A 4 A AL E0F HX DR Sy 2
R PR R o

2. EWHMBERZE
2.1. PERRARVULMERARE RIS

A 78 M FE K] 22 75 45 & B P2 (Gene Expression Omnibus, GEO; http://www.ncbi.nlm.nih.gov/geo/) F#%
T 3T GPL24676 F1 GPL10558 ~F- 5 A= ji (b < o A0 o0 i A2 AH G #4548 GSE 185011 #11 GSE146615.
GSE185011 H#a L5 5 4 bR WL I B A A 4% B 5 91l IEHE X HEAE A4S, GSE146615 K4 4L 055 44 1
R PR A IR B AR A K 20 451 TE 5 0 HEAE AR o 3 6 K04t B2 FH TR 0 i B s 40 I IS 73 A G 1Y) 222 S AR T
[%|(Differentially Expressed Genes, DEGS).

2.2, RMRRIE

s GSE185011 5 GSE146615 ##i 4 I EAT L R SIAL IE, 46 M A R 18 & PR8I inSilicoMerging
B4, (https://doi.org/10.1186/1471-2105-13-335) W H i AT & 9, ARG HREHFE. B, RA limma
B (WA 3.42.2) %11 “removeBatchEffect” bR &N & HHE MEATHEROSRIAR IE, &SRR IE G 3R
R, FR I TR g

23. ERFTIEERAE

KH R AB“limma” %} & I8 1 J5 R B H BRI T IR E R BB A & 75 522 1E . {8 F Benjamini-Hochberg
JTERAIEJRYE p {H. 2 F 5% (Fold Change, FC) #1154 3& T4 1% /& I % (False Discovery Rate, FDR). # &
DEGs [1fiii%k B8 WAL 1E J5 p 18 (ad]. p value)< 0.05 H.|log2FC| > log2 (1.5). fiik4h St kil k47 n] 41
IR .

2.4, TNIEFEELRIERLE 3 Hr(WGCNA)

T, T HE R Rk 1 5% IR A R 67 446 5 4 2 (Mediian Absolute Deviation, MAD), F-51 &k MAD
HFAEHI 50%FEH . )5, FIFH WGCNA R 9 1) “goodSamplesGenes” BA%URS b B BERE R R pfAS, i
MM, FIEETChREE H 3814 X 4% (scale-free co-expression network) . ELARAR AT - 15 35 [R5 ) Bz 2K 33b A
KEABIERE, FFRAFBESEHEATZ RIS . R R BOE WA IR R : - A<sub>mn</sub> =
|C<sub>mn</sub>|<sup>p</sup>, FHH C<sub>mn</sub>fRFREEH m SHEERE n 2 (A R /RS A R EL,
A<sub>mn</sub>fEEEK m HEER n 2 [AIFATEEREE . BRESEL p T 3458 AH OG0 R I 5510 55 40
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KRR WEw AN 12 Ja, A HE PR 41 55 B % (Topological Overlap Matrix, TOM), A&
2 5 R 11 P 4 T2 T P (G SO 35 DR 55 ) % o i A LA 3 R A0 2 5 T A ) o kT UE S PR b B A R
(1-TOM). Jyg LA AL B R IR & [F]— ik, B2 TOM AH 3 L EAT P B B IO ., BoE
DR BREPR P P i /NS ER R /N (i R B i) 9 30 0B & T BURE 2 8l (deepSplit) y 3. AfAGEE KISy, THE
BEHCRFIE S K (Module Eigengene, ME)FIFH 55, 418 Mff s BEERBDIR BRI D8 = 2, & 90 o i, kst
WA /N T 0.25 MR HHT & 3F . kR,  “grey” HEHRALE R RS VA2 B AT (T4 B A i LR

25. THEEEE D

K HE R A4 1 (Gene Ontology, GO) A it #f5J [K 5 3 K] 2H 1 £ 4> 15 (Kyoto Encyclopedia of Genes and
Genomes, KEGG)id i 73 BT VAl B 5 T B J AE W il % . AW 9% 8 il it KEGG REST API
(https:/www.kegg.jp/kega/rest/keggapi.html) 3k BUR H7 i) KEGG 38 i 5k R B A5 B E AT e o e 159 21
()25 S 3L D B R WLl %1 42 )5, FIA clusterProfiler R G (A 3.14.3)#E 4T & 0T, LISKIGHRNEE
SR RS, A org.Hs.eg.db R (M4 3.1.0)F2 (I3[R GO VERAE AT ARHEAT GO E M. &
SERC/NEREE RN N5, FRFEEFE AR/ RN 5000, &4 5 ZE A ERdE N p  <0.05 H FDR <0.25,

AN, FIH Metascape £#iE 2 (http://metascape.org/gp/index.html) xJ_FiA 72 5 5 K 51| R 14T Th e & 4E 47
Br, R AR A T A BRI RS . e M R AT AL D RE, SRV S .

2.6. BEKELRTH(GSEA)

AT IR 5 E 443 HT (Gene Set Enrichment Analysis, GSEA)R}, M GSEA E M
(https://doi.org/10.1073/pnas.0506580102, http://software.broadinstitute.org/gsea/index.jsp) 3R H GSEA #A4-(hik
A 3.0)0 MKIEFEAFT AL CHE RIS vs. IE 5 5 BN AE AR AP AL . o FHREEEE 22 (Molecular
Signatures Database (MSigDB; https://doi.org/10.1093/bioinformatics/btr260,
http://www.gsea-msigdb.org/gsea/downloads.jsp) T #k & KI4E 314 c2.cp.kegg.v7.4.symbols.gmt. T3 K %
Lk KRR, R GSEA BAFVEALAHSGHE RS K THLE . i SHs e i s EFEE RN
5, g KR4 KN 5000, B #H7k(permutation)y 1000 K. SEMEFIEARMERN p 1 < 0.05 H FDR <
0.25. [FR, @i GSEA X4 #LHIH 1T T GO 5 KEGG & &7 # -

27. EBER - EERBEERA(PPMEHIMWES 54

STRING %4 % (http://string-db.org/) B fEWEE  VPAL HHEA FTH A FF 0] F IR E R - 85 A AH BAE H
BR, @S THE I AT A 78 . AN FOR 22 S B R A1) R N STRING i g, e B RME > 0.4 1)
T PP &S, T A% 0 JE A

Cytoscape A AN 25 53 Bt Je — 4E(2D) r #RAL R AL T 5 K T B AH R H Cytoscape X STRING
A2 R PPI 28 JEAT AT ARG A% O BE R T . BRSSP IR EFE: 4% PPI 455\ Cytoscape; fiif] MCODE
AR AR 3] X 5% P X R AR s 43931l B AT MCC (Maximal Clique Centrality) A1 MNC (Maximum Neigh-
borhood Component) % F B3 5 ) 28 Hh e d e e vy () R PR, FFEECH IR ERAE AR O B R i 2 B mT Al
I T HAZ OISR

2.8. EERIEHKRE

FIF R A “heatmap” , Xl bR g Fh L (MCC, MNC)ffiik th (8 0 #E K, 7 GSE185011 5
GSE146615 & FFIF RN IE i HIFR IR B R IA A 34T T 44k, A, BB RIZ O 3R
TERE PR I55 I BB A8 40 5 1F 5 5o IR 2H A () R A 25 57 o
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2.9. CTD BIBEEN#T

Fb i B BE DR 2 2 300 FPE (Comparative Toxicogenomics Database, CTD)¥ & T K EAL W . FEH .
) ReF A S 50 1] B AH ELAE FHARCH , Dt 9 58 Jod A DG PR 15 3 8 TR 25 S W AE 200 /R DL 4 it 1 B B2 2R U5
AT AZ O HE R B 5\ CTD %042 % (http://ctdbase.orgl), 125 &A% 00 JE D8 5% S 35 A0 S IEi,  F1F)
FH Excel #4221 4% 0o 3L R 3Rk 2 R I
2.10. miRNA $EEC B 70

TargetScan (www.targetscan.org) & —/MEZEHE ZE, H T miRNA 5EEER R R . AHEF
FIH TargetScan §7iiZk v] G 45 1% 00 22 S RIS B K (HHX DEGS) ) miRNA.
3. R
3.1. DEGs Hyf%ik

TEARREFEH, R4 GSE185011 Ml GSE146615 M Lftik L& HHAEFEH % DEG, JL%EH 1598 4~
DEGs (4] 1).

12 Regulated
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A Up-regulated
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Figure 1. Screening of DEGs. A total of 1598 DEGs were identified
[ 1. DEGs B9, FHUEFEH 1598 4~ DEGs

3.2. THEEESR AR

3.2.1. DEGs IRt EE 4R

AT IX e 2 S RIKFE N HEAT GO A KEGG 43 #T, A4 GObp 4747, ‘A1 36 B & A1 /iR Qi i 2
MR RE . T GRS AL BTN RR 0 AR B e (A 2(A)). MRHE GOce 4 i, e E 4
TEHRIR Ay« AUMARRE « TS S i AN Bt A RE(1&] 2(C)) ARE GOmf 44T, ‘BiAl ] E B & SRR AL TS
", HETEE. &RETEE. AEEREEEE 2(E). KEGG 7 iras B iEor, #IERFEEFEETRH
RUBPERTT R RAEVER . | BUREIR . [RIRh SRR A HE R (] 2(G)).
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Figure 2. Functional enrichment analysis. (A) GObp analysis. (C) GOcc analysis. (E) GOmf analysis. (G) KEGG analysis.
(B), (D), (F), (H) GSEA analysis
2. IBEEESH. (A)GObp ##f. (C)GOce #4. (E)GOmf $34F. (G)KEGG £4F. (B). (D). (F). (H) GSEA 4347
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3.2.2. GSEA 47#r

FAh, BAG AR FNAHAT GSEA BT, BIEFRIEERREEFN P RAENEELEDH, I
WA 2 R RIAFE MG R . BHEIS % R RIBIERNI GO KEGG & HETHIZEME iR, FEEELAR
PR R RO | BORE IR . SRR AR (] 2(B). 1 2(D) K 2(F). Kl 2(H)).

3.2.3. Metascape EE ST

7t Metascape [ &0 H o, GO H4HMUAS AT . TR RAESAE . BRI T 44 510 %%
HHLBEH SRR 3(A)), FIRBATER Y T U S EHE OGN p EEOKEENEE 3(8). &
3(C)), MR IR % E EIH KRR B AE .

3.3. WGCNA 43tk

HORME IR R F L WGCNA T EE 25 #4730 M0 b DL 2 SORMEL TR . WGCNA
SIHTH R BE Th R B 12 (] 4(A), B 4(B)). M8 T AT 2RI E RN, JRAE R T SR (1A
4(D))o RIGHHTIXEEBIEL Y [ AZ H (1 4(C)), FFARR T HEH 5 R S (K] 5(A))FIFE A% 05
KIH) GS 5 MM AH GBI EI(E] 5(B)~(E). [l 6(A)~(D))-

BAVEFH THEE/NT 0.25 HUREH, HA&RE T 20 MIEFRABER, 5 7 BHURE B 5 RN %
AL LLIRTE MM, R T ALEFRUE(MM| > 0.8), 754 ANFE I PR S5 35 45 e v LA v 2000 1 ) 5 R e 6 58
NHRAFER . i WGCNA 5 DEGs fifiif Hi (1 2 5 B R 2 ) 7 F R B Be 48, T8 E A LA FH Y
Z& I BRI 2 b (] 6(E))-

34. EBER - EERMBEEER(PPIMEHIES 51

DEGs K] PPI M2% /& 1 STRING 7E£& H4f 72 ¥4 2 3 B Cytoscape #4423 BT (141 7(A)) K FH HI A AS [R5
ERBFAXEEE (FE 7(B) ] 7(C)), £t 1 B E IS (E 7(D)), 3713 7 9 MO A K (RPL36A, SF3AL,
EIF5B, TMEM147, PHF5A, MFAP1, RPL22, PRPF4B).

35, BEERIEEHE

FRATTAF 3 7 %o JHE DR AE W PR3 R0 DX RS0 A8 1 I 5 R A [R] Ry T A RS 22 S AL, AT 4 Mol
SLK(RPL36A, SF3AL, EIFSB, TMEMLA7)YENE R 73 ML W4 597 X FEAR LR IE, 7EIEE AP R IA;
PRPFAB J R 7 15 R i H1L I 5003 A8 K AR Hh vy 3208, 78 IE A A KR4 ; RPL7A. RPL22., PHF5A. MFAP1
BEDRITERE R 93 A0 D JIEE075 AR R A vy s, R0 L T BT T PR3 W0 Do 5 A8 LA T 2 A i (1) 8) e

3.6. CTD 434

EIXTAR FE, AT O FE R 5 R o N2 CTD Wl ip 338 5 1% ORI A S Bom, 18 17 xR
SRR BB . R IL 9 NI (RPL36GA, SF3AL, EIF5B, TMEM147, PHF5A, MFAP1, RPL22, PRPF4B)
FZAE A0 HER. AF4ith. BB A 2L(E 9).

3.7. S¥%0EEBEXE miRNA Ul S ThEEER

FEIX T T rh, FAT PEAZ L R 51 e N 21 targetsacan 7RSS A mIRNA, $7 x5 PR ik I 1
FRAA(FE 1) FRATAI RPL36A A [4H % mirna +& hsa-miR-325-3p; SF3A1 A [I4H2% mirna J& hsa-miR-
3139. hsa-miR-28-5p. hsa-miR-708-5p; EIF5B J:[A[J4H5C mirna 72 hsa-miR-199b-5p. hsa-miR-199a-5p;
TMEM147 Z K fJ#H< mirna & hsa-miR-452-5p. hsa-miR-4676-3p. hsa-miR-892c-3p; PHF5A i A {4 5%
mirna »& hsa-miR-107. hsa-miR-103a-3p; MFAP1 ZE K [¥]#H 5% mirna /& hsa-miR-302c-3p.2. hsa-miR-520f-3p;
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RPL22 J A ff1#H < mirna /& hsa-miR-153-3p; PRPF4B % [X {41 2% mirna J& hsa-miR-139-5p.

A

(G0:0022407: regulation of cell-cell adhesion
hsa05168: Herpes simplex virus 1 infection
(G0:0003013: circulatory system process
R-HSA-6783783: Interleukin-10 signaling
(G0:0016054: organic acid catabolic process
hsa05321: Inflammatory bowel disease
G0:0002711: positive regulation of T cell mediated immunity
(0:0002381: immunoglobulin production involved in immunoglobulin-mediated immune response
(G0:0010638: positive regulation of organelle organization
G0:0042330: taxis
| hsa05146: Amoebiasis
| G0:0046434: organophosphate catabolic process
G0:0046649: lymphocyte activation
G0:0001819: positive regulation of cytokine production
(G0:0051052: regulation of DNA metabolic process
] G0:0006259: DNA metabolic process
| G0:0050868: negative regulation of T cell activation
| R-HSA-71291: Metabolism of amino acids and derivatives
| G0:0009410: response to xenobiotic stimulus
] G0:0009725: response to hormone
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Figure 3. Enrichment analysis by Metascape. (A) In the enrichment project of metascape, GO had the regulation of cell adhe-
sion, circulatory system process, positive regulation of T cell-mediated immunity, and the catabolic process of organophos-
phorus. (B) Enrichment networks colored by enrichment terms. (C) Enrichment network colored by p-value
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genes (RPL36A, SF3AL, EIF5B, TMEM147, PHF5A, MFAPL, RPL22, PRPF4B) were obtained
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Figure 8. Heat map of gene expression. Four core genes (RPL36A, SF3AL, EIF5B and TMEM147) were lowly expressed in
diabetic retinopathy samples but highly expressed in normal samples. PRPF4B was highly expressed in diabetic retinopathy
samples and low expressed in normal samples. RPL7A, RPL22, PHF5A and MFAP1 genes were highly expressed in diabetic
retinopathy samples
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Figure 9. CTD analysis. Nine genes (RPL36A, SF3AL, EIF5B, TMEM147, PHF5A, MFAPL, RPL22, PRPF4B) were associ-
ated with inflammation, necrosis, hepatomegaly, fibrosis, and kidney disease
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Table 1. A summary of miRNAs that regulate hub genes
= 1 X EER miRNAs Bk

Gene MIRNA

1 RPL36A hsa-miR-325-3p

2 SF3Al hsa-miR-3139 hsa-miR-28-5p hsa-miR-708-5p
3 EIF5B hsa-miR-199b-5p hsa-miR-199a-5p

4 TMEM147 hsa-miR-452-5p hsa-miR-4676-3p hsa-miR-892c-3p
5 PHF5A hsa-miR-107 hsa-miR-103a-3p

6 MFAP1 hsa-miR-302c-3p.2 hsa-miR-520f-3p

7 RPL22 hsa-miR-153-3p

8 PRPF4B hsa-miR-139-5p

4. Vig

B PRI A2 A 3R AR, 2024 R IREUERFE 5.3 14, 30%~50% 7 K& B R 5 #4574 32 (DR)
[15]. DR ;& FEESUE IR, WIEREE . B TR, 2 e 28 30 5 0 B0 B 7K i s 400 D 43 43 22 A mf
W, R AR A R T N E T 61 4H[16]. 24AT DR S EmE G Pk B G BUSbr Y, AR
i1z VAR AR AR, HMELAMAA 73 )= W0 T B0 e R4 9 [17] [18] - #4872 DR 43 F-HLil |
i 125 A FL LA TR AN T 1008 10 1, AL A TR A AR R A OCE

AW 5T %G GSE185011 5 GSE146615 i/~ DR K GEO ##i 5, AfIRBRIE. % 3 RIE I
(DEGS)fifiift « HIAL I R 3 Rk X 25 43 BT (WG CNA) K 8 1 - B A AH FLAE FH (PP M 25 R 3, %55t 9 A
DR O MK AR, H A Fifk mRNA i T 4B (PRPFAB) A AE I N5 . 45 R 275, PRPF4B 7£ DR
BE AL B REA op B 2 Rk, IEE IR R iA ; WGCNA ESZH A DR 73 F M k% Ok 413 K, CTD
el PE T Bon 5 DR BB B (AR . IRAE. T 4Efb)RfE AR, TargetScan Tl H A 4% hsa-miR-139-
5p 45, 2% PRPFAB fEFEAEH “ R IA RA R TS ” HIRHIE, HENIHAE DR A B IS Foll 0.,
FIEAT R, PR SORERRTEBR . MU B, SRR R AR BB AR L 2 P 00 I 5 it 2 ) XU
W, AHEECON DR EFREEET “HUE 02" R

PRPF4B /& U4/U6.U5 —/NMZIZMiZ & [ (tri-snRNP) & &R 1A% 0 2455, #%.0 DR N ETE pre-mRNA
B4, X — SR PRI AR B YL B R PR 2 AR S T Be I, N 4 RE 4 I AR B Th Ak %2 00 B [19] [20]
CUEBFFCIESL, PRPFAB 5 B BARZH o) P [R] A # SR L [N B 482, H R w KA & S ECKE IR R 8T8 0H,
B E[21] [22]. EER, EAMFFCK PRPFAB SRS I AORESREE: 7EHE RS AR DCM)H,
Zhang Z5[23]i@5Z db/db /N ERELEL K H, O LZHZR PRPFAB /i 5 O WIAN MR T- 36 . [6) SR 41 4E AL R 1E
A, HIE 0w BT ERK @M A (A1 MAP2KL)#E MAPK/ERK JE s, it O, ik PRPF4B
Al 2% DCM /N R THAE ; 72K FRI% 1597 (DN) H, Kishore £5[13] [24] & B DN H5 5 /NER 2 I 41 ffL PRPF4B
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JB SR AL K] COLAAL B H{E 4l /b FE BT (ECM)FRER, X 5 A i PRPFAB 7E DR H 41 44 R ERRFAIE
g

IE4h, PRPFAB 5 %0 S B (1 142 SCIE CURE RS, 1 48 PEAER FE 8 RE AU h A2 W JR 0 4L 9 Ji5595 2% (DIR)
RARHIZ IR B K 3 2 —[25] 0 AERE SR AL IR ISR AZ A, 5 AL A IS MUller 238 i AN /N 52 J5 4 8 50K
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