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Abstract

Diabetic nephropathy (DN), as one of the primary causes of end-stage renal disease, lacks effective
early diagnostic methods. This study obtained expression profile data and genes encoding secreted
proteins for diabetic nephropathy (DN) from the GEO database and the Human Protein Atlas (HPA)
database. Through differential expression analysis, 57 differentially expressed secreted protein-
related genes (DE-SPGs) were identified. Functional enrichment analysis revealed that these genes
were significantly enriched in pathways such as humoral immunity and ECM-receptor interactions.
Further analysis via the protein-protein interaction network (PPI) identified four candidate key
genes. Among them, CD44 was consistently overexpressed in both the external tissue validation set
(GSE96084) and the blood validation set (GSE142153), demonstrating good diagnostic performance.
It showed a negative correlation trend with glomerular filtration rate levels and a positive correla-
tion trend with serum creatinine levels in vivo. This study indicates that the CD44 gene has the po-
tential to become a diagnostic biomarker for diabetic nephropathy, providing a new direction for
deepening the understanding of the occurrence and development of renal dysfunction in DN and for
developing clinical intervention strategies.
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B R 95 5 3 (diabetic nephropathy, DN)/Z il bR I 5 ™ B IS PRI B H ACRE 2 —, i 35 5200 £8 3 1 f
FRAIATE B, HORw R O R RS N ERR , BN ZOR T'E 9 (end stage renal disease, ESRD)] 3
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2.1. HEKIR

M GEO 3KHX 5 /™M JR 975 "5 % (diabetic nephropathy, DN)AHCE#E 5. GSE30528 HIE#E K 5 5 /NERA
21, 5 9 5 DN BEFEAR 13 Bl BE#FEA; GSE30529 MI%dik B/ NEHL, w5 10 ) DN B
BEARAN 12 Bfe S FEAS; GSE30122 HI%UE R H 414, 5 19 4 DN B AR 50 filfa BEg AE A
GSE96804 I%#E K I B /NERALZ, 5 41 ) DN BEFEAR 20 Gl B FEA . GSE142153 MI%¥Ek
HARSME ML, E 23 ) DN BHEFEARF 10 FlEREFHFEA. MAFEE R K HE (human protein atlas,
HPA)EE e 3R B G i 43 B A I R R

22. ERTESH

PAllogoFC|> 1 1 P <0.05 Jyiifiike 5544, FIH R BAF(FRAS 4.3.2) limma "3, 53 HT GSE30528 1 GSE30529
th DN 8555 41 5 6F R 2H 1) 22 S5 R TR JE [R (Differentially expressed genes, DEGs), f#F] “ggplot2” 2] K 1l
o M “gvenn” G AT WAL 75 S5 0K 1) 439 B 1 AH 9 €[] (differential expression-secreted protein genes, DE-
SPGs) 1 LK.

2.3. GO THEEM KEGG (S BEES

FIH R # A “clusterProfiler” X} DEGs #T GO Mg B M KEGG ¥k & #9041, Hh, GO I)
BEVEREL T 4 T T BE (molecular function, MF). A=42#1d #2 (biological process, BP)F14H i 2 /3 (cellular com-
ponents, CC)=/NHl . FF B s b HEAHT 10 (5% Bk T v b 2.

2.4. PPI PRI B fxix X E E R ik

FJH STRING(Search Tool For the Retrieval of Interacting Genes/Proteins, https://cn.string-db.org/)$ % &
M E AR - 5 AJFAH HAEH (protein-protein interaction, PPI)M 4% . {# H Cytoscape 3 AF(iAS 3.10.0)F I
CytoHubba #fif, 73 55KH MCC. MNC. Degree 1 EPC 4 FfAS [F] (3R NV 5T 10 ANFERE, BUSS4E
11 7€ 7y DN AH 9% i 126 < B L [
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FIH “limma” XML LUGIELE GSE96084 FIIMEIKIFHE GSE142153 PN K AL 30 1IF S 3 [
KLt .. FEREH “pROC” %528 # T/EHF1E(Receiver Operating Characteristic, ROC)#H £k, 15
i £ F A% (Area Under the Curve, AUC), AUC #R30T 1 R W2 Wi (ke
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Figure 1. Differential expression analysis. (A) Volcano plot of GSE30528; (B) Volcano plot of GSE30529; (C) Volcano plot
of GSE30122; (D) Venn diagram of DE-SPGs; (E) Venn diagram of upregulated DE-SPGs; (F) Venn diagram of downregu-
lated DE-SPGs

1. ZRRIEDH. (A) GSE30528 K LLE; (B) GSE30529 A LLE; (C) GSE30122 X 1L ; (D) DE-SPGs % B[E;
(E) Lif DE-SPGs F2[E; (F) T DE-SPGs FEE

3.2. DE-SPGs ThREE & 4T

% DE-SPGs #H1T GO Ihfig @ 5T, 45 3 IR Lu I R 2 3% & 48 TR VRS IO 4 M 51 B et
PRI S SR (A 2(A)). KEGG {5 58S & £ 45 R 7n: DE-SPGs 7 #MACHIE I 24K
N ECM-3ZA8AH ELAE AT PI3k-Akt 252 265 5 i@ % B2 5 (K 2(B)).
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Figure 2. GO and KEGG pathway enrichment analyses
[ 2. GO Ih&EM KEGG 5 S BEE &

3.3. PPI MERHB R IR X BEENEE

T 57 /> DE-SPGs Pt #4 % ¥ 85 [ 3 -5 i AH ELAE FH (protein-protein interaction, PPI) 2% 3L 417 50
AN R 257 SR EAE (1 3(A)). At — B U N2 T R SR 1Y 5, FIH CytoHubba ffifl, KA &
KH 9 0P (maximal clique centrality, MCC). 4B382H 4+ .00 P4 (maximum neighborhood component, MNC).
111%%153% Y144 (edge percolated component, EPC) ¥ (degree) VU Fh4f FM 2 0 e HE A AT+ RHOFE R, S &
4 MBI, 2 FN1. CD44. CCL5. CD48 (14 3(B))-

Figure 3. Construction of the PPI Network and Identification of Hub Genes. (A) PPI network of DE-SPGs; (B) Venn diagram
of candidate hub genes
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Figure 4. Validation of candidate hub genes expression and evaluation of diagnostic efficacy. Expression levels of candidate
hub genes in the (A) GSE96804 and (B) GSE142153datasets; ROC curves for candidate hub genes in the (C) GSE142153and
(D) GSE96804 datasets

4. R X BEFEFTIAK LIS IE RIS IR RO . 1RIERBEERRIZ(A) GSE96804; (B) GSE142153; f&ik
KEEFEA ROC #Z%(C) GSE142153; (D) GSE96804

3.5. IRFRHEX ST

7E DN #E# 71, CD44 B MFRIE/K 5 GFR 25 AAHK(P < 2.2e-16) (K 5(A)), 5 SCr £ I1EAH
(P = 3.2e-08) (] 5(B))-
3.6. BERTTHYGIE

JEI DGIdb #dis ik AN F 3L 19 ANk 1), Hod, IR IS & A #IHI57)(SC-435).
PF-03475952 1 NI Bk .51 (BIVATUZUMAB) EAE &AM EAERAS 5, ¥ 2.75, Rl Re 2 1E
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Figure 5. Clinical correlation analysis of CD44 expression levels with DN. (A) Correlation between CD44 expression levels
and glomerular filtration rate; (B) Correlation between CD44 expression levels and serum creatinine
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Table 1. Potential small-molecule drugs for the treatment of DN

= 1. BEIRTT DN BN F2549

Drug Regulatory approval Indication Interaction score

ODEVIXIBAT Approved 0.46
ELOBIXIBAT Not approved 1.37
[3H] TAUROCHOLIC ACID Not approved 1.37
DOCETAXEL ANHYDROUS Approved Antineoplastic agent 0.03
BIVATUZUMAB MERTANSINE Not approved 0.17
GAMMA-INTERFERON Not approved 0.61
GP-120 ANTIGEN Not approved 0.42
MARALIXIBAT Not approved 0.92
SC-435 Not approved 2.75
MOMETASONE Approved Glucocorticoicall,g :lellttiinﬂammatory 0.61
RECOMBINANT TUMOR NECROSIS Not approved 037
FACTOR FAMILY PROTEIN

264W94 Not approved 1.37
PF-03475952 Not approved 2.75
HYALURONIC ACID Approved Antileukopenic agent 0.92
ACETAMINOPHEN Approved Analgesic 0.11
MPA Not approved 0.55
BIVATUZUMAB Not approved 2.75
GENTAMICIN Approved 0.24
CISPLATIN Approved 0.02
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4. ¥Wig

DN (EUFEHLHIPE SR B AR BT . JORE RN AR Bl Bh 4 DL S8t A% 5 B 5 22 Foh R R 4
[FIFE FH 25 191 R H T O BB # ] . ACE i 77 B S 55 7k 3 52 AR B A 77 55 F BF B, (2T DN
FHPREARGE B BA —e i, IRRMIZE 2 NP, AR R T AL, JRT AR
ZIR. B, $RTFPTHT DN SIS VA AR VbR S 2 A B IR =

AW FHET 2 MWL EAR AT AEYE B0, DLRGS DN RAE R JEA G BRI . il
B AP BAR R KA B RN, R 57 NS5 ER A SRH DEGs. GO & H0 T ER,
AR G958 s SRR A0 R 15V F & 3 20 DN S DhREBL5 AN ik e (1) £ AW ad 72 . BREAEAR R R, %
Bt o7 R T ARG R S5 4 4> T /E DN R AR R PR EEE s EMRAHMIRIE . JORE 8 BRI
175 2 R TR R TS T R AT AN AR 4EA[10]. KEGG & H 45 KB, DE-SPGs FEZ 5%MA
FUEE I BN . ECM-ZAM BAE ] . PI3K-AKt 15 5B B4 . *MARIEE I RSB E DN A 5 i
i, SRR IR B “AMA RGIRBNENE ARG 7 W SAEE[11]. DN RIEHLEIE 2%, ¥k
SHARAN ST, b g i AR B (ECM) i FE TR FOOGBR R BRAFIE 2 —[12]. ECM MU S HAHLEH
MRS R A, ST EFRAN L S A S5 R T RE TR 22 G L B2 13] . 1) PI3K-Akt {5 518 % Al @ {2 i3k ECM R,
TR R s 53 B R 4 44k f DN [ 14] [15].

I PPI W48 53 T K 4 FhAR NS, TR H 4 MBI GBI, E—20 7 i KB CD44 o182 1E DN
HEUREAIE A JE R A Rk 35 5N SE R IA — 3, JER A RAFIS W ’LRE . /-6 f% 44 & E(Cluster-
of-Differentiation-44, CD44 )& — P B 5 55 21 i Th0 6 H 2 1 S s 20 b o LAE IR B L pRIA
B, ARAES 264 AT TS A /N b R A i R IR 1) E R A B 2 [ 16] . ASHIF TG RAE 6
P RG22 WEr, s CD44 W BETRAM SCr. BUN Z54% 48 Th RE4E R 18 S Il B JI 45 K P 452495 77 T (9 A
JE, BN DN R A2 e . CD44 fEANMLIT RS . S RE(R 2855 2 Fh AL BUR B FE R HEER, AU
Z5AIE . 05 0 @A KR 17], EANEE S MAPK/NF-xB p65 15 54, | Zekifk
VG ORBEN T, RER AT RERERG . IR RS, RAESEDNE L ERETI[18]. &E A
FEER, FAMEN CD44 &K1k 5 DN #ERE VI —J7iH, &1L CD44 il 5 3) T PI3K/Akt 55
GBI RS R IE R R N, R RN T, HorEd e b - M, B
FEORE) ECM i FEUTAR 2 B 44

2% LATR, CD44 2y DN SRS M A A Wb S BA R BUR AR e, HmaRis vl aeid
i i$E PIBK-Akt /5 5IHEK . {2dF ECM U A RAE L, 25 DN R4 KR . AR LR T
b2 S IO .

EHEWmHE

AT 5T B R G OR A A AN ZRat R (T H g5 2 202410601059) H 6 X R 22 A QE ML I 25
THRIE 45 : 202310601 110)FIR KA BEE AL I ZR TR B 4’5 . X202510601260) 3 [F] ¥ B .
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