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Abstract

Depression is a common mental disorder that affects millions of people worldwide, characterized
by unstable efficacy and a high relapse rate. In recent years, research on expression quantitative
traitloci (eQTL) has provided new insights into the genetic basis of depression. This study obtained
cis-eQTL data from the eQTLGen consortium (ukb-d-F5_DEPRESSIO, ebi-a-GCST003769, and ebi-a-
GCST005902) and combined it with five gene expression datasets from the GEO database (GSE98793,
GSE19738, GSE44593, GSE54568, and GSE54570) to screen for differentially expressed genes asso-
ciated with depression. Appropriate instrumental variables were selected for MR analysis, and var-
ious statistical methods were used to comprehensively assess the causal relationship between eQTL
and depression. Subsequently, receiver operating characteristic (ROC) curve analysis was utilized
to highlight genes with diagnostic potential. Gene Ontology (GO) and KEGG pathway analyses were
conducted to explore biological processes. LASSO regression analysis further filtered core genes. A
transcription factor (TF)-miRNA-hub gene regulatory network was constructed to identify miRNAs
and transcription factors. Finally, the CIBERSORT algorithm was used to analyze the differences in
immune cell infiltration between depression patients and healthy controls, and to explore the cor-
relation between core genes and immune cell infiltration. Results from the LASSO regression anal-
ysis retained four key genes (LTF, OLFM4, AKR1C3, WEE1) and excluded EVI2A due to its AUC value
being below 0.5. We constructed a transcription factor (TF)-miRNA-hub gene regulatory network,
identifying 48 miRNAs and 56 transcription factors. Immune cell infiltration analysis revealed sig-
nificant differences between the depression group and the control group, with altered proportions
of memory CD4+ T cells and macrophages. These findings emphasize the potential of the identified
genes and immune cells as therapeutic targets. Future research should focus on the clinical appli-
cations and mechanistic exploration of these findings to improve early diagnosis and treatment of
depression.
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1. B

PRSIy — Pl 8 DL DA e B, X ey Bl P ) A A A R A A 2 D RESE R T IR IZ AR o SRR
A RRGUEAE L & = 4E R Z N, JCHRAE S S KRR H(SDDM I E Ko L HEATZ A A
BRRE AR TE N (1] RO HIARIE (K A0 SR AE S Le b XA BT N [, (ERRAR OB ZE RS N . X SRR 2
SRS HIARE ORI 7T, DA BT AN T it . R B R O A 2 R06TT Tk, WIEAYNGTT . LENA ST
WELIRTT &, (BT AR LB 8 MBI T RN, RO

FHAE R — P SR B, LA BRI [ 2 R A ) 2 B NI 22 AR W22 3 . IE SR B 5T
W], AWHCAE ] RE S5 AR A TN L SOE B A i TR AR ek 22 T BV AR A AR R IR B DA G
flhn, 5-F2EE(5-HT). % H _EIRFENE) 2 B (DA) S 256 5 R 7K P A AR A A 2 FARIE ) 1 222
FIERR[2]. BEAh, SRR BIAESAIAE A AL th AR OCHEAE T, SORE RGNy SO PR T T DASE
Wi OIS E 6 A 22 S A ARt A WA D REAT R ARG B (3] ISk, B RGEHIRIE, AT
Fefii - 4k - 5 L ARHPA) R 57 6 8, S HIARAE A E T DI G . HPA Sl B2 2 3 285
BEACE TR, TSNS 26 9 15 A RIZh RE[4]. XA PR B 22 SZ AR, S BUMESAE 19 2 B R AN
MAZESE, RIS PR

SR RAEANHIAE bR ST TEH AT T — @2 e, (RO AR ST AF A 2 25 1R R PR A
FAT, V2V bR SV T T R AR SRR A 7 A2 OB AP S5 05 T, (IR SRR B I PR
SIS SR 52 B BRI 4, ESR I BDNF ()i v eh 288 7% K 1) A IL-6 (40 A 3R -6) 5 by B AEFIAIAE
BFEP R E AR, EHA R EUSIEAZ, ML IOL 2 W T A5]. tesh, BARIE
Yobm EAEATTCIE S WRAIAIRE fY 3 SR AN S 2% o SURISRE FO 08 PR R B R A 2 R T 3, B — O ZE b5
M AT VP A 5 1) 7 SRR R BRTIIA T RS R, TR R R 2 EAMbR EWAE, DR AR
E FIZ W AERA I AR T HOR -

TR, BEIE R AP RORI R AR, RILEEERAL 5 (eQTL) BT FT IR ZR AMAIAE 1 18 1% HE At
B THBIALA . eQTL s 45 52 RIE /KT AR SR AL AL AL i, IXSEA7 7] ME N T RAR R, AT fl
IRBEHLALMR) 73T, AT B2 PR 22 0 45 5 2 TR R PR SRR AR [6], BB 5 2N BAFI K eQTL %, it
FON T RENS B 4 T P 5 AR A 5 SAIORE 2 18] BT AE AR R R o Bk, HLAS 5% ST HORAE AR W I 2 AU
T S FH A A SRS RE A b S R R BRI 1 B R U ik o LS 5 ) S RE A Ak P KA 1 5 DR SR TE H
WO S PIRA R IR SE R, JFHSEIS I, R4 ARGy T 1A 2 FH BUAS B5 FR I [ 7]

AT T B AR DA AR MR) e M 5%, 456 GEO Hida e h i) 2 Bk & eQTL #idis
1 TEU Open GWAS ~F- &5 FIIARIEAR R &5 REHR, RAEIRDT eQTL SHMRAEZ M BEIRSC R, JERI NS
S PR BAT 2 W B B AEVDRR S o K e SR TR 1 (TF)-miRNA-AX 4128 [A] 4% R 2%, R3] miRNA
ARG 7o ek, it CIBERSORT 5L 70 HARAE £ 1A S BE A L IRAARFALE R80T S BE 4 £ 1K
RE VR AL o GEI KRR G W, A TSR RENS PR R I RICAE FOTER AR B L], DT AT s i T A
AR T HE s PR A

2. EMEHE
2.1. Mt

AT I G AL A S RBEHL(MR) T 7775, R0 GEO #idi e rh 2 85 Ik & R IA B MR
7 (eQTL)-5 HIE 2 6] (R AL SR 56 & S i T 4E s B T . W7 A eQTL /o8 THAS R, JHif SMR (T
ICE G B EAE R BEHUAL) RS AL R eQTL K, 1Al HoGH FVAIAE T8 £ KR 2N o 0F 7E ¥4l MR
IIMTHIFEATEN, R 2 M GeitT7 00 R R R BT SR A 1A

][l

DOI: 10.12677/hjbm.2025.154076 690 LR 2


https://doi.org/10.12677/hjbm.2025.154076

2E %

2.2. BIERIR

eQTL FEERIE: eQTL HIEKIHT eQTLGen BEMIAINNZS eQTL #¥E (https:/www.eqtlgen.org/cis-
eqtls.html), FAARFH SMR #3001 eQTL 4559 . XUEHl LT 2 N ABIMIC G 04T, WdE 7 KEFEA
FERRIE E SNP KGR, AARRF SR AL 13 & 1 R AR B 5

ZERBIERIE: 45 B KIET IEU Open GWAS V& [ =M Sr A, BAkin .

ukb-d-F5_DEPRESSIO.vcf.gz: % E A4 #1447 (UK Biobank) {I4ARIE S Wi (— 028748 8), FEAE N
361,194 5], SNP %N 9,518,776 4~. ebi-a-GCST003769.vcf.gz: o EIIARFERS G 5 % HEBF 7T, FEAREA
180,866 1, SNP ¥&E N 6,019,632 4. ebi-a-GCST005902.vef.gz: 3T IR P40 F FAK ™ B AL 0 G&
AR, FEAEN 322,580 4], SNP %)y 7,624,934 M(HNE 1),

Table 1. EQTL data information
= 1. eQTL Hifi 5 B

#4E 1D FEA R SNP %t
ukb-d-F5_DEPRESSIO 361,194 51 9,518,776 4>
ebi-a-GCST003769 180,866 14l 6,019,632 4>
ebi-a-GCST005902 322,580 151 7,624,934 4

SR EHERIE: O R B RET GEO B EN 2 AN RN KA RS, BiAkWT:

GSE98793: 7 128 lIAIAE 38 A1 64 44 {8 F x0T B ) 1 J] 1 2 PR Fak 1585l £dls , A2 B i GEO 24
P e PR A B i KA E B a4 . P54 GPL570. GSE19738: 115 66 BIHNARAE B F1 66 44 fid HExT
PR A0 I3 DR R TA V5S84 GPL570. GSE44593: 5 14 FIFIARAE £ A1 14 44 fid FExt
(R4 I 35 R 2 A 108 Fr BdiE . P58 GPLS570. GSES4568: 8 15 FIFMACHE B35 F 15 44 fd BEG I i)
AP 1 FE PR R TE S B . P58 GPL570. GSES54570: 08 13 BIFIARAE 8 Al 13 424 4d BEX R i) o
JE 1 FE DR R TA V0 8 o 50N GPL96. M GEO ¥ e rp # B _E 3k AN o 45 1) 3 R 3R ik ¥l
R #AF limma A0 i H3 ifil 25 80 {5 20 3508 10047 22 S Rk 0, k38 logFC| > 0.2 F1 P < 0.05 i##47 2 ik
FE PR e (A0 35 2).

Table 2. GEO data information
= 2.GEO HIEER

TS P fe 4R &
GSE98793 128 BFIARAE &% 64 4 i FExs GPL570
GSE19738 66 I HIARAE B 66 4 {id FExs i GPL570
GSE44593 14 I FIARAE 83 14 442 Fexs GPL570
GSE54568 15 fIFIARAE &3 15 g Fexs i GPL570
GSE54570 13 FIHIAIAE S 13 g Fexs GPL96

23. IIETRATE
AHIE TR LA R A5 W7 a4 4 33 (1) T 2LAR

D

o
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2.3.1. eQTL HETFIE

eQTLGen # ¥z /% 1 SMR k& ALK eQTL %k, et 53K B ZFAH KM SNP /E ik T A
BE,
2.3.2. EYMAFELD)TFE

WEEPUNTE(LD)ZE 2 BIME N 0.001, BAEEEE N 10,000 kb, LARALR SNP 2 [BJAH B ST, FF4E
B4 AT BE FRE DA P T RS o
2.3.3. HTETEHR

SBREISC SNP, HiEH F it & KT 10 ) SNP, DU AREHERR 55 T BA48 & A 540 o
2.4. MR 9753k

AW 5K R A TwoSampleMR 34T MR 2047, BAKTET .

24.1. FESHGE
W5 ZMBGEAVWWE A TE BT 7k, AT eQTL SHIARE 2 18] # R SR 208 .

24.2. RESHAE

MR-Egger [EJ3. IR AL E0E . ) AR R R INBUSE R E IR B4 548, F T 30AE E Z a0 Hr s R i1
Fafit
2.4.3. B4R

KH Cochran’s Q # 36 1Ffl T HAF R G it2- ik, 45 P> 0.05, WA KN T HAS &0 L 8% 7R
P, SR [ 2 USRI AT R S R 451 #5 P <0.05, TSR FH BEAL RN A,
2.4.4. IKFEZHMITG

B3t MR-Egger [BI VA {8 FE AL T AR BT 2800, P> 0.05, WA REEKT 280
2.4.5. SRS

K H B —i%(leave-one-out) 7 AT Al 4~ SNP Xf MR 73 #r 45 SR (5200, DAIGHIE 45 S AR 14
2.4.6. RENVEME

TR E TS MR 24T 45 SR 75 52 BV IR R A5
2.5. #ZLERERTEE

o127 Ek R ERRIERE S BRiEE R T RSB E, £is EERREREYS OR AT
1 /Y SNP HRAC4E; FiX N IARIFEA S OR /T 1 Y SNP BUAZ4E.
2.6. ROC &S HiiEEY

15”7 BUERAFRZ SR KIS cutpointr 276 H 1 multi_cutpointr BREON 22 7 KRB R AT HE &
AR F TAERFE (receiver operating characteristic, ROC) i 284341, Ak Z F RIEFE K F2 Wi 5, AUC #h
28N I AURCOR I 2 R R IA R 25, it AUC HZR FTHALKT > 0.5 RGN IZ B R 2 04T o
2.7. GO B¥5 KEGG @57

e “1.67 Titfi ik th L AT GO M1 KEGG & 04T, LL P B R/NEEATHERT , K 4414 F5 (Biological
process, BP). ZHffi2H 3 (Cellular component, CC). 73 YjfE(Molecular function, MF)4) 51K P A7 T 1+ 1
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4K KEGG 2B BL P ER/ANEEATHEF? , # P AL T AT =+ A9 2GR I .
2.8, BEHRFESHE—DRHEEXEER

¥ “1.57 WERAFHIZZEEER, R LASSO |l JAXf 53 i 22 iz AL R Rl AT ik — ik, LA 3
HA RUF7rJIERER RIF SRR T BRI . RN DMRPE SRR RIS S, MR A XS
P A, IFLE LASSO [R50 At b A A T A [l VA R B AL, AR KU P20 2 Ui SRS 3 0P

2.9. TF-miRNA-Hub £ EiB{E M40

i#3id miRWalk (Version3.0, http:/mirwalk.umm.uni-heidelberg.de/) 7l Hub F& K AH 5 ) miRNA, FE7E
Targetscan A1 miRDBand Z(4f i3t 17 3810F . 18 1E TRRUST (Version3.0, https://www.grnpedia.org/trrust/) 4 #&
JEE TS Hub 35 [RIAH S ) #% 5 K F~(Transcriptionfactor, TF). i#id transmir (https://www.cuilab.cn/) 5 2 Xt
TF A1 miRNA 2 [B] A BAE AT I00E . % )5181d cytoscape XF TF. miRNA Fl hub K 2 [A] [0 R AT
SR AT .

2.10. EMARREIH

N SELE M T ARAIARAE 25 6 B AH 2 TA) S e A B ) 5L, SR A CIBERSORT SRS Ff 28 4H i AH O¢
BRI R IE AT AR S e 4R (G b, 8 R AR B A B DR A 1 S e A R AL R F R . % 22
T S 2 40 M P i LE 5 R AT B, AR R A IR B FE R HEAT 20 BT I corrplot B il AH 5GP #A
K, mIALAL 22 PR g iR IE AR S . FIR ggstatsplot (https://github.com/IndrajeetPatil/ggstatsplot)Fl
ggplot2 (https://cran.r-project.org/web/packages/ggplot2/index.html) £ 43 #1 AKR1C3 5 4 5 12 i 41 f /Y
Spearman fHCPE, FHHG 45 Rl AL .

3. 458
3.1. 5EFEEXNIATE

HE “2.4 MR 9 58” B, ukb-d-F5 DEPRESSIO #{#E5%] OR {4 KT 1 T B4 & 115 4; OR
/N 1 T HEAE 58 4. ebi-a-GCST003769 £#543 % OR {H KT 1 (I T HARE 102 4~ OR{E/NMTF 1
f) T HAFE 103 4. ebi-a-GCST005902 #(#E53 OR kT 1 M THAE 160 4; OR /M T 1 T A
AFE 108 N

3.2. EREFELELSR

WA |logFC| > 0.2 Al P <0.05 k47 2 e R IAFE R ik, SRR FALAHEL, B G R4 S IL3R1E
1166 NZEFRIEFER, A 1125 N HEMZEFREEEF 41 N TR ZEFREER .

3.3. lpiEOER

ukb-d-F5_DEPRESSIO ##s 5t #2415 31 5 ARk BRI EER, 40512 GUCY 1B2. WDR5B.
CTSO. TTC23. TRPC6, 5 FiMIFEK T L. ebi-a-GCST003769 A 5t i Hdh s 47531 2 MRk b
WAL, Z3r0/2 WEEL. GUCY1B2, 193] 2 MNRIATNWMMZEER, 437l/& AKRIC3. EVI2A. ebi-a-
GCST005902 4 5.8 7 #di e 15 3] 6 AFIA LWL R, 4302& OLFM4. LTF. GPS5. SERINC2.
COL19A1. FEMIC, 5 FFMEKTLAE. GIFEBRELSER 14 (9EK: GUCY1B2. WDR5B. CTSO.
TTC23. TRPC6. WEEl. OLFM4. LTF. GP5. SERINC2. COLI9A1. FEMIC. AKRIC3. EVI2A (I,
K 1(a)).
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3.4. ROC HhE&THikER

AUC £ PR T >0.5 BUER, KI%EZE LTF. OLFM4. GUCY1B2. WDR5B. SERINC2. GP5.

AKRI1C3. WEEIl. TTC23. TRPC6. COL19A1. CTSO. FEMIC (1% 3).

Table 3. ROC diagnostic genes

%2 3. ROC L HTERA

Gene AUC
LTF 0.605 (0.549~0.661)
OLFM4 0.602 (0.546~0.654)
GUCY1B2 0.594 (0.539~0.646)
WDRSB 0.591 (0.538~0.646)
SERINC2 0.585 (0.528~0.638)
GP5 0.581 (0.525~0.636)
AKRI1C3 0.579 (0.526~0.635)
WEEL1 0.573 (0.515~0.628)
TTC23 0.571 (0.512~0.628)
TRPC6 0.567 (0.511~0.622)
COL19A1 0.564 (0.510~0.622)
CTSO 0.556 (0.500~0.610)
FEMI1C 0.547 (0.491~0.608)
EVI2A 0.443 (0.389~0.500)

3.5.GO 5 KEGG &8

3.5.1. GO

BP FE A (myeloid cell development) i 241/ X & + (isoprenoid catabolic process) 7 /% iR A D)
1953 fEA ST 2 | (diterpenoid biosynthetic process) i AL VI I AEY) & It #2 | (polyketide metabolic pro-
cess) BT FE . (aminoglycoside antibiotic metabolic process)Za FE bl 35 Hi A4 AN HHEFE . (doxorubicin
metabolic process)% Z L AL FE . (testosterone biosynthetic process)=2 il E4) & Mit#2. (regulation of
osteoclast development) i i H 41 ffl & B HIH4E . (positive regulation of platelet activation) X} Ifll /N B3 1) 1E
M i4% . (regulation of vitamin metabolic process)% 4t KA IS FEATE . CC EER S (tertiary granule
lumen) =2 ki . (specific granule lumen)4: 7450k E « (specific granule)$5 574 Ukr . (tertiary granule)
=KL, (SetlC/COMPASS complex) Set]l C/COMPASS & A4 . (endocytic vesicle lumen) P 75 FE I |
(glycoprotein complex)## 5 4 & &4 . (Cul2-RING ubiquitin ligase complex) Cul2-RING 2 Z iE = A 14
(secretory granule lumen) 7 WAL « (cytoplasmic vesicle lumen)ZJH il Jii 276 s - MF 3 B 4D & (store-operated
calcium channel activity ) fif /745 /F 445 88 75 7% . (bile acid binding)IHTER 45 A (testosterone dehydrogenase
[NAD(P)] activity)=2 il fit S BE[NAD(P)]3i5 %+ (alditol: NADP+ 1-oxidoreductase activity) % JGEE: NADP+ 1-
EAE R BFIEE . (inositol 1,4,5 trisphosphate binding) JLEE 1,4,5- =45 & . (NADP-retinol dehydrogenase
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activity) NADP-#{ 3% i i LB iE P . (estradiol 17-beta-dehydrogenase [NAD(P)] activity)ff —E% 17-5-li S
[NAD(P)]i# 1 . (NAD-retinol dehydrogenase activity) NAD- % B it S B§E PE | (alcohol dehydrogenase (NADP+)
activity) B i E EE(NADP+)7E 1% . (aldo-keto reductase (NADP) activity) & Bi 18 JR BE(NADP)E (UL 1(b)).

3.5.2. KEGG

£1% (Folate biosynthesis) 2 2E#) & i« (Ovarian steroidogenesis) Il 528 [ & (UL 1(c))»

(@) group exposure nsnp method pval OR(95% Cl)
ebi-a-GCST003769 3769.GUCY1B2 8 Inverse variance weighted 0.023 1.020 (1.003 to 1=037)
ebi-a-GCST003769 AKR1C3 8 Inverse variance weighted 0.007 0.976 (0.959 t09.993)
ebi-a-GCST005902 COL19A1 3 Inverse variance weighted 0.044 1.034 (1.001 to 1e069)
ukb-d-F5_DEPRESSIO CTSO 4 Inverse variance weighted 0.001 1.001 (1.001 to $.002)
ebi-a-GCST003769 EVI2A & Inverse variance weighted 0.004 0.969 (0.949 t09.990)
ebi-a-GCST005902 FEM1C 3 Inverse variance weighted 0.006 1.007 (1.002 to $.012)
ebi-a-GCST005902 GP5 3 Inverse variance weighted 0.050 1.010 (1.000 to $.021)
ebi-a-GCST005902 LTF 7 Inverse variance weighted 0.037 1.009 (1.001 to $.017)
ebi-a-GCST005902 OLFM4 13 Inverse variance weighted 0.030 1.007 (1.001 to $.013)
ebi-a-GCST005902 SERINC2 4 Inverse variance weighted 0.043 1.006 (1.000 to %.012)
ukb-d-F5_DEPRESSIO TRPC6 3 Inverse variance weighted 0.008 1.001 (1.000 to $.002)
ukb-d-F5_DEPRESSIO TTC23 4 Inverse variance weighted 0.024 1.001 (1.000 to $.001)
ukb—d-F5_DEPRESSIO ukb-d-F5.GUCY1B2 3 Inverse variance weighted 0.038 1.001 (1.000 to ¢.001)
ukb-d-F5_DEPRESSIO WDR5B 3 Inverse variance weighted 0.028 1.001 (1.000 to $.001)
ebi-a-GCST003769 WEE1 3 Inverse variance weighted 0.020 1.033 (1.005 to 1|-.061)

(b)
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Figure 1. (a) Forest plot of MR-eQTL analysis; (b) Bar plot of GO functional enrichment analysis; (c) Bar plot of KEGG
pathway enrichment analysis
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Figure 2. (a) Path plot of LASSO regression coefficients; (b) Cross validation curve of LASSO regression; (c¢) TF-miRNA-

hub genes regulatory network diagram
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Figure 3. (a) Stacked bar chart showing the proportions of 22 immune cell types. The height of the colored bars represents the
proportion of immune cells; (b) Boxplot depicting differences in immune infiltration between the depression group and the
control group. The x-axis indicates the names of the immune cells, while the y-axis indicates the proportion of immune cells.
Green represents the control group, and red represents the depression group. A p-value of less than 0.05 indicates a significant
difference; (c) Correlation matrix of the proportions of 22 immune cell types. The redder the color, the higher the positive
correlation. The bluer the color, the higher the negative correlation; (d) Correlation analysis of AKR1C3 with 22 types of
immune-infiltrating cells. The x-axis represents the correlation coefficient, and the y-axis represents the names of the immune
cells. The size of the dots represents the absolute value of the correlation coefficient, and the numbers represent the p-values
of the correlation tests. A p-value of less than 0.05 indicates a significant difference; (¢)~(1) Correlation between AKR1C3 and
monocytes, activated natural killer cells, activated memory CD4+ T cells, immature B cells, resting natural killer cells, memory
B cells, neutrophils, resting memory, and un-polarized macrophages
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