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Mendelian randomization and GEO database identification
analysis based on potential therapeutic targets for chronic
obstructive pulmonary disease
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ABSTRACT Objective: To screen the key genetic, diagnostic and therapeutic targets of chronic obstructive
pulmonary disease (COPD) patients by using microarray datasets and Mendelian randomization (MR)
method, and to provide the evidence for clinical diagnosis and treatment of COPD. Methods: Four COPD
gene expression profile datasets were obtained from the Gene Expression Omnibus (GEO) database. The
data were processed and normalized using R software, and differentially expressed genes (DEGs) were
screened. MR analysis was performed to explore the causal relationship between COPD and expression
quantitative trait loci (eQTL) , intersection with DEGs was taken to identify potential key targets. Gene
Set Enrichment Analysis (GSEA) , Gene Ontology (GO) functional enrichment analysis, and Kyoto
Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment analysis were conducted to
investigate the functional roles and pathways of the key targets, external datasets were used to validate their
expression. Results: A total of 1 571 DEGs were screened, including 820 upregulated genes and 751
downregulated genes. MR analysis identified 286 COPD-related genes, and intersection with DEGs
revealed 3 upregulated genes: diacylglycerol kinase gamma (DGKG) , neurofilament heavy polypeptide
(NEFH) , and Fc receptor like B (FCRLB) ; and 6 downregulated genes: STEAP4 metalloreductase
(STEAP4) , pleckstrin homology domain containing family F member 2 (PLEKHF2) , CD3d molecule
(CD3D), transgelin 2 (TAGLNZ2) , tripartite motif containing 22 (TRIM22) , and ribosomal protein 1.9
(RPLY9). The biological function analysis results indicated that these genes were mainly involved in
pathways such as iron 1on transport into the cells, oxidoreductase activity, primary immunodeficiency, and
Thl and Th2 cell differentiation. The MR analysis results confirmed the causal relationship between these
targets and COPD. The external validation results showed that compared with healthy controls, the
expression level of FCRLB in COPD samples was significantly increased (P<C0.01), while the expression
levels of CD3D and RPL9 were significantly decreased (P<C0. 05 or P<C0.01), which was consistent with
the MR analysis results, highlighting the reliability of this study. Conclusion: DGKG, NEFH, FCRLB,
STEAP4, PLEKHF2, CD3D, TAGLNZ2, TRIM22, and RPL9 may serve as important regulatory factors
and clinical diagnostic/therapeutic targets in the pathogenesis of COPD, providing clues for early screening,
diagnosis, and targeted treatment of COPD.

KEYWORDS  Chronic obstructive pulmonary disease; Mendelian randomization; Gene Ontology
functional enrichment analysis; Kyoto Encyclopedia of Genes and Genomes signaling pathway enrichment

analysis; Biomarker; Bioinformatics
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B 4, LA “chronic obstructive pulmonary disease”
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HF a2 MR T .

1 COPD /& #

#£1 GEOHEERKFR
Tab.1 Specific informations of GEO datasets

GEO(ID) n Tissue (Homo sapiens) Platform Last updated Attribute
GSE130928 88 Human Alveolar Macrophages GPL570 April 17, 2020 Training
GSE11906 223 Human Airway Epithelium GPL570 March 25, 2019 Training
GSE13896 70 Human Alveolar Macrophages GPL570 March 25, 2019 Training
GSE64614 221 Human Airway Epithelium GPL570 July 08, 2019 Training
GSE212331 87 Induced Sputum GPL10558 December 14, 2023 Validation
1.2 %% % ik % F (differentially expressed genes, JEIR o

DEGs) # #tfe T AL H R H limmatd (M
A 3.58. 1) XFIH— 4k 5 18R 5 T Y DEGs #F47
vk, WE2ZSMEE (fold change, FC), Uik
4 Hlog,FC|=0. 585, % 1EJ& 1) P<<0.05, #fiik /5
1 DEGs, Izl ol B s, 3 17 vl 4k

1.3 eQTL R & BN eQTL B F N 2
FTHRE, i HRKMAF TwoSampleMR 14, (A
0.6.2) Tk s AHEH SNPs (P<<5X10°) fEH
T.EAR & (instrumental variable, 1V), N T £
BARSEff7, B8 7<<0.001, AZHEES K 10 000 kb,
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P, TSI IENRIE T (K 2A) . B R HELT
He, A5 10025 AL . g AR 1
(cytokine-like 1, CYTLI) . Z%HEZE H la (meprin
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HEHBE 12 (matrix metalloproteinase 12, MMP12) |
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BRH# A A % 3A 1 1 (secretoglobin family 3A
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1 (secretoglobin family 3A member 1, SCGBIAI) .
i R KK M E B S (vitamin K-dependent
protein S, PROSI) . fii & H 19 (keratin 19,
KRT19) . NZEH 4 Mt it B (human leukocyte
antigen-B, HLA-B) . F M AR F & & A 1
(cysteine rich protein 1, CRIPI) . #8832 & N 2%
£ H 3 (retinoic acid receptor response protein 3,
RARRES3) . 7K il i & 1 3
AQP3) . MJEE 6 (tetraspanin 6, TSPANG)
W AR R % 22 W R 4 (solute carrier family 22
member 4, SLC22A4) (K 2B).
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A': Differential gene volcano map; B: Differential gene heat map.
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Fig. 2 DEGs screening diagram
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molecule,

TAGLN2) . = 3 J¥ & [ 22 (tripartite motif

TRIM22) H ¥ ¥ 1k & H L9
(ribosomal protein L9, RPLY) (&3). ¥ L& 114
SE A BE KA S 2 87 R 40 34T MR 3, PRAG B
WS COPD R R, 450 E/R: HCPY 5
PTGFR #(FE W i fH #2370 H P>0.05, fFEZL
RME, B HAIER . RASRER: fERIVW Jr
LT MR 3T, 34 IR AR 5 COPD £
R EMIEM X LR, DGKG [ A (odds
ratio, OR) =1.184, 95% & 1 X [a] (confidence
interval, CI): 1.019~1.376, P=0.027]; NEFH
(OR=1.078, 95%CI: 1.011~1. 148, P=
0.021); FCRLB (OR=1.085, 95%CI: 1.004~

containing 22,
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1.172, P=0.04), 64 F K% KL COPD %
A XK, STEAP4 (OR=0.963, 95%CI: 0.934~
0.993, P=0.017) ; PLEKHF2 (OR=0.942,
95%CI: 0. 892~0. 995, P=0.032) ; CD3D ( OR=
0.855, 95%CI: 0.773~0.946, P=0.002) ;
TAGLN2 (OR=0.955, 95%CI: 0.912~1.000,

DEG_up

MR_OR>1

P=0.049) ; TRIM22 (OR=0.921, 95%CI:
0.855~0.992, P=0.03) ; RPL9 (OR=0. 888,
95%CI: 0.823~0.958, P=0.002), WK 4, #*
B 34 b 3R 5L 8 fin COPD & A4 KU (OR>1),
6~ F ¥ L K B COPD &4 K (OR<X1)., %
AR DR A Y o 1A v A7 [T DL BT 5

DEG_down MR_OR<I

A':Up-regulated genes; B: Down-regulated genes.
B3 ZEERE

Fig. 3 Intersecting gene maps
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IjEE (molecular function, MF) 104%, FEW K .
ATP A PE Tk T 036 335 1 R AR A i e O
5. KEGG & £ fra 28 11 %, F 3
W 5 e A G SR B I AR T R A A S B T
(helper T, Th) 1M Th2 4% (K 6).

2.4 GESA MRr#rh, BMEEREH iy NEFH
A BTSN T COPD R AEKK (P=0.021),
Tt CD3D il RPLO 3 N 3% 35 & 7t 7 [ %
T COPD &4 KK (P=0.002), N T iE—4
BRI IIEE, #H4T T GESA, iR EIR:
NEFH & A 5 7 35 41 i 5 3 3 o2 40 i 15 -4
JL R 52 A A AR L R B R 8 AR DR
P28 1 PR TC AR 2 AR EAE L MRNE A% 5 R R A
S5 NEFH B PR ER A 41 b 54 R 7 1[G
iE . AR BERR AL . MO AR L AOBE R RN B IR 0 A
CD3D K P v 32 35 41 v iy 5 4> i 2 40 1 A 5~ - 200

MK T 2 A T AE A . Janus i B (Janus kinase,
JAK) -1 5 % 5 F1 5% 5 006 K (signal transducer
and activator of transcription, STAT) {55 il % .
L] 0 A DR L b 0 M AR AZ MR B
YE R MIESE L S5 CD3D 3 K 3 1k 4 b i 5 4~ 18
FE RS IEWAE . VEEER . DA AR . AR AR R R
YA ; RPLYFEA 5 2635 41 rp | 5 /4 3 f 2 5 42 1
[CHE . AL mEmfb . W04 AR . 0 IR AN 1R 40
Ml RPLYFEPRILFR IR 2 A 54> 38 [ A2 240 el P57~ 41
JfL R 22 A B AR L R R Y T AR R DR
P2 TG R AR SZ A AR T . MRUSE AR S RIBR B A%
(B 7)., FRZEHE T NEFHIER Jy FIHEER, RPLY
FER O T ORFE T 4R S 0 B AE = R A A 5 %
FORA P A RAH , UESE A B o0 45 S i vl Sk
2.5 SFHKLIEH EF 5 H  COPD K A4
DGKG ., NEFH 1 FCRLB P &3k 7K V- ¥4 5 T
JEXTRRZL, HA FCRLB Fik & T @il (P<
0.01). 5Sf@REX A tE, COPD AL 1
STEAP4. PLEKHF2. CD3D. TRIM22 1 RPL9
XSAHRE IR T, Hrh CD3D fl RPLIH N
KRBT HEEE (P<0.058 P<0.01), DL %5
R MR R IEA —50, IEW T AR RN
ArEEME . UL S,
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Inverse variance weighted

0.030 0.921 (0.855 to 0.992)

Exposure nSNP Method P-value OR(95%CT)

CD3D 4 MR Egger 0.233 +&—- 0.824 (0.658 to 1.032)
4 Weighted median 0.004 —e— ! 0.848 (0.758 to 0.949)
4 Inverse variance weighted 0.002 +—e— : 0.855 (0.773 to 0.946)
DGKG 3 MR Egger 0524 +——— @ 1.228 (0.795 to 1.898)
3 Weighted median 0.037 :'—0—> 1.190 (1.010 to 1.401)
3 Inverse variance weaighted 0.027 U 1.184 (1.019 to 1.376)
FCRLB 4 MR Egger 0.757 ——— 1.033 (0.864 to 1.235)
4 Weighted median 0.015 .'_H 1.075 (1.014 to 1.139)
4 Inverse variance weighted 0.040 0—0—' 1.085 (1.004 to 1.172)
NEFH 3 MR Egger 0.501 —e— 1.050 (0.954 to 1.156)
3 Weighted median 0.025 —e—i 1.076 (1.009 to 1.147)
3 Inverse variance weighted 0.021 |—.—| 1.078 (1.011 to 1.148)
PLEKHF2 3 MR Egger 0.857 v—q—c 0.983 (0.849 to 1.138)
3 Weighted median 0.032 l—.—l 0.943 (0.893 to 0.995)
3 Inverse variance weighted 0.032 l-.—i 0.942 (0.892 to 0.995)
RPL9 3 MR Egger 0619 —e+—i 0.952 (0.825 to 1.097)
3 Weighted median 0.002 —— 0.888 (0.823 to 0.958)
3 Inverse variance weighted 0.002 —— | 0.888 (0.823 to 0.958)
STEAP4 6 MR Egger 0.090 ol 0.947 (0.903 to 0.994)
6 Weighted median 0.006 Dl: 0.960 (0.933 to 0.989)
6 Inverse variance weighted 0.017 tl-' 0.963 (0.934 to 0.993)
TAGLN2 6 MR Egger 0.473 n—o—| 0.962 (0.873 to 1.060)
6 Weighted median 0.066 o 0.950 (0.899 to 1.003)
6 Inverse variance weighted 0.049 l-O-l 0.955 (0.912 to 1.000)
TRIM22 5 MR Egger 0418 +—o—— 0.923 (0.780 to 1.092)
5 Weighted median 0.069 l-—.—i 0.927 (0.854 to 1.006)

5 —o—t

!

F4 REILEHEK MR O ERAKE

Bl5 3rfeikjea ks g R

Fig. 5 Chromosome location map of intersecting genes

Fig. 4 Forest plot of intersecting genes by MR analysis
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Fig. 6 GO functional enrichment analysis and KEGG signaling pathway enrichment analysis of intersecting genes
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