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Genetic correlation analysis between depression and gastroesophageal reflux disease

related phenotypes
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[Abstract] Objective: Studies have shown that there is a significant correlation between depression and gastroesophageal reflux
disease (GERD) , but the causal relationship between the two and the direction of correlation are not clear. This study aims to explore
the bidirectional causal inference between depression and GERD as well as its subtypes and the underlying mechanism of the disease
from the genetic level. Methods: Based on the aggregated data of the genome-wide association study (GWAS) of depression, GERD,
reflux esophagitis (RE) and non-erosive gastroesophageal reflux disease (NERD) , Mendelian randomization was used to explore the
independent causal relationship between depression and GERD, RE and NERD. Multiple omics data, such as GWAS and expression
quantitative trait loci (eQTL) , were integrated to explore the potential pathogenic genes of depression, GERD and its subtypes by
summary - data - based Mendelian randomization (SMR) and functional mapping and annotation (FUMA) methods. The potential
mechanism of depression affecting GERD and its subtypes was evaluated by enrichment analysis. Results: Depression increased the
risk of GERD and NERD, but not RE. GERD, RE, and NERD did not increase the risk of depression. Through SMR and FUMA
analysis, the potential susceptibility gene for depression was identified as RPL31P12, and the potential susceptibility gene for GERD
was identified as NCSTN. The NERD potential susceptibility gene was SPATS2L. Depression and GERD gene common loci were
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mainly enriched in T cell receptor signaling pathway, DNA - binding transeription factor activity, and RNA polymerase I

transcriptional regulation region sequence-specific DNA binding. The depression and NERD gene common loci were mainly enriched

in nucleosome assembly, protein and complex subunit assembly, and T cell receptor signaling pathway. Conclusion: Depression may

increase the risk of GERD and NERD), and the underlying mechanism may play a role through brain-gut axis, neuroimmune pathway,

DNA and RNA transcription and regulation, protein metabolism, etc.
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Effect of depression on GERD Effect of depression on RE Effect of depression on NERD
A: Causal effect of depression on GERD and its subtypes. P < 0.05 indicates a causal relationship, and the OR value represents the strength of the
association(forest plot). B: The impact of depression on GERD, with each point representing the robustness of the causal effect evaluated by the IVW method
after removing a single SNP (leave-one-out analysis). C: The impact of depression on RE (leave-one-out analysis). D: The impact of depression on
NERD (leave-one-out analysis).
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Figure 1 Causal relationship between depression and the risks of GERD, RE; and NERD
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Effect of GERD on depression

Effect of NERD on depression

A: Causal effects of GERD and its subtypes on depression. P < 0.05 indicates a causal relationship, and the OR value represents the strength of the

association (forest plot). B: The robustness of GERD causal effect on depression (leave-one-out analysis). C: The robustness of NERD causal effect on

depression(leave-one-out analysis).
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Figure 2 Causal relationship between GERD, RE, NERD and the risk of depression
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A: A collection of potential susceptibility genes for depression in different brain regions. SN: substantia nigra; ACC: anterior cingulate cortex;
SC: superior colliculus; CBG: caudate basal ganglia; PFC: prefrontal cortex; NAc: nucleus accumbens; CH: cerebellar hemisphere. B: SMR analy-
sis results of depression and eQTL. The horizontal axis represents the chromosomal position of the gene probe, and the vertical axis represents the statis-
tical test indicators of the SMR test. C: Collection of potential susceptibility genes for GERD in the gastroesophageal junction, esophageal muscular layer,
esophageal mucosal layer, and peripheral blood (Venn diagram). D: SMR analysis results of GERD and eQTL. E: Collection of potential susceptible
genes for NERD in the gastroesophageal junction, esophageal muscular layer, esophageal mucosal layer, and peripheral blood (Venn diagram). F: SMR
analysis results of NERD and eQTL.
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Figure 3 Candidate genes for depression, GERD and NERD



+ 118 - Mo BE R K % 2 kR

46551 1
20261 A

METTL18. SERPINC1. ZNF496. AC016683.6. PAX8.
GLS.LARS2.NCKIPSD.QRICHI.AMT, K 3E). #
F 5 RFE A & SPATS2LUE 3E) . fEF T RE4E
(1) 5y SR DR i S 35 1) 5 SRR IR, A At — DR &R
2.7 #AF5 GERD.NERD 4t ¥ 3 [ 49 7 ik 12 8
RS GERDIREARH1s131955000s20028 743 1.
rs1679709 25 JLAN 7 45 ) CADD=12.37, $2 75 %t 2%
HRIhae AR 952 . FH B rs13195509 # 3T f
FE KN BTN2A1 (R 2) . #1485 NERD I Bg v B¢

1 rs34788973 . rs61742093. rs13195509 ] CADD=
12.37, P B rs34788973 . rs61742093 #i 3T [ % K N
OR2B2; FF B rs13195509 f% i 19 % [A & BTN2A1
(% 3). Al WANARS GERD.NERD #B5 BTN2A1 4
PR O, S —

i MAGMA J7 i FtAIAR A GERD A K44
225 S 3 B E 4E7E DNA 5 RNA #5845 7 1 (8
Do BEMNTRINZ RPERE R ) & L4
o, HUCRIERE RIS AL . GO i (B 4)

*2 H#H85 GERD £EZ=RFMTHAE T

Table 2 Functional annotations of collaborating genes in depression and GERD

SNP CHR POS MAF R? Nearest gene CADD
rs13195509 6 26463660 0.083 0.693 BTN2A1 22.5
rs200287431 3 49761567 0.160 0.814 TP6K1 22.4
rs1679709 6 28228342 0.116 0.844 NKAPL 22.3
rs58339610 3 49845006 0.163 0.840 UBA7 18.12
1s940045 3 49449638 0.233 0.776 RHOA:TCTA 16.24
rs203888 6 28021589 0.201 0.821 OR2B8P 15.75
rs10484397 6 27405683 0.356 0.830 ZNF184 15.52
rs2393931 6 27353114 0.256 0.670 ZNF391 1541
rs188105 6 28071393 0.253 0.724 ZSCAN12P1 15.23
rs7617480 3 49210732 0.212 1.000 KLHDCS8B 15.13

CHR: chromsome; POS: position; MAF: minor allele frequency.
%3 #8085 NERD £Z=ERE 6L R
Table 3 Functional annotations of collaborating genes in depression and NERD

SNP CHR POS MAF R’ Nearest gene CADD
rs34788973 6 27879200 0.074 0.785 OR2B2 232
rs61742093 6 27879982 0.074 0.785 OR2B2 22.6
rs13195509 6 26463660 0.083 0.693 BTN2A1 22.5
200287431 3 49761567 0.160 0.814 [P6K1 22.4
rs1679709 6 28228342 0.116 0.844 NKAPL 22.3
rs200973 6 27858421 0.146 0.696 HIST1H3]J 21.5
rs35723519 1 52306063 0.454 0.947 NRD1 18.36
158339610 3 49845006 0.163 0.840 UBA7 18.12
rs11209943 1 72750500 0.359 0.991 NEGR1 17.85
rs736756 1 52344414 0.473 0.881 NRD1 17.34

CHR: chromsome; POS: position; MAF: minor allele frequency.
%4 {5 GERD EEZEE 2 HT(MAGMA)
Table 4 Gene enrichment analysis of depression and GERD(MAGMA )
Gene set Gene(n) Beta SE P
DNA binding transcription factor activity 6 2.453 0.838 0.003

RNA polymerase II transcription regulatory region sequence specific DNA binding

Tumor differentiated well vs. moderately
Calorie restriction neocortex

HDACT and HDAC?2 targets
Transcription regulator activity

Bound by MYC

2.453 0.838 0.003
4.446 1.981 0.015
4.222 1.921 0.017
2.174 1.025 0.020
1.145 0.589 0.030
5.609 3.161 0.042
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KA S GERD fEAEM Dy Re 77 T £ 5 T4 M52
A5 51 PR 2N 35 S E R F R A
s AR ZH 43 7 TH 6 2L S A0 A%/ IMAC G5 40T 2h
REJ7 T 3 22 5 GL it I 4506 K

I MAGMA J57 2 TR 5 NERD AH G A=
V)AE Tl R L AR R T, B

ELEMHLA T (FS5) . GO HTrRBIHIAR S5 NERD 78
AW ThEe T B S /AMEH R B AR KE S
P 20 2% T 40 B S2 A5 5 T8 B S5 % Al 4
[ 2 5% /M DNA & &9 Y ik 56 43 730
RE 5 T 2 5 e B R 450 TS A R (B . Bk
A DLAAR 5 NERD 3 2 5 1%/ ME I IZ O B B (E B

&S5 A5 NERD BEEEL A HT(MAGMA)
Table 5 Gene enrichment analysis of depression and NERD(MAGMA)

Gene set Gene(n) Beta SE P
Positive regulation of cell projection organization 5 3.948 1.075 <0.001
MLL targets 2 5.167 1.418 <0.001
Cell body 3 4.692 1.289 <0.001
Takeda targets of NUP98 HOXA9 fusion 16D 2 4.639 1.355 0.001
Takeda targets of NUP98 HOXA9 fusion 8D 2 4.639 1.355 0.001
Takeda targets of NUP98 HOXA9 fusion 10D 3 4.186 1.226 0.001
Camps colon cancer copy number 2 3.246 0.995 0.001
Positive regulation of neuron projection development 2 3.952 1.230 0.001
Transiently up by EGF pulse only 5 3.299 1.035 0.001
Targets of NUP98 HOXA9 fusion 3D 3 4.100 1.328 0.002

8 N G e T R
3% it

GERD 55 K5 #2505 (1) AH OGP bl ) vz 0l
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IR TOIEHA F R R G R . AWFITAE B MR %
#4E 5 GERDRE.NERD HEAT A1 5 PEF 7T, K BN
A AT SE GERD FINERD [ XU 58 w57, 28 RE (1) JRU:
AN, X 5 BB A — 2, B GERDNERD
SRR R A 22 B 1y, JG & NERD 2825 1 #01AD
A B 2 = RE 805, 10 RE 55 4048 6 B 55 AH 5%
P, X B HAR T B8 R i ik At 8 A% 1 A 2 R I I
S AH SR o HE— 2P @ i = ) MR B 5T, R B
GERD.RE I NERD J& 7| #2114 KUSE o 3 1 4 fisi
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HEHT AT 7T 88
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