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[Abstract] Objective- To explore the association between gene-gene interaction of glutamate pathway and anhedonia. Methods*
A total of 279 patients with schizophrenia (SZ) and 236 patients with major depression disorder (MDD) recruited in the outpatient
department and ward of Shanghai Mental Health Center, Shanghai Jiao Tong University School of Medicine, and 236 healthy
controls (HC) recruited in the community from January 2017 to August 2020 were included in the study. General demographic data
and clinical characteristics of the three groups were collected and compared. The Chinese version of Temporal Experience of
Pleasure Scale (TEPS) was used to evaluate the pleasure experience ability of the three groups. Generalized multifactor
dimensionality reduction (GMDR) method was used to establish the interaction model of the single nucleotide polymorphism (SNP)
in glutamate pathway genes (NOSIAP, GSK3p, DAOA, DISCI and GRIN2A). According to the interaction model, SZ and MDD
patients were divided into high-risk group and low-risk group, and the differences in pleasure experience ability were compared
between the two groups, so as to analyze the effect of gene-gene interaction on anhedonia. Results:There were significant
differences in age and years of education among the three groups, and in age of onset and duration of illness between SZ and MDD
groups (all P=0.000). There were significant differences among the three groups of participants in terms of overall pleasure
experience, anticipatory pleasure experience and consummatory pleasure experience (all P=0.000); the overall pleasure experience,
anticipatory pleasure experience and consummatory pleasure experience in the SZ and MDD group were lower than those in the HC
group (all P, =0.000), and there was marginal statistical difference in anticipatory pleasure experience between the SZ and MDD
groups (P, =0.051). Through GMDR modeling, it was found that the 2-loci interaction model composed of DAOA-rs3916965 and
DISC1-rs821577 had a predictive effect on the overall pleasure experience ability of SZ patients (P=0.003), and the 2-loci
interaction model composed of NOSI/AP-rs1858232 and GRIN2A-rs1014531 had a predictive effect on the anticipatory pleasure
experience ability of MDD patients (P=0.037); moreover, the overall pleasure experience ability of patients in the SZ high-risk
group and anticipatory pleasure experience ability of patients in MDD high-risk groups were lower than those in their low-risk
groups (#=3.443, P=0.000; =3.471, P=0.001). Conclusion-The interaction of glutamate pathway gene polymorphisms may be
involved in the occurrence of anhedonia.

[Key words] anhedonia; glutamate pathway; generalized multifactor dimensionality reduction (GMDR); interaction effect
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Bt thOChR TEPS R BE B, R A A — Btk
Bl e

1.2.3 SNP i simy#E#: M dbSNP %4 % (http://
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ST E B 5 A e & (NOSIAP. GSK3B.
DAOA ., DISCI J GRIN2A) HIAHIE S, FFX1IH: SNP
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—H R RKAKT 8, @ Wil R, M5, &
31 000 KB kG K (permutation test) X576 fit Fi il
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Tab 1 Comparison of general demographic data, clinical characteristics and anhedonia levels among the three groups of participants

Item SZ group (n=279)
Gender/n(%)
Male 146 (52.3)
Female 133 (47.7)
Age/year 24.5(19.0,31.0)2%

12.0 (9.4, 15.0)%
19.0 (16.0, 24.0)

Years of education/year
Age of onset/year
Duration of illness/month 23.0 (7.5, 60.0)
Number of episodes 1.0 (1.0, 1.0)
TEPS total score/score 72.3+13.37
Anticipatory 34.0 (30.0, 38.0)‘j>
Abstract anticipatory 18.0 (14.0, 20.0)"
Contextual anticipatory 16.0 (14.0, 19.0)
39.0 (34.0, 44.0)"

24.5+53%

Consummatory
Abstract consummatory
Contextual consummatory 14.0 (11.5,17.0)"

Note: VSZ<HC, ®MDD<HC, “MDD<SZ, “SZ<MDD, all P<0.05.
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MDD group (n=236)

HC group (n=236) 7/ZIF value P value

4.757 0.093

104 (44.1) 125 (53.0)

132 (55.9) 111 (47.0)
27.0 (22.0, 33.0)? 32.0 (24.0, 57.3) 76.941 0.000
15.0 (12.0, 15.0) 16.0 (12.6, 17.0) 78.504 0.000
25.0 (20.0, 31.0) = -7.125 0.000
6.0 (2.0, 24.0) - -6.712 0.000
1.0 (1.0, 1.0) = -0.309 0.757
66.8+16.02% 81.7+12.9 26.028 0.000
30.0 (24.0, 37.0)% 37.0 (33.0, 43.0) 34.729 0.000
15.0 (11.5, 19.0)2% 20.0 (18.0, 22.0) 51.744 0.000
15.0 (13.0, 19.0)% 18.0 (14.8, 21.0) 9.606 0.008
38.0 (30.5, 42.5)% 44.0 (38.8, 50.0) 34.277 0.000
22.5+6.3%% 27.7+4.6 20.481 0.000
15.0 (11.5,16.5)% 17.0 (14.0, 19.0) 22.299 0.000
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Tab 2 Information on the 17 SNPs for the five candidate genes

Candidate gene SNP Chromosome

NOSI14P rs12742393
rs1415259
151415263
rs1858232
rs348624
1s6680461
rs334558
rs6779828
1s3916965
18778294
1$947267
rs1538979
rs821577
rs821633
r$999710
rs1014531
rs1420040

19233

GSK3B 3q13.33

DAOA 13q33.2

DISCI 1q42.2

GRIN24 16p13.2

Note: UTR—untranslated region.

2.3 AR P IE DI- 5 A B X SZ G
NSRS 2 1 o 0 A

AHEFE I GMDR 57 % SZ H 3 M DA 16 A7 15
D4R FH Y SNP i f338 BEAE B, 2558 (1) 1
7N, H DAOA 1 1s3916965 5 DISCI 1) 1s821577 41 ik,
() 2 437 1538 AR FASS R SZ #8384 56 il
(BN TEPS #/43) F i) CV —hkf ok (B cv —3
PE=8), HHUNMES S m (65.19%, P=0.003), i
Jei s MR I 28 AR AR SZ HR 35 43 Sy e XU 2
MRS 20, X B At AR 50 8 07 147 20 ] F A
5 (K12) SR SZ i WU 20 S8 35 1 S AR R A 50 e
IR T HARKUG 20 (1=3.443, P=0.000), 7EJ5% T4
S AR RIRZ BOE A RAE D E RIS, R GLM X
GMDR #3758 B AE BRI T I UE, 255
7 183916965 5 15821577 28 HAE FIXF SZ H A& 1) A4 i
Pk 5 fg ) B B AE H (Wald =12.671,

P=0.013),
2.4 7o IR KL PI-3E DI 28 1R X MDD P i

S 1 A A
AT K ] GMDR £ 37 %7 MDD £ - b s A
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s, BIREE (B, Qe fis . SN,

MAFfH . FHESF) MR 2 PR

Position Alleles MAF Feature
162224586 C/A 0.32 Intron2
162085309 C/IT 0.42 Intronl
162166043 Cc/T 0.48 Intron2
162303838 G/A 0.33 Intron5
162335256 C/T 0.25 Synonymous_exon9
162255286 G/T 0.39 Intron2
119813282 G/A 0.40 5'-flanking
119775147 C/IT 0.28 Intronl
106103360 C/T 0.36 Intergenic region
106142235 C/T 0.22 Synonymous_exon4
106139662 G/T 0.49 Intron3
231896868 C/T 0.24 Intron4
232067057 G/T 0.38 Intron9
232148933 C/IT 0.41 Intronl1
232010943 G/A 0.40 Intron9

9855794 G/A 0.27 3'-UTR
9850397 G/A 0.42 3'-UTR

1s3916965
TC

rs821577

GG

CcCc
-112.2
31.5

TG

TT

0.0

TT

Note: The best identified model. In each cell, the left bar represents a positive
score, and the right bar represents a negative score. High-risk cells are
indicated by dark shading, and low-risk cells are indicated by light shading.
Cells (representing genotype combinations) are categorized into ‘high’ and
‘low’ risk when the sum of the score is above and below zero, respectively.

1 GMDR & #fi il SZ £ 3& B A A HRK 38 88 B S 4R 2 fir
AR E{ERER

Fig 1 The best 2-loci interaction model for predicting the overall
pleasure experience ability of SZ patients by GMDR analysis
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Note: A. Comparison of the overall pleasure experience ability of SZ patients between the high-risk group and low-risk group. B. Comparison of the

anticipatory pleasure experience ability of MDD patients between the high-risk group and low-risk group.

2 SZFNMDD EES KX AE MK RS EM KR b

Fig2 Comparison of the overall and anticipatory pleasure experience ability between high-risk and low-risk group of the SZ and MDD patients

T AE Y SNP A7 s 52 BAR IR AY, 255 (K13) &
7N, H NOSIAP 1) rs1858232 11 GRIN2A i rs1014531
ZH W) 2 57 A5 28 AR A AR X MDD £ 25 9 A M A
PRI B ) T CV —E kiR K (R CV —Eiik=
9), HFIMHERREE (61.73%, P=0.037). #t—#
MR M52 B AR IR EL R MDD 5832543 5 XU 26 A
JUBEZH , JF X H AR M DA 35 B8 ) A7 20 ] LK
ghE (E12) fyR MDD g AU 258 3 300 1 P ek
IR IR T HARKES 41 (1=3.471, P=0.001). 71Eif%

rs1858232
AA GA GG

rs1014531

Note: The best identified model. In each cell, the left bar represents a positive
score, and the right bar represents a negative score. High-risk cells are
indicated by dark shading, and low-risk cells are indicated by light shading.
Cells (representing genotype combinations) are categorized into ‘high’ and
‘low’ risk when the sum of the score is above and below zero, respectively.

3  GMDR & # il MDD 23 Bt R F I s s R
2R A EIEARE

Fig 3  The best 2-loci interaction model for predicting the anticipatory
pleasure experience ability of MDD patients by GMDR analysis
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THER L AR A Z BE A RRAE M AR, SR GLM
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