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Omics Analysis of Schizophrenia

YOSHIMI, Akira

3,400,000

LCL

in silico

Omics (genome, transcriptome, and proteome) analysis of lymphoblastoid cell line
(LCL) derived from schizophrenia patients and healthy controls was conducted to explore the key molecules
underlying the pathophysiology of schizophrenia. The subtle differences between schizophrenics and
controls In gene and protein levels were detected, and they were related to the molecular mechanisms that
contribute to the pathophysiology of schizophrenia. In addition, we successfully constructed logistic
regression models with good discriminative ability between schizophrenics and controls and detected a
number of regulatory SNPs by integrating data from genotype and expression wise analysis (expression
quantitative trait loci: eQTL).
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1st sample set
Number ~Mean age + SD Number

2nd sample set
Mean age * SD

Schizophrenia 30 434 = 108 30 411 = 111
Male 15
Female 15

Gontrol 30

Male 15

437 = 126 15
431 = 89 15
438 = 112 30
444 + 129 15
432 *+ 96 15

370 = 110
451 = 100
379 = 115
345 + 90

Female 15 413 *+ 129
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Spot No.  Gene symbol 2D-DIGE LC-MS/IMS

Fold change  P-value MASCOT score Theoretical p//m

1 KIF11 1.20 0.004 93 5.47/119,158.99
2 HSPA4L 0.78 0.039 393 5.63/94,512.49
3 HSP90AB1 091 0.043 177 4.89/40,295.18
PDXDC1 155 6.21/54,982.42
4 VPS35 1.73 0.026 814 5.32/91,707.03
5 MX1 1.13 0.050 1545 5.60/75,520.34
6 Mx1 1.14 0.009 1616 5.60/75,520.34
7 MX1 1.20 0.018 1202 5.60/75,520.34
8 LCP1 0.86 0.046 1315 5.29/70,288.39
9 HARS 0.94 0.045 1322 5.72/57,410.51
10 GLRX3 0.92 0.040 446 5.31/37,432.03
" UROD 0.84 0.049 135 5.77140,786.91
12 PPA1 0.83 0.025 505 5.54 / 32,660.04
13 ANXA5 0.91 0.023 527 4.93/35,936.77
14 MAPRE1 0.87 0.003 238 5.02/29,999.08
EFHD2 254 5.15/26,697.28
TBCB 244 5.06/27,325.53
15 UCHL1 0.53 0.013 164 5.33/24,824.34
16 APRT 0.92 0.015 375 5.75/19,607.77
17 IGHM 1.48 0.031 496 6.35/49,306.59

18 GART 0.93 0.042 509 6.26/107,767.19
19 EEF1G 1.18 0.047 248 6.25/50,118.81
20 LACTB2 0.88 0.039 221 6.32/32,805.65
TATDN1 100 6.51/33,601.66

Spot No. iK1 DFEE L —KT 3,

FlESN- 22 BHEDOZ 87 HIZHOWT,
Western blotting %12 X 2 BB E(LOMER &
TV, 8 FRIEIC W THEA LFIIE & i & [
DE BRI HR I N (A KTHE
[ZFBUNT MXL & TGHM (8400, HSPA4L, GLRX3,
UROD, MAPREL, TBCB. GART II#i4)., ZnbH
D SFEED X LRI OWTIEL, AL
TR X B BINMEE A TV, 3 FEEH (HSPA4L,
MX1, GART) IZDOWTHRIELNBFHER I N
72(F3) .2 oDV FIEEEFEE LTk R.
4 FEEHD # > 237 & (HSPA4L, MX1, TBCB. GART)
WZDOWTH BRI R I N (3 3),

# 3. Western blotting DHER

1st sample set 2nd sample set Combined
Spot No. Candidate marker e Student's t-test Fc  Students ttest Fc  Students ttest
P-value P-value P-value
1 KIFTT 131 0.284
2 HSPA4L 0.62 0.016 073 0.014 0.65 0.017
3 HSP90AB1 112 0.390
PDXDC1 1.10 0.604
4 VPS35 0.88 0.295
56,7 mx1 1.39 0.006 1.32 0.005 1.35 <0.001
8 LCP1 1.04 0.791
9 HARS 1.09 0.588
10 GLRX3 074 0.002 112 0.103 0.88 0.073
1 UROD 077 0.010 1.03 0.831 0.85 0.118
12 PPA1 0.99 0.953
13 ANXAS 0.88 0.105
14 MAPRE1 0.76 0.009 118 0.010 0.89 0.182
EFHD2 0.99 0.908
TBCB 0.68 0.022 0.95 0.628 0.82 0.035
15 UCHL1 0.97 0.919
16 APRT 0.59 0.244
17 IGHM 1.80 0.036 0.71 0.245 0.80 0.466
18 GART 075 0.022 073 0.002 0.74 <0.001
19 EEF1G 1.16 0.154
20 LACTB2 1.10 0.358
TATDN1 1.14 0.192
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1st sample set 2nd sample set Combined

Spot No, Candidate marker Student's t-test Student's ttest Student's t-test
(gene symbol) Fe P-value Fe P-value Fe P-value
2 HSPA4L 0.95 0.545 1.01 0.929 0.98 0.753
56,7 mx1 1.09 0.159 1.18 0.051 114 0.015
10 GLRX3 0.88 0.002 0.86 0.150 0.87 0.011
1 UROD 1.03 0.596 1.41 0.002 122 0.003
14 MAPRE1 1.02 0.506 128 0.001 115 0.001
TBCB 1.05 0.454 112 0.111 1.08 0.086
17 IGHM 1.30 0.327 137 0.155 133 0.093
18 GART 1.04 0.349 1.07 0.476 1.06 0.288
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KEGG pathway KEGG ID Ratio of enrichment P value

ECM-receptor interaction 4512 2.59 00014
Axon guidance 4360 2.22 00016
Glycosphingolipid biosynthesis — ganglio series 604 446 00102
Arrhythmogenic right ventricular cardiomyopathy (ARVC) 5412 2.29 00113
Calcium signaling pathway 4020 176 00141
Dilated cardiomyopathy 5414 204 00183
Type Il diabetes mellitus 4930 254 00186
GnRH signaling pathway 4912 1.88 00321
Focal adhesion 4510 153 00486
Hypertrophic cardiomyopathy (HCM) 5410 1.81 00594

7. XA (G0 F—F X—2R)

GO annotation P value FDR Coverage

Prediction accuracy®

1st sample set 2nd sample set

4-marker model

(MX1, GLRX3, 7% 67%
UROD, GART) (AUC® = 0.86) (AUC = 0.72)
6-marker model
(4-marker 82% 62%
+ MAPRE1, TBCB) (AUC = 0.88) (AUC = 0.66)

1.32962E-05 0.367 13/ 281
1.04867E-11 0311 11/183
ion channel activity 8.72463E-13  0.311 11 /176
passive transmembrane transporter activity 9.46376E-10  0.319 11 /198
7.22642E-10 0319 11/197

axon guidance

substrate—specific channel activity

channel activity

*Prediction accuracy: (1 - overall misclassification rate (OMR)) x 100 (%)

®AUC: the area under the receiver operating characteristic curves
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PCA Mapping (50.6%)

B Schizophrenia
B = B Control

@4 Eﬁ > FRAT
Schizophrenia: A KRFME. Control: BEH
REBLREA AR O T MBS+ D gPCR D
R, A RIEREBLA T & LT 12 B
F (MARCHI, RASSF6, ZBTBSOS., HISTIH2BB,
CXCL10, ANKRD36B, MTPAP, HP1BP3, PPMIK,
ATP13A3 IFNARI, MARCH7) D FEELIENNNTE

BENTZ (F8),

# 8. qPCR OFERE

Exon Array gPCR
Gene Symbol Student’s
FC SAMp LRAp FC oo
MS4A4A 0.829 0.000 0.002 157 0.13
TAL2 0.883 0.003 0.016 747 0.19
PRH2 0.889 0.015 0.036 3.55 0.04
ORA4L1 0.890 0.003 0.011 9.39 0.12
GSTM1 0.891 0.007 0.030 0.80 0.41
NAG18 0.891 0.007 0.021 1.78 0.06
TAS2R39 0.892 0.002 0.011 249 0.07
KRT6B 0.896 0.012 0.031 16.95 0.10
KRTAP19-1 0.903 0.012 0.034 13.28 0.12
T1560 0.904 0.002 0.009 9.40 0.08
MARCH1 1.084 0.009 0.034 1.65 0.02
CTSK 1.087 0.000 0.000 1.16 0.31
KIAA1147 1.090 0.001 0.005 1.1 0.37
RASSF6 1.102 0.000 0.004 1.54 0.01
ZBTB80S 1.103 0.024 0.044 1.90 0.01
LYRM4 1.107 0.018 0.047 1.06 0.19
GAS2 1.115 0.005 0.022 1.40 0.15
HIST1H2BB 1.118 0.003 0.017 1.95 0.02
CXCL10 1.142 0.012 0.047 2,00 0.049
ANKRD36B 1.212 0.011 0.046 1256 0.04
KIF2A 1.020 0.018 0.033 0.99 0.82
SFT2D1 1.024 0.022 0.039 1.07 0.27
MTPAP 1.025 0.030 0.044 1.21 0.03
HP1BP3 1.013 0.018 0.016 1.16 0.03
PPMIK 1.014 0.044 0.043 1.20 0.04
WDR26 1.014 0.023 0.028 1.1 0.22
TXNDC12 1.014 0.031 0.032 1.31 0.20
PAPOLA 1.015 0.014 0.017 1.23 003
ATPI13A3 1.018 0.010 0018 1.19 0.02
IFNAR1 1.019 0.032 0.043 126  <0.001
USP16 1.019 0.013 0.015 1.06 0.39
CLDND1 1.019 0.002 0.004 1.64 0.08
MARCH7 1.027 0.001 0.005 1.22 0.01

SAM: Significance analysis of microarrays .
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