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Abstract

Obijectives: Cardiomyopathy is a heterogeneous disease with structural and functional abnormalities in the
heart muscle, which is characterized by a prognosis of heart failure. Recently, several genes related to this
have been found. In this study, we aimed to investigate marker genes that can predict the prognosis of heart
failure in cardiomyopathies due to genetic factors through network analysis using microarray data.

Methods: GSE1145 data of Gene Expression Omnibus was used as microarray data. 11 of normal, 12 of
idiopathic dilated cardiomyopathy, 11 of ischemic cardiomyopathy and 5 of hypertrophic cardiomyopathy
were used respectively. The gene network was constructed based on the expression correlation data
corresponding to the heart-left ventricle mRNA type of the genotype-tissue expression v5 group, and the

centrality analysis was performed using the R program.

Results: In the case of heart failure due to cardiomyopathy, a total of 73 genes were specifically regulated.
The network analysis of these genes showed high centrality of 10 genes including CIQTNF7, ECM2 and
FAM188A. In the 2-mode network analysis between the above genes and the genes responsible for
cardiomyopathy, 26 genes including ACTC1, ACTN2, BAG3 and DES showed a high centrality in DCM. In
HCM, 10 genes including ACTC1 and ACTN2 showed a significant high centrality.

Conclusion: Genes with high centrality in 1-mode network analysis are likely to play an important role in the
development of cardiac failure as a prognosis for cardiomyopathy and may therefore be a target for research
and treatment of heart failure. Genes with high centrality in the 2-mode network analysis may be used as
markers to predict heart failure due to myocardial prognosis through routine diagnostic tests.
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Affymetrix microarray data
Aol AHEE mlolaRZolg o] HolH =
715 Al dlelH o] 2=l NCBIS| Gene
Expression Omnibus (http://www.ncbi.nlm.nih.gov/
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Table 1. Genes associated with hereditary cardiomyopathy (Hannah-Shmouni et al., 2015).

Gene Protein Disease
Membrane and or cytoplasm
HFE Hereditary hemochromatosis protein DCM
FKTN Fukutin DCM
TMEM43 Transmembrane protein 43 ARVC
LAMP2 Lysosome-associated membrane glycoprotein 2 DCM, HCM
GLA a-Galactosidase A HCM
PRKAG2 5’-AMP-activated protein kinase subunit y2 HCM
PSEN1 Presenilin-1 HCM
TTR Transthyretin RCM
lon channels
SCN5A Cardiac sodium channel DCM
DTNA a-Dystrobrevin LVNC
ABCC9 SUR2A subunit, KATP channel DCM
ILK Integrin-linked kinase DCM
CHRM2 M2-muscarinic acetylcholine receptor DCM
PLN Cardiac phospholamban HCM, ARVC, DCM
CASQ2 Calsequestrin 2 DCM, LVNC
RYR2 Ryanodine receptor 2 ARVC
Cytoskeleton
CRYAB a-Crystallin B chain HCM, DCM
DMD Dystrophin DCM
DES Desmin ARVC, RCM, DCM
LAMA4 Laminin subunit o4 DCM
FKTN Fukutin DCM
FXN Frataxin, mitochondrial HCM
Nuclear
LMNA Lamin A/C ARVC, DCM
PRDM16 PR domain-containing 16 DCM
NKX2-5 Homeodomain transcription factor DCM, LVNC
EMD Emerin DCM
Desmosomal
DSP Desmoplakin ARVC, DCM, LVNC
FHL1 Four and a half domains protein 1 HCM
FHL2 Four and a half domains protein 2 DCM
JUP Junction plakoglobin ARVC
PKP2 Plakophilin-2 ARVC, DCM
DSG2 Desmoglein-2 ARVC, DCM
DSC2 Desmocollin-2 ARVC, DCM
Sarcomere
TTN Titin HCM, ARVC, DCM
MYH7 Myosin-7 (B-myosin heavy chain) HCM, RCM, DCM, LVNC
MYH6 Myosin-6 (a-myosin heavy chain) HCM, DCM
MYL2 Myosin regulatory light chain 2 HCM, RCM
MYL3 Myosin light chain 3 HCM, RCM
MYLK2 Myosin light chain kinase 2 HCM
MYBPC3 Cardiac myosin-binding protein C HCM, DCM, LVNC
TNNT2 Cardiac muscle troponin T HCM, RCM, DCM, LVNC
TNNI3 Cardiac muscle troponin | HCM, RCM, DCM, LVNC
TPM1 Tropomyosin al chain HCM, RCM, DCM, LVNC
ACTC1 Cardiac actin HCM, RCM, DCM, LVNC
TNNC1 Cardiac muscle troponin C HCM, DCM
Z-disc
LDB3 LIM domain-binding protein 3 HCM, DCM, LVNC
MURC Muscle-restricted coiled-coil DCM
TCAP Telethonin HCM, DCM
ANKRD1 Ankyrin repeat domain-containing protein 1 HCM, DCM
MYPN Myopalladin HCM, DCM
ACTN2 a-Actinin-2 HCM, DCM

This table is a summary of the genes associated with hereditary cardiomyopathy.
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[19]. GNo.Z5-E the Genotype-Tissue Expression
v5 (GTEx v5) group2] Heart-left Ventricle mRNA
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175/MA 258 437]<] 33l 1641709
RNA sequencing HIo|E1 S dgloem, o] A&
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E log2 =AY E WHAIZ ] flag w2 ©]
foto] wdo] & k| fHIAe] AHE AL
F AT PET HaE 8 ttest BAS
A A5 Tk Normal AAe] 235 idiopathic
dilated cardiomyopathy, ischemic cardiomyopathy,
hypertrophic cardiomyopathy 73 A2 Ax}eo} z}z}
H]3}e] False Discovery Rate (FDR)”} 0.05¢] 3}
ojar W@l 2 wi o Aot Y=, = fold
change 2] ZAtizte] 1 Rt} S(two fold change)
FAATS DEGs 2 AEsta 27 Comparison
123 o2 B3t Type 1 error o HAHES

918 FDR °] %E wgsAl zdste] dd ol
fFolgt ApolE Mol fAze] #E 2dsg]

t}[23].

Table 2. Dateset of DEGs and Co-EGs.

DEGs dataset ~ Control Experi- Explain
ment
genes whose
comparison1  normal DCM expression levels
vary in DCM
genes whose
comparison 2 normal ICM expression levels
vary in ICM
genes whose
comparison 3 normal HCM expression levels
vary in HCM
%Z;Esfts compared darasets Explain

Genes whose
expression levels
change in heart
failure due to
cardiomyopathy

comparison4  comparison 1,2,3

This table describes the dateset used for DEGs and
Co-EGs analysis.

Table 3. Quantity of DEGs and Co-EGs

The number of DEGs
Dataset Up - Down —
Toatal regulated regulated
comparison 1 624 310 314
comparison 2 564 403 161
comparison 3 363 240 123
The number of Co-EGs
Dataset Toatal Up - Down -
regulated regulated
comparison 4 73 55 18

This table summarizes the genes whose
differentiation is differentiated by cardiomyo-
pathies and the genes whose expression is regulated
in common in causing the prognosis of heart failure
in cardiomyopathy.
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Functional annotation
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7 R AR 3100, gashe Sz
3147), = 624712] DEGs7} A=t Ischemic
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v 23k comparison20l A& & ko] F7a)
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Xt B Q1L
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(Table 3).

Functional annotation

DavidE %3] A Co-EGs¢} up-regulated =
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Secreted, Signal, Collagen, ‘GOTERM_CC_DIRECT’
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extracellular region, extracellular space, collagen
trimer, extracellular matrix 5-©] 31T}, Up-regulated
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WORDS’ 7}e|312] 2] Secreted, Extracellular matrix,
‘GOTERM_CC_DIRECT’ Z}e|azg] 9] extracellular
region, extracellular space, ‘GOTERM_BP_DIRECT’
Fhelaie] 9] extracellular  matrix  organization,
axonogenesis 5-°] 91tk Down-regulated%] = %
A5 F3 Y& ‘UP_ KEYWORDS’ 7}HE|
329  Actin-binding, Myosin, ‘GOTERM_MF_
DIRECT’ Z}elarz]e] actin  filament binding,
‘GOTERM_CC_DIRECT’ Z}elaLz] 9] sarcomere,

myosin complexs-©] )

L

Gene network analysis

1-mode HWEHAEAS 9al 2 2 F&5d
d 24 Fhx B ow A¥H3 Co-EGsE
=2, GTEx V5 Heart-left Ventricle mRNA type<]
PCCHUIaL 05°]42] interactions HAZAXMO=Z
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HAAZt 0.70149] interactionS AAAM O T FA
& A7 e FHE MEYNIE TS
CHFigure 1).
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Figure 1. 1-mode gene network that composed of
Co-EGs. (a) Non-weighted and non-directional
network which absolute value of Pearson’s
correlation coefficient is above 0.7 (b) Non-
weighted and non-directional network which
absolute value of Pearson’s correlation coefficient
is above 0.5.
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I 2RFHAEL =29 F7F B2 up-regulated
He FAAER FAE AU ES I £
v FAAE] whoy, FAFAELS ABY
EQ A7t e e fAste] ABRUESA
bl AZAME Asted T3 IS =
FARGE] Evhe e &4 F AU
U292 Co-EGs¢ DCM % HCM2] ¢<glo]
HE FHAET 2-mode VEYIE T4 31
T BNe B8 AEZ A% T AEA
ol = FAAES §F33 . Co-EGse}
DCM2] flglo] H+= F4dA % Co-EGs2t HCM
9] 99lo] Hi FARE === GTEX V5 Heart-
left Ventricle mRNA type?] PCCZ i3t 0.6°]73<]

interactione JAMoZ FA3 JHFEX7F 9=
ek EY IS 7hz FA 5 tH(Figure 2).

@

(b)

Figure 2. 2-mode gene network which absolute
value of Pearson’s correlation coefficient is above
0.6. (@) Non-weighted and non-directional that
composed of Co-EGs and the genes causing DCM
(yellow nodes are Co-EGs and blue nodes are DCM
genes). (b) Non-weighted and non-directional that
composed of Co-EGs and the genes causing HCM
(yellow nodes are Co-EGs and blue nodes are HCM
genes).
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Table 4. Result of gene network analysis (Top 10 genes).
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Q¥ = FHAAES 292 4S5 Uk 1-
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e A4 4 As Table 45 Fo 2
Ql 3 4 gt
o)A e FAFY AHAES st MER
ekl 9l ehube] dEo] Zhzhe] A el A
A 8= v &S Tkl A7EA] ARE RS
star, ZF FAATE MR = Al A Ee B ws
TRk Aoz FiAAd FAA Ax

1-mode U E 9 =) A HNMT, PTN, ITIH5,

Degree-centrality

Closeness-centrality

Betweenness-centrality

gene centrality gene centrality gene centrality
< 1-mode network analysis >
ECM2 0.986 SMOC2 0.684 HNMT 0.232
SMOC2 0.986 ECM2 0.673 PTN 0.187
OGN 0.957 SULF1 0.663 NAMPT 0.151
SULF1 0.957 OGN 0.661 FAM188A 0.145
FRZB 0.928 NRK 0.656 ITIHS 0.143
LUM 0.928 SPATA18 0.656 MYH6 0.108
NRK 0.928 FRZB 0.653 SMOC2 0.107
SPATA18 0.928 LUM 0.653 OIP5-AS1 0.101
COL14A1 0.899 HNMT 0.652 SULF1 0.098
ITGBL1 0.899 PTN 0.652 NME7 0.082
METTL7B 0.082
< 2-mode network analysis (DCM genes) >
VCL 0.324 VCL 0.292 PSEN1 0.143
DSG2 0.294 DSG2 0.290 ILK 0.124
DSP 0.294 DSP 0.290 RBM20 0.120
ILK 0.294 PKP2 0.288 VCL 0.108
MYPN 0.294 MYPN 0.286 LAMP2 0.094
NEXN 0.294 NEXN 0.286 MYPN 0.087
PKP2 0.294 ILK 0.285 FKTN 0.079
DMD 0.265 PLN 0.282 PKD1 0.065
PLN 0.265 SGCD 0.282 DSG2 0.049
SGCD 0.265 DMD 0.280 DSP 0.049
< 2-mode network analysis (HCM genes) >
VCL 0.563 VCL 0.186 PLN 0.502
MYPN 0.500 MYPN 0.180 MYO0Z2 0.308
NEXN 0.438 PLN 0.176 LAMP2 0.261
PRKAG2 0.438 NEXN 0.173 VCL 0.251
FHL1 0.375 PRKAG2 0.173 MYPN 0.189
LAMP2 0.375 MYOZz2 0.172 PRKAG2 0.097
PLN 0.375 FHL1 0.166 TTN 0.077
TTN 0.375 TTN 0.166 NEXN 0.064
ACTN2 0.313 LAMP2 0.163 FHL1 0.044
MYO0Zz2 0.313 ACTN2 0.159 ACTN2 0.028

The centrality values are the normalized values and the genes are listed in descending order of centrality.
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SMOC2, SULF1, NAMPT, FAM188A, ECM2, OIP5-
AS1, CIQTNF77} %A E1¥ St} 2-mode U E
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Functional protein association networks
analysis
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Gene selection

DCM3} HCME 921 fHdxE Z, A+

A AR AFE meld ou7t 9l

S|
Atk A%PA SHASE Aol
A T4 deolgze HdAstal, HFHE
G faAge Ug dolE wo]2l Online
Mendelian Inheritance in Man (https://www.omim.org/,
OMIM)ell A 1= A w2 AdAs)
Atk o714 FAA vEY IS dd YES
3 REAA Adde FHsy A ge
ABCC9Z #AolA Algatitt. R Tz
Aoz Ba) =AxE FARHEL AN
DCM¥} HCMell A Z+Z; 8.47x10%, 1.95x1029] p-
values:  F8f  FAAH fFoAdS Elskslt
(Figure 3).

T2 O 2 receiver operating characteristic (ROC)
Ang B3 37 w2E B RNA-Seq
identifies novel myocardial gene expression signatures
of heart failure’e] <1+ ZA¥}27] & AF-dA
wFol wakss 1209 KA o

i =
of A BAES It duAEg
interactions  ®A3  doHE E=gPuEyz
OMIMtl ol B Hle]2e] 442 Aans FHUsy
2 3t HelHAS A wE 3AEA 2d
&3l ROCHH 2] area under the curve (AUC)
& 7439t AUCE DCMI HCMolA 2t
0.8403} 0.7875 ERW Z+2t good, fairgh oS4
gxE HSAtHFigure 4).
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Figure 3. Logistic regression curve for gene
selection. (a) The independent variable of the
regression curve is the centrality of the causative
gene of DCM and the dependent variable is the
OMIM result. p-value = 8.47x10* (b) The
independent variable of the regression curve is the
centrality of the causative gene of HCM and the
dependent variable is the OMIM result. p-value =
1.95x102.
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Figure 4. ROC curve for logistic regression curve.
Centrality analysis is performed between the genes
whose expression levels change in heart failure in
other study and the genes responsible for DCM and
HCM. The result is applied to the regression model
to draw the ROC curve and calculate AUC. (a)
DCM, AUC = 0.840. (b) HCM, AUC = 0.787.
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Discussion
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