Integrative Transcriptome-wide Analysis of Atopic Dermatitis for in silico Drug-repositioning
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Atopic dermatitis (AD) is one of the most common inflammatory skin disorder, which

is damaging the quality of life. Multiple genetic risk factors were suggested by previous 0051 — signature
studies; however, the entire pathogenesis of AD is not perfectly uncovered yet. \We 2 g :',Liy.seq

conducted a transcriptome-wide association study (TWAS) with FUSION software to §°-°°'

estimate both transcriptomic and genomic features of AD. We detected significant & Sftecm

assoclations between 31 expression quantitative loci regions and 25 genes in 9 o ®

chromosomes after Bonferroni correction (P < 0.05/52860). Our results included FLG, it

a well-known genetic marker for AD with 4 novel associated genes: PAHA2, LINGO4,

RBM17, and RFX5. Next, five transcriptomic data sets were merged for comparison 010 pc';°1"°?23.e4o/°f'b° 005

with TWAS results. Using connectivity map to TWAS and transcriptome data,

enrichment scores were calculated and combined into a product score which was used et et 5 111 S

for evaluation of resulted perturbagens. In this study, we propose the first integrative ' »; i‘ TR e M |4 Il s 12072
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from single-studies with meta-signatures. (C) A heatmap of expression profiles of meta-signatures
across the samples.
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Figure 1. A flowchart of overall analyses. GWAS summary statistics and transcriptome data were retrieved 2-deoxy-D-glucose , 2-deoxy-D-glucose,
from GWAS Atlas (Atlas ID: 3606) and GEO or ArrayExpress (RNA-seq: GSE121212, microarray: GSE16161, - N ; pararosapiline *
GSE5667, GSE120721, E-MTAB-8149) respectively. A TWAS was conducted using FUSION software to :iﬂa::zg”'” 1,4-chrysgnequinone cantharidin
identify significantly associated genes and by using the signals from TWAS, TWAS-GSEA was performed. e1.4-chrysenequinons e
Five transcriptomic data were merged with SVA R package and the DEGs were obtained. Significantly o .
associated genes from TWAS and the DEGs from meta-analysis were then integrated into a single network. 8 050- % -
Also, those signatures were analyzed with connectivity map (CMAP) for in silico drug-repositioning. B EGED
Subsequently, resulted chemicals were used for constructing drug network based on mechanisms of action. B g
o
Transcriptome-wide Association Study
A ey - 0.00 o . | | | |
- ZBTB46 Perturbagen 0.25 0.50 0.75 1.00
FLG-PQ S ? Meta-ES
- v ARFRP1
;—7 ';LLZ’:\Z LG AC007278.2 SLC2A4RG\LyE1 C | e ’ D Gossypol
% L [(NGO4] ;IUSRAP /OVOL1 STMING /:;EEE pararosaniine1 @ E-decxy-wlmnsgﬁgg}ﬁm-a‘%gmsani|i.-.e cotaaplpd-chrysenequinone
g FLG-AS1” 1AL EEVEg PPP2RIC  ipcign  STMNSY — R — -— —— Sanguinarin
/|L6R ~AC007248.7 KIF3A BT RS o s S o MG-132 - ‘ ’ ‘ ’ T rr—— — —
CRNN, sllLL;:RAP\ / d . ZGPAT \ g T‘FDTLEDJ Piperlongumine
) FAM134C  LIMET .;::5’. cantharidin - <> ’ Iciosamide
E 2-deoxy-D-glucose - ‘ resnatasn & : Suleonazold
1.4-chrysenequinone - . ’ & yrphostin_AG-1478
| -j | o~ 3 ‘ . | 1 I | | | N .i§ .:5*“ ﬁgl'F' _ ﬁ’ Tacrolimus ihenineipm"hﬁ'drﬁmine
0- e SRS e — S— - Ea . - P ﬁ‘& ﬁg @f Adip % Cefaloxin
1 2 3 4 5 6 7 chuém 9 10 11 12 13 14 15 16 17 18 19 20 21 22 ﬁ#@* S Hydroxyzine |I |I \
B YFS Blood 1 M:ﬁizb;? ((;}:r?: Zet elerenee s 3-[[4-brmmupheny'l}lamino]—S—H-methaxyphenyl}-1—phin:|:rlprupan-“I—une
Whole Blood - - - - Cosine -
) Thyroid - B l 04 Coefficient 53 04 05
m Spleen -
Z Skin Sun Exposed Lower leg - 0.3
& Skin Not Sun Exposed Suprapuitic: _ e 0.2 Figure 4. Identification of potential drugs for AD through in-silico drug repositioning.
NTR Blood - : :
el Transiormed for oo 01 (A) A scatter plot of the calculated product score. Highly enriched drugs (product score > 0.6)
Cells EBV-transformed ymphooytes were marked with red and annotated. (B) A scatter plot showing the correlation between the
N S & A o N 0 enrichnment of perturbagens calculated with TWAS genes and meta-signatures. (C) The result of
e & & & & ¢ € & Fo s o Lo &£ NUCTR - - - -
L @ & ¢ & & & fFLCFS & e K e Structure similiarity analysSis comparing our potential drug candidates ana rererence arugs. e
SFEF TS EF S IEEET S S5 4 the struct larity analy paring our potential drug candidates and ref drugs. Th
SE e Qg,oe‘i‘ S SSTELS ffgf @*"’.\C,O"’Q@@&K@Qfo.\"} & intensities of red rhombi are proportional to the cosine coefficient similarity index. (D) A network
L& & S5 @ @ Q)‘\\O\}Qo{\ \é}é‘\\\ S . .. .. ] ] ]
O C ¢ @S S S Q@Q‘\b S&F &I SE&S g”\& showing the similarities in MOA of potential drug candidates and reference drugs. Red and blue
O@\ ¥ © & ¢’ ¢ Q)QO 00 \‘5\\ R - - -
N FalS S 7 SEEOER & ,.boo“" & & nodes correspond to the potential drug candidates and reference drugs, respectively.
O 0&5’: Qo ngqp§® &;Zg}
Gene Set -
| | Conclusion
Figure 2. Results of TWAS and TWAS GSEA analysis. A) A Manhattan plot of TWAS results. For the TWAS
analysis, pre-computed expression weights from 7 different tissues which assumed to be related with the - Four significantly associated genes with AD: LINGO4, RFX5, P4HA2, and RBM17
path_ogene3|s of AI_D were used for the analysis. Twc_) blood data fro_m 2 Iargg-scale studies (Netherlands Twin were neWIy identified with TWAS and the enrichment of TWAS signals in immune
Register, Young Finns Study), and 7 GTEX expression data from different tissue sources (transformed .
fibroblast, suprapubic skin, lower leg skin, spleen, EBV transformed lymphocytes, thyroid, whole blood) were ar_]d/ or mﬂa_mmatory responses were O_b_SGFVGd. o
used as pre-computed expression weights. TWAS was performed with FUSION software and obtained signals - Five potential drug for AD: pararosaniline, cantharidin, 2-deoxy-D-glucose, MG-132,
from 52860 genes. Among them, 25 genes which remained significant after Bonferroni correction (P-value and 1,4-chrysenequinone were resulted from in silico drug-repositioning.
< 0.05/52860) were regarded as significantly associated genes and marked with yellow dots at the plot. Well-
known genetic risk factors such as FLG, OVOL1 or IL6 were resulted as the significantly associated genes for
AD In transcriptome-wide scale. Interestingly, there were 4 novel genes: LINGO4, RFX5, P4HA2, and RBM17 ACknOWI edgement
which were not focused on previous studies were identified and they were marked with red boxes at the plot. _ _ _
B) A heatmap of the TWAS-GSEA enrichment. The gene sets which were enriched significantly (FDR < 0.01) This work has supported by the National Research Foundation of Korea (NRF) grant
In at least one panel were displayed. The color of each cell represents the number of TWAS signal which were funded by the Korea government (I\/ISIT) (NO. NRF-2018R1D1A1807042854).
Included in the gene set divided by the total number of genes included in the gene set. The darker cells indicate
the higher proportion of available genes in the gene sets.
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