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In Silico Analysis of Gene Function and Transcriptional Regulators Associated wnh Endoplasmic
Recticulum (ER) Stress. Tae-Min Kim, Jiyoung Yeo, Chan Sun Park', Moon Soo Rhee' and Myeong
Ho Jung*. School of Oriental Medicine Pusan National University, Yangsan 626-810, Gyeongnam, Korea,
! Korea Research Institute of Bioscience and Biotechnology, Yusong Tagion 305-600, Korea - Tt has been postu-
lated that endoplasmic (ER) stress is involved in the development of several diseases. However, the
detailed molecular mechanisms have not been fully understood. Therefore, we characterized a genetic
network of genes induced by ER stress using cDNA microarray and gene set expression coherence
analysis (GSECA), and identified gene function as well as several transcription regulators associated
with ER stress. We analyzed time-dependent gene expression profiles in thapsigargin-treated Sk-Hepl
using an oligonucleotide expression chip, and then selected functional gene sets with significantly
high expression coherence which was processed into functional clusters according to the expression
similarities. The functions related to sugar binding, lysosome, ribosomal protein, ER lumen, and ER
to golgi transport increased, whereas the functions with mRNA processing, DNA replication, DNA
repair, cell cycle, electron transport chain and helicase activity decreased. Furthermore, functional clus-
ters were investigated for the enrichment of regulatory motifs using GSECA, and several transcrip-
tional regulators associated with regulation of ER-induced gene expression were found.
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2HE F¢Eekon, 15% fetal bovine serum (FBS), 2 mM
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o A ] 3ttt ER stress f+=E 913 SK-Hepldll thapsi-
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Thapsigarging AJIZPEE 2|3 cellE3} A 2]otA] F&
cellE2FH total RNAE TRizol reagent (GibcoBRL,
Invitrogen Corporation, USA) 2.2 2|3} 21, o] & o] &
3to] double stranded ¢cDNA 43} 31t} Biotin-labelling-
Affymetrix Labelling Assay kit (Affymetrix Inc, USA)S ©]-&
3t] cDNAZFE RNAS F4d3tHA labellingdl 32 m,
factionation'®l biotin-labelled cRNA+= Human U133-Plus 2.0
(Affymetrix Inc) chip? 18 A]Zt &<t hybridizations 33}
t}. Hybridization imagev GeneChip operating Software
(Affymetrix Inc)2. 2 scan®d}] 2.1, Affymetrix Incol A A&

3} Biconductor package® expression levelS A &3l # T},
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ER stressg& <FT8t SK-HeptOlA{ gene expression
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SK-Hep1°l ER stress& fr=3}7] 913} ER stress fr=&2
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ate] oF 12F7 9 clustersS 73 THFig. 2). o1& T Td

Treatment of SK-Hepl with thapsigargin ( 1pg/ul)
in time dependence (0, 4, 8, 12, 24, 48 hrs)

Mlcilgoarray

GSECA analysis

@ Selection of gene sets with significantly high
expression coherence

@ Clustering of functional gene sets into functional
clusters

@ Identification of regulatory motif associated with
individual functional clusters

Fig. 1. Study procedure.
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Fig. 2. Functional clustering of ER stress-related functional gene
sets. Hierachical clustering was used to measure the dis-
tances between functional gene sets and those with sim-
ilar expression patterns were grouped into individual
functional clusters by k-means clustering algorithm. The
expression level of a functional gene set is the mean ex-
pression value of the genes belonging to the gene sets.

o] ER stress =0 wet =748t clusters 3 7H4 38k clus-

ters°l 3l FHAAEY 715ES £45A0H(Table 1). Table
164 B = npe} o] ER stress =0 @} lysosome, sugar

binding, ER lumendl] #&AE 7|5 °] F7}8h= ¥HH, mRNA
processing, mitosis, DNA replication, DNA repair, cell cycle,
electron transport chain, response to DNA damage, helicase
activity, small nucleolar ribonucleoprotein complex,

DNA-dependent ATPase activity, RNA transcription 2} ##
e skl

ER stressOi| 2HHAEl MAIZHEQIX

Z+7}+9] functional clustersel] 3] 3=
Z243he 2AAQAE Rlsty] A, 74
o E£A)3}= putative transcription factor motifS ©]-&3}4
GSECAY] w2122 #2443} th(Table 2). Cluster 3, 5, 7 3}
cluster 5, 8, 7, 99| FHAE9] AAZAJAE EH5 A7,
ER stress =0 wa} #do] F718k= clusterS (Cluster 3,
5, 7)01 3 A= FOXO4, AP-1, FOXO3, HNF4, IRF-1, GATA
Y HAARIAE ] FFHoE EA5FG 1, ER stressfrE
o ujg} o] Aaste FHAEY clusters(Cluster 3, 5,
7)011 A+ E2F, Nrf-1, Elk-1, YY1, CREB, MTF-1, STAT-1, ATF
9 HAREAAE] FFHLE EAEAH

FAAEY BEL

FAAE 9] promoter
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Table 1. Annotated function of representative functional clus-
ters

A. Upregulated gene expression

Cluster Annonated function

lysosome

sugar binding

endoplasmic reticulum lumen
ER to golgi transport

3,69 12

B. Downregulated gene expression
Cluster

Annonated function

mRNA processing

mitosis

DNA replication

cell division

cell_cycle

DNA repair

small nucleolar ribonucleoprotein complex
DNA-dependent ATPase activity

electron transport chain

helicase activity

response to DNA damage stimulus
transcription from RNA polymerase II promoter

5 8,11

Table 2. Lists of transcriptional regulators significantly en-
riched in functional clusters

A. Upregulated gene expression

Functional clusters Transcriptional regulators

FOXO4 HNF4
Evi-1 IRF

3,69,12 TATA SREBP-1
AP-1 GATA
FOXO3

B. Downregulated gene expression

Functional clusters Transcriptional regulators

E2F MTE-1
Nrf-1 ETE
ELK-1 STAT1
811 ZF-6 ATF
CREB c-Ets-1
NF-MUE1
o
ERE T §4 % A2 BE0l3 BaAel 4 T 88
o] dojue AEAVIFOZ AXY Zgol2 AFdE F
2@ q8e gRas TedaaAe a0l g B
o ES3 38 2 Aol 29, 59 =
2o ol 2ZAWA WP dudel 2758 ER
stress HH3-7] A o] A3 Ht} o] 23k ER stress ¥H2-9] %7]
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71%50] F7F3t= WHH, mRNA processing, mitosis, nuclear
mRNA splicing, DNA replication, DNA repair, cell cycle,
electron transport chain, response to DNA damage, helicase
activity, helicase activity, electron transport chain, response
to DNA damage 59 7152 7438ttt ogdt 7159 W
8}, ER stress7} F-= %W ERe|l ## ¥ 7]%5(ER lumen, ER
to Golgi transporter)©| % 7}3}%, ER stressoll tf-§-3}of Al
£ Hojghe 75 sl Sk, AEE ©E o] AA(DNA
replication, mRNA processing)o|t}, ATP A4 (Electron
transport chain), DNA 4%l (Response to DNA damage,
DNA repair)?} A Z# & (Mitosis) 59 7|52 {aste Ao
2 Yegt} whelA ER stress7h fE=5H, 1) Rl FolA&
HEd $E F2ANE A5l 70l 2 R

stress7} A2 B 5718HH mRNA transcription, ATP AJ 4 ©]
1} DNA repair T Yo7} AIZ RG] 7]50] #4ste AE
9] &4o] AEE ¢ F U

ER stressl| o3 f-2719] -] #AH AA=AJAAE
S A WEAYRIE HPH(GSECA)C.E EAE YL
FOXO4, AP-1, FOXO3, HNF4, IRE-1, GATA 59 AARIAES
o] ER stressoll &J3 &&o] F718he FHAES] promoterd]
TEHOo R ZEA59o ™, E2F, Nrf-1, Elk-1, YY1, CREB,
MTEF-1, STAT-1, ATF 59| HARIAE o] wdo] Zhadhe
A2H=9] promoterd A FFZ 02 EA3te], o] 59 HARSI
A}Eo] ER stressol] 93 fr32te] WA xAo] Fo3 98-S
st AARAJIAS)S & 4 AT

o] A=A AR F HNF4, Foxo, AP-1 5 gluconeo-
genesis®] #3}= phosphoenolpyruvate carboxylase kin-
ase (PEPCK)9] 2&E S7HA71< tE A S AARIAH10, 4,
11]Z, ER stress7} HNF4, Foxo, AP-1 59 HAI2A A<
445718 3l PEPCKY] Hd& S7HA dals e
Ao A At T n|EZ =2} biogenesisell vl$- &
2.3k WA} AR Nrf-10] ER stressoll 98] 2do] tas e
FAAEY promoterdl| A WAE o] X =4, ©]+= ER stressol
ofs) AAALGA Y 750l FAshe Ho BT Aoz A7t
o] Hth =, ER stressol] 93] Nrf-19] &Ado] Z+AEH o ZH
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2317] $18) ER stressE =3 7HA| oA expression micro-
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stress7} =5 W, ER| FojA & FE3 1S A=
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A3 olut DNA repair, T Uo7l AIZ RG] 7)50] #Adte
S AE7} damages WSS & 5 AUTH ER stressol] HHAE
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