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B £

MF - Y Bifin#F (phthalates or phthalate esters) 5 — f&R i@ * G (L & > %
FPARRIBRY > BEER AN AR L RARER S BT ke
Phthalate » % p 2 F L F - M HE R Erd 2 @R AL » 2 F F L o]
PR E DR 2 AAEE FLET G R HN A ISR G PE R
LB RPHRF T BRI KRR SR SR s & o
AGviEd ERAFFTHRE B A7 phthalate g f 2 < E G RERL S 2
MAEATF - H Y s Bl REFHRE FHE TR LA RBH AT R
L& AL FIFHE ArrayExpress £ Gene Expression Omnibus » 4 47 &5 = % & &
oS R e ot St ke § phthalate oAk 1A Ry 0 AR T o
NetworkAnalyst '* %t - $5 5] Z 8 £ ;A 7] (differentially expressed genes; DEG) » £
F oo Rk LMtk Cytoscape 0 i - 5 # NetworkAnalyst #7135 3|2
DEG £ a7:8i7h B B2 ALK > 57/ pF phthalate % F 2 ~ S & % /a4

F AR B SRR 42 AL P19 3 BB T o SRR endh T4 & % % A7 o phthalate &

o

i

i g B E L g L2 & F1F (vascular endothelial growth factor A; VEGFA)
FRLRIATIRE AP TR H AR F LY etk CCDB4AL 2 < o2t
i # mre k. SW4AB0: %z diethylhexyl phthalate (DEHP) #f 4t g B2t 4, & H 5 j5 2.
2> T F PCR #%BlAFAMeEEFIL > %P 4% VEGFA -
PDGFRB ~ SRC 2 AKTl % » &= fAwmfe k¥ ¥ 4ok & DEHP 2™ 3 %
ME L AehfFim ;@ CCD84L ¢ » T3 p 2 %] CDKNIA (p21) # CDKN1B
(p27) eh& 3 > €%E ¥ DEHP kR et 2 @ kit § -t & SW480 ¥ Al kg ¥

ZR-¥- 25 mMEkR DEHP(10°nM) ¢ ¢ SWA4B0 Mwmre 4 i 4 + 2 12 &>
m % k& DEHP B¢ #r4] CCD841 2 SWA480 wm®s 3 # iy 4 » % k& DEHP
(10°nM) & g ¢ CCD841 mre#d+ac # H 4 1.3 B frdri] SWAB0 iwm¥e #% &

Wt LAY 2R%k T DEHP E A AT € ERPE Y wie i
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Abstract

Phthalate or phthalate esters (PAEs) are widely used as plasticizers, which can be
easily released into the environment. Phthalate can be directly absorbed through
respiratory or digestive system. Phthalates are also endocrine-disrupting component and
several studies regarding the effects of phthalate exposure are mainly focused on breast
cancer, prostate cancer, reproductive toxicity and child development. However, the health
effects of phthalate exposure on colorectal cancer are rarely discussed. Therefore, it is
urgently needed to clarify the effect and mechanism of phthalates on colorectal
tumorigenesis. In this study, emerging high-throughput omics technology is used to
analyze the critical hub genes associated with phthalate exposure and colorectal
tumorigenesis. The role of the critical hub genes in the predicted regulatory pathway are
further validated using CRC cell lines exposed to phthalate. First, we analyze the gene
expression database and compare the gene expressions of clinical primary CRC (pCRC),
metastatic CRC (mCRC), normal colon tissues and human cells with phthalate exposure
from ArrayExpress and Gene Expression Omnibus. Then NetworkAnalyst is used to
determine the differentially expressed genes (DEG) in phthalate exposure (phthalate
exposure vs. non-exposure), pCRC (primary CRC vs. normal colon) and mCRC
(metastatic CRC vs. primary CRC). Furthermore, we establish and visualize the potential

network to identify the potential hub genes and regulatory pathways associated with

viii
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phthalate exposure in CRC by Cytoscape. The gene network shows that phthalate
exposure may affect the vascular endothelial growth factor A (VEGFA)- mediated
regulatory pathways. We next verify the predicted potential regulatory pathways using
normal colon cell line CCD841 and non-metastasis colon cancer cell line SW480 treated
with diethylhexyl phthalate (DEHP). Real-time PCR reveals that upstream regulatory
genes, VEGFA, PDGFRB, SRC and AKT1, are up-regulated in the both cell lines. DEHP
induces the expression of downstream regulatory genes, CDKN1A (p21) and CDKN1B
(p27) in CCD841 cells whereas there is no difference in SW480 cells. On the other hand,
the low dose (102 nM) of DEHP enhances 1.2-fold proliferative ability in SW480 cells
and high dose (10° nM) of DEHP inhibits the proliferation in both cell lines. Treatment
of 108 nM DEHP results in a 1.3-fold increase but decreases in cell migration in CCD841
and SW480 cells, respectively. To sum up, this study suggests that DEHP alone may not

directly affect colorectal tumorigenesis and CRC progression.

Key words: phthalates, colorectal cancer, meta-biological database, ArrayExpress,
NetworkAnalyst, differentially expressed gene, Cytoscape, regulatory pathway, vascular
endothelial growth factor
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FoUEAR

WF - 9 pifindF (phthalates) z & ¢ ~ ¥R Z R EDEILF G B F o kP
BRI Bl a1 FAR - eRE 2 PVO) R B ELH I KD
AR VUK FASEL CBEPREIAY R FE TP FAREY RPRIR S B
FoRE A2 FPM XFHEE (Wams, 1987; Lorz et al., 2007) = # i~ # ¢ Di (2-
ethylhexyl) phthalate (DEHP) - & i 42t PVC 2a) Scke LN NN B TR
Fii* cnARF -V Bifqsg 0 B A& ABA P 5 Mono-(2-ethylhexyl) phthalate
(MEHP) (Koch and Calafat, 2009; Li and Ko, 2012) -

d ** phthalate £ 2 &8 2b8 Bageisi g s Ft 7 2 A S 0 4
LEFapr 2ok DS AT F A A RBRM B AR E EE (Westeret
al., 1998) - &5 ¢ ¢ phthalate d > ¢ < |2 £+ (2% j2 - k"% f2{cRF A2 i
F2EHFFFAN 2 AP TR ERRE » 57 1% %K Z 5% (Rudeland
Perovich, 2009; Staples et al., 1997; Xie et al., 2007) - #% 4 phthalate % p & &+ i
4 > 4v DEHP - Di-butyl phthalate (DBP) % ¢ @epiZ X M5 & > iEm F 42 48

j@ f % # ic (Pavanetal., 2001; Okubo et al., 2003) > @ A 2 FEB T E F ©

12 #F - 9 BRfgdfE e o A2 0 R

S FEBIRMOF PV DL ET R 3R HERREUS WA D S
P ¢ P DEHP %8 - & p & 2 T8 & § i 3390 4246 % W47 20 20 ug
(Chenetal., 2008) - ##>* %} PVC # s 112 LAk BP0 25 ¢ btz
DEHP £ % kA& 7 1.28mg/m® @ DEHP z k4 kR &% 72 1.87mg/g-
DINP 54.24 pug/g (% 3J¥ » 2008) o /% 282 {5 iLm#h ¢ DEHP #rip ¥ 2 ik
BRI P AR RS ka LR k8 F (Linetal,2009) > ¥ 3 s+ % 2011-

1
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2013 # p k-k¥ ¥ 4@/ 4 8 & phthalates (Yang et al., 2014) -

A2 RIS R Ry o ARG G S RTDEY > R
2011 & SR AL E AT AR 4T 2 DEHP 3 - 84 4 302 BF veen
it i > 2 F E K0 DEHP SRR e B 8 & 0 E A 04 2 A P
sk o A FE ERE S > 444 2731 2 & Fie i 6 f& phthalate i 7R
3. DEHP 4= DINP % i &2 4 F (Wuetal, 2014) - 44 2009 ¥| 2010 & >
AR 12 3] 16 R F P ERR O EFMFT - PEBRGAMESFZ AT R
MEHP 2 MBP 3 3 &2 %34 $ (Baoetal.,2015) - F 4 £ 25> B 4 2% 60
g ehiiik > FIRE DEHP JRAP BRF - L #RL G 77 BRI IERD
phthalate » & iz_® ;{*’Jf]l/;f% 2 7 B (Wuetal., 2013) - B 77 3 » 3 3 phthalate
ol R e S VN S L S AR T RS A e R s
®~% 17 > AR (LiandKo, 2012) - Phthalate % &~ &34 vy ~ 1 4 48

T N E o TR H;j‘l\:%,v’ﬁ “thi i (Yenetal, 2011) -

14 3% - 7 Ba 2 Fpimie fHiip MR %

it mre MCF-7 (ERat) foit K imPs MDA-MB-231 (ERa-) # # >+ 0.1-
100 uM DEHP p# » 5 88wz 3 4 2 {52 (Tanay etal., 2014) - 5* g wm? MDA-
MB-231 (ERa-) % ¥| DEHP(>1.28x10°nM) % % i% > F 27 %4 = # »~ & (invasion)
i 4 o dwplHE A Y NF-xB 2 % iE 4 3 Matrix metalloproteinases-2/-9 (MMP-
2/-9) (Zhang et al., 2016) - ™ & kA& (10 nM)BBP - DBP % DEHP % & » %
FOLE G B A a4 0 R @5 ke MCF-7 it 18 PI3K/ Akt 5L

BEREFEwmeR 4 o T A E G 17B-estradiol (E2) enfFin ™ @ 4w iw ¥ =
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(Chen et al., 2016) -

BBP (100 uM) ~ DBP (10 uM) % DEHP (10 uM) #3¢ 54 & % MCF-7 i
A4 EFRA A MDA-MB-231 RIiZ$ 435 - ot = 4 phthalate %] 4 £
Ppgek FoAR 1 eng 4 Flt A MCF-7 Mm%z @ o it drdld  tamoxifen #7344 him e
B oo AP gwiplet e (E 2rig A e p Bel-2/Bax gt 63 B (Kimetal., 2004) -
BBP 2 DBP * 1uM kR ™ § %% 5% @*% MDA-MB-231 (ERa-) # # 2 ## >
vLB R R A A e 38— o ¥ IR phthalates ¢ 1jcin¥e & & <0 aryl hydrocarbon receptor
(AhR) > 2% ™ 75 cyclic AMP (cCAMP)-PKA-CREB1 - i ¢ w155 i#@ v (Hsiehet
al., 2012) -

DEHP “#ta # MEHP v it ¢ $5i8% i Hedgehog (Hh) #u 4 & #pe fm ¢ eh
TR BRié T R 0 B 42 (Yongetal, 2016) - DBP € #5434 c-myc
2 cyclinD1 £ 3> 22 T3 p2l kiRagEw Eljﬂﬁ{-‘}%,fém’?? LNCaP w3 4 o & &
$4F 2 %4 B 0 DBP ¥ gEd % TGF-B & ER L @R 3
H LNCaP w4 £ (Leeetal., 2014) -

DEHP % % ¥ 144 interleukin-6 (IL-6) 2 IL8 % 3 > @ DEHP # 12
g2 AR ez BB E N B > SR %RED F5% NFxB B &0 2
IL-6 *:& {7345 (Wangetal., 2017)-Curcumin # 12 % iE$r4] AhR/ERK/SK1/S1P3
WL B R PR e X HURT iE Tl DEHP 973 38 chim e 45 e
& ~ %2 cancer stem cell (CSC)-like ia4F iy 4 (Tsaietal., 2015) - Wilms’ tumor 3
- F MFRAT WTL £ EehT %K A7 %R MEHP ¥ % NF«B L8
47 % 1 Wilms’ tumor % & 42 (Wang et al., 2017) -

LHE % % g dmie LS174T 2 3] DEHP AUJZ 16 - ¢ % 3 +ulk & 5 it A 7
MDR1 1% 3> ® 5 &£ >/ (Takeshitaetal., 2006) - = #& phthalate ;= & 3> (DBP -
BBP - DEHP ~ DiNP ~ DNOP % DIiDP) % % % ik & 852x10° nM % 8.52x10%*
nM > 2wl g3 <555 Hijlfl%.fém’i’é’ HT29 mPz 3 42 10.94% %2 60.87% > @ #

3
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a0 4 & 8.52x10%nM k& 1+ 2 % 38% (Yurdakoketal., 2015) - DEHP 2 MEHP
§ H 4~ Y pamre HCT116 2 SWABD fhim®e i3 5 > © 3 TR ¢ Jhd  epithelial
mesenchymal transition (EMT) igi& HCT116 !w*z # %> ¢4 4 (Chen et al., 2018) -
DEHP ¢ *:/] SR 4cjf] DMH #7354 ehX %% /% > # 1 DEHP + it &

His R FF+ 5 & 2% (Chenetal, 2017) -

1.5 Di (2-ethylhexyl) phthalate (DEHP) 2 2 $ %8 X #tF B

DEHP ‘gd »fe~jf Vi 2 o R TR R B BT 38~ T A RS € 215 R 38bF
&> B A g AP Mono (2-ethylhexyl) phthalate (MEHP) » 2 {5 i - # %87 b
3 VR 4 i dph ey L B2 4 (Albroetal., 1982; Schmid & Schlatter, 1985) -
Invitro Ap AT 5 B T > A #F] B 2 FuEF £ A4 KfEA S MEHP > 11z
cytochrome P450 (CYP) %-¢22. MEHP % it %%#t& 4 > # ¢ MEHP -~ 5-OH MEHP
% 5-0x0 MEHP % € & % #f 2 % BUF%GE (7§ § pEfgpc i (glucuronidation) (Choi
etal, 2012) » * #7-] % & Bfa AA p L B S P Y FF 2 DEHP 6 5 4 s

% 24 > @d CYP

\\\Xr

B2 g Y2 wdz kO ATIp P '}ﬁ"",%i MEHP » »x & p] §_
A FEAFRE L 30 % (Choietal., 2013) - M =4 &% 0 LB ¢ JR DEHP z 4§81
W B 24 S K G 67% o DEHP R 34A 525 5 R £ 0 e 50H-
MEHP ~ 5¢x-MEHP ~ 50x0-MEHP ~ MEHP % 2cx-MMHP (Koch et al., 2004; Koch
et al., 2005; Koch et al., 2006) - # * MEHP X % ¥ & & @ 5-cx-MEPP % 2cx-
MMHP &£ » 5 p|& DEHP &4 %2 p > SgpFr iy & gﬁ»fﬁﬂilﬁ:fﬁ % ; @ 50x0-
MEHP %2 50H-MEHP B| { i  p- ! DEHP &2 H#8p &8 & % -kT (Koch

et al., 2004; Koch et al., 2005; Preuss et al., 2005) -

16 + %3 B2 it fFp e
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A E SR 2006 FF ATAITR 0 X5 SRR 2 X ik b agE o 2
£3 2017 &2 N4 RIES S SRl F oo S PR F A Ll 1995 £
4217 %) #= 3 2015 &£ 15579 G 0 P 4 B2 R L= KR R 4e coAR
o9 1995 E& L g A rih 133 A3 2016 £ 146 4 0 ¥ EEFS LK

4426 5000 4 (FAARFINEA 2B F 2015 M ¥ reEdR) o BERG (FEH

s

(Fgﬁ,a’_ OECD) 34 W #23t 2016 # v 2 % » 34 F 2 o= Ko u

¥ 5 2% 11 ¢ o BHr S BRARELOFRERILE (FLAETNRYNEE F-
R A A )

<R g FF R E > 4 &5 it (Morikawa et al., 2013; Marley and Nan,
2016) ~ % #p =7 (Chaoetal., 2000) ~ 4c/FjE € (Bardouetal., 2002) ~ & 2% T (Jess
etal, 2012) ~ 41 ¢ # (Chanetal., 2011) ~ *# *+ (Moghaddam et al., 2007) frj& &
%= Al p  (Berster et al, 2008) ¥  (Grl) o ft R F RIAIRA R B ¢
(Jasperson et al., 2010) » 4o R7I%E % Hp P - A5 B R > 22 i 2R p
M+ % % (Lynchsyndrome) - i = % J% % 42i% 5% (Burnetal., 2013; Jang et al., 2010) -
#x1: American Cancer Society- Colorectal Cancer Risk Factors

https://www.cancer.org/cancer/colon-rectal-cancer/causes-risks-prevention/risk-

factors.html

L3R R

R R 2 RR AR T R RRE R B AW TR R R i R
CTROHNABELSY  FHIFrTEEFL A A SERBEHELA ¢
(American Joint Committee on Cancer- AJCC) 2. TNM k% - H ¢ T Z¥p2 *
R ARR BT R R RE 2 A R N SRR AT ¢ T BT 6T o
A M Pl RREAT BT BRERSEFT B L BB LR TNM K

Mz BF P ERBRCRE > L ws b e Baedr (312) -
5
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135 AICC 227 & A% kR efe TER  mARE 2 RS

_\

42 2004 3] 2010 # FAHEKT > ~HRIEFEIGHRAELZII EFTET 0 TEF
BRI  FHEFLTHELZFR Ao B HE 2 HA S % - FRT 92% %
87% @ 3| B % T BREREFITES 5 1% 2 12% haESF o B~
EHRRL W ieRkEs £E (RE3) -

zx2: American Cancer Society- Cancer Staging

https://www.cancer.org/treatment/understanding-your-diagnosis/staging.html

zx3: American Cancer Society- Survial Rates for Colorectal Cancer, by Stage

https://www.cancer.org/cancer/colon-rectal-cancer/detection-diagnosis-staging/survival-

rates.html

B E S RRET

Aberrant crypt focus (ACF) &_=< % & % ) = 4~ P 2 A A (Pretlow et al.,
1991; Roncucci et al., 1991) » # ¢ %z % 4 < 4 adenomatous polyposis coli
(APC) A 7% % & 4% 4 (Powell et al., 1992; Ichii et al., 1992) » i&— # ;= i+ Wnt/
B-catenin 5L @ EEL T 0 iE & X e 4 (Senaetal, 2006) - APC 5 < % E %
B2 P ATl 5 APC #ai kA e d 2 A Spp 32 RBRESFEY K
b % (Aoki and Taketo, 2007) o p % ¢ 42+ % B B Rinh 2 2 4 B E > ¢ 3
7 Wnt~PI3K-Akt-mTOR ~ K-ras/ 3-raf ~ Notch/ bHLH ~ TGF-3 ~PKB 2 2 Hedgehog
signaling pathway -

% &1 Wnt/ B-catenin 3t & i F g T 0 GSK3-b ¥+ B-catenin cpipL it iT* €
W4 o @ Bcatenin €& T wme FFEFRE g e B EREd 25 M
(Xue etal., 2012; Herbst and Kollings, 2007) - Axin2 (Axin inhibition protein2) % Wnt/
p-catenin 31 &L BIEELITY ER AR Y 0 SR Sl BE S 2 A

EERFR AT g AXin R ¥ g ER A g2 2 (Khan et al, 2011; Li et
6
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al., 2015) - s+ ¢ » KRAS/BRAF/MEK 2 3t & & $ g S s (v € 183 Wit/ B-catenin
AL @R A A G Lo & LRPE BT s K AN AEA ST S
% ooo@m ERK 12 7~ ¢ & mkps © LRP6 kit % KRAS/MAPK % \Wnt/ B-catenin
W4 B ¥ 2 (Lemieux et al., 2015) -

Bz Akt U BIERL T e AEF 3 Y 60-T0% A KA B RE Y o 8
PIBK/AKE 2t & @ pe s 2 e @l e AR4ap 5 &5 B4 s> % - 957 80% 2
AR SRR E s APC 2 R¥ 0 XIS RIEE G P-catenin 2 R¥ P RE
F ¢ B ET 252 PIBK/ Akt 3 4 @ F ik e (Pandurangan, 2013) - PIBK/AK/mTOR

G s? o de pmTOR -~ AKL % A5 3B 2B Hmwe? 4 HE 40
(Johnson et al., 2010) -

EGFR A L B RS FH S ISR HF A2 2R (Jean et al,
2008) - m RAS %2 RAF 5 EGFR 2t & @ E g/ T 252 v » ¥ KRAS %
BRAF % %+ § i3 2 &+ % 2 AUk 7 EGFR $rf| &1L 5 1 & dofnfr
it # (De Roock et al., 2008; Amado et al., 2008) - Notch =t 4, & Hp T %87 -3 tm
P fpiB AT ¢ AT SRine 2 drimie 2 LT U R N e 4 S AT 2
LEI ﬂf;rs%;\;ﬁgt 4 ¢ > Notch 3 4, B E 4|2 S8 X %5 3 % okt e
(Qiao and Wong, 2009) - Notchl #* *5 & » ¥3t5% 10 Wnt 20 4 B Ep e g€ &

¢ > 3¢ s PBocatenin iE » e irph 3 B (Ishiguro etal., 2017) o

19 2223 penz €84

P e drp BASY - U fifiadf (phthalate) R @ F2 23 0 4B IR
R LR R AL S N A S E SR APM R L EF Y
PHRFAFOEELL U F G2 G AT AT LEEAPFFNER
AT E LA me Rk BHCS  F 1 phthalate & B4~ Fmre 4 K 2§58

FI* v H TR < G Rp 4 e A FIFORE 12 A g% kB phthalate 2 & F)
7

doi:10.6342/NTU201801933



FALE > 35 0 phthalate & & & < % % it 24240 B 2 B 42 A 7] (hub gene) 1 %
i 2 B i i e % (genenetwork) (Figurel) - ¥ 3 s R 4 > Bop WA T4
7 & BB 72 phthalate f#f 5 Di(2-ethylhexyl) phthalate (DEHP) » F]gt A #2

T A e e Z AN 0 %k DEHP $01 F X % wrz tk CCD841 2 4 32t 5

LR imre bk SWABD 2 kit R A EEP 2 B BB e 2 BEa 4 o
PRERAER R A e MaEL 72 it (Figurel) » W#ET EFF L % wmie it

2ORGER 1 ATE B2 T M o
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2. HpteE
2.1 wre g &
2.1.1 mrk

XAE % o tn %2 B SWAB0 (ATCC® CCL-228™) ~ < #7 % % 1+ A fm s &

CCD841 (ATCC® CRL-1790™) -

212 B x5

Bis (2-ethylhexyl) phthalate (PESTANAL™, analytical standard)
-Product number: 36735 (SIGMA-ALDRICH®)
-Purity: 99.7%

Lipopolysaccharides from Escherichia coli 026:B6

Product number: L8274 (SIGMA-ALDRICH®)

213 Mm%

Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco® , 11965-092):

A

z 3 4.509/L D-glucose (high) % L-glutamine » % % sodium pyruvate °

Eagle’s Minimum Essential Medium (EMEM) (CORNING® , 10-009-CV):

#z 7 1.59/L sodium bicarbonate ~ L-glutamine % sodium pyruvate.

21.4 %%
& AR %R et SW4A80 i e 10% (v/v) fetal bovine serum (FBS)
100 units/ml penicillin 4= 100 pg/ml streptomycin (Gibco® , 15140-122) 2. DMEM
? oo 3t 37°C 5% CO; enim e sz & fAiE (T3 & ©
9
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BAE A% A metk CCD841 %?5,?]: 4v 10% (v/v) fetal bovine serum (FBS) ~
100 units/ml penicillin §= 100 pg/ml streptomycin (Gibco® , 15140-122) 2z EMEM

¢y 3 37°C 5% CO, shimP e 2 & e 78 % o

<5

2.15 s £

SW480 cell line

#3: &% DMEM w% » 11 3ml = F < Phosphate-buffered saline (PBS) /&%
e et 4 F 2o 0 1.5mI0.05% Trypsin-EDTA> £ ¥ >+ 37°C 13 % 48 5 4 4
2 ts4r» 85ml 73 10%FBS 7 DMEM 32 & % % b Trypsin {£% o #-‘wz 3+
e d Iml shwmre iFR o 273 7ml10%FBS # %% DMEM & 10 =
AR AiRm Y o B3 37°C 5% CO; chime 2 & B T & o

CCD841 cell line

#¥-3: % % EMEM V)U,% 12 3ml @ Fe PBS Bk mte (S Vl",f FEFA o~ 15
ml 0.05% Trypsin-EDTA » 1 53t 37°C %45 5 45> 24> 45ml 77
10% FBS 1 DMEM 3 % ;% %3k Trypsin 7% o #wmiedr4cis#4 % 15 ml g
# oo 200 ref o 5 44 0 KR GJ,/Tf g 2ml 10% FBS 1 % %
EMEM #&isime > Bt 1ml enbmie Bisir > 4027 7 ml 10% FBS 3 % i

DMEM 110 2434 ¢ » 5% 37°C 5% CO; chim® 32 % f4i2 (745 % o

2.1.6 m¥% ik ik 3 B R dmve

Freezing:
e i3 &% » 12 3ml = ‘;ﬁéﬁ PBS Bk me (s w,% ' FE:F 40~ 1.5ml0.05%
Trypsin-EDTA > 1 % »+ 37°C 2% 45 5 ~ 48> 2 {64 » 45ml 73 10%FBS 3

DMEM # %% % ik Trypsin (8% o #-fwme qr4is H 5 15ml dw § - g 200

10
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ref a5 ~4bo #t Fiexk s 1ml 4 5% Dimethyl Sulfoxide (DMSO)
2 10%FBS 2 35 % B itim e > #lmie H B w0kl B o 3R B £ R e
3 80C HRAEIEBIRLINEFRT -

Thawing:

Mmool F R R F BN 3 37°C kiR fEL N 2 A4 Fiw
PRRGRELIRE > TRwERINCEH L 7 e AR g o nEE 200
ref g 5 Adho Bt gl 0 8ml 2§ F 10%FBS fhimte s &R R
iRz s Relmrz A5 T 10cm A ¢ o5 3 37°C 5% CO; rim e 1 A i T

% o

2.1.7 e 3tk

#-lne R R 0 pipet B TS @ MR S93 3 A w s o B0 20 Wl chw
e R 1.5 ml o5 eppendorf 12 %484 20 pl <7 trypan blue stain (Gioco,
1525061) » &7 fwPe s iRe3o 3 iR & HEF 3B 10 ul R &4 chip M4 F] counting
chamber (Marienfeid-Superior, 0610039094) F o M3 B8 4 ¥ B &% 2 #
Pt e o U T a2 SN R M kR

v i e Gz /4 X2 (trypan bluefffE 1 #i0) X 10° (- PRt 4 5 1/10°ml)

= w¥e kR (3E/ml)

22 FHELE 2 A
221 KBt sFHE
% 17 phthalates & BH>T A~ S e v RELZAMATF ) A7 A
1

& j¢_ ArrayExpress (https://www.ebi.ac.uk/arrayexpress/) #% 2005 & 1 * p

1 2017 & 8 * 29 p > mBi4EF Homosapiens % % f&fd#E phthalates > i 2

11
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*ATS ST L Affymetrix sofichy & 0 5 P17 Bicbg 2 probe ID i ¥
e Wyp B o0 £33 4 £ Adgiere 2 phthalates ke 7 AP B 2 ML A dcip B 0 8
£73 32 44 (Tablel) > * mig {7 AF7 7 ML 5|2. B & » 47 (Figure 2A) o
O AR e g e AP B A T B R AT 7 8 ArrayExpress 4&
F2E S| Hhp 2 T 442005 2 1% 1 p 3 2015 & 7 7 29 p o5
K 423 Homo sapiens ~ metastasis % colorectal cancer tissue i& {7 % » ;"J",értﬂ- 29
BaEL TR TR AL B0 £ F 6 LACL B B~ 599 44k & (Table2)
(Fl=p % >2016) 599 F kA 2 AF LS| f ¥ 5o 2 71 Affymetrix e
llumina » &% &7 £ B £ 3L A 7] (Differentially expressed gene- DEG) #5731 % 4p i

e 47 (Figure 2B) (%1% p 35 > 2016) -

222 MEZ 0 BR B ALIITREL B AR

d fexl ArrayExpress T ;k_v? AR AP RE 2 Bicdy B 2 txt A% 0 14 excel B AR

e

IR AR AR (A8 3k Lk #CLASS i o 4w 2§ phthalates % 3 2

N

potis

e 2 & phthalates & & 2 ¥ 41% « & F 1212 45T 5 NetworkAnalyst & {7
AL 2 L > 3t p-value 5 0.01 shik T > & {7 Quantile normalization -

I & 7 DE analysis (Differentially expressed analysis) -

223 LREARAFIZAHE LA 22 >

F1*  NetworkAnalyst & {7 £ £ # 3L %] differentially expressed genes (DEG)
2 3 FlHrke (gene modules) 2 A 45 o F hoH-k w0 I T 2 A T S By B0 K
%_ Benjamini—Hochberg's False Discovery Rate (FDR) cut-off p-values & 5= 0.01 » :E
# Fisher’s method (-2*Y Log(p)) ** significance value % 0.01 {7 p-values z it

& 5 45 phthalates f f#3 A S im th2 X B A LA 7] (DEG) - 2% ¢ *

12
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protein-protein interaction (PPI) » confidence score cutoff % 950 (range from 400 to
1000) £ T » $235 745 Fl2. DEGs & (7 A Fwb i 2 A ¥ > 22 AFH e - 1345
AE AT R AR B e R T RS N A2 AF
o ik I SRR -

224 ilﬂgu&a Fai RT3 iR

¢ NetworkAnalyst #7&4g2 FLFfiCe & - H i@ * &%+ &~ 4744 Cytoscape
T ATaEH A 4P M 2o AL T 3 % (ontological gene network) o 12 % iF 2 A F) R 3 0F
* 4 % (gene network) - Cytoscape = SR 2 4 H# T~ 47t > VX K S A 47
LR AR FT A I 4 o VR TR TR 2 AT R T 2 AR T A 4T
FAEd e gl RAFS R REEE ) WD AR ORTIRE

~ g & * ClueGO 2 CluePedia = fa 4 47 #ct:8 7 ~ 47 » & W11 ClueGO

AR EAPAFZ #ie > 2@ % CluePedia 2= AFIF 2 3 B a2 (T 4

% o #- NetworkAnalyst #7i& = ¥ #3322 DEGS 4p B 2. A F]> % » it 2 A F]5] 4 >
E* ClueGO ¥ A% GO 2 24 4 FR EE T i k% > 51 Benjamini-hochberg
3 FEEEN BRI LR ZEFEATS N DB BN Kappa B a2 B
cdp 242 0 Kappa EA%RE BIF i AR AR MO AR B D L 5 R Ie e i 3 o Bt

9318 &3 2. Kappascore s £ & 3 g W I AL F# i 2 LR o

2.2.5 A F1& % (Ontology) 4 35

Gene ontology 2z 4~ 7 * s+ T 5 DAVID :£i7 o 4-¥4d NetworkAnalyst
STREP- I ket AL F] 0 - R AT A ihagp o 27 geneontology 4 A &
Z BHEE > W 5 4 3+ it MF (molecular function) ~ 4 #4425 BP (biological

process) % im?z = CC (cellular component) o % #73 ek F]7| & » = = FL F)

13
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F A AT M AT BB M GO FFFEPN ik 2 A F e

& k-4 NetworkAnalyst #7242 Hi-ie AL %] 4 %] & phthalates % & -
HESORR R SR SRS IR BRI 2 A FIRC R ) Rt e W
ATF7 4 @52 DAVID {7 A Fl# s Birfiz~ 47 - 28 7 J1* EASE score
(modified Fisher Exact p-value) % 0.05 £ 5 & :E &5 > S PE IR EFHFL

Rz A F)# 5 ¥ (Table 3-5) -

2.3 ¥ i8R Bk
231 w3 247

2L S < SR ot SWAB0 2 & < 4 imie tk CCD84L1- 12 100pul 2w
2k  wimie s 3000 32 6000 3g 3 96 st > ® 24 o] pFis 2 DMSO
control ™% %4 DEHP jkA& 5 10°-10* 2 10°nM shus & - # wm% & B0 3
4 DEHP ¢ % i » % 37°C 5% CO, m* 12 % faie (712 % - " B 4ok % DEHP
fsehaE 24 ) pE S UERIEER S 2% 2z WST-1: & - -] BF{s 12 ELISA reader
BIE 450NM 2 650NM sk iE > fcB= BPEAFEE 2448 2 72 ] @ 5 2 450
NM 3 650NnNM z vx sk @8 {7 (T @] o & =X 3Rk % I BF 12 P $ic 2500 ~ 5000 ~ 7500 -
10000 = 12500 %g > ** 4 | pFE{E 4B fs WST-1 )R 5 2% F - -] PFis 11

ELISA reader jB]& 450nM % 650nM =%k & » f i w2 i & 2

2.3.2 ¥z # A 7
WA S B R et SWAB0 2 o F 4 %R invr th CCDS4AL » ++ 24 | p&
k¥t 6-well plate 15 » ~ DEHP jk & 10%-~10%-10°nM 2 DMSO control » i i3
8 /| PFlmz k& & o # SWAB0 2 CCDB84l wmrstrfdix » A Wl 7 3 108 3¢/ 1
ml % 4x10° %/ 1 ml **% % FBS 5 medium - % g fe il = &t » £ & lower
14
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chamber 4 » 7 3 10%FBS # %% 800 ul » 2 & % 8 mtranswell (BD Falcon Cell
Culture Inserts) #x » » #: 3% > upperchamber 4v » @ fe @432 ‘m?e ;% 250pul > ® i@
B {6 DEHP kA& 5 102-10°-10° nM # 4§27k % >t 37°C ~ 5% CO; fm¥e 33
o7 24l FERE -

24 | pF {3 #- upper chamber 2 24 3L p 2 'wm¥e R c)uf » ¥ e x 700 pl o2
20% methanol fe %l 4% 7 0.5% crystal violet »*45 & » $2 % ¥ insert 2z » & ¥z it
EFERI 2 HT R E 30 44 %%ﬁ'lﬁ%ii YIS R S AR R R E
YR e '}‘ﬁ-",!f upper chamber P eim®e > 3tk §z 2. {404 4p#84p T transwell p ez

BALIF » 38 (7 fn e 2t o x0T 18 2 B (& T $ts (PR o

2.3.3 RNA %3~

2L A < SR me bk SWAB0 2 & X %k imtetk CCD841 - » 24 /) p¥
pket 6-well plate 5 » v DEHP kA 10%~10% -~ 10°nM % DMSO control » i& {7
72 | Bwmiek o I & 24 [P HITIREAREFLEHER o @ Macherey-
nagel = RNA isolation kit > i f& NucleoSpin RNA protocol & {79 2% o %k & 72
) EEehin e 0 5 3 1% B-ME ¢ 350 pl RAL shime > R4 #mie e 2
NucleoSpin Filter » 12 11000 g %t~ 1 4 485 - #- collection tube P 2_;% %8 4c »
350 ul 70% ethanol & & 353 o EF#R & {52 72484 2 NucleoSpin RNA Column
110009 &t~ 30 501 { #% collection tube- #- 350 ul Membrane desalting buffer
(MDB) #4c » # 12 11000 g &~ 1 A 48 > 2 {5 4 » © fe @ 4F &0 95ul rDNase
reaction mixture (90 ul reaction buffer for rDNase + 10 ul rDNase) **ZE F# % 15
A dez 15k B4 ~ 200 ul RAW2+600 ul RAW3 % 250 Wl RAW3> e » 5 12 11000
g 4t~ 30 #2300 /2 1 & 48 - B (&% NucleoSpin RNAColumn # I nuclease-

free collection tube > 14 60 ul RNase-free HoO w3 12 11000 g &~ 1 448 o

15
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234 F @&%#% cDNA (complementary DNA)

#-41* RNA isolation kit #74 #t2. RNA > 12 BIO-RAD 2 iScript cDNA
Synthesis Kit i& 7 5 #4+% & v 4 F 5 (RT-PCR) - 21000ng 1 RNA - 4 pl 5x
iIScript Reaction Mix % 1 uliScript Reverse Transcriptase i PCR eppendorf > #]
T H 4  RNase-free H,O # 1 32484 20 ul> r+ Biometra 3 T-Personal thermal
cycler i£i7 cDNA & = o F F3p# 3 95°C> 25°C < Ji 5 ~ 48 ~42°C ¥ Ji 30

A48 85°C F s 5 ~48% Bfs"E 31 14°C ¥ F -

235 =€ R & v & F & (quantitative polymerase chain
reaction, gPCR)

v BIO-RAD 2z CFX Connect™ iz qPCR % # » #-## 4 5 cDNA B
05ul~ ¥ 91yl EF=- %k~ % 02u20uM 2 & & %513 (Table6) > 2 10
ul 2X iQ™SYBR® Green Supermix (BIO-RAD) ;2 & - cDNA two-step gPCR i {7
A ¥ -4 95°C F e 5 A4 o 95°C F Uk 10 455 % =% 55°C F
30 #5; %wdh 95°C F i 10 455 $ 7 4 65°C F e 5 #/% 95°C £ Ju 50 #) o

RS HIIEZHiEE 40 BRSO

16
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MY AR GAFEAF - U Bifg s (phthalates) » $3t < % fmre 4 £ 4R 2

Fomz EFEGFHEBFEBEL NI SRR ERLL T AT AT H PR AR
A BRI o A A S AL B2 e B~ B & phthalate £ & & < SRS E &

AAPR 2 Z R ARATF] 4 M IR P Tl s £ T AL F T AR RIS A
Bk AR UL R T o RSB ED F X % mre tk CCDBAL 112 % % hmoe
Th SWAB0 it {7 F Shok7E  FEiu Rpl B ER TN PR T A TR U E O R e vE
BFHARZ L.

B AW E phthalate % & 2 <~ % 2 % Rl 8482 AL 7 Bcdp 0 A B 5 32 £
(Figure 2A) 2 599 # 4 A& (Figure 2B) o #-F4-F 424 * Excel & {73f i > #
Firm b o7 L NetworkAnalyst i&{= Normalization > #5 3= 22 2 8 £ 3
A %> »ul i phthalate & Z ¥ 4pdlle s 250 F we g X5 R 2R eE X
SRR A ES R B F RS I ARRZRATD R AT LS
Mg F AT R 2 B MBI R S AT TR STl
Cytoscape & {7 fi-ie K F]2 € ATAR R i+ % 24 A Fle o {1 * Cytoscape P &2 #¢
# CluePedia 27 & > H I 2 AR 2 MATFIRE2Z 23040 > 2@ IR &
phthalate J % ~ = % B B iefeiphl 2 0 L @ HD > & Wik SWAB0 2
CCD841 it {7 m"s F B > Sk 7@ TR PRI F ch P AT U 2 PR e 3 B 8482

it 4w (Figurel) -

3l MF-"EEFEBTTAFESRELL AT A4
T 4 47 (Ontological analysis)

d  ArrayExpress 2. #9&F %% o 8% - 7 fifiqsp (phthalates) % & £ ~ % i
ARAP M 2 sy 0 AN s 4 5 (32 BHA) (Table 1)z 5 5 (599 i 4k &)

17
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(Table 2)- #- NetworkAnalyst #7éi% 2. £ 8 % L F] (Differentially expressed gene;
DEG) 2 = A FfiCie » PrE BB § 2 A FHicke » §1*  Cytoscape 2 ClueGO
AT ALK 0 4 g B A phthalate & % 22 DEG A FliE% ~ % %5 %R 8
T ¥l DEG AT ME X BRR i < S RES KL DEG A%
< (Figures 3A-3C) - 1345 4 47 2 A& FHc e # it 2 B > phthalate % % #8821 &
AFFRFEL L FIAZEFFF 2 FFAL LT T AL BERE
e AR ARVRAATEE 2 I S EE T JEd T e & RNA g Il
Fobs 3 2 5 T s e o B3k 2 GLIS i ¥ 2 § + #4- & ~ CRD (coding
region instability determinant) &2 mMRNA f£2 - %8 w2 n §AT2 ZH 10 2
WELBERICE AT L) TRRA 25k (Figure 3A) R =+ % K2
FREAA T Hp B mre AL CBERIEY AE F RS TP 2 e
= E g fbgipaic i &5 B (Figure 3B) ($1% P 3% > 2016) o B2~ B g A 2
FREARLZAFF EA P EBE 2 & T 2 ek B a R e

ESTS

BEF R RGN AR AT R R RS R AT S8 i JAK-

\\\Xr

STAT cascade 3t 4, & #§ 5 (Figure 3C) (8] 35 » 2016) -

32 MF-Z"ERFEAEI--YEYHEMLZ AT X TN

e R

BB 7 AR F)F oA A 472 e AL F] > % Cytoscape poiE 2 g i+ CluePedia &

TAFIR SRR 2475 LB w# phthalate % & ~ ~* S /R L2 < S RESH
2. X B AT RRBwE e A Tg ' AR ee (Figures 4A-4C) » 4

FH#-1 DEG ATFIRLLE I BAFIRLZ LB 2TE B L 2 AT
PR GHEBF - THREEAET M IV REE SIS RY R BRI FA
4, & ¥k T (Figure 4D) -

18
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33 MEF-VRMFRBTABEAGRMBEL E hE AL
ARAPME 2 LD SR

#- phthalate % & ~ ~ R0 2 < B 2 FEMBAFIRREHELE
WL AT gEEN LT f]* Cytoscape p iz 2 CluePedia - i& {7 28 F) /&
L2 Frd B a4t ¥ 235 0 B ophthalates kB 15 7 R E < B LS Ry
Bz Mg A Tz Ay s (Figure B) o BABIRE T2 27 BATF ¢ 77
VEGFA (vascular endothelial growth factor A) ~ PDGFRB (platelet derived growth factor
receptor beta) ~ FOXM1 (forkhead box M1) ~ SRC (SRC proto-oncogene) ~ AKT1 (AKT
serine/threonine kinase 1) ~ HSP9OAAL (heat shock protein 90 alpha family class A
member 1) ~ BIRC5 (baculoviral IAP repeat containing 5) ~ HIF1A (hypoxia inducible
factor 1 subunit alpha) ~ FYN (FYN proto-oncogene) ~ HSF1 (heat shock transcription
factorl) ~ FOXO1 (forkhead box O1) ~ HSP90AB1 (heat shock protein 90 alpha family
class B member 1) ~ EGFR (epidermal growth factor receptor) ~ PPARA (peroxisome
proliferator activated receptor alpha) ~ AKT2 (AKT serine/threonine kinase 2) ~ FOX03
(forkhead box O3) ~ STAT3 (signal transducer and activator of transcription 3) ~ MYC
(MYC proto-oncogene) ~ CCNB1(cyclin B1) - MAPK1 (mitogen-activated protein kinase
1) ~ BCL2L11 (BCL2 like 11) ~ CDK2 (cyclin dependent kinase 2) ~ CDK4 (cyclin
dependent kinase 4) ~ CDC6 (cyclin dependent kinase 6) ~ IGF1R (insulin like growth
factor 1 receptor) ~ CDKNI1B (cyclin dependent kinase inhibitor 1B) 2 CDKNI1A
(cyclin dependent kinase inhibitor 1A) -

d STIRRZ B RS T Y B0 f awfe X D] phthalates & 0 ¥ i g B2
+#2.A %> 4o VEGFA ~ PDGFRB ~ SRC 2 AKTL % > i&# ¢ w24+ 7 M
< F g Hp 20 A B A IR A Tl T > e FOXO1 ~ HSP90ABL ~ EGFR 2 PPARA

FoRBAR A RLEDPES RS2 ZEARATFTALZ B 0 4 FOXO3 -

19
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CCNB1-~STAT3-MYC - CDKN1A-CDKNI1B % IGFIR % (Figure5)-VEGFA X
L EPRAAETF T AFIRET T VT LOBARIEARE Y BRET EE
M FE T FEL FATE e 2 2 R4 o AKTL i serine &
threonine 2 jgcfs> € X 3] PDGF 2 &1t >4 &5 @ 8wz k= F B A F2 a0 4 o
R 7| FRERA P2 L3 2MAF & 27 VEGFA 122 CCNBL: 7
B AFT i % VEGFA 2 4pifi 32, PDGFRB % 4 FE R 2B /S b » w8 7 it
§ AR 2 2 MAEE AT (TS5 phthalate k&7 7 i g AL < G oRR T 2
L BT

34 MEF-"ERFRAEARZ: ARV EELLRALIRATZ

terms

d DAVID z F# & 47 > 245 p-value :F B3 - 20 2 BP (biological
process) - Phthalate # & 2. DEG A Fli % 5 181 i A F] (Table 3) » 2 $ 4i& 4z
Z_¥ i ¢ 7 positive regulation of transcription ~ protein phosphorylation ~ negative
regulation of apoptotic process - negative regulation of transcription from RNA
polymerase Il promoter ~ regulation of cell proliferation % signal transduction % - =
%ok izz2 DEG AFlgxk s 366 B A% (Tabled): #4722+ PEragske 3
phosphorus metabolic process (25.1%) ~ positive regulation of biosynthetic process
(18.9%) -~ positive regulation of macromolecule (18.0%) ~ regulation of cell proliferation
(18.6%) ~positive regulation of nitrogen compound metabolic process (16.4%)~regulation
of transcription (36.7%) ~ regulation of RNA metabolic process (29.0%) - regulation of
apoptosis (17.8%) % intracellular signaling cascade (23.0%) % % o @ ~ % Jgp i £ 2%
i>2. DEG A ¥l i 145 B A %) (Tableb)  # fidigfes it 2 A 4758 % 5
phosphate metabolic process (29.0%) -~ regulation of cell proliferation (26.2%) -

intracellular signaling cascade (31.7%) -~ positive regulation of cellular biosynthetic
20
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process (23.4) ~ positive regulation of macromolecule biosynthetic process (22.8%) -
positive regulation of nitrogen compound metabolic process (22.0%) ~ positive regulation
of nucleobase, nucleoside, nucleotide and nucleic acid metabolic process (21.4%) -~
positive regulation of transcription (20.0%) -~ regulation of apoptosis (22.1%) % protein

Kinase cascade (15.2%) % -

35DEHP R B R FERIZ P HRAFIARE R

ROBRERF P RRELTENE L 33 SR L BERE > AFY
1% A B F % % mreth CCDBAL 2 A #f+ %y 2 4 ‘e tk SW4B0 it (7
F 4 IAE ] 0 2 A R A Bk £209 3] < Di (2-ethylhexyl) phthalate (DEHP) i i= %
ek B (102~ 10% ~ 108 nM) el » 4-$HFERIEL /52 T A F] 0 i 17 real-time
PCR (qQPCR) # Bl E A F 2 ME 2 B o

CCDB841 ‘m* thift p >t 4fLs 21 ik~ B e % b 4 fmoe > B moe 4| i 82 1 4
N L mre gy Bl IE L ATy 4R DEHP & F 53 A E < wmie g 2 R
2 miethem SWABD Kk 50 A& TGz Ayl B L4 R R
= > 2 5 epidermal growth factor (EGF) 2. % 3 > d 3% SW480 Mw®s tkw A

PRSI T T E S A LR DEHP L3 § UL G RR LA

=

A ¥ A% imietk CCD841 2. ¥ s % % 8 T 5p £ 4 %] CDKNI1A(p21)
% CDKNI1B (p27): % ¥ DEHP kA ceht 2 ¢ 4 Eibifk 5 2 M E 2 48% 7 & 107
%2 10°nM ew) ¢ o ¢ Bz £ B 43R (Figure 6A)- @ ~ % o imie th SWAB0 2
QPCR 2. 5% » # p21 2 p27 &4pfles i3 BgF2 £ & (Figure 6B) - p21 2
p27 ‘% % cyclin-dependent kinase inhibitor » i & ¥ ix 34 47 w7z ¥ #p  G1 phase (Sherr

and Roberts, 1999) -
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FF APPSR 52 P ERAFEFE 0 & CCD84L mfe k¥ > n
% 42 E 73 VEGFA 2 i |45 472 4 £ #]+ £ 4% PDGFRB: % % % DEHP
ER A F AREEFOFA 2 4w A 10°nM10°0M ASZ T G B FLZE (p

< 0.1) (Figure 6A) - VEGFA to3¥ 5 g - 383 £ FAF 0 » A ipenhim - 4 &

e g Fwre 2~ HE 2 0 g ATA Z 5 (Merheul and Pinedo, 2000) ; @
PDGFRB Rl &4t # k2 & ¥4 7 5 £ &5 i (Hellstrormetal,, 1999) - @ &

His 4phi 2. P A F] > 40 FOXM1-~SRC~AKT1~EGFR 122 IGFIR- %3 DEHP
Fe e w? Y B A RE 2 5 (Figure 6A) - FOXM1 flimre 3 4 = 6 £ iz
it (activator) hé 4 > 2t M phase ALBERL I A Irme 2 A FAR
(Wierstra and Alves, 2007) ; AKT1 R &_¢ =< 3| PDGF 2 % it (Romashkova and
Makarov, 1999) » ® ¢ Fri|sn?e &= 4p M 2 F]+ (Kennedyetal., 1997) ; # 4 2 & %]
+ EGFR RIE_¢ i3 & w8 2 (RubinGrandisetal., 1997) ; IGF1IR R|E_iT Z im
k= 20 m'g i EM BB e 3E AR EM2 R R REE AR (Peruzzi
etal., 1999; Larsson et al., 2005) -

¥- g ek SW480 ¥ - VEGA ~ PDGFRB ~ SRC ~ AKT1 ~ FOXO01
Mz IGFIR 2 AFl43RE > & DEHP mdZis w3 + 2 484> ¥ BIRC5 2 HSF1
w3 2B B 2 H, (Figure6B) » BIRCS 5 ime = 2 Frdl & 4 » arn a3 B
AR 4 S HORB NG B R £ M2 457 (Chiou et al,, 2003) 5 HSF1 Rl & ¢ < F|#%

fa it @ e > @ ¥ heat shock protein 90 % & (Alietal., 1998) -

3.6 DEHP & M R3E 2 3t A g+ % “gmgéigi Lﬂ‘ff&‘
B DEHP L7 g4 in%e 4 L frfhenic g » #5773 CCD8AL 2
SW480 » & {7 % Ik & DEHP (10%~ 10~ 10°nM) 2. % & -
R fEshs DEHP % B kR 2 %% (Figures 7A, 7B) ¥ 84w & § < %l

stk CCD841: 2% I DEHP ER R B ™ » W% 555 9 5 50%~110% o 2-4
22
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A B Rm ik SWABD » Ewme kB2 R %k P H 2 X KB 2w 3R 5N
70%~120% © & f&* % etk F DEHP % Bk R it » 555 4G BT 4
B E o

RHEME kB X B2 %% (Figures7C,7D)> 1 % % DEHP ¢ ~ 3 = &
kB2 v (E@ (10°-10*10°nM) o T-test 2 43t % ¥ 115 3] - CCD84L m
et R R Ew (10°nM) hE - X 2 $ = X ogrpedledp it PR T (p<0.1)e
SW480 m*etk? DEHP % & % = % » kA& (10°nM) enjew| s -didpit » 2 3
404 HETE (p<005); A wiikR (102 nM) AT 5 £rf kw4
EE 8 3

d fmPeth SWAB0 % im®z th CCD84L Mmie 3 # 2 %% » ¥ 1 {74 DEHP #f

4 N37_}]V+11253’L‘rglk}iﬁs;ﬁ—r’h”L%F‘%‘#’Vﬁ” L Sl TR RS- T3

37DEHP A BH*» A A Fwmie &2 B

LB f DEHP 2 P B w2 HHad > % A 21 § wiefk
CCD841 % ~ % . 'm*+h SWA480 - %7 F DEHP k& (102 10* - 10°nM) Az
TR (T e £ B3R5k o F S i % A7 > CCD84L wmiw imie 5 dh iy 4 € iE¥ DEHP
F@kAR A A A4 ¥ 10° nM DEHP gJ® pF§ B2 F 2 # = (p < 0.05) (Figures
8A,9A) > @ SWAB0 m®e chfs #+it 4 %% DEHP K Bk RA%F T ' 2 4%

10°nM (p<0.05) 2 10°nM (p<0.1) z =%} & % £ & (Figures 8B, 9B) -

3.8 Lipopolysaccharide (LPS) & DEHP % I & & ¥ ¥z 3 & ~

TERIZPHRATFIZ F LipM F]F 2P
FUF RS R F B L EROBE A ST ¢ B ILE X ¢ T
wmred R 313l e R E ogn s { 28 LTS %%‘rf(,%:'liﬂ‘_@ﬁiﬁ )
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AR L FF 2 € BB e chf B+ 2 44 (Coussens and Werb, 2002) = %]t & 42
T B& - # ¥4 DEHP 2 itsg g L #]+ 4o Lipopolysaccharide (LPS) > 4+ %+ %

fie e PRI (T R 0 4R 3T & LPS i =g LT o DEHP A% ¢ ¥ 5 e i
S UMFLPELPS SR SRR E B gy g B e lipid A fE S A
Eowme i XMLIT FYahkd > ¢ Bt 5 a0 CD14/TLR4/MD2
receptor enimrz 24 » B lmie o AR M e L FFE S F UL F B 0 40 TNF-a 2
IL 1-B (Dinarello, 1991; Raetz and Whitfield, 2002) % -

G4 dEn ¥ A %% CCD84Ll % &> % k&2 DEHP (10°nM) 2 LPS (1
pg/mL) > BB w5 d i 4 2 SRRl F 5P AT VEGFA ch& B R o A =
FREEFI L LPS £ F £ Z ™ DEHP ¥ CCD84l 2 'wm® #5 # & kg ¥ 2. B
% (Figure 10A) - ¥ — > & » qPCR 2 % % &7 + #38pl2 P 4 %) VEGFA i
BB kG LPS @z w0 § £ {i&- % 2 g% (Figure 10B) o 4~ 4=
T LPS 7 #2838 %3 IL1I-B2ZAFLAMEFTRP > S5 LPS 2
DEHP % w22 wu|t £ Jp ke B2 e w] » $3% IL1-B ehi iy 3 &2 2 Fim
w2} ¥ LB (Figurel0B) - ¥ — = & » B+ % Ko SW480 % # DEHP -

AERFLFAF ILLB LT - E% K7 M)kAR DEHP (102 nM) A2+ #% 3

<

IL1-B &R ed8% > 29 FEA RS (10°-10°nM) 2 = wplil 4 & ¥ 2 B8

B

(Figure 10C) -
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4. 3
4.1 DEHP %%ﬁ'*“&*?ﬂ(‘iﬁ] HEZ LB ARATFINAS 4w

%2 CCD841 % + % g tm¥% SWA480 2. F25F
AR 7 444t phthalate % B 102 X %3 SR B JIr R T S e E
Bt 3 A e s spipl A 47 0 2 B 1% NetworkAnalyst 2 Cytoscape > 35 41 4
PABMAFNT AUV w2 L G EBIT o
AT EET URZI L B A AR FF (VEGFA) #rif# 2 sp b 4 @ F R

JT 5 AR RI A2 b 25 7] (Figure 5) - VEGFA 23 & # 474 M > @ oL ¥ 37

B

ARRESBEERY BFERSES > NN R BRI L2 ES LS § 2
%~ (Nishida et al. 2006) - QPCR § %% %+ ¥ 125 F| » VEGFA 2 A Fl# R E &
< % w7tk CCD841 2 +~ ¥ Jg'm?e SWA80>* DEHP %k @2 2%W% 3 2R TR
% i3, (Figures 6A, 6B) - &k % ## 3 % # > dibutyl phthalate (DBP) % #
(2.56x10° nM) %>t mural granulosa ‘m#s > == 3 % ¥ #% = VEGFA # mz 7
(Adir et al. 2017) - & Ap bl 2 & F % ? » # R > DEHP % @& ¢ *cv 34 1,2-
dimethylhydrazine (DMH) st# % 2. %% % » P VEGF 2 £ 3 & { 42
(Chen etal., 2017) -

VEGFA ¢ $2&rimre#5d > 35 57775 ¢ Bon 4] VEGFA 2 & IR ¢ i i fm7e
##a + T ' (Zhang et al., 2015; Niu et al.,, 2016) - & A 3 ? > % % Wiz tk
CCD841 “i¥ DEHP m gk 2 t 2 Hwieffd2 iv 4 3 2207 ¢ &8
JE R mw] (10°nM) ¢ 4 BgE £ B (Figure 8A, Figure 9A) » Jaipl# #d i 4 B2+
it % 7] DEHP #73 %0 VEGFA £ #tA4- - X a % & ] VEGFA 2. gPCR
e cyclenumber 4z 30 &g+ 2 L L E 2K 4+ CCD841 % kA& DEHP 2z %
Bawd mepbiid QR as 125 824 57 Y (Figure9A) - * & 4
FERAEE G H heo AT > TR A{]* SiRNA 4% VEGFA i {7
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F o7 e A kv i Aqlr ELISAKIt se 74 H iR % A? £F 3 VEGFA» 2 {4
-1 & F A P iR {7 in vitro angiogenesis assay 0 f£ 3t H iBaE B AT2 2
.hi-/‘\;; °

PIBK/AKT/MTOR . 4 @B e ¥t me kP2 A g e £ 4 o 4 A
TP HIERREY 2 P AT AKTL 2 gPCR %% > & CCD841 2 SW480
Gtk ¢ DEHP k@2 v 24 mE 22§25 £ 09 kR EE (10°nM)
B B ¥ (Figures6A,6B) - fApbi ety @ » 5 7 DEHP k& ¢ ag 4
HOFHL L Hep3B chim s 2 o4 1 § 4eid e ik 0 RS E PISK 7
FF o P4 2 W% 5 PIBK-AKT-mTOR :u 4 B 2 = #r2 & (Chen et al,
2013) o Ap i 2 1E* B A FFF R ek MCF-7 ¢ = 5 L% » T'Fiﬁ"%f Hod kR 2
BBP - DBP (10-10°nM) # DEHP (10-10°nM) J & » % 7 & § sk 2784k » 4
FF w4 2 g > A d PIBK-AKT 22t A & #2773 & (Chen and
Chien, 2014; Chenetal., 2016) - 3% % © “wip A 7 45 21 AKT & 5 Bk - 2 40 4 >
#r4] CDKNIA (p21) # CDKNI1B (p27) » & @it m® e 5 4 2 445 4 (Caietal,
2010; Zhangetal., 2014) » 2@ tAF7 5 ¢ 8 « % w2 5| DEHP J & 14 » AKTL
222G P A2 p2l 2 p27 2 A RAr AR T AKTL e > & @ IR
= i $t (Figures 6A, 6B) » 7 12 daipl i+ % miz @ > £ 3] DEHP % &2 AKT1

£ VA LG ArmerhaedlEd p2l 2 p27 2w o

42 DEHP 2 & ¥#* < % w2 CCD841 2 « ¥ Fiwf SWA480

LR e A -
dRFAT2Z 57T @& £ 3] phthalate B2 5m 5 £ 8 ARz A% 2o
Wl R Ewmreir) GLS BRZAE L A2 R TFF Rz L R
%75 B (Figure3A) - e 3 4 F %2 %% k7 DEHP #*x B wwe ali¥x 3 14
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B kR Eu Y (10°nM) % G Frdlme st 2 B A B kit
SW480 ik & 2w (102nM) > £r4 #& B w3 4 2 »c%k  (Figures 7C, 7D) - &
s 44 P53 2 A KFAFEEe $h Hep3B tiif 24 ) p5 DEHP
EHiS o 1.25x10°nM %2 2.5x10°nM ‘&% ¢ > 7R F R A e 3 S DR
(Chenetal,2013) » &5 - {# 1 4 3 %7 DEHP 10*nM g2 » § i 4c £ %7
F g imre MCF-7 chimPe 4 a0 4 > ¥ 5 &£k (Blom et al., 1998) - 384 £ @
A wme kB DEHP 2w 2 73 @ > w0 e 2 T A lwre s 4 cnffa)
blde: SBH* e Bpimre LN-229 & DEHP )& 6x10°nM 2 % B ™ » H imwe 2
£ A Fr41 % 47% (Sims et al., 2014) ; + 7| a:jz:ﬂ,%:smﬂé tk LNCap ehim®e3f 2 iv 4 ¢
< 3] DEHP #r#] (Hrubaetal., 2014) -

$-4f DEHP $+ g mse i 4 o4 2 B B Ay L5 M 2 9 5%
H% o o7 udfeis DEHP A9 41472 3 » 2 {7 Pl @G 5 BGRF0 d 3w 4
Bl LB v de$tst DEHP 2 2 kR R BT 7 Fats it Fla 5 o ile
HA 2 BE B RS A APk o A% Bolkine $h SW4AB0 ¢ gPCR #
%R o T riFed] CDK R @i k8 B Fh p2l 2 p27> A AME L F ik
Blew] (10°nM) ¢ ¢ 5 TrEz 484 (Figure 6B) » H & %k w2 2 F %t %
tp = (Figure 7D) » Tt faip| B2 8 wre 2 £ 2 BRGEA FIRGZ 4 A p2l 2 p27
Ra il ¥+ % etk CCD841 2. gPCR % % ¢ (Figure 6A) » # p21 %2 p27
2. 2% DEHP JEAR N vy 3 82 248% ¥ & p21 ¢ B kR (10*~ 108 nM)
uld BEF2 AR Herimre 4 2 F kA ew] (10°nM) 4 495 2 %% (Figure
7C)» HiPIE ¥ + % fmvz tk CCD841 2 fmee#i 4 > DEHP % & T v i .5 64

A op2l 2 M E DRI A 2 ek o
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43DEHP % %1%+ % w5 CCD84L % + % R im% SWA4B0 im

B 4 2B
% DEHP %t~ % mie f o il 4 chB 82 5 » A g3 CCD84L w2tk € &
¥ DEHP % @ kR et =2 > mie fdsac 4 5 B F /A 2 72 (Figures8A,9A) ; e
H_ SW480 mre thP|"E ¥ DEHP JEm + 2 » mwe f# i 4 ¥ * % (Figures 8B,

OB) - el s AWFAFT P FIR > A g irw? 2 HoSpw% > A™kR DEHP

(% 2.56x10°nM) REJZ 24 -] il mie #5d2 5 4 '% 1% 70% (Manzetal., 2015)
OEY - RALYER LS 2P R & op e HL-60 Gk &R DEHP
2 B2 (& 2.5x10°nM) > § A EFFrdlmie b a4 2 R (89 37T%) 0 B EE
PR 4 H PR R oA (Manzetal., 2014) -

CDKN1A(p21) % - i £ & 7 cyclin-dependent kinase =fr4]#] » 34 & fm¥e ¥
# Glphase g4z > @ f3F A7 ¢ o p2l #7710 Kinase ¥ € i = e # 6
BEE MR ARAZR LG AR d BB £ L ¢
;’gcj Frd] p21 #riE b2 Kinase 1 @ i Fldrq|mie 3 4 2 45 & T3 (Sun-Mi et
al, 2014) - = 3 A 3 dp i d p2l #7iE - 2 Kinase 1 ¢ ;%r} ERK 2 AKT-

dependent 2t % & HELIT o s B e B 4 58 & B~ (Huynhetal., 2010)

o

Ad i gPCR 2 &% %% 7 114 3> & SW480 B/kRE DEHP A2z %>
# p21 2 p27 ehd R ¥ G aniEa) (Figure 6B) > @ mie Bd 2 %L P
kg < (Figures 8B, 9B) » F]pt v e in SWAB0 mre kA5 doa 4 22T ' > Vo &2

P21 &5 B > i@ mre Fdi2 g 4 o

44 DEHP 2 Z¥H* < % w2 CCD841 2 « ¥ iwf SWA480

EEFFHERMLVE
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Phthalate o AR S N AR TR T R e R 4 S ol (B AR
PR w e BRI IR TRE W 5IJH¥117§¢7%;‘IFU’€M\ phthalate
FFAFEHL S A R R e L B E R R i e A A
J iz tk LNCaP @ » DEHP 2z % 3+2 #» MEHP ¢ i hedgehog 3t & & Hpe s »

beig g vjﬁw%p\ % i&42 (Yong et al., 2016) ; DEHP ¢ i #5% %2 % 4 > © 72 4
i% % peroxisome proliferator-activated receptor alpha (PPARA) #7334 & 2_ 3 4, i 52
iZ (Itoetal., 2007) ; k& 2 phthalate 7 ¢ 3% * #F 5 oz 2 w2 3 4 (Chen
and Chien, 2014) -

A Y n iRt phthalate E_F 30 < 5wz 5 48 g 4 = 8 Ao id R 1L iR
22 a0 A o Tt e B4 K < % imte CCD84L1 %2 + % g imfe SWAB0 i 7 4p il
2R ke w4 2 F % o DEHP 2 &k B>t ¥ wmretk CCD841 3 kR

(10°nM) z_ ‘ew| ¢ (Figure 7C)» # @23 %L 2§ F @ § B Fdrdlz 2c% o @

B %o imre gk SWAB0 0 F kA (10° nM) 2 e n k4R G prdlonk o @ MOk
B (10*nM) e w| FRA e A2 54w AR 3 5P (Figure7D)
M imre 2w 4 % s Bt o wietk SWAB0 x| DEHP R g&ic v T %

P R E L @ etk CCD84Ll % # &® kA (10°nM) DEHP % & =@ 3
HA 2 A w A2 hgg s g (Figure 9A) o
Fl ot 44 R e 2 e p] 0 AFT§ daip] DEHP 30 % 5 mie > ¥ 24 3%

B A R ek it AR 2 i 4 o A 3 Bgor 1,2-dimethylhydrazine (DMH) it 3%

3

oo B k2 A5 e pEig o] Bk % DEHP % 3R> aberrant crypt foci (ACF) 2

N

SR E EE A kAN E S DMH “f 82 %% > % VEGF 2 4 8
blpFd DEHP k@2 2%y { % >4 m DEHP ¥ i &4 4l DMH #7135 %2
% % Jpchiy 4 (Chenetal,2017) - 4p M 7 7 % H b2 3 DEHP ehk &+ i 4
NHEF SRR IEPR LA U RBFFRNFAT TN E T e
R 4 2 A
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A5LPS &2 DEHP X F % ¥ < % w% CCD841 iﬁ?.’gl
A5 4F DEHP $420 % % fmwe 2 B4 hi § + % w2 CCD84L w #

Boic 4 o BefR e DEHP AUZ T j B2 2 Hm > LA EPE - ofF LF Bk
B s BT I E & e o F B ey L F]F R wie &2 g L2
o R R BT DEHP i it iR o

3 B DEHP 223¢ Xz a7 > % & 2003 ETF‘LQ # . DEHP # % &% 4
ak? > B3 Vg LF B2 4 (Gourlay etal., 2003) - DEHP % % ¢ i
NA BB & d g e o F L F]F IL-8 7 mRNA 2 Fd FARE A T
® Jap) PPARgamma ¥ it 2 @ &0t L K B2 X %8 (Huang et al., 2016) - + #g %%
Fien g dmre X 7] DEHP mgZis » 3 W ApM » 5+ ICAM-1 2 IL-8 2 E ¥
A D AEFe A R DEHP B g TG 2 R g £%% ERK 2 p38
MAPK 3t & @& %52 /2 (Wang and Dong, 2012) - DEHP /2 ¢ 3 4v d E w5 m e
THP-1 #7§#3c 2 Liwe gz % fph 2 * § %]+ > 4o TNF-a~ IL-18 ~ IL-8 % IL-6
oo defplirig o oagF U F i (Nishioka et al., 2012) -

KT T DK A B4 % mve CCD84L &7 LPS 2 DEHP 2 g » % %
. LPS 2 DEHP k@& %% g3 % LF+ IL-1p 2 23> B LHRF “tH
% (Figure10B); & m & w85 % v 145> LPS 2 DEHP £+ F k& 1
23 Fe B i HBEo2 a4 oo A1 LPS #3timfe ik CCD84L #rif#f 2 3 WL F &>
#* DEHP (@it %+ B (Figure 10A) o ¥ — = 6 > ApMAT 5 # 37

LPS # i 4r NF-xB % & 3] VEGFR-3 promoter > + 3% VEGFR-3 2z % 3

(i

i d BAE X B oRmie 2 80 & 2 4 (Zhuetal,2016)0 @ A5 3 ¢ CCD841
FrRx#% LPS 2 DEHP > ggi&- s 7 48 A% VEGFA 2 # 3 (Figure

10B) » iz 4w %% 5 # 8 57 F 2 B

» &gon 4 DEHP 2 LPS £ B k@& ™ » FEP

AT VEGFA 2 2 IRE R > P il 52 CCD84L e # iy 4 2 iy
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4.6 DEHP 2 #*# &4 MEHP % & 3% 1 42 B 3§5
¢ 4 DEHP & » 3|/ BUBEPN {50 € 55d R B4p bl 2 i % lipase- # DEHP -k
f2= MEHP > #:&- % 5d H s i3 > 4o UDP-glucuronyltransferase (UGT) i+ #*
el furdi o g4 alcohol dehydrogenase (ADH) %  aldehyde dehydrogenase
(ALDH) % it -i%:iF cytochromeP450 - # A5= 3 it %4 (Albro and Lavenhar,
1989; Ito et al., 2005) - 4p B 7= 7 &1 > % )k & (1000 pM) MEHP #43% £ #g 52 #r5%
iz (hESCcell) £ 2> ¥ £ A 1 ¥4 5 (Shietal, 2013) -

LR AR M 2T 0 IR MEHP € G2 A 5 R ¢4 g me NT2/D1
iz~ 2 ## (Yaoetal, 2012) s MEHP ¢ i1 hedgehog 3t & & 5k s i8aEw 7|
H Pz LNCaP g B 242 (Yong et al., 2016) > 7= ¢ %518 DNA 7 A it g2 58 7
ij‘l\:&%ﬁfé (Wuetal. 2017) ; MEHP &% % 853 m%e » 7 ¢ frdld TGFbetal #7134
w2 e k- F & (Hasmall etal., 1999) - 2% 7 #:iE w2 ;" & & DEHP > R

$£31 DEHP $>t < % mre 2 8 2358

"Q

- B3 RO BRI AR R - - T

AR E 40 B RN T T RS TS DEHP 0% B ehie® » FRL 3% mie {0

kll

NEFLFRES VA RZRES P DEHP S AR ST S 2 L o
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J-

“s",‘

A R 2 M s TR E > A4 X AERIARF - ¢ A% (phthalate) 3%
g A A i R R 2 AR RS o d M A2 AT ARE
it g% > #Farme i Di (2-ethylhexyl) phthalate (DEHP) % S T -

SRS

P& T VEGF #riE i 2t L RG> 5 t etz B8 Ra § 2152
GERTY A F R o ) R L2 BRI % T DEHP 2 & f $0 mre
dEEFZPE oG 2wt AgRs 2 PR Jup H A2 DEHP

Foag A XA FE S S ek Rt iR B o
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ﬁ&) Microarray dataset collection and integration \

(a) Process the datasets of phthalate exposure and CRC progression

collected from ArrayExpress

(b) Normalization and combining the p-value of microarray datasets

(c) Differential expression analysis (DEA) (NetworkAnalyst) /

>

63) Gene module construction and extraction (NetworkAnalyst) \

(a) Networks of DEGs for phthalate exposure (phthalate exposure vs.
non-exposure), pPCRC (pCRC vs. normal colon) and mCRC (pCRC
vs. mCRC)

(b) Gene module analysis of networks for phthalate exposure, pCRC,

\ mCRC /
>

ﬁ:) Gene network integration for target gene regulatory pathway \
(Cytoscape)

(a) Reconstruction of gene network for DEGs (phthalate exposure, pCRC,
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(b) Identification of potential pathways from merged networks

Q) Selection of target genes in predicted pathways with high connectivity

A

/(D) Validation of target genes for predicted regulatory pathway in
human CRC SW480 cell and normal colon cell CCD841

\

(a) gPCR determination for expression of target genes

(b) WST-1 assay for cell viability and proliferation

K(C) Cell migration assay for metastatic capability /

Figure 1. 2%~ 2. # % x4 (Flow chart of this study)
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Tablel. #F3 # % 2 A fEm e R EMF - P RS A B2 A L5 &dg

Microarray datasets used for meta-analysis of phthalate exposure

ArrayExpress Treatment Species  Sample Array Array platform

Accession source number

E-GEOD-48990 DEHP Human HepaRG cells Affymetrix Human
Genome U133 Plus 2.0 Array

E-GEOD-46909 DEHP Human Human T cells Affymetrix Human
Genome U133 Plus 2.0 Array

E-GEOD-46909 MEHP Human Human T cells Affymetrix Human
Genome U133 Plus 2.0 Array

E-GEOD-43653 DEHP Human Endometrial cancer Affymetrix Human

cell line (ECC-1)

Genome U133 Plus 2.0 Array

Table 2. #F 3 #* 2 A g+ Fimre it g2 AF LA 8RE (FIRpPF,

2016)

Microarray datasets used for meta-analysis of normal colon, pCRC and mCRC

ArrayExpress Species Sample Array Array platform

Accession source number

E-GEOD-53799 Human Normal Colons, Primary 45 Affymetrix CytoScan
tumors, liver metastasis HD array 2.8M

E-GEOD-26571 Human Normal Colons, Primary 28 Affymetrix GeneChip
tumors, liver metastasis HuGeneFL Array

E-GEOD-62321 Human Normal Colons, Primary 57 Affymetrix GeneChip
tumors, liver metastasis Human Genome HG-U133B

E-GEOD-49355 Human Normal Colons, Primary 57 Affymetrix GeneChip
tumors, liver metastasis Human Genome HG-U133A

E-GEOD-68468 Human Normal Colons, Primary 355 Affymetrix GeneChip
tumors, liver metastasis Human Genome HG-U133A

E-GEOD-50760 Human Normal Colons, Primary 57 lllumina Human-6 v2

tumors, liver metastasis

Expression BeadChip
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Table 3 GO term of 181 genes in phthalates exposure

GO term Gene No p-value

positive regulation of transcription AKT1 CEBPA CEBPD E2F1 HRAS 44 2.4E-16

from RNA polymerase Il promoter IKZF1 JUN KLF2 MYB RB1

protein phosphorylation AKT1 AKT3 FYN JAK2 LCK MERTK 36 7.7E-21
PINK1 RAF1 AURKA AURKB

negative regulation of apoptotic AKT1 BCL2 FKBP8 HTATIP2 MDM4 34 6.4E-19

process RAF1 SRC AURKA BIRC5 CDK1

negative regulation of transcription CEBPA DDX20 E2F1 IKZF1 MDM4 33 2.5E-12

from RNA polymerase Il promoter MYB RB1 YBX1 AURKB CALR

positive regulation of transcription, E2F1 JUN KLF2 MYB RB1 SRC ATF4 32 1.7E-15

DNA-templated AR AHR AXIN1

transcription, DNA-templated CEBP1 CEBPD E2F1 IKZF1 KLF2 RB1 30 2.9E-2
AR AGO1 AHR BIRC5

negative regulation of cell proliferation CEBPA DDX20 HRAS JAK2 JUN MDM4 | 28 6.8E-15
NDRG1 RB1 RBM5 RAF1

positive regulation of cell proliferation | BCL2 HRAS SHC1 AR BIRC5 CALR 28 3.56E-13
CDX2 CDC20 CDC25B CTGF

cell proliferation AKT1 BCL2 HRAS LRP1 MDM4 RAF1 26 7.2E-14
SRC AR AURKB CDC25A

signal transduction AKT1AKT2 AKT3 HRAS JAK2 RAF1 26 3.9E-4
SHC1 SRC AR ANGPT2

response to drug ABL1 BCL2 FYN JUN LCK SRC CALR 25 9.8E-15
CTNNB1 CENPF

negative regulation of transcription, CEBPA CEBPD E2F1 IKZF1 JUN MYB 24 2.1E-9

DNA-templated RB1 SRC AHR BIRC5

regulation of transcription, DNA- ABL1E2F1 MYB YBX1 ATF4 AR AHR 24 3.8E-2

templated CALR CDX1 CDX2

protein autophosphorylation ABL1 AKT1 JAK2 SRC AURKAAURKB | 23 4.7E-18
CDK5 ERN1 EGFR ERBB2

apoptotic process AKT2 BCL2L11 BCL2 FKBP8 HTATIP2 22 4.4E-7
JAK2 RB1 RBM5 RAF1 APAF1

G2/M transition of mitotic cell cycle WEE1 AURKA BIRC5 CDC25A CDC25B | 20 2.1E-16
CDC25C CHEK1 CCNB1 CDK1 CDK2

positive regulation of gene expression | E2F1 HRAS ATF4 AR CALR CAV1 20 3.1E-11
CTGF CDK1 CDK6 ERBB2

peptidyl-serine phosphorylation AKT1 AKT2 AKT3 BCL2 PINK1 SRC 19 6.8E-16
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CDK1 CDK2 CDKS5 EIF2AK3

positive regulation of cell migration AKT2 HRAS JAK2 CDH13 COL1A1 19 6.8E-13
EGFR FLT1 HSPAS IGF1R
transcription from RNA polymerase II | CEBPA CEBPD JUN MYB RBMX YBX1 | 19 6.5E-6
promoter ATF4 AHR CDX1 CDX2
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Table 4 GO term of 366 genes in pCRC

GO term Gene No p-value
Phosphorus metabolic process PDPK1, ADAM10, CDC14B, EPHAA4, 92 7.80E-29
EPHA7, EPHBL1, JAK1, PTK2, SMAD2,
SMG1
Phosphate metabolic process PDPK1, ADAM10, CDC14B, EPHAA4, 92 7.80E-29
EPHA7, EPHBL1, JAK1, PTK2, SMAD?2,
SMG1
Protein amino acid phosphorylation PDPK1, ADAM10, EPHA4, EPHAY, 71 7.10E-25
EPHB1, JAK1, PTK2, SMAD2, SMG1,
ABI1
Positive regulation of biosynthetic BCL11B, GLI3, IKZF1, KLF13, KLF2, 69 2.00E-22
process NKX2-1, NOTCH1, NOTCH4, PRDM16,
SMAD?2
Positive regulation of cellular BCL11B, GLI3, IKZF1, KLF13, KLF2, 68 4.40E-22
biosynthetic process NKX2-1, NOTCH1, NOTCH4, PRDM16,
SMAD?2
Positive regulation of macromolecule BCL11B, GLI3, IKZF1, KLF13, KLF2, 66 8.60E-22
biosynthetic process NKX2-1, NOTCH1, NOTCH4, PRDM16,
SMAD?2
Phosphorylation PDPK1, ADAM10, EPHA4, EPHAY, 73 1.30E-21
EPHB1, JAK1, PTK2, SMAD2, SMG1,
ABI1,
Positive regulation of macromolecule BCL11B, GLI3, IKZF1, KLF13, KLF2, 74 1.60E-20
metabolic process NKX2-1, NOTCH1, NOTCH4, PRDM1,
PRDM16
Regulation of cell proliferation ADAM10, BCL11B, BCL2L1, FOSL2, 68 8.00E-19
GLI3, KAT2B, NOTCH1, NOTCHA4,
SMAD2, SMAD4
Positive regulation of nitrogen BCL11B, GLI3, IKZF1, KLF13, KLF2, 60 4.30E-18
compound metabolic process NKX2-1, NOTCH1, NOTCH4, PRDM16,
SMAD?2
Positive regulation of gene expression BCL11B, GLI3, IKZF1, KLF13, KLF2, 56 1.60E-17
NKX2-1, NOTCH1, NOTCH4, PRDM16,
SMAD?2
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Regulation of transcription

AFF4, BCL11A, BCL11B, BACHZ2,
CNOT6, DNMT3A, E2F2, E2F5, ELF3,
ERF

134

2.00E-17

Regulation of transcription DNA-
dependent

BCL11B, BACH2, DNMT3A, E2F2,
E2F5, ELF3, ERF, FOSL2, IKZF1, IKZF3

105

3.10E-17

Regulation of RNA metabolic process

BCL11B, BACH2, DNMT3A, E2F2,
E2F5, ELF3, ELAVL], ERF, FOSL2,
IKZF1

106

5.10E-17

Regulation of transcription from RNA

polymerase Il promoter

BCL11B, DNMT3A, ERF, FOSL2,
IKZF1, IKZF3, KLF13, NKX2-1,
NOTCH1, PRDM1

62

7.40E-17

Positive regulation of transcription

BCL11B, GLI3, IKZF1, KLF13, KLF2,
NKX2-1, NOTCHJ1, NOTCH4,
PRDM16, SMAD?2

54

9.00E-17

regulation of apoptosis

BCL11B, BCL2L1, BCL2L11, BCL2L14,
CFLAR, EPHA7, GLI3, NOTCH1, PERP,
RAB27A

65

1.50E-16

Intracellular signaling cascade

PDPK1, CD36, G3BP1, JAK1, NOTCH4,
PARK7, RAB11A, RAB27A, RAP1A,
RAP2A

84

2.60E-16

regulation of programmed cell death

BCL11B, BCL2L1, BCL2L11, BCL2L14,
CFLAR, EPHA7, GLI3, NOTCH1, PERP,
RAB27A

65

3.60E-16

Regulation of cell death

BCL11B, BCL2L1, BCL2L11, BCL2L14,
CFLAR, EPHA7, GLI3, NOTCH1, PERP,
RAB27A

65

4.00E-16
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Table 5 GO term of 145 genes in mCRC

GO term Gene No p-value

Phosphate metabolic process PDPK1, CDC14B, EPHA4, JAK1, SMAD?2, 42 1.20E-15
BRD4, CREB1, CDK1, CDK2, CDK3

Phosphorus metabolic process PDPK1, CDC14B, EPHA4, JAK1, SMAD?2, 42 1.20E-15
BRD4, CREB1, CDK1, CDK2, CDK3

Regulation of cell proliferation BCL6, GLI2, GLI3, NOTCH1, NOTCH4, 38 1.30E-15
SMAD?2, SMAD4, TBX5, CDH5, CDC6

Protein amino acid phosphorylation PDPK1, EPHA4, JAK1, SMAD2, BRD4, 35 2.20E-15
CREB1, CDK1, CDK2, CDK3, CDK4

Intracellular signaling cascade PDPK1, EPHA4, JAK1, SMAD2, BRD4, 46 1.20E-14
CREB1, CDK1, CDK2, CDK3, CDK4

Positive regulation of cellular GLI2, GLI3, IKZF1, NOTCH1, NOTCH4, 34 3.20E-14

biosynthetic process SMAD2, SMAD4, SP1, TBX5, CREB1

Positive regulation of biosynthetic GLI2, GLI3, IKZF1, NOTCH1, NOTCHA4, 34 4.80E-14

process SMAD?2, SMAD4, SP1, TBX5, CREB1

Positive regulation of macromolecule | GLI2, GLI3, IKZF1, NOTCH1, NOTCH4, 33 5.50E-14

biosynthetic process SMAD?2, SMAD4, SP1, TBX5, CREB1

Positive regulation of gene GLI2, GLI3, IKZF1, NOTCH1, NOTCHA4, 31 9.60E-14

expression PRDM1, SMAD2, SMAD4, SP1, TBX5

Positive regulation of macromolecule | GLI2, GLI3, IKZF1, NOTCH1, NOTCH4, 37 1.10E-13

metabolic process PRDM1, SMAD2, SMAD4, SP1, TBX5

Positive regulation of nitrogen GLI2, GLI3, IKZF1, NOTCH1, NOTCHA4, 32 2.30E-13

compound metabolic process SMAD?2, SMAD4, SP1, TBX5, CREB1

Phosphorylation PDPK1, EPHA4, JAK1, SMAD2, BRD4, 35 4.40E-13
CREB1, CDK1, CDK2, CDK3, CDK4

Positive regulation of nucleobase, GLI2, GLI3, IKZF1, NOTCH1, NOTCH4, 31 6.10E-13

nucleoside, nucleotide and nucleic SMAD2, SMAD4, SP1, TBX5, CREB1

acid metabolic process

Positive regulation of transcription GLI2, GLI3, IKZF1, NOTCH1, NOTCH4, 29 1.90E-12
SMAD?2, SMAD4, SP1, TBX5, CREB1

Positive regulation of cell BCL6, GLI2, NOTCH1, NOTCH4, CDK2, 25 3.50E-12

proliferation CDK4, CDK6, CDKN1A, CDKN1B, EDN1

Regulation of apoptosis BCL6, BCL2L11, GLI3, NOTCH1, RAB27A, | 32 7.10E-11
TBX5, CREB1, CTSB, CDK1, CDKN1A

Regulation of programmed cell death | BCL6, BCL2L11, GLI3, NOTCH1, RAB27A, | 32 9.10E-11
TBX5, CREB1, CTSB, CDK1, CDKN1A
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Regulation of cell death BCL6, BCL2L11, GLI3, NOTCH1, RAB27A, | 32 1.00E-10
TBX5, CREB1, CTSB, CDK1, CDKN1A

Protein kinase cascade JAK1, NOTCH4, DUSP8, EDN1, FGFR1, 22 1.40E-10
FLT1, INSR, IGF1R, MAPK1, MAPK9

Regulation of transcription from BCLS6, GLI2, IZKF1 NOTCH1, PRDM1, 30 1.50E-10

RNA polymerase Il promoter

SKIL, SMAD2, SMAD4, SP1, TBX5
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Table 6 Primer sequences for q°PCR

Gene sequence
18S Sense 5’-CTTAGAGGGACAAGTGGCG- 3°
Anti-sense 5’-ACGCTGAGCCAGTCAGTGTA- 3’
CDKN1A (p21) Sense 5’-AATAAGGAAGCGACCTGCAACCG- 3’
Anti-sense 5’-CACAGAACCGGCATTTGGGGAAC- 3’
CDKN1B (p27) Sense 5’-GACTCTCAGGGTCGAAAACGGCG- 3°
Anti-sense 5’-CAGGCTTCCTGTGGGCGGATTAG- 3’
VEGFA Sense 5’- TTGCTGCTCTACCTCCACCAT -3’
Anti-sense 5’- GGTGATGTTGGACTCCTCAGTG -3’
PDGFRB Sense 5’- ACTACATCTCCAAAGGCAGCACCT -3’
Anti-sense 5’- TGTAGAACTGGTCGTTCATGGGCA -3’
FOXM1 Sense 5’- TGCCCAGATGTGCGCTATTA -3’
Anti-sense 5’- TCAATGCCAGTCTCCCTGGTA -3’
SRC Sense 5’- TCCTCGTGCGAGAAAGTGAG -3’
Anti-sense 5’- CAGCTTGCGGATCTTGTAGTG -3’
AKT1 Sense 5’- TTCTGCAGCTATGCGCAATGTG -3’
Anti-sense 5’- TGGCCAGCATACCATAGTGAGGTT -3’
IGF1R Sense 5’- TGGAGATCATCAGCAGCATCA -3’
Anti-sense 5’- GGCGTAAGGCTGTCTCTCGTC -3°
EGFR Sense 5’- TGCACCTACGGATGCACTG -3’
Anti-sense 5’- CGATGGACGGGATCTTAGGC -3’
FOXO1 Sense 5’- TACGAGTGGATGGTCAAGAGC -3’
Anti-sense 5’- TGAACTTGCTGTGTAGGGACA -3’
BIRC5 Sense 5’- CGACCCCATAGAGGAACATAA -3’
Anti-sense 5’- TTCTTGACAGAAAGGAAAGCG -3’
HIF1A Sense 5’- CCACAGGACAGTACAGGATG -3’
Anti-sense 5’- TCAAGTCGTGCTGAATAATACC -3’
FYN Sense 5’- ACCTCCATCCCGAACTACAAC -3’
Anti-sense 5’- CATAAAGCGCCACAAACAGTG -3’
PPARA Sense 5’- TTCGCAATCCATCGGCGAG -3’
Anti-sense 5’- CCACAGGATAAGTCACCGAGG -3’
HSF1 Sense 5’- GGGAACAGCTTCCACGTGTT -3’
Anti-sense 5’- TGGAACTCCGTGTCGTCTCT -3’
HSP90AA1 Sense 5’- AATGCTTAGAACTATTTACTGAACTAGCAGAA- 3’
Anti-sense 5’- GTCCTCGTGAATTCCAAGCTTT- 3’
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CCNB1

Sense

5’- AATAAGGCGAAGATCAACATGGC- 3°

Anti-sense

5’-TTTGTTACCAATGTCCCCAAGAG -3’
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