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1-1. SRTLEYENT TO—FICLEA I RGBT

WHZERAZEIEE 1 -1 T, BARCEFHEEER (BB RFRFEREERITER) 07— b2, K
pH BREE CTHIR LN AMIMRIC I T D 8IsFRIL, =87/ A7 n 77 A0 (WHERZEERA 1-2), A
FRu—h7uTyA b WZERREER 1-3), K pH R ICK T 2 BEHEEE Y bV =7 %
FHEE LK pH OER BN - & LT SREBP2 Z [RIE L7z, & BIT, MK pH BREE THEZE L 722y Afiliaikiz 35
F % A AR T — DA BAK pH (W THT LW RS 23 2 AUPRIC T 5472 2 & &2 [RE LT,

1-2. EpHIZEHFEIES/ LTOT 7 A ILOMEH

WRFEBRFE A 1 -2 Tl BH@iE e GO RFPemB Faiii it o 2 —) &L ic, (K pl BiEE
TR LA O BEFRIERBE LS 27 m 7y A VETGL, 22> e —/ufila
LT D 2 & CRUNRERRIRIC A O =S A LA RIE LTz, BRI BLEHRIL RNA-seq, 1HMEALEY
TrE——Rle X M AERT (B AR H3 U P 4 NY 2AFR), TEHbm =Tk X R AE
fii (AR H3 UYL 27T TEF L) @ ChIP-seq. A —7 7 vu~F EEI% FAIRE-seq (2 k. » THE
WradTole, =80 DA A AL U IO & F— 7 fiftr s B ik & 72 285 5-F i K sl & LT SREBP2,
HNF. XBP % [Fl7E L 7=,

1-3. KpHICHEITE A2 RA—LTOT 7 A )L DR

WFEBASSIE H 1 -3 Tld. 1% pH BREECREE L= M AHIMIRRIC 31T 2 A 2 RO — LB 217, 22 |k
= — /Ul & B 5 2 & CRUNBREERITRIC A O R L DO RIE 23k A 7o, s (BF2EB 56
H1-2) ORBUENT, IEHEEE e 2 hAEH, &b~ —Re 2 B, A—7 7 a~T
R & DOFEEIRIT 2 ATV, K pH 3 AP NRBE O HE & 72 HAREHRES & L CE L LDVREIRER 2 [ L7z,

2-1. K pH BE&F DT

RSN ClpHe. 8 TR T9 5 & WO WiE a2 b Lo, (KpHEsaESciE & L CpH6. 8, wF L LT
PHT. 4% X E L, AVUE—=Y Y - NyEILNILEDK KL OEREZ FHVT, €0, 5% . 378 TIpH% HEkr
T & DR O FHE 23 2 T, IRpHEF R HIERIZ -V 2B A & L C, @i R Ak~ 7o R & &I &
OMLEBI(ONaHC0s, @HCI, Glactate DN 2 FH 7 2 F CHIERTHLOPHA 6. 8IZFHHE L, COx 1 F =2
N— K —NT24~ T2 28 L7t OpHZJIE L, D72 < &b 2 4 R EMIKpH 2 Fifii 35 =
EDOTXDLEEERRERNL LTz, 72, BpHY—H— & L THEDOH AVEGFRRIL-8D A7 &7, AWFFE (F

ZEBFEIRE 2-3) TH7ZIZ L L72IDIT, MSMOT D8 B A FRAE & L CHRpHDZ EVED FERR T & 72,
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2-2. {EpHICEE SN HEEEF DR

BATRCEHEZER (A R R T RE SRR . B SR GO E e i set o
H—) O N—TL LT, MBI E 2-1 THINL L7 pH 55822 VT, & pH THFE SN 58
BERF (pHIF) ORIEZRAT-, BAMIZ B pl7. 4 B850 KO, K pH6. 8 ¥ 5/ T L,
RNA-Seq & W28 R TR BUMENT 24TV . Ingenuity Pathway Analysis (IPA) Z fHWTHERT, & BIZ,
FAIRE-Seq Z W\ BsBEF— 76, (K pH ICF 1T 5 EJRERE K+ & L C SREBP, HNF. XBP 737l
ENnie, TRIENTERER 1% siRNA OIFIRZ FHAWVC, K pH THRELEH9 2 1ZH K 1 ORI %
fesd L. 2~ SREBP2, HNF. XBP 23K pH DiRMIEGEFHEHORBRLZHIEM L CWHrZ t 2 R LT,

2-3. pHIF DEMELEFDREE

BEIE B ORI R Bt v 2 —) & & Hic, K pHEHRICB WV THE S ARG
T (SREBP2) % / v 7 7 v L, K pH K54 T O M AVEMALIEE 8432 BI4> 5 SREBP2 DMK -
DRIEZ R ATz, S5, K pH SR T O AMIEIZE 1T 241 SREBP $ufk % ALV ChIP-seq (2% L.
27 I EICAFAET % SREBP2 O AfElk 4 [FE L7z, RNA-seq DT — % & & AW EEOENE LR 1O
[F] 7 2 R§ R 51 DHt SREBP2 @ ChIP-PCR G [FE L, 3 LA TA—)LEREEROIEZERE IDI1 L MSMOT |5
WIFFEATHY . ., BB T DR ACSS 2 13t iR ERI Ch o Z L 2 R LTz,

FFEORE R B AMFIEHFE DL 2 8 FEEEDOMFFEIE B ICE L THERIEFRICEA T Y . Fak 2 8FE D
HEEIIBECTE L EEZTWD, 7o, AR EO—5iILim s L7z (Kondo et al., 2017 Cell
Reports),

X

In the Year of 2016, we have studies following 6 research topics described in our Research Proposal.

i

1—1. Systems biological integration of multi-omics analysis

In research topic 1 — 1, systems biological approach using the integration of transcriptome,
epigenome (Research Topic 1-2) and metabolome (Research Topic 1-3) profiles obtained from the
cancer cells exposed to an extracellular acidic pH. We have successfully reconstructed transcriptional
network system under acidic pH, and revealed SREBP2 as a key transcriptional regulator in cancer

cells under extracellular acidic pH.

1-2. Epigenetic analysis of cancer cells under acidic pH

In research topic 1-2, we obtained transcriprtome profiles by RNA-Seq, epigenetic profiles of
active-promoter histone mark (H3K4me3) and active enhancer mark (H3K27Ac) by ChIP-Seq and
open-chromatin regions by FAIRE-Seq analysis in cancer cells exposed to the extracellular acidic pH.
We found that transcriptional pathway and motif analysis revealed that SREBP2, HNF and XBP

and possible candidates for transcriptional regulators in cancer cells under acidic pH.

1-3. Metabolome analysis of cancer cells under acidic pH

In research topic 1-3, we conducted metabolome analysis of cancer cells under acidic pH. Several

metabolic pathways were correlated with the transcriptome, epigenome and open chromatin profiles
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obtained in the Research Topic 1-2. We found novel pH specific metabolic pathways in cancer cells

under acidic pH.

2—1. Establishment of extracellular acidic pH culture system

We established a simple in vitro culture model to maintain an acidic pHe and examine the role of
pHe in cancer cells. Using this method, we can maintain an acidic culture medium to a pHe of 6.8 at
37 C containing 5% CO2 using either reduced bicarbonate or increased HCl/lactate concentrations in
the culture medium. The medium pH was sustained for at least 24 hr and gradually decreased by 72
hr in cancer cells. We found that mRNA expressions of IDI1 and MSMO1 (Research Topic 2-3) were
highly up-regulated in addition to VEGF, IL-8.

2—-2. Identification of acidic pH induced transcription factor

Using the acidic pH culture system established in Research Topic 2-1, we investigated the possible
acidic pH inducible transcriptional factors (pHIFs). We identified SREBP2, HNF and XBP can be key
transcriptional regulators under aicidic pH using Ingenuity Pathway Analysis (IPA), in addition to
the motif analysis using open chromatin regions by FAIRE-Seq. We also confirmed up-regulation of
down stream genes of SREBP2, HNF and XBP.

2—-3. Identification of target genes of pH inducible transcription factors

We identified SREBP2 target acidic pH induced genes by inhibition of SREBP and SREBP2
ChIP-Seq. Integration of ChIP-Seq, RNA-Seq data we found that SREBP2 regulated cholesterol
biosynthetic genes, such as MSMO1 and IDI1 in early phase, and also ACSS2 in acetic acid

metabolism in late phase in cancer cells following exposure to acidic pH.

Together, our research has been well conduced as planed in our research proposal. We reported part

of our achievements in the research paper (Kondo et al. Cell Reports, 2017).
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