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Analysis of cellular response to acidification of tumor microenvironments
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In this study, we investigated the cellular adaptation to acidic
environments, which is caused by overexpression of PRL, a molecule driving cancer malignancy. We
found that lysosomal exocytosis occurs actively in PRL-overexpressing cells, releasing protons to
the cell exterior and thereby maintaining intracellular pH even under acidic conditions. We also
discovered that specific signaling activates lysosomal exocytosis.



¥ X C—19. F—19—1, Z—19 (5@

1. WFERHE S WO 5

(1) 23 MO = L X — L@ E O E KES BAp-TBY, ZJva—RA 2 KEICHE L
THRBEEAT DI ENMBND, TDT2DIT, DA B &% OB ERE 2 IR B L
T ZENEL MOIERMENTE T, EDA A= 0 ZHINF O KR X R O 5. E5REY
DAERNIZA U= AR D pH 2 E BT 25 Z LN AfRE L 72 0 | EEICEMEAL L7228 ARk
@D pH X 6.5 BREIZE T L TWAZ ERHLMZZINLTWD, ARAND pH 23 7. 4 HifEIZ
BRI SN TWD I 2B 25 &0 ZHUTIERITIEOVEAMEERIE CH D23, Z 0 X ) 7ilals7e
pH BREZICXH L TOAAMBEN ED X IR E LT, FERICEE AT 2 0NEE AL LD
SN QA oY

Q) FLT= BIX RGN A DERRE 2 E TR B4 2 28 AEMEALIR 1 PRL OEREfRIT 218, Z DE
s Z R BE LT Mg b T AR—F—CNWM & RO, EHICFDOBEET KRB~ 7 ZAD
FEAT N B D A BEMEA AV HE R 12 35 1T D B EEMEZ B & 20T L C & 72, PRL OREREMRATIIZE A2 e 6b 5 1 T,
PRL Z 38 FR 7= M S A RN O A FRAY pH ISV pH 7.5 TIXIE & A P, B b L7722
KRR TR B D K972 pl 6.5 72 & OFREEREE CIEHRICHIIHT 2 K o lck 2 2 L2 /o0 7,

oL E _PRL EBBMIATIZY VY —AHAEO/NNaNHIEEIC @A T 5 lysosomal exocytosis
ERHENDBGNEZ > TEB Y . MIEIMIEBIZKE A A 235 2 & THAEN pH O
AL ZHNTWD Z EAURBR STz, ARIFFETIL, Z @ lysosomal exocytosis T & B HRDEE
MEERBR I )& O ARC 1ysosomal exocytosis OFHEIDOHAAA, S BITILZE DN ABEMACIZE T
HEBEMEICOWTBRT D Z LT LT,

2. RO BE®

AWFIETlE, BAOEMAL Y vt 2281 2 M OBEPEERBE# <> 1ysosomal exocytosis DE
FPEABTE LTz, DS AR R e = 2L =R 21T - TR v | B & IRk TR e
L3, ZOIEF LM & > CGREERBREOT T, EO LI L THRAMENERIZHEE TE 5
DG TR Te, BT BTN A OEMEALERICEI D % 431 PRL ORER#HT2> & | PRL %
FFEBLT D AMEAERMEMIC Y 7 R L= pH 6.5 TH o & HIERICHIET 5 Z & & o Tz,
T, ZOBRGITY Y Y — AR @A L CNEWE & MR ikt 3 5 lysosomal
exocytosis WA TWNWBHZ EH REDIT TV, I HIZ, 2D lysosomal exocytosis iZHIiaD
FEMEBREE ~ DS TET TR, WD T T 77— E2 T 5 2 & TRADRIEES) 25
AR L TV D AMREME S B 2 bivlz, HEMRESCEBE THE~ Y A, EHICHHR C. elegans
7L SEIERERMEIEHOTEENRENT 21D, DAEEGERICBIT LY VY — A
BREFREI O EENESS, 2O BB O Z BT 2 L 2RO B E LTV,

3. WFEED Ik

AHFFE CILAIN O BB BRI O 4y TR & LT lysosomal exocytosis Dt Z BAHHLA0Z
OEEMZALNIIT L2, v ARk e EOAEY HROEEMRZ VT, 5F A A
— DU TR ALE A ) — = TR v I BT )y I T MY SE8ERE
BRFyE A A TRy 1 D RO 72 & D 72, BRI A2 F W TR Tld. pH 2K
PEDENS T HFANT-A A= 0 TS L » THIBAN pH O E BT Z21T > 7=, £7-. 71 b
v OFERRI 72 HEH D4 TS 2 B 52T 572012, BEED 7 a h UEiiaksy 178 Slo k4 45
FERIOFEEZRFI L, I HICATP =3 L F—(KFMEIC T 1 b > ZEilE 3 5 V-ATPase D43 1A
A=V VTN AT 72> T, PRL BEBUSE MO RIEEL OFE M2 G Lz, S 512 PRL @38
X o TEAMEBREEE)IS L7 Mifan 7 v U BRSR (pH 8.0) THESHIC /e 0 3T 2 HE 2 FIH L T,
ZOMEE Xy BN TEBESFACEWA T ) —= 0 T EFE L, FOEMSFE LTH
H L7z TGFbeta ¥ 7 FNARERDEENZHSOWT, BIn T/ v 7 X T2 ) v 7T 7 MTXHHEE
MIEEMEOMGEFER R E 21T/ o -, E-Mlanmt oEZEEORIEICLD ., VY Y —AHEEI
FRETHT 0T 7 —EBOhT 7V 3O EBMNT 1T, £ ORFRBAER OIS Mt
L7,

4. WF7EE R

(1) PRL EFBLUC X » Tl Z 2B IC O A 2 TR D 72D, MBI D pH 2801 7 o
=B =W A A=V U TN K S TEEMNT Lo, ZORE%E. PRL &7 B Tl pH 287
NHVFVIZY7 FLTEY, BEERE FTHLMIENO pH 2 IEF IZIVE TR Z ENTE T
Wiz, — T, BE O pH BRE FCIIIERICHS T A VIZFHE -S> TNDH I E LN R o7,
ZDOZ LiX PRL EREBUC L - T, MlEN»SMast~7" 1 b o2 BBOICHEH L Tnbh 2t
ARLTED, ZAPEMEREEICST VA ) BRE COMBSEDIRE & 72> TWNWD Z ERgho
77 FASA~T7 10 b U EAPEHT AR N T AR —Z — L LT NIE R0 MCT 2R LK< b Tn
Do ZTIBHDOGTITx LT T r— NIOREBET 2K LA NH N TWDH DT, PRL &
FEEANN % 8 BRSO BR BE ICE W RBE TEN S O B2 MET L7, A o BEHEE |2 %t



L CHEER2IRIT 2L o lz, £D—J7 T, lysosomal exocytosis ZRHET DI LB
T /2 Vacuolin-1 & W IH{EAWTIE, PRL MR BUC L DR T HH SN TND Z L8NS ho
7=o VARTOfFENT TR I LTV PRL SR B L D 1ysosomal exocytosis DIEF{LE GHETH
z25HE. THOFERRERIL PRL m38EN lysosomal exocytosis IZL > TFa b OFEMAIEE
HafEd 2 LItk o T, M EREO: THHMIEN pH Z EFIEVMEICHER T 522 L1285 2
LEIRLTWVD,

(2) EOEBRGERNE 1ysosomal exocytosis |2 & AW 7 1 N L HEH O EEM: AR 72
S, VYV —ANEEIpH B 4B 5 ICETIERTFLTEY ., @REDOY e hoBREZ LN TWH
Lo ZOEHY Y Y —LAEMBAKE@METSHZETRKEDO Y 0 b A2MlsN 5 2 e n
TREEEZ OGNS, —H T, VY Y—LABEZIZT e b T v AR—Z—@ V-ATPase N E(E L
TEO ATPOTRAX—%2FH LT r b OFE#REEZ{T> TW\W5, Z D V-ATPase 3 lysosomal
exocytosis 2 & - CHIfRMEIE I, MR CEFEIZ T v b P 21T > TV 5 Al EMEN &
Z BTz, V-ATPase DOFfEN TOL T-HENV D720, W OhDH T o=y MIEEH v
NI BERMESEZa A NT 7 FE2RBREEIZEZA Voo 7 2= F® nCherry @il % >
PRUBFIINIENEY VY — DIZRAET D Z 0000 EHIIRTOA A — v T 2 dEdT=, %
DOFEFL, VOc-mCherry (% Dox T PRL FHL 2 FHE L THLIRFBITHL O TENGER D ~B#) L T <
ZENG T, A A=V U TG T WD MDCK MR TIZ Y Y — L HSTE U SRR 0 il i s
TREATDHZENDP-oTEY, TOEDNIZIATTY VY — AR V-ATPase O FHALE 2SFEENAIIC
ITONTND Z EaRTERBRERLEEBZOND,

(3)PRL i & BT & 0 B BR B IS L 7= #If X pH 8 22 E DT L U S T CHEHITHEDS & 72 0 4E
Wt 5, ZOBGEFIH LT, BEHEREEEISIZED D2 EEIC OV TOLEM A 7 ) —= T fRkr
AT T2, BERBEA O TALEY 1,630 llZR5HIZ N % C PRL @B Z 7 v U & F
THIE L7 & 2 A, TGFbeta DR E L THAET 2 ALKS OBREEAIN 2 TH BT Z
FTLEMNTETCWE, £ 2 THIRED pHIGEMEZARIT ALKS BREAIDS IR 2RI~ T2 & 2 A,
PRL WHBUZ L BT B UMK ZEE T T <, fMlEo pl JEEMEETICETZ E LN
L7polo, Fio. ALKS HERIZMA 5 Z & THHMP A~ Y VY — KRS O S0 25 S 4L
TWAZ & HRE ., PRL BEFHEM O lysosomal exocytosis DIEFRLHHETE 5 Z &0y
Mole, ZIUEOEERRFEENS, lysosomal exocytosis “OHMIA O R BR i TG 12 TGFbeta
VT IRENEETh L REMEA IR < RIR S 72 D T, PRL OFEBUIRAE L Z 2 71T TCFbeta il
DT lysosomal exocytosis BIEMEALT 2R 2 A, BERY VY —LEEZEOZWHN
WD BT, FIMIEBD pH B L 2T 5 Z L3 o Tz, ZIVE TRAFAT - 7= lysosomal
exocytosis DFHHIFERE. FFICHIRSA S DY v REIZ L BIEMAL 2 MO T EZRE R C
Y., SHBOMEDOREMZHGFTHZ LD TE HIERRES A5,

(4) Lysosomal exocytosis (ZfE-> T, U YV VY —LOWNEEIZE X DIV TV DK FENK S fREEZE DB
HPI S ENTWAZ L 2R LT, lysosomal exocytosis ML Z > TWAH Z & DOt
ELTHAHALTWDS, U Y Y —LRNBEONKGE#EFZE LTI 0T 7 =80T 7 h3E
WIZHALTHDIN, 20T 7 —EREEIE LS TERBE L TRBY ., Migst~ Y v
7 AGROIZMEIEB 72 LIC b A H L TWD I ENRRI SN TTWD, BT v OER
RN 2D 7= L Z A, PRL mRBUC L > THT 7 U W ENEINT 5 Z & BN oo Tz, Mo
FEELZ CENVICHT T2, ~ N APV EidolzTF v o =2 HWCHZEZ A, PRL &
FEEIE TITREER OB INBRO Hlz, B2, BT 7V O RPRER =W CER%
1To72L Z A, PRL &I L2 REEBOENA R o otz Tih OERREHIX PRL
FFBUZ L % lysosomal exocytosis EMEEREEHEIGTZ T, AT 7L ORI 81X b
BREEER 2 FHT 52 & THRABEMLIZE S L TV A AR ZRRTHH D TH D,



16 16 5 9

Ryu Kajung Yoshida Atsushi Funato Yosuke Yamazaki Daisuke Miki Hiroaki a7

PRL stimulates mitotic errors by suppressing kinetochore-localized activation of AMPK during 2022

mitosis

Cell Structure and Function 75 87
DOl

10.1247/csf.22034

Funato Yosuke Hashizume Osamu Miki Hiroaki 114

Phosphatase- independent role of phosphatase of regenerating liver in cancer progression 2022

Cancer Science 25 33
DOl

10.1111/cas. 15625

Lohani Sweksha Funato Yosuke Akieda Yuki Mizutani Kiyohito Takai Yoshimi Ishitani Tohru 135

Miki Hiroaki

A novel role for PRL in regulating epithelial cell density by inducing apoptosis at confluence 2022

Journal of Cell Science J€s258550
DOl

10.1242/jcs. 258550

Funato Yosuke Miki Hiroaki 148

The emerging roles and therapeutic potential of cyclin M/CorC family of Mg2+ transporters 2022

Journal of Pharmacological Sciences 14 18

DOl
10.1016/j . jphs.2021.09.004




Okumura Shintaro Konishi Yusuke Narukawa Megumi Sugiura Yuki Yoshimoto Shin Arai Yuriko 12

Sato Shintaro Yoshida Yasuo Tsuji Shunya Uemura Ken Wakita Masahiro Matsudaira Tatsuyuki

Matsumoto Tomonori Kawamoto Shimpei Takahashi Akiko Itatani Yoshiro Miki Hiroaki

Gut bacteria identified in colorectal cancer patients promote tumourigenesis via butyrate 2021

secretion

Nature Communications 5674
DOl

10.1038/s41467-021-25965-x

Funato Yosuke Yamazaki Daisuke Okuzaki Daisuke Yamamoto Nobuhiko Miki Hiroaki 12

Importance of the renal ion channel TRPM6 in the circadian secretion of renin to raise blood 2021

pressure

Nature Communications 3683
DOl

10.1038/s41467-021-24063-2

Huang Yichen Mu Kaijie Teng Xinyu Zhao Yimeng Funato Yosuke Miki Hiroaki Zhu Weiliang Xu 24

Zhijian Hattori Motoyuki

Identification and mechanistic analysis of an inhibitor of the CorC Mg2+ transporter 2021

iScience

102370 102370

DOl
10.1016/j . isci.2021.102370

Gehring Kalle Miki Hiroaki 124
Phosphatase, pseudo-phosphatase, or both? Understanding PRL oncogenicity 2020
British Journal of Cancer 1035 1036

DOl
10.1038/s41416-020-01194-9




Yamazaki Daisuke Hashizume Osamu Taniguchi Shiho Funato Yosuke Miki Hiroaki 11

Role of adenomatous polyposis coli in proliferation and differentiation of colon epithelial 2021

cells in organoid culture

Scientific Reports 3980
DOl

10.1038/s41598-021-83590-6

Huang Yichen Jin Fei Funato Yosuke Xu Zhijian Zhu Weiliang Wang Jing Sun Minxuan Zhao 7

Yimeng Yu Ye Miki Hiroaki Hattori Motoyuki

Structural basis for the Mg2+ recognition and regulation of the CorC Mg2+ transporter 2021

Science Advances eabe6140
DOl

10.1126/sciadv.abe6140

Funato Yosuke Yoshida Atsushi Hirata Yusuke Hashizume Osamu Yamazaki Daisuke Miki Hiroaki 55

The Oncogenic PRL Protein Causes Acid Addiction of Cells by Stimulating Lysosomal Exocytosis 2020

Developmental Cell 387 397.e8
DOl

10.1016/j .devcel .2020.08.009

Wu Yanying Funato Yosuke Meschi Eleonora Jovanoski Kristijan D Miki Hiroaki Waddell Scott 9

Magnesium efflux from Drosophila Kenyon cells is critical for normal and diet-enhanced long- 2020

term memory

eLife €61339

DOl
10.7554/eLife.61339




Kozlov Guennadi Funato Yosuke Chen Yu Seby Zhang Zhidian [Illes Katalin Miki Hiroaki 295
Gehring Kalle
PRL3 pseudophosphatase activity is necessary and sufficient to promote metastatic growth 2020

Journal of Biological Chemistry

11682 11692

DOl
10.1074/jbc.ral20.014464

Hashizume Osamu Funato Yosuke Yamazaki Daisuke Miki Hiroaki 33

Excessive Mg2+ Impairs Intestinal Homeostasis by Enhanced Production of Adenosine Triphosphate 2020

and Reactive Oxygen Species

Antioxidants & Redox Signaling 20 34
DOl

10.1089/ars.2019.7951

Ito Shizuka Nada Shigeyuki Yamazaki Daisuke Kimura Tetsuya Kajiwara Kentaro Miki Hiroaki 45

Okada Masato

p18/Lamtor1-mTORC1 Signaling Controls Development of Mucin-producing Goblet Cells in the 2020

Intestine

Cell Structure and Function 93 105
DOl

10.1247/csf.20018

Matsushita Moe Nakamura Takanori Moriizumi Hisashi Miki Hiroaki Takekawa Mutsuhiro 6

Stress-responsive MTK1 SAPKKK serves as a redox sensor that mediates delayed and sustained 2020

activation of SAPKs by oxidative stress

Science Advances eaay9778

DOl
10.1126/sciadv.aay9778




17 11 1

PRL

2022

Hiroaki Miki, Yosuke Funato

Regulation of oncogenic protein PRL by diverse chemical modifications of its active cysteine

Redox Week in Sendai 2022

2022

SBC

2023

Sweksha Lohani, , , s

A novel role of PRL in regulating epithelial cell density by inducing apoptosis at confluence

2021




acid addiction

94

2021

Mg2+ CNNM

95

2022

Yosuke Funato, Osamu Hashizume, Daisuke Yamazaki, Hiroaki Miki

Maintenance of magnesium homeostasis by CNNM and various diseases caused by its disruption

99

2022

PRL

R&D

2022




44

2021

cnnm

44

2021

CNNM

2020

acid addiction

93

2020




93

2020

43

2020

TGF-B

43

2020

APC

43

2020




71

2020

Fudan University

McGill University

University of Oxford




