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In this study, we analyzed the unique pH-dependent cell death that occurs in
cells that highly express the oncogenic protein PRL. When cells overexpressing PRL were cultured
under weakly alkaline conditions, cell death accompanied by abnormal chromosome segregation occurred
during the M phase of the cell cycle. Although cell death was not noticeable in a physiological pH
environment, some abnormality was observed in chromosome alignment during the division phase, and
further abnormalities in the number of chromosomes occurred with continued culture. Abnormalities in
the number of chromosomes are also a characteristic of malignant cancer cells, and can be
considered as the basic molecular mechanism for the progression of cancer malignancy due to PRL
overexpression.



¥ X C—19,. F—19—1, Z—19 (U5m)

1. MRS IO 5

DAL Vv a— A% KBS E U CHLER & PR T AR AV e = L X — i &1 7> CRY, Mk
(L DHER I TR Z TR T 228N BN, ITEED in vivo A A=V 7 Hiff ORI LE
ST, ARNHRE pH OFE&ERIENTTREE /202050 | B L= AT pH 6.5 LLTFIZETRE
PAL T B — AL HAE S COVD, BATIIEIEZ O XS 7 e MEER B O LIS T CXx 5 — 7 T,
H O pH BEHE (pH 7.4 Fiifk) LCEBIZT VAL LI BREEIIINET ThHZ LN EL DI HS N T&
77 AT TIE, ZORAMBUZESTOTF LV AREL F 2 D2 =—7 72 pH B MEIZE S A2 K- TR
BricEA T,

2. WO ER

(1) RA7=BIXTNET, RIGDBA DR B CRIEAMIZE B9 % PRL (phosphatase of regenerating
liver) &, FOFEA IR/ F L L TR Mg? Moo AR —2—CNNM (cyclin M) O FEREMFAT 2 1D T
&=, EFEHLLT- PRL 28 CNNM ([ZEHAEA LT Mg BEHZ Bl ETH L0, B F A~ A% fi-
TIAEMELIZBT D EEMELHLNIZL TS, E5IC PRL & @3B DIl O 2 8h & FEAIC R~
722 A B pH HAEKRNEREEIZITW 7.5 ICEETHEIFEA ST, B L= AT
HoD 6.5 ThoEBIERITHIET 5, 2=—272 pH ISEFRMEZ R > TNDZEE /O, ZOmE
PEER B COBIRAGHEIE A P REE T DAL L T, VY — LA IR L @l 595 lysosomal exocytosis
IEFAL T HE TR O 7 b Z R Ia MBI T2 28N EE THHZ LA LI T
W5,

(2) B XAz, PRL @3 HAMIE pH 6.5 72 & OFMEBR B CIEIITHEIE T 5 — 7 C. pH 8.0 72D
957 VA VBRI 9 & MR T A2 EE RO 72, ZOMBENE DI > TWEDNE
FAARDID | ~AFANTEAZ YA CTEDOFEBAZBIET 58 AR L TR AL round up LT M
WINHEITL TR T L L TIEA TWAZENS Do T, ZOFMIFEDRET- 1238 & O Hi i
Z X0IRANT LBV (pH 9.0 228 (I TREZ L2 MIBASES 1T A BN BAe > Tz, Fimh A 8—
PHREME SN TWD— T, ZOMERNIEST=HIPFEI G B A RS e o T, SESFRLE
MO RAE PRI A, 7 zabh— A7 EREROMIIEAE A B E D LA W DS E R 2 L) T 7D
(2% L. p38 MAPK DBHEFIZZ T 2SN Zh A m Uiz, 23 AAMIa S Ee B 55 Cig R I A 77 - HEE ©
EBH— T, TIVHV RIS THEFIZ 2 A MBND T 7T AOFEE RBL TNDEE 2 HID,
AW TIEZ D2 =— 7RG D+ B L7255 RS2 MRIA L . 28 AU AR O R A9 SEHR~ D
BERERDZEELT,

3. WD ik

3RD PRL OBEREMEATD WD 721957 )V AV ERBE CREE AT Z D i /3 2 2 4 L= a5t |
WZHERERD  E D5 A=A LD EITY, T HIIEAE DINTIERD D, KR Tl 255 R
HAVRIBS IV TOD AL E O M IR ZFEIZT X, Y fROAE U RV O 2B, 2D RH b
FIRAE D BRI DWW THABLMI T 5, F=., MIRIEDOE Z BRI OB PHE A2 - T T 72 80
B, BTGNS TEIES Ee X A7 ORAFEE OFHE R Z BN T 5, SHIZ, ZOMAEIED
A AN =R BE O T B8, BLEAE AT BRI B E A RIB XN TV p38 MAPK X2,
F7- PRL M EHERE A L COMRERLE 425 Mg2+h T AR —4—CNNM4 D5 7 AR EEDIR L
23X PRL B R BN 2359 7 L A VEREE TE DXL TR 72 I SE & L 24~ DN DWW TS
MTT D, BFIZ, p38 MAPK 13 M HiF = 7/ RA L M CEREREEIZ R 28N MESH TNHDAD T,
FOMBAFELEDEIEIZOWTHIAAND, Fio, HEH T2 XF 8 LT, PRL Z&% 8754 AN
BB pH 7.5 THIFEA LB/ 5, ZDEE MDA FENE D IHIT 2> TNEHD
2 (pH 8.0 TR 7SI ER 43 N Z > TNDDD) IZ DWW THFRRD, IS DFEMT
EHEDHIEIZE ST, DA /R 2 =—272 pH JRERHEDJRIK L7225 T B DL T
P<,

4. WFITERH

(1) PRL BRBMADTI T VAV COMBIED, EERIZE DI Z > THDEONEHBNTT
57z PRL Z3BHE LTItk OfMiaz A ZTRIE TR 2 T, ED IR BN K2 ]~
7o ZORE R ML PRL 2 BFE LTI 7L AV D pH 8.0 (IZBLTLIESHT5&, 2 Ao
TYARDNEERE LT R RE CIEF ISR I EH L QWD EN Tz, TDH%, HlEIC k> T
RO ECHILE 73 AN B ETHEITT 27— AL ALNTER, ZLOGAIXZO T MK @S
Ty 7 U T, SHICYARNEREL THEA CODEEF I BE SN, RO AR T = — X120
THEME L 7= R 2 B S| S 57 0 v AICERH N HDHEE X HNT-DO T, Ml EE L T EERE %
WG U CEEICARIT LTz F DR B, I AY 7 2 — A TR MO JE A6 L URIENFATICE
B SNAHEERIERTE T LAV EARICIB = PRL EFEMIA TIZE N TWAZ LR S ol ZDE
BRiE BsD, PRL @38 BN A B 7 VAV S RB WL E I AY T = — X CTO YA REES R 2 &



7-LTEY, ZENNERRICD > THEEIIRW 2O IS SEA TLEIDO TIHRVINEE 2L
77

(2) AEFMZRIUCIT pH 7.5 C PRL @38 B O Y Ry BLOMEI T2 fRHT L7225, pH 8.0 T
RONT0 L RO YIRS B DB SNT-, S5 M HIOREEIZHOW T 2D T-L 25,

anaphase CYL RN MR IZ B 2U7= BRI 0 o i S | 2 e R SN B 76 S5 lagging chromosome 73
RO, e RO B I E BEC QDI LIRS N T, Ml pH 7.5 TREEARTT-L2
B Yo ARKE D B 7R OB A A ITHE L CWODZEL ISR oT, D — 7T, pH 6.5 T
2R LT L XTI D IR B IB RSN o T2, ZHH0 FEERES % PRL B3 H A4
W7 AOHEITICREL TRY, 997 VA VR CIIMiEEa o428, £72 pH 7.5 TIHMAIXSE
WRUTRDDS, Ye iR B D B N AE U AT L 2RI L TS, Y B R B X B L= 23 AU oD
BB RO TRABNTERY, PRL (XA EMALHE R OFT-72 00 T LS 2 HZ LN TED,

(3) PRL 13~ R T bAF L ’TF L AR —H —CNNM ICEFERE AL CTHREIRE T A2 2N <5 T
VW5, PRL S 3 HLIC LA M 45 ZAHEA T 25 53 CNNM OFEREFREIZ LA DGR 57- | B Ma T
WTEME CNNM % /o720 U TR ARG LT, ZORE 5, PRL @8 BLIRE &[RRI SR OB & D
B oY AR AYBL D B R > TNAZ LN o T, SHIZ, B MRS T A RN T EEL
PEARFEET D720 . LLETOAFZETYEH L TV 2 CNNM &5 K~ 2D 5 bR T4y 248 ©
DR TE2BIEE LT, ZOR R, M TRON-O LR, BRI~ 20 EEA I E X 03
CTHY, Lt LD HE RT3 TODIENS o T2, ZIHDFKE Rsb, PRL @3 HIZ LM
Jasy 24 B3 PRL OFE S HEEY 551 Tdhb CNNM ORSREILED#E R L L TR > TWOAI LR
SNz, 2D CNNM I F% /w7 TR~ 2D LLETDOFLTZH DA ZE735 ., CNNM ORERER 41
B CONAEMALZ 5T 2> T D, CNNM OFSEER 22303V L2 5| &2 3R
AP 7oA AL LT, AL T RTS8 o R NBESIL, RN TOZDENNTRES %
DOWFROFRELEE 2 HND,

(4) PRL OERBICE->T CNNM AEEREFLES AL, MIENIC M2+ 2B RIZE i35, Mo
Mg2+DZ T RNAF—WED ATP LA REES THIEL TWAZENIEABIL TS, EERIZD
DEE Mg2+EDHNNIEST ATP O&EDPBEF ITHIINL TWAZ 2R LT, Fio, =L —RHE
VU RS IEYE R 452 1 AR L F — L —4 7 AMP ¥ —F Ol X | B2/ B 3L
TWAHZEE B2, AMP 5 — B I3 22U mEO K E E Fi-T e mbin, Frioyaiic
BTV BETLD AMP - —E N3 E O SES ERIGATICRTEL THEREL TWD 2 e ams
U5, PRL S5 BUMAL CY B LA GEMEEA) AMP X —F O RTERfENT L= A, kLT et
TR NE RS T A R T TOYL L AMP X —E O 7 F L i3 BT L QA e
Iy otz — 15T D EEEE ~D JFTEITITEL QORI Eb o7z, T 3xha7 TOEE
FLE X AR DEEY OB R E IR B e 5.2 DN EZHIND, 20D AMP FF—F OiE AL A4
25 PRL B 36 BUC L D43 B DO IR THHNEINERGTTT 5720 . AMP 7 —8 % A AHNZIEME(L
TELEFNEH N TEORRERFILIZEZA, PV AF 2 — 2 R a R T 2L E 25T, 2
NODOEBGE R T 5L, PRL mIEBIZE > T M2+ FI0 2R —Z —DOESRER 232 | fH
FR PRI Mg2+25 @R L7245 5 ATP B2 IIL T, AMP S —E OiEMEA LN T 25773
ST ENH S B DR N E 72> TODATREMENRZ 2 BbND, T RhaT LAt o2k E-col
R b AMP - —F¥ DL 7 VIR E N RSN -T2 2 mE 258 AMP 5 —Y¥ OEMERENX
BN TO R R > COAZEN TS, M0~ 70/ = 3L X —REENE D LHITH
B2 FAE L TN DOIEF ICHLRGELS  ARWFFEO R F IS A O MO 55 B H I & L TdhL<b D
EEZHND,



8 8 1 5

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

Hashizume Osamu Kawabe Tomofumi Funato Yosuke Miki Hiroaki 509
Intestinal Mg2+ accumulation induced by cnnm mutations decreases the body size by suppressing 2024
TORC2 signaling in Caenorhabditis elegans

Developmental Biology 59 69

DOl
10.1016/j .ydbio.2024.02.007




13 8 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

96

2023

lysosomal exocytosis

96

2023




PRL Mg2+ NF-k B

46

2023

Fudan University




