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Proc. Natl Acad. Sci. USA
Vol. 79, pp. 3637-3640, June 1982
Medical Sciences

Transforming genes of human bladder and lung carcinoma cell

lines are homologous to the ras genes of Harvey and Kirsten
sarcoma viruses

(human tumors/transfection/retroviruses)

CHANNING ]. DER, THEODORE G. KRONTIRIS, AND GEOFFREY M. COOPER

Sidney Farber Cancer Institute and Department of Pathology, Harvard Medical School, Boston, Massachusetts 02115
Communicated by Baruj Benacerraf, March 22, 1982
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https://www.bu.edu/biology/people/profiles/geoffrey-
m-cooper/ 2020/6/5

Nature Vol. 297 10 June 1982

Human EJ bladder carcinoma
oncogene is homologue
of Harvey sarcoma virus ras gene
.uis F. Parada, Clifford J. Tabin, Chiaho Shih & Robert A. Weinberg

: or Cancer Research and Department of Biology, Massachusetts [nstitute of Technology, Cambridge, Massachusetts 02139, USA

https://efraimracker.library.cornell.edu/lecture-series/71 2020/5/27
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ﬁﬁhiﬁ{i?éﬂyb)ﬁhff Tabin et al. Nature (1982)

a1 5E L TS (focus) Reddy et al. Nature (1982)
Taparowski et al. Nature (1982)
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Figure 1. NIH 3T3 Cells Transformed by 3215 DNA
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1. Internal Deletion

Q ABIEF

2. Rearrangement
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‘ Takahashi et al. Cell (1985)
Takahashi et al.
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Fused transcript of abl and bcr genes Nature (1985)
in chronic myelogenous leukaemia (EMEHYAOLKIZESITS

Emma Shtivelman, Batia Lifshitz, Robert P. Gale' & Eli Canaani  Ber-Ablf S BEF DR R

Heranmment SF (CRemice] Mmeans|agy, | he Warsana Insilule of Sseeac. Bohuvul TE000 G
* Lenorement of Madicies [ Hemotelogy ood oaoalagy], UL Sckoul of Metomae, Lov Angclvs, Labbmma Wik, | 1ha

Human chronic myclogesous lewlaentia & chavacterized br o recprooad reoerbacaiion Tetween chromiosomes 9 asd 22
rerufiiog m oan gbbrepiates’ forin af chremeasme 22 aiad the onsfer of the abl erlfalar onsugede froee chiromnroms 9 10ta
ihe ber geme of clirpmiiaieme I Clidraciansadion af dn Flalohats BMNA specafie 1o Shfdnne ewelagenadls Idukacesis dhaws
i fo b @ fused iranscripd af fae g remire, Pl Jaaid procein thad woadld e precfuced (v pashalde oeeslinsd on the osaligrant
Privgess.,

Cell, Vol. 42, 581-588, September 1985, Copyright © 1985 by MIT 0092-8674/85/090581-08 $02.00/0

Activation of a Novel Human Transforming Cell (1985)
Gene, ret, by DNA Rearrangement

Masahide Takahashi,*f Jerome Ritz,$§ other transforming genes have not been established, blot
and Geoffrey M. Cooper*# hybridization analyses indicate that activation of Blym-1,
* Laboratory of Molecular Carcinogenesis Tlym-1, and met does not involve gene amplification or
TDivision of Tumor Immunology gross DNA rearrangements (Diamond et al., 1983; Lane
Dana-Farber Cancer Institute et al., 1984; C. S. Cooper et al., 1984b).

tDepartment of Pathology Transfection of NIH 3T3 cells has also been used to in-
§Department of Medicine vestigate the potential transforming activity of genes of
Harvard Medical School normal cells. Sonicated fragments (0.5-5 kb) of DNAs of
Boston, Massachusetts 02115 normal chicken fibroblasts, nontransformed mouse fibro-

blasts (G. M. Cooper et al., 1980), and normal human lym-
phocytes (Schafer et al., 1984) induced transformation of

Summary NIH 3T3 cells with low efficiencies (approximately 0.001-
0003 transfarmante/un NNA)Y In fnntract hinh offirian.
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B FEBRICKSEHEE
FRRRRELERAS A 1 5~30% (Cell, 19904F)
AERRDS A : 1~2% (Nature Medicine, 20124F)
KA. LBA. BREREDBA

RRALERICKSEME
LSRR B IEEEE 28! (Nature, 1993,19945F)
B R BRBEER S A

RRAERCBLEFRREEICLDIAFEMELE
Hirschsprungf& (Natute, 1994£)
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Pierotti et al. PNAS (1992)
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ZREAD WEZBE2E DERRRZR
(Multiple Endocrine Neoplasia 2: MEN2)

MEN 2A

MEN 2B

FMTC
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Multiple Endocrine Neoplasia 2B

MEN2B

Marfanoid habitus

Mucosal neuroma

Ann Dermatol Vol. 22, No. 4, 2010

Arq Bras Endocrinol Metab vol.52 no.8 Sdo Paulo Nov. 2008



RET mutations in MEN 2

Cadherin—like domains \{

Cystein—rich region

Transmembrane domain

N

99999%%%%¢
6888888588

Tyrosine kinase domain

C—terminal tail \l |

Codon

Phenotype

C609
C611
C618
C620
C630
C634

MEN2A FMTC,HSC
MEN2A FMTC,HSC
MEN2A FMTC,HSC
MEN2A FMTC,HSC
MEN2A,FMTC
MEN2A FMTC

E768
L790
Y791
V804

MEN2A FMTC
MEN2A FMTC
MEN2A,FMTC
MEN2A FMTC
A883| MEN2B

S891( MEN2A FMTC
M918 MEN2B
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&% <170kDa
& <150

EETEH
IP: anti-RET IB:anti-pY

Asai et al. Mol. Cell. Biol. (1995)
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EILSARTIL T RERRETOMB R MR ES

S CAD

Se x Pro64 \ Phe393 Cysé6

Leudd \ Arg330 y * Y

L. eu V [.eu * LLeu Arg Gly
Pro Gln

Iwashita et al. Hum. Mol. Genet. (1996)
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RET mutations in MEN 2

Cadherin—like domains \{

Cystein—rich region

Transmembrane domain

N

99999%%%%¢
6888888588

Tyrosine kinase domain

C—terminal tail \l

Codon

Phenotype

C609
C611
C618
C620
C630
C634

MEN2A FMTC,HSC
MEN2A FMTC,HSC
MEN2A FMTC,HSC
MEN2A FMTC,HSC
MEN2A,FMTC
MEN2A FMTC

E768
L790
Y791
V804

MEN2A FMTC
MEN2A FMTC
MEN2A,FMTC
MEN2A FMTC
A883| MEN2B

S891( MEN2A FMTC
M918 MEN2B




Cys 609, 611, 618, 620F &= L BMEN2AEHSCRD &

ﬂGain-of-function mutations (%)
O K2 609,611,618,620 ZEIZ XK 5 RET D 2 =R RL (RRARCHARE)
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Ito, Iwashita et al. Cancer Res. (1997), Takahashi et al. Hum Mutat. (1999)



Science (1993)

GDNF: A Glial Cell Line—Derived Neurotrophic
Factor for Midirain Dopaminergic Neurons

Leu-Fen H. Lin, Banisl H. Doherty, Jack D. Lile, Susan Bakigsh,
Frank Collins*

A pobend neurctrophic facior that enhancas sumival of midbrain dopamimengic newrnn: was

palied anc Clongd. Gkl Cell ine-airw el Neirophile 1ackor (GOMF) i3 & flicosyialad,
amaufide-bondad homeaene: that |e e distenSy ielated mambes of the tranafonming grosth

facite— suparfamily. s embryonic midbrain culburés, recombinant haman GONF pro-
highed the survhial and morphologicpl GffergnEgiion of gopaningrgic eurmns and In-
cressad thair high-alinity dopamina wpieks. Thesa effacts weee relativahy spacihc; GLMF
o] ot mSraase Al flrcet Or Astrocyle mambers noe did il inceedge s refler yadake
o w-aminobutyne contmnng and sardoneege neuncng. GONF meay heve utlty o the
Armpbrrvmed ol P kirigon & dobaadn, whikch o rriibed By Hrod s e ddga il on oF agitraln
Sopaminargle naurane.

GDNF:J ) 7HifaHEMERERF



GDNF/RET signaling

GDNF/RET signaling
GDNF:Glial Cell Line-derived

GDNF
"3 Neurotrophic Factor
é JUT7HRBEAERERF
~
Cys Cys
Cﬁs ﬁi‘ C"S

®'Y Y'@ Dr. Arnon Roszwﬁfﬁal
®- “® mRRORLE(BERERLLY)

B gD FEE
TR

Nature (1996), Nature (1997)
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CﬁEB Cell Survival ____ g Focal Adhesion

ELK-1 Cell Proliferation Stress Fiber

Takahashi M. Cytokine Growth Factor Rev (2001)
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(Acetylcholinesterase staining)

Asai et al. Development (2006)
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B :RET, GFRo1SRIFL TWDEP(I

7% : GDNFAS R IR TS ER4I

GDNF/Ret signaling and the development of the kidney.
Costantini F, Shakya R.
Bioessays. 2006 Feb;28(2):117-27. doi: 10.1002/bies.20357.
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B FEBRICKSEHEE
FRRRRELERAS A 1 5~30% (Cell, 19904F)
AERRDS A : 1~2% (Nature Medicine, 20124F)
KA. LBA. BREREDBA

RRALERICKSEME
LSRR B IEEEE 28! (Nature, 1993,19945F)
B R BRBEER S A

RRAERCBLEFRREEICLDIAFEMELE
Hirschsprungf& (Natute, 1994£)
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Median (95% ClI)

Lenvatinib 18.3 mo (15.1-NE)
Placebo 3.6 mo (2.2-3.7)
100~
Hazard ratio for progression or death,
< 90- 0.21 (99% Cl, 0.14—0.31)
= 80- P<0.001
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=
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" Schlumberger et al.
Months N Engl ) Med (2015)
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CD1094%>/\V8
* RETIZCK 2 TEBHAFBENSEEFND1IDELTRHRE
(Hashimoto et al. Oncogene 2004)
* 0,-X20%45 07J1)2/C3,C4,C5773)—IZRTHGPIT
h—FIEAR NI . (Lin et al, 2002; Solomon et al, 2004)

» EFCD109(&furinaselZ& L) 180kDak25kDad 22 /\ 7
[ZHIBrSh, 590 ZCD109MTGF-B T FIL D FIfEIZ
B5 9 3. (Hagiwara et al, 2010)
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iga)

furinase

CD109-25kDa cleave site
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1.04——  -=-cD1097; (n = 67)
%N =y (n = 80)
tﬁto.s L
.|\.H 1 T —
§<0-6 I—_“I_.__'
{[;O.4- -
0.2 Log-rank test
0.04 P < 0.01
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A RITHORXIECD109/ VI T IR DRIZLERFEART
HY(A), CD109(ZME FEIZBIELTLVS(B).

Shiraki, Mii et al. J. Pathol (2017)
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Shiraki, Mii et al. J. Pathol (2017)
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Sunagawa, Mii et al.
DMBA  TPA KREEGZRE - Zik Oncotarget (2016)
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https://www.mc.vanderbilt.edu/lens/article/?id=192&pg=999 2020/5/27



https://www.mc.vanderbilt.edu/lens/article/?id=192&pg=999

AktFF—Ek ED K S [CHESR Z FlE 9 5 H

Growth factors, insulin,

extracellular matrix, etc.
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Cell motility



HRAEE S 2 /NI ELTDGiIdinDFER

(Yeast two-hybrid screening)

PH Kinase §Regulatory
domain domainf domain
Akt1 (GAL4DBI 2 —

PH (GAL4DB N
KD+RD GAL4DR IS

KD GAL4DB I
RD GAL4DBX

Clone Clone pACT
F-10 F-12 (Control)

J—

His (+)

Girdin

(APE, ° i 1ad-coi
aiv, NT Coiled-coil

HrPR)

(1870 aa)

Akt binding region
Enomoto, Murakami et al. Dev. Cell (2005)
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Vero fibroblasts



GirdinDREBE D /v F 9L 5HaESHEE

Control siRNA + GFP-actin Girdin siRNA + GFP-actin

Vero Fibroblast
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Akt activation
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Phosphorylated Girdin

Enomoto et al. Dev. Cell (2005)
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Collective migration

Single migration

www.wired.com/2013/03/powers-of-swarms/
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Weng et al. EMBO J. (2014)
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Progressive encephalopathy with oedema, hypsarrnythmia
and optic atrophy (PEHO) syndrome:

A rare Mendelian (autosomal recessive) phenotype comprising severe
retardation, early onset epileptic seizures, optic nerve/cerebellar atrophy,
pedal oedema, and early death.
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A, small cerebrum and cerebellum, pachygyria/lissencephaly,
thin corpus callosum

B, microcephaly, edema of the makxillary region and dorsum of hand and foot
Nahroski et al. Brain (2016)
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Akt phosphorylation site (Ser-1416)
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Daple is involved in the non-canonical Wnt/Rac pathway
leading to cell migration.

Daple increases the Dvl/aPKC interaction to activate Rac.
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Takagishi et al. Nat. Commun.
(2012)



Daple knockout mouse
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Human DAPLE/CCDC88C
mutations cause hydrocephalus
(Ekici et al. 2010).
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Basal Body, Basal FootDBECHI R E
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Daple/y-tubulin(cilia base)/B-catenin(membrane)
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Trachea cilia

Movement of mucus 10 the pharnymx
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Inner ear hair cell
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Normal Daple mutant mice
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