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=4 letnyHanonHBHlERTnIoNnERYNANHOMMVSonoTMATHRHYRS SN 22

KaK MyXa u uenBaK noMorareT
M3yuaTthb 00JIE3HM YyeloBera?

A.M. Wy6a
3aKpbITbIN Cenoﬁ'i(;g; b OTKpbITLIN Z\\
BHewH BHewH.
Memb6paHa MembGpaHa
BHyTp. BHyTp.
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Knaccbl MOHHBLIX KGHQNOB

'-\‘\._‘

VOC - voltage-operated channels;
SMOC - second messenger-operated channels;
SOC - store-operated channels;

ROC - receptor-operated channels;

NCX - Na*-Ca?* exchanger.

SOC ROC NCX

Ag\ Caz+
sascsclifbssocs t 4
2&2&?&&?&@ R g&@‘;ﬁ

gl

Inositol P?mohalci
Cydlic Nudeotides

Lipid Messengers
InsP,y

Ca2+
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KaHanocneuuguyackue nekapcrseHHbIe
npenaparsbl:

AHTUrMNEpTeH3uBHbIE KapavonpoTekTtopb:

AHTUAPUTMUKU 6110KATOpLL | AKTUBATOpLI aKTUBATOPLI

I tvna: III tuna: | IV tuna: Kanbumestix | Katz-kaHanos Rate-Kananoe

6nokatopsr | 6nokatoper | 6nokaTopbr KaHanoe
HAaTPUEBLIX | KANMeBLIX | KanbLMeBLIX A
KaHanos KaHaNoB KaHANoB HanNbreTUuku

6nokatopur | 6nokatoper | 6nokatoper | 6n1okaToper
HaTpuesbIX | Kanbuuesbix | TRPV1 P2X

KaHanos KaHanos KaHanos peue I'ITOpOB
AHTUINUNENTUKU

aroHucTer | 6nokatopsr | 6nokaroper | 6nokaTopbI

FAMK, HaTpuesbix | HTT WOHOTPONHLIX

peuenTopos | kaHanos KanbLMEBLIX | FNYyTAMATHBIX
KaHanos peuenTopos

TTpoTupakosere

6nokaTtopur 6nokaTtopur
noTteHuuan- XNOPHBIX
AHTUAMAbeTUKU AHecTeTUkU He3aBUCUMLIX | KaHanoe
6110xkaTopbI JNokanbHbie: | Obwme: KasibLii€BLIX ('P‘\’ﬁ'”"f; n)
KA1z-KaHanos 6110KaTOpLI | AKTUBATOPLI KaHanos chiorotoxin

(cynbgparun- HATpUeBbIX | KANMeBLIX ErCQI"bOIXY%mA?O-
riazole,
N KaHanoB KaHanos )
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Shaker i ether a go-go peHOTUNbL
Drosophila v ux monekynapHele OCHOBbLI

BTTCTT 8 HepBHO-MbILWEYHOM CUHANCE MyXU

Wild-type Shaker

Smv 1 omv

40ms

OTkpbITbl B 1969 rogy 3 Tmna mytauuii
Drosophila:
Shaker (Sh),
ether a go-go (eag),
il Hyperkinetic (HKk)
C MOXOXUM (PEHOTUNOM — APOXKaHNEM
KOHEeYHOoCTel nNpy athnpHON aHecTe3nm

40ms

Ganetzky B. There's a whole lot of
shaking going on. Genetics. 1989
Feb;121(2):201-4.
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Kanuesblie kaHanbI mnexkonutTarowux

Shaker-nonobHoie

Kv5.1 [KCNF1, 2p25]
[ Kv2.1 [KCNB1, 20913]
1 Kv2.2 [KCNB2, 8q13]

Kv6.3 [KCNG3, 2p21]
Kv6.1 [KCNG1, 20q13)
[ — ez eonce oz Ether-a-go-go(eag)-nonobHere
Kv6.4 [KCNG4, 16q24]
Kv7.1 [KCNQ1, 11p15)
Kv7.3 [KNCQ3, 8924] Kv12.2 [elk-2, KCNH3, 12q13]
Kv7.2 [KCNQ2, 20q13]
P R Kv12.1 [elk-1, KCNH8, 3p24]

Kv7.5 [KCNQS, 6q14) ‘ Kv12.3 [elk-3, KCNH4, 17q21]
- ALY oty ey Kv10.1 [eag-1, KCNH1, 1932

Kv8.2 [KCNV2, 9p24]
Kv9.3 [KCNS3, 2p24) Kv10.2 [eag-2, KCNH5, 14q23)

_LKVQ.Z [KCNS2, 8q22]
o ooy _
Kv3.4 [KCNC4, 1p21] Kv11.2 [erg-2, KCNHS6, 17g23]

Kv3.2 [KCNC2, 19q13]

Kv3.1 [KCNC1, 11p14] =7 ™ Kv11.3 [erg-3, KCNH7, 2q24]
Kv3.3 [KCNC3, 19q13]

Kv4.1 [KCND1, Xp11]
_| E Kv4.2 [KCND2, 7q31]
Kv4.3 [KCND3, 1p13]

== Kv1.7 [KCNA7, 19q13]
Kv1.4 [KCNA4, 11p14)
Kv1.6 [KCNAS. 12p13)
Kv1.5 [KCNAS, 12p13]
Kv1.8 [KCNA10,1p13]
Kv1.2 [KCNA2, 1p13)
Kv1.1 [KCNA1, 12p13]
Kv1.3 [KCNA3, 1p21]
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Q-B0nHa Ceasb mexay K[, noteHumanom
AEeUCTBUS U TOKGMU B cepaue

cTHas IKI

_| QT uHtepBan _

“ " T-BonHa

HERG-onocpenoBaHHbIv Ixr - OAMH U3
OCHOBHBIX penoniapuUsnpyoLLmUX
KaSIMeBbIX TOKOB B cepALie

|KAChI|ATP_
In
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LQTS (Long QT Syndrom): cuHApOM yanuHeHHoro QT uHTepeana
3MEeKTPOKAPAUOTPAMMBI - (PAKTOP PUCKA U MPUYUHA BO3HUKHOBEHUS NeTanbHBIX
BEHTPUKYNApHLIX apUTMUU Torsad de Pointes

Isolated Canine Left Ventricular Wedge

di-Sotalol B Azimilide
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ABTOMATU3IUPOBAHHAA 3MEKTPOPU3IUONOrmUs

Patch-clamp

4

MukpoanekTpoaHas
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Ether a go-go(eag)-noaobHeie K* kaHanbr

Kv12.2 [elk-2, KCNH3, 12q13]

Kv12.1 [elk-1, KCNHS, 3p24]
Kv12.3 [elk-3, KCNH4, 17q21]

Kv10.2 [eag-2, KCNHS5, 14G23)]

Kv11.1 [erg-1, KCNH2, 7q35)
Kv11.2 [erg-2, KCNH8, 17q23]

Kv11.3 [erg-3, KCNH7, 2q24]

Asher et al. World Journal of Surgical Oncology 2010, 8:113 N
http://www.wjso.com/content/8/1/113 le)p WORLD JOURNAL OF
: {_l:g SURGICAL ONCOLOGY
7 SE S\

Eagl B HOpMe NpucyTcTBYyeT

REVIEW Open Access TOJIKO B MO3re 1 B

s He3Ha4YuTesIbHbIX KOJIM4YeCTBax
Eag and HERG potassium channels as novel T R R 5

therapeutic targets in cancer 3KCMPECCHA CUMBHO
yBE/IMYMNBAETCA B

pacnpocTpaHeHHbIX OMyX0onax

S — yenosekKa. [Npucyrtctene Eagl

Voltage gated potassium channels have been extensively studied in relation to cancer. In this review, we will focus CBA3aHO C yCWUJIEHNEM
on the role of two potassium channels, Ether d-go-go (Eag), Human ether a-go-go related gene (HERG), in cancer npon Mq)epaulmm_

and their potential therapeutic utility in the treatment of cancer. Eag and HERG are expressed in cancers of various g
organs and have been implicated in cell cycle progression and proliferation of cancer cells. Inhibition of these

channels has been shawn to reduce proliferation both in vitro and vivo studies identifying potassium channel
modulators as putative inhibitors of tumour progression. Fag channels in view of their restricted expression in nor-
L mal tissue may emerge as novel tumour biomarkers.

Viren Asher'”, Heidi Sowter®, Robert Shaw®, Anish Bali*, Raheela Khan®
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The Compound Eye
corneal lens- of a Mosquito

crystalline cone one ommatidium

rhabdom—

retinula cell—" a compound eye

with one quarter removed
N’

|
to show ommatidia facets

The type of eye comonly found in arthropods. A compound eye has a meshlike appearance because
it consists of hundreds or thousands of tiny lens-capped optical units called . Each
ommatidium has its own cornea, lens, and photoreceptor cells for distinguishing brightness and
color. Individual ommatidia guide light through a lens and cone into a channel, known as a ,
which contains light-sensitive cells. These are connected to optical nerve cells to produce the
image. The ommatidia are seperated from each other by varying degrees of pigment.
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Transient Receptor Potential (TRP) channel in
Drosophila vision

Phototransduction in fhe compound eye of arthropods A spontaneous Drosophila phototransduction

Cazo

Y Ca:"-+

A g0
/%q\m

DAG

b Rhabdomere
trpl
PLC‘ P'Pz C:rmc

mutant identified in 1977 (Minke, 1977)
displayed transient receptor potentials (trp)
in response to continuous light.
Identification of the gene product underlying
that mutation and recognition of its function
as an ion channel (Montel and Rubin, 1989)
gave rise to the awareness of a new class of
cation channels that differed significantly
from the canonical voltage-dependent
channels.

WT trp

The phosphoinositide cascade of insect’s vision. Cloned genes (for
all of which mutants are available) are shown in italics, alongside their
corresponding proteins. Upon absorption of light, rhodopsin (ninakE
gene) is converted to the active metarhodopsin state, which activates a
heterotrimeric G protein (dGq). This leads to activation of
phospholipase C (PLC, norpA gene) and subsequent opening of two
classes of light-sensitive channels encoded at least in part by trp and
trpl genes, by an as yet unknown mechanism. TRP and TRPL opening
leads to the light-induced current (LIC). Deactivation of channel activity
is regulated by protein kinas C (PKC, inaC gene).

*_ photocell in the compound eye of arthropods

WT + Lad

.

0.5nA ‘

05s

The trp phenotype. Light-induced currents in response to prolonged intense
orange lights were recorded in voltage-clamped photoreceptors of wild type
(WT), the trp mutant, and WT treated with La3. A peak response and a
plateau characterize the light response of WT. The rapid peak-plateau
transition is a manifestation of Ca2-dependent light adaptation. The response
of the trp photoreceptor decays close to baseline during light due to
exhaustion of excitation. A similar decay of the light response close to
baseline is obtained by application of 10 M La3 to the extracellular medium of
WT photoreceptors.
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Cynepcemenctso TRP kaHanos

canonical

TRPC

NOMP
TRPN
(no mechanopptential)

melastatin

ZTRPN1 a=%-
TRPMH1
TRPM3

TRPM6
TRPM7

vanilloid

TRPA

ankyrin ==

polycystin

TRPP

mucolipin

TRPML2
TRPML3
TRPML1

«r>

Qo ) | 0000
TRPC 11862 {fs3 5 86l
o 0o
U

AHKMPHHOBI
NOBTODK

E1 TRP ckpuHbKa
TRPM aomeH
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P-netna
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TRP-xkaHansr 8 KanbLumMesou cuUrHanusauuu. ..

anonTo3

anddepeHumnaums

nponudepauus, &
~Ad_
lA .
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TRP-kaHansr kKa TepmopeLienTopsr
U CEHCOpbI XUMUYECKUX pasapaxutenien. ..

Identification of a cold receptor reveals a
general role for TRP channels in
thermosensation NATURE |VOL 416 |7 MARCH 2002 | www.natur 1

David D. McKe Neuhausser*+ & David Julius*

TRPV2 (52°C)
TRPV1 (43°C)

TRPMS
(28°C)

TRPA1
(15°C)
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TRP-kaHanNu Kak AeTepMUHAHTLI

3abonesaHUU Yenoseka...

TRP channels in cancer.
Prevarskaya N, Zhang L, Barritt G.
Biochim Biophys Acta. 2007 Aug;1772(8):937-46.

TRP channels: functions and involvement in neurologic disease.
Benarroch EE.

Neurology. 2008 Feb 19;70(8):648-52.

TRP channel and cardiovascular disease.

Watanabe H, Murakami M, Ohba T, Takahashi Y, Ito H.
Pharmacol Ther. 2008 Jun;118(3):337-51.

TRP channels as emerging targets for pain therapeutics.

Broad LM, Mogg AJ, Beattie RE, Ogden AM, Blanco MJ, Bleakman D.
Expert Opin Ther Targets. 2009 Jan;13(1):69-81.

TRP channels: emerging targets for respiratory disease.
Banner KH, Igney F, Poll C.

Pharmacol Ther. 2011 Jun;130(3):371-84.
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OT pereHepuUHOBOro (PEHOTUMNA MeXAHOYYBCTBUTESIbHOCTU
yepesaka C. elegans pno ...
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1)

2)

3)
4)

5)

6)

... AO BO3MOXHOCTU reHHOU Tepanuu paka

Mapkepu TuniB paky
(CEA, CEACAM gene family), which

is produced by tumors of gastrointestinal system as well as by
some other cancers such as lung, breast, ovarian;
prostate specific antigen (PSA, also known as kallikrein IlI,
gene KLK3),
bladder tumor antigen (BTA);
cacrcinoma antigen 15-3 (CA 15-3, gene MUCT) characteristic
of advanced breast cancer;
cancer antigen 125 (CA 125, gene MUC16), which is typical of
ovarian cancer;
carbohydrate antigen 19-9 (CA 19-9, synthesis involves three
genes FUT2, FUT3, ST3GALT), which is the most useful marker
of pancreatic cancer, and is also elevated in colon cancer.

MPOMOTOP
Mapkepa
paKa

KoampytoLas
nocreaoBaTeNnbHOCTb
KaHana

PekombiHaHTHa
nnasmiga

KoaupytoLas
NOCNeN0BaTENbHOCTb
Mapkepa aKCrpeccum

© 2000 Nature America, Inc. 0929-1903/00/$15.00/+0 m

www.naire.comjfcgt

A novel strategy for cancer therapy by mutated mammalian
degenerin gene transfer

Masayoshi Horimoto," Yutaka Sasaki,"” Shinya Ugawa,>* Shigeo Wada,' Takashi Toyama,"
Kenya Iyoda,” Takayuki Yakushijin,2 Yuki Minami,® Toshifumi Ito,! Taizo Hijioka,

Akiko Eguchi,® Mahito Nakanishi,® Sheichi Shimada,® Masaya Tohyama,® Norio Hayashi,*
and Masatsugu Hori'

Departments of "Internal Medicine and Therapeutics, “Molecular Therapeutics, and >Anatomy and
Neuroscience, Osaka University Graduate School of Medicine, Osaka, Japan; *Department of Anatomy II,
Nagoya City University Medical School, Nagoya, Japan; *Department of Gastroenterology, Osaka-minami
National Hospital, Osaka, Japan; and ®Department of Neurovirology, Research Institute for Microbial
Diseases, Osaka University, Osaka, Japan.

Mammalian degenerin (MDEC) is a member of the amiloride-sensitive sodium fon channel family, and its site-directed active
mutant (MDEG-G430F) induces massive Na™ influx into cells, leading to cell ballooning and cell bursting. We attempted a novel
therapeulic approach for gastric cancers by transferring MDEG-G430F inlo cancer cells using tumor-specific promoters. In
carcinoembryonic antigen (CEA)-producing gastric cancer cells, the level of cell death observed when MDEG-G430F was used with
a CEA promoter was similar to that observed when using a potent nonspecific promoter such as the cytomegalovirus promoter. In
an in vivo sludy, fusogenic liposome complexes conlaining MDEG-G430F driven by the CEA promoler were injected
intraperitoneally into CEA-producing gastric cancer cells in a mouse peritoneal dissemination model. Although all 15 of the control
mice were dead by 50 days postinoculation, 13 of the 15 mice treated with MDEG-G430F survived. These results indicate that
transferring MDEG-G430F into cancer tissues using lumor-specific promoters can achieve striking and selective cancer cell death
irrespeclive of the transcriptional efficiency of the promoters used in vivo, and suggest that this approach is a promising new strategy
for cancer gene therapy. Cancer Gene Therapy (2000) 7, 1341-1347

Key words: Mulated ion channel; degenerin; carcinoembryonic antigen pr ; fusogenic lip i I di

Figure 6. Mice with peritoneal dissemination of MKN45-P cells.
Top: Representation of a mouse in the mock group at 30 days
postinoculation. Mice inoculated with 1 x 10° MKN45-P cells were
injected i.p. with fusogenic liposomes containing CEApCDNA3
plasmid each week. All mice in the mock and control groups
exhibited substantial petitoneal dissemination with massive ascites.
Bottom: Representative demonstration of a mouse in the experi-
mental group at 30 days postinoculation. Mice inoculated with 1 X
10° MKN45-P cells were injected i.p. with fusogenic liposomes
containing CEApCDNA3 MDEG-G430F plasmid each week. Mice in
the experimental group exhibited substantially less peritoneal dis-
semination.
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