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OrPAHUHEHUA B NPOCTPAHCTBE,
PASMEPE N BPEMEHW

* NPpoaAoONHKNTENIbHOCTb XU3HU U Pa3MeP
XO03AWNHA



PAKOBbIE RJIETKU 2TO
OAOHOK/IETOYHbIE, KOTOPbIE
CYLLUECTBYIOT B OTPAHUYEHHOW
HAWE OAHOIO TENIA



Pak MoxeT npnBOANTb K NMNOABJIEHUIO
OAOHOKITETOYHbIX Mapa3nTOB

Proc Natl Acad Sci U S A. 2016. A second transmissible cancer in Tasmanian devils.
Pye RJ et al.



Pak MoxeT npnBOANTb K NMNOABJIEHUIO
OAOHOKITETOYHbIX Mapa3nTOB

Curr Opin Genet Dev. 2015. The cancer which survived: insights from the genome of an
11000 year-old cancer. Strakova A, Murchison EP.



Pak MoxeT npnBOANTb K NMNOABJIEHUIO
OAOHOKITETOYHbIX Mapa3nTOB

Cancer Res. 1965. An induced transmissible sarcoma in hamsters: eleven-year
observation through 288 passages. Fabrizio AM.



Pak MoxeT npnBOANTb K NMNOABJIEHUIO
OAOHOKITETOYHbIX Mapa3nTOB

Normal clams Leukemic clams

Hemocyte genotypes Neoplastic hemocyte
match genotypes are nearly
individual genotypes identical and do not match
host genotypes

mw

Leukemia spreads as
clonal contagious
cancer cells

Cell. 2015. Horizontal transmission of clonal cancer cells causes leukemia in soft-shell
clams. Metzger MJ, Reinisch C, Sherry J, Goff SP.
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A fatal form of cancer is spreading
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-
- . \ between animals in the marine
1 emvironment as a clonal horizontally
transmissible cell, likely derived from a
single original clam.
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Pak MoxeT npnBOANTb K NMNOABJIEHUIO
OAOHOKITETOYHbIX Mapa3nTOB

N Engl J Med. 2016. Malignant Transformation of Hymenolepis nana in a Human Host.
Muehlenbachs A, Mathison BA, Olson PD.



KEY POINTS FROM
Malignant Transformation of
Hymenolepis nana in a Human Host
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Hela is the oldest human cell line derived from cervical
cancer cells taken on 1951 from Henrietta Lacks




Pak MoxeT npnBOANTb K NMNOABJIEHUIO
OAOHOKITETOYHbIX Mapa3nTOB
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Eumycota Metazoa

Choanoflagellata

Allomyces macrogynus Eccrinales

Blastocladiella emersonii idium parasiticum

Batrachochytrium dendrobatidis

Spizellomyces punctatus

Neocallimastix frontalis

Chytridiomycota
___ Capsaspora owczarzaki

Nucleariidae pee*=*****°****** -- -
Ministeria vibrans
Mesomycetozoea

FUNGI-Nucleariidae HOLOZOA

OPISTHOKONTA
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MHOrokneTouYyHoCTb BO3HMKaNna HesaBucmmo
HECKOIbKO pas3

Amorphea

Rhizaria Alveolates Archaeplastida
Stramenopiles Opisthokonta
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---:—Glaucophytes
i Red algae
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Bioessays. 2013. Multicellularity arose several times in the evolution of eukaryotes.
Parfrey LW, Lahr DJ.



SCANDALs
(speciated by cancer development animals)

Mbl npeacTtaBnsgem runoTtesy, 4YTo
TPaHCMUCCUBHbIE ONYXOJiM CyLlecTBOBanNu B
MPOLUSIOM U YTO HEKOTOPbIe COBPEMEHHbIe
TaKCOHbI XXMBOTHbIX ABAAOTCA NOTOMKaMu
3TUX onyxonemn.



SCANDALs
(speciated by cancer development animals)

Pe3koe ynpollieHne Yyepes 3rokadyeCTBeHHY0 TpaHcdopmMaLuto
" BUOoobpasoBaHue yepes npnobpeteHne TpaHCMUCCUBHOCTHU
npenckasbliBaeT MacCOBYIO NOTEPO CUCTEM, PYHKLNN,
KIMETOYHbIX MPOLIECCOB N CBA3aHHbLIX C HAMW rEHOB Ha 3TOW
Ha4yanbHOW CTagun paka, 3a KOTOpoun criegyeT nocTteneHHad
9BOMMOUMSA 1 aganTauus K napasmtu4eckomMy obpasy XXU3sHu.



SCANDALs

(speciated by cancer development animals)

YnpolwleHHble poaACTBEHHUKN Donee CIMOXHbIX
MeTa3on N UMEeT T[eHOMHble W3MEHEHUs,
TUNUYHbIE AONA pPakoBOW Mporpeccun (Takue
Kak geneuun reHoB YHMBeEpCcanbHOIo arnonrto3a).
[Ona Hawen rmnotesbl Mbl paccMOTpenu
HECKOJ1IbKO TaKCOHOB YMNPOLLEHHbIX XXUBOTHbIX:

dicyemida, orthonectida, myxosporea and trichoplax.



HekoTopble MHOIMOKNMETOYHbIE OYEHb
NPOCTHI

Zh Obshch Biol. 2002 May-Jun;63(3):195-208. Molecular evidence of regression in
evolution of metazoa. Aleshin VV, Petrov NB



Curr Biol. 2016 Jul 11;26(13):1768-1774. doi: 10.1016/j.cub.2016.05.007. Epub 2016 Jun 30.

The Genome of Intoshia linei Affirms Orthonectids as Highly
Simplified Spiralians.

Mikhailov KV, Slyusarev GS?, Nikitin MA3, Logacheva MD', Penin AA', Aleoshin VV', Panchin YV*
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Dicyvemida and Orhonectida: Two stories of body plan simplification

Oleg A. Zverkov!, Kirill V. Mikhailov!?, Sergev V. Isaev!?, Leonid Y. Rusin’*, Maria D.
Logacheva®f, Alexey A. Penin'?, Leonid L. Moroz™?, Yari V. Panchin!?, Vassily A.

Lyubetsky'®, and Vladimir V. Aleoshin!™
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SCANDALs

(speciated by cancer development animals)

YNpoLeHHblIE POACTBEHHUKN OOSIe€ CINOXHbIX
MEeTasonl N WUMerT TreHOMHbleé WU3MEeHeHuUs,
TUNMWYHbIEe ANA PakoBOU Nporpeccumn (Takue
Kak geneuun reHoB YHMBeEpCanbHOIo arnonrto3a).
Ona Hawen rmnotesbl Mbl pacCcMOTpenu
HECKOJ1IbKO TaKCOHOB YMNPOLLEHHbIX XXUBOTHbIX:

dicyemida, orthonectida, myxosporea and trichoplax.



KaHLeporeHes cBdA3aH C NOJIOMKOW
onpeaeneHHbIX reHoB

Proapoptotic

BH3 mimetics

Selective anti-
inflammatory drugs

Nat Rev Cancer. 2004. A census of human cancer genes. Futreal PA



Hallmarks of Cancer: The Next Generation

Douglas Hanahan:2.* and Robert A. Weinberg=3-"

Sustaining proliferative
signaling

Hallmarks of cancer neoplasia include proliferation of
genetically altered cells that

ng growth
[=lg=1=2-Tel £=3

Inducing
angiogenesis

fail to respond to normal regulatory controls of cell growth,

Enabling replicative
immortality

self sufficiency in growth signals,
insensitivity to antigrowth signals,
evasion of apoptosis,

unlimited potential to replicate,

tissue invasion and metastasis



A CENSUS OF HUMAN

CANCER GENES

P Andrew Futreal™, Lachlan Coin™, Mhairi Marshall™, Thomas Down™,
Timothy Hubbard*, Richard Wooster*, Nazneen Rahman’® and Michael R. Stratton™*

A comparison of SCANDAL
candidates and control species in
terms of PFAM domains.

We used the PFAM list from a
“census of human cancer genes”
and performed a PFAM search for
the term “apoptosis”. We used 409
domains that were present in either
of the two lists and present in 15 or
more of 29 the control Metazoan
species. The number of such
domains absent in each species is
shown on the y-axis. Parasitic
species are marked by P.
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Candidates for SCANDALs
XOosporea
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control Metazoan species




PFO0656
PF0O0452
PFO0619
PFO0648
PFO1067
PFO0531
PFO6905
PFO0554
PFO1534
PFO0870
PFO7814
PFO7699
PFO3133
PFO2197
PFO1167
PFOO7384
PFO0658
PF05965
PFO1392

Caspase domain

Apoptosis regulator proteins, Bel-2 family
Caspaserecruitment domain

Calpain family cysteine protease

Calpain large subunit, domain Ill

Death domain

Fas apoptotic inhibitory molecule {FAIM1}

Rel homology domain {RHD}
Frizzled/Smoothened family membrane region
P53 DNA-binding domain

Wings apart-like protein regulation of heterochromatin
GCC2and GCC3

Tubulin-tyrosine ligase family

Regulatory subunit of type Il PKA R-subunit
Tub family

MyTH4 domain

Poly-adenylate binding protein, unique domain
F/Y rich C-terminus

Fz domain

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Myxosporea appear to be the most suitable candidates for a
tumor ancestry.

They are simplified parasitic cnidarians that universally lack
major genes

implicated in cancer progression, including all Caspase and
BCL2 domains as well as any P53 homologs, suggesting the
disruption of main apoptotic pathways in their early

evolutionary history.
SYNCYTIAL PLASMODIUM TRANSMISSIBLE STAGE - SPORES

-
o “-‘ .‘
-

! ‘
‘-.z-—& *

<




Parasitology Today, vol. 3, no. (1, 987

Myxosporea: a New Look at
Long-known Parasites of Fish

J. Lom




Microbial arms race: Ballistic “nematocysts”
in dinoflagellates represent a new extreme in
organelle complexity

Gregory S. Gavelis,"**" Kevin C. Wakeman,** Urban Tillmann,® Christina Ripken,®
Satoshi Mitarai,° Maria Herranz," Suat Ozbek,” Thomas Holstein,”
Patrick J. Keeling,' Brian S. Leander'?

Functional and proteomic analysis
- of Ceratonova shasta (Cnidaria:

- Myxozoa) polar capsules reveals
~adaptations to parasitism

. Gadi Piriatinskiy?, Stephen D. Atkinson?, Sinwook Park?, David Morgenstern?, Vera
: Brekhman?, Gilad Yossifon?, JerriL. Bartholomew? & Tamar Lotan
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Nyxozoa +
Polypodium: A
Common Route to
Endoparasitism

(B)

Beth Okamura'* and Bilateria
Alexander Gruhl!'= -—|_—‘: Myxoz0a
Polypodium
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Trends Parasitol. 2016. Myxozoa + Polypodium: A Common Route to Endoparasitism.
Okamura B, Gruhl A
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Naturally occurring tumours in the basal
metazoan Hydra

Tomislay Domazet-Lo&o'23*, Alexander Klimovich*, Boris Anokhin?, Friederike Anton-Erxleben’,

Mailin J. Hamm1, Christina Lange1 & Thomas C.G. Bosch'
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Hydra, a versatile model to study the homeostatic
and developmental functions of cell death Mammals
SILKE REITER', MARCO CRESCENZI?, BRIGITTE GALLIOT*' and WANDA BUZGARIU*-!
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Cell death @ Cell death
HyDEDCasp  HyCaspE Bcl2-1  BH3only 1 Bak-1 HyTNF-R  HyAPAF-1 BIRC4 HyAIF
HyDDCasp  HyCaspF Bcl2-2  BH3only2 Bak-2 BIRCS
HyCARD1  HyCaspG Bcl2-3  BH3only 3 UBIRCS1
HyCARD2  HyCaspH Bcl2-4  BH3only4 UBIRCS2

HyCaspA HyCaspl Bcl2-5
HyCaspB HyCasplL Bcl2-6
HyCaspC HyCaspM Bcl2-7
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nucleus

'.(_._. apo

endodermal epithelial cell with apoptotic
cell in phagocytic vacuole

ectodermal epithelial cell with two apopiotic
cells in phagocytic vacuoles

Apoptosis (2010) 15:269-278
DOI 10.1007/s10495-009-0442-7

UNUSUAL MODEL SYSTEMS FOR CELL DEATH RESEARCH

Apoptosis in pre-Bilaterians: Hydra as a model

Margherita Lasi + Charles N. David -
Angelika Bottger

Table 1 Comparison of apoptotic proteins present in Hydra, Caenorhabditis, Drosophila and mammals

Apoptotic proteins in different model organisms

Hydra

Caenorhabditis

Drosophila

Homo

Caspases

APAF-1

Bcl-2 proteins:
multi-domain

Bcl-2 proteins:
BH3-only

IAP
Death receptor

FADD

HyCaspA, B, C, D, E, F,

G, HILLM
HyCARD 1, 2
HyDEDCasp
HyDDCasp
HyAPAF-1
HyBcl-2-like 1, 2, 3, 4,

6, 7 HyBak-like 1, 2
HyBH3-only 1, 2, 3, 4
HylAP
HyTNFR-like receptor

HyFADD

5,

Ced 3
Csp-1, Csp-2

Dredd, Dronc, Dream,
Dcp-1, DRICE, Decay, Daydream

DARK
Debel, Buffy

DIAPI, 2
Wengen

dFADD

Caspase 1, 2, 3,4,5,6,7,
8,9,10, 12,13, 14

APAF-1

Bcl-2, BelxL, Bel-W, Mcl-1,
Bcl-B, Bel-2A1, Bax, Bak, Bok

Bid, Bmf, NOXA, PUMA, Bad,
Bim, Bik, Hrk

XIAP, NAIP, c-IAP1, 2

TNE-R 1,2 CD95, CD 40,
p75 and many others

FADD




'MnoTeTnyeckue 3tanbl 3BOSTHOLUUU MUKCOCNnopeu

NMapa3sntTnyeckun NoNMNOANMONOAOOHLIM OPraH3M Bbi3Bas ONyXoJSib Y X03siIMHA pPbIObI
MOXOXXe Ha HefaBHUN cny4van, Korga pak nfiocKoro YepBs pacnpoCcTpaHUICs Ha YenoBeKa-xo3aunHa.

HekoTopble reHbl, CBA3aHHbIE C anONTO30M U KOHTPONEM KJIeTOYHOro Lukna, obinu
NoTepPsiHbI.

Onyxonb npuobperna cnocoOHOCTb K Nnepeaaye, Kak Npu N3BECTHLIX PaKOBbIX 3aboneBaHUsAX
MIEKOMUTAIOLWMX N MOJITHOCKOB.

[1Ba pasnuyHbiX 3BONIOLMOHHbLIX HaNpaBneHUs criegosany U Nopoauiv COBpeMEHHYH0
MUKCOCHMOPEHO.

OpHa TeHaeHuus 6bina BbidaBaHa pakoBbIM NpoucxoxaeHnem engos Myxosporea: MHOXECTBEHHbIE
reHbl, BOBMEYEHHbIE B arnonTo3, NogaBneHne KNeToYHOro Lukna 1 cBsi3aHHble NyTu, Obinu
NOTepSsiHbI.

Opyras TeHaeHums bbina HanpaeneHa Ha opMUpoBaHUE MHOIFOKNETOYHOW CTPYKTYpbI de
NOVO, YTO NPUBENO K NOSBMEHNIO B HACTOSILLIEE BPEMS HAONOA4aeEMbIX CTPaHHbLIX OPraHN3MOB C
CTagusAMN BCEro TPEeX KNeToK U NPUYYANMBLIX KINETOYHbIX arperaToB, Takux Kak CUHLMTUSA C
LieNbIMU KNeTkaMy BHYTPU APYrUX KNEeTOK.



Trends Parasitol. 2016. Myxozoa + Polypodium: A Common Route to Endoparasitism.
Okamura B, Gruhl A



SCANDALs
(speciated by cancer development animals)

[axe ecnun Hawa runotesa 06 3BOSIIOLNM MUKCOCIMOPEN Kak
CKAHOAJ1IOB HeBepHa, OHa MOXET OKa3aTbCH
NMPUMEHNMON K HEKOTOPbLIM OPYrMM YNPOLLEHHbIM
meTaszodaM. CekBeHpoBaHue B byayLwem reHoMoB OpYrux
noteHumnanoHbix CKAHOAJIOB 1 BO3MOXHOE 0OHapyXeHune

HOBbIX CTpaHHbIX BUAoB Metazoa nomoryT oTBETUTb Ha
3TOT BOMPOC.



