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-ABSTRACT

Chromosomalinstability induced by cell-to-cell fusion

using Hela cells

Tetraploidy, a pot-&ansoa@ilatpecccamswp | ®@ifdy,a nicse
fusion or cytokinesis fcayicllwer ear rTehse s eo +c ed p os

dependent mamnero.ve HpHr3es silnguskkelLa cell s as a

the fate of cancer cells after fusion in ¢t}
massive apoptotic cell deat h or growth arr
accompbhaynwiand i ncrease in pb53. I n addition, (
after fusion, suggesting that a | arger devi
of apoptosi s. Closer observation ofceths ¢
i mmedi ately after cell fusion showed the f
number of centrosomes, resul ting i n vari
chr omosome, mi cronucl eus, etc.) khinhdeabky mhet
Af ter a series of unstabl e cel | divisio
depolyploidization to have a |little bit mor
(chr omosomal instability) assasyommsas8ur amg
confirmed that chromosomal instability was
cel | |l i nes. Notabl vy, a fraction of cell s es
fused cells were chafactuenviizved, byetipeetguhe
protein stability. Mor eover, in fused cell
cytosol , where it tapobnhownct bumraxteiron.i t Knaoa
decreased sur tiewmdl itho faisgerde a&teédrd sex han in un
cell s became mor e depeanbdoevrnet fo m dsiunrgvsi viinnd.i cTaht
cell fusion, a subpopulation of fusedocell s

avoid apoptotic crisis and survive to prol.i

to human cancer progression. Regarding <can



unfused cells in their ovetakb vallethi gcaor
cel | l i ne. I n addition, when the cells wer
cells got resistance more readily than unf
|l eads to chromosaoamaktedepdsBadnd icegl It hdhéat h; h
cells such as the cells having more cytosol
probably confers the <cancer cell s more pr
chemor esiast avre ¢ | as migration ability.

cell fusieorvapbptoasgmmetric division, chr
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l. | NTRODUCTI ON

Physiological cel |l fusion resul ts i n t

syncytiotrophoblasts, myocytes and osteocl as

a

c

g

-~ 5 — o o -
S5 0O S

O N O 2 @
> - 9 O O
o ® o o ® 9 S O S o0

c S5 Q <

o T — ~ -~

a

-

> O o

rviaety of agent s, including viruses and <ch
palcDuel I'i etAala,ree®wibt) of subsequent cell

ve rise to daughter <cells that exhibit ge
stability that fWwalilcbowsacogteeskidmaegihs efaiclet s
rci n(foCgaenreint et. aPlh.y,si 20 ®@) cal cel | fusion re
Isluxc,h as syncytiotrophoblasts, myocytes and
duced by a variety of agent s, i ncluding
ol i fera¢(bDuel IciapeAsi hay .r,es2u0l0t5)of subsequent

traploid cell s giewehirbiiste gteon odra ucg htnesrt acbe Il 1i st

=]

omic instability that foll ows cytokinesi
upl oi d an(dGacheernt ientodelphys2003Yyi cal cel l fou
sidered a mechanism by whi ch ¢ alnLcue ra ncde IKlasn
9)For exampl e, fusion of cancer <cells wit
cer cells the capddKietryp etl o eit d \asl dh ebseleddB 3she ¢ @ e
t fusion of cancer cells with endothelial
endot hdlIMoalt emesleln. lett jm@mo r. t, a r2t0OI0OW,) f usi on be
ce genomic instability, which can be a d
ressionL phemotiygpees 20@9dt her hand, pr omot
considered a potenti al themame et iicnss$ Bk
ced by cell fuHomncaetm alnducz20@®2) | death

I
(]

wevtvdre, mechanism by whmohi getheapbohdyg mak

c
(@)

idat ed. Based on previous studies, tetra

>
—

rosomes, which | eads to multipolar divis

hi gher anegugalnceind amedl |Pieelviimmaen e2t00&hi s a8@a@Lpl o

affects the cancer progression and may | ead



met astastcanaed anfyi taseseanaée., 2010)

The tetraploid cells produced by either ce
arrested or apoptotic through a proAedsenhbhat
et al Ayl @®04nd VOgeh 20.1BAc.t,i v2a0t0ido)n depphBdenhn
cedycle arrest or i-Bcfemséy proapopstotisacBcla
and thus induces xatpopd rode rft Viomasraneare laln dc cmut € 0 C
2001; Yu et Tahler,ef200r0e3,) after cell fusion or <cy
p53 activity adepeecewng Adynliamm aa @@dd 3Avheer eas c e
which p53 is |l ess activated survive and even

in sofHo agtar.al ., 2010)

Considering the tendengy3off ueancrerbeteweé sn t

result in a high probability of escaping ce
acquisition of proliferative potential and g
cells aresfongibnomfthbhancer cells with | ower
the role of cancer cell fusion in cancer pro
of fused cells are also i mporweanus,e do uHe Lhaa vcee |1
harbor l ow | evels of p53 owing to enhanced
oncoprotein, as a model system to address tF
decreased inffSlcherddaeo.f elpnstelr.e,stl qgyad )y, massi v
few days after fusi on, foll owed by the emerg
were mainly tetraploid phnhotappeat éddeat haveh
cells with a higher DNA content. Furthermore
was at |l east partly responsible for the esc
Obser vi nmel wiptste ani tciroscopy for a | ong time fo
det ai | how the fused cells proliferate and p

I nterestingly, a | arge change of DNA cont e
cellodiprevoking chromosome missegregation w
cell sedrersabnti nuous karyotypic rearrangemen:
increased CIN and hence, the spont sanceqouuisr ee vtor

2



resistance to chemotherapy or cell mi gration



n. MATERI ALS AND METHODS

1. Cell card uplesssmi ds

HeLa cells were cultured in Dulbeccob6s mod
Chemi cal Co.) suppl enealt eWowiinedr sleOr%w ng vicHyY olod
or HygromycHelLaesceélsteanwere cultured in the g

mg / ml Hygromycin -BB2BeopekdisiRidelL 8. cEFPs were ¢
presence of 0.(3>2m8g2/)mlanGi4 108 .0 QiD2 75 ) -lwevri & rpougrec
(Carl sbad, USA) . Cy&AdDhéxmkmwaee e( HXr hasddz fr
CoNAQGNacel-yyyst ama e¢ iwepleatpiurr ¢ h a sheldd r€iocohm( 0 g ena )

2. RNA ext rraecvteirosne, t fpaond syameirmtsieormhain reactio
Total RNA was extracted from cells using Trizol reagent (Ambion) according to the
manufacturerds instructions. |gbftomltRNAkyusmgppmd c D
Rever Tra Ace PCR (TOYOBO). €imRNA expression level of survivin was normalized using
b-actin as an internal control. The 2 CT relative quantification method was used to calculate

the mean fold expression difference between the groups. The following primers were used:

sur vi vi nRGCTGCCTGG@AGCCCTTTCTCAA3 6 (forward) - and
AATAAACCCTGGAAGTGGTGCA-3 6 (rever seactin, -b 5N
GTGGCATCCATGAAACTACAT-3 N;j ( f or wRACEOAGCTCAGTAACAGTGC3 Nj
(reverse).

3. Anti bodi es

We purchased following antibodids spfaso &, Cel
survi vi n, Becl 2, B AGB, pfﬁtBu)bnu,ISiann,t aG AR DuH) -(dranin
conjugated secondary anti bodi ecsojnj uAglaetxead Fsleucc

antibody was used for i mmunocytochemistry.

4, Cel | fusion and FACS



Héa cells were sgt/anlne doeyiDmhO Biildr @16 37 AC. S
HelLa cell s werPe Mgfarsehee dp hvd stphh aCtae buf f ered sal
with fresh nonelectrsol Yyine, CHCIBtMi dimdehmMk Mg &
2x%0el Il s per ml. Same numbers of each stain
for electrofusion by wusing ECM 2001 Electro
Optimized condition of elVecfBodmaefcys iIMCH 0@ & s7,0a s
poftsi onV AfCerRR 09 After then,cmectlilst wee edips lat
growth media. After 2 hours, cell sorting wa:

(BD Biosciences).

5. Measmaret ofarceONAI content

Cells were trypsinized, centrihugedf tammrd o a
wer e washepdhaows pploeaftteet dd saline (PBS) and the
containing egNa)sef cAr (B 0Mi n( 5efmiopi dasmadaoed.deAf

of incubation, samples were subjected to FAC
(Becton Dickinson, Franklin Lakes, NJ) .

6. Clonogenic cell proliferation assays

Parent al HelLa cel |l s weurlet uurseedd ians ncoornntarlo Ig rco
selective agents. Colonies were fixed/staine
crystal violet, 20%(WVvia)lemet@ralmo Jecs@Al@d@dhso st
cells were counted. The effect of survyYyyin Kk
surviva(%fractoonx # of colonies in survivin
knockdown pl at e.

7. Establ i shmemrne soifs tCarspd acel | s

Ci spheaetsiimt ant variants of unfused and fuse
ci spasatfall ows. Cells were cudlctedrlesd peetr &n wie
containing 3 ml medi bmOf B6r etymi@ a ¢ )pfl@d dInt d an.t e
were thenccsespfimgaedmeci um f or 1 weeks to rec

treat ment was repeated 8 times for 8 weeks.
5



8 I mmunocytochemistry

Cells were fixed with 3.7% foirtmal @eh¥deEr i tn
100 in PBS. Fixed cells were incubated with
then washed with PBS and incubated with seco
DNA counterstaining, DA®PI (Mol ecul ar probes)

9. Cytogenetics: karyotypes and FI SH

For karyotypes, cell s were e,xparstkdmittoo tli0Odd
then collected, incubated at 37AC for 15 min
met hanol :aceuificoaci Af {&8r 1washhing three ti mes

on slide glass, driedhandrobentempenatduwiet i R
staining solution. Phot ographs werartlakzZeni s

Ger many) .

For FI SH analysi s, centromeric DNA probes
Direcel eldabFl uorescenYysbS8A Ribbme t KiMo,] ecul ar ,
determine the number of chr o moeslodecsrdngBto const
manufactur erCéed | isnavterriec tpilaann.ed i ntNanc kHlekbdrl , gl
Ther mo Scientific, Wal t fael | MAnl at Cal dewsi &y
3:1 methanol :acetic aciwek, ad gd eal laonwle d& etiod £dr y
Axiovert 200M microscope (Carl Zei ss). For a
for as many nuclei available, up to 200 for
were further mehaenr apsairgndlndsdidsitaance, accordi
of FI SH signal i nt e(rBpayamit isomd aShaqu iarse d2GX5)i b

10.Li ve cel |l i maging

Sorted cells were seeded into 6¢4%ccen Icsulpeurr ed
Phase contrast l'ive cell i maging was perforr
200Mcmdiascope (Naml eZeia$BI)C,20G0HMP) and DsRed f|

wer e acquired wi th Mot ori zed I nvekrt eNi kFolnu c



CorporMitcmmdgcope was enal es@@cdowittrhoInl etde nepnevria
that maintained amda®mos pihdir eGCEBRRaBdd bri ght f
i mages were captured mam Hwolrdadpsl ewiptohi nd Isj eecvtei

i mages from each edpes iBmhgemiel n8 esr es oaf nt anlayr se .



n. RESULTS

1.Gameration and isolation of fused cell s

Separate popul arteisoinsst amft Gmas ihsycgarnotmylde lna c

stained with the vital fluorescence dyoe Di
el ectrofusion. Fused cells and unfuaedivaltled
cell sorting (FpApGES)tiDeO[Dib(ddubDlie(+)] cell

whereag DiO (+) cells eddseswpwhnddd weo eunfsese

had undergone the electrofusion procedure bu

cells and unfused cells were easily differen
FACS anaelaylseids trheat ~-90ft el ft hseeBACEB8I I s were D
indicating the reliability of the FACS proce

reveal ed that about 67% had a »xpeaqgtled feard atrly
of two cells, whereas the remaining ~33% had
than three cells (Fig. 1D).
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2. Fused e«xlpleri ence massive cell death.

To address the fate of fused cells, we monitored cell proliferation and cell death after fusion.
As shown irfigure 2A, the growth rate of fused cells was signifigalower than that of unfused
cells 4 days after cell fusion. Thereafter, the proliferation of fused cells modestly increased,
whereas that of unfused cells increased steeply. Trypan blue staining revealed that fused cells
underwent massive cell death, pieg at 33.7% + 4.0% cell death on day 4 after fusion (Fig. 2B
C). The subsequent decrease in the cell death rate at day 6 coincided with a gradual increase in
the proliferation of fused cells. These observations suggest that the observed differeni¢tes in ce
proliferation might be at least partly attributable to differences in cell death.

We next followed the fate of individual cells by counting cell numbers over time in each well
of a 96well plate after limiting dilution. Whereas most unfused cells skloaveteep increase in
cell number per well during this period (Fig. 2D, left panel), a majority of fused cells showed a
steep decline in cell number per well after quite variable times of division (Fig. 2D, right panel).
An analysis of clones 9 days affesion classified 81.4% of unfused cells as proliferative, 6.8%
as growth arrested and placed 11.9% in the cell death category. The classification of clones of
fused cells revealed a quite different picture: 26.8% were proliferative, 32.1% were in growth
arrest and 41.1% belonged to the cell death category (Fig. 2E). These data clearly demonstrate
that a major population of fused cells underwent cell death or growth arrest, whereas a fraction

escaped the apoptotic crisis and continued to proliferate.

10
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Fig. 2. Analysis of cell fate after cancer cell fusionA) Representative images of fused and
unfused cells obtained from fusion of Diand DiO-Hela cells as in Fig.1A by fluorescence
microscopy. HelLa cells were fused as described in Materials and Metho8sc al e bar : 5
and (C) After cell fusion, cell death and proliferation rate were measured after trypan blue staining.
Cells were seeded at a density of 1%#lls per well in 12vell plates and counted at the indicated
times. Mean + SD from thréedependent experiments; *** p<0.001; *, p<0.05 by Student's t
test. (D) The fate of individual cell was monitored under microscope. Unfused or fused cells were
seeded at a density of 0.5 cell per well in 96 well plate and cultured for 9 days in gradiégh me
without selection. The cell number in each well was counted at the indicated(B3i2sThese

were performed biH Kwak. (E) At 9 day after cell seeding, cell clones were classified as either
growth (wells having more than two cells/well), arrestA ells/well), or death (no cells in the

well, but used to have cells at earlier time points).

11



3. Cells with enlarged nuclei are prone to apoptosis.

To morreci sely describe cell fates after cel

|l apsecmpgro$his analysis clearly reveal ed a

growrhested cells, and a minor population of
I n contrast, most unfused cehlelns awledrree spsreod iw hee
content affected the fate of fused cells. Si

tidmapse dat-H2BnidnPHd®La cell s, we instead me
a surrogate mar ksere xXfpec tDeNdA, ctomed eextt.emt of t he

after fusion varied considerably. I nterestin
day after fusion decreased graduall vy, togeth
3B), suggesting the disappearance of cells w
cells having sameapae camnalcedils dryabkliedk us to
cells had | arger nu¢lFeigex@8mMpared with |ive ¢

It has previously been reported that tetr:
failure tend (Oagt ed v iFud kawtloap teat 0BX6.;3 d Rr0hxBg t h
| assesowsdsapgpmeasuring the | evel s-ionfdutchien ga
factors,rpboye) AP®I yvImeramsdek-3¢da { PaARé&sed and un-
showfi giume 3F. c I-le aavnady e® aosfp bRs’/2eR A yus et realsled b
in unfused cells, suggesting that the death
Mor eovet# mkz VMR sppaanse 1 nhi bitor, clearl y-laboli
and c8sg&s g. 3F) enared paretldeaphewf fused ce

e

thereby suggesting a w@earpteinale nit n\va@loypd mesnts a fn

cell s. I nterestingly, both i mmunobl ot and i
i ncreaseelisn ipb3f Useevd cel | s, as Bdmpamadctoi o
even in HelLa cell s, p53 |l evels increase afte
death after cell fusion, thus suggesti by HPRY¥

protein can be overcome by strong apoptotic

To confirm the above hypothesis we evaluated the effed of p53 depletion on growth
ard deah of fusal cels. After p53 depletion (Fig. 4C), cell growth significantly increased in

12



fusal cels after day 5 pogt-fusion, while there were no changes due to p53 depletion in
unfused cels (Fig. 4D). In addition, the death of fusel cels after p53 depletion decieased at
day 3 pos-fusion, ard significantly dropped a day 5. On the contrary, unfusel cells did not
show significant deadease in cdl deagh due to p53 depletion (Fig. 4E). Cdlectively, our
data indicate tha a majority of fused celsswccumbed to dedh, probably owing to an
increase in p53, wheras only a few cdls tha overcame this gpoptotic crisis ultimatey

attained the capacty to grow continuously.

13
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Fig. 3. Preferential dimination of the meganucleated cdls with larger nuclei through
apoptosis (A) Represertatve images of ead cel fate Time-lgpse images were aquired by
usgng the Zeiss Axiovert 200M microsmpe. Phase-contrast images are shown (upper panels).
Representative time-lapse images cagotured at the indicatad time points show tha some
daudhter cells tha originated from fusal cells undergo apoptosis (black arrow in row 3)
whereas others can proliferae like unfusel cels (white arrow in row 3). (B) Change of
nuclear size following cell fusion. Images of DAPI-stained nudei were meaured by using
Axiovision Rd 4.5 sdtware (n=700). Bar indicates median value. (C) Representative images
of meganudeated cdl deah following cell fusion. Dotted circlesderote asingle cell membrane
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The size (D) ard number (E) of nucleus of cells at interphase was measured by the images
of cells under microscopic observaton (Nikon Ti-E). For data analss we used NIS elaments
software. (F) Immunoblots of fused ard unfusel cdls were probed with antbodes to PARP-1
ard caspas 3. The lewel of cleaved PARP-1, adivated cagase 3 (black arrows) and p53
were increasel in fusel Hela cells. Cells were treated with or without z-VAD fmk (10
eM) ard harveged at 3 day following cell fusion. b-actin: loading control. (G) Cell deah
was partially abrogated by the z-VAD-fmk in fusal cels. Cells were sealed in a 12-well plate
a adensty of 1x 14Gells’well ard counted by 0.4% trypan blue staning at 3 day after cel
fusion. Scale bar 20 em. Mean =+ SD from three indeperdent experimerts, **, p<001; *,
p<0.05 by Student's t-test
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F i 4 Accumulation of p53 on nucleis of fused cells and depletion of p53 attenuated cell

death in fused cells(A) Immunocytochemical staining of p53 in unfused and fused cells at day

2 following cell fusion. (B) The percentage of pp@8sitive nucleus in unfused and fused cells.

(C-E) Cells were transfected with indicated siRN&£0 nM) and then performed cell fusion
process. (C) Cells welaarvested at day 5 following cell fusion. Protein blots of fused and unfused
cells were probed with indicated antibodies. GAPDH: loading controlr{®)E) Cell death and
proliferation rate were measured after trypan blue staining. Cells were seeded at a density of
1x10'cells per well in 12wvell plates and counted at the indicated time<E ) These we
perf or med Mean+t Shifrod lthree indepdent experiments; ***, p<0.001; *f <

0.01;*, p<0.05 by Student'stest.
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4, Depol yploidization after cell fusion

To assume the depolyploidization in fused
FACS sorting after «cselex pruesdsshiRn g @d2MieEn (He lga
To monitor the alteration of DNA contents fo
analysis over ti me. As expect-é&d) dt balAfaoaenrtde
comparing toNeunrnflsoed bselrived co@kipep wlbdtei amamo
day 3 and day 5, asestwengplaye imeaneé aned . DNAL €
reducing at 7 day (Fig. 5B) and reduction of
showncor ddicng with decreasing DNA mointiemtscl| eat

significantly decreased in fused cells by 5

I n order to chase each cellaf dovesmeapeé ma
mi croscopm udgheer y8® hoamun foufs efdusceedl | s and mea:
area with NIS El ements ver. 4. 0 (Nikon). As
variation at first but showed the decedge of

informed that the depolyploidization induced
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Fig. 5. Depol ypl oi(dA)z aTt hH eorrfeiaricseth efeledl maglelss o f
Ds Reéld L a) and -GR®B e@s R-eH2LBa ) cel lrsesceinkagpt kume
mi croscopy)(NiSkkarkmTib(aB), @MWanges in the DNA
unfused cells for 10 days. Cell s were harve:
foll owed by propidium iodide stainingufsed DN

cells at 3 day, as a control . (C) Al-tepsati ol
anal ysi s. I m@ldRsR-ebef L au)n f aurnsde €@ Fuls s R-eHd2LBa ) cell
were acquired every 3 minutesl dmse 80i tows co P
TiE). Nucleus area of G2 phase cells before c
NI'S vi ewer version 4.0 (Nikon). FO means the

of FO, as a nextfigeateircaroirofmutl tdd htuiQuaat ed c el
fusion. Cells were harvestU¢dbahdnfiaxdd DAPI i B
used for | CC. ResulNSsD arreongitvherne easi ntdlegp emel & m

p<0. 08tludsatnets'ts. t
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5, Fused cells showed asymmetric division sh

spindle multipolarity.

Cel | fusion actually induces the increase
increased supernumeradycelehsrebomesngthiamrurmn
numeri cal aberration of centrosomes gradual
centrdsonieussed cel |l B) foNyp 7malladispal{d-itdy ec élelgsi,n n
mi t esing,l e centramd mehae umpdtiteanr esnd daughter o
cell pol es, directing the f or matdi ommhroofmots b en
segref@bdtggnand Stéelawesel01lWg expected that :
i nduced byanceclllusftuesri atnogcet her, acting as two
or as single entities that generate multipo
segregated into two or more daught er wadlhl s.
usi ng -tgwbmumai n Ab by time after celislt afi meidomwi
DAP(IFi/Ay).. 6

To under st andDNA& ec oaretdaurctts cihmaéffu hed faa lel ©fF |

three minute for 8@hnd$ anxgbeemi cheiscopgegneFatrso

how many cells entered into mitosis as setti
90% of fused cells except 9.5% of cells show
wi tnhf wsed cell s (Table 1).

And we found that fused ce-lolrs tuwenderpwwd matr ) mi
which are assaods XKapdd wimerhwegyth amerse frequently
control <cells (Fig. 7A and B).

Foll owi n-y apkea at ifme about 80hours reveal ed
90%) showed bipolar spindles, whereas fused
approximately more than 85% of <cells during
fused cells with spindle multipolarity were
contrary, the cells with bipolar spindles we
7B) .

Nextmeabured the time of mi tpoet ibcr edaukrdaotwino n( NE
19



anaphase onset (AO), which is under the cont:t

inhi bits -phmematniapdacempl ex/ cycl osome and del

are not properlyoawth@eBhleedy t @an d Kihaogd erk m& € Iad;d
2010)Consistent with these observations, we
significantly Il engthen and it crhiogtletd adehleadya t aol
spindle mikirgp.t ub@) .es

And the process of cytokinesis is very i mg
however, it was exhibited that as for fused
furromegsei on and abscission failure, were OC
higher frequency of 76%, while unfused did
failure, it was found that daulgehtpao!l e end mb emt
eventually ended in asymmetric division in f

Taken toget her, apart from bipolar di vi s

supernumerary centrosomes accumul ated isomi ndl
and |l ed to cytokinesis failures and asymmetr

maj or generator omf canasphbidytgndngénoneed cel

To further characterize the chromasacmdll i n
fusion beRHeeean aG4dl 8hHeglrao neincd ni t was cul tur ed

month in selection media wwehl |l phatéengtdal de
cel | per well after sorting. whise pealrtf err anteido mm
Gi emsa «ft acimimmgosome spreads. The number of |
12 cel |l l i nes, an abnor mal deviation from th

Fig. 10A and B,séerampdesecaddhyp Gufsefsapad cel | |

and unfused, as control cell lines (#225~244
revealed a widespread variability in chr omos
doubled within &lointfrased ddlel cloint e .l lcre | | [

hypertriploid karyotype.
As a confirmation experiment for chromosom

FI SH analysis on each <cell l'ine usi wgta cent

20



fused and wunfused <cells and cultured with s
contamination with unfused cells. And cell s
for 2 weeks.

To assodsisc nmiitdel i tqw aint i tho stad tkhien e no slbme nun
the percentage of <cells deviating from that
the centromer &€ hy panwisfoime dX8w)H . iksf t he resul t,
fused cell s deviatienrg (fnr=o4n) mwoadsa | o ndeyp 1la8b onuutmbl E

which were cultured without selection medi a

number by 25%. It provided that fused cell s
number througmdcreévVvedl @dsti mat chr omosomal i n
cell stiyeldelflusi on.

Next, I checked that t he sCla\b Ipeh ecnloot nyepse si nw ef
li maged fixed cell$obhddi houedsdnpdih foeati @8 on
observed in fused | ines. I n addition, fusec
multipolarity &dheéernmnatsioofelgwiciymd dPnb espective
106). These data provi dddy tohcactu rmiitno tfiucs eedr rcoerl
i n prfiusaerdy ncneeldisat el y after cell fusi on, i ndi

l i nes mu st combine with elevated chr omosome
cells with CIN.

Al ong wi tCh Nt pihsenomenon was not only | ed i
also in stable |ines showing significant 1inc
segregating defects (Fig. 10G) . It sulggest s
fused cells and established | ines.
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Table 1. Pbehbt 9 e ls(e)i 3

Phenotypes of cell cycle unfused fused

Mitosis Bipolar Division 87.2 9.5
Bipolar+CF 2.1 4.8

Multipolar Division 0.0 0.0

Multipolar+ CF 4.3 71.4

Mitotic Death 2.1 4.8

Interphase Interphasic Death 4.3 9.5
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unfused fused

A
nucleus y-tubulin nucleus y-tubulin
B
(%) 100
80
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20
Fig6.Fused <cells showed supeAnuBGemnfiogalcemt cones

from unfused andcfemsedsodmall $ nst{gireed)f and nu

Scal ecesmar(BRPO0Quantific¢adwuwibanionf spentsHnoaocnme $ucC!

in a cell. Cell s werteelslesdpawalve lapldemesl 2yd of
i ncdited time point. More than 300 cells from
of independent experiments. Data pooled from
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unf u(steDds R-élda A nfdu s(eHi2GFP-/ HD s Rélda t elwe saec qub y e d

fl uor etsicheenprseec r o § No BTipEn) St iil tha godtsi dna pnsiecr oscopy
experisheome 3r es en latiNsEiBiget aphmasphatel o lbans e

| etfdai ghhei mé nirtadauipvas ett® O : (0OM0r : Baebp rl,Em.( B)
Represengensdfi wellitingiohaf usagd mceét Ggpshfacseal mi cr o

i mages from unfused eaadtifaoselhalcien | 6grsdean)nead
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( DAPI1 , Sdelbar@,Em. (C) Quantof i calslihawnmbi-nogrmul ti pol ar
di viwaigoenr f ousriemdg t hmmet mpM asmu mhmeram t aanids s
ormd(®)Me a s otghtei méni t ot i ¢ duration from NEBD to
t he f i rasftt emmi toobssiesrdvuartaviaigionna IMyi 2tenhd iifomadgiretsa p s e
dat a5 2E)Represent astwecesnt ir mds @ endo df rui soegdl( Ih $m) m

( FBagr awahsuanthy i maelats himeii tnatuir att ii ma c o rtdii meg
numboefspi padll @deba r2,&m Re s wlrdeis vaesnhnee akhSDf r drhr e e
indepexgemt*nepnd@0;1 Shuydsa-n & s t
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Fig. 8. Acaumulated mitotic defects in fused cells (A) Represertative frames from time-
lapse microsapy of cytokiness progression of cdls expressig H2B-GFP ard H1-DsRed
after cel fusion. Three dawghter cdls (white dots) becane two cdls (white and black
dots) owing to abscission failure dueto DNA bridge in magnified view of the dased box in

(A). (B) Quantfication of the cytokinesis failure (CF) with or without DNA bridges during
26

















































































