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"IKi:x's 111uk\*1.1,103-110 (1958)

The Fusion of Ehrlich's Tumor Cells caused by HVJ Virus*'

Departme"I of Pre, e"tire ,Medicine, Re"arc/I 111,111"!e for AnCFObia! DiJeaJe$, OS"ka Unize, Ji4v

(Recei"eat for Inbiit"lion, No. ei"b, , 25, 1958)

in the Ehrlich's Iunior cell-HVJ sysicm, fused cells are easily formed in attro following con-
ditions are Iulfilled; I) Concentrated viable tumor cells aic used. 2) Incubation is made with mild
shaking at 37'C. 3) A sumcicnt hemolytic activity or \, irus is used capable of causing a striking
change or changes in the cell membrane. 4) An excess or virus over the maximal adsorption
capacity of the cells Is used

The fusion pheiTomenon of the tumor cells seems to be a compensation for the iruury or the
cell membrane caused by the 11ighly hemolyric virus

in vitro

YosHio OKADA

INTRODUCTION

Recently the fusion of cells caused by viral action has been described in
several reports. Fusion phenomena are classificd into two categories according to
their development. I) The cell fusion results from the direct action of virus on
the cell membrane without any multiplication of virus. ii) The cell fusion ap-
pears in the later period or virus multiplication, I. e. a phenomenon caused by
virus multiplication: e. g. giant cells in a measles virus-HeLa cell system. The
fusion phenomenon treated in this paper belongs to the former case.

The author has dcscribed thc appearance or many large fused cells \\, Ithin
one IlQin. alter a Iarrrc dose inoculation of H\/I into the abdominal cavity of mice
implantcd with Ehrlich's tumor cells. This effect of causing the fusion of cells
seems to be proportional to the hemolytic activity or the virus as described in the
p"eccding "epo"t <0kada at at. , 1957). These findings lead the autho" to a work-
ing hypothesis that the cell Fusion phenomenon by H\/I is closely related to
specific systematic, chemical and physical changes in the cell membrane similar
to the hemolytic reaction of the red blood cell-H\/I system. However the fusion
phcnomenon which developes at a later pel'10d of the virus growtll cycle is con-
sidered as a modified type or cytolysis. Though in sucl} a case an autocatalytic
processcs may be involved in the final steps of the reaction, it is probable that
there 15 reduction in somc components of cell membrane. I. \Qin the above
mentioned view point the fusion phenomena are not essentially difference in
nature.

SUNIMARY

This paper dcscribes the results of experiments on the giant cell formation
and the cytolytic action of H\'I virus ill ai/re.

*I Synonym : Sendai \, irus, Ivyxo, iruJ parei"/!, e"<ae I.
2 This paper was given at the annual meeting of the Society o1 Japanese Virologists in 1957
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IPIti/eJia/J a"of Me/hoofJ

E/!i'lidi'J litmor fellr .. The ascites were withdrawn from mice 7 days after
inoculation with 106 Ehrlich's turnoi. cells. Ascites and cells were separated by
centrifugation. After washing three times with Hanks' solution to remove con-
laminating red blood cells the separated cells at suitable concentrations were
suspended in the media shown in Table I.

Mouse OSciies

Hanks' solution*

He parin solulion

OKADA

Pill!$ . The chorio-allantoic fluid infected with H\/I, Z strain, was cliluted
to 10~U \\, ith broth and 0.2 inI. allquots of this diluted in DCulum were injected
allantoically into 10 day-old embryonaled eggs. After 72 hour incubation at
35.5'C the culture was harvested and centrifuged at 3,000 r. pm. for 30 minutes
and the virus in the supernatant fluid was spun down at 20,000 r. pm. for. 30
minutes in a Spinco L ultracentrifuge. The resulting pellet was resuspended in
Hanks' solution. The concentrated virus suspension was 128,000 HAU. /inI. . After
freezing and thawing 8 times the hemolytic activity of this suspension was enhanced
about 10 times \-\, ithout any change in hemagglutination litei. . The sample was
diluted with Hanks' solution to the desircd concentration.

F1i$ioJi expel'lineniJ i!I till'o all(/ Ihe index of fell ItJioii . One half in I. of virus
added to 0.5 in I. of tumor ccll suspension in a 20 in I. volumesuspension was

vaccine vial and incubated in a water bath for I hour at 37'C with gentle
shaking. The fusion reaction was completed within I hour and did not proceed
further under these conditions.

\\!hen an adequate concentration of turnoi. cclls was uscd, a low concentra-
lion of virus produced small fused cells while a concentrated virus suspension
resulted in large fused cells.

The ratio bet\\, een fused cells ancl free cells was 10\v in the former case and

was higher in the latter. The fusion rate was I. epresented as follows. One drop
of each samplc was poured into a hemocytometer. Then photomicrographs of 5
microscopic fields were taken at random with a phase contrast microscope at low
magnification. The negatives were projected at a total magnification of 1000 and
the largest 10 cells were traced on graph paper and their mean crose sections
relative to the normal cells was expressed as the cell fusion index. This
representation was uscd for. convenience although it shows only one aspect of the
fusion phenomenon quantitativcly.

Delerini!in/ion qf lienio{yJi. , . Chicken red blood cells were was}ICd 4 times with
phosphate buffercd saline at pH 7.2 and suspended in the same medium. An
equal amount of the red blood ccll suspension and the virus sample were mixed
logethei and incubated in a wattr bath. After one hour's incubation at 37'C

Table I. Suspending medic

clarified by centrifugation
o12,500 JP. in. for 10 minutes.

withoui glucose

0.1% in saline

2 volumes

6 volumes

2 volumes

*Hanks' solution with o111 glucose was used throughout



the samples were centrifuged at 1,500 r. p. in. for. 5 minutes and the optical density
of the supci'natant was detei. mined at 5+0 in/J. in a Golemait Junior SPCctro-
photometci'. The turbidity or the virus suspensions \\, erc subtractcd froin the
optical density or the super11atant aild the resulting values I'epresented Ihc amount
of hemoglobin liberated.

Alt!nome/!'if off!erJni""!io!! . A 1.8 in I. allquot of the tumor cell suspension
<15x107/inI. ), 120,000 HAU. /inI. 0.2ml. of virus, and 0.2ml. of 1096 KOH we"c
placed in the maill chamber, side arm, and center \\, cll, respectively or a working

After 15 minutes shaking at 37'C, the virus in the side arm wasmanometer.

tipped into the main chamber and manometer readings were taken for the next
60 minutes at 10 minutes intervals.

VIRAL FUSION OF EHRl, ICH'S TUMOR CELLS

Froth{r/1011 4/11Jed rel!3411 ill(!{bd/ioi! coil/! Jhakii!. g . I\s I'eportcd in Ihc previous
paper, \\, hile jusccl cells appcar consistently in in tv. o experiments, difficulties are
encountercd in forming them In 111 ai!70 cxpci'linents.

\\'hen the cell-virus mixture is incubated without shakings cytolysis chieH
occurs and no fused cells are formed. \\!hen concentrated HVJ \\, hich \\, as freeze-
thawed to increase the hemolytic activity was added to the tumor cells in a small
tcst tube and incubated without shaking at 37'C, deformation and rupture or
LITe cytoplasm \\, as observed in almost all cells within 15 minutes and as a result
cytolysis coltesponding to hemolysis in a rcd blood ccll-H\11 systein was observed.
CFig. IA) }lowevu' when the cultures \\. CTC shaken many giant fused cells were
To"med. (Fig. IB)

As prescnted in Fig. 2 the electronmicrographs of these cells showed a rough
ccll incmbrane and destruction and vacuolization or thc cytoplasm in Iysed cells
but no abnormality in the cytoplasm of Ihc fused cclls \\, as observed except for
an increasc in numbci. s or microvirii

Since the fusion phenomenon occurred cven under ariaerobic conditions \\, ith
shaking and D\P I}ad ITo effect on giant cell formation at a concenti. allon lower
than the concentra. tion causing cell degeneration, the effect or shaking is not that
or simple aeration or the reaction mixture. From thc author's impression it
secms that the tumor cell membranes which \\, erc strongly effected by the viral
action must receive some I}earling effect from mechanical shaking to coinpletc
fusion of the cell membranes. 11 thcy are not shaken the injured cells are not
able to keep their live state as they lack function ate-limiting membranes.

findoge"'01/3 02 11/11dke by lined fellJ .' \\'ithiiT 30 minutes of the addition of the
virus more than 8096 of the tumor cells were fused into giant cells. As shown in
Fig. 3,02 uptake by the cells through this fusion reaction and that of completed
fused cells was nearly cqual to that of normal cells. In the ccl!s Iysed by freezing
and thawing once, 02 uptake was much reduced.

Rc!tt!!o11,111/I b, !it',, 11 Ihc r, !I IIJioi! 111, /e. \, Ihc rollr, 11/1'd!foil qf fell. , tti!d Ih, I^inIJ ,ON-
Fig. + illustrates the chanoes or fusion index at various concenti'at1011re"!milo!I

or cells and virus. At a IlIglT cell concentration <1 x 1071ml. ) the mean size of the
fused cells Is proportional to the virus concentration and at a low cell concentra-

ExpERilv. inNTALs
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Fig. 3 0. uptake of Ehrlich's tumor cells fused by HVJ. The cell number
o1 the beginning of the experiment : 3.0 XI07 ETC

C-'. Fused giant cells jin shaking culture)
.---. Normal cells iconlrol)

G .- G Cells Iyscd by freezing-Ihawing once twithout virus)

11. n <2.5xlO"/n, I. and 1.25xlOU/inI. ) the sire is independent of the vi"us c, n-
centralion though it is a little larger than that of the control. The mononuclear
cells remaining in the reaction mixture also increase in size when virus adsorp-
tion occuis and some show cytolysis. The higher the virus concentration, the
more cytolysed cells appear.

At an intermediate concentration of cells <5 x IOU/in I. ) the maximum point
for the mean size was found at 8192 HAU. virus titer and when a large amount
of virus was used at this cell concentration the mean size decreased. Tentatively
it is concluded that when a sufficient amount of virus was added to tumor cells

at low concentration cytolysis was dominant and fusion occurred only at a high
cell concentration.

Relation b, !toeci! Ihe rcl/IIJioi! i",/e. \ und Ihe lien!obtir (!c!11,141 : Figure 5 shows the
relationships bet\\, Gen the hemolytic activity or the virus and the cell fusion in-
dex when a constant amount of the cells <1 x 1071ml. ) was used. The whole cell

o
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Fig. IA. Ehrlich's tumor cells mixed with HVJ in vi, ro showing cytolysis. 1stajionory culturel

Fig. I B. Fused giant cells ifu, ed Ehrlich', tumor cellsj produced by HVJ in vi, ro. Ishoking culture)

<0KADA)



*

"
?

.,

I
,
,

..

Fig. 2A. Electronmicrogrophs of Ehrlich's tumor cellssh owing
the effects of HVJ in vi, FC. Normal cell. N , Nucleus
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Fig. 2B. Electronmicrogroph, of Ehlicher', tumor cells shownig the effects of HV, in vi, ro.

Coll from '10/10nory culture ,howlng heovy damages in cy, CPIa, in Grid cell meinbrone.
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Fig. 2C. Electronmicrogrcph, of Ehrlich', tumor cells ,howing the effects of HVJ in vi, ro.

A port of fused giant cell from shoking culture.
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VIRAL FUSION OF EHRLICH'S TUMOR CELLS
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Fig. 4. Relolionship between the cell fusion index, cell concentration Grid virus concentration.

number in the rcaction mixture, that is thc sum or the number or fused cells
and non-fused cclls, is inVCrscly proportional to cell fusion indcx. This means
that these are conversion or ITonfused cclls into Iuscd cclls.

As shown in Fig. 5, thc cell numbcr apparcntly deci'eascs \\, he Il the amount
or thc \, Irus in tlTc systcm Is incrcased. The cell fusion index curve shows one in-
flexion point at the virus amount of 16,384 HAU. . On the left side or this point
the resulted fused cells are all small, \\, hilc on the right side the cells sho^. in.
larger diameter are observed. This abrupt chanuc in the cell fusion index curve
means that thc fused cell production by smaller amount of the virus arc quali-
tatively dim"ent f"on, that by Ia"ge" amount <1. e. ino"e than 16,384 HAU. ) of
the virus.

The direct relationships bet\\. een cell fusion and the hemolytic activit of the
virus was studied. The surface area of 3xlOT red blood cells \\, as considered
equivalent to the surface alea of I xiOT Ehrlich's tumor cells because it had been
accepted that the Ehrlich's tumor. cells have a surface area about three times

I I
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,,' E. T. C. 2.5x 107ml.
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Fig. 5. Relationship between the cell fusion reaction and the hemolytic octiviiy of HVJ.

A^,. Hemolysis.--. Cell fusion rote'~~O Call N"inber %

that of fowl red cell and the I. eccptors for. the virus are distributed equally ovci
both kinds of cells <Fukai, Okada and Suruki, 1955).

virus from 64 to\\!hen 3 x 107 red blood cells were mixed \\, ItIT amounts of
33,000 HAU. , the degrec of hemolysis \\hcn less than 1024 HAU. or virus \\, as
used, was diffcrent from that with more than 2048 HAU. virus. In the former
case the Iysed red blood cells still held residual amounts of ITemoglobin macro-
SCOPically <partial liemolysis) w^lile in the latter case the pellet of Iysed cells \\, as
white showing coin PIete hemolysis.

in a similar experiment \\, ith Ehrlich's tumor cells It was found that for' cell
fusion at least 2048 HAU. of the virus was required for I x 107 cells. Therefore
with red blood cells, 3 x 107 cells are completely hemolysed by 2048 HAU. or the
virus.
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cells only 2048 HAU. are effective and the excess virus does not cause further
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Iusioil o1' Ix107 cell is 20481{:\U. and I'us1011 incl'cases \\ith ail increase in virus

concentration abovc this thi'CShold ICvc1. 11 also seems as 11' the jujui'ICs caused in
Ehi'11ch's tumor cclls during Ihc fusion I'cactioit may lie grcatcr than those in led
blood cells during the Ilcmolytic reactions.

In this cxperiment the amount of \, Irus adsorbed onto the Ehrlich's tumor
cells could scarcely be delclmined from the amount or uriadsorbcd virus because
the adsorbcd \, irus was inuclT less IhaiT the total virus addcd. To dctcrminc the

exact amount or virus adsorbed some I}e\\, inclhod may be neccssary.
Determination or the adsorbed \, 11'us by elution \\. as impossible because \\, hen

once ribsoibed onto Ihc cells, solne IJart or the virus formed a strong combination
and disappeared as incubation Iirocecds at 37'C <0kada and Suzuki, 1956).

VIRAL FUSION OF EHRLICH'S TUMOR CELLS

Tl\c rcquircments for. 11tc coinplctioiT o1' the cell Iusioil rcactioil in an H\'. I-
Ehrlich's tumor cell system 111 I^trio arc as Follows :
I) Concentrated, viable tumor cells must be uscd.
2) Thc cell vii. us Inixturc must be incubated \\, jilt mild shakiiTgs at 37' C.
3) A virus ha\, ing sufiicient Itemolyiic activity to effect the cell membranes

gi'cally must bc uscd
+) I\n amount or \, irus in cxccss or Ihc maximal lidsorptioii capasity or Ihc cells

must be used

\,\!hen sufiicicnt virus and cells arc mixcd at 37'C, the virus pal'ticlcs arc ad-
sorbed onto Ihc cell surface and agglutination occurs. TITcn the ccll incmbranc
is strongly attackcd by the action or Ihc virus IJarticlcs and, in the casc or
stationary culture cytolysis rcsults. \Vhcn the system is SIIakcn, the cell aggrcgatcs
form semipctmeablc barricrs around them, recovcr the activitics of Ihc individual
cells and juscd cells result. F1'0m 111is vic\v point Ihc fusion IeactioiT looks like
a kind of TCPair of the dama. cd cell mein branc. Ultra-thin section clcctron-
microgi. aphs of the cells dai'Ing Ihc fusioiT I'cactioit supports this \, IC\\..

\\'hile therc is inucll \\, ork on the reccptoi' dcstroying activity of thc A{Nl
gi'uup \, iruses, studies o1T the ITemolytic activity or mumps, Ncwcasile disease
virus and I{\!I have Ilo1 yet made. ,\s dcscribcd in this paper there is a definite
relationship betwecn the hemolytic activity or HVj and its cell Iusioil activity on
Ehrlich's turnoi. cells. The Tclore it may bc hclpful to analysc the hemolytic reaction
of this virus to understand \\, hat happcns in the coui. sc or cell fusion

Rccently Mobcry t/ ill. (1958) showcd a clccrcasc or sphingomyelin in Ihc
meinbianc of 10\^I rcd blood cclls hemolysed by mumps \, irus and I{osaka (1958)
showed that the dcgi. ce of hemolysis by I{VJ is proportional 10 the decrease or
sphingomyelin in Ihc me rubranc of fowl rcd blood cells. 11 is well kno\\. n that the
hemolytic rcaction Is gcncrally duc to changes in phDspholipid components in thc
mein branc of red blood cells. Therefore a study of the I'elation ship bct\VCeiT the
the destruction of sphingomycliil o1. somc o11\ci' components in the cell membrane
and the ccll fusion reaction in the }I\./I-Ehrlich's turnoi. cell system Is of Interest
for. the analysis or the Iusioil I. enction.

The big, est question is \\, hy the Ihrcsholcl ICvel or the \, 11us for' cull fusion is

DISCUSSION
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distinctly higher than the adsorption capacity of Ehrlich's tumor cells. The
author is very much interested in analysing the meaning of this " excess
in the cell fusion reaction.

From the physical view point, great changes in the electric double layer of
the cell membrane must be caused by viral action. The reason for. the requii'e-
merit for. excess virus could be explained along these line

The author. wishes to thank Dr. Kazuo Doi for excellent electronmicro-

graphs. Thanks ale also due to Dr. Tetsuo Yoshishita for taking part in
of the experiments and Miss 1< azuk0 1< awai for. technical assistance.
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