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SUMMARY

The measles virus, isolated and established in FL cells, readily grew in three different
kinds of established cell lines of human origin (HeLa, hepatic and conjunctival) when large
inocula were used.

The carliest appearance of CF-antigen in FL cells was 24 hours after inoculation, which
is earlier than that previously reported by Black (1959). In FL cells cytopathic change and
cytoplasmic inclusion bodies were also observed as early as 24 hours after infection and in-
tranuclear inclusion hodies were present 2 days after infection.

In other cells cytopathic change appeared a little later and the two types of inclusions

were not so easily detected as in FL cells. However, in HeLa cells cytoplasmic inclusion

bodies were observed without difliculty 3 days after infection.

The susceptibility of the three cell lines to the virus, however, were 2 to 3 log units
lower than that ol FL cells in the st passages. The susceptibility of hepatic cells did not
exceed that of FL cells during a lew passages of virus in hepatic cell line.

INTRODUCTION

Adaptation of laboratory strains of measles virus to coatinuous cell lines was
accomplished with some difficulty. The appearance of cytopathogenic effect of
Edmonston strain passcd in human amnion cultures, required 4 to 5 day in
a KB cell line (Dekking and McCarthy, 1956) and much longer period in other
cell lines (Black er. al, 1959). On the other hand Edmonston strain already ad-
apted to a HepQQ culture grew readily in the FL strain (Frankel and West, 1958)
and in other human or simian cell lines (Girardi, 1957). The virus yields and
the cytopathic changes were different in each virus-cell system. In some systems
high virus yields could be obtained (Black et. al., 1956: Mutai, 1959).

To select cell strains suitable for virus growth and for virus titration, four
established cell lines were tested for their sensitivity and virus yield using a strain
isolated in our laboratory.

MATERTIALS AND METHODS
1. Virus

Toyoshima strain of measles virus was used at 10th passage in FL cells. This strain
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was isolated and established in FL cells (Toyvoshima et al,, 1959).
2. Tissue culture cells

A human amnion cell line (FL strain}, HeLa cells, a hepatic cell line (Chang, 1954)
and a conjunctival cell line (Chang, 1954) were used. The last two lines were kindly given
to us by Dr. Yamada (N.LLH. Japan).

3. Medium

LE with 15 per cent ox serum for the growth of cells and LE with 3 per cent ox serum
for the maintenance medium were used.

4, Titration

The method described in the preceding paper was employed. Unless otherwise specified.
tubes of FL cells were used.

5. Infection with a large inoculum

Tubes containing nearly 1 X 106 cells and 1 ml of growth medium were pre-
pared. After removing the growth medium, 1 ml of virus were added to each tube and
incubated for one hour at 37°C. Fluid was decanted and the culture was washed 3 times
with 4 ml of phosphate buffered saline (PBS), then 1 m! of maintenance medium was added
and the tubes were reincubated. The medium was changed on the 4th day after infection.
At the appointed time, a pair of tubes were centrifuged and the supernatant fluids were
pooled. Then, 1 ml of maintenance medium per tube was added to each tube. They were
stored at —20°C. Immediately before titration, the fluid from pairs of tubes containing
infected cells was mixed.

The fluid of slide cell cultures were replaced by an equal volume of virus sample to the
growth media. After one hour’s incubation the slides were washed and reincubated before
morphological observations.

6. Infection with a small inoculum

0.2 ml of the virus sanmple was inoculated into a tube. 1 ml of maintenance medium was
added to each tube after one hour’s incubation.
The medium was changed at 2 to 4 day intervals.

7. Complement fixation test

Kolmer's method was employed for the test.

8. Fixation and staining

Slides were fixed with Bouin’s fixative and stained with hematoxylin and eosin.
9. EDTA treatment

After washing with PBS (Ca and Mg free), 0.02 per cent EDTA in PBS (Ca and Mg
free) was added to the cultures and after 20 minutes’ incubation at 37°C, cells were dis-

persed with shaling.
RESULTS
1. Growth of the virus in FL cells

Samples were collected at 4 hour intervals until 24 hours after infection, and
at onc day intervals thereafter (Fig. 1).

The carliest rise of virus titer was observed 20 hours after inoculation in cells
and the maximum titers were detected 2 to 4 days after inoculation. The virus
titer in the supernatant was lower than in the cells and its increase could not
be detected until the 3rd day of incubation.
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Fig. 1. Growth curve of meosles virus established in FL cells

in the same cell line.
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CF-antigen was found in cells first as early as 24 hours after infection, and
reached a maximum at the 3rd day, keeping a constant titer thercafter until the
6th day. The appearance of CF-antigen in fluid delayed and the maximum
titer was also lower.

The cytopathogenic effect with few giant cells was first detected at 24 hours,
and became clear 2 days after infection. Cells began to decrease in number at
the 3rd day and relative small number of cells including many giant cells were
seen after 4 days.

Cytoplasmic inclusion bodies were detected in the stained preparations at 24
hours, and clearly seen 2 days after infection. Intranuclear inclusion bodies were
found in the 3rd day. After that, the number of inclusion-bearing nuclei in-
creased gradually.

2. Comparison of virus growth in four different tissue cullures (FL cells, HeLa cells, hepatic
cells and conjunctival cells) infected with a large inoculum of the FL cell passed virus

Paired tissues were frozen at 8 and 24 hours after infection and then at one
day intervals. Titrations were made on total infected cultures including cells and
fluid (Fig. 2).

An increase in virus titer was observed at 24 hours and the maximum titer
was obtained 3 days after infection in all 4 cultures. The appearance of CF-antigen

Q

was first detected in FL cells 24 hours after infection and in the 3 other cells
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Fig. 2. Growth of measles virus established in FL cells

in FL, Hela, conjunctival and hepatic cells.
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after 2 days. Nearly equal maximum titers of virus were obtained in all 4 cell
lines. At the earlier stages, the titer of virus was a little higher in FL cells than
in the 3 others.

A cytopathogenic effect appeared earliest and most clearly in FL cells (Fig.
3, 4) and was detectable in the 3 other cells one or two days later than in FL
cells.

Both cytoplasmic and intranuclear inclusion bodies were present in all the
lines 3 days after infection. In Hela cells cytoplasmic inclusion bodies appeared
first after 2 days, and one day later, intranuclear inclusion bodies could be seen
and the cytoplasmic inclusion bodies increased in their number. Inclusion bodies
in hepatic and conjunctival cells could be observed when they were seen in the
Hela cells, though they appeared in fewer cells. (Fig. 5-11)

3. Susceplibility of the 4 tissue cultures to virus passed in FL cells

Ten fold serial dilutions ¢f virus samples harvested frem FL cells were inoculated
in triplicate into tissue culture cells of 4 different kinds of cell lines.

The appearance of cytopathic change at all dilutions was a few days carlier
in FL, cells than in the 3 other cell lines.

As shown in Table 1, the maximum virus dilution which caused much
cytopathic change within 2 weeks was alsc 2 to 3 log units higher in FL cells
than in the three other cell lines, and number of cultures showing cytopathic
change did not increase in the next two days.

4. Serial passage of virus in hepatic cells

Virus established in FL cells was inoculated and passed twice in hepatic cells
(Table 2a).
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Table 1. Susceptibility of FL, Hela, conjunctival and hepatic cells to
FL passaged virus.

\ Cell line
FL Hela Conjunctival Hepatic
Virus clilution ™.
10~ ¥4 94 4% %%
10-8 44 34 95 44
10—+ ‘5.{; U.f: l/‘{: ‘f'{:
10-5 34 94 9% 05,
10-6 84 LH 9% 9%
10-% 0% 9% Y3 ' %
Susceptibility 1 10738 10728 10728

Results are expressed as CP positive tubes per total tubes. Susceptibility of cell
line is expressed as TCID5q of virus in each cell line/TCIDgzq of the same virus
in FL cells.

The susceptibility of hepatic cells to FL established and hepatic cell passed
virus was compared with that of FL cells using tubes of each type of cells infected
with 5 steps of ten-fold dilution of the viruses up to 107 in triplicate. The virus
passed once in FL cells after single passage in hepatic cells was tested” for its
susceptibility in both cell lines. (Table 2b) The susceptibility of hepatic cells to
measles virus infection did not exceed that of FL cells during these passages.

Table 2 a. Passages of the virus

1095 TCIDso (in FL)___yy oy V0% TCIDso (in FL)
L

FL10 F
passed in hepatic cells , passed in hepatic cells
|

FL10 Hp2

i <
i 1015 TCIDxzg (in FL)
‘ passed in FL cells

—FL10 Hpl FLL

5. EDTA treatment

Virus passed once in hepatic cells was diluted in two steps at about the
minimum required for infection and each dilution was inoculated in cultures of
FL cells and of hepatic cells in triplicate.

After two weeks neither FL cells nor hepatic cells showed cytopathic change at
the higher dilution. At the lower dilution, although FL cells showed much changes,
one of three hepatic cell cultures only exhibited a slight change, and the other
two showed so little change that the presence of virus was dubious. Cells were
dispersed by EDTA teatment in cultures in triplicate except for the three. FL
cultures in which remarkable cytopathic changes were observed. After mild
centrifugation the cells in ecach culture were resuspended in a double volume of
maintenance medium to the volume of preceding culture fluid and seeded into tubes
in duplicate.
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Table 2 b. Susceptibility of FL and hepatic cells in various passages.

Virus FL10 FL10 ypl FL10 Hp=2 FL10 Hpl FL1

Passage No. 11 12 12
- Cell line
o . FL Hp FL Hp Hp FL Hp
Virus dilution ™~ 1st Pass. 2nd Paoss. 3rd Pass.

102 94 %4 84 4% 44 44 94

10-# %% %4 %% 95 %% %% %%

10~ 24 74 %4 % 94 94 84

10-5 34 9% g4 i 84 84 34

10~6 34 07 0z 0 04 34 07

10-7 % % % % w oo %
Susceptibility 1 10-28 1 10-0.% 10-1 1 10--1.8

Results are expessed as CP positive tubes per total tubes. Susceptibility is expressed

as TCID5y of virus in hepatic celis/TCIDzy of virus in FL cells.

Cytopathic change became evident 2 days after this treatment in the pair of
tubes containing hepatic cells which had shown a slight change, and 6 days alter
in the two paires of hepatic cell tubes from the cultures which had represented
doubtful cytopathic changes. The three remaining paires of tubes of hepatic cells
and all pairs of FL cell tubes showed no evidence of virus multiplication during

observation for further eight days.
Table 3. The effect of EDTA ireatment
~_ Observation
Dilution \\-\\ 2nd
,,,,, | Cell e
-+ none
FL + "’
+ 1%
lower
+ T.+ 2days
Hp 2 T.+ édays
°? T.+ édays
FL
higher == e
Hp
-+ : Distinct CP change.
&+ : Little CP change.
? + Difficult to determine whether

No CP change.

Days ofter EDTA itreatment.
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DISCUSSION

Although an increase of virus in FL cells was observed 20 hours after
infection with a large inoculum, the earliest appecarance of progeny virus was
uncertain since the remaining virus titer was as high as 103 TCID;q after washing.
When more thorough washing was performed the proportion of infected cells
was one in ten, as determined by titration of the living cells suspension. In this
case, the initial rise of virus titer could be observed only 4 hours later than that
in the first experiment. This was probably because of the difference of inoculum
size, which was 10 times larger in the first experiment. The inlectivity of the virus
was higher in the cells than in culture fluid in each case.

CF-antigen in infected FL cells was detected 24 hours after infection and at
this time cytopathic changes with giant cell formation were also observed though
not distinct. Very few cytoplasmic inclusion bodies could be found aflter 24 hours
and intranuclear inclusions were seen after 2 days. After 3 to 4 days of infection,
cells were apparently falling off from the walls of the tubes.

The earliest appearance of CF-antigen and cytological change is carlier than
previously reported (Black, 1959) and this suggest a striking affinity of this strain
to L cells.

The susceptibility of other cell lines to virus isolated and established in FI.
cells were 2 to 3 log units lower than that of FL cells, in spite of the fact that
nearly the same virus yield could be obtained in all cell lines including FIL cells
when cytopathic changes were maximal. The delay in appearance of Cl-antigen,
the maximum infective titer and the cytopathic changes in the three cell lines
other than FL cells, were supposedly due to a difference between their susceptibi-
lity to the virus.

Cytoplasmic inclusion bodies were seen in relative small proportions of
conjunctival, hepatic and HeLa cells on the 3rd day after infection, and in a large
proportion of HeLa cells 3 days after infection. Intranuclear inclusion bodics
could be observed in all of the three cell lines, but were fesy in number. The
differences of morphological change in the various cell lines producing necarly the
same virus yield has been discussed by Black e al. (1959).

Serial passage of virus was performed using the hepatic cell line because of
this line showed the highest sensitivity to the virus and the most distinct cytopathic
changes in unstained cultures of the three cell lines tested. During three serial
passages of virus in hepatic cells, the susceptibility was a little lower in hepatic
cells than in FL cells. There is a slight possibility that the susceptibility might
inerease if observations had continued over a longer period. Occasionally hepatic
cell cultures infected with very small amounts of the virus showed so little cyto-
pathic change that the presence of the virus was doubted even by careful obser-
vation with a light microscope. Such cells showed remarkable cytopathic changes
within several days after treatment with EDTA. This supports the suggestions
mentioned above and it suggests that the isolation in tissue culture cells might be
increased by using EDTA.



320

TOYOSHIMA, HATA, TAKAHASHI, KUNITA axp OKUNO

REFERENCES

Black, F. L. (1959). Growth and stability of measles virus. Virology 7, 184-192.

Black, F. L., Reissig, M. and Melnick, J. L. (1956). Propagation of measles virus in
a strain of human epidermoid caner cells (Hep. 2). Proc. Soc. Exptl. Biol. Med.
93, 107-108.

Black, F. L., Reissig, M. and Melnick, J. L. (1959). Advances in Virus Research
(edited by Smith K. M. and Lauffer M. A.), vol. VI, pp. 210-211. Academic
Press, New York.

Chang, R. C. (1954). Continuous subcultivation of epithelial-like cells from normal
human tissues. Proc. Soc. Exptl. Biol. Med. 87, 440-443.

Dekking, F. and McCarthy, K. (1956). Propagation of measles virus in human carci-
noma cells. Proc. Soc. Exptl. Biol. Med. 33, 1-2.

Frankel, J. W. and West, M. K., (1958). Cultivation of measles virus in suitable line
of human amnion cells. Proc. Soc. Exptl. Biol. Med. 97, 741-742.

Girardi, J. A. (1958). Growth and CF antigenicity of measles virus in cells developing
from human heart. Proc. Soc. Exptl. Biol. Med. 98, 18-22.

Mutai, M. (1959). TIsolation and identification of measles virus. Japan. J. Exptl. Med.
29, 283-293.

Toyoshima, K., Hata, S., Takahashi, M., Kunita, N. and Okuno, Y. (1959). Virologi-
cal studies on measles virus. I. Isolation of measles virus using FL cells and im-
munological properties of the isolated agent. Biken’s J. 2, 305-312.














