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Infection of human lymphoblastoid cell
lines with herpes simplex virus (HSV) was first
carried out by Henle at a1. (1969) to see whether
the infection influenced the Epstein-Barr virus
carrier state. They found that HSV infection
did not affect the carrier state in EBV-positive
cell lines, or the appearance of EBV antigen-
containing cells in EBV-negative lines.

The MSB-I cell line derived from a Iym-
phDid tumor of Marek's disease is quite analo-
gous to human lymphoblastoid cell lines
originating from Burkitt's lymphoma and thus
we were interested to do similar experiments
to those of Henle at al. using this avian Iym-
phobiastoid cell line. However, before doing
these experiments it was necessary to test
whether avian lymphoblastoid cell lines are
susceptible to human herpes viruses and we
examined this problem by electron micro-
SCOPy and by the fluorescent antibody tech-
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nique. This preliminary report describes
some results of these experiments.

Two avian lymphoblastoid cell lines were
used. The one was the 1104 X-511ne, which
w^^ combli^had by Hihar" at a1. (1974) and had
the peculiar characteristics of growing both
in suspensioi\ and attached to the wall of
tissue culture bottles. In our laboratory the
cells were routinely cultivated in a closed
system at 36-37 C. The antigenicity of their
surface membranes is thought to be the B
cell type (Hihara at a1. , 1974; Matsuda at al. ,
1976). The other cells we used were MSB-
I wits, cot, bli^had by Akiy, rin at a1. (1973).
The cells of this line grew well only in sus-
pension and had the T cell type character of
membrane antigenicity (Nazerian and Sharma,
1975; Matsuda at a1. , 1976). They were
cultivated at 41 C in a humidified atmosphere
of about 5% CO, in air. Both cell lines were
routinely cultivated in RFM1-1640 supple-
merited with 10% fetal calf serum, while
virus infected cells were maintained in RFl\{I-

1640 supplemented with 5% fetal calf serum.
The syn~ variant of the UW 268 strain of

typ, 2 hanger ^impl, x vi"us (HSV-2) (Want-

I Present address : Department of Virology, Oka-
yama University Medical School, Shikatacho,
Okayama 700, Japan.
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FIGURE I. 1104 X-5 cells 32 hr after infection with type 2 herpes simplex virus. Arrowsin one nucleus in-
dicate intranuclear particles with capsids and cores of low density. Marginal condensation of chromatin is
clearly seen in the same nucleus.
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worth and French, 1969) was used. Samples
of infected cells were prepared as follows :
1104 X-5 cells attached to the wall of the

bottles were covered with 5 in I of a viral sample
at an input multiplicity of about 5. After
adsorption for I hr at 37 C, the inoculum was
replaced by maintenance medium and the
culture was incubated at the same temperature.
Thirty-two hours after virus inoculation the
infected cells were scraped off the bottle and
collected by low speed centrifugation. For
infection of MSB-I cells, the cells growing in
suspension were collected by low speed cen-
trifugation, resuspended in a virus solution and
incubated at 37 C. The input multiplicity of
infection was about 4. After adsorption for

,

^?

,.

o
,

"o

..,\

, ,^\ .,

,

.,.

,

.,

,

*

*'

q
,

^*.

,

.,

.

.

*

,

,
.

.

,

,. ,

. .

,

: ..,

,

.,

,

*.

.*

-V'
.

a
*

. ^:

\,

.

,

o9.

^,^.

,

.} , : ,..~
,

.
,,

a.

..
"

.

,.

,

J.

.

I hr the cells were collected by centrifugation,
resuspended in the maintenance medium and
incubated at 37 C for 15 hr. Then the cells

were collected by centrifugation.
Samples for electron microscopy were pre-

pared essentially in the same way as described
in a previous report (Nii and Y^such, 1976).

The following observations were made. In
sections of control 1104 X-5 cells numerous

C type particles were observed extracellularly
and a few similar particles were also found
budding at the cell surface. These findings
suggest that these cells formed C type particles
endogenously. No other kind of virus par-
ticles was observed.

On the other hand, in sections of 1104 X-5
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FIGURE 2. MSB-I cells 15 hr after infection with type 2 herpes simplex virus. Most of the photo is occu-
pied with parts of the nucleus and cytoplasm of one cell.

Several capsids with cores of low density are seen in the nucleus. These cores are about 40 rim in diameter.
Arrows indicate microtubules located nearby the virus particles.

cells exposed to HSV-2, herpes type viral par-
ticles could be seen in a few cells (Fig. I). The
nuclei containing virus were usually mainly
of low electron density with a marginal area of
condensed chromatin. Intranuclear particles
with capsids and cores of low density (arrows)
were seen in regions of low density. Capsids
with a core of low or high density were oc-
casionally seen in the cytoplasm.

Many enveloped particles were seen at or
very close to the surface of single infected
cells, and most of these particles contained
electron dense material but were devoid of

a nucleocapsid. In other words enveloped
particles containing nucleocapsids as well as
electron dense material were rarely

,

Extracellular particles of herpes simplex virus
occasionally coexisted with C type particles,
but the latter were usually seen singly or in

accompanying extracellularwithoutgroups

herpes virus particles.
in sections of control MSB-I cells, herpes

virus of Marek's disease could be observed

in less than I% of the cells. The most coin-
mon particles in nuclei harboring virus were
capsids with a ring shaped core of low density
(or double shell particles). This core (or inner
shell) was about 60 rim in diameter.

Cells containing herpes type virus were
slightly more frequent, i. e. 2-3%, in MSB-I
cells exposed to HSV-2 than in control cells.
Most virus-infected nuclei contained capsidsseen.
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with a core of low density of about 40nm
diameter.

Capsids with a core of about 60 rim diameter
were less frequent. The capsids with a 40 rim
core have so far been observed most frequently
and rather specifically in cells productive Iy
infected with HSV, but they are extremely
rare in cells infected with MDV. Therefore,
it is very likely that the capsids with 40 ITm
cores observed in HSV-2 infected MSB-I

cells were particles of HSV-2, not of MDV.
Additional evidence for this conclusion is

the appearance of microtubules in the nuclei
of these cells, as shown by arrows in Fig. 2,
because these structures are characteristic of

HSV-2 infection (Coucl\ and Nahmias, 1969;
Nahmias at a1. , 1971). In fact, 18 strains of
HSV-2 so far examined in our laboratory pro-
duced microtubules in the nuclei of FL cells,
indicating a close correlation between the ap-
pearance of microtubules and HSV-2 infection
(unpublished data). Moreover, these struc-
tures have never been observed on infection

with other herpesviruses, including HSV-I.
We also studied the of viralappearance

antigens in infected 1104 X-5 and MSB-I
cclls. The 1104 X-5 cclls were infected on

a coverslip in replicate Leighton tubes with
an Input multiplicity of about 8, while the
MSB-I cells were infected in suspension with
an input multiplicity of about 4, as described
for making samples of infected cells for elec-
tron microscopy. After adsorption for I hr,
the virus Inocula were replaced by maintenancc
medium. With MSB-I cells this was done by
resuspending the infected cells in maintenance
medium and transferring the resulting cell
suspension to replicate Falcon flasks (each with
a flat area of 25 cm'). The replicate cultures
of the two kinds of cells were used at hourly
intervals to test for the presence of fluorescent

antigens in Infected cells.
In both cells the antigen began to appear 4 hr

after infection and the percentage of antigen-
positive cells increased as infection proceeded.
However, at most the percentage reached about
20% in 1104 X-5 colts by 9 h" and "b, ut 9%
in infected I\LSB-I cells by 10 hr. Further
cultivation of parallel cultures for more than
I week witlT occasional change of the medium
never resulted in total destruction of the cells,
and instead the infection gradually seemed to
decrease in these cultures.

FL cells, which are routinely used for pre-
paration of viral samples of HSV-2, were also
examined for comparison with these two Iym-
phoblastoid cell lines. When the FL cells in
Leighton tubes were inoculated with an input
multiplicity of about 8, the percentage of
fluorescent cells reached about 100% as early
as 6 hr after infection.

These results, obtained by electron micro-
SCOPy and fluorescent microscopy, show that
the two avian lymphoblastoid cell lines are
fairly susceptible to a human herpesvirus.

it is unknown why most cells of both avian
lymphoblastoid cells were so resistant to In-
fection witl} HSV-2, even when exposed to
a high dose of the virus.

Experiments to see the effects of super infoc-
tion with herpes simplex virus on expression
of viral genomes of MDV are in progress, and
these experiments together with further de-
tails of the present studies will be reported
elsewhere.
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