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UMMARY ‘T'wo cell lines were obtained from an ovarian lymphoma and a splenic
lymphoma, respectively of chicks with Marek’s disease (MD). They were de-
signated as line MOB-1 and MSB-1, respectively. They were grown in nutrient
mixture RPMI 1640 supplemented with 10 to 209, fetal calf serum at 41 C in a
humidified atmosphere of 59, CO, in air. Both lines consisted of lymphoblastoid
cells. The cells gave a negative peroxidase reaction and, did not adhere to the sur-
face of the culture vessel. The MOB-1 line degenerated after 320 days, while the
MSB-1 line has so far grown well for over 240 days. Recultivation of cells of the
MOB-1 line from an early culture which had been kept in a deep freeze, is under
way. Immunofiuorescence tests were performed on these lines to detect viral
antigen (VA) and cell surface antigens (CSA) of MDV. Cultures consistently con-
tained some VA positive cells but very few CSA positive cells. Electronmicroscopic
examination showed that some cells contained several particles regarded as nucleo-
capsids and empty capsids of herpes virus in their nuclei, but no mature viral par-
ticles were observed in any cells. No cell-free virus could be isolated from either
culture fluids or disrupted cells of these lines, but MDYV could be reisolated after
cocultivation with susceptible chick cells. A chromosomal aberration was observed
in MSB-1 line cells. C type particles were not observed in any cells. Both lines
gave negative reactions in the COFAL test and RIF tests for avian leucosis virus
(ALV). The gs antigen of ALV was present in MOB-1 line cells, but not in
MSB-1 line cells. Ten cloned sublines derived from the MSB-1 line also contained
some VA positive cells. This is the first time that MDYV asscciated lymphoma cell
lines have been obtained and they should be useful in comparative research on her-
pes associated lymphocytic cell lines.

INTRODUCTION

Marek’s disease virus (MDV) has many ad-
vantages over other oncogenic herpesviruses

1 Parts of this work were presented at the 5th
International Symposium on Comparative Leu-
kemia Research in Nagoya, September, 1973,
at the 32nd Annual Meeting of the Japanese

for experimental purposes, since much infor-
mation 1s available on its pathology and viro-

Cancer Association in Tokyo, October, 1973 and
at the 21st Annual Meeting of the Society of
Japanese Virologists in Tokyo, November, 1973.
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logy, on the prevention of the disease and on
determinants of the incidence of the disease of
MDYV. However one of the most serious dis-
advantages of using MDYV is that no cell line
derived from an MD lymphoma is available
(Klein, 1972). Akiyama etal. (1973)succeeded
in obtaining long term culture cell lines, named
MOB, derived from an ovarian lymphoma of
an MD chick, as stated in a preliminary report.
This paper describes 2 cell lines, MOB-1
and MSB-1, derived from MD lymphomas
and the characteristics of these lines.

MATERIALS AND METHODS

1. Culture of cell lines

1) Medium

Nutrient mixture RPMI 1640 medium supple-
mented with 10 to 209, fetal calf serum, and 100
units of penicillin and 100 pg of streptomycin per
ml was used through out (RPMI growth medium).

2) Initiation of culture

Cultivation of cells from 22 MD lymphomas
obtained from 20 chicks was attempted, as shown in
Table 1. The 14 lymphomas in Group A were
obtained by inoculating one day old chicks with
blood from chickens infected with the MDV BC-1
strain, kindly supplied by Dr. A. Okaniwa (Tanabe
Pharmaceutical Co., Ltd.). The 6 lymphomas in
Group B were obtained by inoculating one day old
chicks with 2107 cells of the MOB-1 line. Two
of these lymphomas were splenic tumors, and the
rest were ovarian tumors. These tumors were
minced into very small fragments with surgical
knives. The minced materials were gently pipet-
ted in Hanks’ balanced salt solution and then
passed through 6 layers of gauze and centrifuged at
1,000 rpm for 5 min. The packed cells were
resuspended in RPMI growth medium at a final
count of 5x10° cells/ml and 15 ml of the cell sus-
pension were seeded into a Falcon Petri dish (100 x
20 mm).

3) Maintenance of cultures

Cultures were maintained at 41 C in a humidified
atmosphere of 5% CO, in air. Floating cells
were removed with the medium and 15 or 30 ml of
fresh medium were added. Then the suspended
cells were dispersed in 2 or 3 new dishes. Sub-
cultivation was carried out every 2 or 3 days.
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2.  Imnumofluorescence tests for MDV antigen

Direct immunofluorescence tests to detect wviral
antigen (VA) and cell surface antigens (CSA) of
MDYV were performed by the methods of Naito et
al. (1969) and Ishikawa et al. (1972) respectively.

3. Cloning in soft agar

RPMI growth medium was used for the cloning,
with addition of 0.48% and 0.3% acetone washed
Bacto-agar for the base and seed layers, respectively.
Conditioned media were collected frem cultures
of the MOB-1 and MSB-1 lines in the logarithmic
phase of growth, passed through a membrane filter
of 450 mu pore size and stored at 4 C, and were
added at concentrations of 5 to 109 to both the
base and seed layers. Three ml of seed agar, con-
taining MSB~1 line cells, were layered onto 3 ml
of the base agar in a Falcon Petri dish (60 % 15 mm).
Then dishes were incubated in a CQO, incubator at
41 C. Within 7 to 10 days after plating, well
isolated colonies were picked up with a Pasteur
pipette, transferred to RPMI growth medium
containing 5 to 10% conditioned medium and
incubated in the CO, incubator at 41 C.

4. Resistance inducing factor (RIF) test

The RIF test was made on the MOB-1 and
MSB-1 line cells. The medium was removed from
the cells and used to measure RIF activity, by the
method of Rubin (1960). Chick embryo fibroblast
cultures were made from 9-day embryonated eggs
of RIF-free breeder chickens of the C/E type and
used for detection of subgroups A, C and D.
Fibroblast cultures made from 10-day embryonated
eggs of Japanese quails were used for detection
of subgroup E. The Rous sarcoma viruses used
were gifts from Prof. Toyoshima in this Institute.
RIF tests were performed in inoculated and control
cultures at the third cell transfer level to determine
resistance to superinfection with Rous sarcoma
virus. The Eagle growth medium used consisted
of 90 parts of Eagle’s medium, 5 parts of inact-
ivated calf serum, and 5 parts of Difco tryptose
phosphate broth, with 100 units of penicillin,
100 pg of streptomycin and 1 ug of Fungizone per
ml. The viruses used were the Schmidt-Ruppin
strain of Rous sarcoma virus of subgroup A and
subgroup D, avian sarcoma virus B77 of subgroup
C and pseudotype Bryan high titer strain of Rous
sarcoma virus of subgroup E.



5.  Agglutination assay with concanavalin A

The method of Inbar and Sachs (1969) was used.
Cells of the MOB-1 and MSB-1 lines and normal
spleen lymphocytes were washed one or three times
with Ca- and Mg-free phosphate buffered saline
(PBS), pH 7.2 and then diluted to a concentration
of 1-3x10% cells per ml with PBS. To test for
agglutination, 0.5 ml volumes of different concen-
trations of concanavalin A in distilled water were
mixed with 0.5 ml of the cell suspension in a 35-mm
dish, and the time required for agglutination was
observed with a binocular microscope. Agglutina-
tion was considered to be positive when over 75%,
of the cells agglutinated and one aggregate contained
at least 5 cells.

6. Cultures of chick kidney cells (CK), chick embryo
fibroblasts (CE) and duck embryo fibroblasts (DE)

Kidneys from 1- to 10-day old RIF free chicks
were washed in PBS (pH 7.2), to removed blood,
mineed with surgical knives, and rewahed; the
cells were collected after treating the mince with
0.259%, trypsin at 37 C at 20-minute intervals. The
trypsinized cells were passed through 6 layers of
gauze and centrifuged at 1,000 rpm for 5 minutes.
The packed cells were resuspended in growth me-
dium, consisting of medium 199 containing 109,
calf serum and 100 units of penicillin and 100 pg
streptomycin per ml and adjusted to a final count
of 1.5 to 2.0 X108 cells per ml. 100-mm dishes were
each seeded with 10 ml of the cell suspension and
incubated at 38.5 C in a humidified atmosphere in
5%, CO, in air. Confluent monolayers developed
in 3—4 days. CE and DE cultures were prepared
from decapitated 9- to 10-day RIF embryos and
decapitated 10-day duck embryos. Procedures for
culture were as for CK cultures, except that try-
psinization was done at 5-minute intervals. The
packed cells were resuspended in the same growth
medium and adjusted to a final count of 13108
cells per ml. Volumes of 4 and 10 ml of cell
suspension were distributed in 60-mm and 100-mm
dishes, respectively and coverslips (11 x40 mm)
were placed in some dishes to obtain cells for his-
tological observations and for immunofluorescence
tests.

7.  Virus isolation from the lines

The growth medium of monolayers of CK cul-
tures or CE cultures in 100-mm dishes was re-
placed by maintenance medium. Then 1x10¢

to 3108 cells of the MOB-1 or MSB~1 line were
inoculated and the dishes were kept at 37 C. Two
days after inoculation the liquid medium was re-
placed by maintenance medium. Cells were ob-
served every day. When CPE was detected, cover-
slip cultures were fixed in Bouin’s solution and
stained with hematoxylin and eosin. For detection
of MD VA, coverslip cultures were fixed in cold
acetone and stained with FITC conjugated MD
chicken y-globulin. The maintenance medium
consisted of medium 199 containing 29, calf serum
and 100 units of penicillin and 100 pg streptomycin
per ml.

To isolate cell-free virus, 5x107 MOB-1 cells
or MSB~1 cells were suspended in one ml of culture
medium and disrupted by sonic vibration for 5 min
at 9kHz (Insonator model 200 M, Kubota Instru-
ments Incorp., Tokyo). Then the preparation was
centrifuged at 5,000 rpm for 15 min and 0.2 ml
of the supernatant was inoculated ontc monoclayers
of CE cells in dishes (60X 15 mm). After adsorp-
tion for two hr, 5 ml of maintenance medium were
added and cultures were observed every day for
7 to 10 days.

8. Complement-fixation tests

The complement-fixation (CF) test for detection
of avian leukosis group-specific antigen (gs antigen)
was performed with the microtiter technique, over-
night fixation at 4 C and 2 units of complement
(Sarma et al.,, 1964). Four units of antibody were
used for all antigen detection tests. Samples of
5% 107 cells of the MOB-1 or MSB—1 line were
suspended in 0.5 ml of PBS, homogenized gently
with a teflon homogenizer, subjected to one cycle of
freezing and thawing and centrifuged at 2,000 rpm
for 5 min. The supernatant was stored at —70 C
until use. Control gs antigen and anti-gs pigeon
sera were gifts from Prof. K. Toyoshima in this
Institute. Reactions of 34 to 44 in the absence
of positive reactions in normal control cultures and
in the absence of anti-complementary reactions
were considered evidence of gs antigen.

RESULTS

1. General progress of the cell lines

After cultivation for one day live cells de-
creased rapidly in number. Some large lym-
phoid cells survived and floating single cells
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began to grow actively after 4 to 5 days’ culti-
vation. Since fibroblastic cells also grew on
the bottom of the culture plates, only culture
fluids containing floating cells were transferred
to new dishes. In only two of 22 trials
was continuous cultivation of cells successful
(Table 1). When cultures were kept at 37 C
instead of 41 C, cells rapidly degenerated.

Floating cells survived longer at 38.5 C. How-
ever, trials at this temperature were not suc-
cessful. The two cell lines obtained from the
ovarian tumor of chicken No. 4 and the splenic
tumor of chicken No. 15 were designated as
the MOB-1 line and the MSB-1 line, respec-
tively.

TaBLe 1. Trials to cultivate cells obtained from lymphomas of MD chicks

Group® Cl—i\iﬁ{en ilr?sgtsxl;tfifr: Lesions® Cultured tumor® Cell line
1 40 V, N Ovarian t.
2 42 V, N Ovarian t.
3 44 V, N Ovarian t.
4 44 V, N Ovarian t MOB-1
5 45 V, N Ovarian t.
6 45 V, N Ovarian t
’ 7 48 V, N Ovarian, splenic t.
A 8 48 VvV, N Ovarian t.
9 48 V, N Ovarian t.
10 50 V, N Ovarian t.
11 51 V, N Ovarian, splenic t.
12 52 V, N Ovarian t.
13 56 V, N Ovarian t.
14 60 VvV, N Ovarian t.
15 56 V, N Splenic t. MSB-1
16 42 V, N Ovarian t,
B 17 46 V, N Ovarian t.
18 48 V, N Ovarian t.
19 48 V, N Ovarian t.
20 56 V, N Ovarian t.

@

A, each chick inoculated intramuscularly with 0.2 ml of blood of chickens infected with BC-1 strain of

Marek’s disease. B, each chick inoculated intramuscularly with 2107 cells of MOB-1.

V, visceral lesion: The gonads and spleen were most consistently involved, although, in many cases,

almost all visceral organs were involved. N, neural lesion: Sciatic nerves were examined.

¢ All cultures were kept at 41 C.

2. Mode of cell growth

The MOB-1 and MSB-1 line cells did not
become attached to the glass but floated free in
the medium, as single cells or sometimes as
transient clumps of about 10 to 20 cells. Large
clumps were frequent in cultures of the MSB-1
line. The rate of growth of MOB-1 cells was
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determined in three dishes (100 x 20 mm) con-
taining 15 ml of the same cell suspension after
10 and 100 days of culture. The results in
Fig. 1 show that the doubling time of cells was
about 24 hr and that cells grew actively at 41 C
but poorly at 37 C. The cells were usually
maintained at the concentration of about 8 x
105 to 3108 cells/ml by addition of fresh



medium, and the growth rate at cell concentra-
tions below 3x10% cellsfml was not good.
But growth of cells at an initiation concentra-
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Fieure 1. Effect of temperature on the growth rate of
MOB-1 line cells. Q, 41 C, after 10 days cultiva-
tion; @, 37 C, after 10 days cultivation; A, 41 C,
after 100 days cultivation; A, 37 C, after 100 days
cultivation.

No. of viable cells per ml (% 10%)

Days

FiGure 2.  Effect of conditioned medium on the growth
rate of MOB-1 line cells.

A A, 0%; O O, 10%; Q- O, 20%;
0@, 0%, @ @, 60%.

tion of 1105 cells/ml was markedly increased
by addition of 10 to 209, conditioned medium
to the fresh medium (Fig. 2). Addition of
over 409, conditioned medium did not increase
growth. Unfortunately the MOB-1 line cells
became contaminated with fungi at the third
crisis after cultivation for 320 days and died
(Fig. 8). Recultivation of the line with cells
from an early stage of culture is under way.
During these crises small, irregular-shaped
cells became predominant, and the division
time of cells was prolonged, even though the
medium was changed. The MSB-1 line
grew more actively than the MOB-1 line.
The results in Fig. 3 show that the doubling
time was only 10 hr at 41 C and cells could
even grow at 37 C with a doubling time of 28 hr.
After 9 weeks of culture, the MSB-1 line cells
were cultivated with 109, calf serum in place

1x107f

1x 108

No. of viable cells per ml

) ! [ !
1x10 20 40 60

Time (hr)

FiGURE 3. Effect of temperature on the growth rate
of MSB-1 line cells. O, 41C.; @, 37 C.
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The nuclei of some cells of both
lines contained several particles which seemed
to be nucleocapsids and empty capsids of
herpes type virus, but no enveloped particles
have yet been observed in any cells. Some
cells with herpes capsids showed degenerative
changes. Generally the nuclei of MSB-1 line
cells contained more capsids than those of
MOB-1 line cells. Some cells of the MSB-1
line contained many capsids even in the cyto-
plasm (Fig. 7). The percentages of cells con-
taining capsids corresponded well to the per-
centages of cells having MDYV antigen, de-
monstrated in immunofluorescence tests. No
C-type particles were observed in any cells.

1001
80F
60t
401
20t

line cells.

Percentage of viable cells and celis with VA

5_
40 80 120 160 200 240 280 320
Days
Ficure 8. Percentages of viable cells (@ ——@) and

cells with VA (O O) in cultures of MOB-1 line
cells during cultivation for 320 days.

4. Direct immunofluorescence tests

Smears of MOB-1 and MSB-1 line cells on
coverslips were dried and fixed with cold ace-
tone, and stained with fluorescein isothiocya
nate-conjugated y-globulin obtained from MD
chickens for detection of MD VA.

A small proportion of the MOB-1 and MSB-
1line cells were consistently VA positive, while
the percentage of VA positive cells varied (0.1
to 109,) from passage to passage and from
clone to clone derived from the MSB-1 line
(Fig. 8,9). Both lines also consistently con-
tained a small proportion of cells with MDV-
induced CSA. However, the percentage of

<>:1OOF
; ol W
2 60
% 40F
S 20
5 st
& W
40 80 120 160 200 240
Days

FiGure 9. Percentages of viable cells (@——@) and
cells with VA (O Q) in cultures of MSB-1 line
cells during cultivation for 240 days.

TABLE 2. Percentages of VA and CSA posttive cells in clones derived from MSB-1 line cells

Clone Colony efficiency (%) VA (%) CSA (%)
Uncloned 57 1.8 1.3 0.3 0.4 0.1 0.1
C2 20 1.2 1.5 1.0 0.6 0.3 0.1
C4 13 10.4 6.9 7.5 1.5 1.6 3.0
c7C 55 2.5 1.8 0.7 1.0 0.7 0.3
C17 54 2.0 1.0 1.5 1.0 0.6 0.1
C31 50 5.0 8.3 1.3 1.2 2.3 0.8
C73 100 1.8 1.3 0.6 1.2 0.8 0.05
C81 52 2.8 2.0 2.0 1.0 0.8 0.5
C82 11 1.0 1.9 2.0 0.5 0.2 0.2
C 83 36 3.0 3.5 2.0 1.1 0.6 0.3
C91 50 12.0 7.5 2.2 1.0 1.1 0.9
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gen, cloning efficiency and chromosomal aber-
ration, MSB-1 cells were probably not derived
from MOB-1 cells, but from splenic lymphoma
cells by transformation with virulent viruses
released from the inoculated MOB-1 cells.
Studies on the oncogenicity and characteristics
of the virus isolated from these two line cells
are also in progress.

These 2 cell lines are closely associated with
MDYV, as demonstrated by the immunofluores-
cence technique and electronmicroscopy. All
ten cloned cells derived from MSB-1 line cells
also contained some MDYV antigen positive
cells. It is unlikely that cell free viruses were
transmitted to cloned cells, because cell free
viruses were rarely obtained from the line.
It seems likely that MSB-1 line cells are in-
trinsically involved with the MDYV genome.
Application of the complement-fixing im-
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