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SUMMARY

A continuous line of lymphoblastic cells (AKR-A) was
established in tissue culture from a spontaneous transplantable
tumor of AKR mice. The cells have the following charac
teristics: (a) rapid growth in suspension, (b) lack of adhesion
to surfaces, (c) viral and cellular antigens of the Gross
leukemia virus complex, (d) shedding of infectious Gross
leukemia virus, and (e) tumorigenicity in AKR mice. Electron
microscopy of early passages revealed large macrophages
actively engulfing nonviable AKR-A cells. Clumps of viable
AKR-A cells were adherent to the macrophage surface,
presenting a false picture of emperipolesis.

INTRODUCTION

Of the known virus-induced leukemias of mice, the
spontaneous lymphoma of AKR mice, induced by the GLV,1

most closely resembles human lymphoid leukemia. We have
therefore chosen this as a model system for immunotherapy
and immunization against this disease. The antigens associated
with GLV-induced mouse leukemias have been extensively
studied (1, 9, 18, 21-23, 27). In order to obtain a steady
source of potentially immunizing materials, free of known
adventitious agents, we have established a tissue culture
system, AKR-A cultures, from a spontaneous GLV-induced
AKR lymphoid leukemia. The present communication reports
the morphological, antigenic, and electron microscopic charac
teristics of these cultures.

MATERIALS AND METHODS

Spontaneous AKR Lymphoma Ascites Cells

An ascitic tumor line was derived in this laboratory from a
spontaneous lymphoma obtained from a 9-month-old female
AKR mouse. The spontaneous tumor was histologically and
pathologically typical of GLV-induced tumors as reported by

'The abbreviations used are: GLV, Gross leukemia virus; LDH,
lactic dehydrogenase virus; PPLO, pleuropneumonia-like organism;
PBS, phosphate-buffered saline; MEC, mouse embryo cells; LDso,
median lethal dose; TCP, tissue culture fluid.
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Gross (10, 11). The adaptation to an ascites form was
accomplished by i.p. passage of cell suspension from lymph
nodes into 4- to 6-week-old male AKR mice. This passage
line, designated as AKR-ascites line, has been passaged
routinely in our laboratory for over 120 generations in AKR
mice. Ascites fluid, containing the tumor cells, was tested by
the mouse antibody production test (24) for contamination
by common mouse viruses: pneumonia virus of mice, reo 3,
Sendai, polyoma, K, mouse adenovirus, lymphocytic
choriomeningitis, mouse hepatitis virus, Theiler's virus,

minute virus of mice, and LDH virus. Only LDH virus was
present. PPLO was not found to be present when cell
suspensions were plated on PPLO-agar with 20% horse serum
and 5% yeast hemin extract added.

The tumor cells are positive for the GLV-induced cellular
antigens detected by membrane fluorescent antibody staining
(1) and by cytotoxic tests (21) and for the murine leukemia
virus group antigen as detected by immunodiffusion (9).
Tumors produced in adult male AKR mice by injection of
these cells are histologically typical of GLV-induced tumors.

Cell Culture

Primary Culture. Ascites tumor cells of the 61st, 90th,
115th, and 119th in vivo passages were aspirated from the
peritoneal cavity of adult AKR mice 7 to 10 days after i.p.
inoculation of approximately IO7 tumor cells. The cells were

centrifuged at 560 X g for 5 min in a refrigerated centrifuge,
washed twice with McCoy's Medium 5a containing 30% fetal

calf serum, and resuspended in the same medium at a
concentration of 2 X IO6 cells/ml. Falcon plastic flasks,
250-ml capacity, were seeded with 60 X IO6 cells, 30-ml
plastic flasks were seeded with 12 X IO6 cells, and coverslip
cultures in Leighton tubes were seeded with 2 X IO6 cells.

The cultures were incubated with loose caps in a 5% CO2 in
air atmosphere at 37Â°.The fluid was first changed on the

4th day after seeding; the cultures were fed every 3 to 5
days thereafter.

Continuous Passage of AKR-A Cells. Passages of AKR-A
cells can be initiated by diluting suspended cells with fresh
McCoy's Medium 5a with 15% fetal calf serum to a con
centration of at least IO4 cells/ml. A concentration of 2 X
10s cells/ml results in the most rapid growth rate with a

minimum lag phase. At the 7th week in culture, LDH virus
was no longer detectable; the cultures have remained free of
PPLO to the present time.
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Electron Microscope Preparations

Primary cultures of AKR-ascites cells were fixed for 30 min
in a chrome-osmium solution (6) and were postfixed for 90
min in a mixture of 0.5% aqueous uranyl acetate and 0.54%
sucrose, pH 5.O. The monolayers were embedded in situ with
a thin layer of Epon-Araldite mixture (20) poured in the
plastic flasks. Polymerization was carried out at 56Â°for 72

hr. After removal from the flasks, the embedded monolayers
were examined with the light microscope to locate the giant
cells. Areas containing these giant cells were cut out,
attached to Beem capsules, and sectioned on an LKB
ultratome. The sections were double stained with uranyl
acetate and lead citrate (25), and were then examined in a
Siemens Elmiskop I electron microscope.

Anti-GLV Serum

Antibodies against GLV-induced antigens were obtained
from (W/Fu X BN) F] hybrid rats immunized by the method
of Old et al. (23). A broadly reactive anti-MuLV serum
prepared in Fischer rats was obtained from Huntingdon
Laboratory, Baltimore, Md., under contract to the National
Cancer Institute (Contract PH 43-69-64).

Fluorescent Antibody Staining

The indirect staining technique was used. All steps were
carried out at room temperature.

Fixed Cells. Coverslip cultures were fixed in acetone for 10
min and air dried for 10 min. Rat anti-GLV serum was
applied for 30 min; the coverslips were washed 15 min in 3
changes of PBS (pH 7.2, 0.01 M phosphate). The coverslips
were exposed to fluorescein-conjugated goat antirat globulin
(Microbiological Associates, Inc., Bethesda, Md.) for 30 min,
followed by three 5-min washes in PBS. The coverslips were
then mounted in 10% glycerin in PBS and examined with a
Reichert microscope equipped with a dark-field condenser
and illuminated with an HBO 200 high-pressure mercury
lamp with a BG 12 exciter filter and GG9 + UG1 barrier
filters.

Membrane Fluorescence. Unfixed cells in suspension or
attached to coverslips were washed twice with PBS. Cells
attached to coverslips were stained as described in the
previous section, omitting acetone fixation and air drying.
Cells in suspension were stained by the method of Aoki et
al. (1). Both G+ and G- cells were included as controls in

all tests.

Cytotoxic Tests

The test for specific serum cytotoxicity was performed
according to the method of Old et al. (23), with fresh AKR
ascites cells as standard G+ cells. LI210 cells (ascites line)
carried in DBA/2 mice served as Gâ€”cells.

Infectivity Assay

Infectious virus was estimated by an immunofluorescent

technique. Ring cultures (5, 28) of NIH Swiss MEC were
seeded with IO4 cells in Eagle's minimum essential medium
with 10% fetal calf serum, and incubated 16 to 18 hr at 37Â°

in 5% CO2 in air atmosphere. After the medium was
removed, 0.05 ml of infectious fluid was added. The
inoculum remained on the cells for 20 hr at 37Â°in the C02

incubator. The inoculum was then removed, and the cultures
were washed with fresh medium. Eagle's minimal essential

medium with 10% fetal calf serum, 0.5 ml, was added, and
the cultures were returned to the C02 incubator for 7 to 10
days, with medium changes at 3 to 4-day intervals. The
cultures were then fixed and stained with rat anti-GLV
serum as described above.

Bioassays

For evaluation of the tumorigenicity and growth rate of
the AKR-A cell line as compared to the in vivo passaged
AKR-ascites cell line, 2 in vivo quantitative bioassay methods
were used.

Spleen Colony Assay. The spleen colony assay for
leukemogenic cells (2, 3) was used to determine tumori
genicity of the 2 cell lines.

Growth Rate Assay and LD50 Titration. With the AKR-A
cell line and the AKR-ascites cell line, 0.2 ml (IO6 cells) of a

cell suspension of each was given by injection i.p. to 4- to
6-week-old male AKR mice. Groups of 4 mice were
sacrificed at 3- to 4-day intervals. Cells were washed from
the peritoneal cavity with Hank's balanced salt solution until

the wash fluids were clear (10 to 15 ml). The wash fluids
were pooled, and the total number of cells recovered was
calculated; the total cell count varied less than 10% within
any group of 4 animals. The cells were then washed 3 times
with PBS and examined for membrane fluorescence. The
number of cells required to initiate progressive tumors by
the i.p. route was determined for both AKR-ascites cells and
AKR-A cells. Male AKR mice, 4 to 6 weeks old, were
inoculated i.p. with 0.2 ml of log dilutions of cells in Hank's

balanced salt solution. Mice were observed for 6 weeks for
tumors and survival time.

RESULTS

Characteristics of AKR-Ascites Cells in Tissue Culture. The
major cell type in the primary cultures is lymphoblastic.
These cells are found at all times, predominantly floating in
the medium, but also attached to the vessel or to giant cells,
which appear attached to the flask within 2 to 5 days of
seeding (Figs. 1 and 2). The giant cells remain localized,
multiplying slowly to form small colonies; the lymphoblastic
cells appear to be produced from or engulfed by these giant
cells. After a medium change, the number of unattached
lymphoblastic cells increases 10- to 20-fold within 18 hr.
Both the lymphoblastic and the giant cells multiply more
readily in medium of pH 6.9 to 7.1 than in more alkaline
medium. Without passage, both cell types persist for 4 to 10
weeks. The lymphoblastic cells then rapidly disappear,
leaving only the giant cells.

Establishment of AKR-A Cells in Continuous Culture. The
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difference in growth rates of the lymphoblastic and giant
cells was used to establish a line of pure lymphoblastic cells
(AKR-A) from the 119th in vivo passage of AKR-ascites
cells. The giant cells multiply slowly, since isolated colonies
of only 5 to 10 cells are found after 1 week of growth. The
lymphoblastic cells, in contrast, have a doubling time of 6 to
8 hr under optimal conditions with frequent medium
changes. They can be maintained in the logarithmic phase of
growth by replacing half of the culture fluid containing the
suspended cells with fresh medium every other day. After 5
weeks in culture, only lymphoblastic cells remained in the
cultures, which had been fed every other day and transferred
to fresh flasks once a week. These rapidly growing cultures
have been maintained for 7 months without a decrease in
growth rate. However, when the population density reaches
106/ml, the growth rate drops rapidly, and 90% of the cells

die within 16 hr unless fresh medium is added. Cultures can
be initiated with as little as IO4 cells/ml, with an initial lag

period of 72 to 96 hr, if the pH of the medium is
maintained below 7.0.

Electron Microscopic Studies. The great majority of the
cells of primary cultures from the AKR-ascites line are of
the lymphoblastic type. In most instances, the nucleus is
large and surrounded by a rather scanty rim of cytoplasm.
The nuclei are often irregularly shaped with several indenta
tions. Most of the chromatin is in dense clumps at the
periphery of the nucleus, next to the nuclear envelope, while
the interchromatinic substance remains relatively clear. The
cytoplasm is well developed and contains an abundance of
free ribosomes and polysomes, but there are very few
ergastoplasmic lamellae. The Golgi complex is poorly
developed and consists of a few flattened sacs and vesicles.
Many of the cells contain multiple cytoplasmic vacuoles
which are generally free of any contents (Fig. 6). Most cells
contain a few mitochondria.

In essentially every case, the giant cells, based on
morphological characteristics, are considered to be typical of
macrophages, and they are of such a large size that rarely
can 1 cell be seen in its entirety in a single grid window. The
nucleus is relatively smaller than that seen in the lympho
blastic cells, and often there is a large prominent nucleolus
(Fig. 7). Many vacuoles are scattered throughout the
cytoplasm, and there are numerous areas containing cell
fragments and debris. There are several instances in which an
entire cell has been ingested and is in a state of partial
degeneration (Fig. 8).

Frequently, there are numerous lymphoblastic cells
scattered around the giant cell in satellite fashion. Although
the cell membranes of the 2 cell types are often adjacent, no
attachments can be demonstrated.

There are typical C-type particles in the extracellular
spaces, and an occasional budding form can be identified
(Fig. 9). The budding particles are seen only in association
with the lymphoblastic cells. No virus particles are apparent
in the cell debris in the cytoplasm of the giant cells.

GLV-induced Antigens in AKR-A Cells. For comparison of
the antigenic composition of the lymphoblastic and giant
cells occurring in primary cultures, both fixed and unfixed
cells were stained with rat anti-GLV serum by the indirect

fluorescent antibody technique. Membrane fluorescence of
unfixed cells was found only on the lymphoblastic cells
floating in the supernatant fluid (Fig. 5) or attached to the
surface of the macrophages. The macrophages were not
stained. The staining reaction could be blocked by
absorption of the serum with frozen and thawed AKR-
ascites cells. Absorptions of the serum with Tween-ether-
treated extracts of Rauscher leukemia virus-infected spleen
cells or normal BALB/c spleen, thymus, or lymph node cells
were not effective. Therefore, the antigen responsible for
the membrane fluorescence is specific for GLV-infected cells,
and is not related to the group-specific murine leukemia viral
core antigen. The membrane staining was also blocked if
rat 7-globulin, but not rabbit 7-globulin, was added to the
antirat conjugate.
In acetone-fixed coverslip cultures, GLV-induced antigens

were found in the cytoplasm of lymphoblastic cells and in
the cytoplasm of the macrophages immediately surrounding
groups of adherent lymphoblastic cells (Fig. 2). Macrophages
which were not associated with lymphoblastic cells rarely
exhibited staining in mixed cultures. The type-specific
membrane fluorescent staining of unfixed cells and the
group-specific and type-specific staining of fixed cells of the
AKR-A cell line have been maintained for 7 months.

The presence of the cellular antigen responsible for the
cy to toxic reaction with anti-GLV serum has been variable.
End points in titrations of a standard pool of rat serum
containing the cytotoxic antibody with a titer of 1:40
against AKR-ascites cells varied from less than 1:5 to 1:160
when tested with AKR-A cells at monthly intervals during
the first 4 months in culture.

A fluorescent focus assay was developed to detect and
measure quantitatively GLV. MEC cultures were inoculated
with 50% suspensions of 3 times frozen and thawed AKR-A
cells, with cell-free TCP, or with viable AKR-A cells. The
cultures were fixed and stained by the fluorescent antibody
technique. Diffuse foci of intensely staining cells were first
found 7 days after inoculation. Maximum staining was found
10 days after inoculation. The number of foci was linear
with dilution and in 3 separate experiments, the number of
foci appearing at a given dilution varied less than 1%. The
specificity of the fluorescent reaction was demonstrated by
blocking tests. The reaction was partially blocked by Tween-
ether-treated Rauscher leukemia virus-infected spleen cell
extract, but not at all affected by absorption with normal
Tween-ether-treated BALB/c spleen cells. Complete
absorption of staining was obtained with Tween-ether-treated
AKR-ascites cells or with Tween-ether-treated pellets of
GLV. Uninoculated MEC cultures did not stain. The titer of
infectious virus released into the TCP reached a maximum
35 days after initial culture of AKR-ascites cells, then
declined. After 6 months in continuous culture, infectious
virus can be detected by cocultivation of AKR-A cells with
MEC, but it is not detectable by the fluorescent focus assay
in cell-free TCP (Table 1).

Bioassay of Lenke mie Cells from AKR-A Cultures. The
tumor-producing capacity of the cells has not been attenu
ated by in vitro passage. AKR-A cells inoculated i.v. into
male AKR mice were capable of forming spleen colonies,
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with accompanying splenomegaly when tested 2 months
after primary culture of AKR-ascites cells (Table 2). Inocula
tion of a small number of cells (1.7 X IO2) resulted in a

decrease in the incidence of animals showing spleen colony
formation. Disruption of the cells by 3 cycles of freezing
and thawing effectively destroyed the spleen colony-forming
activity of the cells (Table 2). Cell-free material from AKR-A
cultures produced neither spleen colonies nor splenomegaly.

Table 1

Titration of infectious GL V from AKR-A cultures in
Swiss mouse embryo cells

Virus source
Time after initiation
of primary culture

Titer (fluorescent
focus-forming units)

Cells +TCP"TCP*Cells,

50%suspensionin
TCP"Cells,

50%suspensionin
TCP0TCP*TCP,

supernatantfromcentrifugation
at105,OOOX^for2hrCells,

50%suspensionin
TCPÂ«Cell-free
TCPCells,

viable inTCPCell-free
TCP9

days9
days30
days35

days35

days35
days3

mo.3

mo.6
mo.6

mo.2

X103/ml1
X102/ml3
X103/ml3

X 10s/ml2X

105/mlNegative3X

lO'/mlNegative26

foci/105cellsNegative

aProzen, and thawed 3 times.
ftTCF, supernatant from centrifugation at 1500 X g for 20 min to

remove cells. Frozen and thawed 2 times.

Table 2

Spleen colony assay ofleukemic cells from AKR-A cultures
Animals sacrificed 13 days after inoculation.

InoculumControl"TCPÂ»AKR-A

cells,viable1.7
XIO51.7
XIO41.7
XIO31.7
XIO2AKR-A

cells,nonviable5.6
X 10"No.

of
animals411844442Mortality0001000No.

of animals with
spleen colonies0044410

"Uninoculated or inoculated with McCoy's Medium 5a with 30%

fetal calf serum.
Â¿'TCP,frozen and thawed 3 times and filtered through 0.45-n

Millipore filter.

The LDSO of both AKR-ascites cells and AKR-A cells in
AKR mice was found to be 40 cells. The median survival
time of mice inoculated with 100 LD50 was 10 days for
AKR-ascites cells or 11 days for AKR-A cells. These values
have remained constant through 7 months in culture.

The ability of the AKR-A cells to grow in vivo was
examined by inoculating IO6 cells i.p. into 4- to 6-week-old

male AKR mice. At different time intervals after inoculation,
mice were sacrificed. Cells washed from the peritoneal cavity
were counted and stained for GLV membrane fluorescence
(Chart 1). AKR-ascites cells at the same concentration were
inoculated into another group of animals for comparison.
The growth rates and staining reactions were comparable,
although the staining of cells recovered from animals
inoculated with AKR-A cells was more variable.

45r

4 8

DAY AFTER INOCULATION

12

Chart 1. Growth of AKR-A and AKR-ascites cells in the peritoneal
cavity of AKR mice; 10 cells inoculated i.p. on Day 0. Four mice
were sacrificed on Days 4, 7, 10, and 12; the cells were washed from
the peritoneal cavity, counted, and stained for Gross-specific mem
brane fluorescence (0 to 4+, indicated by number near points).
Number of cells indicated on ordinate are in tens of millions.

Solid tumors were forming in the peritoneal cavity of both
groups of mice at about 10 to 12 days after inoculation;
formation of these tumors probably accounts for the
decrease in the number of cells found in the peritoneal
cavity. Animals of both groups were dying with tumor
between 9 and 12 days after inoculation.

DISCUSSION

Several investigators have reported the establishment of
Gross virus-induced leukemic cells in tissue culture (4, 7, 13,

2150 CANCER RESEARCH VOL. 30

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2386916/cr0300082147.pdf by guest on 19 M

ay 2023



An in Vitro AKR G+ Lymphoblastic Cell Line

15, 17). All such lines have been characterized by lack of
adhesion of lymphoblastic cells to surfaces, and usually by
the presence of large "reticular" cells, which appear to
function as feeder cells by "emperipolesis" (12). The

cultures reported in the present study appeared initially to
exhibit this phenomenon when viewed by light microscopy.
However, electron microscopic studies of in szYw-embedded
cells revealed only a close relationship between viable
lymphoblasts and large hyperactive macrophages, within
which were found lymphoblastic cells in various stages of
degeneration. No viable lymphoblastoid cells were seen
within the macrophages. Therefore, in the case of AKR-
ascites primary cultures, emperipolesis could not be
demonstrated.

Murine leukemia viruses grown in tissue culture often
become attenuated (7, 8, 19, 26, 29); cells derived from the
cultures become altered in tumorigenicity and immuno-
genicity (7, 14, 16). However, neither the tumorigenicity nor
the antigenicity of the AKR-A cell line has been altered in 7
months in culture. Therefore, the use of a defined tissue
culture-grown AKR tumor cell which retains the GLV-
induced antigens may offer a means of producing an
immunological response in AKR mice for prevention and
therapy of spontaneous leukemia of the AKR mice. The
rapid growth rate of the cells, resulting in potential produc
tion of large quantities of the GLV-induced antigens, makes
this cell line useful for investigation of immunotherapy.
Adequate quantities of material containing high titers of
GLV-induced antigens can be easily collected for manipula
tion to attempt induction of an immune response in the
AKR mouse.

REFERENCES

1. Aoki, T., Boyse, E. A., and Old, L. J. Occurrence of Natural
Antibody to the G (Gross) Leukemia Antigen in mice. Cancer
Res., 26: 1415-1419, 1966.

2. Axelrad, A. A. Changes in Resistance to the Proliferation of
I so transplan ted Gross Virus-induced Lymphoma Cells, as
Measured with a Spleen Colony Assay. Nature, 199: 80-83,

1963.
3. Bruce, W. R., and Van der Gaag, H. A Quantitative Assay for the

Number of Murine Lymphoma Cells Capable of Proliferation in
vivo. Nature, 799: 79-80, 1963.

4. Cailleau, R., and Munro, M. M. Chromosome Patterns in the
AKR Mouse: Spontaneous Leukemia, Ascites Transfers, and
Tissue Culture Cell Lines. J. Nati. Cancer Inst., 33: 813-824,
1964.

5. Cairns, J. Initiation of Vaccinia Infection. Virology, 11:
603-623, 1960.

6. Dalton, A. J. Chrome-Osmium Fixative for Electron Microscopy.
Anat. Record, 121: 281, 1955.

7. Dirksen, E. R., and Cailleau, R. An Electron Microscopic Study
of the Leukemia Virus in AKR and Hybrid Mice Inoculated with
Ascites Passage or Tissue Cultured Leukemia Cells. Cancer Res.,
27: 568-577, 1967.

8. Fieldsteel, A. H., Dawson, P. J., and Schaller, J. Friend Disease
and a Tumor Variant in Hybrid (BDFj) Mice. Proc. Soc. Exptl.
Biol. Med., 727: 614-617, 1968.

9. Geering, G., Old, L. J., and Boyse, E. A. Antigens of Leukemias

Induced by Naturally Occurring Murine Leukemia Virus: Their
Relation to the Antigens of Gross Virus and Other Murine
Leukemia Viruses. J. Exptl. Med., 124: 753-772, 1966.

10. Gross, L. How Many Different Viruses Causing Leukemia in
Mice? Acta Haematolo., 32: 44-62, 1964.

11. Gross, L. Neutralization in Vitro of Mouse Leukemia Virus by
Specific Immune Serum. Importance of Viral Titration. Proc.
Soc. Exptl. Biol. Med., 119: 420-427, 1965.

12. Humble, J. G., Jayne, W. H. W., and Pulvertaft, R. J. V.
Biological Interaction between Lymphocytes and Other Cells.
Brit. J. Haematolo., 2: 283-294, 1956.

13. Imagawa, D. T., Issa, H., and Nakai, M. Cultivation of Gross
Virus-induced Murine Thymic Lymphoma Cells in Vitro. Cancer
Res., 28: 2017-2026, 1968.

14. loachim, H. L. Divergence in Tumor Induction of Thymus Cells
Transformed in Vitro by Gross Leukemia Virus. J. Nati. Cancer
Inst., 42: 101-113, 1969.

15. loachim, H. L., Berwich, L., and Furth, J. Replication of Gross
Leukemia Virus in Long Term Cultures of Rat Thymomas:
Bioassays and Electron Microscopy. Cancer Res., 26: 803-811,

1966.
16. loachim, H. L., Cali, A., and Sinka, D. Age Dependent Trans-

plantability in Rats of Virus-induced Thymic Lymphoma
Cultured in Vitro. Cancer Res., 25: 132-139, 1965.

17. loachim, H. L., and Furth, J. Intrareticular Cell Multiplication of
Leukemic Lymphoblasts in Thymic Tissue Cultures. J. Nati.
Cancer Inst., 32: 339-359, 1964.

18. Klein, G., SjÃ¶gren,H. O., and Klein, E. Demonstration of Host
Resistance Against Isotransplantation of Lymphomas Induced by
the Gross Agent. Cancer Res., 22: 955-961, 1962.

19. Mayyasi, S. A., and Moloney, J. B. Induced Resistance of Mice
to a Lymphoid Strain of Leukemia Virus (Moloney). Cancer, 20:
1124-1130, 1967.

20. Mollenhauer, H. H. Plastic Embedding Mixtures for Use in
Electron Microscopy. Stain Technol., 39: 111-114, 1964.

21. Old, L. J., Boyse, E. A., and Stockert, E. Typing of Mouse
Leukemias by Serological Methods. Nature, 201: 777-779, 1964.

22. Old, L. J., Boyse, E. A., and Stockert, E. The G (Gross)
Leukemia Antigen. Cancer Res., 25: 813-819, 1965.

23. Old, L. J., Stockert, E., Boyse, E. A., and Geering, G. A Study
of Passive Immunization against a Transplanted G+ Leukemia
with Specific Antisera. Proc. Soc. Exptl. Biol. Med., 124: 63-68,
1967.

24. Parker, J. C., Tennant, R. W., and Ward, T. G. Prevalence of
Viruses in Mouse Colonies. Nati. Cancer Inst. Monograph, 20:
25-45, 1966.

25. Reynolds, E. W. The Use of Lead Citrate at High pH as an
Electron-opaque Stain in Electron Microscopy. J. Cell Biol., 17:
208-212, 1963.

26. Sinkovics, J. G., Bertin, B. A., and Howe, C. P. Occurrence of
Low Leukemogenic but Immunizing Mouse Leukemia Virus in
Tissue Culture. Nati. Cancer Inst. Monograph, 22: 349-367,
1966.

27. Wahren, B. Demonstration of a Tumor-specific Antigen in
Spontaneously Developing AKR Lymphomas. Intern. J. Cancer,
1: 41-50, 1966.

28. Woods, W. A., and Robbins, F. C. Effect of Actinomycin D on
Growth of Rubella Virus in Tissue Cultures. J. Gen. Virology, 3:
43-49, 1968.

29. Youn, J. K., Barski, G., and Barbieri, D. MÃ©canismed'immuniza-
tion prÃ©ventiveÃ  l'Aide de cultures de Virus de Rauscher a

Pouvoir LeucÃ©migÃ¨neAttÃ©nuÃ©.Intern. J. Cancer, 3: 116-125,
1968.

AUGUST 1970 2151

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2386916/cr0300082147.pdf by guest on 19 M

ay 2023



Woods, Wivel,Massicot, and Chirigas

Fig. 1. Primary culture of AKR-ascites cells 4 days after seeding. Lymphoblastic cells floating in medium and attached to large macrophages.
Phase contrast, X 250.

Fig. 2. Primary culture of AKR-ascites cells 5 days after seeding. Immunofluorescent stain of acetone-fixed culture. Clumps of brightly
fluorescing lymphoblastic cells attached to unstained macrophages. X 160.

Figs. 3 and 4. AKR-A cells from fluid of 7th passage. Phase contrast, X 400.
Fig. 5. Membrane fluorescence of AKR-A cells. Unfixed lymphoblastic cells from tissue culture fluid of AKR-A culture 36 days after

seeding of primary AKR-ascites cells. X 400.
Fig. 6. A lymphoblastic cell with a large nucleus, scanty cytoplasm, and multiple cytoplasmic vacuoles. X 17,500.
Fig. 7. A portion of a macrophage with an adjacent lymphoblast. The macrophage nucleus (M) is in the upper right portion of the field, and

the lymphoblast cytoplasm (L) is in the lower right portion. Note that there are no cell junctions or attachments along the adjacent plasma mem
brane of the lymphoblast and the macrophage. X 12,000.

Fig. 8. A portion of macrophage cytoplasm showing remnants of partially digested cells, myelin figures, and extensive vacuolation of the
cytoplasm. A lymphoblast (L) occupies the upper left portion of the field. X 12,000.

Fig. 9. A budding C-type particle; this form was seen rarely when compared to the mature C particles in the extracellular spaces. X 150,000.
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