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A small number of cells in most con- 
tinuous cultures derived from Burkitt 
lymphomas harbor herpes-like virus 
particles (1-3), as judged from electron- 
microscopic examination. Apparently, 
the same type of virus has also been 
found in some cell lines established 
from peripheral leukocytes of leukemic 
patients (4) or even of healthy donors 
(5). The virus-producing cells in these 
cultures can readily be detected by in- 
direct immunofluorescence tests not on- 
ly with serums from patients with Bur- 
kitt lymphoma, but with many other 
human serums, regardless of source (6, 
7). By various procedures, it was shown 
that the fluorescent cells contain virus 
particles (8), that serums which yield 
positive immunofluorescence have anti- 
bodies to the viral capsid (9), and that 
the agent represents a hitherto-unknown 
member of the herpes group of viruses 
(6, 10). Whether this widely dissemi- 
nated virus is merely a passenger in 
these cultures or whether it plays a role 
in the etiology of lymphomas, leuke- 
mias, or any other human illnesses is 
unknown. Attempts to transmit this 
agent to other host systems have not 
been successful, possibly because most 
of the virus particles are defective (1, 
3, 11). Nor has it been possible to in- 
duce tumors in animals or to transform 
normal cells in vitro by addition of in- 
tact or disintegrated cell suspensions or 
by virus particles extracted from such 
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suspensions. The presence of a chr omo- 
somal marker in cultured Burkitt cells 
has been described (12, 13); this mar- 
ker consists of a subterminal constric- 
tion or achromatic gap on the long arm 
of one or both No. 10 chromosomes. 
There is some evidence that the same 
marker may also be found in some of 
the cell lines derived from leukemic 
patients (13, 14). The cause for this 
abnormality has not been established, 
but it could be due to the herpes-type 
virus associated with Burkitt and other 
cell lines, as indicated by our current 
finding that the herpes-type virus can 
be transmitted to normal peripheral 
leukocytes and that it may stimtulate 
their growth. 

Since infections by certain viruses 
of the herpes group are spread predom- 
inantly by close cell-to-cell contacts 
rather than by dissemination of virus 
via the fluid medium, it was desirable to 
explore the effects of nonreplicating 
Burkitt cells on other human cells on 
mixed cultivation with the use of the 
chromosomal sex of the two types of 
cells as marker for identification of out- 
growing cell populations. The general 
techniques were as follows. Lethally 
x-irradiated (3000 to 6000 roentgens) 
cells from two Burkitt lines of cells 
derived from males served as "donors"; 
one harbored herpes-type virus parti- 
cles in 3 to 5 percent of the cells 
(Jijoye), the other in none (Raji). The 
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"recipient" cells were leukocytes of fe- 
male infants; the cells were separated 
from 15 ml of peripheral blood after 
addition of 5 ml of a 6 percent dextran 
solution. The Burkitt cells were mixed 
immediately after irradiation or up to 6 
days later with fresh or 1-day-old leu- 
kocyte suspensions (1 to 2 x 106 cells/ 
ml, each) and incubated at 37?C for 2 
to 24 hours in conical centrifuge tubes 
to permit close contact between the 
settled cells. Donor and recipient cells 
were handled separately in parallel, as 
controls. The mixed and individual cells 
were then seeded in equal numbers (2 
to 4 X 06) onto monolayers of human 
diploid female fibroblasts (WI-38) 
which are known not to grow in sus- 
pension; these cultures were maintained 
by frequent renewal of the medium dur- 
ing a 2- to 8-week period. The media re- 
moved each time contained numerous 
floating cells which were used to set 
up suspension cultures, or to augment 
already existing ones of the correspond- 
ing series. These suspension cultures 
were observed for evidence of replica- 
tion and eventual establishment of con- 
tinuous lines. 

Many facets of the culturing proce- 
dures remain to be analyzed. How- 
ever, the available results are encour- 
aging. In all seven experiments thus 
far, the normal peripheral leukocytes 
were induced to grow within 2 to 4 
weeks after mixed cultivation with x- 
irradiated Jijoye cells (virus-positive); 
Raji cells (virus-negative) did not in- 
duce growth. Separate cultures of the 
leukocytes as well as of the x-irradiated 
Burkitt cells failed to survive for any 
length of time under our experimental 
conditions. 

Five of the growing mixed cultures 
were maintained for 6 to 8 weeks be- 
fore rapid replication began, after 
which subcultures could be made at 5- 
to 7-day intervals. Thus, sufficient num- 
bers of cells for detailed analyses be- 
came available from these five cultures. 
From 100 to 300 cells in metaphase 
from each culture-Ba, Ry, McC, Na, 
and Re-were examined, and none 
contained a Y chromosome. Thus, cer- 
tainly less than 0.3 to 1 percent of 
the cells, if any, could be of the donor 
type, and, at most, 0.03 to 0.05 per 
cent of the total cell population would 
be expected to reveal immunofluores- 
cence specific for the Burkitt-associated 
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Leukocytes after Growth with Irradiated Burkitt Cells 

Abstract. Cultured cells derived from male patients with Burkitt's lympholna 
and harboring herpes-type virus particles were lethally irradiated. These ir'- 

radiated cells induced normal peripheral leukocytes of female infants to grow 
within 2 to 4 weeks after mixed cultivation. Cells of a line free of this agent 
failed to stimuIlate growth. If either type of cell was cultured separately, it did 
not survive under the experimental conditions. Herpes-type viral antigen and 
C-group chromosomal marker previously described in cultured Burkitt cells 
were found in all of the female cell cultures that were obtained. 
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various intervals, each of them showed, 
on one or more occasions, at least 0.5 

percent immunofluorescent cells (Table 
1). Indeed, herpes-type virus particles 
were discovered in the Ry culture, the 
only one examined thus far by electron 
microscopy (15). The cells containing 
viral antigen in the Ry culture increased 
gradually to about 25 percent which 
was accompanied by a marked reduc- 
tion in the cellular growth rate. After 
recovery of the culture, only 0.1 to 
0.2 percent of stainable cells were ob- 
served. No fluorescence characteristic 
of this agent could be elicited in smears 

of fresh leukocytes made prior to their 
cultivation, I-or in cells of control leuko- 

cyte cultures after several days of in- 
cubation. Serums of three of the in- 
fants who contributed leukocytes were 
tested for antibodies to the Burkitt- 
associated agent; the results were neg- 
ative, indicating that they had not been 
infected with this virus. Thus, the 
herpes-type virus apparently was trans- 
mitted from the Jijoye cells to the 
leukocytes during mixed cultivation. 

Further analysis of the five cultures 
(Table 1), now in their 3rd to 8th 
months of continuous growth, revealed 

Table 1. Analysis of cultures obtained from mixtures of x-irradiated male Jijoye cells and 
peripheral leukocytes of female infants. The cultures of Jijoye cells contained from 3 
to 5 percent cells with viral antigen. 

Period Cells Chromosomal analysis Cells with with Cul- of Cells C-group 
tures growth 

v 
(No.) Counts___ marker u 

(rMegro.) antigen Counts 
(%) 44 45 46 47 XY XX 

Ba 8 0.5-1.0 65? 1 3 62 0 0 62 7.8 

Ry 5 2-25? 100t 1 9 90 0 0 90 8 
McC 4 0.3-1.0 100 0 6 94 0 0 94 5 
Na 3 0.3-0.5 100 2 14 82 2 0 84 16 
Re 3 0.1-0.3 100 1 11 88 0 0 88 8 

* Hypodiploid cells not included. t Additional 200 cells in metaphase were studied earlier, all 
being XX. $ Additional 100 cells in metaphase studied earlier. ? This culture went through a 
"crisis" and shows now 0.1 to 0.2 percent positive cells. 
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Fig. 1. Karyogram of a McC cell showing subterminal secondary constrictions in the 
No. 10 chromosome. 
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that well over 80 percent of the cells 
contained 46 XX chromosomes, and, 
more intriguing, that between 5 and 
16 percent of the female cells con- 
tained the same C-group chromosomal 
marker as in Burkitt cell lines (12, 
13). A karyogram of a McC cell with 
this marker is shown in Fig. 1. Since 
this chromosomal abnormality has not 
been observed in normal peripheral 
leukocytes, there is little doubt that its 
appearance in the female cells of the 
five cultures is related to their exposure 
to the male x-irradiated Jijoye cells. 

The foregoing observations may de- 
note that the herpes-type virus found 
in cultured Burkitt cells induces a per- 
sistent chromosomal lesion and facili- 
tates continuous growth of hematopoie- 
tic cells with a remarkable degree of 
frequency. The possibility of a release 
of a growth-promoting factor (16) 
from x-irradiated Jijoye, but not from 
Raji cells, remains to be explored. 
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