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appearance, however, remains to be eluci- 
dated. 

Summary. 1.  With the aid of an intragas- 
tric buffering technic, albumin and 7-globulin 
were detected in gastric aspirates of human 
sulbjects without gastric disease. 2. The 
range of albumin concentration in these gas- 
tric aspirates was 17-451 pg/ml whereas that 
for 7-globulin was 33-95 pg/ml. Estimates 
of the corresponding minimum 24-hour ou't- 
puts for these 2 proteins were 21-690 mg and 
33-384 mg respectively. 3. Saliva aspirated 
concomitantly with gastric contents also con- 
tained these plasma proteins, but not invari- 
ably. 4. It is unlikely that the gastric juice 
proteins derived in significant degree from 
saliva because of (a) the careful continuous 
removal of saliva by oral aspiration, and (b) 
presence af significant amounts of plasma 
proteins in gastric aspirates of individuals 
whose saliva did not contain detectable 
amounts of these proteins. 
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A number of investigators have cultivated 
human bone marrow cells in vitro as reviewed 
by Bloom( l ) ,  Reisner(2) and Lajtha(3). 
The technics employed have varied accord- 
ing to the purpose for which the cultures were 
to be used. 

The purpose of the present study was to 
devise a technic for isolation and serial propa- 
gation of bone marrow cells from leukemic 
and nonleukemic children which would: 

(1) Allow for cytologic studies af cells in 
long-term culture so that unmasking 
of latent viral agents could be ob- 
served. 

* This investigation was supported by American 

t Postdoctoral trainee, Nat. Inst. of Allergy and 
Cancer SOC. and U. S. Public Health Service. 

Infect. Dis., N.I.H. 

(2) Provide cultures on which to perform 
hemadsorption studies to detect the 
presence of latent viral agents. 

(3) Provide normal bone marrow cell cul- 
tures which could be used for attempts 
to isdate cytapathogenic agents from 
saline suspensions and phenol extracts 
of human leukemic tissues. 

The present report describes a simple technic 
for cultivation df fibroblast-like cells from hu- 
man bone marrow and the results of cytologic 
and hemadsorption studies upon such cells. 

Materials and methods. Nutrient medium. 
The nutrient medium consisted of Eagle's me- 
dium(4) supplemented with 207% inactivated 
calf or human Serum, 5 %  human cord serum, 
and 5% beef embryo extract.# Penicillin, 

$ All ingredients were obtained from Microbio- 
logical Associates, Inc., Bethesda, Md. 
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streptomycin and nystatin were added to a 
final concentration of 100 units, 100 pg and 
100 units respectively. 

Primary isolution. lliac crest bone mar- 
row was aspirated into syringes wet with l ?  
versene and 0.5 ml was suspended in 24 ml 
of nutrient medium. After gentle mixing, 4 
ml was pipetted into each of 6 Leighton tubes 
with coverslips and incubated at 37°C at a 
10" slant. After 24 hours, the nutrient me- 
dium was replaced, thereby removing the 
bone marrow cells not attached to the cover- 
slips together with the red blood cells. The 
cultures were then refed with fresh nutrient 
medium and incubation continued. 

Subcultures. Serial subcultivation of f u l l j r  
grown cultures was made after 5 to 21 days 
depending upon rate of growth of each cul- 
ture, The fibroblast-like cells were dispersed 
from the surface of the glass by replacing the 
nutrient medium with 2.5 ml of versene-tryp- 
sin solution (0.125% versene and 0.125% of 
trypsin) and incubating at room temperature 
for 10 minutes. The dispersed cells were 
sedimented by centrifugation at 1000 rpni 
for 10 minutes and the cell button was resus- 
pended in nutrient mediuni and recultivated 
in Leighton tubes or milk dilution bottles. 
For mass cultures. the cells were passed from 
milk dilution bottles into 1 liter Blake bottles 
or 5 liter Povitsky bottles. Primary cultures 
and subcultures were refed with fresh nu- 
trient medium every 5 to 7 days. 

\I'hen adequate growth had oc- 
curred. the coverslips were removed from the 
Leighton tubes. fixed in absolute methanol 
and stained with May-Grunwald-Giemsa. I n  
general. stained preparations were made of 
each passage of every cell line. 

Herrindsorptioii sfirdies. I'ogel and Shela- 
kov's technic( 5 )  for demonstrating the pres- 
ence of hemadsorbing viruses was used i n  
these studies. 

Resdts.  A total of 58 fibroblast-like cell 
lines was isolated \from 65 bone marrow as- 
pirates of 43 leukemic, 18 nonleukemic and 
4 children with lymphomas (2 Hodgkin's dis- 
ease and 2 lymphosarcomas) . Siiccessful 
isolation of fibroblast-like cells was similar 
from nlonleukemic bone marrow specimens 
(17/18), and $from leukemic (38/43) and 

Staining. 

lyniphoma specimens (3 /4) .  Of those culti- 
vated successfully in calf serum, there was 
no significant difference in metabolic rate or 
mean survival time in vitro between 4 non- 
leukemic cultures (60.5 days) and 14 leuke- 
mic bone marrow cell cultures (65.2 days) 
(p>0.7 by the 2-sided "t" test for difference 
between mean survival times). When culti- 
vated in human serum, mean survival time of 
14 nonleukemic cultures was 52.8 days and 
of 24 leukemic cultures, 85.8 days (signifi- 
cant at  p<O.Ol). Mean survival times of 
leukemic bone marrow cultures in human se- 
rum or in calmf serum were not significantly 
different (p>0.05), nor were mean survival 
times of nonleukeniic bone marrow cultures 
in these sera (p>0.05). No differences were 
observed between cultures from nonleukmic 
and leukemic patients in number of serial 
transfers that could be made. From both 
sources, 4 specimens grew only in primary 
culture. Seven cultures survived one trans- 
fer. 23 were maintained for 2-5 serial trans- 
fers. 16 for 6-10 transfers, 7 for 11-15 trans- 
fers. and 1 for 21 transfers. Thereafter, #from 
both nonleukemic and leukemic patients the 
cells became swollen, granular and ceased 
proliferating. The majority of cells ceased 
proliferating after 1 to 3 months. The cell 
line that was maintained for 21 subcultures 
survived 6 months. This line was derived 
from a leukemic child. None of the fibro- 
blast-like cells transformed to an epithelial- 
like cell morphology during these studies (6)  
and none could be maintained in continuous 
culture as permanent lines. Five cell lines 
from nonleukemic bone marrow were culti- 
vated in 1 liter Blake bottles. From these 
mass cultures, large numbers of replicate tube 
cultures were prepared for use in transmis- 
sion experiments of saline suspensions and 
phenol extracts of leukemic tissue. Nine sa- 
line suspensions and 12 phenol extracts have 
been inoculated into these cultures. No viral 
cytopathology was observed. These data will 
be reported separately. 

Cytologic observutions. No cytologic dif- 
ferences were observed between nonleukemic 
and leukemic cell cultures. Erythroblasts, 
lymphocytes, megakary ocy tes, leukocytes 
and their precursors became attached to the 



HUMAN BONE MARROW CELL CULTURES 469 

FIG. 1. Normal bone marrow cells after 9 days in primary culture. Note elongation of 

FIG. 2. Fibrohlast-like cells derived from normal bone marrow cells in %id passage. 800 X . cytoplasm of some small round cells. 300X. 

coverslips within 24 hours and gradually lost 
their in vivo characteristics or disappeared 
after 3 or 4 days of culture. Large round 
cells similar to the phase 11 cells of Berman 
(6) were noted on the 5th to the 7th day. 
At about the same period, spindle-shaped 
celIs which appeared fibrolblast-like were 
formed apparently by the elongation of the 
cytoplasm of small round cells (Fig. 1 ) . By 
the 10th to the 14th day, a monolayer sheet 
of fibroblast-like cells covered the entire cov- 
erslip and replaced all other cell types (Fig. 
2 ) .  

After the 3rd passage, the fibroblast-like 
cells exhibited increasing numbers of cyto- 
plasmic vacuolations and the presence of 
pinkish bodies (MGG stain) probably due 
to engulfed media or phagocytized cell frag- 
ments. 

No evidence of viral cytopathology was 
noted during the prolonged in vitro cul tiva- 
tion in any culture that might have suggested 

the unmasking of adenoviruses or of salivary 
gland viruses as has been done (from normal 
adenoid tissue ( 7,8) . 
The stained cell cultures showed no multi- 

nucleate giant cells, intracytoplasmic or in- 
tranuclear inclusions which might have sug- 
gested the presence of viral agents (9).  Four 
cultures stained with acridine orange and ob- 
served with fluorescence microscopy shawed 
the expected green nuclear chromatin and 
orange cytoplasm( 10,11) but no unusual dis- 
tribution of nucleic acids. 

Hemadsorption studies. No hemadsorp- 
tion of guinea pig erythrocytes occurred in 14 
monolayer cell cultures derived from leuke- 
mic bone marrows. Two 04 8 nonleukemic 
bone marrow cell cultures did adsorb guinea 
pig erythrocytes. The cause of this hemad- 
sorption was undetermined. One od these 
was derived from a child with a lung abscess 
and the other from a child with iron defi- 
ciency anemia. Hemadsorption studies done 
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on uninoculated monolayer cell cultures of 
monkey kidney tissue$ showed a positive test 
in 29 of 39 batches tested. These observa- 
tions are in agreement with those of Emery 
(12) who described hemadsorption in 24 
of 44 batches of monkey kidney cell cultures. 
His studies suggest that this was due to the 
presence of simian hemadsorbing viruses in 
the cells. In  our studies, no cultures of hu- 
man fibroblasts$ (0/28 batches) or of pri- 
mary human amnion cellsd (0/20 batches) 
showed hemadsorption. 

Discussion. The cultural conditions used 
in these studies obviously favored the appear- 
ance of fibroblast-like cells. Whether such 
cells were derived from hemic or connective 
tissue has been studied by other investigators 
but is not clear: however, both monocytes 
and lymphocytes apparently can transform 
into fibroblast-like cells ( 13- 16). If our cells 
were derived from stromal elements, perhaps 
the purpose of the present study has failed 
other than to describe a source of human 
fi broblas t-li ke cells. 

Despite his successes in establishing 
strains of human cell lines from various nor- 
mal and malignant tissues. Foley( 17) failed 
to establish cell lines from the peripheral 
blood and bone marrows of leukemic children. 
He used no feeder layer in his technic. Ac- 
cording to Foley’s criteria that a cell line is 
“isolated” after 3 serial passages in vitro and 
“established” after 6 months of continuous 
propagation, 13 of our cell lines from nonleu- 
kemic and 28 from leukemic bone marrows 
were “isolated” but only one cell line from a 
leukemic bone marrow was “established”. 
However. this cell line did not survive and 
become a permanent line. Swim ( 18) has ob- 
served that despite the long list of perma- 
nent cell lines, “the cell culture methods cur- 
rently in general use do not permit the con- 
tinuous growth of cells from any tissue with 
a high degree of regularity.” 

Although our cell cultures derived from 
leukemic bone marrow survived significantly 
longer in human serum than did cell cultures 
from nonleukemic marrow. we do not know 
the biologic significance of this observation. 
0 Obtained from Microbiological Associates, Inc., 

Hethesda, Md. 

- -- __ - . 

Discussion of the dliff erences between cells 
derived drom normal and malignant sources 
has been presented( 19). 

In addition, although none of our lines be- 
came permanent, a t  least our cell cultures 
have not been contaminated with the perma- 
nent cell lines carried in this labratory(20). 
Recently, Berg and Rosenthal( 16) were suc- 
cessful in cultivating fibroblastic cells from 
the marrows of leukemic and nonleukemic 
children by using a feeder layer af human 
amnion cells. However, their attempts to 
cultivate bone marrow cells directly on glass 
were “infrequently successful.” Among other 
possibilities, the success of our technic com- 
pared to theirs perhaps could be explained by 
the <fact that we diluted 0.5 ml of bone mar- 
row to inoculate 6 cultures while they diluted 
1-3 ml of bone marrow to inoculate 60 cul- 
tures. 

A number of investigators have attempted 
to isolate viral agents from human leukemic 
tissues( 16,2 1-23). Recently, Hanshaw (24) 
has isolated salivary gland virus from the 
urine af 3 children with leukemia and one 
with Hodgkin’s disease. In addition, one of 
the leukemic children who shed SGV concur- 
rently excreted an adenovirus. One might 
wonder if these agenlts could be unmasked 
from kidney cell cultures of leukemic chil- 
dren. During the present studies of cell cul- 
tures derived from bone marrow, no known 
or unknown hulman virus was unmasked. 

Simmary. Human bone marrow aspirates 
were suspended in nutrient media and dis- 
pensed into Leighton tubes with coverslips 
but no feeder layer. Fibroblast-like cell 
sheets were cultivated ifrom 17 af 18 (94%) 
nonleukemic children and from 42 of 47 
( 8 9 y )  children with leukemia or lympho- 
mas. Such cell cultures could be maintained 
in serial subcultivation for 1 to 21 passages. 
No differences in morphology or rate of me- 
tabolism in vitro were observed between ncm- 
leukemic and leukemic cultures. Leukemic 
cell cultures survived sign’ifican tly longer 
than nonleukemic cultures when cultivated in 
human serum. None became permanent cell 
lines. Unstained and stained preparations trf 
every passage of each cell line (failed to reveal 
the unmasking of any latent viral agent. Leu- 
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kemic cell cultures failed to hemadsorb 
guinea pig erythrocytes. The technic de- 
scribed provides a simple method for culti- 
vation of human fibrolblast-like cells on cov- 
erslips without a feeder layer. Such prepa- 
rations may be useful in hematological or 
microbiological studies where cytological ob- 
servations are important. 

The authors gratefully acknowledge Drs. Ham- 
mond, Brubaker, Hymen and Williams, Dept. of 
Hematology, Children’s Hospital of Los Angela, for 
co-operation in obtaining specimens for this study. 
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