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Conflicting reports have appeared in the 
literature in recent years concerning the role 
of bone marrow lymphocytes as hemopoietic 
stem cells or immunologic entities ( 1-6). 
These issues have not been resolved by 
studies employing whole bone marrow where 
the mixed cell populations make certain in- 
terpretations difficult. Secondly, no consis- 
tently effective techniques have been previ- 
ously available for isolating relatively pure 
fractions of the various cell types to study 
their functional potentiality. Prior attempts to 
separate bone marrow into its cellular com- 
ponents have utilized the properties of differ- 
ential surface adherence of cells to fibers (1, 
7), or differential sedimentation by size and 
density (4, 8-10). Some of these methods 
have provided fractions significantly enriched 
with lymphlocytes, but these fractions also 
contained large numbers of contaminating 
cells, such as blasts, whose presence is com- 
plicating and renders definitive interpreta- 
tions impossible. The present study was un- 
dertaken to develop a more refined separation 
procedure that might yield purer fractions 
of bone marow lymphocytes, and possibly 
f,acilitate the characterization of these lym- 
phocytes by a variety of biochemical and 
functional properties. 

Materials and Methods. a. Preparation of 
~~ 
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bone marrow cells. Marrow used for each 
experiment was flushed from the femora of 
either CF 1 mice or Charles River rats, using 
Tris-buffered minimum essential medium 
(Tris-MEM, pH 7.2). After careful aspira- 
tion, the cells were filtered through a single 
layer !of sterile Kimwipe (Kimberly-Clark) , 
and concentrated by centrifugation at 1000 
rpm for 10 min. The cell button was suspend- 
ed in a 1 :  1 solution of fetal calf serum and 
Tris-MEM. Varying cell numbers were lay- 
ered on sucrose-serum gradients to determine 
optimum cell numbers. 

b. Cell separation on sucrose-serum gradi- 
ents. Linear density gradients were prepared 
with a 10-ml gradient maker containing a 
lighter solution of 5 %  sucrose in Tris-MEM 
(diluted to half strength), and 20% fetal calf 
serum. The heavier component was a 15% 
sucrose solution containing 20% serum. This 
procedure, which is a modification of that 
described by Osmond ( 9 ) ,  substituted calf 
serum for autologous serum and introduced 
Tris buffer to maintain a physiologic pH. The 
gradients were prepared fresh in 14-mm diam- 
eter cellulose nitrate tubes (Servall) . One 
ml of cell suspension was layered on top of 
each gradient and the preparation was centri- 
fuged at  1000 rpm for 5 min at  4 O  in a PR2 
International Centrifuge (Head No. 253). 
The fractions into which the marrow cells 
separated were collected individually by Pas- 
teur pipette from the top of the gradient. The 
cell fractions were washed in MEM, counted 
by hemocytometer, and smeared for micro- 
scopic analysis. Cell viability was assessed by 
trypan blue exclusion, Incorporation of 1251 
deoxyuridine (1251 DU, 0.5 pCi/ml) and triti- 
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TABLE I. Cell Yield in Absolutc Numbers (Abs) and Percent:ige of Bone Marrow Fractions 
Separated 011 Sucrose Density Gradients. 

Fractions: 1 

Expt. Marrow Abs 
110. donor x lo6 70 

2 3 4 
~~ 

Abs 
x 10" % 

Abs 
x lo0 % 

5 Mice 
6 

7A Rats 
7B 
8 
9 

Meal (70) 
t SEM 

5.5 2.4 
1.2 0.7 

1.8 1.7 
1.2 1.1 
1.2 0.7 
1.6 1.0 

1.37 
0.27 

9.5 4.1 
7.8 4.4 

4.2 4.0 
3.0 2.8 
7.2 4.2 

12.0 7.4 

4.48 
0.63 

5.0 2.2 
13.5 7.5 

5.4 5.1 
4.2 3.8 

13.2 7.6 
4.8 3.0 

4.87 
0.93 

210.0 91.3 
158.5 88.1 

04.2 89.2 
102.6 92.3 
151.2 87.5 
143.2 88.6 

89.50 
0.77 

ated thymidine ("Tdr, 1 pCi/ml) into 
DNA during a 2-hr pulse at 37", was also 
used as an index of the metabolic condition 
of the cells following their removal from the 
gradient. The cell fractions exposed to 
3HTdr, were processed by autoradiography 
and the lZ5I DU-treated cells were washed 
three times and the percentage of the label 
incorporated was determined by well-type 
scintillation counter. Differential cell counts 
were performed on Jenner-Giemsa stained 
smears by enumerating 1 OW-4000 cells/f rac- 
tion. 

Results. Bone marrow cells obtained from 
mice or rats sedimented into five fractions 
on the sucrose-serum gradient. The two 
lightest fractions containing only a small 
number of cells, were combined for conve- 
nience and together designated Fraction 1 .  
Fraction 2 appeared as a dense, well-defined 
band which contrasted sharply with the 
slightly cloudy layers of Fractions 1 (above 
i t)  and 3 (below i t ) .  A clearly circumscribed 
button of cells sedimenting to the bottom of 
the tube was called Fraction 4. Analysis by 
light microscopy revealed that the three up- 
permost fractions (Fractions 1, 2, and 3 ) ,  
contained a predominance of lymphocytes 
(Fig. l ) ,  the highest percentage of which 
(90-997h) was present in Fraction 2.  Al- 
though the majority of the lymphocytes ap- 
peared relatively homogeneous, being 7 to 9 p 
in diameter, with a heterochromatic nucleus 
and pale-staining cytoplasm, Fraction 3 con- 
tained in addition, a small percentage of lym- 
phocytes, which featured deep cytoplasmic 

basophilia and partially developed euchroma- 
tic nuclei (Fig. 2 ) .  This small group of cells 
was designated transitional cells, adopting the 
terminology of Yoffey et at?. ( 1  1 )  who de- 
scribed similar cells in the bone marrow of 
guinea pigs. The contaminating cells in the 
lymphocyte fractions were orthochromatic 
normoblasts, neutrophils, and less than 1 % 
undifferentiated blast cells. Cells were 
classified as blasts if they possessed euchro- 
matic nuclei, nucleoli, and basophilic cy to- 
plasm lacking in specific granulation. The 
purity of the lymphocyte fractions depended 
upon the numbers of bone marrow cells lay- 
ered on the gradient, 150-200 x lo6 cells 
being optimal. Fraction 4 generally contained 
less than 10% small lymphocytes and virtu- 
ally all of the large cells including young 
erythroid and myeloid cells, megakaryocytes, 
and undifferentiated blasts. This fraction 
also displayed a striking assemblage of ma- 
t ure pol ymorphonuclear leukocytes, late 
stages of nucleated erythroid cells and small 
numbers of plasma and reticulum cells. Ma- 
ture erythrocytes in the marrow were dis- 
tributed mainly to Fractions 2 and 4. 

Cell recovery in Fraction 1 was about 1% 
and roughly 5 %  each for Fractions 2 and 3 
(Table I).  This recovery in the three lympho- 
cyte-rich fractions represented 30-40% of the 
total lymphocytes present in marrow sampIes 
containing 2 5-28 % lymphocytes. Cell viabil- 
ity was also high as indicated by trypan blue 
exclusion test which provided viability counts 

When the marrow fractilons were compared 
of 92-99%. 
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FIG. 1. Differential cell counts of the fractions obtained from bone marrow sedimented through a 
sucrose-serum gradient. The values represent the mean -+- 1 SD of 7 expts. The fractions are 
numbered consecutively from the lightest (Fraction 1)  to the heaviest (Fraction 4). 

for their capacity to incorporate lZ5I de- 
oxyuridine into DNA, the data of Fig. 3 
were obtained. Each value represents the 
mean percentage incorpolration for quadruple 
cultures, each containing 8 x lo6 cells. As 
shown, DNA synthesis was confined largely to 
2 groups of cells, namely, Fractions 3 and 4. 
Fraction 2, with its almost pure population of 
small lymphocytes, showed only about 0.5% 
uptake. The technique thus apeared to have 
separated one subpopulation of lymphocytes 
that could be distinguished by its ability to 
synthesize DNA, from others that were not 
replicating (Fractions 1 and 2 ) ,  at  least, not 
during the interval studied. Autoradiographic 
analysis supported this conclusion. While only 
an occasional cell was labeled in Fractions 1 
and 2 ,  large numbers were found in Fraction 
3. The majority of these labeled cells in Frac- 
tion 3 were identified as transitional cells (Fig. 
2F). A variety of cell types including undif- 
ferentiated blasts, and young myeloid and 
erythroid elements were synthesizing DNA in 

Fraction 4 (Fig. 2 ) .  
Table TI compares the results of some tech- 

niques employed by various investigators for 
the separation of bone marrow lymphocytes. 
Comparing the sedimentation time, and the 
purity and cell yield of the lymphlocyte frac- 
tions, it appears that the present technique 
and that originally employed by Osmond (9) 
are the most efficient. The modifications in- 
troduced in the present study (calf serum 
and a Tris-buffered system) provide still 
greater advantages in purity and cell yield. 
In addition, the lymphocytes are segregated 
into different fractions, a feature which facili- 
tates their individual study and possible 
characterization as subpopulations by a vari- 
ety of functional criteria. 

Discussion. The present modification of 
the original sucrose-serum gradient technique 
(9) appears to offer a technical advantage in 
separating lymphocytes from the hetero- 
genous bone marrow populations. The system 
obviates the use of autologous serum and 
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FIG. 2 .  Photomicrographs of bone marrow cells fractionated on a sucrose-gradient: (A, B )  
small lymphocytes of Fraction 2 ;  (A) 3880X ; (B) 1600X ; (C, D) transitional cells (indicated by 
arrows) of Fraction 3 .  3880X ; (E, F) cells of Fraction 4. Note the predominance of mature 
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FIG. 3 .  Pepcentage incorporaticon of 1251 deoxyuri- 
diee into cell fractions obtained from bone marrow 
sedimented through the sucrose-serum gradient. The 
values represent the mean percent f 1 SD of quad- 
ruple cultures, each containing 8 X 10s cells/4-m1 
cultures, and 0.5 pCi of '%I DU/ml, in a 2-hr pulse. 
Fraction 1 had only 2 cultures each with 0.3 X 10' 
cells. WBM : bone marrow unfractionated. 

does not require a double sedimentation pro- 
cess to obtain lymphocytes of high purity. 
The lymphocytes are themselves segregated 
by size and density into three major fractions 
which together account for a recovery of 
30-40 percent of the total lymphocyte popu- 
lation present in the original marrow sample. 
This value contrasts strongly with the 5 per- 
cent yield reported previously (9).  

The technique also avoids some olf the un- 
desirable features associated with other sys- 
tems. Sedimentation of bone marrow cells 
through an Isopaque gradient requires about 
2.5 hours (8). In our experience this 
procedure results in high mortality, low cell 
yields, and significant contamination with 
blastic elements. A time-consuming method 
employing a double procedure of fiber filtra- 
tion followed by sedimentation through a 
dextran gradient ( 7 )  achieves increased lym- 
phocyte enrichment, but does not reduce blast 
cell contamination to acceptable levels. In 

contrast, the present technique achieves a 
striking reduction of blastic elements among 
the lymphocytes, particularly in Fraction 2. 
The short sedimentation interval (5  minutes) 
and careful maintenance of the pH may also 
have contributed to the high viability and 
excellent morphologic integrity of the cells 
removed from the gradient. A 2-hour pulse 
labeling of the cells with E3Tdr or 1125 DU, 
resulted in levels of incorporation that com- 
pared favourably with unfractionated bone 
marrow, indicating that the cells maintained 
intact metabolic functions. 

Au toradiographic assessment showed that 
of the three lymphocyte bands, Fraction 3 
contained the largest numbers of cells labeled 
with DU or H3Tdr. These observations 
corroborate the findings of other reports (11, 
12, 13) that lymphocytes in bone marrow 
synthesize DNA. The present studies further 
identify this group of cells by physically sepa- 
rating them from a group of non-proliferating 
lymphocytes. The interrelationship between 
these subpopulations of lymphocytes remains 
to be determined. The results of these 
studies suggest that the present technique 
may provide a means of classifying bone 
marrow lymphocytes into subpopulations on 
the basis of their sedimentation characteris- 
tics and proliferative capacity. This would 
provide a unique opportunity to explore the 
enigmas of bone marrow lymphocytes in 
terms of their immunologic and hematopoiet- 
ic roles. It would also extend previous studies 
which have indicated the heterogeneity of 
lymphocytes in terms of their Iife span (14), 
migration ( 15), and immunologic functions 

Summary. Bone marrow cells sedimented 
through a linear sucrose gradient containing 
fetal calf serum, separated into four major 
fractions. Three of these were lymphocyte- 
rich fractions that may be as high as 99 
percent pure. About 40 percent of total mar- 
row lymphocytes (originally 2 5-28 percent) 
were removed in these three fractions. The 
technique offers the advantage of short sedi- 
mentation intervals ( 5  minutes) and high 

(16)  - 

granulocytes. Immature cells and few small lymphocytes are also present. (E) 16OOX ; (F) 3880X ; 
( G )  transitional cell of Fraction 3 labeled with '=I deoxyuridine; (H) bIast cells of Fraction 4 
labeled with 3H thymidine; 2910X. 
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reproducibility in the purity and yield of 
lymphocytes. The technique isolates lympho- 
cytes in a one-step procedure and further 
subdivides the lymphocytes on the basis of 
differences in sedimentation and proliferative 
characteristics. The availability of a technique 
that may differentiate subpopulations of 
bone marrow lymphocytes should stimulate 
future investigations aimed at  clarifying the 
differentiative and functional capacities of 
these cells. 
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