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Summary 

Several techniques. are now available for isolating 
lymphocytes from blood and other sources, but no 
single technique can be considered ~est for all 
purposes. In selecting a separation procedure, it is 
recommended that the procedure be~ as simple as 

Separation of Leucocytes and Lymphocytes 

Most techniques are based on the following 
principles: 
1. Differences in size (sedimentatiOn rate) 

and density, 
2. Differences in biological prORerties 

(phagocytosis, adherence); I 

3. Combination of 1 and 2. 

Separation by Sedimentation at 1 G 

Unfractionated leucocytes may be obtained 
simply by leaving anticoagulated blood for 
semimentation in a test tube or I beaker at 
r9om temperature. The plasma layer contain
ing the leucocytes can be pipett~d off after 
1 to 2 hours when the majority of red cells 
have settled. 

The sedimentation is more rapid if an erythro
cyte-aggregating age~t is added {1). Dextran 
(Dextran 500, Pharmacia, Uppsala/Sweden) 
or methylcellulose (25 centipoise) dissolved 
in 0.9% NaCl are usually used i.q. the following 
proportions: 

1. 10 parts blood + 1 (or 2) parts dextran 6%; 
2. 10 parts blood + 0.5 (or 1) part methyl-

cellulose 2%. 

The sedimentation of erythrocytes then takes 
15 to 40 minutes, depending on the height 
of the blood cell column. A similar cell sus
pension may be obtained by centrifugation 
of the blood ( 6 to 7 minutes at 11700 rpm. 
- 500 g). After centrifugation, the leucocytes 
are found as a white layer (buffy coat layer) 
on top of the erythrocyte pellet and can be 

possible, if otherwise satisfactory. The present paper 
reviews the most widely used techniques, including 
the separation of lymphocyte subpopulations and 
monocytes. 

removed with a pipette. In both techniques 
30% to 40% of the leucocytes are lost in the 
erythrocyte pellet. The loss is not selective 
and can be minimized by resuspending the 
erythrocytes and repeating the procedure. 

Cell suspensions obtained by these procedures 
may be used for lymphocyte cultures, but it 
is then apparently neccessary to show separate
ly that contaminating granulocytes (- 2 per 
lymphocyte), platelets, and red cells (1 to 10 
per leucocyte) do not interfer with functional 
tests. Pia telet contamination can be avoided 
by using defibrinated blood. 

Otherwise, sedimentation (or centrifugation) 
of blood is commonly used as the first step 
in techniques designed . to obtain pure lympho
cyte suspensions. 

isolation of Lymphocytes and Monocytes 
based on Density Differences 

The Isopaque-Ficoll (IF) technique (2, 3, 4) 
is widely used (5). This method can be used 
in two different ways; one procedure is 
illustrated in Figure 1. One part of human 
blood is mixed with one part of 0.9% NaCl 
and layered over IF (density = 1.077 g/ml) · 
in a centrifuge tube. After centrifugation 
at 2000 rpm (- 700 g) for 15 to 20 minutes 
at room temperature, the mononuclear cells 
are found as a thin layer at the interface 
while granulocytes and erythrocytes have 
.settled to the bottom of the tube. The mono-

. nuclear cells are composed of approximately 
· · 85% lymphocytes and 15% monocytes; 
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Fig. 1 Isolation of monoculear cells by centrifu
gat ion at 20C for 20 minutes at 700 g. A mixture 
(8 ml) of 1 part blood and 1 (or 2 to 3) part 
0.9% NaCI is layered on top of 3 ml Isopaque-F icoll 
separation fluid. After centrifugatio n mononuclear 
cells and p latelets are found on top of the separation 
fluid ; erythrocytes and granulocytes have formed a 
sedimen t at the bottom of the tube. 

contamination with granulocytes and erythro
cytes is negligible. The . platelets come together 
with mononuclear cells, but this contamination 
can be avoided by using defibrinated blood 
(6). The yield of mononuclear cells from anti
coagulated blood is close to 100%, when the 
separation is carried out in small tubes (13 
to 14 mm diameter) ; some loss may take place, 
however, during additional washings (4). For 
larger blood volumes (> 30 ml) , it is more 
convenient to use dextran sedimentation (or 
centrifugation) as an initial step. The leucocyte 
layer is then similarly placed on top of the 
IF solution and centrifuged as described. With 
this procedure, a pure suspension of granulo
cytes (with some erythrocyte contamination) 
can be harvested from the bottom of the tube. 
Using two IF solutions with diffe rent densities, 
lymphocytes and granulocytes may be isolated 
by a one-step procedure (7). 

The IF technique is rapid and applicable for 
blood lymphocyte isolation in most species. 
In order to get rid of monocytes, the pro, 
cedure must be modified (see below). In 
general the technique can be used to remove 
granulocytes, red cells, and dead cells from 
any suspension of lymphoid cells. In some 
species it may, however be necessary to in
cl!ase the density of the separation fluid (8). 

Lymphocytes can also be isolated by flotation 
on a Ficoll solution (without Isopaque) ; the 
yield, however, is lower and the erythrocyte 
contamination increases (9). 

Relatively pure suspensions of blood mono
cytes have been obtained by using albumin as 
separation fluid. Suspended leucocytes are 
mixed with 35% albumin to give a final con
centration of27% (10, 11, 12, 13). Following 
centrifugation, the monocytes can be collected 
from the top of the albumin solution. The 
purity varies from 40% (11) to 70% (10); the 
contaminating cells are predominantly lympho
cytes. The yield is approximately 50%. An 
even higher purity (80%) with a 30% yield 
has been reported by using a discontinuous 
gradient of IF (14). 

Lymphocyte Isolation by Combining Phago
cytosis (Iron) and Sedimentation or 
Centrifugation 

IF separated cells contain a significant fraction 
of monocytes. A purer lymphocyte suspension 
can be obtained by utilizing the ability of 
granulocytes and monocytes to enguif small 
iron particles {15, 16). Following incubation 
of whole blood, or a leucocyte suspension 
with iron particles, the iron-loaded cells can 
be removed with a magnet (1 5, 16, 17) ; the 
erythrocytes, by sedimentation (18). Based on 
these principles, a semi-automated technique 
has been developed (19). The iron-loaded 
cells may be removed by sedimentation alone 
without a magnet since they settle more 
rapidly due to their increased density. Unphago 
cytized ·small iron particles can be removed 
after this point via a magnetic stirrer (18). 
These procedures have provided human lympho
cyte suspensions with 95% to 97% purity {18, 
19) ; the yield varies from 40% (1 7) to 90% 
(19). The erytrhocyte contamination varies 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



Separation of Lymphocytes, Lymphocyte Subgroups· and Monocytes 73 

from 2 {17) to 40 {19) per lymphocyte. The medium, etc. Under optimal conditions 81% 
erythrocytes can be removed by hyptonic to 100% lymphocyte recovery is obtained. 
lysis or by adding a hemolytic agent. It should The same procedure may be used for improving 
be noted, however, that NH4C~ lysis reversibly monocyte isolation when granulocytes have 
may impair functional propert~es of lympho- been initially removed by the albumin (12} 
cytes {20}. or IF centrifugation technique. After incu-
A lower erythrocyte contamination is obtained bation, when nonadherent cell have been col-
by a modified technique (4, 21). Buffy coat lected, the remaining adher~nt m?nocytes can 
leucocytes are incubated with iron particles. _ be ~etached by gentle scrapmg wtth a rubber 
After 30 minutes the cells are separated with pohceman (12}. 
IF; the iron-loaded monocytes settle to the 
bottom, and a pure lymphocytb suspension Lymphocyte Isolation from Sources other 
(1% monocytes, < 10% erythrocytes) is found than Blood 
at the interface. Lymphocytes are easily available from diffe

Removal of Unwanted Cells by Adherence 

Monocytes and granulocytes (~d platelets) 
suspended in serum or heparintplasma adhere 
readily to surfaces and may, t4erefore, be 
removed. Several procedures have been re
ported. The leucocytes are applied to a 
coltm1n of glass wool (22, 23), cotton batting 
{24 ), nylon fibers {25}, or glass beads (26). 
Usually the cells are incubatedi for 30 minutes 
at 37C (26}, or they pass to column at a 
slow rate {23, 25}. The effluent contains 
lymphocytes of 95% to 96% ptirity. The 
recovery of lymphocytes amounts to 60% to 
70% of the number applied on the column. 
The cell suspension is almost devoid of plate
lets, but erythrocytes contaminate the 
lymphocyte collection;in prop

1

ortion to their 
number among unseparated cells. The pro
cedure is easy; it has also beert reported that, 
with IF-separated cells as startihg material, the 
monocytes (90% purity) can be detached by 
washing the column with an EDT A solution 
(27). ·One problem, however, is that there 
may be a selective depletion of B lympho
cytes, which are retained on the column in 
various amounts (see below). 

1 

A simple way of using the prfuciple of ad
herence is to layer a thin flhn: of unseparated 
leucocytes in a glass bottle (or Petri dish}. 
The nonadherent cell population which is 
carefully removed after 90 minutes of incu
bation, comprises 90% to 98% lymphocytes 
(28). It is imperative that a ~ell-standardized 
procedure be used in regard to cleaning glass
ware, to cell concentration, to suspending 

rent lymphoid organs. In animals an even sus
pension of spleen cells is obtained simply by 
cutting the spleen in small pieces and then 
using a tissue homogenizer. If necessary red 
cells, granulocytes, and dead cells can be re
moved by the IF procedure {4, 8). Lymph 
nodes can be dissected out and minced with 
a pair of scissors and a Pasteur pipette in 
order to produce an even cell suspension. 

Due to their small size, lymphocytes settle 
slowly. This principle has been used for iso
lation of bone marrow lymphocytes. A simple 
procedure was reported by Yamana and Nairn 
(29). Rat bone marrow cells were applied on 
top of a moistened glass wool column. After 
30 minutes sedimentation at 37C, the cells 
were eluted. The top fraction consisted of 
60% lymphocytes and 30% to 35% erythro
blasts. A higher degree of purity (80% to 
90%} was obtained by sedimentation in a 
gradient (30, 31}. This was accomplished by 
combining glass wool flltration and dextran 
gradient centrifugation {3 2) or by using a 
serum-sucrose (33) gradient (yield 40% to 
SO%). 

Separation of Lymphocytes Subpopulations 

To a large extent lymphocytes can now be 
characterized by the relationship between 
surface markers and functional properties. 
Parallel with the progress in this field, many 
separation techniques have been developed. 
The major subpopulations of, B and T lympho
cytes, as well as subsets within these gropus 
(survey 34, 35) can be isolated rather efficiently 
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These techniques are largely based on differ
ences in specific properties (surface structures) 
or general properties (electrophoretic mobility, 
size, density, adherence). The purity of the 
isolated cells can fmally be tested by identify-
ing the surface markers. ! 

Column Fractiofllltion (Adherence) 

The adherence is either unspecific oro based on -
on specific receptors. The procedure is general
ly used to remove unwanted cells, but the 
adhering cells may also subsequently be eluted. 

B lymphocytes adhere nonspeoifically by incu
bation on nylon fiber columns I (36, 37, 38), 
and the cells passing the colunin comprise 
more than 90% T lymphocytes (37, 39, 40). 
The B cells retained on the column contain 
a significant proportion ofT cells. Working 
with human tonsil lymphocytes (Greaves and 
Brown 40), reported a 95% to' 96% purity of 
B lymphocytes with this procedure. In general 
nylon fiber incubation is a convenient first 
step for the further characterization of subsets 
of T lymphocytes. 

A more specific adsorption of subpopulations 
occurs on glass or plastic beads coated with 
antigens (41), haptens (42), or, antibodies 
specific to membrane determinants on lympho
cytes (43). B cells have a high 'concentration 
of Ig on their surface, and pas~age of lympho
id cells through an anti-lg column may yield 
a very pure T cell population (44). In addi
tion to B cells, such a column may also ad
sorb K (killer) cells and subpopulations of 
T cells (45). 

lg-bearing B cells can also be removed by 
filtration through Sephadex anti-Fab columns 
( 46) and then recovered by enzymatic di
gestion of the immunoabsorbent. In principle 
such affinity columns may possess the potenti
al for depleting as well as selecting cells with 
specific surface markers or with specificity 
for a particular antigen. 

Rosette Formation 

The first use of this procedure :was based on 
the observation that human lymphocytes 
have receptors ( 4 7) for sheep red blood cells 
(SRBC). During incubation the SRBC adhere 

to the surface of singleT lymphocytes (48) 
and fonn a rosette. When centrifuged then 
with IF, the rosettes settle to the bottom.:of 
the tube while nonrosetted cells remain at the 
interface (48). Since the SRBC in the pellet 
may be removed by lysis, an almost pure 
suspension of T cells can be acquired. One 
advantage of the technique is that it leaves 
non-SRBC-binding cells (B) intact for further 
analysis. To achieve a satisfactory B-cell sepa
ration, however, it may be necessary to repeat 
the procedure (49). The stability of the· rosett~ 
may be improved by chemical pretreatment 
of the SRBC (50, 51). In a similar procedure, 
a human lymphocyte suspension can be de
pleted of B cells which fonn rosettes with 
monkey red blood cells (50). Another potenti
al application comes from the report that 
mouse red blood cells may be a marker for B 
cells in man (52). The resetting technique may 
be used for many species by coating the red 
cells in different ways. In this way Parish and 
Hayward (53) were able to separate rat lympho 
cytes with surface lg as well as with receptors 
for complement and F c fragments. 

Cytotoxic Antisera 

In the mouse the unwanted cell population 
(B or T) can be rather efficiently removed by 
means of specific antisera (54). In general, 
however, such antisera are difficult to prepare. 

Separation Based on Physical Properties 

It is possible to achieve a satisfactory separa
tion of mouse B and T cells by electrophoresis 
since T cells have a higher electrophoretic 
mobility than B cells (55, 56). 

An effective separation based on difference in 
densities or sedimentation properties alone is 
possible only to a certain extent (57). A sig
nificant enrichment of antibody-producing 
cells (58, 59) or activated (mitogens) cells 
(55), however, can be obtained by sedimenta
tion at unit gravity or by dextran gradient 
centrifugation (60). By combining centri
fugation on bovine serum albumfu with the 
resetting procedure, it has been possible to 
isolate human lymphocytes with precursor 
(of B and T) characteristics (61, 62). 
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As. a whole, isolation of lymphocyte subpopu
Jations is a rapidly expanding field. We can 
expect advanced procedures for selecting sub
groups to be developed in the future. 
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