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In  vitro studies of lymphocyte reactivity 
have received a great deal of attention in 
recent years, and it is generally agr& that 
measurement of the “transformation” respon- 
ses of lymphocytes incubated in the presence 
of mitogens, foreign cells or a variety of anti- 
gens offers great promise of mapping immu- 
nologic reactivity of the cell donor. Such 
studies have been used to identify agents 
responsible for hypersensitivity reactions, to 
confirm immunologic depression in certain 
disease states, and in histocompatibility 
screening. 

Conventional techniques for measuring 
lymphocyte responses (1, 2 )  involve a cum- 
bersome and time-consuming series of steps 
before setting up of the cell cultures. These 
include: ( a )  sedimentation of erythrocytes 
from a relatively large volume (20-40 ml) of 
heparinized blood, (b)  preparation of a lym- 
phocyte-rich concentrate of white blood cells 
from the supernatant plasma, usually incor- 
porating one of several methods to remove 
excess granulocytes; this step includes a t  
least one and often, two centrifugations, and 
(c) preparation of cell suspensions containing 
1-2 million lymphocytes in culture medium 
supplemented with autologous plasma or fetal 
calf serum. In  attempting to apply lympho- 
cyte culture techniques to studies of immuno- 
logic reactivity of normal individuals and pa- 
tients with neoplastic disease, we found that 
this complex procedure for preparing lym- 
phocyte suspensions constituted a major bot- 
tleneck in the laboratory and probably, the 
principal source of errors in the final results. 
Often, even when 50 ml of blood from pa- 
tients was used as starting material, there 
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were not enough lymphocytes in the final 
suspension to permit measurement of respon- 
ses to a relatively large battery of agents. 

Since whole blood incubated with phytohe- 
magglutinin (PHA) has been used success- 
fully to prepare cells for karyotypic analysis 
(3, 4) ,  it  occurred to us that it might also be 
unnecessary to separate lymphocytes for 
measurement of responses to antigenic stimu- 
li. Accordingly, we explored the use of whole 
blood for a variety of lymphocyte incubation 
studies, and tested other modifications of the 
conventional technique, in the hope of reduc- 
ing man-hours and cost , increasing sensitivi- 
ty, and achieving better reproducibility. 

Materials and Methods. Cell suspensions 
were prepared by adding heparinized whole 
blood to 10-40 vol of culture medium (RPMI 
1640 with penicillin and streptomycin, Asso- 
ciated Biomedic Systems, Buffalo, NY).  Ex- 
periments were conducted with plain culture 
medium and medium supplemented with au- 
tologous or homologous human plasma or 
serum, bovine albumin or fatal calf serum. 
After mixing, 3 ml aliquots of the diluted 
blood were distributed to 16 X 125 mm cul- 
ture tubes, mitogens or antigens added, and 
the stoppered tubes incubated at 37” in an  
upright position. Mitogen and antigen con- 
centrations were similar to those commonly 
employed by investigators using conventional 
techniques. 

For two-way mixed-cell culture experi- 
ments, 1.5 ml aliquots of diluted blood from 
each subject were mixed. For one-way ex- 
periments, the diluted blood from one of the 
subjects was irradiated (5,600 R, from a 250 
kV source) prior to setting up the cultures. 

Lymphocyte stimulation was measured by 
a ‘H-thymidine incorporation method; 1 .O 
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TABLE I. Paired Mixed-Cell Culture Experiments, in Plain Medium and Medium Containing 
207: Fetal Calf Serum. 

Thymidine-3H uptake (lo3 dpm”) 

In RPMI 1640, 
Cells from In Blood with 20% fetal 
subjects” dilution RPMI 1640 calf serum 

A 
B 
C 
A + Bx“ 
A + Cx 
B + Ax 
B + Cx 
C + Ax 
C + Bx 
A + R  
A + C  
B + C  
B 
D 

B 
D 

B + D  

B + D  

1:30 
1:30 
1:30 
1:30 
1 :30 
1:30 
1:30 
1 :30 
1:30 
1:30 
1:30 
1:30 
1 :40 
1 :40 
1 :40 
1:20 
1:20 
1 :20 

1 .G 
1.2 
1 .o 
6.7 
6.8 
4.3 
3.5 
3.8 
6.3 

18.1 
28.3 
21.1 

1.8 
1 .0 
4 .G 
4.6 
1.8 

56.9 

1.9 
1.3 
0.7 

34.4 
72.8 
36.6 
30.0 
77.0 
72.8 
70.5 

163.4 
106.0 

1.5 
1.3 

74.0 
4.0 
3 .0 

175.4 
~~ - 

a A, B, C, 1) = different healthy subjects. 
Cultures harvested at  8 days; 1.0 pCi of ”H-thymidine (sp. act. 18.4 Ci/mmole) added 24 hr. 

before harvesting. 
Ax = irradiated A cells, etc. 

pCi of “H-thymidine, olf moderate or high 
specific alctivity (2 .O, 18.4 Ci/mmole) was 
added to culture tubes at  time intervals rang- 
ing from 4 to 6 hr (the conventional labeling 
periold) tol 72 hr before termination of cul- 
ture. For harvesting, 2-3 vol of cold 3% acetic 
acid were added to lyse erythrocytes, the 
resulting leukocyte suspension was centri- 
fuged, and the cell button was washed with 
1 2  ml of 3% acetic acid. The final cell button 
was blealched with hydrogen peroxide, dis- 
solved in NCS solubilizer ( Amersham-Searle 
Corp., Arlington Heights, IL ) ,  and prepared 
for counting in liquid scintillation fluid. 
Counting efficiency (liquid scintillation count- 
er, Nuclear Chicago Corp.) has consistently 
been 455% or more, as determined by the 
channels ratio method. 

Results and Discussion. A .  La-beling time. 
Thymidine-3H incorporation increased con- 
sistently with labeling time, up to 24 hr. 
With 48-hr periods of exposure to .?H- 

thymidine, results were inconsistent. In  some 
experiments, there was further increase in 
radioactivity, but in olthers, decreases from 
the 24-hr values were observed. At 7 2  hr, ‘H 
counts were usually below the 24-hr values. 
Therefore, we adopted a 24-hour labeling 
periold for routine use. 

B. Supplementation of medium and reac- 
tive cell density. For studies of responses to 
mitogens (PHA, pokeweed mitogen, staphylo- 
coccal filtrate, concanavalin A),  no supple- 
mentation of the culture medium has been 
required. At all blood dilutions tested, com- 
parable incorporation of thymidindH has 
been observed in cultures containing plain 
medium or medium enriched with fetal calf 
serum or other supplements. 

When responses to soluble antigens (tuber- 
culin-PPD, Varidase, extracts of monilia and 
trichophyton) were examined in paired ex- 
periments, higher 3H counts were often ob- 
tained in medium supplemented with fetal 
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calf serum, autologous plasma or 1 ‘/o bovine 
albumin, than in plain medium. This proved 
to be related to reactive cell density. At 1:40 
blood dilutions, 2- to 6-fold greater 3H incor- 
poration was usually observed in supple- 
mented medium. In  experiments using 1:lO 
or 1:20 dilutions of blood, however, plain 
culture medium gave as good results as sup- 
plemented medium. 

The  effect of reactive cell density on lym- 
phocyte response in unsupplemented culture 
medium was more striking in mixed-cell cul- 
tures. This is shown in Table I, which 
presents data from two experiments compar- 
ing plain medium with medium containing 
fetal calf serum. There were no significant 
differences in isotope incorporation by un- 
stimulated cells, in the two types of media. 
However, in all mixed-cell cultures, substan- 
tially more t h ~ m i d i n e - ~ H  was incorporated 
when the culture medium contained fetal calf 
serum. Reactive cell density appeared to 
play an important role in plain medium, but 
not in supplemented medium. I n  the first 
experiment, 3H counts in the two-way cul- 
tures, in medium containing fetal calf serum, 
closely approximated the sums of the corre- 
sponding one-way counts. In  plain medium, 
however, two-way cultures (containing twice 
as many reactive cells) gave 2-3 times as 
many counts as would have been predicted 
from the one-way results. This effect was 
even more evident in the second experiment. 
In  supplemented medium, isotope incorpora- 
tion in cultures with 1:20 dilutions of whole 
blood was approximately twice that observed 
with 1:40 dilutions, as would be expected. In  
plain medium, however, doubling the num- 
ber of reactive cells resulted in a 12-fold 
increase in 3H counts. ,4 third experiment 
was performed in which two-way mixed- 
cell cultures were set up a t  1: 10, 1 : 20 and 
1 :40 blood dilutions. Replicate cultures were 
harvested on different days, and i t  was found 
that peak incorporation od thymidine-3H oc- 
curred somewhat earlier a t  1 : 10 dilutions 
(6-8 days) than with the more dilute suspen- 
sions (8-10 days). At 1 :40 dilutions, peak 3H 
counts in medium supplemented with fetal 
calf serum were 6 times greater than in plain 
medium. At 1 :  20 dilutions, the advantage for 
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FIG. 1. Time course of 3H-thymidine incorporation 
into leukocytes, with the whole-blood technique. 
The blood donor was a healthy young woman 
with a strongly positive delayed skin test reaction to 
Varidase. Blood was diluted with 39 vol of 
culture medium containing no supplements. ’H- 
thymidine (1.0 pCi, 2.0 Ci/mmole) was added 24 
hr before harvesting. Vertical lines represent range of 
values a t  each point (of quadruplicates, for the 
control and Varidase cultures). 

supplemented medium was only twofold, 
and a t  1 : 10 dilutions, slightly higher counts 
were obtained in plain medium. Thus, it ap- 
pears that at appropriate cell densities, no 
supplementation of culture medium is re- 
quired for any type of lymphocyte stimula- 
tion study. 

At (the higher cell densities, of course, sig- 
nificant quantities of autologous plasma are 
present in the diluted blood and thus, the 
medium is, in fact, “supplemented.” Howev- 
er, it  seems unlikely that this could account 
for our findings. If some minimal concentra- 
tion of plasma protein were required for opti- 
mal lymphocyte responses, one would expect 
that this concentration would be effective re- 
gardless of the stimulant used. However, we 
found systematic differences, according to 
type of stimulant. Furthermore, lthe plasma 
concentrations in the one-way and two-way 
mixed-cell cultures shown in Table I (first 
experiment) were identical ; thus, the dispro- 
portionally greater 3H incorporation in the 
latter can only be ascribed to the higher 
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TABLE 11. Responses of a Healthy Subject to a 
Battery of Lymphocyte  stimulant^.^ 

T h ~ m i d i n e - ~ H  
Stiiiiulant uptake 1 P  dpm; 

mean 2 SEb 

Harvested at 5 days 
Nolie 1.9 +_ 0.3 
Phy tohemagglu tinin 430.5 + 10.4 

Staphylococcal filtrate 158.1 2 5.1 
Concanavalin A 213.5 e 6.9 

Pokewced mitogen 100.1 * 9.2 

Harvcstetl at 8 days 
Noiic 1.5 I+ 0.1 
Tuberculin-PPD 64.9 4.4 
Trichophyton extract 30.8 2 1.7 
Monilia extract 25.6 -+- 6.2 
Varidase 7.3 ? 1.7 

One-way, mixed-celld 8.2 * 3.8 
One-way, with homologous 

cultured cellse 18.3 +_ 3.3 

Two-way, mixed-cell" 25.8 f: 1.0 

a Delayed skin test responses of subject: inter- 
mediate YPD, 3.7 cm; trichophyton extract, 3.4 cm; 
monilia extract, 3.1 cm; Varidase, 1.9 cm. 

Blood dilution, 1 :20; unsupplemented medium; 
1.0 pCi of 3H-thymidinc (sp. act. 23.7 Ci/mmole); 
quadruplicate cultures. 

cT.Vith equal volume of 1:20 diluted blood of 
aiiothcr healthy subject. 

Second subject's blood irradiated to 5600 R. 
Cultured lymphoid cells (RPMI 1788), irradiated 

to 5600 R. 

reactive cell density. 
C .  Use of the simpiified technique. Repro- 

ducibility of isotope incorporation has proved 
very satisfactory with the whole-blood tech- 
nique and 24-hr 3H-thymidine labeling. I n  an 
experiment with blood from a subject with 
strong delayed hypersensiltivity to Varidase, 
20 replicate cultures with this antigen, using 
unsupplemented medium, a blood dilution of 
1:30 and thymidine of high specific activity, 
gave 3H incorporation ranging from 137 to 
190 x lo3 dpm, with a mean of 164 t 21 
(SD) x lo3 dpm. This standard deviation 
(13% of the mean) compares favorably with 
those we have obtained using lymphocyte 
concentrates. Control cultures in this experi- 
ment yielded 1.47 t 0.45 x lo3 dpm, and the 
antigen : control response ratio was 1 12. 

Figure 1 presents a study of the time 

course of t h ~ m i d i n e - ~ H  incorpolratioa into 
cells of another healithy subject who gave a 
strongly positive delayed skin test reaction to 
Varidase. The smoothness of the Varidase 
curve demonstrates that this technique pro- 
vides good reproducibility. Peak ratios of iso- 
tope incorporation in stimulated vs control 
cultures were approximately 150 for Varidase 
and 560 folr PHA. These values are a t  least 
as good as those obitained in various laboirato- 
ries using lymphocyte concentrates. Peak in- 
corporation of isotope occurred somelwha,t 
later than would have been expected with 
conventional techniques ; maximal response 
to PHA was observed a t  5-7 days and to 
Varidase, a t  7-10 days. 

Table I1 presents the response of a healthy 
subject to our full battery of stimulants. A 
total of 52 cultures were performed with 8 ml 
of blood. The responses to mitogens and 
anltigens were at  least equal to those we had 
obtained previously, using seoarated lympho- 
cytes from this individual. Lower responses 
were obtained in mixed-cell cultures and es- 
pecially, the one-way reaction with cultured 
lymphoid cells: in our experience, such cul- 
tured cells approach PHA in stimulating ac- 
tivity ( 5 ) .  These decreased responses are at- 
tributable to the suboptimal cell density for 
unsupplemented medium (see above). 

We were rather surprised to find that with 
the whole-blood technique, final radioactivity 
counts were of the same order of magnitude 
we and others had previously obtaineld with 
separated leukocyte preparations, despite the 
fact that the culture tubes contained as little 
as one-tenth the number of lymphocytes used 
in conventional methods. The same observa- 
tion was made by Junge et al. (6 ) ,  who 
repmted experience with a similar technique 
while this study was in progress. This ap- 
pears to be due to two factors: (a)  use of 
longer 3H-thymidine labbeling times, often not 
feasible with separated leukocyte prepara- 
tions, because of degradation of the nucleo- 
side (7, S ) ,  and (b) apparently, better func- 
tional status of the reacting cells. 

We have defined many, but not all, of the 
conditions necessary to yield optimal re- 
sponses with this technique. However, it is al- 
ready evident that in our hands, it provides 
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results clearly superior to those we obtained 
previously with methods using separated leu- 
kocytes, in addition to affording substantial 
savings in time, effort and amounts of blood 
required. Reproducibility has been better, re- 
sponse ratios have been higher and responses 
to a battery of mitogens and antigens, in over 
100 studies of patients with lymphoma and 
leukemia, have shown better correlations with 
clinical status and delayed skin test reac- 
tions than we observed previously with con- 
ventional techniques. We believe that this 
superiority is due to: ( a )  more uniform dis- 
tribution of cells among individual culture 
tubes, when centri fuga tion-resuspension of 
leukocytes is eliminated, (b )  avoidance of 
unpredictable and varying cell damage, 
which must occur during the manipulations 
involved in preparing lymphocyte coacen- 
trates, (c )  measurement of a significantly 
larger fraction of the peak lymphocyte re- 
sponse, with a 24-hr thymidine labeling peri- 
od, and possibly (d )  maintenance of more 
stable pH and oxygen tension, when culture 
tubes conltain fewer leukocytes and relatively 
large numbers of erythrocytes. Use of un- 
supplemented medium affords greater conve- 
nience and significant savings in cost, as well 
as avoiding the artifactual errors which may 
be encountered when fetal calf serum (9 )  or 
other supplements are used. Because of its 
greater sensitivity, this technique has proved 
particularly useful in studies for which only 
limited volumes of blood are available, as of 
small laboratory animals ( 10). 

Summary. In  vitro studies of lymphocyte 

reactivity to mitogens, soluble antigens and 
homologous cells were performed by diluting 
whole blood with cullture medium and using 
24-hr labeling with :3H-thymidine. Sensitivi- 
ty, reproducibility and correlations with 
delayed skin test responses of the blood don- 
ors were superior to those obtained with con- 
ventional techniques using lymphocyte con- 
centrates. At appropriate reactive cell densi- 
ties, supplementation of the culture medium 
with agents such as fetal calf serum has not 
been necessary. This simplified technique 
offers considerable savings in effort, cost and 
volumes of blood required. 
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