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Peripheral lymphocytes grown in culture
undergo a blast-like transformation in the
presence of specific antigens and substances
such as phytohemagglutinin (PHA) and poke
weed mitogen (1). Increasing understanding
of the mechanism of this phenomenon is
leading to new insights concerning the im-
mune response and delayed hypersensitivity
(2). Clinical and epidemiologic applications
have been limited, however, because techni-
ques are difficult and cumbersome (3).

Our Iaboratory has been involved in a
series of experiments to facilitate the hand-
ling and culturing of Ilymphocytes. We
present a relatively simple and inexpensive
method for freezing lymphocytes to be cul-
tured at a later date and for growing lympho-
cytes (which ordinarily attach poorly to
smooth surfaces) in adherent monolayer cul-
tures. By freezing lymphocytes we have
greater flexibility in timing experiments, in
repeating results, and most important in stor-
ing white blood cells from patients with rare
and fatal diseases. The method of culturing

cells in an adherent monolayer enables us to
change fluids in the culture without centrifu-
gation, to observe the cells in growth, and to
harvest directly on the petri plates or cover
slips minimizing manipulation of the fragile
lymphocytes and eliminating the technical
difficulties of preparation of slides with even
distribution of cells.

In the experiments described below we
used PHA, PPD, and vaccinia and measured
stimulation by autoradiography employing
tritiated thymidine.

Methods and Results. General, Peripheral
blood was collected for all experiments in
plastic disposable syringes which were prewet
with 0.5 to 1.0 ml of sodium heparin. The
syringe was placed upright from 60 to 90 min
at 37° to permit the red cells to settle and
the white cell-rich plasma was removed by
the method of Mellman (4). The cell-rich
plasma was then spun for 15 min at 1000
rpm and the supernatant plasma was re-
moved and stored. The cells were resuspend-
ed in media and counted.
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The medium used in all experiments was
MEM* to which were added 2% glutamine
and antibiotics. In most experiments the au-
tologous plasma was used at a concentration
of approximately 16%. When we did not use
autologous plasma uninactivated fetal calf
serum was substituted at a concentration of
20%. The total volume of all cultures was 3
ml containing 1,500,000 mononuclear cells.
Except in the monolayer cultures described
below the cultures were grown in screw cap
tubes 16 X 125 mm which were maintained at
37.5° at a 15° angle in a humidified incu-
bator with 5% COs. The day before harvest-
ing (usually day 3 for PHA and day 7 for
vaccinia and PPD) 0.1 ml of a solution con-
taining 3 uCi of tritiated thymidine and 0.1
ml of a stock solution of polystyrene particles
were added. To harvest the cultures the cells
were agitated and those adhering to the
sides were scraped free with a Pasteur
pipette. A small amount of media was added
(1 or 2 ml) and the culture tube spun at 800
rpm for 15 min. The supernatant was then
removed carefully not to disturb the cell but-
ton. Slides were prewashed carefully with al-
cohol and subsequently coated with a 0.5%
gelatin suspension by dipping at room tem-
perature and air drying in an upright posi-
tion. Using a Pasteur pipette the cell button
was transferred to the slides, each culture
making approximately two slides. The drop
was smeared immediately with a bacterial
wire loop. The cells were air dried and fixed
in methanol for 3 min after which they could
be stored at room temperature until process-
ing.

To detect the autoradiographic tagging the
following procedures were used. Coplin jars
containing 25 ml of distilled water at 37° and
25 ml of emulsion were mixed in total
darkness. Slides were dipped for 5 sec and
allowed to dry in an upright position and
then placed in a box with a dehydrating
agent and wrapped in gauze. The box was
then wrapped with tin foil so it was complete-
ly light free and kept in a refrigerator at
approximately 4° for 6 days. Slides were then

1MEM, Flow Laboratories, 12601
Parkway, Rockville, Maryland 20852.

Twinbrook
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developed and fixed in complete darkness
and subsequently were dehydrated and
stained with azure-A Giemsa stain. Counts
were made of labeled cells per 1000 mononu-
clear cells which did not contain polystyrene.

Freezing experiments. After centrifugation
and removal of plasma as described above,
the cells were resuspended in 3 ml of MEM
which after gentle agitation was divided into
2 equal 1.5-ml aloquots. One aloquot was
cultured immediately while the second was
frozen for 3 hr and subsequently thawed and
cultured. Techniques for freezing lympho-
cytes for purposes other than antigen trans-
formation studies have been described (5-7).
Our method did not differ greatly from those
previously reported except that no automat-
ic time controlling or recording devices were
used. The cell suspension was carefully mixed
to insure homogeneity and then 0.5 ml of
the suspension was put into each of three
1.85-ml vials® which were then placed in a
50-ml beaker containing wet ice. After the
vials were chilled 0.5 ml of a chilled 22%
suspension of dimethylsulfoxide (DMSO)
was added giving a final concentration of
119 DMSO. (Chilling limits the exothermic
effect of DMSO.) The vials were then capped
loosely, carefully dried, placed in a biological
freezer® and inserted into a liquid nitrogen
refrigerator?. The rate of freezing was con-
trolled by adjusting the depth of the vials
suspended in the vapor phase of the refriger-
ator. A formula for the optimum depth and
duration for the specific number of vials to
be frozen is provided by the manufacturer.®
At the appropriate time the lymphocytes
were completely immersed in the liquid ni-
trogen refrigerator for storage or transferred
to a super freezer at —72°,

In order to limit the exothermic effect of
DMSO in thawing the following technique
was utilized. A 20-ml syringe was filled with
MEM at 37°. One vial at a time was thawed;
the vial was placed in a 50-ml beaker con-

2 Greener Scientific Corporation, New York.

3 Linde BF-5, Linde Division, Union Carbide
Corp. New York.

4 Linde LR-35-9, Linde Division, Union Carbide
Corp. New York.

3 Linde BF-5-Operating Instructions
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TABLE I. Comparison of Transformation in Cultures of Fresh and Frozen-Thawed Lympho-
cytes.
PHA Vaceinia PPD Control
Donor Fresh Frozen Fresh Frozen Fresh Frozen Fresh  Frozen
J.N. 31.0° 39.0 0.6 1.1 0.2 0.9 0.2 0.4
10.3 24.8 0.6 0.1 0.0 0.1 0.0 0.6
M.H. 10.7 19.7 44.0 9.3 0.1 0.0
32.0 43.0 5.6 6.4 0.0 0.0
9.2 9.0 9.4 7.9 0.1 0.4
17.0 16.0 10.0 1.5 0.1 0.2
6.0 14.0 21.0 12.0 0.0 0.5
J.B. 59.0 32.0 3.0 16.0 0.1 0.6
41.1 41.1 1.5 2.5 0.1 0.3
6.0 21.0 0.5 1.7 0.0 0.5

¢ Percentage of tagged cells.

taining approximately 0.5 in. of water in a
37° water bath. As soon as thawing com-
menced, the liquid was aspirated back and
forth into the syringe until all the cells were
in suspension. If it was desirable to use the
other vials they were treated in a similar
fashion with the same syringe already con-
taining the lymphocytes from the first vial.
The material was then transferred to a 40-ml
conical centrifuge tube and spun at 800 rpm
for 15 min. The supernatant was removed
quickly. and the cells were resuspended in
growth media. (We observed that cells tend-
ed to clump unless we resuspended quickly.)
The cells were then counted and appropriate
cultures were set up in parallel to the cul-
tures prepared from the unfrozen portion of
the specimen. With practice and careful at-
tention to the above procedures we were able
to recover virtually all the white cells.

In order to compare rates of transforma-
tion paired cultures of fresh and frozen—
thawed lymphocytes were tested in parallel
on the same day using PHA, vaccinia, PPD,
and control cultures containing media alone.
A total of 10 blood specimens were collected
from 3 individuals on different days over a
4-month period and were tested on the day
collected. As shown in Table I the rate of
transformation of lymphocytes from a given
individual varied more on different occasions
than did the fresh, frozen—thawed pair inoc-
culated on the same day. We do not know if

the day by day variation we observed is a
reflection of our own techniques or altered
responsiveness on the part of the host. The
phenomenon of fluctuating responses of a
given individual’s lymphocytes when re-
peatedly tested with the same antigen over a
period of time has been reported by Oppen-
heim (8) who postulates an “adjuvant effect”
as causing the variations.

In unstimulated control cultures significant
tagging was not encountered. Highest rates
of nonspecific transformation were noted in
the frozen—thawed material but this was nev-
er more than 0.6% and did not influence the
interpretation of results. In the PHA stimu-
lated pairs the percentage of tagged cells
among frozen—-thawed lymphocyte cultures
exceeded that found in the paired fresh cul-
tures on 5 occasions, was identical once, and
was less in 4 instances.

In vaccinia cultures the 2 specimens from
J. N. were essentially negative both with
fresh and frozen-thawed material. In one fro-
zen—thawed culture 1.1% of cells transformed
which approached significance since the con-
trol culture on the same day had only 0.4%
transformation. All 5 culture pairs from
M. H. contained significant tagging. Once,
however, with frozen—thawed material only
1.5% of cells were tagged while 10.0% of the
fresh cells reacted. Both J. N. and M. H. have
been vaccinatedin the past. We do not
know why one should be consistently posi-
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tive while the other negative; nor do we
know if the response itself is to vaccinia
viruses or to calf lymph or other additives in
the product. This is currently under investi-
gation in our laboratory.

J. N. is tuberculin negative while J. B. is
tuberculin positive. In the PPD cultures of
the former the results were negative on 2
occasions with fresh and frozen—thawed cells.
In the 3 cultures of the latter the frozen—
thawed material reacted more strongly than
did the paired fresh cells. Once cells from a
fresh culture had only 0.5% transformation.
Since J. B. is tuberculin positive this result
constitutes a false negative,

Growth of lymphocytes in monolayers. A
method for growth of lymphocytes in mono-
layers was developed using petri dishes® or
glass cover slips placed in petri dishes. Initi-
ally the petri dish or cover slip was coated by
dipping briefly into a 0.5% suspension of
gelatin in MEM with antibiotics. The sur-
faces were dried either at room temperature
or in a 37° incubator. Techniques for prepar-
ing the cultures, the number of cells, amounts
of additives and total volume were identical
with those described above for tube cultures.
(Recently we have modified the technique
slightly to eliminate all centrifugation by pla-
cing 0.5 ml of the cell-rich plasma directly in
the culture.) The cells settled gradually onto
the bottom of the petri dish or cover slip
placed in an ungelatinized petri dish and
within 24 hr almost 100% of cells were
firmly adherent. Microscopically they did not
appear to be imbedded in the gelatin but
were lying along the surface. After 24 hr the
media was poured or aspirated off and the
cells washed with little or no cell loss. It was
our impression that the cells settled less well
in the absence of autologous plasma since in
several experiments in which the cultures
were prepared with only fetal calf serum the
cells did not precipitate but appeared to be
agglutinated in the media. Therefore, we
grew the cells in autologous plasma for the
first 24 hr and then removed the plasma and
added fresh media with 209% fetal calf serum
and whatever virus, antigen, or blastogenic

6 Falcon Plastics time culture dish, 35 X 10 ml.
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stimulant we were testing. This procedure
was of particular value with PHA because
the cells were evenly dispersed before they
come into contact with PHA which has lym-
phocyte agglutinating properties. Therefore,
we did not encounter large clumps of trans-
formed cells which were difficult to count
accurately in routine slides made from tube
cultures. After several days some debris and
dead cells were noted in the media above the
monolayer. The viable cells however re-
mained adherent through as many as 12
washings over an 8-day period.

The petri plate cultures in our humidified
incubator tended to become dehydrated in
6—8 days. In addition, fungal contamination
has been a problem. Recently we have added
nystatin to our solutions and wrapped the
petri plates in tin foil. These procedures have
been effective in minimizing contamination
and fluid loss.

Tritiated thymidine and polystyrene were
added exactly as in tube cultures. The mono-
layers were harvested by simply removing
the fluids and using the petri dish or cover
slip in the same manner as the slides de-
scribed above.

In order to compare rates of transforma-
tion in culture tubes and on gelatin treated
petri plates a series of parallel tests were
conducted. Typical results are shown on Ta-
ble IT with PHA, vaccinia stimulation, and
control cultures. The range of transformation
was similar by the two techniques.

Discussion. Our method for freezing
peripheral lymphocytes using relatively inex-
pensive equipment contributes to the existing
knowledge about lymphocytes by demon-
strating that after thawing the cells are capa-
ble of transformation in the presence of spe-
cific antigens. Freezing of lymphocytes adds
greatly to the ease and convenience in con-
ducting experiments and should have imme-
diate application to studies where banking of
white blood cells from people with specific
diseases or histocompatibility antigens is de-
sired. Results were not identical between cul-
tures from frozen-thawed or unfrozen lym-
phocytes, but the overall response rates were
at least as high using frozen—thawed material.
Most important was the fact that there were
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TABLE TI. Comparison of Transformation of Lymphoeytes Grown in Culture Tubes and as
Monolayers in Petri Plates.

Phytohemagglutinin

Vacceinia

Control

Test. Culture tube  Petri plates

Culture tube

Petri plates Culture tube  Petri plates

1 36 32

2 1.9

3 13 27 14.7

0.05 0.2
2.2 1.3 0.1
14,2 0.3 0.1

“ Percentage of tagged cells,

no false negatives among cultures from fro-
zen—thawed lymphocytes and in every in-
stance in which a positive transformation re-
sponse was anticipated it was encountered. It
is probable that careful attention to minim-
ize the exothermic effect of DMSO permitted
our results with frozen—thawed lymphocytes
to be more reproducible than those reported
by some investigators (9).

The technique for growing lymphocytes in
adherent monolayers greatly simplifies the
preparation and harvesting of cells and per-
mits us to treat the lymphocytes more gently
since we totally avoid centrifugation. The ad-
vantage of being able to manipulate the cul-
tures on different days with different pro-
ducts, and hopefully, to observe the responses
as with ordinary tissue cultures may provide
new methods for measuring and quantitating
the lymphocyte transformation response. We
have already had some success growing vi-
ruses in lymphocytes and detecting their
presence by standard hemadsorption techni-
ques. The similarity between the results in
tube cultures and petri plates calls into seri-
ous question the concept that cell concentra-
tion and surface area are critical in achieving
maximum response (10). The area on which
the lymphocytes grew in petri plates was
approximately 804.2 mm® while in our cul-
ture tubes it was approximately 29 mm?*

Summary. A successful, relatively inexpen-
sive method 1is described for freezing

peripheral lymphocytes. These lymphocytes
when thawed and grown in the presence of
antigens transformed at approximately the
same rate as unfrozen control cultures from
the same individuals. A method is also de-
scribed for successfully culturing lympho-
cvtes which adhere to the surfaces of cover
slips or petri plates previously treated with
0.5% gelatin. Rates of lymphocyte trans-
formation in these cultures were similar to
those encountered in culture tubes.

We are pleased to acknowledge the technical assist-
ance of Portia Holt, Jeffrey Feld, and Jack Singer,
M.D.
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