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The quantitation of lymphocyte blastoid
transformation is being used with increasing
frequency to study normal and pathological
lymphocytes. Parameters which have been
measured include morphological changes and
functional characteristics, such as DNA,
RNA, and protein synthesis. Electronic mea-
surement of the variation in mean cell vol-
ume during transformation has been used
with both animal (1) and human lympho-
cytes (2). Experience with the quantitation
of changes in nuclear volume during lympho-
cyte transformation is described.

Methods and Materials. Isolation of lym-
phocytes. Fifty to 100 ml of heparinized
peripheral blood were obtained under sterile
conditions from normal subjects. The blood
was allowed to sediment at 37° for 2 hr. The
supernatant plasma was transferred to a Ny-
lon reticulum column and incubated for 20
min, as described previously (3). The effluent
plasma was centrifuged at 150g for 10 min.
The supernatant fluid was discarded. The
sedimented cells were washed once with 10
ml of TC 199 culture medium, resuspended
in 5§ ml TC 199 with 15% fetal calf serum
(FCS), and counted.

Preparation of cultures. Aliquots of cell
suspensions were added to culture media con-
taining TC 199 with 15% FCS, in final con-
centrations of 6 X 108 cells/10 ml culture, in
25-ml screw-capped prescription bottles. Stim-
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ulated lymphocyte cultures were prepared
by adding phytohemagglutinin-P (PHA-P)*
(0.02 ml of reconstituted solution/10 ml of
culture) ; unstimulated cultures were identi-
cal except for the absence of PHA-P.
Morphological studies. Lymphocyte trans-
formation was identified in Wright-stained,
fixed smears of lymphocyte suspensions.
Parameters of transformation used were those
described by Bach and Hirschhorn (4).
Nuclear-volume  determination. Freshly
separated lymphocytes and cultured PHA-P-
stimulated and unstimulated lymphocytes,
harvested at 2- to 3-day intervals, were exam-
ined. Aliquots of the lymphocyte suspension
in TC 199 with 15% FCS were centrifuged at
150g for 10 min. The sedimented cells were
resuspended in 0.5 ml of supernate to which
10 ml of Cetrimide® counting solution (1)
were added. The cell suspension was counted
in a Model F-Coulter Counter® using an aper-
ture current setting of 64, amplification con-
trol setting of 1 and a 50u orifice. The nu-
clear volume distribution was obtained by
pulse-height analysis, using a 400-channel an-
alyzer.” The counter-analyzer device was
calibrated before each experiment, with a
fixed red cell suspension.® The -calibration
factor was set at 1u3/channel, and the results
were expressed as modal volumes (in p® == 1
SD). The volume-distribution data from the
multichannel analyzer were relayed to an

4 Bacto-Phytohemagglutinin-P, Difco Laboratories,
Detroit, Mich,

5 Cetavlon, Cetrimide BP. Gift of ICI America,
Inc., Stanford, Conn.

% Coulter Electronic Inc., Hialeah, Fla,

7 Packard Instrument Company, Chicago, Il1.

8 Celltrol, Pfizer Diagnostics, New York, New
York. ‘
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Fic. 1. Nuclear-volume distribution of freshly
isolated, unstimulated lymphocytes.

XY-recorder which plotted the distribution
curves.

Results. Nuclear volumes of unstimulated
(“off column”) lymphocytes. A representa-
tive nuclear volume-distribution curve of fresh-
ly prepared control lymphocytes prior to
culture or PHA stimulation is shown in Fig.
1. On the left side of the curve, two small
components of variable heights are demon-
strable. These are made up of particles smal-
ler than 50p®. The central component, com-
prising most of the lymphocytic nuclei,
ranges between 43.7 &= 3.4p3 and 95 = 6.9°
(Table I), with a modal distribution at 66.6

TABLE 1. Values of Volume Distribution Curves

of Freshly Isolated, Unstimulated Lymphocytes in

Cetrimide Counting Fluid, from Seven Subjects
(1 y?/channel).

Subject A B Peak Channel
B.G. 44 100 64
I
1.D. 39 8 o ounTs 11 eAx
i | 4 -CHANNEL
E.H, 51 102 12
F.M. 41 100 71
B.W, M 100 65
S.T. 44 93 67
- A B
L.C. 43 87 63 CHANNEL NUMBER
43.743.4| 95%6,9 66.6+3,3

=+ 3.3u% This central segment is followed by
a small component on the right, suggesting a
population of larger nuclear particles.
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Two of the nine healthy control subjects
exhibited a moderate degree of lymphocytosis
(3612 and 4100 lymphocytes/mm®). The
“off column” lymphocyte nuclear-volume dis-
tribution of these samples was similar to that
of the other seven subjects except for the
presence of slightly larger nuclei (“right
shift”), with a modal distribution of 80u® in
one of the two subjects.

Sequential changes of nuclear volumes of
unstimulated normal lymphocytes. Figure 2
depicts a representative pattern of the dis-
tribution of nuclear volumes of lymphocytes
from one healthy subject. After culture for 3
to 5 days, the curves were essentially identi-
cal to those from freshly isolated unstimu-
lated cells. After 72 hr, there was, in some
cultures, an increase in the number of small
particles (<Z50u®) and a slight increase in the
larger particle component. Morphological
evidence of cell death and the presence of
cellular debris were associated with a marked
increase in the number of small particles.

Nuclear volumes of stimulated normal
lymphocytes, The nuclear volume distribu-
tion of stimulated lymphocytes was charac-
terized by a marked increase in the number
of large particles evident at 72 hr of incu-
bation (Fig. 3). The maximum volume incre-
ment was variable in intensity and occurred
between 5 and 8 days of culture. These
changes were associated with definite mor-
phological evidence of transformation. A
variable increase in the number of small par-
ticles occurred coincidentally with morpho-
logical evidence of cell death or nontrans-
formation, as well as with pH changes of the
medium to the alkaline range.

Discussion. Quantitation of lymphocyte
transformation after antigenic stimulation is
essential for the clinical evaluation of certain
immune disorders, as well as in immunologi-
cal research. Morphological parameters, using
fixed and stained cells, are subjective and
time consuming. A rapid electronic method
employing unstained and viable lymphocytes
would provide a rapid and objective method
of analysis. The value of such a system would
be additionally enhanced by relaying the
electronic signals to a programmed computer
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for immediate data analysis. The application
of such a method involves a number of
mechanical problems. When in contact with
PHA, there is a tendency for lymphocytes to
form clumps; there is paucity of knowledge
about the influence of flow kinetics and little
is known about the morphologic and imped-
ance changes occurring in cells subjected to
rapid motion through a narrow orifice across

an electric field (5).

This method is a modification of one de-
scribed previously (2) which has been used
in the study of lymphocytes (3) and erythro-
cytes (6) from normal persons and from ure-
mic and burn patients. Stewart and Ingram
(1) described their experience with Ce-
trimide in the measurement of transformation
of canine lymphocytes. They observed that
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Fic, 3. Serial determinations of nuclear-volume distribution of PHA-P-stimulated lymphocytes in

culture.

clumps of stimulated cells were dispersed and
the cells were stripped of their cytoplasm
after exposure to Cetrimide.

Cetrimide is a mixture of tetradecyl alco-
hols widely used in industry. Its main appli-
cation is as an antiseptic and detergent, but
it has been used for leukocyte counting (7)
with the Coulter electronic counter. When
used in concentrations of 5 mg/ml of fluid,
the cytoplasm of human lymphocytes is
stripped off the cells leaving the nuclei mor-
phologically intact (Fig. 4). The proteolytic
enzyme, pronase, was used in our earlier ex-
periments for the purpose of digesting cellu-
lar debris. There was no significant difference
between the distribution curves of lympho-
cytes treated with enzyme and those of un-
treated ones and its use was discontinued.

Peripheral blood lymphocytes, cultured in

the presence of phytohemagglutinin, undergo
a series of changes. RNA, DNA, protein syn-
thesis, and lysosomes increase, and morpholo-
gical alterations occur (8, 9). These changes
are characterized by the appearance of in-
termediate “transitional” blastoid cells at 24
hr, followed by the appearance of larger blas-
toid cells after 48 hr of culture. At 72 hr, a
spectrum of small, transitional and blast cells
is present. The larger blast cells constitute
nearly one third of all cells (8). The diame-

_ ter of these cells may be more than five times

that of small unstimulated lymphocytes.
The nuclear—cytoplasmic ratios vary, but, in
general, the nuclear diameters increase in
proportion to the cytoplasm.

Small lymphocytes from normal subjects
rarely undergo significant transformation in
unstimulated cultures. Upon stimulation, iz
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F16. 4. Nuclei of unstimulated lymphocytes treated with Cetrimide (160X ).

vitro with PHA, these cells rapidly transform
during the first 72 hr of incubation. From
the fifth to the ninth day of incubation, the
percentage of large blastoid cells either re-
mains constant (10) or increases (11, 12).
Other relevant changes are an increase in
transitional and degenerating cells after 7
days of incubation (12). The number of de-
generating cells continue increasing until by
the seventeenth day most cells show changes
associated with cellular death (13).

The distribution patterns of nuclear vol-
ume correlate well with previously described
morphological findings. The “off column”
lymphocyte suspensions produce a curve with
slight skewing to the right, suggesting a rela-
tively homogeneous particle population with
the presence of a small number of large cells
and, possibly some degree of coincidence
counting. At 24 hr, nuclei of stimulated lym-
phocytes are not markedly different from the
unstimulated “off column” cell nuclei, again
correlating well with the morphological data.

At 48 hr, a small increase in number and
volume of lymphocyte nuclei is evident, and
at 72 hr, a conspicuous increase in the num-
ber of large particles is demonstrable. This
trend continues up to the eighth day of cul-
ture. These data are in agreement with those
described in previous reports (8). In stimu-
lated cultures, a regression of the right com-
ponent of the curve was frequently observed
after 8 days, correlating with the presence of
smaller particles as suggested by the results
of Yoffey et al. (8). Evidence of cell death
was paralleled by an increase in the number
of small particles.

Cellular volume is determined by the Coul-
ter counter in an indirect way by measuring
the variations of an electrical field produced
by the cellular displacement. It is possible
that, besides measuring changes in cellular
volume, variations in the electric conductivi-
ty or pliability of the cells, with or without
transformation, are being recorded. Unpub-
lished preliminary results of detailed studies
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of lymphocytes by Wilkins et al. indicate
that such changes are less marked than those
observed with erythrocytes (5). Correlation
of known morphological alterations with
changes of volume distribution of lymphocyte
nuclei indicates the feasibility of measure-
ment of nuclear volume distribution for the
detection and quantitation of transformation
of human lymphocytes. Recent data of nu-
clear-volume changes of PHA-stimulated lym-
phocytes obtained by split-image measure-
ments of Townsend ef @l. correlate well with
the presented electronically obtained data,
and support the feasibility of this system.
The authors, in conjunction with the center
for cybernetic studies of the University of
Texas, are developing an automated com-
puter procedure for the quantitation of the
volume distribution data (14).

Among the numerous applications of this
ranid and objective semiquantitative tech-
n'que are screening of mitogenic agents, char-
acterization of disorders of cellular immuni-
ty, assay of antilymphocyte globulin (16),
etc,

Summary. Unstimulated and phytohemag-
glutinin-stimulated lymphocytes from nine
human subjects were suspended in Cetrimide
solution before and after tissue culture. Their
nuclear volumes were measured serially with
a particle counter—400 channel analyzer
device, Variations of the volume distribution
curves correlated well with the morphological
changes associated with blastoid transforma-
tion. This method permits rapid and objec-
tive assay of lymphocyte transformation.
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