
Tissue Culture of Cells Already in DNA Synthesis

from Patients with Infectious Mononucleosis

By ARCHIE A. MACKINNEY, JR.

T HE PROLIFERATIVE capacity of small- and medium-sized lymphocytes

in peripheral blood is now well established.25 These cells begin DNA

synthesis and divide in tissue culture in response to a variety of mitosis-

stimulating agents. The most widely studied of these agents is phytohemag-

glutinin. Few or no mitosis are observed in cultures of normal peripheral

lymphocytes when such a mitosis-stimulating agent is omitted.

A second group of cells in the peripheral blood may be capable of di-

vision. These cells are identified by their ability to incorporate tritiated

thymidine without prior tissue culture.6 These cells are termed “already in

DNA synthesis” to distinguish them from small and medium lymphocytes

which require 24 hours in vitro before DNA synthesis begins. The origin and

function of cells already in DNA synthesis is unknown. They are rare in

normal peripheral blood ( 0.1 per cent ) and relatively common in infectious

mononucleosis ( 5 per cent ) �

Spontaneous proliferation of leukocytes from peripheral blood of patients

with infectious mononucleosis may be expected from evidence other than

thymidine incorporation. Mitoses, rarely seen except in leukemia, have been

observed in peripheral blood of these patients.7-” Increased levels of enzymes

associated with nucleic acid synthesis have been demonstrated.’2

In the current study the mitotic rate and developmental potentialities of im-

mature cells already in DNA synthesis have been studied in tissue culture.

Autoradiography was used to identify cells which incorporated tnitiated

thymidine. Colchicine and metaphase preparations were used to estimate

the mitotic rate. No evidence of cell division of normal cells already in DNA

synthesis has been found using these technics.

MATERIALS AND METHODS

Patients fromuu the University of Wisconsin Student Infirmary with typical clinical find-

ings of infectious monontmcleosis, diagnostic titers of heterophil antibody and 30-50 per

cent atypical leukocytes were studied.

Fifty ml. of blood containing 2 ml. aqueous sodium hepanin 10 rng./ml. were incubated

at roomuu tenuperature with 2 ml. phytohemagglutim�in-P#{176} 1:10 dilution (PHA-P) for #{189}-i

hour. The blood was centrifuged for 2 minutes at 400 rpm (35g) and the cell-rich plasma

aspirated. In some experiments red cells were allowed to sediment by gravity and PHA-

P 0.5 ml./10 nul. culture was added to half the aliquots; paired aliquots without PITA-P
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served as controls. In each experiment, 4-7 aliqimot cultures were prepared imsing 2 ml.

cell-rich plasma and 8 ml. tissue cimlture medium 199. Cultures were incubated with tnt-

iated thymidine ( H3TdR ) 1-2 �c./#{176} ml. at tinue 0 to label cells already in DNA synthesis.

After 2-4 hours nonradioactive thymidine i mg/mI. culture was added to block further

labeling. The bottles were centrifuged at 1000 rpnu for 10 minutes. The supernatant

was aspirated under sterile conditions and the ctmltures reconstituted with 2 ml. autogenous

cell-free plasnua and 8 ml. tissue culture medium 199. Cultures were incubated at 37 C.

until final processing.

Prior to processing of an aliquot culture, colchicine 10 � NI was added for 2 hours.

Leukocytes were counted with duplicate white cell pipettes and heniocytometers. The

cimlture was centrifuged after 2 hours and the sediment divided between coverslip smuiears

and air-dried metaphase preparations. Studies were usually concluded at 72 hours. Two

experiments were discarded because of contamuuination. One was discarded becaimse atypical

cells had disappeared from the peripheral blood. I)ata from 12 cultures are reported here.

Autoradiographs

Coverslip sniears and Feulgen-stained metaphase preparations were covered with AR-b

stripping film, and exposed 6-8 days. Smears were stained with Ciemsa. Five htmndred

to 1000 cells from each aliqimot were classified according to size, grain coimnt, and

mnorphology. The absolute number of labeled cells was calculated from per cent labeled

cells and the total cell count.

RESULTS

Morphology

Detailed observation of labeled cells was limited by high grain density

over the nucleus and staining aberrations inherent in this method of auto-

radiography. After initial labeling with thymidine (2 hours), some cells re-

sembled the atypical lymphocytes which Downey described’3 (fig. 1). The

most commonly observed cells were 8-10 �s in diameter with round or oval,

occasionally indented nuclei, and with vacuolated dark cytoplasm. These

cells corresponded most closely to the type I cell. Type II cells, characterized

by large amounts of clear irregularly stained blue cytoplasm were less com-

monly identified. Large oval cells with small amounts of dark cytoplasm,

corresponding to the type III cell, were also uncommon. Except for nuclear

grains, the labeled cells were similar to other atypical cells. In one experi-

ment (152) normal-appearing medium-sized lymphocytes as well as atypical

cells were labeled with H3TdR.

By 48-72 hours in vitro two trends in cell developments were observed.

Some of the labeled cells were larger and less differentiated and resembled

the large mononuclear cells seen at comparable times in culture of normal

lcukocytes2 (fig. 2). At 72 hours, 50 per cent of the labeled cells remaining

were smaller than at 2 hours. Forty per cent of these small cells resembled

small lymphocytes. They were 5-8 �s in diameter with round nuclei and scant

cytoplasm (fig. 3). No other mature cells were identified. Figure 4 depicts

changes in cell size.

#{176}Specific activity 1.9 C/mM, Schwarz Bi�Research, Inc., Orangebung. New York,
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Fig. 1.-Appearance of labeled cells at the beginning of culture (2 hours).
Mean diameter about 10 js. (A, B, F) Cells with eccentric oval, indented nuclei

and vacuolated cytoplasm. (C) Large irregular cell with irregularly stained cyto-

plasm appearing compressed at the margins. (D) Small densely stained unlabeled

lymphocyte adjoins larger labeled cell. (E) Cell with large oval nucleus and scant

cytoplasm. (B-F) Grain density obscures nuclear detail,
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Fig. 2.-Progeny of cells previously in DNA synthesis after 68-72 hours in

culture. Greatest diameters 15-20 � (A-C) Cells resembling large mononuclear

cells seen in normal peripheral blood cultures. (D-F) Smaller. lymphoid cells; D,

F show shape typical of lymphocytes in motion� -
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Fig. 3.-Progeny of cells previously in DNA synthesis after 68-72 hours in

culture Greatest diameters 5-8 �. (A, C, E) Round nucleus constitutes most of the

cell. (B, D, F) Large vacuoles in cytoplasm frequently observed in tissue culture.
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Fig. 4.-Changes in cell size during tissue culture. Means of 6 experiments.

Grain Counts

The proportion of cells labeled remained constant during culture. Total

cell counts fell to a third of the original value by the third day (fig. 5). At

2 hours, 90 per cent of the labeled cells contained more than 100 gr. These

densely labeled cells decreased with time. At 72 hours, 50 per cent of the

labeled cells retained more than 100 gr., and a new population of cells with

a mode of 30 gr. appeared (fig. 6). This suggested that 50 per cent of the

cells divided twice.

Gross Mitotic Rates

Cell division was demonstrated by metaphase preparations between 8-36

hours in culture. During this period, cell division is not observed in cultures

of normal cells.2”4 The data suggested that these cells were already in DNA

synthesis in freshly drawn blood. Changes in the rate of cell division are

shown in figure 7. From the earliest observed value of 0.01 per cent mitosis

per hour’s exposure to colchicine at 8 hours, the rate of cell division rose to

an apparent plateau at 0.1 per cent mitosis per hour’s exposure to coichicine

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/26/1/36/571994/36.pdf by guest on 19 M

ay 2023



i200�

#{149}- Ce//s/mm3

#{163}- Lc&4d Cs/I Ccwt 140

E
E I000�

C,)
-J
-J
UI
C-)

800�

a400

200

C

I
40

20

3
10 30 50

HOURS

Fig. 5.-Changes in cell counts during tissue culture.

at 18-24 hours. The mitotic rate subsequently rose

hours.

Means of 6 experiments.

to 1.0 per cent at 66-72
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Cells dividing between 8-36 hours were demonstrated to be cells which

incorporated H3TdR at time 0 by autoradiography of metaphase preparations

(fig. 8). Maximum division of initially labeled cells was observed between

18-24 hours; at this time 40-60 per cent of the metaphases contained the

tritium label. There was a continuous decline in proportion of metaphases

labeled until 72 hours when 3-6 per cent of the metaphases were labeled.

Effect of PHA on Early Dividing CelLi

Morphologic observations indicated that initially labeled cells matured

into small round cells resembling lymphocytes. Since PHA-P stimulates pro-

liferation of normal leukocytes15 in vitro, we examined the possibility that

PHA-P would similarly stimulate proliferation of atypical leukocytes already

in DNA synthesis, i.e., those cells which divide between 8-36 hours. Aliquot

cultures with and without PHA were studied at intervals to determine

rates of cell division. Table 1 shows that cell division was similar in cultures

with or without PHA up to 18-22 hours. Thereafter, cell division was marked-

ly reduced in cultures without PHA.
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Fig. 6.-Changes in grain counts during tissue culture of thymidine-labeled cells.
Means of 6 experiments.

DIsCUssIoN

Peripheral leukocytes may be classified according to their DNA-synthesizing

capacity rather than nuclear detail and cytoplasmic granules. There are three

groups : ( 1 ) dormant lymphocytes which begin to synthesize DNA 24 hours

after exposure to PHA and begin to divide after 40 hours in vitro; ( 2) termi-

nal cells, e.g., granulocytes which are incapable of further DNA synthesis

and cell division; (3) cells already in DNA synthesis. The third group is the

subject of this study.

Cell division of two populations can be studied if sufficient time elapses

between the onset of DNA synthesis and mitosis of the two groups. Since

DNA synthesis in dormant cells does not begin before 24 hours in vitro, cells

already in DNA synthesis can incorporate thymidine at time 0 without over-

lapping the dormant population. Cell division in dormant cells does not

begin before 40 hours in vitro; cells dividing before this time presumably

are cells already in DNA synthesis. (This assumption was proven by finding

tritiated thymidine-labeled metaphases in high proportion at 18-24 hours.)

The experiments are based on evidence16 that thymidine-labeled DNA from

dying cells is not reutilized in amounts sufficient to alter grain counts. Living

cells were presumed to lose label only through cell division.

The study shows that peripheral blood cells which were capable of in-

corporating thymidine in freshly drawn blood could divide in vitro. The

evidence for the mitotic capability of these cells is (1) halving of grain

counts of labeled cells, (2) division of relatively large numbers of cells be-

fore 40 hours, and (3) demonstration of metaphases containing tritium

label which had been introduced to the cell at time 0. Division of these cells

was probably not an in vitro artifact, since induction of cell division had oc-
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Fig. 7.-Time sequence of cell division in tissue culture. All cultures were ex-

posed to colchicine for 2 hours prior to time indicated; value of 0.011 per cent in

Exp. 153 was obtained after 6 hours incubation with colehicine. Vertical axis inch-

cates mitotic index. Code refers to experiment number. Time of division of normal

cells is indicated by stippled area.

curred in vivo. Whether the kinetic aspects of cell division are the same in

vivo and in vitro is uncertain.

These cells were limited to one, or at most, two replications during 72

hours in vitro unless a second stimulus was provided. The in vitro stimulus

was phytohemagglutinin which is presumably dissimilar from the virus or

other agent which triggered cell division in the patient. Phytohemagglutinin

did not prevent maturation of labeled cells. No self-sustaining compartment of

dividing cells was observed. Hence the majority of DNA synthesizing cells

in infectious mononucleosis are probably not “stem cells” but partially dif-

ferentiated cells which are still capable of 1-3 divisions at the time of re-

lease into the peripheral blood. Moreover they gave no evidence of being

multipotential, since only lymphocytes were identified as mature progeny.
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Fig. 8.-Per cent H3TdR-labeled metaphases in 7 tissue culture studies of leuko-

cytes from patients with infectious mononucleosis. Each point represents scan of

1-2 slides (>10,000 cells) or count of 100 metaphases.

The capacity of atypical leukocytes for cell division was limited also in

the sense that not every cell which incorporated thymidine divided. This

was demonstrated by kinetic data. Whereas 8 per cent of the cells were in

DNA synthesis at the beginning of culture, and presumably should divide

within 24 hours, only 0.1 per cent of the cells were demonstrated to divide

during any given hour within the first 24 hours. At 24 hours, only 1 per cent

of the labeled cells were dividing per hour. Finally, grain count data showed

that 50 per cent of the cells retained their initial grain counts throughout

the period of culture.

Overestimation of cell division based on H3TdR versus colchicine is not

limited to in vitro observations. Pel&7 has shown that per cent H3TdR in-

corporation is greater than predicted from mitotic indices in a variety of

animal tissues. Lala and co-workers18 suggest that mitotic indices are low

because of technical problems in tissue preparation. Other workers’#{176}’2#{176}have

observed that a significant number of normal hemopoietic cells fail to corn-
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Table 1.-Effect of Phytoheinagglutinin on Cultures of Leukocytes from
Patients with Infectious Mononucleosis

Hours in Culture 10 18 22 30 44 72

PHA-P a b a b a b a b a b a b

Experiment #

143

144

149

150

151

0 0

6

1

6

3

6

S

4

0

6

0

-

-

-

3

1

-

0

0

8

3

0

0

-

97

16

14

39
14

0

1

0

0
0

Mitoses/2000 cells at intervals during culture. Colchicine was added 2 hours prior to cach interval

d�ignated; (a) aliquot containing phytohemagglutinin (b) control.

plete maturation. Cell death could account for a considerable number of cells

that go into DNA synthesis but fail to divide. When H3TdR is the label, chro-

mosome injury may prevent some cells from dividing. Bender and co-work-

ers21 have demonstrated that chromosome injury occurs in normal leukocyte

cultures incubated with 1 j.�c. H3TdR/ml. of culture fluid. Although chro-

mosome injury does not preclude cell division, Cohen and co-workers22 have

published data which suggests a negative correlation between the number of

chromosome breaks and the mitotic index.

The data indicate that cells already in DNA synthesis from patients with

infectious mononucleosis are lymphocytes: the cells responded to phyto-

hemagglutinin with an increased mitotic rate. In this respect they resemble

lymphocytes. The maturation of initially labeled cells into cells resembling

small lymphocytes supports this conclusion. Paegle23 showed by electron

microscopy that atypical lymphocytes in this disease are lymphocytes. In the

current study the labeled cells could not be distinguished from other atypical

cells in the cultures. They appeared to be the same except for the stage of

cell division in which they removed from the blood.

If these inferences are correct, the data may shed light on the problem of

the age and proliferative capacity of the atypical lymphocytes in relation to

leukemic cells. Downey13 described morphologic differences between atypical

cells in infectious mononucleosis and malignant cells in leukemias. He empha-

sized the maturity of the type I and II cells. Type III cells were described as

less mature, but clinical features of the disease excluded leukemia. Our data

indicate that cells of all three types may be found in DNA synthesis and

therefore are in the process of cell division. Routine morphologic prepara-

tions of blood cells give limited information regarding the reproductive

physiology of the cells. The technics used in this study offer means of study-

ing cell physiology more directly. Differences between leukemic and non-

leukemic cells are being explored using these methods.

SUMMARY

1. Peripheral blood cultures from patients with infectious mononucleosis

contained approximately 50 times more cells incorporating tritiated thymidine

at time 0 than normal cultures.

2. Cultures from these patients showed active cell di� ision within the
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first 24 hours. No cell division was seen during this time in cultures of nor-

mal cells.

3. Cells dividing within the first 24 hours were identified as cells which

had incorporated thymidine at time 0 by observation of metaphases containing

tritiated thymidine.

4. Cell division ceased after 18-24 hours in the absence of phytohemag-

glutinin.

5. The data suggest that a population composed of immature lymphocytic

cells in the circulation of patients with infectious mononucleosis is in the

process of cell division. Proliferative capacity of peripheral blood cells can-

not be studied adequately by ordinary morphologic technic.

SUMMARIO IN INTERLINGUA

1. Culturas de sanguine peripheric ab patientes con mononucleosis in-

fectiose contineva approximativemente 50 vices plus de cellulas incorporante

thymidina a tritium a hora 0 que culturas normal.

2. Culturas ab iste patientes monstrava un active division cellular durante

le prime 24 horas. Nulle division cellular esseva observate durante iste periodo

de tempore in culturas de cellulas normal.

3. Cellulas monstrante division intra le prime 24 horas esseva identificate

como cellulas que habeva incorporate thymidina al hora 0 per observation

de metaphases a contento de thymidina tritiate.

4. Le division cellular cessava post 18 a 24 horas in le absentia de

phytohemagglutinina.

5. Le datos del presente studio suggere que un population componite de

immatur cellulas lymphocytic in le circulation de patientes con mononucleosis

infectiose se trova in le processo de division cellular. Le capacitate prolifera-

tori de cellulas de sanguine peripheric non pote esser studiate adequatemente

per technicas morphologic ordinari.
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