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ACTIVATION OF MURINE THYMOCYTES

IN VIVO.

PART II: STUDY OF BLASTOGENESIS, THE
SYNTHESIS OF MACROMOLECULES AND THE
CYTOTOXIC RESPONSE AFTER STIMULATION
WITH PHYTOHEMAGGLUTININ
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ABSTRACT

To determine whether the polyclonal
immunomodulator, Phytohemagglutinin (PHA),
stimulates murine lymphocytes in vivo and
causes cytotoxic differentiation, we studied
blastogenesis and the concomitant synthesis of
macromolecules (DNA, RNA and protein) by
lymphocytes at different hours after injection of
PHA in mice. 5'Cr release assay was also per-
formed by using allogeneic cells as target to
determine whether lymphocytes after stimulation
in vivo by this activator undergo cytotoxic dif-
ferentiation. Out of the five doses of
Phytohemagglutinin (2.5 ug, 5 ug, 10 ug, 20 ug
and 50 ug per mouse) a marginally higher peak
of blastogenesis was observed with 20 ug dose at
48hr. No significant peak was observed in syn-
thesis of macromolecules or with cytotoxicity.

It has been previously shown that
thymocytes develop responsiveness to dif-
ferent mitogens such as Phytohemagglutinin
(PHA) and Concanavalin A (Con A) at dif-
ferent stages of ontogeny starting from the
embryonic state (1-3). Most experiments for
activating T cells with polyclonal agents like
PHA and Con A have, however, been done
in vitro (4-9). Recently, it has been shown
that Con A can stimulate murine T cells in

vivo (10-12). Accordingly, this study was
designed to determine whether PHA
stimulates murine lymphocytes in vivo by
examining different parameters including
blastogenesis, an indicator of activation of
lymphocytes, synthesis of macromolecules
and efficacy of cytotoxic killer cells.

MATERIALS AND METHODS

Animals: Mice of eight to twelve weeks
age were used in all experiments. Breeding
nuclei of C57BL and DBA/2 mice were
obtained from Tata Cancer Research In-
stitute, Bombay and maintained in our
animal colony with pellet food of Hindustan
Lever Ltd. and water ad-libitum.

Mitogen: Phytohemagglutinin M (PHA-
M) was obtained from Difco Laboratories
(Detroit, Michigan, USA) and the total
amount of a vial (50mg) was dissolved in 5
ml sterilized distilled water. The stock solu-
tion of PHA-M was stored at -20°C. Five
different doses of PHA-M, 2.5, 5, 10, 20 and
50ug in 0.1 ml, were used intravenously in
the experiments.

Isotopes: Radioactively labelled com-
pounds were obtained from the Bhabha
Atomic Research Centre, Trombay, Bom-
bay. *H-thymidine (sp. act. 15.8 Ci/mM),
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3H-uracil (sp. act. 38 Ci/mM) and *H-leucine
(sp. act. 68 Ci/mM) were used for measuring
the kinetics of DNA, RNA and protein syn-
thesis respectively by the transforming lym-
phocytes activated with this mitogen. The
target cells for cytotoxicity test were labelled
with Na,’'CrO, (sp. act. 0.68 to 1.93
Ci/mg).

Serum: Goat (Capra bengalensis) blood
was collected aseptically from the jugular
vein and sometimes at the time of sacrifice
of the animal. Collected blood was allowed
to stand at room temperature (25-30°C) for
45 min. After clotting of the blood, the
serum was collected by centrifugation and
aliquots of serum was preserved at -20°C
until use (13).

Cell suspension: Spleen, mesenteric lymph
nodes, other lymph nodes (cervical, axillary
and inguinal lymph nodes pooled together)
and peripheral blood were collected from
mice aseptically. Cells from secondary lym-
phoid organs were dissociated in phosphate
buffered saline (PBS) with the help of
stainless steel wire mesh and by passing
through a syringe fitted with 27 gauge
needle. Peripheral blood was collected in
3.13% sodium citrate solution. Cell suspen-
sions were layered on Ficoll and Hypaque
solution (Sigma Co., USA Product No.
F8628) and spun down at 3000 RPM for 15
minutes for the separation of lymphocytes
from RBCs and debris. The lymphocytes
were collected from the interface and washed
three times with PBS.

Measure of blastogenesis: After binding
with the mitogen or antigen, metabolic
activities of small lymphocytes were
augmented and they gradually became
transformed into bigger cells termed blast
cells. Thus blastogenesis is considered as an
indicator of activation of lymphocytes, and
the percentage of blast cells in a lymphocyte
population stimulated with mitogen or an-
tigen represented a measure of the degree of
activation of lymphocytes. Blast cells were
counted in a hemocytometer in the presence
of trypan blue under the microscope fitted
with a special occulometer. Cells with
diameters greater than approximately 7 um
were scored as medium sized, whereas cells
with diameter greater than 10-11 um were

scored as large. Fifteen mice were used per
point in each experiment which was
repeated three times. 300-400 cells were
counted in three different fields to determine
the percentage of blast cells. The proportion
of transformed or “blast” cells was derived
from the sum of viable medium plus large
lymphocytes divided by the total viable lym-
phocytes counted (14). The percentage count
of blast cells was corrected by subtracting
the percentage of medium and large lym-
phoid cells in respective lymphoid organ of
normal control mice; the later index usually
varied from three to six percent.

Measure of DNA synthesis: C57BL mice
were injected with different doses of PHA
(10, 20 and 50 ug/mouse). Mice were sacri-
ficed at different hours (24, 48, 72 and 96).
Cell suspension from spleen and mesenteric
lymph nodes were obtained separately as
outlined above and suspended in Minimum
Essential Medium (MEM). Cell number was
adjusted as 4x10° cells/ml and triplicates of
106 cells in 250 ul were transferred by an
eppendorf in small glass culture tubes.
3H-thymidine at the dose of 2uCi was added
to each culture tube for measuring the syn-
thesis of DNA by lymphocytes stimulated in
vivo, and the tubes were then incubated in a
humidified atmosphere of 7.5% CO, in air
at 37°C for eight hours. At the end of incu-
bation 3 ml cold PBS was added to each of
the tubes removed by suction. 1 ml cold
10% trichloracetic acid (TCA) in distilled
water was added to each tube and all tubes
were refrigerated overnight. The TCA
precipitate of each tube was then filtered on
a small filter disc (Whatmann filter No. 3)
under suction and washed with 10 ml of
10% TCA. The filter paper discs were dried
and kept in standard scintillation vials for
counting by liquid scintillation counter
(Packard, USA). A 5 ml scintillation cocktail
was prepared by adding 6 gm PPO, 0.05 gm
POPOP in one liter toluene.

Measure of RNA synthesis: Cell suspen-
sions from spleen and lymph node were
made at different hours of the experiment
following the procedure outlined earlier. 250
ul of cell suspension (106 cells) in triplicate
were incubated with 2uCi of *H-uracil for
labelling the total RNA, synthesized by the
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Fig. 1: Blastogenesis of the lymphocytes from spleen at
different hours with in vivo treatment of different
doses of PHA.
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Fig. 3: Percentage of blast obtained at different hours
in other lymph nodes with treatment of different doses
of PHA.

activated cells. Period of incubation, ter-
mination and further treatment of the
cultures up to scintillation counting were
same as with measuring DNA synthesis.
Measure of protein synthesis: A dose of 2
uCi of *H-leucine was used for 105 cells in an
aliquot of 250 ul in a tube for labelling the
proteins, synthesized by the cells activated in
vivo. Triplicate cultures for each type of cells
were maintained for eight hours as described
earlier. After termination of incubation the
cultures were washed two times and the cells
were precipitated on filter paper discs and
processed for final scintillation counting.
Cytotoxicity assay: Cytotoxic ability of the
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Fig. 2: Blastogenesis of lymphocytes from mesenteric
lymph node at different hours with in vivo treatment
of different doses of PHA.
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Fig. 4: Percentage of blast obtained at different hours
in the lymphocytes of peripheral blood with treatment
of different doses of PHA.

lymphoid cells activated in vivo with PHA
was determined by using 5!Cr release assay
(14). Activated lymphocytes from spleen and
lymph node of C57BL mice injected with
this mitogen constituted the effector cells.
Con A induced blast cells from spleen
and lymph nodes of DBA/2 mice were
taken as target cells as per method of Melief
and co-workers (15). To raise the target cells,
DBA/2 mice were injected with 50ug Con A
per animal iv. Mice were sacrificed after 48
hr of injection; spleen and lymph nodes
were aseptically removed and dissociated
using stainless steel grids. Following the
method as outlined above the cells were
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suspended in MEM supplemented with 10%
heart inactivated goat serum, penicillin-
streptomycin (50U/ml) and nystatin
(50U/ml). Cell number was adjusted to 107
cells/ml. An amount of fluid containing 200
uCi of Na,5'CrO, was added in 1 ml of cell
suspension containing 107 cells and incu-
bated for one and half hours in a humidified
atmosphere of 7.5% carbon dioxide in air at
37°C. The tubes containing the cells were
shaken three times during incubation for
facilitating radioactive labelling. After incu-
bation the cells were washed three times
with PBS and the number of cells was ad-
justed to 4x10* cells/ml. These cells labelled
with radioactive chromium were used as
target cells for cytotoxicity assay.

The effector cells were obtained from
mice injected with 20 ug of PHA. Mice were
sacrificed at 24, 48, 72 and 96 hours after
injection of the mitogen and the cells were
dissociated and suspended in MEM as
described earlier. Cell number was adjusted
to 106 cells/ml.

To 1 ml suspension of effector cells,
51Cr-labelled target cells in 250ul were added
at different ratios (100:1, 50:1 and 10:1) and
the mixture incubated for six hours.
Triplicate tubes for each ratio were main-
tained. Effector cells were not added in the
control cultures for spontaneous release of
the isotope from labelled target cells. Instead
1 ml MEM was added in each tube and the
tubes were also incubated for six hours. For
maximum release of the radioactivity from
the target cells 1 ml of distilled water was
added instead of medium in the tubes con-
taining labelled target cells only. After incu-
bation, culture tubes were centrifuged except
the tubes for maximum release of the
radioactivity. One ml supernatant was col-
lected from each tube and the amount of
51Cr released into the supernatant was
assessed by using a gamma ray spectrometer
(Model No. GR523A, ECIL, India). The
percentage of cytotoxicity or 3'Cr released by
the effector cells was calculated as follows:

Experimental release — Spontaneous release

X100

Maximum release — Spontaneous release

RESULTS

Blastogenesis: The dose effect of PHA was
not well demarcated as with Con A (10) and
there was no notable peak in the response
with any dose of PHA (Figs. 1-4). Five dif-
ferent doses were used: of these 20 ug PHA
per mouse seemed to augment a marginally
higher peak at 48 hr. There was little dif-
ference in the kinetics and level of
blastogenic response of the lymphoid cells
from different sources. The blast cells
obtained with higher doses of PHA did not
become vacuolated at later hours (72 and 96
hrs) as after treatment with Con A (10).
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Fig. 5: Incorporation of 3H-TdR by the lymphocytes

from spleen at different hours after in vivo stimula-
tion with different doses of PHA. Dose of PHA

per animal: o—o 10 ug, e—e 20 ug, &= 50 ug,
and e—e control, without PHA treatment. (Same

symbols have been used in Figure 6.)
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Fig. 6: Incorporation of 3H-TdR by lymphocytes of
mesenteric lymph node at different hours after in vivo
stimulation with different doses of PHA.
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Fig. 7: Incorporation of 3H-Uracil by the splenic
lymphocytes at different hours after in vivo stimula-
tion with different doses of PHA. Dose of PHA per
animal: o—o 10 ug, e—e 20pug, &= 50 ug, and

e— control, without PHA treatment. (Same sym-
bols have been used in Figure 8.)
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Fig. 9: Incorporation of 3H-Leucine by splenic lym-
phocytes at different hours after in vivo stimulation
with different doses of PHA. Dose of PHA per
animal: o—o 10pg, e—e 20ug, s—a 50 ug, and
o—o control, without PHA treatment. (Same sym-
bols have been used in Figure 10.)

Synthesis of macromolecules: There was
minimal incorporation of radioactive precur-
sor into DNA of the lymphocytes with dif-
ferent doses of PHA. This was true with
lymphocytes from both spleen and
mesenteric lymph node (Fig. 5,6). None of
the three doses induced a significant peak of
incorporation of *H-TdR.

Level of incorporation of radioactive
uracil by the lymphocytes from spleen and
mesenteric lymph node did not attain a
significant level at any hour of treatment
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Fig. 8: Incorporation of 3H-Uracil by lymphocytes of
mesenteric lymph node at different hours after in vivo
stimulation with different doses of PHA.
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Fig. 10: Incorporation of 3H-Leucine by lymphocytes

from mesenteric lymph node at different hours afterin

vivo stimulation with different doses of PHA.

(Fig. 7,8). This was true with each dose of
PHA (10, 20 and 50 ug per mouse).

Similar to kinetics of blastogenesis and
synthesis of DNA and RNA, synthesis of
protein was also not notably stimulated by
PHA (Fig. 9,10). Each dose of PHA induced
protein synthesis in spleen and lymph node
cells to a similar extent i.e. slightly higher
than background. Incorporation of
3H-leucine was slightly higher in spleen cells
at 72 hours after administration of 50 ug
PHA (Fig. 9) but not significantly.

Chytotoxic ability of the lymphocytes
stimulated in vivo with PHA: The dose of 20
pug PHA per mouse was used to generate the
effector cells for this experiment as this dose
was marginally better for inducing blast

-transformation. PHA generated effector cells
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Table 1.

Cytotoxic response (X + SD) of the lymphocytes activated with 20 .g PHA in vivo against

allogeneic target cells.

Experiment Target: Percentage of cytotoxicity

No: Effector 24 hr 48 hr 72 hr 96 hr

1. 1:100 845 +222 840+219 2176 +265 1281 %200
1:50 1654 =404 570+ 139 957 £566 17.03 £7.25
1:10 1231 £393 721 £211 1529 + 444 1442 = 4.06

2. 1:100 1731 £ 284 1757 £518 1757 £4.70 16.18 = 443
1:50 11.12 £ 390 1340 £ 467 1099 + 396 821 =200
1:10 1213 £ 266 1592 + 362 1175+ 1.76 1731 £4.73

In control experiment the experimental and spontaneous release were the same.

at any concentration did not mount a
significant level of cytotoxicity against
allogeneic target cells as seen in Table 1. This
was true with cells from mice treated with

PHA for different length of time.

DISCUSSION

The chief objective of this study was to
determine whether lymphocytes were
stimulated in vivo with PHA and whether
stimulated cells undergo wide spectrum dif-
ferentiation including cytotoxic cells This
issue was assessed from several aspects.
Measure of the rate of blastogenesis was used
to gauge the optimal concentration and time
for effective transformation of quiescent lym-
phocytes into blasts. The process of blast
transformation represents the culmination of
several biochemical events and affects almost
every metabolic pathway (16-21). Synthesis
of macromolecules like DNA, RNA and pro-
tein accompany blastogenesis and accord-
ingly were also taken into account.

In vivo stimulation with PHA (the dose
wise effect) was not well demarcated as with
Con A (10) and there was no significant
peak in lymphocyte response at any dose.
Thus, PHA was a poor stimulator for
murine T cells in vivo. Similar results for T
lymphocytes were obtained by Stobo and his
co-workers (22) using an in vitro system.
There was no vacuolation in the blasts
induced with PHA as observed in the blast
cells with high doses of Con A (10).

Vacuolated cells may signify hyperactivity
and physiological exhaustion of the blast
cells.

Besides blastogenesis, synthesis of DNA,
RNA and protein were also tested for assess-
ing activation of lymphocytes in vivo. Rate of
synthesis of these substances by lymphocytes
of the spleen and mesenteric lymph node
were examined as the pattern of blasto-
genesis of the lymphoid cells from different
sources treated with different doses of PHA
were found comparable. Thus the experi-
ments with spleen and lymph node cells
were considered representative.

No dose of PHA induced significant syn-
thesis of DNA in spleen or lymph node
cells. Although there was a feeble
blastogenic response by lymphocytes in vivo,
on the basis of earlier work (22) and our
observation, it is concluded that PHA is a
poor stimulator for murine lymphocytes
whether in vivo or in vitro. PHA is recog-
nized as a better polyclonal stimulator for
human lymphocytes (4,23) and detailed
kinetics and site of DNA synthesis
augmented by PHA stimulation in human
lymphocytes have been elucidated (24-26).

The rate of synthesis of RNA and pro-
tein in lymphocytes activated with PHA
were studied at 24-hour intervals up to 96
hours. The main purpose was to measure
the rate of the synthesis after treatment with
PHA and the findings with blastogenesis.

It is likely that the process of blast
transformation is more closely related to the
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synthesis of RNA and protein than that of
DNA. This relationship is expected because
large blast cells presumably synthesize greater
numbers of building blocks for differentia-
tion.

Finally, PHA was also a poor stimulator

for generating cytotoxic cells. These results
with PHA suggest that considerable blasto-
genesis is a prerequisite for differentiation of
cytotoxic T-cells, a conclusion suggested by
others under different circumstances (2,22).

REFERENCES

L.

10.

Howe, ML, B Manziello: Ontogenesis of the
in vivo response of murine lymphoid cells to

cellular antigens and phytomitogens. J.
Immunology 109 (1972), 534.

. Stobo, JD, WE Paul: Functional hetero-

geneity of murine lymphoid cells. II. Acquisi-
tion of mitogen responsiveness and of antigen
during the ontogeny of thymocytes and “T”
lymphocytes. Cell. Immunol. 4 (1972), 367.

. Mosier, DE: Ontogeny of mouse lymphocyte

function. 1. Paradoxical elevation of reactivity
to allogeneic cells and phytohemagglutinin in
BALB/c fetal thymocytes. J. Immunol. 112
(1974), 305.

Winkelstein, A, CG Craddock: Comparative
response of normal human thymus and
lymph node cells to PHA in culture. Blood
29 (1967), 5%4.

Stobo, JD: PHA and Con A: Probes for
murine T cells activation and differentiation.
Transplant. Rev. 1 (1972), 60.

Greaves, M, G Janossy: Elicitation of selective
T and B lymphocyte responses by cell surface
binding ligands. Transplant. Rev. 11

(1972), 87.

Shertman, K, W] Byrd, JC Cerottini, KT
Brunner: Characterization and separation of
mouse lymphocyte subpopulations responding
to PHA and PWM. Cell. Immunol. 6

(1973), 25.

Lee, KC, RE Langman, VH Paetkau, E
Diener: Antigen recognition. III. Effect of
Phytomitogens on antigen-receptor capping
and the immune response in witro.Eur. .

Immunol. 3 (1973), 306.

. Qliver, WP, C Rosse, ] Clagett: Phytohemag-

glutinin inducer differentiation and
blastogenesis of precursor T cells from mouse
bone marrow. J. Exp. Med. 146 (1977), 735.
Chaudhuri, TK, AK Chakravarty: Activa-
tion of murine thymocytes in vivo. Part L.
Study of blastogenesis and DNA synthesis

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

123

after stimulation with Concanavalin A. J.
Indian Inst. Sci. 63c (1981), 149.

. Chaudhuri, TK, AK Chakravarty: Activa-

tion of murine thymocytes in vivo. Part L.
Study of blastogenesis and DNA synthesis
after stimulation with Concanavalin A.
Japan. J. Med. Sci. Biol. 36 (1983), 43.
Chaudhuri, TK, AK Chakravarty: Study of
murine lymphoid cells in situ after stimula-
tion with Concanavalin A. Japan. ]. Med.
Sci. Biol. 36 (1983), 97.

Chaudhuri, TK, AK Chakravarty: Goat
serum as a substitute for fetal calf serum in
vitro culture of murine lymphocytes. Indian J.
Exp. Biol. 21 (1983), 494.

Chakravarty, AK, WR Clark: Lectin-driven
maturation of cytotoxic effector cells: the
nature of effector memory. J. Exp. Med. 146
(1977), 230.

Melief, CJ, MY Vander Meulen, B] Chris-
tians, P de-Greeve: Cooperation between
subclasses of T lymphocytes in the in vitro
generation of cytotoxicity against a mutant
H-2k difference. An analysis with anti-Lyt
antisera. Eur. J. Immunol. 9 (1979), 7.

Kay, JE: RNA and protein synthesis in lym-
phocytes incubated with PHA IN: The
Biological effects of PHA. MW Elves, ed (R
Jones and A Hunt, Orthopedic Hospital,
Oswestry), p. 37, 1967.

Forsdyke, DR: Quantitative nucleic acid
changes during PHA-induced lymphocyte
transformation in vitro. Biochem. J. 105

(1967), 679.

. Cooper, HL: RNA metabolism in lym-

phocytes stimulated by PHA. II. Rapidly syn-
thesized RNA and the production of
ribosomal RNA. J. Biol. Chem. 243 (1968),
34.

Ross, D, JA Loss: Changes in the car-
bohydrate metabolism of mitogenically
stimulated human peripheral lymphocytes. L.
Stimulation by PHA. Biochem. Biophys.
Acta. 227 (1970), 565.

Cooper, HL: Studies on RNA metabolism
during lymphocyte activation. Transplant.
Rev. 11 (1972),3.

Andersson, J, F Melchers: Induction of
immunoglobulin M synthesis and secretion in
bone marrow-derived lymphocytes by locally
concentration Con A. Proc. Natl. Acad. Sci.
U.S. 70 (1973), 416.

Stobo, JD, AS Rosenthal, WE Paul: Func-
tional heterogeneity of murine lymphoid cells.
L. Responsiveness and surface binding of Con-
canavalin A and PHA. J. Immunol. 108
(1972), 1.

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



124

23. Kay, HEM, ] Doe, A Hockley: Response of
human foetal thymocytes to PHA.
Immunology 18 (1970), 393.

24. Buckton, KE, MC Pike: Chromosome
investigations on lymphocytes from irradiated
patients: Effect of time in culture. Nature 202
(1964), 714.

25. Ribas-Mundo, M: DNA replication patterns
of normal human leukocyte cultures. Time
sequence of DNA synthesis in relation to the
3H-thymidine incorporation over the
nucleolus. Blood 28 (1966), 891.

26. Sasaki, MS, A Norman: Proliferation of
human lymphocytes in culture. Nature 210
(1966), 913.

Tapas K. Chaudhuri

Cellular Immunology Laboratory
Department of Anatomy

All India Institute of Medical Sciences
New Delhi 110-029, INDIA

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





