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It is generally held that some of the
features of lepromatous leprosy are due to
an anergy of the immunologic response and
evidence is accumulating that this is
related to defects in the small lymphocytes.
Rodriguez Paradisi et al. ('®) and Dierks
and Shepard (°) have reported that lym-
phocytes from lepromatous patients do not
undergo transformation as freely as those
from normal persons when phytohemagglu-
tinim (PHA) is added to them in tissue
culture. Similar results were obtained by
Bullock and Fasal (*) who showed that
the addition of PHA apparently impaired
the rate of DNA synthesis in leucocytes
cultured from patients with leprosy. Mer-
klen (12), however, reported that lympho-
cytes from tuberculoid leprosy did not un-
dergo transformation whether they were
stimulated by murine leproma or PHA but
lvmphocytes from lepromatous leprosy
transformed under the same stimuli. Be-
cause of these different findings and the
importance of their implication in the un-
derstanding of leprosy, it seemed desirable
to examine these observations by a differ-
ent procedure. In this work the liquid scin-
tillation-counting technic was used to meas-
ure the effect of PHA on the incorporation
of radioactive thymidine and uridine by
lymphocytes taken from cases of leprosy
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MATERIALS AND METHODS

Lymphocytes were obtained from the
venous blood of three groups of Chinese
people, i.e., from normal persons and from
those with untreated lepromatous or tuber-
culoid leprosy at the time of diagnosis in
Sai Ying Pun Clinic. The whole of the
experiments described were carried out in
duplicate although not at the same time.

Preparation of lymphocyte cultures. Each
experiment began with the early moming
collection of 13.5 ml. of blood into a syringe
containing 1.5 ml. of 3.5 per cent sodium
citrate solution from each of four individu-
als of one group.

This blood was pooled into a silicon-oil-
treated test tube along with 1.5 ml. of 6 per
cent dextran in isotonic saline and the red
cells were allowed to sediment at room
temperature for at least two hours. The
supernatant fluid of leucocyte-rich plasma
was withdrawn and run through a six-inch
column of glass beads. The neutrophils
adhered to the glass and so were removed
and relatively pure lymphocyte suspensions
were obtained ('%). The lymphocyte con-
tent of the effluent plasma was checked
with Giemsa-stained smears, the quantity
was measured and the cells counted. The
lymphocyte-containing plasma was centri-
fuged at 2,000 rpm for 10 minutes in sili-
con-oil-treated test tubes to obtain a con-
centrated deposit of lymphocytes. The con-
centrated cells in the sediment were
counted and the concentration was ad-
justed by adding tissue culture medium to
the sediment so that each 0.1 ml. of cell
suspension contained 2 x 10% lymphocytes.
Each 0.1 ml. sample was delivered into a
tissue culture tube and diluted with 0.9 ml.
of tissue culture medium and this consti-
tuted the final sample which was used for
each measurement. The tissue culture
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medium used throughout the experiments
consisted of four parts of medium TC 199
and one part of calf serum (obtained from
Flow Laboratories, Maryland, U.S.A.) with
100 units each of penicillin and streptomy-
cin per milliliter.

To determine the effect of PHA on thy-
midine and uridine incorporation four sets
of measurements were carried out as fol-
lows:

In the first set of tests, 2A5 pCi thymi-
dine-6-T(n) (specific activity 5.0 cu-
ries/mM, Radiochemical Centre) in 1 ml.
of tissue culture medium was added to
each of seven samples of lymphocytes in
culture tubes. In the second set, 0.1 ml. of
PHA solution (Difco laboratories) was
added to seven samples in addition to the
same dose of radioactive thymidine. In the
third set of tests 2.5 uCi/ml. of radioactive
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uridine-T (G) (specific activity 2.44 cu-
ries/mM,  Radiochemical Centre) was
added to each of the seven samples of
lymphocytes in culture tubes. In the fourth
set. 0.1 ml. of PHA was added to seven
samples in addition to the same dose of
radioactive uridine. The tubes were then
incubated at 37°C and groups of four tubes
(one from each set) were removed after 1
hr., 6 hrs., 12 hrs., 18 hrs., 24 hrs., 48 hrs.,
and 72 hrs,

Measurement of incorporation of tritiated
thymidine and uridine. (Modified method of
Kay and Korner (") ). As soon as each
group of four tubes was taken out of the
incubator, the tubes were centrifuged for
10 minutes at 2,000 rpm and the superna-
tant culture medium decanted. Each sedi-
ment was washed 10 times with 5 ml
quantities of cold 0.15M NaCl solution in
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Fic. 1. Comparison of the responses of PHA-treated lymphocytes and untreated
lymphocytes to tritiated uridine and thymidine in normal individuals,
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Comparison of the responses of PHA-treated lymphoeytes and untreated

lymphoeytes to tritiated uridine and thymidine in tuberculoid leprosy patients.

order to remove radioactive substances not
incorporated in the cells; RNA and DNA
were then precipitated by adding 5 ml
cold 0.5N HC10; solution to each tube and
this brought about maximum precipitation
in 10 minutes. These tubes were again
centrifuged and the supernatant fluid de-
canted.

The precipitate in each tube was washed
once with 3 ml. of 0.5N HC10; solution,
then with 5 ml. of ethanol-ether (1:1 v/v),
and finally with 3 ml of ether. The precipi-
tate was dried in the same tubes in an oven
“at 50-60°C and re-dissolved in 0.2 ml. of
quartenary ammonium hydroxide (0.6N in
toluene, supplied by Nuclear Chicago as
NCS solubiliser). This solution was trans-
ferred to a scintillation counting vial con-
taining 6. 8 ml. of a scintillation fluor com-
prising 2, 5-diphenyl-oxazole (3.5g¢/1) and
1.4-bis-( 2-(5-phenyloxazole ) )-benzene (50
mg./1) in toluene. To obtain quantitative

transfer, the tube was washed with six
0.5 ml. portions of fluor. Each sample was
refrigerated at 4°C before counting in a
Nuclear Chicago Liquid Seintillation Spec-
trometer. All samples were counted within
two days after collection of the last sam-
ples.

RESULTS

All count rates were corrected for back-
ground counts and the averages from du-
plicate measurements were plotted against
incubation times as shown in Figures 1-3.

Incorporation of radioactive thymidine in-

_to lymphocyte DNA. The experiments car-

ried out on the lymphoeytes from normal
blood showed that without PHA, count
rates remained low and fairly constant
throughout the whole experiment, but
when PHA was added, a marked increase
was found in the samples incubated for 48
and 72 hours. Between 24 and 72 hours, the
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count rate increased by about 100-fold over
the unstimulated values. This is similar to
the findings of other workers on PHA stim-
ulation (#). ;

In experiments carried out with lympho-
cytes from tuberculoid leprosy the count
rate remained fairly constant in the unstim-
ulated lymphocytes after six hours as was
the case with lymphocytes of normal indi-
viduals. The effects of PHA were less pro-
nounced than with normal lymphocytes.
Thus, at 48 hours only a 16-fold increase of
count-rate occurred ( Fig. 2).

The experiments conducted with lym-
phocytes from lepromatous leprosy consis-
tently showed no stimulating action by
PHA on the lymphocytes, as illustrated in
Figure 3.

Incorporation of radioactive uridine into
lymphocyte RNA. Count rates were gener-
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ally higher in the uridine samples than
those with thymidine but all of these exper-
iments showed a pronounced tendency for
count rates to drop after long incubation
periods. In the controls (Fig. 1) count rates
increased steadily up to 48 hours and then
fell away. With PHA stimulation, the count
rates were three-to four-fold higher, up to
the 48-hour reading.

The count rates from tuberculoid lym-
phocytes without stimulation increased rap-
idly up to 12 hours but then remained
essentially constant (Fig. 2). In samples to
which PHA was added the count rate was
increased by as much as ten-fold at 24
hours, but the overall picture was not dis-
similar to that for uridine samples of nor-
mal lymphocytes.

In samples of lepromatous lymphocytes,
a well defined maximum count rate at six
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Fic. 3. Comparison of the responses of PHA-treated lymphocytes and untreated
lymphocytes to tritiated uridine and thymidine in lepromatous leprosy patients.
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hours was observed, followed by a steady
fall-off. No stimulation by PHA was detect-
ed in these experiments (Fig. 3).

In general, the PHA stimulation of RNA
and DNA syntheses as measured by the
incorporation of tritiated uridine and thy-
midine respectively, was low in lympho-
cytes of tuberculoid cases and completely
absent in lymphocytes from lepromatous
cases.

The results illustrated in Figures 1, 2
and 3 show that for these lymphocytes,
where incorporation of thymidine does oc-
cur, it is generally preceded by a consider-
able increase in uridine incorporation cor-
responding to RNA synthesis.

DISCUSSION

Immunity in mycobacterial infection is
currently viewed as acquired cellular im-
munity as exemplified in tuberculosis (5~
19), This is mediated by macrophages and
lymphocytes and can be studied by observ-
ing the transformation of circulating lym-
phocytes into “blast cells” by the stimula-
tion due to PHA (7 13). The transforma-
tion is associated with cell division and the
small lymphocytes are described as immu-
nologically competent (). The mitosis
and DNA synthesis of the transformed lym-
phoeytes in cultures of human leucocytes
have been studied using tritiated thymi-
dine ('), and RNA synthesis using tritiated
uridine (*). The transformation was pre-
ceded by an early rise in RNA synthesis
(1),

The existence of two polar types of lep-
rosy appears to be related to differences
in immunity in the subject and the method
of immune responses to different antigens
has been applied to the study of leprosy
(2). Rodriguez Paradisi et al. ('®) report-
ed that “blast cell” formation was dimin-
ished in lepromatous leprosy. Dierks and
Shepard (%) showed that the response of

lymphocytes from leprosy patients to PHA, -

PPD, and BCG stimulation was defective as
revealed by the percentage of lymphocyte
transformation, and this paralleled changes
in the skin reactivity. The defect in re-
sponse was greatest in their patients with
active lepromatous leprosy but was also
found to a lesser extent in tuberculoid
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leprosy and in lepromatous leprosy ren-
dered inactive by therapy. Impaired skin
reactivity to 2-4 dinitrochlorobenzene was
noted in lepromatous leprosy by Waldorf et
al. (*®). They also reported impairment of
lymphocyte transformation from leproma-
tous leprosy patients to streptolysin O anti-
gen (7).

Bullock and Fasal (%) using tritiated
thymidine incorporation as a measure of
DNA synthesis found that there was im-
pairment of synthesis in lepromatous leu-
cocytes compared to normal leucocytes, as
well as the synthesis of DNA after strepto-
lysin O administration in autologous medi-
um. The response of tuberculoid leucocytes
to both PHA and streptolysin O was nor-
mal. They concluded that both humoral
and cellular factors may be operated in
depressing the immune response of leu-
cocytes in cultures from patients with lep-
rosy. The method used for measuring
DNA synthesis by the uptake of radioac-
tive thymidine was not given in detail.

We have not tested the effects of normal
homologous serum on the behavior of lym-
phocytes from leprosy patients but our
findings confirm those of Bullock and Fasal
that when cells from lepromatous cases are
exposed to PHA there is no increase in
DNA synthesis as measured by tritiated
thymidine. Depression of the immune re-
sponse in lepromatous patients is reflected
in impaired RNA and DNA synthesis by
stimulated lymphocytes.

In our experiments the stimulating effect
of PHA on thymidine incorporation into the
lymphocytes of tuberculoid cases was con-
siderably less than that in normal lympho-
cytes. Depression of DNA synthesis is also
evident in this type of disease, but it is less
severe than in lepromatous cases. The stim-
ulating effect of PHA on uridine incorpo-
ration into lymphocytes from cases of tu-
berculoid leprosy was of approximately the
same order as that in normal lymphocytes.
This contrasts with no stimulation in lepro-
matous cases. The above results do not
seem to support the concept proposed by
Merklen that lymphocytes from leproma-
tous leprosy transformed more freely than
those of the tuberculoid leprosy with added
murine leproma or PHA.



SUMMARY

Measurement of thymidine and uridine
incorporation by lymphocytes derived from
patients with the two polar types of leprosy
(lepromatous and tuberculoid ) and of lym-
phocytes from normal Chinese individuals
suggests a depression in immunologic re-
sponse in untreated lepromatous cases of
leprosy and also in cases of tuberculoid
leprosy, but to a lesser degree.

RESUMEN

La medida de incorporacion de timidina v
uridina por linfositos derivados de enfermos con
los dos tipos de lepra (lepromatosa y tuber-
culoidea) y de linfositos de personas chinas
normales sugiere una depresion en la respiesta
immunologica en casos de lepra lepromatosa
non tratados y tambien en casos de lepra tuber-
culoidea pero con un grado menor.

RESUME

La mesure d'incorporation de la thymidine et
de l'uridine par des lymphocytes dérivés de
malades avec deux types de lepre (lépromateuse
et tuberculoide) et de lymphocytes d’individues
chinois normaux suggére un abaissement dans la
réponse immunologique des cas de lepre Iépro-
mateuse non-traités et aussi dans les cas de
lepre tuberculoide mais & un degré inférieur.
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