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Effects of Lepromatous Leprosy (LL) Serum
Factor(s) on Normal Blood Lymphocytes'

Doris D'Souza, Bhudev C. Das, and Irene M. Thomas 2

Serum is an essential component in in
vitro cell culture. It has been shown that
some unknown factors capable of inducing
chromosome breakage in normal lympho-
cytes are present in the plasma/serum of
chromosome instability and immuno-de-
pressed syndromes (14, 18, 21,10, 

31 ),) in chronic
active hepatitis ( 12), and in patients with lu-
pus erythematosus ( 15). It is well recognized
that some unknown factor(s) present in the
blood plasma of leprosy patients are capable
of inhibiting the in - vitro growth of autolo-
gous lymphocytes after mitogen or antigen
stimulation (2, 23, 28 , .) The role of this fac-
tor(s) in lepromatous leprosy (LL) serum in
the mitogenic response of normal lympho-
cytes to phytohemagglutinin (PHA) has
been studied by several investigators
(3, 4, 19, 20, 22, 24, 27) Mehra, et al. (20) suggested
that plasma from some patients appears to
contain inhibitory factor(s) which, however,
may not be universally present in plasma
of all leprosy patients. Recently, confirming
previous observations of other laboratories,
an inhibitor of lymphocyte activation was
found by Kerr, et al. ( 19) in the serum or
plasma of the majority of patients with lep-
romatous leprosy.

It is suggested that the inhibition by cer-
tain leprosy sera of the response of normal
peripheral blood lymphocytes to stimula-
tion with PHA was due to a decrease in the
number of cells responding to mitogen, while
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the proliferation kinetics of cells which did
respond were similar to those cultured in
normal serum ( 19,27 ). Bullock and Fasal ( 5 )
and Nelson, et al. (24) have shown that some
LL sera may be lymphocytotoxic. In con-
trast, Kerr, et al. ( 19) have shown that the
putative inhibitory factor(s) present in LL
sera are not cytotoxic. It is reported that the
level and extent of inhibition by such factors
seem to vary among different groups or types
of leprosy patients. It has been suggested
that these inhibitory responses may be due
both to an inherent cellular defect and to
the presence of factors in leprosy sera which
inhibit lymphocyte activation ( 19). The in-
hibitory factor was found to be stable to
heating at 56°C for 30 minutes, but labile
at 100°C ( 19). This indicates that the factor
may be short peptide molecules, since large
peptides are denatured at 56°C.

A wide range of substances has been sug-
gested to be responsible for this inhibitory
activity, although none has been character-
ized for their biochemical nature in detail.
Holt, et a!. ( 16) and Bjune (2) have suggested
that a product of the leprosy bacillus is in-
hibitory, while Rook (29) reported that the
inhibition is by a product derived from
macrophages "overloaded" with mycobac-
teria. Recently, we have shown for the first
time that there is a significant increase in
the frequency of chromosome aberrations
and sister chromatid exchanges (SCEs) in
blood lymphocyte cultures of untreated lep-
rosy patients (").

In order to know whether any clastogenic
activity is present in the sera of leprosy pa-
tients, the present study was designed to
investigate the effect of sera from untreated
LL patients on lymphocytes of normal in-
dividuals. The serum from only multiba-
cillary (MB) patients, who are at a higher
severity level of the disease and who show
a higher rate of spontaneous (") as well as
induced chromosomal damage than pauci-
bacillary (PB) patients ( 10) has been used.
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MATERIALS AND METHODS
Patients and controls. Five untreated LL

patients (age range 20-50 years; mean 41.4
years) and five age-matched healthy indi-
viduals (age range 23-45; mean 28.6 years)
were selected for the study. The samples of
peripheral venous blood from LL patients
were allowed to clot in clean glass tubes,
and the serum was separated out. One half
of the serum was stored at —70°C, while the
other half was first inactivated at 56°C for
30 min and then stored as above.

Blood lymphocyte cultures. Heparinized
whole blood (0.3 ml) was cultured according
to the method of Arakaki and Sparkes ( 1 )
in 5 ml of TC 199 medium (GIBCO Lab-
oratories, Grand Island, New York, U.S.A.)
supplemented with phytohemagglutinin-M
(Difco Laboratories, Detroit, Michigan,
U.S.A.), 20% serum, and antibiotics (pen-
icillin and streptomycin) for 48 hr and 72
hr. 5-Bromodeoxyuridine (BrdU, 5 mg,/m1;
Sigma Chemical Co., St. Louis, Missouri,
U.S.A.) was added to the initiation of the
cultures. The cultures were set up as in the
following two experimental conditions.

BrdU-labeling method. In view of the
fact that mixing of different division meta-
phases may affect the correct estimate of
chromosome aberrations (9), a BrdU-la-
beling method (") has been used to ensure
scoring of chromosome aberrations from
only first-cycle metaphases (7 8) and SCEs
from second-cycle metaphases. The addi-
tion of a low concentration of 5 lig/m1BrdU,
a DNA base (thymidine) analog, for two
consecutive replication cycles facilitates the
differentiation between different division
metaphases because of their characteristic
differential staining patterns (Fig. 2A—C).
After the first round of DNA replication,
both chromatids of a chromosome are uni-
filarly substituted. This differential incor-
poration of BrdU produces light- and dark-
stained chromatids and any exchange (Fig.
1) between these can be detected unambig-
uously with clarity and high resolution un-
der light-microscopy examination.

The cultures were grown in the dark at
37°C. The flame-dried chromosome slides
were treated with 50 mg/m1 of Hoechst 33258
for 12 min at room temperature. After rins-
ing in distilled water, the slides were mount-
ed with 2 x SSC (pH 6.8), and were exposed

FIG. 1. Metaphase showing 21 sister chromatoid
exchanges.

to bright sunlight for 2 to 3 hr. The slides
were then rinsed in distilled water and
stained in 2% Giemsa prepared in phos-
phate buffer (pH 6.8).

Experiment 1. Peripheral venous blood
from five healthy individuals was cultured
using LL serum in two sets: Set I with non-
inactivated serum; Set II with inactivated
serum. As a control study, blood from these
same five healthy individuals was cultured
using inactivated normal human AB+ se-
rum.

Experiment 2. Peripheral venous blood
from donor "A," a healthy normal individ-
ual whose blood was previously cultured in
AB+ serum and scored for spontaneous
chromosome aberrations, SCEs and cell
proliferation kinetics, was then cultured
separately using sera from five LL patients
in two batches. Batch 1 had non-inactivated
LL serum and batch 2 had inactivated LL
serum.

Scoring. One hundred first-cycle meta-
phases from 48-hr cultures were studied for
scoring chromosome aberrations for each
sample using ISCN criteria (33). Twenty to
50 second-cycle metaphases were scored
from 72-hr cultures for SCEs in each sub-
ject, and the values were expressed as num-
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Fig. 2. A—C. Mechanism of BrdU-labeling method. Metaphases showing cells in first (M1), second (M2),
and third (M3+) division.

ber of SCEs/cell. For analysis of the cell-
cycle kinetics, 100 metaphases at random
were scored and the percentages of cells in
the first (M1), second (M2), third and fur-
ther cycles (M3+) were recorded for 48-hr
and 72-hr incubation periods. The mitotic
index was analyzed as cells in mitoses in a
total of 1000 cells for each subject from 48-
hr and 72-hr incubation periods. The mi-
totic index was recorded as a percentage.

RESULTS
Experiment 1

The data on the frequencies of chromo-
some aberrations and SCEs obtained from
normal lymphocyte cultures set up with non-
inactivated LL serum, inactivated LL se-
rum and normal human AB+ serum are
presented in Table 1. A significant (p < 0.05)
increase in the frequency of chromosome
aberrations was observed in normal lym-
phocyte cultures supplemented with inac-

tivated LL serum (5.2%) and non-inacti-
vated LL serum (5.0%), compared to that
of cultures supplemented with normal hu-
man AB+ serum (2.4%). A significant en-
hanced frequency of SCEs was observed
(Table 1, Fig. 1) in normal lymphocyte cul-
tures supplemented with both inactivated
(8.2 ± 3.85) (mean ± S.D.) and non-inac-
tivated (8.3 ± 4.61) LL serum compared to
that of control cultures set up with human
AB+ serum (6.8 ± 3.45 SCEs/cell).

Cell proliferation kinetics. Table 2 sum-
marizes the cell proliferation kinetics and
mitotic indices for the 48-hr and 72-hr in-
cubation periods. Use of the BrdU-Giemsa
method facilitates easy identification of
metaphases at the first (M1), second (M2),
and third or further divisions (M3+) (Fig.
2A—C). There was a varied response in the
cell proliferation rate. Three individuals'
blood cultured in LL sera (inactivated and
non-inactivated) showed a faster cell cycle
at the 72-hr incubation period, while in two

TABLE 1. Effect of untreated lepromatous leprosy (LL) serum on normal peripheral blood
lymphocyte chromosomes, Experiment 1.

Control lymphocyte cultures
No. of Metaphases with

subjects/^aberrations
meta- ^
phases^No.

No. of
Total aberrations subjects/^SCE/cell

No.^%^meta- (mean ± S.D.)
phases

With normal AB+ serum 5/500 10 2.0% 12 2.4% 5/225 6.8 ± 3.45
With LL serum (not

inactivated) 5/500 23 4.6% 25a 5.0% 5/235 8.3 ± 4.61
With LL serum (inactivated) 5/500 24 4.8% 26a 5.2% 5/250 8.2 ± 3.85

a Significant in x 2 test, p < 0.05, or 0.1.
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TABLE 2. Effects of untreated lepromatous leprosy (LL) serum on cell proliferation rate
of PHA-stimulated normal peripheral blood lymphocytes, Experiment 1.

48-hr incubation 72-hr incubation

Per-^ Per-
Control lymphocyte cultures^Percentage of cells in^cent

^Percentage of cells in^cent
M1^M2

^M3 mitotic^MI
^

M2^M3
^mitotic

index^ index

With AB+ serum 82.2 17.8 0.0 3.4 39.2 49.8 11.0 4.0
With LL serum (not

inactivated) 95.4 4.6 0.0 2.8 34.8 35.2 30.0 3.3
With LL serum (inactivated) 94.4 5.6 0.0 2.9 36.2 34.4 29.4 3.3

individuals, the cell proliferation rate was
slow. The five control cultures showed a
uniform cell proliferation rate.

The normal lymphocytes cultured with
LL serum had a higher number of M I cells
at the 48-hr and a slightly increased number
of M3 cells at the 72-hr incubation periods,
indicating a slow cell-cycle kinetics at 48 hr
of incubation but a somewhat faster cell-
cycle kinetics at 72 hr of incubation com-
pared to cultures supplemented with human
AB + serum. Although not significant, the
face values indicate a decrease in mitotic
index at the 48-hr and 72-hr incubation pe-
riods in cultures with LL serum when com-
pared to cultures with human AB+ serum,
revealing a depressive effect of LL serum on
normal lymphocyte proliferation.

Experiment 2
Effects of LL sera on normal donor "A"

lymphocyte cultures. The data on the ef-
fects of inactivated and nonactivated sera
from five different LL patients on lympho-
cyte cultures of normal donor "A" are given
in Table 3. There was a significant increase
in the frequency of chromosome aberra-

tions and SCEs in cultures supplemented
with inactivated and non-inactivated LL
sera compared to that of cultures with AB+
serum. But the frequency of chromosome
aberrations and SCEs in cultures with in-
activated and non-inactivated LL serum
showed no significant difference. This in-
dicates that inactivation of the LL sera does
not destroy the factor(s) responsible for in-
ducing chromosomal damage.

Cell proliferation kinetics. Table 4 gives
the cell proliferation rate and mitotic indi-
ces of normal donor "A" lymphocyte cul-
tures supplemented with both inactivated
and non-inactivated sera from five different
LL patients. The results obtained from in-
activation of the LL sera are consistent with
non-inactivated sera and show no signifi-
cant change in the mitotic index or the cell
proliferation rate. This, again, suggests that
the depressive effect of the LL sera is not
destroyed on inactivation at 56°C.

DISCUSSION
It is well documented that normal lym-

phocytes do not respond well to mitogen
stimulation when cultured in LL serum, and

TABLE 3. Effects of untreated lepromatous leprosy (LL) serum on normal peripheral
blood lymphocyte chromosomes, Experiment 2.

With AB+ serum 1/100 2 2.0% 2 2.0% 1/50 7.4 ± 3.65
With LL serum (not

inactivated) 5/500 19 3.8% 20' 4.0% 5/220 8.6 ± 3.36
With LL serum (inactivated) 4/400 14 3.5% 18' 4.5% 4/170 8.5 ± 3.63

Significant in x 2 test, p < 0.05, or 0.1.
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TABLE 4. Effects of untreated lepromatous leprosy (LL) serum on cell proliferation rate
of PHA -stimulated normal peripheral blood lymphocytes, Experiment 2.

With AB+ serum 88.0 12.0 0.0 5.5 40.0 40.0 20.0 6.0
With LL serum (not

inactivated) 99.2 0.6 0.2 3.0 36.4 53.4 10.2 2.6
With LL scrum (inactivated) 96.2 3.7 0.0 2.7 29.0 52.2 18.7 1.6

this is assessed by DNA synthesis rates us-
ing 3H-thymidine labeling (5,24,25). In the
present study, utilizing the BrdU-labeling
method, the effects of LL serum on normal
lymphocytes in terms of the cell-cycle pro-
gression rate, chromosome aberrations, and
SCEs have been evaluated. The observed
cell proliferation rate, although initially slow
at 48 hr, was comparable with controls at
72 hr, and was faster in a few individuals.
It is not known why normal lymphocytes
cultured in some LL sera show a faster rate
of proliferation. It could be possible that the
sera of these LL patients might contain in-
sufficient or no inhibitory factor(s) ( 20). There
was certainly a depression in the mitotic
index in normal lymphocyte cultures sup-
plemented with LL serum. These results are
in accord with earlier findings by Potts, et
al. ( 27 ) that the principal action of sera was
to reduce the number of cells responding to
mitogen, suggesting that LL sera contain
some inhibitory factor(s). They also report-
ed that these inhibitory factors are relatively
nontoxic because the growth rate of the re-
sponding cells was unimpaired.

There was a significant increase in the fre-
quency of chromosome aberrations; a slight,
but consistent, increase in the frequency of
SCEs was observed in normal lymphocytes
cultured in LL serum, indicating that LL
sera may contain some factor(s) which are
clastogenic. These results are in accord with
the cytogenetic studies on ataxia telangiec-
tasia patients, which have shown that the
plasma of these patients contains factors that
can damage the chromosomes of normal
cells (14,21,31).

In our experiment, inactivation of the
various LL sera showed no significant change
in the frequency of chromosome aberra-

tions, SCEs, or cell proliferation rates, con-
firming the earlier findings of Kerr, et al. ( 19)
that this inhibitory or clastogenic factor is
stable to heating at 56°C. It further indicates
that the suspected factor may be short pep-
tides which are not destroyed at this tem-
perature. Since LL sera are particularly po-
tent in inhibiting the action of PHA, it is
possible that, by depressing T-cell activity
in vivo, the serum factors may contribute to
the immunologically nonspecific defects in
cell-mediated immunity that are character-
istic defects of LL patients. However, the
significance of the serum inhibitor to lym-
phocyte activation in the immunopathology

( 1 '). Holt, et al. (' 6)of leprosy is unknown
and Bjune ( 2) have demonstrated that the
product of the leprosy bacillus is inhibitory.
Whatever the factor which suppresses nor-
mal lymphocyte stimulation, it has not been
shown, so far, to be genotoxic. However, in
the absence of effects of sera of different
blood groups on the induction of chromo-
some aberrations and SCEs ( 6), the obser-
vation of a significant increase in the fre-
quency of aberrant metaphases and also of
an enhanced level of SCEs in normal lym-
phocyte cultures supplemented with LL sera
(instead of normal human AB+ sera) in-
dicates that the factor(s) might be clasto-
genic or genotoxic.

It is quite likely that M. leprae may re-
lease into the circulation some substances
which are genotoxic besides being mitotic
and immunodepressive. It is also known that
certain bacterial enzymes can act as DNases
(32) , which are thermostable and can induce
lesions in the DNA. Alternatively, certain
immune complexes or components of M.
leprae could trigger an oxidative burst of
the neutrophils which are present in the
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whole-blood samples used for culturing. This
may cause production of hydrogen perox-
ide, superoxide, and lipid peroxides which
could exert clastogenic activity. This may
also lead to faster cell proliferation at the
early stage ( 13). Whatever may be the pos-
sibility, there is certainly a clastogenic ac-
tivity in the sera of LL patients when com-
pared with that of controls. These results
are the first documentation of cytogenetic
effects of LL sera on normal lymphocytes.
Further studies involving biochemical char-
acterization of LL serum factors would bet-
ter our understanding of the nature and
functions of these factors.

SUMMARY
To investigate the clastogenic activity of

sera from leprosy patients, normal periph-
eral blood lymphocytes were cultured in both
inactivated and noninactivated leproma-
tous leprosy (LL) sera. An increase in the
frequency of chromosome aberrations was
observed in normal lymphocyte cultures
supplemented with both inactivated (5.2%)
and noninactivated (5.0%) LL serum com-
pared to that of cultures supplemented with
normal human AB+ serum (2.4%). An en-
hanced frequency of sister chromatid ex-
changes (SCEs) was also observed in normal
lymphocyte cultures supplemented with
both inactivated (8.2 ± 3.85) (mean ± S.D.)
and noninactivated (8.3 ± 4.61) LL serum
compared to that of controls (6.8 ± 3.45).
The normal blood lymphocyte cultures with
LL serum have revealed a slow cell-cycle
kinetics at a 48-hr incubation period, but a
slightly faster proliferation rate was ob-
served at 72 hr compared to cultures sup-
plemented with normal human AB+ se-
rum, indicating a depressive effect of LL
serum on normal blood lymphocyte prolif-
eration. The results obtained from the in-
activated LL serum showed that the fac-
tor(s) which induce chromosomal damage,
depress the mitotic index and the cell pro-
liferation rate were not destroyed at 56°C.
These results are the first documentation of
cytogenetic effects of LL sera on normal hu-
man peripheral blood lymphocytes.

RESUMEN
Para investigar la actividad clastogênica de los sueros

de los pacientes con lepra, se cultivaron linfocitos de

sangre periferica normal con sueros (inactivados y no
inactivados) de pacientes con lepra lepromatosa (LL).
Se observe) un aumento en la frecuencia de aberracio-
nes cromosOmicas en los cultivos de linfocitos nor-
males suplementados tanto con los sueros LL inacti-
vados (5.2%) como con los no inactivados (5.0%). La
frecucncia de tales aberraciones observada en los cul-
tivos suplementados con suero humano normal AB+
fue del 2.4%. Tambiên se observe) un incremento en
la frecuencia de intercambios entre cromatidas her-
manas (ICH) en los cultivos de linfocitos normales
suplementados con los sucros LL inactivados (8.2% ±
3.85%) y con los no inactivados (8.3% ± 4.61%). La
frecucncia observada en los cultivos adicionados dc
suero normal fue del 6.8% ± 3.45%. Comparados con
los cultivos de linfocitos suplementados con suero hu-
mano normal AB+, los cultivos suplementados con
suero LL mostraron una lenta cinetica de ciclo celular
en un periodo de incubation de 48 h, pero exhibieron
una velocidad de proliferaciem ligeramente mds rdpida
a las 72 h, indicando un efecto depresivo del suero LL
sobre la proliferaciem de los linfocitos de sangre nor-
mal. Los resultados obtenidos con los sueros LL inac-
tivados mostraron que el factor que induce el claim
cromose)mico y que deprime el indite mitOtico y la
velocidad de proliferaciem celular, es termoestable a
56°C. Estos resultados son la primer documentation
de los efectos citogenêticos de los sucros LL sobre los
linfocitos humanos de sangre normal.

RÉSUMÉ

Afin d'examiner l'activite clastogênique de serums
de malades de la lepre, des lymphocytes normaux de
sang peripherique ont etc mis en culture dans des se-
rums de patients lepromateux (LL) inactives et non
inactivês. Une augmentation de la frequence des ab-
errations chromosomiques fut observee dans les cul-
tures de lymphocytes normaux additionnees de serum
LL tant inactive (5.2%) que non inactive (5.0%),
comparee 6 celle observêe pour des cultures addition-
nees de serum humain normal AB+ (2.4%). Une fre-
quence augment& d'echanges de chromatides soeurs
fut aussi observee dans des cultures de lymphocytes
normaux additionnees de serums LL aussi bien inac-
tivês (moyenne ± D.S.: 8.2 ± 3.85) que non inactivês
(8.3 ± 4.61) comparees a celles de temoins (6.8 ±
3.45). Les cultures de lymphocytes normaux avec du
serum LL ont montre une cinetique lente du cycle cel-
lulaire apres une pêriode d'incubation de 48 h, mais
un taux de proliferation legerement plus rapide fut ob-
serve apres 72 h, compare aux cultures additionnêes
de serum humain normal AB+, indiquant un effet de-
presseur du serum LL sur la proliferation des lympho-
cytes de sang normal. Les resultats obtenus a partir du
serum LL inactive ont montre que les facteurs qui
induisent des dommages chromosomiques, depriment
l'index mitotique et le taux de proliferation cellulairc,
n'êtaient pas dêtruits ã 56°C. Ccs resultats sont la pre-
miere demonstration des effets cytogenêtiques des se-
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rums LL sur des lymphocytes de sang humain Nri-
phêrique normal.
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