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Effect of Preincubation on the Proliferative
Response to Antigen by Cells from

Leprosy Patients and Healthy Controls'
Raymond J. Mullins and Antony Basten2

The mechanism underlying the selective
reduction in T-cell responsiveness to My-
cobacteriunt leprae antigens in leprosy pa-
tients is controversial. Various hypotheses
have been put forward including interleu-
kin-1 (IL-1) or IL-2 deficiency (11' "), a re-
duction IL-2 receptors (13), suppressor mac-
rophages (18), a dcficiency ofantigen-specific
T cells (21), and receptor blockade. The char-
acteristic feature of the latter is its revers-
ibility on preincubation of peripheral blood
mononuclear cens (PBMC) in serum-con-
taining medium (19) which is thought to be
due to the removal ofantigen-receptor com-
plcxes from the cell surface (15). Recently,
it has been suggested that the cellular re-
sponse to M. leprae in anergic lepromatous
patients may be enhanced by incubation of
PBMC in serum before exposure to antigen
in culture (1.14). Reversibility of cellular
anergy has also been described after prein-
cubation ofPBMC in serum in paticnts with
chronic fungal infection (19), suggesting that
receptor blockade may be a feature of
chronic infection and may account for at
least some of the anergy associated with that
form of infection.

The present experiments were designed
to explore the possibility that receptor
blockade was operative in leprosy. Prein-
cubation of PBMC in serum-containing me-
dium beforc exposurc to antigen resulted in
an enhanced proliferative response on sub-
sequent exposure to M. leprae antigens in
vitro. The effect was serum dependent but
was not antigen specific, and was observed
with edis from both healthy subjects and
leprosy patients.

' Received for publication on 19 April 1989; ac-
cepted for publication on 23 June 1989.
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M.B.B.S., D. Phil (Oxon), F.T.S., F.R.A.C.P., F.R.C.P.,
F.R.C.P.A., Clinicai Immunology Research Centre,
University of Sydney, Sydney, N.S.W., Australia.

MATERIALS AND METHODS
Antigens. Armadillo-derived lyophi-

lized AI. leprae bacilli (CD86) were kindly
provided by Dr. R. J. W. Rees through the
WHO/UNDP/World Bank Immunology of
Leprosy program. M. bons (bacillus Cal-
mette-Guerin, BCG strain) was obtained
from the Commonwealth Serum Labora-
tories, Melbourne, Australia. Freeze-dried
bacilli were suspended in phosphate buff-
ered salinc, 0.15 M pH 7.2 (PBS) and son-
icated for 15 min to yield M. leprae and
BCG sonicates (5). The protein concentra-
tions of the sonicates were determined with
Folin's reagent and were adjustcd to 1 mg/
ml before storage at —70°C. Streptokinase-
Streptodornase (SKSD) was purchased from
Lederle Laboratories, Sydney, Australia.
After reconstitution with sterile water, the
solution was dialysed in 25-mm dialysis
tubing (Union Carbide, Illinois, U.S.A.) for
48 hr against cold PBS, pH 7.4, to remove
preservatives. li was then sterilized by pas-
sage through a 0.22-pm filter (Millipore,
Bedford, Massachusetts, U.S.A.), and its
protein concentration estimated using Coo-
massie blue G-250 reagent (Pierce Chemical
Company, Rockford, Illinois, U.S.A.) (4) be-
fore being stored at —70°C. Tuberculin pu-
rified protein derivative (PPD) was ob-
tained from Statens Seruminstitut,
Copenhagen, Denmark, at a concentration
of 1 mg/ml and stored at 4°C.

Concentrations of 10 gg/m1 were found
to be optimal on preliminary testing for ali
antigens and were used in ali cultures.

Serum. Human A serum was obtained
from a single donor at the Red Cross Blood
Transfusion Service, Sydney, Australia. Fe-
tal calf serum was purchased from Flow
Laboratories, McLean, Virginia, U.S.A. The
human serum was centrifuged at 4000 x g
for 20 min to remove residual rcd cens and
sediment, and then heat inactivated for 30
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min at 56°C before being stored in aliquots
at —20°C.

Patients. Venous blood was collected into
preservative-free heparin 10 iu/ml (Fisons,
Sydney, Australia) from 17 patients
undergoing long-term treatment for leprosy
at the leprosy clinic at Prince Henry Hos-
pital, Sydney, Australia. The leprosy pa-
tients werc classified according to the cri-
teria described by Ridley and Jopling ('6),
and consisted of 8 patients with leproma-
tous disease, 2 patients with borderline lep-
romatous disease, 2 patients with border-
line tuberculoid diseasc, and 5 paticnts with
tuberculoid disease. Control subjects con-
sisted of 4 nonexposed Mantoux-negative
subjects (H1-4), 1 naturally Mantoux-pos-
itive individual (H5), and 5 healthy Man-
toux-positive BCG vaccinces (H6-10).

Culture conditions. PI3MC were isolated
by centrifugation over Ficoll-Hypaque den-
sity gradients (13) within 4 lir of venisection
followed by washing in RPMI 1640 (Flow
Laboratories) containing 0.85 g/1 NaHCO3,
25 mM HEPES, penicillin (50 mg/1) and
streptomycin (100 mg/ml). After adjusting
their concentration to 106 cells/ml in RPM'
containing 20% human A serum, the cells
were plated out in triplicate wells in flat-
bottom microtiter plates (Flow Laborato-
ries) ata final concentration of 2 x 10 cens
in 200 il per well. Twenty pl of antigen in
RPMI (10 lig/m1) was added to triplicate
wells and RPMI alone to control wells. The
trays vvcre incubated for 5 clays at 37°C in
an atmosphere of 5% CO, in air before each
well was pulsed with 0.5 pCi of methyl
thymidine (Amersham, England) in 25
sterilc PBS. The cells were harvestcd 16 hr
tater onto glass filter discs (Titertck; Flow
Laboratories, Sydney, Australia) with a cell
harvester (Skatron, Liebyen, Norway). The
discs were dried, transferred to vials, and
2.0 ml of 0.6 g% 2,5-diphenyl-oxazole in
toluene was added. The 3H-thymidine in-
corporation into newly synthesized DNA
was measured in disintegrations per minute
(dpm) by liquid scintillation spectroscopy
with a 1218 RackBeta counter (LKB Wal-
lac, Turku, Finland).

Preincubation. PBMC were suspended
at a concentration of 106 cells/ml in RPM'
1640 containing 20% A scrum in 5 ml Fal-
con 2063 cell-culture tubes (Becton, Dick-

inson & Co., Mountain View, California,
U.S.A.) and incubated for 2, 16, 40 or 64
hr at 37°C in an atmosphere of 5% CO, in
air. The preincubated cells were washed once
in RPMI, and viability was determined by
Trypan blue exclusion (")). The cells werc
filen resuspended at a concentration of 106/
ml in RPM' with 20% human A serum and
cultured with antigen as described above.
PBMC from leprosy patients were cultured
when fresh and after 2, 16, 40 and 64 hr of
preincubation, while the control subjects
were cultured freshly and after 16 hr prein-
cubation only. Except where indicated, the
sera used for preincubation were the same
as that employed during cultures. Cell re-
covery and viability during preincubation
were examined separately at various stages
by incubating PBMC in triplicate culture
tubes, under the conditions described above,
so that a mean and standard deviation of
recovcred and viablc edis could be calcu-
lated.

Analysis of cell pbenotype. The pheno-
type of the PBMC was analyzed when fresh-
ly isolated from venous blood, after exten-
sive centrifugation and washing, and after
preincubation. The following directly con-
jugated monoclonal antibodies were used:
phycoerythrin conjugated (PE) LeuM3 (a
macrophage/monocyte marker), and fluo-
rescein conjugated (FITC) Leu3A (CD4) and
Leu2A (CD8) (Becton, Dickinson). Cell ali-
quots of 10' were incubated with 1/50 di-
lutions of monoclonal antibodies in 1% bo-
vine serum albumin (Pentex; Miles
Diagnostics, Naperville, Illinois, U.S.A.) for
30 min at 4°C. They were then washed twicc
in cokl PBS, fixed in 1% paraformaldehyde
in PBS, and analyzed on a FACS 440 flu-
orescent activated analyzer (Becton, Dick-
inson). Fluorescin and PE were excited by
the 488 nm laser of an argon ion laser and
the fluorescent emissions collected using 535

15 nm and 575 ± 26 nm band pass filters,
respectively. The percentage of monocytes
present was also analyzed by nonspecific es-
terase staining (22) of triplicate smears of
cultured PBMC, followed by counting of 500
cells per smear to derive a mean percentage
and standard deviation of esterasc-positive
cells.

Pronase treatment of cells. Cells to be
pronase treated were resuspended at a con-
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centration of 5 x 106/m1 in serum-free
RPMI. To 1 ml ofeell suspension s'as added
I ml of I mg/ml pronase solution (Calbio-
chem, San Diego, California, U.S.A.) in
RPMI. The mixture was incubated for 15
min at 37°C, washed twice in cold RPMI,
resuspended in RPMI with 20% human A
serum, and preincubated at 37°C in 5"/0 CO,
in air overnight. Control cells were treated
in an identical way without the addition of
enzyme (24). Preincubated cells (with or
without exposure to pronase) were then set
up in culture with antigen as outlined above.

Analysis of results. Proliferativc data (d
DPM) were derived by subtracting the mean
3H-thymidine incorporation in triplicate
wells containing medium alone from the
mean for triplicate test wells containing an-
tigen. A response was considered positive if
the d DPM were greater than 2000 and the
stimulation index (SI) was greater than 2
compared with control wells.

RESULTS
Proliferative response of PBMC from lep-

rosy patients to M. leprae, BCG, and SKSD.
Seventeen patients with treated leprosy were
selected from across the clinicai spectrum
of the disease. The proliferative response of
their PBMC to optimal amounts of soni-
cates of AÍ. leprae and BCG and the unre-
lated antigen SKSD were measured in a
standard five-day culture. The results were
arranged in ascending order of magnitude
of the response to M. leprae and, on this
basis, the patients could be divided into three
broad groups as shown in Figure 1. The first
group (subjects 1-2 with lepromatous lep-
rosy) were low (nu) responders; the second
group (subjects 3-14) had an intermediate
response (5000-60,000 d DPM); the third
group (subjects 15-17) were h igh responders
(greater than 150,000 d DPM). When the
responses of the three groups to BCG and
SKSD were compared with those to M. lep-
rae (Fig. I, 13 and C) no obvious correlation
with AL lepra(' responder status 'as ob-
served, with the possible exception of sub-
jects 7 and 12 who had an intermediate-to-
low response to ali three antigens. These
findings confirmed that the proliferative as-
say was not preferentially detecting a re-
sponse to crossreactive T-cell epitopes

Fio. 1. Proliferative responses of PBMC from lep-
rosy patients to .1/. leprae, 13CG, and SKSD. Prolif-
erative responses of PBN1C to At. /eprae (A), BCG (B)
and SKSD (C) were assessed in 17 patients with treated
leprosy using freshly isolated cells •) and cells which
had previously undergone preincubation in serum-
containing medium (0). Clinical classification is shown
in A; corresponding patient numbers in 8 and C (pa-
tients L1-17).

shared by AI. leprae and BCG, and that most
leprosy patients across the entire clinical
spectrum had intact T-cell reactivity to oth-
er unrelated antigens.

Effect of preincubation of PBMC on the
proliferative response to M. leprae, BCG,
and SKSD. The mechanism underlying the
selective reduction in T-cell reactivity of
some leprosy patients to Al. hprae antigens
remains controversial. Among the various
possibilities is receptor blockade by excess
antigen, the characteristic feature of which
is partial reversibility on preincubation in
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FIG. 2. Proliferative responses of PBMC from lep-
rosy patients to antigen following preincubation is re-
lated to the fresh-cell response to antigen. In leprosy
patients whose PIIMC proliferated better to Al. leprae
following preincubation (A), the levei of the initial fresh-
cell response was in the intermediate range of 5000 to
60,000 d DPM. A similar but less striking pattern was
evident for responses to BCG (B) and to SKSD (c).

serum-containing medium ("). To test this
hypothesis, PBMC from the same 17 pa-
tients were preincubated with medium con-
taining 20% normal human scrum for var-
ious lengths of time before being cultured
in the presence ofantigen. The cultures were
set up in parallel with the non-preincubated
controls described previously and their pro-
liferative responses were compared (Fig. 1).

In approximately half the patients, prein-
cubation for 2 to 16 hr led to an increase in
the response to M. leprae sonicate. This
phenomenon was not restricted to the rel-
atively anergic lepromatous patients but was
also seen in other patients across the leprosy
spectrum. The cffect was not antigen spe-
cific, since similar results were obtained
when the other two antigens ‘vere tested.
Finally, the preincubation response was not
restricted to particular individuais, since an
increase in response to some antigens but
not others was shown in difrerent subjects.
In the remainder of the subjects, preincu-
bation was associated with a decrease or no
change in the proliferative response to AI.
leprae, BCG, and SKSD.

The increased response to AI. leprae ob-
served after preincubation for 16 hr ap-
peared to be related to the levei of the initial
(control) response of fresh PBMC (Fig. 2A).
In other words, the great majority of sub-
jects whosc edis displayed this phenome-
non had an initial response between 5000
and 60,000 d DPM and fell into the inter-
mediate responder group (group 2). By con-
trast, preincubation did not affect cells from
low and high responders (groups 1 and 3).
A similar trend occurrcd on analysis of the
influence of preincubation for the same pe-
riod of time on the responses to BCG and
SKSD (Fig. 2, B and C), although the cut
off in d DPM bclow which preincubation
had an effect was less evident.

When the prolifcrative response to anti-
gen following preincubation was analyzed
in terms of its duration, the length of prein-
cubation required to elicit an optimum in-
crease in the proliferative response lay be-
tween 2 and 16 hr for BCG and SKSD as
well as for AI. leprae. After 16 hr no effect
on or a decrease in proliferation was ob-
served (Fig. 3, A—C).

Effect of preincubation of PBNIC from
normal subjects on proliferative response.
The lack of antigenic specifity of the prein-
cubation effect suggests that T-cell anergy
in leprosy cannot be explained in terms of
receptor blockade, at least as measured by
this technique. The fmdings, thereforc,
raised the question of whether the phenom-
enon was restricted to cells from leprosy
paticnts. In order to test this possibility, cells
were obtained from 10 healthy controls (in-
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cluding 4 Mantoux-negative and 6 Man-
toux-positive donors) and were set up in
culture as fresh cells or following preincu-
bation for 16 hr in medium containing the
same batch of human serum used in the
previous experiments, autologous serum or
other batches of human A serum. A com-
parison of the proliferative responses to PPD
as well as to A/. leprae, BCG, and SKSD
revealed a significam increase following
preincubation to one or more antigen in ali
10 subjects (Fig. 4, Table 1). The results
were reproducible, in that the same effect
was obscrved upon repeating the experi-
ment several times with edis from the same
individuais using the same ora total of four
different batches of human A scrum. Thus,
enhanced proliferation was not dependent
on use of a particular batch of human serum
although different scra were associated with
a variable increase in response. Further-
more, replacement of human serum with
retal calf serum in the preincubation me-
dium was also associated with an increased
proliferative response to antigen (Table 3).

Mechanism of the preincuhation effect.
These results suggest but do not prove that
the preincubation cffect required the pres-
ence ofscrum in the culture medium. PBMC
from two normal donors studied previously
(H3 and H5) werc preincubated in RPMI
alone or in the presence ofRPMI containing
a 5% or 20% concentration of one batch of
human serum for 16 hr, and thcir responses
to a range of antigens were compared with
those of freshly isolated cens. Three repre-
sentative profiles are illustrated in Figure 4
(A—C). The first indicates that proliferation
increased following preincubation in sc-
rum-containing medium in a dose-depen-
dent manner while the second shows an in-
crease only in the presence of the 5% serum
concentration. By contrast, in the third case
the serum 'as inhibitory ai the higher con-
centration. The difference between the two
patterns was related to the levet of the initial
response of fresh cens, as had been dem-
onstrated previously (Fig. 2). In other words,
enhanced proliferation occurred with cens
from intermediate but not high responders.
The serum itself was not mitogenic, since
the background counts did not increase after
preincubation with either human serum
concentration (data not shown).

FIG. 3. Relationship between changes in prolifer-
ative responses of PBMC from leprosy patients to the
duration of preincubation. Ratios of the preincubated
response/fresh-cell response to ti. leprae (A), BCG (B),
and SKSD (C) are plotted as a function of the duration
of preincubation in those leprosy patients who showed
such a response. Most increases occurred after 2 hr or
16 hr; subsequently, the responses decreased.

This serum-dependent phenomenon
could not be explained in terms of differ-
ences in cell recovery or viability induced
by the presence of or absence of serum in
the preincubation medium. Viability re-
mained at or above 90% for up to 40 hr
preincubation in the presence or absence of
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TABLE 1. efect aí preincwbation on the prohkrative response of PBMC from healthy
controls lo M. leprae, BCG and SKSD.

Proliferative response (d DPM x 10-3 ± S.D.)
Subject Antigen" Serumb Fresh

PBMC Preincubated PBMC

111 ML 1 6.1^± 9.1 9.4 ± 6.9
BCG 1 O 35.8 ± 9.2
BCG 1 2.3 ± 0.4 22.1 + 3.3
SKSD 1 45.5 ± 4.8 186.1 ±^18.0

1-12 BCG 1 2.5 ±^1.5 88.7 ±^11.8
BCG 2 17.4 ± 3.0 138.5 ± 25.5
BCG Autol. 23.2 ± 14.9 75.3 ± 1.4
SKSD 1 130.8 ± 22.4 152.3 -+- 27.6
SKSD Autol. 81.6 ± 37.7 129.6 ± 14.8

1-13 BCG 3 3.9 ±^1.9 5.8 ± 2.8
BCG -) 14.3 ±^1.5 38.3 ± 10.7

H4 ML 1 15.8 ±^1.7 115.8 ± 69.2
115 BCG 3 19.1^± 2.8 38.8 ± 9.5

BCG -, 17.4 ± 8.0 71.8 ± 5.1
PPD 3 0.05 ± 0.2 28.9 ± 4.5
PPD -) 6.6 ± 0.8 85.3 ± 22.1

H6 ML 1 25.7 ±^11.4 47.5 ± 8.3
BCG 1 34.1 ± 7.4 126.1 ± 26
BCG 2 2.9 ± 3.1 80.5 ±^11.9
SKSD 1 102.9 ± 33.5 77.6 ±^11.8
SKSD 2 30.2 ± 7.7 108.1^±^1.0

H7 ML 1 18.8 ± 7.7 55.8 ± 21.2
BCG 1 22.0 ± 4.2 36.2 ± 37.2
BCG 4 26.7 ± 7.8 95.6 ±^11.6

H8 BCG 4, 27.8 ± 6.6 80.2 ± 17.2
H9 BCG 4 63.6 ± 3.9 92.7 ± 42.9
HIO BCG 4 41.3 ±^1.9 93.7 ± 19.0

ML = .1f. leprae; SKSD = streptokinase-streptodornase.
hThe same serum used in the culture medium was present in the preincubation medium. Different batches

of human A serum are denoted by serum number; Autol. = autologous serum.

serum; whereas most of the cell loss oc-
curred during washing and did not change
significantly during preincubation (cell re-
covery after washing = 47.1 ± 15.4%; 2 hr

preincubation = 47 ± 4.7%; 16 hr prein-
cubation = 38.7 ± 5.3%; 40 hr preincuba-
tion = 41.1 10.4%). In addition, the per-
centages of monocytes recovered a fter

TABLE 2. E:1feet of preincubation with Or without subsequent pronase treatment on the
proliferative rephase of PBAIC froln leprosy patients and lwalthy controls to M. leprae,
BCG and SKSD.

Subject
Proliferative response (d DPM x 10-3 ± S.D.) by

Antigen
Fresh PBMC Preincubated PBN1C Preincubated P13MC

+ pronase

L3 ML 2.4 ± 0.4 8.3 ± 3.1 6.2 ±^1.1
L9 ML 28.2 ± 5.6 18.1^± 9.3 23.9 ± 8.3

BCG 69.7 ± 9.1 33.0 ± 7.0 25.1 ± 8.3
SKSD 130.6 ± 27.2 53.6 ± 16.3 23.1 ± 6.5

L16 ML 100.0 ± 30.2 178.2 ±^14.1 30.5 ± 12.8
BCG 167.2 -4- 27.9 151.7 ±^12.9 23.8 ±^19.1
SKSD 241.0 ± 58.3 222.6 ± 4.0 86.0 ± 28.6

M7 BCG 26.7 ± 7.8 95.5 ±^11.6 78.5 ± 6.8
M8 BCG 27.8 ± 6.5 80.1 ± 17.2 79.7 ± 7.7
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preincubation with or without serum, as as-
sessed by FACS analysis, were comparable.
For example, the proportion of monocytes
in fresh cells and cells cultured for 2 hr and
16 hr in the absence of serum were 24.9%,
28.7% and 23.9%, respectively, and 24.1%,
27.3% and 23.1% when serum was present
in the mcdium. These results were con-
firmed by nonspeci fie esterase staining (data
not shown). Similarly, there was no alter-
ation in the CD4:CD8 ratio with preincu-
bation (2.2 for fresh cens and 2.1 after 16
hr preincubation).

Effects of pronase on proliferative re-
sponse of PBMC. It could bc argued that
preincubation was a suboptimal method for
reversing receptor blockade, and that its
combination with pronasc treatment would
be a more efficient way of removing cross-
linked antigen or immune complexes. Three
leprosy patients (L3, L9 and L16) and two
of the healthy controls (H7 and H8) were
selected to test this possibility. Cells were
either washed and preincubated as de-
scribed previously or treated for 15 min with
pronasc followed by washing and preincu-
bation for 16 hr in medium containing 20%
human serum. Recovcry and viability wcre
similar to that obtained in previous exper-
iments. When the proliferative responses of
the two populations of cells to the same an-
tigens were compared, those which had
undergone preincubation demonstrated an
enhanced proliferative response to antigen,
but no additional effect of pronase treat-
ment over and above that of preincubation
alone was observcd (Table 2). Furthermore,
the increasc in response once again was not
confined to edis from leprosy patients nor
to AL leprae alone.

Fresh Cells^A PMI^5% Serum 20% Serum
is RPM' in RPMI

Fia 4. Dose-response effect of serum in preincu-
bation medium. Fresh-cell proliferative responses to
BCG (A), PPD (B), and SKSD (C) were compared to
responses following preincubation in medium without
serum (RPMI 1640 alone) and with various concen-
trations of human A serum. A demonstrates a direct
dose-response effect of serum to increase the response
to antigen when the initial fresh-cell response was low.
B demonstrates an initial increase which is not sus-
tained \viten serum concentration is increased further.
C demonstrates a lack of effect of serum when initial
response is high.

TABLE 3. Fifect of preincubation in different sera 011 the proliferative response of PBMC
from two healthy controls to BCG.

Proliferative response (d DPM x 10-3 ± S.D.) by

Preincubated PBMC

^

5^FCSb

^72;) ^3.2^61.5 ± 15.0
77.8 ± 31.8

Fresh PBN1C

Serum no. a — 1

Subject
Ni,
IN1,

2.3
2.4

± 0.4
-'^1.5

24.3
88.7

± 6.6
±^11.8

Ali Mis were cultured in serum 1.
FCS = fetal calf serum.
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DISCUSSION
Mycobacterial antigen can be detected

widely within the tissues ofpatients infected
with Al. frprac. M. leprae bacteremia has
been described in lepromatous leprosy (9)
and acid-fast bacilli are frequently identi-
fiable in bone marrow, kidneys, and the liv-
er as well as the main sues of infection in
skin and nerves (2). AI. /eprae-specific an-
tigens (such as phenolic glycolipid-I) may
also be detected in serum and urine (7. 12).
The potential thus exists for antigen-in-
duced receptor blockade to be operative as
one of the mechanisms for the lack of pro-
tective immunity in leprosy, either system-
ically or at the local neurocutaneous levei.
Indeecl, treatment of some patients (with its
attendant decrease in detectable antigen) has
resulted in an improved proliferative re-
sponse to M. leprae (6), suggesting that at
least some of the anergy seen may be due
to the presence of excess AI. leprae antigen.
In addition, murine models exist for the in-
duction of tolerance by exposure to excess
mycobacterial antigen (17)• One cannot,
however, exclude the possibility that the lat-
ter may be an artifact of studies using pe-
ripheral blood when reactive cens are se-
questered in the cutaneous lesions (a).

The present experiments were designed
to test the hypothesis that PBMC from lep-
rosy patients anergic to AI. leprae in prolif-
erative assays would respond to this antigen
after a period of preincubation in serum-
containing medium. In line with previous
work, the preincubation step was performed
for both short (19) and long periods of time
(14) so that a transient response would not
be missed. Multiple antigens and sera as
well as healthy controls were studied to de-
termine the specificity of any effect ob-
served.

Preincubation of PBMC in serum caused
an increase in the AI. leprae proliferative
response in approximately half of the lep-
rosy patients studied. The increase was not
restricted to the relatively anergic lepro-
matous subjects, but was seen in patients
across the clinicai spectrum. Furthermore,
the effect of preincubation was restricted
neither to specific individuais nor to Al.
leprae; similar changes were observed in
response to both crossreactive (BCG) and
non-crossreactive antigens (SKSD). Indeed,

individuais could have different response
patterns to different antigens (Table 1, Fig.
1). Patient 12, for example, responded to
preincubation with no change (M. leprae),
a decreased response (BCG), or an enhanced
response (SKSD). The only factor which
consistently influenced the outcome of
preincubation appeared to be the levei of
the initial response by fresh cens: edis from
intermediate responders usually proliferat-
ed better a fter preincubation; whereas the
responses of low or high responders re-
mained unchanged or were decreased (Fig.
2). While this relationship was most appar-
em for AI. leprae, it also occurred with the
other two antigens tested (Fig. 1). In fact,
ali experiments characterized by marked in-
cremes in d DPM after preincubation (e.g.,
doubling or tripling) were associated with
an initial fresh cell proliferative response of
less than 60,000 d DPM. Thus, when the
appropriate controls were used, the effect of
preincubation lacked specificity for either
cells from leprosy patients or for AI. leprae
antigen.

It is unclear why the serum-dependent
increase in proliferation was not seen in the
high responders or in ali of the leprosy pa-
tients studied. For example, it is known that
even cens from patients at the lepromatous
end of the clinicai spectrum can respond
well to polyclonal activators such as con-
canavalin A. Presumably, antigen stimula-
tion is limited not only by the frequency of
reactive edis but by regulatory influences as
well. A clue to the occasional lack of in-
crease in antigen responsiveness after prein-
cubation may lie in the serum dose-re-
sponse curves which indicated that
preincubation in serum may upregulate a
response to a certain limit, but no further
(Fig. 4B). Alternatively, cens from high re-
sponders may be already proliferating max-
imally to antigen regardless of the influence
of serum (Fig. 4C). Finally, the batch of se-
rum used may have influenced both the
presence and magnitude of any response to
preincubation (Table 3).

Although the reason for this serum-de-
pendent phenomenon remains unclear, a
clue to its mechanism is provided by the
observation that the proliferative responses
to antigen obtained when PBMC separated
and cultured ou the same day were influ-
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cnced by the batch of serum used in culture
(Table 1). Thus, the reason for the latter and
for the variability in preincubation re-
sponses bctween batches of sera (Table 3)
may be related to the presence in sera of
varying concentrations of mitogenic or
growth-promoting substances which, when
coupled with preincubation, enhance the
proliferative response when such cclls are
latcr cxposed to antigen.

The dose-response effect of serum on the
proliferative response was not due to changes
in cell viability, yield or subset ratios, nor
could it be explained by the alteration in
culture duration from 6 days (fresh edis) to
up to 8 days (preincubated cens) because
optimal proliferation occurred after 6 days
in culture (unpublished observations). In
addition, there was no evidence of removal
of potentially suppressive macrophages (18).
Rather, the results suggest that preincuba-
tion in serum had induced a functional
change in PBMC. Consistent with this con-
clusion was the short period of time (2 hours)
rcquired for the effect of preincubation to
become apparent (Fig. 3) and its transient
nature (2-16 hours). For the same reason
death of CD8+ suppressor edis in the ab-
sence of antigen (14) seems to be an unlikely
explanation. Furthermore, the phenome-
non was not an artifact of the expression of
rcsults as d DPM; thus, subjects who dis-
played an enhanced response to antigen foi-
lowing preincubation had a parallel increase
in their respective stimulation indices (data
not shown). These fmdings make studies
utilizing preincubation uninterpretable in
the absence of adequate controls ("), and
cast doubt on conclusions dra‘vn on the role
of CD8+ suppressor edis when such edis
are deleted by complement lysis, a method
which entails preincubation in serum (1).

Receptor blockade is characterized by the
persistence ofantigen on the cell surface duc
to saturation, crosslinking of antigen recep-
tors and, perhaps, inhibition of re-expres-
sion of these receptors (15). While preincu-
bation in medium alone has been shown to
reverse this by removing excess antigen from
the cell surface (19), pronase treatment was
performed to enhance the chance of remov-
ing any residual antigen remaining after the
preincubation procedure. Despite preincu-
bation in serum overnight to allow time for

the resynthesis of antigen receptors, pro-
nase-treated cens displayed the same pro-
liferative response to antigen as cens which
had been preincubated alone. It was, there-
fore, concluded that the enhanced prolif-
erative response to antigen following prein-
cubation was an in Vill'O phenomenon
dependent on the culture conditions em-
ployed, 'ias not specific to leprosy, and could
not be explained in terms of receptor block-
ade.

SUMMARY
One of the postulated mechanisms con-

tributing to the sclective T-cell hyporespon-
siveness in patients with leprosy is receptor
blockade, the characteristic feature ofwhich
is reversibility following preincubation of
cells in vitro. To test this hypothesis, pe-
ripheral blood mononuclear cells (PBMC)
obtained from 17 leprosy patients and 10
healthy Mantoux-positive and -negative
controls were cultured freshly or after a pe-
riod of preincubation in serum-containing
medium, and the proliferative responses to
Alycobacternun leprae, BCG, and strepto-
kinase-streptodornase (SKSD) were mea-
sured. On the basis of the response to AI.
leprae, the leprosy patients could be divided
into low, intermediate and high responders.
Preincubation for 2-16 hr resulted in en-
hanced proliferation by cells from moderate
responders, but not from low or high re-
sponders. Although the effect was serum de-
pendent, it 'as neither antigen specific nor
was it confined to cells from leprosy pa-
tients. Thus, an increase in response to both
the crossreactive and unrelated antigens
BCG and SKSD occurred, and the same
trend was observed when cells from healthy
controls were preincubated in serum -con-
taining medium. Furthermore, cens from
different individuais displayed varying re-
sponses to different antigens following
preincubation, suggesting that the effect of
this step was neithcr confmed to isolated
individuais nor to particular antigens. The
addition ofpronase to the preincubation step
did not further enhance the response to an-
tigen over and above that obtained with
preincubation alone. II was therefore con-
cluded that the enhanced proliferative re-
sponse to antigen following preincubation
was an iii vitro phenomenon dependera upon
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the culturc conditions employed, was not
specific to leprosy, and was not related to
receptor blockade.

RESUMEN
Uno de los mecanismos propuestos como contri-

buyentes a la hiporeactividad selectiva de las células
T en los pacientes coo lepra es cl bloque() de receptores

cuya característica es la reversibilidad del fenómeno ai

preincubar las células in ritmo. Para probar esta hipó-
tesis, se midieron las respuestas proliferativas de las

células mononucleares de sangre periférica (CMSP) de
17 pacientes con lepra y de 10 individuos sanos Man-

toux-positi vos y negativos, estimuladas coo Mycobac-
terno?! leprae, BCG y estreptoquinzisa-estreptodornasa
(SKSD) antes o después de un periodo de incubación

en medio coo suero. En base a su respuesta hacia
leprae, los pacientes con lepra pudieron dividirse en
respondedores bajos, intermedios y altos. La prein-

cubación durante 2-10 hs dió como resultado un au-

mento en la proliferación de las células de los respon-

dedores moderados pero no de los respondedores bajos
o altos. Aunque cl efecto fue dependiente de suero, no

fue ni específico de antígeno ni estuvo confinado a las
células de los pacientes coo lepra. Así, ocurrió un in-

cremento en la respuesta hacia antígenos tanto de reac-
ción cruzada (BCG) como no relacionados (SKSD), y

lo mismo se observó cuando las células de individuos
sanos se preincubaron en medio coo suero. Adernas,
las células de diferentes indivíduos mostraron res-

puestas variables hacia diferentes antígenos después de

la preincubación, sugiriendo que cl efecto de ésto no
estuvo limitado a individuos aislados ni a antígenos

particulares. La adición de pronasa durante la prein-

cubación no aumentó la respuesta hacia cl antígeno
por arriba de la obtenida sólo con la preincubación.
Por lo tanto, se concluyó que aunque la incrementada
respuesta proliferativa bacia un antígeno después de
un periodo de preincubación fue un fenomeno depen-

diente de las condiciones de cultivo empleadas, no fue
específico de la lepra ni estuvo relacionado coo cl blo-

que° de receptores.

RÉSUMÉ

Un des mécanismes évoqués pour expliquer en par-
tie la reponse sélective insuffisante des cellules-T chez

des malades atteints de la lèpre est le blocage des ré-
cepteurs, dont la manifestation caractéristique est la

réversibilité après incubation ii ritmo préalable des cel-
lules. Pour vérifier cette hypothèse, on a mesuré les

réponses prolifératives à Illycobacterium leprae, au
BCG, et à la streptokinase-streptodornase (SKSD), de
cellules mononucléaires de sang périphérique (PBMC),

obtenues chez 17 malades de la lepre et chez des sujets

témoins positifs ou négatifs pour l'épreuve de Man-
toux. Ces essais ont été menés sur cultures fraiches,

après une période d'incubation dans un milieu conte-
nant du sérum. Sur la base de la réponse à tí. leprae,
les malades de la lepre peuvent être classés en répon-

deurs faibles, intermédiaires ou élevés. L'incubation
préídable pendant 2 à 16 heures a entrainé une proli-

fération accrue des cellules chez les répondeurs inter-
médiaires, mais non chez les répondeurs faibles ou
élevés. Malgré la présence de sentiu, la réponse n'était

pas spécifique pour l'antigène; elle était de plus limitée
aux cellules provenant de malades de la lèpre. On a

enregistré un accroissement tíint de la réponse aux anti-
genes croisés de .11. leprae qu'aux antigènes non as-
sociés BCG et SKSD. Le même proffi de réaction a été

observé lorsque les cellules de témoins en bonne santé
ont été incubées au préalable dans un milieu contenant
du sentiu. De plus, des cellules provenant de différents

individus ont témoigné de variations dans la réponse

aux différents antigènes. Ces observations suggèrent
que l'ellet de cette étape intermédiaire n'est pas limitée
à des individus isolés, non plus qu'à des antigènes par-

ticuliers. L'addition de pronase lors de l'incubation

préalable n'a pas entrainé une réponse aux antigènes

dépassant celle qui était obtenue en utilisant l'incu-
bation sans pronase préalable. On conclut dês lors de

cette étude que l'accroisement de la réponse prolifé-

rative in vitro aux antigènes n'est pas en relation avec
la lepre, ni avec le blocage des récepteurs, puisqu'elle

dépend des conditions de culture qui sont utilisées.
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