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Persistent infection of man with Myco-
bacterium leprae may lead to two polar
forms of leprosy: tuberculoid leprosy (TT)
and lepromatous leprosy (LL) (!3). While
patients with TT develop high resistance to
the infectious agent, those with the bacil-
liferous form (LL) have impaired cell-me-
diated immunity (CMI) (®). It is not known
whether the alterations of CMI in LL are a
consequence of a regulatory defect or if LL
is genetically determined. Moreover, it has
not been established if the CMI alterations
are restricted to the response to M. leprae
or are part of a generalized defect.

Patients with LL may present acute in-
flammatory episodes: erythema nodosum
leprosum (ENL) ('%). ENL is characterized
by acute vasculitis and subcutaneous nod-
ules. In many cases it is associated with the
onset of antileprosy treatment in bacil-
liferous patients and has many histological
features in common with the Arthus reac-
tion ('¢). Circulating immune complexes
(CIC) and deposits of immunoglobulin and
complement (C) at the ENL lesions have
been demonstrated in LL patients during or
near the time of ENL episodes. The persis-
tence of CIC is thought to play a role in the
regulation of CMI since many of the cellular
functions that depend on surface receptors
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for Fc (FcR) can be abrogated or stimulated
by immune complexes (%).

The purpose of this study was to examine
the impact of the CIC in LL patients on
antibody-dependent, cell-mediated cyto-
toxicity (ADCC) and complement (C) ac-
tivity, since activation of both mechanisms
can be triggered by CIC both in vitro and in
vivo. It will be shown that while CIC present
in LL sera can activate C and block ADCC
in vitro, both activities are preserved in vivo.
We propose that the complement system
plays a role in the maintenance of these
functions in LL patients.

MATERIALS AND METHODS

Patients. Seventeen patients (7 women
and 10 men) with lepromatous leprosy (LL)
classified according to Ridley and Jopling
('3) were studied. The patients did not reside
in endemic areas and their ages ranged from
16-68 years. Venous blood samples were
obtained from five patients before treat-
ment and from 12 patients who had under-
gone specific treatment with diamino-di-
phenyl! sulfone (dapsone, DDS), rifampin,
and clofazimine. Four of these 12 were stud-
ied during ENL episodes (ENL-tr-LL); the
remaining eight had no recent ENL episodes
(tr-LL). During ENL, thalidomide was
added to the therapeutic protocol. Fourteen
healthy controls were studied simulta-
neously.

Mononuclear cells. Mononuclear leuko-
cytes (PBL) were isolated by centrifugation
of defibrinated blood on Ficoll-Hypaque (?).
Cells were collected from the interphase and
contained 85-95% lymphocytes. PBL were
suspended in RPMI 1640 tissue culture me-
dium (GIBCO Laboratories, Grand Island,
New York, U.S.A.) containing antibiotics
and 10% heat-inactivated fetal calf serum
(FCS) (GIBCO).
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Serum. Serum samples were obtained
from patients and stored in aliquots at
—80°C. Heat-inactivated sera (HI-sera) were
prepared by incubating serum aliquots for
30 min at 56°C.

Antibody-dependent cell-mediated cyto-
toxicity (ADCC). ADCC was assayed as de-
scribed previously ('), using 3'Cr-labeled
chicken red blood cells (CRBC) sensitized
with rabbit anti-CRBC. Briefly, duplicate
tubes containing 1 X 10° PBL and 4 x 10°
3ICr-CRBC-anti-CRBC were incubated in
0.2 ml RPMI-FCS for 18 hr at 37°C in a
5% CO, humidified atmosphere. After cen-
trifugation (10 min at 400 X g), 0.1 ml of
the supernatant was collected with an au-
tomatic pipette, and the radioactivity of the
pellet and the supernatant was measured in
a Tecnuar Trias-300 gamma counter. ADCC
was calculated as follows:

counts in the

supernatant X 2

ADCC % = x 100

counts in
supernatant + pellet

Nonspecific cytotoxicity in the absence of
anti-CRBC was subtracted. It did not ex-
ceed 5%.

Inhibition of ADCC of normal PBL by
patient’s serum or preformed immune com-
plexes (IC) was done by incubating the pellet
of 2 x 10¢ PBL for 2 hr at 37°C with: 20 ul
RPMI-FCS, 20 ul of fresh patient’s serum;
HI-patient’s serum or preformed IC with or
without 50 ul normal human serum (NHS)
as a source of C. After 4 washes with RPMI,
the effector cells were used in the ADCC
assays. Inhibition was calculated as follows:

Inhibition % =

ADCC (PBL + patient’s
serum or IC)
= x 100
i ADCC PBL g

Complement determination. Total he-
molytic activity was assayed by the method
of Kent and Fife (&), and the alternative
pathway activity was measured as described
by Platts-Mills ('?). Complement fixation by
HI-serum or preformed IC was performed
by incubating equal volumes of control NHS
with HI-patient’s serum or HI-NHS con-
taining 5, 10, or 20 ul of soluble preformed
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IC for 2 hr at 37°C. The remaining hemo-
lytic activity was assayed, and the fixation
of C calculated:

% C fixation =

CH50 U/ml
(NHS + HI-patient’s
serum or IC)

CH50 U/mINHS | 100

l_

Soluble preformed immune complexes
(IC). Rabbit anti-ovalbumin (anti-Ova)
purified by affinity chromatography was re-
acted with ovalbumin (grade V, Sigma,
U.S.A.) at a molar ratio of 1:2 for 1 hr at
37°C. After centrifugation at 1500 x g for
20 min, the supernatant was collected and
used in inhibition assays.

Immune complex assays. Circulating im-
mune complexes were assayed by polyeth-
ylene glycol (PEG) precipitation (?) or by
the '?’I-Clq binding assay of Zubler ('7).
The levels of CIC by PEG are expressed as
OD,g, units/ml and '*’I-Clq binding as a
percent of '2’I-Clq precipitation.

RESULTS

ADCC, complement (C) hemolytic activ-
ity and circulating immune complexes. As
shown in Table 1, ADCC and alternative C
activity were normal in LL patients with or
without specific treatment. Total C activity
was variable in the three groups (162-327
U/ml). It is interesting to note that ADCC
was higher in patients whose alternative C
activity was great (Table 1).

PEG precipitable CIC and Clq fixing
complexes were significantly above normal
values in LL patients (Table 1). In agree-
ment with previous results of this labora-
tory (data not shown), '*’I-Clq binding ac-
tivity was higher in LL and tr-LL than in
ENL-tr-LL patients.

Inhibition of ADCC or normal PBL by
incubation with LL sera. Since ADCC ac-
tivity was normal in LL patients with high
levels of CIC, we studied the ability of these
CIC to block the Fc receptors of PBL. The
results shown in Table 2 indicate that in-
cubation of normal PBL with either LL or
tr-LL serum (LL-S or tr-LL-S) does not af-
fect ADCC. However, ADCC inhibition is
revealed upon elimination of C activity from
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TABLE 1. ADCC, total and alternative complement hemolytic activity and circulating
immune complexes in serum from lepromatous leprosy patients.*

Total comple- Alternative Immune complexes
Patients No ADCC ment activity I;?:ttlil\:‘i,?y PEG ipitati
: % + S.D. CHS50 Y 125].Clq binding IAEEIaTOn
U/ml + S.D APCHS50 % + S.EM OD,;, U/ml +
-7 U/ml £ S.D. T e S.E.M.
LL 5 58.4 + 16.0 234 = 55 120 = 10 329 + 5.6 0.46 = 0.12°
ENL-tr-LL 4 51.8 £ 10.9 281 = 40 112 £ 5 12.6 = 6.1¢ ND¢
tr-LL 8 53.2+9, 214 = 63 129 = 11 29.9 + 8.5* 0.51 = 0.04*
Normal
controls 14 55.4 = 6.0 230 + 20 106 + 12 6.6 + 0.5 0.09 + 0.01

* ADCC, total complement and alternative pathway hemolytic activity and immune complexes were assayed
in untreated lepromatous leprosy patients (LL), LL patients who received specific treatment (tr-LL), tr-LL patients
with erythema nodosum leprosum (ENL-tr-LL) and normal subjects. The correlation between ADCC and
alternative pathway activity was statistically significant in the lepromatous leprosy patients studied (n = 9, r =

0.68; p < 0.05).

b p < 0.0005, Student’s ¢ test, compared with normal controls.
¢ p < 0.005 Student’s ¢ test, compared with normal controls.

¢ ND = Not done.

LL-S (HI-LL and HI-tr-LL). The degree of
inhibition was not correlated to the level of
CIC as measured by the '?°I-Clq binding
test or PEG precipitation (data not shown).
Incubation of PBL with HI-NHS had vir-
tually no effect on ADCC.

Inhibition of ADCC did not occur if HI-
LL-S were supplemented with fresh NHS
(Fig. 1). These results emphasize the role of
heat labile factors in preventing the block-
ade of ADCC by immune complexes. Pre-

TABLE 2. Inhibition of ADCC of normal
PBL by LL serum and NHS.?

PBL ADCC Inhibition
reacted with % + S.E.M. % + S.E.M.
RPMI-FCS 62.1 = 3.0 —
NHS 62.0 + 3.6 0
HI-NHS 59.4 + 3.1 4.6 = 1.2
LL-S 595173 43 + 1.2
HI-LL-S 40.5 = 2.6 41.0 + 8.3
tr-LL-S 62.8 + 3.7 0
HI-tr-LL-S 3114 £ 53 53.6 =+ 94

a Pellets of 2 x 10¢ PBL resuspended in 20 ul RPMI-
FCS were incubated at 37°C for 2 hr with 20 ul of sera
from lepromatous leprosy patients (LL-S) (n = 5) or
sera from LL patients who received specific treatment
(tr-LL-S) (n = 5). The reactioin was also performed
with heat inactivated sera (HI-NHS, HI-LL-S, HI-tr-
LL-S). After the incubation, PBL were washed 4 times
with RPMI-FCS, resuspended to 2 x 10¢ PBL in 20
ul and the reaction was carried out as described in
Materials and Methods.

formed soluble IC that do not bear any re-
lationship with leprosy inhibit ADCC of
PBL and addition of fresh serum also abol-
ished the inhibitory reaction (Fig. 2). Heat
labile serum factors (C?) could act by re-
organizing the IC in a way that renders them
inactive (°), or by the recovery of the blocked
FcR at the cell surface (7). To answer this
question, we performed the inhibition assay
in two steps: in the inhibitory phase we al-
lowed contact of PBL with HI-LL sera in
the absence of C for 2 hr, and we added
fresh normal serum to allow recovery there-
after. The results shown in Table 3 indicate
that the action of C was exerted both by
preventing the blockade of FcR and by ren-
dering blocked FcR available for the cyto-
toxic reaction. The degree of inhibition of
ADCC achieved in the absence of C was not
correlated with the absolute amount of CIC
measured by '?°I-Clq binding or PEG pre-
cipitation.

Complement fixing ability of heat-inac-
tivated LL-S and NHS. Because it has been
shown that the C system, via the alternative
pathway, may promote the functional re-
covery of blocked Fc receptors on lympho-
cytes (°), we determined if CIC present in
LL-S were able to activate the alternative C
pathway. The results shown in Table 4 dem-
onstrate that this is the case. While HI-NHS
is relatively ineffective to consume total and
alternative pathway activity, both HI-LL-S



53,2 de la Barrera, et al.: Inhibition of ADCC by LL Sera 221
[ pBL+RPMI
B eBLeLL-s
Z PBL+tr-LL-S
A
LI -
I
60] IT1 7
sol —/ =
_ —/ =g
* 40 /] = /
3 —/1 =/
g 04 :? Eﬂ
20) — = /]
=g —/
10} —/ =ig
/) —/] 5%
RPMI PATIENT HI-PATIENT HI-PATIENT SERUM
SERUM SERUM +
S ul 10 ul 20 ul
NHS NHS NHS
Fic. 1. Prevention of inhibition of ADCC of normal PBL incubated with LL patients’ sera by heat labile

serum factors. 2 x 10% PBL were incubated at 37°C for 2 hr with 20 ul RPMI-FCS, freshly frozen patient serum,
heat inactivated (HI) patient serum, or HI-patient serum plus 5, 10, or 20 ul of NHS. ADCC was determined
as described in Materials and Methods. LL-S = sera from lepromatous leprosy patients; tr-LL-S = sera from
lepromatous leprosy patients who received special treatment.

and HI-tr-LL-S are able to activate and fix
74-80% of total activity and 40-50% of the
alternative pathway.

DISCUSSION

In the present study we show that normal
ADCC and C activities coexist in LL pa-
tients with extremely elevated CIC levels
assayed both by an assay based on C com-
ponent binding (') and by an assay that
detects high molecular weight aggregates
with or without C binding ability (?). Nor-
mal C activity and high CIC levels have
been well documented previously (>'4).
Normal ADCC and C levels could be the
consequence of failure of the CIC present
in LL patients to block cellular FcR-depen-
dent functions or to consume C activity.
Alternatively, compensatory mechanisms
could operate in LL to prevent the inhibi-

tory action of CIC. Data shown in Table 2
indicate that the whole sera are unable to
block ADCC of normal PBL. However,
elimination of C activity (or of other heat
labile serum factors) allows expression of
the inhibitory activity of CIC present in LL
sera. These results are similar to those ob-
tained when adding preformed soluble com-
plexes to a standard ADCC reaction (Fig.
1) and, as in that case, the inhibition can be
prevented if C is introduced in the reaction.

It has been clearly shown (°) that the C
system can alter the physical properties of
immune complexes and that such changes
would render IC unable to produce many
of their biological effects. Recent work by
Isturiz, et al. () has emphasized the role of
the C system in the recovery of FcR activity
blocked by exposure to IC. With the exper-
imental design presented in Table 3, we were
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TABLE 3. Recovery of ADCC of normal PBL inhibited by LL patients’ sera upon in-

cubation with NHS.*

CIC Inhibition of ADCC (%)
(PBL +
. PBL + (PBL + NHS
Serum 13].Clq binding T EO-Pre- HI-S HI-S) 18hrat HIS +
cipitation then % NHS)
(%) 2 hr at 2 hrat 37°C
OD,,, U/ml 19C iy 20 hr at
37°C
Patient 1
LL 26.0 0.31 70 34 20
Patient 2
tr-LL 8.5 0.61 72 38 28
Patient 3
tr-LL 65.0 0.42 59 21 1
Controls 7.1 0.19 10 5 1

#2 x 10° PBL resuspended in 20 ul RPMI-FCS were incubated for 2 hr at 37°C with 20 ul heat-inactivated
serum (HI-S) from LL patients or a normal donor; alternatively PBL were incubated first for 2 hr at 37°C with
20 pl HI-S and then for 18 hr at 37°C with 100 ul NHS or for 20 hr at 37°C with a mixture of 20 ul HI-S and
100 ul NHS. Treated PBL were washed 3 times with RPMI-FCS and ADCC was assayed as described in
Materials and Methods. Control ADCC of PBL incubated 18 hr at 37°C with RPMI-FCS was 61% and of PBL
exposed to 100 ul NHS for 18 hr at 37°C was 60%. The degree of inhibition of ADCC was calculated taking

those values as controls.

able to determine that C acted by preventing
CIC blockade of ADCC and by recovering
FcR activity of blocked effector cells.
Because of the role of the alternative
pathway of C, both in the redissolution of

ANCC (%)

1 1 'l
5 10 20

IC (ul)

FiG. 2. Inhibition of ADCC of normal PBL by sol-
uble preformed immune complexes. 2 x 10¢ PBL were
suspended in 20 ul RPMI containing different amounts
of soluble preformed immune complexes (IC) and in-
cubated for 2 hrat 37°C in the presence of 50 ul RPMI-
FCS (—H); HI-NHS (O——0); or fresh frozen NHS
(0——@). ADCC was determined as described in Ma-
terials and Methods.

CIC ('°) and in the recovery of blocked func-
tion (°), it was important to determine if CIC
present in LL patients were able to activate
this pathway. The results shown in Table 4
demonstrate that when endogenous C ac-
tivity is eliminated, CIC present in LL sera
are able to consume both the alternative and
total C activity.

The possible relevance of the alternative
pathway of C in preserving the ADCC ac-
tivity of effector cells from lepromatous lep-
rosy patients is further supported by the fact
that in these patients ADCC correlates pos-
itively with the hemolytic activity of the
alternative C pathway.

It could be postulated that, while immune
complexes that are potentially able to trigger
inflammatory responses by C activation or
blocking cellular Fc receptors exist in LL
patients, compensatory mechanisms such
as those demonstrated in vitro may contrib-
ute to maintain intact ADCC capability in
vivo.

SUMMARY

Antibody-dependent cellular cytotoxicity
(ADCC) and total and alternative pathway
complement (C) activity were found to be
normal in lepromatous leprosy (LL) pa-
tients in the presence of elevated circulating
immune complexes (CIC) measured by the
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TABLE 4. Complement fixing ability of heat LL serum and NHS.?

Total C activity

Alternative pathway activity

Control NHS

rescted with No. CH50 Fixation APCHS50 Fixation
(U/ml) (%) (U/ml) (%)
HI-NHS 2 168-172 11-13 108-110 11.5-13.5
HI-LL-S 3 38.0 + 6.2 80.0 + 3.5 68.0 + 16.8 41.0 8.5
HI-tr-LL-S 5 48.0 + 8.5 74.0 + 3.5 62.0 + 12.6 48.0 + 8.1

a Results are expressed as mean * standard error of the mean.

125].C1q binding assay. Heat inactivation
(56°C, 30 min) uncovered the ADCC inhib-
itory activity of LL sera. The effect of C was
exerted both by interfering with the block-
ing action of CIC and by recovering ADCC
activity of CIC-blocked effector cells. Heat
inactivation allowed the expression of total
and alternative C pathway fixing ability of
the LL sera. Thus, immune complexes po-
tentially able to block Fc receptor-depen-
dent functions or capable of fixing C can be
detected in LL sera. We postulate that com-
pensatory mechanisms such as those de-
scribed in vitro may contribute to maintain
intact ADCC activity in vivo.

RESUMEN

Se encontré que tanto la citotoxicidad celular de-
pendiente de anticuerpo (CCDA) como la actividad
total de complemento, estuvieron dentro de limites
normales en los pacientes lepromatosos (LL), alin en
presencia de niveles elevados de complejos inmunes
circulantes (CIC) medidos por el ensayo de enlaza-
miento de Clg-'?*I. La inactivacién por calor (56°C,
30 min) permitié descubrir una actividad inhibitoria
de la CCDA en los sueros LL. El efecto del C se ejercid
tanto por interferencia de la accién bloqueadora de los
CIC, como por recuperacién de la actividad CCDA de
las células efectoras bloqueadas por los CIC. La inac-
tivacién por calor permiti6 visualizar la capacidad fi-
jadora del C de los sueros LL. Asi, en los sueros LL se
pueden demostrar CIC potencialmente capaces de blo-
quear las funciones dependientes del receptor para Fc,
o capaces de fijar C. Postulamos que mecanismos com-
pensatorios similares a aquellos descritos in vitro pue-
den contribuir al mantenimiento iz vivo de la actividad
CCDA.

RESUME

On a observé que la cytoxicité cellulaire dépendant
des anticorps (ADCC), de méme que I'activation du
complément (C) par la voie classique et par la voie
alterne, étaient normales chez des malades atteints de
lépre lépromateuse (LL) en présence d'un taux élevé

de complexes immuns circulant (CIC) tel qu’il est dé-
terminé par le test de fixation de Clq marqué a I"'#3].
L’inactivation par la chaleur pendant 30 minutes a
56°C a permis de révéler I’activité inhibitoire de "TADCC
exercée par le sérum de malades LL. L’activité de
complément (CC) était a la fois le résultat d’une inter-
férence avec I’action de bloquage des complexes et de
la récupération de I’activité ADCC des cellules effec-
trices bloquées par ces complexes immuns. L'inacti-
vation par la chaleur a permis de démontrer la pro-
priété qu’ont les sérums de lépre lépromateuse de
déclencher la voie classique et la voie alterne d’acti-
vation du complément. Dés lors, les complexes im-
muns sont le cas échéant capables de bloquer les ac-
tivités biologiques dépendant du récepteur Fc. On peur
dés lors supposer que des mécanismes compensatoires
tels que ceux mis en évidence in vitro contribuent éven-
tuellement & maintenir I'activité ADCC in vivo.
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