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Reversal Reaction in Borderline Leprosy Is Associated with a |
Polarized Shift to Type 1-Like Mycobacterium leprae T Cell
Reactivity in Lesional Skin

A Follow-Up Study’

Claudia E. Verhagen,** Eddy A. Wierenga,* Anita A. M. Buffing,** Mohamed A. Chand,*
William R. Faber,* and Pranab K. Das?**

Borderline leprosy patients often undergo acute changes in immune reactivity that manifest as reversal reaction (RR) in the
course of the disease. RR is associated with an exacerbated local delayed-type cellular immune response to Mycobacterium
leprae and is responsible for severe tissue damage, We investigated whether RR episodes are associated with a change in T cell
subsets in the lesional skin with regard to their cytokine secretion profiles. M. leprae-responsive T cell lines and thereafter T cell
clones (TCC) were generated from the lesional skin of seven untreated borderline leprosy patients (with or without RR) and
again from three of these patients experiencing RR during treatment. The phenotypes of the M. leprae-responsive TCC were
either CD4™, CD8*, CD4~/CD8*/TCRYy6™, or CD4~/CD8 /TCRy§*, although most of them were CD4™. Regardless of the
clinical status of the untreated patients, a major subset of the M. leprae-responsive TCC was type 0-like and produced both
IFN-y and [L-4. Interestingly, in all three patients who experienced a (re)occurrence of RR during treatment after the first
analysis, a clear shift to polarized IFN-vy production by the M. leprae-responsive TCC (type 1-like) was observed. This shift in
T cell subsets was also reflected in the observed decrease in serum 1gG and IgM levels of the same patients during RR. These
finding indicate that CD4* M. leprae-responsive T cells with a polarized type 1-like phenotype might be responsible for the

immune-mediated tissue damage occurring during RR.

eprosy, caused by intection with Mycobacterium leprae,
manifests as a clinical, histopathologic, and immunologic

spectrum with two polar forms of pathology (1-3). At one
end of the spectrum, tuberculoid leprosy patients are characterized
by resistance to infection, strong cell-mediated immunity with the
expression of delayed-type hypersensitivity (CMI-DTH),” and
weak Ab responses to M. leprae Ags. Skin lesions of these patients
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comprise organized granulomas with predominant infiltration of
CD4* T cells, resulting in the elimination of intracellular M. lep-
rae by activated macrophages. At the other end, lepromatous lep-
rosy (LL) patients are characterized by a selective absence of M.
leprae-specific CMI-DTH responses and by abundant production
of polyspecific Abs. Skin granulomas of these patients show dis-
organized inflammatory infiltrates with a predominant presence of
CD8™ T cells and bacilli-loaded foamy macrophages. The largest
group of patients, however, is recognized as immunologically un-
stable borderline leprosy; these patients are classified as borderline
tuberculoid (BT), mid-borderline (BB), or borderline lepromatous
(BL) leprosy. Due to their unstable immunologic status, 20 to 30%
of the borderline leprosy patients undergo immunologic changes,
known as reactional states, resulting in clinical and pathologic al-
terations accompanied by tissue damage (4, 5). One such reac-
tional state is known as reversal reaction (RR), which is recognized
by a sudden increase in M. leprae-specific CMI-DTH responses
accompanied by an influx of CD4™ T cells at the lesional site
(5-8). The augmentation of T cell reactivity in RR patients par-
allels the severe and often irreversible destruction of peripheral
nerves (9, 10).

The subdivision of CD4" T lymphocytes into functionally dis-
tinct subsets, e.g., Thl, ThO, and Th2 cells, in both animals and
humans has provided a basis for understanding the regulatory role
of T cells in intracellular infectious diseases, allergic manifesta-
tions, and autoimmune diseases (11-18). Tht cells, producing
IL-2, IFN-vy, and lymphotoxin, sustain CMI-DTH responses,
whereas Th2 cells, producing IL-4, TL-5, IL-6, and IL-10, provide
B cell help for Ab production. The intermediate subset of pluri-
potential ThO cells secretes both type 1- and type 2-related
cytokines (19).

0022-1767/97/$02.00
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Table . Clinical classification of untreated and treated leprosy patients
Untreated Patients Treated Patients
Reactional Lepromin/ Reactional Months after onset
Class No. state (if any) Mitsuda (mm)? BI® Treatment state (if any) of treatment BI
BT P1 None 4 mm 0] MDT None
BT P2 None 8 mm 0 MDT None
BT P3 None 6 mm 0 MDT None
BL P4 None 0 mm 4+ MDT 1 RR 2 mo 0
BL P5 None 0 mm 4+ MDT None
BT P6 1% RR NT 4+ MDT/pred 2nd RR€ 9 mo 0
BB P7 1**RR NT 1+ MDT/pred 27 RR 19 mo 0

2 Twenty-eight days after injection of whole sonicated M. Jeprae Ags (lepromin H) in uninvolved skin, the erythematous skin reaction was measured in mm.

b Fite-Faraco-Wade in situ staining was used to determine the Bl (0-6+).

< Patient P6 experienced a second RR episode after stopping the prednisone treatment with continuation of multiple drug therapy (MDT).

NT, not tested; pred, prednisone.

It has previously been demonstrated that the vast majority of M.
leprae-responsive T cell clones (TCC) generated from PBMC or le-
sional skin of polar paucibacillary tuberculoid leprosy patients with
high levels of CMI-DTH responses belong to the subsets of CD4*
IFN-vy producing type 1-like T cells (13, 14), whereas CD8" IL-4
producing type 2-like TCC predominate in the panel generated from
skin lesions of polar multibacillary LL patients (14). This type 2-like
CD8™ T cell subset was shown to suppress the M. leprae-induced
immune reactivity of CD4” TCC in vitro, although the regulatory role
for IL-4 in this suppressive effect could not be confirmed by other
investigators (20). On the other hand, recent studies demonstrated that
M. leprae-responsive T cells from skin or PBMC of leprosy patients
may show concomitant expression of IFN-v and IL-4 (type 0) regard-
less of their clinical status (21, 22). One reason for the conflicting
results between different studies may be discrepancies in the classifi-
cation of patients due to the difficulties in discriminating between
borderline and polar leprosy. An appropriate strategy, therefore, for
studying the distinct role of M. leprae-responsive T cell subsets in
relation to the immunopathologic spectrum of leprosy would be to
analyze the cytokine secretion profiles of lesional skin T cells from
unstable borderline patients and again when these patients experience
immunologic changes in the form of reactional episodes during the
course of the disease. The relevance of investigating T cells of lesions
is that these cells, due to local Ag-induced activation, probably reflect
immune responses closely related to tissue damage (23, 24).

The present study focuses on exploring whether a change in M.
leprae-responsive T cell subsets in the lesional skin by virtue of
shifts in local production of cytokines is associated with RR in
borderline leprosy patients. The IFN-y and IL-4 secretion profile
of skin-derived TCC from untreated borderline patients (with or
without RR) and that from the same patients experiencing a RR
during treatment were studied. We observed that the M. leprae-
responsive TCC from patients with a RR episode during treatment
showed a clear polarized shift to a type 1-like phenotype. These
data provide evidence that the host’s immune status shifts to in-
creased CMI-DTH during RR, which may play a role in the mech-
anisms leading to tissue damage.

Materials and Methods
Clinical aspects of the patients studied

Lesional skin biopsies were obtained from a total of seven untreated lep-
rosy patients attending the Dermatology Clinic of our institute. The patients
were diagnosed on the basis of the clinical and histopathologic criteria of
Ridley and Jopling (1). The bacterial index (BI) and CMI-DTH status of
the patients was determined by Fite-Faraco-Wade staining (25) and a Lep-
romin test (26), respectively, to support the clinical classification. Clinical

criteria used for the diagnosis of RR were erythematous swelling of the
existing lesions, appearance of new lesions, and onset or worsening of
neuritis. The clinical details of the patients studied are summarized in Table
1. At the entry of the study were three BT, one BT with RR, one BB with
RR, and two BL patients. After obtaining the lesional skin biopsies and
heparinized peripheral blood, the patients were given multiple drug ther-
apy. The treatment durations for paucibacillary patients (Bl = 0) and
multibacillary patients (BI = 1-4+) were a minimum of 6 and 24 mo,
respectively. Patients experiencing RR were treated with prednisone. Ad-
ditional lesional skin biopsies were obtained from three patients (P4, P6,
and P7) who experienced RR during the course of treatment. P6 showed a
reoccurrence of RR episode due to failure in compliance with prednisone
treatment,

Processing of skin biopsies

The fresh lesional skin biopsies (diameter, 4 or 6 mm) were cut in two;
one-half was frozen in liquid nitrogen for histopathologic and immunohis-
tochemical analysis, and the other half was used for isolation of infiltrated
T cells.

Generation of skin-derived T cell lines (TCL) and TCC

Our study was designed first to generate primary lesional skin-derived TCL
with the maintenance of in vivo distribution of phenotypes, followed by
isolation of TCC by limiting dilution. The fresh biopsy was incubated in a
well of a 24-well culture plate (Costar, Cambridge, MA) that was precoated
with fibronectin (10 pg/well; 2 h at 37°C; Sigma Chemical Co., St. Louis,
MO) to facilitate the spontaneous migration of infiltrated T cells from the
tissue into the culture medium. The culture medium consisted of Iscove’s
modified Dulbecco’s medium (Life Technologies, Paisley, U.K.) supple-
mented with 10% pooled complement-inactivated NHS (BioWhittaker,
Walkersville, MD), 1 mM glutamine (Life Technologies), 100 IU/ml pen-
icillin, and 100 pg/ml streptomycin (Life Technologies). After 3 to 5 days,
the migrated T cells were transferred to a new 24-well plate and expanded
by mitogenic stimulation with 0.05% PHA (Difco, Detroit, MI) in the
presence of 3000-rad-irradiated allogenic feeder cells comprising of PBMC
(10%well) from two unrelated donors, EBV-transformed B cells (JY; 5 X
10*well), and 10 U/ml riIL-2 (a gift from Eurocetus, Amsterdam, The
Netherlands). After 10 days of expansion, the TCL were analyzed for their
T cell subset (CD4, CD8, and TCRvy$§) constitution and for their respon-
siveness to M. leprae using an Ag-induced stimulation assay as described
below. In identical M. leprae-induced parallel cultures, rIL-2 (10 U/ml)
was added on day 4 to further promote expansion of the M. leprae-respon-
sive T cells. After another 8 days, the expanded T cells were cloned by
limiting dilution using a protocol described previously (27). After 10 to 17
days, individual TCC were further expanded by mitogenic stimulation in
the presence of an irradiated allogenic feeder cell mixture as described
above. After 10 days of expansion, TCC were screened for their M. leprae
responsiveness and further characterized.

M. leprae responsiveness of TCL and TCC

The M. leprae reactivity of TCL was assayed by culturing 5 X 10* T cells
in 100 ul of culture medium in a U-bottom 96-well plate for 4 days in
either the absence or the presence of M. leprae Ags (5 pg/ml; a preparation
of whole sonicated M. leprae, lot WHO-CD143, a gift from Dr. M. J.
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Table II.

LEPROSY REVERSAL REACTION: DOMINANT TYPE 1-LIKE IMMUNE RESPONSE

Phenotypic composition and M. leprae (M) responsiveness of lesional skin derived T cell lines generated from untreated borderline

leprosy patients (without or with RR) and again from the same patients (re-Jexperiencing RR during treatment?

Poliferation
T Cell Subsets” cpm [*H] X 10%
Patient
No. Diagnosis BI CD4" (%) CD8™ (%) TCRy/8* —Ml +Ml Sl

Untreated P1 BT 0 85 13 4 0.1 0.8 8

P2 BT 0 75 25 <1 0.1 1.4 14

P3 BT 0 75 20 NT NT NT

P4 BL 4+ 17 69 14 0.3 8.4 28

P5 BL 4+ 55 35 10 0.3 2.2 7

with RR

P6 BT 44 18 45 41 0.2 5.0 25

P7 BB 1+ 80 10 10 0.4 2.6 7
Treated with RR

P6 BT 0 47 23 30 0.1 201 201

P7 BB 0 68 15 13 0.1 25.1 251

P4 BL 0 56 49 1 0.3 12.1 40

9 Ten days after the last mitogenic stimulation with an allogenic feeder cell mixture, TCL were used for parallel analyses.

b Results were obtained by immunohistochemical single staining of cytospin preparations of TCL that were stained with mAb to CD4, CD8, or TCRy/S.

“ TCL were incubated in the presence or absence of whole sonicated M. leprae Ags and autologous PBMC as APC for 72 h, followed by another 16 h incubation
with [*Hjthymidine. Results are expressed as mean cpm X 10? of triplicate cultures. The S| represents the mean cpm of culture +Ml divided by the mean cpm of

cultures —MI. NT, not tested.

Colston) and 3000-rad-irradiated autologous PBMC (10° cells/well) as a
source of APC. TCC were tested for M. leprae responsiveness under sim-
ilar conditions but with 5 X 10* autologous PBMC and only for 40 h. In
both assays, [3H]thymidine (0.3 uCi/well; Amersham International, Ayles-
bury, U.K.) was present in the cultures for the last 16 h. Cultures were
harvested, and incorporated radioactivity was measured by liquid scintil-
lation counting. The results are expressed as the mean counts per minute of
triplicate cultures. The stimulation index (SI) is the mean counts per minute
of cultures in the presence of M. leprae Ags divided by the mean counts per
minute of parallel cultures in the absence of Ags. A culture was considered
responsive to M. leprae if incorporated radioactivity reached >800 cpm
and/or the SI was 10 or higher.

Cytokine production of TCC

To assay Ag-induced cytokine production of TCC, 60 ul of cell-free cul-
ture supernatants were collected after 24 h of Ag-specific stimulation, as
described above, and stored at —80°C until tested. Cytokine production of
TCC was also assayed after mitogenic stimulation by incubating 10° cells
with immobilized anti-CD3 mAb (OKT3; 1 mg/ml; American Type Cul-
ture Collection, Rockville, MD) and soluble PMA (1 ng/ml; Sigma Chem-
ical Co.) in a total volume of 200 ul/well in a flat-bottom 96-well plate
(17). After 24 h, 100 pl of cell free supernatants were collected and stored
at —80°C unti! tested. In both assays, the remaining cultures were incu-
bated for an additional 16 h in the presence of [*H]thymidine (0.3 uCi/
well) to confirm stimulation.

Measurement of IFN-y and IL-4

Estimation of 1L-4 and IFN-vy concentrations in the supernatants of stim-
ulated TCC and in the supernatant of irradiated autologous PBMC was
performed with a specific solid phase sandwich ELISA as described pre-
viously (28, 29). The anti-IFN-y mAb (MD2 and MD1) used in this study
were purchased from Innogenetics (Ghent, Belgium). The detection limit
for IL-4 was 40 pg/ml, and that for IFN-y was 50 pg/ml.

Phenotyping of lesional T cells in situ and in cultures

An immunohistochemical single staining on frozen biopsy sections (6 um)
and cytospin preparations of TCL was performed with a streptavidin/biotin
immunoperoxidase method (30). Briefly, sections were preincubated with
sodium azide to inhibit endogenous peroxidase activity, followed by incu-
bation with normal goat serum (Dakopatts, Glostrup, Denmark). Primary
mouse mAb to CD3 (Becton Dickinson, Mountain View, CA), CD4 (Bec-
ton Dickinson), CD8 (Dakopatts), and TCRyS (T Cell Diagnostics,
Woburn, MA) were applied to the specimens, followed by consecutive
incubation with biotinylated rabbit anti-mouse Ig (Dakopatts) and strepta-
vidin-biotinylated horseradish peroxidase complex (Dakopatts). Peroxidase

activity was visualized using 3-amino-9-ethyl carbazole (Sigma Chermnical Co.)
as a substrate, and the samples were counterstained with hematoxylin. The
percentages of CD4", CD8", and TCRy8" T cells in the TCL were deter-
mined by light microscopy by counting at least 500 to 1000 cells in the cy-
tospin preparation. The percentages of CD8" and TCRy8™ T cells within the
CD3™" T cell population in the lesions were determined by light microscopy
in three randomly selected fields of sequential sections. The CD4™" T cell
subset within the CD3"* T cell population was not determined by single
staining methods due to cross-reactivity with other cells types, i.e., mono-
cytes and Langerhans cells. The percentage of CD4 ™" T cells was calculated
by subtracting the percentages of CD8" and TCRy8" from that of CD3*
cells. The cell typing of TCC was performed by FACS analysis (FACScan,
Becton Dickinson) or fluorescence microscopy. Suspended cells (5 X 104
were either directly labeled with FITC-conjugated mouse mAb to CD4
(Becton Dickinson) or CD8 (Dakopatts) or with an unlabeled mouse mAb
to TCRvy$ followed by FITC-conjugated rabbit anti-mouse Ig (Dakopatts).

Measurement of serum Ig levels (IgM, IgE, total IgG, and the
I1gG subclasses)

The serum concentration of polyclonal IgM was determined by a Behring
Nephelometer-Analyzer, and polyclonal IgE was determined by ELISA
(31). Levels of total IgG and the IgG subclasses were determined as de-
scribed previously (32).

Statistics

Two group comparisons of IFN-y/IL-4 ratios were analyzed by the Mann-
Whitney test. Values were considered significantly different at p < 0.05.

Results
Characterization of lesional skin-derived TCL from
borderline leprosy patients

TCL were generated from one part of the lesional skin biopsies of
seven untreated borderline leprosy patients (P1-P7) and again
from the lesions of three of these patients (P4, P6, and P7) at the
time they experienced a (re)occurrence of RR during treatment.
The compositions of the various T cell types (CD4*, CD8™, and
TCRy8") in the in vitro cultured TCL are summarized in Table II.
All TCL consisted of variable percentages of CD4"%, CD8", and
TCRy8™ T cells. To compare the compositions of T cell types in
the in vitro TCL with the in situ distribution in the biopsy, immu-
nohistochemical analyses were performed on sequential sections
of the frozen counterparts of the biopsies. The distributions of T
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FIGURE 1.

Representative examples of immunohistochemical analysis of lesional skin biopsies from a borderline leprosy patient before treat-

ment and with RR during treatment. Sequential skin sections were stained with mAb to CD3 (A and C) or CD8 (B and D). The sections were
counterstained with hematoxylin (magnification, X 115). Sequential sections of the lesional skin of P4 (BL) before treatment (A and B) show that
a significant percentage of the CD3 " cells in the lesions are CD8 . Sequential sections of the lesional skin of P4 experiencing RR during treatment
(C and D) show that fewer CD3" cells were CD8" compared with the untreated situation.

cell types in both the TCL and the counterpart biopsy were similar
for each patient (data not shown). Interestingly, experiencing RR
in the course of the disease appeared to be accompanied by an
increase in the percentage of CD4 " T cells (see Table II and Fig.
1). In general, CD4" T cells predominated in untreated pauciba-
cillary BT (P1, P2, and P3) and RR lesions (P7) as well as in
treated RR lesions (P4, P6, and P7), whereas CD8 " T cells were
usually found in significant numbers in untreated multibacillary
(BI = 4+; P4, PS, and P6) lesions. As an exception, TCL gener-
ated from the untreated and treated lesions of P6 consisted of a

significant number of TCRy8 " T cells (41 and 30%, respectively)
that were not seen in such high numbers in the lesions from which
they originated.

The TCL were analyzed for M. leprae responsiveness by testing
their abilities to proliferate upon stimulation with whole sonicated
M. leprae in the presence of autologous PBMC as APC. As pre-
sented in Table II, all lines were M. leprae responsive, with vary-
ing SI. The SI appeared to be relatively higher in lines isolated
from lesional skin with RR during treatment, suggesting a higher
frequency of responding T cells in these lesions.
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Table HI. Phenotypic distribution of M. leprae-responsive and -nonresponsive T cell clones generated from lesional skin-derived
M. leprae-responsive TCL of untreated borderline leprosy patients (without or with RR) and of the same patients when experiencing

RR during treatment®

Number of M. leprae-responsive TCC/Total Number of TCC?

Patient ) ) % CD4* of M. leprae
No. Diagnosis Total CD4+ cD8* TCR-y8* responsive TCC

Untreated P1 BT 40/72 40/71 0/1 0/0 100

P2 BT 19/41 17/27 2/14 0/0 89

P4 BL 14/80 11/19 3/58 0/3 79

P5 BL 0/77 0/41 0/20 016

with RR

P6 BT 3459 30/38 0/0 0/4 <

P7 BB 45/77 45/77 0/0 0/0 100
Treated with RR

P6 BT 12/87 11/15 1941¢ 1931¢ 92

P7 BB 33/69 33/62 0/4¢ 0/47 100

P4 BL 36/47 32/35 1/9 3/3 89

2 Ten days after the last mitogenic stimulation (0.05% PHA) with an allogenic feeder cell mixture, TCC were used for parallel analyses.

& TCC were phenotyped by flow cytometry after being stained with mAb to CD4, CD8, and TCR-y8, and M. leprae responsiveness was assayed by incubation of
TCC in the presence or absence of whole sonicated M. leprae Ags and autologous PBMC as APC for 40 h, followed by another 16-h incubation with [*H]thymidine.

€ Within this panel, 17 TCC were not phenotyped, of which 4 were M. leprae responsive.

9 One TCC is double positive for CD8 and TCR-v8.
¢ Three TCC are double positive for CD8 and TCR-v8.

Generation and analysis of M. leprae-responsive TCC

To investigate the M. leprae-responsive T cell subset within the
lesional TCL, TCC were generated by limiting dilution. The clon-
ing procedure allowed the generation of TCC of different pheno-
types (CD4™, CD8", and TCRy/8™), as summarized in Table III.
In most cases, except P6, the phenotypic distribution of TCC re-
flected that in the original lines (Table II). Within the panel of TCC
from P6 (untreated), 17 TCC (labeled b) did not grow in sufficient
quantities for phenotypic analysis. This may tentatively explain the
discrepancy between the phenotypic distribution among TCC and
the TCL in this particular case. All TCC were screened for M.
leprae responsiveness by testing their abilities to proliferate upon
stimulation with whole sonicated M. leprae presented by autolo-
gous PBMC as APC. With the exception of PS5, M. leprae-respon-
sive TCC were generated from the TCL of all patients, as shown
in Table III. Regardless of the clinical status of the patient, the
majority of the M. leprae-responsive TCC was CD4™" (between
79-100%). All M. leprae-responsive TCC with CD4 /CD8*/
TCRvy8" or CD47/CD8 /TCRy8" phenotypes were generated
from patients with RR during treatment (P4 and P6).

IFN-y and IL-4 levels of M. leprae-responsive TCC from
untreated borderline leprosy patients

To determine the type 1-, type 0-, or type 2-like phenotypes of the
M. leprae-responsive TCC, their IFN-y and IL-4 production upon
Ag-induced stimulation was measured by ELISA. In every exper-
iment the production of IFN-y and IL-4 by irradiated autologous
PBMC alone (in the presence of Ag) was below the detection
threshold. Figure 2 shows the absolute IFN-vy and IL-4 production
levels of the M. leprae-responsive TCC from the untreated bor-
derline patients. A small number of M. leprae-responsive TCC
produced both cytokines in quantities <200 pg/ml and were ex-
cluded from this figure. Regardless of the clinical status of the
untreated patient, the majority of TCC produced both IFN-vy and
IL-4 (type O-like). However, a considerable number of TCC from
BT patients (P1, P2, and P6, with or without RR) predominantly
produced IFN-y over IL-4 (type 1-like), whereas a number of TCC

from a BL patient (P4) produced dominantly IL-4 over IFN-y
(type 2-like). From the BL patient, two CD8" TCC were generated
that produced predominantly IFN-vy. These results indicate that in
the lesions of untreated borderline leprosy patients CD4* M. lep-
rae-responsive type 0 T cells are the main subset, whereas a pre-
dominant presence of type 1-like or type 2-like CD4™ M. leprae-
responsive T cells within the lesions may parallel the CMI-DTH
status of the patient.

M. leprae-responsive TCC from patients with RR shift to the
type 1-like cytokine secretion profile

The CMI-DTH status of borderline patients strongly increases dur-
ing RR (5-7). In this respect, a change in local T cell subsets,
characterized by a shift in the cytokine secretion profile, may be
associated with developing RR in the lesions. To test this assump-
tion, the IFN-y/IL-4 secretion profiles of the M. leprae-responsive
TCC from the lesions of three patients (P4, P6, and P7) who ex-
perienced a (re)occurrence of RR during treatment were compared
with those from lesions of the same patients before treatment.
Since nonspecific stimulation (with anti-CD3 mAb plus PMA) of
the M. leprae-responsive TCC gave similar IFN-y/IL-4 ratios but
induced higher absolute cytokine levels compared with M. leprae-
induced stimulation (see Fig. 2) and to minimize the requirement
of autologous PBMC, we analyzed the cytokine profiles of the M.
leprae-responsive TCC upon mitogenic stimulation, as presented
in Figure 3. In all three patients the cytokine secretion profiles of
the M. leprae-responsive T cell population shifted to dominant
IFN-v production when experiencing RR during the course of
treatment. We considered TCC that produced IFN-y but no IL-4
(<40 pg/ml) and TCC with an IFN-y/IL-4 ratio of > 20 to be type
1-like. According to these criteria, the percentage of type 1-like
TCC in the M. leprae-responsive T cell population had signift-
cantly increased in all three patients during the course of treatment
(increase in percentage of type 1-like TCC: P6 from 24 to 42%; P7
from 4 to 89%; P4 from 8 to 71%). Upon further comparative
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FIGURE 2. The cytokine secretion profiles

4479

of M. leprae-responsive TCC generated from —
lesional skin. M. leprae-responsive TCC were
generated from M. leprae-responsive TCL de-
rived from lesional skin biopsies of untreated
borderline leprosy patients. Ten days after the
last mitogenic stimulation with an allogenic
feeder cell mixture, TCC (5 X 10%well) were
stimulated with whole sonicated M. leprae Ags
and irradiated autologous PBMC as APC {5 X
10%well).  Twenty-four-hour  supernatants
were collected and analyzed for IFN-y and
IL-4 production by ELISA. The absolute IFN-y
and IL-4 levels (nanograms per milliliter) se-

IFN-y (ng/ml)

T~

6 -
PLBT ), P2:BT
o8
o
3¢ o
24.
1 1, . .
(n=40) * (n=18)
, 0 - T
0

3 4 5 6

o P6: BT (I*RR) P7:BB (1" RR)

creted by CD4" (@), CD8" (O), and those
TCC that were not phenotyped (see the text
and Table lil; A) are presented. The production 5 5
of both IFN-y and IL-4 by irradiated autolo-
gous PBMC alone (in the presence of M. leprae
Ags) was below the detection level of the 4 4
assay.

analysis we found that the IFN-y/IL-4 ratios of the M. leprae-
responsive TCC from the same patient before treatment and (re)-
experiencing RR were significantly different (P6, p < 0.04; P7 and
P4, p < 0.001). The mean values of IFN-y/IL-4 ratios of the M.
leprae-responsive T cell populations are shown in Figure 3. This
shift to type 1-like immune reactivity occurred despite individual
clinical variations with respect to the onset of RR and treatment
compliance.

Cytokine secretion profiles of M. leprae-nonresponsive TCC
from the same lesions

During the cloning procedure, a considerable number of M. leprae-
nonresponsive TCC (CD4", CD8", or TCRy8") were generated
from all lesions, as determined by a M. leprae-induced prolifera-
tion assay (Table III). An alternative readout for M. leprae respon-
siveness, particularly in the case of CD8" TCC, is the measure-
ment of cytokine production upon incubation with M. leprae and
autologous APC where a proliferative response was absent (14).
We applied this method for all the nonproliferative TCC (CD4™,
CD87, or TCRy8™). None of the TCC showed IFN-y or IL-4
production above the detection level upon incubation with whole
sonicated M. leprae and autologous APC, and these TCC were
considered true nonresponders.

To ascertain whether the shift to a type 1-like phenotype occurs
specifically in M. leprae-responsive TCC, we also investigated the
IFN-v/IL-4 secretion profile of bystander M. leprae-nonresponsive

IL-4 (ng/ml) —»

TCC upon nonspecific mitogenic stimulation as an internal control.
In contrast to the M. leprae-responsive TCC, nonresponsive TCC
from all lesions, before or during treatment, were coproducers of
IFN-y/IL-4 in varying proportions and showed heterogenic phe-
notypes (type 1-, type O, or type 2-like; data not shown). Further-
more, their IFN-y/IL-4 ratios were analyzed comparatively with
those of the M. leprae-responsive TCC generated from the same
TCL. We found that the IFN--y/IL-4 ratios from the nonresponsive
TCC differed significantly from those of the M. leprae-responsive
TCC that were characterized by a polarized phenotype (P6: BT +
second RR, p < 0.001; P7: BB + second RR, p < 0.001; P4: BL
untreated, p << 0.05).

Serum levels of IgM, IgE, total IgG, and IgG subclasses

It is well recognized that the increased activity of type 1-like T
cells may be inhibitory for B cell functions in lymphoid organs and
may lead to decreased Ig levels in serum (33, 34). To investigate
the consequence of the shift of M. leprae-specific T cells toward
the type 1-like phenotype during RR, the Ig levels (IgG, IgG iso-
types, IgM, and IgE) in the serum of the patients experiencing a
RR during treatment were compared with those in the serum of the
same patients obtained before treatment. The serum levels of IgG,
IgG1, and IgM are presented in Figure 4. We found that untreated
multibacillary patients (P4, P6, and P7) had higher levels of 1gG
and IgM compared with the untreated BT patients (P1, P2, and P3),
of which all serum values were within the normal range. When P4,
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P6, and P7 experienced a RR during treatment, the initially high
serum levels of total IgG and IgM had decreased to levels almost
within the normal ranges. The decrease in IgG levels was mainly

due to the decrease in the IgG1 subclass. The responses of 1gG2
and 1gG3 decreased very little, but were within the normal ranges
(data not shown). The levels of IgE and {gG4 remained unchanged
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during a RR episode and were within the normal ranges (data not
shown).

Discussion

An increasing number of infectious diseases are known to be reg-
ulated through functionally distinct T cell subsets (type 1-, type 0-,
and type 2-like) that are recognized by their cytokine secretion
profile (15). The importance of such T cell subsets with respect to
infection with an intracellular parasite may best be illustrated by
the model in which inbred mice strains are infected with Leish-
mania major (reviewed in Ref. 35). Resistance strains control the
disease by activation of type 1-like T cells, whereas susceptible
mice were found to develop activated type 2-like T cells. The
dominant regulatory role of these type 1- and type 2-like T cells
was distinctly illustrated by the fact that the immune status of both
mouse strains was convertible by adding neutralizing Abs against
either IFN-vy or IL-4, respectively.

Likewise, borderline leprosy with its changeable immune status
provides a unique model to study the regulatory role of T cell
subsets in humans. These patients often show exacerbated CMI-
DTH responses (RR) in the course of the disease accompanied by
tissue damage. It is tempting to speculate that pluripotential M.
leprae-responsive type O-like T cells form the central T cell subset
in the pathogenesis of borderline leprosy, and changes in the im-
mune status of these patients may involve a selective shift toward
polarized type 1- or type 2-like phenotypes. The focal point of the
present study is to address this issue. To our knowledge no studies
concerning the importance of different T cell subsets in the regu-
lation of the changeable immune status of borderline leprosy in the
course of the disease have been reported.

The novelty of our study was, therefore, based on a follow-up
study, so that the dynamic role of T cell subsets from the lesional
skin, representing the in vivo disease-related immune reactivity,
could be established in relation to immunologic changes in the
patients. Consequently, primary TCL from the lesional site of the
skin were generated without preselection using a protocol that al-
lows culture of spontaneously migrating T cells from the skin bi-
opsies. These short term cultured TCL from biopsy materials of
seven patients showed a T cell subset distribution (CD4™, CD8™,
and TCRy8™) similar to that in the in vivo situation, with the
exception of only one patient (P6). In general, a predominance of
CD4™" T cells was found in untreated paucibacillary and RR le-
sions, and a predominance of CD8* T cells was found in untreated
multibacillary lesions. These results are in concordance with ear-
lier reports (8, 23, 36). Further evidence for the generation of in
vivo correlated TCL is the observation that the percentage of
CD4™" T cells in the lesions of two multibacillary patients at the
time of a RR increased during treatment, and such an increase was
similar in the generated TCL from the same lesions. In the case of
P6, the TCL obtained both before and during treatment consisted
of high percentages of TCRy8" T cells that were not observed in
such numbers in the lesions. Since TCRy8" T cells are known to
be promiscuously cytotoxic (37), it is possible that in these excep-
tional TCL, these TCRy8™ T cells overgrew other T cell subsets
due to autologous killing. In support of such an assumption is a
report on TCRy8™ T cell-mediated killing of autologous CD4* T
cells in bovine paratuberculosis infection (38) and the observation
that in this particular patient (P6) the number of CD4™* M. leprae-
responsive TCC from the TCL of the lesion with RR during treat-
ment was the lowest of that in all patients included in this study.
However, additional research is needed to validate such an
assumption.
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Lymphoproliferative analyses showed that all TCL were
M. leprae responsive regardless of the immune status of the pa-
tient, including those from the lesions of BL patients who did not
show a Mitsuda skin reaction, This finding is compatible with
those of other studies suggesting the presence of M. leprae-respon-
sive T cells in multibacillary lesions based on the possibility of
inducing CMI-DTH responses by intralesional injection of IL-2
(39). The association between local CMI-DTH responses and the
presence of M. leprae-responsive T cells in the lesional site is also
evident from the observation that TCL from lesions with RR dur-
ing treatment exhibited the strongest proliferation. This finding
might be regarded as similar to those reported by previous inves-
tigators (6, 7). However, those studies were conducted with pe-
ripheral blood and may not necessarily reflect the local immune
reactivity.

The highly efficient cloning procedure applied in the present
study yielded a distribution of CD4", CD8", and TCRy8™ TCC
closely resembling the respective primary TCL, with the exception
of P6 (untreated). The phenotypic diversity of TCC from most of
the cloning experiments indicate that in vitro selection was mini-
mal. As stated in the results, in the case of P6 (untreated), 17/59
TCC could not be phenotyped and may thus explain the discrep-
ancy between the phenotypic distribution among TCC and the
TCL. The vast majority of the M. leprae-responsive TCC from
each line were CD4" (from 79-100%), and only a few were
CD8%, CD4™/CD8*/TCRy8", or CD4 /CD8 /TCRy8". The
majority of the CD4" M. leprae-responsive TCC regardless of the
CMI-DTH status of the untreated borderline patient, had a type
0-like cytokine secretion profile. In addition, type 1-like M. leprae-
responsive TCC were observed at the paucibacillary BT side (with
or without RR), and type 2-like M. leprae-responsive TCC were
observed at the multibacillary BL side of the clinical spectrum. In
this respect our results are in agreement with the report describing
that both indiscriminate and polarized M. leprae-responsive T cell
subsets can be found in the blood of leprosy patients (22). These
results suggest that in the lesions of untreated borderline patients,
M. leprae-responsive T cells belong to the central CD4" type 0-
like subset, whereas more polarized phenotypes may determine the
CMI-DTH status of the patient.

The most interesting aspect of the present study is that three
patients (P4, P6, and P7) suffered from (re)occurrence of RR dur-
ing treatment and could be re-examined. This rare opportunity was
exploited by comparing the cytokine profiles of the lesional M.
leprae-responsive TCC from the same patients before and during
RR. For all three patients the results revealed a clear shift of cy-
tokine profiles from the CD4™ M. leprae-responsive TCC toward
a type 1-like phenotype during RR. The results are in agreement
with those of other studies that showed that on the basis of in-
creased IFN-y mRNA detection by reverse transcription-PCR (40)
or in situ hybridization (41), a type 1-like cytokine response is
involved in RR. However, from those studies conclusions could
not be drawn about whether this type 1-like reactivity was due to
the T cell subset in total or selectively to those specific to M.
leprae. In this context it is apparent from the present study that a
shift to type 1-like immune reactivity did not occur among the M.
leprae-nonresponsive T cells generated in parallel from the same
lesions (data not shown). The bystander TCC from both untreated
and treated lesions had heterogeneous phenotypes (type 1-, type 0-,
or type 2-like), and their IFN-y/IL-4 ratios significantly differed
from those of polarized M. leprae-responsive T cells from the
same lesions. In addition, the selective shift of the M. leprae-re-
sponsive T cells argues against a major influence of type 1-skew-
ing microenvironmental cytokines produced by irradiated allo-
genic feeder cells or autologous PBMC.
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Since IFN-+v contributes to the host’s defense against mycobac-
terial infection by facilitating the intracellular microbial killing in
macrophages (42), this shift of the CD4™ M. leprae-responsive
TCC toward a polarized type 1-like phenotype may be directly
correlated with the decreased bacterial load in the lesions seen
during RR. Besides the bactericidal activity during RR, cytotoxic
immune reactivity against macrophages and Schwann cells is rec-
ognized as well. Indeed, CD4™ M. leprae-responsive TCC with
cytotoxic capacities have been described previously (43, 44), and
this increased cytotoxic capacity of T cells is usually associated
with the type I-like phenotype (45). The polarized type 1-like
CD4" M. leprae-responsive T cells in the lesions may, therefore,
be responsible for local cytotoxic activities leading to tissue dam-
age in RR. Additionally, type 1-like effector T cells may exert their
influence systemically through regional lymph node and lymphat-
ics (46). We observed that with RR during treatment the initially
high serum levels of polyclonal total IgG, IgG1, and IgM de-
creased almost to the normal ranges. Another consequence of the
general shift toward a cytotoxic type 1-like phenotype during RR
may, therefore, be a decreased humoral response (33, 34). This
may also occur in the skin, as based on earlier observations by
others that M. leprae-specific Abs are produced endogenously in
BL/LL granuloma (47).

Another aspect of the present study is that some CD8™ and/or
TCRy8" TCC proliferated upon stimulation with M. leprae.
CD8" M. leprae-specific TCC reported previously were not found
to proliferate in response to M. leprae Ags, but exerted a suppres-
sive effect on CD4™ M. leprae-responsive T cells that was thought
to be due to the release of IL-4 (14). In contrast, in our study three
of four CD8™ M. leprae-responsive TCC had a type 1-like phe-
notype. In the mouse, mycobacterial Ag-specific Schwann cell
killing by CD8™ T cells has been reported (48), and it could, there-
fore, be implied that the presently reported M. leprae-responsive
CD8" type 1-like TCC are cytotoxic rather than suppressor cells.
Similarly, TCRy8" TCC may be involved in mycobacterial im-
munity by cytotoxic action (49). In this context we investigated the
cytotoxic potential of a number of TCC in a MHC-nonrestricted
cytotoxic assay by the method described previously (33). Indeed,
the type 1-like CD8 * TCC as well as the CD4~/CD8 /TCRy8™"
TCC showed cytolytic potential, whereas the type 2-like CD8"
TCC did not (data not shown). Further functional studies are
needed to determine what possible role different T cell subsets can
have in such cytotoxic events and to what extent these activities
are responsible for tissue damage such as degeneration of macro-
phages and Schwann cells (a2 major complication of leprosy pa-
thology) as well as killing of B cells.

In conclusion, the present study suggests that the dynamic im-
munopathologic states of borderline leprosy patients are associated
with the polarization of cytokine secretion by M. leprae-responsive
T cells during RR episode. It is well known that since the intro-
duction of multiple drug therapy for leprosy, RR occurs frequently
after treatment (10). One of the main goals in leprosy research is
to elucidate the pathomechanism of RR in relation to immune re-
activity and to develop laboratory markers for early diagnosis of
risk for RR. In this regard, the present report showed a shift of
CD4™ M. leprae-responsive T cells to a polarized type 1-like phe-
notype and decreased humoral immunity paralleled by increased
CMI-DTH activity. We are presently investigating whether mon-
itoring in vitro IFN-y/IL-4 secretion of lesional TCL in the course
of the disease combined with serum Ig levels could be used as a
predictive assay for the early diagnosis of RR. In addition, future
research will focus on the parameters that induce the cytokine shift
during RR. Understanding such mechanisms may provide more

LEPROSY REVERSAL REACTION: DOMINANT TYPE 1-LIKE IMMUNE RESPONSE

effective tools to develop therapeutic strategies to control patho-
logic complications in leprosy.
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