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The presence of mycobacterial antigens in leprosy
skin lesions was studied by immunohistological
methods using monoclonal antibodies (MAbs) to
Mycobacterium leprae-specific phenolic glycolipid I
(PGL-I) and to cross-reactive mycobacterial antigens
of 36 kd, 65 kd, and lipoarabinomannan (LAM). The
staining patterns with MAb to 36 kd and 65 kd were
heterogeneous and were also seen in the lesions of
other skin diseases. The in situ staining of PGL-I and
LAM was seen only in leprosy. Both antigens were
abundantly present in infiltrating macrophages in the
lesions of untreated multibacillary (MB) patients,
whereas only PGL-I was occasionally seen in scattered
macrophages in untreated paucibacillary lesions.
During treatment, clearance of PGL-I from granulo-
mas in MB lesions occurred before that of LAM,
although the former persisted in scattered macro-
phages in some treated patients. This persistence of
PGL-I in the lesions paralleled high serum anti-PGL-I
antibody titers but was not indicative for the presence
of viable bacilli in the lesions. Interestingly, we also
observed a differential expression pattern of PGL-I
and LAM in the lesions of MB patients with reactions
during the course of the disease as compared with
those without reactions. In conclusion, the in situ
expression pattern of PGL-I and LAM in MB patients
may assist in early diagnosis of reactions versus
relapse. (Am J Pathol 1999, 154:1793–1804)

Leprosy represents a spectrum of immunopathological
responses to infection with Mycobacterium leprae (Ml.),
characterized by histologically different granulomatous
skin lesions.1,2 Tissue granulomas vary from predomi-
nantly epithelioid cells with the absence or occasionally
presence of bacilli at the tuberculoid end of the spectrum
(TT) to abundance of bacilli-filled foamy macrophages in
lepromatous leprosy (LL). The histopathology of granulo-
mas reflects the patient’s (local) immune response, which
may show either strong delayed-type cellular immunity
(CMI-DTH) toward the antigens of Ml. at the paucibacil-
lary (PB) tuberculoid pole or Ml.-specific unresponsive-
ness at the multibacillary (MB) lepromatous pole. In be-
tween these polar forms of leprosy, the largest group of
patients are the immunologically unstable borderline lep-
rosy patients, classified as borderline tuberculoid (BT),
mid-borderline (BB), and borderline lepromatous (BL). A
considerable number of the borderline patients (20% to
30%) may undergo acute immunological changes in the
course of the disease, such as reversal reaction (RR) and
erythema nodosum leprosum (ENL). RR is often accom-
panied by nerve damage, resulting in disability, and may
be due to an augmented CMI-DTH response to antigens
of Ml.3–5 ENL is associated with a humoral immune re-
sponse to antigens of Ml. causing severe tissue damage
mediated by local deposition of immune complexes and
complement activation.3,6 Some studies showed that
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augmentation of CMI might be seen in patients undergo-
ing ENL as well.7

The immunopathological spectrum and the associated
tissue damage in leprosy is largely considered to be due
to the variation in immune responses by the individual
host to specific antigens of Ml. as well as to cross-reac-
tive mycobacterial antigens.8,9 Therefore, the identifica-
tion and characterization of Ml.-specific and cross-reac-
tive mycobacterial antigens that are associated with the
different forms of leprosy may provide additional tools for
diagnosis and prognosis. To this aim, in the past decade
many investigators have investigated the immunogenicity
of a large number of protein, carbohydrate, and lipid
antigens of Ml. in both humoral and CMI responses in
relation to the pathology of leprosy.10

Several immunodominant B-cell antigens have been
identified. In general, antibody levels to species-specific
epitopes (such as phenolic-glycolipid I (PGL-I) and 36-kd
protein) and common mycobacterial antigens (such as
lipoarabinomannan (LAM)) are higher in lepromatous pa-
tients and diminish toward the tuberculoid pole of the
spectrum.11,12 Moreover, elevated levels of anti-PGL-I
antibodies (IgM) in untreated borderline leprosy patients
are implicated to be associated with manifestation of
RR,13 whereas patients with ENL had lower anti-PGL-I
serum titers (IgM) than non-ENL patients with compara-
ble bacterial load.14 Among the protein antigenic com-
ponents recognized by serum antibodies, the cross-re-
active components of mycobacteria in the regions of 30
kd and 65 kd are predominantly recognized by leproma-
tous and tuberculoid leprosy patients, respectively.15–17

On the other hand, antigenic components that are
critical in either perpetuation of T-cell activation in tuber-
culoid lesions or maintenance of T-cell unresponsiveness
in lepromatous lesions have yet to be elucidated. T-cell
lines and T-cell clones generated from either the lesional
skin or peripheral blood from both tuberculoid and lep-
romatous leprosy patients recognize a large number of
different antigenic proteins.10 Moreover, some investiga-
tors reported that non-protein antigens, such as LAM and
PGL-I, also show T-cell reactivity.18–20 Although several
studies have implicated that certain Ml. antigens, in par-
ticular the 10-kd and 65-kd heat-shock proteins and the
secreted 25-kd and 30-kd (antigen 85 complex) proteins,
appear to be immunodominant for T-cell proliferative re-
sponses, the recognition of a range of antigens by T cells
varied from individual to individual rather than between
patient groups.21–26

An alternative approach for studying the association of
different Ml. antigens in the immunopathological spec-
trum of leprosy is to identify the in situ presence of such
components in the lesional skin. At present, only few
studies on the identifications of in situ mycobacterial an-
tigens related to leprosy skin lesions are known in litera-
ture.27–30 These studies demonstrated Ml. antigens in the
interstitial space, intracellularly or expressed on the infil-
trating cells in both paucibacillary (PB) and multibacillary
(MB) lesions, and did not reveal any specific association
of particular types of antigens related to the immuno-
pathological spectrum. However, in an earlier study from
our laboratory it was reported that differential in situ ex-

pression of MAb 3A8 reactive to antigen in the 30-kd
region might be associated with the spectral immunopa-
thology of leprosy.31 Presently, we undertook a retro-
spective study by immunohistochemical methods to
identify the in situ presence of other Ml.-specific and
cross-reactive antigenic components that might be asso-
ciated specifically with different forms of leprosy, includ-
ing the reactional states. We selected a panel of MAbs
against antigenic components (36-kd and 65-kd region
proteins, PGL-I, and LAM) that were useful in monitoring
the humoral/cellular immune responses of leprosy pa-
tients. The distribution of these antigens in the lesions of
untreated leprosy patients was compared between lep-
rosy patient groups and also with specimens obtained
from non-leprosy patients but with other active skin dis-
eases and from normal healthy individuals. We found that
the staining pattern of PGL-I and the granular staining
pattern of LAM were exclusive for leprosy. The clearance
and/or persistence of these two antigenic components
were further investigated in lesions during therapy and
when the patients were released from treatment. We ad-
ditionally carried out a comparative study between pa-
tients with and without RR or ENL but with comparable
bacillary load. Furthermore, the in situ detection of PGL-I
by immunohistochemical methods was carried out in
parallel with monitoring the anti-PGL-I serum titer and
also paralleling the analysis of Ml. rRNA in a number of
lesions.

Materials and Methods

Patients and Tissue Specimens

Lesional skin biopsies were obtained from a total of 45
patients attending the leprosy clinic at the Academic
Medical Center, Amsterdam (n 5 41), the Dijkzigt Hospi-
tal, Rotterdam, The Netherlands (n 5 2), and the Zimba-
bwe leprosy control program (n 5 2). The skin specimens
were snap-frozen in liquid N2 and stored at 270°C until
use. All patients were classified according to the clinical
and histopathological criteria of Ridley and Jopling.1 Clin-
ical criteria used for the diagnosis of RR were erythema-
tous swelling of the existing lesions, appearance of new
lesions, and the onset or worsening of neuritis. Clinical
criteria for the diagnosis of ENL were sudden appear-
ance of tender erythematous nodules, in some cases
accompanied by fever, leukocytosis, or neuritis. The bac-
terial index (BI) in the biopsies was evaluated by Fite-
Faraco-Wade (FFW) staining.32 In this respect, patients
belonging to the spectrum TT/BT and BB/BL/LL are clas-
sified as paucibacillary (PB) and multibacillary (MB) with
the BI values of #11 and .11, respectively. The pa-
tients were treated with multidrug therapy (MDT) stan-
dardized by the World Health Organization and was con-
tinued for at least 24 months for MB patients and 6
months for PB patients. Patients experiencing RR or ENL
were additionally treated with prednisone or prednisone
or thalidomide, respectively. Classification and treatment
status of the patients are summarized in Table 1.
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A number of the patients presented in Table 1 were
followed in the course of the disease, and additional
biopsies were obtained from the lesional skin of these
patients at the end of MDT (release from treatment, RFT)
and when patients experienced a RR or ENL. From two
MB patients (without reactional states) additional biop-
sies were obtained on different occasions during treat-
ment. The total number of biopsies investigated in this
study, and their BI values, is summarized in Table 2.

As controls, skin biopsies from healthy individuals un-
dergoing reconstructive surgery (n 5 3) and biopsies
from the lesional skin of patients with sarcoidosis (n 5 6),
psoriasis (n 5 3), contact allergy (n 5 4), and leishman-
iasis (n 5 5) were analyzed.

Immunohistochemistry

Monoclonal Antibodies

The details of the MAbs to mycobacterial antigens
(working dilutions, isotypes, specificity, and origin) are
listed in Table 3. The characteristics of MAbs to myco-
bacterial 36-kd, 65-kd, PGL-I, and LAM antigens have
been described previously.33–36 In addition, data of the

MAbs to immunocompetent cell markers are given in
Table 3.

Immunohistochemical Staining Methods (Single and
Double)

Cryostat sections (6 mm) of skin biopsies were air dried
overnight, fixed in cold acetone for 10 minutes, and either
immediately used or stored at 220°C. Immunoenzyme
single staining was performed with a streptavidin-biotin-
immunoperoxidase method.37 Briefly, sections were pre-
incubated with 0.1% sodium azide in PBS to inhibit en-
dogenous peroxidase activity followed by further
incubation with normal goat serum to block Fc receptors.
The sections were then incubated with the pre-evaluated
optimal dilution of primary antibodies. The activity of the
primary antibody was revealed by incubating the sec-
tions with biotinylated rabbit anti-mouse immunoglobulins
(Dako, Glostrup, Denmark) and streptavidin/biotinylated
horseradish peroxidase complex (SABC; Dako), followed
by the visualization of peroxidase activity using H2O2 as
substrate and 3-amino-9-ethyl carbazole (AEC; Sigma
Chemical Co., St. Louis, MO) as chromogen. Sections

Table 1. Clinical and Histopathological Classification of Leprosy Patients (n 5 45) at the Commencement of the Study

Classification Total (n)

Treatment status (with/without reactional states)

Untreated Released from treatment (RFT)

No reaction (n) 1 RR (n) No reaction (n) 1 RR (n) 1 ENL (n)

Paucibacillary (PB)
TT 6 6
BT 18 16 1 1

Multibacillary (PB)
BB/BL 15 9 1 3 1 1
LL 6 2 3 1

Patients were classified according to the clinical and histopathological criteria of Ridley and Jopling. TT, tuberculoid leprosy; BT, borderline
tuberculoid; BB, mid-borderline; BL, borderline lepromatous; LL, lepromatous leprosy; RR, reversal reaction; ENL, erythema nodosum leprosum; RFT,
release from treatment.

Table 2. Classification, Treatment Status, and Bacilli Index of Lesional Skin Biopsies Generated from 45 Leprosy Patients in the
Course of the Disease

Classification Treatment status

Number of skin biopsies from patients

Without reactions With RR With ENL

BI Total (n) BI Total (n) BI Total (n)

Paucibacillary (PB)
TT Untreated 0 6
TT RFT 0 1
BT Untreated 0–11 16 41† 1
BT RFT 0 6 0 1

Multibacillary (MB)
BB/BL Untreated 4–51 9 11 1
BB/BL On treatment 1–41* 2* 0 1 51 1
BB/BL On treatment 41 3
BB/BL RFT 0–11 11 0 1 0–11 4
LL Untreated 5–61 2
LL RFT 0 3 11 1

Patients were classified according to the clinical and histopathological criteria of Ridley and Jopling. The bacterial index (BI) in the biopsies was
evaluated by Fite-Faraco-Wade (FFW) staining. The abbreviations are described in the legend of Table 1.

*Follow-up biopsies were taken from two patients on different occasions in the course of treatment. The BI in the follow-up biopsies decreased from
4 to 11.

†This patient was classified BT based on clinico-histopathological features, irrespective of a BI of 41. BI: bacterial index.

In Situ Mycobacterial Antigen Expression 1795
AJP June 1999, Vol. 154, No. 6



were counterstained with hematoxylin. Negative control
sections were incubated with the PBS, pH 7.4, instead of
the MAb and also with isotype-matched mouse MAbs of
irrelevant specificity at a higher concentration of the pri-
mary antibody. In this respect, IgG1 and IgM mouse
MAbs directed to Asperigellus niger glucose oxidase
(clones GO1 and GO8, respectively; Dako) were used.
Furthermore, cell-marker-associated isotype-matched
MAbs also served as the internal controls for ensuring
particularly the specificities of IgG1 MAbs to mycobac-
terial antigens.

Depending on the combination of the primary antibodies,
two different immunoenzyme double-staining methods
were used to co-localize antigens and immunocompetent
cells.38 In one protocol, the sections were incubated with a
mixture of the primary IgM MAb F30-5 to LAM with either the
IgG1 MAbs DZ-1 to PGL-I, Leu 4 (CD4), EBM-11 (CD68), or
OKT 6 (CD1a) followed by an additional incubation step
with a mixture of the isotype-specific secondary antibodies
(RAM-IgM-HRP and RAM-IgG1-AP; Southern Biotechnol-
ogy Associates, Birmingham, AL). In the other protocol, the
MAbs DZ-1 was applied in combination with the MAb to
immunocompetent cells that were labeled with either fluo-
rescein isothiocyanate (Leu 4 FITC and OKT 6 FITC) or
biotin (EBM-11 bio), as previously described.38 For visual-
ization, the alkaline phosphatase activity was developed
with Fast Blue BB (Sigma) and followed by revealing per-
oxidase activity with AEC. Double-stained cells were char-
acterized if both red and blue or a distinct purple color
could be discerned within one cell.

Nucleic Acid Sequence Based Amplification (NASBA)

To detect the presence of live bacilli, in parallel with
immunohistochemical detection of antigens, identifica-
tion of M. leprae 16 S rRNA was carried out in some of the
skin biopsies. This method was performed as described
previously.39

ELISA

The titers of antibodies to PGL-I (IgM) in patient serum
was analyzed by ELISA using a standard synthetic neo-
glycoprotein (DBSA, Gigg Dissach) supplied by the

World Health Organization. The details of this ELISA test
were described previously.40

Results

Single Immunoenzyme Staining Pattern:
Exclusive Reactivities of MAbs DZ-1 (PGL-I) and
F30-5 (LAM) in Leprosy Skin Lesions

The in situ reactivities of MAbs to 36 kd, 65 kd, LAM, and
PGL-I in the lesional skin of various forms of untreated
leprosy and in control skin biopsies are summarized in
Table 4. The staining patterns were granular, diffuse, or
membrane bound. Diffuse and membrane-bound stain-
ing patterns with MAbs to 36 kd and 65 kd were found in
both leprosy and control skin biopsies, whereas the gran-
ular staining patterns with MAbs to LAM, 36 kd, and 65 kd
and the staining pattern with MAb to PGL-I were seen
only in leprosy biopsies.

Figure 1, A–D and E–H, illustrate the representative
staining patterns with the MAbs to PGL-I, LAM, 65 kd,
and 36 kd in untreated MB and PB leprosy lesions, re-
spectively. It can be seen that the staining patterns dif-
fered between the specimens from MB and PB patients.
In all untreated MB lesions (n 5 11) a granular staining
pattern with MAbs to LAM, 65 kd, and 36 kd was seen in
the granuloma resembling the presence of fragmented/
granular bacilli (Figure 1, B–D). In 3/11 MB lesions, these
MAbs also stained scattered macrophages surrounding
the granuloma. The MAb to PGL-I stained as clumps in
the granuloma as well as in macrophages surrounding
the granuloma in all MB lesions (Figure 1A). In contrast,
the infiltrate of untreated PB lesions (n 5 22) did not show
a granular staining patterns with the MAbs to LAM, 65 kd,
and 36 kd (Figure 1, E–H), but in 3/22 lesions, cells
surrounding the granuloma were positively stained with
the MAb to PGL-I (see inset in Figure 1E).

In addition to the granular staining pattern, the MAb to
36-kd protein stained the cell surface as well as diffuse
cytoplasma of infiltrate cells and the interstitial space of
the granuloma in all MB and in 16/22 PB leprosy lesions
(Figure 1, D and H, respectively). The same staining
pattern was seen in the lesional skin of patients with

Table 3. Monoclonal Antibodies Directed against Ml. Antigenic Components and Cell Markers

MAb Isotype Specificity Working dilution Reference/source

Ml. antigenic components
F126-5 IgG1 36-kd protein 1:1000 33
F67-2 IgG1 65-kd protein 1:500 34
F30-5 IgM LAM 1:5000 35
DZ-1 IgG1 PGL-I 1:1000 36

Cell markers
Leu4 IgG1 CD3, pan T cell 1:10 Becton Dickinson, Mountain View, CA
Leu4 FITC IgG1 CD3, pan T cell 1:200 Becton Dickinson
EBM-11 IgG1 CD68, macrophage 1:50 Dakopatts, Glostrup, Denmark
EBM-11-Bio IgG1 CD68, macrophage 1:100 Becton Dickinson*
OKT6 IgG1 CD1a, Langerhans cell 1:25 Ortho Diagnostics, Raritan, NJ
OKT6-FITC IgG1 CD1a, Langerhans cell 1:100 Ortho Diagnostics

*The MAb was biotinylated in our laboratory.
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sarcoidosis and leishmaniasis, whereas in 2/3 psoriasis
lesions the membrane of these macrophage-like cells not
associated with the granuloma were also stained. The
MAb to 65-kd protein stained the surface of cells asso-
ciated with the papillary dermis and attached to the basal
layer of the epidermis in 8/21 PB lesions and in 1/11 MB
lesions (Figure 1G, inset). This staining was also seen in
one of three psoriasis patients and in all patients with
contact allergy. In one sarcoidosis lesion a diffuse stain-
ing with the MAb to 65 kd was seen within the interstitial
space of the cellular infiltrate, whereas few sporadic in-
dividual cells were stained within cytoplasma and/or as
membrane bound in 2/5 leishmaniasis lesions, which was
also seen with the MAb against LAM in 3/5 leishmaniasis
lesions. Normal skin was negative for all MAbs.

From this study it appears that the staining with MAb to
PGL-I and the granular staining with MAb to LAM are
seen only in leprosy lesions and not in any of the other
non-leprosy skin biopsies studied. The in situ presence of
LAM and PGL-I was therefore subsequently investigated
in further detail.

Cellular Localization of Mycobacterial Cell-Wall-
Associated Antigens PGL-I and LAM

Double staining with the MAb to either PGL-I or LAM
together with the markers for macrophages, T cells, or

Langerhans cells was carried out in MB leprosy lesions.
The staining pattern with MAbs to LAM and PGL-I was
found intracellularly in CD681 macrophages. These
CD681 macrophages containing mycobacterial antigens
appear to be frequently located adjacent to T cells and as
scattered cells surrounding the granuloma. Representa-
tive illustrations of such double staining are shown in
Figure 2. The in situ detection of LAM and T cells, and
LAM and macrophages, are presented in Figure 2, A and
B, respectively. No double staining was found with the
MAbs to LAM and PGL-I and the marker for CD1a-posi-
tive Langerhans cells (data not shown).

In Situ Expression of PGL-I and LAM in Leprosy
Patients during and after Treatment: Clearance
and Persistence of Antigens

We extended our studies with the MAbs to LAM and
PGL-I in a longitudinal follow-up of MB patients during
treatment and of MB and PB patients after release from
treatment.

We investigated the clearance of these antigens in the
lesions of two MB patients during treatment. Biopsies
were obtained on different occasions during the therapy.
In the lesions of both patients we observed that the
expression of both LAM and PGL-I had decreased from

Table 4. In Situ Reactivity of MAbs to Different Mycobacterial Epitopes (LAM, PGL-I, 36 kd, and 65 kd) as Analyzed by
Immunohistochemistry: Semiquantitative Analysis in the Lesional Skin of Untreated Leprosy Patients and Control Skin
Biopsies

Patient classification BI n

Positive staining by MAb (antigen)/number of biopsies tested and intensity of
staining and characteristics

F30-5 (LAM) DZ-1 (PGL-I) F126-5 (36 kd) F67-2 (65 kd)

Leprosy patients
Paucibacillary (PB)

TT 0 6 0/6 0/6 3/6 3/6
1† 1‡

BT 0 –11 16 0/16 3/16 13/16 5/16
1¶ 1*† 1‡

Multibacillary (MB)
BB/BL 4–51 9 9/9, 3/9 9/9, 9/9 9/9, 3/9 9/9, 3/9, 1/9

111,§ 1¶ 111,§ 11¶ 11,*†§ 1¶ 11,§ 1,¶ RT-PCR‡

LL 5–61 2 2/2 2/2 2/2 2/2
111§ 111§\ 111†§ 111§

Other skin tissue
Sarcoidosis 6 0/6 0/6 6/6 1/6

111*† 1†

Psoriasis 3 0/3 0/3 2/3 1/3
1** 1‡

Contact allergy 4 0/4 0/4 0/4 4/4
1‡

Leishmaniasis 5 3/5 0 5/5 2/5
1†† 111*† 1††

Normal skin 3 0/3 0/3 0/3 0/3

The in situ presence of Ml.-specific or cross-reacting mycobacterial antigens was determined by immunohistochemical analysis using MAbs. The
staining patterns were evaluated on the basis of intensity (grading: 1 to 111) and also on the basis of the specific staining characteristic and
distribution in the tissue.

*Staining is associated with the cell membrane of immunocompetent cells at the site of juxtapositionally opposed T cells and macrophages.
†Diffusely stained interstitial space of the cellular infiltrate, and occasional intracytoplasmic diffused staining.
‡Membrane-bound staining of cells as a necklace around and associated with the basal layer of the epidermis.
§Granular staining of discrete, whole, or fragmented bacilli.
¶Intracellular staining within scattered cells.
\Staining as dots within the infiltrate.

**Membrane-bound staining of scattered cells.
††Few sporadic individual cells stained intracytoplasmatic and membrane bound within the infiltrate.
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Figure 1. Representative staining patterns with MAbs to PGL-I, LAM, 65 kd, and 36 kd in the lesional skin of untreated MB and PB patients. Immunoperoxidase
staining of sequential sections of a MB lesion (BI 41; A to D) and of a PB lesion (BI 0; E to H) with MAbs against PGL-I (A and E), LAM (B and F), 65 kd (C
to G), and 36 kd (D to H). All sections were counterstained with hematoxylin. Immunoperoxidase single staining; magnification, 3125. Note the dark staining
in the basal layer is due to melanin-containing melanocytes and not due to immunostaining.
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the granuloma during the treatment, paralleling a de-
crease in BI, but the staining with the MAb to PGL-I
became negative within the granulomas before that of
LAM (illustrated in Figure 3, A and B). However, the
expression of PGL-I persisted in scattered macrophages,
mainly in the deep dermis, similar to that found in un-
treated PB lesions (see inset in Figure 3C).

The presence of LAM and PGL-I in the lesional skin of
PB and MB patients after the release from treatment is
summarized in Table 5. After treatment, the staining with
MAbs to LAM and PGL-I was negative in the granuloma in
the lesions of 13/14 MB patients and paralleled the de-
creased BI (BI 0–11). However, in scattered macro-
phages, the staining with the MAb to PGL-I persisted in
6/14 lesions. In 2/14 skin lesions a granular staining with
MAbs to both LAM and PGL-I was seen perivascularly in
the lesion or in nerve fibers (data not shown). In the lesion
of 1/7 PB patients, persistence of PGL-I was seen in
scattered macrophages.

Characteristic Immunostaining Patterns of PGL-
I and LAM in Skin Lesions of Patients in
Reactional States (RR and ENL)

We investigated the in situ staining pattern of LAM and
PGL-I in the lesions of patients undergoing RR or ENL
and compared these with those found in patients with
similar bacterial load. The staining characteristics are
summarized in Table 6.

Four MB patients (BI 41) underwent a RR (three were
on treatment and one was untreated). In all lesions, the
staining with the MAb to PGL-I was absent in the infil-
trates, but many scattered macrophages surrounding the
granuloma were stained (Figure 4B). The staining pattern
differed in this respect from the staining pattern with the
MAb to PGL-I in lesions of MB patients without RR (see
Figure 1A and Table 4). Similar to that of MB lesions
without RR, the infiltrates were still positively stained with
the MAb to LAM, which was not present in scattered cells
(see Figures 4A and 1B). The staining patterns with MAb
to LAM and PGL-I in the lesions of four patients with a RR
at the time their BI was 0–11 (one BT/RFT, one BL/RFT,
one BL/on treatment, and one BB/untreated), showed the
absence of both LAM and PGL-I in the granuloma, but
showed scattered cells positive for PGL-I, and did not
differ in this respect from other lesions with BI 0–11.

On the other hand, five MB patients (RFT, BI 0–21)
were diagnosed with an ENL. In 4/5 patients, the lesions
showed extensive staining in the infiltrates with the MAb
to LAM (illustrated in Figure 5). This staining pattern
differed in this respect from that seen in the lesions of MB
patients released from treatment without ENL (BI 0–11)
that were characterized by the absence of LAM in the
granuloma (Table 5). The staining with the MAb to PGL-I
showed varied staining patterns indicating also varied
persistence of this antigen. The significance of persis-
tence of LAM in ENL has been further confirmed by a
follow-up study of one of these patients. Initially the pa-
tient (BI 51) developed an ENL during treatment, and the
infiltrates were found positive for LAM and PGL-I. The

patient was subsequently treated for 2 years. After treat-
ment, the patient was followed for 2 more years. During
this period the lesions showed persistence of LAM and
PGL-I in the infiltrates. The patient developed a second
episode of ENL (BI 0), and the granular staining with
MAbs to LAM was still extensively positive in the infiltrate
whereas the staining with the MAb to PGL-I at the same
site was negative.

In Situ Detection of Tissue PGL-I Combined
with Serological Data of Anti-PGL-I Antibody
Titers and the in Situ Presence of Viable Bacilli

In the present study we observed persistence of PGL-I in
scattered macrophages in a number of lesional skin bi-
opsies with BI 0–11. We investigated whether the reten-
tion of such PGL-I within these lesions might be associ-
ated with high anti-PGL-I (aPGL-I) antibody levels in the
serum of these patients and/or with the presence of live
bacteria within these lesions.

In a panel of 41 patients we combined the detection of
PGL-I in the lesions (BI 0–11), with the aPGL-I antibody
levels in serum. This panel included both untreated and
treated PB patients, treated MB patients, and patients
undergoing reactional states (see Table 2). The results
are presented in Table 7. It can be seen that in 30/41
patients the in situ presence or absence of PGL-I in the
lesion paralled the positive or negative aPGL-I serum
titer. However, this apparent agreement was not statisti-
cally significant, which might be because eight patients
showed persistence of PGL-I in the lesions without ele-
vated aPGL-I antibody titers. This latter group consisted
of three PB and five MB patients. Remarkably, three
untreated MB patients (BI 41) additionally did not show
high aPGL-I serum titers, whereas they showed high
density of PGL-I in the lesions (see patient R 92-33 and R
89-81 in Table 8). The lesions of three other patients
showed no detectable in situ PGL-I antigens, but high
aPGL-I titers were found in the serum.

We investigated whether the persistence of PGL-I in
those lesions with BI 0–11 is associated with the pres-
ence of viable bacilli. The NASBA of Ml. 16 S rRNA in a
panel of biopsies has previously been employed.39 We
combined the data from the previous study with those
obtained in the present study (summarized in Table 8).
Lesions of untreated MB patients (BI $ 41) were positive
for the NASBA signal and the presence of in situ PGL-I,
with the exception of one patient (R 89-121). In the par-
ticular case of this patient, the negative NASBA signal in
the lesion may indicate that despite positive BI all bacilli
were dead. When MB patients were released from treat-
ment with BI 0–11 in the lesions, only 2/8 lesions showed
a positive NASBA signal whereas in 7/8 lesions PGL-I
was still detectable. In the lesion of one MB patient on
treatment (R92-33, BI 0–11) still viable bacilli were
present. On the other hand, in the lesions of 5/7 untreated
PB patients (BI 0) the NASBA signal was positive
whereas in only two of those lesions were in situ PGL-I
antigens detectable. Lesions of treated PB patients were
negative for both the NASBA signal and in situ presence

In Situ Mycobacterial Antigen Expression 1799
AJP June 1999, Vol. 154, No. 6



1800 Verhagen et al
AJP June 1999, Vol. 154, No. 6



of PGL-I. Taken together, the in situ presence of PGL-I in
lesional skin (BI 0–11) is not necessarily associated with
the presence of viable bacilli in the same lesion.

Discussion

Identification of Ml. antigenic determinant and their cel-
lular localization in the lesional skin of leprosy patients
may improve our understanding of leprosy pathology.
The present study was designed to assess in situ expres-
sion of different mycobacterial antigenic determinants in
various forms of leprosy lesions using a panel of MAbs.
These antigens have previously been reported to be
involved in T-cell-dependent or humoral immune re-
sponses.

We observed that the differing types of staining pattern
with the MAbs against the 36-kd and 65-kd cross-react-
ing proteins and the cell wall products LAM and PGL-I
are related to different types of leprosy. The granular
expression of 36-kd and 65-kd proteins and LAM was
restricted to leprosy and paralleled the BI of the lesions.
However, diffuse or membrane-bound staining patterns
with the MAbs to the 36-kd and 65-kd protein were found
in both leprosy and various other skin diseases. The
staining of LAM and PGL-I appeared to be specific for
leprosy and predominated in MB lesions. The dynamics
of the expression of these two antigens was therefore
studied in the course of the disease. We found that the
dynamics in the expression of these antigens in the le-
sions of MB patients appears to be associated with im-

munopathological phenomena in leprosy such as RR and
ENL. Moreover, we observed retention of PGL-I in a num-
ber of lesions with low numbers or absence of bacilli (BI
0–11) that paralleled apparently with high serum anti-
body titers against this antigen, but not necessarily with
the presence of viable bacilli in the lesions.

The in situ expression of mycobacterial antigenic de-
terminants either in the interstitial space or expressed on
the infiltrating cells in both PB and MB lesions have been
implicated in local immune responses.27–29,31,41 In con-
cordance with these studies, in the present study the
MAbs against the 36-kd protein stained the cell mem-
brane of immunocompetent cells in untreated PB and MB
lesions at the site of interacting T lymphocytes and mac-
rophages and also stained diffusely the interstitial space
of the cellular infiltrate. The MAbs to 65 kd stained the
membrane of scattered cells that were associated with
the basal layer of the epidermis of, predominantly, PB
lesions and MB lesions with RR (data not shown). Inter-
estingly, the diffuse and membrane-bound staining pat-
terns by MAbs to both 36 kd and 65 kd were not re-
stricted to leprosy lesions. In the context of this finding, it
is tempting to speculate that, on one hand, the in situ
presence of mycobacterial antigenic determinants may
also be involved in the pathogenesis of other skin dis-
eases. In this respect it is noteworthy that a previous
study from our laboratory showed that psoriatic patients
had significant IgG antibody levels in serum against my-
cobacterial hsp65 and other dominant mycobacterial an-

Table 5. In Situ Detection of LAM and PGL-I in the Lesional
Skin of MB and PB Patients Released from
Treatment

Patients RFT Localization

Positive
staining
pattern

LAM* PGL-I†

MB (n 5 14; BI 0–11) Granuloma 1/14 1/14
Scattered cells 0/14 6/14
Other locations‡ 2/14 2/14

PB (n 5 7; BI 0) Granuloma 0/7 0/7
Scattered cells 0/7 1/7
Other locations 0/7 0/7

In situ presence of LAM and PGL-I was determined by
immunohistochemical analysis using MAbs F 30-5 and DZ-1,
respectively. MB, multibacillary; PB, paucibacillary; RFT, release from
treatment.

*Granular staining pattern.
†Staining pattern was as clumps (see inset in Figure 3C).
‡Around the vessel or nerve fibers.

Table 6. In Situ Detection of LAM and PGL-I in the Lesional
Skin of MB and PB Patients Undergoing RR and
ENL in the Course of the Disease

Patients with reactions Localization

Positive
staining
pattern

LAM* PGL-I†

RR (n 5 4; BI 41) Granuloma 4/4 0/4
Scattered cells 0/4 4/4

RR (n 5 4; BI 0–11) Granuloma 0/4 0/4
Scattered cells 0/4 4/4

ENL (n 5 1; BI 51) Granuloma 1/1 1/1
Scattered cells 0/1 1/1

ENL (n 5 5; BI 0–21) Granuloma 4/5 3‡/5
Scattered cells 1/5 4/5

In situ presence of LAM and PGL-I was determined by
immunohistochemical analysis using MAbs F 30-5 and DZ-1,
respectively. RR, reversal reaction; ENL, erythema nodosum leprosum.

*Granular staining pattern.
†Staining pattern was as clumps.
‡In two lesions the staining was weak.

Figure 2. A and B: In situ co-localization of Ml. antigens and immunocompetent cells. Sequential sections of the lesion of an untreated MB patient (BI 41) were
double stained with the MAb to LAM (red) with either the MAb to T cell marker (anti-CD3, blue; A) or the MAb to macrophage marker (anti-CD68, blue; B). Note
the intracellular presence of LAM within macrophages. Immunohistochemical double staining; magnification, 3160.
Figure 3. A and B: In situ detection of LAM and PGL-I in the course of the disease. Sequential sections of the lesion of a MB patient (1 year after the onset of
the treatment, BI 21) were stained with the MAb to LAM (A) and the MAb to PGL-I (B). C: Inset from B, showing scattered cells stained with the MAb to PGL-I.
Immunoperoxidase single staining, hematoxylin counterstaining; magnification, 340.
Figure 4. In situ detection of LAM and PGL-I in the course of the disease with RR. Sequential sections of the lesion of a MB patient with RR (BI 41) in the
course of treatment were stained with the MAb to LAM (A) and the MAb to PGL-I (B). Immunoperoxidase single staining, hematoxylin counterstaining;
magnification, 340.
Figure 5. In situ detection of LAM in the lesional skin of a MB patient with ENL after treatment. A section of the lesion of a MB patient experiencing an ENL
2 years after being released from treatment (BI 0–11) stained with the MAb to LAM. Immunoperoxidase single staining, hematoxylin counterstaining;
magnification, 380.
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tigens, implicating a role for mycobacterial antigens in
this disease.42 On the other hand, host cellular antigens,
expressed during inflammatory skin diseases, may be
cross-reactive to mycobacterial epitopes. Antigenic sim-
ilarities between mycobacteria and normal human skin
components were shown previously.43,44 We additionally
observed that few sporadic individual cells were stained
within cytoplasma and as membrane bound with MAb to
65 kd and LAM in leishmaniasis lesions. As these patients
came from endemic areas, possibility for a co-infection
with mycobacteria cannot be ruled out in these lesions.

On the other hand, the granular expression of the MAb
to 36-kd and 65-kd proteins and LAM and the staining
with MAb to PGL-I was restricted exclusively to the le-
sions of MB patients. The granular staining pattern by any
of these MAbs was negative in the lesions of untreated
PB patients, with the exception of the occasional pres-
ence of PGL-I in scattered macrophages. The dynamics
of the in situ presence of PGL-I and LAM was further
studied in relation to treatment of MB lesions. The clear-

ance of PGL-I from the infiltrates was found to occur
before that of LAM, whereas PGL-I persisted in macro-
phages in the deep dermis, even after treatment. So far,
retention of mycobacterial antigens, including PGL-I and
LAM, despite prolonged chemotherapy, has also been
described previously for nerves45,46 and lymph nodes47

of leprosy patients. To our knowledge, this is the first
report that describes the exclusive retention of these two
antigens in the infiltrate that can be correlated with the
dynamics of leprosy pathology.

In this respect, the importance of the present study is
that in situ dynamics in the expression of LAM and PGL-I
appears to be associated with the occurrence of reac-
tional states. The lesions of MB patients with RR, as
compared with those of untreated MB patients without
RR, can be recognized by the absence of PGL-I in the
granulomas but abundant presence of PGL-I in scattered
macrophages. In this respect, the staining with this MAb
may assist in distinguishing the lesions from multibacil-
lary patients with RR from those with a relapse. However,
the implications of the in situ PGL-I in scattered macro-
phages in these lesions with the occurrence of RR cannot
be drawn from these results. Another interesting finding
of the present study is that the lesions of 4/5 MB patients
with the occurrence of an ENL after treatment showed
persistence of LAM was seen in the infiltrates. Such a
staining pattern was absent in the lesions of MB patients
released from treatment without ENL. It is, therefore, sug-
gestive that the expression of LAM in the lesions of MB
patients that are released from treatment may be indica-
tive that the patient is at risk for developing an ENL, as
was the case for one patient in the present study. Other
investigators have suggested that LAM mediates the
pathogenesis of ENL via the induction of high levels of
tumor necrosis factor-a.48 In this context, retention of

Table 7. Absence or Presence of PGL-I in the Lesional Skin
of Leprosy Patients (n 5 41; BI: 0–11) Combined
with the Presence or Absence of High Anti-PGL-I
Antibody Titer (OD .0.500) in the Corresponding
Serum

Number of
patients In situ PGL-I*

High anti-PGL-I antibody
titer in serum†

12 1 1
18 2 2
8 1 2
3 2 1

*In situ presence of PGL-I was determined by immunohistochemical
analysis using MAb DZ-1.

†Anti-PGL-I antibodies in serum were determined by ELISA. Serum
values were considered high when OD was .0.500.

Table 8. High Serum Anti-PGL-I Antibody Titer and in Situ Detection of PGL-I and Viable Ml. Bacilli in Skin Biopsy Specimen of
Untreated Leprosy Patients and in Those in the Course of the Disease

Untreated patients Follow-up

Classification Patient number BI aPGL-I* PGL-I† Ml. RNA‡ Treatment status BI aPGL-I* PGL-I† Ml. RNA‡

TT CPB05 0 2 2 1 RFT 0 2 2 2
TT R90-36 0 ND 2 1 ND
BT R91-18 0 2 2 1 RFT 0 2 2 2
BT R92-24 0 2 2 2 RFT 0 2 2 2
BT R92-11 0 2 2 2 ND
BT R87-60 0 1 1 11 ND
BT R88-14 0 2 1 1 ND
BL R91-19 41 1 1 111 ND
BB R92-33 41 2 1 111 On treatment (1 year) 11 2 1 1
BL R90-18 ND ND ND ND RFT 0 1 1 2
BL R88-4 41 1 1 111 RFT 0 2 2 2
BL R89-81 41 2 1 111 RFT 11 2 1 2
BL R90-32 ND ND ND ND RFT 0 1 1 1§

BL R89-121 51 1 1 2 RFT 0 1 1 2
BL R90-21 41 1 1 111 RFT 0 1 1 2
BL R88-1 ND ND ND ND RFT 11 1 1 11¶

RFT 0 1 1 2

RFT, released from treatment; other abbreviations (TT, BT and BL) are as in Table 1.
*Anti-PGL-I antibody titer in serum was measured by ELISA; serum values were considered high with OD .0.500.
†PGL-I is detected by immunohistochemical analysis using MAb DZ-1.
‡Ml. RNA was detected by NASBA.
§Patient with poor compliance of therapy.
¶Patient was investigated for possible relapse.
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LAM in the skin may account for the elevated levels of
tumor necrosis factor-a in serum of patients with ENL49

and subsequently mediate immunopathological manifes-
tations, such as fever. Moreover, LAM can play a role in
T-cell activation as this antigen has been shown to induce
T-cell proliferation in a CD1b- and CD1c-restricted
manner.18,50

Another aspect of the present study was that persis-
tence of PGL-I in scattered cells in a number of lesions
with low numbers or absence of bacilli (BI 0–11) ap-
peared to be associated with high antibody titers against
this antigen in the serum, but not necessarily with the
presence of viable bacilli in the lesions. In this respect,
the persistence of PGL-I in the lesional skin may account
for high anti-PGL-I serum titers in patients even years
after treatment. In this context, it is noteworthy from the
literature that in the lesions of leprosy patients M. leprae-
specific antibodies are produced that therefore might
account for the parallel occurrence of in situ retention of
PGL-I antigen and elevated systemic antibody titres.51 As
skin is considered to be an immunocompetent tissue,52 it
is not surprising that the presence of antigens in skin may
reflect systemic humoral immune responses.

In conclusion, in the present study we demonstrated
that LAM and PGL-I were differently expressed in the
lesional skin of leprosy patients in the course of the
disease. The lesions of MB patients with RR (BI 41) and
of MB patients released from treatment with ENL (BI
0–21) showed specific characteristics in this respect, as
compared with those patients with comparable bacterial
load but without reactions, and may therefore assist as
diagnostic markers. The implications of these in situ char-
acteristics in the immunological etiology of the reactional
states will be the subject of future investigations.
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