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SUMMARY

 

We have investigated the expression of chemokines and their receptors in leprosy skin lesions using
immunohistochemistry. Skin biopsies from 25 leprosy patients across the leprosy spectrum, 11 patients
undergoing type I reversal reactions and four normal donors were immunostained by ABC peroxidase
method using antibodies against CC and CXC chemokines and their receptors. Using an 

 

in situ

 

 hybrid-
ization technique we have also studied the expression of monocyte chemoattractant protein 1 (MCP-1),
RANTES and interleukin (IL)-8 chemokines mRNA in leprosy skin lesions. Chemokines and receptor
expression was detected in all leprosy skin biopsies. Expression of CC chemokines MCP-1 (

 

P

 

 

 

<

 

 0·01)
and RANTES (

 

P

 

 

 

<

 

 0·01) were elevated significantly in borderline tuberculoid leprosy in reversal reac-
tion compared to non-reactional borderline tuberculoid leprosy, but there was no difference in the
expression of IL-8 chemokine. Surprisingly, there was no significant difference in the expression of CC
(CCR2 and CCR5) and CXC (CXCR2) chemokine receptors across the leprosy spectrum. Similarly,
there was no significant difference in the expression of mRNA for MCP-1, regulated upon activation
normal T cell expressed and secreted (RANTES) and IL-8 chemokines. Here, the presence of a neu-
trophil chemoattractant IL-8 in leprosy lesions, which do not contain neutrophils, suggests strongly a
role of IL-8 as a monocyte and lymphocyte recruiter in leprosy lesions. These results suggest that the
chemokines and their receptors, which are known to chemoattract T lymphocytes and macrophages, are
involved in assembling the cellular infiltrate found in lesions across the leprosy spectrum.
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INTRODUCTION

 

Leprosy, caused by 

 

Mycobacterium leprae

 

, is a human chronic
infectious disease causing damaging inflammatory lesions in the
skin and peripheral nerve. There is a clinical spectrum of pathol-
ogy that is determined by the host immune response. Tuberculoid
patients mount a vigorous cell-mediated immune response in skin
and nerve and display a delayed-type hypersensitivity response to

 

M. leprae

 

 antigens [1]. At the opposite pole, lepromatous patients
exhibit specific cellular unresponsiveness to 

 

M. leprae

 

 antigens
associated with high bacterial loads in the skin and nerve. Most
leprosy  patients  have  pathology  between  the  polar  states  and
are classified as borderline tuberculoid (BT) or borderline

lepromatous (BL). Leprosy reactions are common in these
immunologically unstable borderline groups. These involve an up-
regulation of the host response to 

 

M. leprae

 

 antigens. For instance,
type I (reversal) reactions involve an increase in delayed-type
hypersensitivity and a shift towards the tuberculoid pole, accom-
panied by lesion inflammation and neuritis.

There is a histopathological difference across the leprosy
spectrum. Tuberculoid skin lesions possess a higher ratio of helper
CD4

 

+

 

 to CD8

 

+

 

 T lymphocyte cells than lepromatous lesions [2]. In
addition, tuberculoid lesions contain organized T cell and epithe-
lioid cell granulomas, which kill mycobacteria and prevent their
dissemination. However, lepromatous lesions have a more disor-
ganized histology characterized by inactive macrophages, in
which mycobacteria are multiplying.

Chemokines are potent chemoattractors of specific leucocyte
subsets and therefore are likely to be involved in directing the
cellular infiltration in the various forms of leprosy lesions. The
CXC group, which contains interleukin (IL)-8, predominantly
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attracts neutrophils whereas the CC group, which contains regu-
lated upon activation normal T cell expressed and secreted
(RANTES) and monocyte chemoattractant protein 1 (MCP-1),
predominantly attracts monocytes and lymphocytes. In the skin,
lymphocytes and a wide range of non-immune cells, including
keratinocytes and fibroblasts, secrete multiple chemokines upon
activation by immune mediators such as tumour necrosis factor-
alpha (TNF-

 

a

 

) and interferon-gamma (IFN-

 

g

 

) [3,4].
Chemokine expression has been associated with chronic

inflammatory diseases such as tuberculosis [5], sarcoidosis [6],
cutaneous leishmaniasis [7] and psoriasis [8]. MCP-1 and mac-
rophage inflammatory protein-1 alpha (MIP-1

 

a

 

) mRNA is
expressed by monocytes and T lymphocytes in the granuloma-
tous skin lesions of human cutaneous leishmaniasis [7]. Expres-
sion of the chemokines MCP-1 and MIP-1

 

a

 

 is up-regulated in
pleural endothelial cells, monocytes and macrophages from
patients with active tuberculosis but not RANTES [9,10]. How-
ever, IL-8 is only up-regulated in macrophages [10]. RANTES,
MCP-1 and IL-8 expression is also elevated in bronchoalveolar
lavage fluid from patients with active pulmonary tuberculosis but
not MIP-1

 

a

 

 [10]. In addition, MCP-1 and MIP-1

 

a

 

 plasma levels
are elevated in patients with sarcoidosis, a disorder characterized
by granulomatous lesions [11]. Interferon gamma-inducible pro-
tein 10 (IP-10) and RANTES levels have been correlated with
the level of T cell recruitment in sarcoidosis patients [6,12]. To
date, IP-10 is the only chemokine to have been investigated in
leprosy skin lesions. IP-10 expression was found in the epidermis
and dermal granuloma of tuberculoid lesions but not in leproma-
tous lesions [13].

Cells respond to chemokines through a family of seven trans-
membrane G protein-coupled receptors that are also subdivided
into CCR and CXCR chemokine receptors. Each chemokine
receptor has a distinct but overlapping chemokine specificity [14].

Leprosy provides an ideal opportunity to investigate the
mechanisms and role of chemokines and their receptors involved
in leprosy skin lesions. We hypothesized that different expression
of chemokines and receptors contribute to the differences in histo-
pathology seen in leprosy skin lesions. Skin biopsies from patients
representative of the immunopathological spectrum of leprosy
were studied using monoclonal and polyclonal antibodies against
a number of chemokines and their receptors by immunohis-
tochemistry. We have also investigated the expression of chemok-
ine mRNA in leprosy skin lesions using 

 

in situ

 

 hybridization with
antisense probes of MCP-1, RANTES and IL-8.

 

MATERIALS AND METHODS

 

Patients

 

Skin biopsies were taken for diagnosis from new, untreated lep-
rosy patients (

 

n

 

 

 

=

 

 22) and patients undergoing type I reversal
reactions (

 

n

 

 

 

=

 

 13) attending the Blue Peter Research Centre.
Patients were graded clinically and histologically on the leprosy
spectrum, according to the Ridley Jopling classification [15], as
tuberculoid (TT), borderline tuberculoid (BT), borderline lepro-
matous (BL) and lepromatous (LL).

A reversal reaction was diagnosed when a patient presented
with reactional skin changes (erythema and/or oedema of existing
leprosy lesions, new skin lesions that were not relapsing leprosy or
erythema nodosum leprosum, ENL) or acute neuritis (peripheral
nerve  tenderness,  new  sensory  symptoms  or  signs  or  new
motor symptoms or signs). Reversal reactions were confirmed

histologically and classified as borderline tuberculoid in reaction
(BT-RR) or borderline lepromatous in reaction (BL-RR).

Punch biopsies 6 mm in diameter were taken under local
anaesthetic using 1% ligocaine from the active edge of the lesion.
The biopsy was halved and the tissue intended for this study was
snap frozen in liquid nitrogen and stored at 

 

-

 

70

 

∞

 

C. Normal skin
biopsies from healthy volunteers (

 

n

 

 

 

=

 

 4) were taken by the same
procedure. Cryostat sections (6 

 

m

 

m) were stained with haematox-
ylin and eosin (H&E) for general morphological examination and
a modified Fite–Faraco procedure for staining 

 

M. leprae

 

. The bact-
erial load in each site was counted and expressed on a logarithmic
scale as the bacillary index, B.I. [16].

Permission was obtained for this study from the local ethics
committee for Blue Peter Research Centre, Hyderabad and the
London School of Hygiene and Tropical Medicine ethics commit-
tee. Informed consent was obtained from all the subjects involved
in this study.

 

Antibodies

 

Monoclonal antibodies against RANTES, MCP-1 and IL-8
chemokines were purchased from R&D Systems (Abingdon,
UK). Chemokines receptor monoclonal antibodies against CCR5
and CXCR2 were obtained from R&D Systems. CCR2 rabbit
polyclonal antibody was obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Macrophages were stained using
monoclonal anti-CD68 antibody (Dako Ltd, Ely, UK) and T
lymphocytes using anti-CD4 and anti-CD8 antibodies (Becton
Dickinson, Oxford, UK). Isotype control antibodies mouse IgG

 

1

 

,
IgG

 

2

 

 or rabbit Ig fraction (Dako) were used as negative controls.

 

Immunostaining

 

Cryostat frozen sections (6 

 

m

 

m) were collected on silanated
microscope slides (BDH, Lutterworth, UK) and dried for 2–3 h at
room temperature (RT) before fixing in acetone at 4

 

∞

 

C for 10 min
and air-drying. For chemokine and chemokine receptor staining,
sections were incubated with normal serum as part of the avidin–
biotin complex (ABC) Vectastain Elite kit protocol (Vector Lab-
oratories, Peterborough, UK) for 30 min at RT.

Sections were then incubated with the primary antibody
dilute in phosphate buffered saline (PBS) for 1 h at RT. Staining
was completed using the ABC peroxidase method (Vector Labo-
ratories) and the enzymatic reaction was developed using 3,3

 

¢

 

-
diaminobenzidine chromogen (Sigma, Poole, UK) with haema-
toxylin counterstaining.

For cell phenotype staining, sections were blocked with
normal rabbit serum (Dako) for 30 min at RT before incuba-
tion with the primary antibody for 1 h at RT. Sections were
stained using the peroxidase–antiperoxidase (PAP) method
using a rabbit antimouse secondary antibody (Dako) and a
mouse PAP complex (Dako). Staining was developed using
DAB (Sigma). All slides were counterstained with Harris hae-
matoxylin (BDH) and mounted in DPX (BDH). Controls for
specificity of staining included the use of appropriate isotype
antibodies and nonimmune serum and omission of the prim-
ary antibody.

Chemokine and receptor staining was assessed by grading the
sections on a scale of 0: negative, 1: few scattered positive cells, 2:
10–30% cells positively stained, 3: 30–50% cells positively stained
and 4: 50–80% cells positively stained (Table 1). We have used
this scale in previous work [17]. In addition, cell and chemokine
staining was evaluated and confirmed by an independent observer



 

Chemokines and receptor expression in leprosy lesions

 

449

 

© 2003 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

134

 

:447–453

 

who was blind to the leprosy type of each section using the
agreed-upon scale (Table 1).

In situ

 

 hybridization
In situ

 

 hybridization (ISH) was carried out as described by other
authors [18,19]. Briefly, 6 

 

m

 

m skin biopsy cryostat sections were
collected on RNase-free polysine glass slides (BDH, UK). The
sections were brought to RT, fixed in 4% paraformaldehyde,
acetylated using 0·25% acetic anhydride in 0·1 

 

M

 

 triethanolamine,
before dehydration in ethanol and overnight hybridization at
37

 

∞

 

C with digoxigenin-labelled oligonucleotide probe cocktail for
the chemokines MCP-1, RANTES and IL-8 (R&D Systems),
diluted 1 : 400 in hybridization buffer. Sections were washed in
2 

 

¥

 

 SSC for 1 h at RT, 1 

 

¥

 

 SSC for 1 h at RT and 1 

 

¥

 

 SSC for
30 min at 37

 

∞

 

C. The slides were then processed for immunological
detection by first blocking with normal sheep serum followed by
alkaline phosphatase conjugated sheep antidigoxigenin antibody
(Boehringer-Mannheim, UK) with the substrate Sigma fast

 

TM

 

BCIP/NBT. The sections were mounted in PBS/glycerol.
Incubation with hybridization buffer alone was used as nega-

tive control and demonstrated the specificity of the hybridization
products with the chemokine probes.

 

Statistical analysis

 

Statistical analysis of data was by the two-sample Wilcoxon rank-
sum (Mann–Whitney) test. All data are expressed as median unless
otherwise indicated. 

 

P

 

-values 

 

=

 

 0·05 were considered significant.

 

RESULTS

 

The results of immunostaining skin biopsies from 35 leprosy
patients with antibodies against CC and CXC chemokines and
their receptors are summarized in terms of semiquantitative grad-
ing in Table 1. Chemokines and receptor positively stained cells
were  located  in  the  dermal  granuloma  and  were  determined
by the presence of a brown intracellular and/or extracellular
staining with PAP antibody or avidin–biotin complex-peroxidase
(ABC-HRP) using rabbit-antimouse immunoglobulin or biotin
conjugated rabbit-antimouse immunoglobulin, respectively.

Chemokines and receptor expression was associated predomin-
antly with macrophages and a small proportion of T lymphocytes.
Control subjects had negative results for all the chemokines
investigated.

 

Expression of CC and CXC chemokines mRNA in leprosy 
skin lesions

 

The cellular localization of chemokine mRNA was determined by

 

in situ

 

 hybridization using a digoxigenin-labelled antisense probe.
Chemokine mRNA production was visible as darkly staining
areas within the cytoplasm of positive cells (Fig. 1b). Intense
staining was observed and co-localized with areas of granuloma
formation. Statistically no significant difference in mRNA express-
ion for MCP-1, RANTES and IL-8 chemokines (Fig. 2a) was
observed. In addition, a non-significant elevation in the express-
ion of MCP-1 and IL-8 mRNA across the leprosy spectrum was
also noticeable compared to RANTES mRNA (Fig. 2a,b).

 

Expression of CC and CXC chemokines and their receptors in 
leprosy skin lesions

 

In order to investigate CC and CXC chemokines and receptor
protein expression in relation to mRNA expression, we compared
the number of cells expressing mRNA detected by 

 

in situ

 

 hybrid-
ization to the number of cells expressing chemokine and receptor
protein detected by immunohistochemistry. The expression of CC
chemokines MCP-1 (

 

P

 

 

 

<

 

 0·01) and RANTES (

 

P

 

 

 

<

 

 0·01) was sig-
nificantly higher in borderline tuberculoid leprosy in reversal
reaction compared to non-reactional borderline tuberculoid lep-
rosy (Fig. 2b). In addition, the RANTES chemokine protein
expression was elevated in reactional lesions compared to BT and
BL (Figs 2b, 3a,b). Similarly, IL-8 expression was higher in react-
ional lesions compared to non-reactional BT and BL (Fig. 2b).
Surprisingly, there was no significant difference in the levels of
chemokine receptor expression across the leprosy spectrum
despite the general trend of CCR2 expression being low in BT
and LL patients (Fig. 2c). MCP-1 chemokine protein-positive
cells were detected within the granuloma (Fig. 1a), as well as its
CCR2 receptor (Fig. 1c). The expression of both MCP-1 chemok-
ine and its receptor appeared predominantly to be associated with

 

Table 1.

 

Scoring of chemokine and chemokine receptor expression in leprosy skin

Classification

 

b

 

Average intensity scoring

 

a

 

 of chemokines and chemokine receptors staining

C-C chemokines and receptors C-X-C chemokines and receptors

No. of
patients

MCP-1 CCR2 RANTES CCR5 IL-8 CXCR2

mRNA IHC IHC mRNA IHC IHC mRNA IHC IHC

TT 4 3 3 3 3 3 4 3 2 3
BT 7 4 2 2 2 1 3 3 1 2
BT-RR 7 3 3 2 2 2 3 3 2 2
BL 7 3 3 2 3 2 3 3 2 3
BL-RR 6 3 3 3 1 1 3 3 1 3
LL 4 3 3 1 1 1 4 2 1 3

 

a

 

Average scoring of staining was as follows: 0, negative; 1, 

 

<

 

10% of cells staining positive; 2, 10–30% of cells staining positive; 3, 30–50% of cells
staining positive; 4, 50–80% of cells staining positive; 5, 80–100% of cells staining positive. 

 

b

 

TT, tuberculoid leprosy; BT, borderline tuberculoid leprosy;
BT–RR, borderline tuberculoid leprosy in reversal reaction; BL, borderline lepromatous leprosy; BL-RR, borderline lepromatous leprosy in reversal
reaction; LL, lepromatous leprosy.
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macrophages (Fig. 1d). In addition, expression of CCR5
(RANTES  receptor)  was  elevated  in  BL-RR  compared  to
BL (Fig. 1c,d). However, this elevation was not statistically
significant.

 

Immunohistochemical analysis of cell phenotypes

 

Immunohistochemical investigation of cell markers on leprosy
skin (

 

n

 

 

 

=

 

 28) was carried out using monoclonal antibodies against
T lymphocyte markers CD4 and CD8 and the macrophage
marker CD68 (Table 2). Double-staining experiments using
MCP-1 and CD68 antibodies showed a large proportion of macro-
phage MCP-1 positive cells compared to a small proportion of T
lymphocytes (data not shown). The percentage of T cells
CD4

 

+

 

 was in the range 41·5 

 

±

 

 6·7% to 57·7 

 

±

 

 3·4% and the range
of T cells CD8

 

+

 

 was in the range 19·6 

 

±

 

 14·6% to 34·1 

 

±

 

 6%. The
CD4 : CD8 ratio was higher than 1 in all leprosy lesions. The
CD4 : CD8 ratio was highest in the TT and BT groups (2·9 and 2·4
for TT and BT, respectively) but lower in the reactional and

lepromatous groups. The percentage of cells CD68

 

+

 

 in leprosy
lesions ranged from 36·1 

 

±

 

 11·3% to 53·9 

 

±

 

 11·9% and was highest
in the lepromatous and reactional groups and lower in the TT and
BT groups.

 

DISCUSSION

 

Although chemokines and their receptors have been implicated
in several pathological states, this is the first study to investigate
the expression of CC and CXC chemokines and their receptors in
leprosy skin lesions. We found expression of the CXC chemokine
IL-8 and the CC chemokines MCP-1 and RANTES in skin biop-
sies from lesions across the leprosy spectrum. Surprisingly, despite
the differences in histopathology between tuberculoid and lepro-
matous skin lesions, there was no significant difference observed
in the expression of the chemokine mRNA and receptors across
the leprosy spectrum. Previous studies have demonstrated a lack
of correlation between the expression of chemokine mRNA and

 

Fig. 1.

 

 Immunohistochemical detection of chemokine and receptor protein in borderline tuberculoid leprosy in reaction (BT-RR) leprosy
skin lesions. (a) MCP-1 chemokine-protein-positive cells within a granuloma. (b) MCP-1 chemokine-mRNA positive staining by 

 

in situ

 

hybridization. (c) A section of the same lesion stained with the polyclonal antibody CCR2 (a chemokine receptor for MCP-1). (d)
Immunostaining of the same skin lesion with the monoclonal antibody CD68 (macrophage marker) indicating a large proportion of positive
cells.
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protein [20,21]. Therefore, we did not attempt to correlate the
expression of the chemokine mRNA to protein or receptor.
Nevertheless, this study has shown a significant elevation in the
expression of the CC chemokine protein MCP-1 and RANTES
in borderline tuberculoid in reversal reaction compared to non-
reactional borderline tuberculoid leprosy. In accord with previous
reports, overexpression of chemokines has been associated with a
number of diseases such as arthritis, multiple sclerosis and respi-
ratory disorders [22–25]. It was noted initially that large quantities
of IL-8, activated neutrophils and T lymphocytes were present in
the epidermis of patients with psoriasis vulgaris [26]. Further-
more, CXCR2 mRNA levels were shown to be higher in lesional
psoriatic epidermis than in normal epidermis. This has led to the

suggestion that the overexpression of IL-8 receptor is responsible
for the leucocyte infiltration seen in psoriasis. Indeed, antipsori-
atic drugs have been shown to be potent inhibitors of IL-8 recep-
tor expression on keratinocytes [26,27]. IL-8 predominantly
recruits neutrophils, but also monocytes and T lymphocytes,
which express the IL-8 receptors CXCR1 and CXCR2 [28]. Thus,
the presence of IL-8 in leprosy lesions, which do not contain neu-
trophils, in this study strongly suggests a role of this chemokine as
a monocyte and lymphocyte recruiter. Monocytes infected with

 

M. tuberculosis

 

 have been shown to produce IL-8 

 

in vitro

 

 [5,10];
however, macrophages are a probable source of IL-8 in leprosy
lesions. In addition, activated T lymphocytes could also express
IL-8 as they have been shown to do so 

 

in vitro

 

 [29]. It is feasible,
therefore, to suggest that IL-8 could play a role in the dynamic
directing of immune cell influx in leprosy lesions.

Recently CC and CXC chemokines have been suggested to
play an important role in the recruitment of macrophages and T
lymphocytes, granuloma formation and in the controlling of
mycobacterial infection in mice [30]. CC chemokines such as
MCP-1 and RANTES induce the recruitment of monocytes and T
lymphocytes and are thus associated with chronic inflammation.
The elevation in RANTES protein observed in this study there-
fore suggests the role of this chemokine in the induction of cell-
ular infiltration associated with leprosy lesions. In agreement,
Konig and others have shown an expression of RANTES mRNA
predominantly by T lymphocytes associated with synovial lining
and cellular infiltrates in arthritis [31]. Furthermore, CC chemok-
ines have been shown to have a role as co-stimulators in T lym-
phocyte activation [32]. For instance, MCP-1 has been shown as
an activator of macrophage killing [33], while studies on
RANTES have established that its chemoattractant function is
mediated by a separate receptor than that used in T lymphocyte
activation [34]. It is possible, therefore, that chemokines could
function on two levels in leprosy as chemoattractors and leuco-
cyte activators. The greater level of T cell activation reported in
tuberculoid and reactional lesions [35] could, at least in part, be
attributed to the chemokine expression, thus providing a plausi-
ble explanation for the apparent elevation in their expression
observed in this study. However, chemokines may not have a
direct role in development of protective immunity. Work on the

 

M. tuberculosis

 

-induced granuloma has interpreted the role of
chemokines as leucocyte chemoattractors, which direct granu-
loma formation but do not direct protective immunity [36]. Never-
theless, the leprosy spectrum is often presented as a progression
from effective Th1 type cell-mediated immunity, characterized by
cytokines such as IFN-

 

g

 

, at the tuberculoid pole to Th2 responses,
characterized by cytokines such as IL-4, at the lepromatous pole
[37].

In conclusion, this study has demonstrated the expression of
both CC and CXC chemokine in leprosy skin lesions and is,
thus, notable because a number of reports have suggested that
chemokines are involved in Th1/Th2 lymphocyte differentiation
[38–40]. Whether the expression of different chemokines may
influence clinical manifestation of leprosy other than leucocyte
recruitment to inflammatory sites requires further investi-
gation. Nevertheless, our study provides some evidence that
overexpression of the chemokines investigated may drive the
disease towards a delayed-type hypersensitivity response to

 

M.leprae

 

 antigen. Further investigations will aid the elucidation
of the precise mechanisms and role of chemokines in leprosy
pathology.

 

Fig. 2.

 

 Analysis of immunohistochemical staining of chemokines and
chemokine receptor expression across the leprosy spectrum. (a) Detection
of chemokine mRNA expression by 

 

in situ

 

 hybridization; (b) immunohis-
tochemical staining of MCP-1, RANTES and IL-8 chemokines protein; (c)
immunohistochemical detection of chemokine receptor protein (CCR2,
CCR5 and CXCR2). Statistical analysis was by the two-sample Wilcoxon
rank-sum (Mann–Whitney) test, **

 

P

 

 

 

<

 

 0·01. 

 

b

 

TT, tuberculoid leprosy; BT,
borderline tuberculoid leprosy; BT-RR, borderline tuberculoid leprosy in
reversal reaction; BL-RR, borderline lepromatous leprosy in reversal reac-
tion; BL, borderline lepromatous leprosy; LL, lepromatous leprosy.
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