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High expression of myeloid-related proteins 8 and 14 characterizes
an inflammatorily active but ineffective response of macrophages
during leprosy
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SUMMARY

Macrophages are decisive cells for the course of leprosy as they phagocytose Mycobacterium
leprae and have the potential to influence the specific immune response. Expression and
release of the myeloid-related protein (MRP) 8 and MRP14 (S100A8 and S100A9) char-
acterize a proinflammatory subtype of macrophage that is prominent in, for example, murine
infection with lack of a T helper 1 cell response and in certain highly active chronic
inflammations of mice and humans. We investigated cutaneous biopsies of the different
forms of leprosy (41 untreated patients) including leprosy reaction type 1 (reversal reaction)
and type 2 (erythema nodosum leprosum) (» = 18) for expression of MRP8 and MRP14 by
subtypes of macrophages. Concomitantly we determined serum levels of MRP8 and MRP14
by sandwich enzyme-linked immunosorbent assay. Expression of MRP8 and MRP14 by
CD68-positive macrophages was low in tuberculoid leprosy and rose significantly in border-
line tuberculoid leprosy and especially in multibacillary forms, there being expressed by
mycobacteria-loaded foam cells. A significant rise of MRP8 and MRP14 expression also
occurred in lepra reactions compared to the corresponding non-reactional forms. In type 2
reactions this additional increase was associated with a sigificant elevation of serum levels. In
type 1 it was associated with expression of MRP8 and MRP14 by epitheloid and giant cells,
which so far were considered not to express both proteins. In conclusion, we present evidence
that the two prominent proteins MRP8 and MRP14 can be re-expressed in vivo by tissue
macrophages in chronic infection, that their increased expression is characteristic for a
macrophage subtype associated with high inflammatory but low antimycobacterial activity in
the absence of a T helper 1 response, and that their significant rise in serum during erythema
nodosum leprosum bears diagnostic and pathophysiological relevance.
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The macrophage lineage comprises a system of cells of large
diversity with respect to their morphological, functional and

metabolic properties. Depending on their stage of differentia-
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tion and activation monocytes/macrophages secrete pro- or
anti-inflammatory mediators and may be involved in propaga-
tion as well as in suppression of inflammatory reactions or
infections.'™ They play a particular role in those infections that
involve intracellular microbial pathogens, such as leishmania-
sis, tuberculosis and leprosy. Here they present the decisive
effector cells which may either harbour or eliminate the
invading microbes and they may have an impact on directing
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the T-cell response by creating an appropriate cytokine milieu
and by presenting antigen.

An instructive model for the dual roles of macrophages and
their subtypes in intracellular infections has been the infection
of mice with Leishmania major, i.e. experimental leishmaniasis.
Here macrophages are involved in initiating and especially in
executing the specific immune response, which is directed by a
pathogen-specific T helper 1 (Thl) cell response mediating
resistance or by a Th2 response leading to susceptibility.

We have revealed that susceptibility in contrast to resistance
is associated with a significantly higher percentage of certain
subtypes of macrophages® that are less efficient in killing L.
major.” These macrophages were characterized by expression of
the myeloid-related protein 8 (MRPS) (S100 A8) and MRP14
(S100 A9). MRP8 and MRP14 are two calcium-binding pro-
teins belonging to the S100 family.® In vitro their expression in
murine and human leucocytes has been restricted to neutrophils
and early differentiation stages of monocytes.®'® In vivo they
are expressed also by macrophages in inflammatory infiltrates,
but not by resident tissue macrophages.''?

MRP8 and MRP14 form non-covalently bound complexes
and are secreted by human monocytes via an alternative
pathway.'® In certain inflammatory conditions such as cystic
fibrosis, inflammatory bowel disease or rheumatoid arthritis,
serum levels of MRP8 and MRP14 are markedly raised in close
correlation to disease activity, indicating that both proteins are
released in the course of these inflammatory processes.*!!14-17

Similar to experimental leishmaniasis macrophages fulfil
distinct roles also in infection of humans with Mycobacterium
leprae.'® As in experimental leishmaniasis the outcome of
leprosy in humans is genetically controlled as well as dependent
on development of a pathogen-specific T-cell response.'®2°
Thus leprosy presents not only a still relevant and threatening
disease, but also an immunologically important model for the
specific and innate immune response.'**® Although M. leprae
has also a tropism for Schwann cells of the peripheral nerves
and has been found within endothelial cells, it is primarily
encountered in macrophages.'®° The latter prevail over other
potential host cells in terms of cell number and phagocytic
capacity. They are endowed with efficient mechanisms to
eliminate M. leprae, dependent on sufficient activation by T-
cell-derived cytokines'®!'® and probably also on the kind of
subtype in the infiltrate. Resistance to infection with M. leprae
is linked to an M. leprae-specific Thl response whereas sus-
ceptibility is due to a specific anergy towards M. leprae.'®"®
When an efficient Thl-cell-mediated immune response is gen-
erated, clinically apparent leprosy infection is limited to one
granulomatous lesion in tuberculoid leprosy (TT) or to a
restricted number of granulomas in borderline tuberculoid
leprosy (BT). With the fading of efficient cellular immunity
in midborderline leprosy (BB) polymorphic lesions arise at the
expense of granuloma formation. From borderline lepromatous
leprosy (BL) to anergic lepromatous leprosy (LL) increasing
dissemination of bacteria in the skin is associated with diffuse
accumulation of foam cells and a lower percentage of T
cells.'82!

The polar forms of leprosy, namely paucibacillary TT and
multibacillary LL, remain usually stable, whereas the borderline
forms BT, BL and especially BB may move within the spectrum
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towards one of the poles. An acute inflammatory reaction in
patients with borderline forms, which is associated with either
an upgrading or, less commonly, a downgrading shift in cellular
immunity (e.g. from BT to TT or from BB to BL), is seen in so-
called reversal or type 1 lepra reaction (RR).> In type 2 lepra
reaction, also known as erythema leprosum nodosum (ENL), the
chronic multibacillary disease state in BL or LL is disturbed by
a sudden up-regulation of inflammatory mediators associated
with fever, elevated C-reactive protein and involvement of
systemic organs.”>**

As the different forms of leprosy present a complete
spectrum in humans from resistance to susceptibility and from
granuloma formation in Thl-cell-associated TT to rather
diffuse accumulations of macrophages in the highly suscep-
tible LL form, we wondered if these immunologically distinct
stages would correlate with the appearance of distinct sub-
types of macrophages expressing MRP8 and MRP14. As the
distinct leprosy forms and especially leprosy reactions are
known to be associated with a different degree of systemic
inflammatory activation we also speculated that these stages
would be reflected by different levels of MRP8 and MRP14 in
serum.

In particular we tested (1) if appearance of MRPS8- and
MRP14-expressing macrophages is linked to a state of higher
inflammatory activity or susceptibility, (2) if such conditions
would also be associated with raised serum levels of MRP8 and
MRP14, and (3) if accumulations of this subtype of leucocytes
could be linked to distinct expression patterns of the endothelial
adhesion molecules E-selectin, intercellular adhesion molecule
type 1 (ICAM-1) and vascular cell adhesion molecule type 1
(VCAM-1).

MATERIALS AND METHODS

Fatients

Biopsies of 41 untreated patients with diagnosis of non-reac-
tional leprosy were studied immunohistochemically prior to
treatment. The patients ranged in age from 16 to 75 years (mean
37-0 years). They were classified according to the Ridley—
Jopling scale® as nine LL, 10 BL, four BB, 10 BT and eight
TT. As we did not collect more than four biopsies from BB we
did not include this form in our statistical analysis.

In addition, we included biopsies of eight patients with a
type 2 lepra reaction [erythema nodosum leprosum (ENL)] and
10 patients with reaction type 1 (RR); prior to development of
RR, five of these patients were classified as BT, three as BB and
two as BL; patients with ENL had either LL (n = 4) or BL
(n = 6) and had not yet been submitted to therapy with corti-
costeroids or thalidomide, while five of them also had not
received antileprotic therapy. Neither were the five patients
with RR from BT treated with immunosuppressive therapy prior
to obtaining biopsy and serum samples.

Serum samples were also obtained from a number of
patients, i.e. from seven with TT, five with BT, one with BB,
seven with BL, seven with LL, five with RR and 16 with ENL.
We also included serum samples of 19 patients without leprosy
(clinically healthy blood donors without laboratory signs of
inflammation or of hepatitis or human immunodeficiency
virus infection) whose blood was drawn at the same hospital
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(Department of Dermatology, Federal University of Sdo Paulo)
and prepared and stored under the same conditions.

Patients were enrolled after signing an informed consent that
was approved by a medical ethics committee (Sdo Paulo, 13
March 1995).

Immunohistochemistry

Biopsies of cutaneous leprotic lesions were obtained for
diagnostic reasons. For immunohistochemical analysis they
were cut longitudinally in two halves for preparation of
paraffin and cryostat sections. For immunohistochemical stain-
ing the following antibodies were used: mouse monoclonal
antibody KP1 against CD68 antigen (this antibody recognizes
an epitope on a 110 000 MW transmembrane glycoprotein
which is found exclusively on human monocytes and tissue
macrophages, but not on granulocytes®®*’) (Dako Diagnostika,
Hamburg, Germany); rabbit antisera against human MRPS
and MRP14, produced as described previously®?® (all these
antibodies were applied on both paraffin and cryopreserved
tissues; statistical analysis is given for evaluation of paraffin
sections); antibodies for cryopreserved tissue were mouse
monoclonal antibodies against adhesion molecules E-selectin
(R&D Systems, Wiesbaden, Germany), ICAM-1 (Dianova,
Hamburg, Germany), VCAM-1 (Dianova); rabbit antiserum
against factor-VIIl-related antigen (Behring, Marburg,
Germany) or murine monoclonal antibody against CD31
(R&D Systems) as general markers for endothelial cells were
applicable on corresponding cryopreserved sections only. For
negative control, specific antibodies were replaced by isotype-
matched antibodies of irrelevant specificity or by preimmune
rabbit serum.

Tissue sections were subjected to immunoperoxidase assay
as described elsewhere.®'? For double-labelling experiments
tissue samples were incubated successively for 1 hr with 1%
bovine serum albumin, 10% normal goat serum in phosphate-
buffered saline, MRP14 rabbit antiserum, peroxidase-conju-
gated goat anti-rabbit immunoglobulin G (IgG) F(ab), and
1-5 mM 3-amino-9-ethylcarbazole (Sigma, Taufkirchen,
Germany) as well as 0-02 mM H,0, in acetate buffer (pH 5-2)
(10 min) for colour reaction. Thereafter monoclonal antibody
KP1 (Dianova) against CD68, phosphatase-conjugated goat
anti-mouse IgG F(ab),, 0-02% (w/v) naphthol AS-MX phos-
phate, 0-1% (w/v) levamisole, 0-1% (w/v) and fast blue RR salt
(all Sigma) in 0-1 M Tris buffer pH 8-2 as substrate (30 min)
were applied. Slides were not counterstained after double-
labelling procedures.

Microscopic evaluation

Sections were examined at 160-fold magnification using an
ocular endowed with an eyepiece grid. The percentage of
positive cells was obtained as described earlier,’ ie. by
relating the number of positive cells to the number of total
cells counted in a defined area. In order to be able to compare
percentages of positive vessels we determined the ratio of
vessels positive for adhesion molecules to vessels positive
for the pan vessel markers CD31 or factor-VIlI-related antigen.
Results were controlled by two other observers (V.N. and
J.T.-Y.) and were expressed as arithmetic means (n = 5-11)
of the percentages.

Determination of MRPS/MRP14 concentrations

in serum by sandwich enzyme-linked immunosorbent

assay (ELISA)

Serum samples from leprosy patients with and without reactions
and normal individuals were collected and kept frozen (—20°)
until use.

Concentrations of complexes of MRP8 and MRP14 in serum
were determined by a sandwich ELISA system established in
our laboratory as described previously.*'> MRP8 and MRP14
form non-covalently associated complexes in the presence of
extracellular calcium which are detected by our ELISA sys-
tem.*'*> We therefore calibrate our ELISA with the different
amounts (0-5-500 ng/ml) of the native MRP8/MRP14 complex
(isolated from human granulocytes as described previously)>
and present our data as ng/ml MRP8/MRP14 instead of giving
values for the single monomers. The assay has a sensitivity of
less than 0-5 ng/ml. Values above two standard deviations of the
mean of the control group (i.e. above 800 ng/ml), were con-
sidered to be significantly elevated.*

Statistical analysis

The Student’s r-test for small samples was performed to deter-
mine significant differences between the percentages of positive
cells in tissue sections of the different forms of leprosy (except
for BB as n <5). Values of P >0-05 were considered not to be
significant. As concentrations of MRP8/MRP14 in serum have
not yet been confirmed sufficiently often to be normally dis-
tributed and as they showed high variations we used the U-test
according to Mann and Whitney for investigating significant
differences between the groups. Values of P >0-05 were
considered not to be significant.

RESULTS

In multibacillary forms of leprosy macrophages express
MRPS8 and MRP14 significantly more frequently than in
paucibacillary forms

The infiltrates of TT and BT showed the typical formation of
non-caseating granulomas with primarily epitheloid cells, but
also some smaller macrophages and giant cells in the centre,
surrounded by moderately dense infiltrates composed of lym-
phocytes (in TT more than in BT) and few macrophages. From
BB to LL there was a continuing reduction in the number of
lymphocytes and a markedly increasing aggregation of foamy
macrophages. Granulocytes were not observed in TT or BT and
only scarcely present in BL or LL.

In lesions of RR a dense infiltrate encompassed lympho-
cytes, macrophages and some neutrophils. In ENL lesions
inflammatory infiltrates were composed of foam cells admixed
with neutrophils, eosinophils and lymphocytes.

CD68 was expressed by macrophages or macrophage-
derived cells, including giant (Langerhans’) cells and epitheloid
cells in TT and BT (Fig. 1a) or foam cells in BL and LL
(Fig. 1b). Owing to the high accumulation of lymphocytes in
paucibacillary forms, the percentage of macrophages (CD68+
cells) among all cells in the infiltrate amounted to 17-7% in TT
(Fig. 2). In BT it rose significantly to 32% (Fig. 2) (P = 0-05)
and continued to increase, reaching 52% in LL (Figs 1b, 2). In
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Figure 1. Demonstration of CD68+, MRP8+ and MRP14+ cells in TT and LL. Leprosy sections from TT (a, c, e) and LL (b, d, f) were
stained immunohistochemically for CD68 (a, b) or MRP14 (c, d) or double-stained for MRP14 (red) and CD68 (blue) (e, f) (without
counterstaining). Whereas the number of MRP14-expressing (CD68-positive) macrophages is low in TT, the number of MRP14-
expressing (CD68-positive) cells is higher in LL. Epitheloid cells (white arrows) and multinucleated giant cells (black arrows) are

negative for MRP14.

these forms positive cells were spread throughout the diffuse or
nodular infiltrates.

The expression of MRP8 and MRP14 was markedly lower
than that of CD68 (Fig. 1c). In TT the average percentages of
MRPS8 or MRP14 were 2-9% or 4-8% respectively (Fig. 2).
Thus, the percentage of CD68+ macrophages expressing MRP8
and MRP14 was low (Table 1; also shown by double-staining in
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Figure 2. Graph depicting percentages of CD68+, MRP8+ and
MRP14+ cells in the infiltrate of different forms of leprosy (BB was
not included because the sample number n was lower than 5). One
asterisk (*) denotes a significant increase from TT to BT, two asterisks
indicate a significant increase from BT to BL (values of P > 0-05 were
considered not to be significant).
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Table 1. Ratios of MRP8+- cells to CD68+ cells and of MRP14+ cells
to CD68+- cells in the different forms of leprosy

MRP8/CD68 MRP14/CD68
TT 166 £+ 15-3 274 £ 19-3
BT 64-3 + 26-4 70-3 £ 30-3
BB 914 £+ 334 84-1 £ 36-1
BL 98-9 + 30-8 107-6 + 34-3
LL 76-6 £ 30-9 86-6 + 33-4
RR (type 1) from BT 894 + 4.8 896 + 8:0
ENL (type 2) from BL and LL 969 £+ 9-5 1045 + 13-2

Fig. le). Large epitheloid cells and giant cells were usually
negative for MRP8 or MRP14 (Fig. 1c). There was no signifi-
cant difference between cells expressing MRP8 and cells
expressing MRP14 with regard to their number or localization
in corresponding tissue sections.

From TT to BT there occurred a significant rise (P = 0-05)
in the overall percentage of both MRP8+ and MRP14+ cells
(Fig. 2). This rise was markedly more prominent than the
increase of CD68+ cells as demonstrated by a climbing
MRP8/CD68 ratio (from 16% to 64%) and MRP14/CD68 ratio
(from 27% to 70%) (Table 1) as well as by a rise of double-
labelled, MRP14+/CD68+ cells (data not shown). By double-
staining we did not reliably detect cells which were MRP8+ or
MRP14+ but not CD68+ (Fig. 1e). Therefore the significant
increase of MRP8+ and MRP14+ cells was mostly due to
expression of MRP8 and MRP14 by CD68+ cells. These
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findings indicate that the change from TT to BT is associated not
only with an increase in the number of granulomas (according to
classification by the Ridley—Jopling scale)® but also with
qualitative changes within the granulomas with regard to their
macrophage population.

The percentage of MRP8- or MRP14-expressing cells con-
tinued to increase in BB and BL where it reached a plateau as
there was no further rise in LL (Fig. 2). The increasing ratios of
MRP8/CD68 as well as of MRP14/CD68 revealed that a rising
number of CD68+- cells started to express MRP8 and MRP14
(Table 1). This was confirmed by double-labelling (Fig. 1f) and
by morphological evaluation as a high percentage of macro-
phages (foam cells) were positive for MRP8 and MRP14
(Fig. 1d). There was a small percentage of cells which were
MRP8+ or MRP14+ but on double-labelling were not unam-
biguously positive for CD68. Their percentage was below 5% in
both BL and LL. Morphologically they could include poly-
morphonuclear cells or a subtype of macrophages that express
MRPS8 or MRP14 but not CD68.

There was also occasional focal expression of MRP8 and
MRP14 in the epidermis of patients with leprosy (Fig. 1c)
which was more marked in some cases of BL or LL, but it
was not further quantitated for this study.

In summary, from paucibacillary to multibacillary forms
there is a significant increase of the pro-inflammatory MRP8-+
and MRP14+ subtypes of macrophages.

Up-regulation of MRP8 and MRP14 in lepra type
1 and 2 reactions (RR and ENL)

In RR (lepra type 1 reaction) and in ENL (lepra type 2 reaction)
there was a rise of CD68+ cells compared to corresponding
forms without reaction, but significance was not reached due to
variations in values. In contrast the percentage of MRP8+ and
MRP14+ cells in RR rose significantly in patients with BT
(n = 5 for patients who developed RR from BT, P = 0-05).
Whereas 19% of cells expressed MRP8 and 21% of cells
MRP14 in non-reactional BT, the percentages rose to 36%
and 38% respectively in RR (Fig. 3), resulting also in a high
percentage of CD68+ cells expressing MRP8 and MRP14
(Table 1). In clear contrast to non-reactional TT or BT
MRPS8 and MRP14 were now expressed by several epitheloid
cells and even giant cells (Fig. 4). A small group of cells which
on double-stained sections were positive for MRP8 or MRP14
but not for CD68 amounted to 7% or less of the total number of
stained cells and morphologically comprised either polymor-
phonuclear cells or macrophages.

The percentage of MRP8+ and MRP14+- cells also rose in
RR of patients with BB or BL, but due to the lower number of
samples (n < 5) we cannot claim significance. Yet, we have
direct evidence for up-regulation of MRP8 and MRP14 in the
case of one patient with BL and also in one with BT as we had
biopsies taken both prior to and during RR. Both patients showed
a marked rise in expression of MRP8 and MRP14 in the type 1
reaction (with regard to MRP14 from 25% to 41% in the patient
with BT and from 50% to 62% in the patient with BL).

In leprosy type 2 reaction infiltrates of MRP8+ and
MRP14+ cells were sometimes concentrated around vessels
and contained several strongly positive macrophages which

Percentage of positive cells
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Figure 3. Graph depicting percentages of CD68+, MRP8+ and
MRP14+ cells in lesions of RR (lepra reaction type 1) from patients
with BT compared to percentages of positive cells in non-reactional BT.
Asterisks denote significantly higher expression of MRP8 and MRP14
in RR (values of P > 0-05 were considered not to be significant).

Figure 4. Expression of MRP14 in lepra reaction type 1 (RR). Immu-
nohistochemical staining reveals marked expression of MRP14 by
epitheloid cells (white arrow) and giant cells (black arrow). Both cell
types were negative in non-reactional BT.

were not foam cells. Their percentage was significantly higher
than in non-reactional multibacillary forms (Fig 5, P < 0-05).
In RR and ENL we also detected some MRP8+- and MRP14+
granulocytes, but they were not solely responsible for the
significant increase in positive cells. However, as they do not
express CD68, they are a minor factor in the increase of the
MRP8/CD68 and MRP14/CD68 ratios (Table 1), whereas they
were not in non-reactional forms.

High percentages of MRP8/MRP14-expressing
macrophages are not associated with increased expression
of E-selectinp VCAM-1 and ICAM-1 by vessels

We analysed endothelial expression of adhesion molecules
E-selectin, VCAM-1 and ICAM-1 in corresponding cryostat
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Figure 5. Graph depicting percentages of CD68+, MRP8+ and MRP14+
cellsin lesions of ENL (lepra reaction type 2) from patients with BL or LL
compared to percentages of cells in non-reactional BL or LL. Asterisks
denote significantly higher expression of MRP8 and MRP14 in ENL
(values of P > 0-05 were considered not to be significant).

Table 2. Percentages of E-selectin+, VCAM-1+ and ICAM-1+ ves-
sels (ratio to the total number of CD31+ vessels in corresponding
sections) in the two polar forms of leprosy: TT and LL

TT LL
E-selectin+/CD31+ 19-8 £ 10-4 57 +£40
VCAM-1+/CD31+ 42.5 + 14-1 22:6 £+ 10-1
ICAM-1+/CD31+ 26:5 £ 20 501 £3-1

sections in order to find out whether the distinct appearance of
macrophage subtypes was associated with a distinct expression
of these adhesion molecules. Despite a high number of infiltrat-
ing cells and denser infiltrates in LL the percentage of vessels
expressing E-selectin (ratio E-selectin4 vessels to CD31+
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0_$éEEE=

Control TT BT BL LL RR ENL
Figure 6. Serum levels for MRP8/MRPI14 in the different forms of
leprosy, determined by sandwich ELISA and statistically evaluated by
the U-test. Plotted are the median, 10th, 25th, 75th and 90th percentiles
as vertical boxes with error bars. Error bar values are column means. An
asterisk (*) denotes significant elevation in ENL (U-test according to
Mann and Whitney; values of P > 0-05 were considered not to be
significant).
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vessels) was significantly higher in TT than in LL (Table 2).
The rise was already marked in BB and BL, but not significant,
due to a low number of samples (BB) or to a low number of total
vessels in two of our cryostat sections from BL. Similar results
were obtained with regard to endothelial expression of VCAM-
1 and ICAM-1 (Table 2). Our study revealed that there was no
expression pattern of these three adhesion molecules which
would directly correlate with percentage of MRP8-, MRP14- or
CD68-expressing phenotypes of macrophages. However, as the
three molecules mediate adhesion also of lymphocytes, their
strong expression in TT and BT could be one step in the course
of an intact T-cell response during cell-mediated immunity.

Increased serum levels of MRP8/MRP14 are a marker
for lepra type 2 reactions

We wondered if multibacillary forms with their high percentage
of MRPS- and MRP14-expressing cells would be characterized
by higher serum levels of MRP8/MRP14 than paucibacillary
forms. MRP8/MRP14 serum levels in TT were similar to serum
levels in control persons (Fig. 6). In BL and LL the mean was
only insignificantly higher than in TT or BT. Only two of 15
patients with non-reactional multibacillary form (LL, BL, BB)
and one of 12 patients with paucibacilllary form (BT, TT) had
MRP8/MRP14 levels over 800 ng/ml, i.e. higher than two
standard deviations of control sera (Fig. 6). Thus, despite the
markedly higher numbers of MRP8- and MRP14-expressing
cells in their infiltrates, patients with BL and LL could not be
distinguished from BT and TT by higher serum levels of these
proteins. Also, in RR (type 1 reaction) serum levels of MRPS/
MRP14 did not significantly surpass normal levels. In marked
contrast, in ENL the mean was 2529 ng/ml, and 13 of 16 patients
(81%) showed MRP8/MRP14 serum levels of 800 ng/ml or
higher (Fig. 6). Thus, increase of serum levels for MRP8/
MRP14 in patients with leprosy was a significant (P = 0-05)
as well as a characteristic and almost exclusive sign of ENL.

DISCUSSION

Monocytes and macrophages do not represent a homogeneous
cell population but different subpopulations sometimes exhibit-
ing antagonistic inflammatory properties.>*° Our study has
revealed that emerging susceptibility to leprosy with rising
bacterial counts (multibacillary forms) or with higher inflam-
matory activity in the lepra reactions is associated with
up-regulation of MRP8 and MRP14.

MRPS8 or MRP14 are known to be regularly expressed by
granulocytes and infiltrating monocytes in the acute phase of
human or murine inflammation®®'%-1231 and by macrophages
in acute flares of certain chronic inflammations such as rheu-
matoid arthritis or inflammatory bowel disease.*'>~'7!-32 They
are absent in resident macrophages and are down-regulated in
inflammatory infiltrates after the acute phase.'®™* Whereas
induction of MRP8 and MRP14 in vitro was observed in certain
cell lines,'®*3 only one study so far has reported induction of
MRPS, but not of MRP14, in primary cultures of murine mature
macrophages after stimulation with lipopolysaccharide.*®

The high percentage of MRP8 and MRP14 expression
among so-called foam cells in the multibacillary forms of
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leprosy is remarkable as it demonstrates that these proteins are
expressed in vivo also by long-standing macrophages in chronic
infiltrates. A novel finding was the capability of long-standing
macrophages within chronic infiltrates to re-express MRP8 and
MRP14 after appropriate stimulation. This could be deduced
from the appearance of MRP8+- and MRP14+ epitheloid and
giant cells during RR (type 1 reactions), as these cells were
negative in non-reactional forms and as they do not present
newly recruited MRP8+ and MRP14+4 monocytes.

This investigation thus shows that expression is distinctly
regulated within the spectrum of one disease. High expression
of the two proteins was exclusively detected in multibacillary
forms and in the highly inflammatory lepra reactions whereas
their expression in paucibacillary forms of leprosy was low.
Expression of MRP8 and MRP14 significantly rose in BT,
indicating qualitative changes within the macrophage popula-
tion. This increase of expression therefore presents a new
characteristic for BT which otherwise does not show marked
differences to TT with regard to histological structure of indi-
vidual granulomas.

Previous studies have revealed that an MRP8+ and
MRP14+ subtype of CD684 macrophages prevails in acute
arthritic infiltrates during highly inflammatory states of rheu-
matoid arthritis* or in areas of degeneration in inflammatory
myopathies,37 whereas after subsidence of acute bouts of
inflammation or during chronic inflammation a CD68+- subtype
was observed which did not express MRP8 and MRP14.

The possible functions of MRP8 and MRP14 are under
intensive investigation. In the murine system MRP8+ and
MRP14+ cells present the predominant subtype in mice sus-
ceptible to L. major.® Infiltrating cells positive for MRP8 and
MRP14 often colocalize with areas of high parasite load.’
In vitro these cells appear to be less efficient in eliminating
intracellular parasites than macrophages not expressing MRPS
and MRP14.” Thus, there is a striking resemblance to human
leprosy where expression of MRP8 and MRP14 is associated
with bacteria-loaded foam cells and where it is more frequent in
the multibacillary forms. Expression of MRP8 and MRP14
therefore appears to indicate a decreased ability to eliminate
intracellular microbes. Whereas the complex was shown to have
microbicidal activity against Candida species and some bac-
teria,>®? it was not active against Leishmania.” In addition
MRP8+ and MRP14+ cells induce or maintain a high inflam-
matory activity and are supposed to contribute to the damage
observed in tissues with very high expression of these pro-
teins.*!!*!% The correlation in both RR and ENL between
clinically harmful reactions and significantly increased appear-
ance of MRP8+ and MRPI14+ cells adds evidence to the
apparent hazardous effects of these cells. The mechanisms
leading to tissue damage have not been fully elucidated, but
the extracellular complexes have been shown to induce apop-
tosis and inhibition of proliferation in several cell types in vitro
and in vivo when present in high concentrations.*”*' They also
have the capacity to perpetuate the inflammatory process as they
promote adhesion of phagocytes when binding to activated
endothelial cells.”

Although much emphasis has been put on the role of T cells
in determining the different forms of leprosy, one has to
consider that in BL and especially LL there is an anergy towards

M. leprae. Accumulation of cells expressing MRP8 and MRP14
thus is likely to present the innate, macrophage-controlled
immune response towards pathogens without the influence of
T cells. We cannot rule out at this point that high expression of
MRP8 and MRP14 might even play a role in the inability to
mount a T-cell-mediated immune response.

In leprosy high serum levels of MRP8 and MRP14 were
almost exclusively associated with type 2 lepra reaction (ENL),
thus emerging as a marker for the presence of ENL and for the
generalized high inflammatory activity in this process. Serum
levels of MRP8 and MRP14 have previously been found to be
markedly raised in certain inflammations, i.e. cystic fibrosis,
inflammatory bowel disease and rheumatoid arthritis, where
both proteins are likely to be released from monocytes and
granulocytes during inflammatory activation,* '# 16 17. 32 42-44
Release of MRP8 and MRP14 by monocytes is a tightly
regulated process involving activation of protein kinase C'°
and interaction with tumour necrosis factor (TNF) stimulated
endothelial cells, but not elicitable by resting endothelium.* As
a rise of TNF-a and interleukin-1p in serum as well as an
increased expression of E-selectin have been observed in
ENL,45 this could be evidence for TNF-a-induced activation
of endothelial cells, which together with activation of macro-
phages would present the required constellation for inducing
secretion of MRP8/MRP14 in ENL. The other forms of leprosy,
in contrast, do not show marked activation of both endothelial
cells and macrophages, and would therefore not fulfil the
requirements for release of MRP8 and MRP14.

As there was not a particular pattern of endothelial adhesion
molecules whose expression would strictly correlate with the
distinct appearance of the MRP8+ and MRP14+ macrophage
subpopulation, their distinct presence is dependent on additional
expression of other endothelial membrane proteins or chemo-
tactic factors during the stage of diapedesis or on differential
expression of MRP8 and MRP14 by monocytes after diapedesis.
However, we found that the percentage of vessels expressing E-
selectin, VCAM-1 and ICAM-1 was significantly higher in TT
or BT, thus relating this increased expression to those forms of
leprosy which are characterized by an intact antigen-specific
T-cell response. This is consistent with the finding that T cells
are able to sustain expression of E-selectin in an antigen-specific
manner during, for example, experimental leishmaniasis.*®
Such differences in endothelial expression of adhesion mole-
cules between the polar forms of leprosy were not detectable
when total numbers of positive vessels were compared*’ instead
of percentages of positive vessels, as there is a markedly higher
number of vessels in the huge infiltrates of BL and LL.

In conclusion, the different forms of leprosy are established
by lymphocytes which regulate the direction of the immune
response, but also by macrophages which are decisive effector
cells due to their strong phagocytic as well as potential myco-
bactericidal capacity and due to their capacity to release pro- or
anti-inflammatory mediators. MRP8- and MRP14-expressing
cells in anergic LL appear to be the phenotype that dominates
the innate immune response without the support of M. leprae-
specific Thl cells. As they may not only represent a bacteria-
loaded safe target cell, but also a cell responsible for the rise in
inflammatory activity, as deduced from the up-regulation in
lepra reactions, expression of MRP8 and MRP14 characterizes
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an activated but ineffective macrophage response in infectious
diseases with intracellular pathogens.
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