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Abstract:

Background/Aim: To study the immunohistochemical expression of M4 macrophages in Tuberculoid and Lepromatous
leprosy to substantiate the existing pool of knowledge and to assess its clinical significance.

Material and Methods: The histopathology slides were reviewed under light microscopy and classified according to the
Ridley Jopling classification on the basis of BI index. Representative sections of each case were stained simultaneously by
immunohistochemistry (IHC) for CD68, MMP7 and MRPS in the Department of Pathology.

Results: CD68 expression was seen in 43.2% of Tuberculoid and 100% of Lepromatous cases. Moderate to strong expression
(Score 2 and 3) was seen in 10.8% of Tuberculoid and 62.1% of Lepromatous cases. MMP7 expression was significantly higher
in Lepromatous (93.1%) as compared to that in Tuberculoid leprosy (37.8%). MRP8 expression was significantly higher in
Lepromatous (93.1%) as compared to that in Tuberculoid leprosy (43.2%). It was seen that TT type was associated with weak
expression of these markers whereas LL type was associated with moderate to strong expression of these markers.
Conclusion: The findings of the study showed that expression of all the three M4 macrophage markers was significantly
higher in lepromatous as compared to tuberculoid leprosy, thus showing different pathogenetic and progression pathways of
the disease.
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Introduction

Leprosy or Hansen’s disease is perhaps one of the
world’s oldest and most dreaded diseases that has
tormented humans throughout history, leaving last-
ing impressions on religion, literature and art. In ad-
dition to the physical effects of the disease, patients
have also suffered severe social stigma and ostra-
cism from their families, communities and even
health professionals to such an extent that leprosy
has been known since ancient times as “the death be-
fore death”.[1]

Globally nearly 200,000 new cases of leprosy are
detected each year with India contributing to almost
60% of total global burden of leprosy as per WHO
report 2020. However, it is much below the two dec-
ade back scenario when each year nearly 400,000
new cases of leprosy were diagnosed, of which 80%
used to be from India.[2] As per a WHO release, in
the year 2020, a total of 127558 new leprosy cases
were detected throughout the world.[3] In India too,
during the period ranging from Jan-2020 to Sept.-
2020, a total of 50505 cases and during the period
ranging from January to March, 2021 a total of
22613 new leprosy cases were diagnosed.[4]
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Throughout the world, leprosy has been highlighted
as the most important cause of peripheral neuropa-
thy. If left untreated, leprosy can cause nerve dam-
age, leading to muscle weakness, atrophy and per-
manent disabilities.[5] Jopling has classified leprosy
into five types, namely tuberculoid (TT), borderline
tuberculoid (BT), borderline borderline (BB), bor-
derline lepromatous (BL) and lepromatous leprosy
(LL), depending upon the nature of infection.[6]

M4 macrophages differentiate in the presence of col-
ony-stimulating factor (CSF) and (CXCL4). M4
macrophage produce CD68, metalloproteinase 7
(MMP7), MMP12, and calcium-binding protein A8
(MRP 8 or S100A8) IL-6, TNF-a and thus they act
as its markers. M4 macrophages highly express the
low- density lipoprotein (LDL) receptor, and in
chronic lesions, these cells form a large contingent
of foam cells which are found responsible for in-
flammation [7-9]. M4 macrophages have been found
to be associated with coronary atherosclerotic
plaque instability and metabolic disorders too and its
relationship with other conditions is also being ex-
plored. Most of these studies are in evolutionary
stage and require further exploration and substantia-
tion. As such, with respect to M4 expression in lep-
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rosy, there is extreme paucity of scientific studies.
[10,11] Hence, the present study was planned to
study the immunohistochemical expression of M4
macrophages in Tuberculoid and Lepromatous lep-
rosy to substantiate the existing pool of knowledge
and to assess its clinical significance.

Material and Methods

It included skin biopsies of all cases of leprosy seen
in the Department of Dermatology and reported in
the histopathology section of the Department of Pa-
thology.

Sample Collection: All the relevant materials
(blocks and slides) were retrieved from the Depart-
ment of Pathology of clinically diagnosed and histo-
pathologically confirmed cases of Tuberculoid (TT,
BT) and Lepromatous leprosy (LL, BL) attending.

Sample Processing: The histopathology slides were
reviewed under light microscopy and classified ac-
cording to the Ridley Jopling classification on the
basis of BI index. Representative sections of each
case were stained simultaneously by immunohisto-
chemistry (IHC) for CD68, MMP7 and MRPS in the
Department of Pathology.

Inclusion Criteria: Skin biopsy of all patients of
Tuberculoid (TT, BT) and Lepromatous leprosy
(LL, BL) from August 2018 to September 2022 were
included.

Exclusion Criteria:

1. Patients with pure neuritic leprosy,
2. Histologically proven indeterminate leprosy,
3. Histologically proven mid borderline leprosy

Quantitative Analysis: Each immunohistochemi-
cal stained slide was scanned by light microscope for
positive stain. The lesions were classified on the ba-
sis of number of positively stained cells/ field. Stain-
ing was evaluated according to the protocol devel-
oped by de Sousa et al [12], Bostrom MM et al
[13],Jakubowska K et al[14], Sickert D et al[15] and
Varsha et al.[16]

Positive staining of IHC markers expression were
graded as:

0: no stained cell/hpf- No expression

1:<25% stained cell/hpf- Weak/Mild expression
2: 25-50 %stained cell/hpf-Moderate expression
3:> 50% stained cell/hpf- Strong expression

[Grade 1, 2, 3 were counted in positive cases and
Grade 0 in negative cases]

Grading of markers were done independently on the
slides of each case and were analyzed for their cor-
relation of expression and then association between
expression of M4 macrophage markers and the mor-
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phological changes were studied in both Tubercu-
loid and Lepromatous leprosy.

Statistical Analysis: Data were stored in electronic
spread sheet of the excel 2010 programme. Diagnos-
tic test was used to evaluate the efficacy of immuno-
histochemical expression of M4 macrophages in Tu-
berculoid and Lepromatous leprosy.

Results

The present study was carried out to immunohisto-
chemically characterize the presence of M4 macro-
phages in tuberculoid and lepromatous leprosy. For
this purpose, a total of 66 leprosy cases were en-
rolled. Majority of cases (n=37; 56.1%) were histo-
pathologically diagnosed as tuberculoid whereas re-
maining 29 (43.9%) were diagnosed as lepromatous.
Majority of cases (n=42; 63.6%) were aged between
15 and 40 years. Overall, majority (n=47/66; 71.2%)
of cases were males. The sex-ratio (M:F) of the
study population was 2.47. Out of 37 histopatholog-
ically confirmed tuberculoid cases, a total of 11
(29.7%) corresponded to TT type and 26 (70.3%)
corresponded to BT type. Out of 29 histopathologi-
cally confirmed lepromatous cases, a total of 8
(27.6%) corresponded to BL type and 21 (72.4%)
corresponded to LL type.

Out of 37 tuberculoid cases, there were 16 positive
cases and 21 negative cases for CD68 expression. In
29 Lepromatous cases, there were 29 positive cases
of CD68 expression and no negative case noted.
Thus, it was seen that CD68 expression was high to-
wards lepromatous leprosy cases, where, granulom-
atous infiltration was more by macrophages and
plasma cells (p<0.001) (Table 1. Fig 1a, Fig 1b).

Amongst the cases of Tuberculoid leprosy, positive
cases were 14, and negative cases were 23 of
MMP7. In 29 cases of lepromatous leprosy, grade 0,
1, 2 showed 7.0%, 73% and 17% respectively. 3%
cases were in grade 3. There were 27 positive and 2
negative cases. Thus, we were able to conclude that
MMP7 expression was more in lepromatous group
as compared to tuberculoid group (p <0.001) (Table
2. Fig 2a, Fig 2b).

It was noted that out of 37 cases of Tuberculoid lep-
rosy, there were 16 positive and 21 negative cases
for MRPS8. In 29 LL cases, there were 27 positive
and 2 negative cases. Therefore, expression of
MRPS was noted to be more in Lepromatous type of
leprosy as compared to Tuberculoid type (p<<0.001)
(Table 3. Fig 3a, Fig 3b).

Accuracy of CD68 positive expression for differen-
tiating between Lepromatous and Tuberculoid types
was 75.8%.MMP7 was found to be 93.1% sensitive
and 62.2% specific. Its positive and negative predic-
tive values were found to be 65.9% and 92% respec-
tively. MRP8 was found to be 93.1% sensitive and
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56.8% specific. Accuracy of MRPS positive expres-
sion for differentiating between Lepromatous and
Tuberculoid types was 72.7%. CD68 expression
scores did not show a significant correlation with
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MMP7 as well as MRP8 in both Tuberculoid and
Lepromatous types. A mild positive and significant
correlation was observed between MMP7 and
MRPS for both Tuberculoid and Lepromatous types.

Tablel: CD68 Expression in leprosy cases

CD68 Tuberculoid(n=37) Lepromatous(n=29)
TT BT Expression in | BL LL Expression in
Cases Cases % cases of | Cases Cases % cases of Lep-
(n=11) (n=26) Tuberculoid (n=8) (n=21) | romatous

0 (no stained cell) 05 16 56.8% 00 00 00%

1 (<25% 05 09 37.8% 07 05 41.4%

Stained cell)

2(25-50% 01 00 2.7% 00 12 41.4%

Stained cell)

3 (>50% 00 01 2.7% 01 04 17.2%

Stained cell)

Total(N) 11 26 37 8 21 29

Intra group comparison | [12=3.379;p=0.337 [12=10.39;p=0.006

Inter group comparison | [12=32.64;p<0.001

Table2: MMP7 Expression in leprosy cases
MMP7 Tuberculoid(n=37) Lepromatous(n=29
TT BT Expression in | BL LL Expression in
Cases Cases % cases of | Cases Cases % cases of
(n=11) (n=26) | Tuberculoid (n=8) (n=21) | Lepromatous
O(no stained cell) 1 22 62% 2 0 7.0%
1(<25% 8 4 32% 6 15 73%
Stained cell)
2(25-50% 1 0 3.0% 0 5 17%
Stained cell)
3 (>50% 1 0 3.0% 0 1 3.0%
Stained cell)
Total(N) 11 26 37 8 21 29
Intra group comparison [12=19.657; p<0.001 [12=7.546; p=0.056
Inter group comparison [12=22.116; p<0.001

Table 3: MRP8 Expression in leprosy cases

MRPS Tuberculoid(n=37) Lepromatous(n=29)
TT BT Expression in | BL LL Expression in
Cases Cases % cases of | Cases Cases % cases of
(n=11) (n=26) Tuberculoid (n=8) (n=21) | Lepromatous

O(no stained cell) 5 16 56.8 1 1 6.9

1(<25% 5 8 35.1 7 6 44.8

Stained cell)

2(25-50% 1 1 5.4 0 11 37.9

Stained cell)

3 (>50% 0 1 2.7 0 3 10.3

Stained cell)

Total(N) 11 26 37 8 21 29

Intra group comparison

[12=1.643; p=0.650

12=10.324; p=0.016

Inter group comparison

[12=22.284; p<0.001
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Fig.1: (a) CD68 expression in LL (b) CD68 expressionin TT

Discussion

Macrophage plays the central role due to its charac-
teristic plasticity and heterogenous behaviour. It can
differentiate into distinct subtypes like M1, M2,
Mox, M4 etc. based on host tissue microenviron-
ment and produces receptors, enzyme, costimulatory
molecule that induces development of suppressive
or inflammatory response and thus determine clini-
cal outcome. Based on tissue microenvironment and
cytokines released, host immune response var-
ies.[12, 17]

M4 macrophages are also seen to induce the estab-
lishment of a regenerative environment and remod-
elling of extracellular matrix, which are important
for pathogen-host interaction. M4 macrophages pro-
duce CD68, MMP7, MRPS8 or S100A8, IL6, TNF-a,
MMP7 and MMP12, so they can be detected by im-
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munolabelling with combination of markers.[18,19]
With this background the present study was planned
to immunohistochemically characterize the presence
of M4 macrophages in Tuberculoid and Leproma-
tous leprosy.

In the present study, out of a total of 66 skin biopsy
tissue specimen, 37 cases (56.1%) were identified as
Tuberculoid while remaining 29 (43.9%) were iden-
tified as Lepromatous. Subsequently, among tuber-
culoid type, majority were identified as borderline
tuberculoid cases (i.e. BT, 70.3%) and tuberculoid
cases (i.e. TT, 29.7%) respectively. Among lep-
romatous cases, majority were identified as lep-
romatous LL type (i.e. 72.4%) and remaining 8
(27.6%) were identified as borderline lepromatous,
BL type. Thus, a total of 34/66 (51.5%) of our pa-
tients were in borderline spectrum followed by LL
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type (n=21/66; 31.8%) and TT type (n=11/66;
16.7%).

Compared to the present study, Thakkar and Pa-
tel[20] in their study of 250 leprosy patients, found
40% patients in the borderline spectrum followed by
tuberculoid leprosy (TT) (29.2%) and lepromatous
leprosy (LL) (26.8%). In their study, there were
3.9% cases of indeterminate leprosy (IL) too, how-
ever, in the present study, there was no case with in-
determinate type. In another study, Jha et al[21] in
their series of 72 leprosy patients, found the maxi-
mum cases (n=28; 38.9%) were BT followed by TT
(n=15; 20.8%), BL (n=14; 19.4%), LL (n=12;
16.7%) and BB (n=1; 1.4%)respectively, thus show-
ing a dominance of borderline types (n=43; 59.7%).
In the present study, we also had BT (n=26/66;
39.4%) as the most common type and also had a
dominance of borderline types. In the study by Singh
et al[22] that included a total of 58 cases, borderline
tuberculoid (BT) was the most common type seen in
37.9% cases. In a recent study by Joshi et al[23], out
of 98 cases with confirmed histopathological diag-
nosis, maximum were diagnosed as LL (32.7%), fol-
lowed by BT (29.6%), TT (17.3%) and BL (12.2%)
respectively. In their study, a total of 4 (4.1%) cases
were diagnosed as mid borderline and 4 cases
(4.1%) as histioid respectively. Like the present
study, they also found BT and LL to be the dominant

types.

In the present study, bacillary index was found to be
higher in LL as compared to TT cases. Similar to the
present study, Poudel et al. also found higher bacil-
lary indices to be associated with LL/BL type and
lower with TT/BT types.[24] A similar observation
was also made by Bhagya Lakshmi et al. who also
observed higher bacillary indices for LL as com-
pared to TT types.[25]

The present study observed higher expression of
IHC markers of M4 macrophage activity in Lep-
romatous as compared to Tuberculoid leprosy. Ex-
pression of CD68, MMP7 and MRPS8 was seen in
100%, 93.1% and 93.1% of lepromatous as com-
pared to 43.2%, 37.8% and 43.2% of tuberculoid
histopathological types. No significant difference in
expression of CD68 and MRPS was seen between
BT and TT subtypes, however, there was a signifi-
cant difference between BL and LL subtypes. For
MMP7, a significant difference in expression was
also seen between TT and BT cases whereas in lep-
romatous type, though expression was higher in LL
as compared to BL yet it was not significant statisti-
cally. The trends showed minimal expression of dif-
ferent IHC markers in TT and BT types followed by
BL and maximum expression in LL type. Thus, the
markers were not only able to differentiate between
the lepromatous and tuberculoid types but were also
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able to differentiate the borderline cases within each
of these two types.

The findings in the study are in agreement with the
observations of de Sousa et al[12], however, Go-
vindan et al[26] who evaluated the expression of
CD68 did not find a significant difference in its ex-
pression between lepromatous and tuberculoid types
and found the expression to be strong in all the cases
in both the leprosy types. Compared to their study,
in the present study, we found strong expression of
CD68 (score 3) in only 1/37 (2.7%) of tuberculoid
and 5/29 (17.24%) of lepromatous types. In the pre-
sent study, even moderate to strong expression
(scores 2 and 3) of CD68 were observed in only 2/37
(5.4%)cases of tuberculoid as compared to 17/29
(58.6%)cases of lepromatous type. CD68 activity in
lepromatous leprosy has also been reported by Mi et
al[27] in a recent study using RNA-sequencing,
however, no such report regarding its association
with tuberculoid leprosy has been reported in any
other study excepting one by Govindan et al.[26]

Low expression of MRPS in tuberculoid leprosy was
seen in the present study. This has also been docu-
mented by Sunderkotter et al [28] in their study who
reported that increased expression of MRP8 is char-
acteristic for a macrophage subtype M4 associated
with high inflammatory but low antimycobacterial
activity. de Sousa et al[12] in their study, similar to
the present study found higher expression of CD68,
MMP7 and MRPS in Lepromatous as compared to
Tuberculoid types. A much higher differentiating
ability in their study could be owing to absence of
borderline subtypes in their study. In the present
study, owing to a high proportion of borderline (BT
and BL) cases, there was certain loss in the specific-
ity, however, the sensitivity for detection of lep-
romatous type was higher for all the three markers.
The present study adds on the previous studies with
respect to the ability of these M4 macrophage mark-
ers in understanding the differences in pathogenesis
and progression of the two histopathological types
by incorporating the borderline cases that depict the
transitionary line and thereby differentiate the role
of M4 macrophages in tuberculoid and lepromatous

types.

The present study is relevant in evaluating the role
of macrophages, particularly M4 macrophage in lep-
rosy. Despite being the only second study evaluating
the specific role of M4 in differentiation of Tuber-
culoid and Lepromatous leprosy types, it was suc-
cessful in highlighting its role. Apart from this it also
highlighted the transitionary pattern of M4 expres-
sion in borderline types. These findings are helpful
not only from the diagnostic purposes but to evalu-
ate further immunopathogenesis which might help
in the development of new targeted therapies.
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Conclusion

The findings of the study showed that expression of
all the three M4 macrophage markers (CDG6S,
MMP7, MRP8) was significantly higher in leproma-
tous as compared to tuberculoid leprosy, thus show-
ing different pathogenetic and progression pathways
of the disease. It was seen that TT type was associ-
ated with weak expression of these markers whereas
LL type was associated with moderate to strong ex-
pression of these markers. The findings of the study
have therapeutic implications in view of difference
in immune pathways of two entities and this may
elucidate further researches to develop targeted ther-
apies.
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