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Mast Cell Profile and IL-4 Levels in Borderline Spectrum of Leprosy
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Abstract

Introduction: Mast cells are responsible for secreting cytokines and other chemical
mediators, involved in immuno-inflammatory responses. However, their role has not
been clearly defined in the immunopathogenesis of leprosy. Aims and Objectives: To
count the number of mast cells in leprosy granulomas and to correlate their numbers
with the serum levels of IL-4 in borderline spectrum of leprosy. Materials and Methods:
Thirty cases of newly diagnosed, untreated patients of borderline tuberculoid (BT),
borderline borderline (BB) and borderline lepromatous (BL) leprosy were included in the
study. Skin biopsies were taken from the margins of the skin lesion of leprosy and
stained with toluidine blue for quantification of mast cells. An average number of mast
cells per granuloma was calculated after examining the granulomas in each skin biopsy.
Concentration of serum IL-4 was measured quantitatively in the collected venous blood
samples by ELISA method. Results: The mean of average number of mast cells increased
from BT towards BL leprosy. Statistically significant difference was seen between BL
and BT/BB leprosy. However, no significant difference was found between BB and BT
Hansen’s. A positive correlation was found between mast cell numbers and serum levels
of IL-4 since both showed an increasing trend from BT through BL leprosy. Conclusion:
We found a progressive rise in mast cell count and serum levels of IL-4 across the
borderline spectrum of leprosy. This indicates that mast cells play a role in progression
and dissemination of leprosy by proliferating at the site of inflammation and secreting an
array of chemical mediators especially IL-4.

Keywords: Borderline Leprosy; Mast Cells; Granuloma; Interleukin 4; Tuberculoid;
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Introduction

Leprosy is a chronic inflammatory disease caused
by Mycobacterium leprae, an obligate intracellular
pathogen principally affecting peripheral nerves and

skin [1].

Mast cells are derived from the myeloid stem cells
and are extensively distributed in the skin,
gastrointestinal tract, upper and lower respiratory
tracts. They are involved in allergic inflammation
and immuno-inflammatory responses [9]. Mast cells
are seen in small numbers in the granulomas of
leprosy and are responsible for secreting cytokines,

It is diagnosed by the presence of one or more of
the three cardinal signs of leprosy which include;
definite loss of sensation in a hypopigmented or
reddish skin patch, a thickened peripheral nerve,
with loss of sensation and/ or weakness of the
muscles supplied by that nerve and presence of acid-
fast bacilli in slit skin smear [2]. T- lymphocytes are a
major source of cytokines which play a key role in
immunologic, inflammatory and reparative host
responses in leprosy. Further, few previous studies
suggest role of mast cells in the pathogenesis and
progression of leprosy [3-8].

mainly tumour necrosis factor- o (TNF-a) and
interleukin-4 (IL-4), and other mediators (tryptase,
histamine, thromboxane, prostaglandin D2 etc) [10].
The close proximity of mast cells to the peripheral
nerve fibres in the tissuesalongwith the shortening
of the distance between mast cells and nerve fibres
during inflammatory events, suggest a functional
interaction between these two components [11,12].
In the present study, we attempted to count the
number of mast cells in the leprosy granulomas in
borderline spectrum of leprosy and correlate it with
serum levels of IL-4.
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Materials and Methods

Thirty newly diagnosed, untreated patients of
borderline leprosy including tuberculoid (BT), mid-
borderline (BB) and borderline lepromatous (BL) as
per the classification of Ridley and Jopling [13],
attending the urban leprosy centre of our institute
from November 2013 to February 2015 were included
in the study. The study was approved by institutional
ethics committee. Patients in lepra reactions,
pregnant and lactating women, and patients already
receiving or those who had received specific
treatment for leprosy in the past were excluded. Equal
number of consenting healthy, age and sex-matched
volunteers were taken as controls. Informed and
bilingual consent was taken from the patients and
controls before inclusion in the study. A skin biopsy
was taken from the margin of a representative skin
lesion from the patients. The specimens were placed
in 10% formalin solution and sent to the pathology
department for haemotoxylin and eosin (H & E)
staining for diagnosis of leprosy and toluidine blue
staining for quantification of mast cells. Mast cells
were visualized as violet to reddish purple cells
against a blue background [Figure 1]. Mast cells were
counted under 400 x magnification in ten
sequentially observed granulomas, and an average
number of mast cells per granuloma was calculated
for each case. The mean of these values for subset
cases of BT, BB and BL leprosy were also determined.

Ten ml venous blood samples of patients and
controls were collected in plain vacutainer tubes and
allowed to stand for 30 minutes at room temperature
and then centrifuged at 300 g for 5 minutes. Sera
were immediately separated and stored at -20°C until
the time of analysis for the cytokine levels.
Concentration of serum IL-4 was measured
quantitatively in the collected serum samples by the
sandwich enzyme-linked immunosorbent assay
(ELISA) method (Human IL-4 ELISA kit from
Krishgen BioSystems).

Statistical Analysis

Quantitative data were presented as mean + SD or
median and interquartile range, as appropriate.

Normality of data was checked by measures of
Kolmogorov Smirnov tests of normality. For normally
distributed data means of 3 groups were compared
using One-Way ANOVA followed by Post Hoc
Multiple Comparisons test. For skewed data Kruskal-
Wallis test followed by Mann-Whitney test for two
groups was applied. For categorical variables;
number & percentages were calculated. Chi-square
test or Fisher’s exact (whichever appropriate) test was
applied for categorical data. Spearman’s correlation
coefficient was applied to see relationship between
different variables. All calculations were two-sided
& were performed using SPSS version 17 (Statistical
Packages for the Social Sciences, Chicago, IL).
A ”p” value of <0.05 was considered to indicate
statistical significance.

Results

The study group comprised of 12 patients of BT, 8
patients of BB and 10 patients of BL leprosy. There
were 21 (70%) males and 9 (30%) females. The mean
age was 32.51£1.78 years among cases and
31.174£11.74 years among the controls. The highest
number of mast cells was found in BL leprosy (mean
of 9.45+2.26 cells per granuloma), intermediate in BB
(3.50+1.07 cells per granuloma) and lowest in BT
patients (mean of 2.81+0.94 cells per granuloma)
[Figure 2].

On statistical evaluation [Table 1], significant
difference was seen when the mean of average number
of mast cells in BL was compared with those in BT
and BB; however, the difference between BB and BT
leprosy was statistically insignificant.

The mean serum levels of IL-4 were highest in
patients with BL (76.29 + 37.25 pg/ml) leprosy with
intermediate levels in BB patients (22.99 +12.93 pg/
ml) and lowest in patients with BT disease (4.12 *
2.05 pg/ml), as shown in Table 2. On comparing
mean serum levels of IL-4 of the three subsets of
patients, a statistically significant difference was seen
across the entire borderline spectrum (BT vs. BB, p =
0.001; BB vs. BL, p = 0.003; and BL vs. BT, p =0.000).
Further, statistically significant difference was seen

Table 1: Comparison of mean of average number of mast cells between different groups of leprosy

Group Mean + SD p value
BT vs. BB 2.81+0.94 vs. 3.50+1.07 0.634
BL vs. BB 9.45+2.26 vs. 3.50£1.07 0.038
BL vs. BT 9.45+2.26 vs. 2.81+0.94 0.007

BB - mid-borderline; BL - borderline lepromatous; BT - borderline tuberculoid; SD - standard deviation
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Table 2: Comparison of serum levels of IL-4 between different groups of leprosy and healthy controls

Group Serum IL-4 levels: Mean + SD (pg/ml) P value
BT vs. BB 412%2.05vs.22.99+12.93 0.001
BL vs. BB 76.29 +37.25vs.22.99+12.93 0.003
BL vs. BT 76.29 +37.25 vs. 412 £ 2.05 0.000
BT vs. healthy controls 412+£2.05 vs. 448 +2.82 0.889
BB vs. healthy controls 22.99£12.93 vs. 448 +2.82 0.000
BL vs. healthy controls 76.29+37.25vs. 448 £2.82 0.000

BB - mid-borderline; BL - borderline lepromatous; BT - borderline tuberculoid; IL - interleukin; SD - standard

deviation

Table 3: Comparison of the findings of different published studies on mast cell count in subsets of leprosy

Author(s) Number of Patients (n), Controls, and Mast cell staining technique Relative mast cell density
profile of patients
Current study n=30 Toluidine blue Progressive increase along the
BT-12, BB-8, BL-10 spectrum from BT to BL
Ravetal® n=250 Toluidine blue Progressive rise from TT to LL
TT-50, BT-22, BB-12, BL-20, LL-36, IL-110
Aroni et al 4 n=28 Chloroacetate esterase Lower in tuberculoid than

Mysorekar et al
5

TT-2, BT-7, BL-4, LL-11, HL-4
n=118; controls=20
1L-25, TT-21, BT-20, BB-14, BL-20, LL-18

Toluidine blue

Bagwan ef al ¢ n=>53; controls=7 Toluidine blue
IL-6, TT-9, BT-24, BB-1, BL-6, LL-7
Sherif ES 7 n=60 Giemsa
IL-1, TT-22, BT-13, BB-13, BL-5, LL-6
Magalhaes et al n=51 Anti-tryptase antibody
8 BT-17, BB-17, BL+LL-17

Naik et al 14 n=60 Toluidine blue

Chatura ef al 18 n=50 Fite-Faraco
TT-5, BT-24, BB-3, BL-10, LL-8
Joshi et al 1 n=37 Toluidine blue

IL-6, TT-3, BT-18, BB-2, BL-3, LL-5

lepromatous group
Progressive increase from TT
to LL
Progressive increase from TT
to LL
Progressive increase from TT
to LL
BB and BT had higher density
than BL+LL
Progressive increase from IL
to both polar TT and LL
Highest counts in BT and BL
vs. their polar counterparts
BT>BL

BB - mid-borderline; BL - borderline lepromatous; BT - borderline tuberculoid; HL - histoid leprosy;
IL - indeterminate leprosy; LL - lepromatous leprosy; TT - polar tuberculoid (leprosy)

B Average number of

mask cells per
granuloma (Mean)

BT BB

2 Y Nt

Fig. 1: Mast cells on toluidine blue staining, highlighted by

black arrows (400 x)

between mean serum levels of IL-4 of healthy controls

of leprosy

and patients with BB and BL leprosy (p<0.05); but
not with the BT patients (p=0.889). In our study, a

trend of progressive increase in number of mast cells

Discussion

as well as serum levels of IL-4 was seen from BT to

BL leprosy. On statistical evaluation, a positive
correlation was found between mast cell count and
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Fig. 2: Mean of average number of mast cells in each subset

mean serum levels of IL-4 (r=0.664, p<0.05).

Mast cells are ‘dynamic cells” with a central role
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in allergic inflammation, protective immune
response and other inflammatory responses. They
are found at all strata of the skin including the
dermis, around blood vessels, nerves, appendages,
at dermoepidermal junction (DEJ]) and also in
subcutaneous tissue [9,14,15]. Mast cells can be
stimulated to degranulate by direct injury, chemical
agents like opioids and alcohol, certain antibiotics
such as polymyxins or by cross-linking of
immunoglobulin E (IgE) receptors and complement
proteins [16]. Mast cells also produce IL-4, which
induces naive CD4+ T cells to differentiate into Th,
cells while suppressing the development of Th, cells.
They also suppress macrophage cytotoxic activity,
parasite killing, and macrophage-derived nitric oxide
production [17].

In this study, we found a difference in the number
of mast cells in granulomas of different subsets of
leprosy, with maximum number of mast cells in BL
patients, lesser in BB cases and lowest in BT cases.
Our findings are in agreement with findings of the
study by Rav et al in 1990 who included 250 patients
of leprosy and reported a decrease in mast cell
density from lepromatous to the tuberculoid end of
the spectrum [3]. They additionally reported mast
cellsin100% cases of indeterminate leprosy, thereby
suggesting the role of mast cells in evolution and
progression of the disease [3]. Aroni et al in 1993
also reported a significantly lower mast cell count
in tuberculoid group than the lepromatous group
(p<0.001) [4]. They suggested that the larger number
of mast cells in lepromatous group may be due to
increased vascularity and changes in the
endothelial cells. Mast cell mediators are also
known to be mitogenic for fibroblasts and
endothelial cells. Thus, mast cells may also have a
role in fibroblast proliferation that occurs after a
lepra reaction [4]. The above findings were
corroborated by Mysorekar et al in 2001, Bagwan et
al in 2004, and Sherif ES in 2008 [5-7].

However, many workers have reported
contradictory findings. Magalhaes et al found
maximum density of mast cells in BB patients (73.64/
mm?) followed by BT (65.06/mm?) and BL (50.43/
mm?) [8]. Further, Naik et al in 2003 reported lower
density of mast cells in BT (37/mm?) and BL (46/
mm?) leprosy than their polar counterparts (TT-51/
mm?, LL-49/mm?) [14]. They suggested that periodic
follow up of indeterminate and borderline lesions
for mast cells might help in predicting the stability of
lesions [14]. Similarly, Chatura et al in 2012 reported
a progressive decrease in mast cell density along the
borderline spectrum of leprosy [18].Recently, Joshi et
al and reported higher number of mast cells in BT

leprosy than in BL leprosy (BT-105.56/ mm?, BL-100/
mm?) [19]. The reason for contradictory findings of
these studies and the current study may be explained
on the basis of the assertion put forward by
Magalhaes et al. They suggested that such
discrepancies might stem from the difference in the
mast cell staining methods and mast cell counting
technique adopted in different studies [8]. A
summary of these studies has been tabulated [Table
3].

Wealso found a progressive rise in IL-4 levels from
BT to BL leprosy, suggesting the role of IL-4 in disease
progression with Th, activation. In our study, a trend
of progressive increase in number of mast cells as
well as the serum levels of IL-4 was seen from BT to
BL leprosy. On statistical evaluation, a positive
correlation was found between mast cell numbers
and IL-4 (r=0.664, p<0.05). A few previous studies
have also reported progressive rise in serum levels of
IL-4 along the borderline sprectum of leprosy
[7,20,21].

It is known that high levels of IL-4 in a Th,
predominant milieu promotes further mast cell
proliferation, thereby resulting in positive feedback
for further IL-4 secretion. To summarise the results
from our study and the discussed literature, it seems
certain that mast cells play a role in leprosy by
proliferating at the site of inflammation and secreting
cytokines like IL-4 leading to Th, response, cell
damage, inflammation, fibrosis, culminating into
progression and downgrading of the disease.

Conclusion

In the current study, a progressive rise in mast cell
countacross the borderline spectrum of leprosy with
highest counts in BL leprosy was seen. This suggests
a probable role of mast cells in downgrading of
leprosy. The high levels of IL-4 down the spectrum of
borderline leprosy suggest its role in dissemination
of disease while promoting a Th2 response.

The correlation between IL-4 levels and mast cell
numbers may suggest that mast cells are a major
source of this cytokine in leprosy. Although the
findings of this study suggest that mast cell
stabilizers and anti-IL-4 therapy may have a
therapeutic role in prevention of disease worsening,
this hypothesis has not yet been studied. Further
studies are mandated to understand the complex
mechanisms involved in downgrading of leprosy and
should take into account other immune cells and
cytokine mediators.
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