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Is CXCL10/CXCR3 axis overexpression a better indicator of leprosy
type 1 reaction than inducible nitric oxide synthase?
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Background & objectives: Leprosy type 1 reactions (T1R) are acute episodes of immune exacerbation
that are a major cause of inflammation and nerve damage. T1R are diagnosed clinically and supported
by histopathology. No laboratory marker is currently available that can accurately predict a T1R.
Increased plasma and tissue expression of inducible nitric oxide synthase (i-NOS) and chemokine
CXCL10 have been demonstrated in TIR. We studied the gene expression and immunoexpression of
i-NOS, CXCL10 and its receptor CXCR3 in clinically and histopathologically confirmed patients with
T1R and compared with non-reactional leprosy patients to understand which biomarker has better
potential in distinguishing reaction from non-reaction.

Methods: Gene expression of i-NOS, CXCL10 and CXCR3 was studied in 30 skin biopsies obtained
from patients with borderline tuberculoid (BT), mid-borderline (BB) and borderline lepromatous (BL)
leprosy with and without T1R by real-time PCR. Further validation was done by immunhistochemical
expression on 60 borderline leprosy biopsies with and without T1R.

Results: Of the 120 patients histopathological evaluation confirmed T1R in 65 (54.2%) patients. CXCR3
gene expression was significantly (P<0.05) higher in BT- and BB-T1R patients compared to those without
T1R. The CXCLI10 gene expression was significantly higher (£<0.05) in BB leprosy with T1R but the
difference was not significant in patients with BT with or without T1R. Immunoexpression for CXCR3
was significant in both BB-T1R and BB (P<0.001) and BT and BT-T1R (P<0.001). Immunoexpression of
CXL10 was significant only in differentiating BB from BB-T1R leprosy (£<0.01) and not the BT cases.
i-NOS immunoexpression was not useful in differentiating reactional from non-reactional leprosy.

Interpretation & conclusions: Both CXCL10 and CXCR3 appeared to be useful in differentiating TIR
reaction in borderline leprosy while CXCR3 alone differentiated BT from BT-T1R. CXCR3 may be a
potentially useful immunohistochemical marker to predict an impending T1R.
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The patients with borderline tuberculoid (BT),
mid-borderline (BB) and borderline lepromatous (BL)
leprosy are immunologically unstable and at risk of
developing a leprosy reaction. During a type 1 leprosy
reaction (T1R), a delayed type hypersensitivity reaction
occurs that is characterized by enhanced Th1 (T helper
cell type 1) cytokine response locally in skin as well as
systemically in serum. This enhanced immune response
culminates in an influx of activated CD4+ lymphocytes
and macrophages that infiltrate the peripheral nerves
and skin and eventually cause destruction of the nerves
leading to nerve function impairment'. There are no
clinical or laboratory tests that can accurately predict
those patients who are most likely to develop a TIR
or when it might occur. Studies in past have shown
an increased immunohistochemical (IHC) expression
of inducible nitric oxide synthase (i-NOS) in leprosy
skin biopsies and indicated that i-NOS expression
was strongest towards the tuberculoid pole of the
leprosy spectrum. Some investigators suggested that
i-NOS expression increased during reversal reaction
while others found that non-reaction leprosy showed
increased i-NOS expression”>. To identify novel
candidate markers in diagnosing leprosy T1R, Stefani
et al® have shown serially increased serum levels of
chemokine CXCLI0 in TIR, while Scollard et al’
have correlated the increased expression of CXCL10
in serum and in skin biopsies of patients with T1R
suggesting a potential role of this chemokine in
diagnosis.

The precise molecular events responsible for T1R
and the factors which result in TIR in only a subset of
leprosy patients remain to be understood. This study
was undertaken to elucidate the comparative gene
and protein expression of i-NOS, CXCL10 and its
receptor CXCR3 in clinically and histopathologically
confirmed patients with T1R to identify the markers
which showed better potential in distinguishing a type
1 reaction from a non-reaction on skin biopsies of
borderline leprosy patients.

Material & Methods

In this cross-sectional study 120 consecutive
patients with clinical diagnosis of T1R presenting at
the department of Dermatology, Venereology and
Leprology of Safdarjung Hospital, New Delhi, India,
from April 2010 to October 2012 were included. The
patients selection was done after taking approval from
the institutional ethical committee of the Safdarjung
Hospital. Informed written consent was taken from all
patients.

All patients were classified according to Ridley-
Jopling classification® on the basis of clinical
examination, histopathological examination and
the bacillary index. The clinical case definition for
diagnosing T1R was if a patient had redness, swelling
or tenderness of pre-existing lesions with or without
appearance of new lesions, presence of oedema of face,
hands or feet or had nerve tenderness.

Thirty patients gave consent for taking two biopsies
from their skin lesions. One biopsy each from the leprosy
patient was fixed in 10 per cent buffered formalin and
was used for histopathological examination, Fite-
Faraco staining and [HC study. The second biopsy from
the 30 patients who gave consent for undergoing two
biopsies was stabilized in RNA later (Ambion, USA)
and stored at -70°C for the gene expression study.
Two fresh skin biopsies from normal non-leprosy skin
were obtained from two healthy normal volunteers for
the purpose of normalization (Fig. 1). Skin biopsies
from these 120 patients diagnosed clinically as TIR
were stained with hematoxylin-eosin and Fite-Faraco
stains for histological evaluation and for finding the
bacillary index. Of these 120 skin biopsies, 65 were
confirmed histopathologically as T1R and were chosen
for immunohistochemistry. After IHC staining, only 60
biopsies were found suitable for evaluation.

RNA extraction and real-time PCR: Total RNA
was isolated from 32 skin biopsies (BT, n=5; BT-
T1R, n=5; BB, n=5; BB-TIR, n=5; BL, n=5; BL-
TIR, n=5 and normal skin, n=2) and stabilized in
RNA stabilizing solution (Ambion, USA) using
RNeasy Mini kit (Qiagen, Germany) according to
manufacturer’s instructions. Two microgram of this
total RNA for each sample was reverse transcribed
to single-stranded cDNA using High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, USA)
as per manufacturer’s instructions. Real time PCR
assay was conducted on ABI Prism 7000 (Applied
Biosystems, USA) using TagMan MGB probe (FAM
labelled dye) and unlabelled primers for CXCL10
(Assay ID- Hs01075529 ml, Applied Biosystems,
USA), i-NOS (Assay ID- Hs00171042_ml, Applied
Biosystems, USA), CXCR3 [Assay ID-Hs01847760
sl and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), Applied Biosystems, USA]. All reactions
were performed in duplicate. First PCR cycle was
of two minutes at 50°C followed by 10 min at 95°C.
Remaining 40 cycles were of 15 sec at 95°C and 60 sec
at 60°C. The 244“T method® was used to quantify the
relative changes in gene expression using ABI PRISM®
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Fig. 1. Flow diagram of the study design. BT, borderline tuberculoid leprosy; BT-T1R, borderline tuberculoid leprosy with type I reaction;
BB, mid borderline leprosy; BB-T1R, mid borderline leprosy with type 1 reaction; BL, borderline lepromatous leprosy; BL-T1R, borderline

lepromatous leprosy with type I reaction.

7000 SDS Software v1.1 (Applied Biosystems, USA).
The critical threshold (CT) mean of normal skin was
selected as calibrator. Mean of CT of target gene was

normalized with CT mean of endogenous control
(GAPDH) for each sample.

Immunohistochemical staining and evaluation: A total
of 60 skin biopsies of histopathologically confirmed
leprosy patients with and without TIR were found
suitable for interpretation after IHC staining. These
included BT-T1R, (n=15), BB-TIR, (n=10) and BL-
T1R, (n=5) and non-reactional BT (n=15), BB (n=10)
and BL (n=5) biopsies. Formalin-fixed, paraffin-
embedded sections of 4 um thickness were taken on
poly-L-lysine coated slides. These slides were first

deparaffinized in xylene and rehydrated in graded
alcohol. Antigen retrieval was done in Tris-EDTA,
pH 9.0 buffer using EZ-Retriever (Biogenex, USA)
at 95°C for 20 min. These sections were incubated
at pH7.4 in 50mM Tris buffer (TBS). Endogenous
peroxidase blocking was done in 3 per cent H,0, and
sections were incubated with protein block for 10
min followed by incubation with primary antibody at
room temperature in humid chamber overnight at 4°C.
Primary antibody rabbit anti-human IP-10 (Abcam,
UK) was diluted at 1:250; mouse anti-human CXCR3
(clone 2Arl) (Abcam) at 1:500; rabbit anti-human
i-NOS (Abcam, UK) at 1:100 and rabbit anti-human
nuclear factor (NF) kappa B (Thermo Scientific, USA)
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at 1:100 in TBS. After washing with TBS, the sections
were incubated with Flex Envision Polymer (Dako,
Denmark) for 30 min at room temperature in humidity
chamber. After washing, reactions were developed
with diamainobenzidine. After counter-staining with
hematoxylin sections were dehydrated and mounted.
The THC staining was scored semiquantitatively in
three grades depending on degree of positivity (X) and
staining intensity of cells (Y) in the granuloma. X was
graded as 0: <10 per cent positivity, 1:11-50 per cent
positivity and 2: >50 per cent positivity. Y was graded
as 0: no staining, 1: weak, 2: strong staining. The final
score (S) was the multiplication product of X and Y,
and S <2 was considered a weak immunoexpression
and S=4 as strong immunoexpression.

Immunofluorescence: Procedure up to primary antibody
incubation was the same as in immunohistochemistry.
After incubation with primary antibody the sections
were washed in TBS with three changes for five
minutes each. Sections were incubated with anti-
mouse/ FITC (Dako, Denmark diluted at 1:40) for
30 min at room temperature in humidity chamber.
After washing three times with TBS sections were
counterstained with propridium iodide and mounted
with Fluoromount™ Aqueous Mounting Medium
(Sigma Aldrich, USA).

Statistical analysis: Statistical analysis was done
using SPSS v17.0 (SPSS, Inc., Chicago, IL, USA). All
comparisons were made using non-parametric Mann-
Whitney U test for unpaired data.

Results

Among 120 cases of leprosy T1R, 88 (73.3%)
patients were males and 32 (26.7%) were females.
Mean age was 44.5 = 14.1 yr (14-60 yr). The patients
were classified as T1Rs with BT in 93 (77.5%), mid-
borderline in 20 (16.7%) and BL in 7 (5.9%) patients.
Of the 120 patients, 23 completed multidrug therapy
and 36 were on therapy at the time of presentation. The
remaining 64 (50.9%) patients did not give any history
of receiving anti-leprosy treatment and presented first
time with T1R.

Histopathological evaluation: The clinico-pathological
findings of patients are summarized in Table I. The
confirmatory parameters of T1R were dermal oedema,
oedema within granuloma, lymphocytes within the
granuloma and focal obliteration of the grenz zone by
the granuloma. Bacillary index (BI) was calculated
from Fite-Faraco staining on skin biopsies as slit skin
smear data were not available for all the patients.

Table I. Clinico-pathological features and comparison of bacillary index among leprosy T1R and non-reaction leprosy

Bacillary index in different leprosy groups

BI

Histopathological features

Clinical features

BL-TIR
(7/120)

BT BLTIR BB  BB-TIR BL
(93/120)  (25/60)  (20/120)  (10/60)

(25/60)

Parameters Number

Number

Parameters

of patients

of patients

120 (%)
42 (35.0)

n=

n=120 (%)
104 (87.0)

93 (77.5) 0 16 (80.0) 0

23 (92.0)

0

Loss of subepidermal grenz zone

New erythematous lesions

05 (71.5)

0
2 (20)
8 (80.0)

4(20.0)

2 (8.0)
18 (72)
5(20.0)

0
0
0

2 (8.0)

1

2
>3

Dermal oedema 72 (60.0)
75 (62.5)

62 (51.8)
36 (30.0)

Oodema in lesion

2(28.5)

0
0

Intragranuloma oedema

Nerve tenderness

0

Intragranuloma lymphocytes 56 (46.6)

14 (11.5)

New anaesthesia

10 (8.3) Giant cell size 19 (15.8)

Limb and face oedema

BT, borderline tuberculoid; BB, mid-borderline; BL, borderline lepromatous

Values in parentheses are percentages
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Comparison of BI in non-reactional leprosy and those
with TIR are given in Table 1. Of the 120 patients after
histopathology examination confirmed T1R was seen
in 65/120 (54.2%).

CXCLI10, CXCR3 and i-NOS mRNA expression from
skin biopsies: The mRNA expression levels of these
three genes from skin biopsy of borderline leprosy
cases with and without TIR (BT, n=5 and BT-T1R
n=5); (BB, n=5 and BB-T1R n=5); (BL, n=5 and BL-
T1R n=5) are shown in Fig. 2. Difference in mRNA
expression of i-NOS did not show any significance
between any group. The expression level of i-NOS was
higher towards tuberculoid pole. CXCLI0 expression
was consistently high in all the groups with mRNA level
reaching >500 fold in BB-T1R. Significant difference
was observed between BB and BB-T1R (P<0.05) and
not in other two groups of BT/BT-T1R and BL/BL-
TIR. Similarly, CXCR3 expression was significantly
(P<0.05) higher in BT- and BB- T1R in comparison to
those without T1R. Difference in expression of all the
three markers remained insignificant between BL and
BL-T1R.

CXCL10, CXCR3, i-NOS and NF-kappa B
immunoexpression in biopsies with and without TIR:
IHC expressions of CXCL10, CXCR3, i-NOS and NF-
kappa B in leprosy biopsies with and without TIR were
studied in 65 biopsies but after undergoing IHC only
60 biopsies were found suitable for interpretation, BT
(n=15), BT-T1R (n=15); BB (n=10), BB-T1R (n=10)
and BL (n=5) and BL-TIR (n=5). The results are
shown in Table II. The representative comparative IHC
staining is shown in Fig. 3. A comparison of mRNA
and protein expression for 30 patients for CXCR3,
CXCL10 and i-NOS genes is shown in Table III which
suggests corroboration between gene expression and
immunoexpression of these markers.

CXCL10 immunoexpression was seen localized
in the cytoplasm of macrophages and epithelioid cells
(Fig. 3A-D). CXCL10 staining was more intense in
T1R biopsies in comparison with non-reactional BB
leprosy. Corroborating with our gene expression results
significant difference was seen between BB and BB-T1R
(P<0.01) but not in other borderline leprosy. CXCR3
receptor was expressed selectively in the inflammatory
cellsand was localized onthe cellmembranes (Fig. 3E-H)
and this localization was also confirmed on IF labelling
(Fig. 4). It showed significant difference between BT
and BT-T1R (P<0.001) and between BB and BB-T1R
(P<0.001) which corroborated with gene expression
study. Immunoexpression of i-NOS was localized in the
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Fig. 2. Comparative gene expression of CXCR3, CXCLI10 and
i-NOS in skin biopsies of leprosy patients with and without type
1 reaction (T1R) (n=5 in each group). Values are mean + SD. BT,
borderline tuberculoid leprosy; BB, mid borderline leprosy; BL,
borderline lepromatous leprosy.

cytoplasm of macrophages, epithelioid cells and giant
cells of the granuolma in BT and the staining intensity
was weak and dermal appendages did not stain. In
comparison, BT-T1R sections showed stronger staining
intensity with eccrine and sebaceous glands also getting
stained (Fig. 3 I-L). NF-kappa B expression was present
in all the biopsies throughout the leprosy spectrum and
was not significant in differentiating leprosy T1R from
non-reactional leprosy.
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Table I1. Immunohistochemical expression of i-NOS, CXCL10, CXCR3 and NFkB
Biopsies i-NOS CXCL10 CXCR3 NFkB
Lesion N Mean rank Sum of Mean rank Sum of Mean rank Sum of Mean rank Sum of
type ranks ranks ranks ranks
BT 15 13.3 199.5 14.3 214.5 9.5 142.5 14.5 217.5
BT-TIR 15 17.7 265.5 16.7 250.5 21.5 322.5 16.5 247.5
P value 0.13 0.403 <0.001 0.472
BB 10 9.3 93 6.7 67 6.65 66.5 8.5 85
BB-TIR 10 11.7 117 143 143 14.35 143.5 12.5 125
P value 0.393 0.002 0.001 0.081
BL 5 5.9 29.5 6.5 32.5 53 26.5 7.6 38
BL-TIR 5 5.1 25.5 4.5 22.5 5.7 28.5 3.4 17
P value 0.606 0.221 0.811 0.549

CXCL10

BT

BTT1R

BB

BBT1R

Fig. 3. Immunohistochemical expression of CXCL10, (A-D), CXCR3 (E-H) and i-NOS (I-L) in borderline leprosy biopsies with and without
reaction. BT, borderline tuberculoid leprosy; BB, mid borderline leprosy; BL, borderline lepromatous leprosy.

Discussion

India accounts for 58.8 per cent of total leprosy burden
worldwide with 126,913 new cases reported in 2013'°,
The prediction, early detection and timely treatment of
leprosy reaction are key priorities in leprosy control
and management. The epidemiological data of leprosy
reactions show a wide variation with frequencies of
T1R ranging between 8.9-30.1 per cent'"'2. The patients
are usually diagnosed clinically but skin biopsy is an

important diagnostic tool that supports the clinical
diagnosis. The histopathological features suggestive
of TIR are dermal oedema, oedema and lymphocytes
within the granuloma but due to lack of stringent
diagnostic criteria and interobserver subjectivity these
remain underdiagnosed histologically'.

Epidermal erosion and complete obliteration of the
subepidermal grenz zone is a feature of primary
tuberculoid (TT) leprosy but partial obliteration of
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Fig. 4. Immunofluorescent staining in leprosy patients with TIR
showing localization of CXCR3 on the cell membrane (inset,
arrows).

grenz zone and erosion of basal epidermis is frequently
seen in BT in TIR'. Increased number and size of
Langhans giant cells and plasma cells have been
previously reported as predictive factors of TIR!'>!,
We found a few plasma cells in the dermal cellular
infiltrate in some of our biopsies. Iyer et al'® have
demonstrated the presence of functionally active
mature B-cells and plasma cells in leprosy borderline
tuberculoid and lepromatous skin lesions. It is not yet
fully understood whether there is a presence of B-cell
directed event in leprosy.

TIR occurs as a result of increased activity of the
immune system particularly of cell-mediated immune
response fighting Mycobacterium lepre or remnants of
the dead bacilli. It is characterized histopathologically
by a shift towards the TT end of the leprosy spectrum
with increased lymphocytic infiltration and decreased
bacterial load. The direct cause of reaction is not whether
bacilli are dead or alive but rather the changing status
of immune response in each individual at a particular
point in time'’. T1Rs are mediated via the Th1 cells and
the lesions in T1R express pro-inflammatory cytokines
(IFN-y, IL-12) and free radical producer i-NOS
induced by transcription factor NF-kappa B'®!°. In our
study neither i-NOS gene expression nor i-NOS protein
expression showed any significant differences between
T1R and non-reactional BT, BB or BL leprosy.

The enhanced expression of CXCR3 after its
interaction with CXCL10 is considered an important

signal for selective homing of effector cells and
trafficking of activated lymphocytes to the preferential
inflammatory sites'’. CXCR3" cells also release Thl
cytokines potentially leading to further upregulation
of CXCR3 ligands leading to TI1R response and
granuloma formation®. The granuloma formation not
only helps kill the bacteria but also helps to restrict the
inflammation preventing further spread®'*. In our study
high expression of CXCL10 in both non-reactional
and T1R biopsies further confirms the existence of
this loop. Overall, the expression of CXCL10 was
higher in BT, BB and BL leprosy with T1R compared
to those without T1R. However, as a diagnostic aid
we could only find significant difference between BB
and BB-TIR. CXCL10 gave a more diffuse staining
pattern with more profound difference in intensity than
percentage positivity. This might make it less attractive
diagnostic marker, since inter-observer variability is
possible. This could be more useful where absolute
quantification is possible as suggested by Stefani ef al®.

CXCR3 expression on the other hand, was restricted
to the cell membrane and was easier to quantify. A clear
influx of CXCR3"cells was visible in T1R cases in both
BT and BB. While in BL, CXCR3" cells were reduced
dramatically. This could be due to diminished immune
response towards the lepromatous pole.

The limitation of this study was that sequential pre-
and post-T1R biopsies were not available to compare the
expression of these markers for a better understanding
of the changes evolving in a T1R. Also a long term
follow up of the T1R patients was not available possibly
because majority of leprosy patients who came to our
hospital for treatment of acute reactions were migrants
from neighbouring towns and villages and once their
reactional episode is subsided with anti-inflammatory
drugs, they are lost to follow up.

To conclude, our study showed increased gene and
protein expression of CXCR3 in TIR in both mid-
borderline and borderline tuberculoid leprosy as
compared to expression of i-NOS. The role of this
receptor-ligand complex may have potential to predict
T1R. However, to conclusively confirm these findings,
a study with larger sample size, sequential sampling
during the course of leprosy reaction along with
correlation with serum levels over a long-term follow
up will provide useful insights into the molecular
mechanism of T1R and help to possibly provide new
therapeutic targets for treating T1R.
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