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Erythema nodosum leprosum (ENL) is a systemic inflammatory complication occurring mainly
in patients with lepromatous leprosy (LL) and borderline lepromatous leprosy. Prednisolone
is widely used for treatment of ENL reactions but clinical improvement varies. However,
there is little good in vivo data as to the effect of prednisolone treatment on the pro-
inflammatory cytokines in patients with ENL reactions. As a result, treatment and manage-
ment of reactional and post-reactional episodes of ENL often pose a therapeutic challenge.
We investigated the effect of prednisolone treatment on the inflammatory cytokines TNF,
IFN-y, IL-1p, IL-6, and IL-17 and the regulatory cytokines IL-10 and TGF-p in the skin lesion
and blood of patients with ENL and compared with non-reactional LL patient controls.
A case—control study was employed to recruit 30 patients with ENL and 30 non-reactional LL
patient controls at ALERT Hospital, Ethiopia. Blood and skin biopsy samples were obtained
from each patient before and after prednisolone treatment. Peripheral blood mononuclear
cells from patients with ENL cases and LL controls were cultured with M. leprae whole-cell
sonicates (MLWCS), phytohemagglutinin or no stimulation for 6 days. The supernatants were
assessed with the enzyme-linked immunosorbent assay for inflammatory and regulatory
cytokines. For cytokine gene expression, mRNA was isolated from whole blood and skin
lesions and then reverse transcribed into cDNA. The mRNA gene expression was quantified
on a Light Cycler using real-time PCR assays specific to TNF, IFN-y, IL-p, TGF-f, IL-17A,
IL-6, IL-8, and IL-10. The ex vivo production of the cytokines: TNF, IFN-y, IL-1p, and IL-17A
was significantly increased in untreated patients with ENL. However, IL-10 production was
significantly lower in untreated patients with ENL and significantly increased after treatment.
The ex vivo production of IL-6 and IL-8 in patients with ENL did not show statistically
significant differences before and after prednisolone treatment. The mMRNA expression in
blood and skin lesion for TNF, IFN-y, IL-1p, IL-6, and IL-17A significantly reduced in patients
with ENL after treatment, while mRNA expression for IL-10 and TGF-f was significantly
increased both in blood and skin lesion after treatment. This is the first study examining the
effect of prednisolone on the kinetics of inflammatory and regulatory cytokines in patients
with ENL reactions before and after prednisolone treatment. Our findings suggest that pred-
nisolone modulates the pro-inflammatory cytokines studied here either directly or through
suppression of the immune cells producing these inflammatory cytokines.
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INTRODUCTION

Leprosy is a chronic disease caused by Mycobacterium leprae,
an acid-fast bacillus whose clinical spectrum correlates with the
host immune response. It mainly infects the skin and peripheral
nerves. There are five-clinical forms of leprosy called spectrum
with the localized tuberculoid leprosy (TT) and the generalized
lepromatous leprosy (LL) forming the two poles of the spectrum
(1). Erythema nodosum leprosum (ENL) is an immune-mediated
inflammatory complication causing high morbidity in affected
leprosy patients (2). The clinical manifestation of ENL includes
tender erythematous crops of skin lesions and systemic features
of disease including fever, neuritis and bone pain (3). ENL occurs
mainly in patients with LL and borderline lepromatous (BL) lep-
rosy before, during, or after successful completion of multidrug
treatment (MDT) (4).

Erythema nodosum leprosum reaction is associated report-
edly with changes in cytokine profiles (5, 6). Cytokines are low
molecular weight soluble proteins which mediate the cross-talk
between the different cells of the immune system. They play a
central role in the recruitment of the immune cells, the clonal
development of the lymphocytes, the innate immune response
and the effector response of most immune cells. These complex
regulatory networks of cytokines often determine the clinical
course of infections and the outcome (7).

In leprosy, cytokine research focused mainly on the associa-
tion of different cytokine profile with the spectrum of the disease
specifically with the Th1-Th2 cytokine profiles (5, 8, 9). The
immune response to M. leprae in tuberculoid (TT) patients is
associated with Thl cytokines (IFN-y and TNF) whereas LL
patients are characterized by Th2 (IL-4, IL-5) cytokines pro-
duction (6, 10-15). However, recent studies have shown that a
distinct cytokine profile associated with a specific clinical form
and reactions has not been attained (16-18).

The immune response to M. leprae is cytokine mediated,
whereas the involvement of cytokines in ENL reaction is less
understood. Literature reveals controversial results on the
cytokines profile which are involved in ENL reaction. The pres-
ence of both Th1- and Th2-type cytokines in ENL lesions as well
as in the sera of ENL patients has been reported by some authors
(19-21). However, others reported that only Thl cytokines are
involved in the pathogenesis of ENL (6, 19, 22, 23). Yet other
authors suggested that there is no clear association of either Thl
or Th2 cytokine secretion profile in leprosy patients with ENL
reactions compared to non-reactional LL patients (8). In addition
to the Th1- and Th2-driven cytokines, IL-17 has been identified
as a new subset of cytokine recently reported associated with ENL
reactions (24-26).

Erythema nodosum leprosum reaction is treated with pred-
nisolone or with thalidomide. Thalidomide is not available in
most leprosy endemic countries such as Ethiopia due to its
severe side effects. Prednisolone is an immunosuppressor drug
used for the treatment of chronic inflammatory diseases. The
anti-inflammatory role of prednisolone is mainly due to its abil-
ity to suppress or inhibit the activation of transcription factors
NF-kp (27). NF-kP regulates genes encoding for IL-1p, TNE
IL-2, and inducible nitric oxide synthase (28, 29). In leprosy

reactions, although the results are conflicting, treatment of ENL
with prednisolone has been correlated with downregulation of
inflammatory cytokines, such as IL-1p, TNE IFN-y, and IL-17
(20,22, 30). On the other hand, other studies reported the selec-
tive downregulation of regulatory cytokines after prednisolone
treatment (6, 31).

Although oral prednisolone is widely used for treatment of
ENL, clinical improvement varies in which more than 40% of
cases do not show clinical improvement (32). High recurrent
episodes and flare-ups are common in these patients. However,
there is little good in vivo data as to the effect of prednisolone
treatment on the pro-inflammatory cytokines. As a result, treat-
ment and management of reactional and post-reactional episodes
of ENL often pose a therapeutic challenge to leprologists.

We investigated the effect of prednisolone treatment on the
inflammatory cytokines TNF, IFN-y, IL-1p, IL-6, and IL-17 and
the regulatory cytokines IL-10 and TGF-p in the skin lesion and
blood of patients with ENL and compared with non-reactional
LL patient controls. Our aim was to compare events at the local
site of infection (i.e., the skin lesion) and the systemic effects
of the prednisolone on the cytokine production and their gene
expression before, during, and after treatment. LL patients with-
out reactions were included as controls. We hypothesized that
prednisolone treatment would downregulate the inflammatory
cytokines and upregulate regulatory cytokines both locally in the
skin and systemically in the blood and hence establish cytokine
homeostasis.

MATERIALS AND METHODS
Study Design

A case—control study with follow-up for 28 weeks after the ini-
tiation of prednisolone treatment was used to recruit 30 patients
with ENL reaction and 30 non-reactional LL patient controls
between December 2014 and January 2016 at ALERT hospital,
Ethiopia.

Ethical Considerations

Informed written consent for blood and skin lesion biopsies were
obtained from patients following approval of the study by the
Institutional Ethical Committee of London School of Hygiene
and Tropical Medicine, UK (#6391), AHRI/ALERT Ethics Review
Committee, Ethiopia (P032/12) and the National Research Ethics
Review Committee, Ethiopia (#310/450/06). All patient data were
analyzed and reported anonymously.

Patient Recruitment

Leprosy patients were recruited at ALERT Hospital, Addis Ababa,
Ethiopia. The patients were classified clinically and histologi-
cally on the leprosy spectrum based on the Ridley-Jopling (R])
classification schemes (1). ENL was clinically diagnosed when a
patient with BL or LL leprosy had painful crops of tender cutane-
ous erythematous skin lesions (3). New ENL was defined as the
occurrence of ENL for the first time in a patient with LL or BL. LL
was clinically diagnosed when a patient had widely disseminated
nodular lesions with ill-defined borders and BI above 2 (2).
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Patients with ENL were treated according to the World Health
Organization (WHO) treatment guideline with steroids that
initially consisted of 40 mg oral prednisolone daily and the dose
was tapered by 5 mg every fortnight for 24 weeks. All patients
were received WHO-recommended leprosy MDT.

Blood and Skin Lesion Biopsy Samples
Twenty microliters of venous blood were collected into sterile
BD Heparinized Vacutainer® tubes (BD, Franklin, Lakes, NJ,
USA) before treatment, during treatment on week 12, and
after treatment on week 24 from each patient and used for
peripheral blood mononuclear cell (PBMC) isolation. In addi-
tion, 2 mL of blood was collected into PAXgene® Blood RNA
Tubes (PreAnalytix, GmbH, Switzerland) before, during, and
after prednisolone treatment for mRNA isolation and stored
at —80°C. Six-millimeter punch biopsy was taken from each
patient before and after prednisolone treatment into a Nunc®
tube containing 1 mL RNAlater® solution (Thermo-Fisher
Scientific) and was kept at —20°C for 48 h and then transferred
to —80°C freezer. ENL and LL lesions for biopsy sample were
identified and marked by a dermatologist and then biopsy
samples were taken from the marked area by trained research
nurses under supervision.

PBMC Isolation, Storage, and Thawing
Peripheral blood mononuclear cells were separated by density
gradient centrifugation at 800 X g for 25 min on Ficoll-Hypaque
(Histopaque, Sigma Aldrich, UK) as described earlier (33, 34).
Cells were washed three times in sterile 1X phosphate-buffered
saline (Sigma Aldrich®, UK) and re-suspended with 1 mL
of Roswell Park Memorial Institute (RPMI medium 1640
(1x) + GlutaMAX™ + Pen-Strip GBICO™, Life technologies™,
UK). Cell viability was determined by 0.4% sterile Trypan Blue
solution (Sigma Aldrich®, UK), the viability was between 94 and
98%. PBMC freezing was performed using a cold freshly prepared
freezing medium composed of 20% fetal bovine serum (FBS, heat
inactivated, endotoxin tested <5 EU/ml, GIBCO® Life technolo-
gies, UK), 20% dimethyl sulfoxide in RPMI medium 1640 (1x).
Cells were kept at —80°C for 2-3 days and transferred to liquid
nitrogen until use. Cell thawing was done as described (35). The
procedure is briefly described as follows: cells were incubated in a
water bath (37°C) for 30 s until thawed half way and re-suspended
in 10% FBS in RPMI medium 1640 (1x) (37°C) containing
1/10,000 benzonase until completely thawed, washed two times
(5 min each), and counted. The percentage viability obtained was
above 90%.

PBMC Stimulation with M. leprae

Whole-Cell Sonicate (WCS)

Total PBMCs (200,000 cells/well) were added in triplicate into
96-well U-bottom tissue culture plates and cultured with 10 mg/mL
irradiated armadillo-derived M. leprae WCS (kindly sup-
plied by Dr. J. S. Spencer through the NIH/NIAID “Leprosy
Research Support” Contract NO1 AI-25469 from Colorado State
University), 1 mg/mL phytohemagglutinin or AIM-V medium at
37°C with 5% CO, and 70% humidity. After 6 days, supernatants

were collected and kept frozen until used in enzyme-linked
immunosorbent assay (ELISA).

Cytokine Measurement by ELISA

Supernatants were tested for cytokines using a Ready-Set-Go! ®
Sandwich ELISA. Capture and biotinylated detection antibod-
ies directed against IFN-y, TNE IL-1p, IL-6, IL-10, IL-10, and
IL-17A were purchased from eBioscience (Affymetrix, eBiosci-
ence, UK). A 96-well flat-bottom Nunc MaxiSorp® ELISA plates
(Affymetrix, eBioscience, UK) were used. Standards for each
cytokines were prepared by serial dilution as recommended
by the supplier (Affymetrix, eBioscience, UK). Detection was
performed with avidin-horseradish peroxidase (Avidin-HRP)
conjugated with tetramethylbenzidine following the supplier’s
procedure (Affymetrix, eBioscience, UK). For all plates, the
optical density (OD) at 450 nm was measured using an ELISA
plate reader (Microplate reader; Bio-Rad, Richmond, CA, USA).
A curve fit was applied to each standard curve according to the
manufacturer’s manual. Sample concentrations were interpolated
from these standard curves. The assays were sensitive to over
concentration ranges from 2 to 200 pg/mL for IL-6 and IL-17A,
from 2 to 250 pg/mL for IL-8, from 2 to 300 pg/mL for IL-10, and
from 4 to 500 pg/mL for TNE IFN-y, and IL-1p.

RNA Isolation and Reverse Transcription
Isolation of RNA from whole blood and skin lesion biopsies
stored in RNAlater™ (Ambion, Austin, TX, USA) was performed
using PAXgene Blood RNA Kit and RNeasy Fibrous Tissue Kit
(QIAGEN Crawley, West Sussex, United Kingdom), respectively,
according to the manufacturer’s protocol. DNase I (QIAGEN)
was included for all RNA preparations for DNA digestion. RNA
yield was determined using a NanoDrop 2000, spectrophotom-
eter (Thermo Scientific, Epsom, UK) and integrity was checked
by agarose gel electrophoresis. For all samples, complementary
DNA (cDNA was synthesized on the same day to avoid the risk of
RNA degrades during storage). cDNA was synthesized from RNA
(200 ng/reaction mixture) using High Capacity cDNA Reverse
Transcriptase Kit (AB Applied Biosystems, UK). Reactions were
incubated in an ABI9700 Programmable Thermal Cycler (Applied
Biosystems, Foster City, CA, USA) for 10 min at 25°C followed
by 120 min at 37°C and 5 min at 85°C and then cooling to 4°C.

Primers and Quantitative Polymerase
Chain Reaction

Primers between 20 and 24 nt in length were designed across
intron/exon boundaries on mRNA sequence obtained from the
Nation Centre for Biotechnology Information database (NCBI)
to give a product between 100-500 bp. All primer sequences were
blasted on the NCBI data bank to confirm their specificity. Custom
synthesis of oligonucleotide primers was performed by Sigma-life
science and provided in desalted form. The nucleotide sequences
of the forward and reverse primers, respectively, used in this study
wereas follows: for IL-10,5'-TGAGAACCAAGACCCAGACA-3’
and 5'-TCATGGCTTTGTAGATGCCT-3'; for TNE, 5'-AGCC
CATGTTGTAGCAAACC-3" and 5'-GCTGGTTATCTCTCAG
CTCCA-3'; for IL-17A, 5'-AGACCTCATTGGTGTCACTGC-3’
and 5’-CTCTCAGGGTCCTCATTG CG-3';for1l-6,5'-TTCGGT
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CCAGTTGCCTTCTC-3" and 5'-TACATGTCTCCTTTCTCA
GGGC-3'; or IL-1p, 5'-AGCCCCAGCCAACTCAATTC-3" and
5'-CATGGAGAACAC CACTTGTTGC-3'; for IFN-y: 5'-GGC
TTTTCAGCTCTGCATCG-3" and 5'-TCTGTCAC TCTCCTC
TTTCCA-3'; for IL-8: 5'-ACCGGAAGGAACCATCTCAC-3' and
5'- AAAC TGCACCTTCACACAGAG-3'; for TGF-p: 5'-ACAT
CAACGCAGGGTTCACT-3" and 5'- GAAGTTGGCATGGTAG
CCC-3’; for human acidic ribosomal protein (HuPO) house-
keeping gene: 5'-GGACTCGTTTGTACCCGTTG-3" and 5'-GG
ACTCGTTTGTA CC CG TTG-3".

Real-time quantitative PCR for all genes was performed on the
Rotor-Gene™ 3000 programmable thermal cycler (Corbett Life
Science, Qiagen, Crawley, UK) using Roter-gene® SYBR® Green
PCR Kit (Qiagen, Crawley, UK). The Rotor-Gene conditions were
set as follows: Initial activation step (polymerase activation) was
achieved by incubating at 95°C for 15 min, 40 cycles of denatura-
tion at 95°C for 5 s, annealing at 60°C for 10 s, extension at 72°C
for 20 s, and fluorescence acquisition for 5 s at 72°C. The primer-
dimer formation was checked by melting curve analysis. Melting
point data were obtained by increasing the temperature from 50°C
to 99°C by 1°C on each step. The interval between increases in
temperature was 30 s for the first step and then 5 s for subsequent
steps. An assay control was included from mRNA extraction to
the amplification steps. For mRNA extraction, one assay control
per batch was used. The assay control included all buffers except
the sample and was processed under identical conditions with the

samples. The same assay control was used during cDNA synthesis
and real-time quantitative PCR (Figure 1).

Statistical Methods

ELISA Data

The OD of each sample for each cytokine was obtained by the
ELISA reader. The OD was converted to concentration (pg/mL)
by microplate manager 6. Unpaired t-test was used to compare
the relative concentration of the cytokines production in patients
with ENL and LL controls. For comparing the cytokine concentra-
tion in patients with ENL before and after treatment, paired t-test
was used. Results are presented as mean + SEM with P-values
with a cut-off 0.05. SE was chosen since the primary objective of
the study was to measure how the mean of the sample is related to
the mean of the underlying population. SE takes SD and sample
size into account.

Real-time Quantitative PCR

Real-time quantitative PCR for the mRNA gene expression of
target genes, the relative threshold cycle value (Cr) comparison
method was used. The relative gene expression was analyzed by
using the 2724 T method (36). The Cr value is the threshold num-
ber for the amplification of the target gene. Cikos et al. compared
the six different methods currently used for real-time PCR data
analysis and has shown that the best results were obtained with
the relative standard curve (ACr) method and the least coefficient
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FIGURE 1 | PCR optimization: (A) the optimization threshold of housekeeping gene (HuPO) and TNF-q; (B) the optimization cycle threshold for IL-1p, IL-10, and
IL-17A,; (C) the cycle threshold of housekeeping gene for multiple samples; and (D) the melt curve analysis. The peak curve indicates the primer amplified the same
region of all samples and primer-dimer is not detected as there is only one such peak.
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of variation (ACV). The Cr values were obtained for the target
gene and control gene (HuPO) for each patient sample at each
time point. Then, the difference in Cr value was obtained by sub-
tracting the Cr of the target gene from the Cr of the control gene
and designated as ACr. To compare the target gene expression
in patients with ENL and LL controls, AACr was obtained by
subtracting the ACr of LL patient control from the ACy of the
patient with ENL. Then, the fold change was obtained by using
the formula 2724 ©T. similarly, for the comparison of the relative
target gene expression in patients with ENL before and after treat-
ment, AACr was obtained by ACr (after) minus ACr (before).
Then the fold change for target gene expression from the baseline
(before treatment) was given by 2744 T, Unpaired ¢-test was used
to compare the fold change of each target gene for patients with
ENL compared to LL patient controls. To compare the expression
level of the desired gene in patients with ENL before and after
treatment, paired f-test was used.

RESULTS

Results are presented in two sections. First, we presented the
results of cytokine production and then followed by the gene
expressions. Within each section, we presented first the com-
parisons made between ENL and LL controls and then followed
by the comparisons made within ENL patients at different time
points.

Patient Clinical Background

Thirty LL patients with ENL reaction and 30 LL patient controls
without ENL reaction were recruited between December 2014
and January 2016. The male to female ratio was 2:1 with a median
age of 27.5 (range: 18-56) years in patients with ENL and 3:1
with a median age of 25.0 (range: 18-60) years in patients with
non-reactional LL controls. All ENL patients were untreated
with corticosteroid before recruitment. At time of recruitment,
10 ENL patients were previously untreated with MDT, 15 are on
MDT and 5 were completed MDT treatment. Twenty-one LL
patients were about to start MDT, 9 were on MDT at recruitment.

Increased In Vitro Inflammatory Cytokine
Production in Untreated ENL Patients

Compared to LL Controls
The mean production of TNF in response to M. leprae WCS
stimulation was significantly higher (83.6.4 + 18.82 pg/mL) in
the culture supernatants of PBMCs from untreated ENL patients
than from LL patient controls (19.4 pg/mL + 10.44) (P < 0.05).
During treatment, the level of TNF production decreased to
10.7 pg/mL in patients with ENL while it was increased to 36.
9 pg/mL in LL patient controls. After treatment, TNF production
was not significantly different between the two groups (Figure 2).
Patients with ENL reactions had a significantly higher (1361 pg/mL
+ 309.6) IFN-y production than the LL patient controls
(280.1 pg/mL =+ 269.80) before treatment (P < 0.05). However,
during treatment, the level of IFN-y production was significantly
decreased in patients with ENL to 304.4 pg/mL + 119.6 while
it was increased in LL patient controls to 1158.0 pg/mL + 549.2

(P < 0.05). The level of IFN-y production was not significantly
different in both groups after treatment (Figure 2).

Although the amount of IL-1p production was similar in
patients with ENL and LL controls before and during treatment,
patients with ENL had much lower production of IL-1f than LL
patient controls after treatment (P < 0.05). Higher production
of IL-17A was obtained in patients with ENL cases compared to
LL patient controls before treatment (P < 0.005). Although the
in vitro production of IL-17A was considerably decreased after
treatment in patients with ENL, it still remained higher than in
LL patient controls (P < 0.05) (Figure 2).

The in vitro response of IL-6 production was higher in patients
with ENL than in LL controls before treatment (P < 0.005).
However, during and after treatment, the in vitro IL-6 production
was not significantly different in both groups. On the other hand,
the level of IL-8 production was found to be higher in patients
with ENL than in LL controls throughout the study period
(P <£0.05) (Figure 2).

The IL-10 production was considerably lower in patients with
ENL (18.59 pg/mL + 4.05) than in LL patient controls (122.6 pg/mL
+ 23.18) before treatment (P < 0.0001). Interestingly, after
treatment, the level of IL-10 production was significantly
increased to 87.78 pg/mL =+ 22.49 in patients with ENL while
it was substantially decreased to 4.91 pg/mL + 2.160 in LL
patient controls and the difference was statistically significant
(P <£0.001) (Figure 2).

In conclusion, the in vitro production of the cytokines TNE,
IFN-y, IL-17A, IL-6, and IL-8 were higher in patients with ENL
than in LL patient controls before treatment while IL-10 was sig-
nificantly lower in patients with ENL than in LL patient controls
at recruitment.

A receiver operator characteristic (ROC) curve plot for the
accuracy of a single cytokine to discriminate between patients
with ENL and LL controls was produced. The most accurate
cytokines that differentiate between patients with ENL and LL
controls were as follows: TNF, IL-6, IL-17A, IL-1p, IL-8, IFN-y,
and IL-10 with the corresponding of area under the curves
(AUC:s) of 0.779, 0.763, 0.745, 0.695, 0.667, 0.557, and 0.710,
respectively (Figure 3).

Principal Component Analysis

Principal component analysis with varimax rotation was con-
ducted to assess the cytokine variables in order to summarize
them by reducing the dimension of the dataset into principal
components (Figure 4A). A loading score statistic was used to
select the principal components most associated with the out-
come variable (ENL). The assumption of independent sampling
was met. The assumptions of normality, linear relationships
between pairs of variables, and the variables being correlated at a
moderate level were checked.

The component plot in rotated space (Figure 4B) shows how
closely related the cytokines are to each other and to the two
components. This plot of the component loadings shows that
IL-6, IL-1P, and IL-8 all load highly and positively on the first
component. IL-10 and TNF had near zero on the first compo-
nent, but load highly on the second component. IL-17A loads
moderately on the first component while IFN-y loads moderately
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on component 2. The cytokine levels of IL-6, IL-1p, IL-8, and
IL-17 loaded together on the first component with loading coef-
ficient of 0.860, 0.776, 0.704, and 0.472, respectively, explaining
42.274% of the total variation in the cytokine study. Component
2 is determined by three cytokines: IL-10, TNFE, and IFN-y with
component loading coeflicient of 0.899, 0.906, 0.120, respectively,
and explaining 20.714% of the variation.

Decreased In Vitro Inflammatory Cytokine
Production in ENL Patients after

Prednisolone Treatment
The levels of IFN-vy, IL-17A, TNE, IL-6, IL-8, II-1f, and IL-10
production in response to M. leprae WCS before, during, and
after treatment were compared within ENL. The in vitro TNF
production in response to M. leprae WCS stimulation was
considerably higher (83.6 pg/mL + 18.82) before treatment
than during treatment (10.7 pg/mL + 2.79) (P < 0.001). After
treatment, it was slightly increased to 25.4 pg/mL + 8.88 than
during treatment but was still lower than the amount obtained
before treatment (P < 0.005). Likewise, the in vitro produc-
tion of IFN-vy in response to M. leprae WCS was considerably
higher before treatment (1361.0 pg/mL + 309.6) than during
treatment (304.4 pg/mL + 119.6) (P < 0.05) and after treatment
(328.2 pg/mL + 190.3) (P < 0.05) (Figure 5).

The level of IL-1p and IL-17A production were also found to
be higher before treatment than during and after prednisolone

treatment of patients with ENL. Although IL-6 production was
appreciably decreased during treatment, it was increased after
treatment and statistically a significant difference was not revealed
before or after treatment. Unlike IL-6, IL-8 production did not
show any significant change before, during and after treatment
(Figure 5). On the other hand, the level of IL-10 production was
very low before and during treatment but substantially increased
after treatment (Figure 5).

In summary, the in vitro production of IFN-y, IL-17A, TNE,
and IL-1P to M. leprae WCS stimulation were higher before
prednisolone treatment and have shown a significant reduction
after treatment indicating the possible association of these pro-
inflammatory cytokines and ENL reaction. On the other hand, the
in vitro production of IL-10 was noticeably low before treatment
and significantly increased after treatment showing its possible
regulatory activity. IL-6 and IL-8 did not show significant change
before and after treatment of patients with ENL.

Inflammatory Cytokines Gene Expression
Upregulated in the Peripheral Blood

of Untreated ENL Patients Compared

to LL Controls

To investigate the cytokine gene expression in blood and skin
biopsies, a fold change (FC) was used to compare the levels of
these gene expressions in patients with ENL and LL controls as
well as among patients with ENL before and after treatment.
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The gene expression levels of TNF (FC = 3.31), IFN-y
(FC = 2.42), IL-6 (FC = 6.01), IL-8 (FC = 3.19), and IL-17A
(FC = 3.58) were significantly increased in the blood samples
from patients with ENL compared to LL patient controls
before treatment (P < 0.05). However, after treatment, the gene
expression levels of these cytokines did not reveal statistically
a significant difference between ENL patients and LL controls
(Table 1).

Although, the fold changes (FC) of mRNA gene expression for
IL-1p and TGF-p were slightly increased before treatment in the
blood samples from patients with ENL compared to LL patient
controls, statistically a significant difference was not revealed.
On the other hand, the mRNA gene expression for TGF-f was
increased (FC = 4.82) in patients with ENL compared to LL
patient controls after treatment (P < 0.05). The level of IL-10 gene
expression was not significantly different in the two groups before
and after treatment (Table 1).

Except IL-10, the result of mRNA gene expression of the other
cytokines (TNE, IFN-y, IL-B, TGF-p, IL-17A, IL-6, and IL-8)
was found to be consistent with the result of the corresponding
in vitro cytokine production. Unlike the IL-10 cytokine produc-
tion in the culture supernatants in response to M. leprae WCS, its
gene expression in patients with ENL did not reveal statistically
significant difference compared to LL patient controls.

Comparison of Cytokine Gene Expression
in Skin Biopsy Samples from Patients with

ENL and LL Controls

The expression of mRNA in skin biopsies for TNF (FC = 2.04),
IFN-y (FC = 4.01), IL-1p (FC = 6.35), IL-6 (FC = 5.30), and
IL-17A (FC = 2.99) were significantly higher (P < 0.005) in
the biopsies from patients with ENL than in the biopsies from
LL patient controls before treatment. However, except IL-6
(FC = 2.07, P < 0.05), statistically, a significant difference was
not obtained in mRNA gene expression for these cytokines in
patients with ENL and LL controls after treatment. The mRNA
expression for IL-10 was significantly lower (FC = 0.38) in
patients with ENL than in LL patient controls (P < 0.0001)
before treatment but significantly increased after treatment in

TABLE 1 | Cytokine mRNA expression in the blood samples from patients with
erythema nodosum leprosum and lepromatous leprosy controls before and after
treatment.

Gene of interest Before treatment After treatment

patients with ENL (FC = 3.5) compared to LL patient controls
and the difference was statistically significant (P < 0.0001). The
mRNA expression for TGF-f and IL-8 in patients with ENL and
LL controls did not show statistically significant difference after
treatment (Table 2).

Except for IL-1f and IL-10, the mRNA expression levels for
most of these cytokines showed similar pattern both in blood
and biopsy samples. Unlike in blood samples, the mRNA gene
expression for IL-1p was significantly higher in the skin biopsies
of untreated ENL patients than in LL patient controls. On the
other hand, the gene mRNA expression for IL-10 was signifi-
cantly lower in the biopsies of untreated ENL than in LL controls
(Table 2).

The Kinetics of Cytokines Gene
Expression in the Blood Samples within
ENL Patient Group before and after

Treatment
The gene expression of the cytokines was also investigated in
blood samples from patients within ENL group before and after
treatment. The AACr of each pair was obtained by subtracting
the AACr before treatment from AAC after treatment (AACr afier
— AACr before)-

The mRNA expression for IL-8 and TGF-§ did not show a
statistically significant difference before and after treatment. On

TABLE 2 | Cytokine mRNA expression in the skin biopsy samples from patients
with erythema nodosum leprosum and lepromatous leprosy controls before and
after treatment.

Gene of interest Before treatment After treatment
AAC: FC P-value AAC: FC  P-value
TNF -1.03 2.04 0.0033* -0.09 1.07 0.89
IFN-y -2.01  4.01 0.0058* -0.32 1.25 0.5224
IL-1p -2.67 6.35 0.0006* -0.24 1.18 0.7333
IL-6 -2.41 5.30 0.0015* -1.05 2.07 0.0438*
IL-8 -0.12  1.09 0.8465 -0.71 164 0.2333
IL-10 141 038 <0.0001* -1.81 350 <0.0001*
IL-17A -1.58 2.99 0.0035* -0.13 1.10  0.281
TGF-p 031 038 0.4876 -0.63 1.55 0.3598

Statistical test: unpaired t-test, « = 0.05. AACr = delta delta Cy, FC = fold change,
* = significant at a = 0.05.

TABLE 3 | Cytokine mRNA expression in the blood samples from erythema
nodosum leprosum before and after treatment.

Cytokine AACy FC P-value Gene expression
AAC+ FC P-value AAC+ FC  P-value after treatment

TNF -1.783  3.31 0.0047* 0.00 1.00  0.9989 TNF 1.19 0.44 0.0497* Decreased
IFN-y -1.27 242 0.0044* 0.08 0.95 0.8804 IFN-y 1.61 0.33 <0.0001* Decreased
IL-1B -1.23 234 0.1085 -0.24 118 0.7333 IL-1p 1.56 0.34 0.0043* Decreased
IL-6 -2.59  6.01 0.0003* -099 199 0.1167 IL-6 1.60 0.33 <0.0001* Decreased
IL-8 -1.68 3.19 <0.0001* —-0.81 1.75  0.243 IL-8 0.48 0.72 0.0790 No change
IL-10 0.83  0.56 0.1552 0.28 0.82 0.5882 IL-10 -1.32 2.50 <0.0001* Increased

IL-17A -1.84 3.58 0.0002* 112 046  0.0502 IL-17A 2.34 0.20 <0.0001* Decreased
TGF-p -0.07 1.05 0.8724 —-2.27 4.82 0.0119* TGF-p 0.24 0.85 0.7160 No change

Statistical test: unpaired t-test, a = 0.05, AACr = delta delta Cy, FC = fold change,
* = significant at o = 0.05.

Statistical test: paired t-test, a = 0.05. AACr = delta delta Cy; FC = fold change;
* = significant at « = 0.05.
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the other hand, the gene expression levels of IFN-y (P < 0.0001),
IL-6 (P < 0.0001), IL-1p (P < 0.005), and TNF (P < 0.05) were
significantly decreased in the blood samples from patients with
ENL after treatment while it was significantly increased for IL-10
(P <£0.0001) (Table 3).

The Kinetics of Cytokines Gene
Expression in the Skin Biopsy Samples
within ENL Patient Group before and

after Treatment

The mRNA expression in biopsy samples for TNF (P < 0.0001),
IFN-y (P < 0.0001), IL-1B (P < 0.0005), and IL-17A (P < 0.0204)
were significantly decreased after prednisolone treatment. On the
other hand, mRNA expression level for IL-10 was considerably
increased after treatment (P < 0.0001). The mRNA expression
for IL-6, IL-8, and TGF-f did not show statistically a significant
difference before and after treatment (Table 4).

DISCUSSION

The in vitro cytokine response of PBMCs from patients with ENL
and LL controls to M. leprae antigen and its gene expression in
blood and skin biopsy samples were compared before, during,
and after treatment. Some of the key findings are discussed in the
following paragraphs.

The analysis of ROC curve has shown that none of these
cytokines are good enough to discriminate ENL from non-
reactional LL patient controls. This indicates that multiple cytokines
are involved in the pathogenesis of ENL. Among the studied
cytokines TNF, IL-6, and IL-7A seem more powerful to discrimi-
nate ENL from LL although the discriminating power for these
cytokines is less than 80%.

TNF

The in vitro response of TNF to M. leprae whole-cell sonicates
(MLWCS) in the PBMCs from patients with ENL and LL controls
was investigated before and after treatment. The mean production
of TNF in response to M. leprae antigen stimulation was signifi-
cantly higher (83.6.4 + 18.8, SE pg/mL) in the culture superna-
tants of PBMCs from patients with ENL than from LL patient
controls (19.4 pg/mL + 10.44) before treatment. However, TNF

TABLE 4 | Cytokine mRNA expression in skin biopsy samples from patients with
erythema nodosum leprosum before and after treatment.

Cytokine AACt FC P-value Gene expression
after treatment

TNF 2.34 0.2 <0.0001* Decreased

IFN-y 3.03 0.12 <0.0001* Decreased

IL-1p 2.39 0.19 0.0005* Decreased

IL-6 0.31 0.81 0.6451 No change

IL-8 0.16 0.90 0.7617 No change

IL-10 -1.51 2.85 <0.0001* Increased

IL-17A 1.01 0.5 0.0204* Decreased

TGF-p 0.09 0.94 0.8337 No change

Statistical test: paired t-test, a = 0.05. AACy = delta delta C;, FC = fold change,
* = significant at a = 0.05.

production was not significantly different in these groups after
treatment. Similar findings have been reported by several studies
(5,37, 38). On the other hand, the detection of TNF in plasma or
serum samples from patients with ENL has not been consistently
reported. Some authors did not find a significant difference in
patients with ENL and LL controls (39, 40). Others reported that
increased TNF production occurred during corticosteroid treat-
ment and decreased after treatment (9, 41-43). Interestingly, an
upregulation of TNF production after thalidomide treatment of
patients with ENL was also reported (41). These authors justified
the increasing production of TNF during thalidomide treatment
as an indication of immune stimulation. However, thalidomide
and prednisolone may have different effect on the TNE The vari-
ation of the results in various studies can be attributed to several
factors such as experimental design, sample size, ENL definition,
assay sensitivity, and assay methods.

In our study, the mRNA gene expression for TNF in blood
and skin biopsies from patients with ENL was significantly
upregulated compared to in LL controls before treatment. After
treatment, the level of gene expression for TNF in blood and
skin biopsy samples from patients with ENL was significantly
decreased. Similar findings have been reported by previous
studies (5, 21, 22, 38). On the other hand, the absence of any
significant difference regarding the gene expression of TNF in
the skin biopsies from patients with ENL and LL controls was
also reported by Yamamura et al. (6).

Thus, our present kinetic study confirmed that TNF is cer-
tainly increased during ENL reactions in the same individual
both in vitro (following stimulation of the cells with MLWCS)
and in vivo (increased TNF gene expression in situ). TNF is a cell
signaling cytokine involved in systemic inflammation and it is
one of cytokines that contribute to the acute phase reaction (27).
However, excessive production of TNF can cause tissue injury.
Hence, our data imply that TNF is involved in the pathogenesis of
ENL and it may be of use for the diagnosis of ENL. Investigating
the sources of TNF (identifying the major immune cells produc-
ing TNF) in the pathogeneses of ENL may also be important to
explore alternative therapeutics in the future.

IFN-y
In the present study, the mean production of IFN-y in res-
ponse to M. leprae antigen stimulation was significantly
higher (1361 pg/mL =+ 309.6) in the culture supernatants of
PBMCs from patients with ENL than from LL patient controls
(280.1 pg/mL + 269.8) before treatment (P < 0.05). However,
IEN-y production was not significantly different in both groups
after treatment of ENL patients. Previous independent studies
have also reported an increasing in vitro production of IFN-y
in untreated patients with ENL to the response of M. leprae
stimulation (7, 19, 44). IFN-y mRNA gene expression in the
blood and skin biopsies from patients with ENL was signifi-
cantly upregulated compared to in LL patient controls before
prednisolone treatment. After treatment, the level of IFN-y
gene expression in the blood and skin biopsy samples from
patients with ENL was significantly decreased. Similar findings
have previously been reported by Iyer et al. (7) and Moraes
et al. (20).
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It should be noted that although fewer investigations have
focused thus far on the role of IFN-y, in contrast to the weight
given to TNE, the results are more consistent and indicate an
important role of IFN-y in the immunopathology and occurrence
of ENL. One earlier study has reported that administration of
recombinant IFN-y to patients with LL led to the development
of ENL reactions in 60% of the patients over a 6- to 7-month
period compared with an incidence of 15% per year with multiple
drug therapy alone (45). Previous studies have demonstrated that
monocyte/macrophage TNF-a production can be enhanced by
the synergistic effect of IFN-y (46). In addition, IFN-y priming
of peripheral blood monocytes from patients with leprosy has
been demonstrated to enhance TNF-a production, both in vivo
and in vitro (45). The mechanism by which IFN-y induces ENL
reactions in patients with leprosy is suggested to be through
priming of monocytes, resulting in enhanced TNF production
(47). IEN-y is a major macrophage activator and a known inducer
of macrophage TNE. It increases antigen presentation and lyso-
some activity of macrophages. However, over expression of INF-y
has been associated with the pathogenesis of a number of inflam-
matory and autoimmune diseases (48). The finding of increased
INF-y gene expression and production in untreated ENL patients
in our study underlines the strong association between INF-y
and ENL reaction. Hence, IFN-y is another candidate cytokine
which may help to search for alternative effective drug for ENL
treatment.

IL-6

In the present study, we found that the in vitro response of IL-6
production was substantially higher in patients with ENL than in
LL controls before treatment. IL-6 mRNA gene expression in the
blood and skin biopsy samples was also significantly upregulated
in patients with ENL than in LL controls. The in vitro produc-
tion and gene expression of this cytokine was decreased after
prednisolone treatment of patients with ENL and a significant
difference was not observed in the two groups after treatment.
However, its gene expression in the skin samples was not
appreciably decreased in patients with ENL after prednisolone
treatment. This suggests that although the systemic symptoms
of ENL subside after treatment, there could be an ongoing
immune response locally in the skin lesions which could take
a longer time to establish immune homeostasis. Similar find-
ings have been reported by several authors (6, 20, 30, 49). IL-6
is an interleukin that acts as both a pro-inflammatory and an
anti-inflammatory cytokine which is secreted by T cells and
macrophages (50). It is an important cytokine-mediating fever
and the acute phase response through its ability of crossing the
blood-brain barrier and initiating the synthesis of prostaglandin
E2 in the hypothalamus thereby changing the body’s temperature
set point (51). Hence, it is sensible to assume that higher levels
of IL-6 production could contribute to the development of ENL
reactions in non-reactional LL patients mainly owing to the
potent pro-inflammatory role of IL-6 and its capacity to stimu-
late antibody production. The increased production of IL-6 in
ENL reactions due to polymorphisms in the genes encoding the
cytokine has been suggested (52). Based on the multiple effects

of IL-6 on the control of innate and adaptive immune responses,
its potential contribution to the immunopathogenesis of ENL
reaction needs to be explored further.

IL-8

In this study, higher in vitro production of IL-8 to the response
of PBMC:s stimulation to M. leprae was obtained in patients with
ENL than in LL controls before, during, and after prednisolone
treatment. Unlike the other cytokines studied, IL-8 production
did not decrease during and after prednisolone treatment of
patients with ENL. The mRNA gene expression of IL-8 both in the
blood and skin biopsy samples was also significantly upregulated
in patients with ENL before, during, and after prednisolone treat-
ment. Few studies have investigated the role IL-8 from serum in
the immunopathogenesis of ENL by comparing its production
and gene expression. IL-8 mRNA upregulation in untreated
patients with ENL has been previously reported by some authors
(6) and its in vitro production (31) and both studies are in agree-
ment with our finding.

IL-8 (CXCLS8) is a chemokine produced mainly by macrophages
and plays a key role in inflammation in neutrophil recruitment
and inducer of phagocytosis. Studies have shown that anti-IL-8
treatment prevent neutrophil-dependent tissue damage as well
as neutrophil infiltration in several types of acute inflammatory
reactions, including lipopolysaccharide (LPS)-induced dermati-
tis, LPS/IL-1-induced arthritis and acute immune complex-type
glomerulonephritis (53).

Thus, the finding of increased IL-8 production as well as
IL-8 mRNA gene expression in the blood and skin lesions from
patients with ENL suggests a potential role for this chemokine in
the pathogenesis of ENL. Hence, exploring the potential role of
IL-8 in the immunopathogenesis of ENL may provide valuable
information in the diagnosis and treatment of ENL.

IL-17

The in vitro production of IL-17A in PBMC samples and IL-17
mRNA gene expression in the blood and skin biopsy samples
from patients with ENL was significantly increased before
treatment and decreased after prednisolone treatment. IL-17A
is the least studied cytokine in ENL reaction. Recently a cross-
sectional study has reported that increased IL-17A production to
M. leprae stimulation in ENL patients compared to non-reactional
LL patients (26). One study has reported the upregulation of
IL-17A before and after thalidomide treatment of ENL patients
(24). However, the effect of thalidomide on IL-17A expression
may be different from that of prednisolone. IL-17A is an immu-
noregulatory cytokine capable of promoting the generation of
pro-inflammatory cytokines and chemokines, which leads to the
attraction of neutrophils and macrophages to the inflammation
site (54). The finding of increased IL-17A production and its
mRNA gene expression in patients with ENL in the present study
shows the involvement of IL-17A in the pathogenesis of ENL
reaction. Hence, understanding the exact role of this cytokine
in ENL reaction will benefit the development of novel immune
modulators that reduce inflammation and thereby protect tissue
damage in patients with ENL.
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IL-10

The in vitro production of IL-10 in response to M. leprae stimula-
tion in the PBMCs of patients with ENL was significantly lower
than that in LL controls before treatment. After prednisolone
treatment of ENL patients, IL-10 production was significantly
increased and it was higher than the value obtained in LL
controls. The present result is in agreement with Sampaio et al.
(38). Although IL-10 mRNA gene expression in the blood
samples before and after treatment in patients with ENL and LL
controls did not reveal a statistically significantly different result,
the longitudinal comparison in patients with ENL has shown
significantly increased IL-10 mRNA gene expression after pred-
nisolone treatment similar to the in vitro IL-10 production. On
the other hand, unlike the blood samples, the gene expression in
skin biopsy samples was significantly decreased before treatment
in patients with ENL compared to LL controls and considerably
increased after prednisolone treatment. Therefore, it seems that
IL-10 regulates excess immune response locally in the skin than
systemically in the blood. Variable and inconstant reports have
been published on serum or plasma IL-10 production in patients
with ENL. Increased IL-10 production in patients with ENL has
been reported by some authors (9, 40). Other studies failed to
detect any differences in serum IL-10 between patients with ENL
and LL controls (7, 25, 43) or in IL-10 mRNA in biopsy skin
specimens (22).

IL-10 is a well-known cytokine involved in downregulating
macrophage functions. IL-10 has been shown to inhibit cytokine
synthesis by monocytes, namely TNF-«, IL-1, IL-6, IL-8, and
IL-12 (38). Thus, the finding of decreased IL-10 production as
well as IL-10 gene expression in untreated patients with ENL
reaction implies the loss of control over these pro-inflammatory
cytokines which exacerbates ENL reactions.

In conclusion, the in vitro production and gene expression of
the cytokines: TNE, IFN-y, IL-6, IL-8, and IL-17A were signifi-
cantly increased in untreated patients with ENL at recruitment.
However, IL-10 production and gene expression was significantly
lower in untreated ENL patients and significantly increased after
prednisolone treatment. This is the first study examining the
effect of prednisolone on the kinetics of inflammatory cytokines
in patients with ENL reactions before and after treatment.
Our findings suggest that prednisolone modulates the pro-
inflammatory cytokines studied here either directly or through
suppressing the immune cells producing these inflammatory
cytokines. This needs further confirmation through identification
of the immune cells producing these cytokines. Prednisolone
is extensively used for treatment of ENL reactions, but clinical
improvement varies, and a better understanding of the immunol-
ogy of ENL is required to improve treatment for these patients.
Although the immune response to M. leprae is cytokine mediated,
the involvement of cytokines in ENL reactions is less understood.
Our data clearly suggest that cytokines are involved in ENL
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reaction, yet the sources of these cytokines are unknown. If
prednisolone effectively switch off these inflammatory cytokines,
why some ENL patients do not show clinical improvement to
prednisolone treatment? Therefore, cytokines may not be the
only key players in the pathogenesis of ENL. There could be other
factors or modulators other than cytokines which take part in the
immunopathogenesis of ENL. These assumptions need to be fur-
ther investigated and we need to understand how prednisolone
works with cytokines which could lead us to better drugs that
effectively resolve inflammation more rapidly.

ETHICS STATEMENT

Informed written consent for blood samples were obtained from
patients following approval of the study by the Institutional Ethical
Committee of London School of Hygiene and Tropical Medicine,
UK (#6391), AHRI/ALERT, Ethiopia (P032/12) and the National
Research Ethics Review Committee, Ethiopia (#310/450/06). All
data have been analyzed and reported anonymously.

AUTHOR CONTRIBUTIONS

EN and DL formulated the study questions. EN, DL, HD, SW,
MA, and KB designed the study protocol. EN, BE, AT, YB, and KB
conducted the experiment. AA, HD, and DL supervised the study.
EN analyzed the data. All authors contributed to the interpreta-
tion of the data. EN drafted the manuscript. KB, SW, BE, MA, AT,
YB, AA, HD, and DL revised the manuscript. All authors read and
approved the final version for publication. All authors agreed to
be accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved.

ACKNOWLEDGMENTS

We would like to thank the participants who were volunteer to
donate blood sample and gave up their time to participate in
this study. We would like to thank in particular, the study nurses
Sr. Genet Amare and Sr. Haregewoin, study coordinator
Mr. Fikre Mekuria, our tracer, Mr. Yilma Tesfaye, the Red Medical
Clinic nurses. This study would have not been possible without
the administrative support of Susan Sheedy at LSHTM and the
AHRI staff. Mr. Dawit Bogale should receive our sincere thanks
for his fast and on time custom clearance of our reagents. Finally,
we would like to acknowledge Homes and Hospital of St. Gilles
for funding the project and Armauer Hansen Research Institute
for allowing us to use all laboratory facilities.

FUNDING

The study was funded by Homes and Hospital of St. Giles, UK.

based study. PLoS Negl Trop Dis (2014) 8(3):e2690. doi:10.1371/journal.pntd.
0002690

3. Pocaterra L, Jains S, Reddy R, Muzaffarullah S, Torres S, Suneetha S, et al.
Clinical course of erythema nodosum leprosum: an 11-year chohort study
in Hyderabad, India. Am ] Trop Med Hyg (2006) 74(5):868-79. d0i:10.4269/
ajtmh.2006.74.868

Frontiers in Immunology | www.frontiersin.org

February 2018 | Volume 9 | Article 189


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1371/journal.pntd.
0002690
https://doi.org/10.1371/journal.pntd.
0002690
https://doi.org/10.4269/ajtmh.2006.74.868
https://doi.org/10.4269/ajtmh.2006.74.868

Negera et al.

Cytokines in ENL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lockwood DN, Vinayakumar S, Stanley JN, McAdam KP, Colston M]J. Clinical
features and outcome of reversal (type 1) reactions in Hyderabad, India.
Int ] Lepr Other Mycobact Dis (1993) 61(1):8-15.
Barnes PE, Chatterjee D, Brennan PJ, Rea TH, Modlin RL. Tumor necrosis
factor production in patients with leprosy. Infect Immun (1992) 60(4):1441-6.
Yamamura M, Wang XH, Ohmen JD, Uyemura K, Rea TH, Bloom BR, et al.
Cytokine patterns of immunologically mediated tissue damage. ] Immunol
(1992) 149(4):1470-5.
Iyer A, Hatta M, Usman R, Luiten S, Oskam L, Faber W, et al. Serum levels of
interferon-g, tumour necrosis factor-a, soluble interleukin-6R and soluble cell
activation markers for monitoring response to treatment of leprosy reactions.
Clin Exp Immunol (2007) 150:210-6. doi:10.1111/j.1365-2249.2007.03485.x
Fink S, Finiasz MR, Valdez R, de la Barrera S, Sasiain MC. Evaluation of cyto-
kine production in leprosy patients. Medicina (1996) 56(6):705-8.
Moubasher AD, Kamel NA, Zedan H, Raheem DD. Cytokines in leprosy, I.
Serum cytokine profile in leprosy. Int ] Dermatol (1998) 37(10):733-40.
doi:10.1046/j.1365-4362.1998.00381.x
Longley ], Haregewoin A, Yemaneberhan T, Warndorff van Diepen T,
Nsibami J, Knowles D, et al. In vivo responses to Mycobacterium leprae:
antigen presentation, interleukin-2 production, and immune cell phenotypes
in naturally occurring leprosy lesions. Int ] Lepr Other Mycobact Dis (1985)
53(3):385-94.
Volc-Platzer B, Stemberger H, Luger T, Radaszkiewicz T, Wiedermann G.
Defective intralesional interferon-gamma activity in patients with leproma-
tous leprosy. Clin Exp Immunol (1988) 71(2):235-40.
Arnoldi J, Gerdes J, Flad HD. Immunohistologic assessment of cytokine
production of infiltrating cells in various forms of leprosy. Am J Pathol (1990)
137:749-53.
Cote-Sierra J, Foucras G, Guo T, Chiodetti L, Young AH, Hu-Li J, et al.
Interleukin 2 plays a central role in Th2 differentiation. PNAS (2004)
101(11):3880-5. doi:10.1073/pnas.0400339101
Ehlers S. Tumor necrosis factor and its blockade in granulomatous infections:
differential modes of action of infliximab and etanercept? Clin Infect Dis
(2005) 41(Suppl 3):5199-203. doi:10.1086/429998
Mohan KH, Pai S, Rao R, Sripathi H, Prabhu S. Thechniques of immuno-
fluorescence and thier siginificance. Indian ] Dermatol Venereol Lepr (2008)
74(4):415-9. doi:10.4103/0378-6323.42898
Misra N, Murtaza A, Walker B, Narayan NP, Misra RS, Ramesh V, et al.
Cytokine profile of circulating T cells of leprosy patients reflects both indis-
criminate and polarized T-helper subsets: T-helper phenotype is stable and
uninfluenced by related antigens of Mycobacterium leprae. Immunology (1995)
86(1):97-103.
Nath I, Vemuri N, Reddi AL, Jain S, Brooks P, Colston MJ, et al. The effect
of antigen presenting cells on the cytokine profiles of stable and reactional
lepromatous leprosy patients. Immunol Lett (2000) 75(1):69-76. doi:10.1016/
S0165-2478(00)00271-6
Nath I, Saini C, Valluri VL. Immunology of leprosy and diagnostic challenges.
Clin Dermatol (2015) 33(1):90-8. doi:10.1016/j.clindermatol.2014.07.005
Sreenivasan P, Misrat RS, Wilfred D, Nath I. Lepromatous leprosy patients
show T helper 1-like cytokine profile with differential expression of
interleukin-10 during type 1 and 2 reactions. Immunology (1998) 95:529-36.
doi:10.1046/j.1365-2567.1998.00634.x
Moraes MO, Sarno EN, Teles RMB, Almeida AS, Saraiva BCC, Nery JA, et al.
Anti-inflammatory drugs block cytokine mRNA accumulation in the skin and
improve the clinical condition of reactional leprosy patients. J Invest Dermatol
(2000) 115(6):935-41. doi:10.1046/j.1523-1747.2000.00158.x
Teles RM, Morae MO, Geraldo NTR, Salles AM, Sarno EN, Sampaio EP.
Differential TNFo mRNA regulation detected in the epidermis of leprosy
patients. Arch Dermatol Res (2002) 294(8):355-62. do0i:10.1007/s00403-
002-0340-0
Moraes MO, Sarno EN, Almeida AS, Saraiva BC, Nery JA, Martins RC, et al.
Cytokine mRNA expression in leprosy: a possible role for interferon-gamma
and interleukin-12 in reactions (RR and ENL). Cand ] Immunol (1999)
50(5):541-9. doi:10.1046/j.1365-3083.1999.00622.x
Nath I, Vemuri N, Reddi AL, Bharadwaj M, Brooks P, Colston M]J, et al.
Dysregulation of IL-4 expression in lepromatous leprosy patients with
and without erythema nodosum leprosum. Lepr Rev (2000) 71:S130-7.
doi:10.5935/0305-7518.20000084

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Martiniuk E, Giovinazzo J, Tan AU, Shahidullah R, Haslett P, Kaplan G,
et al. Lessons of leprosy: the emergence of TH17 cytokines during type II
reactions (ENL) is teaching us about T-cell plasticity. ] Drugs Dermatol (2012)
11(5):626-30.

Attia EA, Abdallah M, El-Khateeb E, Saad AA, Lotfi RA, Abdallah M, et al.
Serum Th17 cytokines in leprosy: correlation with circulating CD4(+) CD25
(high)FoxP3 (4) T-regs cells, as well as down regulatory cytokines. Arch
Dermatol Res (2014) 306(9):793-801. doi:10.1007/s00403-014-1486-2

Saini C, Siddiqui A, Ramesh V, Nath I. Leprosy reactions show increased
Th17 cell activity and reduced FOXP3+ Tregs with concomitant decrease
in TGF-p and increase in IL-6. PLoS Negl Trop Dis (2016) 10(4):e0004592.
doi:10.1371/journal.pntd.0004592

Andersson AK, Chaduvula M, Atkinson SE, Khanolkar-Young S, Jain S,
Suneetha L, et al. Effects of prednisolone treatment on cytokine expression
in patients with leprosy type 1 reactions. Infect Immun (2005) 73:725-33.
doi:10.1128/iai.73.6.3725-3733.2005

Gayo AL, Mozo L, Suarez A, Tunon A, Lahoz C, Gutierrez C. Glucocorticoids
increase IL-10 expression in multiple sclerosis patients with acute relapse.
J Neuroimmunol (1998) 85:122-30. doi:10.1016/S0165-5728(97)00262-2
Meduri GU, Tolley EA, Chrousos GP, Stentz E Prolonged methylprednisolone
treatment suppresses systemic inflammation in patients with unresolving
acute respiratory distress syndrome: evidence for inadequate endogenous
glucocorticoid secretion and inflammation-induced immune cell resistance
to glucocorticoids. Am J Respir Crit Care Med (2002) 165:983-91. doi:10.1164/
ajrccm.165.7.2106014

Moraes MO, Sampaio EP, Nery JA, Saraiva BC, Alvarenga FB, Sarno EN.
Sequential erythema nodosum leprosum and reversal reaction with similar
lesional cytokine mRNA patterns in a borderline leprosy patient. Br ] Dermatol
(2001) 144(1):175-81. doi:10.1046/j.1365-2133.2001.03970.x

Goulart IM, Mineo JR, Foss NT. Production of transforming growth
factor-beta 1 (TGF-p1) by blood monocytes from patients with different
clinical forms of leprosy. Clin Exp Immunol (2000) 122(3):330-4. doi:10.1046/
j.1365-2249.2000.01376.x

Feuth M, Brandsma JW, Faber W, Bharadwaj M, Feuth T, Anderson AM.
Erythema nodosum leprosum in Nepal: a retrospective study of clinical
features and response to treatement with prednisolone or thalidomide. Lepr
Rev (2008) 79(3):254-69.

Bobosha K, Wilson L, van Meijgaarden KE, Bekele Y, Zewdie M, van der
Ploeg- van Schip JJ, et al. T-cell regulation in lepromatous leprosy. PLoS Negl
Trop Dis (2014) 8(4):e2773. doi:10.1371/journal.pntd.0002773

Negera E, Walker SL, Bobosha K, Howe R, Aseffa A, Dockrell HM, et al.
T-cell regulation in erythema nodosum leprosum. PLoS Negl Trop Dis (2017)
11(10):e0006001. doi:10.1371/journal.pntd.0006001
ThompsonML,Kunkel EJ,EhrhardtRO. Cryopreservationand thawingofmam-
malian cells. eLS. John Wiley & Sons, Ltd (2001). doi:10.1002/9780470015902.
20002561.pub2

Cikos S, Bukovska A, Koppel J. Relative quantification of mRNA: comparison
of methods currently used for real-time PCR data analysis. BMC Mol Biol
(2007) 8:113. doi:10.1186/1471-2199-8-113

Santos DO, Suffys PN, Bonifécio K, Marques MA, Sarno EN. In vitro tumor
necrosis factor production by mononuclear cells from lepromatous leprosy
patients and from patients with erythema nodosum leprosum. Clin Immunol
Immunopathol (1993) 67(3):199-203. doi:10.1006/clin.1993.1065

Sampaio EP, Moraes MO, Nery JAC, Santos AR, Matos HC, Sarno EN.
Pentoxifylline decreases in vivo and in vitro tumour necrosis factor-alpha
(TNF-a) production in lepromatous leprosy patients with erythema nodo-
sum leprosum (ENL). Clin Exp Immunol (1998) 111(2):300-8. doi:10.1046/j.
1365-2249.1998.00510.x

Lockwood DJ, Suneetha L, Sagili KD, Chaduvula MV, Mohammed I, Brakel W,
et al. Cytokine and protein markers of leprosy reactions in skin and nerves:
baseline results for the North Indian INFIR Cohort. PLoS Negl Trop Dis (2011)
5(12):€1327. d0i:10.1371/journal.pntd.0001327

Madan N, Agrawal K, Chander R. Serum cytokine profile in leprosy and its
correlation with clinico-histopathological profile. Lepr Rev (2011) 82:371-82.
Haslett PA, Roche P, Butlin CR, Macdonald M, Shrestha N, Manandhar R,
et al. Effective treatment of erythema nodosum leprosum with thalidomide
is associated with immune stimulation. J Infect Dis (2005) 192(12):2045-53.
doi:10.1086/498216

Frontiers in Immunology | www.frontiersin.org

February 2018 | Volume 9 | Article 189


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1111/j.1365-2249.2007.03485.x
https://doi.org/10.1046/j.1365-4362.1998.00381.x
https://doi.org/10.1073/pnas.0400339101
https://doi.org/10.1086/429998
https://doi.org/10.4103/0378-6323.42898
https://doi.org/10.1016/S0165-2478(00)00271-6
https://doi.org/10.1016/S0165-2478(00)00271-6
https://doi.org/10.1016/j.clindermatol.2014.07.005
https://doi.org/10.1046/j.1365-2567.1998.00634.x
https://doi.org/10.1046/j.1523-1747.2000.00158.x
https://doi.org/10.1007/s00403-
002-0340-0
https://doi.org/10.1007/s00403-
002-0340-0
https://doi.org/10.1046/j.1365-3083.1999.00622.x
https://doi.org/10.5935/0305-7518.20000084
https://doi.org/10.1007/s00403-014-1486-2
https://doi.org/10.1371/journal.pntd.0004592
https://doi.org/10.1128/iai.73.6.3725-3733.2005
https://doi.org/10.1016/S0165-5728(97)00262-2
https://doi.org/10.1164/ajrccm.165.7.2106014
https://doi.org/10.1164/ajrccm.165.7.2106014
https://doi.org/10.1046/j.1365-2133.2001.03970.x
https://doi.org/10.1046/
j.1365-2249.2000.01376.x
https://doi.org/10.1046/
j.1365-2249.2000.01376.x
https://doi.org/10.1371/journal.pntd.0002773
https://doi.org/10.1371/journal.pntd.0006001
https://doi.org/10.1002/9780470015902.a0002561.pub2
https://doi.org/10.1002/9780470015902.a0002561.pub2
https://doi.org/10.1186/1471-2199-8-113
https://doi.org/10.1006/clin.1993.1065
https://doi.org/10.1046/j.
1365-2249.1998.00510.x
https://doi.org/10.1046/j.
1365-2249.1998.00510.x
https://doi.org/10.1371/journal.pntd.0001327
https://doi.org/10.1086/498216

Negera et al.

Cytokines in ENL

42.

43.

44.

45.

46.

47.

48.

49.

Villahermosa LG, Fajardo TT Jr, Abalos RM, Balagon MV, Tan EV, Cellona RV,
et al. A randomized, double-blind, double-dummy, controlled dose compari-
son of thalidomide for treatment of erythema nodosum leprosum. Am J Trop
Med Hyg (2005) 72(5):518-26.

Stefani M, Guerra JG, Sousa Costa A, Sousa ALM, Costa MB, Oliveira MLW.
Potential plasma markers of type 1 and type 2 leprosy reactions: a preliminary
report. BMC Infect Dis (2009) 9:75. doi:10.1186/1471-2334-9-75

Cooper CL, Mueller C, Sinchaisri TA, Pirmez C, Chan J, Kaplan G, et al.
Analysis of naturally occurring delayed-type hypersensitivity reactions in
leprosy by in situ hybridization. JEM (1989) 169(5):1565-81. doi:10.1084/
jem.169.5.1565

Sampaio EP, Moreira AL, Sarno EN, Malta AM, Kaplan G. Prolonged
treatment with recombinant interferon gamma induces erythema nodosum
leprosum in lepromatous leprosy patients. ] Exp Med (1992) 175(6):1729-37.
doi:10.1084/jem.175.6.1729

Billiau A. Interferon-gamma: biology and role in pathogenesis. Adv Immunol
(1996) 62:61-130. doi:10.1016/S0065-2776(08)60428-9

Sampaio EP, Sarno EN. Expression and cytokine secretion in the states
of immune reactivation in leprosy. Braz ] Med Biol Res (1998) 31:69-76.
doi:10.1590/50100-879X1998000100009

Lee Sau K, Silva Diego G, Martin Jaime L, Pratama A, Hu X, Chang P-P, et al.
Interferon-y excess leads to pathogenic accumulation of follicular helper
T cells and germinal centers. Immunity (2012) 37(5):880-92. doi:10.1016/j.
immuni.2012.10.010

Wang L, Lin ], Zhou Z, Huo R, Shen B, Sun Y, et al. Up-regulation of Th17 cells
may underlie inhibition of Treg development caused by immunization with
activated syngeneic T cells. PLoS One (2011) 6(11):€27289. doi:10.1371/
journal.pone.0027289

50.

51.

52.

53.

54.

Scheller ], Chalaris A, Schmidt-Arras D, Rose-John S. The pro- and anti-
inflammatory properties of the cytokine interleukin-6. Biochim Biophys Acta
(2011) 1813(5):878-88. doi:10.1016/j.bbamcr.2011.01.034

Banks WA, Kastin AJ, Gutierrez EG. Penetration of interleukin-6 across
the murine blood-brain barrier. Neurosci Lett (1994) 179(1-2):53-6.
doi:10.1016/0304-3940(94)90933-4

Sousa AL, Fava VM, Sampaio LH, Martelli CM, Costa MB, Mira MT, et al.
Genetic and immunological evidence implicates interleukin 6 as a suscep-
tibility gene for leprosy type 2 reaction. J Infect Dis (2012) 205(9):1417-24.
doi:10.1093/infdis/jis208

Harada A, Sekido N, Akahoshi T, Wada T, Mukaida N, Matsushima K.
Essential involvement of interleukin-8 (IL-8) in acute inflammation. J Leukoc
Biol (1994) 56(5):559-64. d0i:10.1002/j1b.56.5.559

Jin W, Dong C. IL-17 cytokines in immunity and inflammation. Emerg
Microbes Infect (2013) 2:e60. doi:10.1038/emi.2013.58

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2018 Negera, Walker, Bobosha, Bekele, Endale, Tarekegn, Abebe,
Aseffa, Dockrell and Lockwood. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Immunology | www.frontiersin.org

15

February 2018 | Volume 9 | Article 189


http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1186/1471-2334-9-75
https://doi.org/10.1084/jem.169.5.1565
https://doi.org/10.1084/jem.169.5.1565
https://doi.org/10.1084/jem.175.6.1729
https://doi.org/10.1016/S0065-2776(08)60428-9
https://doi.org/10.1590/S0100-879X1998000100009
https://doi.org/10.1016/j.immuni.2012.10.010
https://doi.org/10.1016/j.immuni.2012.10.010
https://doi.org/10.1371/journal.pone.0027289
https://doi.org/10.1371/journal.pone.0027289
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1016/0304-3940(94)90933-4
https://doi.org/10.1093/infdis/jis208
https://doi.org/10.1002/jlb.56.5.559
https://doi.org/10.1038/emi.2013.58
http://creativecommons.org/licenses/by/4.0/

	The Effects of Prednisolone Treatment on Cytokine Expression in Patients with Erythema Nodosum Leprosum Reactions
	Introduction
	Materials and Methods
	Study Design
	Ethical Considerations
	Patient Recruitment
	Blood and Skin Lesion Biopsy Samples
	PBMC Isolation, Storage, and Thawing
	PBMC Stimulation with M. leprae 
Whole-Cell Sonicate (WCS)
	Cytokine Measurement by ELISA
	RNA Isolation and Reverse Transcription
	Primers and Quantitative Polymerase Chain Reaction
	Statistical Methods
	ELISA Data
	Real-time Quantitative PCR


	Results
	Patient Clinical Background
	Increased In Vitro Inflammatory Cytokine Production in Untreated ENL Patients Compared to LL Controls
	Principal Component Analysis

	Decreased In Vitro Inflammatory Cytokine Production in ENL Patients after Prednisolone Treatment
	Inflammatory Cytokines Gene Expression Upregulated in the Peripheral Blood 
of Untreated ENL Patients Compared 
to LL Controls
	Comparison of Cytokine Gene Expression in Skin Biopsy Samples from Patients with ENL and LL Controls
	The Kinetics of Cytokines Gene Expression in the Blood Samples within ENL Patient Group before and after Treatment
	The Kinetics of Cytokines Gene Expression in the Skin Biopsy Samples within ENL Patient Group before and 
after Treatment

	Discussion
	TNF
	IFN-γ
	IL-6
	IL-8
	IL-17
	IL-10

	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


