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Abstract Leprosy is not only a bacteriological disease
but also an immunological disease, in which T helperl7
and CD4" CD25"&"FoxP3™ regulatory T cells (T-regs),
among others, may play a role. We aimed to evaluate
serum levels of interleukin (IL)-17, IL-22 (Thl7 cyto-
kines), IL-10 and transforming growth factor (TGF)-f3
(down regulatory cytokines) in 43 untreated leprosy
patients and 40 controls by enzyme-linked immunosorbent
assay, and to assess circulating CD4" CD25™&"FoxP3™T-
regs in patients using flow cytometry. Patients were
grouped into tuberculoid, pure neural, borderline, lepro-
matous, type 1 reactional leprosy, and erythema nodosum
leprosum. IL-10 and TGF-B were significantly higher in
patients as compared to controls (p < 0.001), while IL-17,
but not IL-22, was significantly lower (p < 0.001), with no
significant difference comparing patients’ subgroups. Sig-
nificantly higher CD4" CD25"&"FoxP3 ™ T-regs levels was
detected in tuberculoid, type 1 reaction and pure neural
leprosy, while the lowest levels in erythema nodosum
leprosum (p < 0.001). TregsFoxP3 expression% was sig-
nificantly lower in pure neural leprosy than other patients’
subgroups (p < 0.05). T-regs/T-effs was lowest in ery-
thema nodosum leprosum (p < 0.05). TGF-B correlated
negatively with TregsFoxP3 expression% and T-effs%
(p = 0.009 and 0.018 respectively). Leprosy is associated
with defective IL-17 and overproduction of IL-10 and

E. A. S. Attia (3<]) - M. Abdallah - E. El-Khateeb -

R. A. Lotfi - M. Abdallah

Department of Dermatology, Venereology and Andrology,
Faculty of Medicine, Ain Shams University, Cairo 11381, Egypt
e-mail: annosah1974 @yahoo.com

A. A. Saad - D. El-Shennawy
Department of Clinical Pathology, Faculty of Medicine,
Ain Shams University, Cairo 11381, Egypt

TGF-p. Tuberculoid, type 1 reaction and pure neural lep-
rosy express significantly higher circulating T-regs, con-
sistent with effector immune mechanisms activation, but
with lower TregsFoxP3 expression (in pure neural leprosy).
Erythema nodosum leprosum is characterized by deficient
T-regs and increased TregsFoxP3 expression%. The pres-
ent study pinpointed a potential role of Thl7, CD4"
CD25"&"FoxP3 " T-regs, and probably CD4" CD25"IL-
10" T regulatory cells 1 (Trl), and Th3 in leprosy.
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Abbreviations

BB Borderline borderline leprosy
BCG Bacillus Calmitte Guerin

BI Bacterial index

BL Borderline lepromatous leprosy
BT Borderline tuberculoid leprosy
CMI Cell-mediated immunity

EDTA Ethylene diamine tetra acetate
ELISA Enzyme-linked immunosorbent assay
ENL Erythema nodosum leprosum
FoxP3 Forkhead box P3

HBV Hepatitis B virus

HCV Hepatitis C virus

IFN Interferon

IL Interleukin

iTregs In vitro induced T-regs

IQR Inter-quartile range

LL Lepromatous leprosy

MB Multibacillary

M. leprae  Mycobacterium leprae

p Probability factor
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PB Paucibacillary

PBMN Peripheral blood mononuclear cells
PBS Phosphate buffer saline

PNL Pure neural leprosy

pT-regs In vivo peripheral derived T-regs

r Correlation factor

T-regs Regulatory T cells

RL Reactional leprosy

SPSS Statistical program for social science
SSS Slit skin smear examination

T-effs Effector-memory T cells

TGF Transforming growth factor

Th T helper cells

Trl T regulatoryl

tT-regs Thymic derived T-regs

TT Tuberculoid leprosy

Introduction

Despite the presence of extensive studies concerning the
immunopathogenesis of leprosy, certain T cell subsets,
apart from T helper (Th)l and Th2 effector cells, were
hardly investigated. Regulatory T cells (T-regs), a third
subset of CD4™ T cells, that regulate the activation and
expansion of the aforementioned lineages, are among
these. T-regs are believed to play a central role in inducing
and maintaining immunologic tolerance and in the termi-
nation of immune responses [35]. Thus, deficiency or
dysfunction of these cells may lead to autoimmunity or
aggravated pathogen-induced inflammation [24]. Two
main subsets of professional T-regs have been proposed
that differ in terms of development, specificity, and effector
mechanisms: naturally occurring and adaptive T-regs. The
latter develop from mature T cells in peripheral tissues
under certain conditions of antigen-specific stimulation.
This subset includes the T regulatoryl (Trl) and Th3 types
of regulatory cells, which exert their suppressive function
via the secretion of interleukin (IL)-10 and transforming
growth factor (TGF-p), respectively [6]. However, mac-
rophages also constitute a major source of IL-10 [33], and
TGF-B1 is known to be a product of activated monocytes,
among other inflammatory cells [3].

Naturally arising T-regs, which are induced in the thy-
mus, display a constitutive high expression of CD25; the
alpha chain of the IL-2 receptor, and are generally referred
to as CD4* CDZShighT—regs. These T-regs suppress other T
cells by cell—cell contact in a cytokine-independent fashion
[5]. Forkhead box P3 (FoxP3) is a transcription factor
shown to have a direct role in inducing immunosuppression
and has been identified as a good marker for T-regs. Thus,
they are known as CD4" CD25M&"FoxP3 T-regs [10].

@ Springer

T-regs may respond to an ample variety of auto-antigens,
although there is evidence that they may also respond to
antigens expressed by microbes [18]. In a previous publi-
cation, we demonstrated a possible role of CDh4™"
CD25"&"FoxP3 ™ T-regs in leprosy [4]. However, neither
Trl nor Th3 or their effector cytokines were investigated in
that report.

Recently, the identification of a novel lineage of helper
T cells, Th17, has broken the long-held paradigm regarding
the roles of the other three lineages (Thl, Th2, and T-regs).
Th17 is among T cell subsets shown to produce cytokines
that could not be classified according to the Th1-Th2
scheme. They are a branch of the CD4" T cell compart-
ment, involved in host protection against bacterial and
fungal infections, as well as in orchestration of chronic
inflammation and autoimmunity [32]. Th17 cells produce
IL-17 (also called IL-17A) and variable amounts of IL-17F,
IL-21, IL-22 and IL-26 [19]. Few studies investigated Th17
cells and their effector cytokines in leprosy and results
were somehow contradictory. While there were some
reports of defective serum IL-17 [1, 7, 37], as well as low
in situ expression [7], others reported increased lesional
expression [26, 34, 37].

The aim of this study was to evaluate serum levels of IL-
17 and IL-22 (Th17 cytokines), IL-10 and TGF-$3 (down
regulatory cytokines), as well as circulating CD4%
CD25"&"FoxP3 " T-regs, in untreated patients with different
types of leprosy.

Materials and methods

This study was conducted in Ain Shams University Hos-
pital on 43 untreated leprotic patients attending at El
Qal’ah (Citadel) Dermatology and Leprosy Hospital, Cairo,
Egypt, and 40 healthy volunteers as a control group, after
signing an informed consent, over a period of 14 months.
The study was conducted according to the Declaration of
Helsinki Principles, and was approved by the medical
ethical committee of Ain Shams University. Patients were
evaluated according to clinical examination, slit skin smear
examination (SSS), and histopathological examination, and
were divided into six groups: Group I: tuberculoid leprosy
(TT); Group II: pure neural leprosy (PNL); Group III:
borderline leprosy (borderline tuberculoid; BT, mid bor-
derline; BB and borderline lepromatous; BL); Group IV:
lepromatous leprosy (LL), Group V: reactional leprosy
type 1; RL1; and Group VI: erythema nodosum leprosum;
ENL. Patients were also grouped according to presence or
absence of reactions, as well as bacillary load (paucibac-
illary; PB with negative SSS versus multibacillary; MB
with positive SSS). In addition, 40 healthy age- and gen-
der-matched subjects with almost with negative hepatitis C
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Fig. 1 The gating strategy;
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virus (HCV) and hepatitis B virus (HBV) serology and
negative tuberculin test, were also included in the study,
comprising the control group.

Blood samples were collected from both patients and
controls, provided that all subjects were free of any other
systemic disease. Patients who started antileprotic treat-
ment or were on any kind of immunomodulatory or
immunosuppressive therapy likely to alter the results of the
study, such as systemic corticosteroids, were excluded. For
enzyme-linked immunosorbent assay (ELISA), blood was
collected in sterile test tubes and centrifuged for 15 min at
50 g. Serum was separated and kept at —70 °C until used
for estimation of IL-17 and IL-22, IL-10, and TGF-, by
the RayBio® human ELISA kits (Norcross City, Georgia,
USA) according to manufacturer guidelines.

For flow cytometry, venous blood samples were col-
lected using vacutainer containing anticoagulant potassium
ethylene diamine tetra acetate (EDTA) in a final concen-
tration of 1.5 mg/ml. Fifty micro liters of whole anti

UL
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coagulated blood was lysed using 1 ml IQ test lysing
reagent (Beckman Coulter, Miami, USA) followed by
washing with phosphate buffer saline (PBS) (Oxoid,
Hampshire, UK). After that, the cells were stained with
combinations of the following antibodies (5 pl each): anti-
CD25- PE, anti-CD4-FITC and isotype controls (FITC, PE
and PE-Cy5) (Beckman Coulter). The test tubes were then
incubated in dark for 20 min followed by washing with
PBS. Intracellular staining FoxP3-PE-Cy5 (eBioscience,
California, USA) was as follows: anticoagulated whole
blood was fixed and permeabilized using FoxP3 Staining
buffer Set (eBioscience) according to the manufacturer’s
instructions with certain modifications. Data acquisition
and analysis were performed on EP-ICS XL flow cytom-
etry using SYSTEM II version 3 software with a standard
three-color filter configuration. A total of at least 10,000
CD47" cells were acquired after gating the lymphocyte
population by forward- and side-scattered properties. Dis-
crimination of CD25highT-regs, CD25"Y activated effector-
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memory T cells (T-effs) were acquired after gating the
CD4* lymphocyte population as previously described by
Zhang et al. [39]. The CD25™#" population was determined
relative to the low intensity of CD25 staining found on
non-CD4" T cells (low intensity only). Cells expressing
CD25 at levels above those of the isotype control but at
higher expression levels than the CD25"% cells were
considered as T-regs (Fig. 1).

Analysis of data was done by IBM computer using Sta-
tistical Program for Social Science version 15 (SPSS Inc.,
Chicago, IL, USA). Quantitative variables were described in
the form of median and inter-quartile range (IQR). Qualita-
tive variables were described as number and percent. Test of
normality was done using Kolmogorov—Smirnov test, which
revealed non-parametric distribution of the data. Compari-
sons between groups as regards categorical parameters were
done using Chi square test (Fisher’s exact test was used for
comparing parameters with small sample size less than 5).
Comparisons between groups as regards numerical param-
eters were done using Mann—Whitney and Kruskal-Wallis
test. Spearman’s correlation test was used to measure the
correlation between the quantitative variables. A “p” value
of <0.05 was considered significant, while <0.001 was
highly significant.

Results

The present study included 43 leprotic patients; 16 females
(37.2 %) and 27 males (62.8 %). Their ages ranged from
15 to 65 years (median of 33 years). Forty clinically free
individuals served as gender- and age-matched controls; 14
females (35 %) and 26 males (65 %). Their age ranged
from 15 to 60 years (median of 38.5 years). The patients
were sub-grouped as follows: Group I: 6 patients (14 %)
with TT, Group II: 5 patients (14 %) with PNL, Group III:
9 patients (20.9 %) suffering from borderline leprosy (five
with BT, three with BB, and one with BL), Group IV: 11
patients (25.6 %) with LL, Group V: 6 patients (14 %)
suffering from RL typel, and Group VI: 6 patients with
ENL (14 %). SSS was negative in 16 patients (37.2 %),
grouped as PB, while it was positive in 27 patients
(62.8 %); grouped as MB. Clinical, demographic and his-
topathological features of the study subjects are summa-
rized in Table 1. The presence of statistically highly
significant higher mean FoxP3 expression% in T-regs
versus T-effs, confirms proper gating process (p < 0.001).

Cytokines
Serum IL-10, TGF-p, were significantly higher in patients

as compared to controls (p < 0.001), while IL-17, but not
IL-22, was significantly lower (p < 0.001) (Table 2).

@ Springer

Table 1 Clinical, demographic and histopathological features of the
study subjects

Parameter Patients (43) Controls (40)
Age

Median (years) 33 38.5
Gender

Males 27 26

Females 16 14
Family history of leprosy

Negative 36 40

Positive 7 0
Clinico-histopathological diagnosis

TT 6 -

PNL 5 -

Borderline 9 -

LL 11 -

RL1 6 -

ENL 6 -
Slit skin smear

Negative 16 -

Positive 27 -
Paucibacillary/multibacillary

Paucibacillary 16 -

Multibacillary 27 -

As regard the patients’ subgroups, no statistically sig-
nificant difference was noted among all subgroups
regarding the studied cytokines (Table 3).

Comparing patients’ subgroups with controls, all sub-
groups showed statistically higher levels compared with
controls regarding IL-10 (p < 0.001, <0.001, =0.05,
<0.001, =0.003 and <0.001 respectively) (Table 3). In
addition, serum TGF-[3 was statistically higher in patients’
subgroups compared to controls (p < 0.001 for all com-
parisons). However, statistically significant lower levels of
serum IL-17 were found in patients’ subgroups compared
to controls (p = 0.007, 0.005, <0.001, 0.005, <0.001 and
0.016 respectively). On the other hand, comparing serum
IL-22 level in different types of leprosy with controls, there

Table 2 Comparison between patients and controls as regards the
studied cytokines

Cytokine  Patients Controls median V4 )4
(pg/ml) median (IQR) (IQR)

IL-10 10 (7-15) 2.5 (1.625-3.725) —6.721 <0.001*
TGF-B 12 (10-18) 1.6 (0.635-2) —7.233  <0.001*
IL-17 19 (14-23) 37.5 (34-42.563) 54 <0.001*
IL-22 75 (54-104)  72.5 (28-100) —0.694  0.488

* p < 0.001: highly significant difference
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was statistically significant higher level only in ENL
compared to controls (p = 0.022).

No statistically significant difference was found on
comparing patients, based on the presence or absence of
reaction, bacillary load, or gender, as regards the studied
cytokines (data not shown).

T-regs and T-effs

Comparison between different clinical forms of leprosy
revealed statistically significant differences in T-regs%
(» <0.001), absolute T-regs count (p < 0.001), FoxP3
expression% on T-regs (p = 0.037), and T-regs/T-effs ratio
(»p = 0.002), but not T-effs% (p = 0.057) or absolute
T-effs count (p = 0.163) (Table 3). Group I (TT) and
Group V (RL1) showed the highest T-regs% and absolute
T-regs count (median of 5.8 %, 90.5/ul and 4.9 %, 118.25/
pl respectively), followed by Group II (PNL) (median of
3.3 %, 54.9/ul), while the lowest detected levels were in
Group VI (ENL) (median of 1.15 %, 29.3/ul). T-regs %
was significantly higher in Group I (TT) than Groups II, III,
IV and VI (p = 0.006, 0.001, 0.001 and 0.004 respec-
tively), and in Group V (RL1) as compared to Groups III,
IV, and VI (p = 0.025, 0.049 and 0.006 respectively). In
addition, it was significantly higher in Group II (PNL) than
Groups III and VI (p = 0.037 and 0.016 respectively).
Similarly, T-regs absolute count was significantly higher in
Group I (TT) than Groups II, III, IV and VI (p = 0.006,
0.001, 0.016 and 0.004 respectively), and in Group V (RL1)
as compared to Groups III, IV, and VI (p = 0.007, 0.02 and
0.004 respectively). It was also significantly higher in
Group II (PNL) than Groups III and VI (p = 0.05 and 0.006
respectively). The lowest FoxP3 expression% on T-regs
was detected in Group II (PNL) (median of 50 %). FoxP3
expression% was significantly lower in Group II (PNL)
than Groups I, III, IV and VI (p = 0.027, 0.009, 0.005 and
0.027 respectively). T-regs/T-effs was highest in Group VI
(RL1) and lowest in Group V (ENL) (median of 0.075),
with statistically significant less value in ENL compared to
the other patients’ subgroups (p = 0.005, 0.006, 0.011,
0.002 and 0.01 respectively). Moreover, it was statistically
significant lower in Group III compared to Groups I and II
(»p = 0.039 and 0.031 respectively).

No statistically significant difference was found on
comparing patients, based on bacillary load (PB versus
MB), the presence or absence of reaction, or gender, as
regards the studied T-regs and T-effs data (data not shown).

Correlations
Serum TGF- correlated negatively to T-regsFoxP3

expression% and T-effs% (r = —0.339, p = 0.026, and
r = —0.360, p = 0.018 respectively) (Table 4).

Table 3 Comparison between patients’ subgroups as regards the medians and inter-quartile range (IQR) of the studied parameters as well as between patients’ subgroups and controls

regarding the medians of the studied cytokines

XZ

Controls

X2

Group VI: ENL (6)

Group IV: LL (11)  Group V: RLI (6)

Group III: Borderline

()

Group II: PNL (5)

Group I: TT (6)

Parameter

49.36  <0.001%**
0.299

5279  <0.001%*
32.08 <0.001%*

7.24

2.5
1.6
37.5
72.5

0.171
0.995
0.223
0.185

7.743

7.522
26.308 <0.001%**

22259 <0.001%**

0.415
6.973

2.25-15.5)
9-16.25)
19-21.38)
89.25-170)
0.85-1.8)
9-41.7)

- L - T

9

12
20
102
1.15
29.3

7.28-20.5)
16.63-28.25)
36-148.5)
3.75-10.725)
67.925-175.125)

D= N N

19.5
67

4.9
118.25

12-38)
54-120)
2.3-4.3)
26.9-67.7)

_ - — = = =

12.5
62
2.8
27.7

26.7-54.5)

16-41.5)
61-96)

z = - T 2

3 (1.9-2.7)

17
11.5
19
75
2.3

47.9

12.5-22)
24-89.5)
2.8-3.3)
54.9-59)

- < o2 = 2

39
14
14
40
33
54.9

18.5-29.5)

48-91)
81-163.75)

5.225-7)

= NN S

5.8

10.25
13.9
21

61
90.5

IL-10 (pg/ml)
TGF-B (pg/ml)
IL-17 (pg/ml)
IL-22 (pg/ml)

T-regs%
T-regs absolute

count/pl
T-regs FoxP3

0.037*

11.862

71.9 (50.65-89.4)

68.7 (62.3-782)  59.45 (31.2-68.075)

62.3 (59.7-68.35)

50 (44-50)

72 (61.975-79.475)

expression%

T-effs%

0.057
0.163

9.2 (6.8-9.2) 12.7 (6.45-13.5) 12.2 (9.2-15.6) 7.25 (5.7-12.525) 16.4 (13.6-21.9) 10.748

153.2 (143.2-153.2)

11.25 (7.2-20.275)

7.875

189.5 (139.875-319.525) 373 (213.95-488.625)

154.4 (38.7-227.1)

321 (105.5-358.5)

238.5 (137.075-346)

T-effs absolute

count/pl

0.002%*

18.589

0.3 (0.18-0.4) 0.88 (0.2-1.475) 0.075 (0.035-0.125)

0.21 (0.145-0.325)

0.36 (0.36-0.41)

0.515 (0.26-0.975)

T-regs/Teffs ratio

#* p < 0.001: highly significant difference

* p < 0.05: significant difference
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Table 4 Results of correlation Parameter

Spearman’s correlation; significance (p)

between all the studied
parameters

IL-10 (pg/ml)

TGF-B (pg/ml) IL-17 (pg/ml) IL-22 (pg/ml)

T-regs%

T-regs absolute count/pl

0.181 (0.247)
0.191 (0.219)

—0.054 (0.729)
0.002 (0.992)

—0.006 (0.971)
0.082 (0.599)

—0.206 (0.184)
—0.172 (0.27)

T-regs FoxP3 expression% 0.01 (0.948) —0.339 (0.026)* —0.076 (0.63) 0.269 (0.081)
T-effs% 0.048 (0.758) —0.360 (0.018)* —0.071 (0.649) 0.021 (0.896)
T-effs absolute count/pl 0.209 (0.179) —0.273 (0.077) —0.041 (0.792) 0.106 (0.5)
T-regs/Teffs ratio 0.057 (0.715) 0.218 (0.161) 0.062 (0.694) —0.113 (0.472)
IL-22 (pg/ml) 0.07 (0.657) —0.254 (0.1) —0.056 (0.722)

IL-17 (pg/ml)

* p < 0.05: significant TGE-B (pg/ml)

difference

0.216 (0.165)
0.118 (0.453)

0.253 (0.101)

Discussion

In a previous work, we studied the frequency and FoxP3
expression of circulating CD4" CD25"€"FoxP3 ™ T-regs in
leprosy patients [4]. In agreement with our previous find-
ings [4], we found increased frequencies of T-regs in TT
patients, and in patients with RL1 and PNL. These disease
forms are known of relatively high cell-mediated immunity
(CMI) against Mycobacterium leprae (M. leprae) [28].
Therefore, expansion of T-regs could be interpreted as a
protective counter-mechanism trying to regulate effective
anti-pathogen immune response and to attenuate the M.
leprae-induced chronic immune activation. In accordance,
ENL patients showed T-regs depletion, consistent with
disease progression and humoral immune hyperactivation
[13]. This was also supported by our current finding of
significantly increased suppressive marker; TregsFoxP3
expression% in this category of patients, in accordance
with our previous work [4]. In contrast, PNL patients
showed the lowest FoxP3 expression%, reflecting a state of
hypersensitivity, consistent with greater nerve damage in
this category [23]. T-regs/T-effs ratio was lowest among
ENL patients, as a reflection of depressed patients’ T-regs
count, consistent with our previous results [4].

Our results revealed that serum IL-10 was significantly
elevated in patients versus controls, in agreement with
Moubasher et al. [28] and Trombone et al. [37] findings.
However, we did not report significant difference among
patients’ subgroups, in contrast to Moubasher et al. [28]
and Trombone et al. [37] findings who revealed higher
serum IL-10 in LL and ENL compared to TT and RL1 and
in MB compared to PB cases respectively, with significant
positive correlations with the bacterial index (BI). On the
other hand, Misra et al. [27] showed that in vitro infected
monocytes contribute to the development of T cell anergy
in LL by releasing IL-10, while Mutis et al. [29], Sieling
et al. [36] and Machado et al. [22] revealed that clones
from different disease forms produced comparable
amounts of IL-10. Nevertheless, the aforementioned
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in vitro studies adopted different methodologies with
regard to activation or no activation of PBMCs. Further
in vivo and in vitro studies on larger populations, thus, are
warranted.

IL-10 is known to regulate various processes involved in
generation of Th17 responses, a Th subset with possible
synergistic value to Thl in leprosy [1, 31]. In our study,
high serum IL-10 in leprosy patients was associated with
low serum IL-17, compared to controls. Therefore, we
speculate that high IL-10 and deficient IL-17 production
can contribute to the development of leprosy, or even lead
to disease progression towards the MB immunocompro-
mised pole. In accordance, da Motta-Passos et al. [7]
concluded that low expression of IL-17A in leprosy
patients may be a constitutive genetic feature of patients or
a circumstantial event induced by the local presence of the
pathogen, as an escape mechanism. Likewise, Lim et al.
[20] revealed that susceptibility to pulmonary disease due
to Mycobacterium avium-intracellulare complex might
reflect low IL-17 and high IL-10 responses rather than Thl
deficiency. In accordance, inhibition of IL-10 signaling
during Bacillus Calmitte Guerin (BCG) vaccination
enhanced host-generated antigen-specific interferon-y
(IFN-v) and IL-17A responses [31]. Thus, antagonists of
IL-10 may be of great benefit as adjuvants in preventive
vaccination against leprosy, as well as in controlling pro-
gressive down grading disease.

In contrast, IL-17A was consistently expressed in skin
biopsies before and after thalidomide treatment for ENL
[26]. Moreover, IL-17 isoforms showed significantly
higher expression and release in supernatants of antigen
stimulated PBMC cultures and dermal lesions of healthy
contacts and TT as compared to LL leprosy [34]. In
addition, Trombone et al. [37] demonstrated that IL.-17 and
TGF-B expression prevail in diseased sites versus controls,
but no significant differences were found between the
clinical forms. Further in situ and in vitro studies are rec-
ommended for better understanding of these cytokines’
expression in leprosy.



Arch Dermatol Res (2014) 306:793-801

799

Regarding serum IL-22, we did not find a statistically
significant difference between levels in patients compared
to controls. Although antimicrobial peptides, associated
with host defense, are cooperatively induced by IL-22, IL-
17A and IL-17F, IL-22 alone is not as strong as [L-17A or
IL-17F in inducing such peptides [19]. Moreover, previous
studies revealed that during experimental tuberculosis, IL-
22 was not essential for the generation of CMI [15]. In
contrast, Trombone et al. [37] showed that serum IL-10 and
IL-22 were significantly higher in leprosy patients than in
controls. Though secreted also by Th17, it is now becom-
ing apparent that the IL-22 expression profile differs from
that of IL-17A [40].

Interestingly, we found that serum IL-22 was signifi-
cantly higher in patients with ENL compared to controls. In
a previous study on chronic hepatitis, IL-22 was found to
help to limit damage and allow survival of damaged
hepatocytes [14]. Therefore, we speculate that our finding
can be interpreted as counter mechanisms to limit damage
during ENL; the more systemic reaction of leprosy
reactions.

TGF-B1 plays roles in the suppression of T cell
responses, inhibiting both IFN-y and IL-2 expression, and
has the ability to inhibit the lytic activity of macrophages
[8]. Our leprosy patients showed higher serum TGF-f than
controls, with no difference comparing patients’ subgroups,
indicating active anti-inflammatory response throughout
leprosy spectrum. In accordance, serum TGF-f correlated
negatively to T-effs%. Previous reports showed higher
TGF-B1 concentrations and/or expression in LL, BL and
ENL forms than BB, BT and TT cases and/or control, with
positive correlation to BI [11, 12, 30, 38]. However, Kis-
zewski et al. [16] reported that the three TGF-B isoforms
and their receptors were expressed in both polar forms of
leprosy, in agreement with our results. Besides, Andersson
et al. [2] found that circulating cytokine profiles were
similar in patients with and without RL1, with or without
treatment, denoting compartmentalization of pathology in
some forms of leprosy that necessitates studying the
immune response in the skin.

TGFB is known to be needed for maintenance of T-regs,
because in its absence the peripheral numbers goes down in
spite of normal thymic output [25]. However, TGF-f did
not significantly correlate to T-regs number in our study.
This discrepancy can be explained by the fact that T-regs
constitute various subsets. Subsets of T-regs are now
including tT-regs = thymic derived, pT-regs = in vivo
peripheral derived, and iT-regs = in vitro iT-regs [9].
Thus, the detected circulating and lesional T-regs in vari-
ous forms of leprosy need further identification studies.

In our study, TGF-B correlated negatively to T-regs
FoxP3 expression%. Apparent contradiction may be
encountered while reviewing other related reports.

However, Kumar et al. [17] revealed that low ubiquitina-
tion of FoxP3 in T-regs is a major driving force in con-
ferring stability to FoxP3 which in turn is linked to
suppressive potential of T-regs. In addition, while we
reported elevated serum TGF-f in leprosy, we did not
know its exact source (from Th3 or other cells), and
whether it is a cause or an effect within the disease process.
Thus, more in-depth research is needed to clarify such
apparent contradiction within the related reports.

The average levels of the studied cytokines were low
when compared to previous reports in leprosy. In addition
to different methodology, commercial kits and exposure
levels of the study samples, differential cytokine expres-
sion in different ethnic and racial groups should be con-
sidered. In 2013, a bibliographic search was performed on
Medline and ISI databases and included studies on cyto-
kine expression in response to M. tuberculosis, published
between January 1980 and October 2011. Consequently,
different susceptibility, cytokine expression and immuno-
genetics were reported in different populations [21].

One limitation of the study is the lack of antigen specific
responses of in vitro cultures. Further studies where T-regs
are isolated and expanded with M. leprae specific antigens
and supernatants are assessed for cytokines are, thus, rec-
ommended. Another limitation is the small sample size so
that stratification of data rendered statistical significance
limited. Thus, further studies on larger population are
warranted.

In conclusion, active leprosy is associated with defective
secretion of IL-17 but not IL-22, and overproduction of IL-
10 and TGF-B, denoting defective host-protective cyto-
kines and overproduction of host-impairing cytokines
respectively. TT, RL1 and PNL express significantly higher
frequency of CD4" CD25""FoxP3"T-regs, consistent
with effector immune mechanisms activation, but with
lower FoxP3 expression (in PNL), which was negatively
correlated to TGF-p, for further studies. On the other hand,
LL and ENL forms are characterized by disease progres-
sion and immune hyperactivation, marked by deficient
T-regs, and increased TregsFoxP3 expression% with low
T-regs/T-effs ratio (in ENL). The present study pinpointed
a potential role of Th17, CD4" CD25"€"FoxP3 T-regs,
and probably CD4%" CD25'IL-10" T regulatory cells
1(Tr1), and Th3 in leprosy. These findings may open a door
to understand part of the immunological course of this
disease, for better control where more research is
mandatory.

Acknowledgments We are indebted to Dr El-Sayed Abdalla, Dr
Ahmed Abd El-Moneim, Dr Abdallah Moustafa and all members of
Dermatology and Leprosy Hospital, El Qal’ah (Citadel), Cairo, Egypt,
for their sincere help and cooperation.

Conflict of interest All authors have no conflict of interest.

@ Springer



800

Arch Dermatol Res (2014) 306:793-801

References

10.

11.

12.

13.

14.

15.

16.

17.

. Abdallah M, Emam H, Attia E, Hussein J, Mohamed N (2013)

Estimation of serum level of Interleukin-17 and Interleukin-4 in
leprosy, toward more understanding of leprosy immunopatho-
genesis. Indian J Dermatol Venereol Leprol 79:772-776

. Andersson AK, Chaduvula M, Atkinson SE, Khanolkar-Young S,

Jain S, Suneetha L, Suneetha S, Lockwood DN (2005) Effects of
prednisolone treatment on cytokine expression in patients with
leprosy type 1 reactions. Infect Immun 73:3725-3733

. Assoian RK, Fleurdelys BE, Stevenson HC, Miller PJ, Madtes

DK, Raines EW, Ross R, Sporn MB (1987) Expression and
secretion of type beta transforming growth factor by activated
human macrophages. Proc Natl Acad Sci 84:6020-6024

. Attia EA, Abdallah M, Saad AA, Afifi A, El Tabbakh A, El-

Shennawy D, Ali HB (2010) Circulating CD4+ CD25 high
FoxP3+ T cells vary in different clinical forms of leprosy. Int J
Dermatol 49:1152-1158

. Bacchetta R, Gregori S, Roncarolo MG (2005) CD4+ regulatory

T cells: mechanisms of induction and effector function. Au-
toimmun Rev 4:491-496

. Bluestone JA, Abbas AK (2003) Natural versus adaptive regu-

latory T cells. Nat Rev Immunol 3:253-257

. da Motta-Passos I, Malheiro A, Gomes Naveca F, de Souza

Passos LF, Ribeiro De Barros Cardoso C, da Graga Souza Cunha
M, Porto Dos Santos M, Villarouco Silva GA, Silva Fraporti L,
de Paula L (2012) Decreased RNA expression of interleukin 17A
in skin of leprosy. Eur J Dermatol 22: 488-494

. D’Angeac AD, Dornand J, Emonds-Alt X, Jullien P, Garcia-Sanz

JA, Erard F (1991) Transforming growth factor type beta 1 (TGF-
beta 1) downregulates interleukin-2 production and up-regulates
interleukin-2 receptor expression in a thymoma cell line. J Cell
Physiol 147:460-469

. Dhamne C, Chung Y, Alousi AM, Cooper LJ, Tran DQ (2013)

Peripheral and thymic foxp3(+4) regulatory T cells in search of
origin, distinction, and function. Front Immunol 4:253. doi:10.
3389/fimmu.2013.00253

Fontenot JD, Gavin MA, Rudensky AY (2003) FoxP3 programs
the development and function of CD4+4 CD254 regulatory T
cells. Nat Immunol 4:330-336

Goulart IMB, Figueiredo F, Coimbra T, Foss NT (1996) Detec-
tion of transforming growth factor-bl in dermal lesions of dif-
ferent clinical forms of leprosy. Am J Pathol 148:911-917
Hasan Z, Mahmood A, Zafar S, Khan AA, Hussain R (2004)
Leprosy patients with lepromatous disease have an up-regulated
IL-8 response that is unlinked to TNF-alpha responses. Int J Lepr
Other Mycobact Dis 72:35-44

Hussain R, Kifayet A, Chiang TJ (1995) IgG 1 and IgG 3 anti-
bodies are markers of progessive disease in leprosy. Inf Immun
63:410415

Jiang R, Tan Z, Deng L, Chen Y, Xia Y, Gao Y, Wang X, Sun B
(2011) Interleukin-22 promotes human hepatocellular carcinoma
by activation of STAT3. Hepatology 54:900-909

Khader SA, Guglani L, Rangel-Moreno J, Gopal R, Junecko BA,
Fountain JJ, Martino C, Pearl JE, Tighe M, Lin YY, Slight S,
Kolls JK, Reinhart TA, Randall TD, Cooper AM (2011) IL-23 is
required for long-term control of Mycobacterium tuberculosis
and B cell follicle formation in the infected lung. J Immunol
187:5402-5407

Kiszewski CA, Becerril E, Baquera J, Aguilar LD (2003)
Expression of transforming growth factor-f isoforms and their
receptors in lepromatous and tuberculoid leprosy. Scand J
Immunol 57:279-285

Kumar S, Naqvi RA, Ali R, Rani R, Khanna N, Rao DN (2013)
CD4(+)CD25(+) T regs with acetylated FoxP3 are associated

@ Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

with immune suppression in human leprosy. Mol Immunol
56:513-520

Kumar V (2004) Homeostatic control of immunity by TCR
peptide specific Tregs. J Clin Invest 114:1222-1226

Liang SC, Tan XY, Luxenberg DP, Karim R, Dunussi-Joannop-
oulos K, Collins M, Fouser LA (2006) Interleukin (IL)-22 and IL-
17 are coexpressed by Thl7 cells and cooperatively enhance
expression of antimicrobial peptides. J Exp Med 203:2271-2279
Lim A, Allison C, Price P, Waterer G (2010) Susceptibility to
pulmonary disease due to Mycobacterium avium-intracellulare
complex may reflect low IL-17 and high IL-10 responses rather
than Thl deficiency. Clin Immunol 137:296-302

Longhi RM, Zembrzuski VM, Basta PC, Croda J (2013) Genetic
polymorphism and immune response to tuberculosis in indige-
nous populations: a brief review. Braz J Infect Dis 17:363-368
Machado P, Abrams J, Santos S, Brennan P, Barral A, Barral-
Netto M (1998) Production of host-protective (IFN-gamma),
host-impairing (IL-10, IL-13) and inflammatory (TNF-alpha)
cytokines by PBMC from leprosy patients stimulated with
mycobacterial antigens. Eur J Dermatol 8:98-103

Mafoyane NA, Jacyk WK, Lotz BP (1992) Primary neurotic
leprosy in a black South African. Lepr Rev 63:277-281

Maggi E, Cosmi L, Liotta F, Romagnani P, Romagnani S, An-
nunziato F (2005) Thymic regulatory T cells. Autoimmun Rev
4:579-586

Marie J, Letterio J, Gavin M (2005) TGF-betal maintains sup-
pressor function and FoxP3 expression in CD4+4 CD25+ regu-
latory T cells. J Exp Med 201:1061-1067

Martiniuk F, Giovinazzo J, Tan AU, Shahidullah R, Haslett P,
Kaplan G, Levis WR (2012) Lessons of leprosy: the emergence
of TH17 cytokines during type II reactions (ENL) is teaching us
about T-cell plasticity. J Drugs Dermatol 11:626-630

Misra N, Selvakumar M, Singh S, Bharadwaj M, Ramesh V,
Misra RS, Nath I (1995) Monocyte derived IL 10 and PGE2 are
associated with the absence of Th 1 cells and in vitro T cell
suppression in lepromatous leprosy. Immunol Lett 48:123-128
Moubasher AD, Kamel NA, Zedan H, Raheem DD (1998)
Cytokines in leprosy, I. Serum cytokine profile in leprosy. Int J
Dermatol 37:733-740

Mutis T, Kraakman EM, Cornelisse YE, Haanen JB, Spits H, De
Vries RR, Ottenhoff TH (1993) Analysis of cytokine production by
Mpycobacterium-reactive T cells. Failure to explain Mycobacterium
leprae-specific nonresponsiveness of peripheral blood T cells from
lepromatous leprosy patients. J Immunol 150:4641-4651

Noble PW, Henson PM, Lucas C, Mora-Worms M, CarreA PC,
Riches DWH (1993) Transforming growth factor-b primes mac-
rophages to express inflammatory gene products in response
to particulate stimuli by an autocrine/paracrine mechanism.
J Immunol 151:979-989

Pitt JM, Stavropoulos E, Redford PS, Beebe AM, Bancroft GJ,
Young DB, O’Garra A (2012) Blockade of IL-10 signaling during
bacillus Calmette-Guérin vaccination enhances and sustains Thl,
Th17, and innate lymphoid IFN-y and IL-17 responses and
increases protection to Mycobacterium tuberculosis infection.
J Immunol 189:4079-4087

Qu N, Xu M, Mizoguchi I, Furusawa J, Kaneko K, Watanabe K,
Mizuguchi J, Itoh M, Kawakami Y, Yoshimoto T (2013) Pivotal
roles of T-helper 17-related cytokines, IL-17, IL-22, and IL-23, in
inflammatory diseases. Clin Dev Immunol. doi:10.1155/2013/
968549

Riese U, Brenner S, Docke WD, Prosch S, Reinke P, Oppert M,
Volk HD, Platzer C (2000) Catecholamines induce IL-10 release
in patients suffering from acute myocardial infarction by trans-
activating its promoter in monocytic but not in T cells. Mol Cell
Biochem 212:45-50


http://dx.doi.org/10.3389/fimmu.2013.00253
http://dx.doi.org/10.3389/fimmu.2013.00253
http://dx.doi.org/10.1155/2013/968549
http://dx.doi.org/10.1155/2013/968549

Arch Dermatol Res (2014) 306:793-801

801

34.

35.

36.

37.

Saini C, Ramesh V, Nath I (2013) CD4+ Th17 cells discriminate
clinical types and constitute a third subset of non Th1l, Non Th2 T
cells in human leprosy. PLoS Negl Trop Dis 7:¢2338

Sakaguchi S (2005) Naturally arising Foxp3-expressing CD25+
CD4+ regulatory T cells in immunological tolerance to self and
non-self. Nat Immunol 6:345-352

Sieling PA, Abrams JS, Yamamura M, Salgame P, Bloom BR,
Rea TH, Modlin RL (1993) Immunosuppressive roles for IL-10
and IL-4 in human infection. In vitro modulation of T cell
responses in leprosy. J Immunol 150:5501-5510

Trombone AP, Belone A, Guidella C, Fachin L, Ramuno N,
Soriani M, Ura S, Soares C, Garlet G, Rosa P (2012) T helper
cytokines expression in leprosy forms and reactional states:
serum and in situ analysis. J Immunol 188(59):9

38.

40.

Venturini J, Soares CT, Belone Ade F, Barreto JA, Ura S, Lauris
JR, Vilani-Moreno FR (2011) In vitro and skin lesion cytokine
profile in Brazilian patients with borderline tuberculoid and
borderline lepromatous leprosy. Lepr Rev 82:25-35

. Zhang Q, Qian FH, Liu H, Zhou LF, Huang M, Zhang XL, Yin

KS (2008) Expression of surface markers on peripheral CD4+
CD25high T cells in patients with atopic asthma: role of inhaled
corticosteroid. Chin Med J 121:205-212

Zheng Y, Danilenko DM, Valdez P, Kasman I, Eastham-Ander-
son J, Wu J, Ouyang W (2007) Interleukin-22, a TH17 cytokine,
mediates IL-23-induced dermal inflammation and acanthosis.
Nature 445:648-651

@ Springer



	Serum Th17 cytokines in leprosy: correlation with circulating CD4+ CD25highFoxP3+ T-regs cells, as well as down regulatory cytokines
	Abstract
	Introduction
	Materials and methods
	Results
	Cytokines
	T-regs and T-effs
	Correlations

	Discussion
	Acknowledgments
	References


