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Abstract
Aim: We aimed to investigate the plasma and salivary irisin levels in leprosy patients, as well as to evaluate the role of the irisin in 
the leprosy pathogenesis.  Leprosy is a granulomatous disease with the peripheral nerves, mucous membrane, and skin involvement 
primarily. Irisin, a novel protein, has been associated with several inflammatory diseases and demonstrated in the peripheral nerve 
cells, deep sebaceous glands, and saliva excessively. To our knowledge, there is no study investigating the irisin levels in patients 
with leprosy. 
Material and Methods: We conducted a case-control study on 20 patients with lepromatous leprosy and 20 healthy controls between 
January 2016 and January 2017. Of the participants, the demographic data and disease history including duration of the disease, 
any current treatments, and presence of any other family members with leprosy were recorded. The plasma and salivary irisin levels 
of the participants were measured by enzyme-linked immunosorbent assay (ELISA). Additionally, the serum levels of C-reactive 
protein (CRP), glucose, hemoglobin A1c (HbA1C), triglyceride, cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein 
(LDL) were evaluated in both groups.
Results: The plasma and salivary irisin levels were significantly lower in the patient group than those in the control group (P = 0.001 
and P = 0.03, respectively). In patients with leprosy, the serum and salivary irisin levels had a positive correlation (r: 576, p: 0.008).  In 
addition, there was a negative correlation between the plasma irisin and CRP levels (r: −468, p: 0.037).
Conclusion: The irisin may act an immunomodulatory role in leprosy. The irisin production is probably suppressed by the increased 
inflammatory markers in leprosy or the bacillus to reach the temperature for its reproduction. Further studies are needed to clarify 
the role and prognostic value of the irisin in leprosy with a large number of patients examined before and after the treatments.
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INTRODUCTION
Leprosy is a chronic granulomatous infectious disease 
caused by Mycobacterium leprae that infects primarily 
superficial peripheral nerves, upper respiratory tract 
mucosa, eyes, bones, and testicles (1). There are two 
major leprosy forms; lepromatous and tuberculoid leprosy 
which depend on the immunity of the individual. Whereas 
there is T-cell specific unresponsiveness to the bacillus in 
lepromatous leprosy, a strong T-cell proliferation is seen 
in tuberculoid leprosy and the infection remains limited to 
one or more skin regions and peripheral nerves (1-3). 

The irisin, a protein consisting of 112 amino acids, 
was discovered by Boström et al. in 20xx (4). It is 
synthesized in the skeletal muscle, heart muscle, liver, 
pancreas, salivary gland, connective tissue, sweat glands, 
subcutaneous adipose tissue, and also nerve sheath 
(5). Current studies have suggested that the irisin plays 
a role in the pathogenesis of several diseases including 
diabetes, obesity, metabolic syndrome, psoriasis, and 
hepatocellular carcinoma (6-8). Moreover, the irisin has 
been shown to be abundant in the peripheral nerve cells, 
deep sebaceous glands, and saliva (9,10). 
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In addition to being a popular protein associated with 
many diseases, in particular, synthesis of the irisin from 
peripheral nerve cells has encouraged us to consider the 
role of irisin in the development of leprosy. To the best of 
our knowledge, there is no study investigating plasma and 
salivary irisin levels in leprosy patients. 

We aimed to investigate the plasma and salivary irisin 
levels in leprosy patients compared with healthy controls 
in our study.

MATERIAL and METHODS
Study design
We conducted a case-control study on 20 patients 
with leprosy and 20 healthy controls at the Muğla Sıtkı 
Kocaman University Faculty of  Medicine, Department of 
Dermatology and Elazığ Training and Research Hospital, 
Leprosy Service between January 2016 and January 
2017. Leprosy diagnosis of the patients was based on 
clinical, histopathological, and direct microscopically 
examinations. The patient group consisted of inactive 
lepromatous leprosy patients who had completed the 
treatment previously. The control group consisted of 20 
voluntary participants who meet the inclusion / exclusion 
criteria. The Ethics Committee approval was obtained 
from the Muğla Sıtkı Koçman University Clinical Research 
Ethics Committee prior to the study. Both groups were 
informed about the study and written permissions were 
obtained. 

The exclusion criteria for the participants were as follows: 
the presence of pregnancy, breastfeeding, coronary artery 
disease, malignancy, renal failure, and hepatic failure and 
age younger than 18 years. Detailed disease history was 
taken from all the participants; demographic data, duration 
of the disease, any current treatments, and presence of 
any other family members with leprosy were recorded 
on the patient forms. The height and weight information 
of all the participants were measured. Body mass index 
(BMI) was calculated by dividing the person’s weight by 
the square of height (kg / m²). 

Among biochemical tests, we examined the serum levels 
of C-reactive protein (CRP), glucose, hemoglobin A1c 
(HbA1C), triglyceride, cholesterol, high-density lipoprotein 
(HDL),  and low-density lipoprotein (LDL) in both groups. 
Also, the plasma and salivary irisin levels of the participants 
were measured by enzyme-linked immunosorbent assay 
(ELISA). 

Collection of samples
In the study, the samples were taken from the patients 
and controls in the morning (8-12 hours after the fasting 
period), one tube was given to the flat biochemistry 
tube, one was in the tube containing K2-EDTA, and one 
was in the aprotinin tube. Blood samples taken to flat 
biochemistry tubes were centrifuged at 4000 rpm for 
10 minutes to obtain serum and fasting glucose, total 
cholesterol, HDL, LDL, triglyceride levels. Roche Cobas 
c702 Chemistry System analyzer and CRP levels Beckman 

Coulter Immage 800 nephelometry System analyzer were 
also studied from these sera in the same day. HbA1C levels 
from the tube containing K2-EDTA were measured by 
High-performance liquid chromatography. Blood samples 
taken to tubes containing aprotinin (BD Vacutainer SST II 
Advance, BD, Plymouth, UK) were centrifuged at 4000 rpm 
for 10 minutes and the plasma samples were placed in 
small volume tubes and stored at -80 ° C until the working 
day for the study of irisin.

In addition, saliva samples were taken from the patient 
and control groups using the saliva collection tube 
(Salivette, Sarstedt Ag & Co, Nümbrecht, Deutschland). 
The patient removes the swab from the Saliva collection 
tube and places the swab in the mouth and chews it for 
about 60 seconds to stimulate salivation. Subsequently, 
the swab with the absorbed saliva is returned to the Saliva 
collection tube. Centrifugation for 2 minutes at 4000 rpm 
yields a clear saliva sample in the conical tube. The saliva 
samples were placed in small volume tubes and stored 
at -80 ° C until the working day for the study of the irisin. 

Plasma and saliva irisin concentrations were measured 
using an ELISA kit (Phoenix Pharmaceuticals, catalog 
no: EK-067-52, CA, USA) in accordance with the 
manufacturer’s instructions, with ChroMate Microplate 
Reader (Awareness Technology, Inc. Palm City, USA). The 
intra-assay and inter-assay coefficients of variation for 
irisin were 4-6% and 8-10%, respectively.

Statistical analysis
The data obtained in the study were demonstrated as 
mean ± standard deviation. Before the comparison 
between the groups, the Kolmogorov-Smirnov test 
was used to check whether the data distribution was 
normal. The Chi-square test was used for nonparametric 
parameters. The comparison of parameters between the 
two groups and analysis of the relations between the 
parameters in the groups were made with Student’s t-test 
and Pearson correlation test, respectively. A p-value <0.05 
was accepted as the level of significance.

RESULTS
The duration of the disease was 43.15±2.74 in the patient 
group. All patients had previously treated with rifampin, 
clophasimine and dapsone. At least one sibling of patients 
had a diagnosis of leprosy.

There were 11 males (55%) and 9 females (45%) in the 
patient group (age range 35-76, mean 65.8 ± 10.01 years); 
10 males (50%) and 10 females (50%) in the control group 
(age range 33-75, mean 56.5 ± 13.08 years). There was no 
statistically significant difference between the two groups 
in the distribution of gender (P = 0.752). The mean BMI 
was 23.53 ± 1.94 and 24.06 ± 2.77 kg/m2 in the patient 
and control groups, respectively (P = 0.351) (Table 1). 

The plasma and salivary irisin levels were significantly 
lower in the patient group than those in the control 
group (P = 0.001 and P = 0.033, respectively) (Figure 1). 
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The serum and salivary irisin levels showed a positive 
correlation in the patient and control groups (r: 576, p: 
0.008 and r: 764, P: <0.001, respectively). Additionally, 
the plasma irisin levels had a negative correlation with 
triglyceride (r: −481, p: 0.032) and CRP (r: −468, p: 0.037)
and a positive correlation with HDL levels (r: 535, p: 0.015) 
in the patient group.

a: P = 0.033 (When compared with the control group)
b: P = 0.001 (When compared with the control group) 

Figure 1.Serum and salivary irisin levels of the patient and 
control groups

DISCUSSION
Since the irisin is secreted from peripheral nerves 
besides the other tissues, has been associated with 
several inflammatory diseases, and may have an 
immunomodulatory activity in leprosy, we conducted the 
current study. Although irisin is a novel and popular protein 
examined in recent studies, there is no study investigating 
the role of irisin in skin diseases other than acne vulgaris 
and psoriasis. We found the serum and salivary irisin 
levels decreased in the patients with leprosy than in the 
healthy controls. In addition, we demonstrated a negative 
correlation between the irisin and CRP levels.

The main involvement sites of leprosy are peripheral 
nerves, skin, mucous membrane, bone, and visceral tissue 
(2). Because Mycobacterium leprae grows at 35°C gradient, 
it infects cold regions of the body including nose, testicles, 
and earlobes where the peripheral nerves are close to 
the skin (2). Leprosy bacillus infects macrophages and 
peripheral nerves, particularly Schwann cells. When the 
leprosy bacillus enters the body, two alternative situations 
occur.  In the first case, immunity and resistance develop, 
leprosy bacillus is phagocytized by the Schwann cells, and 
the primary infection is terminated without the disease. 
In the second case, the leprosy disease develops, the 
bacillus escapes from the phagocytosis in macrophages, 
and foamy leprosy bacillus cells develop (2).  

It has been showed that mutations in the HLA-DR2 
and HLA-R3 genes are responsible for the tuberculoid 

Table 1. Sociodemographic characteristics and biochemical parameters of the patient and control groups

Leprosy group n=20
mean ± SD 

Control group n=20
mean ± SD P

Age (years) 65.8 ± 10.01 56.5 ± 13.08 0.013

Sex (female/male) 9/11 10/10 0.752

Body mass index (kg/m2) 23.53 ± 1.94 24.06 ± 2.77 0.351

C-reactive protein (mg/dl) 1.14 ± 0.8 0.52 ± 0.25 0.02

Glucose (mg/dl) 89.35± 6.43 86.55±7.66 0.218

Hemoglobin A1c (%) 5.2±0.24 5.21±0.52 0.907

Total Cholesterol (mg/dl) 194.35±37.16 193.05±31.53 0.906

HDL (mg/dl) 45.15±10.23 48.55±8.83 0.268

LDL (mg/dl) 119.54±29.89 116.15±28.37 0.714

Triglyceride (mg/dl) 148.15±53.25 142.73±9.48 0.715

Plasma irisin (ng/ml) 238.48±45.76 282.38±32.30 0.001

Salivary irisin (ng/ml) 346.87±85.70 405.10±80.73 0.033

Chi-square test and Student’s t-test. SD – Standard deviation; HDL - high density-lipoprotein; LDL – low high density-lipoprotein.
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form and mutations in HLA-DQ1 are responsible for the 
lepromatous form (11). The Th1 CD4 T-cell response is 
dominant in tuberculoid leprosy, whereas the Th2 response 
is dominant in lepromatous leprosy. The Th2 response in 
lepromatous leprosy leads to the release of interleukin 
(IL)-4, IL-5, IL-10, and IL-13 to suppress macrophages. 
In addition, phenolic glycolipid-1 in the basal cell wall 
reduces T-cell response and interferon (IFN)-γ production 
(11).

Irisin is a novel protein that exists in many tissues 
including peripheral nerves. It was firstly demonstrated 
in muscle tissue and interestingly, the post-exercise 
concentrations of irisin have been found increased in 
both mice and humans (11). In some animal models, irisin 
has been shown to prolong the life span, reduce overall 
body weight by increasing total energy consumption, 
and reduce dietary-induced insulin resistance (4). In 
several studies, the increased irisin levels have been 
associated with obesity, insulin resistance, metabolic 
diseases, and hepatic steatosis (12-15). Therefore, irisin 
has been suggested to be a predictive marker of diabetes 
mellitus, carotid arteriosclerosis, chronic renal failure, and 
polycystic ovarian syndrome (16-19). 

In addition to the association of irisin with the inflammatory 
diseases, its anti-inflammatory activity has also been 
reported  (20,21). A negative correlation between the irisin 
levels and C-reactive protein has been demonstrated in 
several studies (22,23). Gannon et al. have reported that 
irisin shows antitumor activity by inducing apoptosis 
with the reduction of the activation of NFκB in breast 
cancer cells (24). Also, Mazur-Bialy et al. showed that 
irisin works as a regulator on macrophages and improves 
phagocytosis ability in mice (25). These findings suggest 
that irisin is effective on the immune system and may 
play a potential modulatory role in immune response or 
macrophage activity. In the current study, we found lower 
irisin levels in patients with leprosy compared with those 
in the control group. Our results may be related to the fact 
that releasing of cytokines related to Th2 response such 
as IL-4, IL-5, IL-10, and IL-13 suppress macrophages and 
IFN-γ production in the cell wall of the bacillus and thus, 
the irisin expression may be inhibited by this inflammatory 
cytokines. In addition, we found a negative correlation 
between the irisin and CRP levels similar to the literature 
data which also supports the hypothesis of the inhibition 
of irisin by increased inflammatory markers.

Peripheral nerve involvement in leprosy results in the 
loss of sensation of temperature, mild tingling, pain, loss 
of deep pressure sensation, and motor complications, 
respectively. Motor complications such as muscle 
weakness and muscle atrophy may also develop in patients 
with leprosy  (10,26). It is known that the secretion of irisin 
from skeletal muscles increases after exercise. In a study 
conducted by Chang et al. the levels of irisin in patients 
with muscle weakness and atrophy were lower than those 
in the control group (27). Based on this information, the 
reduced levels of irisin in leprosy patients noted in our 
study is not an unexpended result because of muscular 
involvement due to leprosy.  

Whereas M. leprae requires a 35°C gradient to grow, 
the irisin contributes to keeping the body temperature 
at 36.5°C (11,28). The irisin increases the synthesis 
of uncoupling protein-1 (UCP-1) in the mitochondrial 
membrane. Because of the increased synthesis of UCP-1, 
the protons leak back to the mitochondrial membrane and 
heat generation takes place instead of energy generation 
(28). The decreased irisin levels in leprosy patients that we 
found may be related to the temperature difference they 
prefer or contribute. Further studies should be needed 
to elucidate that whether the bacillus suppresses the 
synthesis of irisin to reach the temperature required for 
bacillus reproduction or this finding is just a coincidence. 

The limitations of our study were; relatively small number 
sample size and that it included the leprosy patients who 
had completed the treatment.

CONCLUSION
In conclusion, we found the plasma and salivary irisin levels 
lower in patients with lepromatous leprosy than those in 
the healthy controls and a negative correlation between 
the irisin and CRP levels. To the best of our knowledge, 
this is the first study evaluating plasma and salivary irisin 
levels in the patients with lepromatous leprosy. The irisin 
may play a role in the pathogenesis of lepromatous leprosy 
as an immunomodulatory agent. However, it should be 
deepened that whether the lower irisin levels in leprosy 
patients is related to the inhibition of irisin by increased 
inflammatory markers, to the development of muscular 
atrophy in the patients with leprosy, or to the suppression 
of irisin synthesis by the bacillus to reach the temperature 
required for bacillus reproduction. Further, the irisin levels 
should be examined before and after the treatments to 
show its role in the leprosy pathogenesis more clearly and 
whether it can be useful as a prognostic marker in leprosy.
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