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Background: The clinical forms of cutaneous tuberculosis (CTB) consist of a spectrum that 

reflects the host’s immune response to Mycobacterium tuberculosis; it provides an ideal model 

to study the immunological dysregulation in humans. IL-17 plays an important role in initial 

immune response and is involved in both immune-mediated protection and pathology during 

M. tuberculosis infection. TGF-β producing regulatory T-cells (Tregs) are high in leprosy 

patients and responsible for immune suppression. However, in CTB, the involvement of Tregs 

and Th17 remains unevaluated.

Objective: To study the role of proinflammatory Th17 and Treg cells in the human CTB.

Methods: Blood and skin biopsies of CTB patients and healthy controls (HC) were included in 

the study. Flow cytometric analysis of IL-17, FOXP3, and TGF-β in blood was done followed 

by immunohistochemistry on paraffin-embedded skin sections. Expression of IFN-γ, TGF-β, 

and IL-17 was evaluated by quantitative real-time PCR.

Results: We found significant (P<0.0002) lower expression of proinflammatory IL-17 and 

IFN-γ (P<0.01) in CTB skins as compared to HC. However, the frequency of TGF-β producing 

Treg cells was found to be high in CTB patients (P<0.001) as compared to HC. A similar type 

of profile was observed by flow cytometric analysis. Treg cells produced suppressive cytokine 

TGF-β which showed a positive correlation with FOXP3 gene expression.

Conclusion: Our study found an increase in lineage-specific CD4+ Tregs in CTB as compared 

to the HC individuals. Such cells secrete TGF-β, a suppressive cytokine and may play a role 

in negatively regulating the T-cell immune responses in CTB. In addition, Tregs with TGF-β 

may downregulate Th17 cell responses leading to the antigen-specific anergy associated with 

CTB patients.
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Introduction
Cutaneous tuberculosis (CTB) is a paucibacillary infection caused by intracellular 

rod-shaped Mycobacterium tuberculosis complex, Mycobacterium bovis, and Bacillus 

Calmette-Guérin depending upon the individual immunity and other factors such as 

genetic and environmental ones.1–3 Skin manifestation shows 1 or more hypopig-

mented skin lesions and anesthetic patches. A typical CTB lesion is an epithelioid 

granuloma with central caseation necrosis.4,5 Since 5–6 decades, extensive studies 

have shown T-cell immunopathology of pulmonary and extrapulmonary TB.6 Among 

the  extrapulmonary TB, CTB has been least studied. Because of good response to 

multidrug therapy, the skin lesions partially or even completely disappear within 

6–8 weeks.
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Cytokines are a key player for activation of cell-mediated 

immunity, while Th1 cells play a major role in the immune 

response to mycobacteria.7,8 Even though the production of 

IFN-γ is insufficient to control the bacillus, IFN- γ is one of 

the crucial components of the protective response against 

the pathogen.9 Ability to produce IFN-γ may differ in every 

individual. Some studies suggest that the levels of IFN-γ 

decrease in patients with active and advanced pulmonary 

disease. A distinct discovery was made in 1995 by Sakaguchi 

et al10 who showed that a subset of cells is responsible for 

maintaining homeostasis of organ-specific autoimmunity, 

and these cells were called as a Regulatory T (Treg) cell. 

Treg cells expressed CD25 and were later shown to also 

express FoxP3. The discovery of CD4+CD25+FOXP3+ cells 

as a suppressor of autoimmune responses and their presence 

in mice and man11,12 has revived the concept of a distinct lin-

eage of T cells that negatively regulate the immune responses 

in order to maintain homeostasis and were designated as 

Tregs. These cells commonly produce TGF-β and are able 

to express TLRs and contributed to the immunopathology of 

mycobacterial diseases viz, leprosy and tuberculosis.13–16 On 

the other hand, Th17 cells have been recognized as an inflam-

matory subset of a distinct lineage of Th cells; associations 

between IL-17 and infectious disease have been known for 

many years. Earlier, our group has reported as nonpolarizing 

Th17 subset of T-helper cells in stable leprosy.17,18 Therefore, 

Th17 constitutes a potentially important factor at the onset 

of the infection, because they can influence the latency or 

progression of TB and leprosy.8 Study of T-cell pathology is 

a very important study for any infectious diseases in terms 

of appropriate treatment and therapeutic values. Among 

different populations of T-helper cells, Th1 and Th17 are 

the main effector populations which mediate protection and 

pathology during TB. Here, we made an attempt to identify 

the role of Tregs and Th17 cells, Treg-associated transcription 

factor FOXP3, and TGF-β in CTB patients. Furthermore, we 

also investigated IL-17 and IFN-γ expression levels in CTB 

patients in comparison to healthy individuals.

Materials and methods
enrollment of patients and ethics
Ten newly diagnosed CTB patients with a differential diagno-

sis of lupus vulgaris (LV) and scrofuloderma were recruited 

from the Department of Dermatology and Venerology, 

Safdarjung Hospital, New Delhi, India. In addition, normal 

skin samples from 10 healthy controls (HC) (M: 04, F: 06, 

and age range: 18–38 years) undergoing cosmetic surgery 

for burn-free area were included as HC. Their chest X-rays 

were normal and they were negative for acid-fast bacilli. All 

these patients had normal chest X-rays except for 1 (Table 1).

Since there was no available data on this aspect, on a 

pilot basis we arbitrarily enrolled 10 patients in each group. 

The study protocol, informed consent forms, and all proce-

dures were approved by the Institutional Ethical Committee 

of Safdarjung Hospital (No. 26–11-EC (25/31). Written 

informed consent was obtained from the patients prior to 

taking skin biopsies.

Diagnosis of cTB
CTB is essentially a paucibacillary type of mycobacterial 

infection. Diagnosis of CTB was made on the basis of the 

typical clinical picture, investigations (Mantoux test and 

histopathological finding of an epithelioid cell granuloma), 

and response to therapy within 2 months of starting antitu-

bercular therapy (no organisms were seen on special stains 

on histopathology including Ziehl–Neelsen and periodic 

acid Schiff). In a recent meeting of experts on extrapulmo-

nary tuberculosis, it was concluded that since culture and 

Table 1 clinical details of cTB patients

Serial 
no

Patient  
age/sex

Disease 
duration

Lesion site Mantoux  
test (mm)

Chest 
X-rays

Clinical and  
histological diagnosis

1 10/F 1 year Rt back 20×20 naD lV
2 7/M 2 months lt elbow 28×35 naD lV/TBVc
3 11/F 9 months Plaque on buttock 15×15 naD scrofuloderma
4 34/M 6 months lt hand 40×52 naD lV/TBVc
5 34/M 5 years lt foot 15×15 after aTT lV/TBVc
6 20/F 6 months Rt subclavicular gumma 40×40 naD scrofuloderma
7 31/M 6 months lt preauricular plaque 20×20 naD lV
8 15/F 5 years lt knee 33×32 naD lV
9 28/M 6 months Rt axillary ulcerated lymphnode 15×15 naD scrofuloderma
10 18/F 4 months lt side of neck 19×23 naD scrofuloderma

Abbreviations: aTT, antitubercular treatment; cTB, cutaneous tuberculosis; F, female; lt, left; lV, lupus vulgaris; M, male; naD, no active disease; Rt, right; TBVc, 
tuberculosis verrucosa cutis.
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 PCR-based tests have low sensitivity and since there is a 

lack of evidence from high-quality studies, they could not 

be recommended for confirmation of diagnosis, according 

to Index-TB guidelines on extra-pulmonary tuberculosis for 

India. Hence, response to therapy remains a reasonable way of 

diagnosing the patient as having any of the forms of CTB.19

skin biopsies
Skin biopsies of the affected area were collected after obtain-

ing the informed consent of patients and HC. In case of chil-

dren, parent’s written and oral consent was obtained. Punch 

biopsies of 4–6 mm skin were taken under local anesthesia 

(1% lignocaine) from the edge of an active lesion. One-half 

of the biopsies were fixed in 10% buffered formalin for rou-

tine histopathological evaluation and immunohistochemical 

analysis and the other half were stored in RNA later (Ambion, 

Foster City, CA, USA), an RNA protection solution for RNA 

isolation and finally stored at –20°C for further processing.

Immunohistochemistry (Ihc)
Serial sections of 5 µm thick formalin-fixed paraffin- 

embedded tissue were cut on Leica rotary microtome, 

adhered to poly-l-lysine (Sigma Aldrich, St. Louis, MO, 

USA)-coated slides, and deparaffinized in xylene and rehy-

drated with a sequence of isopropyl alcohol solutions. For 

antigen retrieval, sections were pretreated in EZ retriever 

microwave (Bio Genex, Fremont, CA, USA) with TE (50 

mM Tris 2 mM EDTA, pH-9) buffer. The microwave condi-

tions were 96°C for 8 minutes of 2 cycles followed by cooling 

to room temperature in the same buffer for 30–40 minutes. 

After cooling, endogenous peroxidase was quenched using 

0.9% hydrogen peroxide in distilled water for 10 minutes 

followed by washing in PBS-T (Triton X-100 for nuclear 

markers), 2 changes of 5 minutes each. The nonspecific 

background was blocked using 3% BSA in PBS for 30 

minutes followed by primary antibody incubation at the 

optimized dilutions overnight in a humidified chamber at 

4°C. The antibodies used in this study were directed against 

human transcriptional factor of FOXP3 (Mouse monoclonal 

clone-236A/E7) and TGF-β (H-112). IHC was performed 

using enhancer HRP-polymer detection method (Bio Genex) 

according to the manufacturer’s instructions. The sections 

were counterstained with hematoxylin.

assessment of staining
Sections were assessed under the microscope (Nikon, Tokyo, 

Japan) at 40× magnification, and photographs of 5 different 

fields were taken. Positively stained cells in the granuloma 

and cellular infiltration were determined by the presence of 

brown color due to DAB substrate. Negative cells lacked 

staining. Quantitative assessment of nuclear FOXP3 and 

TGF-β markers was done using Image Pro express 6.0 (Media 

Cybernetics, Rockville, MD, USA).

Rna extraction and cDna synthesis
RNA isolation was done from individual skin tissue (20 mg), 

stored skin biopsies after thawing and crushing the tissue 

with liquid nitrogen in pestle and mortar, using Tri-reagent 

(Sigma Aldrich) according to the manufacturer’s instruc-

tions. The purity and concentration of RNA preparation 

were determined by Nanodrop 2000 spectrophotometer 

(Thermo Scientific, Waltham, MA, USA). RNA was reverse 

transcribed to cDNA using Suprescript III First strand cDNA 

synthesis kit (Invitrogen, Carlsbad, CA, USA) according to 

manufacturer’s recommendations using random hexamer 

primer sequences.

Real-time PcR (qPcR)
Quantitative gene expression of FOXP3, IL-17, and TGF-β 

was assessed by qPCR. Duplicate samples of cDNA from 

each subject was amplified with precoated primers (SA, 

Biosciences, Frederick, MD, USA, cat no PHAS-073), 

for FOXP3 (Hs.247700), IL-17 (Hs.41724), and TGF-b 

(Hs.645227) with 2 housekeeping genes b2M (Hs.534255) 

and HPRT1 (Hs.412707), using SYBER green chemistry. 

These were then subjected to qPCR (Bio-Rad CFX96, Bio-

Rad, Hercules, CA, USA) for 2 hours. Threshold cycles 

values (C
t
) were normalized and expressed as ΔC

t
: mean 

C
t
 of gene of interest-mean C

t
 of 2 housekeeping genes.17 

Thermal profile was as follows: 95.0°C for 10:00 minutes for 

Stage 1, for Stage 2, 95.0°C for 0:15 (15 seconds) followed 

by 60.0°C for 1:00 minute (40 cycles).

Isolation and culture of peripheral blood 
mononuclear cells (PBMc)
Three milliliter venous blood was collected from each CTB 

patients and HC. PBMC were isolated using Ficoll (Sigma) 

density-gradient method. Cell yields ranged from 1.3 to 

1.5×106/mL, and cell viability ranged from 95% to 98% as 

estimated by 0.2% trypan blue staining (Sigma Aldrich). 

After isolation of PBMC, 2×106 cells/mL were cultured for 

48 hours in sterile flat bottom 24-well plates (Falcon, Som-

erset, NJ, USA) with and without purified protein derivative 

(PPD) (2.5 µg/mL) antigens and 5 µg/mL phytohemagglutinin 
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(Sigma) as positive control (Figures S1 and S2) in Roswell 

Park Memorial Institute-1640 medium +10% fetal bovine 

serum (Sigma Aldrich) for 48 hours in 5% CO
2
 at 37°C in 

incubator. After the stimulation, cells were analyzed by flow 

cytometry.

Flow cytometric analysis
All reagents were obtained from BD Biosciences, San Diego, 

CA, USA and used as per manufacturer’s instructions. Eight 

hours prior to harvest, ex vivo cultured cells were incubated 

with BD Golgi Stop to block secretion of cytokine. For 

surface staining, 1.0×106 cells/100 µL in staining buffer 

were incubated with anti-human CD3 (Per-Cpcy-5.5 clone-

UCHT), CD4 (APC-H7, clone:SK3), and CD25 (fluorescein 

isothiocyanate, clone:M-A251) with respective isotype 

controls. After the surface staining, cells were washed 2 

times and permeabilized with permeabilizing/fixation solu-

tion for 30 minutes at 4°C. The cells were washed as above 

and resuspended in Perm/Wash buffer and incubated with 

anti-human IL-17A (Alexa Fluor-647, SCPL1362) at 4°C 

for 30 minutes in the dark followed by 2 washes as before, 

and resuspended in 500 µL. For FOXP3 staining, cells were 

incubated with 1xFOXP3 buffer A for 10 minutes at room 

temperature; cells were washed as above and permeabilized 

with buffer C for 30 minutes at room temperature. The cells 

were washed as before, resuspended in stain buffer, and 

incubated with anti-FOXP3 (APC, clone:259D/C7) and 

anti-TGF-β (PE, clone:TW4-9E7) at room temperature for 

30 minutes in the dark followed by 2 washes as before and 

suspended in 500 µL of staining buffer. Stained cells were 

acquired by FACS Caliber (BD Biosciences) and analyzed 

by Flowing two software.

statistical analysis
Data of cytokines are represented as mean ± standard 

deviation (SD) while gene expression data are represented 

as mean% ΔC
t
 ± SD. P<0.05 was considered as statistically 

significant. Graph Pad Prism version 4 (GraphPad Software, 

Inc., San Diego, CA, USA) was used for 2-tailed Mann–Whit-

ney test for significance and nonparametric Spearman’s rank 

correlation coefficient (r2).

Results
clinical characteristics
The 10 CTB patients were in the age group of 7–34 years 

with disease duration of 2–60 months. Patients had LV and 

keratotic plaques, scrofuloderma, and preauricular erythema-

tous plaque on hand, back, and left knee (Figure 1).

Routine histopathology
Upon histopathological examination, 6 cases out of the 10 

CTB patients were LV and 4 were SD (Table 1). All granulo-

mas were ill-defined and small. Granulomas of LV predomi-

nantly had cellular infiltrate of few to increased lymphocytes, 

histiocytes, and multinucleated giant cells in some cases, and 

SD had predominantly epithelioid cells, few lymphocytes, 

plasma cells, and caseating necrosis. Both forms of CTB 

showed chronic inflammation.20

Th17 cells decrease in cTB patients
Flow cytometric analysis of data was done to identify the 

Th17 cell percentage in 48 hours PPD-stimulated PBMC 

cultures from CTB patients and HC. As expected (Figure 2A 

and B), the intracellular presence of IL-17A was associated 

with CD3+CD4+ cells in all the clinical groups. CTB patients 

showed significantly low (P<0.001) (mean% ± SD; 9.3±1.7) 

of CD3+-gated CD4+IL-17A+ cells as compared to nonreac-

tive HC (mean% ± SD; 2.1±0.9).

Further validation of the above data was obtained with 

qPCR gene expression of IL-17A and IFN-γ in skin lesions 

of CTB and normal skin. Expression of IL-17A was signifi-

cantly downregulated (P<0.0002, mean ± SD; 12.1±2.0) in 

CTB patients as compared to the normal healthy skin (IL-

17; 4.2±0.3) (Figure 2C). Gene expression of IFN-γ showed 

significant downregulation (P<0.001, CTB; 7.7±1.1 and HC; 

6.2±1.1) in CTB patients as compared to HC group.

Figure 1 cutaneous tuberculosis affected patients.
Notes: lupus vulgaris shows keratotic plaques on back (A) and left knee (B). lupus 
vulgaris shows keratotic plaque on left hand (C). lupus vulgaris and scrofuloderma 
shows left cervical scrofuloderma and preauricular erythematous plaque (D).

C D

A B
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Upregulation of FOXP3+ Treg cells and 
intracellular TgF-β cells in cTB patients
In situ: A total of 10 CTB and HC samples were studied for 

nuclear FOXP3 and cytoplasm TGF-β by IHC. The percent-

ages of immune cell markers by quantitative image analysis 

are shown in Figure 3. Skin lesions of CTB patients and HC 

showed the presence of nuclear FOXP3+ staining using IHC 

(Figure 3A and C). However they were present in a limited 

pattern around as well as among the epithelioid cells of the 

tuberculoid granulomas; FOXP3+ cells were present among 

the foamy macrophages of the CTB granulomas in the der-

mis. The distribution of positive cells for all markers was 

not  uniform, and 1,000 cells were enumerated to obtain a 

percentage of positive cells FOXP3+ cells. The percentage 

of FOXP3+ cells was significantly higher (P<0.008) in CTB 

(mean ± SD; 8.2±5.2) as compared to (2.6±1.1) normal 

skin. TGF-β-induced diffuse cytoplasmic pattern were also 

significantly higher in CTB skin (P<0.0001) (mean% ± SD; 

5.9±1.6) as compared (1.7±0.6) to HC (Figure 3B and D).

In vitro: The role of Treg during CTB was investigated 

using both flow cytometry (Figure 4A and B) and qPCR 

analysis (Figure 5A and B). Forty-eight hours-stimulated 

PBMC and skin lesions were investigated from both CTB 

patients and HC group. CTB patients showed a significant 

(P<0.002) increase in Treg cells (mean% ± SD; 5.3±1.0) 

as compared to the HC group (2.2±0.9) ( Figure 4C). 

Of the interest, intracellular TGF-β+ Treg cells were 

also  significantly higher (P<0.0001) in CTB (mean% ± 

Figure 2 Il-17a producing cells and gene expression in cTB patients.
Notes: (A) Dot plot of flow cytometry showing cD3+cD4+ gating strategy and histogram depicting Il-17+cells in cTB and hc group, respectively. (B) scatter diagram 
shows mean% ± sD of cD3+cD4+Il-17+, Th17 cells in cTB patients and hc. (C) scatter diagram of gene expression (mean% ΔCt ± sD) of skin biopsies showed decrease in 
expression of Il-17 in cTB patients’ skin as compared to hc skin. Figures in parenthesis indicate number of subjects studied. P<0.05 was considered significant by 2 tailed 
Mann–Whitney test.
Abbreviations: ΔCt, threshold cycle (delta ct) of real time PcR; cTB, cutaneous tuberculosis; hc, healthy controls.
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Figure 3 high in situ expression of Treg cells in cTB.
Notes: Ihc on representative skin lesions from (A and B) cTB patients and (C and D) healthy skin controls data. (A and C) showing detailed nuclear staining of FOXP3+ 
cells and (B and D) showing TgF-β+ cytoplasmic staining in skin tuberculosis and healthy skin. (E and F) scatter diagram shows percentage of positive cells/1,000 cells. DaB 
was used as chromogen after treatment with appropriate anti-human FOXP3 and TgF-β antibody; details given in “Materials and Methods” section. scatter diagram shows 
increase of cells with FOXP3 and TgF-β in cTB as compared to hc patients. horizontal and vertical bars indicate mean% ± sD of positive cells of 1,000 total cells. P<0.05 
was considered as a significant value by 2-tailed Mann–Whitney test. Figures in parenthesis indicate the number of subjects. arrows show FOXP3 and TgF-β positive cells.
Abbreviations: cTB, cutaneous tuberculosis; hc, healthy controls.
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SD; 77.14±7.0) patients as compared to HC (58.5±5.6) 

group (Figure 4D). In concordance with the above, using 

qPCR (Figure 5A and B) FOXP3 and TGF-β gene expres-

sions were found to be significantly (P<0.005, P<0.001) 

higher in skin lesions of CTB patients as compared to 

normal skin.

gene expression of FOXP3 and TgF-β 
showed positive correlation
FOXP3 is a transcription factor of Treg cells and promotes 

TGF-β production in infectious diseases. As reported earlier, 

FOXP3 and TGF-β were found to be significantly upregulated 

in CTB patients (Figure 3A and B). In our study, a significant 

Figure 4 Upregulated Treg cells and intracellular TgF-β cells in cTB patients.
Notes: (A and B) Dot plots of flow cytometry shows cD3+cD4+-gated cD25+FOXP3+ Treg cells and histogram shows intracellular TgF-β in cTB and hs group, 
respectively. (C) scatter diagram is represented as mean% ± sD of Treg cells in cTB patients and hs. (D) scatter diagram of mean% ΔCt ± sD demonstrating significantly 
upregulated intracellular TgF-β in cTB patients as compared to hs. Figures in parenthesis indicate number of subjects studied. P<0.05 was considered as a significant value 
by 2-tailed Mann–Whitney test.
Abbreviations: ΔCt, threshold cycle (delta ct) of real time PcR; cTB, cutaneous tuberculosis; hc, healthy controls; hs, healthy skin controls data.
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positive correlation of coexpression of FOXP3 and TGF-β 

was observed by qPCR (r2=0.87, P<0.002) in CTB patients’ 

skin (Figure 6). However, FOXP3 did not show any correla-

tion with IL-17 gene expression.

Discussion
M. tuberculosis causes pulmonary and extrapulmonary 

tuberculosis. It is among the oldest microbe known to 

humanity, and it is a master manipulator of the immune 

system in terms of tolerance and pathogen persistence. Study 

of the immune mechanism during the pathogenesis of TB is 

still a matter of debate. The involvement of Th17 and Treg 

cells in pulmonary TB has been reported earlier.21 Th17 

and Th1 subsets have emerged to build abundant layers of 

defense against various pathogens and diseases. However, 

concomitant with these effector responses, a network of Treg 

cells responses keep the effector cells of the cell-mediated 

immunity in homeostasis. The present investigations were 

undertaken on CTB patients with a view to understand the 

immune mechanisms underlying the unique clinical types in 

tuberculosis as well as to investigate the differences between 

circulating cells and local immune responses in the lesional 

skin. In general, expression of TGF-β, IL-17, and IFN-γ in 

skin lesion and circulating PBMCs may be related to the 

differences in numbers of cells in lesions or the stronger 

recall responses in circulating cells.

Diverse effector T-cell response controls such a balance, 

either containing the pathogen (paucibacillary disease) or 

rendering their survival via immune suppression leading to a 

multibacillary disease.22 Treg cells are found to be very high 

in CTB patients, thus suppressing the host immune system. 

Treg cells mediate suppression activity primarily through 

the secretion of the immunosuppressive cytokine TGF-β.14,23

TGF-β has been established as having an anti-inflamma-

tory effect in nature and secreted by FOXP3+ Treg cells.24 

This is the first study that investigated the role of TGF-β 

Figure 5 FOXP3 and TgF-β gene expression in cTB.
Notes: scatter diagram of gene expression (mean% ΔCt ± sD) of skin biopsies showed increase in expression of (A) FOXP3 and (B) TgF-β in cTB patients’ skin as 
compared to hs. Figures in parenthesis indicate number of subjects studied. P<0.05 was considered as a significant value by 2-tailed Mann–Whitney test and spearman test 
for correlation.
Abbreviations: ΔCt, threshold cycle (delta ct) of real time PcR; cTB, cutaneous tuberculosis; hc, healthy controls; hs, healthy skin controls data.
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-producing Treg and Th17 cells in a CTB patient. In the 

present study, flow cytometric analysis revealed that the 

frequency of TGF-β-producing FOXP3+ Treg cells showed 

an increasing trend in CTB patients as compared to HC. 

These Treg cells produced significant amounts of TGF-β in 

CTB patients, indicating their suppressive in nature. Previ-

ously, it was reported that TGF-β plays an important role 

in CD4+CD25+ Treg expansion, and it was also shown to 

inhibit the polarization of Th17 and Th1 cells.25 Further, it 

was observed in flow cytometric analysis that the intracellular 

presence of IL-17A was associated with CD3+CD4+ cells in 

CTB and HC groups. CTB patients showed significantly low 

number of CD3+-gated CD4+IL-17A+ cells as compared to 

nonreactive healthy subjects.

Th17 cell-produced IL-17 played a protective role in the 

onset of infectious diseases and is pathogenic in autoimmune 

disorders.17,21,26–29 Moreover, it has been involved in tissue 

remodeling, and recruitment and survival of neutrophils in 

the early stages of infection leading to control of the bacte-

rial load. A positive correlation between IL-17 and IFN-γ has 

also been reported.21,26,30–33 It has long been assumed that the 

central role of Th1 cells in the defense against TB is due to 

the ability of IFN-g to activate macrophages and stimulate 

phagocytosis, phagosome maturation, production of reac-

tive nitrogen intermediates, and antigen presentation.22,34,35 

Investigators have reported that IFN-γ mediated protection 

by inhibiting the harmful response of Th17 cells rather than 

by inhibiting M. tuberculosis duplication.36

In the present study, gene expression level of IFN-γ and 

IL-17A was estimated by qPCR in skin lesions of CTB and 

healthy control. Here we found that IL-17A and IFN-γ expres-

sion were significantly low in CTB patients. However, TGF-β 

was found to be significantly high in these patients as compared 

to HC group. Moreover, gene expression of IL-17 and IFN-γ 

were not showing any correlation. This may be unexplained 

kinetics of the production of cytokines. Results of the present 

study also demonstrated significant positive correlation and 

co-expression of FOXP3 and TGF-β by qPCR. To our surprise, 

IL-17 and IFN-γ did not show any correlations with FOXP3 

and TGF-β gene expression. This may be because of Th17 and 

Treg cells are a distinct population of T helper cells.

To strengthen our study, we evaluated these findings 

by histopathological analysis followed by flow cytometric 

analysis to asses it at cellular levels; findings were further 

confirmed at the molecular level by qPCR. Expression 

of FOXP3, a transcription factor for Treg cells was also 

validated by real-time PCR. However, Quantification and 

analysis of IL-6 and IL-1β in all samples could have given 

a more insightful picture about this new aspect. Since Th17 

and Treg cells have been established as opposite to each 

other. The differentiation of both cells depends on IL-6, 

IL-1β and TGF-β balance.37 The involvement of IL-6 and 

IL-1β might be possible in Th17 and Treg cells differentia-

tion in CTB patients. Therefore further investigation of IL-6 

and IL-1β could have given a more conclusive picture. We 

also understand the heterogeneity of our study population 

which consists of children and adult in terms of immune 

impairment in children. Collectively, this study point out 

a shift in our understanding of the immunological features 

that mediate and regulate the immune suppression and the 

disease progression in CTB patients with a new paradigm 

(TGF-β producing Tregs) that IL-17 may be protective in 

nature during CTB infection.
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Supplementary materials

Figure S1 Flow cytometry dot plot are showing gating strategy and unstimulated and Pha control for Th17 cells.
Abbreviation: Pha, phytohemagglutinin.

Figure S2 Flow cytometry dot plot are showing gating strategy and unstimulated and Pha control for TgF-β producing Treg cells.
Abbreviation: Pha, phytohemagglutinin.
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