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ABSTRACT
Objective(s): Tuberculosis is one of the most important infectious diseases with high mortality rates
worldwide, especially in developing countries. Interleukin17 (IL-17) is an important acquired
immunity cytokine, which is mainly produced by CD4+TH17 cells. It can recruit neutrophils and
macrophages to the infected site in the lungs. IL-23 is one of the most important inducers of IL-17. In
the present study, the expressions of IL-23 and IL-17 were examined in the pathogenesis of
tuberculosis.
Materials and Methods: Peripheral blood mononuclear cells (PBMCs) were isolated from subjects with
latent tuberculosis infection (LTB) and newly diagnosed active tuberculosis patients (ATB).
PBMCs were activated with purified protein derivative (PPD) for 72 hr. Activated cells were harvested,
RNA was extracted, and cDNA was synthesized. IL-17 and IL-23 mRNA expressions were evaluated by
real-time PCR. The frequency of Th17 cells was examined by flowcytometry.
Results: The expressions of IL-17 and IL-23 mRNA were lower in patients than subjects with LTB
(P<0.05). The frequency of IL-17 producing CD4+ T cells in patients with active TB was lower than LTB
subjects (P<0.05).
Conclusion: The results of the present study might suggest that IL-17 and IL-23 play critical roles in
the immune response against TB.
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Introduction

Tuberculosis is one of the most important
infectious diseases with high mortality rates
worldwide, especially in developing countries.
According to the World Health Organization, onethird of the world’s population is infected with
Mycobacterium tuberculosis (Mtb), however only
5–10% of infected individuals develop the active TB
disease with clinical symptoms, whilst most of the
infected individuals remain asymptomatic (1-3).
Latent tuberculosis is defined as the presence of live
Mtb within an infected host without causing disease. It
is characterized by a positive response to purified
protein derivative (PPD) (4). Latent tuberculosis (TB)
can be maintained for the lifetime of the individual
unless shifting occurs in the immunologic balance
between host and pathogen, resulting in reactivation of
Mtb and activation of the disease (5).

CD4+ Th1 immune cells respond by secreting
interferon gamma (IFN-), which plays a critical role
in protective immunity against Mtb(6, 7). It has been
shown that low Th1 and high Th2 activity are
associated with the failure of an immune response
against Mtb (8-10).
IL-17 producing T cells (Th17) have been
identified as a CD4+ T cell subset that is distinct from
Th1 and Th2 subsets; Th17 cells have significant proinflammatory functions via production of the
cytokines, IL-17A, and IL-17F (11). Th17 cells have
been reported to play a central role, not only in the
development of autoimmune and inflammatory
diseases (6, 7, 12) but also in protection against
intracellular pathogens (13, 14). Th17 cells are
antagonized by-products of the Th1 and Th2
cytokines such as IL-12, IFN-γ, and IL-4 (6, 7).
Differentiation of Th17 cells from naïve T cells is
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controlled by the lineage-specific transcription
factors ROR-γt and ROR-α (13, 14). This issue is
promoted by an IL-21-autocrine loop triggered by a+
transforming growth factor beta (TGF-β), IL-6, and
IL-23 (15, 16). IL-23 has key roles in the induction of
IL-17 producing antigen-specific CD4+ T cells (Th17)
(11). Mycobacterial peptide vaccination induces IL17 production, which is necessary for recruitment of
IFN-γ-producing cells. IL-17 is capable of increasing
the concentration of the chemokines such as CXCL9,
10, and 11, which recruit IFN-γ-producing cells to the
site of inflammation (17). More recently it has been
demonstrated that IL-23 induced a protective Th1
and Th17 response following Mycobacterium bovis
BCG vaccination (18). Paidipally et al reported that
IL-23 contributes to Mtb-induced IL-17 production
by CD4+ cells from healthy tuberculin reactors (19).
The role of Il-17 and IL-23 in Mtb infection has
not been yet fully understood. It has been suggested
that
CD4+ T cells from tuberculosis patients
produced less IL-17 in response to Mtb antigens
compared to CD4+ T cells from healthy controls and
healthy tuberculin reactors (20); While other studies
reported that patients with active tuberculosis
exhibit high Th17-cell responses (21) that are
associated with the severity of disease (22).
Research showed no difference in terms of IL-17
production among healthy controls, latently infected
individuals, and patients with active TB (23). In the
present study, we examined the genes expression of
IL-17 and IL-23 in patients with active TB disease
and latent TB to clarify the role of these factors in the
outcome of TB infection.

Materials and Methods

Study population
A cross-sectional study was conducted on 28
patients newly diagnosed with pulmonary TB who
were referred to Ghaem Hospital, Mashhad University
of Medical Sciences, Mashhad, Iran, between September
2011 to March 2012 and 26 latent TBs. The diagnoses
of the patients were based on positive TB smear tests,
positive culture, and clinical and radiological features.
Subjects who as a newborn were administered with the
BCG vaccination and had no history of TB were selected
as the control group. A positive PPD test result was
defined as an induration at the site of inoculation of at
least 12 mm in diameter. Patients and controls were
interviewed using structured questionnaire requesting
information related to the inclusion and exclusion
criteria. Subjects with the following conditions were
excluded from the study: pregnancy, acute and chronic
liver disease, renal diseases, and other active
inflammatory conditions Subjects infected with human
immunodeficiency (HIV) or human T-lymphotropic
virus type I (HTLV-I) were also excluded from the
study. The study was approved by Ethics Committee of
Mashhad University of Medical Sciences and an
informed consent was obtained from all the
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participants. Blood samples were collected from all case
and control groups.
Peripheral blood mononuclear cells (PBMCs) cell
culture
Ten ml blood samples were collected in tubes
containing ethylenediaminetetraacetic acid (EDTA),
and peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll gradient centrifugation in lymphocyte
separation medium (Ficoll-Paque plus; Cederlane,
Canada). Freshly PBMCs were cultured in 12-well
plates at 2×106 cells/well in RPMI 1640 (Gibco,USA);
supplemented with 2 mmol/ml glutamine (Fermentas,Germany), 12% heat-inactivated fetal bovine serum
(Gibco,USA), and 50 μg/ml penicillin (Sigma, Germany)
in the presence of PPD antigen (0.75 TU/ml) (SPAN
Diagnostic, India) for 72 hrs at 37 °C in a humidified
5% CO2 atmosphere. After 72 hr, cells were collected
and mRNA expressions of Il-17 and IL-23 were
evaluated in cells before and after stimulation with
PPD. Interstellar IL-17 expression was evaluated by
flowcytometry.
Intracellular cytokine staining and flowcytometric
analysis
To measure intracellular IL-17, PBMCs after
culturing with PPD were stimulated with PMA
(50 ng/ml) plus ionomycin (1 μg/ml) and monensin
(3 μM Monensin) (BD, USA) for 4 hr in 1 ml RPMI
1640 media containing 10% fetal calf serum (FCS).
For surface staining, FITC anti-CD4 was added.
Cells were washed with PBS containing 2% FCS
and were fixed/ permeabilized with %2 fixation/
permeabilization buffer and stained with the antihuman IL-17PE antibody (BD, USA). After staining,
cells were analyzed using CellQuest flowcytometer
(BD. USA).
RNA extraction and complementary DNA (cDNA)
synthesis
Total RNA was extracted from PBMCs using Tripure
(Roche, Germany) according to manufacturer’s
instruction and then treatment with DNase I was
performed to remove DNA contamination. Reverse
transcriptions were performed by random hexamers
using a RevertAid™ H minus First strand cDNA
Synthesis Kit (Fermentas, Germany). Reverse
transcription was carried out at 42 °C for 60 min
followed by RT inactivation at 70 °C for 5 min. cDNA
was kept at – 20 °C before it was used.
Real-time reverse-transcription polymerase chain
reaction (RT-PCR)
Beacon designer’s program V 7.0 was used to design
primers and probes of IL-23 and IL-17. For IL-23 realtime PCR, the TaqMan probe method and for IL-17, the
real-time PCR Syber green method was carried out using
Q 6000 Machine (Qiagen, Germany).
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Figure 1. IL-23 mRNA expression before and after cell stimulation with PPD in patients and latent TB. Peripheral blood
mononuclear cells from subjects with latent TB (n=26) and patient subjects (n=28) were stimulated with purified protein derivative (PPD)
(0.75 TU/ml) for 72 hr, and IL-23 cytokine expression was measured by real-time PCR. IL-23mRNA expression was higher in the control
group compared with patients (a) before and (b) after stimulation with PPD antigen (P=0.000 and P=0.000)

The forward and reverse primers and probe for
IL-23 were:
5’GCCTTCTCTGCTCCCTGAT-AG3’
5’TGG-GACTGAGGCTTGGAATC3’
5’TCTCC CAGTGGTG-ACCCTCAGGCT3’
respectively. All samples were normalized to the
amount of beta 2 micro-globulin (β2M) transcript
present in each sample and the forward and reverse
and probe for β2M were:
5’TTGTCTTTCAGCAAGGACTGG3
5’CCACTTAACTA-TCTTGGGCTGTG3’
5’TCACATGGTTCACACGGCA-GGCAT3’
respectively. For IL-17 the forward and reverse
primers were:
5’GTCAACCTGAA CATCCATA-ACCG3’
5’ACTTTGCCTCCCAGATCAC-AG3’ respectively. The
forward and reverse primers for β2M were:
5’AATTGAAAAAGTGGAGCATTCAGA3’
5’GGCTGTGACAAAGTCACATGGTT3’ respect-tively.
The optimization process was performed to obtain
the best concentrations of primers, probes, and
Master Mix reagents. Relative transcripts of IL-23
and IL-17 mRNA were normalized to β2M.
Statistical analysis
A one-sample Kolmogorov-Smirnov test was used
to check whether data was normally distributed.
Mean and standard deviation (SD) are used for
reporting normally distributed data, an independent
sample t-test was used to assess the IL-17
flowcytometric differences between patients and
controls. Comparisons of IL-17 and IL-23 genes
expression between the control group and TB patient
were performed using the non-parametric 2-tailed
Mann-Whitney U–test. The Wilcoxon matched pairs
t-test was used to analyze the effect of activation
with PPD on IL-17 and IL-23 gene expression and
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compared gene expression before and after PBMCs
activation. A Pearson test was used for checking
correlations between the result of IL-17 gene
expression and the result of IL-17 flowcytometry.
The SPSS software package (Windows version 20
SPSS, Chicago) was used for all statistical analyses
and a P-value < 0.05 was considered to be significant.

Results

The study population included 28 patients with
active TB and 26 latent TB with a history of positive
skin test (TST+ or PPD+) as the control group. The
mean± SD age of patients was 50.32±21.57, which
ranged from 20 to 83 years (64.3% male, 35.7%
female). The mean±SD age of the control group was
44.5±10.46, which ranged from 30 to 68 years (65%
male and 35% female). No significant differences in age
and sex were observed between the two groups
(P>0.05).
Reduction of IL-23 gene expression in the patient
group and subjects with latent tuberculosis
infection after PBMCS stimulation with PPD
To determine IL-23 gene expression, we
stimulated PBMCs from subjects with latent TB and
the patients group with PPD antigen for 72 hr and
measured the expression of IL-23 by real-time PCR,
The mean±SD for IL-23 among patients was 21.29±
2.91 and in subjects with latent tuberculosis
infection it was 379.58±84.20. The IL-23 gene was
significantly lower in the patients than in control
groups (P=0.000). The mean expression of IL-23
before stimulation with PPD in latent TB was
244.36±51.70 and in active TB it was 27.24±3.52
(P=0.00) (Figure 1).
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Figure 2. IL-17 mRNA expression before and after cell stimulation with PPD in patients and latent TB. Peripheral blood
mononuclear cells from subjects with latent tuberculosis infection (n=26) and patient subjects (n=28) were stimulated with purified
protein derivative (PPD) (0.75 Tu/ml) for 72 hr, and IL-17 cytokine expression was measured by real-time PCR. IL-17mRNA expression
was higher in the control group compared with patients (a) before and (b) after stimulation with PPD antigen (P=0.04 and P=0.000)

Reduction of IL-17 gene Expression in the patient
group and subjects with latent tuberculosis
infection after stimulation
The mean expression of IL-17 mRNA levels after
PBMCs stimulation with PPD in active TB patients
was significantly lower (1.45±0.47) compared to the
subjects with latent tuberculosis infection (9.70±
2.35) (P=0.000) (Figure 2). When the expression of
IL-17 was compared before PBMCs activation
between the two groups, the mRNA levels of IL-17
were also lower in patients with active TB (0.03±
0.01) compared to the control group (0.09± 0.01)
(P=0.04), respectively (Figure 2).
Increased IL-17 expression in PBMCs stimulated
with PPD compared to the non-stimulated in cases
with active TB and LTB
The mRNA levels of IL-17 were significantly
higher in patients after PPD stimulation (1.45±0.47)
compared to non-stimulated PBMCs (0.03±0.01)
(P=0.00), respectively. Furthermore, significant
differences in IL-17 gene expression were observed
after and before PPD stimulation in latent TB (9.70±
2.35, 0.09± 0.01, respectively, P=0.00).
No significant differences in IL-23 gene
expression before and after PBMCs stimulation were
observed in patients with active TB (P=0.1) and in
the control group (P=0.2).
Decreased frequency of IL-17 producing CD4+ T
cells in patients with active TB
The frequency of IL-17 producing CD4+ T cells
was evaluated in patients and PPD+ subjects. The
mean± SD for IL-17 production in the CD4+ T cells
(Th17 cell subsets) in patients (n=26) and latent TB
(n=26) was 1.33±0.77 and 2.52±0.95, respectively.
The frequencies of Mtb antigen–specific Th17
response was significantly lower in patients with
active TB compared with the controls (P=0.003)
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(Figure 3). There was a positive correlation between
IL-17 gene expression and the frequency of IL-17
producing CD4+ T cells (P=0.030) (data not shown).

Discussion

The cellular immune response has a key role
against tuberculosis infection. IL-17 is a proinflammatory cytokine that is produced predominantly
by CD4+ T cells and contributes to immunity against
Mtb (5, 24, 25). Induction of chemokines including
CXCL9, CXCL10, and CXCL11 by IL-17 leads to the
recruitment of IFN-γ-producing T cells to the
infection site and inhibits bacterial growth following
Mtb infection (26). During the inflammatory process,
IL-23 increased the expression of TNF α, IL-1, and IL6 by activated myeloid cells and also induced the IL17 producing CD4+ T cells (27). IL-23 is necessary for
the establishment of IL-17-producing T cells and
acceleration response for early cessation of bacterial
growth after Mtb infection (28).
In the present study, we demonstrated that the
mRNA expressions of IL-17 and IL-23 are
significantly lower in active Mtb patients in
stimulated and non-stimulated PBMCs compared to
latent TB as the control group. Our results are
consistent with previous studies that showed that T
cells from Mtb patients produced a reduced amount
of IL-17 in response to Mtb antigens compared with
T cells from healthy controls with a history of
negative tuberculin test (20, 29, 30). Chen et al
showed that the frequency of Th17 cells decreased in
the blood and pleural fluid of activated TB patients
compared to healthy controls and subjects with
latent TB infection. The reduced Th17 response was
associated with decreased expression of IL-6R on
CD4+ T cells (31). In contrast, other studies reported
that Th17-cell responses increased in patients with
tuberculosis patients and the increased response is
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b)

Figure 3. Increased production of IL-17 cytokine in the latent tuberculosis infection controls compared with patients with TB
infection. Peripheral blood mononuclear cells from subjects with latent tuberculosis infection (n=26) and patients with TB infection
(n=28) were stimulated with 50 ng/ml PMA, 1 μg/ml Ionomycin, 3 μM monensin for 4–5 hr. frequency of IL-17 producing CD4+ T cells was
measured by intracellular staining and flowcytometry. Results showing that production of IL-17 cytokine was significantly increased in the
(a) latent TB and (b) patients with active TB (P=0.003)

associated with disease severity (21, 22). It has been
reported that the expressions of IL-23 and IL-17
inPBMCs of subjects with latent TB infection are
significantly higher in comparison with negative
tuberculin skin test (26). Furthermore, vaccination
triggers CD4+ T cells in the lung to respond through
an accelerated IFN-γ response, during the
subsequent Mtb infection (16). IL-23 was shown to
be necessary for the induction and establishment of
IL-17-producing CD4+ T cells in the lung (32).
Th17 and Th1 immune responses are decreased
in IL-23p19−/− BCG-vaccinated mice and the animals
exhibited lower protection following Mtb challenge
(18). Studies have shown that during Mtb infection,
IL-23 compensates the generation of IFN-γproducing cells in the absence of IL-12p70, however,
this compensatory response could not control the
infection(33).
Furthermore, it has also been
reported that following primary infection with some
Mtb strains, IL-17 is required for immunity against
(34).
More recently it was reported that percentages of
Th17 cells in patients with tuberculosis pleurisy are
higher compared with the healthy controls, while
expression of T regulatory (Treg) in these patients
are lower compared to the healthy group.
Furthermore, IL-17 and IL-23 levels were higher
than that in the healthy group (35). In contrast, we
have previously reported no difference in the
frequency of CD4+CD25+FoxP3+ regulatory T cells
between active Mtb patients and subjects with latent
tuberculosis infection, while the expression of Foxp3
and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) was significantly higher in patients than in
subjects with latent tuberculosis infection (10).
Marin et al showed that the frequency of regulatory
T cells increased in patients who suffered from
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activated TB infection in comparison with latent
tuberculosis infection. It seems that Treg cells
inhibited a protective response and resulted in
bacteria spreading. Down-regulation of Th17
response leads to decreased inflammatory and tissue
damage (36). In addition to this, no difference in IL17 production has been reported among healthy
controls, cases with latent tuberculosis infection, and
patients with active tuberculosis (23).
These controversial reports might indicate that
the results depend on the pathogen and infection
stages; with IL-17 showing both harmful and useful
effects. In HIV infection, disease progression is
associated with a loss of Th17 cells (37), while IL-17secreting innate lymphoid cells are essential for host
defense against certain fungi (38, 39). In contrast, IL17 aggravates chronic hepatitis B infection (40) and
increases pathology in human schistosomiasis (41).
It is not clear why latent and active TB-infected
subjects respond differently to Mtb. One of the
possible explanations for this issue is that CD4 T
producing IL-17 cells from individuals with LTB and
active TB recognize different antigens at different
phases of the disease (42-45).
It has also been shown that in LTB individuals
depletion of regulatory T cells increased the
production of IL-17 and IL-23, suggesting regulatory
T cells might be involved in the differences of IL-17
and IL23 between active and LTB subjects. Thus, the
differences in the expression of IL-17 and IL-23 in
different studies in Mtb might be attributed to the
stage of disease and the number of regulatory T cells
and production of CTLA-4 and FOXp3 (46). The
differences in the environmental exposure to Mtb in
Iran and developed countries should also be taken
into account. Furthermore, BCG vaccination is not
routine in some of the developed countries and this
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could be a cause for the differences in the results of
the current study with the results of the published
studies in these countries.

Conclusion

Our findings suggest that IL-23 acts as a
promoting factor for the promotion of Th17
responses and improving the induction of Th17
induced-protection response against TB. Further
studies are needed to clarify the exact mechanisms of
IL-23 and IL-17 in the immune response against TB
and the role of these cytokines in the pathogenesis of
individuals infected with TB.
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