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BACKGROUND: In tuberculosis infections, 
the immune system is weakened and cannot 
produce enough cytokines to against the infection. 

b-glucan is a potent immunomodulator that induces 
cytokine production in various bacterial infections. This 
study aimed to determine the effects of b-glucan on the 
production  of  interferon  (IFN)-γ  and  interleukin  (IL)-12 
in  peripheral  blood  mononuclear  cells  (PBMCs)  induced 
by Mycobacterium tuberculosis DNA. 

METHODS: PBMCs were isolated from 11 healthy 
subjects. PBMCs were treated with/without 5 μg/mL 
b-glucan and M. tuberculosis rpoB wild-type or mutant 
DNA. The production of IFN-γ and IL-12 in the supernatant 
was performed with enzyme-linked immune-sorbent assay 
(ELISA). 

RESULTS: b-glucan increased significantly (p<0.05) 
IFN-γ of M. tuberculosis mutant DNA-induced PBMCs, 
M. tuberculosis wild-type DNA-induced PBMCs, and 
non-induced PBMCs. b-glucan also increased significantly 
(p<0.05) IL-12 of M. tuberculosis mutant DNA-induced 
PBMCs, M. tuberculosis wild-type DNA-induced PBMCs, 
and non-induced PBMCs. There were not any significant 
difference between male and female groups for IL-12 and 
IFN-γ in all treatment groups (p>0.05, ANOVA test). 

CONCLUSION: This in vitro study indicates that b-glucan 
increases the performance of PBMCs to produce IFN-γ and 
IL-12, with/without induction of M. tuberculosis wild-type/
mutant DNA.
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Abstract

Introduction

Invasion of Mycobacterium tuberculosis induces immune 
cells to produce various cytokines. The main cytokines 
produced are interferon (IFN)-γ and interleukin (IL)-
12. IFN-γ is the main activator of macrophages to inhibit 
the growth of M. tuberculosis. IFN-γ also plays a role in 
the process of apoptosis and necrosis of M. tuberculosis-
infected macrophages.(1) IFN-γ was found at higher levels 
in tuberculosis (TB) patients compared to non-sufferers.(2) 
The differences in IFN-γ levels from TB patients and healthy 
people can be used to determine the clinical diagnosis of 

extrapulmonary TB infection in Indonesia.(3) TB infection 
induces macrophages to produce IL-12. Expression of IL-
12 during the course of the infection process regulates the 
natural immune response and separates the type of adaptive 
immune response. In addition, IL-12 induces IFN-γ 
production.(4) 
 In pathogenic M. tuberculosis infection, immune 
cells produce high amount of IFN-γ and IL-12. However, 
insufficient amounts due to immune cells weakening, 
could be happened in children.(5) To increase the 
production of cytokines, immune cells need to get external 
immunomodulators. b-glucan, a potent immunomodulator, 
can affect both innate and adaptive immune systems through 
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various mechanisms. Dectin-1 is a type II transmembrane 
protein receptor that can bind with b-glucan, which later 
initiate and regulate the natural immune response (6,7), to 
eliminate bacterial infections and other pathogens.
 The use of bacteria DNA as peripheral blood 
mononuclear cells (PBMCs) inducer was based on the 
potential of CpG oligodeoxynucleotide motifs in the 
evidenced  DNA  of  the  bacteria  to  induce  the  production 
of  various  cytokines  and  nitric  oxide  (NO)  in  immune 
cells, in which some are indicators of inflammation.(8,9) 
Based on previous research, the wild-type strain of M. 
tuberculosis found in Indonesia was Beijing strain H37Rv, 
whereas the most mutation of bacterial resistance to 
rifampicin first-line anti-TB drug was the mutation of the 
rpoB gene.(10) Treatment of these bacteria is still being 
developed to date, especially when the bacteria show 
resistance to anti-TB drugs. Therefore, current research 
was conducted to investigate the potential of b-glucan as an 
immunomodulator in both types of TB infections caused by 
M. tuberculosis wild-type and mutants based on IFN-γ and 
IL-12 production.

Methods

Study Subject 
The study subjects were 5 men and 6 women, who signed 
the informed consent. They were selected and recruited 
based on the inclusion and exclusion criteria. The inclusion 
criteria were healthy and aged 18-25 years. Meanwhile, 
the exclusion criteria were suffering from acute or chronic 
diseases, having positive test results for HIV, hepatitis B 
and/or hepatitis C, consuming immunosuppressant and/or 
immunomodulator, and undergoing surgery within 6 months 
prior to the study. This research protocol was approved by 
the Health Research Ethics Committee of the Faculty of 
Medicine Universitas Diponegoro and Dr Kariadi Hospital 
Semarang (469/EC/FK-RSDK/VII/2017).  

M. tuberculosis DNA Isolation, PCR and Sequence
DNA  isolation  was  carried  out  using  DNeasy  Blood 
and Tissue kits (Catalog #69504, Qiagen, Hilden, 
Germany). Briefly, M. tuberculosis H37Rv was lysed 
using proteinase K. Then the lysate was loaded onto the 
DNeasy Mini spin column and centrifuged. DNA was 
selectively bound to the DNeasy membrane. Remaining 
contaminants and enzyme inhibitors were washed twice 
and DNA was then eluted in buffer. The 411 bp of rpoB 
fragment was produced using PCR with the forward primer 

5'-TACGGTCGGCGAGCTGATCC-3' and reverse primer 
5'-TACGGCGTTAGCTCGATG-3' for 35 cycles. The 
products were electrophorized on 1.5% agarose gel, stained 
with ethidium bromide, and confirmed by visualizing 
with ultraviolet. PCR products were then sequenced 
using automated DNA sequencer (Applied Biosystems, 
Foster City, CA, USA), analyzed using Basic Local 
Alignment Search Tool (BLAST) of the National Center for 
Biotechnology Information (NCBI), and compared to the 
reference genome of wild-type M. tuberculosis H37Rv. 

PBMCs Isolation and Induction 
Peripheral  blood  in  the  volume  of  5  mL  was  collected 
from each subject. Then the blood was poured on Ficoll 
density  gradient  and  centrifuged.  The  PBMCs  were 
carried out and washed twice with PBS, then added with 
complete RPMI media. PBMCs in number of 5x105 were 
cultured in 24-well plates with complete RPMI media, then 
treated with/without 5 μg/mL b-glucan (Merck KGaA, 
Darmstadt, Germany) and 10 μg/mL M. tuberculosis 
wild-type or mutant DNA. PBMCs were incubated in a 
humidified incubator of 5% CO2 at 37°C for 6 days. The 
supernatant was harvested as test sample and analyzed for 
IFN-γ and IL-12 production with enzyme-linked immune-
sorbent assay (ELISA).  

ELISA
IFN-γ and IL-12 measurement was done in duplo using the 
Human IFN-γ ELISA kit (Fine Test, Hubei, China) and the 
Human IL-12 ELISA kit (Fine Test). Both kits had similar 
principle and the test was performed according to the 
instruction manual. Anti-IFN-γ or Anti-IL-12 antibody was 
pre-coated onto 96-well plates. Standards, test samples and 
biotin conjugated anti-IFN-γ or Anti-IL-12 antibody were 
added to the wells subsequently, and washed. Horseradish 
peroxidase (HRP)-Streptavidin was added and unbound 
conjugates were washed. The 3,3′,5,5′-tetramethylbenzidine 
(TMB) substrates were used to visualize. A blue color 
product changed into yellow after adding acidic stop 
solution. Optical density absorbance was read at 450 nm in 
a microplate reader, then the concentration of IFN-γ or IL-
12 was calculated.

Statistical Analysis
Statistical analysis was performed using SPSS Statistics 
version 20 (IBM Corp, Armonk, NY, USA). Mann-Whitney 
U test was carried out for all paired comparisons between 
b-glucan and non b-glucan-treated PBMCs, to compare 
the mean differences of IFN-γ and IL-12 levels with a 
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confidence level of 95% and p<0.05. Analysis of IFNγ 
and IL-12 levels differences between male and female was 
conducted by analysis of variance (ANOVA) test. 

PCR Product and DNA Sequence 
Size  of  M. tuberculosis  rpoB  PCR  products  were 
confirmed as 411 bp (Figure 1). DNA sequence results 
showed a variation of the rpoB at codon 351, initially TCG 
changed to TTG. Meanwhile Figure 2 showed variation of 
the M. tuberculosis rpoB base at codon 513.

IL-12 and IFN-γ 
In current result, higher IL-12 and IFN-γ productions of 
PBMCs from male group than the productions of PBMCs 
from female group, were obtained (Figure 3A). The 
highest IL-12 level  (195.35 pg/mL) was  produced  by  M. 
tuberculosis wild-type DNA and b-glucan-treated PBMCs 
from female group. Meanwhile, the lowest IL-12 level 
(54.62 pg/mL) was produced by M. tuberculosis wild-type 
DNA-induced PBMCs from female group. The highest 
IFN-γ level (72.38 pg/mL) was produced by M. tuberculosis 
mutant DNA and b-glucan-treated PBMCs from female 
group. Meanwhile, the lowest IFN-γ level (32.5 pg/mL) 
was produced by non-induced PBMCs from female group. 
However, there were not any significant difference between 
male and female groups for IL-12 and IFN-γ in all treatment 
groups (p>0.05, ANOVA test).
 b-glucan  increased  significantly  (p<0.05)  IFN-γ  
of  M. tuberculosis  mutant  DNA-induced  PBMCs, 
M. tuberculosis wild-type DNA-induced PBMCs, and 
non-induced PBMCs (Table 1). b-glucan also increased 

Results

500 bp
411 bp

100 bp

Figure 1. The PCR products of M. tuberculosis rpoB. M: size 
marker; A-H: PCR products of M. tuberculosis; K: control.

T  C  G
T  T  G

Figure  2.  Variation  of  the  M. t uberculosis  rpoB  base  at 
codon 513. 

significantly (p<0.05) IL-12 of M. tuberculosis mutant 
DNA-induced PBMCs, M. tuberculosis wild-type DNA-
induced PBMCs, and non-induced PBMCs. 

Discussion

IFN-γ and IL-12 are the main cytokines produced by 
T-lymphocytes and macrophages during TB infection, 
which function  as  one  form  of  body  defense  to  eliminate 
infection.(11)  To counter TB  infection,  IFN-γ and IL-12 
must be produced in sufficient quantities. Current results 
showed that PBMCs treated with b-glucan produced 
significantly higher IFN-γ than PBMCs untreated with 
b-glucan. These results were in line with previous study 
that described orally-administered β-glucan enhanced 
IFN-γ production in BALB/c mice.(12) Increasing IFN-γ 
production modulated by β-glucan is not only observed in 
PBMCs, but also in serum.(11) In addition, oral mushroom 
β-glucan treatment significantly increased IFN-γ and IL-12 
mRNA expression.(13)
 Besides IFN-γ production, current results also showed 
that PBMCs treated with β-glucan produced higher IL-12 
than PBMCs untreated with b-glucan. In previous study, 
β-glucan administration primed spleen cells for a higher 
production of IL-12.(14) In contrast, neutralization of IL-
12 activity by anti-IL-12 decreased IFN-γ synthesis. These 
data suggest that β-glucan may support anti-tumour and 
anti-infective immune responses by increasing IL-12-
induced IFN-γ production by T cells.(4). β-glucan from 
Saccharomyces cerevisiae is one of the polysaccharides that 
has been proven to increase the production of IFN-γ and 
IL-12 in vitro.(11) In previous study, orally administered 
β-glucan reduced the progression of decreased white blood 
cell (WBC) count and increased the production of IL-4 and 
IL-12 in breast cancer patients when compared with the 
placebo control group.(15) 
 b-glucans inhibit growth of M. tuberculosis in host 
cells in vitro, probably due to cellular induction and/or 
competitive inhibition of uptake of bacteria via complement 
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Figure 3. IL-12 and IFN-γ production of 
PBMCs from male and female groups. A: 
PBMCs were treated with M. tuberculosis 
mutant DNA and b-glucan; B: M. tuberculosis 
mutant DNA merely; C: M. tuberculosis wild-
type DNA and b-glucan; D: M. tuberculosis 
wild-type DNA merely; E: b-glucan merely; 
F: PBMCs were not induced.

Mean±SD
(pg/mL) p -value

Mean±SD
(pg/mL) p -value

With β-glucan 68.6±17.90 0.000 122.9±11.16 0.001

Without β-glucan 36.4±4.87 82.3±26.23

With β-glucan 66.4±10.50 0.000 188.0±26.36 0.000

Without β-glucan 42.2±4.06 62.6±13.69

With β-glucan 55.4±10.90 0.001 137.2±24.05 0.000

Without β-glucan 33.2±5.25 60.7±7.32

β -Glucan
Treatment

M. tuberculosis  mutant 
DNA-induced PBMCs 

M. tuberculosis  wild-type 
DNA-induced PBMCs 

Non-induced PBMCs 
(control)

Type of Induction 

IFN-γ IL-12

Table 1. Differences of IL-12 and IFNγ- levels based on b-glucan treatment status.

*Tested with Mann-Whitney U Test.

receptor (CR)3 (cluster of differentiation (CD)11b/18) (16), 
where the study showed that β-glucan has the potential 
to treat TB infections. There was a dose-dependent effect 

of β-glucan injected before Bacillus Calmette–Guérin 
(BCG) challenge on the number of BCG bacilli found in 
spleen and liver homogenates. In addition, antibody cross-
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reactivity was demonstrated between M. tuberculosis cell 
wall and β-glucan. Previous results suggested that β-glucan 
has a protective effect against Mycobacterium bovis, BCG 
infection in susceptible mice.(17)
 Increased production of IFN-γ and IL-12 in current 
study has been observed due to potential of β-glucan 
to increase the differentiation of monocyte cells into 
macrophages (18), with the help of other cytokines during 
differentiation process through nonapoptotic, and caspase-
3-dependent mechanisms (19). 

Conclusion

This research indicates that β-glucan can improve the 
performance of PBMCs to produce IFN-γ and IL-12, with/
without induction of M. tuberculosis wild-type/mutant 
DNA. The results of this study should be followed up by in 
vivo research.
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