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ARTICLE INFO ABSTRACT
Article history: Background: Toll-like receptor (TLR) are ligand homologous protein in the APC cell mem-
Received 18 March 2021 brane that has functions as a receptor to triger leukocytes and innate immune responses.
Accepted 9 March 2022 ‘When there is a Microbacterium tuberculosis (MTB) infection enters droplets to the
Available online xxx lungs, the alveolar macrophages perform a phagocytic function. The interaction between
M. tuberculosis and the TLR macrophage receptors produces chemokines which induce
Keywords: migration of monocytes and dendrite cells for destruction. Diabetes militus (DM) has
Microbacterium tuberculosis become risk factor for developing tuberculosis. DM condition will reduce immunity and the
Multidrugs resistance ability of immune cell phagocytes bactery and triger severe infections. The consequences
TLR4 of mare severe infection and metabolic disorders that occur make a person more likely to
Diabetes militus experience Multidrugs resistant MTB. Not much data that reports on the expression of

TLR4 as a ligand that triggers an immune response in conditions of MDR and DM. We try to
find out correlation between TLR-4 in MDR MTB, diabetes and level of MTB bacteria in
experimental animals.

Methods: We conducted an experimental study on 30 experimental mice weighing 25 grams
consisting of negative control grub, infected with MTB, infected with MDR MTB, negative
control diabetes, MTB DM, MDR MTB DM. DM animals were induced by streptozosin to
experience DM, then in the treatment of infection, intraperitoneal MTE and MDR MTB
bacterial injections were given. Termination was carried out on day 14. We count number
of bacteria level in the lungs and perform evaluation TLR4 from blood sampel.

Results: The negative control group had mean TLR value of 1.47 (+ 0.46) while the MTB group
showed an increase in TLR 9.22 (+ 0.39) followed by MDR MTB 9.50 (+ 0.29), DM negative
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control 9, 21 (+ 0.24) and more increasing in conditions of DM MTB 13.36 (+ 0.32) and DM
MDR MTB 13.35 (+ 0.34). ANOVA analysis showed a significant difference (P = 0.00). pearson
correlation analysis find strong comrelation TLR4 in MTB and MDR MTB with diabetes.

Conclusion: there were a significant difference level TLR4 between MTB and MDR TB
infection with diabetes. higher TLR4 level higher in DM MTB, DM MDR MTB. TLR 4 strong

correlates with

ncrease in the number of MTB bacteria.

© 2022 Published by Elsevier B.V. on behalf of Tuberculosis Association of India.

1. Background

Toll-like receptor (TLR} is a homologous proteinin the APC cell
membrane that has functions as aligand receptor to activates
leukocytes and trigger innate immune responses against
pathogens. This protein was first discoveredin Drosophilaas a
Toll protein. These receptors consist of leucine-rich areas in
the extracellum and in the cytoplasmic tail region which are
receptors for IL-1 and IL-8 and are called Toll/IL-1 receptors
(TIR).

Activation of the TLR ligand will trigger pathogenic
phagocytosis and inflammatery responses that release phag-
osome content. Several TLRs, namely TLR2 and TLR4, are
capable of assisting the placement of phagosomes, then
become as immune system's that earliest contact with
potentially damaging microbial antigens. The most important
characteristic of TLR activation is the formation of proin-
flammatory conditions represented by certain cytokines and
chemokines, dominated by TNF-« and IL-12 on (NF) -kB and o/
B IFN on the IRF-3 TLR ligand marker."

When there is an MTB infection that enters from droplets
in the lungs, the alveolar macrophages perform a phagocytic
function. The interaction between Mycobacterium tuberculosis
and receptors for macrophages (Toll-like receptors/TLRs)
produces chemokines thatinduce the migration of monocytes
and dendrite cells from the bloodstream to the infected lung.
The dendritic cells will then includebacteria, then mature and
are destroyed by CD4 and CD8 T cells.gere were a phe-
nomenon of granuloma formation due to the accumulation of
macrophages, T cells, B cells, endothelial cells, dendritic cells,
and epithelium, as well as other cells that are useful for
limiting infection, but can become a residence for M. tubercu-
losis in a relatively long period of time latent bacteria and
reﬂvated when there is a cytokine imbalance.” *

Diabetes mellitus (DM) is a major risk factor for devel-
oping active pulmonary TB. Hyperglycemia in diabetic pa-
tients will lead decrease ability of cell phagocytes that has
correlation with wider spread of infection, granuloma for-
mation and p reactivation caused by the lagging and missing
granulecytic phase of inflammation. In addition, individuals
with diabetes has low elastic recoil reserves in the airways
accompanied by thinning of the alveolar epithelium and
capillary basement membrane, centrilobar emphysema and
microangiopathy. These changes will affect low lung defense
mechanism.®’

The condition of decreased immune response, delay in
diagnosis and reactivation of TB in individuals with diabetes
will increase the risk of developing MDR which affects patient

7
outcomes. E this study, we wanted to determine the rela-
tionship between TLR-4 in MDR TB and diabetes mellitus and
its correlation to the level of MTB bacteria in experimental
animals.

2. Methods and materials

The research was carried out at the %ecular biclogy and
immunology laboratory Faculty of Medicine Hasanuddin
University. This experimental research was cﬂed out on 30
experimental mice weighing 25 grams that divided into &
groups. Group s a negative control animal, group 2 ani-
mals with MTB bacterial infection, group 3 animals with MDR
MTE bacterial infection, group 4 animals with negative control
animals with diabetes condition, group 5 animals with MTB
diabetes conditions and group 6 MDR MTB with diabetes. To
trigger diabetes, an intraperitoneal injection of Streptozosin
40mg/kgbw was carried out to damage pancreas then trigger
hyperglycemia. 3 days after blood glucose sticks were exam-
ined that taken from the tails of the mice. An increase in
fasting blood glucose above 126mg/dl was an indicator of
diabetes. 3 days after the adaptation of diabetes treatment
and negative control, animals treated with MTB infection and
MDR MTEB were given an injection intraperitoneal of 0.2 ml of
normal saline mixture with culture of bacterial MTB and MDR
MTB bacterial colonies after 14 days, animal get termination,
venous blood sampling was carried out to measure TLR-4 level
and examination of MTB bacterial levels fromlulqusue, The
TLR-4 examination was carried out by isolation of Peripheral
Blood Mononuclear Cells (PBMC) from bloed and flow cytom-
etry staining buffer. Examination of the number of bacteria is
done by counting the number of levels of bacteria per 100
microscope fields of view.

3. TLR expression

26

Peripheral Blood Mononuclear Cells (PBMC) was #flated from
the blood. Then the blood sample was dissolved 1: 1 with PBS
in a conical tube. Support the dissclved sample with an
amount of Ficoll volume equal to the volume of the original
sample. Centrifuge was performed for 20 minutes (1000xg)
with the brake OFF position. The PBMC is located at the
junction between the PBS and Ficoll layers into the newly
extracted tube. Fill the tube with PBS to wash the cells. Again
centrifugation of the cell suspension 4-5 minutes (30(?)0@}
at 4 0C, discard the supernatant. Next, re-suspend the cell
pellets in the flow cytometry staining buffer and perform cell
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counts and viability analysis. Centrifuge thefflls as in the
previous step, then re-suspend them with an appropriate
volume of flow cytometry staining buffer so that the concen-
tration is as needed.

5. The correlation between TLR-4 and MTB
conditions, MDR MTB with diabetes mellitus

Correlation analysis was carried out to assess the direction of
the relationship between the TLR-4 level and the increase in
the number of MTB bacteria in all treatment groups. In Fig. 1,
we can see there is a direct relationship with the increase in
TLR4 within each group and bacterial level. The increase in
TLR willincrease more number of bacterial level. Mostly found
in the conditions of DM MTE and DM MDR TB. Table 2 shows
the correlation between TLR in MTB conditions, MDR MTB and
diabetes mellitus. The analysis showed a significant correla-
tion between TLR and the amount of AFB with a strong cor-
relation coefficient of R = 0.744 and P = 0.000.

4, Subject characteristics

Table 1 shows the current blood sugar profile and bacterial
level per field of view in all groups. The blood glucose
value shows that the mean blood sugar levels are
increased in the streptozosin induced group as diabetes
group. The highest blood glucose level value was obtained
in the DM MDR TB group with level 408 (+20.59) followed
by the DM MTE group 394.40 (£24.95) and diabetes nega-
tive control without MTB bacteria 394.20 (+13.19). Diabetes
conditions in experimental animals h MDR TB have a
higher blood sugar value than other groups. There was a
significant difference in blood glucose level in all treat-
ment groups (P = 0.00).

6. Comparison TLR 4 gene expression on
MDR MTB with diabetes militus

In this study, an analysis of TLR 4 gene expression was carried
out in the treatment group of diabetic rats and then infected
with MTB and MDR MTB bacteria. Evaluation was car out
for each experimental animal group, the TLR4 value can be
seen in Fig. 2 and Table 3.

Table 1 — Characteristic blood glucose in experimental
animals.

Animal profile Mean SD+ Min—Max Median P
Blood glucose

level g/dl o - .

. Table 2 — Correlation of TLR to the number of bacteria
Control negative 10240 7386 95-115 101 0.00 MTB and MDR MTB with diabetes.
MTB 100.80 1066  90-116 98
- 1

MDR TB 10400 1022  89-114 106 Variable R P
Controlnegative 394.20 13.19 380414 390 TLR4- groups 0.878 0.000

DM TLR4-bacterial level 0.744 0.000
DM MTEB 394.40 2495 370423 403 N - -
DMMDRMTD 408 2059 379437 409 s o L L

group
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Fig. 1 — Bacterial level and expression of TLR-4 in each treatment group, there is a linear increase in the number of bacterial
in MTB, MDR MTB and higher in diabetic condition.
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Fig. 2 — Expression of TLR 4 gene in diabetic MTB, MDR MTB and control groups. The highest expression value was obtained

in the DM MTB and MDR MTB treatment groups.

TLR expression level in negative control group was 1.47
(+0.46) while the MTB group had higher level TLR 9.22 (+0.39)
followed by MDR MTB 9.50 (+0.29), DM negative control 9, 21
(+0.24) and increasing in conditions of DM MTB 13.36 (+0.32)
and DM MDR MTB 13.35 (£0.34). Diabetes conditions are able
to give thf@ffect of increasing TLR4. In the analysis of variance
(ANOVA) there was a significant difference in the mean of TLR
expression in the treatment group (P = 0.00) (see Table 4).

Based on the post hoc LSD analysis, there are significant
differences in all groups except the MTB vs MDR MTB group,
MDR vs negative control and DM MTB vs DM MDR MTEB group
which did not have a significant difference (P > 0.05). DM MDR
MTB and DM MTB were the highest difference value on the
expression value of TLR-4 compared to negative control.

7. Discussion

In this study, bacterial level in animals with diabetes has a
higher number per field of view. The highest mean bacterial
level was in the DM MDR MTB 201 group (+23.52), followed by
the DM MTB group 197.60(:14_:mhe MDR MTB group 181.60
(+13.93) and MTB 174 (£15.95). There were significant differ-
ences in the number of bacterial level in the DM MTB MDR

Table 3 — TLR 4 expression level.

Treatment groups Mean 5D + Min—max P"
Control negative 147 0.46 0.881-2.15 0.00
MTE 922 0.39 B8.17—-8.66

MDR MTEBE 950 0.29 9.16—9.92

Control negative DM 921 0.24 8.84—9.41

DM MTB 13.36 0.32 1299-13.76

DM MDR MTB 1335 034 1290-13.84

group compared to other groups. This suggests that diabetes
triggers a higher number of bacterial level of MTB. The bac-
terial level in diabetic patients will also increase due to
metabolic and the absorption problems of TB drugs, so patient
cannot reach the therapeutic targets to eliminate bacteria.
This will lead to an increase in B¥@number of bacteria and the
risk of drug resistance. Nijland etal. Reported that TB pa

with diabetes had low level serum of rifampin 53% than non-
diabetic TB patients. Failure to reach the correct dose will
inhibit bacterial elimination and all he risk of MDR.
Antonia et al. Reported a significant relationship between
diabetes mellitus and the development of MDR MTB.

Table 4 — Comparison between treatment groups. By
carrying out a Post-hoc LSD analysis, the differences

between experimental animal treatments can be
assessed.

Treatment groups Mean I
differences

Control negative vs MTB ~7.75 0.00

Control negative vs MDR TB —-8.03 0.00

Control negative vs control negative DM ~7.73 0.00

Control negative vs DM MTB —-11.89 0.00

Control negative vs DM MDR TB —-11.88 0.00

Control negative DM vs DM MTB —4.15 0.00

Control negative DM vs DM MDR MTB ~4.14 0.00
MTB vs MDR MTB —-0.28 0.220
MTE vs control negative DM -0.012 0.956
MTE vs DM MTE —-4.14 0.00
MTE vs DM MDR TE -4.13 0.00
MDR TB vs control negative DM -029 0.201
MDR MTB vs DM MTE —3.86 0.00
MDR MTB vs DM MDR MTE —3.85 0.00
DM MTB vs DM MDR MTBE 0.0084 0.970

b ANOVA test.

© Post Hoc LSD test.
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Individuals with tuberculosis and diabetes mellitus have a 6.8
greater risk of developing MDR MTB.*"

TB DM patients were also described as having more severe
TB infection, requiring longer treatment and p ly devel-
oping MDR-TB than patients with TB alone. Jenn et al reported
that TB patients with DM who were compared without DM,
also experienced more severe infections, higher levels of
mycobacterial load, 17% higher treatment failure rate and
longer mycobacterial elimination than TB patients alone.'”

Increased bacteria G:l a higher risk of MDR in patients
with comorbid TB-DM. It has been reported that poor glucose
control is often associated with phagocytic dysfunction, pro-
duction of reactive oxygen species (ROS), chemotaxis and T-
cell reactions in DM patients, thus triggering a stronger rate of
bacterial development. On the qr hand, a higher myco-
bacterial burden, changes in the pharmacokinetics of anti-TB
drugs and lower adherence to treatment also encourage MDR
TB to occur in diabetic patients."’

8. The correlation between TLR on MTB
bacteria and MDR MTB diabetes conditions

TLRs are known to be homologous proteins on the APC cell
membrane that function as functional receptors that activate
leukocytes to trigger innate immune responses and responses
against pathogens. This protein was first discovered in
Drosophila as a Toll protein. These receptors consist of
leucine-rich areas in the extracellum and in the cytoplasmic
tail region which are receptors for IL-1 and IL-8 and are called
Toll/IL-1 receptors (TIR). TLR activation will trigger immunity
coding genes that cause changes in the immune response and
influence the development of TB disease."

Once activated the TLR ligand will trigger pathogenic
phagocytosis and an inflammatory response to the phag-
osome content. Some of the most dominant TLRs in TB are
TLR2 and TLR4 which are capable of assisting phagosome
placement, as the immune system's earliest contact with
potentially damaging microbial antigens. The most important
characteristic of TLR activation is the formation of proin-
flammatory conditions represented by certain cytokines and
chemokines, dominated by TNFe.and IL-12 on (NF) -kB and «/f
IFN on tHPRIRF-3 TLR ligand marker. TLR4 recognizes myco-
bacterial ipopolysaccharides (LPS) and can trigger one of two
innate immune response pathways, the dependent or inde-
pendent MyD88 pathway. When there were an MTB infection
that enters from droplets in the lungs, alveolar macrophages
perform the function of phagocytosis. The interaction be-
tween M. tuberculosis and the TLR macrophage receptors pro-
duces chemokines which induce the migration of monocytes
and dendritic cells from the bloodstream to the infected part
of the lung. The dendrite cells will include bacteria, mature
cell then destroyed by CD4 and CD8 T."* **

In this study, wa can see the value of TLR4 expression in
conditions of bacterial infection of MTB, MDR MTB, DM MTE,
DM MDR MTE and negative control. When there is infection,
the TLR4 value increases following MDR MTB. In conditions of
heavier infection accompanied by diabetes status, the TLR4

value is also higher in both DM MTBE and DM MDR MTB. then
also there was a significant difference in TLR4 values in each
group with significant strong correlation. The existence of a
continuous increase from this is an indicator that TRL 4 can be
abiomarker for TB infection conditions including during MDR
MTE and diabetes. Previously has been known that patients
with MDR TB will usually have e clinical pathology than
TB infection alone. Soedarsono et al. Reported that TLR was
significantly associated with more severe clinical conditions
of TB infection and MDR TB. This decrease in signaling ability
against 4 can greatly affect the susceptibility of TB disease.
TLR4 are of the most studied and shown to be associated with
TB susceptibility and more severe disease conditions."*"*

The results of this study also explain that the conditions of
TB and MDR TB infection accompanied by diabetes will have a
higher TLR4 value. Previously, TLR4 was also reported to have
correl with diabetes condition and preinflammatory
stage. Mohammad et al. Reported an increased expression of
TLR2 and TLR4 in nonobese type 1 diab rats, then has
correlation with increased activation of nuclear factor kB
(NFKP) in response to LPS TLR4 ligands resulting in increased
proinflamma ytokines. Sridevi et al. Also demonstrated
the increased expression and activity of TLR2 and TLR4 in
monocytes diabetic animal o explaining that increased
TLR4 expression contributes to the pro-inflammatory state of
diabetes.'*"

9. Conclusion

There is a significant difference between TB and MDR TB
infection with diabetes will have a higher TLR4 value. TLR 4
correlates with an increase in the number of MTB bacteria.
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