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Background: Tuberculosis (TB) remains a major global health problem, in the top 10 causes of death. As a
regulator of the immune response, T-helper (Th) cells activate other lymphocytes from the immune system, such
as B cells, to destroy the TB pathogen by releasing CD4 and CD8 Th cells. Diabetes mellitus (DM) is a known
cause of developing active pulmonary TB. Few studies have examined the biomolecular expression affecting
Mycobacterium tuberculosis (MTB) and multidrug-resistant (MDR) MTB, which are associated with low immunity
represented by TB in diabetes and CD4 and CD8 levels.

Materials and methods: This animal study used a post-test control group design. We performed an experimental
study using 30 BALB/c mice, each weighing 25 g. It included six experimental animal groups, of which three had
a diabetes condition induced using intraperitoneal streptozotocin, and all were infected with MTB or MDR TB.
We evaluated the CD4 and CD8 levels in each group and analyzed the differences.

Results: We found a significant difference in CD4 and CD8 levels in MTB and MDR TB conditions.

Conclusion: This study shows that acute infection in experimental mice with MTB and MDR TB with or without
diabetes had the highest levels of both CD4 and CD8 cells, which can be a sign of increased cellular immunity in a
mice model.

1. Introduction status was 107 cases per 264,000 population, and for TB with positive

HIV status, it was 9.4 cases per 264,000 population [5]. The incidence of

Tuberculosis (TB) remains a major health problem, among the top 10
causes of death globally [1,2]. Based on data from the Global TB Report
in 2018, the incidence of multidrug-resistant (MDR) TB was 23,000
cases, or the equivalent of 8.8 cases per 100,000 population [3]. New
MDR TB cases comprised 2.8%, and MDR TB cases based on re-treatment
as much as 16% [4]. The death rate caused by TB with negative HIV

MDR TB at Persahabatan Hospital during 2005-2007 was 14.9% among
3727 pulmonary TB patients. A total of 10,478 patients had suspected
MDR TB in 2009-2016, of whom 1509 were diagnosed with it.

As a regulator of the immune response, T-helper (Th) cells activate
other lymphocytes from the immune system, such as B cells [6,7]. Th cell
activation requires two signals: the first from the binding of antigen

* Corresponding author. Doctoral Program of Medical Sciences, Faculty of Medicine, Hasanuddin University, Makassar, Sulawesi Selatan, Jalan Perintis Kemer-

dekaan KM 11, 90245, Indonesia.

E-mail addresses: heidy_agst@yahoo.com (H. Agustin), nasrumm2000@yahoo.com (M.N. Massi), irawatymuzakkir@gmail.com (I. Djaharuddin), agus_dr2000@
yahoo.com (A.D. Susanto), andiasadul@yahoo.com (A.A. Islam), hattaram@yahoo.com (M. Hatta), agussalimbukhari@yahoo.com (A. Bukhari), nurahmad_59@
yahoo.co.id (N.A. Tabri), arifs777@gmail.com (A. Santoso), ilham_pt@yahoo.com (I. Patellongi).

https://doi.org/10.1016/j.amsu.2021.102596

Received 23 June 2021; Received in revised form 19 July 2021; Accepted 25 July 2021

Available online 27 July 2021

2049-0801/© 2021 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:heidy_agst@yahoo.com
mailto:nasrumm2000@yahoo.com
mailto:irawatymuzakkir@gmail.com
mailto:agus_dr2000@yahoo.com
mailto:agus_dr2000@yahoo.com
mailto:andiasadul@yahoo.com
mailto:hattaram@yahoo.com
mailto:agussalimbukhari@yahoo.com
mailto:nurahmad_59@yahoo.co.id
mailto:nurahmad_59@yahoo.co.id
mailto:arifs777@gmail.com
mailto:ilham_pt@yahoo.com
www.sciencedirect.com/science/journal/20490801
https://www.elsevier.com/locate/amsu
https://doi.org/10.1016/j.amsu.2021.102596
https://doi.org/10.1016/j.amsu.2021.102596
https://doi.org/10.1016/j.amsu.2021.102596
http://creativecommons.org/licenses/by-nc-nd/4.0/

H. Agustin et al.

receptors on the surface of T cells with the MHC class II antigen complex
on APC cells and the second derived from interleukin (IL)-1 (a soluble
protein produced by APC cells) [8-10]. These two signals simulta-
neously increase the receptors or surface expression of lymphokines and
IL-2 and growth and differentiation factors for B cells and macrophages,
among others. Th cells also activate Tc cells, whose main function is to
kill all non-self cells [10]. Tc cells can be distinguished from Th cells
because they have CD8 antigens and can recognize foreign antigens with
MHC class I profiles. CD4 proteins bind to MHC class II molecules, and
CD8 proteins bind MHC class I molecules to APCs. Thus, both CD4 and
CD8 cells participate in creating the MHC-antigen complex. Activated
Tc cells produce cytokines that can destroy pathogens [10,11].

MDR TB is resistant to INH and rifampicin [12,13]. The incidence of
MDR TB is increasing along with the increasing number of TB incidents
in TB patients with an impaired immune system [14-16]. MDR TB can
be caused by exposure to MDR TB bacteria or incomplete treatment in
ordinary TB cases due to inappropriate previous treatment regimens,
inadequate dosage or treatment time, patient non-compliance with
medication, or insufficient drug supply [16-18].

Diabetes mellitus (DM) has been a cause of active pulmonary TB
development [14,19,20]. Chronic hyperglycemia caused by absolute or
relative insulin deficiency disrupts metabolism, causing microvascular
and neurological complications [21,22]. These complications increase
the risk of infections, including lung infections [22,23]. The functions of
neutrophils and macrophages are impaired in the immune system of DM
patients, such as chemotaxis, adherence, phagocytosis, and the ability to
kill phagocytosed microorganisms [24,25]. Tuberculosis with comorbid
DM has been associated with increased baseline frequency and
antigen-specific CD4 subsets. CD4 cells are thought to play an important
role in memory response to Mycobacterium tuberculosis infection and
contribute to pathology [26,27].

Few studies have explained the biomolecular expression that affects
the MDR TB condition associated with lower immunity in diabetes. This
study aimed to evaluate the differences in CD4 and CD8 levels with MTB
and MDR TB infection during the DM condition.

2. Methods

This animal study used a post-test control group design. It was per-
formed in the Laboratory of Molecular Biology and Immunology, Fac-
ulty of Medicine, Hasanuddin University, Makassar. The study was
conducted after obtaining approval from the animal research ethics
committee of Hasanuddin University (code number: 160/UN4.6.4.5.31/
PP36/2021). These experimental animals were fed standard chow
without additional feeding for approximately one week for the adapta-
tion period. Feeding took place daily, with Aquadest provided as a drink.
The cage was standard-shaped, cleaned regularly, and given lighting
(12 h light/dark photoperiod) [28,29]. The laboratory animals were
treated according to National Institutes of Health guidelines, and this
work was carried out in line with the ARRIVE Guidelines for Reporting
Animal Research [30-32].

2.1. Population and sample

The subjects selected had met the inclusion criteria: adult female
BALB/c mice, each weighing approximately 25 g and 6-8 weeks old. The
exclusion criteria in this study were experimental animals who were
allergic to injection of streptozotocin (STZ) and animals that died before
all blood test subjects were taken. All mice were obtained from Hasa-
nuddin University Animal Laboratory. A total of 30 animals were used in
this study, with five in each group (Federer formula). The animals were
divided into six groups: the negative control group (without diabetes
and without locally injected Mycobacterium tuberculosis/MTB or MDR
TB), treatment group without diabetes (subcutaneous locally injected TB
bacteria), treatment group without diabetes (subcutaneous locally
injected MDR TB bacteria), treatment group with diabetes (without
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subcutaneous locally injected MTB or MDR TB bacteria), treatment
group with diabetes (subcutaneous locally injected MTB bacteria), and
treatment group with diabetes (subcutaneous locally injected MDR TB
bacteria). Sacrifice was performed 15 days after treatment. Serum was
collected to assess CD4 and CD8 expression.

2.2. Induction of type I DM with streptozotocin

Adaptation was performed to induce the condition of DM in exper-
imental animals with an intraperitoneal injection of STZ 40 mg/kg body
weight, after 3 days of blood sugar level evaluation. When fasting blood
sugar was above 126 mg/dL, the mice were included in the diabetes
group [33-35].

2.3. Infection of mice

The animals were infected by intraperitoneal injection of 0.2 mL of
MTB or MDR TB bacteria. Blood sugar levels and bacterial profiles were
evaluated on day 14 after the administration of STZ and MTB bacteria in
each treatment group. Sacrifice was performed 15 days after treatment
by induction of CO, asphyxia.

2.4. CD4 and CD8 expression assessment

Before sacrifice, blood from all animals was collected using a 3-mL
25G needle syringe, followed by injection of formalin. Then, 10-20 cc
of peripheral blood was diluted with phosphate buffer saline (PBS; pH
7.4) at a ratio of 1:2, placed in layers on Ficoll-Paque Plus medium, and
centrifuged at 4 °C for 30 min. PBMC was taken from the interphase
layer between the Ficoll-Paque and serum, then washed twice with PBS.
CD4* T cells were isolated from the PBMC by negative sorting, using a
streptavidin mixture conjugated with CD8 antibodies. The PBMC was
incubated with the antibody mixture at room temperature for 15 min
and magnetically combined with monoclonal antibodies at room tem-
perature for 30 min (Human T Lymphocyte Separation Kit). CD4* T cells
were purified using magnetic boards with >90-95% purity, rated by
CD4* T lymphocyte counter cytometry flow.

CD4 and CDS8 T cells from the PBMC (1 x 10 cells) were colored with
a combination of monoclonal antibodies: FITC-labelled anti-CD4,
phycoerythrin (PE)-labelled anti-CD25, and PE-cy7-labelled anti-CCR4.
The cells were then washed twice with cold flow cytometry staining
buffer (0.5% BSA, 0.1% sodium azide, 2 mM EDTA).

To determine the migration capacity of Treg, chemotaxis testing was
conducted in 24-well chemotaxis chambers with polyvinyl pyrrolidine-
free polycarbonate membranes (pore size 5 pm). At the base of the
chamber, each well was filled with 600 pL of agonists at the appropriate
concentration (diluted at 1640 RPM and 0.1% BSA) and carefully coated
over the polycarbonate membrane. Human chemokines were used: up to
100 ng/mL TARC (CCL17) and up to 50 ng/mL MDC (CCL22). The
sorted CD4* T cells were washed twice and suspended at 1640 RPM
medium and 0.1% BSA at 5 x 100 h/mL, and 100 pL cell suspensions
were added at the top of the chamber. The chamber was incubated for 2
h with a humidity of 5% CO: at 37 °C, and the migration of cells through
the membrane to the bottom of the chamber was calculated by FACScan
for 60 s at a rate of 60 pL/min.

2.5. Statistical analysis

The data were divided by type and presented as graphs and tables.
The analysis used SPSS version 25 (IBM Corp.). Differences in CD4 and
CD8 expression in immunocompetent sick subjects compared to sick
subjects were analyzed with independent t-tests. Data differences be-
tween sick subjects and controls were analyzed by analysis of variance
(ANOVA). Statistical significance was determined at P < 0.05.
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Table 1
Basic characteristics of diabetic and control experimental animals.
MTB level/field view Mean SD Min-Max Median P
Negative control 0.0 0.0 0.00 0.00 0.00
MTB 174.00 15.95 153-197 174
MDR TB 181.60 13.93 169-204 178
Negative control DM 0.00 0.00 0.00 0.00
DM MTB 197.60 14.31 183-217 195
DM MDR TB 201.00 23.52 174-237 198
3. Results

3.1. Characteristics of MTB and MDR TB experimental animals with
diabetes conditions

Table 1 shows the bacterial level per field of view of all groups. Most
of the mice with diabetes had a higher bacterial level. The highest mean
value was in the DM MDR TB group (201 + 23.52), followed by the DM
MTB (197.60 + 14.31), MDR TB 181.60 (+13.93), and MTB (174 +
15.95) groups. A statistically significant difference existed in the bac-
terial level of the DM MTB MDR group compared to other groups. The
condition of diabetes triggered a higher bacterial level. A significant
difference in bacterial level was found in all treatment groups (P =
0.00).

3.2. Comparison of CD4 expression level in MDR TB with DM compared
to controls

CD4 expression was analyzed in the treatment group of diabetic mice
with MTB and MDR TB infection. The evaluation was carried out for
each group of experimental animals, and the CD4 values are shown in
Fig. 1.

Table 2 shows the CD4 level in each group. The negative control
group had a mean CD4 level of 1.69 (+£0.70), whereas the MTB group
had a higher level of 20.59 (+1.04) followed by the MDR TB (20.30 +
0.81) and negative control DM (20.71 + 1.02) groups. The highest levels
were in the DM MTB (29.88 + 0.74) and DM MDR TB (29.32 + 0.69)
groups. The ANOVA found significant differences between the mean
CD4 level of all groups (P = 0.00). The highest CD4 levels were in the

40.000

30.000

CD4

10.000

==

.000

Negative control MTB
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MTB and MDR TB with diabetes condition groups.

Based on the post hoc LSD analysis, Table 3 shows significant dif-
ferences between all treatment groups, except for the negative control
group DM vs. DM MDR TB, MTB vs. MDR TB, MDR TB vs. negative
controls DM, and DM MTB vs. DM MDR TB (P > 0.05). The most sig-
nificant differences were in the CD4 negative control vs. DM MTB groups
and the negative control vs. DM MDR TB groups.

Table 2

CD4 comparison of the MDR TB and diabetes treatment groups versus controls.
CD4 level Mean SD Min-Max P
Negative control 1.69 0.70 0.622-2.42 0.00
MTB 20.59 1.04 19.27-22.14
MDR TB 20.30 0.81 19.33-21.33
Negative control DM 20.71 1.02 19.48-21.76
DM MTB 29.88 0.74 28.78-30.82
DM MDR TB 29.32 0.69 28.62-30.45

Table 3

Post hoc test of CD4 differences between groups.
Animal group Mean difference P
Negative control vs. MTB —18.90 0.00
Negative control vs. MDR TB —18.60 0.00
Negative control vs. negative control DM —19.02 0.00
Negative control vs. DM MTB —28.18 0.00
Negative control vs. DM MDR TB —27.63 0.00
Negative control DM vs. DM MTB -9.16 0.830
Negative control DM vs. DM MDR TB —8.60 0.00
MTB vs. MDR TB 0.29 0.587
MTB vs. negative control DM -0.11 0.00
MTB vs. DM MTB —9.28 0.00
MTB vs. DM MDR TB —8.72 0.00
MDR TB vs. negative control DM —0.41 0.450
MDR TB vs. DM MTB 9.57 0.00
MDR TB vs. DM MDR TB —9.03 0.00
DM MTB vs. DM MDR TB 0.55 0.312

20.000 T ﬁ

MDR TB

23
o 029
o} b
Negative Control DM MTB DM MDR TB

DM

Fig. 1. CD4 level in the MTB diabetes, MDR TB, and control groups. The highest expression values were obtained in the DM MTB and DM MDR TB groups.
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Fig. 2. CD8 level in the diabetic MTB, MDR TB, and control groups. The highest expression value was obtained in the DM MTB and DM MDR TB groups.

Table 4
Comparison of CD8 cells in the MDR TB and diabetes treatment groups versus
controls.

CD8 level Mean SD Min-Max P
Negative control 4.74 3.43 0.54-9.07 0.00
MTB 49.67 2.42 49.75-56.15
MDR TB 55.13 3.10 51.27-59.16
DM negative control 56.37 1.75 54.34-58.77
DM MTB 85.84 2.14 83.35-88.90
DM MDR TB 85.30 3.65 81.17-90.07

Table 5

Post hoc analysis of CD8 level comparison between groups.
Animal group Mean difference P
Negative control vs. MTB —47.92 0.00
Negative control vs. MDR TB —50.38 0.00
Negative control vs. negative control DM —51.63 0.00
Negative control vs. DM MTB —81.09 0.00
Negative control vs. DM MDR TB —80.56 0.00
Negative control DM vs. DM MTB —29.46 00.00
Negative control DM vs. DM MDR TB —28.92 0.00
MTB vs. MDR TB —2.46 0.183
MTB vs. negative control DM -3.70 0.050
MTB vs. DM MTB -33.17 0.00
MTB vs. DM MDR TB —32.63 0.00
MDR TB vs. negative control DM -1.24 0.495
MDR TB vs. DM MTB —30.70 0.00
MDR TB vs. DM MDR TB -30.17 0.00
DM MTB vs. DM MDR TB 0.53 0.767

3.3. Comparison of CD8 expression in MDR TB with DM compared to
controls

CD8 expression was analyzed for the diabetic animal groups infected
by MTB and MDR TB. Evaluation was carried out for each experimental
animal group. The CD8 values are shown in Fig. 2 and Table 4.

Table 4 shows the CD8 level for each group. The negative control
CD8 value was 4.74 (£3.43), whereas in animals with MTB infection, it

increased to 49.67 (£2.42). The value was 55.13 (£+3.10) for MDR TB,
56.37 (£1.75) for DM negative control, and the highest in the DM MTB
(85.84 + 2.14) and DM MDR TB (85.30 £ 3.65) groups. A significant
difference was found in the CD8 level between groups (P = 0.00).

Table 5 shows the post hoc analysis results. The most significant
difference in the mean CD8 level was for negative control vs. DM MDR
TB, followed by negative control vs. DM MDR TB.

4. Discussion

Diabetes significantly increased the bacterial level in both MTB and
MDR TB infection. Previously, diabetes has been known as a risk factor
for TB and related high mortality [14]. The frequency of TB in DM pa-
tients has been reported to be 3-10 times higher than in non-diabetic
patients [14,36]. Most DM patients experience increased reactivation
of TB lesions and are more susceptible to reinfection [27].

Comorbid factors such as type 2 DM increase the risk of infection
with TB, especially MDR TB, because low cellular immunity can increase
the reactivation of primary infection and the incidence of drug resis-
tance. A prospective study of older adults showed an increased risk of TB
infection in uncontrolled DM with HbAlc levels >7% [37].

Alveolar macrophages have a central role in MTB infection and
replication. These macrophages digest bacilli to encase them in phag-
osomes and fuse with lysosomes, along with bacterial digestion and the
production of antimicrobial molecules. Hyperglycemic conditions
reduce the expression of signals and chemokines that recruit macro-
phages, neutrophils, and innate lymphocytes that produce a barrier to
the transmigration of leukocytes to the alveolus infected with MTB. The
interaction between MTB and macrophage receptors (Toll-like re-
ceptors; TLRs) produces chemokines (IL-8, monocyte chemoattractant
protein-1 [MCP-1], macrophage inflammatory protein-1 alpha [MIP-
lal, and the cytokines interferon-y [IFN-y], IL-2, IL-12, IL-18, and tumor
necrosis factor-o [TNF-a]), which act as signals of infection. This signal
induces the migration of monocytes and dendritic cells from the
bloodstream to the infected part of the lung. The dendrite cells are
destroyed by CD4 and CD8 T cells [38,39].

CD4 and CDS8 also play a role in granulomatous formation for bac-
terial isolation. Increases in CD4 and CD8 have been associated with
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active infectious conditions. This is consistent with the findings of this
study that acute infection in experimental mice with MTB and MDR TB
drove CD4 and CD8 levels significantly higher to kill the bacteria. Acute
diabetic conditions trigger more severe inflammation and make CD4 and
CD8 levels higher in MTB and MDR TB. The effect of acute changes in
glucose metabolism arising from glucose loading has been described by
Aika et al., who reported that the proportion of CD4" T cells increased
after glucose loading in diabetes. The reason that the proportion of CD4
T cells changed remains unclear. Several mechanisms, such as changes
in thymus output, peripheral proliferation, and altered redistribution,
are possible but cannot explain the CD4 cell changes in diabetes and TB
infection [40,41].

This study found differences in CD4 and CD8 cell levels due to dia-
betes. The highest CD4 level was in MTB and MDR TB with diabetes
compared to the MTB only, MDR TB without diabetes, and negative
control groups. MTB and MDR TB with diabetes also triggered the
highest CD8 level compared to the MTB and MDR TB without diabetes
and control groups. Whether the immunodeficiency conditions that
occur in diabetes can suppress or increase CD4 and CD8 levels remains
unclear in both MTB and MDR TB infection. Another report found that
the proportion of CD4" T cells increased and CD8" T cells decreased
after acute hyperglycemia in both the diabetic and non-diabetic popu-
lation, but whether diabetes and MDR TB trigger CD4 and CD8 changes
is unclear. The condition of diabetes may be able to trigger a decreased
immune response, but the stress caused by diabetes in acute TB infection
encourages greater inflammation, followed by a T cell response that
encourages an initial CD4 and CD8 increase. Elisa et al. evaluated CD4
and CD8 levels in response to QuantiFERON TB Gold Plus for latent MTB
and reported that CD8 increased as a response to active TB. Longer
monitoring of TB infection and MDR TB may thus be required in diabetes
[42-44].

A limitation of this study was that it did not evaluate CD4 and CD8
values with therapeutic interventions. CD4 and CD8 evaluation is
required with a larger number of samples with wider variables to
determine the right diagnostic values including examination in active TB
patients.

5. Conclusion

This study shows that acute infection in experimental mice with MTB
and MDR TB with or without diabetes had the highest levels of both CD4
and CD8 cells, which can be a sign of increased cellular immunity in a
mice model.
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