MEDICAL CLINICAL RESEARCH

SCIENCE

* e-ISSN 1643-3750

MON TOR © Med Sci Monit, 2018; 24: 636-642

DOI: 10.12659/MSM.905651

Recelved: 2017.000° T Cell Profile was Altered in Pulmonary
Publihed: 20180131 Tuberculosis Patients with Type 2 Diabetes

Authors’ Contribution: D 1 Xianhua Wang 1 The Institute of Human Nutrition, Medical College of Qingdao University,
Study Design A AC 1 Aiguo Ma Qingdao, Shandong, P.R. China

Data Collection B o e 2 Department of Respiratory Medicine, Xinjiang Uygur Autonomous Region Chest
Statistical Analysis C ABcDEFG 1 Xiuxia Han Hospital, Urumgi, Xinjiang, P.R. China
Data Interpretation D ce 1 Lei Chen 3 Department of Tuberculosis, The Xinjiang Uygur Autonomous Region Center for

Manuscript Preparation E pF 1 Hui Liang Disease Control and Prevention, Urumgi, Xinjiang, P.R. China
Literature Search F . ege
Funds Collection G tF 2 Aishan Litifu
FG 3 Feng Xue
Corresponding Authors: Aiguo Ma, e-mail: aiguomal956@163.com; Xiuxia Han, e-mail: xiao_hx583@126.com

Source of support: The work was supported by National Natural Science Foundation of China (81673160) and The Xinjiang Uygur Autonomous Region
Natural Science Foundation (2016D01B015)

Background: Studies have suggested that type 2 diabetes (T2D) increases the risk of active pulmonary tuberculosis (TB) in-
fection. T2D might exacerbate TB severity and adversely impact the treatment of TB patients by suppressing
the immune response of TB. However, how the immune cell profiles are changed in Chinese TB patients with
coincident of T2D compared with TB patients without T2D is still unclear.

Material/Methods: To explore the immune cell profile alteration in TB patients with T2D, we collected blood samples from 46 TB
patients with or without T2D and measured the profiles of T cell subsets.

Results: We found TB patients with coincident of T2D had higher percentages of Th2 and Th17 cells after TB antigens
stimulation, while they had unchanged Th1 cells and decreased CD8* cytotoxic T cells compared to TB patients
without T2D. However, no significant difference in baseline percentages of these T cells subsets was observed.

Conclusions: T2D has important impacts on regulating anti-TB immunity by increasing Th2 and Th17 cell differentiation, but
reducing the activity of CD8* T cells. Our study supports the need to perform longitudinal studies to evaluate
the roles of immunological interaction between T2D and TB in TB development.
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Background

Although death and incidence rates of tuberculosis (TB) have
continued to decrease in recent years, TB remains one of the
major disease burdens in developing countries [1]. According
to the World Health Organization, there were an estimated
10.4 million new TB cases in 2015 [1]. TB coincident with oth-
er diseases, such as HIV and type 2 diabetes mellitus (T2D),
further aggravated the TB epidemic and make treatment hard-
er [1-4]. Studies have suggested that diabetes increases the
risk of active pulmonary TB infection [5]. As a complication of
diabetes, TB is very common among diabetic patients [4,6,7]. A
large proportion of TB patients (ranging from 5% to 30%) have
been reported to be coincident with diabetes [7,8]. However,
the mechanisms by which diabetes impacts the presentation
and treatment response of TB is still unclear.

TB immunity depends on multiple immune cells, such as mac-
rophages, CD4* T cells, and CD8* T cells. Cytokines produced
by these immune cells extensively regulate TB immunity [9].
T2D has been identified as a chronic inflammatory disease
with alterations in immune cell functions [10-12]. In an ani-
mal model, T2D reduced the innate immune response to TB
antigen-stimulated macrophages in alveolar, thus delaying the
priming of adaptive immune response [13]. Furthermore, T cell
subset imbalance in the T2D mouse model caused elevated
levels of pro-inflammatory cytokines such as IL-6, IL-17, TNF-a,
and IFN-y[10-12]. Differentiation of naive T cells into effector
cells is required for optimal immune response. Differentiation
of T cells was influenced by inflammatory factors, such as IL-6,
IL-17, TGF-B, which can be altered by the T2D condition [10-12].
Based on these facts, we hypothesize that the coincident of
T2D might change the repertoire of T cells systemically in TB
patients, thus suppressing anti-TB immunity.

To test our hypothesis, we collected blood samples from TB
patients with or without T2D and measured the profiles of T
cell subsets. Understanding the adaptive immunity changes
will help better understand of T2D coincident TB and provide
novel treatment strategies for such patients.

Material and Methods

Patients

This study included 46 TB patients diagnosed in Xinjiang Uygur
Autonomous Region Chest Hospital from July 2015 to Jun 2016.
Twenty-three of these patients had coincident T2D, and the oth-
er 23 did not. All the 46 TB patients were diagnosed with ac-
tive pulmonary TB based on sputum smear and culture exam-
ine. T2D was diagnosed based on random blood glucose and
glycated hemoglobin (HbA1c) tests. The patients with random
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blood glucose >11.1 mmol/L or HbAlc >6.5% were diagnosed
with T2D. All the patients did not have anti-TB treatment before
the first study blood draw. The patients who met the following
criteria were excluded from this study: 1) age >70 years; 2) co-
incident with other severe cardiac, renal, hepatic, or pulmonary
diseases or tumors; or 3) had a history of immunodeficiency dis-
eases. The TB severity of each patient was evaluated by scoring
the infection lesions on the x-ray. There was no significant differ-
ence between the means of patients with T2D and without T2D
(data not shown). All the included patients were Uyghur people.
All the patients signed the informed consent before the study.
This study was approved by the Clinical Research Committee of
Xinjiang Uygur Autonomous Region Chest Hospital.

Cell culture

Whole blood cells were cultured to determine the T cell sub-
sets. The whole blood was diluted (1: 1) with RPMI-1640 me-
dium supplemented with 10% heat-inactivated fetal bovine
serum, 2 mM l-glutamine, gentamicin (50 pg/mL), 100 U/mL
penicillin, 100 pg/mL streptomycin, and 10 mM HEPES buffer.
An equal number of cells were distributed to 12-well tissue
culture plates. Then TB antigens ESAT-6 (final concentration:
10 pg/mL, from Abcam, USA) or CFP-10 (final concentration:
10 pug/mL, from Abcam, USA) with CD49d/CD28 was added to
the plates to culture for seven hours at 37 °C The antigen was
replaced with the medium in the negative control group. At the
end of the second hour, brefeldin A (Thermo Fisher Scientific)
was added. After the culture, the suspension was centri-
fuged. Then the red blood cells were lysed via ACK lysing buf-
fer (Thermo Fisher Scientific). Finally, the rest of the cells were
fixed with cytofix buffer (BD Biosciences) and stored at -80 °C.

Flow cytometry

All the antibodies were obtained from BioLegend. The cells
were washed and stained with surface antibodies of CD8 and
CD4 at room temperature for 15 minutes. To stain intracellu-
lar proteins (TNF-o,, IFN-y, IL-2, IL-4, IL-6, IL-10, IL-17a, perforin,
Granzyme B), the cells were fixed with fixation buffer at room
temperature for 15 minutes, followed by permeabilization with
BD Perm/Wash buffer (BD Biosciences) at room temperature for
30 minutes. Then cells were then washed with PBS three times.
Fluorescence-conjugated secondary antibodies were added to
incubate for 15 minutes at room temperature. Then cells were
washed with PBS three times. Finally, the stained cells were an-
alyzed with a FACSCanto Il machine (Becton Dickinson, USA).
The results were analyzed with FlowJo software.

Statistical analysis

All the statistical analysis was performed using SPSS 24.0 soft-
ware and GraphPad Prism software. The difference of means
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Table 1. Characteristics of the TB patients with or without DM.
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Features TB patients with DM (n=23) TB patients without DM (n=23) P value
Age (year) 45.83 (37-58) 42.74 (32-58) 0.082
CGender
 Female 100 w1 o771
CMale 131
et 2405 (1920-28.16) 2147 (1803-2537) 0003
DM history (yea) 398 (Ls-1) - NA
 Random blood glucose (mmol/l) 1541 (11.84-2374) - 829 (407-986) 00001
CHpALe 964 (663-1387) - 486 (415-565) 00001
| RBCcount (<10 cellsl) 486 (381555 - 466 (417-551) 0124
| WBCcount (10" cells/l) 1334 (800-2118) 1144 (587-17.71) 0057
 Neutrophil count (x10° cells/t) 810 (249-1288) . 689 (309-12100 0162
 Lymphocyte count (x10° cells/l) 221 (108-335) 219 (101-350) 0921
 Monocyte count (x10° cells/l) 083 (055-122) 081 (031-117) 0941
 Platelet count (x10° platelets/l) 35030 (260.88-43566) 32235 (20211-46425) 0173

NA - not available; TB — tuberculosis; DM — diabetes mellitus; BMI — body mass index; HbAlc — hemoglobin Alc; RBC — red blood cell
count; WBC — white blood cell count. The data was shown as mean and range, except the data of gender (frequency).

from the study groups was analyzed by t-test. The indepen-
dence of variables was analyzed by chi-square test. Two tail
p values less than 0.05 was statistically significant. Data in
the plots was presented as the mean and standard deviation.

Results

Characteristics of the study population

The study included 46 TB patients, of which half (23) had co-
incident T2D. The demographic profile and hematologic profile
of all patients are summarized in Table 1. The mean age was
44.28 years, ranging from 32 to 58 years. The mean T2D du-
ration history of the patients with DM was 3.98 years. There
was no statistical significant difference in age between the
TB patients with T2D and without T2D. However, significantly
higher levels of BMI, random blood glucose level, and HbAlc
were observed in the TB patients with T2D compared to the
TB patients without T2D (Table 1).

Impact of T2D on Th1 cells of TB patients

Th1 cells play key roles in anti-TB immunity. Thus, we examined
the ratio and activity of Th1 in TB patients coincident with/
without T2D. The gating strategy for the investigated immune
cells is shown in Figure 1. As shown in Figure 2, the percentage
of CD4*INF-y*, CD4*TNF-a, and CD4*IL-2* cells in blood cells
of TB patients were measured. The baseline percentages of

these cells were very close among the TB patients with/with-
out T2D. Upon TB antigen stimulation, the percentages of Th1
cells in TB with T2D patients became higher than those in TB
without T2D patients. However, no significant difference was
observed. This data suggested that Th1 cells were not the pri-
mary adaptive immune cells impacted by coincident of T2D
in TB patients.

Impact of T2D on Th17 cells of TB patients

Th17 cells are characterized by producing of IL-17. Primary TB
infection usually induces IL-17 production. Thus, we also mea-
sured the level of Th17 cells in TB patients with/without T2D.
As shown in Figure 3, the baseline percentage of CD4*IL-17a*
cells was very close in TB patients with/without T2D. However,
after ESAT-6 and CFP-10 antigen stimulation, the percentag-
es of CD4*IL-17a*were much higher in TB patients with T2D
than in TB patients without T2D (p value less than 0.0001).

Impact of T2D on Th2 cells of TB patients

Th1 and Th2 cells are two key helper T cells in response to TB
infection. The balance between Th1 and Th2 is essential for the
efficiency and efficacy of eliminating TB. Upon antigen stimu-
lation, the percentages of CD4*IL-4*, CD4*IL-6*, and CD4*IL-10*
cells were significantly higher in the TB patients with T2D than
in the TB patients without T2D (Figure 4). These data suggest-
ed that coincident of T2D might stimulate classification and
function of Th2 cells during TB infection.
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Th1 markers: IL-2, IFN-y, TNF-a
Th2 markers: IL-4, II-6, IL-10
Th17 markers: II-17a
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Figure 1. Gating strategy of T-cell subtypes. The whole blood cell cultures of TB patients were collected and stimulated by TB antigens.
Then the lymphocyte population was gated based on their forward-scatter and side-scatter parameters. Then the total
T-cell population was gated as CD3*CD19- lymphocytes. The total T-cell population was then separated into CD4* and CD8*
subsets. In the CD4* subset, cells were further divided into Th1 (IL-2, IFN-y, and TNF-a), Th2 (IL-4, IL-6, and IL-10), and Th17
(IL-17a) cells. Functional markers (IFN-y, granzyme B, and perforin) were evaluated in CD8* T-cells.
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Figure 2. The ratio of CD4* cells expressing IFN-y, TNF-a, and IL-2 in TB patients with or without T2D. The whole blood cell cultures
of TB patients were stimulated by TB antigens. The immune cell classification was performed by flow cytometry. Each dot
represents a patients’ sample. There was no significant difference of CD4* cells expressing IFN-y (A), TNF-a (B) and IL-2
(€) between TB patients with T2D and without T2D after TB antigens ESAT-6 and CFP-10 stimulation. NS — none significance;
NAS - none antigen stimulation; TB-ND — TB patients without T2D; TB-D — TB patients with T2D; N=23 in each group.
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Impact of T2D on the functions of CD8* T cells of TB
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Figure 4. Ratio of Th2 cells in TB patients with or without T2D. The whole blood cell cultures of TB patients were stimulated by TB
antigens. The immune cell classification was performed by flow cytometry. Each dot represents a patients’ sample. The
percentages of CD4*IL-4* cells (A), CD4*IL-6* cells (B), and CD4*IL-10* (C) was significantly increased by TB antigens, ESAT-
6 and CFP-10, stimulation in vitro. NS: none significance; NAS: none antigen stimulation; TB-ND — TB patients without T2D;
TB-D — TB patients with T2D; N=23 in each group. **** P value less than 0.0001; *** P value less than 0.001.
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Figure 5. Ratio of CD8* T cells expressing IFN-y, Granzyme B, and perforin from TB patients with T2D. The whole blood cell cultures
of TB patients were stimulated by TB antigens. The immune cell classification was performed by flow cytometry. Each dot
represents a patients’ sample. (A, B) The percentages of CD8+ cells expressing IFN-y (A) or Granzyme B (B) were decreased in
the TB patients with T2D. (C) There was no significant difference in the percentage of CD8*perforin* T cells between the TB
patients with or without T2D. TB-ND — TB patients without DM; TB-D — TB patients with DM; NS — none significance;
NAS — none antigen stimulation; number of patients in each group: 23; ** P value less than 0.0001; *** P value less than

0.0001; **** P value less than 0.001.

of T2D tends to have a worse response to TB treatment com-
pare to the patients without T2D [5,14]. Previous studies re-
vealed that some direct effects of T2D, such as hyperglycemia
and insulin deficiency, led to TB development [4,5,10,13]. TB
patients with T2D showed more symptoms and higher spu-
tum culture positive rate than the TB patients without T2D [9].
Meanwhile, the coincident of TB and T2D is very common in
clinics. As high as 30% of TB patients have been reported to be
coincident with diabetes [7,8]. The influence of T2D on immune
profiles of TB patients has also been reported in an Indian pa-
tient cohort [15,16]. However, the effects of T2D on Chinese TB
patients’ immune cell profiles have not yet been investigated.

The immune response is the most effective mechanism elim-
inating TB infection. T2D is considered a chronic inflammato-
ry disease [17,18]. It causes extensive alterations in systemic
pro-inflammatory cytokines and inflammation inhibitory cy-
tokines [17-19]. Studies evaluating the innate and adaptive
immune response to microbial antigens in T2D patients sug-
gest that these responses are compromised by T2D [20,21]. In
our study, we found that the proportion of Th2 and Th17 cells,
but not the Th1 cells, was significantly increased by antigen

stimulation in TB patients with T2D. Th1 cell is known to be
the key cell to mediate the adaptive immune response of TB
by producing cytokines inclusive IFN-y, TNF-o, and IL-2. The
balance of Th1 and Th2 cells is critical for anti-TB immune re-
sponse [22,23]. Elevated Th2 differentiation in TB patients with
T2D suggests that T2D might suppress anti-TB immunity via
promoting Th2 differentiation.

CD8* T cells play a protective role in anti-TB immune response
in animal models and Mycobacterium tuberculosis-specific
CD8* T cells have been identified in humans [24]. CD8* T cells
have the ability to secrete IFN-y and TNF-o, which can acti-
vate macrophage defense mechanisms [25]. Also, CD8* T cells
help in eliminating bacteria by the granule exocytosis mech-
anisms [25]. We observed that there were significantly higher
ratios of CD8*Granzyme B* and CD8*IFN-y* cells in TB patients
without T2D in response to TB antigen stimulation than in TB
patients with T2D. This data indicated that the CD8* T cells me-
diated protective anti-TB immunity was compromised in T2D
conditions. A previous study conducted in an Indian patient
cohort indicated that T2D was associated with suppressed
CD8* T cell function [16]. Additionally, the former study also
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observed decreased function of NK cells in T2D patients with
TB [16]. Our data were in line with previous data, indicating
that T2D potentially suppressed anti-TB immune responses.

Conclusions

T2D has been found to have important impacts on regulating
immune intensity, thus potentially interfering TB immunity. In
Chinese TB patients, we first investigated the impacts of T2D
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on adaptive immune cells profiles. We observed that T2D might
increase Th2 and Th17 cell differentiation, but reduce the ac-
tivity of CD8* T cells. Our study supports the need to perform
longitudinal studies to examine the roles of complex immu-
nological interaction between T2D and TB in TB development.
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