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Abstract: Objective: To identify a panel of potential biomarkers consisting of microRNA-155 (miR-155), tumor ne-
crosis factor-alpha (TNF-a), interleukin-37 (IL-37) for the diagnosis of active pulmonary tuberculosis (PTB) infection
in elderly patients. Methods: The serum expression of miR-155 and TNF-a in patients was measured by RT-qPCR,
and the serum IL-37 level was determined by ELISA. The correlation between their expression and the features of
active PTB patients was also analyzed. The AUCs of miR-155, TNF-a and IL-37 in diagnosing active PTB was calcu-
lated according to the ROC curves. The sensitivity, specificity and Youden’s index of the three biomarkers alone or
in combination for the active PTB diagnosis in the elderly were assessed. Results: miR-155, TNF-«, and IL-37 were
overexpressed in the sera of elderly patients with active PTB. miR-155, TNF-a and IL-37 serum levels were enhanced
in the elderly patients with pulmonary and extrapulmonary TB relative to those with PTB only, and in patients with
active TB infection in both lungs compared to those with unilateral lung infection. The AUCs of miR-155, TNF-a and
IL.-37 for the diagnosis of active PTB were 0.7920, 0.8734 and 0.7398, respectively. The combination of these three
improved the sensitivity of the diagnosis (84.78%). Conclusion: miR-155, TNF-a and IL-37 were overexpressed in
elderly patients with active PTB. The combined detection of serum miR-155/TNF-a/1L.-37 expression has potential
to serve as a diagnostic tool for active PTB in the elderly.
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Introduction

Tuberculosis (TB) induced by Mycobacterium
tuberculosis contributes to the highest mortal-
ity from infectious diseases in the world, caus-
ing 1.5 million deaths in 2018 [1]. The lung is
the most frequently affected organ in TB infec-
tion, with estimated lung involvement of 79 to
87% [2]. The major burden of pulmonary tuber-
culosis (PTB) is carried by the elderly, men, and
clinically diagnosed patients, especially in
China [3, 4]. Considering that TB is related to
high mortality and morbidity if untreated [5],
early diagnosis of PTB is the key to lowering
mortality in the elderly.

There are currently no accurate tests available
for predicting active TB, and interferon gamma
release assays (IGRAs) are applied to screen
latent TB infection [6]. Novel diagnostic tools
and wider access to diagnosis are indispens-

able to slowing and eliminating the TB epidemic
[7]. Differential expression of microRNAs (miR-
NAs) has been observed in active TB, indicating
their possible application as biomarkers of dis-
ease development and the response to anti-TB
treatment [8]. miRNAs are short RNAs of 19 to
25 nucleotides in length that modulate post-
transcriptional silencing of target genes [9].
Mycobacterium tuberculosis often utilizes host
miRNAs to potentiate pathogenicity by inhibit-
ing host-mediated antibacterial pathways and
modulating inflammation, autophagy, and apop-
tosis [10]. miR-155 demonstrated a fold change
of 1.4 in peripheral blood mononuclear cells
from the healthy control group and 3.7 in the
active TB group upon Mycobacterium tubercu-
losis purified protein derivative stimulation [11].
However, the accuracy of miRNA-155 levels in
pediatric cases of TB was higher than those in
adults with TB [12]. Therefore, more diagnostic
biomarkers should be added to the panel to
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increase the diagnostic accuracy. On the other
hand, the performance of new Mycobacterium
tuberculosis-related cytokine responses, alone
or in combination, in enhancing the sensitivity
and specificity of immunodiagnostic assays
has been investigated [13]. For instance, the
IGRA and tumor necrosis factor-alpha (TNF-&)
release assay considerably augmented the
specificity for active TB (93%, P = 0.001) versus
the sole IGRA, but not reducing the sensitivity
(89%, P = 0.67) [14]. Moreover, interleukin-37
(IL-37) exerts a pathological role in TB via the
inhibition of the release of pro-inflammatory
factors and the stimulation of macrophages
skewing to an M2-like phenotype [15]. There-
fore, in this study, we assessed the sensitivity
and specificity of miR-155, TNF-«, and IL-37 for
active TB diagnosis among elderly subjects.

Materials and methods
Ethical statements

The Ethical Committee of Affiliated Nantong
Hospital of Shanghai University (The Sixth
People’s Hospital of Nantong) (Code: 2022008)
approved the protocol of the study. This retro-
spective study was implemented in compliance
with the Declaration of Helsinki.

Study population

This retrospective study included 92 elderly
patients with active PTB and 86 healthy sub-
jects without known TB risk factors from May
2021 to June 2022. The serum (5 mL) was
collected separately from all subjects following
the standard procedure of the Sixth People’s
Hospital of Nantong.

Inclusion criteria for elderly patients with active
PTB were: (1) aged > 65 years old; (2) patients
with clinical symptoms and chest radiographs
and HRCT images indicating TB (with or without
extrapulmonary TB); (3) patients with positive
sputum or bronchoscopy specimens or positive
TB nucleic acid amplification tests; and (4)
patients who never received TB treatment or
received anti-TB treatment for no more than
14 days. Exclusion criteria: (1) patients who
received anti-TB drugs for over two weeks, or
(2) patients with no presence of TB indicated by
HRCT images. Healthy subjects were the elderly
aged > 65 years (not significantly different from
the age of the patients included). Who had no
TB treatment and no history of exposure to or
contact with patients with active PTB.
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RT-gPCR

Trizol (Beyotime, Shanghai, China) was utilized
for total RNA extraction. TagMan™ MicroRNA
Reverse Transcription Kit (4366596, Thermo
Fisher, Waltham, MA, USA) was used for cDNA
synthesis from miRNA; Advantage RT-for-PCR
Kit (639505, Takara Biotechnology Ltd., Dalian,
Liaoning, China) was applied for cDNA synthe-
sis from RNA. TB Green® Premix Ex Tag™aq
cDNA synthesis from R and Applied Biosystems
7500 Real-Time PCR System were applied. The
miR-155 expression was normalized using U6
as the endogenous control. For TNF-a gene
expression analysis, GAPDH was utilized for
normalization. The sequences were as fol-
lows: miR-155 5-TGCTAATCGTGATAGGGG-3’
(forward), 5-GAACATGTCTGCGTATCTC-3" (re-
verse); TNF-a 5-CTCTTCTGCCTGCTGCACTTTG-
3’ (forward), 5-ATGGGCTACAGGCTTGTCACTC-
3’ (reverse); U6 5-CTCGCTTCGGCAGCACAT-3’
(forward), 5-TTTGCGTGTCATCCTTGCG-3' (re-
verse); GAPDH 5-GTCTCCTCTGACTTCAACAG-
CG-3’ (forward), 5-ACCACCCTGTTGCTGTAGC-
CAA-3’ (reverse). The data were analyzed using
the 222t method.

Determination of levels of IL-37 in the serum

The concentration of IL-37 in the serum was
read at 450 nm with the Human IL-37 ELISA Kit
(@b300313, Abcam, Cambridge, UK) as per the
manufacturer’'s recommendations.

Data analysis

Statistical analyses and figure rendering were
conducted using GraphPad Prism 8.02 statisti-
cal software (GraphPad, San Diego, CA, USA).
Data were displayed as mean = SD, and the
comparison between the two groups were
analyzed using unpaired t test. The receiver
operating characteristic (ROC) curves were
plotted to appreciate the value of miR-155,
TNF-a, and IL-37 in differentiating PTB. The clin-
ical data were compared using Fisher’'s exact
test. Statistical significance was set at P <
0.05.

Results

Demographics of the participants

The demographics of the participants are listed
in Table 1. Elderly patients with active PTB were

enrolled, including 50 males and 42 females
(median age of 75 years). There were 86 heal-

Am J Transl Res 2022;14(12):9018-9024



Combined miR-155/TNF-0/1L-37 markers in active PTB

Table 1. Characteristics of elderly patients with active PTB and healthy controls

Characteristics active PTB (n = 92) Healthy controls (n = 86) p value
Mean age (mean + SD) 75.8+4.3 76.5+5.4 0.3385
Sex

Male 50 48 0.8809

Female 42 38
TB site

Pulmonary only (%) 65 (70.65) NA

Pulmonary and extrapulmonary (%) 27 (29.35) NA
Involvement of lung

Unilateral (%) 23 (25.00) NA

Bilateral (%) 69 (75.00) NA
Serum albumin (mg/dL, mean * SD) 3.1+0.5 4.5+0.2 < 0.0001
White blood cell count (10"9/L, mean + SD) 2.49 +0.37 5.74 + 0.82 < 0.0001
Lymphocyte count (1079/L, mean + SD) 0.75+0.13 2.45 +0.19 < 0.0001

Note: PTB, Pulmonary Tuberculosis; SD, Standard Deviation; TB, Tuberculosis; NA, Not Applicable. Fisher’s exact test was used
to test the association between the two categories in the contingency table, and unpaired t test was used for comparison

between the two groups.
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Figure 1. Expression of miR-155, TNF-a and IL-37 in the serum of patients with active PTB and healthy subjects.
Detection of miR-155 (A) and TNF-o (B) expression in the sera of 128 elderly patients with active PTB and 86 healthy
subjects using RT-gPCR. (C) IL-37 expression in the sera of 128 elderly patients with active PTB and 86 healthy
subjects using ELISA. Groups were compared by unpaired t test. Significant differences are indicated by *P < 0.05.
PTB, Pulmonary Tuberculosis; miR-155, microRNA-155; TNF-a, Tumor Necrosis Factor-alpha; IL-37, Interleukin-37.

thy subjects with a mean age of 76 years old,
including 48 males and 38 females.

Changes of miR-155, TNF-oc and IL-37 in the
serum of patients with active PTB

The expression of miR-155, TNF-a and IL-37 in
the sera of 92 elderly patients with active PTB
and 86 healthy controls was examined. The
serum levels of miR-155 and TNF-a was detect-
ed using RT-gPCR, and the results showed that
the mRNA expression of miR-155 (Figure 1A)
and TNF-a (Figure 1B) was highly expressed in
elderly patients with active PTB. The IL-37 con-
centration in serum was evaluated by ELISA,
and the result showed that IL-37 expression
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was elevated in elderly patients with active PTB
as well (Figure 1C).

Differential miR-155, TNF-a and IL-37 expres-
sion patterns were related to the clinical phe-
notypes of active PTB

The patients were divided into miR-155 low
expression group (n = 46), miR-155 high expres-
sion group (n = 46), TNF-a low expression group
(n = 48), TNF-a high expression group (n = 44),
IL-37 low expression group (n = 44), and IL-37
high expression group (n = 48) on the basis
of their respective average expression values
(1.512, 1.711, 186.417). The correlation analy-
sis showed that the levels of miR-155, TNF-
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Table 2. The correlation between diagnostic marker expression and clinicopathological factors of

patients
miR-155 TNF-o IL-37
Characteristics N Low High p value Low High p value Low High p value
(n=46) (n=46) (n=48) (n=44) (n=44) (n=48)

Age
<75 47 23 24 >0.9999 26 21 0.6766 22 25 >0.9999
>75 45 23 22 22 23 22 23

Sex
Male 50 23 27 0.5305 26 24 >0.9999 25 25 0.68
Female 42 23 19 22 20 19 23

TB site
Pulmonary only 65 39 26 *0.0055 41 24 *0.0014 37 28 *0.0110
Pulmonary and extrapulmonary 27 7 20 7 20 7 20

Involvement of lung
Unilateral 23 17 6 *0.0150 18 5 *0.0042 16 7 *0.0288
Bilateral 69 29 40 30 39 28 41

Note: miR-155, microRNA-155; TNF-a, Tumor Necrosis Factor-alpha; IL-37, Interleukin-37; TB, Tuberculosis. Fisher's exact test was used to test the association between

the two categories in the contingency table, *P < 0.05.
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Figure 2. Diagnostic value of miR-155, TNF-& and IL-37 in the serum for active PTB. ROC curve analysis of miR-155
(A), TNF-o (B) and IL-37 (C). PTB, Pulmonary Tuberculosis; miR-155, microRNA-155; TNF-c&, Tumor Necrosis Factor-

alpha; IL-37, Interleukin-37.

and IL-37 were higher in the serum of elderly
patients with pulmonary and extrapulmonary
TB relative to elderly patients with pulmonary
TB only. Serum expression of miR-155, TNF-a
and IL-37 markers was higher in elderly patients
with active PTB infection in both lungs com-
pared to elderly patients with active PTB infec-
tion in one lung. By contrast, miR-155, TNF-a
and IL-37 expression was independent of sex
and age of these patients (Table 2).

ROC curve of miR-155, TNF-a and IL-37 for the
diagnosis of active PTB in the elderly

The ROC curves demonstrated that the AUCs of
miR-155, TNF-a and IL-37 in diagnosing active
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PTB in the elderly was 0.7920, 0.8734, and
0.7398, respectively (Figure 2A-C; Table 3).

Comparison of sensitivity, specificity and
Youden’s index of three biomarkers alone and
in combination

The sensitivity of the biomarkers in descend-
ing order was TNF-o, miR-155, and IL-37. The
sensitivity of the combination was 84.78%,
while TNF-a0 ranked the highest regarding the
Youden’s index (0.69) (Table 4).

Discussion

Commonly used procedures to diagnose TB
include clinical manifestation, immunological,
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Table 3. AUC of miR-155, TNF-a and IL-37 based on the ROC curves

Asymptotic 95% confidence interval

Test result variable AUC Standard error

Lower bound Upper bound
miR-155 0.792 0.035 0.7234 0.8606
TNF-o 0.8734 0.02758 0.8194 0.9275
IL-37 0.7398 0.03685 0.6675 0.812

Note: miR-155, microRNA-155; TNF-a, Tumor Necrosis Factor-alpha; IL-37, Interleukin-37; ROC, Receiver Operating Characteris-

tic; AUC, Area Under Curve.

Table 4. Sensitivity and specificity of miR-155, TNF-a and IL-37 expression in serum alone and in com-

bination

Test result variable Optimal cut-off value Sensitivity (%) Specificity (%) Youden'’s index
miR-155 1.24 75.00 7791 0.53
TNF-a 1.26 7747 91.86 0.69
IL-37 178.7 59.78 80.23 0.40
miR-155 + TNF-a + IL-37 1.24 84.78 55.81 0.41

Note: miR-155, microRNA-155; TNF-a, Tumor Necrosis Factor-alpha; IL-37, Interleukin-37.

microscopic, and radiographic observation, as
well as bacterial culture, and fast and reliable
diagnostic methods are still needed for effec-
tive TB management [16]. The requirement for
novel biomarkers in TB stems from two impor-
tant features of human Mycobacterium tuber-
culosis infection: its variable history and the
indispensable role played by the minority bacil-
lary subpopulations [17].

According to a review summarized by Alipoor et
al., miRNA profiles change with Mycobacterium
tuberculosis infection, and the impact of miR-
NAs in TB infection is evident [18]. For instan-
ce, Kim et al. revealed that miR-199a-3p and
miR-6886-3p can discriminate active TB from
latent TB infection [19]. Compared with healthy
controls, miR-155 expression was enhanced in
the serum of elderly patients with active TB in
our cohort. Interestingly, the AUC, specificity,
and sensitivity of miR-155 in diagnosing peri-
odontitis were 0.887, 78%, and 97.14%, res-
pectively [20]. More specifically, sputum miR-
155 may be a new non-invasive biomarker for
accurate diagnosis of adult patients with ac-
tive PTB [21]. The expression of miR-155 was
increased significantly in the peripheral blood
mononuclear cells of patients with active TB
compared with that observed in the peripheral
blood mononuclear cells of the healthy individ-
uals [22]. The miR-155 detection in the se-
rum, however, was surprisingly limited. In addi-
tion, we analyzed the correlation between miR-
155 expression and clinicopathological fea-
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tures of elderly patients with active TB and
found that miR-155 overexpression was related
to pulmonary and extrapulmonary TB infection
and bilateral pulmonary infection relative to
pulmonary TB infection only and unilateral in-
fection. A significant upregulation of miR-155
was also identified by Kathirvel et al. in children
with active TB relative to healthy controls, with
an AUC of 0.953 [23]. However, the diagnostic
value of miR-155 was not the highest among
the three biomarkers identified by Kathirvel et
al. Therefore, we set out to probe more repre-
sentative biomarkers.

TNF-&, an imperative cytokine of the immune
system, is involved in the prevention and con-
trol of TB infection [24]. A critical influencer in
containment versus spread of Mycobacterium
tuberculosis is the character of the T-cell res-
ponse in response to infection, during which a
CD4* or CD8* T cell can simultaneously relea-
se two or more cytokines [25]. This immune
response is dependent on T helper (Th) 1 cyto-
kines, including TNF-a, and Th2 cytokines can
inhibit the protective response of Thl, which
makes a loop to maintain the normal immune
response, thereby killing Mycobacterium tuber-
culosis without pathological damage caused
by an excessive immune response [26, 27].
Acharya et al. found that TNF-a production
from CD38*CD27CD4* T cells showed the best
diagnostic performance at a cutoff of 9.91%
(96.15% specificity, 90.16% sensitivity) in TB
[28]. In addition, calculation of Mycobacterium

Am J Transl Res 2022;14(12):9018-9024



Combined miR-155/TNF-0/1L-37 markers in active PTB

tuberculosis-specific TNF-a not only differenti-
ated active TB from latent TB infection, but also
distinguished active TB from non-TB patients
[29]. IL-37, a cytokine in the IL-1 family exerted
extensive protective effects against inflamma-
tory diseases, and can repress the levels of
pro-inflammatory cytokines in favor to the lev-
els of the anti-inflammatory ones [30]. Con-
sistent with our findings, Wawrocki et al. re-
vealed that co-expression of serum |L-18BP
and IL-37 was the highest discriminative bio-
marker for the diagnosis of active PTB [31].
Here, we identified the combination of miR-
155, TNF-a and IL-37 showed the highest sen-
sitivity (84.78%) compared to their individual
roles. Similarly, miR-155 expression was aug-
mented in patients with rheumatoid arthritis
relative to controls (P < 0.001) and related to
TNF-a (r = 0.94, P < 0.001) [32].

In summary, as a retrospective study, the miR-
155, TNF-a0 and IL-37 expression profile in the
serum of elderly patients with active TB was
measured. The impact of miR-155, TNF-a and
IL-37 expression on the characteristics of elder-
ly patients with active TB was determined. The
role of miR-155, TNF-a and IL-37 expression in
the diagnosis of active TB was investigated
using the ROC curves. Our study does carry
some limitations. First, serum miR-155, TNF-a
and IL-37 expression only demonstrated capac-
ity to distinguish elderly patients with active TB
from healthy controls. Secondly, other miRNA
and cytokine combinations may provide more
efficient biomarkers, which warranted further
research.

Disclosure of conflict of interest
None.

Address correspondence to: Haiyun Zhang, Depart-
ment of Laboratory Medicine, Affiliated Nantong
Hospital of Shanghai University (The Sixth People’s
Hospital of Nantong), No. 881, Yonghe Road,
Chongchuan District, Nantong 226001, Jiangsu,
P. R. China. Tel: +86-13862922127; E-mail: Zhang_
HY02@163.com

References

[1] Harding E. WHO global progress report on tu-
berculosis elimination. Lancet Respir Med
2020; 8: 19.

[2] Lyon SM and Rossman MD. Pulmonary tuber-
culosis. Microbiol Spectr 2017; 5.

9023

(3]

(4]

(5]

(6]

(7]

(11]

[12]

(13]

(14]

Li SJ, Li YF, Song WM, Zhang QY, Liu SQ, Xu TT,
An QQ, Liu JY and Li HC. Population aging and
trends of pulmonary tuberculosis incidence in
the elderly. BMC Infect Dis 2021; 21: 302.
Zhang CY, Zhao F, Xia YY, Yu YL, Shen X, Lu W,
Wang XM, Xing J, Ye JJ, Li JW, Liu FY, Wu JL, Xu
L, Zhang H, Cheng J and Wang LX. Prevalence
and risk factors of active pulmonary tuberculo-
sis among elderly people in China: a popula-
tion based cross-sectional study. Infect Dis
Poverty 2019; 8: 7.

Telisinghe L, Ruperez M, Amofa-Sekyi M,
Mwenge L, Mainga T, Kumar R, Hassan M,
Chaisson LH, Naufal F, Shapiro AE, Golub JE,
Miller C, Corbett EL, Burke RM, MacPherson P,
Hayes RJ, Bond V, Daneshvar C, Klinkenberg E
and Ayles HM. Does tuberculosis screening im-
prove individual outcomes? A systematic re-
view. EClinicalMedicine 2021; 40: 101127.
Walzl G, McNerney R, du Plessis N, Bates M,
McHugh TD, Chegou NN and Zumla A. Tubercu-
losis: advances and challenges in develop-
ment of new diagnostics and biomarkers. Lan-
cet Infect Dis 2018; 18: €199-210.

Andama A, Somoskovi A, Mandel B, Bell D and
Gutierrez C. Improving diagnosis and case
management of patients with tuberculosis: a
review of gaps, needs and potential solutions
in accessing laboratory diagnostics. Infect
Genet Evol 2019; 72: 131-140.

Sinigaglia A, Peta E, Riccetti S, Venkateswaran
S, Manganelli R and Barzon L. Tuberculosis-
associated microRNAs: from pathogenesis to
disease biomarkers. Cells 2020; 9: 2160.

Lu TX and Rothenberg ME. MicroRNA. J Allergy
Clin Immunol 2018; 141: 1202-1207.

Kundu M and Basu J. The role of microRNAs
and long non-coding RNAs in the regulation of
the immune response to mycobacterium tu-
berculosis infection. Front Immunol 2021; 12:
687962.

Wu J, Lu C, Diao N, Zhang S, Wang S, Wang F,
Gao Y, Chen J, Shao L, Lu J, Zhang X, Weng X,
Wang H, Zhang W and Huang Y. Analysis of mi-
croRNA expression profiling identifies miR-155
and miR-155* as potential diagnostic markers
for active tuberculosis: a preliminary study.
Hum Immunol 2012; 73: 31-37.

Li X, He J, Wang G and Sun J. Diagnostic value
of microRNA-155 in active tuberculosis: a sys-
tematic review and meta-analysis. Medicine
(Baltimore) 2021; 100: e27869.

Sudbury EL, Clifford V, Messina NL, Song R and
Curtis N. Mycobacterium tuberculosis-specific
cytokine biomarkers to differentiate active TB
and LTBI: a systematic review. J Infect 2020;
81: 873-881.

Kim JY, Park JH, Kim MC, Cha HH, Jeon NY,
Park SY, Kim MJ, Chong YP, Lee SO, Choi SH,

Am J Transl Res 2022;14(12):9018-9024


mailto:Zhang_HY02@163.com
mailto:Zhang_HY02@163.com

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Combined miR-155/TNF-0/1L-37 markers in active PTB

Kim YS, Woo JH and Kim SH. Combined IFN-
gamma and TNF-alpha release assay for differ-
entiating active tuberculosis from latent tuber-
culosis infection. J Infect 2018; 77: 314-320.
Huang Z, Gao C, Chi X, Hu YW, Zheng L, Zeng T
and Wang Q. IL-37 expression is upregulated in
patients with tuberculosis and induces macro-
phages towards an M2-like phenotype. Scand
J Immunol 2015; 82: 370-379.

Acharya B, Acharya A, Gautam S, Ghimire SP,
Mishra G, Parajuli N and Sapkota B. Advances
in diagnosis of tuberculosis: an update into
molecular diagnosis of mycobacterium tuber-
culosis. Mol Biol Rep 2020; 47: 4065-4075.
Wallis RS, Doherty TM, Onyebujoh P, Vahedi M,
Laang H, Olesen O, Parida S and Zumla A. Bio-
markers for tuberculosis disease activity, cure,
and relapse. Lancet Infect Dis 2009; 9: 162-
172.

Alipoor SD, Adcock IM, Tabarsi P, Folkerts G
and Mortaz E. MiRNAs in tuberculosis: their
decisive role in the fate of TB. Eur J Pharmacol
2020; 886: 173529.

Kim J, Park H, Park SB, Lee EJ, Je MA, Ahn E,
Sim B, Lee J, Jin H, Lee KE, Cho SN, Kang YA,
Lee H, Kim S and Kim J. Identification of mi-
croRNAs as potential blood-based biomarkers
for diagnosis and therapeutic monitoring of ac-
tive tuberculosis. Diagnostics (Basel) 2022;
12: 369.

Wu P, Feng J and Wang W. Expression of miR-
155 and miR-146a in the saliva of patients
with periodontitis and its clinical value. Am J
Transl Res 2021; 13: 6670-6677.

Ying H, FengYing S, YanHong W, YouMing H,
FaYou Z, HongXiang Z and XiaolLei T. MicroR-
NA-155 from sputum as noninvasive biomark-
er for diagnosis of active pulmonary tuberculo-
sis. Iran J Basic Med Sci 2020; 23: 1419-1425.
Huang J, Jiao J, Xu W, Zhao H, Zhang C, Shi Y
and Xiao Z. MiR-155 is upregulated in patients
with active tuberculosis and inhibits apoptosis
of monocytes by targeting FOX03. Mol Med
Rep 2015; 12: 7102-7108.

M K, S S and S M. Expression levels of candi-
date circulating microRNAs in pediatric tuber-
culosis. Pathog Glob Health 2020; 114: 262-
270.

9024

(24]

[25]

(26]

[27]

(28]

[29]

[30]

(31]

[32]

Alshevskaya AA, Kireev FD, Laushkina ZA,
Lopatnikova JA, Gladkikh VS, Sennikova JA,
Karaulov AV and Sennikov SV. Enhanced ex-
pression of TNF-alpha type-1 receptors by im-
mune cells in active pulmonary tuberculosis.
Int J Tuberc Lung Dis 2018; 22: 212-220.
Jasenosky LD, Scriba TJ, Hanekom WA and
Goldfeld AE. T cells and adaptive immunity to
Mycobacterium tuberculosis in humans. Im-
munol Rev 2015; 264: 74-87.

Abebe F. Synergy between Thl and Th2 re-
sponses during Mycobacterium tuberculosis
infection: a review of current understanding.
Int Rev Immunol 2019; 38: 172-179.

Guo S and Zhao J. Immunotherapy for tubercu-
losis: what’s the better choice? Front Biosci
(Landmark Ed) 2012; 17: 2684-2690.
Acharya MP, Pradeep SP, Murthy VS, Chikkan-
naiah P, Kambar V, Narayanashetty S, Burugi-
na Nagaraja S, Gangadhar N, Yoganand R and
Satchidanandam V. CD38+CD27-TNF-alpha +
on Mtb-specific CD4+ T cells is a robust bio-
marker for tuberculosis diagnosis. Clin Infect
Dis 2021; 73: 793-801.

Wang F, Hou H, Xu L, Jane M, Peng J, Lu Y, Zhu
Y and Sun Z. Mycobacterium tuberculosis-spe-
cific TNF-alpha is a potential biomarker for the
rapid diagnosis of active tuberculosis disease
in Chinese population. PLoS One 2013; 8:
e79431.

Su Z and Tao X. Current understanding of IL-37
in human health and disease. Front Immunol
2021; 12: 696605.

Wawrocki S, Seweryn M, Kielnierowski G, Rud-
nicka W, Wlodarczyk M and Druszczynska M.
IL-18/1L-37/IP-10 signalling complex as a po-
tential biomarker for discriminating active and
latent TB. PLoS One 2019; 14: e0225556.
Abdul-Maksoud RS, Sediq AM, Kattaia A, EI-
sayed W, Ezzeldin N, Abdel Galil SM and Ibra-
hem RA. Serum miR-210 and miR-155 expres-
sion levels as novel biomarkers for rheumatoid
arthritis diagnosis. Br J Biomed Sci 2017; 74:
209-213.

Am J Transl Res 2022;14(12):9018-9024



