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Previous studies demonstrated that transforming growth factor (TGT) B1 plays an immunosuppressive role in clinical tubercu-
losis. However, the contribution of TGF-B1 gene polymorphisms to human tuberculosis susceptibility remains undetermined. In
this study, we showed that single-nucleotide polymorphisms (SNPs) in TGF-B1 gene were associated with increased susceptibility
to tuberculosis in the discovery cohort (1533 case patients and 1445 controls) and the validation cohort (832 case patients and
1084 controls), and 2 SNPs located in the promoter region (rs2317130 and rs4803457) are in strong linkage disequilibrium. The
SNP 52317130 was associated with the severity of tuberculosis. Further investigation demonstrated that rs2317130 CC genotype
is associated with higher TGF-B1 and interleukin 17A production. The mechanistic study showed that rs2317130 C allele affected
TGF-P1 promoter activity by regulating binding activity to nuclear extracts. These findings provide insights into the pathogenic role
of TGF-B1 in human tuberculosis and reveal a function for the TGF-B1 promoter SNPs in regulating immune responses during

Mycobacterium tuberculosis infection.
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Tuberculosis, an infectious disease caused by Mycobacterium tu-
berculosis, remains a severe global health problem. According to
the World Health Organization, in 2019, approximately 10 mil-
lion new cases of tuberculosis were reported, and the latest global
treatment success rate is 85%. China is one of 30 countries with a
high tuberculosis burden [1]. M. tuberculosis is a highly successful
pathogen; it has existed on earth for millions of years and has ac-
quired various strategies to escape from host immune responses.

Although >2 billion people are infected with M. tuberculosis
around the world, active tuberculosis develops in only 10%
of them, while the majority remain latently infected without
symptom [2], implying that host genetic factors play an im-
portant role in determining susceptibility to tuberculosis. In
recent years, a number of studies have reported that genetic
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polymorphisms are associated with tuberculosis susceptibility
[3-9]. In our previous studies, we also identified several genetic
polymorphisms in interleukin 6, interleukin 1p, and Interferon
alpha/beta receptor 1 genes associated with tuberculosis suscep-
tibility in the Chinese population [10-12]. Thus, it is essential
to determine the relationships between the genetic variations
and susceptibility or resistance to tuberculosis, in order to com-
prehensively understand the pathogenesis of mycobacterial
infection.

Transforming growth factor (TGF) Bl has been shown to
regulate a broad spectrum of biological processes, including
differentiation, chemotaxis, proliferation, and activation, in
many immune cells [13, 14]. Numerous studies have showed
that TGF-B1 gene polymorphisms are associated with suscep-
tibility to many different kinds of diseases, including cancers
[15-21]. TGF-P1 is produced in excess during tuberculosis
and presented at the sites of active M. tuberculosis infection
[22, 23]. Furthermore, it has been reported to inhibit T-cell re-
sponses and deactivate macrophages in patients with tubercu-
losis [24, 25]. In a tuberculosis granuloma model, it was shown
that knockout of TGF-B1 benefits bacterial clearance by cyto-
toxic T cells [26]. Treatment with recombinant TGF-B1 signif-
icantly increased mycobacterial loads in the tissues of guinea
pigs [27]. These observations suggest that TGF-B1 performs
immunosuppressive activity and accelerates the progression of
pulmonary tuberculosis. However, to date, there are extremely
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limited studies investigating the association of TGF-P1 gene
polymorphisms with susceptibility to human tuberculosis.

In the current study, owing to the important role of TGF-{1
in the development of tuberculosis, we investigated the asso-
ciation between 10 single-nucleotide polymorphisms (SNPs)
in the TGF-P1 gene and tuberculosis susceptibility in 2 case-
control cohorts. After clear associations were found in some of
these SNPs, we went on to clarify their function in regulating
gene expression and elucidate their potential mechanisms.

MATERIALS AND METHODS

Study Participants and Samples

The discovery cohort including 1533 patients with active tuber-
culosis and 1445 healthy controls was recruited at The Third
People’s Hospital of Shenzhen, as reported elsewhere [11].
Among the 1533 patients with active tuberculosis, 1432 had a
diagnosis of pulmonary and 101, a diagnosis of extrapulmonary
tuberculosis. Members of the validation tuberculosis study co-
hort—832 case patients with active tuberculosis (367 with pul-
monary and 465 with extrapulmonary tuberculosis) and 1084
controls—were recruited at West China Hospital, Sichuan
University, in Chengdu, Sichuan province. The study was ap-
proved by the ethics committee of The Third People’s Hospital
of Shenzhen, and informed consent was obtained from each
participant. For detailed information, see Supplementary
Materials and Methods.

DNA Extraction, SNP Selection, and Genotyping

In total, 10 SNPs in TGF-p1 were selected according to methods
described elsewhere [28], involving 6 SNPs in the promoter
(rs2317130 C>T, rs11466313 DEL>AGG, rs17516265 A>C,
rs3087453 C>G, rs4803457 T>C, and rs1800469 C>A) and 4
SNPs in the intron (rs2278422 C>G, rs8110090 A>G, rs4803455
C>A, rs11466334 C>T). SNP genotypes were determined by
primer-extension mass spectrometry performed using the
Sequenom MassARRAY system. For detailed information, see
Supplementary Materials and Methods.

Statistical Analysis

The Hardy-Weinberg equilibrium for TGF-f1 polymorphism
distribution was analyzed in healthy controls and case pa-
tients. The allele and genotype frequencies of SNPs in case pa-
tients and controls were compared using the Pearson X~ test.
Unconditional logistic regression analyses adjusted by sex
and age were performed to calculate odd ratios (ORs), and
95% confidence intervals (ClIs) and corresponding corrected
P values were calculated under 4 alternative models (multipli-
cative, additive, dominant, and recessive). One-way analysis
of variance with the Newman-Keuls multiple comparison test
was used for statistical analyses to compare differences among
multiple groups. Haplotype block analysis and haplotype pop-
ulation frequency estimation were performed using Haploview

4.1 software (http://broad.mit.edu/mpg/haploview), and all sta-
tistical analyses were performed using GraphPad Prism soft-
ware (version 5.0). Two-tailed statistical tests were conducted
with a significance level of .05. For detailed functional assays,
see Supplementary Materials and Methods. The data sets used
and analyzed in the current study are available from the corre-
sponding author on reasonable request.

RESULTS

Association Between TGF-f1 SNPs and Tuberculosis Susceptibility in
Discovery Cohort
To determine whether TGF-B1 polymorphisms were associated
with tuberculosis susceptibility, we selected 10 potential func-
tional SNPs in the TGF-P1 gene, using the strategy described
elsewhere [28]. The genotype distributions of the 10 SNPs in
case patients and controls are coincident with Hardy-Weinberg
equilibrium (P >.05). Among them, 5 of 10 SNPs, including
3 in the TGF-B1 promoter region (rs2317130, rs4803457,
and rs11466313) and 2 in the TGF-B1 intron (rs4803455 and
rs11466334), are significantly associated with tuberculosis sus-
ceptibility, while the remaining 5 SNPs (rs17516265, rs3087453,
rs1800469, rs2278422, and rs8110090) have no association with
tuberculosis susceptibility in the discovery cohort (Table 1).
The rs2317130 C allele exhibits higher risk to tuberculosis sus-
ceptibility (odds ratio [OR], 1.14; 95% CI, 1.03-1.26; P = .01).
At the genotype level, the patients with rs2317130 genotype CC
have increased risk of tuberculosis in the additive and recessive
model. Allele T of another SNP, rs4803457, is associated with in-
creased tuberculosis susceptibility using the multiplicative, addi-
tive, and recessive model. In addition, allele DEL of rs11466313
is associated with an increased risk of tuberculosis in the multi-
plicative (OR, 1.17; 95% CI, 1.06-1.30; P =.002) and additive
(1.36; 1.11-1.68; P = .003) models, and C allele of rs4803455 is
susceptible to tuberculosis, with an adjusted OR of 1.20 (95% CI,
1.08-1.33, P =.001). Specifically, using the recessive model, the
rs11466334 genotype CC was estimated to impart a 95% increase
in risk (OR, 1.95; 95% CI, 1.52-2.51; P < .001).

Association Between TGF-31 Haplotypes and Tuberculosis Susceptibility
Haplotype analysis of the 5 significant SNPs revealed strong
linkage disequilibrium between rs2317130 and rs4803457
(Supplementary Figure 1). As shown in Table 2, further ana-
lyses of associations between TGF-B1 haplotypes and tubercu-
losis susceptibility revealed that haplotype H2 (TC, SNPs in the
order of rs2317130 and rs4803457) reduces the risk to tuber-
culosis at P value of .03, with an OR of 0.85 (95% CI .74-.98),
compared with haplotypes H1 (CT) and H3 (CC).

Association of TGF-f1 Polymorphism rs2317130 With Severity of
Tuberculosis but Not M. tuberculosis-Specific INF-y Production

Next, we went on to investigate the 5 positive SNPs in their
relationship with the severity of patients with tuberculosis.
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Table 2. Association Between Transforming Growth Factor 31 Haplotypes and Tuberculosis Susceptibility

Frequency
Haplotype ID Code? Haplotype Tuberculosis Group Control Group PValue OR (95% CI)
H1 MM CT 0.57 0.53 Reference
H2 mm TC 0.41 0.45 .03 0.85 (.74-.98)
H3 mM e 0.02 0.02 ) 0.99 (.55-1.78)

Abbreviations: Cl, confidence interval; ID, identifier; OR, odds ratio.

°M represents major allele; m, minor allele. (Single-nucleotide polymorphisms are in the order of rs2317130 and rs4803457)

Therefore, high-resolution computed tomographic (HRCT)
scores based on radiographic manifestations were used to di-
rectly quantify lung damage in patients with tuberculosis [29,
30]. Among 483 patients, the HRCT scores were significantly
higher in carriers with rs2317130 genotype CC than in those
with genotypes CT and TT (Figure 1A). In contrast, no signifi-
cant differences in HRCT score were found in patients carrying
other genotypes of rs4803457 and rs11466313 located in the
promoter region (Figure 1A) and rs4803455 and rs11466334 lo-
cated in the intron region (Supplementary Figure 2). However,

5 SNPs and bacterial load, there were no differences in the allele
frequency of these SNPs between patients with sputum culture
positivity and those with culture negativity (Supplementary
Table 3). In addition, no significant differences in the numbers
of spot-forming cells producing interferon vy, erythrocyte sed-
imentation rates, and C-reactive protein levels were observed
among patients with pulmonary tuberculosis carrying 3 TGF-
B1 promoter variants (Figure 1B and Supplementary Figure
3). Taken together, these results indicated that the rs2317130
allele C was associated with increased severity of pulmonary

when we tried to investigate the association between the above tuberculosis.
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Transforming growth factor 31 rs2317130 single-nucleotide polymorphism is associated with the severity of pulmonary tuberculosis, but it has no effect on
Mycobacterium tuberculosis—specific interferon vy production. A, High-resolution computed tomographic (HRCT) scores in 483 patients with tuberculosis carrying different
genotypes of rs2317130, rs4803457, or rs11466313. B, Spot-forming cells (SFCs) to early secreted antigenic target 6 (ESAT-6) in 878 patients with tuberculosis carrying dif-
ferent genotypes of rs2317130 or rs4803457 or rs11466313. *P< .05.
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Replication of Association Between TGF-§1 SNPs and Tuberculosis
Susceptibility in Validation Cohort

Because the rs2317130, rs4803457, and rs11466313 SNPs located
in the promoter region showed a pattern of linkage disequilib-
rium and association with clinical phenotypes, we further veri-
fied their association with tuberculosis susceptibility through
an independent cohort collected from West China Hospital.
According to Supplementary Table 4, under the multiplica-
tive model, significantly higher frequencies of the C allele in
rs2317130, T allele in rs4803457, and DEL allele in rs11466313
were observed among patients with active tuberculosis, com-
pared with health controls. In the additive, dominant, or reces-
sive model, the genotype frequency of these SNPs also showed
significant differences between tuberculosis and healthy control
groups (Supplementary Table 4). Thus, these results confirmed
that these promoter SNPs are associated with susceptibility to
active tuberculosis in the Chinese population.

Effect of SNP rs2317130 on M. tuberculosis-Specific TGF-p1 and
Interleukin 17A Production

Next, we wonder whether these promoter SNPs could affect
the production of TGF-P1 in response to M. tuberculosis stim-
ulation. To test this, we assessed the expression of TGF-f1 in
peripheral blood mononuclear cells (PBMCs) with or without
M. tuberculosis stimulation, using quantitative polymerase chain
reaction and enzyme-linked immunosorbent assays among var-
ious genotypes. As shown in Figure 2A and 2B, no significant
difference was found in the TGF-P1 protein and messenger
RNA (mRNA) levels of PBMCs from individuals carrying
various genotypes without M. tuberculosis stimulation. After
M. tuberculosis stimulation, the TGF-B1 protein and mRNA

levels of PBMCs from individuals carrying various genotypes
were all increased compared with those without M. tubercu-
losis stimulation (Figure 2A and 2B). Moreover, Figure 2A and
2B show that PBMCs from individuals carrying rs2317130 CC
genotype produce significantly higher levels of TGF-B1 protein
and mRNA than those carrying CT or TT genotype in response
to M. tuberculosis stimulation. In contrast, PBMCs from indi-
viduals carrying different rs4803457 and rs11466313 genotypes
with M. tuberculosis stimulation exhibit no significant differ-
ences in TGF-Plproduction at both protein and mRNA levels.
Interleukin 17A (IL-17A), the main effector cytokine of
T-helper (Th) 17, promotes local inflammatory responses and
may lead to the serious lung damage through recruitment of neu-
trophils, which play a pathogenic role and exacerbate tubercu-
losis disease [31, 32]. TGF-P1 is known to play a role in inducing
the generation of IL-17A-producing cells [33]. We went on to
test whether these SNPs were associated with the expression
of IL-17A. As shown in Figure 3A and 3B, IL-17A expression
showed a similar pattern like TGF-P1 at both protein and mRNA
levels, and higher expression of IL-17A was observed in PBMCs
carrying rs2317130 CC genotype than in those carrying geno-
types TT in response to M. tuberculosis stimulation. In contrast,
PBMC:s carrying rs4803457 and rs11466313 genotypes exhibit no
significant differences in IL-17A production (Figure 3A and 3B).
Furthermore, the relationship between TGF-p1 and IL-17A
expression was explored. The correlation coefficients between
TGF-P1 and IL-17A expression both in protein and mRNA
levels were 0.88 and 0.85, suggesting positive correlation ex-
isted in the expression between TGF-f1 and IL-17A (Figure 3C
and 3D). In addition, the levels of TGF-Bf1 and IL-17A in
serum samples from patients with active tuberculosis were
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Figure 2. The rs2317130 single-nucleotide polymorphism (SNP) affects Mycobacterium tuberculosis-specific transforming growth factor (TGF) 31 production. A, B,
Peripheral blood mononuclear cells (n = 18) with various genotypes of rs2317130, rs4803457, and rs11466313 from healthy controls were unstimulated or stimulated (in-
fected) with M. tuberculosis strain H37Rv at a multiplicity of infection of 10; 24 hours later, TGF-B1 production was compared using enzyme-linked immunosorbent assay
(A) and quantitative polymerase chain reaction (B). Data represent means with standard errors of the mean. *P < .05. Abbreviation: GAPDH, glyceraldehyde-3-phosphate

dehydrogenase.
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Figure 3. The rs2317130 single-nucleotide polymorphism (SNP) affects Mycobacterium tuberculosis—specific interleukin 17A (IL-17A) production. A, B, Peripheral blood
mononuclear cells (PBMCs) (n = 18) with various genotypes of rs2317130, rs4803457, and rs11466313 from healthy controls were unstimulated or stimulated (infected) with
M. tuberculosis strain H37Rv at a multiplicity of infection of 10; after 24 hours, IL-17A production was compared using enzyme-linked immunosorbent assay (4) and quanti-
tative polymerase chain reaction (B). C, D, Relationship between transforming growth factor (TGF) 31 and IL-17A expression at the protein (C) and messenger RNA (L) levels.
Data represent means with standard errors of the mean. *P < .05. Abbreviation: GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

also determined. The patients with tuberculosis carrying var-
ious genotypes showed no differences in the level of TGF-f1,
although there was an increased trend for individuals with
rs2317130 CC and rs4803457 TT genotype (Supplementary
Figure 4A). However, the IL-17A level in serum was too low
to be detected using available kits (Supplementary Figure 4B).
Taken together, these results suggested that SNP rs2317130 af-
fects M. tuberculosis-specific TGF-B1 and IL-17A production.

Influence of SNPs on TGF-B1 Gene Transcription Activity

To evaluate the effect of promoter SNPs on TGF-P1 gene tran-
scription activity, we constructed different haplotypes among 3
variants, as shown in Figure 4A and assessed these haplotypes
using a dual-luciferase reporter assay. As shown in Figure 4B,
we used haplotype C-C-AGG (SNPs in the order of rs2317130,
rs4803457, and rs11466313) as a template; when the rs2317130
was mutated into protective allele T, the haplotype T-C-AGG
showed decreased luciferase activity. In contrast, the site-directed

mutation of rs4803457 to susceptible variants T, the haplotype
C-T-AGG showed increased luciferase activity. However, after
rs11466313 mutation from AGG to DEL, the haplotype C-C-DEL
showed no difference in luciferase activity compared with haplo-
type C-C-AGG. In addition, haplotype C-T-AGG, which con-
sisted of 2 susceptible variants, rs2317130 allele C and rs4803457
allele T, shows the highest transcriptional activity among C-T-
AGG, T-C-AGG, C-C-AGG, and C-C-DEL (Figure 4B).

Binding Activity of rs2317130 SNP to Nuclear Extracts

To determine whether the effects of SNPs rs2317130 and
rs4803457 on TGF-B1 transcriptional activity were due to the
alteration of binding efficiency to the nuclear extracts, electro-
phoretic mobility shift assay was performed. Biotin-labeled or
unlabeled oligonucleotides containing specific alleles were in-
cubated with nuclear extracts from human acute monocytic
leukemia cell line-1 cells stimulated with or without M. tu-
berculosis. As shown in Figure 5A, both alleles of rs2317130
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Figure 4.

Influence of single-nucleotide polymorphisms (SNPs) on transforming growth factor (TGF) 1 gene transcription activity. A, Schematic representation of the lo-

cations of 5 significant TGF-B31 gene SNPs. B, TGF-31 promoter luciferase reporter plasmids carrying different haplotypes, with an SNP order of rs2317130, rs4803457, and
rs11466313, were transfected into Hela cells. Firefly luciferase activities were determined and normalized to Renilla luciferase activities. TGF-B1 transcription activities in
different haplotypes were compared. Data represent means with standard errors for 3 independent experiments. F/R Value is defined as the ratio of firefly luciferase activities

and renilla luciferase activities. *P< .05; TP<.01.

showed several shifted bands when incubated with nuclear
protein extracts. Furthermore, these shifted bands could be
blocked by unlabeled oligonucleotide competitors (Figure 5A,
lanes 5, 6, 9, and 10). Interestingly, M. tuberculosis stimulation
induced more complex 1 and additional complex 2 formation
on the rs2317130 C oligonucleotide (Figure 5A, lanes 4 and
8) compared with T oligonucleotide (Figure 5A lanes 3 and 7,
and Figure 5C), suggesting that SNP rs2317130 could alter nu-
clear extracts binding activity to TGF-p1 promoter region. On
the other hand, distinct bands (complex 3) were shifted when
biotin-labeled rs4803457 C probe were incubated with the nu-
clear extracts (Figure 5B, lanes 4 and 8), which was specifically
blocked by unlabeled competitors (Figure 5B, lanes 5, 6, 9, and
10). However, no significant difference in complex 3 was ob-
served between unstimulated and stimulated cells (Figure 5B,
lanes 4 and 8, and Figure 5C).

DISCUSSION

TGF-B1 has been reported to be up-regulated during tubercu-
losis and presented at sites of active M. tuberculosis infection
[22, 23]. However, few studies have examined the relationships

between TGF-f1 gene variations and tuberculosis susceptibility.
Previous studies showed that the TGF-p1 gene polymorphism
at —509C/T (rs1800469) and +869T/C (rs1800470) is correlated
with the progression of several diseases [34-36]. So far, 3 TGF-p1
SNPs have been extensively investigated in tuberculosis among
different populations,involving +869T/C+915G/C (rs1800471)
and —509C/T. It was reported that the +869T/C genotype was
significantly associated with increased tuberculosis suscepti-
bility in India [37], but no association was observed in patient
with tuberculosis from Japan [38]. In addition, the allele distri-
bution of +915G/C shows no difference in Colombian patients
with tuberculosis and healthy controls [39], and in Hong Kong
Chinese adults, gene polymorphisms at —509C/T and +869T/C
are not associated with tuberculosis susceptibility [40].

The ethnic differences in various populations may lead to
these divergent findings, and another reason may be the lack
of suitable functional SNP selection strategy. In the current
study, SNP selection was as described previously [28], which is
different from the usual way of tagging SNPs, in which SNPs
were usually selected based only on the linkage disequilibrium
in a genomic region. The SNP selection process focuses more
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Figure 5. The rs2317130 single-nucleotide polymorphism (SNP) shows different binding activity to nuclear extracts. A, B, Nuclear extracts were extracted from phorbol-
12-myristate-13-acetate-differentiated human acute monocytic leukemia cell line-1 cells stimulated (infected) with Mycobacterium tuberculosis strain H37Rv at a multiplicity
of infection of 10 (24 hours after infection), or unstimulated cells, then incubated with C-probe or T-probe of rs2317130 (A) or rs4803457 (B) in the absence or presence of
unlabeled competitors and subjected to electrophoretic mobility shift assay. C, Relative band intensity of each complex was analyzed using Image J software. Data represent
means with standard errors of the mean for 3 independent experiments. *P < .05; TP < .01.

on efficiency, which maximizes the coverage but minimizes the
cost [41]. We focused on the SNPs located in putative transcrip-
tion factor binding sites or microRNA target sites. Among these
10 selected potential functional SNPs in the TGF-B1 gene, 5
(50%) were efficiently identified to be significantly associated
with tuberculosis susceptibility through this strategy.

In addition, TGF-p1 was required for development of
Th17 cells that could produce IL-17A-regulating inflamma-
tory responses [33, 42, 43]. In this study, we performed this
correlation analysis between TGF-1 polymorphisms and tu-
berculosis susceptibility. Our functional assay demonstrated
that PBMCs from individuals carrying rs2317130 C allele in
TGF-PB1, which is associated with increased susceptibility to
tuberculosis, produce significantly higher TGF-p1 in response
to M. tuberculosis stimulation, which is consistent with a pre-
vious report that TGF-P1 is up-regulated during tuberculosis

[22]. Moreover, similar to TGF-B1, PBMCs carrying rs2317130
C allele also produced higher levels of IL-17A in response to
M. tuberculosis stimulation. Series of findings have suggested
the involvement of IL-17A in tuberculosis pathology. In hu-
mans, IL-17 expression in lymphocytes from patients with ac-
tive tuberculosis is correlated with disease severity [44]; in line
with this, it was reported that enhanced Th17 responses were
associated with high antigen load in drug-resistant tubercu-
losis [45]. From the viewpoint of human genetics, the high
IL-17A-expressing rs2317130 C allele was associated with tu-
berculosis susceptibility and disease severity, indicating that
persistent IL-17A production causes sustained lung damage
and decreased protective immunity against M. tuberculosis
infection.

The functional SNPs located in the promoter region may af-
fect transcriptional activity, those in the exon region may result
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in variant translation, and those in the 3’ untranslated region
may alter the miRNA-target interaction. The SNP rs2317130 is
located in the promoter region of TGF-B1, and the luciferase re-
porter assay demonstrated that the rs2317130 C allele increased
transcriptional activity of the TGF-B1 promoter in Hela cells.
Moreover, electrophoretic mobility shift assay performance
showed that the rs2317130 C allele affected recruitment of nu-
clear proteins to the promoter region of TGF-f1 in response to
M. tuberculosis infection. Previous work has found that TGF-f1
expression could be regulated by various transcription factors,
such as specificity protein 1, CCAAT-enhancer-binding protein
B, activation protein-1, NF-xB, and Kruppel-like factor 4 (gut),
in various experimental model systems [46-49]. However, we
could not detect binding by these transcription factors of the
TGEF-B1 promoter region recruited by rs2317130 C allele (data
not shown). Thus, binding proteins to the TGF-B1 promoter
region recruited by the rs2317130 C allele need further inves-
tigation. In short, our data suggested that the rs2317130 C al-
lele resulted in high levels of TGF-B1 and IL-17A in response
to M. tuberculosis stimulation, by affecting TGF-f1 promoter
transcriptional activity.

Given that TGF-p can inhibit immune cell proliferation
and regulate CD4" T cell differentiation into Foxp3® regu-
latory T cells and Th17 cells that are thought to restrain the
antituberculosis effector cell functions, TGF-p has been con-
sidered an attractive therapeutic target and shown to be an
effective immunomodulatory strategy by absence of TGF-f ex-
pression or inhibition TGF- effects with drugs or therapeutic
antibodies in vitro and in vivo [50]. However, TGF-p, as a major
fibroblast growth factor, is crucial to stimulating the neces-
sary extracellular matrix proteins required for repairing tissue
damaged by M. tuberculosis infection [50]. Therefore, reason-
able therapeutic approaches are required to shift the balance in
favor of a more protective immune response. Meanwhile, other
nonimmune yet protective host responses will also be con-
sidered [50]. More research is needed to sufficiently balance the
overall benefits, considering the full spectrum of host responses
to M. tuberculosis infection.

To sum up, we have identified several SNPs of TGF-{1 gene that
have significant association with tuberculosis susceptibility. We
also found that the functional rs2317130 C allele up-regulating
TGF-B1 and IL-17A expression was associated with disease se-
verity. In addition, the rs2317130 C allele determines the pro-
moter activity by affecting the binding activity with nuclear
extract. However, our study also had some drawbacks. The cohort
was limited to the Chinese populations, there was no retrospec-
tive follow-up study to assess variation in TGF-P1 after treatment,
and allele-mediated transcription factors regulating TGF-B1 ex-
pression have not been identified. Even so, our findings provide
critical genetic evidence of the pathogenic role of TGF-f1 in
human tuberculosis in the Chinese population, suggesting that
host-directed therapy targeting TGF-B1/IL-17A signaling could

be an alternative therapeutic strategy, mitigating the severity of tu-
berculosis and improving clinical outcomes, particularly among
individuals with increased TGF-B1-production genotypes.
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