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Abstract
Background: Tuberculosis (TB) is a leading global public health problem, but the mechanisms underlying
the immunopathology of TB progression are not well understood. It is currently believed that
Mycobacterium tuberculosis (Mtb) infection can modify NK cell phenotypic signatures. Hence, our study
was designed to investigate the diversity of circulating NK cells between active TB and latent TB
infection. Peripheral blood NK subsets, as well as their expression of activating and inhibitory membrane
receptors in different TB-infected status were evaluated in the present study.
Results: Significant differences of NK phenotypes were observed in the ATB, LTBI and HC populations.
Among them, CD56BrightCD16Dim (PATB VS HC=0.008, PLTBI VS HC=0.017) and CD27+CD56BrightCD16Dim
(PATB VS HC=0.022, PLTBI VS HC=0.004) NK subsets were increased in TB-infected groups compared with HC
group. On the contrary, the proportion of CD27 in NK cells (PATB VS HC=0.036, PLTBI VS HC=0.006) and
CD56Dim CD16+ NK subsets (PATB VS HC=0.0001, PLTBI VS HC=0.001) were diminished in TB-infected groups.
Furthermore, the proportion of KLRG1 in NK cells (P=0.036), as well as their subsets CD56Dim CD16+ NK
(P=0.046) and CD27+ NK (P=0.027), were increased significantly in LTBI compared with the ATB group;
while Mtb specific IFN-γ+CD56BrightCD16Dim NK cells expressed higher KLRG1 in ATB than LTBI
(P=0.027). Within CD56BrightCD16Dim NK subsets, the percentage of KLRG1 was elevated in ATB patients
compared with HC group (P=0.037). However, the expression of activating receptor NKG2D in NK and its
subsets showed no significant between the three participant groups.
Conclusions: The present results demonstrated that the different TB infection states were coupled with
the diversity of NK cell compartments, and the expression of KLRG1 in NK cells might be a specific
phenotype to modulate the progression of TB from latent to active.

Background
Tuberculosis (TB) is the major cause of death from a single infectious disease. Despite the 2035 End TB
Strategy has been committed by the World Health Organization, the number of TB infections has been
declining slowly in recent years [1]. The latent TB infection (LTBI), that exhibits a persistent immune
response to Mycobacterium tuberculosis (Mtb) antigen stimulation but without clinical evidence of active
TB (ATB), affects approximately one-quarter of the world’s population. Among them, 5%-10% will develop
into ATB [2]. It is believed that this large population of LTBI at risk of activation will become the last
bastion on the road of eradicating TB [3].
The lack of biomarkers to distinguish ATB from LTBI is an important challenge for TB control. Classically,
CD4 + T cells are believed to play an important role in antimycobacterial immune response. However, the
interferon gamma release assay (IGRA) and tuberculin skin test (TST), which based on T cell immunity,
cannot distinguish between ATB and LTBI [4]. A series of innate and specific immune responses are
involved in anti-TB process. Recently, the role of natural killer (NK) cells in the progression of TB has been
increasingly emphasized [5].
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Several researches have reported that the expression of NK surface markers changes in the context of
different diseases [6–8], but remain poorly understood in TB infection. NK cell diversity and function are
tightly determined by a balance between signals from both activating and inhibitory membrane receptors
[9]. Specifically, NK cell inhibitory receptors can be classified into four different families, of which KLRG1
belongs to the C-type lectin like family. During persistent viral infections, KLRG1 is a marker of terminally
differentiated CD8 + T cells, and the proportion of KLRG1 + T cells in peripheral blood increases [10–12],
but its role in human TB infection is still elusive. In a mouse model of TB infection, KLRG1−/− mice
significantly improved survival [13]; additionally, Hu et al. demonstrated that KLRG1 + CD4 + T cells were
significantly increased in ATB patients compared with healthy controls, and suggested that KLRG1
blocking is a potential target for anti-TB immunotherapy [14]. However, in another study, the percentage
of KLRG1 + CD4 + T cells in ATB were the lowest, and the LTBI group was higher than ATB. Furthermore,
they observed KLRG1 + CD4 + T cells increased after anti-TB treatment in ATB, which raised doubts about
the immunotherapy that blocks KLRG1 [15]. Since Hu et al. did not conduct research on the LTBI group,
the potential role of KLRG1 + CD4 + T cells in TB progression needs further study. Researches have shown
that the interaction of KLRG1 and its ligand E-cadherin can increase the activation threshold of NK cells
to inhibit cytotoxicity activity [16], and its expression correlates with functional distinctions of peripheral
NK cells [17]. However, unlike T cells, the study of KLRG1 in NK cells is very rare, especially in TB
infection.
Moreover, NK cells also express a large number of activating receptors. Among them, NKG2D is a well
characterized activating receptor that recognizes several ligands poorly expressed on healthy cells but up
regulated by several stressing stimuli, including cancer and infection [18]. By binding to its ligand, NKG2D
can lead to cytokine secretion or cytotoxicity [19], increasing the bactericidal capacity of infected
phagocytes. During TB infection, activated NK cells are important to kill extracellular Mtb. Nevertheless,
as one of conserved activating receptors, NKG2D has not been widely studied in the course of TB.
In addition to the wide variability of receptors that regulate NK cell activity, there are growing evidence
that NK cells can differentiate into several subpopulations with diverse functional profiles in different
diseases. Classically, the subsets of NK cells were based on the expression of CD56 and CD16 [20]. The
CD56dim CD16 + NK subset representing the majority of circulating NK cells is mostly responsible for
cytotoxicity, while the CD56brightCD16dim NK has more immunoregulatory function by producing
abundant cytokines, such as IFN-γ [21]. To explore whether Mtb exposure and infection modifies NK cell
phenotypic and functional signatures, Harris. et al found specific differences in CD56dim NK cell
phenotype and function among QFT+, QFT−, and healthy individuals [22]. However, recent studies have
reported that, the TNF-receptor family member CD27, can define phenotypically and functionally different
human NK subsets as well [20, 23]. Moreover, by constructing animal model, Esaulova et al. found that
CD27 + NK cells had a protective effect on the latent period of TB [24].
Inspired by evidence above, our study was designed to simultaneously explore the diversity of NK
activating and inhibitory membrane receptors in different TB infection status with an emphasis on
NKG2D and KLRG1expression. Meanwhile, whether Mtb infection modifies specific NK subtypes remain
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incompletely studied, the different distribution of NK subsets between ATB and LTBI were also
investigated in this study. Remarkably, we reported here the expression of KLRG1 in NK cells might act as
an important immunomodulatory molecule in the progression of TB, and its magnitude is significant in
maintaining the immune control of TB latency.

Methods

Subjects and sample collection
This was a prospective study performed from 2020 to 2021 at Zhejiang Provincial People’s Hospital. All
participants were classified into three categories: ATB, LTBI, and healthy controls (HC). The ATB group
included symptomatic patients with positive sputum smears and/or Mtb-specific PCR and/or cultures for
Mtb. Asymptomatic healthy individuals from close contacts of ATB patients were classified as LTBI if
diagnosed positive in IGRA, otherwise as HC cohort. Clinical and demographic data from participants
were obtained by direct clinical interview and review of their medical records. All participants were
seronegative for HIV, and ATB patients were enrolled before the initiation of anti-TB therapy. Individuals
with primary or acquired immunosuppression were excluded. This study has been approved by the ethics
committee of Zhejiang Provincial People’s Hospital, Affiliated People’s Hospital, Hangzhou Medical
College, Hangzhou, Zhejiang, China. Informed consent was obtained from all participants.

PBMC isolation and Stimulation
Samples of peripheral blood were collected from all participants in sodium heparin tubes. Peripheral
blood mononuclear cells (PBMCs) were isolated via Ficoll-Hypaque density gradient
centrifugation. Afterwards, PBMCs were incubated into 96-well plates at a final concentration of 2 ×
106/mL in complete medium (RPMI 1640 supplemented with 10% heat-inactivated fetal calf serum, 100
U/ml penicillin, 100μg/ml streptomycin, and 2mM L-glutamine). ESAT-6 & CFP10 peptide pools (Oxford
Immunotec, Oxford, England) were used as Mtb specific antigens; Phytohemagglutinin (PHA) was used
as positive control (Oxford Immunotec, Oxford, England), and medium only was used as negative control.
All Cells were also performed with anti-CD28 and anti-CD49d co-stimulatory antibodies (BD Pharmingen;
final concentration 2μg/mL each). After that, PBMCs were left in the incubator at 37°C and 5% CO2
overnight. Brefeldin A (Sigma-Aldrich; final concentration 5μg/ml) was added at the final 5 h of
incubation.

Flow cytometric analysis
After stimulation, PBMCs were collected and subsequently, the following surface markers were added to
the cell suspensions in different tubes: anti-CD3-APC-Cy7, anti-CD56-BV510, anti-CD16-BB700, anti-CD27PE-Cy7, anti-KLRG1-APC, and anti-NKG2D-PE. All antibodies were purchased from BD Pharmingen.
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Representative flow cytometry gating strategies were showed in Fig. 1a and the additional file 1. Gated on
CD3−CD56+ cells, the different NK subsets were gated as the following criteria: (1) CD56Dim CD16+ and
CD56BrightCD16Dim based on the expression of CD56 and CD16; (2) NK cell subpopulations defined by the
expression of CD27. For intracellular staining, the cells were collected after surface staining. After fixing
and permeabilizing, cells were further stained for intracellular markers (anti-IFN-γ-BV421). Finally,
Samples were subjected to flow cytometric analysis on a BD FACS Canto II flow cytometer. Fluorescence
Minus One (FMO) was performed in some immune indexes as the basis for door gating. Data analysis
was conducted through FlowJo version 10.7.1 software.

QuantiFERON (QFT) Assay
QFT was employed as IGRA to evaluate the TB infection status of all participants. The QFT detection was
performed according to the manufacturer’s instruction (Wantai, Beijing, China). Briefly, blood samples
were obtained and divided into three tubes: (1) a negative control tube (Nil tube), (2) a Mtb specific
antigen stimulation (Test tube), and (3) a positive control tube containing PHA (PHA tube). After
incubation at 37℃ for about 22 hours, the supernatants were collected and IFN-γ was quantitated by
automated immunoassays Wantai Caris 200. The QFT results were judged according to the
manufacturer's instruction.

Statistical Analysis
In order to describe the characteristics of study population, percentiles and the mean ± SD were used.
Differences of clinical and laboratory data between groups were analyzed using Student’s t test or
Wilcoxon rank-sum test where appropriate. The Fisher’s exact test or chi-square (χ2) test was used for
categorical data. Statistical analyses were performed using GraphPad Prism 8.4.2 and SPSS 22.0. P <
0.05 was considered statistically significant.

Results

Participant Characteristics
There were 20 ATB, 13 LTBI and 14 HC participants enrolled for immunological analysis. All three groups
were similar in age and sex characteristics. The main characteristics of ATB patients were shown in Table
1. The mean age of ATB group was 52.71 years old, and 65% of participants were male. More than half of
ATB patients were confirmed by culture and/or molecular methods; 10% of them were QFT negative.
Pulmonary tuberculosis (PTB) is the major type of ATB patients. Meanwhile, peripheral blood leukocytes,
neutrophils and lymphocytes were detected in ATB cohort. Compared with the normal reference interval
of healthy people, leukocytes and neutrophils were increased in 15% and 10% of ATB patients
respectively, while lymphocytes were reduced in 35% of ATB.
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Table 1
Clinical and laboratory characteristics of ATB patients
Characteristics

N=20

Age (years) Mean±SD

52.71±22.06

Male Sex (n, %)

13 (65%)

Smear Positive (n, %)

3 (15%)

Culture (n, %)

11 (55%)

PCR (n, %)

11 (55%)

IGRA (n, %)

18 (90%)

PTB (n, %)

15 (75%)

EPTB (n, %)

5 (25%)

Leukocytes (×109/L)

6.70±2.26

Neutrophils (%)

62.87±12.77

Lymphocytes (%)

25.55±11.34

Data are displayed as Mean±SD or n (%). PTB, pulmonary tuberculosis; EPTB, extrapulmonary
tuberculosis.

NK subsets within study groups
Using flow cytometry, circulating CD3+CD56+ NKT, CD3−CD56+ NK and its subsets (based on CD56 and
CD16 expression) were analyzed among ATB, LTBI and HC cohorts (Fig.1). Compared with HC group, NKT
cells were significantly increased in the ATB patients (P=0.02). Although there was no statistical
difference in the percentage of CD3−CD56+ NK cells among three cohorts, statistical significance was
observed in NK subgroup analysis. Among them, CD56BrightCD16Dim NK cells were significantly higher in
TB-infected groups (ATB and LTBI; PATB VS HC=0.008, PLTBI VS HC=0.017).

Expression of surface activating and inhibitory receptors in
peripheral NK subpopulations.
As the function of NK cells are governed by a variety of activating and inhibitory receptors, we
simultaneously evaluated the expression of representative activating and inhibitory NK cell receptors,
NKG2D and KLRG1, to determine if the progression of TB is related to the imbalanced receptor expression
of NK cells (Fig.2 a-b). Interestingly, LTBI populations tended to have higher KLRG1 expression. The
Page 6/19

proportion of KLRG1 in NK cells (P=0.036), as well as their subsets CD56Dim CD16+ NK (P=0.046), were
increased significantly in LTBI compared with the ATB group. Furthermore, within CD56BrightCD16Dim NK
subsets, the percentage of KLRG1 was elevated in ATB patients compared with HC group (P=0.037).
However, their expression of the activating receptor NKG2D, showed no significant difference between the
three participant groups. We also compared the expression of surface immune indexes in NKT cells, but
the frequency of NKG2D and KLRG1 in NKT failed to reach significance in the participant cohorts (see
Additional file 2).

Cytokine secretion capacity of NK subsets expressing
KLRG1 or NKG2D
As a major cytokine involved in the TB immune response, IFN-γ was found to be significantly increased in
NKT and NK cell subsets of ATB patients compared with LTBI cohort (Fig. 2 c and Additional file 2). When
comparing the IFN-γ secretion capacity of NK subsets expressing KLRG1 or NKG2D receptor, we found
IFN-γ was highly secreted on KLRG1− and NKG2D+ NK compared with KLRG1+ and NKG2D− NK cells
(Fig. 3). Moreover, IFN-γ levels in both positive or negative expression of KLRG1 and NKG2D on
CD56Dim CD16+NK cells were capable of distinguishing ATB from LTBI.
To further delineate the relationship between surface immune indicators and IFN-γ secretion in TBinfected population, we analyzed the expression of KLRG1 and NKG2D in Mtb specific IFN-γ positive NK
cells between ATB and LTBI cohorts. Remarkably, IFN-γ+CD56BrightCD16Dim NK cells showed higher
KLRG1 expression in ATB than LTBI (P=0.027, Fig. 4 a). But beyond that, no other significant differences
were observed between ATB and LTBI individuals.

NK subsets defined by CD27
Because it has been reported that CD27 is an additional important marker for dividing NK subgroups [20],
NK subsets defined by CD27 were also analyzed to explore their potential value in human immunity
against TB. The proportion of CD27 in NK cells (PATB VS HC=0.036, PLTBI VS HC=0.006; Fig. 5 a) and
CD56Dim CD16+ NK subsets (PATB VS HC=0.0001, PLTBI VS HC=0.001; Fig. 5 b) were diminished in TB-infected
groups; on the contrary, CD27+CD56BrightCD16Dim NK cells were increased in ATB and LTBI groups when
compared with HC group (PATB VS HC=0.022, PLTBI VS HC=0.004). To better demonstrate the special value of
CD27 defined NK cells in TB infection, the expression of NK cell surface receptors and the production of
IFN-γ+ between CD27− and CD27+ NK cells were measured as well. Similarly, the proportion of KLRG1 in
CD27+NK cells was significantly elevated in LTBI than ATB (PATB VS LTBI=0.027, Fig. 6 a). Although KLRG1
expression in CD27+ and CD27− NK cells were not statistically different, CD27+NK subsets expressed
higher NKG2D receptor than CD27− subsets (Fig. 6 b). In addition, CD27+NK cells were more likely to
produce IFN-γ than their CD27− counterparts, but this failed to reach a statistical difference (see
Additional file 3).
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Discussion
NK cells have a pivotal role in the innate immune response against viruses and cancer. However, studies
on the role of NK in anti-TB immunity are limited. In order to investigate if Mtb infection modifies NK cell
phenotypic signatures, we estimated circulating NK subsets, as well as their expression of KLRG1 and
NKG2D in different TB-infected status. Significant different of NK phenotypes were observed among the
ATB, LTBI and HC populations. Compared with HC group, CD56BrightCD16Dim and CD27 +
CD56BrightCD16Dim NK were increased in TB-infected groups. Furthermore, LTBI individuals showed
significantly increased KLRG1 + NK cells than ATB patients, while Mtb specific IFN-γ + CD56BrightCD16Dim
NK cells expressed higher KLRG1 in ATB than LTBI. Our study adds novel information on KLRG1
expressed NK cells, which might be a specific phenotype to modulate the progression of TB from latent to
active.
Encouraged by the hypothesis that NK cell function and subsets in the blood can inform Mtb infection
status [25], circulating NK subsets from ATB, LTBI and HC cohorts were analyzed by flow cytometry. In
line with other evidence [22, 25], the frequency of CD3 − CD56 + NK cells were similar in the three
participant groups. Generally speaking, NK functions can be preferentially assigned to two major NK
subsets, with the CD56Dim CD16 + subset being intrinsically highly cytotoxic and the CD56BrightCD16Dim
subset being more efficient to produce cytokines, mainly IFN-γ [26]. By releasing IFN-γ, the
CD56BrightCD16Dim NK cells are assumed to provide protective mechanisms in LTBI subjects [27].
However, we observed that the percentage of CD56BrightCD16Dim NK cells were significantly increased in
both ATB and LTBI groups. Although NK functions tend to be exhausted during the long-term progression
of TB [28, 29], the abundance of CD56BrightCD16Dim subsets in TB-infected groups probably reflects their
important role in the early Mtb responsive accessory cells.
NKT, along with NK, is known as the bridge between innate and adaptive immune response. The role of
NKT cells in the context of Mtb infection is still controversial. Consistent with the results of Pandey et al.
[30], we found that NKT cells were elevated in ATB patients compared with HC individuals, which further
indicated the importance of innate immunity to against TB.
Given that NK cell surface marker redistribution has been described in the setting of some infections [31,
32], typical activating and inhibitory receptors expressed by NK subsets, and their ability to secrete IFN-γ
were studied in each of the three participant groups. KLRG1 is widely used as a lymphocyte
differentiation marker in both humans and mice but the physiological role of KLRG1 in TB is still unclear.
Our results revealed that KLRG1 expressing NK cells, as well as their subsets CD56Dim CD16 + and CD27 +
NK cells were reduced in ATB patients compared with LTBI individuals, which was similar to another
report on the role of KLRG1 in human CD4 + T cells [15]. There is undoubtedly better immune control in
LTBI, our results indicated that KLRG1 + NK was an important component affecting the balance between
host immunity and Mtb to keep TB latent. Whereas Hu et al. reported that KLTG1 expression in CD4 + T
cells was significantly increased in ATB patients compared with HC subjects [14], the difference in
research objects could partly explain the above discrepancy. Nevertheless, when compared with HC
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group, the percentage of KLRG1 + CD56BrightCD16Dim NK subsets was also elevated in ATB patients. In
the above study, KLRG1 + CD4 + T cells tended to produce more IF-γ than KLRG1 − counterparts in ATB
patients. However, IFN-γ was found highly secreted on KLRG1 − NK cells compared with KLRG1 +
counterparts in the present study. Through literature search, little information is currently available about
the expression of KLRG1 in NK cells, especially about its role in NK subset function during TB infection.
Nevertheless, similar results have been confirmed in other studies on HCMV infection [33]. In addition,
within Mtb specific IFN-γ + CD56BrightCD16Dim NK cells, the expression level of KLRG1 in ATB patients was
higher than that in LTBI population, which reflected the trend of NK cell function depletion during TB
progression. In brief, the above results indicated that KLRG1 as an inhibitory receptor of NK cells plays an
important role in anti-TB immunity, and circulating KLRG1 + NK cells may reflect the difference of host
immune status between ATB and LTBI. Future studies evaluating the role of KLRG1 + NK cells during the
course of TB are warranted.
Interestingly, the activating receptor NKG2D did not significantly affect NK diversity during TB infection,
with no significant changes were observed in the participant groups. Normally, NKG2D are involved in the
NK cell mediated lysis of human Mtb infected monocytes by enhancing the production of perforin and
granulysin [34]; we found that NK cells expressing NKG2D also had a stronger IFN-γ secretion capacity
compared with NKG2D − subjects.
The CD27 marker is a member of the TNF-receptor superfamily, and its low expression in IFN-γ + CD4 + T
cells has been proposed as an active TB marker [35, 36]. Although the CD27 expression varies on murine
NK cells [37], little is known about the expression of this receptor in human NK cells. We here showed that
CD27 was expressed differently in NK subsets based on CD56 and CD16 typing. Generally, the expression
of CD27 is associated with immunoregulatory and cytokine producing [23]. Consistent with the above
statement, CD27 was found mainly expressed in CD56BrightCD16Dim NK cells and up regulated in TBinfected groups, which explained the response of ATB and LTBI individuals to secrete IF-γ against Mtb.
Furthermore, the phenomenon that CD27 + NK subsets expressed higher NKG2D than CD27 − subsets
further demonstrated our conclusion above that NKG2D + NK cells tended to secrete more IFN-γ than
negative cells.
This study also had some limitations. First of all, it was a single center study, and the statistical power of
analysis may be insufficient due to the limited sample size. Secondly, other activating and inhibitory
receptors, such as NKp46 and the KIR family; as well as NK function markers, such as CD107a and
granzyme B, were not systematically evaluated in the presents study. Finally, the fluctuations of NK
subsets during TB treatment were not monitored as well. Further researches are needed to fill these gaps.

Conclusions
We demonstrated here that the different TB infection states were coupled with diversity of NK cell
compartments, and KLRG1 + NK cells appeared to be key factors associated with maintaining TB latency.
These cells may prove to be useful for targeted immune interventions for disease detection and control.
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Our research can lead to a better understanding of NK immune response during Mtb infection, which
could be instrumental in the control of TB progression.
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Figures

Figure 1
Gating strategies and the percentage of major NK cell subsets within study groups. a Gating strategies
for NK subsets and NKT cells. b The percentage of CD3−CD56+ NK cells from total lymphocytes in each
of the three groups (ATB, n=20; LTBI, n=13; HC, n=14). c-d The percentage of CD56DimCD16+ and
CD56BrightCD16Dim NK cells from CD3−CD56+ NK in each of the three groups. e The percentage of
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CD3+CD56+ NKT cells from total lymphocytes in each of the three groups. Results were expressed as the
mean ± SD. *p < 0.05, **p < 0.01.

Figure 2
Surface receptors expression and IFN-γ production of NK subsets from each of three participant groups.
a-b The expression of the inhibitory receptor KLRG1 and activating receptor NKG2D in NK subsets. c The
production of IFN-γ in NK subsets after Mtb specific antigen stimulation. Whiskers represented the
maximum and minimum percentiles. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 3
Cytokine secretion capacity in KLRG1+/− and NKG2D+/− NK subsets between ATB and LTBI. a
Comparison the proportion of IFN-γ between KLRG1+ and KLRG1− NK subsets after Mtb specific antigen
stimulation in TB-infected groups. b Comparison the proportion of IFN-γ between NKG2D+ and NKG2D−
NK subsets after Mtb specific antigen stimulation in TB-infected groups. Results were expressed as the
mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4
Expression of KLRG1 and NKG2D in Mtb specific IFN-γ+ NK subsets between ATB and LTBI. a The
expression of KLRG1in IFN-γ+ NK subsets after Mtb specific antigen stimulation in TB-infected groups. b
The expression of NKG2D in IFN-γ+ NK subsets after Mtb specific antigen stimulation in TB-infected
groups. *p < 0.05.
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Figure 5
Expression of NK subsets defined by CD27 in the three participant cohorts. a The percentage of CD27 in
total NK cells (CD3−CD56+). b-c The expression of CD27 in CD56 and CD16 defined NK subsets
(CD56DimCD16+ and CD56BrightCD16Dim). Results were expressed as the mean ± SD. *p < 0.05, **p <
0.01, ***p < 0.001.

Figure 6
Expression of NK surface receptors between CD27+ and CD27− NK subsets. a Comparison the proportion
of KLRG1 between CD27+ and CD27− NK subsets in three participant groups. b Comparison the
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proportion of NKG2D between CD27+ and CD27− NK subsets in the three participant groups. Whiskers
represented the maximum and minimum percentiles. *p < 0.05, **p < 0.01, ***p < 0.001.
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