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Background: Tuberculosis (TB) is a serious public health problem to human health,
but the pathogenesis of TB remains elusive.

Methods: To identify novel candidate genes associated with TB susceptibility, we
performed a population-based case control study to genotype 41SNPs spanning 21
genes in 435 pulmonary TB patients and 375 health donors from China.

Results: We found Notch4 gene rs206018 and rs422951 polymorphisms were
associated with susceptibility to pulmonary tuberculosis. The association was
validated in another independent cohort including 790 TB patients and 1,190
healthy controls. Moreover, we identified that the rs206018 C allele was associated
with higher level of Notch4 in PBMCs from pulmonary TB patients. Furthermore,
Notch4 expression increased in TB patients and higher Notch4 expression
correlated with the severer pulmonary TB. Finally, we explored the origin and
signaling pathways involved in the regulation of Notch4 expression in response to
Mycobacterium tuberculosis (Mtb) infection. We determine that Mtb induced
Notch4 and its ligand Jaggedlexpression in macrophages, and Notch4 through
TLR2/P38 signaling pathway and Jagged1l through TLR2/ERK signaling pathway.

Conclusion: Our work further strengthens that Notch4 underlay an increased risk
of TB in humans and is involved in the occurrence and development of TB, which
could serve as a novel target for the host-targeted therapy of TB.
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Introduction

TB, caused by Mycobacterium tuberculosis, remains the leading cause of death among
infectious diseases throughout the world (1). In 2020, Mtb infection was responsible for 9.9
million new cases and 1.3 million deaths (2). Accumulating evidence has demonstrated that
host genetic factors contribute to Mtb infection outcomes (3-5). However, these factors are
extremely intricate and poorly understood.
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Mtb, as an extremely successful intracellular pathogen, has
harbored various host pathways for its survival (6-8). Inhibition of
phagosome maturation and autophagy, inhibition of apoptosis and
inflammation were the common pathways that were altered by Mtb.
During Mtb infection, effective killing of Mtb by the immune cells
plays an essential role for the occurrence and development of TB.
Dhiraj Kumar and their colleagues performed a genome-wide siRNA
screen to find host factors that regulated survival of Mycobacterium
tuberculosis and identified 275 molecules functionally associated with
each other (9). However, the association of these genes with
tuberculosis are not fully investigated. The single nucleotide
polymorphism (SNP) analysis was a powerful tool for identifying
susceptibility genes associated with diseases and candidate gene
approach was a method that was important to detect genetic
susceptibility to diseases. To identify novel genes associated with
TB susceptibility, we selected 21 genes as candidate genes for TB from
275 screening genes to perform SNP analysis. The 21 candidate genes
are involved in the several pathways including inflammatory response
through extracellular pathway (IFNB1, CXCL5, CCL11, CXCL14,
LTA4H) and intracellular/cellular pathway (NLRC4, NLRP1, IRAK2,
IRF-4, LCN2, CARDY, ARRB2, NOTCH4), apoptosis (FASLG,
PDCDI1LG2, TRAF6, NOD1, TNFSF15, RIPK2), and Th2 response
(IL-4, GATA3).

Tag-SNP is the representative SNP in a region of the genome with
high linkage that represents a group of SNPs in a haplotype block. Tag
SNP is often performed for candidate gene association studies using
HapMap and gene resequencing data (10). Using tag SNP approach,
we can analyze the association between genetic polymorphism and
phenotypes without genotyping every SNP in a chromosomal region,
reducing the detection time and cost. The previous researches have
shown that tag SNP was a power tool for genetic study.

In this study, we selected 41 tag SNPs spanning these 21 candidate
genes to investigate whether the SNPs in these genes were associated
with susceptibility to TB. We performed a population-based case-
control screening and identified Notch4 as a susceptible gene for TB.
Furthermore, Notch4 expression was significantly elevated in TB
patients, and higher Notch4 expression was associated with
severer TB.

Materials and methods
Clinical samples

Two case-control cohorts were used in this study to investigate
the association between Notch4 polymorphisms and susceptibility to
TB. All subjects were genetically unrelated members of the Chinese
Han population. All protocols were approved by the local ethics
committee of Shanghai Pulmonary Hospital and the signed informed
consent was obtained from all subjects (permit number: K19-054Y).

The clinical presentation and radiological signs (such as X-ray or
computed tomography (CT) scan) were the diagnostic criteria for TB,
and confirmed by sputum culture positivity. All TB patients was
negative of anti-human immunodeficiency virus (HIV) antibody.
Average age was 48 years and 71% of patients were male. The
physical examination donors, with no history of previous TB or
anti-mycobacterial treatments and no evidence of TB-related
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infiltration in chest X-rays, were collected as control group. Average
age was 45 years and 68% of controls were male. The controls in our
study were recruited from a pool of individuals who participated in
the health examination program. These controls were living mainly in
the same geographical area as the cases. The samples of screening
stage included 435 TB patients and 375 healthy controls, which have
been used in our previous study (11). The samples of replication stage
included 790 TB patients and 1190 health controls, which have been
used in our previous TB genome-wide association studies (GWAS)
(5). We performed a post-hoc power analysis by G.power 3.1 software
for genetic analysis using our current sample sizes. when the o was
0.05, eftect size was 0.2, sample size grouplwas 375, sample size
group2 was 435, the power was 0.8.

For validation of association between genetic variation and
Notch4 mRNA expression, 40 PTB patients and 54 healthy controls
were recruited from the Nantong Sixth people’s hospital. For nucleic
acid extraction, two tubes of whole blood samples were collected from
each donor, and one sample was for DNA extraction and another
sample was for isolation of peripheral blood mononuclear cells
(PBMC) for RNA extraction.

For detection of Notch4 mRNA expression, the whole blood
samples from 84 TB patients and 53 healthy controls were recruited.
For analysis of association between Notch4 expression and clinical
indices, the clinical data from 84 TB patients mentioned above were
collected, including status of patients with initial treatment or
retreatment, the presence of mycobacteria in the sputum smear, the
presence of cavity in the lung and ESR. The samples information of
demographic and characteristics were listed in Supplementary
Table 1. For evaluation the notch4 protein expression, lung tissue
from 5 TB patients with pulmonary lobectomy were investigated.

Genomic DNA extraction

The 2 ml ethylenediaminetetraacetic acid (EDTA)-treated blood
were collected and 200ul of blood sample were used to extract
genomic DNA by QIAamp DNA Blood Mini Kit (Qiagen GmbH,
Germany) according to manufacturer’s instructions.

SNP selection

We selected 41 tag SNPs for these 21 candidate genes. Haploview
V4.2 was employed to run the tag SNPs. For each gene, tag SNPs
covered 2000 base pairs (bp) upstream of the annotated transcription
start site and downstream at the end of the last exon were selected. In
addition, a threshold of r*, HardyeWeinberg p value and minor allele
frequency was greater than or equal to 0.8,0.01 and 0.1 respectively.

Genotyping and quality control

The 41 tag SNPs genotyping work was done by the Shanghai
BioWing Applied Biotechnology Company (http://www.biowing.
com.cn/) using ligase detection reactions (LDR) as described
previously (12). In brief, multiplex PCR was used to amplify DNA
sequences of each subject. After the completion of amplification, the
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ligation reaction for each subject was carried out. The LDR were
performed and LDR results were analyzed with Genemapper
software. The data of rs422951 and rs206018 in replication stage
were obtained from our previous TB GWAS and genotyping using
Affymetrix Axiom CHB arrays. An Affymetrix Axiom® Genome-
Wide CHB1& CHB2 Array Plate Set (two chips/set) was used for
genotyping (5). SNPs deviated significantly from Hardy-Weinberg
equilibrium (p< 0.001) in controls were excluded.

Mice

Tlr2™~, Tlr3”~ and Tlr4~” mice were originally from Professor S.
Akira (Osaka University, Osaka, Japan). C57BL/6 mice were
purchased from Shanghai Laboratory Animal Center (Shanghai,
China). All mice were bred in specific pathogen-free (SPF)
conditions at the Laboratory Animal Center of Tongji University.
6~8 weeks old female mice were used. Animal procedures were
approved by the Animal Experiment Administration Committee of
Shanghai Pulmonary Hospital (K19-054Y).

Reagents and antibodies

$B203580, SP600125, PD98059 and PDTC were purchased from
Calbiochem and used at concentration of 10 WM. Rabbit anti-Notch4
(sc-5594, 1:200 dilution) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA); Rabbit anti-Jaggedl (2620,
1:000 dilution) from Cell Signaling Technology; Rabbit anti-GAPDH
(SAB2701826) from Sigma. PGN were purchased from Sigma.

Peripheral blood mononuclear cells isolation

The density gradient centrifugation method was used for isolation
of PBMCs from EDTA treated whole blood by Ficoll separation
(Ficoll-Paque plus; Amersham Biosciences). After twice washes in
PBS, PBMCs were subjected to further analyses.

Mouse peritoneal macrophage isolation
and infection

Peritoneal macrophages were isolated as previously described
(11). Briefly, mice were injected intraperitoneally (IP) with 2.0 ml
of 4% Brewer’s thioglycollate medium (Sigma-Aldrich). The primary
macrophages were collected after 3 days and were plated in 12-well
plates at 10° cells/well in culture media of RPMI 1640 (GIBCO)
supplemented with 10% heat-inactivated fetal bovine serum (Sigma-
395 Aldrich, F0804), penicillin/streptomycin, and incubated at 37°C
at 5% CO,.

Mycobacterium bovis BCG and Mtb H37Rv were grown to mid-
log phase in Middlebrook 7H9 medium (Becton Dickinson,
Cockeysville, MD) with 0.05% Tween-80 and 10% oleic acid-
albumin-dextrose-catalase (OADC) enrichment (Becton Dickinson,
Sparks, MD). Before infection, Mycobacteria were suspended in
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complete medium without antibiotics. The macrophages were
infected with H37Rv or BCG at MOI of 5.

Aerosol infection of mice

All animal study protocols were reviewed and approved by Tongji
University School of Medicine review boards for animal studies.
Infection studies were carried out as previously described (13).
Briefly, mice were infected with Mtb H37Rv with ~200 CFU using
a Glas-Col inhalation exposure system (Glas-col Inc., Terre Haute,
Ind) for four weeks.

Immunoblot analysis

Cells were lysed with RIPA lysis buffer, followed by centrifugation
at 12,000 g at 4°C for 10 min, and the supernatants were collected and
then boiled in SDS loading buffer. The proteins were resolved by
PAGE and then transferred to a PVDF membrane. ECL reagent
(Thermo Scientific) was applied for immunoblot analysis.

Immunohistochemistry

Segments of lung tissue, from 5 TB patients with pulmonary
lobectomy and 6 Mtb-infected mice, were fixed in 10% buffered
formalin and embedded in paraffin. The immunohistochemistry
staining with Notch4 antibody was at a 1: 250 dilution. After
counterstaining in hematoxylin, sections were mounted and
examined. Studies on clinical samples were conducted in
accordance with ethical guidelines of the institutional review board
of Tongji University.

Quantitative real-time PCR

The PBMC:s of clinical samples, macrophages and lungs of mice
were extracted total RNA with TRIzol reagent according to the
manufacturer’s instructions (Invitrogen). Next, 1 ug of total RNA
was reverse transcribed using the ReverTra Ace® qPCR RT Kit
(Toyobo, FSQ-101). A SYBR RT-PCR kit (Toyobo, QPK-212) were
used for quantitative real-time PCR analysis. The relative mRNA
expression of different genes was calculated by comparison with the
control gene Gapdh (encoding GAPDH) using the 222 method.
The sequences of primers for qPCR were shown in
Supplementary Table 2.

Statistical analysis

Hardy-Weinberg equilibrium (HWE) of each polymorphism was
determined by the program HWE. The significant differences of allele
and genotype frequencies were calculated using Pearson’s %2 test by
SPSS soft (SPSS Inc, Chicago, IL). For the results of gene expression,
the statistical significance between two groups were determined by
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Student t-test or Mann-Whitney U test using Graph-Pad Prism
software (version 5.0). If the variance is homogeneous, Student t-
test is used, and if the variance is not homogeneous, Mann-Whitney
U test is used. The correlation between the Notch4 expression and
ESR was determined by Spearman. *P<0.05 was considered
statistically significant.

Results

Notch4 gene polymorphism is associated
with TB genetic susceptibility

To identify new TB susceptible genes, we performed a genetic
screening of 21 candidate genes in 435 pulmonary TB patients and
375 healthy controls, the allelic frequencies of 41tag SNPs among
these genes were analyzed. The results showed that the allele
frequencies of Notch4 SNP rs422951 and rs206018 were statistically
difference between the TB and control subjects. While p-values
became no-significant after adjusting, suggesting they are suggestive

10.3389/fimmu.2023.1081483

association with TB susceptibility (Supplementary Table 3). Further
analysis was showed that the genotype frequency of rs422951 and
rs206018 was significantly different between TB patients and healthy
controls (rs422951, P=0.035, and rs206018, P=0.026, Table 1) and
rs422951G and rs206018G allele were associated with protection
against TB due to odds ratio was less than 1 (rs422951, OR=0.725,
P=0.012, and rs206018, OR=0.777, P=0.047, Table 1). The analysis of
genetic models found the strongest association for rs422951 was a
dominant mode (odds ratio [OR] =0.679; P=0.01, Table 1). In
contrast, SNP rs206018 was a recessive model (OR=0.452;
P=0.007, Table 2).

The association of rs422951 and rs206018 with TB was replicated
in an independent cohort including 790 TB patients and 1,190 healthy
controls. The results were showed the polymorphism of rs206018 and
rs422951were associated with genetic susceptibility to TB (Table 1).
The allelic frequencies for rs422951G and rs206018G were lower in
TB patients compared with controls, indicating that G allele of
rs422951 and rs206018 reduced the risk of developing TB (Table 2).
Thus, the Notch4 SNP rs422951 and rs206018 was associated with
genetic susceptibility to TB and the two SNPs played a resistant role.

TABLE 1 Genotype and Allele distribution and frequencies of Notch4 gene rs422951and rs206018 in pulmonary tuberculosis patients and controls.

Genotype frequency

OR(95% ClI)

Genotype/Alleles P value
TB patients, N (%) Controls, N (%)

Discovery
15422951 AIA 303(69.98) 223(61.26) 0.035

A/G 117(27.02) 126(34.62)

GIG 13 (3.00) 15 (4.12)

A 723(83.49) 572(78.58)

G 143(16.51) 156(21.42) 0.012 0.725(0.564~0.933)
15206018 c/C 257(59.63) 209(55.73) 0.026

CIG 156(36.19) 133(35.47)

GIG 18 (4.18) 33 (8.80)

C 670(77.72) 551(73.47)

G 192(22.28) 199(26.53) 0.047 0.777(0.619~0.976)
Replication
15422951 AIA 541(69.28) 743(67.73) 0.013

AIG 220(28.17) 350(28.93)

GIG 20(2.55) 56(3.34)

A 1302(83.35) 1836(79.90)

G 260(16.65) 462(20.10) 0.007 0.794(0.671~0.939)
15206018 c/C 358(46.98) 544(44.02) 0.000064

CIG 371 (48.68) 524 (44.33)

GIG 33(4.34) 114(9.65)

C 1087(71.33) 1612(68.19)

G 437(28.67) 752(31.81) 0.038 0.862(0.749~0.992)

CI, confidence interval; OR, odds ratio.

Hardy Weinberg (H-W) equilibrium was calculated from controls only. P value of rs422951 and rs206018 was 0.594 and 0.08 for discovery stage, and 0.079 and 0.452 for replication stage in controls.
P-values of genotype calculated by 2x3 contingency Table; P-values of allele calculated by 2x2 contingency Table.
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TABLE 2 Distribution and frequencies of Notch4 genotype with different genetic models in tuberculosis patients and controls.

Inherited model Genotype TB controls OR 95% Cl P Value
Discovery rs422951
Dominant A/G and G/G 130 141 0.679 0.505~0.911 0.01
AlA 303 223
Replication Dominant A/G and G/G 240 406 0.812 0.669~0.986 0.035
A/A 541 743
Discovery rs206018
Recessive G/G 18 33 0.452 0.250~0.816 0.007
C/G and C/C 413 342
Replication Recessive G/G 33 114 0.424 0.285~0.632 0.000015
C/G and C/C 729 1068

P-values of allele calculated by 2x2 contingency Table.

Genetic variation of Notch4 is associated
with its expression

Next, we genotyped the rs422951 or rs206018 polymorphisms in
54 healthy controls and 40 TB patients and examined the association
between their genetic variations and Notch4 mRNA expression in
PBMC. The minor homozygote of SNP rs206018 was significantly
associated with decreased Notch4 mRNA expression compared to
major homozygote in both healthy controls (Figure 1A) and TB
patients (Figure 1B). This association was also significant in a
recessive model; the GG genotype was associated with lower levels
of Notch4 mRNA than the GC+CC genotype in healthy controls
(Figure 1C) and in TB patients (Figure 1D). However, no significant
association of SNP rs422951 with Notch4 mRNA expression was
observed (Figures 1E, F). These data suggested that the rs206018C
allele might up-regulate Notch4 mRNA expression.

4 Expression Levels of Notch4 Increase in
the TB Patients

To investigate the expression levels of Notch4 in pulmonary
tuberculosis, we first explored Notch4 expression in PBMCs from
TB patients. Compared with healthy controls, the Notch4 mRNA
expression was significantly upregulated in TB patients (Figure 2A).
We further detected Notch4 expression in granulomas of tuberculosis.
The lung tissue sections surgically removed from TB patients were
analyzed by immunohistochemistry with anti-Notch4 antibodies, and
normal tissue next to the granulomas of TB patients as a control. The
results showed that Notch4 was expressed in the granuloma of TB
patients and was mainly localized in inflammatory infiltrates
(Figures 2B, C). Similarly, the expression level of Notch4 was also
significantly increased in the lungs of mice infected with Mtb H37Rv
(Figures 2D- F). Thus, these results demonstrated that Notch4 might
be involved in TB pathogenesis.
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4 Higher Notch4 Expression is Associated
With Severer TB

We further investigated the relationship between Notch4 expression
and clinical characteristics of TB patients. We observed that the level of
Notch4 was significantly higher in patients with retreatment than in
patients with initial treatment (Figure 3A), suggesting that upregulation
of Notch4 might contribute to decrease immune function against Mtb
infection. We also found that patients with sputum positive or patients
with lung cavity had higher Notch4 expression than those of patients
with sputum negative (Figure 3B) or without lung cavity (Figure 3C),
suggesting that notch4 might be involved in the progression of TB. No
correlation of Notch4 expression with ESR was observed in TB patients
(Figure 3D). Taken together, these results indicated that higher Notch4
expression is associated with severer pulmonary TB.

Mtb induced Notch4 expression in
macrophages

In TB, macrophages play an important role in host defense against
Mtb. To determine whether macrophage is one of the origin of Notch4 in
response to mycobacterial infection, we detected Notch4 expression in
murine primary peritoneal macrophages (PM) infection with H37Rv.
The results showed that Notch4 mRNA level was significantly enhanced
when these cells were infected with H37Rv (Figure 4A). Moreover,
NOTCH4 protein level was also induced by the infection with either
H37Rv (Figure 4B) or BCG (Figure 4C) in PM. To test whether Mtb-
induced Notch4 expression in macrophages depends on peptidoglycan
(PGN), a core of mycobacterium cell wall, we detected Notch4 expression
in macrophages treated with PGN. The results showed that PGN
markedly increased NOTCH4 protein production (Figure 4D). Taken
together, sensing of mycobacteria involving PGN by macrophage led to
the induction of Notch4, which at least partially contributed to the
enrichment of Notch4 in the process of Mtb infection.
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FIGURE 1

Association of Notch4 polymorphisms with its mMRNA expression. Genomic DNA and mRNA were isolated from PBMC of healthy individuals and TB
patients. Notch4 mRNA level was measured and normalized to gapdh gene. The genotypes of two Notch4 polymorphisms were examined for
association with Notch4 mRNA expression. (A, B) Association between Notch4 SNP rs206018 and Notch4 mRNA level in healthy controls (A) and in TB
patients (B). (C, D) Notch4 SNP rs206018 affects Notch4 mRNA expression in a recessive model in health controls (C) and in TB patients (D).

(E, F) Association between Notch4 SNP rs422957 and Notch4 mRNA level in healthy controls (E) and in TB patients (F). Difference between two groups
were analyzed by Mann-Whitney U test due to the variance was not homogeneous, *p < 0.05.

Induction of Notch4 by Mtb via TLR2/p38
pathway in macrophages

It has been reported that PGN activates cells through the Toll-like
receptor 2 (TLR2) (14, 15), we therefore investigated whether Mtb-
induced Notch4 expression in macrophages by engaging TLR2
receptor. We detected Notch4 expression in macrophages isolated
from TIr2 deficient mice infected with H37Rv. Compared with
macrophages from wild type mice, Mtb-induced Notch4 mRNA
expression was markedly reduced in TIr2”" macrophages
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(Figure 5A). To further investigate the signaling pathways involved
in the induction of Notch4 by Mtb, macrophages were infected with
Mtb in the presence of different inhibitors targeting ERK (PD98059),
JNK (SP600125), p38 (SB203580) or NF-kB (PDTC). Specific
inhibition of the p38 pathway by SB203580 markedly reduced Mtb-
induced Notch4 mRNA expression in macrophages (Figure 5B). Tlr2
deficiency or treatment of SB203580 also markedly reduced Mtb
induced NOTCH4 protein production (Figure 5C, D). These data
indicated that TLR2/p38 signaling pathway involved in the Mtb
induced Notch4 expression.
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Elevated Notch4 expression in tuberculosis patients. (A) gRT-PCR detection of Notch4 expression in PBMCs from 53 healthy individuals and 84 TB patients. (B, C)
Representative immunostaining of Notch4 in granulomas from 5 TB patients (B) and quantification of Notch4 positive cells (C). Bar, 100 um. Magnification: X200
(D) gRT-PCR of Notch4 mRNA in lungs of mice aerosol-infected with ~200 CFU Mtb H37Rv for 4 weeks (6 mice/group). (E, F) Representative immunostaining of
Notch4 in lungs of mice infected as in E (E) and quantification of Notch4 positive cells (F). Bar, 100 ym. Magnification: x200. The representative images were
shown (B, E). Results shown in (A, C, D, F) were expressed as mean + SEM by the Student t test, *P < 0.05 and **P <0.01.
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Induction of jaggedl by Mtb in macrophage

via TLR2/ERK signaling

We next sought to examine whether Notch ligands were also
induced by Mtb. Of the five mammalian Notch ligands, the mRNA

PBS Mtb

level of Jaggedl was significantly increased in macrophages infected
with Mtb (Figure 6A). TIr2 but not TIr3 or Tlr4 deficiency markedly
attenuated the induction of Jagged!l expression by Mtb (Figure 6B).
Inhibition of ERK by selective inhibitor PD98059 suppressed Mtb-
induced Jaggedl mRNA expression (Figure 6C). Consistently, Mtb-
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induced expression of Jaggedl was further validated at the protein
level using an immunoblot assay (Figure 6D). Deletion of Tlr2 or
specific inhibition of ERK by PD98059 markedly reduced Mtb-
induced production of Jaggedl (Figures 6E, F), suggesting an
important role for the TLR2-ERK pathway in Jaggedl induction.

Discussion

Here, we performed a two-stage case-control study in 2790
individuals from China to identify novel candidate genes for
susceptibility to tuberculosis. Our findings demonstrated Notch4 was a
susceptibility gene for TB and genetic variation of Notch4 is associated

A
- T2
8 0= T2 hidd
5
L
<
=
4
£
<
<~
L
2
Time (h) 0 3 5
Mtb (MOI=5)
C
WT TLR2/-
Mb 0 2 6 8 1518 0 2 6 & 15 18 (h)

f —— |<— GAPDH

FIGURE 5

Induction of Notch4 by Mtb via TLR2-p38 signaling pathway. (A) gRT-PCR detection of Notch4 expression in Mtb-infected peritoneal macrophages
isolated from WT or Tir2”"~ mice for indicated times. (B) qRT-PCR detection of Notch4 mRNA in mice peritoneal macrophages pretreated with ERK
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with its expression. Notch4 expression was significantly increased in TB
patients and associated with severer pulmonary TB. In addition,
mycobacteria triggered the expression of Notch4 and its corresponding
ligand jaggedl in macrophages through TLR2 signaling pathway
(Figure 7). Our findings here demonstrate that naturally occurred
polymorphism and reduced expression in Notch4 decrease the risk of
developing active TB in humans. Our previous study reported that
Notch4 negatively regulates the inflammatory response and Notch4-
deficient mice are more resistant to Mtb infection (13). Together, these
experimental and clinical studies highlight a pivotal role for Notch4
signaling in determining the outcome of mycobacterial infection.
Notch4, a member of the Notch receptor family in mammals, was
originally identified as a viral oncogene Int3 in mice, and is involved in
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experiments.

the initiation of mammary tumors (16, 17). Several other studies reported
that Notch4 gene polymorphisms were associated with susceptibility to a
number of diseases (18-22), suggesting that Notch4 was an important
genetic factor. Here, we found G allele of rs422951 had a lower frequency
in TB patient and was related with resistance to TB. Variant rs422951 is a
nonsynonymous SNP and A allele replaced by G allele leads to
substitution of Threonine with Alanine at the sixth exon at codon 320
of Notch4 gene (ACC to GCC, T320A). Interestingly, Jingwei Zhang and
his colleagues also found Notch4 missense mutation rs422951 was
associated with susceptibility to tuberculosis in Chinese population and
the G variants of rs422951 conferred protective factors in TB
susceptibility (23). Other studies have identified this variant involved in
autoimmune and infectious diseases. In the Japanese population,
rs422951 was conferred resistance to multiple sclerosis (21, 24). A

genome-wide association study (GWAS) in Chinese population
indicated rs422951 was a chronic hepatitis B susceptibility locus (25).
This locus has also been confirmed to be related to the susceptibility of
occasional inclusion body myositis (26) and hepatitis B virus-related
hepatocellular carcinoma (27), suggesting that rs422951 was an
important genetic factor.

Our study also indicated that the Notch4 SNP rs206018 was
genetically associated with susceptibility to TB and rs206018 C allele
was associated with higher level of Notch4. Bioinformatics analysis by
HaploReg soft showed 15206018 was located in the intron region of
Notch4 gene and was also an expression Quantitative Trait Locus (eQTL)
SNP for Notch4 gene (data not show), suggesting this variant exerted
allele-specific effects on Notch4 expression. Therefore, we are tempting to
speculate that the mutation of rs206018G is likely to regulate Notch4

Notch4 gene polymorphism
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A allele increases TB risk C allele increases TB risk
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FIGURE 7
Diagram of Notch4 polymorphisms and gene expression.
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gene expression, which might potentially make the individuals with GG
genotype more resistant to Mtb infection. In addition, Since the
genotyping data of replication were retrieved from our previous TB
GWAS, methodological problems might have some influence on the
results of the rs206018 genotype and allele distribution and it is better to
verify the result in larger samples or other populations in further study.

There is accumulating evidence that aberrant Notch4 expression has
a critical role in tumorigenesis (28, 29). However, Notch4 expression level
and clinical significance in tuberculosis remains uncertain. In present
study, we observed an elevation and enrichment of Notch4 in the lung of
both TB patients and Mtb-infected mice. We also found the patients with
a higher abundance of Notch4 in PBMCs had a higher amount of Mtb in
sputum. The correlation of Notch4 expression levels and amount of
sputum bacteria in TB patients suggested that differences in Notch4
expression might lead to divergent ability of elimination Mtb and
different disease outcomes. It has been reported the increase in Notchl
expression in T cells and DLL4 expression in intermediate monocytes
were related to severe forms of TB (30). Our previous studies have been
shown that the expression of Notch4 was reversely correlated with
production of IL-6 in PBMCs of TB patients (13). Taking together,
enrichment of notch4 might exacerbate mycobacterial infection and
Notch4 expression may be considered as a potential clinical indicator.

We further explored the source of Notch4 during Mtb infection. We
observed an elevation and enrichment of Notch4 might partially arise
from mycobacteria-induced Notch4 expression in macrophages. Our
results were shown PGN, a pathogen associated molecular patterns
(PAMPs) on the cell wall of Mtb, was recognized by TLR2 on
macrophages, and activated the p38 signaling pathway to induce
notch4 production. Main knowledge about the role of TLR signaling in
Notch expression is derived from studies of Notchl and Notch2, the
most conserved paralogs. Several studies have shown that the stimulation
of TLR ligands enhances the expression of Notchl/2, Notch ligands
Jaggedl and its target genes (31-33). In this study, we demonstrated that
Mtb infection induced the expression of Notch4 and Jaggedl via TLR
signaling pathway. In our previous study, we found Notch4 inhibited
Mtb-triggered production of proinflammatory cytokines via TLR
signaling pathway (13). Taking together, regulation of cross-talk
between Notch and TLR signaling pathways appears to be a novel
mechanism that could be used by Mtb as a strategy to evade the host
immune responses against them.

In conclusion, Notch4 is involved in the occurrence and
development of tuberculosis. In the case of tuberculosis infection,
people carrying the C allele in rs206018 can produce more Notch4
through immune cells dominated by macrophages, and Notch4 can
weaken the ability of the host to resist Mtb infection to lead to greater
susceptibility to TB and more severe clinical manifestations than
individuals with the G allele. Further studies are warranted to
investigate the functional characteristics of these genetic variants of
Notch4 and their effect on Mtb infection.

Data availability statement

The datasets presented in this article are not readily available
because of legal restrictions. Requests to access the datasets should be
directed to the corresponding author.

Frontiers in Immunology

10.3389/fimmu.2023.1081483

Ethics statement

The studies involving human participants were reviewed and
approved by ethics committee of Shanghai Pulmonary Hospital. The
patients/participants provided their written informed consent to
participate in this study. The animal study was reviewed and approved
by Animal Experiment Administration Committee of Shanghai
Pulmonary Hospital. Written informed consent was obtained from the
owners for the participation of their animals in this study.

Author contributions

RZ, designed experiments. WF, HL, JW, LQ, SP, and RZ
performed experiments and analyzed data. JW, XH facilitated
sample collection and transport. WF, HL, and XH contributed to
mouse experiments. WF, and RZ, prepared the figures and wrote the
manuscript. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by National Key R&D Program of
China (2021YFA1300902), National Natural Science Foundation of
China (No. 82170010 and 81970007).

Acknowledgments

We thank Feifan Xu (Nantong Sixth people’s hospital, China) for
samples collection. We thank members of the Shanghai Key Lab of
Tuberculosis and Ge’s laboratory for helpful discussions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1081483/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1081483/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1081483/full#supplementary-material
https://doi.org/10.3389/fimmu.2023.1081483
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Fang et al.

References

1. Schrager LK, Vekemens ], Drager N, Lewinsohn DM, Olesen OF. The status of
tuberculosis vaccine development. Lancet Infect Dis (2020) S1473-3099:30625-5.
doi: 10.1016/S1473-3099(19)30625-5

2. World Health Organization. Global tuberculosis report 2021 . Available at: https://
www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-
report-2021.

3. Thye T, Owusu-Dabo E, Vannberg FO, van Crevel R, Curtis ], Sahiratmadja E, et al.
Common variants at 11p13 are associated with susceptibility to tuberculosis. Nat Genet
(2012) 44:257-9. doi: 10.1038/ng.1080

4. Curtis ], Luo Y, Zenner HL, Cuchet-Lourengo D, Wu C, Lo K, et al. Susceptibility to
tuberculosis is associated with variants in the ASAP1 gene encoding a regulator of
dendritic cell migration. Nat Genet (2015) 47:523-7. doi: 10.1038/ng.3248

5. Zheng R, Li Z, He F, Liu H, Chen J, Chen J, et al. Genome-wide association study
identifies two risk loci for tuberculosis in han Chinese. Nat Commun (2018) 9:4072.
doi: 10.1038/s41467-018-06539-w

6. Kiling G, Saris A, Ottenhoff THM, Haks MC. Host-directed therapy to combat
mycobacterial infections. Immunol Rev (2021) 301:62-83. doi: 10.1111/imr.12951

7. Zhai W, Wu F, Zhang Y, Fu Y, Liu Z. The immune escape mechanisms of
mycobacterium tuberculosis. Int ] Mol Sci (2019) 20:340. doi: 10.3390/ijms20020340

8. Chai Q, Wang L, Liu CH, Ge B. New insights into the evasion of host innate
immunity by mycobacterium tuberculosis. Cell Mol Immunol (2020) 17:901-13.
doi: 10.1038/s41423-020-0502-z

9. Kumar D, Nath L, Kamal MA, Varshney A, Jain A, Singh S, et al. Genome-wide
analysis of the host intracellular network that regulates survival of mycobacterium
tuberculosis. Cell (2010) 140:731-43. doi: 10.1016/j.cell.2010.02.012

10. Zhang K1, Qin ZS, Liu JS, Chen T, Waterman MS, Sun F. Haplotype block
partitioning and tag SNP selection using genotype data and their applications to
association studies. Genome Res (2004) 14:908-16. doi: 10.1101/gr.1837404

11. ZhengR, Liu H, Song P, Feng Y, Qin L, Huang X, et al. Epstein-Barr Virus-induced
gene 3 (EBI3) polymorphisms and expression are associated with susceptibility to
pulmonary tuberculosis. Tuberculosis (2015) 95:497-504. doi: 10.1016/j.tube.2015.03.009

12. Wan C, Shi Y, Zhao X, Tang W, Zhang M, Ji B, et al. Positive association between
ALDHI1A2 and schizophrenia in the Chinese population. Prog Neuropsychopharmacol
Biol Psychiatry (2009) 33:1491-5. doi: 10.1016/j.pnpbp.2009.08.008

13. Zheng R, Liu H, Zhou Y, Yan D, Chen J, Ma D, et al. Notch4 negatively regulates
the inflammatory response to mycobacterium tuberculosis infection by inhibiting TAK1
activation. J Infect Dis (2018) 218:312-23. doi: 10.1093/infdis/jix636

14. Wang F, Li Y, Yang C, Mu Y, Wang Y, Zhang W, et al. Mannan-binding lectin
suppresses peptidoglycan-induced TLR2 activation and inflammatory responses. A
Mediators Inflammation (2019) 2019:1349784. doi: 10.1155/2019/1349784

15. Uehori J, Matsumoto M, Tsuji S, Akazawa T, Takeuchi O, Akira S, et al.
Simultaneous blocking of human toll-like receptors 2 and 4 suppresses myeloid
dendritic cell activation induced by mycobacterium bovis bacillus calmette-guérin
peptidoglycan. Infect Immun (2003) 71:4238-49. doi: 10.1128/1A1.71.8.4238-4249.2003

16. Jhappan C, Gallahan D, Stahle C, Chu E, Smith GH, Merlino G, et al. Expression of
an activated notch-related int-3 transgene interferes with cell differentiation and induces
neoplastic transformation in mammary and salivary glands. Genes Dev (1992) 6:345-55.
doi: 10.1101/gad.6.3.345

17. Gallahan D, Jhappan C, Robinson G, Hennighausen L, Sharp R, Kordon E, et al.
Expression of a truncated Int3 gene in developing secretory mammary epithelium
specifically retards lobular differentiation resulting in tumorigenesis. Cancer Res (1996)
56:1775-85.

Frontiers in Immunology

1

10.3389/fimmu.2023.1081483

18. Delev D, Pavlova A, Grote A, Bostrom A, Hollig A, Schramm J, et al. NOTCH4
gene polymorphisms as potential risk factors for brain arteriovenous malformation
development and hemorrhagic presentation. J Neurosurg (2017) 126:1552-9.
doi: 10.3171/2016.3.JNS151731

19. Sklar P, Schwab SG, Williams NM, Daly M, Schaftner S, Maier W, et al. Association
analysis of NOTCH4 loci in schizophrenia using family and population-based controls.
Nat Genet (2001) 28:126-8. doi: 10.1038/88836

20. AlFadhli S, Nanda A. Genetic evidence for the involvement of NOTCH4 in
rheumatoid arthritis and alopecia areata. Immunol Lett (2013) 150:130-3. doi: 10.1016/
j.imlet.2013.01.002

21. Huang J, Yoshimura S, Isobe N, Matsushita T, Yonekawa T, Sato S, et al. A
NOTCH4 missense mutation confers resistance to multiple sclerosis in Japanese. Mult
Scler (2013) 19:1696-703. doi: 10.1177/1352458513482512

22. Cardinale CJ, Li D, Tian L, Connolly JJ, March ME, Hou C, et al. Association of a
rare NOTCH4 coding variant with systemic sclerosis: a family-based whole exome
sequencing study. BMC Musculoskelet Disord (2016) 17:462. doi: 10.1186/s12891-016-
1320-4

23. Zhang J, Jiao L, Bai H, Wu Q, Wu T, Liu T, et al. A Notch4 missense mutation is
associated with susceptibility to tuberculosis in Chinese population. Infect Genet Evol
(2020) 78:104145. doi: 10.1016/j.meegid.2019.104145

24. McElroy JP, Isobe N, Gourraud PA, Caillier SJ, Matsushita T, Kohriyama T, et al.
SNP-based analysis of the HLA locus in Japanese multiple sclerosis patients. Genes
Immun (2011) 12:523-30. doi: 10.1038/gene.2011.25

25. Jiang DK, Ma XP, Yu H, Cao G, Ding DL, Chen H, et al. Genetic variants in five
novel loci including CFB and CD40 predispose to chronic hepatitis b. Hepatology (2015)
62:118-28. doi: 10.1002/hep.27794

26. Scott AP, Laing NG, Mastaglia F, Dalakas M, Needham M, Allcock RJN.
Investigation of NOTCH4 coding region polymorphisms in sporadic inclusion body
myositis. ] Neuroimmunol (2012) 250:66-70. doi: 10.1016/j.jneuroim.2012.04.021

27. Yu T, Han C, Zhu G, Liao X, Qin W, Yang C, et al. Prognostic value of notch
receptors in postsurgical patients with hepatitis b virus-related hepatocellular carcinoma.
Cancer Med (2017) 6:1587-600. doi: 10.1002/cam4.1077

28. Wu G, Chen Z, Li ], Ye F, Chen G, Fan Q, et al. NOTCH4 is a novel prognostic
marker that correlates with colorectal cancer progression and prognosis. J Cancer (2018)
9:2374-9. doi: 10.7150/jca.26359

29. Wang JW, Wei XL, Dou XW, Huang WH, Du CW, Zhang GJ. The association
between Notch4 expression, and clinicopathological characteristics and clinical outcomes
in patients with breast cancer. Oncol Lett (2018) 15:8749-55. doi: 10.3892/01.2018.8442

30. Castro RC, Zambuzi FA, Fontanari C, Morais FRde, Bollela VR, Kunkel SL, et al.
NOTCHI1 and DLL4 are involved in the human tuberculosis progression and immune
response activation. Tuberculosis (2020) 124:101980. doi: 10.1016/j.tube.2020.101980

31. Hildebrand D, Uhle F, Sahin D, Krauser U, Weigand MA, Heeg K. The interplay of
notch signaling and STAT3 in TLR-activated human primary monocytes. Front Cell Infect
Microbiol (2018) 8:241. doi: 10.3389/fcimb.2018.00241

32. Zhang Q, Wang C, Liu Z, Liu X, Han C, Cao X, et al. Notch signal suppresses toll-
like receptor-triggered inflammatory responses in macrophages by inhibiting extracellular
signal-regulated kinase 1/2-mediated nuclear factor kB activation. J Biol Chem (2012)
287:6208-17. doi: 10.1074/jbc.M111.310375

33. Tsao PN, Wei SC, Huang MT, Lee MC, Chou HC, Chen CY, et al.
Lipopolysaccharide-induced notch signaling activation through JNK-dependent
pathway regulates inflammatory response. J BioMed Sci (2011) 18:56. doi: 10.1186/
1423-0127-18-56

frontiersin.org


https://doi.org/10.1016/S1473-3099(19)30625-5
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://doi.org/10.1038/ng.1080
https://doi.org/10.1038/ng.3248
https://doi.org/10.1038/s41467-018-06539-w
https://doi.org/10.1111/imr.12951
https://doi.org/10.3390/ijms20020340
https://doi.org/10.1038/s41423-020-0502-z
https://doi.org/10.1016/j.cell.2010.02.012
https://doi.org/10.1101/gr.1837404
https://doi.org/10.1016/j.tube.2015.03.009
https://doi.org/10.1016/j.pnpbp.2009.08.008
https://doi.org/10.1093/infdis/jix636
https://doi.org/10.1155/2019/1349784
https://doi.org/10.1128/IAI.71.8.4238-4249.2003
https://doi.org/10.1101/gad.6.3.345
https://doi.org/10.3171/2016.3.JNS151731
https://doi.org/10.1038/88836
https://doi.org/10.1016/j.imlet.2013.01.002
https://doi.org/10.1016/j.imlet.2013.01.002
https://doi.org/10.1177/1352458513482512
https://doi.org/10.1186/s12891-016-1320-4
https://doi.org/10.1186/s12891-016-1320-4
https://doi.org/10.1016/j.meegid.2019.104145
https://doi.org/10.1038/gene.2011.25
https://doi.org/10.1002/hep.27794
https://doi.org/10.1016/j.jneuroim.2012.04.021
https://doi.org/10.1002/cam4.1077
https://doi.org/10.7150/jca.26359
https://doi.org/10.3892/ol.2018.8442
https://doi.org/10.1016/j.tube.2020.101980
https://doi.org/10.3389/fcimb.2018.00241
https://doi.org/10.1074/jbc.M111.310375
https://doi.org/10.1186/1423-0127-18-56
https://doi.org/10.1186/1423-0127-18-56
https://doi.org/10.3389/fimmu.2023.1081483
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Polymorphisms and gene expression of Notch4 in pulmonary tuberculosis
	Introduction
	Materials and methods
	Clinical samples
	Genomic DNA extraction
	SNP selection
	Genotyping and quality control
	Mice
	Reagents and antibodies
	Peripheral blood mononuclear cells isolation
	Mouse peritoneal macrophage isolation and infection
	Aerosol infection of mice
	Immunoblot analysis
	Immunohistochemistry
	Quantitative real-time PCR
	Statistical analysis

	Results
	Notch4 gene polymorphism is associated with TB genetic susceptibility
	Genetic variation of Notch4 is associated with its expression
	4 Expression Levels of Notch4 Increase in the TB Patients
	4 Higher Notch4 Expression is Associated With Severer TB
	Mtb induced Notch4 expression in macrophages
	Induction of Notch4 by Mtb via TLR2/p38 pathway in macrophages
	Induction of jagged1 by Mtb in macrophage via TLR2/ERK signaling

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


