NLS Tang 854
CY Chan FRiBi5%
CC Leung RFi8
CM Tam §E=508

J Blackwell

Key Messages

1. There was a borderline
association between a single
nucleotide polymorphism
(SNP) located within the CCL1
gene and predisposition to
tuberculosis using a single-
point analysis. The association
was no longer significant when
the effect of multiple statistical
testing was taken into account.

2. This SNP was also associated
with tuberculosis diagnosed in
young patients (<35 years old).

3. This SNP was not associated
with other clinical features
such as smear positivity and
extent of disease.
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Tuberculosis susceptibility genes
in the chemokine cluster region of
chromosome 17 in Hong Kong Chinese
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Introduction

Tuberculosis (TB) is a major global health concern, particularly in the Asia Pacific
region. Host genetic factors play an important role in the predisposition and
prognosis for infectious diseases, in addition to factors such as the environment,
pathogen virulence, and public health status.

Genetic variation of disease predisposition is largely determined by single-
base variants in our genome, known as single nucleotide polymorphisms (SNPs).
One third of the population has been exposed to Mycobacterium tuberculosis, but
only 10% of them go on to develop the disease.'* Monozygotic twins were more
likely to develop TB or not at all together (concordance) than dizygotic twins,
indicating an underlying genetic trait of susceptibility to TB.?

Several genes contributing to the susceptibility to TB have been identified,
including SLC1IA (also known as NRAMP]I). This gene was first identified for
its role in susceptibility to multiple intracellular pathogens in mice, and later
mapped to chromosome 2q35 in humans. Its function has been reviewed.* Other
than SLC11Al, genes involved in immune reaction and familial predisposition
to TB are also potential susceptibility genes in sporadic TB. They include the
signalling pathway of interferon gamma (IFNy) and other cytokines.> Other
predisposing genes found in sporadic cases entail the vitamin D receptor, IL12B,
and other cytokines/chemokines.*

Familial studies suggest that one or more chemokine genes in the chemokine
cluster regions in chromosome 17q11.2 might be associated with susceptibility
to TB or mycobacterial disease. However, the exact identity and location of the
predisposing gene is not known. To delineate the causative predisposing gene(s),
genetic association studies in other populations are needed. We therefore used a
tagging SNP approach to study the association between CCL chemokine genes
and susceptibility to TB, and between the clinical phenotype and disease severity.

Methods

This genetic association study was conducted from 1 November 2005 to 31
October 2007. Tagging genetic polymorphisms (tagSNPs) were defined and
genotyped in the whole sample set of 1040 TB cases and >1000 controls.

Hong Kong Chinese attending the territory-wide Chest Clinic of the
Tuberculosis and Chest Service with confirmed TB were invited to participate.
Ethical approval was obtained from The Chinese University of Hong Kong
and the Hong Kong Department of Health in 2002. Informed written consent
was obtained from each subject. Blood samples were collected, and clinical
parameters about the extent and severity of disease were recorded.

Inclusion criteria were smear and/or culture and/or clinical symptoms
positive for TB, according to the diagnostic criteria of the International
Union against Tuberculosis and Lung Diseases with clinical-radiological and
histological evidence and clinical responses to treatment. Patients with HIV or
other immunodeficiencies were excluded.
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Atagging SNP approach was used to select informative
SNPs for genotyping of the whole sample set. All SNP
data were extracted from dbSNP and International
HapMap Project both at the time when this project started
in November 2005 and subsequently in January 2006
when the HapMap Project released the Phase II results.
A spectral decomposition algorithm was used to identify
the location of SNPs that are important to delineate the
overall genetic variations in this region. A total of 30
factors (composition of SNPs) were identified at this stage
covering the genomic regions, including coding and non-
coding region of the genes. The SNPs entered into these
30 factors were genotyped by polymerase chain reaction
(PCR)-restriction fragment length polymorphism (PCR-
RFLP), allele-specific PCR (AS-PCR) or PCR-DNA
sequencing.

Genomic DNA was extracted from peripheral
blood using the DNA extraction kit according to the
manufacturer’s instruction. Genotyping was performed
by PCR-RFLP, AS-PCR, TagMan assay, or PCR-DNA
sequencing. In brief, the PCR entailed 25 pL reactions
comprising 0.25 mM of each primer pair, 2 mM MgCl,, 1U
of Ampli Taq Gold Polymerase (Applied Biosystems) and
PCR buffer (10 mM Tris—HCI, pH 8.3; 50 mM KCI). The
reaction cycle was started at 96°C for 15 min to activate the
polymerase, and amplification was achieved by 35 cycles at
96°C for 30 s, annealing temperatures for 45 s and 72°C for
45 s. The final elongation step was at 72°C for 7 min. For
restriction enzyme digestion, 7 pL of the PCR product was
digested overnight by 5 to 10 U of the required enzyme.
The genotype call was made by separating the DNA in a 4%
agarose gel and stained with ethidium bromide.

For AS-PCR and melting analysis, there were two
separate allele-specific primers in each reaction, together
with a common reverse primer. Each of the two allele-
specific primers hybridised to one specific allele of the
SNP and produced a PCR product whenever such an allele
was present in the DNA template. The products produced
from the pair of allele-specific primers were differentiated
from each other by a different melting temperature, as
different numbers of GC bases were incorporated into the
5’ end of the primer. The intercalating dye SYBR Green
was used to monitor the melting profile of the PCR product
and a melting curve profile was generated in a real-time
thermocycler (ABI-7900HT) after completion of 35 cycles
of standard PCR.

Some SNPs were also genotyped using TagMan SNP
Genotyping Assays (Applied Biosystems, USA). This assay
used two probes with different fluorescent dyes that bind
to two alleles of the SNP. One probe labelled with VIC
dye detected the Allele 1 sequence, and the other labelled
with the FAM dye detected the Allele 2 sequence. By using
the 5" nuclease assay, the products were amplified and the
specific SNP alleles could be detected in purified genomic
DNA samples.
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Sequencing of PCR products was performed by
BigDye Terminator Cycle sequencing kits with an ABI-
3100 autosequencer (Applied Biosystems, USA). The
sequencing reaction cycles were performed according to
the manufacturer’s instructions.

Statistical analysis of genotype distribution was
performed by the Chi-square test for trend, assuming
an additive model of allelic risk. The Hardy-Weinberg
equilibrium test for genotype distribution was performed
by the Chi-square test with 1 df. Univariate associations
between categorical clinical features and genotypes were
performed using the Chi-square test. Odds ratios (ORs)
and 95% confident intervals (CIs) were also calculated. To
correct for multiple testing, the Bonferroni correction was
applied to provide a corrected P value at significant level
of 0.05. Therefore, only those associations with empirical
P values of <0.0016 (ie 0.05/30 tagSNPs or independent
tests) were considered significant. Haplotype evaluation
was performed with a haploview program.* Spectral
decomposition was performed using statistical software R.

Results

The mean age of the patients was 48.3 (standard deviation,
19.4) years. The male gender was predominant (695 males
vs 345 females). About 88% of the patients were new
cases. The smear positive group consisted of 344 patients.
Among patients with pulmonary TB, the extent of lung
involvement was minimal (less than the right upper lobe)
in 67%, moderate (more than the right upper lobe) in 25%,
and severe (more than one lung) in 8%, based on chest
radiography at the time of diagnosis.

Within the proximity of the 14 candidate chemokines
genes, the pattern of LD was evaluated by the Haploview
program. There was LD within the following clusters of
genes present inside different haploblocks: CCL2-CCL7-
CCL11, CCLS8, CCL13-CCL1, CCL5, CCL16, CCL14,
CCL15-CCL23, CCL18, CCL3-CCLA4. After application of
the spectral decomposition algorithm for tagSNP selection,
30 tagSNPs were identified to represent most of the genetic
variations in the candidate regions.

Association between genetic polymorphisms and
predisposition to tuberculosis

In the whole sample set, a total of 30 tagSNPs were
selected for genotyping. This set of tagSNPs provided
a comprehensive coverage of the genetic variation of
the chemokine gene clusters in chromosome 17ql11.2.
A borderline association was detected between an SNP
(rs2282691) located in intron of CCL1 gene and TB
predisposition using a single-point chi-square for trend
analysis (P=0.006, Fig). The frequency of the minor
allele was lower in the control group (0.27) than in the
patient group (0.31). Nonetheless, the association was
not significant after correction of multiple testing by the
Bonferroni method (corrected P=0.16). The minor allele
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Fig. Strength of association among the tagSNPs

The P values are plotted as —log values, so a high peak represents a strong association. The most significant association was found on

the tagSNP rs2282691

carried a 1.19-fold increase in risk of TB (95% CI, 1.05-
1.36).

As young TB patients may have a strong genetic
predisposition, patients within the lowest tertile of onset age
(ie <35 years) were defined as early onset, and the association
with genotypes was examined again as categorical groups.
The CCL1 was also associated with disease predisposition in
early-onset patients (P trend=0.00013, Table 1). Genotypes
followed the Hardy-Weinberg equilibrium in both groups.

Association between clinical parameters and
genotypes

The CCLI1 predisposing SNPs were also examined for
potential association with disease phenotype and severity.
The predisposing SNP (rs2282691) was not associated with
smear positivity (P=0.8) when comparing the 344 smear
positive patients with the remaining patients.

The extent of pulmonary TB was categorised into three
grades to examine the association between genotypes and
the extent of disease, using the Chi-square test for trend.
The SNP was not associated with the extent of disease on
radiographs (P for trend=0.1).

Among patients with and without pulmonary cavity, a
moderate association was found (P trend=0.01, Table 2).
This was consistent with the association with predisposition
to TB infection that the “A” allele was also the high-risk
allele for development of a cavity.

24

Hong Kong Med J Vol 17 No 6 Supplement 6 December 2011

Table 1. Association between tuberculosis in young patients
and single nucleotide polymorphism (rs2282691) in CCL1

Case vs control rs2282691

AA AT TT
No. (%) of controls 65 (6.3) 368 (35.9 593 (57.8)
No. (%) of young tuberculosis 30 (9.5) 142 (44.9) 144 (45.6)
patients (age <35 years)
Table 2. Association between pulmonary cavity and single
nucleotide polymorphism (rs2282691) in CCL1
Case vs control rs2282691

AA AT TT
No. (%) of patients without 67 (9.5) 292 (41.2) 349 (49.9)
pulmonary cavity
No. (%) of patients with 21 (14.6) 66(45.8) 57 (39.6)

pulmonary cavity

Discussion

The genetic association of the tagging SNP located inside
intron 2 of CCL1 with TB was of borderline significance.
This SNP was associated with predisposition in young-
onset patients and with disease severity. It was also
located in proximity to CCL13, in addition to CCL1. This
suggested that both genes might be important mediators in
the host defense against TB. Young-onset patients appeared
to represent a more homogeneous group of patients under
stronger genetic influence.



Both innate and adaptive immunity are activated in TB
infection. Activation of the Toll-like receptor (TLR) system
is the first key innate response.® The TLR2, together with
other TLRs, interacts with lipoprotein and other secreted
antigens of TB and leads to induction of a battery of
cytokines, including IL-6, IL-10, TNFa, and IL-12. These
are followed by activation of acquired immunity, which
includes CD4* T cell involvement. In addition to signalling
through the TLRs, additional receptors and signals also play
important roles. Type 1 interferon receptors and STAT1
are also activated in macrophages leading to activation of
a battery of chemokines, including RANTES, IP-10, and
MIG.” Subsequent induction of interferon y in Thl cells
potentiates macrophage phagosomal lytic activity in an
attempt to kill TB by expression of NOS2. Many interferon
inducible genes and chemokines are activated as a result of
this variety of host responses to TB. These findings support
an essential role of chemokines in host defence against TB.

In animal models, mycobacteria-infected macrophages
are induced to produce a whole panel of chemokines (CCL1
to CCL5, CCL7, CCL8, CCL13).® These chemokines are
also found in bronchial lavage of TB patients, confirming
their functional importance in the immune reaction to TB in
humans >

Chemokines are involved in the differentiation into
Thl and Th2 immune response. Different chemokines are
activated when exposed to different antigens (mycobacteria
and Schistosoma) and subsequently lead to formation Th1 or
Th2 granulomas in mice." Induction of CCL1 is associated
with the formation of Th2 granulomas. CCL1 is expressed
and secreted by monocytes and binds to CCRS, which is
highly expressed among polarised Th2 cells and regulatory
T cells.!? Thus activation of CCR8 by CCL1 leads to a Th2
immune response. However, host defence against TB and
autophagy requires induction by Th1, which is inhibited by
Th2 cytokines."® Therefore, we postulate that individuals
with preferential activation/expression of CCLI1 are likely
to over-express a Th2 phenotype in response to pathogens
(including TB) and inappropriately inhibit the required Th1
response. Future functional studies are required to confirm
this hypothesis.

It is important to confirm this borderline significant
association in another sample set, with much larger samples
of cases and controls. Other sample sets with no bias on
clinical diagnostic features may be useful to confirm
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the association with clinical disease severity. Functional
genetic study is needed to elaborate on the mechanism
underlying the predisposition or protective effect of this
genetic variation.
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