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Abstract Lungs are the central organ affected and tar-
geted by Mycobacterium tuberculosis and immune pro-
cesses in the lung are of critical importance in the
pathogenesis of tuberculosis. A major lung defense
against invading pathogens is provided by surfactant
protein A, a multi-chain protein encoded by the
SFTPAI and SFTPA2 genes. Here, we investigated
polymorphisms in the SFTPAI and SFTPA2 genes for
association with tuberculosis in 181 Ethiopian families
comprising 226 tuberculosis cases. Four polymorphisms,
SFTPAI 307A, SFTPAl 776T, SFTPA2 355C, and
SFTPA2 751C, were associated with tuberculosis
(P=0.00008; P=0.019, P=0.029 and P=0.042,
respectively). Additional subgroup analysis in male,
female and more severely affected patients provided
evidence for SFTPAI/2-covariate interaction. Finally,
out of five intragenic haplotypes identified in the
SFTPAI gene and nine identified in the SFTPA2 gene,
14° was most significantly associated with tuberculosis
susceptibility (P=0.026). These findings suggest that
SFTPAI and SFTPA2 modify the risk of tuberculosis
susceptibility and that this risk is influenced by addi-
tional covariates.
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Introduction

Almost one-third of the world population is infected
with Mycobacterium tuberculosis, the causative agent of
tuberculosis resulting in approximately 8 million tuber-
culosis cases and 1.87 million tuberculosis-related deaths
per year (Corbett et al. 2003). Human immunodeficiency
virus (HIV) co-infection greatly increases the rate of
progression from infection to clinical tuberculosis dis-
ease and an increasing number of tuberculosis cases are
recorded among AIDS patients (Corbett et al. 2003).
Globally, the number of cases of tuberculosis is
increasing by 2% per year and tuberculosis cases caused
by multidrug resistant strains of the tubercle bacillus are
expected to rise even faster (Dye et al. 2002). Never-
theless, in the absence of AIDS, approximately 90% of
the persons infected with M. tuberculosis never advance
to clinical forms of the disease suggesting that effective
anti-M. tuberculosis immunity exists in the majority of
individuals. This natural immunity to tuberculosis is
thought to be strongly influenced by host genetic factors;
however, the molecular identity and function of such
genetic factors remain largely unknown (Casanova and
Abel 2002; Malik and Schurr 2002).

The main route of transmission of M. tuberculosis is
via respiratory droplets that are inhaled into the alveoli
of exposed individuals. Inhalation of M. tuberculosis
triggers a chain of poorly understood events that may
result in the invasion of lung alveolar macrophages by
tubercle bacilli (El-Etr and Cirillo 2001). Consequently,
local innate immune responses in the lungs may be
crucial in preventing the infection of alveolar macro-
phages and also delaying progression from infection to
disease. Surfactant protein A (SP-A) is part of the innate
immune system in the lung and has been implicated in
inflammation and host defense against a wide range of
unrelated pathogens (review in Haagsman 2002). SP-A



is most commonly produced by alveolar type-II epithe-
lial cells and non-ciliated (Clara) cells (review in Madsen
et al. 2003) and is secreted into the fluid lining on the
surface of these cells. SP-A has been shown to enhance
the attachment of M. tuberculosis to alveolar macro-
phages (Downing et al. 1995). It is not clear whether SP-
A acts as a pro-inflammatory (Blau et al. 1997; Kremlev
and Phelps 1994; Kremlev et al. 1997; Song and Phelps
2000; Wang et al. 2000, 2002) or anti-inflammatory
mediator (Borron et al. 2000; Hussain et al. 2003; Pasula
et al. 1999; Rosseau et al. 1999; Sano et al. 1999).
However, a recent report suggested a dichotomous role
of SP-A as a pro- and anti-inflammatory agent. SP-A
exerts anti-inflammatory effects on macrophages when
unbound to pathogen but exerts pro-inflammatory ef-
fects when the globular head of SP-A becomes pathogen
bound (Gardai et al. 2003).

The primary structure of SP-A can be divided into
four domains, an N-terminal domain involved in inter-
molecular disulfide bonding, a flexible collagen region a
hydrophobic neck region containing an amphipathic
helix directing protein trimerization, and a C-terminal
globular domain involved in lipid binding and Ca?*
dependent carbohydrate binding (Garcia-Verdugo et al.
2002; Palaniyar et al. 2001). It is thought that native SP-
A is an octadecamer of six trimers, each trimer consist-
ing of SP-A1 and SP-A2 molecules in a 2:1 ratio (Voss
et al. 1988, 1991). In humans, the SP-A4 locus has been
mapped to chromosome region 10q22-q23 and consists
of two functional genes, SFTPAI and SFTPAI encod-
ing SP-A1 and SP-A2, respectively (Hoover and Floros
1998). Several synonymous and non-synonymous poly-
morphisms have been identified in the SFTPAI and
SFTPA2 genes (DiAngelo et al. 1999) and SFTPAI/2
alleles have been shown to be associated with infectious
and non-infectious pulmonary events including respira-
tory distress syndrome (RDS) (Floros et al. 2001a,
2001b; Haataja et al. 2001, 2000; Kala et al.
1998;Marttila et al. 2003; Ramet et al. 2000) respiratory
syncytial virus infection in infants (Lofgren et al. 2002),
allergic bronchopulmonary aspergillosis (ABPB) (Saxe-
na et al. 2003) and pulmonary tuberculosis (Floros et al.
2000; Madan et al. 2002). To further test the hypothesis
that SFTPAI/2 polymorphisms may represent global
tuberculosis risk factors, we investigated the association
of pulmonary tuberculosis with SFTPAI/2 in patients
from Southeastern Ethiopia. Here, we report the sys-
tematic analysis of SFTPAIl and SFTPA2 polymor-
phisms and their association with tuberculosis.

Patients and methods
Study population

A total of 181 nuclear families were enrolled at Hossana
hospital in Ethiopia from 1997 to 2001. Hosanna is a
rural administrative and agricultural center located ap-
prox. 250 km southwest of Addis Ababa. Annually,
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approximately 3,000 new TB cases are registered by the
Hosanna hospital and its affiliated primary health care
clinics. At the time of enrolment, the prevalence of HIV
positive individuals among TB patients was estimated at
approximately 3—5%. The low incidence of HIV positive
individuals was the main reason for selecting Hosanna
as study area.

Ethnic group was self-reported at the time of enrol-
ment. The majority (>90%) of families are members of
the Hadiya ethnic group. A small number of families
belong to the Gurage, Gurage-Silti, Kembata, and
Amhara ethnic groups. In addition, a low proportion of
families represent inter-group marriages. A major
advantage of family-based designs for association stud-
ies is that ethnicity can be excluded as a confounding
factor.

The phenotype analyzed in the present study was
adult pulmonary tuberculosis. Consequently, inclusion
criteria for patients were detection of acid fast bacilli in
sputum and/or successful cultivation of M. tuberculosis
from sputum samples. All subjects were interviewed
about the duration of common symptoms of tubercu-
losis. Severity of tuberculosis disease was assessed by
recording weight loss over the last 2 months. All subjects
were enrolled in the study after written informed consent
was obtained. The study was approved by the National
Ethics Commission of Ethiopia and the Ethics Com-
mittee at the Research Institute of the McGill University
Health Centre.

Genotyping analysis

Genomic DNA was extracted from whole blood
employing the Nucleon DNA extraction kit (Amersham
Biosciences). SFTPAI and SFTPA2 genotyping was
based on methods described by DiAngelo et al. (1999).
Briefly, a 3.3 kb fragment was amplified from the
SFTPAI or SFTPA2 gene. The 3.3 kb fragment served
as a template for subsequent genotyping (PCR-RFLP)
of five single nucleotide polymorphisms (SNPs) in the
SFTPAI gene (codons 19, 60, 62, 133, 219) and four
SNPs in the SFTPA2 gene (codons 9, 91, 140, 223).
Digested products were run on 12% PAGE to resolve
banding patterns.

Statistical analysis

Allele-phenotype  associations were investigated
employing a family-based association design. Family-
based studies avoid confounding of gene—phenotype
associations due to inappropriately chosen controls or
population substructures. The general principle of this
study is to search for a distortion of the transmission of
alleles from parents to affected offspring, a strategy that
has been termed ‘“Transmission Disequilibrium Test”
(TDT). Data were analyzed by the family-based method
implemented in the FBAT program which allows tests of
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association in instances of incomplete parental data
(Rabinowitz and Laird 2000). Furthermore, FBAT al-
lows the use of an empirical variance—covariance esti-
mator for the statistic which is consistent when sibling
marker genotypes are correlated, i.e., when families with
multiple affected children are being analyzed, and can be
used to study haplotype—phenotype associations. In
subgroup analyses (e.g., male / female), affected children
in multiplex families may belong to different subgroups.
Haplotype frequencies and haplotype—specific associa-
tions were obtained using the “hbat” command imple-
mented in FBAT (version 1.5.5). Alleles showing some
evidence for association were also analyzed by means of
conditional logistic regression employing the GASSOC
program (Schaid 1996) and SAS (Statistical Analysis
System, Cary NC, USA). This analysis allowed us to
provide odds-ratio estimates and confidence intervals for
tested markers, and to investigate whether the associa-
tions varied with age, sex or weight (Schaid 1996). For
these conditional models, only families with two geno-
typed parents were included. Furthermore, one affected
child per family was randomly selected when there were
multiple affected siblings. Finally, estimates of linkage
disequilibrium parameters were obtained with HA-
PLOVIEW (version 3.2).

Results

We enrolled a total of 181 families with at least one
offspring affected by pulmonary tuberculosis (Table 1).
The majority of families belonged to the Hadiya ethnic
group, 14 families were of mixed ethnic background, and
41 families belonged to five ethnic groups other than
Hadiya. Of the 226 tuberculosis patients, 119 (53%)
were male and 107 (47%) were female, 69% of patients
belonged to two parent families whereas 31% belonged
to one parent families (Table 1). All one parent families
included a minimum of two genotyped children. Of the
38 multiplex families, 15 comprised one tuberculosis case
in the parental generation. Tuberculosis patients with a
weight loss of more than 10 kg during the last 2 months
were considered as severely affected, and 17.7% (40/226)
of all patients confirmed to this definition (Table 1).
There was no significant heterogeneity of patient gender,
severe weight loss or age across ethnic groups or family
structure (data not shown).

The SFTPAI and SFTPA2 genes are separated by
50.5 kb of genomic sequence with opposite transcrip-
tional orientation (Fig. 1). There are no additional
functional genes located between the two SFTPA genes.
A series of single nucleotide polymorphisms (SNP) are
found in the coding regions of both genes. Here, we
genotyped five SNPs located in the coding region of
SFTPAI and four SNPs located in the coding region of
SFTPA2. Non-synonymous polymorphisms occur at
amino acid positions A19V (/177C/T), V50L (269G/C),
and R219W (776G/A) in SFTPAI and at amino acid
positions NIT (/104/C), P91A (355C/G), and K223Q
(7514/C) in SFTPA2. Synonymous polymorphisms
were also examined and identified at amino acid posi-
tions 62P (307G/A) and 133T (520G/A) in SFTPAI and
amino acid position 140S (504T/C) in SFTPA2 (Fig. 1).
It is a common practice for SFTPAI and SFTPA2 to
refer intragenic haplotypes, rather than individual SNP
variants, as “‘alleles.” However, in this study, we will
adhere to the standard nomenclature and refer distinct
SNP variants as alleles. The intragenic haplotypes (‘“‘al-
leles”) found in the Hosanna study families with minor
frequencies > 1% are indicated in Fig. 1.

The subjects enrolled in the study were genotyped for
all SNPs. All genotyped markers were in HWE and
segregation was consistent with Mendelian rules.
Among the unrelated parents of all families, SNPs lo-
cated within each gene were mostly in significant linkage
disequilibrium (LD). The strongest LD was observed
between markers SFTPAI-177 and SFTPAI-520
(*=0.778) as well as SFTPA2-504 and SFTPA2-751
(*=0.781). The strongest evidence for LD between
markers in the two genes was observed for markers
SFTPAI-269 and SFTPA2-110 (r*=0.406). For all
other intergenic marker combinations evidence for LD
was weak (> <0.2). To test for their contribution to risk
of tuberculosis, we tested the SFTPAI and SFTPA2
SNPs individually for association with tuberculosis.
Across all markers, SFTPAI alleles 307A (P=0.00008)
and 776T (P=0.019) as well as SFTPA2 alleles 355C
(P=0.029) and 751C (P=0.042) provided the strongest
evidence for association (Table 2). If applying the Bon-
feroni correction for multiple comparisons, only allele
SFTPAI 307A (Pgonr=0.007) remained significantly
associated with tuberculosis although this correction is
certainly overly conservative due to the existing linkage
disequilibrium among the tested SNPs within each gene.

Table 1 Characteristics of 181

families comprising 566 Family structure Gender Number of tuberculosis patients (number of families)
individuals enrolled in the (number of families) : .
present study Two parent Weight loss One parent Weight loss
families (125) >10 kg families (56) >10 kg
Simplex (143) Male 51 9 24 3
Female 47 9 21 5
Multiplex (38) Male 31 6 13 2
Female 27 6 12 0
Total number of 156 30 70 10

tuberculosis patients
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Fig. 1 Schematic representation of SFTPAI and SFTPA2 gene
polymorphism on chromosome 10q22. The genomic organization,
chromosomal distances in kilo base pairs (kb), and the opposite
transcriptional directions of both genes are depicted in the top part
of the figure. The exon—intron structure for both genes is shown
below with coding exons being represented as solid boxes, and non-
coding exons as hatched boxes. The locations of polymorphisms are
indicated by arrows. The nucleotide position (accession number

To obtain estimates of the strength of the genetic effects
we also employed conditional logistic regression on the
subset of two parent families. Since the analysis could be
done only on a family subset there was a drop in the
significance of P values. Nevertheless, the trend of
association between SFTPA markers and tuberculosis
was the same with SFTPAI alleles 307A and 776T as
well as SFTPA2 allele 751C being the strongest risk
factors (Table 2).

We decided to further explore the observed associa-
tion of both SFTPA genes with tuberculosis separately
in male and female patients, in patients with severe

NM_005411) for each single nucleotide polymorphism (SNPs) is
given on top of each arrow with the corresponding amino acid
changes given in parenthesis. For each gene, combinations of SNPs
are represented by intragenic haplotypes indicated as 6A”" for
SFTPAI and 1A" for SFTPA2 based on previously adopted
nomenclature (Di Angelo et al. 1999). All intragenic haplotypes
given were observed at frequencies > 1% in our sample, except 6A*
which has been added for discussion purposes

forms versus less severe forms of tuberculosis, and by
patient age (=20 vs. <20 years). The hypothesis behind
these analyses is that differences in incidence rates (male
vs. female) or disease manifestations are the result of
different pathways of pathogenesis, and, hence, genetic
control. The measure of severity used was excessive
weight loss over the last 2 months. There was evidence
for a difference in transmission ratios for SFTPA?2 allele
751C in patients with excessive weight loss (P=0.001;
Pponr=0.036) as well as evidence for gender-specific ef-
fects of SFTPA2 alleles 355C and 751C (P=0.0048;
Pgonr=0.17 and P=0.0018; Pgonr=0.065, respectively).

Table 2 Allele frequencies and univariate association analysis of polymorphisms in SFTPAI and SFTPA2 with tuberculosis

Gene Amino acid Marker Allele Allele Number of FBAT* GASSOC GASSOC**
polymorphism frequency families P values P values odds ratio
(95% CI)
SFTPAI A19V 177C/T C 0.07 28 NS NS ND
V50L 269G/C G 0.69 38 NS NS ND
P62P 307G/A A 0.77 18 0.00008 0.015 1.78 (1.11-2.85)
T133T 520G/A G 0.05 23 NS NS ND
R219W 776C/T T 0.11 42 0.019 0.0043 2.64 (1.25-5.59)
SFTPA2 NIT 110A/C A 0.17 51 NS NS ND
P91A 355C/G C 0.22 48 0.029 NS ND
S140S 504T/C T 0.51 50 0.07 0.073 1.94 (0.99-3.79)
K223Q 751A/C C 0.49 49 0.042 0.016 2.28 (1.16-4.48)

NS non-significant at P>0.1
*For FBAT results, a dominant model was used

**For the GASSOC results, the following models were used: the P values and odds ratios for P62P were estimated under an additive

model, i.e., risk increasing with each copy of allele A; for R219W, S

1408, and K223Q), recessive models for alleles C were used. P values

are based on score tests; confidence intervals are based on Wald tests
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Table 3 FBAT assessment of the sensitivity of the associations due to covariates

Gene Allele P values (number of informative families)
Gender Weight loss Age
Male Female Weight loss > 10 kg Weight loss <10 kg Age >20 Age <20
SFTPAL 177C 0.63 (18) 0.083 (12) 0.26 (7) 0.65 (19) 0.41 (13) NS
269G 0.27 (24) 0.38 (14) 0.56 (14) 0.15 (20) 0.07 (30) NS
307A 0.033(12) ND (7) 0.16 (6) 0.011 (10) 0.020 (12) NS
520G 0.48 (13) 0.043 (11) 0.81 (5) 0.32 (15) NS (10) NS
776T 0.053 (26) 0.050 (19) 0.16 (8) 0.042 (26) 0.00088 (18) NS
SFTPA2 110A 0.67 (23) 0.50 (28) 0.88 (12) 0.19 (31) NS (19) NS
355C 0.23 (18) 0.0048 (32) 0.89 (13) 0.20 (30) ND (7) NS
504T 0.044 (28) 0.50 (22) 0.023 (8) 0.24 (33) NS (19) NS
751C 0.0018 (29) 0.81 (20) 0.0010 (8) 0.47 (31) 0.012 (18) NS

NS Non-significant at P>0.1; ND Less than 10 families; not considered

There was also a strong evidence for preferential trans-
mission ratio distortion among patients equal or older
than 20 years for SFTPAI allele 776T (P=0.00088;
Prons=0.032; Table 3). To obtain estimates of the sub-
group-specific strength of the identified SFTPAI/2
polymorphisms, we conducted a subgroup analysis using
the conditional logistic regression model. A summary of
the significant results is presented in Table 4, and leads
to conclusions similar to Table 3. The strongest risk
factors are SFTPA2 504T in severe cases (OR =6.35 for
genotypes TT and CT vs. CC in the subgroup of patients
with weight loss >10 kg), SFTPA2 751C in the age
group 20 years or older (OR =4.69 for genotypes CC vs.
CA and AA), and SFTPAI 776T among patients 20 or
older (OR=4.95 for genotypes TT vs. CT and CC).
However, for SFTPA2 504T the confidence interval is
wide since only 17 families contribute to the estimate.
For SFTPA?2 355 the direction of association is inverted
for males and females indicating the possibility of gen-
der-specific disease mechanisms. Finally, we conducted
tests to assess the impact of age, gender and body weight
on SFTPAI/2 allele transmission and found significant
evidence of heterogeneity of the association due to age
or weight at several markers (data not shown). However,
age, gender and weight are correlated: males tended to

Table 4 Subgroup estimates of odds ratios

have higher weights than females, and older cases tended
to weigh more than younger children (data not shown).
Therefore, these data do not permit a conclusive inter-
pretation of the separate effects of gender, body weight
and age in affecting SFTPA genes transmission ratios to
tuberculosis patients.

Derived from SNP combinations, five intragenic
haplotypes (“alleles™) in SP-Al (647, 64°, 64'%, 64",
and 64"°) and ten intragenic haplotypes (“alleles™) in
SP-A2 (147,147, 14°,14,14%°,14°,14°, 14°, 14%, and
1A4°) were observed in the present study at frequencies
>1%. The 14° haplotype was significantly overrepre-
sented in patients (P =0.026) but this estimate was based
on a very small family count. None of the SP-Al
intragenic haplotypes were significantly associated with
tuberculosis susceptibility (Table 5). Once corrected for
multiple testing none of the intragenic haplotypes were
significantly associated with tuberculosis. Extended
haplotypes spanning the SFTPAIl and SFTPA2 genes
were distributed equally among patients (data not
shown). To probe for a possible interaction among sin-
gle sites significantly associated with tuberculosis (Ta-
ble 2), we analyzed haplotypes of these sites only, but
failed to detect significant evidence of association (data
not shown).

Allele Number of families Model (Allele) Subgroup Odds ratio (95%CI)
SFTPAI-307G/A 70 Additive (A) WL <10 kg 2.13 (1.16-3.94)
56 Recessive (A) Male 1.88 (0.95-3.73)
SFTPAI1-269G/C 45 Dominant (C) Age>20 3.10 (1.25-7.68)
SFTPAI-776C/T 41 Recessive (T) Age>20 4.95 (1.38-17.74)
SFTPA2-355C/G 43 Recessive (G) Male N/A (P=0.008)
51 Recessive (C) Female 2.43 (1.04-5.72)
SFTPA2-504T/C 17 Dominant (T) WL >10 kg 6.35 (1.15-35.006)
SFTPA2-7151A/C* 88 Recessive (C) All 2.28 (1.16-4.48)
47 Recessive (C) Male 2.95 (1.19-7.34)
19 Recessive (C) WL>10 kg 3.25 (1.06-9.97)
39 Recessive (C) Age=20 years 4.69 (1.23-17.81)

WL Weight loss N/A Wald tests gave estimates of infinity for the odds ratio since too few individuals were homozygous for allele
“C”*Conditional logistic models with covariates age, weight at enrolment, or weight loss showed marginal significance for heterogeneity
at 751A/C (age: P=0.051; weight at enrolment: P=0.033; weight loss > 10 kg: P=0.064). Three other markers also demonstrated some
heterogeneity with weight at enrolment (110A/C: P=0.036, 307G/A: P=0.032; 177C/T: P=0.067)



Table 5 Allele frequencies and association analysis of intragenic
haplotypes in the SFTPAI and SFTPA2 genes with tuberculosis

Gene Intragenic Haplotype Number of P value*
haplotypes  frequency families

SFTPAI  6A> 0.49 56 NS
6A3 0.28 55 NS
6A!8 0.09 29 NS
6A"3 0.07 17 NS
6A"° 0.04 16 NS

SFTPA2  1A! 0.37 56 NS
1A° 0.17 36 NS
1A2 0.17 38 NS
1A 0.11 24 NS
1A 0.09 17 NS
1A 0.02 5 NS
1A° 0.02 8 0.04
1A% 0.02 5 NS
1A3 0.01 5 0.026

*NS non-significant at P>0.1

Discussion

We examined nine exonic SNPs in SFTPAI and
SFTPA2 and found significant association between
SFTPAI alleles 307A (P=0.00008) and 776T
(P=0.019), and SFTPA2 alleles 751C (P=0.042) and
355C (P=0.029) with tuberculosis. Since there is a lim-
ited LD between polymorphisms in the SFTPAI/2 genes
these results indicate independent association of both
SFTPA genes with tuberculosis. These data replicate
previous findings in a Mexican tuberculosis cohort
(Floros et al. 2000), and, hence, implicate SFTPAI/2
alleles as risk factors of tuberculosis in two ethnically
and geographically distinct populations. Specifically, in
the Mexican population the 64% and /4° intragenic
haplotypes had been found to be risk factors of tuber-
culosis. In our study, only the 1A® SFTPA2 intragenic
haplotype reached borderline significance. In both the
Mexican and the Ethiopian populations the /4% haplo-
type is rare (~1%) and the evidence for association is
weak. Nevertheless, detection of association in two dis-
tinct studies and populations is supportive of a true ef-
fect. However, the evidence for association with
tuberculosis of individual polymorphisms was stronger
among FEthiopian patients suggesting allelic heteroge-
neity of the SFTPAI/2 effects on tuberculosis risk be-
tween the two populations.

There is circumstantial evidence to support the sug-
gestions that the tested variants are linked to altered
biological function. For example, genotypic variants
in the SFTPAI/2 genes have been shown to mediate
differential SFTPAI/2 mRNA expression, SFTPAI/
SFTPA2 mRNA ratios, and alternative splicing (Kar-
inch et al. 1997; Wang et al. 2003). Furthermore, alleles
in the SFTPAI and SFTPA?2 genes influence the ability
of SP-A to self-aggregate and to induce LPS aggregation
(Garcia-Verdugo et al. 2002), and, consistent with an
inflammatory role of SP-A, SFTPAI and SFTPA2
polymorphisms have been shown to influence the pro-
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duction of TNF-a and IL-8 in THP-1 cells (Wang et al.
2000, 2002). Among the SFTPAI/2 polymorphisms
associated with tuberculosis in the present study, the
SFTPA2 751A > C polymorphism results in a lysine to
glutamine change. Glutamine is a neutral amino acid
with a polar amide group, whereas lysine is a positively
charged amino acid with a basic side chain. Given the
differences in physiochemical properties of the two allelic
amino acids and their location in the carbohydrate rec-
ognition domain (CRD) of SP-A, (Garcia-Verdugo et al.
2002) the SFTPA2-751A/C polymorphism may influence
the attachment of M. tuberculosis to alveolar macro-
phages. It is not known how the synonymous P62P
polymorphism, SFTPAI 307G/A, might affect SP-A
function . However, this polymorphism is in close prox-
imity to the exon—intron splice junction and may impact
on mRNA maturation. It is well documented that silent
mutations that affect splicing regulation can result in
serious disorders such as spinal muscular atrophy,
frontotemporal dementia and parkinsonism (Cartegni
et al. 2002). The SFTPA2 355C>G polymorphism,
identified in a previous small study (Madan et al. 2002)
and by subgroup analysis in the Ethiopian patients, re-
sults in a proline to alanine change. It is known that
proline normally stabilizes collagen triple helices due to
conformational restrictions of the pyrrolidine ring and
the presence of tertiary amides while alanine substitu-
tions tend to destabilize the triple helix (Kersteen and
Raines 2001). Likewise, it seems possible that a non-
conserved arginine to tryptophane substitution at amino
acid position 219 located in the CRD of SP-A1 (SFTPAI
776C >T) might impact on protein function but direct
experimental evidence is lacking.

The data obtained by subgroup analysis and condi-
tional logistic models suggest that the impact of genetic
SFTPAI/2 risk factors is modulated by additional co-
variates. For example, when stratifying the present study
by gender, 355C (proline) was significantly overrepre-
sented in female patients (P=0.005), and logistic
regression analysis suggested an inverse effect of this
polymorphism in males and females (Table 4). The
gender specificity of risk factors for tuberculosis was
confirmed by logistic regression analysis for additional
SFTPAI/2 markers. Since it has been reported that the
synthesis of surfactant is stimulated by estrogen (Chu
and Rooney 1985), it is conceivable that the interplay
between estrogen and SFTPAI/2 polymorphisms may
result in gender-specific SP-A activity in tuberculosis
pathogenesis. Our data suggest that two SFTPA2
polymorphisms, 504T and 751C, have their strongest
effect among patients with more severe forms of tuber-
culosis. A recent study demonstrated that SP-A is potent
modulator of inflammation in the lung, and that pres-
ence of SP-A is critical for protection of lung segments
not involved in tuberculosis pathogenesis from inflam-
matory damage (Gold et al. 2004). Hence, any poly-
morphism resulting in reduced lung SP-A concentrations
or activity can significantly add to tuberculosis patho-
genicity.
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In the present study, we investigated a number of
common exonic polymorphisms for association with
tuberculosis. Several of the amino acid polymorphisms
had previously been found associated with increased
disease risk and possibly altered protein function. In our
study, there was a pronounced drop in strength of
association from individual SNPs to intra- or intergenic
haplotypes. Together with the a priori biological evi-
dence, we take this observation as indication that the
tuberculosis-associated single sites are functional.
Hence, our data can be taken as a demonstration for the
case that direct haplotype association analyses are less
powerful than direct SNP association studies, contrary
to indirect association studies where the inverse is ex-
pected to occur. On the other hand, the overall SNP
density in our study was low and we have not established
a complete LD pattern of the SFTPAI and SFTPA2
genomic region. To reach a more definite conclusion
with respect to the power of haplotype and marker
association studies a much higher SNP density will be
required. Given that the studied amino acid variants
have a genetic effect typical for complex trait risk factors
(OR 2-4), the SFTPAI1/2 genes and tuberculosis could
serve as an experimental model to study the power and
usefulness of common SNP variants, their haplotypes
and less common functional variants and their haplo-
types to detect association with tuberculosis.

Here, we show that genetic polymorphisms in the
SFTPAI and SFTPA2 genes are risk factors for pul-
monary tuberculosis in an Ethiopian population. This
finding confirms a previous investigation in a Mexican
case control population (Floros et al. 2000), and there-
fore identifies SFTPA polymorphisms as global risk
factors for tuberculosis. We also provide evidence that
the genetic risk conferred by distinct SFTPA variants is
sensitive to severity of disease, gender and age. This
finding points to the possibility of complex gene—envi-
ronment interactions. A focus for future studies will be
to understand the functional consequences of the iden-
tified SFTPAI/2 polymorphisms for pathogenesis of
tuberculosis.
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