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Haplotypes of the surfactant protein genes A and D as susceptibility factors
for the development of respiratory distress syndrome
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Aims: Polymorphisms of genes are transmitted together in haplotypes, which can be used in the study
of the development of complex diseases such as respiratory distress syndrome (RDS). The surfactant
proteins (SPs) play important roles in lung function, and genetic variants of these proteins have been
linked with lung diseases, including RDS. To determine whether haplotypes of SP-A and SP-D are
transmitted disproportionately from parents to offspring with RDS, we hypothesized that previously
unstudied genetic haplotypes of these SP genes are associated with the development of RDS.
Methods: DNA was collected from 132 families of neonates with RDS. Genotyping was performed,
and haplotype transmission from parent to offspring was determined by transmission disequilibrium

Results: The two-marker SP-D/SP-A haplotype DA160_A/SP-A2 1A' is protective against the
development of RDS (p = 0.035). Four three- and four-marker haplotypes containing one or both

loci from the significant two-marker haplotype are also protective against the development of RDS.

Conclusions: These data identify protective haplotypes against RDS and support findings related to SP genetic
differences in children who develop RDS. Study of haplotypes in complex diseases with both genetic and
environmental risk factors may lead to better understanding of these types of diseases.

INTRODUCTION
After many years of work by multiple investigative teams,
it has been determined that the human genome contains
10 million polymorphisms, which are defined as allele dif-
ferences that occur in at least 1% of the population. This
immense number of potential ‘targets’ of candidate genes
has made research aimed at determining genetic predispo-
sition to multifactorial diseases such as neonatal respiratory
distress syndrome (RDS) overwhelming. However, genetic
researchers do have an advantage, in that many of these
polymorphisms are often transmitted not independent from
one another, and the presence of one gene variant can tag the
presence of another polymorphism from the same chromo-
some. These groups of polymorphisms, or haplotypes, are
transmitted together. Haplotype assessment can provide a
higher level of specificity, sensitivity, and accuracy in ‘true’
associations with disease risk or severity. By focusing on hap-
lotypes instead of SNPs, researchers are now able to more
effectively, efficiently, and accurately study genetic predispo-
sition to various diseases of interest. With the recent report
of the International HapMap Consortium (1), and the iden-
tification and cataloging of haplotypes now available, the
utility of this type of study is brought into focus as an im-
portant tool to guide genetic association studies on complex
human diseases such as RDS.

RDS is a well-described and frequently studied disease. It
is known that the environmental insult of premature birth
predisposes newborns to develop this acute lung injury, and

that the host inflammatory response plays an important role
in the development of RDS. However, there is wide vari-
ation in both the severity of RDS, the long-term sequelae
that result from RDS, and also the development of this dis-
ease in the population of children who are at risk secondary
to environmental insults. These wide variations of a single
‘syndrome’ likely are based in the genetic background of the
individual at risk. It is likely that a combination of multifac-
torial environmental insults and multigenic-inherited predis-
positions interact and lead to the development of RDS (2,3).
Genetic variation is obvious from the well-documented in-
creased incidence of RDS in males (4,5) as well as the lower
incidence of disease and milder disease severity in black
populations when compared with that in Caucasians (4,6).
While it is likely that multiple genes, and/or their interac-
tions, predispose to the development of RDS, genetic asso-
ciation studies on this disease should focus on the genes that
are involved in lung development and injury repair. There-
fore, the SPs have become a target of study. Multiple ge-
netic variants of the surfactant proteins A (SP-A) and B
(SP-B) have been shown to be both ‘at risk’ for and pro-
tective against the development of RDS (7-12).

There are four SPs that comprise the protein portion of
pulmonary surfactant and play important roles in lung func-
tion and host defense of the lung. These proteins collectively
play important roles in surfactant function, such as surface
tension regulation, as well as in the structure and metabolism
of surfactant. Moreover, the SP-A and SP-D are particu-
larly important in the innate immune response to pulmonary
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insults and infections by regulation of the inflammatory
processes of the lung (13,14). Not only are SP-A and SP-D
coupled by function, but they also are linked by virtue of be-
ing mapped to a short region on chromosome 10 (15-17). A
three-marker linkage disequilibrium (LD) analysis revealed
significant LD in several ethnic groups between the SP-D
and SP-A loci (18). Therefore, examination of the transmis-
sion of haplotypes of these two closely related proteins to
the development of disease is of significant value.

Based on the above information, we undertook the present
study to determine if haplotypes of SP-A and SP-D were
transmitted disproportionately from parents to the offspring
affected with RDS. We hypothesized that novel genetic hap-
lotypes of these SP genes, in combination with the envi-
ronmental insult of premature birth, are associated with
the development of RDS in a heterogeneous population of
infants.

PATIENTS AND METHODS

Genomic DNA was extracted from umbilical cord blood
samples or buccal swabs from subjects with RDS and one or
both of their parents according to institutional guidelines.
The protocol for the use of human samples in this study
was approved by The Human Subjects Protection Office of
the Pennsylvania State University College of Medicine, and
informed consent was obtained from each participant or
guardian. The diagnosis of RDS was made by clinical criteria
(grunting, flaring, retraction, need for oxygen and continu-
ous positive airway pressure or ventilatory support) and/or
verified by the reticulogranular pattern on X-ray. The ge-
nomic DNA served as template for PCR in the genotype
analysis.

The study group consisted of 132 families. These families
consisted of one (n = 43) or two (n = 89) parents and had
at least one affected child. For these families, genotype data
of the loci under study (see below) for the parents and for
at least one affected offspring were used for analyses in the
present study. Table 1 shows the characteristics of the study
group. These include the number of affected and the total
number of children per family, zygocity, race, sex, ethnicity
and age.

Genomic analysis

DNA was extracted from 200 p.L of blood or buccal swab us-
ing QIAamp DNA mini kit (Qiagen, Valencia, CA) according
to manufacturer’s instructions. PCR-cRFLP was performed
as described for SP-A and SP-D markers (19) for samples
collected prior to 2003. All other samples were genotyped
for SP-A and SP-D using a pyrosequencing method that has
been previously described in detail (20).

Statistical analysis

The nuclear family-based transmission disequilibrium test
(TDT) analysis was performed using GENEHUNTER
(www.broad.mit.edu) (Whitehead Institute for Biomedical
Research, MIT) to determine (a) transmission of individ-

Thomas et al.

Table 1 Characteristics of population used in the study (N = 399)

No. of families 132

No. of families
(No. of children)
No. of families
(No. of affected children)

99 (1),24(2),6(3).2(4),1(6)

113 (1), 13 (2), 4 (3), 2 (4)

Zygote Monozygotic twins 8
Monozygotic triplets 1
Dizygotic twins 43
Dizygotic triplets 18
Dizygotic quadruple 4
Race Black, no Hispanic 27
Hispanic 15
White, no Hispanic 343
Other or Mixed Parents 11
Unknown 3
Sex Female 204
Male 195
Ethnicity American 102
Greek 108
Gypsy 2
The Netherlands 53
Unknown 134
Age category Adult 224
Child 10
Newborn 165

ual SP-A and SP-D markers from parents to affected off-
spring, and to test for (b) transmission of haplotypes of two-,
three- and four-marker loci (21). Statistical significance was
defined as p < 0.05.

RESULTS AND DISCUSSION

The difficulties in finding causative genetic etiologies to com-
plex disease processes such as RDS are likely based on these
syndromes resulting from multifactorial environmental in-
sults and multigenetic inherited predispositions. While many
SNPs have been found to relate to complex diseases such
as RDS, the search for a single-candidate gene to deter-
mine disease causality is likely to be extremely challenging.
Therefore, the change in focus to groups of linked polymor-
phisms being transmitted from parents to the affected off-
spring together is emerging. In this study, we demonstrate,
for the first time, haplotype transmission disequilibrium of
the SP-A and SP-D loci on chromosome 10 to the devel-
opment of RDS. Analyses were performed examining the
transmission of two-, three-, and four-marker haplotypes.
The TDT results (Table 2) demonstrated that one two-marker
haplotype of the SP-D/SP-A2 locus, DA160_A/SP-A2 1A!,
is protective against the development of RDS (x? = 4.45;
p = 0.035). Moreover, two three-marker haplotypes and
two four-marker haplotypes were also found to be pro-
tective against the development of RDS (Table 2). These
data further the findings of our group and others related
to the SP genetic differences in children who develop RDS
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Table 2 Results of the haplotype analysis of the surfactant proteins on the
development of respiratory distress syndrome

Haplotype Protection/  Transmitted Untransmitted p
risk
Two marker analysis
DA160_A/SP-A2 1A! Protection 2 9 0.035
Three marker analysis
DA11_T/ DA160A/ Protection 1 9 0.011
SP-A2 1A'
DA160.A/SP-A2 1A%/ Protection 0O 4 0.046
SP-A1 6A*
Four marker analysis
DA11_T/ DA160_A/SP-A2  Protection 2 9 0.035
1A1/SP-A1 6A3
DA11.T/ DA160_A/SP-A2  Protection O 4 0.046
1A?/SP-A1 6A%

(7-12,22). Outside of the haplotype analyses presented,
we found no significant differences in transmission of the
SP-D markers [DA11(C/T) and DA160(A/G)] that were
tested.

Genetic variants of SP-A have been associated in multiple
studies to either an increased or decreased risk of the devel-
opment of RDS in pre-term infants (7,10,23,24). However,
this is likely only one piece of the puzzle in understanding
the genetics of RDS. The SP-A and SP-D loci map on the
long arm of chromosome 10 and have been identified with
significant LD in several ethnic groups (18). Therefore, it is
likely that certain haplotypes containing SNPs of both genes
may have an impact on diseases that relate to pulmonary
host defense functions. In fact, transmission of haplotypes
from parents to affected children that contain SNPs of SP-A
and SP-D identified a protective haplotype. The DA160_A
variant was found to be protective against RDS when hap-
lotyped with SP-A2 variant 1A!. This was observed in a
two- (p = 0.035), a three- (p = 0.011) and a four- (p =
0.035) marker analysis (Table 2). Moreover, the DA160_A
variant was found to be protective against RDS when hap-
lotyped with a second SP-A2 variant (1A?) in three- (p =
0.046) and four- (p = 0.046) marker analyses. Interestingly,
a second SP-D SNP (DA11_T) was found in the protective
DA160_A-containing haplotypes of three- (p = 0.011) and
four-marker analyses (p = 0.035 and p = 0.046, Table 2).
These data indicate that both DA160_A and DA11_T, when
present in SP-A-containing haplotypes, are likely to confer
protection from RDS. In the DA160 (A/G) SNP, the nu-
cleotide alteration to an A (160_A) from a G (160_G) leads
to a change to threonine from alanine in amino acid 160,
which is located in the carbohydrate recognition domain
of SP-D. Whether this amino acid change affects proper-
ties of SP-D remains to be determined. Moreover, in the
DA11 (C/T) SNP, the DA11_T and DA11_C encode methion-
ine and threonine, respectively. The Thr/Thr!! genotype has
been shown to associate with lower SP-D levels when com-
pared with the Met/Met!! genotype (25). Since the two SP-D
loci [DA11(C/T) and DA160(A/G)] are linked (18), it is un-
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clear whether the protection is conferred by the changes at
amino acid 11 or amino acid 160.

The significant protective haplotypes indentified in the
present study contain the SP-A2 variants 1A' and 1A?. SP-
A2 has been shown to be more active than SP-A1 with re-
gards to its ability to modulate proinflammatory cytokine
production by a macrophage-like cell line (26-28) enhance
phagocytosis of Pseudomonas aeruginosa (29), and inhibit
surfactant secretion (30). Whether these SP-A2 variants pro-
vide protection against certain lung disease via enhanced
activities in host defense or surfactant homeostasis remains
to be determined. However, in other lung diseases, the 1A!
variant and a 1A!-containing haplotype were shown to as-
sociate with worse pulmonary function in adults with cystic
fibrosis (31), and the 1A!/1A! genotype was shown to as-
sociate with susceptibility to the development of respiratory
syncytial virus (32), as was the DA11_T variant discussed
earlier (33).

Differences of SP-A variants or haplotypes inferring pro-
tection in RDS and risk in other lung diseases (or the con-
verse) have been previously observed. For example, the
6A2/1A° haplotype, or the 6A% or 1A° variants, have been
shown to associate with RDS risk (7,11), whereas, in recur-
rent acute otitis media, the 6A2/1A° haplotype was shown
to associate with protection (34). Comparable observations
were made for the SPA-1 locus variant present in the sig-
nificant haplotypes shown in Table 2. One haplotype of
the three-marker analysis and the two haplotypes of the
four-marker analysis (Table 2) contained the SP-A1 6A*
or 6A3 variant marker locus. Interestingly, the 6A3 vari-
ant, in the presence of the SP-B (1580 T/T) genotype,
has been shown previously to associate with reduced risk
for RDS in black subjects (12). Moreover, two of these
three haplotypes contained, in addition of the 6A* locus,
the 1A? locus. The protective effect of the two 6A%/1A2-
containing haplotypes is consistent with our previous find-
ings where the 6A*/1A? haplotype, in a pilot study, showed
a trend as being a protective factor for RDS (7). However,
the 6A* variant has been found to associate with risk in
other diseases such as interstitial pulmonary fibrosis (35),
tuberculosis (36) and cancer (37). Perhaps these types of
differences in association studies where a given haplotype
associates with risk or protection in neonates and the con-
verse in children and/or adults point to differences in path-
ways involved in the pathogenesis of RDS and other lung
diseases.

In summary, we found that a two-marker haplotype of
the two SPs on chromosome 10, SP-A and SP-D, associates
with protection from the development of RDS in prema-
turely born infants at risk for developing acute lung injury.
We have also demonstrated that three- and four-marker hap-
lotypes (each containing one or both markers found in the
two-marker haplotype) associate with protection against the
development of RDS. A limitation of the present study is
the moderate sample size, which is likely to result in under-
reporting of causative haplotypes, since our power to de-
tect small differences is limited by our number of complete
trios for each haplotype studied. The data presented in this
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project should be considered ‘pilot’ in nature, and there-
fore these associations should be strengthened and validated
by increased sample size, as well as by replication in other
groups of premature children. Only by exploring and then
validating, in alternative settings, the association of these
haplotype with lung disease of prematurity, we will be able
to understand the complex nature of the genetic impact on
RDS.
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