
ORIGINAL PAPER

Ali Fatemi Æ Chike Item Æ Sylvia Stöckler-Ipsiroglu
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Abstract Thermal stress has been postulated to play a
major role in the aetiology of sudden infant death (SID).
The human uncoupling protein-1 (UCP-1), expressed in
brown adipose tissue dissipates the transmitochondrial
proton gradient as heat and plays a central role in energy
homeostasis and thermogenesis. A common Bcl I poly-
morphism in the promoter region of the UCP-1 gene is
associated with reduced UCP-1 adipose tissue mRNA
and obesity. In addition, a common sequence variation
in the b3-adrenergic receptor gene (b3-AR), Trp64Arg,
has been linked to a decreased resting metabolic rate. To
determine whether the UCP-1 Bcl I polymorphism and/
or the Trp64Arg variant of b3-AR are associated with
the occurrence of SID, we determined the allele fre-
quencies of these polymorphisms in 53 Austrian SID
victims and 54 controls by nested PCR and restriction
digestion using DNA extracted from Guthrie cards. We
found that the allele frequencies of both polymorphisms
did not differ between the SID and control groups (0.65/
0.35 versus 0.72/0.28 for UCP-1 Bcl I, and 0.89/0.11
versus 0.93/0.07 for b3-AR Trp64Arg in SID victims
versus controls, respectively). Conclusion: Our data do
not support a major association between the occurrence
of sudden infant death and two common functional
polymorphisms in the human uncoupling protein-1 and
b3-adrenergic receptor genes.
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Introduction

Evidence from epidemiological and metabolic studies
strongly suggests that thermal stress is a major risk factor
for sudden infant death (SID) [6, 10, 12, 13,14]. Regula-
tion of thermogenesis of the newborn is achieved by non-
shivering metabolic activity in the brown adipose tissue
(BAT). When infants face cold stress, norepinephrine
levels increase and act via b3-adrenergic receptors
(b3-AR) in the BAT to stimulate lipolysis [6,8]. The
released free fatty acids activate the uncoupling proteins
(UCP) which are components of the inner mitochondrial
membrane [8]. Human UCP-1, expressed only in BAT,
promotes the dissipation of the mitochondrial proton
gradient through the membrane and short-circuits ATP-
synthase, which results in energy dissipation as heat [8].

Two conflicting hypotheses associating the UCPs
with the aetiology of SID have been proposed. Lean and
Jennings [11] found normal UCP content but active
uncoupled thermogenesis in two cases of SID with an
increased core temperature post-mortem. They hypoth-
esised that BAT thermogenesis occurring inappropri-
ately in a warm well insulated infant could be a cause of
some cases of SID. Conversely, Douglas [3] suggested
that a decreased level of UCP in BAT may cause SID
due to a lowered thermogenic response to acute cold
exposure. This hypothesis is based on the finding of a
reduced UCP protein concentration found in axillary
BAT of SID victims [12].

A Bcl I polymorphism located at –3826 bp relative to
the transcription start site in the UCP-1 gene promoter
region [2] imparts a reduced UCP-1 mRNA expression
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A. Fatemi Æ C. Item Æ S. Stöckler-Ipsiroglu Æ O. Ipsiroglu
Department of Paediatrics, University of Vienna,
Vienna, Austria

W. Sperl
Children’s Hospital, LKA Salzburg, Austria

W. Patsch
Department of Laboratory Medicine,
LKA Salzburg, Austria



in abdominal adipose tissue [4]. Both, this UCP-1 Bcl I
polymorphism and the Trp64Arg variant in exon 1 of
the b3-AR gene [18] have been associated with indices of
obesity [7,15]. The simultaneous occurrence of both
polymorphisms is linked to a reduced basal metabolic
rate [16]. Therefore these polymorphisms appeared
particularly suitable for studying a possible relation of
the UCP-1 and b3-AR genes with the occurrence of SID.

The aim of our study was to determine the allele
frequencies and genotype distributions of the UCP-1
Bcl-I polymorphism and the Trp64Arg variant of the b3-
AR gene in Austrian SID victims and in a control group.

Subjects and methods

Subjects

Dried blood samples of 60 SID victims who died in the years 1988–
1998 in three federal states of Austria (Vienna, Salzburg and Tyrol)
and of 60 controls (born on the same day) were obtained from the
National Neonatal Screening Laboratory at the Department of
Paediatrics, University of Vienna. The diagnosis of SID was based
on autopsies in all cases. The clinical characteristics of the majority
of the SID patients have been reported previously [10]. The study
was approved by the ethics review board of the Vienna General
Hospital.

DNA extraction

DNA was extracted from the dried blood samples using Chelex 100
chelating resin (Promega, Mannheim, Germany) [17] and further
purified by ultrafiltration (Microcon-50, Amicon).

Nested PCR and restriction digestion

A 310 bp fragment of the UCP-1 promoter region containing the
Bcl I site was amplified by nested PCR using the primers 5’-CTT
GGG TAG TGA CAA AGT AT-3’, 5’-CCA AAG GGT CAG
ATT TCT AC-3’ in the first round, and 5’-AGT GAT ATC TGT
CAT TTG CAC-3’, 5’-AGG TCA GTA TGA GCA AGG GC-3’
in the second round. PCR amplification was successful in 53 of 60
SID cases and in 54 of 60 controls. The amplification product was
digested with Bcl I resulting in a 130 bp and a 180 bp fragment for
the wild type allele, and a 310 bp fragment for the mutant allele. A
210 bp fragment of exon 1 of the b3-AR gene was amplified using
the primers 5’-GCT CTC ATG CCT TGC TGT C-3’, 5’- AGG
AGT CCC ATC ACC AGG TC-3’ in the first round, and 5’-CGC
CCA ATA CCG CCA ACA C-3’, 5’-CCA CCA GGA GTC CCA
TCA CC-3’ in the second round. PCR amplification was successful
in 51 of 60 SID cases and in 50 of 60 controls. The product was
digested with BstN I resulting in fragments of 100 bp, 60 bp, 30 bp,
12 bp, and 7 bp for the wild type allele, and 160 bp, 30 bp, 12 bp,
and 7 bp for the mutant allele. The fragments were separated on
agarose gels. In 46 SID victims and in 44 controls, genotypes could
be determined at both the UCP-1 and the b3-AR locus.

Statistical analysis

The allele frequencies and the frequencies of genotype combina-
tions in the SID versus control groups were compared by chi-
square tests calculated using the SPSS-PC program package;
P values <0.05 were considered as significant.

Results

The allele frequencies of the UCP-1 Bcl I polymorphism
and the Trp64Arg variant of the b3-AR did not differ
significantly between the SID and the control group
(Table 1) and were similar to those in earlier studies
involving adult populations [4, 7, 16,18]. The observed
genotype distributions were in accordance with the
Hardy-Weinberg equilibrium as judged by chi-square
goodness of fit tests (data not shown). As synergistic
effects of the two polymorphisms have been described in
adults [16], the six genotype combinations observed in the
SID group and the controls were analysed for an associ-
ation with the occurrence of SID by chi-square tests
(Table 2). No significant associations were detected.

Discussion

Several explanations may be offered for our findings,
which do not confirm two earlier studies suggesting a
link between UCP and SID based on decreased UCP
protein content [3,12] or altered uncoupling activity [11]
of BAT in SID victims. First, both studies were post-
mortem investigations conducted in very small numbers
of subjects [11,12]. In contrast we investigated 53 au-
topsy confirmed SID cases that occurred in a specified
geographic region over a period of 10 years and ap-
propriate random controls. The allele frequencies in SID
victims and controls in our study were very similar to the
distributions in adult populations studied in Austria [4]
and other countries [7, 16,18] confirming random selec-
tion of cases and controls. Second, the association of the
UCP-1 Bcl I and the b3-AR Trp64Arg polymorphisms
with altered UCP-1 mRNA expression and altered en-
ergy metabolism has been documented in adults only
and may not extend to infants. Moreover, several genes
encoding proteins closely related to UCP-1 have been
discovered recently [1,5]. Although UCP-1 is thought to
be the major uncoupling protein mediating adaptive
thermogenesis in BAT, it cannot be ruled out that UCP-
2 or UCP-3 contribute to the pathogenesis of SID.
Third, SID aetiology is likely to be quite heterogeneous.

Table 1 Allele frequencies of
the UCP-1 Bcl I polymorphism
and the b3-AR Trp64Arg
variant in SID victims and
controls

Allele frequencies UCP-1 BcI I b3-AR Trp64Arg

SID (n=53)a Controls (n=54) SID (n=51)b Controls (n=50)

Wildtype 0.65 0.72 0.89 0.93
Variant 0.35 0.28 0.11 0.07

aNot significant, chi-square = 1.25, df = 1, P=0.26
bNot significant, chi-square = 1.25, df = 1, P=0.26
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A possible association of UCP-1 and b3-AR polymor-
phisms with SID in a subgroup of SID victims may have
been missed due to this heterogeneity. Finally, whereas
there is strong evidence for a contribution of thermal
stress to the pathogenesis of SID, the underlying
mechanisms remain unclear. Thermal stress may pre-
cipitate SID e.g. via disturbances of ventilatory control
[6,9], rather than via abnormal thermoregulation in-
volving the UCPs and the b3-AR. Thus, our findings are
not inconsistent with current SID preventive rules call-
ing for an avoidance of overheating.
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Table 2 Distribution of genotype combinations of the UCP-1 Bcl I
and the b3-AR Trp64Arg polymorphisms in 46 SID victims and 44
controls (W wildtype, V variant)

Genotype combinations

UCP-1 Bcl I/b3-AR Trp64Arg SIDa Control

WW/WW 19 21
WW/WV 2 2
WV/WW 13 13
WV/WV 7 5
VV/WW 4 3
VV/WV 1 0
Sum 46 44

aNot significant, chi-square = 3.8, df = 5, P=0.57
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