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Abstract

The aim of this study was to investigate in 261 subjects from 58
families the association between DNAvariation at the genes
coding for the NaK-ATPase peptides and resting metabolic
rate (RMR), respiratory quotient (RQ), and percent body fat
(%FAT). Five restriction fragment length polymorphisms
(RFLP) at three NaK-ATPase genes were determined: one at
the al locus (BglII), two at the a2 locus (a2 exon 1 and a2
exon 21-22 with Bgl II), and two at the (3 locus (ft MspI and ft
PvuII). Haplotypes were determined from the two variable
sites of the a2 gene (a2 haplotypes) and the ft gene ((3 haplo-
types). There was a strong trend for %FATto be related to the
RFLP generated by BglII at the a2 exons 21-22 in males (P
= 0.06) and females (P = 0.05). RQwas (a) associated with
the BglII RFLPat the a2 exon 1 (P = 0.02) and with the a2 8.0
kb/4.3 kb haplotype (P = 0.04) and (b) linked with the ft gene
MspI marker (P = 0.04) and with the (3 5.3 kb/5.1 kb haplo-
type (P = 0.008) based on sib-pair analysis. The present study
suggests that the genes encoding Na,K-ATPase may be asso-
ciated or linked with RQand perhaps with %FATbut not with
RMR. (J. Clin. Invest. 1994. 93:838-843.) Key words: body
composition* NaK-ATPase genes * polymorphism * respira-
tory quotient resting energy expenditure

Introduction

Low resting metabolic rate (RMR), ' adjusted for age, gender,
and body composition was reported to be a risk factor for long-
term body weight gain (1). Moreover, familial and twin study
data suggest that the RMRvariability has a genetic component
(2-4). Thus, even though the evidence supporting this notion
is still rather weak, the previous studies suggest that an individ-
ual with a low RMRmay be genetically more at risk of weight
gain. RMRvariability depends on several biochemical path-
ways that are known to consume energy, i.e., Na,K-ATPase
activity, protein synthesis, substrate cycling, and others.
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1. Abbreviations used in this paper: BMI, body mass index; FM, fat
mass; FFM, fat-free mass; %FAT, percent body fat; RQ, resting quo-
tient; RMR, resting metabolic rate.

The Na,K-ATPase is ubiquitous in the organism and its
basic function is to ensure the energy-dependent cation trans-
port across the cell membrane. The relative contribution of this
enzyme to RMRremains controversial. Animal data suggest
that Na,K-ATPase oxygen consumption represents 20-40%
of the whole-body oxygen consumption (5, 6). However, the
importance of the Na,K-ATPase energy expenditure varies
with the body constituent considered. For instance, the propor-
tion of energy expenditure accounted for by the Na,K-ATPase
activity may be 4-10% for the skeletal muscle, < 5% for the
liver, > 50% for the kidneys, and 40-50% for the brain (6).

The activity of Na,K-ATPase influences the intra- and ex-
tracellular cation concentration and consequently the mem-
brane potential. It has been shown that membrane depolariza-
tion reduces hepatic oleate uptake (7). Moreover, after a treat-
ment with ouabain, which is known to inhibit the
Na,K-ATPase, oleate uptake by isolated rat heart myocytes
was reduced by 38% (8). Thus, the Na,K-ATPase may influ-
ence the intracellular free fatty acid concentration and, as de-
scribed by Randle et al. (9), it may impact on the relative
nutrient oxidation rate, i.e., the respiratory quotient (RQ).

The Na,K-ATPase is constituted of a catalytic subunit (a)
and a second subunit ((3), which has an unknown function.
The a subunit has three isoforms (a1, a2, and a3) coded by
separate genes (10). The a1 gene expression is ubiquitous
(with a high concentration in the kidneys), the a2 is expressed
mainly in the skeletal muscle, and the a3 in the brain. DNA
RFLPs have been described for each of these genes (1 1-13 ).
The RFLPs are used here as DNAmarkers.

The aim of the present study is to investigate the relation-
ship of RMR, RQ, and percent body fat (%FAT) with DNA
sequence variations in the genes coding the a 1, a2, and j3 sub-
units of the Na,K-ATPase.

Methods

Subjects. A total of 261 individuals from 58 families of the Qu6bec
Family Study were available for the present study. Subjects were of
French descent living within 80 km around Quebec City. These sub-
jects were recruited through the media between 1978 and 1981. Since
1989, a second set of tests has been performed on these subjects and
data from the latter period are used in the present study. The popula-
tion was in general rather healthy with > 80% being free of symptoms
or clinical conditions. The others were hypertensive, diabetic, or coro-
nary heart disease patients or had minor orthopedic problems. The
percentages of nonobese (body mass index [BMI] < 27 kg/M2), alco-
hol abstinents, and nonsmokers were 83%, 45%, and 85%, respectively.
The characteristics of the subjects are presented in Table I.

Phenotype determination. Indirect calorimetry measurements were
performed in the morning. The subjects were in a fasted state for 12 h
and sat quietly in a semireclined position during the measurement for
at least 30 min. The last 10 min of measurement were kept for calcula-
tions. Energy expenditure and substrate oxidation rates were calculated
from the respiratory exchange data, which were measured continu-
ously using a ventilated hood with an open-circuit indirect calorimeter
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Table I. Characteristics of the Subjects

Parents Offspring

Variable Men Women Men Women

Sample size* 67 56 79 69
Age (yr) 55±6 52±5 25±5 25±4
Body mass (kg) 77±12 63±9 72±10 58±7
Height (cm) 171±6 159±5 176±6 163±6
BMI (kg/cm2) 26±4 25±4 23±3 22±3
Percent fat 26±6 37±8 17±7 25±7
RMR(kI/min) 4.7±0.6 3.7±0.5 4.9±0.5 4.0±0.4
RQ 0.83±0.04 0.81±0.04 0.81±0.04 0.82±0.05

Means±SD.
* The maximal number of subjects is given. The number may vary for
various loci and restriction sites (see Table II).

(14). Gas analyses were made with an infrared carbon dioxide analyzer
(Amatek S-3A, Thermox Instruments Division, Pittsburgh, PA) and a
zirconia cell oxygen analyzer (Amatek CD-3A). These analyzers were
calibrated just before the indirect calorimetry measurements. Body
density was determined by underwater weighing using standard proce-
dures and residual volume was assessed by the helium dilution tech-
nique (15). The Siri equation (16) was used to estimate percent body
fat from body density. Resting metabolic rate and body density have
been shown to be reproducible with coefficients of variation of 5.6%
and 0.4%, respectively (17).

DNAprobes. All probes were generously given by Dr. J. B. Lingrel
(University of Cincinnati). They have been shown to identify polymor-
phisms with codominant mendelian inheritance (11 - 13). The follow-
ing genomic probes were used in the present study: (a) a 1 probe is a 1.0
kb DNAfragment of the first intron of the al gene (ATPIAI gene);
(b) a2 exon 1 probe is a 2.5-kb DNAfragment of the 5' end of the a2
gene (ATP1A2 gene) that includes exon 1; (c) a2 exon 21-22 probe is a
1.0-kb DNAfragment of the 3' portion of the a2 gene (ATP I A2 gene)
that includes exons 21 and 22; (d) f3 probe is a 1.2-kb DNAfragment
from the 3' portion of the ( gene (ATPIBl gene).

Genotype determination. Genomic DNAwas isolated from lympho-
blastoid cell cultures by digestion with proteinase k and extraction with
phenol chloroform. DNAsamples (5 gg) were digested with restriction
enzymes (a) BglII for the al and a2 genes and (b) MspI and PvuII for (
gene. The resulting DNAfragments were separated on a 1.2% agarose
gel electrophoresis and transferred to nylon filters (18). Genomic
probes were labeled with phosphorus 32 using the random priming
technique (19). The filters were prehybridized for 4 h in a hybridiza-
tion incubator model 310 (Robbins Scientific Corp., Sunnyvale, CA)
with a solution containing 250 mMNa2HPO4, 1 mMEDTA, SDS7%,
and 0.1 mg/ml salmon sperm DNA. The filters were then hybridized
with the 32P-labeled probes (0.5 qCi/ng of probe) for 12 h in the same
buffer. Filters were washed three times for 20 min with a solution con-
taining 19.5 mMNaCl, 1 mMNaH2PO4, 0.1 mMEDTA, and SDS
0.1% (pH 7.7). Autoradiograms were developed after 1-7 d of expo-
sure at -70°C with Kodak X-OMAT AR films and intensifying
screens. The sizes of the DNAfragments were estimated using phage
lambda DNAdigested with HindIII and EcoRI as size standards.

Statistical analyses. A chi square test was performed to assess
whether the observed genotype frequencies followed the Hardy-Wein-
berg distribution. Linkage disequilibrium between two loci was tested
with the method described by Thompson et al. (20). Briefly, if p and q
are the rare allele frequencies at two loci, Nthe number of subjects, and
h the frequency of the haplotype with the rare allele at both loci, the
linkage disequilibrium D= h - pq. Ifp is smaller than q, the maximum
possible value of D (Dm.,) = pa ( 1 - q) and the minimum possible is
-pq. Do is the percentage of Dmin or Dm. achieved by D. The square

of the standardized value of D is: Dm12 = D2 * N/[p.( I - p)* q.( I
- q)]. D512 follows a x2 distribution with one degree of freedom (20).
Thus, a x2 test was performed to assess if DA12 is significantly different
from zero.

For each gender and generation separately, RMRand RQdata were
adjusted for fat free mass (FFM), fat mass (FM), and age and the
residuals were used for analyses. The percentage of body fat (%FAT)
was adjusted only for age within gender and generation. As there was
no difference between the genders, a two-factor ANOVAwas used to
detect differences in RMRand RQbetween genotypes in unrelated
adults (parents): one factor was gender and the other the genotype.
Percentage of body fat was analyzed with a one factor (genotype) analy-
sis of variance separately for each gender.

To investigate possible linkages between quantitative phenotypes
and markers of Na,K-ATPase loci, the sib-pair linkage procedure was
used (21 ). The principle of this method is that if a major gene is linked
to or is the marker locus, the greater the proportion of marker alleles
shared by two sibs, the smaller the squared difference between their
phenotypic values will be. To test for the presence of linkage, the
squared sib-pair phenotypic difference is regressed on the expected pro-
portion of marker alleles identical by descent at each locus. A signifi-
cant negative relationship between the squared sib-pair phenotypic dif-
ference and the marker locus is taken as evidence of linkage between
the marker locus and the phenotype. The major advantage of this link-
age method is that it does not require knowledge of the genetic model
underlying the expression of the phenotype to be analyzed. This link-
age analysis was performed using the program SIBPAL from SAGEv
2.1 (22).

DNA variant sites located in the same gene served to construct
haplotypes, i.e., a2 gene haplotypes (constructed with a2 exon 1 and
a2 exons 21-22 markers) and a gene haplotypes (constructed with d
MspI and ( PvuII markers). For instance, an individual heterozygous
(8.0 kb/3.3 kb) at the a2 exon 1 locus and homozygous (4.3 kb/4.3
kb) at the a2 exon 21-22 locus carries the a2 8.0-kb/4.3-kb and the a2
3.3-kb/4.3-kb haplotypes. Thus, in most circumstances, the genotypes
are sufficient to determine the haplotypes. However, the haplotypes
cannot be determined on a doubly heterozygous individual when the
phase is not known, for instance someone with a2 8.0-kb/3.3-kb and
a2 10.5-kb/4.3-kb genotypes at a2 exon 1 and a2 exons 21-22 loci,
respectively. This individual may carry either (a) a2 8.0-kb/ 10.5-kb
and a2 3.3-kb/4.3-kb haplotypes or (b) a2 8.0-kb/4.3-kb and a2 3.3-
kb/ 10.5-kb haplotypes. It is generally possible to determine the par-
ents' haplotypes from information on the children and the spouse.
However, in some cases, the genotypes of the family members do not
allow to determine the haplotypes.

The effect of each haplotype was assessed by separating subjects
into three groups. For instance, in the analysis of the a2 8.0-kb/ 10.5-kb
haplotype, groups of subjects were defined as follows: (a) the first group
was constituted of subjects who do not carry the a2 8.0-kb/ 10.5-kb
haplotype, (b) the subjects of the second groups carry only one copy of
the a2 8.0-kb/ 10.5-kb haplotype, and (c) the last group was consti-
tuted of subjects who carry two copies of the a2 8.0-kb/ 10.5-kb haplo-
type. In other words, the presence and the absence of a given haplotype
was considered as a two-allele system. ANOVAsand sib-pair linkage
analyses of the haplotypes were then performed as described for the
biallelic markers.

It is often proposed to make an adjustment for multiple compari-
sons in studies of this kind. However, the adjustment for multiple com-
parisons increases the type II error (false negative results) and is, there-
fore, not always deemed necessary (23). In the present study, the num-
ber of these comparisons is not very high and an adjustment for
multiple comparisons was not performed to minimize the risk of miss-
ing useful associations or linkages.

Results

Allele frequencies were close to those reported in the literature
(Table II). The allele frequencies were 0.97 and 0.03 at the a 1
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Table IL Na,K-ATPase RFLPof the a and A Subunits

Allele frequencies*
Restriction Allele Allele

Locus enzyme size Absolute Relative frequencyt

kb

aI BglII 14.0 208 0.97 0.95
11.5 6 0.03 0.05

a2exon 1 BglII 8.0 179 0.88 0.85
3.3 25 0.12 0.15

a2 exon 21-22 BglII 10.5 39 0.18 0.20
4.3 173 0.82 0.80

d3 MspI 6.7 86 0.42 0.50
5.3 118 0.58 0.50

(3 PvuII 5.1 106 0.58 0.63
4.7 78 0.42 0.37

* Determined from the data of the unrelated adults of generation 1
(parents) only. $ The frequencies reported in the literature were
computed from 10 unrelated subjects at the a 1 and a2 sites (8, 9) and
from 15 unrelated subjects at both a sites (10).

locus, 0.88 and 0.12 at the a2 exon 1 locus, 0.82 and 0.18 at the
a2 exon 21-22 locus, 0.58 and 0.42 at the ( MspI locus and
0.58 and 0.42 at the (3 PvuII locus, for the most frequent and
rare allele, respectively. Genotype frequencies did not differ
significantly from the values expected from the Hardy-Wein-
berg equilibrium. The values of genotype frequencies were (ex-
pected values in parentheses): 0.94 (0.94), 0.06 (0.06), and
0.00 (0.00) for the a l locus (not significantly different from
Hardy-Weinberg equilibrium, x2 = 0.08, df = 2); 0.76 (0.77),
0.23 (0.21),0.01 (0.01)forthe a2exon 1 locus(x2=0.24,NS,
df = 2); 0.67 (0.67), 0.29 (0.30), and 0.04 (0.03) for the a2
exon 21-22 locus (X2 = 0.07, NS, df = 2); 0.37 (0.34), 0.41
(0.49), 0.22 (0.18) for the (3 MspI locus (X2 = 2.47, NS, df
= 2); and finally 0.34 (0.34), 0.48 (0.49), and 0.18 (0.18) for
the ( PvuII locus (x2 = 0.04, NS, df = 2) for the homozygous
individuals with the frequent allele, for the heterozygous indi-
viduals and for the homozygous individuals with the rare allele,
respectively.

There was no linkage disequilibrium between a2 exon 1
and a2 exon 21-22 loci. The value of D and Din reached
-0.0183 and -0.0233, respectively. Thus D represented as
much as 79% of its minimal value. Haplotype could be deter-
mined in all subjects and haplotype frequencies are shown in
Table III. Because there is only one subject with the a2 3.3-kb/
10.5-kb haplotype, all other subjects with allele 10.5 kb at exon
21-22 locus carry the a2 8.0-kb/ 10.5-kb haplotype (Table
III). Thus, the frequencies of the 10.5-kb allele and a2 8.0-kb/
10.5-kb haplotype are about the same and therefore, the results

for the a2 exon 21-22 genotypes and a2 8.0-kb/ 10.5-kb haplo-
type are similar. For that reason, data for this haplotype are not
shown. Similarly, almost all subjects with the 3.3-kb allele at
the Ca2 exon 1 locus have the a2 3.3-kb/4.3-kb haplotype and,
therefore, only the results of the a2 exon 1 genotypes are
shown.

Between ( MspI and (3 PvuII sites, there was a significant
linkage disequilibrium (P < 0.001). Both values of Dand Dmmn
reached the value of -0.178. Thus Dwas equal to 100% of its
minimal value. From the family genotypes, it was not possible

Table III. Distribution of Subjects among the Various Haplotypes

Haplotype
Haplotype N frequency

Haplotypes at a2 exon 1 and a2 exon 21-22 sites
a2 8.Okb/10.5kb 37 0.183
a2 8.Okb/4.3kb 140 0.693
a2 3.3kb/l0.Skb 1 0.005
a2 3.3kb/4.3kb 24 0.119

Haplotypes at ( MspI and ( PvuII sites
, 6.7kb/5.lkb 72 0.434
, 6.7kb/4.7kb 0 0.000
,B5.3kb/5.lkb 26 0.157
( 5.3kb/4.7kb 68 0.410

N, number of haplotypes.

to determine the haplotype of five parents and five children.
Here, no subjects carried the ( 6.7-kb/4.7-kb haplotype and,
therefore, the presence of the (3 6.7-kb/5. 1-kb haplotype and
the 5.3-kb/4.7-kb haplotype corresponded exactly to the 6.7-
kb allele at the (3 MspI locus and the 4.7-kb allele at the (3 PvuII
locus, respectively.

The differences in RMR, RQ, and %FATbetween geno-
types for the allele markers and the haplotypes are shown in
Tables IV to VI. For RMRand RQ, no significant gender effect
and no interaction between gender and genotype were ob-
served in the two-factor ANOVA. When both genders were
taken together, genotypes of the a2 exon 1 locus showed a
difference in RQ(P = 0.02, Table IV). Moreover, the respira-
tory quotient was associated with the a2 8.0-kb/4.3-kb haplo-
type (P < 0.04, Table VI). Table V shows that percent body fat
tends to be associated with the genotypes of the a2 exon 21-22
locus in men (P = 0.06) and women (P = 0.05). In both
genders, the 10.5-kb allele was associated with a low %FAT.
Moreover %FATof the womenwas also associated with the a2
8.0-kb/4.3-kb haplotype (P = 0.04). Table VII summarizes
the results of all the ANOVAsperformed in the present study.

Table VIII shows results of the sib-pair linkage analysis.
With the ( gene MspI polymorphism, there is an inverse rela-
tionship between the proportion of genes identical by descent

Table IV. ANOVAfor Differences in RMR, Percent Fat, and RQ
at the a2 Exon I Locus *

a2 exon 1 genotypest

Phenotype 8.0 kb/8.0 kb 8.0 kb/3.3 kb F ratio P

RMR 4.20±0.04 (78) 4.17±0.06 (24) 0.14 0.70
RQ 0.816±0.005 (78) 0.840±0.009 (24) 5.72 0.02
Percent fat

M 25.5±1.1 (37) 27.0±1.7 (14) 0.54 0.46
F 36.3±1.1 (41) 36.0±2.2 (10) 0.02 0.89

Mean±SE. Abbreviations: M, males; F, females.
* From the unrelated adults only. RMRand RQare adjusted for
FFM, FM, and age. Percent fat is adjusted for age. Number of subjects
in parentheses. $ 8.0-kb/3.3-kb and 3.3-kb/3.3-kb genotypes were
combined together because there was only one subject with the 3.3-
kb/3.3-kb genotype.
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Table V. ANOVA for Differences in RMR, Percent Fat, and RQat the a2 exon 21-22 Locus*

a2 exon 21-22 genotypes

Phenotype 10.5 kb/10.5 kb 10.5 kb/4.3 kb 4.3 kb/4.3 kb F ratio P

RMR - (4)* 4.14±0.06 (31) 4.18±0.04 (71) 0.64 0.53
RQ - (4)t 0.815±0.008 (31) 0.823±0.005 (71) 0.52 0.60
Percent fat

M 23.7±1.5 (18) 27.2±1.1 (34) 3.65 0.06
F 29.7±3.3 (4) 34.6±1.9 (13) 37.7±1.1 (37) 3.23 0.05

Mean±SE. Abbreviations: M, males; F, females.
* From the unrelated adults only. RMRand RQare adjusted for FFM, FM, and age. Percent fat is adjusted for age. Number of subjects in pa-
rentheses. * Results not shown because only one gender is represented in this genotype.

in a sib pair and the squared difference in RQ(P = 0.04).
Moreover RQwas linked with ,3 5.3-kb/ 5.1-kb haplotype (P
= 0.008). No other linkage was found between any of the gene
markers and RMR, RQ, or %FAT. There was an insufficient
number of cases with the rare allele in the sample to perform
the sib-pair linkage analysis with the a 1 gene. For the same
reason, no linkage and association analysis could be performed
with the a2 3.3-kb/ 10.5-kb haplotype and the ( 6.7-kb/4.7-kb
haplotypes.

Discussion

Based on data obtained on 261 subjects from 58 nuclear fami-
lies, we did not find any association between RMRand the
various RFLPs of the genes encoding the a 1, a2, and ,3 sub-
units of the Na,K-ATPase. Moreover, no linkage between these
gene markers and RMRwere found with the sib-pair analysis
procedure. There are at least two reasons to justify the hypothe-
sis that genes of the Na,K-ATPase were good candidates to
account for some of the RMR variability. First, the
Na,K-ATPase activity seems to be partly heritable. Differences
in erythrocyte Na,K-ATPase activities have been found be-
tween ethnic groups (24, 25) but family members have gener-
ally similar erythrocytes enzyme activities (24). Second, the
activity of this enzyme seems to be related to metabolic rate.
For instance, an animal study found a strong correlation (r
= 0.63) between in vivo whole-body oxygen consumption and
Na,K-ATPase activity in isolated soleus muscle (26). How-
ever, the latter finding perhaps overestimates the importance of
Na,K-ATPase in metabolic rate. Other results suggest that only

about 4-10% of skeletal muscle total energy expenditure may
be accounted for by the Na,K-ATPase (6). At rest, skeletal
muscle metabolism represents about 28%of RMR(27). Thus,
the energy expenditure accounted for by the Na,K-ATPase in
the skeletal muscle (mostly constituted by the a2 subunit) may
represent only about 1-3% of the RMR. However, the expres-
sion of the a2 subunit occurs not exclusively in skeletal muscle
but also in other tissues (i.e., neural tissue) and, therefore, the
above estimates may not truly represent the putative effect of
the a2 isoform on RMR.

Several reasons could explain the absence of association
and linkage between the genes encoding the Na,K-ATPase and
RMR.Based on the present results and the literature, the associ-
ation is likely to be moderate at best and the number of subjects
in the present study was perhaps not sufficient to detect it.
Moreover, a locus that influences RMRin one direction may
be compensated by another locus acting in the opposite direc-
tion. Thus, when variation at both loci are present, no differ-
ences in RMRare observable.

It is well known that the activity and/or the number of
renal or muscular Na,K-ATPase are regulated by several fac-
tors such as catecholamines, insulin, thyroid hormones and
may be potassium intake (6, 28, 29). It can be hypothesized
that the sensitivity of the Na,K-ATPase activity to these stimuli
may be genetically determined. For instance, individuals with
similar RMRmay have different Na,K-ATPase activity re-
sponses to the insulin stimulus. In this case, RMRin healthy
subjects is probably not the appropriate phenotype to investi-
gate for association and linkage studies. Moreover, other fac-
tors than gene variability may be responsible for the

Table VI. ANOVA for Differences in RMR, Percent Fat, and RQfor the a8.0-kb/4.3-kb Haplotype*

a2 8.0-kb/4.3-kb haplotypes

Phenotype 0 haplotype 1 haplotype 2 haplotypes F ratio P

RMR 4.19±0.14 (6) 4.15±0.04 (50) 4.21±0.05 (45) 0.41 0.66
RQ 0.788±0.019 (6) 0.830±0.006 (50) 0.814±0.006 (45) 3.25 0.04
Percent fat

M 26.7±4.7 (2) 25.1±1.3 (27) 26.8±1.4 (21) 0.37 0.69
F 29.8±3.2 (4) 35.3±1.3 (23) 38.3±1.3 (24) 3.57 0.04

Mean±SE. Abbreviations: M, males; F, females. Groups with individuals sharing zero, one, and two a2 8.0-kb/4.3-kb haplotypes are compared.
* From the unrelated adults only. RMRand RQare adjusted for FFM, FM, and age. Percent fat is adjusted for age. Number of subjects in pa-
rentheses.
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Table VII. P Values of the ANOVAs for Differences between
Genotypes and Haplotypes in RMR, RQ, and %FAT*

%FAT

Locus RMR RQ M F

Biallelic markers
al 0.85 0.44 0.47 0.55
a2 exon 1 0.70 0.02 0.46 0.89
a2 exon 21-22 0.53 0.60 0.06 0.05
3 (MspI) 0.98 0.15 0.53 0.95

/3 (PvuII) 0.38 0.78 0.56 0.45
Haplotypes

a2 8.0 kb/4.3 kb 0.66 0.04 0.69 0.04
# 5.3kb/5.1 kb 0.85 0.18 0.46 0.06

* From the unrelated adults only. RMRand RQare adjusted for
FFM, FM, and age. %FATis adjusted for age. For %FAT, analyses
were performed separately in males and females. Abbreviations: M,
males; F, females. Groups with individuals sharing zero, one, and
two haplotypes are compared.

Na,K-ATPase response to insulin stimulus. For instance, insu-
lin induces a translocation of the a 1 and the /1 subunits from
the intracellular compartments to the plasma membrane in the
mammalian skeletal muscle (30). It is not impossible that the
variability of an unknown gene may regulate this
Na,K-ATPase translocation.

Somestudies have reported that ouabain binding by eryth-
rocytes is lower in obese individuals than in normal individuals
(31-33). However, other investigators have found no differ-
ences (24, 25, 34-37). Interestingly, the Na,K-ATPase activity
of obese human subjects has been found to be elevated in tis-
sues or organs that consume much energy such as liver (38)
and skeletal muscle (39). In the present study, there was a
consistent trend for a difference in percent body fat between
the genotypes at a2 exon 21-22 locus in men (P = 0.06) and in
women (P = 0.05). The variance in age-adjusted %FATex-
plained by this gene variability amounted to 7%and 9%in men
and women, respectively. The 4.3-kb allele was associated with
a higher percentage of body fat and this trend was found in both
genders (Table V).

Significant associations were observed between resting RQ
and a2 exon 1 locus variants (P = 0.02) and a2 8.0-kb/4.3-kb

haplotype (P = 0.04). The variance in adjusted RQexplained
by DNAvariation at this locus amounted to 5%and 6%for the
a2 exon 1 locus and the a2 8.0-kb/4.3-kb haplotype, respec-
tively. Interestingly, the same haplotype was also associated
with a higher percentage of body fat in women(P = 0.04). The
individuals who do not carry the a2 8.0-kb/4.3-kb haplotype
show not only a lower RQbut also a lower body fat (Table VI).
This is in accordance with the observation that individuals with
low RQare less at risk to gain weight (40). In addition, the RQ
phenotype was linked with the ,B gene MspI (P = 0.04) and
with the ,3 5.3-kb/5.1-kb haplotype (P = 0.008). The sib-pair
linkage program allowed to perform multiple linear regression
with the proportion of genes identical by descent estimated
from a2 8.0-kb/4.3-kb haplotype and /3 5.3-kb/5. 1-kb haplo-
type as independent variables and the squared difference in RQ
between sibs as the dependent variable. In this case, the /3 5.3-
kb/5. 1-kb haplotype was more clearly linked with the squared
RQdifferences (P = 0.005). It appears, from the latter results,
that the RQis associated with the a2 subunit and linked with
the /3 subunit. Based on previous reports (7, 8), one could
suggest that these results of associations and linkages between
the a2 and 3 gene with RQare compatible with an action of the
Na,K-ATPase on cellular FFA uptake. The a2 and # genes are
both located in the long arm of chromosome 1, the estimated
map location being lcen-q32 and lq for the a2 and / genes,
respectively. Both genes may also be linked to some others that
may have some influence on the RQ. For instance, muscle
phosphofructokinase (map location: lcen-q32) and liver pyru-
vate kinase (map location 1q21) enzymes genes are also lo-
cated on the long arm of chromosome 1 and they may be rea-
sonable candidate genes for variation in RQ.

In summary, the associations or linkages between the genes
encoding the Na,K-ATPase peptides and RMRmay be absent
or weak. However, in both genders, percent body fat tends to be
associated with a2 gene variability; the DNAmarkers percent
body fat tends to be associated with a2 gene variability; the
DNAmarkers accounting for at least 7% of the age-adjusted
phenotype. Moreover, it appears that the RQis also associated
with the a2 gene and linked with the / gene of the
Na,K-ATPase. This strongly suggests that the Na,K-ATPase
a2 and /3 genes, or a neighboring gene, may be important in
relative nutrient oxidation rates. Considering the potential im-
portance of these findings, we would like to suggest that the
present study needs to be replicated preferably on a large sam-
ple size.

Table VIII. Sib-Pair Linkage Analysis Results for RMR, %FATand RQ

RMR RQ %FAT

Locus N t-ratio P t-ratio P t-ratio P

Biallelic markers
a2 exon 1 103 0.59 0.72 0.00 0.50 -0.68 0.25
a2 exon 21-22 105 0.79 0.78 -0.24 0.41 -0.32 0.38
,B (MspI) 94 -0.07 0.47 -1.78 0.04 -0.04 0.49
f (PvuII) 90 0.16 0.56 -0.02 0.49 -0.78 0.22

Haplotypes
a2 8.Okb/4.3kb 101 -0.13 0.45 -0.23 0.41 0.05 0.52
,B 5.3kb/5.1kb 77 0.11 0.54 -2.47 0.008 -0.12 0.45

N, number of sib-pairs.
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