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Abstract

Birth weight is reduced and the risk of preeclampsia is increased in human high altitude
pregnancies. There has been little work to determine whether hypoxia acts directly to reduce fetal
growth (e.g. reduced blood flow and oxygen delivery), or via changes in functional capacities such
as nutrient transport. We therefore investigated the expression of a primary nutrient transporter,
the GLUT1 glucose transporter and two in vitro markers of hypoxia (erythropoietin receptor,
EPO-R, and transferrin receptor, TfR) in the syncytial microvillous (MVM) and basal membrane
fractions (BMF) of 13 high (3100 m) and 12 low (1600 m) altitude placentas from normal term
pregnancies. Birth weight was lower at 3100 m than at 1600 m despite similar gestational age, but
none of the infants were clinically designated as fetal growth restriction. EPO-R, TfR and GLUT1
were examined by immunaoblotting and maternal circulating erythropoietin and transferrin by
ELISA. EPO-R was greater on the MVM (C75%) and BMF (C25%) at 3100 m. TfR was 32%
lower on the MVM at 3100 m. GLUT1 was 40% lower in the BMF at 3100 m. Circulating EPO
was greater at high altitude, while transferrin was similar, and neither correlated with their
membrane receptors. BMF GLUT1 was positively correlated with birth weight at high, but not
low altitude. In this in vivo model of chronic placental hypoxia, syncytial EPO-R increased as
expected, while nutrient transporters decreased, opposite to what has been observed in vitro.
Therefore, hypoxia acts to reduce fetal growth not simply by reducing oxygen delivery, but also
by decreasing the density of nutrient transporters.
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INTRODUCTION

Placental hypoxia is often invoked as an underlying cause or contributor to fetal growth
restriction (FGR) and pathologies such as preeclampsia and diabetes. Epidemiological data
support this hypothesis. Women pregnant at high altitude (>2700 m) have a 2-5-fold
increase in the incidence of growth-restricted infants [1,2]. The incidence of preeclampsia is
increased 2—4-fold at high altitude [3], and is likewise elevated in women with heart/lung or
other disease that impedes oxygen delivery to the fetoplacental unit [4]. At sea level,
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hypoxia is generally associated with pathologies such as these, precluding investigation of
the independent effects of hypoxia on fetoplacental growth and function. However, high
altitude pregnancy provides a unique model in which to examine the effects of chronic
hypoxia in vivo, free from its association with pathology.

The effect of altitude on birth weight is independent of all other factors tested, including
socioeconomic status [5]. There is no excess of maternal risk factors for preeclampsia
among high altitude populations, thus hypoxia remains the most widely accepted cause of
the reduction in birth weight and increased incidence of complications at high altitude.
However, the mechanisms are unclear. While previous research has demonstrated several
adaptations that should favor normal placental transport of oxygen to the high altitude fetus
[6], there is still a deficit in birth weight, suggesting that such changes are not (fully)
compensatory. Previous research on the effects of hypoxia on the placenta consists primarily
of experiments employing a variety of in vitro models. None of these systems are capable of
determining the systemic effects of hypoxia on placental function and thus, while valuable
for their insights into cellular and tissue responses to hypoxia, cannot provide information
on the long-term developmental effects of chronically reduced maternal/placental pO,.
Nonetheless, based on prior studies in vitro showing increase in GLUT1 [7], and decrease in
the system A amino acid transporters in hypoxia [8], we hypothesized that chronic hypoxia
might alter nutrient delivery to the fetus via changes in the expression of placental nutrient
transporters. In this report we describe the effect of a reduction in maternal PaO, in vivo on
the expression of the GLUT1 glucose transporters on syncytial microvillous and basal
membranes of placentas from high (3100 m) versus low altitude (1600 m). In view of the
lack of appropriate markers for placental hypoxia, we sought also to identify discrete
markers of hypoxia that could be used, regardless of altitude, to determine whether the
placenta had been subjected to long-term, chronic hypoxia. Two markers, the erythropoietin
receptor (EPO-R) and the transferrin receptor (TfR) were chosen for investigation because
previous studies in placenta or trophoblast [9,10] as well as other cell [11-13], and tissue
[14] models show that they are upregulated by hypoxia.

METHODS

Subjects

Participants were 25 pregnant women residing at 1600 m (n = 12, 625 mmHg barometric
pressure) and 3100 m (n = 13, 530 mmHg barometric pressure). All gave informed consent
to procedures that had been approved by the Colorado Multiple Institutional Review Board.
Inclusion criteria were primiparity, good health, and the absence of chronic conditions
predisposing to preeclampsia such as renal disease, diabetes or obesity. Women were
excluded if they had an abnormal oral glucose tolerance test or developed other
complications of pregnancy. Subjects resided at their respective altitudes of residence from
conception to birth. There are no sea level communities in the state of Colorado and hence a
site at 1600 m was used as the ‘control’ site for the 3100 m data collection. There is no
evidence that birth weight is decreased or that pregnancy complications are increased at an
altitude of 1600 m. As a result, the samples obtained at 1600 m are labeled throughout this
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report as “low altitude”. The rationale for this designation is detailed further in the
discussion.

Sample collection

Maternal blood samples were obtained from 0 to 10 days prior to delivery. Blood was
withdrawn from the antecubital vein and allowed to clot for 1 h, serum was separated by
centrifugation for 5 min at 10,000 rpm and placed in liquid nitrogen or =70 °C freezer for
later analysis. Placentas were collected immediately following delivery and placed in cold
phosphate buffered saline (PBS). Placentas were washed in cold PBS until the majority of
blood was cleared, the cord and membranes removed and the placenta then weighed. After
removing 2 cm around the cord insertion and 2 cm of perimeter, the placenta was cut
longitudinally into five strips. Approximately 0.5 cm of the decidual and fetal surfaces were
cut away and the remaining villous tissue was chopped into 0.25 cm pieces. Sections from
all five strips were mixed, placed into cryotubes and flash frozen in liquid nitrogen.

Plasma membrane preparation

Syncytial microvillous and basal membrane fractions were prepared from flash-frozen tissue
by homogenization, magnesium precipitation and differential centrifugation. Frozen villous
tissue was partially thawed in 4 volumes of cold homogenization buffer (250 mM sucrose,
10 mM Hepes/ Tris, pH 7.4 containing a protease inhibitor mixture (Cat#P2714, Sigma
Chemical, St Louis, MO). The partially thawed tissue (3-5 g) was homogenized for 2 min at
full speed using a laboratory blender equipped with a mini-sample container (Fisher
Scientific, Fair Lawn, NJ). Homogenates were centrifuged at 4000 x g for 15 min (Avanti
I-30, Beckman, Palo Alto, CA), the supernatant retained and the pellet discarded. The
supernatants were brought to 20 mM MgCl, and incubated on ice for 20 min. The mixtures
were then centrifuged for 15 min at 2500 x g, generating pellets which contained the
syncytial basal membrane (basal membrane fraction, BMF), and which were resuspended in
homogenization buffer and frozen at =80 °C. The supernatants were centrifuged at 75,000 x
g (30 min) and the resulting pellets, containing purified microvillous membranes (MVM),
were resuspended in homogenization buffer and stored at —80 °C.

Immunoblotting

Expression of the erythropoietin receptor (EPO-R), transferrin receptor (TfR), and GLUT1
glucose transporter (GLUT1) in MVM and BMF samples was measured by slot-blotting.
Analysis of MVM and BMF samples for these proteins had shown previously that there was
only a single immunoreactive band present by Western blotting (data not shown), permitting
use of slot-blotting techniques. MVM and BMF samples were diluted to equivalent protein
concentration and extracted with 1% SDS. The extracted samples were diluted 50-fold in
Tris-buffered saline (TBS; 150 mM NaCl, 100 mM Tris—HCI, pH 7.5) to reduce the SDS
concentration to 0.02%, then centrifuged at 16,000 x g for 10 min to remove any remaining
insoluble particulate matter. Extracts (1 pg membrane protein in 200 pl TBS) were slot-
blotted on a nitrocellulose membrane, according to the manufacturer’s protocol (Bio-Dot SF,
BioRad, Hercules, CA). Two sets of seven calibration samples were loaded on to each
membrane in addition to the experimental samples. These calibration samples were used to
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ensure that protein and immunoblotting measurements were performed in the linear range of
their respective measurements. Calibration samples comprised a mixture of equal quantities
of all the experimental samples being blotted. The volumes for each calibration set ranged
from 50 to 500 pl, and thus the approximate protein concentrations in these calibration
samples ranged from 0.25 to 2.5 yug membrane protein. For each experiment, 14 calibration
and 25 experimental samples from either MVM or BMF were blotted. The remaining nine
wells were loaded with samples from the opposing plasma membrane. These latter samples
were used to normalize MVM and BMF samples so as to be able to compare expression
between the two epithelial membranes.

The relative quantity of protein loaded in each slot was determined by a fluorescent
technique using Sypro Ruby, according to the manufacturer’s protocol (Molecular Probes,
Eugene, OR) prior to immunoblotting. Membranes were incubated for 15 min in 7% acetic
acid, 10% methanol, washed with distilled water and incubated with Sypro Ruby fluorescent
stain for 15 min. After washing with distilled water, fluorescence was quantified using a
fluorescent imager (Typhoon, Molecular Dynamics, Sunnyvale, CA).

EPO-R, TfR, and GLUT1 expression were evaluated using specific antibodies. Specificity
was validated by absence of a signal following omission of the primary antibodies.
Following the protein measurement outlined above, membranes were washed in TBS for 30
min, blocked with 3% BSA (in TBS) for 60 min and incubated with the primary antibody
diluted in TBS containing 0.5% BSA. The primary antibody dilution and incubation
conditions varied for the different antibodies (EPO-R, 1:1000, overnight, 4 °C; TfR, 1:2000,
overnight, 4 °C; GLUT1, 1:20,000, 60 min, room temperature). After washing with TBS
containing 0.05% Tween 20 (TBST; 1 x 20 min, 2 x 10 min), a secondary antibody was
applied (HRP-coupled anti-1gG; 1:10,000, 60 min). For EPO-R, the secondary antibody was
donkey anti-sheep 1gG, and for GLUT1 was goat anti-rabbit IgG. For TfR, the secondary
antibody used was goat anti-mouse 1gG. After washing again with TBST, immunoreactive
bands were visualized by chemiluminescence. Slot density was quantitated by densitometry
(NIH Image, v. 1.61).

B-Actin is widely used for normalization of results. However, B-actin is increased by
hypoxia in some tissues [15]. We therefore normalized to protein concentration. The mean
values for protein concentration (Sypro Ruby) or expression of specific proteins
(immunoblotting) in the calibration sets were plotted against the corresponding volumes of
the calibration samples to determine the linear range. If values for the experimental samples
fell outside the linear calibration range, either for protein concentration or protein
expression, the initial protein concentration was adjusted accordingly and the blot was
repeated to ensure that all samples fell within the linear range. Following the validation of
linearity, intensity of the signal obtained on immunoblot was normalized using the protein
loading values as determined from the Sypro Ruby measurements. Protein expression results
are shown in the figures as mean + SEM for the arbitrary slot density measurement,
normalized per microgram membrane protein.
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Erythropoietin and transferrin assays

Maternal circulating erythropoietin (EPO) and transferrin (Tf) were measured by ELISA in
serum samples using Kits from R&D systems (Minneapolis, MN) and Alpha Diagnostic
International (San Antonio, TX). All samples were measured in a single batch.

Other assays

Protein concentration in the initially prepared MVM and BMF samples was measured using
the Bradford protein assay [16]. Measurements of alkaline phosphatase activity were
performed by the method of Bowers and McComb [17] using p-nitrophenylphosphate as a
substrate.

Statistical analysis

Results are shown as mean = SEM for 12 low altitude and 13 high altitude samples.
Statistical comparisons were made between low and high altitude samples by Student’s t test
and correlation analysis was performed by linear or non-linear regression. Differences in
birth weight were examined using a one-tailed test, as reduced birth weight was predicted in
the high altitude sample. All other tests were two-tailed. Data are reported as significant
where p < 0.05.

MATERIALS

RESULTS

p-Nitrophenylphosphate and bovine serum albumin were obtained from Sigma Chemical
Co. (St. Louis, MO). Sypro Ruby fluorescent protein assay reagent was obtained from
Molecular Probes (Eugene, OR). Polyclonal anti-GLUT1 was obtained from Chemicon
(Temecula, CA), monoclonal anti-TfR from Zymed (Palo Alto, CA), and polyclonal anti-
EPO-R from Fitzgerald (Concord, MA). Nitrocellulose blotting membranes were obtained
from BioRad (Hercules, CA), the SuperSignal chemiluminescent detection system from
Pierce (Rockford, IL) and Hyperfilm ECL from Amersham (Arlington Heights, IL). All
other chemicals, including HRP-coupled secondary antibodies, were obtained from Sigma
Chemical Co. (St. Louis, MO).

Subject characteristics

Comparison of a variety of demographic characteristics for the low and high altitude women
(Table 1) shows that they were similar in almost all respects. Birth weight was lower at high
altitude, despite similarity in placental weight, birth length and gestational age.
Consequently, the birth weight/placenta weight ratio was reduced in the high altitude group,
indicating decreased fetal growth at high compared to low altitude.

Validation of sample preparation

Experiments were performed to ensure that the procedure utilized to prepare MVM and
BMF had separated the two plasma membrane fractions. These experiments also tested
whether the chronic hypoxia to which the high altitude samples were exposed had caused
any differences in the membrane preparation. Alkaline phosphatase activity was used as a
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marker of microvillous-basal separation. Alkaline phosphatase activities of the MVM and
BMF did not differ between low altitude and high altitude (Table 2). Moreover, for both low
and high altitudes, the alkaline phosphatase activity of the MVVM was more than 10-fold
higher than the activity in the BMF. These results are consistent with both a high degree of
microvillous-basal membrane separation and a similar degree of separation between low
altitude and high altitude samples.

Erythropoietin receptor (EPO-R)

EPO-R protein expression was detected in both the MVM and BMF (Figure 1), with an
MVM/BMF ratio of 0.54 at low altitude. EPO-R expression on the MVVM increased by 75%
at high altitude and by 25% on the BMF (p < 0.05, Figure 1), thus the MVVM/BMF ratio for
EPO-R increased to 0.80 at high altitude.

Transferrin receptor (TfR)

Figure 2 shows that TfR was detected in both MVVM and BMF, with an MVM/BMF ratio of
1.74. TR expression in the MVVM decreased by ~30% at high altitude (p < 0.05), however,

there was no difference in TfR expression on the BMF. The consequence was a decrease in

the MVM/BMF ratio to 1.02 at high altitude.

GLUT1 glucose transporter

GLUT1 showed no difference in expression on the MVVM at high versus low altitude.
However, there was a 40% decrease in GLUT1 expression on the BMF in the high altitude
compared to low altitude samples (Figure 3). As a result, the MVM/BMF ratio for GLUT1
increased from 7.8 at low to 16.9 at high altitude. There was no correlation between birth
weight and GLUT1 expression on the BMF at low altitude (Figure 4), however, when birth
weight was plotted as a function of GLUT1 expression in the BMF at high altitude, a
significant positive correlation was observed (r2 = 0.63; p < 0.05). There was no relationship
between birth weight or placental weight and expression of the other markers on either the
MVM or the BMF.

EPO and transferrin

Circulating EPO was greater in pregnant women at high versus low altitude (26.2 + 1.4
mlU/ml at 3100 m versus 21.9 + 1.0 mlU/ml low altitude, p < 0.05). Maternal Tf
concentrations did not differ (4.6 £ 0.6 mg/ml low altitude versus 4.2 = 0.6 mg/ml high
altitude). There was no relationship between the circulating concentrations of EPO and Tf
and their respective receptors in either the microvillous or the basal membrane of the
placentas, nor with placental or birth weight.

DISCUSSION

The high altitude model is a unique means by which to examine the effects of chronic
hypoxia on syncytial nutrient transporters in vivo. In this report, EPO-R, a recognized
marker of hypoxia, increased in the high altitude syncytial membranes, as predicted from
cellular studies. However, both nutrient transporters (TfR and GLUT1), in contrast to what
is observed in vitro [7,9,10,12] showed decreased protein expression. The reduction in basal
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membrane GLUT1 is especially noteworthy, as the basal membrane is the rate-limiting step
in transplacental glucose transfer [18]. The correlation with birth weight at high altitude
suggests a relationship between glucose transfer capacity and fetal growth under conditions
of chronically reduced oxygen availability.

The technique used for membrane purification differed in this versus our prior report [19]
and may account for our finding an 8-fold MVM-BM difference in the GLUT1 expression
at 1600 m versus the 3-5-fold greater expression we reported in MVVM at sea level [19]. Due
to limited tissue volume, the sucrose density gradient step used in the latter study was
omitted in the present, which results in a basal membrane fraction that is not purified to the
same degree. The BMF will thus contain non-plasma membranes, resulting in a lower
expression of GLUT1 per unit protein. While this may account for relatively greater
asymmetry in MVM to BM expression of GLUT1, two lines of evidence argue against
preparative difference as the cause of the reduction in basal membrane GLUT1 expression at
high altitude. First, there was no difference in the alkaline phosphatase activity between the
membranes at low versus high altitude, indicating that a similar degree of purity was
obtained for the MVM and BMF at both altitudes. Second, two unrelated proteins, TfR and
EPO-R, were similar and increased, respectively, in the BMF at high versus low altitude. If
the reduction in GLUTL1 in the BMF had been caused by dilution of the syncytial basal
membrane with other, non-plasma membranes, we would expect to see similar reduction in
all the other proteins of interest, not an increase as with EPO-R. If dilution with other, non-
trophoblast plasma membranes were the cause of reduced GLUT1, we would expect an even
greater reduction in TfR since TfR within the placenta is found only in trophoblast plasma
membranes [20]. The decrease in GLUT1 on the BMF thus appears to be specific.

A site at 1600 m was used as the “‘control’ or low altitude site. There is no evidence that
birth weight is decreased or that pregnancy complications are increased at an altitude of
1600 m [2,5] relative to sea level. The oxygen dissociation curve dictates that reduction in
arterial oxygen saturation is not pronounced until greater than ~2500 m elevation. Consistent
with prior reports, we found that birth weight was reduced and the placental/fetal weight
ratio was increased at 3100 m [6] but birth weight and the placental/fetal weight ratio at
1600 m were similar to published reports from sea level.

Itis a limitation of the present study that no direct measurements of hypoxia, e.g. arterial
blood gases or arterial oxygen saturation, were obtained. In our prior study of pregnant
women at 3100 m versus 1600 m, arterial oxygen saturations ranged from 86 to 94%; the
mean of 90% at 3100 m was significantly lower than the mean of 95% (range 92-100%)
observed in women at 1600 m [21]. The elevated circulating EPO reported here and our
prior finding of elevated HIF-1a in the placentas of the high altitude women supports a
greater degree of hypoxemia at 3100 m than in the 1600 m controls [22].

All three of the proteins measured in this report are upregulated by hypoxia in other systems
[12-14,23,24]. Increased expression of TfR and GLUT1 with hypoxia is directly attributable
to stimulation via the HIF-1 pathway [12,23,25]. The HIF pathway has not been directly
tested with respect to EPO-R, but the erythropoietin promoter has a hypoxia response
element and is increased by HIF stimulation. EPO and EPO-R levels are both increased by

Placenta. Author manuscript; available in PMC 2015 July 09.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zamudio et al.

Page 8

hypoxia in parallel fashion in brain and neuronal cells [14], suggesting that EPO-R is also
subject to regulation by HIFs. The elevation in membrane EPO-R and circulating EPO at
high altitude is thus most likely due to upregulation of placental HIF-1a [22]. EPO-R is
found in all trophoblast populations, the villous core and the endothelium of fetoplacental
blood vessels [26]. We report here, for the first time, that EPO-R is localized to both the
microvillous and basal membrane fraction of the syncytiotrophoblast, with a near 2-fold
greater level of expression in the basal membrane fraction, suggesting that the effects of
erythropoietin on the placenta (growth, angiogenic, anti-apoptotic) may be promoted
through both the maternal and fetal circulations [14].

In contrast to EPO-R, TfR has been observed only in syncytiotrophoblast and in the
proximal ends of cytotrophoblast columns in human placenta [20,27]. While TR is labeled
as a receptor, it mediates syncytiotrophoblast uptake of iron and hence should be classified
as a nutrient transporter [27,28]. TfR has been localized previously to the microvillous and
basal membrane [29]. Transferrin uptake is greater on the microvillous than basal membrane
[28], consistent with a greater density of receptors on the microvillous membrane, which is
similar to our low altitude results. The effect of high altitude was to reduce TfR expression
in the microvillous membrane, but not the basal membrane fraction, resulting in equivalent
expression on both sides of the syncytium. It is not clear what the functional effect this
change in microvillous membrane TfR might have on iron transfer. TfR increases when iron
is low and decreases when iron is high [30,31], independent of oxygen status. However,
differences in maternal iron status are unlikely to explain our results, as maternal circulating
transferrin concentrations were normal and equivalent at 1600 m versus 3100 m.

While members of the glucose transporter family are ubiquitous in placenta tissue, only
GLUT1 is expressed in the syncytiotrophaoblast at term [19]. Its distribution between the two
opposing epithelial membranes is markedly more asymmetric than either EPO-R or TfR.
Because basal membrane GLUT1 is the rate-limiting step in maternal to fetal transfer of
glucose [18] alterations in basal membrane expression have significant consequences for the
maternalefetal transfer of glucose. Basal membrane GLUTL1 expression is elevated in
diabetic pregnancy, commensurate with a functional increase in glucose transfer [32]. In
contrast, in sea level FGR, no differences in microvillous or basal membrane GLUT1
expression or activity have been observed [33]. GLUT1 expression in both cultured human
trophoblast and BeWo cells is increased by hypoxia [7,9]. This differs from our high altitude
data, in which decreased fetal weight (not clinically defined as FGR) under conditions of
lowered maternal arterial PO, is associated with reduced BMF GLUT1. Thus in vivo,
hypoxia is not the only factor regulating syncytial GLUT1 expression. GLUT1 expression
has been shown to be regulated by extracellular glucose concentrations, insulin, insulin-like
growth factors and other effectors [34]. Some of these factors are altered at high altitude,
e.g. maternal venous glucose and insulin concentrations are lower [35]. It is probable
therefore that the syncytial expression of GLUT1 is the net result of multiple factors, many
of which, such as insulin and the insulin-like growth factors, are intimately connected to the
regulation of fetal growth, and that these signals can override hypoxia-induced upregulation
of the GLUT1 glucose transporter.
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In summary, several novel observations are reported here. EPO-R was localized in the
syncytium to both microvillous and basal membranes at approximately equal densities. The
increase in EPO-R in response to chronic hypoxia suggests this protein could be a useful
marker of placental hypoxia in studies of pregnancy complications. In contrast, the nutrient
transporters, TfR and GLUTZL, are decreased in the MVM and BM, respectively, despite the
fact that they are increased by hypoxia in vitro [7,9,10,12]. The results support that
reduction in fetal growth at high altitude is not necessarily a direct effect of reduced PO,
(e.g. a net reduction in the oxygen available for growth and metabolism); reduction in
nutrient transport via pathways related to overall regulation of growth is clearly involved.
The lack of similar findings in sea level FGR suggests that the reduction in fetal weight at
high altitude may be different in origin from that observed in clinical FGR at sea level and
that further investigation of this natural experimental model may reveal distinct etiological
differences in growth abnormalities.
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Figure 1.
Erythropoietin receptor (EPO-R) protein expression in MVM and BMF at low (black bars)

and high altitudes (white bars). Measurements were performed by slot blot and are shown in
arbitrary density units, normalized per microgram of membrane protein. *High altitude >
low altitude, p < 0.05.
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Figure 2.
Transferrin receptor (TfR) protein expression in MVM and BMF at low (black bars) and

high altitudes (white bars). Measurements were performed by slot blot and are shown in
arbitrary density units, normalized per microgram of membrane protein. *High altitude <
low altitude, p < 0.05.
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Figure 3.
(A) GLUT1 glucose transporter protein expression in MVM at low (black bar) and high

altitudes (white bar). (B) GLUT1 glucose transporter expression in BMF at low (black bar)
and high (white bar) altitudes. Measurements were performed by slot blot and are shown in
arbitrary density units, normalized per microgram of membrane protein. *High altitude <
low altitude, p < 0.05.

Placenta. Author manuscript; available in PMC 2015 July 09.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zamudio et al.

Page 15

4500 | ] T
—&— High altitude
— & - Low altitude
Qo
4000
—
=11}
S
= °
&0 O "
‘O 3500 =
a ————————
5 =g
k= &
o C
3000
2500 . : L
0 4 6 8 10

Figure 4.

BMF GLUTI expression
(arbitrary units)

Birth weight as a function of GLUT1 expression. GLUT1 expression was measured by slot
blot, normalized per microgram of membrane protein. Birth weight as a function of GLUT1
expression in the BMF at low (open circles) and high altitudes (filled circles). The dotted
and continuous lines are the linear regression fits for GLUT1 expression at low (ns) and high

(r2=0.63, p < 0.05) altitudes.
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Table 1

Maternal and paternal characteristics (means + SD)

1600 m, 3100 m,
n=12 n=13

Age (years) 29+3 28+7
Height (cm) 169+5 166+ 8
Pre-pregnant weight (kg) 62+6 61+9
BMI (kg/m?) 2242 22+3
Weight gain with pregnancy (kg) 14+5 16+5
Maternal education (years) 18+2 13+3%*
Paternal education (years) 16+3 14 +
Birth weight (g) 3365 + 382 3076 + 290°
Gestational age (weeks) 39.4+12 39.3+13
Baby length (cm) 50.0+3.0 51.3+2.6
Placental weight (g) 551 + 166 629 + 80
Placental ratio 66+13 49+05"
Ratio M/F 9MI3F 8M/5F
Median household income (7$/year) 62,500 45,000
Income range ($/year) 15K-165K 24K-225K

*
p <0.05.

*%

p<0.01.
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Table 2
Alkaline phosphatase activity in MVM and BMF

Alkaline phosphatase activity (uimol pNPP/min/mg)2

Group MVM BMF
Moderate altitude 6.72+0.41 0.50 + 0.06
High altitude 6.85 + 0.65 0.67 £0.15

apNPP, p-nitrophenylphosphate.
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