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ABSTRACT: 2-methoxyestradiol (2ME2) is a potent antiangiogenic
molecule that inhibits the expression of hypoxia-inducible factor
(HIF)-1� and, consequently, of VEGF and other HIF-1� target
genes. Although 2ME2 is elevated during pregnancy in maternal
serum, its presence in fetal fluids and its impact in neonatal health are
unknown. In this study, we 1) described normal levels of 2ME2 in
maternal blood, cord blood, breast milk, and amniotic fluid, and 2)
compared a composite measure of perinatal outcome between infants
born with high and low levels of 2ME2. We found that 2ME2 was
significantly decreased in all fluids compared with prepartum mater-
nal serum. After stratifying babies by 2ME2 exposure levels, we
observed no differences in the vulnerability to impaired lung devel-
opment or to complications involving aberrant angiogenesis or vas-
cular leak, such as necrotizing enterocolitis (NEC), intraventricular
hemorrhage (IVH), posthemorrhagic hydrocephalus (PHH), and ret-
inopathy of prematurity (ROP). In summary, fetal 2ME2 concentra-
tions do not appear to affect neonatal outcome. (Pediatr Res 67:
545–550, 2010)

It has been known for more than two decades that 2-me-
thoxyestrogens dramatically increase during pregnancy as a

function of gestational age (GA) in maternal serum and cord
blood (1). 2-methoxyestrogens include the 2-methoxyestradiol
(2ME2) and the inactive metabolite 2-methoxyestrone
(2ME1). The naturally occurring estradiol metabolite, 2ME2,
has little to no estrogenic activity but has antiproliferative,
antiangiogenic, and antitumor properties (2,3). 2ME2 sup-
presses the expression of hypoxia-inducible factors (HIF)-1�
and HIF-2� both in vivo (4–6) and in vitro (4). More recently,
it was demonstrated that 2ME2 levels were significantly re-
duced in pregnant women with severe preeclampsia compared
with those without preeclampsia or those with gestational
hypertension (7). The 2ME2 levels in fluids of the affected
fetus and neonate, namely cord blood, amniotic fluid, and
breast milk, are unknown.
Premature infants are at increased risk for developing com-

plications associated with either deficient or excessive angio-
genesis. We hypothesized that an imbalance in fetal 2ME2
could influence the outcomes of preterm infants, some of
whose complications can be attributed to deficient angiogen-
esis and others to excess. Several groups have established that

inhibition of angiogenesis plays an important role in the
pathogenesis of RDS and bronchopulmonary dysplasia (BPD).
In babies with either severe RDS or BPD, VEGF is decreased
in cord blood (8) and tracheal aspirates (9). In animal models
of RDS and BPD, administration of angiogenesis inhibitors
dramatically suppressed normal lung development (10,11).
HIF transcription factors were found to be significantly de-
creased in animal models or RDS (12), and their activation
improved lung function (13,14). Given that 2ME2 is an anti-
angiogenic inhibitor that can downregulate HIF-1� and
HIF-2� (4), we hypothesized that there would be a direct
relationship between 2ME2 cord blood level at birth and risk
of RDS and/or BPD in the preterm neonate.
Conversely, we hypothesized that infants born with high

2ME2 would have a reduced incidence of complications of
prematurity associated with either perinatal or postnatal hyp-
oxia, increased blood vessel growth, and/or vascular leak.
During hypoxia, HIF1� accumulates and activates the expres-
sion of proteins that promote angiogenesis and vascular leak,
such as VEGF and angiopoietin-2, and of inflammatory cyto-
kines (15). 2ME2 counteracts the angiogenic and inflamma-
tory effects of HIF1� (4,5,16). Hypoxia is an important risk
factor in the pathogenesis of necrotizing enterocolitis (NEC)
(17), and intraventricular hemorrhage (IVH) (18). High oxy-
gen concentrations followed by hypoxia contribute to the
development of retinopathy of prematurity (ROP) (19,20).
Excessive vascular leak is observed in NEC and IVH, and
abnormal blood vessel formation is observed in ROP. In-
creased concentrations of VEGF are found in IVH (21), in
cerebrospinal fluid of premature infants with posthemorrhagic
hydrocephalus (PHH) (22), and in ROP (23). Increased an-
giopoietin-2 is observed in IVH (21). Genetic polymorphisms
of VEGF (24) and inflammatory cytokines are implicated in
NEC (25,26). Two markers of hypoxia, activin A and hypo-
xanthine, are significantly increased in premature infants who
develop IVH (27). Furthermore, antenatal administration of
other angiogenesis inhibitors decreases the severity and inci-
dence of germinal matrix hemorrhage in prematurely deliv-
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ered rabbits (21). On the basis of these observations, we
hypothesized that high 2ME2 cord blood levels could translate
into a decreased risk for NEC, IVH, PHH, and ROP.

METHODS

Subjects. This research was approved by the Investigational Review Board
of Brigham and Women’s Hospital, and sample collection occurred between
September 2006 and March 2008. The study had two arms. In the first arm,
we collected a total of 45 samples from five mothers and their term infants.
All infants were delivered by elective cesarean section without labor. Sample
collection included maternal blood (four samples from the same mother:
intraoperatively and postpartum days 1, 2, and 3), intraoperative amniotic
fluid at the time of hysterotomy, cord blood obtained before delivery of the
placenta, and breast milk (postpartum days 2 and 3). The second arm
consisted of a prospective cohort study of 152 cord blood samples and 20
amniotic fluid samples from consecutive preterm and term deliveries.

Clinical outcomes. The incidence of complications of prematurity de-
creases with GA, falling sharply from the borderline of viability in the 23rd
to 25th week of gestation until term. Completion of 32-wk gestation is
considered to be a cutoff for the period at highest risk of major complications.
Therefore, we asked whether cord blood 2ME2 correlated with neonatal
outcome in premature infants born at �33 wk of gestation.

Our primary outcome was RDS, caused by developmental insufficiency of
surfactant production. Secondary outcomes included BPD, NEC, IVH includ-
ing PHH, and ROP. BPD, a chronic lung condition characterized by impaired
alveolization and deficient vascular development, was defined as the need for
supplemental oxygen at 36 wk postmenstrual age. Relevant clinical informa-
tion regarding RDS, BPD, NEC, IVH, PHH, and ROP was collected prospec-
tively for all 107 infants �33 wk of gestation by real-time extraction from the
medical record, augmented by questions to the medical team. There is a lack
of published data on the potential effect of 2ME2 on RDS. Thus, we began by
estimating a large reduction in incidence of RDS, with the expectation of
refining estimates of the magnitude of the effect based on the signal perceived
in our own data for future studies. Our study had 80% power to detect a 50%
reduction in the risk of RDS �32 wk gestation at the 0.05 significance level.
Given the level of RDS reduction we observed, we would have required a
total of 3210 patients to obtain the same power at the same significance level.

Fluid collection and analysis of 2ME2 and 2ME1. All serum samples
were collected in citrate tubes within 5 min of delivery. Plasma samples were
obtained immediately after serum collection. Amniotic fluid was collected at
the time of hysterotomy by surgically exposing the fetal membranes, piercing
them with a flexible blunt plastic catheter, and aspirating 10 mL of amniotic
fluid before amniorrhexis and delivery of the baby. All of the fluids were
immediately stored at �70°C until analyzed. None of the amniotic fluid
samples contained blood or meconium.

Analysis of 2ME1 and 2ME2. The levels of both methoxyestrogens,
2ME1 and 2ME2, were determined by gas chromatography-mass spectrom-
etry (GC-MS) at AAI Pharma (Neu Ulm Germany).

Samples were spiked with internal standard working solution, acidified,
and extracted from plasma into toluene, followed by several cleanup steps.
After extraction, samples were evaporated, derivatized, and analyzed by
GC-MS in chemical ionization mode. The calibrated range for 2ME2 and

2ME1 was 5–500 pg/mL, with a defined lower limit of detection of 5.00
pg/mL, an overall accuracy of 1.35% bias, and overall precision of coefficient
of variance � 10.06%. Samples with concentrations higher than upper limit
of calibrated working range were reanalyzed after appropriate dilution. For
the analyzed samples, the low sensitivity range varied between �6.25 pg/mL
and �50 pg/mL. This variation reflects differences in initial sample volume
and additional requirements for sample dilution (as in the case of breast milk
samples because of high fat content).

Data analysis. 2ME2 and 2ME1 data are reported with medians and
interquartile range. Because 29 (18.4%) of the cord blood values were below
the detection limit and we could, therefore, not be sure of the true underlying
analyte distribution, we used nonparametric statistics for all comparisons
(Wilcoxon Rank Sum and quantile regression). The �2 tests were used to
compute the correlation between 2ME2 levels and complications of prema-
turity. Computation of the ratio of 2ME2 to total 2-methoxyestrogen, defined
as 2ME2/2MEt, where 2MEt � 2ME2 � 2ME1, was performed only for
samples with values above the detection limits for both 2ME2 and 2ME1.

RESULTS

Normal distribution of 2ME2 in maternal blood, cord
blood, breast milk, and amniotic fluid. The relative distribu-
tion of total 2ME2 and 2ME1 was measured in the bodily
fluids of five term mothers and their infants. The 2ME2/2MEt

ratio in all bodily fluids was used to evaluate differences in
2ME2 activation.
Antepartum maternal peripheral blood, collected preopera-

tively, had the highest 2ME2 and 2ME1 levels of all of the
source fluids analyzed [median 2ME2 � 2.29 ng/mL (inter-
quartile range: 1.66–5.23 ng/mL), median � 2ME1 1.50
ng/mL (interquartile range: 0.81–3.49 ng/mL)]. Interestingly,
2ME2 constituted �two thirds of the 2ME2 ratio in antepar-
tum maternal peripheral serum (2ME2/2MEt � 0.62 � 0.07).
This is in contrast to the cord blood, amniotic fluid, and breast
milk, where 2ME1 was the most abundant metabolite (Table
1). Within one day of delivery, 2ME2, but not 2ME1, sharply
decreased to 1% of its antenatal value, yielding a half-life of
�4 h. Nearly 75% of all prepartum maternal 2ME1 remained
at 24 h and slowly decreased over time, becoming the pre-
dominant 2-methoxyestrogen (Fig. 1).
Breast milk samples did not contain significant amounts of

either 2-methoxyestrogen. 2ME2 was below detection level in
all breast milk samples. 2ME1 was detectable above threshold
levels in only one of five samples, and this corresponded to the
mother with highest prepartum 2ME2 and 2ME1 levels

Table 1. 2ME2 and 2ME1 levels in paired maternal and fetal fluids (pilot study)

N � 5

2ME2 (pg/mL) 2ME1 (pg/mL)

%2ME2/2ME*Mean � SD Median (IQR) Mean � SD Median (IQR)

Maternal serum
Antepartum 3514 � 2801 2290 (1840 to 4280) 2390 � 2359 1500 (858 to 2510) 62 � 7
Postpartum d 1 55 � 53 25 (23 to 116) 2616 � 2086 1730 (1120 to 5000) 19 � 4
Postpartum d 2† �20 �10 (�5 to �10) 643 � 916 256 (207 to 455) �0.03
Postpartum d 3† �10 �5 (�5 to �10) 354 � 552 116 (113 to 148) �0.03

Breast milk
Postpartum d 2† �50 �50 (�50 to �50) �97 �50 (12 to 151) �DL
Postpartum d 3† �50 �50 (�50 to �50) �85 �50 (�50 to �50) �DL

Cord blood‡ �176 �25 (�10 to 87) 462 212 (173 to 386) 32 � 4
Amniotic fluid‡ �18 5.5 (�5 to 31) 56 16.7 (13.3 to 39.2) 29 � 14

* 2ME2/2ME � 2ME2/(2ME2 � 2ME1); ratios could only be determined for samples in which both 2ME2 and 2ME1 levels were above detection limit.
† On days 2 and 3, 2ME2 was below detection limit in 4/5 maternal serum and 5/5 breast milk samples; 2ME1 was below threshold in 4/5 breast milk samples.
‡ 2ME2 levels were below detection limit for three of five cord blood and two of five amniotic fluid samples.
IQR, interquartile range; �DL, less than detection limit.
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(�8060 and �6410 pg/mL, respectively). For this sample, the
2ME1 concentration in breast milk was �12% of that found in
maternal serum at the same time points (Table 1).
From the two fetal fluids measured, cord blood contained

higher 2-methoxyestrogen levels than amniotic fluid, and
2ME1 was the predominant metabolite in both. Large vari-
ability was observed within this five mother/fetus set for both
2ME2 and 2ME1 levels, with three of five cord blood and two
of five amniotic fluid samples having levels below detection.
Median cord blood 2ME1 and 2ME2 values were 20 versus
2.6% compared with their paired prepartum maternal serum
2ME1 and 2ME2 counterparts, respectively. Median amniotic
fluid 2ME1 and 2ME2 levels were even lower, representing
only 1.6 and 0.5% of prepartum maternal serum 2ME1 and
2ME2 levels, respectively. In combination with the additional
23 amniotic fluid samples collected between 16 and 40 wk of
gestation, we found that amniotic fluid 2ME2 levels were not
correlated with either GA or birth weight. Only eight of 28 had
2ME2 and 2ME1 levels above the detection limit (25 pg/mL),
and in these samples, the 2ME2/2MEt ratio was 0.29 � 0.10.

Increase of fetal 2ME2 at term. To address changes in fetal
levels during pregnancy, we measured 2ME2 and 2ME1 in
157 cord blood samples spanning a wide range of GAs. The
patient characteristics are tabulated in Table 2. We observed
that cord blood 2ME2 and 2ME1 levels were correlated with
GA, increasing exponentially at term (Fig. 2). When samples
were grouped according to GA into premature infants born

between 24 and 32 completed wk gestation, premature infants
born between 33 and 36 wk gestation, and term infants born
between 37 and 42 wk gestation, only the term group was
statistically different for either 2ME2 or 2ME1 (Fig. 2). Me-
dian cord 2ME2 and 2ME1 (interquartile range) varied in
these three groups (Table 2). The average 2ME2/2MEt ratio in
cord blood was 0.32 � 0.11, similar to that found in amniotic
fluid, and this ratio was unchanged across all GA groups
(Table 2).
We investigated the association of 2ME2 and birth weight

given the well-known dependence of birthweight and GA in
infant outcomes. Significant differences were observed for
2ME1 but not 2ME2 levels when comparing extremely low
birth weight infants (�1500 g) and those weighing �1500 g
of all GAs (p2ME1 � 0.031, p2ME2 � 0.378). When all infants
were grouped by 1 kg birth weight increments (�1000, 1000–
2000, 2000–3000, and 3000–4000 g), 2ME1, but not 2ME2
levels (p � 0.207), were found to be significantly correlated to
birthweight: mean 2ME1 by birth weight increment: 123
(97–262), 167 (65–304), 204 (217–498), 359 (213–1013),
respectively; (p � 0.001). Only when 2ME2 levels were

Figure 1. Change in 2ME1 and 2ME2 levels relative to antepartum 2MEt

levels. Each data point represents the relative mean ratio of 2ME2/2MEt and
2ME1/2MEt for five mothers, except for day 1 postpartum, which of is the
average of three of five mothers.

Figure 2. Correlation of cord 2ME2 concentration with GA. Data displayed
as median with 25th and 75th percentile. n � 157 samples, divided as follows:
31 from preterm infants �28 wk of gestation, 76 from preterm infants 28–32
completed wk of gestation, 20 from preterm infants 33–36 completed wk of
gestation, and 15 from term infants 37–42 wk of gestation.

Table 2. Characteristics of cord blood samples

N
Extremely premature

(N � 107)
Moderately premature

(N � 31)
Term

(N � 19) p

GA range (wk) 24–32 33–36 37–41
GA (wk) 29.9 (27.4–31.7) 33.7 (33.1–34.3) 39.3 (38.5–40) �0.001
Birth weight 1370 (922–1647) 1960 (1705–2307) 3232 (3011–3382) �0.001
Twins or triplets (%) 72 (67) 19 (61) 0 (0) �0.001
Gender, male (%) 67 (63) 19 (61) 8 (42) 0.241
2ME2 (pg/mL) 62 (38–149) 72 (43–148) 203 (97–509) 0.028
2ME1 (pg/mL) 160 (81–308) 192 (83–301) 386 (213–1380) �0.001
2ME2/2ME 0.31 (0.23–0.41) 0.32 (0.23–0.42) 0.26 (0.17–0.34) 0.083
Maternal characteristics
Age 33 (27.2–36) 33 (30–38) 33 (29.5–34) 0.317
Gravity 2 (1–3) 3 (1–4) 2 (2–3) 0.129
Parity � 0 (%) 69 (64) 16 (52) 5 (26) 0.006

Values are given as mean (range) or n (%).
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compared in infants weighing �2500 g with those weighing
�2500 g did 2ME2 become significant.
Composite measure of perinatal outcome between ex-

tremely premature infants born with high and low levels of
2ME2. The histogram representing the distribution of 2ME2
levels in premature infants born between 24 and 32 completed
wk of gestation follows an exponential decay with one half of
all infants having 2ME2 levels of 50 pg/mL or lower (data not
shown). We, therefore, asked whether infants born with high
2ME2 levels, defined as those in the top 25% (2ME2 �151
pg/mL; n � 26), had differences in neonatal outcome com-
pared with infants born in the bottom 75% of 2ME2 (2ME2
�151 pg/mL, n � 81). We found that high cord blood 2ME2
did not correlate with an increased incidence of RDS or BPD,
nor did it correlate with a decreased incidence of NEC, IVH,
or ROP (Table 3, left). We also considered that low levels of
2ME2 might be deleterious and examined outcomes for in-
fants in the bottom 25% (2ME2 �40 pg/mL; n � 29) com-
pared with top 75% (2ME2 � 40 pg/mL, n � 78). Infants with
low 2ME2 had similar rates of pulmonary complications
(RDS and BPD) and were equally susceptible to other com-
plications of prematurity (NEC, IVH, and ROP, Table 3,
right).

DISCUSSION

To our knowledge, ours is the first study to independently
measure the levels of total 2ME2 and 2ME1 in maternal
serum, amniotic fluid, breast milk, and cord blood at term, and
cord blood across a wide range of GAs and to determine the
relative proportion of 2ME2 in 2-methoxyestrogen levels. The
RIA previously used by others could not distinguish between
2ME1 and 2ME2 (1). However, the active metabolite 2ME2
was recently measured by HPLC and was found to be elevated
in maternal serum at mid-gestation (21–29 wk of gestation)
(7). We found that total 2ME2 is present at high concentra-

tions in maternal serum at term (median � 2.3 ng/mL), and at
lower but still significantly elevated levels in cord blood
(median � 203 pg/mL).
Steroid proteins can exist bound to proteins in serum or in

a free (biologically active) state. The method used here,
GC-MS, measures the total concentration of 2ME2 and 2ME1
(free and protein bound forms) and cannot distinguish be-
tween the two forms. Although it is not known whether
endogenous 2ME2 is bound to serum proteins during preg-
nancy, 2ME2 was not found to be significantly or specifically
bound to plasma proteins in the serum of clinical cancer
patients treated with this agent (28,29). Therefore, we expect
most 2ME2 measured here to be in the free state.
Although, in maternal serum, 2ME2 is the main 2-me-

thoxyestrogen (62 � 7%, n � 5), it is the least abundant
metabolite in cord blood, accounting for only �30% of the
total 2-methoxyestrogen ratio. The 2ME2/2MEt ratios in ma-
ternal and fetal serum can be explained by the distribution of
17-�-hydroxysteroid dehydrogenase types 1 and 2 (17HSD�1
and 17HSD�2) in the placenta. 17HSD�1, located in the
syncytiotrophoblast and in direct contact with the maternal
side of the uterine-placental unit (30–32), converts 17�-
estrone (E1) into 17�-estradiol (E2) and 2ME1 into 2ME2.
Conversely, 17HSD�2 is expressed in fetal placental vessels
and is in contact with fetal blood (31,33). This enzyme
inactivates E2 and 2ME2 to E1 and 2ME1, respectively. It has
been proposed that this enzyme protects the fetus from estra-
diol and androgens, and we propose that it may also protect
the fetus from 2ME2. Importantly, the E2/(E2 � E1) ratio in
maternal and fetal serum is similar to that for 2ME2/2MEt. E2
is more abundant in maternal serum (72%), whereas E1 is
more abundant in fetal serum [76%; data from (34)].
In terms of metabolite concentration, 2-methoxyestrogens

are underrepresented in the fetal circulation compared with
their E2 and E1 counterparts. The total concentration of

Table 3. Correlation between 2ME2 level and complications of prematurity

Incidence Lower 75%* Top 25%* p Lower 25%* Top 75%* p

Median 2ME2 (pg/mL) 49 225 23 105
Range (pg/mL) �10–150 151–1450 �10–38.5 40–1450
N 81 26 29 78
RDS 45 (55.6) 12 (46) 0.403 17 (59) 40 (51.3) 0.499
BPD 20 (24.7) 6 (23) 0.867 6 (20.7) 20 (25.6) 0.596
Possible NEC 1 (1.2) 0 (0) 0.569 0 (0) 1 (1.3) 0.540
Medical NEC 1 (1.2) 1 (3.8) 0.392 1 (3.4) 1 (1.3) 0.462
Surgical NEC 4 (4.9) 1 (3.8) 0.818 2 (6.9) 3 (3.8) 0.506
Intracranial hemorrhage: total 13 (16) 6 (23) 0.415 3 (10.3) 16 (20.5) 0.221
Germinal matrix hemorrhage 5 (6.1) 4 (15.3) 0.141 1 (3.4) 8 (10.3) 0.259
IVH without ventricular dilation 3 (3.7) 2 (7.7) 0.402 0 (0) 5 (6.4) 0.163
IVH with ventricular dilation 3 (3.7) 0 (0) 0.320 2 (6.9) 1 (1.3) 0.118
Posthemorrhagic hydrocephalus 4 (4.9) 0 (0) 0.248 2 (6.9) 2 (2.6) 0.294
Parenchymal hemorrhage 4 (4.9) 0 (0) 0.248 1 (3.4) 3 (3.8) 0.923
Periventricular leukomalacia
Echodensity 2 (2.5) 1 (3.8) 0.711 0 (0) 3 (3.8) 0.284
Echolucency 0 (0) 1 (3.8) 0.076 0 (0) 1 (1.3) 0.540

Total ROP 20 (24.7) 6 (23) 0.867 6 (20.7) 20 (25.6) 0.596
ROP (stage 1) 5 (6.2) 4 (15.4) 0.141 0 (0) 9 (11.5) 0.056
ROP (stage 2) 12 (14.8) 1 (4.2) 0.136 4 (13.8) 9 (11.5) 0.751
ROP (stage 3) 3 (3.7) 1 (4.2) 0.973 2 (6.9) 2 (2.6) 0.294

* No. infants (%).
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maternal E1 � E2 (�32 ng/mL; 34) is 80% of that found in
fetal serum (�40 ng/mL). In sharp contrast, the maternal
2-methoxyestrogen concentration (2ME2 � 2ME1 � 5.9
ng/mL) is 10 times greater than that found for fetal 2-me-
thoxyestrogen (0.59 mg/mL), suggesting a restriction of both
2ME1 and 2ME2 from the fetal circulation compared with
their estrogen counterparts. In maternal serum, the combined
2ME2 and 2ME1 levels are �20% of the maternal estrogen
(E2 � E1) levels, whereas in cord blood, they only correspond
to 1.5%.
The sharp disparity in maternal and fetal 2ME2 levels is

similar to that found for the antiangiogenic soluble VEGF
receptor 1 (s-VEGFR1), also known as sFlt-1 (35) (36). Both
s-VEGFR1 and 2ME2 are found at nanograms per milliliter
levels in maternal serum and picograms per milliliter levels in
fetal serum. Other angiogenic inhibitors are also present at
either greater concentrations in maternal serum than cord
blood [for example, soluble endoglin (s-Eng) (37)] or at
comparable amounts [VEGF receptor 2 (VEGFR2) (35) and
endostatin (38)]. Conversely, VEGF is present at lower con-
centrations in maternal serum (35,36,39). The placenta seems
to orchestrate a preferential release of 2ME2, s-VEGFR1, and
other angiogenesis inhibitors into maternal blood, making the
maternal environment relatively antiangiogenic, whereas
keeping the fetal environment relatively proangiogenic.
In humans, the maximum attainable 2ME2 serum levels in

phase I clinical cancer patients was found to be 3–13 ng/mL,
comparable with the 2ME2 range found here for pregnant
mothers. In cord blood, however, the 2ME2 level is almost
two orders of magnitude lower. The lack of correlation of
2ME2 to complications of prematurity may be because of
ineffective 2ME2 levels, even among the premature infants
born with the highest 2ME2 levels (0.200–1.35 ng/mL). For in
vitro studies, induction of apoptosis and inhibition of HIF-1�
occur at micromolar 2ME2 concentrations (�300 ng/mL)
(4,5,40) and inhibition of MAP kinase activity and of DNA
synthesis was observed at 100 nM (30 ng/mL; 41,42).
Preterm babies are unlikely to make significant quantities of

their own 2ME2, and we found that breast milk is not a source
of 2ME2. Therefore, 2ME2 exposure of preterm infants
should be limited to that provided in utero by placental
sources, and their levels will likely drop off rapidly after birth
based on the �4-h half-life of 2ME2 in maternal serum.
In conclusion, we found that despite the high 2ME2 con-

centrations in maternal serum at term gestation, 2ME2 is
significantly shielded from the fetus. The fetal concentrations
of 2ME2 that we observed do not appear to have either a
positive or negative impact on RDS or other neonatal out-
comes in extremely premature infants. Given the small sample
size of our cohort study, validation of these results in a larger
cohort study is warranted.
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