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Galectin-1 as a novel risk factor for both gestational
hypertension and preeclampsia, specifially its
expression at a low level in the second trimester
and a high level after onset

Chikako Hirashima1,3, Akihide Ohkuchi1,3, Shiho Nagayama1, Hirotada Suzuki1, Kayo Takahashi1,
Manabu Ogoyama1, Hironori Takahashi1, Koumei Shirasuna2 and Shigeki Matsubara1

Our aim was to evaluate whether the serum level of galectin-1 (Gal-1) at 18–24 and 27–31 weeks of gestation is a risk factor

for predicting the later occurrence of not only preeclampsia (PE) but also gestational hypertension (GH). We measured serum

levels of soluble fms-like tyrosine kinase 1 (sFlt-1), placental growth factor (PlGF), and Gal-1 using an enzyme-linked

immunosorbent assay in 81 and 73 normal pregnant women, 22 and 16 women with a later onset of GH, and 37 and 29

women with a later onset of PE at 18–24 and 27–31 weeks, respectively. We also measured Gal-1 in 33 women with GH and

78 women with PE after the onset. The levels of Gal-1 after the onset of GH, late-onset PE (onset at ⩾34 weeks), and early-

onset PE (onset at o34 weeks) were significantly higher than those in normal pregnant women at 27–31 weeks. However, the

low levels of Gal-1 (o8.1 ng ml−1) at 18–24 weeks, but not at 27–31 weeks, predicted the later occurrence of not only early-

onset PE and late-onset PE but also GH. The low level of Gal-1 at 18–24 weeks was an independent risk factor for the later

occurrence of GH and PE, after adjusting for the effects of a high BP and increased sFlt-1/PlGF ratio at 18–24 weeks. In

conclusion, the serum level of Gal-1 is a novel risk factor for both GH and PE, specifically its expression at a low level in the

second trimester and a high level after onset.
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INTRODUCTION

Preeclampsia (PE) and gestational hypertension (GH) are associated
with preterm delivery, intrauterine fetal death and increased maternal
morbidity/mortality.1,2 However, the risk factors associated with the
occurrence of GH are very limited.3–12 High blood pressure levels in
the first and/or second trimesters are well-known risk factors for not
only PE but also GH,13–15 and a past history of PE and/or GH is a risk
factor for both PE and GH.16 While uterine artery Doppler (UAD) in
the first and/or second trimesters is associated with the onset of PE,17

its association with the onset of GH is very weak or absent.3,7,10,18,19

Although the serum soluble fms-like tyrosine kinase 1/placental
growth factor (sFlt-1/PlGF) ratio and soluble endoglin levels mildly
to moderately predict the subsequent occurrence of PE,20 their
correlation with the onset of GH is weak.6,10,21 In a longitudinal
study from the first to third trimesters, maternal flow-mediated
dilatation was enhanced in women with GH compared with normal
pregnancy, while it was suppressed in women with PE compared with

normal pregnancy.6 Thus, PE and GH may be separate clinical entities,
resulting in difficulty in predicting GH using prediction models.10–12

For example, a prediction model for GH using only maternal
characteristics and blood pressure level did not provide clinically
useful power, because the sensitivity was very low and the positive
likelihood ratio was o10.12 Therefore, a more powerful model
including new biomarkers for predicting GH is needed.
Galectin-1 (Gal-1) is a carbohydrate-binding protein with many

major functions.22 Gal-1 is differentially expressed by several tissues
and shows a wide range of biological activity.22 Gal-1 regulates healthy
gestation. Gal-1 is implicated in the processes of implantation,
decidualization and recruitment of uterine natural killer cells. Gal-1
supports the maternal adaptation to pregnancy in the modulation of
cross-regulatory interactions between uterine natural killer cells and
dendritic cells in the early pregnancy decidua. The differentiation into
syncytiotrpohoblas from cytotrophoblast is accompanied by a loss of
Gal-1 expression, whereas the extravillous trophoblast arising from the
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cytotrophoblast displays increased Gal-1 expression. In addition, Gal-1
appears to be implicated in pregnancy-associated angiogenesis by
selective binding to neuropilin-1 to promote the adhesion and
migration of endothelial cells.23

Although galectins are known to constitute a galectin family
including 19 members, of which at least 13 are expressed in human
tissues,24 circulating levels of Gal-1, galectin 7 and galectin 13
(placental protein 13) have been shown to be significantly correlated
with the later occurrence of PE.25–27 Serum levels of Gal-1 were also
increased in women with HELLP syndrome.28 Recently, the serum
levels of Gal-1 in the second trimester were reported to be significantly
decreased in women with a later occurrence of PE, although the levels
of Gal-1 after the onset of PE were significantly increased.25 Gal-1 has
a proangiogenic function through vascular endothelial growth factor
receptor-2 signaling by directly binding to neuropilin-1.29 The
blocking of Gal-1 induced a spontaneous PE-like syndrome with
intrauterine fetal growth restriction in mice,25 suggesting that Gal-1 is
essential for a normal pregnancy. In addition, Gal-1-expressing
peripheral blood T and NK cells are markedly lower in women with
PE than in normal pregnant women in the third trimester.30,31

Circulating levels of Gal-1 may be lower in women with gestational
diabetes mellitus in the second and third trimesters than in normal
pregnant women.31 However, to the best of our knowledge, there has
been no study reporting that the decreased level of Gal-1 in the second
trimester is a risk factor for the occurrence of not only PE but also GH
or that the level of Gal-1 is an independent risk factor for the
occurrence of PE/GH after adjusting for other risk factors. In addition,
there have been few studies investigating the relationship between the
level of Gal-1 in the early third trimester and the later occurrence of
PE/GH.30

Our first aim was to evaluate whether the serum level of Gal-1 at
18–24 and 27–31 weeks of gestation is a risk factor that predicts the
later occurrence of not only PE but also GH. Our second aim was to
evaluate whether a decreased level of Gal-1 at 18–24 weeks of gestation
is an independent risk factor for the occurrence of PE/GH after
adjusting for the effects of blood pressure (BP) levels in the second
trimester and the serum sFlt-1/PlGF ratio at 18–24 weeks of gestation.
The main findings of our work is that the serum level of Gal-1 was a
novel risk factor for both GH and PE, specifically its expression at a
low level at 18–24 weeks, but not at 27–31 weeks, and a high level
after onset.

METHODS

Subjects and procedures
In 2004, we planned a prospective cohort study to evaluate maternal
characteristics, BP, UAD and blood biomarkers after approval from the Ethics
Committee of our institute. BP levels were measured at every maternal
checkup. UAD was measured twice at 16–19 and 20–23 weeks of gestation,
and the mean pulsatility index (mPI) was calculated. Blood samples were
collected at 18–24 and 27–31 weeks. In the prospective cohort study, 1724
pregnant women with a singleton pregnancy who sought an antepartum
maternal checkup before 24 weeks of gestation provided written informed
consent between April 2004 and October 2008. Serum levels of sFlt-1, PlGF
and Gal-1 were measured in 100 consecutive pregnant women at 6–13, 18–24,
27–31 and 33–38 weeks, respectively. However, seven samples at 6–13 weeks
were duplicated, three samples were taken at ⩾ 14 weeks, one sample was from
a twin pregnancy, and eight women delivered at other centers; three women
with sampling at 18–24 weeks later developed gestational proteinuria, and eight
women delivered at other centers; one sample at 27–31 weeks was duplicated,
nine women with sampling at 27–31 weeks later developed GH, PE or
gestational proteinuria, three samples were taken at o27 or ⩾ 32 weeks, six
women delivered at other centers, and two samples were not measured because

of an insufficient volume; and six women with sampling at 33–38 weeks later
developed GH, PE or gestational proteinuria, one sample was taken at
⩾ 39 weeks, five women delivered at other centers, and one sample was not
measured because of an insufficient volume. Therefore, we used 81, 89, 79 and
87 samples at 6–13, 18–24, 27–31 and 33–38 weeks, respectively, as samples
from normal pregnant women. The serum levels of sFlt-1, PlGF and Gal-1 were
also measured in 37 and 29 samples at 18–24 and 27–31 weeks, respectively,
in women with a later occurrence of PE and 22 and 16 women at 18–24 and
27–31 weeks, respectively, in women with a later occurrence of GH. In
addition, we measured Gal-1 after the onset of disease in 33 women with GH,
41 women with late-onset PE, and 37 women with early-onset PE.

BP measurement
Details of the BP measurement were reported previously.17 In brief, systolic BP
(SBP) and diastolic BP (DBP) were measured with an Omron HEM-906
automated digital oscillometric sphygmomanometer (OMRON Healthcare,
Kyoto, Japan), which was located in the waiting room. Each pregnant woman
measured her BP by herself during every routine antenatal medical checkup
while sitting in a chair after a 1–2-min rest, without conversation during
measurement. Omron HEM-906 has been validated by OMRON Healthcare
for use by non-pregnant adults in Japan (unpublished data). The mean value of
the two readings of SBP and DBP at 16–23 weeks of gestation was documented
for each participant. A high BP was defined as when SBP/DBP was
⩾ 120/80 mm Hg, according to our previous results.5

Measurements of PlGF, sFlt-1 and Gal-1
Blood samples centrifuged at 4 °C at 2500 r.p.m. for 15 min were stored at
− 20 °C until use. Enzyme-linked immunosorbent assays (ELISAs) for human
sFlt-1 (DVR100B, R&D Systems, Minneapolis, MN, USA) and PlGF (DPG00,
R&D Systems, Minneapolis, MN, USA) were performed according to the
manufacturer’s instructions. In this study, we reused the data of sFlt-1 and PlGF
that had been published in our previous manuscript.5 An ELISA for human
Gal-1 (DGAL10, R&D Systems, Minneapolis, MN, USA) was also performed
according to the manufacturer’s instructions. The Gal-1 ELISA was performed
with freshly thawed serum samples.

Cutoff levels of the mPI and serum levels of sFlt-1, PlGF, sFlt-1/
PlGF ratio and Gal-1
Details of the gestational age-specific reference ranges for mPI and the serum
levels of sFlt-1, PlGF, and the sFlt-1/PlGF ratio were published previously.32–34

In brief, high mPI was defined as mPI ⩾ 90th percentile, high sFlt-1 as ⩾ 95th
percentile, low PlGF as o5th percentile, and high sFlt-1/PlGF ratio as ⩾ 95th
percentile.32–34 Data on angiogenesis-related factors were previously used to
evaluate the screening and diagnostic performances of those indices for the
clinical manifestation of PE and GH.10,33,34 Low Gal-1 was defined as
o8.1 ng ml− 1, with the threshold determined by the receiver-operating
characteristic curve for analyzing the relationship between the serum levels
of Gal-1 at 18–24 weeks and the later occurrence of PE, using 81 samples at
18–24 weeks in normal pregnant women and 37 samples at 18–24 weeks in
those with a later occurrence of PE.

Definitions of PE, GH and small-for-gestational-age infant
We defined GH and PE according to the definition and classification of
pregnancy-induced hypertension (2004) of the Japan Society for the Study of
Hypertension in Pregnancy.35,36 In brief, GH was defined as hypertension
without proteinuria occurring after 20 weeks but resolving by 12 weeks
postpartum. PE was defined as hypertension with proteinuria occurring after
20 weeks but resolving by 12 weeks postpartum. Superimposed PE includes
the following three conditions: (1) chronic hypertension diagnosed before
pregnancy or by 20 weeks, with which proteinuria emerges after 20 weeks;
(2) aggravations of either or both hypertension and proteinuria in women with
preexisting hypertension and proteinuria after 20 weeks; and (3) hypertension
emerging after 20 weeks in patients with preexisting renal diseases that
solely manifest proteinuria. In this study, superimposed PE was included in
the category of PE. Hypertension was defined as when the systolic blood
pressure was ⩾ 140 mm Hg and/or diastolic blood pressure was ⩾ 90 mm Hg.
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Proteinuria was defined as 300 mg per day from 24-h urine collection. If only
urinary dipstick testing was available, repeated semiquantitative test results of
2+ were considered to constitute a positive result. When PE occurred at
o34 weeks, we defined it as early-onset PE, and when PE occurred at
⩾ 34 weeks, we defined it as late-onset PE.37 We defined a small-for-gestational-
age infant as having a birth weight below the 10th percentile for the Japanese
population.38

Statistics
The data are presented as the mean± s.d. or the mean± s.e.m. as appropriate.
For serum sFlt-1 and PlGF levels and the sFlt-1/PlGF ratio, statistical testing
was conducted after logarithmic transformation. For the comparisons of risk
factors among normal pregnant women, those with GH, late-onset PE,
and early-onset PE, we selected complete data with both serum levels of
Gal-1 at 18–24 weeks and the sFlt-1/PlGF ratio at 18–24 weeks. Therefore, the
number of normal pregnant women at 18–24 weeks decreased from 89 to 81.
We also selected complete data with both serum levels of Gal-1 at 27–31 weeks
and the sFlt-1/PlGF ratio at 27–31 weeks. Therefore, the number of normal
pregnant women at 27–31 weeks decreased from 79 to 73. Analysis of variance
(ANOVA) was used to compare the multiple groups with continuous variables,
followed by multiple comparisons with Bonferroni’s test. The chi-squared test
was used to compare the categorical data, followed by multiple comparisons
with Bonferroni’s test. Univariate and multivariate logistic regression analyses
were used. As the numbers of the outcomes of GH or PE were a maximum of
24, the adjusting risk factors were restricted to only three: serum levels of Gal-1,
the sFlt-1/PlGF ratio, and a high BP. The positive and negative likelihood ratios
(LR+ and LR-, irrespectively) and 95% CIs were calculated using the
CONFIDENCE INTERVAL CALCULATOR (created by Rob Herbert at The
University of Sydney).39 LR+ ⩾ 10 was considered clinically useful.40,41 All
analyses were performed using IBM SPSS Statistics (version 21 for Windows)
and R commander (EZR ver. 1.32).42 Po0.05 was considered significant.

RESULTS

In normal pregnant women with blood sampling at 6–13, 18–24, 27–31,
and 33–38 weeks of gestation, the serum Gal-1 levels were 6.2± 0.5
(mean± s.e.m.), 11.9± 0.3, 10.5± 0.3, and 12.8±0.3 ng ml− 1, respec-
tively (Figure 1). In normal pregnant women, the serum level of Gal-1 at
18–24 weeks was significantly higher than that at 6–13 weeks. The level
of Gal-1 at 27–31 weeks was slightly but significantly lower than that at

18–24 weeks. In contrast, the level of Gal-1 at 33–38 weeks was
significantly higher than that at 27–31 weeks.
For GH, late-onset PE and early-onset PE after the onset of these

diseases, the sampling periods in women with early-onset PE were
similar to those in the normal pregnancy control with blood sampling
at 27–31 weeks (mean: 29.6 vs. 29.0 weeks, respectively), and the
sampling periods in women with GH and late-onset PE were similar
to those in the normal pregnancy control with blood sampling at
33–38 weeks (mean: 36.5 and 36.4 vs. 37.1 weeks, respectively)
(Supplementary Table S1). In women with blood sampling after the
onset of GH, late-onset PE and early-onset PE, the serum Gal-1 levels
were 23.8± 2.9, 22.5 ± 1.8 and 16.6± 1.3 ng ml− 1, respectively
(Figure 2). The levels of Gal-1 after the onset of GH, late-onset PE,
and early-onset PE were significantly higher than those in the controls
at 27–31 weeks. The levels after the onset of GH and late-onset PE
were also significantly higher than those in controls at 33–38 weeks.
The level of Gal-1 after the onset of early-onset PE was significantly
lower than that after the onset of GH and after the onset of late-onset
PE, whereas the level of Gal-1 after the onset of GH was almost
identical to that after the onset of late-onset PE. The delivery methods
did not affect the serum levels of Gal-1 in normal controls and women
with GH, late-onset PE and early-onset PE (Supplementary Table S2).
For the nested case-control study with blood sampling at

18–24 weeks of gestation, in women with GH and early-onset PE,
the frequency of obesity was significantly higher than that in normal
pregnant women (controls) (Table 1). In women with GH, late-onset
PE, and early-onset PE, the SBP and DBP were significantly higher
than in controls, and the frequency of a high BP (SBP ⩾ 120 and/or
DBP ⩾ 80) was significantly higher than in controls. In women with
early-onset PE, the frequency of abnormal UAD was significantly
higher than in controls. Women with both late- and early-onset PE
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Figure 1 Serum levels of galectin-1 (Gal-1) (ng ml−1) at 6–13, 18–24,
27–31 and 33–38 weeks of gestation (wk) in normal pregnant women. The
mean± s.e.m. and dot plots with a median for each group are shown.
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Figure 2 Serum levels of Gal-1 (ng ml−1) in normal pregnant women at
27–31 and 33–38 weeks of gestation (wk), those with gestational
hypertension (GH), late-onset preeclampsia (PE), and early-onset PE. The
levels of Gal-1 for women with GH, late-onset PE, and early-onset PE were
measured soon after the onset of disease. The mean± s.e.m. and dot plots
with the median for each group are shown.
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delivered by cesarean section more frequently than controls. In
women with early-onset PE, preterm delivery was significantly more
frequent, the gestational week at delivery was significantly earlier, and
the birth weight was significantly lower than in controls.
The serum levels of Gal-1 at 18–24 weeks in normal pregnancy

(n= 81), later occurrence of GH (n= 22), late-onset PE (n= 24) and
early-onset PE (n= 13) were 12.0± 0.3, 9.6± 0.9, 10.0± 1.0, and
12.0± 2.8, respectively (ANOVA, P= 0.053) (Supplementary
Figure S1). The levels of Gal-1 at 27–31 weeks in normal pregnancy
(n= 73), later occurrence of GH (n= 16), late-onset PE (n= 21) and
early-onset PE (n= 8) were 10.6± 0.3, 10.6± 0.63, 11.2± 0.9 and
12.5± 2.3, respectively, and there were no differences among the
4 groups (ANOVA, P= 0.340) (Supplementary Figure S2). Interest-
ingly, when the screening performance of serum levels of Gal-1 at
18–24 weeks and 27–31 weeks was evaluted using receiver-operating
characteristic curves, the serum level of Gal-1 at 18–24 weeks showed a
significantly larger area under the curve for the later occurrence of PE,
although the serum level of Gal-1 at 27–31 weeks did not have
sufficient power to predict the later occurrence of PE (Figure 3). The

best cutoff value for the serum level of Gal-1 at 18–24 weeks was
8.1 ng ml− 1.
For the occurrence of GH, obesity, a high BP, and low level of Gal-1

at 18–24 weeks were risk factors, although a high sFlt-1/PlGF ratio was
not a risk factor (Table 2). For the occurrence of late-onset PE, a high
BP, high sFlt-1/PlGF ratio at 18–24 weeks, and low level of Gal-1 at
18–24 weeks were risk factors. For the occurrence of early-onset PE, a
past history of PE/GH, obesity, chronic hypertension, a high BP,
an abnormal UAD at 16–23 weeks, a high sFlt-1/PlGF ratio at
18–24 weeks, and low level of Gal-1 at 18–24 weeks were risk factors.
Notably, the LR+s of a low level of Gal-1 at 18–24 weeks for predicting
GH, late-onset PE and early-onset PE were all 410.
As the frequencies of obesity in women with a later occurrence of

GH and early-onset PE were significantly higher than in controls,
we investigated the effect of obesity on the serum level of Gal-1 at
18–24 weeks and on the frequency of low Gal-1 levels (o8.1 ng ml− 1)
at 18–24 weeks. In all women, the serum level of Gal-1 was not
significantly different between women with and without obesity; in
addition, the frequency of a low Gal-1 level was not significantly
different between these women (Supplementary Table S3). The results

Table 1 Maternal characteristics, physical markers and biomarkers and neonatal outcomes

Characteristics and risk factors

Normal pregnant

women (n=81)

Women with

GH (n=22)

Women with late-onset PE

(before onset) (n=24)

Women with early-onset PE

(before onset) (n=13)

Number of

missing values P value

Sampling period
Gestational weeks at blood sam-

pling (wk)

21.8±1.1 21.8±1.0 21.5±1.2 22.4±1.1 0 0.115

Maternal
Age (yr) 32.9±5.0 34.5±5.3 33.4±6.8 36.5±3.5 0 0.125

Age⩾40 yr (%) 7 (9) 4 (18) 3 (13) 2 (15) 0 0.606

Race: Japanese (%) 82 (100) 21 (100) 23 (100) 13 (100) 0 1.000

Nulliparous women (%) 44 (54) 13 (59) 14 (58) 6 (46) 0 0.877

Women with past history of PE/GH

(%)

3 (4) 3 (14) 4 (17) 4 (31) a 0 0.010

Women with family history of

hypertension (%)

31/80 (39) 8 (36) 10 (42) 9 (69) 1 0.204

Current smoker (%) 5 /80 (6) 1/21 (5) 2 (8) 2 (15) 2 0.652

Pre-pregnancy BMI (kg m−2) 21.6±3.8 24.3±4.7 23.5±3.6 26.1±6.9 a 3 0.001

Obesity (pre-pregnancy BMI

⩾25.0) (%)

10 (12) 9/20 (45) a 8/23 (35) 7 (54) a 3 o0.001

Chronic hypertension (%) 1 (1) 0 (0) 3 (13) 6 (46) a 0 o0.001

SBP at 16–23 wk (mmHg) 116±13 128±11 a 133±19 a 137±18 a 1 o0.001

DBP at 16–23 wk (mmHg) 67±9 76±11 a 81±11 a 82±12 a 1 o0.001

High BP (SBP ⩾120 mm Hg or

DBP⩾80 mm Hg) (%)

34 (42) 16/21 (76) a 18(75) a 11 (85) a 1 o0.001

Abnormal UAD (mPI at 16–23 wk

⩾90th percentile) (%)

7 (9) 3/20 (15) 7 (29) 7 (54) a 2 o0.001

Cesarean section (%) 28 (35) 13 (59) 16/23 (70) a 13 (100) a 1 o0.001

Neonatal
Gestational age at delivery (wk) 38.6±1.7 38.3±2.7 38.7±1.6 33.2±3.2 a 0 o0.001

Preterm delivery (%) 12 (15) 4 (18) 4 (17) 11 (85) a 0 o0.001

Birthweight (g) 2861±492 2774±728 2907±494 1611±522 a 0 o0.001

Small-for-gestational-age infant

(%)

12 (15) 5 (23) 5 (21) 6 (46) 0 0.071

Abbreviations: BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; GH, gestational hypertension; mPI, mean pulsatility index; PE, preeclampsia; SBP, systolic blood pressure;
UAD, uterine artery Doppler; wk, weeks of gestation; yr, years old.
aSignificantly different vs. normal pregnant women. Bold fonts indicate significant variables.
Early-onset PE was defined as PE with onset at gestation, whereas late-onset PE was defined as PE with onset at ⩾34 weeks of gestation.
Data are shown as the mean± s.d. or number (percent). When there are any missing values, data are presented as the number with the positive test in the row/number with the outcome in the
column (percent).
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were similar even for separate analyses of normal pregnant women
and those with GH, late-onset PE or early-onset PE.
In the multivariate logistic regression model for predicting GH, a

high BP and low level of Gal-1 at 18–24 weeks were independent risk
factors, although a high sFlt-1/PlGF ratio at 18–24 weeks was not a
risk factor (Table 3). For predicting late-onset PE, a high BP and low
level of Gal-1 at 18–24 weeks were independent risk factors, and a high
sFlt-1/PlGF ratio was not an independent risk factor. For predicting

early-onset PE, a high BP, low level of Gal-1 at 18–24 weeks, and high
sFlt-1/PlGF ratio at 18–24 weeks were all independent risk factors.

DISCUSSION

In this nested case-control study, we found several novel findings.
First, the levels of Gal-1 in women with GH, late-onset PE and early-
onset PE after the onset of disease were higher than in normal
pregnant women at 27–31 weeks. Second, the low levels of Gal-1 at
18–24 weeks predicted the later occurrence of not only early- and late-
onset PE but also GH. Third, a low level of Gal-1 at 18–24 weeks was
an independent risk factor for the later occurrence of GH, late-onset
PE and early-onset PE, after adjusting for the effects of a high BP and
an increased sFlt-1/PlGF ratio. Fourth, in normal pregnant women,
the level of Gal-1 was increased from 6–13 to 18–24 weeks but slightly
decreased from 18–24 to 27–31 weeks, with a further increase from
27–31 to 33–38 weeks. Our results can be summarized as follows:
early-onset PE can be predicted using serum levels of the sFlt-1/PlGF
ratio and Gal-1 at around 20 weeks; in addition, late-onset PE and GH
may be predicted using the serum level of Gal-1 at around 20 weeks,
suggesting that the measurement of Gal-1 at around 20 weeks can be
used to detect pregnant women with a high risk of the later occurrence
of hypertensive disorders of pregnancy.
The level of Gal-1 was higher in the order of normal pregnant

women at 27–31 weekso early-onset PE after the onset of PEolate-
onset PE or GH after the onset of PE/GH. This finding is slightly
different from the report of Freitag et al.25 Those authors reported that
the level of Gal-1 in late-onset PE was higher than in normal pregnant
controls, but the level of Gal-1 in early-onset PE was not different
from that in normal pregnant controls.25 Placental expression of Gal-1
is decreased in women with early-onset PE but upregulated in women

1 − specificity

S
en

si
tiv

ity

0.0

0.2

0.4

0.6

0.8

1.0

0.2 0.4 0.6 0.60.8 1.0 0.0 0.2 0.4 0.80.0 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Serum levels of Gal-1 at 18-24 
wk for predicting PE

Serum levels of Gal-1at 27-31
wk for predicting PE

AUC (95% CI): 
0.410 (0.270 - 0.551)

AUC (95% CI): 
0.666 (0.546 - 0.786)

8.1 ng/mL

Figure 3 Receiver-operating characteristic curve for evaluating the screening
performances of the serum levels of Gal-1 at 18–24 weeks of gestation (wk)
(left panel) and 27–31 wk (right panel) for predicting the later occurrence of
PE. The area under the receiver-operating characteristic curve and the 95%
confidence interval (CI) of Gal-1 at 18–24 wk for predicting PE was
significantly larger, but that at 27–31 wk was not. The arrow indicates the
best cutoff level of Gal-1 at 18–24 wk, which yielded a sensitivity of 33%
and specificity of 98% for the later occurrence of late-onset PE and a
sensitivity of 46% and specificity of 98% for the later occurrence of early-
onset PE.

Table 2 Screening performances for predicting GH, late-onset PE and early-onset PE by maternal characteristics, physical markers and

biomarkers in the second trimester

Outcomes Abnormal value Number of missing values SE SP LR+ (95% CI) LR− (95% CI)

Risk factors

GH
Obesity BMI ⩾25.0 3 9/120(45) 71/81 (88) 3.6 (1.7–7.8) 0.63 (0.42–0.94)

High BP at 16–23 wk SBP/DBP ⩾120/80 mm Hg 1 16/21 (76) 47/81 (58) 1.8 (1.3–0.68) 0.41 (0.19–0.90)

Serum level of sFlt-1/PlGF ratio at 18–24 wk ⩾95th percentile 0 4/22 (18) 72/81 (89) 1.6 (0.56–4.8) 0.92 (0.75–1.14)

Serum level of Gal-1 at 18–24 wk o8.1 ng ml−1 0 8/22 (36) 79/81 (98) 15 (3.4–64) 0.65 (0.48–0.90)

Late-onset PE
High BP at 16–23 wk SBP/DBP ⩾120/80 mm Hg 1 18/24 (75) 47/81 (58) 1.8 (1.3–2.5) 0.43 (0.21–0.88)

Serum level of sFlt-1/PlGF ratio at 18–24 wk ⩾95th percentile 0 9/24 (38) 72/81 (89) 3.4 (1.5–7.5) 0.70 (0.51–0.97)

Serum level of Gal-1 at 18–24 wk o8.1 ng ml−1 0 8/24 (33) 79/81 (98) 14 (3.1–59) 0.68 (0.51–0.91)

Early-onset PE
Women with past history of PE/GH Present 0 4/13 (31) 78/81 (96) 8.3 (2.1–33) 0.72 (0.50–1.04)

Obesity BMI ⩾25.0 0 7/13 (54) 71/81 (88) 4.4 (2.0–9.4) 0.53 (0.29–0.95)

Chronic hypertension Present 0 6/13 (46) 80/81 (99) 37 (4.9–286) 0.55 (0.33–0.90)

High BP at 16–23 wk SBP/DBP ⩾120/80 mm Hg 0 11/13 (85) 47/81 (58) 2.0 (1.4–2.8) 0.27 (0.07–0.96)

Abnormal UAD at 16–23 wk mPI ⩾90th percentile 0 7/13 (54) 74/81 (91) 6.2 (2.6–15) 0.51 (0.28–0.91)

Serum level of sFlt-1/PlGF ratio at 18–24 wk ⩾95th percentile 0 9/13 (69) 72/81 (89) 6.2 (3.0–13) 0.35 (0.15–0.79)

Serum level of Gal-1 at 18–24 wk o8.1 ng ml−1 0 6/13 (46) 79/81 (98) 19 (4.2–83) 0.55 (0.33–0.91)

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; Gal-1, galectin 1; GH, gestational hypertension; LR+, positive likelihood ratio; LR− ,
negative likelihood ratio; mPi, mean pulsatility index; PE, preeclampsia; PlGF, placental growth factor; SBP, systolic blood pressure; SE, sensitivity; sFlt-1, soluble fms-like tyrosine kinase 1; SP,
specificity; UAD, uterine artery Doppler; wk, weeks of gestation.
Early-onset PE was defined as PE with onset at o34 weeks of gestation, whereas late-onset PE was defined as PE with onset at ⩾34 weeks of gestation.
Bold fonts indicate the risk factors with LR+⩾10.
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with late-onset PE.25,43,44 These data do not contradict our findings on
the circulating levels of Gal-1 in women with late- and early-onset PE
because the serum level of Gal-1 in women with early-onset PE was
significantly lower than in those with late-onset PE. These previous
data of placental expression of Gal-1 in early- and late-onset PE
suggest a maladaptation in women with early-onset PE to the increase
of Gal-1, which occurs in cases of GH or late-onset PE. In other
words, a sufficient increase in Gal-1 may inhibit the progression from
GH to early-onset PE or may delay the occurrence of PE.
The low level of Gal-1 at 18–24 weeks predicted the later occurrence

of not only early- and late-onset PE but also GH. Freitag et al.25

reported for the first time that the level of Gal-1 in the second
trimester in women with a later occurrence of PE was significantly
lower than that in normal healthy pregnant controls. In our data, the
level of Gal-1 in the second trimester was not different between
normal pregnant women and those with a later occurrence of early/
late-onset PE. However, interestingly, the frequency of low Gal-1 in
the second trimester was significantly higher in women with a later
occurrence of either late- or early-onset PE than in normal pregnant
women. In normal pregnant women, the frequency of low Gal-1 in the
second trimester was only 2%, whereas that in late- and early-onset
PE was 33% and 46%, respectively. In addition, the frequency of low
Gal-1 for those with GH in the second trimester was also higher than
in controls (36% vs. 2%, respectively). These results clearly suggest
that low Gal-1 levels in the second trimester may be involved in the
generation of hypertensive disorders of pregnancy.
Why were low serum levels of Gal-1 in the second trimester

implicated in the later occurrence of PE or GH? Although we do not
know the reasons for our data, we speculate that in women with a later
occurrence of PE/GH, maternal immune adaptation to fetal antigen
might fail due to low levels of Gal-1. Gal-1 has important effects that
facilitate maternal immune tolerance of the fetus by promoting
dendritic cells and regulatory T cells30,45 and the apoptosis of
alloreactive T cells.46 Blocking of Gal-1 induced a spontaneous PE-
like syndrome with intrauterine fetal growth restriction in mice,25

suggesting that the failure to produce Gal-1 in the placenta is key

during the development of PE. Another possibility is that spiral
remodeling might be impaired due to low production of Gal-1 in
extravillous trophoblasts, because the extravillous trophoblast arising
from the cytotrophoblast displays increased Gal-1 expression.23 In
women with PE, failure of the extra-trophoblast invasion of the
uterine spiral arteries is often observed.47–50

We, for the first time, report that a low level of Gal-1 in the second
trimester is independently associated with the later occurrence of
hypertensive disorders of pregnancy, after adjusting for the effects of a
high BP and high sFlt-1/PlGF ratio. In our previous studies, a high BP
⩾ 120/80 mmHg in the second trimester was a risk factor for the later
occurrence of both GH and PE,5 and a high sFlt-1/PlGF ratio was a risk
factor for all PE and early-onset PE, but not GH.10 Interestingly, in the
current analysis, although a high sFlt-1/PlGF ratio at 18–24 weeks of
gestation was not an independent risk for the later occurrence of GH or
late-onset PE, a low level of Gal-1 was a strong risk factor for GH and
late-onset PE, with an LR+ ⩾ 10. As both a high BP and low level of
Gal-1 at 18–24 weeks were independent risk factors for the occurrence
of GH and late-onset PE, the combination of BP levels and measure-
ment of the serum level of Gal-1 in the second trimester may improve
the positive predictive value for narrowing down the candidates with a
high risk for the later occurrence of hypertensive disorders of
pregnancy. We previously demonstrated that the serial selection of a
high BP, low PlGF level, and high sFlt-1 level for predicting the
imminent onset of PE markedly improved the positive predictive value
while retaining sensitivity.51 However, to test the above-mentioned
hypothesis, we would need to measure the level of Gal-1 at
18–24 weeks in all normal pregnant women in our cohort.
The level of Gal-1 in normal pregnant women decreased from the

second trimester to the early third trimester. This finding was slightly
different from the report by Tirado-Gonza´lez et al.52 They compared
the serum Gal-1 level in women with normal pregnancy collected at
the first, second and the third trimesters. The level of Gal-1 was
measured by in-house ELISA, the level of Gal-1 in the third trimester
was higher than that in non-pregnant women, and the level of Gal-1
in the second trimester was higher than that in the first trimester.

Table 3 Crude and adjusted odds ratio for predicting PE using maternal characteristics, physical markers, and biomarkers in the second

trimester

Outcomes Univariate analysis Multivariate model

Risk factors Abnormal value cOR (95% CI) P value aOR (95% CI) P value

GH
High BP at 16–23 wk SBP/DBP ⩾120/80 mm Hg 4.4 (1.5–13) 0.008 9.2 (2.0–43) 0.005

Serum level of Gal-1 at 18–24 wk o8.1 ng ml−1 23 (4.3–118) o0.001 45 (5.6–360) o0.001

Serum level of sFlt-1/PlGF ratio at 18–24 wk ⩾95th percentile 1.8 (0.49–6.4) 0.381 1.5 (0.32–7.3) 0.598

Late-onset PE
High BP at 16–23 wk SBP/DBP ⩾120/80 mm Hg 4.1 (1.5–12) 0.006 4.2 (1.3–13) 0.015

Serum level of Gal-1 at 18–24 wk o8.1 ng ml−1 20 (3.8–102) o0.001 13 (2.1–75) 0.005

Serum level of sFlt-1/PlGF ratio at 18–24 wk ⩾95th percentile 4.8 (1.6–14) 0.004 2.9 (0.78–11) 0.111

Early-onset PE
High BP at 16–23 wk SBP/DBP ⩾120/80 mm Hg 7.6 (1.6–37) 0.011 20 (1.5–251) 0.022

Serum level of Gal-1 at 18–24 wk o8.1 ng ml−1 34 (5.7–200) o0.001 41 (3.4 493) 0.004

Serum level of sFlt-1/PlGF ratio at 18–24 wk ⩾95th percentile 18 (4.5–71) o0.001 16 (2.9–90) 0.002

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; cOR, crude odds ratio; Gal-1, galectine 1; GH, gestational hypertension; PE, preeclampsia; PlGF, placental growth factor; sFlt-1,
soluble fms-like tyrosine kinase 1.
Multivariate analyses were performed after excluding missing data (n=1) for a high BP.
Early-onset PE was defined as PE with onset at o34 weeks of gestation, whereas late-onset PE was defined as PE with onset at ⩾34 weeks of gestation.
Bold fonts indicate significant variables.
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However, the level of Gal-1 in the second trimester was almost
identical to that in the third trimester. In our data, the decrease in
Gal-1 from 18–24 weeks (second trimester) to 27–31 weeks (around
early third trimester) was significant, although the difference in
the means between 18–24 and 27–31 weeks was only 1.4 ng ml− 1

(12% decrease). Interestingly, in our current data, the levels of Gal-1
in women with early and late-onset PE and GH were significantly
higher than those in controls at 27–31 weeks. Thus, we speculate that
the serum level of Gal-1 in normal pregnancy might decrease from the
second trimester to the early third trimester, while that for women
with a later occurrence of hypertensive disorders of pregnancy might
increase from the second trimester to the early third trimester. If this
hypothesis is true, the increase in the level of Gal-1 from the second
trimester to early third trimester might be useful for predicing PE and
GH. To test this hypothesis, we need to evaluate whether the net
difference in serum level of Gal-1 between 18–24 and 27–31 weeks can
be used to predict the later occurrence of PE using sufficient paired
data at 18–24 and 27–31 weeks in our cohort.
This study had several limitations. First, when we compared the

previous work on Gal-1 systemic levels in normal pregnant women,
the levels were markedly different among reports. Tirado-Gonza´lez
et al.52 reported that the serum Gal-1 levels at 9–12, 18–20, and 37–
41 weeks were ~ 30, 70, and 70 ng ml− 1, respectively; Molvarec et al.30

reported that the level at 32–38 weeks was ~ 50 ng ml− 1; thus,
our results for the serum levels of Gal-1 at 6–13, 18–24, 27–31, and
33–38 weeks were all lower (o30 ng ml− 1) than the data in previous
reports. The difference among these studies might be due to
differences in ethnicity. Although pregnant women with the combina-
tion of the absence of killer immunoglobulin receptors (KIRs)
genotype AA in the mother and the presence of human leukocyte
antigen (HLA)-C group 2 in the fetus have increased risk of PE, the
KIR-AA and HLA-C2 frequencies are very different among races.
Japanese people have the highest frequency of KIR-AA alleles and the
lowest frequency of HLA-C2 alleles, wheraas Caucasians have a
moderate frequency of the KIR-AA and HLA-C2 alleles.53 As the
incidence of PE in Japanese is relatively low,8 the characteristics of the
KIR-AA and HLA-C2 frequencies in Japanese individuals might be
related to the low serum levels of Gal-1 in Japanese people.
Alternatively, this finding might be due to the different ELISA kits.
Although we used a commercially available ELISA kit, Tirado-Gonza
´lez et al.52 and Molvarec et al.30 used in-house ELISA kits. Therefore,
it is considered that the differences in the reference ranges in normal
pregnant women between studies were due to the lack of standardiza-
tion of Gal-1 measurement. If Gal-1 levels are measured by the same
commercially available kits in a future study, differences in the levels
due to ethnicity may be revealed. Another possibility for the lower
levels of Gal-1 in our data might be the storage of serum for almost 10
years at − 20 °C. Second, we did not measure the local Gal-1 levels. We
did not collect placental samples in this cohort study.
In conclusion, we demonstrated that a low serum level of Gal-1 in

the second trimester is an independent risk factor for not only late-
and early-onset PE, but also GH, after adjusting for the effects of a
high BP and high sFlt-1/PlGF ratio in the second trimester. As the
established independent risk factors predicting the later occurrence of
GH are relatively limited, in contrast to those for PE, the measurement
of Gal-1 in the second trimester may improve the accuracy of
predicting GH. However, our results were obtained by a nested
case-control study using a relatively small sample size. Therefore, the
significance of low Gal-1 levels in the second trimester for predicting
PE/GH should be confirmed in a large multicenter cohort study in the
future.
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