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Abstract
Objective Alpha hemoglobin-stabilizing protein (AHSP)
inhibits the production of reactive oxygen species in various
cells, including erythrocytes. Reduced AHSP can mean
reduced protection from stressors. Our objective was to
investigate whether AHSP is involved in the response to
stress in pregnancy.
Study design Placentas were collected from normal term
pregnancies (n=10) and pregnancies complicated by HELLP
(n=10), intrauterine growth restriction (IUGR; n=10) or fetal
death (IUFD; n=6). AHSP messenger RNA (mRNA) and
protein were determined using real time quantitative poly-
merase chain reaction (PCR) and Western blot, respectively.
All statistical analyses were performed by using the Graph-
Pad Prism Software. Differences were considered significant
at p<0.05.

Results Placental AHSPmRNA level in HELLP (4.16E10−4±
1.77) and IUFD (4.19E10−4±3.37) were significantly de-
creased compared with controls (28.47E10−4±14.86; p<
0.01), whereas levels in the IUGR group (7.55E10−4±6.4)
showed a trend toward being lower but the difference did not
reach statistical significance. Western blot analysis results
indicate a no significant increase of ASHP protein in the
HELLP syndrome group and a significant decrease in the
IUFD group compared with controls. There was no signifi-
cant difference between the IUGR and control groups.
Conclusion ASHP mRNA expression in the placenta is
decreased in complicated pregnancies, and it may be involved
in the pathogenic mechanisms leading to the adverse
pregnancy outcome.
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Introduction

Alpha-hemoglobin-stabilizing protein (AHSP), formerly
named erythroid differentiation-related factor (EDRF; Miele
et al 2001), is a specific molecular chaperone that binds to
the !-chains of hemoglobin and prevents !-globin precipita-
tion in erythroid cell line (Kihm et al 2002; Gell et al 2002).
Studies have shown that if ASHP is absent, the alpha-globin
becomes unstable and generates reactive oxygen species
(ROS) that damage it and other cellular constituents (Betten
et al 2004). ASHP seems to inhibit ROS production from !-

Cell Stress and Chaperones (2008) 13:67–71
DOI 10.1007/s12192-008-0009-5

DO00009; No of Pages

This paper was presented as a poster at the 27th Annual Meeting of
the Society for Maternal Fetal Medicine; San Francisco, CA, USA,
February 5–10, 2007.

Monica Emanuelli and Davide Sartini contributed equally to this
paper.

M. Emanuelli (*) :D. Sartini :V. Rossi : C. R. Vianna
Istituto di Biotecnologie Biochimiche,
Università Politecnica Marche,
65 Via Ranieri,
60131 Ancona, AN, Italy
e-mail: m.emanuelli@univpm.it

A. Corradetti :B. Landi : S. Giannubilo :A. L. Tranquilli
Istituto di Scienze Materno-Infantili,
Università Politecnica Marche,
Ancona, Italy



globin by reducing its inherent ability to participate in redox
reactions (Dos Santos and Costa 2005). AHSP is part of the
heat-shock protein family, proteins that are produced in
response to stressors, such as heat, oxidizing conditions, and
toxins. Such adaptive responses may take weeks before
being manifested (Ferns et al 2006; Wang et al 2005; Papp et
al 2003). Reduced AHSP can mean reduced protection from
stressors.

ASHP knockout mice exhibit reticulocytosis, abnormal
erythrocyte morphology, and increased ROS that lead to
subsequent cellular oxidative damage (Kaul et al 2004).

Oxidative stress occurring in the placenta is believed to
play an important role in the development of hemolysis,
elevated liver enzyme, and low platelet (HELLP) syndrome
(Herrmann et al 2004); intrauterine growth restriction (IUGR;
Myatt 2006), and intrauterine fetal death (IUFD) (Gareskog
et al 2006). Oxidative stress in the placenta leads to
thrombosis, inflammation, and endothelial cell dysfunction.
Together, these factors result in the untoward pregnancy
outcomes (Rehberg et al 2006).

A relative deficiency of AHSP in the placenta or in the
erythrocytes within the placenta can result in oxidative
stress de novo or magnify the effect of uteroplacental
insufficiency. Our aim in this study was to determine AHSP
messenger RNA (mRNA) and protein expression in the
placenta from pregnancies complicated by HELLP syn-
drome, IUGR, and IUFD.

Materials and methods

Tissue collection and population

Placentas were collected immediately after caesarean
section from 10 normal term pregnancies, 10 pregnancies
complicated by HELLP syndrome, 10 with IUGR, and after
delivery, from 6 pregnancies with IUFD.

All specimens were snap frozen in liquid nitrogen and
stored at −80°C until use.

To eliminate or reduce the impact of fetal death on
placental analysis, we recruited only the patients with a
demise-delivery interval within 12 h.

The study was approved by the Institutional Review
Board and informed consent was obtained in all patients.

HELLP syndrome was defined by the presence of all
three of the following criteria: hemolysis (diagnosed by
peripheral blood smear and a serum lactate dehydrogenase
level ≥600 U/l), elevated liver enzymes (serum aspartate
aminotransferase concentration ≥70 U/l), and low platelet
count (<100,000 cells/μl; Rodgers et al 1988).

Gestational age was determined according to the best
obstetric criteria based on last menstrual period or ultraso-
nography at <20 weeks’ gestation. Intrauterine growth
restriction was defined by a fetal abdominal circumference
less than the fifth percentile for the gestational age based on
standard growth curves (al-Eissa et al 1995). In the IUFD
group, patients with underlying maternal diseases or other
obstetrical complications were excluded (Table 1).

RNA extraction

A piece of the frozen tissue (20–40 mg) was homogenized in
lysis buffer, and the total RNA was extracted with a RNA
isolation kit (Promega, Madison, WI, USA). RNA samples
were tested by ultraviolet absorption at 260 nm to determine
RNA concentration. The quality and concentration of the
RNA samples were further confirmed by electrophoresis on
denaturated 1% agarose gels. Two micrograms of RNAwere
reverse transcribed in a total volume of 25 μl for 60 min at
37°C with M-MLV reverse transcriptase (Promega) using
random nonamers to obtain complementary DNA (cDNA).

Real-time quantitative polymerase chain reaction

cDNAwas used for real-time quantitative polymerase chain
reaction (PCR). To avoid false-positive results attributable
to the amplification of contaminating genomic DNA in the
cDNA preparation, the primers were selected to flank an

Table 1 Demographic characteristics

Control, n=10 HELLP, n=10 IUGR, n=10 IUFD, n=6

Maternal age (years) 29.1±3.01 29.4±2.63 28.7±1.2 30.7±2.0
Parity 1.29±0.65 1.25±0.46 1.4±0.9 1.5±0.6
Gestational age at delivery (weeks) 37.1±0.8 28±3.9* 30.3±1.2* 27.3±3.2*
Systolic blood pressure (mmHg) 118.25±4.3 165.74±23.2* 116.0±3.2 115.14±3.0
Diastolic blood pressure (mmHg) 68. 70±2.1 107.15±9.10* 70±0.9 78.0±2.4
Birth weight (g) 3231.7±436.1 1052.8±847.1* 650.4±350.2* 730.7±350.2*
Placental weight (g) 658.43±97.81 513.25±111.19* 354.4±65.2* 300.4±95.2*

*p<0.001 versus control
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intron, and PCR efficiencies were tested and found to be
close to 1.

The following primers were used:

5′-CCAACCGCGAGAAGATGAC-3′(forward) and 5′-
GAGGCGTACAGGGATAGCACA-3′ (reverse) for
β-actin, and 5′-TGTCACCTGCTGCCTGTAAT-3′
(forward) and 5′-AAGGAGTTCAGCGTTCTGCT-3′
(reverse) for AHSP.

The genes were run in duplicate using SYBR Green
chemistry. All samples were tested in triplicate using β-
actin as the reference gene for data normalization to correct
for variations in RNA quality and quantity. A serial dilution
of the standard plasmid (harboring AHSP and b-actin
cDNAs, respectively) was included in each run to obtain
an estimate of absolute gene expression levels (under the
assumption that reverse transcription efficiency is 100%).
Direct detection of PCR products was monitored by
measuring the fluorescence produced by SYBR Green I
dye binding to double-stranded DNA after every cycle.

The copy number of AHSP mRNA was then determined
in each sample and divided by the amounts of β-actin
mRNA to give copy number per unit β-actin mRNA.

Western blotting

To confirm the results, we made a Western blot. Tissue
extracts were prepared with lysis buffer (phosphate-buffered
saline containing 1% Nonidet P40, 0.1% sodium dodecyl
sulfate, 1 mM phenylmethylsulfonylfluoride, and 2 μg/ml
aprotinin). Samples containing 45 μg proteins were sub-
jected to 15% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to polyvinylidene fluoride
membranes. As a positive control, cell extracts from
Escherichia coli BL21-expressing recombinant AHSP were
also loaded in all Western blot. After regular blocking and
washing, the membranes were incubated with rabbit poly-

clonal antibody (1:3,000 dilution) against human AHSP (Dr.
Mitchell Weiss, Children’s Hospital of Philadelphia, Phila-
delphia, PA, USA) for 1 h followed by incubation with
horseradish peroxidase-conjugated goat anti-rabbit IgG
(Pierce, Rockford, IL, USA; 1:2,000 dilution) for 1 h. AHSP
protein was visualized using an enhanced chemiluminescent
substrate (SuperSignal West Femto Maximum Sensitivity
Substrate, Pierce).

The intensities of AHSP bands were evaluated from
pictures obtained using Quantity One 1-D analysis software.

Statistical analysis

All values were expressed as mean ± standard deviation of
the mean (SD). Results of Western blot are expressed as
mean and SD in arbitrary units of densitometry. Results in
each of the adverse outcomes group were compared to the
control group using the Student’s t test. All statistical
analyses were performed by using the GraphPad Prism
software. Differences were considered significant at p<0.05.

Results

Real-time PCR assay for AHSP gene expression

Placental AHSP mRNA level in HELLP (4.16E10−4±1.77)
and IUFD (4.19E10−4±3.37) were significantly decreased
compared with the controls (28.47E10−4±14.86; p<0.01),

Fig. 1 Real-time quantitative PCR. AHSP mRNA levels in the
placenta of patients with normal or pathological pregnancies. Results
are expressed as mean ± SD

Fig. 2 Representative Western blot for AHSP. Protein lysate from
placentas are shown on the first four lanes. The last lane shows the
protein lysate from BL21 after induction of AHSP expression (positive
control). The control lane shows the protein lysate that was present in
all Western blots and used for normalization of expression

Fig. 3 Western blot data analysis. Expression of AHSP protein in
placentas of patients with normal or pathological pregnancies. Results
are expressed as mean ± SD. *p<0.05
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whereas levels in the IUGR group (7.55E10−4±6.4) showed
a trend toward being lower but the difference did not reach
statistical significance (Fig. 1).

Western blot assay for AHSP protein production

A representative Western blot is shown in Fig. 2. As it is
illustrated in Fig. 3, we found no significant increase of
ASHP protein in the HELLP syndrome group (654.80±
49.30) and a significant decrease in the IUFD group
(332.30±26.24) compared with the controls (576.10±
30.09), whereas there was no significant difference between
this latter and the IUGR group (568.10±48.76).

In all the groups for both ASHP mRNA and protein, no
significant differences were found in the correlation
analysis between AHSP protein and other variables
including placental weight and gestational age at delivery.

Discussion

Several studies have shown a role for AHSP in hemato-
logical diseases, such as beta thalassemia. Mice lacking
AHSP have abnormal red-cell production and lifespan,
caused by a relatively small excess of unchaperoned
globing chains. Moreover, thalassemia intermedia in mice
are exacerbated by the concomitant loss of AHSP (protein
or gene; Kong et al 2003).

Our results support the idea that a pro-oxidant state
occurs in pregnancies complicated by HELLP syndrome
(Chen et al 1994; Wisdom et al 1991). There is evidence of
increased lipid peroxidation in preeclampsia, both in the
placenta (Walsh and Wang 1993) and in the circulation
(Uotila et al 1993; Garzetti et al 1993). Consistent with our
findings, there is an association between abnormal function
of red cells and preeclampsia (Cunningham et al 1985).
Spickett et al. suggested that oxidative stress in preeclamp-
sia leads to erythrocyte damage, which subsequently results
in the hemolysis observed in HELLP syndrome (Spickett
et al 1998).

Our findings raise the possibility that placental ASHP
plays a role in adverse pregnancy outcomes.

The underexpression of mRNA in the IUFD group
translated into lower protein in the IUFD group but not in
the HELLP group. The exact meaning of the finding is that
protein levels of ASHP did not decrease, as their mRNA
expression in HELLP placenta is uncertain, and it is not
clear from these data alone whether this discrepancy may
be caused by post-transcriptional regulation, stabilization of
the protein AHSP, and/or alterations in its turnover rate.
Therefore, we can hypothesize that, despite the same
transcriptional activity of AHSP mRNA in extreme degrees
of placental function, also due to high oxidative stress rate,

the protein could have a rapid degradation. This condition
is more likely to happen in IUFD than in HELLP placentas,
in which the mechanisms of response to oxidative stress
could still be relatively efficacious.

Although the regulatory network that underlies the
temporal control of transcript expression and gene function
remains to be determined, the identification of hypoxic
trophoblast transcripts is likely to shed light on the mecha-
nisms underlying trophoblast response to villous hypoxia.

As within the HELLP group no significant differences
were found in the correlation analysis between both AHSP
mRHA and protein and placental weight or gestational age
at delivery, we may presume that the results are not related
to differences in gestational age.

With regards to the IUFD group, we can presume that
our findings are not secondary to alterations secondary to
fetal death because placentas were collected after a very
short death-to-delivery/collection interval (less than 12 h).

This study, like others, relies on findings in human
placentas obtained in the third trimester, and therefore, we
cannot speculate about the oxidative stress of trophoblast
tissue in early gestation. The causation hypothesis would,
therefore, need to be investigated in animal models that
reproduce the human condition.
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