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Altered plasma-type gelsolin and
amyloid-b in neonates with
hypoxic-ischaemic encephalopathy
under therapeutic hypothermia
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Abstract

Hypoxic-ischemic encephalopathy (HIE) is a severe neonatal complication responsible for �23% of all neonatal deaths.

Also, 30–70% of these patients will suffer lifetime disabilities, including learning impairment, epilepsy or cerebral palsy.

However, biomarkers for HIE screening, or monitoring disease progression are limited. Herein, we sought to evaluate

the clinical usefulness of plasma-type gelsolin (pGSN) and amyloid-beta (Ab) 40 and 42 as prognostic biomarkers for HIE.

pGSN has been previously suggested as a feasible marker in other brain injuries and amyloid-beta 40 and 42 are classically

assessed in neurodegenerative diseases. However, to our knowledge, they have not been previously assessed in HIE

patients. We have analyzed plasma pGSN and Ab 40 and 42 levels in 55 newborns (16 controls, 16 mild and 23 moderate-

severe HIE) at birth, during 72 h of therapeutic hypothermia, a gold-standard treatment for HIE, and 24 h after hypo-

thermia. Ab levels were lower in HIE patients, and pGSN levels were progressively reduced in mild and moderate-severe

HIE patients. The fact that pGSN reductions could predict the severity of HIE and significantly correlated with the time

to undergo hypothermia supports the prognostic value of plasmatic pGSN. Further studies are warranted to investigate

the role of pGSN in neonatal HIE.

Keywords

Hypoxic-ischemic encephalopathy, neonate, hypothermia, amyloid-beta, plasma-type-gelsolin

Received 20 June 2017; Revised 6 January 2018; Accepted 12 January 2018

Introduction

Neonatal intensive care has progressed from improving
mortality rates to also minimising morbidity rates. In
term neonates, the most common perinatal brain injury
occurs when oxygen or blood supplies are compro-
mised, resulting in hypoxic-ischemic encephalopathy
(HIE).1 HIE is responsible for �23% of all neonatal
deaths and 30–70% of these patients will suffer lifetime
disabilities,2 including learning impairment, epilepsy or
cerebral palsy.3 While many efforts are being developed
to set new therapeutic modalities for HIE and to
increase the knowledge of the pathogenesis of
asphyxia-related disorders, it is still difficult to predict
which newborn will develop neurological problems.4
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Moreover, biomarkers for HIE screening, monitoring
disease progression, identifying injured brain regions,
and assessing the efficacy of neuroprotective drugs are
limited.1 Herein, we sought to evaluate the clinical use-
fulness of plasma-type gelsolin (pGSN) and amyloid-
beta (Ab) 40 and 42 as prognostic biomarkers for HIE.
pGSN is a calcium-dependent actin regulatory protein
that has been proposed as a feasible biomarker for sub-
arachnoid haemorrhage-related complications in
adults.5 Also, enhanced gelsolin expression might be
implicated in neuroprotection after ischemic brain
injury.6 Likewise, early reduction sin pGSN levels
have been reported in preterm infants, in association
with respiratory distress syndrome. Later pSGN reduc-
tions are also associated with bronchopulmonary dys-
plasia or retinopathy of prematurity, suggesting that
low pGSN might predict outcomes in preterm infants.7

Taking into account these considerations, it remains
possible that pGSN might also be a marker for HIE
in neonates. However, to our knowledge, pGSN has
not been previously assessed in these patients. Ab40,
Ab42 and their precursor, Ab precursor protein (APP),
have been widely implicated in neurodegenerative dis-
orders, and specifically in Alzheimer’s disease. It has
also been reported that gelsolin binds Ab40 and 42, and
may act as a peripheral sink for Ab, thereby altering the
periphery/brain dynamics and by sequestering plasmatic
amyloid could reduce or prevent brain amyloidosis.8

Interestingly, the same cognitive skills that are often
reduced for relatively well-functioning kids after perinatal
asphyxia are similar to the limitations observed in the
earliest phases of Alzheimer’s disease, including visuo-
spatial or attention deficits.9 However, the physiological
function of APP and Ab in the central nervous system is
not well known, while high soluble and insoluble Ab
levels are detected in the brains from Alzheimer’s disease
patients10 APP-knockout mice show severe behavioural
deficits, supporting its relevant physiological role in the
central nervous system. Despite these circumstantial
observations, to our knowledge, no previous studies
have analyzed Ab levels in HIE neonates.

We postulated that pGSN, Ab40 and Ab42 could be
feasible prognostic biomarkers for HIE. To test this
hypothesis, we determined pGSN, Ab40 and Ab42
levels in control and HIE neonates at birth, and at 6,
24, 72 h of therapeutic hypothermia, as well as 24 h
after hypothermia, and correlated these levels with
HIE severity and duration of hypothermia.

Material and methods

Subjects

Fifty-five neonates from the Neonatal Intensive Care
Unit (NICU) at Puerta del Mar University Hospital

(May 2009–June 2011) were included in the study.
A detailed neurological examination was performed at
birth (within the first 6 h) and before discharge from the
NICU. Subjects were classified according to the severity
of their encephalopathy following the Sarnat and
Sarnat score,11 which is based on clinical and EEG
findings. Mild (stage 1) HIE lasted less than 24 h and
included hyperalertness, uninhibited Moro and stretch
reflexes, sympathetic effects, and a normal EEG
(n¼ 16). Moderate (stage 2) HIE was characterized by
obtundation, hypotonia, strong distal flexion, and
multifocal seizures, with the EEG showing a periodic
pattern. Severe (stage 3) HIE consisted of stupor, flac-
cid tone, suppressed brainstem and autonomic func-
tions, and an isopotential EEG or infrequent periodic
discharges on EEG. Moderate-severe cases were
grouped as previously described12–14 (n¼ 23). Seven
severe HIE patients died. Figure 1(a) summarizes
demographic and clinical data. All HIE patients
received whole-body cooling to a rectal temperature
of 33.5�C for a period of 72 h, starting before 6 h of
life. Hypothermia protocol was performed as previ-
ously described.15 Exclusion criteria were intrauterine
infection or trauma, central nervous system malforma-
tion, chromosomal abnormality and inborn metabolic
error. Blood samples were extracted from an umbilical
vein catheter before therapeutic hypothermia, after 6,
24 and 72 h of hypothermia, and 24 h after reheating
(96 h) for all HIE patients (mild, moderate and severe).
Blood samples from term neonates of adequate birth
weight obtained at birth (n¼ 16) served as controls.
Samples were centrifuged at 7500 r/min for 7min and
supernatants stored at �80�C.

Standard protocol approvals, registrations, and
patient consents

Families were informed and written consent was
obtained before the inclusion of every patient. The
study was approved by Puerta del Mar University
Hospital Ethics Committee in accordance with the
Declaration of Helsinki.

pGSN levels

Plasma samples were thawed, diluted 1:500 and pGSN
levels were quantified by colorimetric ELISA kits in
duplicates following the manufacturer’s recommenda-
tions (Aviscera Bioscience, Santa Clara, ref: SK00384-
01). Data were expressed in mg/ml.

A�40 and A�42 levels

Plasma samples for Ab40 and Ab42 levels were diluted
1:2.5 and run in duplicates using colorimetric ELISA
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kits following the manufacturer’s recommendations
(Wako, Japan, Ab40 ref: 294-62501 and Ab42 ref:
290-62601). Data were expressed as pM.

Statistical analyses

Data are presented as meanþ SD. One-way ANOVA
test was used to compare Ab and pGSN across all
groups under study followed by Tukey b multiple com-
parison post-test. Student t test for independent sam-
ples was used to compare pGSN levels in mild and
moderate-severe HIE cases. Pearson’s correlation was
used to correlate hypothermia temperature against
pGSN levels, and duration of hypothermia against
pGSN, Ab40 and Ab42 levels.

Results

pGSN levels

pGSN levels were reduced in HIE neonates at all
study time points, with a progressive decline between
t¼ 0 and t¼ 72, when compared to control values.

pGN levels in HIE neonates were slightly recovered
after the hypothermia concluded at 96 h
([F(5,105)¼ 7.01, **p< 0.01 vs. control and HIE 0 h,
yyp< 0.01 vs. HIE 0 h]) (Figure 1(b)). When HIE
cases were plotted separately for mild and moderate-
severe, we observed an overall reduction of plasma
pGSN levels in moderate-severe cases, although differ-
ences only reached statistical significance at 24 and
72 h after onset of hypothermia (Figure 1(c)). The
duration of hypothermia (0–72 h) in HIE patients
was significantly correlated with pGSN levels
(Pearson’s¼�0.377**, p< 0.01). We observed a gen-
eral negative correlation between pGSN levels at differ-
ent times (0, 6, 24, 72 and 96 h) and the delay in the
start of hypothermia (t¼ 0, Pearson’s¼�0.392,
p¼ 0.064; t¼ 6, Pearsons’s¼�0.164, p¼ 0.517; t¼ 96,
Pearson’s¼�660, p¼ 0.154) although this only
reached statistical significance at 24 and 72 h
(Pearson’s¼�0.526*, p¼ 0.025; Pearson’s¼�0.600,
**p¼ 0.007, respectively) after the start of the hypo-
thermia (Figure 1(d)), supporting the view that pGSN
might be a good predictor for central dysfunction in
these patients.

Figure 1. Data are presented as meanþ SD. (a) Patients demographics. (b) pGSN levels were significantly reduced in HIE patients,

before the commencement of hypothermia and up to 96 h after the start of hypothermia. Differences were detected by one-way

ANOVA followed by Tukey t test [F(5,105)¼ 7.01, **p< 0.01 vs. Control and HIE 0 h, yyp< 0.01 vs. HIE 0 h] (Control n¼ 16, HIE 0 h

n¼ 25, HIE 6 h n¼ 22, HIE 24 h n¼ 19, HIE 72 h n¼ 22, HIE 96 h n¼ 7). (c) We observed an overall reduction of plasma pGSN levels

in moderate-severe HIE cases, and this effect was slightly worsened in severe cases when compared with mild HIE patients by Student

t test for independent samples, although differences only reached statistical significance at 24 and 72 h; t¼ 0, p¼ 0.312 (mild n¼ 8,

moderate-severe n¼ 17); t¼ 6, p¼ 0.052 (mild n¼ 5, moderate-severe n¼ 17); t¼ 24, *p¼ 0.017 vs. mild (mild n¼ 4, moderate-

severe n¼ 15); t¼ 72, **p¼ 0.004 vs. mild (mild n¼ 7, moderate-severe n¼ 15); t¼ 96, p¼ 0.645 (mild n¼ 4, moderate – severe

n¼ 3). (d) Significant correlations were detected between the delay in the start of hypothermia and pGSN levels at 24 and 72 h by

Pearson’s correlations (*p¼ 0.025, **p¼ 0.007).
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A�40 and A�42 levels

Ab40 were initially reduced in HIE patients immedi-
ately before the commencement of hypothermia and
progressively recovered during hypothermia, to end
up with higher levels once the hypothermia concluded
at 96 h (Figure 2(a)). A similar profile was observed
when we compared Ab42 levels in HIE patients, and
the initial reduction in Ab42 levels was also higher
when hypothermia concluded (Figure 2(b)). The dur-
ation of hypothermia (0–72 h) in HIE patients was sig-
nificantly correlated with Ab40 levels (Pearson’s¼
0.673**, **p< 0.01) and Ab42 levels (Pearson’s¼
0.468*, *p¼ 0.003) (Figure 2(c)).

Discussion

The severity of the complications associated with HIE
and the limited available biomarkers make it necessary
to explore new prognostic alternatives. Our findings
support a feasible role for both pGSN and Ab40/42

levels as HIE markers. To the best of our knowledge,
pGSN has not been previously assessed in HIE new-
borns. We have detected reductions of pGSN levels in
HIE patients, that are more robust in moderate-severe
situations, suggesting pGSN prognostic value in these
patients. Our results are in line with previous studies
showing that pGSN levels are reduced in different
animal models and in patients with a wide variety of
diseases.16–18 In this sense, early reductions of pGSN
plasma levels have been reported in adults with sub-
arachnoid haemorrhage-related vasospasm.5 Similar
outcomes have been observed in traumatic brain
injury patients, where decreased pGSN levels are
reported up to seven days after the injury. Also,
decreased pGSN levels are associated with worse prog-
nostic scores in these patients and pGSN has been sug-
gested as a prognostic marker of mortality after
traumatic brain injury.19 Likewise, pGSN levels are
reduced in newborns with respiratory distress syn-
drome, who received surfactant therapy or who

Figure 2. (a) A progressive increase of Ab40 plasma levels was observed after the commencement of hypothermia reaching stat-

istical significance 96 h after commencement of hypothermia, when compared to control patients. Differences were detected by one-

way ANOVA followed by Tukey b test [F(5,42)¼ 7.30, **p< 0.01 vs. Control, HIE 0 h and HIE 6 h, yyp< 0.01 vs. HIE 0 h] (Control

n¼ 7, HIE 0 h n¼ 11, HIE 6 h n¼ 8, HIE 24 h n¼ 10, HIE 72 h n¼ 8, HIE96 h n¼ 4). (b) A similar profile was observed when Ab42

levels were analyzed [F(5,42)¼ 2.65, *p¼ 0.036 vs. HIE 0 h] (Control n¼ 7, HIE 0 h n¼ 11, HIE 6 h n¼ 8, HIE 24 h n¼ 10, HIE 72 h

n¼ 8, HIE96 h n¼ 4). (c) Significant correlations were detected between time HIE patients spent under hypothermia (0–72 h) and

Ab40 (*p< 0.01) and Ab42 levels (**p¼ 0.003).

1352 Journal of Cerebral Blood Flow & Metabolism 39(7)



developed sepsis,7 and in the first month of life in neo-
nates who developed bronchopulmonary dysplasia and
retinopathy of prematurity.7 Altogether, these and
other studies have led Peddada et al.20 to the hypothesis
that pGSN might be a relevant prognostic marker for
multiple health complications, qualifying it to be a gen-
eral health marker. We did not observe any significant
improvement of pGSN levels, regardless of the dur-
ation of hypothermia, suggesting that hypothermia is
not enough to restore pGSN. However, the fact that in
our hands pGSN levels, measured at 24 and 72 h after
the start of hypothermia, significantly correlate with the
delay in starting hypothermia, strengthens the predict-
ive value of plasmatic pGSN in HIE, also suggesting
that delaying the start of the treatment reduces the
effectiveness of hypothermia to restore pGSN levels.
While establishing the accurate levels of gelsolin in
human plasma and understanding its variance with
age, race, gender and health status is a prerequisite,
as previously suggested,20 for pGSN to be used as a
biomarker of health, our data supports pGSN as
future therapeutic target, in line with previous observa-
tions.21 We also observed that Ab40/42 plasma levels
were reduced in HIE patients compared to normal new-
borns, and a progressive increase of Ab40/42 plasma
levels was detected along with duration of hypother-
mia. Central-peripheral Ab balance seems to play a
key role in Alzheimer’s disease. Plasma concentrations
of Ab40 and 42 have been shown to decrease as the
disease progresses and negative correlations between
plasma Ab42 and neocortical amyloid deposition have
been shown (for review see Toledo et al.22). Also, a
previous study has related encephalopathy and death
in infants with abusive head trauma to hypoxic-
ischemic injury, accompanied by increased APP levels
in the brainstem and the cerebellum.23,24 It is therefore
feasible, that reduced plasma Ab levels in HIE patients
might also relate to increased central amyloidosis, while
hypothermia counterbalances this effect. However, we
cannot unequivocally point towards this possibility. On
the other hand, while its physiological role is not well
known, Ab has been implicated in controlling synaptic
activity.25 In line with our observations, previous stu-
dies have reported reduced Ab42 levels in the CSF of
newborn pigs with perinatal asfixia.9 However, to our
knowledge, plasma Ab levels have not been previously
assessed in HIE patients. Brain interstitial fluid Ab
levels have previously been positively correlated with
EEG brain activity and with the Glasgow Coma Scale
in adults admitted to a neuro-ICU with severe trau-
matic brain injury,26 supporting that Ab is secreted
by brain neurons in an activity-dependent manner. As
expected, Ab40 and Ab42 levels were highly correlated
(data not shown). However, no significant correlations
were observed between Ab and pGSN levels, suggesting

that both biomarkers indicate different aspects of the
disease: probably neuronal activity in the case of Ab
and blood–brain barrier integrity in the case of pGSN.

Limitations of our study include the restricted
sample size from a single centre, the absence of serial
plasma measurements at different time points for the
control group (not feasible for ethical reasons), and the
lack of long-term follow-up to establish clinical out-
comes. Future research should include the Bayley test
for infant and toddler development and ultrasound stu-
dies. Meanwhile, our present results argue in favour of
further study of pGSN and Ab40/42 as feasible bio-
markers for HIE. Following this idea, deep investiga-
tions are needed to examine gelsolin role in premature
infants and related co-morbidities, as well as its role as
a therapeutic agent, as suggested in other pathologies.
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