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ABSTRACT: Severe hypoxic-ischemic encephalopathy (HIE) is a
devastating condition that can lead to mortality and long-term dis-
abilities in term newborns. No rapid and reliable laboratory test exists
to assess the degree of neuronal injury in these patients. We propose
two possible biomarkers: 1) phosphorylated axonal neurofilament
heavy chain (pNF-H) protein, one of the major subunits of neuro-
filaments, found only in axonal cytoskeleton of neurons and 2)
Ubiquitin C-terminal hydrolase 1 (UCHL1 protein) that is heavily
and specifically concentrated in neuronal perikarya and dendrites.
High-serum pNF-H and UCHL1 levels are reported in subarachnoid
hemorrhage and traumatic brain injury, suggesting that they are
released into blood following neuronal injury. We hypothesized that
serum pNF-H and UCHL1 were higher in neonates with moderate-
to-severe HIE than in healthy neonates. A time-limited enrollment of
14 consecutive patients with HIE and 14 healthy controls was
performed. UCHL1 and pNF-H were correlated with clinical data and
brain MRI. UCHL1 and pNF-H serum levels were higher in HIE
versus controls. UCHL1 showed correlation with the 10-min Apgar
score, and pNF-H showed correlation with abnormal brain MRI. Our
findings suggest that serum UCHL1 and pNF-H could be explored as
diagnostic and prognostic tools in neonatal HIE. (Pediatr Res 68:
531–536, 2010)

Although several biomarkers have shown some promise
(1,2), no rapid and reliable serum marker is currently

available to detect the extent of acute neurologic injury in the
neonate. Because no readily available, sensitive, and specific
test exists, the degree of neuronal injury is typically assessed
by the physical examination (3) and by the neuroimaging
studies. The development of a rapid test would enable the
clinician to accurately gauge the initial degree of injury and
objectively follow the progression overtime. This information
would guide treatment decisions and therapies, such as hypo-
thermia, in an objective and selective manner and also de-

crease complications in patients who would not benefit from
the treatment (4,5).
Two potential biomarkers of neurological injury are the

phosphorylated axonal neurofilament heavy chain (pNF-H)
and ubiquitin C-terminal hydrolase 1 (UCHL1). The NF-H
protein is one of the major subunits of neurofilaments, the
main components of the axonal cytoskeleton (6). Because
neurofilaments are found only in neurons, antibodies to them
are widely used to identify neurons and their processes. We
focused on a phosphorylated form of NF-H (pNF-H) that is
specific for axons. Importantly, pNF-H found in patient fluids
can only originate from the axons of neurons, indicating
ongoing axonal damage or degeneration. Our previous series
of reports showed that the serum and cerebrospinal fluid
(CSF) levels of pNF-H are increased following a variety of
CNS damage and disease states, both in animal models and in
human patients (7–11).
More recently, we showed that the neuron-specific cyto-

plasmic enzyme ubiquitin C terminal hydrolase 1 (UCHL1) is
a proteolytically stable and abundant protein, readily detected
in the CSF of patients recovering from aneurysmal subarach-
noid hemorrhage (12). Higher levels of UCHL1 in CSF had
been reported after traumatic brain injury and surgically in-
duced circulatory arrest (13,14). Measurement of UCHL1
levels provides a measure of neuronal injury potentially com-
plementary to that of pNF-H, because UCHL1 is heavily
concentrated in neuronal perikarya and dendrites (15,16).
This pilot project examined the serum levels of pNF-H and

UCHL1 in patients with neonatal hypoxic-ischemic encepha-
lopathy (HIE) and normal controls. We hypothesized that the
serum levels of pNF-H and UCHL1 from neonates with
moderate-to-severe HIE would be detectable and higher when
compared with control newborns.

MATERIALS AND METHODS

Patient population and sampling protocol. All aspects of this study were
approved by the University of Florida Institutional Review Board, and
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patients were enrolled after obtaining the informed consent from the parents,
at Shands University of Florida Teaching hospital (January 2006–January
2009). We enrolled 14 consecutive cases of neonates with HIE, with GA �38
wk admitted to the intensive care unit between birth and 72 h of age. Inclusion
criteria for a patient with HIE included metabolic acidosis, Apgar �3 at 5 min
of age, neurological symptoms (e.g. seizures, coma, and hypotonia), multiple
organ involvement (e.g. kidney, liver, heart, intestine, and lungs), and phys-
ical examination compatible with moderate-to-severe HIE by Sarnat scores II
or III on admission. Exclusion criteria for neonates with HIE were transferred
after 72 h of birth, physical examination compatible with mild HIE (by Sarnat
scores I) on admission, and inborn errors of metabolism or congenital
anomalies. In 2009, our neonatal intensive care unit started a hypothermia
protocol for moderate-to-severe patients with HIE, and as a result, the last five
patients with HIE who enrolled received hypothermia treatment. We enrolled
14 control neonates with GA �38 wk who were admitted to the Well-Baby
Newborn Nursery. Neonates in the control group were excluded if they were
diagnosed with inborn errors of metabolism, congenital malformations, hy-
poglycemia, or undergoing an evaluation for risk factors for sepsis.

Blood samples. We obtained 2 mL of blood from the neonates with HIE
at multiple time points during the first 3 d. Sarnat scoring was performed at
0–6, 7–12, 13–24, 25–48, and 49–72 h after birth, and blood samples were
obtained immediately after scoring, as often as possible. The first sample was
obtained at the time of admission to the newborn intensive care unit. In the
control neonates, a single sample of blood (500 �L) was collected at the time
of the sample for the neonatal metabolic screen between 24 and 48 h of age.

ELISA. Blood samples were assayed for the presence of pNF-H and
UCHL1 using appropriate ELISAs. A two MAb sandwich using MAb specific
for pNF-H was recently described (8). Briefly, the AH1 pNF-H capture
antibody was used along with the NAP4 detection antibody that was directly
labeled with horse radish peroxidase (HRP). NAP4 was originally raised
against a preparation of pig pNF-H as described (17). Both, AH1 and NAP4
specifically recognize only the phosphorylated axonal form of NF-H protein,
and both antibodies bind only to axonal profiles on neurons in tissue culture
and in brain sections. This assay detects pNF-H with the lowest cutoff of 30
pg/mL and an average interassay coefficient of variance (CV) of 0.057. The
intraassay CV is between 0.125 and 0.085. For UCHL1 ELISA, we used a
single monoclonal capture antibody for UCHL1 and clone BH7 for capture
and detection an affinity purified rabbit polyclonal as described (12). Both
antibodies were raised against recombinant human UCHL1 expressed in and
purified from E. coli. This assay can detect down to 50 pg/mL UCHL1 and has
an interassay CV of 0.053.

MAb AH1 and BH7 were affinity purified on protein A/G sepharose
(Sigma Chemical Co.-Aldrich, St. Louis, MO) and then applied overnight to
Immulon 4HBX plates at 1 �g/mL in 50 �L of 50-mM sodium bicarbonate
buffer at pH � 9.5. The plates were blocked in 2% nonfat milk in Tris-
buffered saline (TBS) for 1 h at room temperature and then 20 �L of plasma
was added with the volume made up to 50 �L with 2% nonfat milk in TBS
plus 0.1% Tween 20. Serial dilutions of appropriate protein standards were
also applied to a row on each plate, typically with final concentrations per well
from 5 ng/mL to 10 pg/mL and with a blank that contained no standard but
was incubated with the various antibody reagents. Standards were either
bovine pNF-H purified from bovine spinal cord (11) or recombinant HIS-
tagged human UCHL1 (12). After incubation on a shaker for 1 h at room
temperature, pNF-H plates were washed on a BioTek plate washer and 100
�L of 1 �g/mL NAP4-HRP conjugate detection antibody was added. After
incubation for 1 h at room temperature with gentle shaking, the plate was
again washed and 3,3�,5,5�-tetramethylbenzidine (TMB) peroxidase substrate
was added and the development was allowed to proceed for 20 min at room
temperature. This version of the UCHL1 assay used an affinity purified rabbit
antibody followed by commercial goat anti-rabbit HRP (Sigma Chemical
Co.-Aldrich), which required an extra cycle of incubation and washing,
followed by TMB peroxidase for 20 min at room temperature. The HRP
reaction product was measured with a BioTek ELISA plate reader at 450-nm
absorbance, and data were collected in an Excel spreadsheet. All the UCHL1
and pNF-H antibodies used in this study are commercially available from
EnCor Biotechnology Inc. (Gainesville, FL).

Severity of injury and outcome measurements. All the neonates with HIE
had a neurologic examination performed with a Sarnat score assigned before
blood sampling. The same observer performed all the Sarnat scorings and the
neonates were categorized based on the highest level of any of the Sarnat
categories tested. For example, if tone was judged to be in the category III, the
neonate was assigned a Sarnat score of III even if other categories were
compatible with a score of II. Other data collected included patient demo-
graphic information and neuroimaging results. The neuroimaging studies
consisted of an MRI performed according to clinical indications between 24 h
and 5 d of age. The studies were performed on a Magnetom Sonata 1.5T
scanner (Siemens Medical Solutions, Erlangen, Germany). The protocol

included axial T1, axial T2, and diffusion-weighted sequences including b �
0, b � 1000, and apparent diffusion coefficient map. All the MRIs were read
by a single subspecialty board-certified neuroradiologist (J.B.) with 7 years of
experience interpreting neonatal brain MRIs, who was blinded to the clinical
severity of HIE. Findings were assigned to four major categories (normal, or
injury classified as diffuse cortical, focal cortical, basal ganglia/hippocampus/
thalamus). This information was entered into a centralized database for
analysis to determine correlations between the various clinical variables and
the level of serum biomarkers.

Statistical methods. This work was designed to serve as a time-limited
exploratory study during the 36-mo period from January 2006 through
January 2009. We enrolled 14 consecutive patients with HIE and 14 healthy
controls. Because of the small sample size and a propensity for outliers in
some of the variables, all inferential analyses used two-sided nonparametric
rank-based tests. Descriptive statistics were reported as medians, quartiles,
and range. Cases and controls were compared with the Wilcoxon test. Because
controls contribute a single observation, we only used the first available
marker for the cases with HIE to compare with the controls.

To test for markers as increasing or decreasing with time, for each subject
who had at least two serial marker values, we computed a slope by least
squares and subjected the slopes to a Wilcoxon sign-rank test to test the null
hypothesis of a stable biomarker overtime. Finally, we assessed the associa-
tion between the earliest marker and baseline values via the Spearman
correlation coefficient.

RESULTS

Demographic information. The demographic information
for neonates with HIE and control neonates is shown in Table
1. GA, ethnicity, and birth weight were comparable for the
two groups. Female neonates were predominant in the HIE
group, and �70% were outborn and referred for treatment to
the Shands Teaching Hospital. Clinical variables in patients
with HIE are shown in Table 2.
Serum levels of pNF-H and UCHL1. We obtained a total

number of 43 samples from patients with HIE, and not all time
points were available on every enrolled patient with HIE (0–6
h, n � 5; 7–12 h, n � 7; 13–24 h, n � 12; 25–48 h, n � 11;
and 49–72 h, n � 8). Average serum levels in the first
available sample from each patient of both UCHL1 and
pNF-H were higher in patients with HIE when compared with
the controls (Fig. 1). The median of the first serum level of
UCHL1 in neonates with HIE was 2.8 ng/mL (quartiles, Q1 �
1.6 and Q3 � 22.7; range, 170.4–0.4 ng/mL) compared with

Table 1. Demographic and clinical information from HIE and
control patients

Data
HIE

(n � 14)
Control
(n � 14)

GAs (wk) 38.6 (�1.6) 38.9 (�1.3)
Birth weights (g) 3125 (�450) 3425 (�604)
Gender (%)
Female 64 36

Ethnicity (%)
Caucasian, non-Hispanic 50 46
Hispanic 21 23
African-American 29 24
Asian 0 7

Outborn (%) 71 0
Apgar score
1 min 1.4 (�1.9) 7.6 (�1.9)
5 min 2.7 (�2.8) 8.5 (�1.1)
10 min 3.7 (�3.1) NA

There were N � 14 subjects in each groups. Variables presented as
means � SD, gender, ethnicity, and outborn are given in percentages.
NA, not assayed.

532 DOUGLAS-ESCOBAR ET AL.



the control median of 1.7 ng/mL (Q1 � 1.2 and Q3 � 2.7;
range, 5.9–0.69 ng/mL; p � 0.10, by two-sided Wilcoxon
test). The median of the first serum pNF-H level was 0.44
ng/mL (Q1 � 0.17 and Q3 � 0.60; range, 5.14–0.03 ng/mL)
in HIE patients compared with 0.015 ng/mL (Q1 � 0.13 and
Q3 � 0.28; range, 0.46–0.07 ng/mL) in controls (p � 0.051
by two-sided Wilcoxon test). UCHL1 levels in some patients
were surprisingly high, with peaks of 170.4 ng/mL in one
patient and 155.2 ng/mL in another patient, both of whom
subsequently died (Fig. 2, panels A and B). The peak levels of
pNF-H were 5.15 and 2.43 ng/mL in two patients, one of
whom died (Fig. 2C). We constructed receiver operating
characteristic (ROC) curves of all data for both biomarkers
with the patients dichotomized between the three who died
and the remainder (Fig. 2D). The area under the curve for
UCHL1 was 0.931 and for pNF-H was 0.755, and 100%
specificity was achieved at �131 ng/mL for UCHL1 and
�0.71 ng/mL for pNF-H. Ninety-five percent specificity was

achieved at �28 ng/mL for UCHL1 and �0.28 ng/mL for
pNF-H.
Correlation between serum biomarkers and clinical

findings. Table 3 summarizes the HIE patients’ Apgar scores
at 1, 5, and 10 min, initial arterial pH, and MRI pattern of
injury. The highest level of UCHL1 and pNF-H are also
shown with the time point collected. A Spearman correlation
coefficient analysis was performed using the earliest biomar-
ker to examine the relationships between the biomarker levels
and the Apgar scores at 10 min, blood lactate levels, and the
initial arterial pH. There was a strong negative correlation
between serum level of UCHL1 and Apgar score at 10 min
(p � 0.003, Fig. 2E) and the initial neonatal arterial pH (p �
0.003, Fig. 2F). However, there was no correlation between
initial blood pNF-H level and either Apgar score at 10 min or
initial arterial pH. There was also no significant relationship
between improving or worsening Sarnat scores and the
changes in the levels of either pNF-H or UCHL1 overtime.
There is a correlation between abnormal MRI and higher

initial serum pNF-H, because the three patients with the
highest pNF-H level all had abnormal MRIs (Fig. 3A). When
we categorized the brain MRI into normal and three patho-
logic groups (Fig. 3B), we found that pNF-H serum concen-
trations tended to be highest in patients who died and had a
basal ganglia/hippocampus/thalamus injury whereas patients
who died or had diffused cortical injuries had higher serum
UCHL1 concentrations. However, three patients with HIE
with apparently normal initial scans also had high levels of
UCHL1.

DISCUSSION

In this pilot study, we showed that serum UCHL1 and
pNF-H are detectable in the serum of patients with HIE.
Although UCHL1 levels have been studied in a limited extent
in CSF, this is the first report of UCHL1 detection in blood
after the CNS injury as far as we are aware. The most striking
finding was that the highest levels of UCHL1 were detected in
the serum of patients who subsequently died. The high level of
UCHL1 detected, �100 ng/mL in some cases, suggests that
detection of this protein might form the basis of a rapid
screening assay. We also noted that the increased levels of
serum pNF-H were predictive of poor outcome, although
levels of serum pNF-H were much lower than the levels of
UCHL1 and pNF-H determination that seemed to be signifi-
cantly less specific. However, both biomarkers show promise,
and we intend to perform more extensive studies with much
larger numbers of patients in future.
UCHL1, originally known as Pgp9.5, is an abundant protein

localized exclusively to neurons and neuroendocrine cells and
concentrated in perikarya and dendrites (15). We recently
showed that UCHL1 is resistant to endogenous brain and
serum proteases, a highly desirable trait for a potential biomar-
ker (12). Because UCHL1 is concentrated in the cortex, we
propose that sudden release of this protein into blood repre-
sents primarily acute cortical damage in these patients. There-
fore, UCHL1 measurement seems to show promise in the
detection of acute cortical damage in neonatal patients with

Table 2. Clinical information from HIE and control patients

Clinical data in
HIE patients n � 14 (100%)

Admitted for
Labor 10 (71)
Rupture of membranes 2 (14.2)
Pregnancy complications 5 (35.7)
Delivered at home 0 (0)

Fever (�38°C) during labor or chorioamnionitis 1 (7.1)
Induction or augmentation of labor with Pitocin 7 (50)
Meconium stained amniotic fluid 6 (42.9)
Mode of delivery
Spontaneous vaginal 4 (28.6)
Instrumental delivery 1 (7.1)
Cesarean section 9 (64.3)

Indication for operative delivery
Abruptio placenta 2 (14.2)
Cord prolapsed/vasa previa 1 (7.1)
Fetal distress 11 (78.6)
Dystocia 1 (7.1)

Base deficit (average) 10.9 (�13.5)
Base deficit �12 64%
First pH (average) 7.15 (�0.15)
pH �7.1 50%
Blood lactate 10.3 (�4.9)
Hypothermia 35.7%

Variables are expressed �SD for base deficit, first pH, and blood lactate.
The other variables are presented in percentages.

Figure 1. Serum biomarkers collected from the first blood sample of patients
with HIE vs control subjects. Panel (A) shows UCHL-1, and panel (B) shows
pNF-H. Box and whiskers plots indicate quartiles and range of data and *
indicates p � 0.05.
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HIE, and assays based on this may have clinical utility in
future. UCHL1 levels have also been shown to be increased in
the CSF of patients recovering from aneurysmal subarachnoid
hemorrhage (12), those with surgically induced circulatory

arrest for aortic aneurysm repair (13), and in patients recov-
ering from traumatic brain injury. The detection of large
amounts of serum UCHL1 has obvious advantages over CSF
UCHL1. Obtaining CSF is technically demanding, can be

Figure 2. Selected data from individual patients, ROC curves, and relationship between initial serum UCHL1 level, Apgar score, and arterial pH. Panels (A–C)
display data from the three neonatal patients with HIE, who died during this study. Serum levels of UCHL1 are shown in blue, with the scale on the left. Serum
levels of pNF-H are shown in blue, with the scale on the right. Error bars are one SD. Panel (D) shows ROC curve for all data collected, with UCHL1 in blue
and pNF-H in red. Panel (E) shows box and whisker plots of UCHL1 levels and Apgar score at 10 min, and panel (F) shows relationship between the initial
UCHL1 blood levels and arterial pH.

Figure 3. MRI and levels of serum pNF-H.
Panel (A) shows pNF-H levels as a function of
normal vs abnormal MRI. Panel (B) shows the
same data divided into four categories: diffuse
cortical, focal cortical, basal ganglia/hippocam-
pus/thalamus (BG/H-T), and normal.

Table 3. Biomarkers correlation with clinical and MRI findings

Patient
pNF-H
(time)

UCHL1
(time)

1, 5, and 10 min
Apgar Initial pH Initial lactate MRI

1 0.63 (25–48) 4.85 (25–48) 3/5/8 7.09 5.8 Cortical and thalamus
2 0.97 (13–24) 87.87 (13–24) 1/1/2 6.99 2.2 Blood in the ventricles, large extracranial hematomas,

and died
3 0.43 (25–48) 3.73 (13–24) 1/3/3 7.27 8.09 Cortical
4 0.45 (13–24) 22.71 (13–24) 0/0/1 6.96 �20 Diffuse, cortical, and subcortical
5 0.39 (13–24) 5.84 (49–72) 7.24 8.4 Normal
6 0.03 (7–12) 170.42 (7–12) 0/0/0 6.89 13.9 Died (no MRI)
7 0.62 (25–48) 3.16 (25–48) 2/7 7.21 13.6 Basal ganglia/hippocampus subcortical white matter and

perirolandic cortex
8 0.62 (13–24) 15.12 (13–24) 0/2/4 7.0 19 Basal ganglia/hippocampus
9 0.8 (49–72) 155.23 (0–6) 0/0/0 7.1 11 Normal
10 0.23 (49–72) 6.03 (7–12) 2/1/1 7.26 10.8 Normal
11 0.49 (48–72) 1.56 (7–12) 1/1/3 7.18 10 Diffuse cortical
12 4.6 (49–72) 1.81 (25–48) 1/6/7 7.45 2.2 Basal ganglia/hippocampus
13 5.15 (0–6) 10.88 (0–6) 0/0/0 7.1 �20 Died
14 2.81 (49–72) 4.05 (49–72) 7/9 7.36 2.4 Diffuse cortical

The highest level of pNF-H and UCHL1 are shown along with the Apgar scores, initial neonatal arterial pH, lactate, and MRI results. The patients 8, 9, 10,
11, and 13 received hypothermia. Patients 2, 6, and 13 died. The time of the highest level of each biomarker is shown in parenthesis next to the value.
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painful, and has a risk of infection, whereas blood samples are
part of routine care on very sick neonates.
Interpretation of brain MR scans in neonates with HIE

could be challenging and requires an experienced neuroradi-
ologist. The findings can be subtle in the first few days of life,
especially when there is diffuse, symmetric brain injury.
Heavy reliance must be placed on the diffusion-weighted
images, which can be abnormal within hours of injury, as
conventional T1- and T2-weighted images are often normal.
At several months of age, the atrophy resulting from the brain
injury is often readily apparent on MRI.
This work also suggests that pNF-H detection may also

have some clinical utility. The ROC analysis shows that, while
UCHL1 seems superior, pNF-H also detects brain injury.
NF-H is a neurofilament protein and is a very attractive
biomarker, because it is specific to neural tissues where the
heavily phosphorylated form, pNF-H, is axon specific (6,7).
The levels of serum pNF-H have been found to be increased
in experimental models of spinal cord and traumatic brain
injury (7,11) and in patients recovering from aneurysmal
subarachnoid hemorrhages or suffering from amyotrophic lat-
eral sclerosis (ALS) or Leber’s hereditary optic neuropathy
(8–10). The levels of pNF-H within the CNS have been shown
to vary according to the brain region with low levels in
cerebral cortex and intermediate to high levels found in re-
gions of the brain rich in large diameter axons such as the
brain stem, cerebellum, thalamus, subcortical white matter,
and basal ganglia (7,11). This may explain why the highest
levels of serum pNF-H we observed were in patients with
compromise to the basal ganglia, hippocampus, and thalamus
detectable by MRI, whereas lower levels were associated with
cortical compromise (Fig. 3). The peak level of serum pNF-H
in this study (5 ng/mL) was lower than the peak levels seen in
adult acute subarachnoid hemorrhage (7 ng/mL) and ALS (6
ng/mL) patients (8,10). Because the relative volume of the
brain when compared with the body and blood volume is
much higher in neonates then in adults, this result may seem
surprising. However, NF-H is expressed significantly later in
the mammalian brain development than in the other major
neurofilament subunits such as NF-L and NF-M (18). Further-
more, the phosphorylated axonal form of NF-H and pNF-H
appears later than the nonphosphorylated form and in the rat
brain development that is not present at the adult level com-
pared with the other neurofilament subunits until well after
birth (19). There is little information on the levels of pNF-H
in human brain development, but it is likely that the develop-
ing neonatal brain has lower levels of pNF-H than the adult.
Control levels of pNF-H and UCHL1 in normal neonatal

serum were 0.21 � 0.13 ng/mL and 2.1 � 1.3 ng/mL,
respectively. The pNF-H levels are comparable with those
seen in control samples seen in two previous human studies.
Levels were 0.11 � 0.08 ng/mL in a small group of healthy
mostly younger adults (10) and 0.17 � 0.09 ng/mL in 19
individuals who were age-matched controls for ALS patients
(8). There are no available reports about serum UCHL1 in
healthy controls neonates, although we previously proposed a
conservative 95% cutoff level of 1.89 ng/mL for adult patients

with aneurysmal subarachnoid hemorrhage (12). It is not clear
whether the small signal generally seen in control serum
samples in this study is because of a small amount of both
proteins normally being present in blood or because of the
inherent background of the assays. Work in progress is opti-
mizing both assays to address this issue. There is an overlap in
blood biomarker level between the control and patient groups
with both biomarkers (e.g. Fig. 1A and B), which may be
partly because of this small background. It is also possible that
only a fraction of neonatal patients with HIE release UCHL1
and pNF-H into the blood in obviously increased amounts.
Only further studies will resolve these issues.
We recognize that an effective biomarker should have a

high correlation with long-term outcomes (1). Few serum
markers, such as IL-6, IL-8, and ionized calcium, have shown
promise in predicting long-term outcomes after HIE (1). Other
potential biomarkers are S-100� in urine and neuron-specific
enolase and glial fibrillary acidic protein in the CSF (1). Given
the lack of a clinically usable serum biomarker and the
limitations of this study, we were encouraged by our results.
Both UCHL1 and pNF-H are expressed only in neurons and so
may reflect brain injury in a much more specific fashion than
IL6, IL-8, and calcium that may be released after a variety of
inflammatory challenges. Because both UCHL1 and pNF-H
were detected at the earliest time point, 0–6 h, they are
potentially useful in detecting the degree of injury before
initiating neuroprotective strategies such as hypothermia. The
large amount of UCHL1 detected in some samples coupled
with the stability and abundance of this protein suggests that
rapid assays, perhaps filter based, should be straightforward to
develop. Furthermore, the ratio of UCHL1 and pNF-H may
reveal the relative loss of cortical versus white matter tissue.
Larger studies are clearly needed to examine the ability of the
0 to 6 h serum levels of pNF-H and UCHL1 to identify
neonates with injury when compared with controls, to predict
the neuroimaging pattern found on MRI, and to predict long-
term outcomes. As neuroprotective strategies in neonates with
HIE evolve, the stratification and initial objective assessment
of these patients should also evolve. Serum biomarkers offer
the hope of providing objective information about the initial
degree of injury with the added benefit of potentially provid-
ing a surrogate marker of treatment efficacy.
This study has several limitations. First, it was a pilot study

with a small patient sample size. Second, our study was
designed to look at the neuroimaging findings as a short-term
outcome measure. This was done in an attempt to develop
biomarkers that would predict the brain pattern of injury at a
very early time point before potential neuroprotective strate-
gies are begun. Because of the small sample size, we were
only able to perform a descriptive analysis for the imaging
results. Third, we do not have data on long-term outcomes.
We hope to address all these issues in future in more extensive
studies on larger numbers of neonatal patients with HIE. In
conclusion, our findings suggest that serum UCHL1 and
pNF-H should be further explored as diagnostic and prognos-
tic tools in neonatal HIE.
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