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The comment by Burgod et al.,1 for which we are grateful,
encompasses invaluable insights on the use of gene expression as
a disease stratification tool in neonatal encephalopathy (NE). Its
main drawbacks are depicted, and interesting alternatives are
suggested. In the present letter, we aim to provide an accurate
reply to their concerns, which we read with the utmost attention.
In the first place, we must apologize for not citing the article by

Montaldo et al.2,3 The first draft of our manuscript4 was written
long before it was sent to consideration for publication, and we
made the tremendous mistake of not updating the whole cited
literature in the very final version. During this time, Montaldo et al.
published a study of gene expression profiling in infants with
NE.2,3 As per our knowledge at the time, we wrongly claimed that
ours was the first study of this kind. We thank Burgod and their
team for giving us the opportunity to publicly amend this mistake,
and it is with pleasure that we rectify ourselves. In their study,
Montaldo and colleagues identified 950 statistically significant
genes discriminating between healthy controls and newborn
infants with NE. The main pathways involved in NE were axonal
guidance signaling, granulocyte adhesion and diapedesis, IL-12
signaling and production in macrophages, and hypoxia-inducible
factor 1α signaling. Only 137 genes were shared between NE-
affected babies and septic babies. The authors concluded that
gene expression profiles could ease disease stratification and
personalized neuroprotective therapies.2

Secondly, we agree that gene pre-selection, as well as the small
sample size, may convolute the reproducibility of our study.
Despite the attempts of standardization during the last decade,5

studies of this nature still face several challenges. Also, in addition
to the extremely relevant issues raised by Ioannidis et al.,6

variability is within the core of NE itself. The heterogeneity
between patients is enormous, in the first place, due to the
difficulty to establish the moment of the hypoxic-ischemic insult,
since a well-defined intrapartum event is not always present. Also,
several comorbid factors can influence the evolution of the lesion
the first days after the initial insult.3

This heterogeneity is one of the main reasons behind the
urgent need of personalized neuroprotection in NE. At the same
time, it is an obvious handicap in studies searching for biomarkers.
In the third place, Burgod and colleagues clearly illustrated the

aforementioned issues of reproducibility held by our approach.
They compared our results for the 6 selected genes with their
previously published dataset of 12 NE-affected babies and 6 time-
matched healthy term controls.4 It is important to mention that,
while the linear mixed effect models share the methodology for
data analysis, the time frame of both studies is mismatched. In a
pathology with dynamic pathophysiological mechanisms evolving

over time, comparing two studies with different sample collecting
periods (11 vs 96 h of life) may be fairly delicate. Nevertheless, we
very much appreciate Burgod and colleagues’ effort, which is still a
valid example of the reproducibility problem. Interestingly, the
comparison may provide precious information, too. While the
validation of MMP9 and PPARG suggests that these genes may
already have a role at an early stage of NE, the fact that the
remaining four genes (IL8, HSPA1A, CCR5, TLR8) were not validated
may respond to a potential role days after the initial insult (for
instance, please notice the tendency in CCR5 in Burgod et al.,
Fig. 1).1 Still, we agree that another study, with the same time
frame and methodology, could perfectly show a different set of
results compared to ours. Thus, our approach does undoubtedly
hold these limitations, which we believe were clearly discussed in
our paper.2

Finally, Burgod et al. propose moving from hypothesis-testing
or setting it as a validation step following genome-wide research.
We agree gene pre-selection often withholds the possibility of
identifying other potential biomarkers. Nevertheless, while we also
agree that transcriptomic signatures have great potential for
developing personalized neuroprotection, their translation to the
clinical practice is very limited as gene expression assays (pre-
selected or genome-wide) are often time-consuming and the
window of opportunity for NE is narrow.7 On the contrary, studies
at the protein level could easily be applied in the hospital
environment, providing rapid information for decision making.8

Thus, despite agreeing with the improvement that genome-wide
research provides, we believe gene expression assays, in the
context of NE, should always lead to larger studies at the protein
level, rather than be used as conclusive.
The lack of standardization in the design of studies searching

for biomarkers in NE represents another drawback towards
reproducibility. While we understand it is always contingent to
clinical practice, special efforts should be put in standardization of
sample collection. Also, the difficulty in finding enough samples
from healthy newborns at early time points is an issue that
demands scrutiny. All in all, the biomarker panel could help to
individually determine the severity of the underlying process and
offer personalized neuroprotection in NE. In this regard, we
believe gene expression assays could lead to robust findings at
the protein level, which are feasible to translate due to its speed
and accuracy. For instance, new techniques could detect potential
biomarkers of NE within 2 or 3 min.9,10 These new approaches
hold the potential to completely change how we currently deal
with NE in the clinical practice, providing rapid and accurate
information of the patient.
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