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Potential role of neurofilament
in COVID-19 and preeclampsia
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Neurofilament light (NFL) is a promising circulating biomarker in preeclampsia and COVID-19, even without
evident neurological complications. Several pathways might contribute to the elevated serum NFL levels
seen in both pathologies. Future studies will determine whether NFL is a long COVID marker and delineate
NFL’s role in COVID-19-associated preeclampsia.

Neurological markers of COVID-19
COVID-19 is primarily a respiratory dis-
ease but has also been associated with
diverse neurological manifestations' and
symptoms that range from mild, such as
headaches, to more severe, including
cognitive impairment, to the very rare
Guillain-Barré syndrome (GBS). Eleva-
tions of neurological dysfunction bio-
markers have been detected in cerebro-
spinal fluid (CSF) and blood of COVID-19
patients, and several studies focus on
the use of serum neurofilament light
(sNFL) as a marker of COVID-19-related
neuronal injury.?

Neurofilaments are intermediate fila-
ment (IF) proteins that during neuronal
development and maturation replace the
IF protein nestin, which is present in pro-
genitor cells.® Neurofilaments form heter-
opolymeric structural scaffolding net-
works, the integrity of which is critical for
the maintenance of axonal structure.
NFL is released into the CSF and blood
as a result of axonal lesions/injury and is
thus considered a marker of neuronal
damage.

sNFL is an easily accessible age-
dependent biomarker, commonly used
to screen for disease severity and/or pro-
gression in several pathologies related to
neuronal loss. NFL has also been de-
tected in the CSF of critically ill* and the
serum of hospitalized individuals® with
COVID-19. This study demonstrated a
positive correlation of sNFL with worse
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clinical outcomes and COVID-19 severity.
Elevated sNFL has also been docu-
mented in 28 non-hospitalized healthcare
workers with mild-to-moderate COVID-
19.° Another study showed that plasma
NFL levels were 3.1 times higher in 18
patients who developed severe COVID-
19 compared to healthy age-matched
SARS-CoV-2-negative individuals (n =
33).” NFL was also shown to be signifi-
cantly increased in the blood of COVID-
19 patients requiring ICU admission and
in those who died from it.?

However, in most COVID-19 cases,
viral central nervous system (CNS) infec-
tion or blood-brain barrier injury could
not be confirmed by detection of viral
RNA in CSF. Thus, direct SARS-CoV-2
CNS infection might not be driving the
neurological manifestations resulting in
the detection of neurological blood bio-
markers.

Association between preeclampsia
and COVID-19 in pregnancy

Several studies have reported an epide-
miological link between COVID-19 and
preeclampsia. In a recent national study
from England, pregnant women with
confirmed SARS-CoV-2 infection at birth
had twice the risk of preeclampsia
compared to those testing negative for
SARS-CoV-2.° Similar findings were re-
ported from Spain'® and the INTERCOVID
cohort study."" Preeclampsia was the
only condition the INTERCOVID study as-

sessed in which women with asymptom-
atic SARS-CoV-2 infection had worse
outcomes than women without it. In two
recent meta-analyses, a higher incidence
of preeclampsia was identified in preg-
nant women with coronavirus-spectrum
infections (including SARS-CoV-2) than
in the general pregnant population.’
SARS-CoV-2 infection during pregnancy
was associated with a greater risk
of severe preeclampsia, eclampsia, and
HELLP (hemolysis, elevated liver en-
zymes, and low platelets) syndrome.'®
COVID-19 is thus strongly associated
with preeclampsia.

Neurofilament and preeclampsia

sNFL has previously been reported as a
serum marker predicting preeclampsia
with an accuracy similar to that of the
more established angiogenic factor
markers soluble fms-like tyrosine kinase-
1 (sFlt-1) and placental growth factor
(PIGF); levels of sNFL increased with
maternal age (> 36 years), with a greater
increase in women with preeclampsia
compared to controls.’ In another study,
women with preeclampsia without clini-
cally detectable neurological complica-
tions had increased CSF and plasma con-
centrations of NFL compared to women
with normotensive pregnancies.'® How-
ever, scant information is currently avail-
able regarding the origin, importance,
and role of sSNFL, and there are no reliable
blood tests to predict eclampsia- or

Cell Reports Medicine 3, 100490, January 18, 2022 © 2021 The Author(s). 1
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



mailto:athina.samara@ki.se
mailto:akhalil@sgul.ac.uk
https://doi.org/10.1016/j.xcrm.2021.100490
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xcrm.2021.100490&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

¢? CellPress

OPEN ACCESS

Cell Reports Medicine

Physiology ‘ Pathology Physiology ‘ Pathology
NFL Expression NFL Expression
Healthy NFL » N Syncytio-
i 3 = try hytbl t * Placental HIF-1 upstream of
1 # [} ophobiast Wht/ beta-catenin
Lle ) 1 ’,/ g oelisicupress pathway induces
Zl3 ] s ke W S  Endothelialcell e low amounts NEUROD?
S || < Neuronal % B I of NFL '
» . ndovascular
8 8 Progenitor \ Aging Neurons | Damaged Neurons % extravillous w + Effect of hCG
S||3 £  trophoblast l
1 E ! 2
Neural = NFLinCSF | NFLinCSF || &
Stem Cell NFL o MsC —— NFL gene transciption
> .
o 2 o Maternal Neuronal Injury *sNFLﬂ sNFLﬂ
£ Neuronal Death s <
< E,’ o Uterine denervation from mild sNFLﬁ @
@ o trauma or hypertension(?) )
2] e i ‘@ o Fetal Neuronal injury (NFL in
N
E § N:ﬁ;gﬁ%g?;:ti:: g UC blood, crossing into (*maternal age) sNFLﬂ )
& % Neuroaxonal Injury et = maternal circulation (?))
o [ 5  Inflammation NFL Ectopic expression
% % BBB Disruption p P P
‘S ‘@ o From endothelial cells due to sNFLﬁ
e . : IS placental microvascular damage
g NFL Ectoplc eéxpression % and/or neovascularization
ke 8 o DuetoMSC differentiation sNFLﬁ
Q|| @ o SevereNeuroinflammation sNeL a
pry Microvascular damage and
= g ° neovascularization d%e to & o Matemal severe neuroinflammation e
g hypoxia / inflammation from snrL ! g ° E;F:gi%e?iﬁf’]‘:::;‘jﬁﬁﬁgggf
damaged endothelial cells ) J
g 8 vascular damage & neovascularization sNFLﬁ

Figure 1. Published and suggested mechanisms of induction and secretion of sNFL that might be contributing to the elevated maternal levels

of NFL seen in preeclampsia and COVID-19

Cellular origin of neurofilament during neurogenesis and placental development and mechanistic similarities among the two pathologies are highlighted, indi-
cating physiological sources of sNFL and ectopic expression and release. CSF, cerebrospinal fluid; BBB, blood-brain barrier; MSC, mesenchymal stem cell;
HIF-1, hypoxia-inducible factor 1, NEUROD1, neurogenic differentiation 1; hCG, human chorionic gonadotropin; UC, umbilical cord.

preeclampsia-induced cerebral edema.
Furthermore, few data exist on sNFL in
term and preterm infants.

Other possible sources of NFL
Early in gestation, placental tissues ex-
press various proneural and neural genes
and transcription factors. The ectopic
expression of one of these, neurogenic
differentiation 1 (NEURODT), might be
key to induction of differentiation and nes-
tin replacement by neurofilaments. Hyp-
oxia is another mechanism that induces
nestin expression in the umbilical cord,
the placental and chorionic villous mesen-
chymal stem cells (MSCs), and the imma-
ture endothelial cells generated during
angiogenesis.

As nestin expression in undifferentiated
cells is transient, we hypothesize that
in preeclampsia and COVID-19, nestin

expression might be induced by hypoxia
via vascular endothelial growth factor
(VEGF) and hypoxia-inducible factor 1
subunit alpha (HIF-1«), enhanced by
brain-derived neurotrophic factor
(BDNF), and activated by NEUROD1.
Nestin expression might later be downre-
gulated and/or replaced in the cytoskel-
eton by neurofilaments.

Regarding pregnancy complications,
such as preeclampsia, in which the
maternal blood can be normoxic, or in
cases of hypoxia, such as from
COVID-19, blood flow into the intervil-
lous space might be locally compro-
mised. Thus, the placental villi could
be exposed to a heterogeneous oxygen
supply that contributes to the impair-
ment of villous development and pathol-
ogy. This hypoxia, as seen in COVID-
19 pregnancies, might mimic or cause
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the placental pathology seen in pre-
eclampsia.

The COVID-19 pathology, including
damage to the angiotensin-converting
enzyme 2 (ACE2)-bearing cells in blood
vessels and wound healing neovasculari-
zation, could further add to the neurofila-
ment pool in the pregnant woman’s
blood. Thus, there are several potential
sources (summarized in Figure 1) that
might be contributing to the elevated
maternal levels of NFL seen in preeclamp-
sia and COVID-19. Brain-derived NFL
could be detected in the blood having
crossed the disrupted blood-brain barrier;
this NFL originates from the damaged
maternal brain compartment as a result
of neuroaxonal damage. NFL might also
originate from uterine denervation due to
mild trauma or due to hypertension. In
addition, hypoxia could induce ectopic
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TNFL in COVID-19

Canonical

NFL derived from

o Neuroaxonal Damage
o Disrupted BBB

Non-Canonical:

NFL released after induction of
microvascular changes and
neovascularization due to

o Hypoxia

o Inflammation

From damaged endothelial cells
(lung and other) driven to
ectopically express ectopic NFL

TNFL in Preeclampsia

Canonical

NFL derived from

o Fetal Neuroaxonal damage - secreted into
umbilical cord blood, crossing into maternal
circulation {?)

< Uterine denervation due to mild trauma or
hypertension {?)

Non-canonical

NFL released as a response to hypoxia and

inflammation by

o Endothelial cells due to placental
microvascular changes and/or
neovascularization,

o MSCs ectopically expressing neuronal
differentiation markers.

Figure 2. A summary of the known NFL release and suggested NFL ectopic expression

mechanisms in COVID-19 and preeclampsia

expression of NFL after blood vessel
damage.

Since preeclampsia is a generalized
endothelial disease, NFL might also
be released from maternal endothelial
lung cells driven to express ectopic
neuronal differentiation markers, due to
the hypoxia-induced neovascularization.
Furthermore, considering the placental
neovascularization, the hypoxia-altered
molecular signals affecting fetal cell
development in gestation, and the abun-
dant MSC component of the placenta,
the increased nestin levels might be trans-
lated into increased levels of neurofila-
ments secreted into the umbilical cord
blood and possibly crossing into the
maternal circulation.

In conclusion, NFL is emerging as a
promising circulating biomarker in both
preeclampsia and COVID-19, even in the
absence of clinically evident neurological
complications. The emerging data sug-
gest that sNFL is an early indicator that
might help to stratify disease manage-
mentamong COVID-19 patients (Figure 2).
Further studies are needed to verify the
source(s) of NFL that contribute to the
pool of NFL identified in the maternal
serum and its relation to preeclampsia:
the amniotic, placental, and umbilical
cord-derived stem cells, the result of
mild trauma to uterine innervation due to
hypertension, and/or neuronal injury.
Larger, longitudinal studies following un-
infected and post-COVID-19 pregnancies
will help identify the physiological levels of

NFL in pregnancy and post partum, ulti-
mately determining whether NFL is a po-
tential clinical marker of long COVID.
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