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Treatment with growth factor prosaposin in a mammalian model of spina bifida
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Currently, no effective therapeutics are available for spina bifida aperta
(SBA) that causes fetal and pediatric deaths or lifelong neurological disabilities. The applicant
confirmed the therapeutic potential of prosaposin-derived 18-mer peptide (PS18) in a chicken model
of SBA. In fact, the intra-amniotic treatment with PS18 had a protective effect against SBA-induced
secondary spinal injuries and rescued neurological function. Thus, PS18 may be useful for treating
SBA-induced or other nervous system injuries. To confirm it in mammalian models, this study
attempted to develop SBA in mice by congenital Zika virus (ZIKV) infection, as ZIKV causes various
birth defects. ZIKAV was inoculated to pregnant mice, and the fetuses were checked to assess the
development of SBA. Although no fetus showed SBA-like malformation after bein? congenital challenged
with ZIKV, this study found that ZIKV infection caused smaller body and skull size and damage in
the brain of fetuses.

(Neuroscience)
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1. WFERMA LD &

Spina bifida aperta (SBA), a severe type of neural tube defect (NTD), develops within six
weeks of preghancy in humans and causes damage to the developing spinal cord. SBA
occurs in approximately 1 in every 1,000 births worldwide and is the leading cause of
fetal and pediatric deaths or lifelong neurological disabilities (Copp et al., Prog.
Neurobiol., 1990; Hafez et al., Neurosurgery, 1990; Zaganjor et al., PloS one, 2016).
Technical difficulties associated with the small fetus, the fragility of fetal tissue, and the
health condition of pregnant women limit prenatal treatment intervention for the fetus with
SBA (Tulipan et al., Pediatr. Neurosurg., 1999; Adzick, Semin. Pediatr. Surg., 2013).
Thus, intra-amniotic delivery of therapeutic molecules during early embryogenesis is an
effective alternative to treating SBA. With these realities, we assessed the intra-amniotic
therapeutic potential of prosaposin-derived 18-mer peptide (PS18), a potential
neurotrophic factor, in a chicken model of SBA that mimics the leg dysfunctions observed
in humans with SBA. Results revealed that intra-amniotic treatment with PS18 protected
the spinal cord from secondary damage and rescued neurological function in SBA chicks
(Fig. 1). In fact, PS18 promoted the formation of a neuroectodermal covering over the
defective neural tube within 24 hours after treatment, enhanced the
regeneration/restoration process in the developing spinal cord. PS18 reduced the SBA
wound by the first trimester of the embryonic period and almost completely formed the
spinal cord. As a result, SBA chicks receiving intra-amniotic PS18 during early
embryogenesis exhibited relatively normal walking and sensorimotor responses,
reduced pain-associated behavior, and improved bladder and bowel movements
postnatal life. The applicant published these findings as the first author in a reputed
international peer-reviewed journal (Khan et al., iScience, 2023).
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Fig. 1. Intra-amniotic treatment with PS18 protected the spinal
cord from secondary damage and rescued neurological
function in the chicken model of SBA.




Although PS18 showed promising results in the chicken model of SBA, the underlying
therapeutic mechanisms of this growth factor are yet to be fully explored. Also, it is
essential to confirm the findings of the chicken model in mammalian SBA models for
clinical application. In this regard, we first attempted to develop an SBA rodent model by
congenital viral infection, as many viruses cause NTD-induced birth defects in humans
(Rasmussen et al., N Engl J Med., 2016; Khan et al., J Glob Health., 2020). Also, studies
were conducted to explore the underlying therapeutic mechanisms of PS18 using the
chicken model of SBA.

2. WHEDORW
This study aimed to develop SBA in mice by congenital Zika virus (ZIKV) infection to

assess the therapeutic potential of PS18 in a mammalian model, as ZIKV causes various
NTD-induced birth defects. At the same time, to explore the therapeutic mechanism of
PS18, the activities of inhibitory and excitatory neurotransmitters and apoptosis were
examined in the spinal cord of SBA chicks.

3. MRk
(1) Assess the effect of ZIKV infection on developing SBA in mice

As ZIKV causes various NTD-related birth defects in humans (Rasmussen et al., N Engl
J Med., 2016), we aimed to develop ZIKV-induced SBA in mice. In this regard, 8-10
weeks old STAT1 knockout mice were used because they were highly sensitive to ZIKV.
The ZIKV infection and fetus collection procedures are described in Fig. 2.
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Fig. 2. ZIKV infection and fetus collection layout.

Timing of breeding was determined in mice by identifying vaginal plugs, which signified
0.5 days post-coitus (dpc). At 6~9 dpc, pregnant mice were injected subcutaneously in
the neck region with Asian-lineage ZIKV (PRVABC59; 1x10* PFU in 200uL PBS). At
16~19 dpc, the fetuses were collected to assess the development of SBA and other
congenital malformations.

(2) Explore the neuroprotective mechanism of PS18 using the chicken model of SBA

Since excitotoxicity- and apoptosis-induced reduction of inhibitory neurotransmission
and loss of spinal cord neurons are associated with leg dysfunctions in SBA chicks (Khan
et al., Dis. Model. Mech., 2017; Khan et al., Folia Neuropathol., 2020), we evaluated
PS18 corrected
acetyltransferase (ChAT; a marker of excitatory transmission) and v -aminobutyric acid

whether the activities of acetylcholine synthesis, choline



(GABA) and GABA synthesis, glutamic acid decarboxylase 67 (GAD67) (markers of
inhibitory transmissions), and caspase 3 (a marker of apoptosis) in the motor neuron
pool area of the spinal cord.

4. WFFERCR
(1) ZIKV infection caused various congenital malformations in mouse fetuses

ZIKV was challenged to STAT1 knockout pregnant mice at 6~9 dpc (1~3 days before the
formation of the neural tube in the fetus). The fetuses were collected and assessed for
congenital defects on 16~19 dpc. After ZIKV was challenged, the mice exhibited signs
of iliness (less food intake, weight loss, lethargy, and a hunched posture), indicating that
ZIKV successfully infected the STAT1 pregnant mice. Various malformations were
observed in fetuses collected from ZIKV-infected mice. Notably, compared to the control
group, fetuses collected from ZIKV-infected mice had smaller body sizes and reduced
skull size (Fig. 3a). Defects or malformations were observed in other body parts,
particularly the lower limb region. Death or serious defects in the brain were also
observed in some fetuses, particularly when the ZIKV was injected in mice during early
pregnancy (6~7 dpc) (Fig. 3b). However, no fetus was found with SBA-like malformation
after being congenital challenged with ZIKV.

mice displayed congenital malformations. (a) Fetuses from the ZIKV-
infected mice showed smaller body and skull size. (b) Damage in the brain
of the fetus collected from ZIKV-infected mice.

(2) Intra-amniotic treatment with PS18 protected neurotransmission activities in the
spinal cord of SBA chicks

To clarify the effect of PS18 on the activities of ChAT (a marker of excitatory transmission)
and GABA and GADG67 (markers of inhibitory transmissions), and caspase 3 (a marker
of apoptosis) were examined in the motor neuron pool area of the spinal cord of 4-day-
old SBA chicks (Fig. 4). The immunoreactivities of excitatory and inhibitory
neurotransmissions in motor neurons differed between control (intact) chicks and SBA
chicks administered saline or PS18. Stronger ChAT and weak GABA or GADG67
immunoreactivities were observed in the motor neurons of saline-administered chicks
than in control chicks, whereas treatment with PS18 returned these excitatory and
inhibitory transmissions almost similar to those of control chicks (Fig. 4a—i).
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Fig. 4. Representative confocal images from the ventral horn (motor neuron area) of the
open defect in the lumbar cord of SBA chicks received saline and in a similar location in the
chicks that received PS18 or normal controls chicks. Each panel represents the
immunoreactivities of ChAT (red) or GAD67 (green) or GABA (red) or caspase 3 (red) and
DAPI (blue).

The activation of caspase 3 was also evident in the motor neurons of saline-administered
SBA chicks, but it was minimal in PS18-received chicks (Fig. 4j-1). Also, treatment with
PS18 protected the neurons in the motor neuron pool area at neonatal life (data not
shown). These results indicate that intra-amniotic treatment with PS18 had a long-term
protective effect against SBA-induced excitotoxicity and apoptotic processes in the
spinal cord. The applicant published these findings as the first author in a reputed
international peer-reviewed journal (Khan et al., iScience, 2023).
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