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研究成果の概要（和文）：二分脊椎症（SBA）は胎児・小児の死亡や神経障害を引き起こすが、有効な治療薬は
無い。本研究では、SBAニワトリモデルにおけるプロサポシン由来18-merペプチド（PS18）の治癒メカニズムの
解明、さらにSBA哺乳類モデルにおけるPS18の治療効果評価を目的とした。治癒メカニズムについては、PS18の
羊膜内治療がSBA誘発性脊髄損傷に対する保護効果を示し神経機能を回復することが明らかとなった。哺乳類の
先天性SBAモデルの作出のため妊娠マウスにジカウイルス（ZIKV）を接種したが、胎児にSBAのような奇形は認め
られなかった。一方で胎児の成熟不良、頭蓋骨萎縮及び脳損傷が生じることが明らかとなった。

研究成果の概要（英文）：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 being congenital challenged
 with ZIKV, this study found that ZIKV infection caused smaller body and skull size and damage in 
the brain of fetuses.

研究分野：神経科学 (Neuroscience)

キーワード： Spina Bifida Aperta　Chicken model　Mammalian model　Prosaposin　Neurotrophic factor　Therape
utic potentiality
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研究成果の学術的意義や社会的意義
本研究は二分脊椎症（SBA）哺乳類モデルにおけるプロサポシン由来18merペプチド（PS18）の治療効果を評価す
る研究である。ジカウイルス（ZIKV）は神経管欠損関連の先天性奇形を引き起こすことから、本研究ではZIKV先
天性感染によるSBAマウスモデルの作出を目指した。結果としてSBAのような奇形は認められなかったが、ZIKV感
染によって胎児が発育不良となり脳組織障害が生じた。このことから、本モデルは、ZIKVの胎児における発病メ
カニズム研究への応用が期待される。また、ニワトリモデルではPS18が神経保護効果を示したことから、脊髄損
傷等に対する治療効果が認められれば社会的意義は極めて大きい。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Spina bifida aperta (SBA), a severe type of neural tube defect (NTD), develops within six 

weeks of pregnancy 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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



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．研究の目的 

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．研究の方法 

(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. 

 

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; 1x104 PFU in 200μL 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 

whether PS18 corrected the activities of acetylcholine synthesis, choline 

acetyltransferase (ChAT; a marker of excitatory transmission) and γ-aminobutyric acid 



(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．研究成果 
 

(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 illness (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. 

 

 

 

 

 

 

 

 

 

 

 

(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 GAD67 (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 GAD67 

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). 



 

 
 

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–l). 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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