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アルコール依存症とは...??

皆さんのお酒への欲求はどうですか？？



世界で1億4400万人 (成人人口の2.6％)

1.1% (100人に1人) 7.7% (13人に1人) 4.0% (25人に1人)

WHO患者数調査より引用

アルコール依存症患者は国内外に患者が多数



アルコールの乱⽤

神経細胞の興奮/抑制
制御不全

(不安・焦燥感)

数時間〜数日後
(急性期)

回復

脳機能異常

認知/記憶障害・不安

不可逆的

with higher FA for the CC2, CC3, and CC4 cluster (p < 0.05), while
DMI and WMI were not significantly related to FA in any cluster. A
significant interaction of Group and Sex was observed with Age
for the CC2, CC3, and CC4 cluster (p < 0.05), where ALC men
(p < 0.05), NC men (p < 0.01), and NC women (p < 0.001) had
negative relationships with Age, while ALC women did not
(Table S5A). No significant Group or Sex interactions with IMI, DMI,
or WMI were observed for the relationship of FA for any of the
three clusters.

DISCUSSION
While the effects of long-term chronic alcoholism on the brain
have been examined in neuroimaging studies, most have included
only or mainly men, or did not differentiate between men and
women in a mixed sample. These studies generally have reported
brain atrophy, cortical thinning, and smaller volumes of the frontal
lobes, hippocampus, thalamus, pons, and cerebellum, with
increases in the ventricles and cerebrospinal fluid in men. DTI
abnormalities reported in those prior studies have mainly
encompassed fronto-cerebellar circuits, genu and splenium of
the corpus callosum, the centrum semiovale, the superior long-
itudinal fasciculus, the external capsule, the fornix, and the
cingulum [19, 35–37].
We had previously examined differences in cerebral white

matter integrity between abstinent ALC and NC men [19]. In the
present study, we aimed to examine sex-specific differences in the
impact of alcoholism, and potentially underlying sex dimorphic
brain differences in the predisposition to alcoholism. The results

showed sex-related abnormalities in the white matter tracts of the
alcoholic individuals. The abstinent alcoholic men had white
matter FA deficits consistent with our prior study, but the
abstinent ALC women did not. These distinct patterns of white
matter anomalies may suggest a different underlying neural basis
for sex-specific propensity (i.e., differential risk factors) and/or
sequelae to long-term alcoholism, and have implications for
further translational and clinical investigations of possible sex-
specific approaches to prevention and treatment [63, 65, 66, 4].
The exact nature of pathophysiological white matter changes

underlying the observed differences in the current study cannot
be inferred from DTI results alone. However, recent findings using
nonhuman animal models of alcoholism may help to explain
alcohol induced white matter deficits. Animal studies have
provided morphological evidence that chronic alcohol exposure
can cause damage not only to nerve cells but also to nerve fibers
[38–40].
In the present study, sex differences in the relationship of FA

with alcoholism were observed for three clusters: the anterior and
middle portions of the corpus callosum; the arcuate fasciculus and
extreme capsule; and the superior longitudinal fasciculi II and III
(Fig. 1). As shown in Fig. 2, ALC men had lower FA than NC men,
while ALC women had higher FA than NC women. Parallel gender
dimorphism was reported in left frontal cortical thickness in
adolescent binge drinkers [41], which may suggest that these
gender differences may pre-date long-term alcoholism effects,
and may reflect differential pre-existing factors, such as person-
ality, prodromal psychiatric comorbidity, or motivational factors
for drinking. In other words, it may be that drinking problems arise

Fig. 1 Significant Group by Sex interaction in FA differences in white matter. The maps represent significant (p < 0.05, TFCE corrected) clusters
from voxel-based FA Group by Sex interaction (red-yellow) in sagittal, coronal, and axial views. The green represents the skeletonized mean FA
map of all of the subjects, which has been overlaid on a mean FA map of all the subjects. The red-yellow clusters represent regions with
significant Group by Sex interactions. Three clusters were located as follows: the anterior portions and body of the corpus callosum (CC2, CC3,
and CC4); the left superior longitudinal fasciculi (SLF II and SLF III); and the left arcuate fasciculus and extreme capsule (AF and EmC); see Fig. 2
and Table S2 for FA levels

Diffusion Tensor Imaging, sex dimorphism, and alcoholism...
KS Sawyer et al.

4

Neuropsychopharmacology (2018) 43:1 – 8

数ケ月〜数年(慢性期)
もしくは断酒後

脳の正常化
Sawyer KS et al., Neurophychopharmacology, 2018.

アルコール乱⽤によって
失われた脳機能は⼆度と戻らない



不可逆的

脳の正常化

アルコール乱⽤による脳の異常

治療薬が

望まれている

アルコールによる脳機能障害に対する
治療薬が待ち望まれている

しかしアルコール性脳機能障害の病態自体が不明



アルコールは脂溶性とされている

⽔溶性 脂溶性アルコール

神経細胞 オリゴデンドロサイト アストロサイト ミクログリア

グリア細胞
10%

90%

アルコールの細胞指向性



オリゴデンドロサイトの障害

アルコール

脳内では脂質豊富なオリゴデンドロサイトに
取り込まれている可能性

【オリゴデンドロサイトの役割】

跳躍伝導を可能にし、伝導速度を高める

単なる脂質絶縁体の鞘として認識されていた。

従来
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entire myelin unit is covered by a basal lamina and 
the outermost layer (the outer collar) of the Schwann
cell extends microvilli that cover the nodes (FIG. 1b).
The perinodal space (that is, the space between the
axolemma and the basal lamina), which contains 
the microvilli, is also filled with a filamentous matrix10.
In the CNS, there is no basal lamina, and the nodes are
contacted by perinodal astrocytes11,12, recently termed
synantocytes13.

The nodal axolemma. The nodes are characterized by 
a high density (>1200/µm2) of Na+ channels that 
are essential for the generation of the action potential
during saltatory conduction14. Voltage-gated Na+

channels are multimeric complexes that consist of
a pore-forming α-subunit and one or more auxiliary 
β-subunits15 (FIG. 2a). These subunits are encoded 
by nine α- (Scn1a–Scn9a) and four β-subunit genes
(Scn1b–Scn4b) in mammals16,17. Nodes of Ranvier in
the adult CNS and PNS mostly contain Nav1.6 (REF. 18).
In addition, Nav1.2 and Nav1.8 are found in many CNS
nodes19, whereas Nav1.9 is localized in some nodes in
the PNS20. During development, both PNS and CNS
nodes express Nav1.2, which is later replaced by Nav1.6
(REFS 21,22). The functional significance of this switch is
currently unclear, but it might allow neurons to adapt
to high-frequency firing23. In addition to voltage-gated
Na+ channels, several other transmembrane and
cytoskeletal proteins have been identified at the nodal
axolemma — the cell-adhesion molecules (CAMs) 
of the immunoglobulin (Ig) superfamily Nrcam and
neurofascin-186 (Nf186)24, the cytoskeletal adaptor
ankyrin G25,26 and the actin-binding protein spectrin
βIV (REF. 27). Recent studies have also disclosed the 
presence of two K+ channels at the nodes — Kv3.1 
(REF. 28) and Kcnq2 (REF. 29). Kv3.1 is mainly found in
large axons in the CNS and only in few nodes in the
PNS, whereas Kcnq2 is located in all PNS nodes and
most CNS nodes.

Na+ channel β-subunits and CAMs. Na+ channel 
β-subunits have been shown to modulate channel gat-
ing, to facilitate the delivery of Na+ channels to the cell
surface, and to act as CAMs30. The extracellular domain
of these β-subunits has a single Ig domain31, which
mediates homophilic interactions32, as well as binding to
other nodal components. The β1- and β3-subunits
interact in ciswith Nf186 (REF. 33), and β1 also binds 
contactin34, a glycosylphosphatidylinositol (GPI)
anchored glycoprotein that is found in all paranodes
(see later in text) and in CNS nodes35. The interaction
with contactin enhances the expression of Na+ channels
on the surface of transfected cells, indicating that this
CAM might be important for the expression of Na+

channels at the node of Ranvier34,36. In agreement with
this idea, the expression of these channels is markedly
reduced in the optic nerve of contactin-null mice37. The
β1- and β2-subunits also interact with the extracellular
matrix molecules tenascin-C and tenascin-R38,39, as well
as with phosphacan40, the secreted form of receptor 
protein tyrosine phosphatase β (Rptpβ).
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Figure 1 | Structure of myelinated axons. a | Myelinating glial cells, oligodendrocytes in the
central nervous system (CNS) or Schwann cells in the peripheral nervous system (PNS), form
the myelin sheath by enwrapping their membrane several times around the axon. Myelin covers
the axon at intervals (internodes), leaving bare gaps — the nodes of Ranvier. Oligodendrocytes
can myelinate different axons and several internodes per axon, whereas Schwann cells
myelinate a single internode in a single axon. b | Schematic longitudinal cut of a myelinated fibre
around the node of Ranvier showing a heminode. The node, paranode, juxtaparanode (JXP)
and internode are labelled. The node is contacted by Schwann cell microvilli in the PNS or by
processes from perinodal astrocytes in the CNS. Myelinated fibres in the PNS are covered by a
basal lamina. The paranodal loops form a septate-like junction (SpJ) with the axon. The
juxtaparanodal region resides beneath the compact myelin next to the paranode (PN). The
internode extends from the juxtaparanodes and lies under the compact myelin. 
c | Schematic cross-section of a myelinated nerve depicting the inner and outer mesaxons
(IMA and OMA, respectively). d | Drawing of the specializations found along the internodes.
A strand composed of paranodal molecules (Caspr, Contactin; red line) flanked by
juxtaparanodal proteins (Caspr2, K+ channels and TAG-1; blue lines) extends along the
internodal region (the juxtamesaxon) and below the Schmidt–Lanterman incisures (the
juxtaincisure). In addition, Nf155 and ezrin–radixin–moesin proteins, as well as connexins 29
and 32 are found at the glial side, opposite these axonal strands.
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RV-GFP

1つのオリゴデンロドサイトが

多数の神経軸索を制御する。

オリゴデンドロサイトは脳内で絶⼤な役割を持つ

Osanai Y et al., Glia. 2017; Steadman PE et al., Neuron, 2020; Kato et al., Glia. 2019. (modified)

and neuronal activity determines the number of sheaths formed,
as well as their stability (Hines et al., 2015; Mensch et al., 2015).
Based on this, we hypothesized that neuronal activity in circuits
engaged in encoding and consolidation of spatial memories
would promote oligodendrogenesis. Consistent with this, we
found that spatial learning induced oligodendrogenesis during
training and during the period immediately following training.
Neuronal activity during these periods is likely detected by
OPCs’ ongoing surveillance of their surroundings, allowing
them to proliferate and/or differentiate into oligodendrocytes
on demand (Geraghty et al., 2019; Hughes et al., 2013). More-
over, the nearly uniform distribution of OPCs across the brain,
particularly in the cortex (Hughes et al., 2013), indicates that
there is a large potential for experience-dependent tuning of
cortical networks following learning (Hughes et al., 2018).
Consistent with this, cortical oligodendrocytes accumulate
over adulthood (Hill et al., 2018; Hughes et al., 2018; Yakovlev
and Lecours, 1967), and the human cerebral cortex exhibits a
2.5% yearly addition of oligodendrocytes in adulthood (Yeung
et al., 2014).
To assess whether these experience-driven changes in oligo-

dendrogenesis lead to changes in myelin patterning, we used
electron microscopy and quantified the number of myelinated

axons (reflecting de novo myelination) and myelin thickness
(reflecting either alterations in pre-existing myelin or de novo
myelination). Water maze training increased the number of
myelinated axons without affecting myelin thickness. These
changes occurred in the corpus callosum/cingulum, the same
region in which training-related increases in oligodendrogenesis
occurred. Importantly, these changes were absent when oligo-
dendrogenesis was blocked. These observations are consistent
with findings that (1) sensory experience primarily induces de
novo myelination rather than affecting existing myelin patterns
(Hughes et al., 2018) and (2) cortical myelin remodeling depends
almost exclusively on the production of new oligodendrocytes in
adult animals (Hill et al., 2018).
Changes in myelin patterning are hypothesized to tune active

circuits by promoting coordinated neural activity across brain re-
gions and, in particular, synchronizing rhythmic oscillations (Pa-
jevic et al., 2014). Communication between the CA1 and ACC is
coupled through sharp wave ripples in the CA1 and cortical spin-
dles in the ACC (Peyrache et al., 2009, 2011; Siapas and Wilson,
1998). Furthermore, coupling increases followingmemory encod-
ing (Maingret et al., 2016; Ognjanovski et al., 2017; Xia et al.,
2017). Interventions that promote ripple-spindle coupling
enhance memory consolidation (Maingret et al., 2016), whereas

Figure 8. A Model Illustrating How Experience-Dependent Oligodendrogenesis Coordinates Neuronal Activity and Contributes to Memory
Consolidation
After learning, coordinated reactivation of neural patterns in hippocampal-cortical circuits contribute toward the gradual consolidation and reorganization of

memories (top). Oligodendrogenesis and de novo myelination facilitate learning-associated increases in hippocampal-cortical circuit synchrony (bottom).

Therefore, oligodendrogenesis contributes to the circuit remodeling necessary for successful memory consolidation.

Neuron 105, 150–164, January 8, 2020 161
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アルコール断酒後も⻑期に渡って脳機能が障害
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アルコール摂取直後も同様

脳機能を評価
1ヶ月後

(ヒト換算2-3年)
アルコールを

慢性摂取させたマウス



アルコールによりオリゴデンドロサイトが障害

脳神経系を評価
1ヶ月後

(ヒト換算2-3年)
アルコールを

慢性摂取させたマウス
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Fig. 6. 
Alcoholic white matter degeneration. a Periventricular frontal white matter from the anterior 
frontal region of a non-alcoholic middle-aged man. Other regions of brain showed similar 
degrees of myelin staining. b–d Cerebral white matter degeneration is present in the brain of 
an alcoholic middle-aged man with dementia. White matter from the b anterior frontal, c 
periventricular frontal, and d periventricular region at the level of the hypothalamus with 
variable degrees of myelin pallor, vacuolation, and gliosis relative to normal

de la Monte and Kril Page 34

Acta Neuropathol. Author manuscript; available in PMC 2015 August 11.
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b-d ：アルコール乱用患者の

(b) 前頭前野、(c,d) 脳室周囲
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de la Monte SM et al., Acta Neuropathol. 2014.

ルクソールファストブルーによる髄鞘染色(青色)

アルコール依存症患者でもオリゴデンドロサイトが障害



脳の正常化

アルコール乱⽤による脳の異常

クレマスチン

特願2022-020298
特願GP22-1022PCT 

失われた脳機能を治す唯⼀の薬を発⾒
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カウンセリング 嫌酒薬

治療薬
(クレマスチン)

対症療法 根治療法

開発技術現在

潜在市場規模に対して治療薬がない

特願2022-020298
特願GP22-1022PCT 

更に有望な
化合物 X, Y, Zを同定



クレマスチンで開発を進める利点
1) これまでの使用実績からの安心と信頼

2) 当大学で特定臨床研究を既にスタート

信頼安心 重篤な副作用なく
使用出来る



3) オリゴデンドロサイトに作用する治療薬は未だ開発されていない

4) オリゴデンドロサイトが減少する脳疾患が多数存在

市場の将来性が高い

優位性が高い

認知症

統合失調症

⾼齢者の
認知障害

オリゴデンドロサイトは終生一定割合入れ替わり続ける

Yeung et al., Cell. 2014.

オリゴデンドロサイトの産生は5歳までで完了する。
しかし、終生ターンオーバーを繰り返す。

放射性同位体を脳梁に取り込ませて計測

Yeung et al., Cell. 2014. Wang et al., Nat Neurosci. 2020.

若齢

高齢

and neuronal activity determines the number of sheaths formed,
as well as their stability (Hines et al., 2015; Mensch et al., 2015).
Based on this, we hypothesized that neuronal activity in circuits
engaged in encoding and consolidation of spatial memories
would promote oligodendrogenesis. Consistent with this, we
found that spatial learning induced oligodendrogenesis during
training and during the period immediately following training.
Neuronal activity during these periods is likely detected by
OPCs’ ongoing surveillance of their surroundings, allowing
them to proliferate and/or differentiate into oligodendrocytes
on demand (Geraghty et al., 2019; Hughes et al., 2013). More-
over, the nearly uniform distribution of OPCs across the brain,
particularly in the cortex (Hughes et al., 2013), indicates that
there is a large potential for experience-dependent tuning of
cortical networks following learning (Hughes et al., 2018).
Consistent with this, cortical oligodendrocytes accumulate
over adulthood (Hill et al., 2018; Hughes et al., 2018; Yakovlev
and Lecours, 1967), and the human cerebral cortex exhibits a
2.5% yearly addition of oligodendrocytes in adulthood (Yeung
et al., 2014).
To assess whether these experience-driven changes in oligo-

dendrogenesis lead to changes in myelin patterning, we used
electron microscopy and quantified the number of myelinated

axons (reflecting de novo myelination) and myelin thickness
(reflecting either alterations in pre-existing myelin or de novo
myelination). Water maze training increased the number of
myelinated axons without affecting myelin thickness. These
changes occurred in the corpus callosum/cingulum, the same
region in which training-related increases in oligodendrogenesis
occurred. Importantly, these changes were absent when oligo-
dendrogenesis was blocked. These observations are consistent
with findings that (1) sensory experience primarily induces de
novo myelination rather than affecting existing myelin patterns
(Hughes et al., 2018) and (2) cortical myelin remodeling depends
almost exclusively on the production of new oligodendrocytes in
adult animals (Hill et al., 2018).
Changes in myelin patterning are hypothesized to tune active

circuits by promoting coordinated neural activity across brain re-
gions and, in particular, synchronizing rhythmic oscillations (Pa-
jevic et al., 2014). Communication between the CA1 and ACC is
coupled through sharp wave ripples in the CA1 and cortical spin-
dles in the ACC (Peyrache et al., 2009, 2011; Siapas and Wilson,
1998). Furthermore, coupling increases followingmemory encod-
ing (Maingret et al., 2016; Ognjanovski et al., 2017; Xia et al.,
2017). Interventions that promote ripple-spindle coupling
enhance memory consolidation (Maingret et al., 2016), whereas

Figure 8. A Model Illustrating How Experience-Dependent Oligodendrogenesis Coordinates Neuronal Activity and Contributes to Memory
Consolidation
After learning, coordinated reactivation of neural patterns in hippocampal-cortical circuits contribute toward the gradual consolidation and reorganization of

memories (top). Oligodendrogenesis and de novo myelination facilitate learning-associated increases in hippocampal-cortical circuit synchrony (bottom).

Therefore, oligodendrogenesis contributes to the circuit remodeling necessary for successful memory consolidation.
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髄鞘形成による神経活動の同調性が脳高次機能に重要である

Steadman PE et al., Neuron, 2020; Kato et al., Glia. 2019. (modified)

��

同調性 同調性

OLの重要性が認識されてきたのはごく最近

クレマスチンで開発を進める利点



患者数が多い欧米諸国
（米国・英国・EU）や中国等への移行

※JST権利化支援制度を再度活用する予定

藤田医科大学のネットワーク
を活用した個別交渉

※多数の製薬企業出身者がコーディネート

① ライセンスのスキーム

大学発ベンチャー企業の活用

藤田医科大学

藤田医科大学発
ベンチャー企業

製薬企業（製造・販売）

サブライセンス付

独占的通常実施権の付与

独占的通常実施権の付与

②提携先の製薬企業選定 ③出願特許の各国移行手続き

特許

今後の特許戦略と⼤学発ベンチャー⽴ち上げ



アルコール依存症に悩む患者のために..

臨床治験にご協力いただける病院様
製品開発にご協力いただける製薬企業様

を探しています


