
⽂部科学省と国⽴⼤学附置研究所・センター 個別定例ランチミーティング

第66回 愛媛⼤学 プロテオサイエンスセンター（2023.11.24)

12:05－12:10( 5分） ︓研究所・センターの概要
センター⻑ 澤崎 達也

12:10－12:25(15分） ︓若⼿研究者からのプレゼン
愛媛⼤学PROS独⾃のタンパク質研究技術を基盤にした研究
・サリドマイド催奇性の分⼦メカニズムの解明
・次世代治療薬「タンパク質分解誘導剤」の解析技術開発

特定助教 ⼭中 聡⼠
12:25－12:45(20分） ︓質疑応答
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タンパク質に関する研究を⾏うと共に、国内・国外で
の、この分野の研究に従事する者の利⽤に供する。

01 プロテオサイエンスセンター

沿 ⾰
2003 年 無細胞⽣命科学⼯学研究センターの設⽴

（⼯学部・理学部からの教員：4部⾨）
2013 年 プロテオサイエンスセンターとして改組

（医学部からの４研究室を加え：12部⾨）
2021 年 PRiME（共同利⽤・共同研究拠点認定）

タンパク質を対象とした、⽣命機能や感染症・
疾患機構の解明およびタンパク質解析に関する
新技術の開発を進め、タンパク質利⽤の実⽤化
を推進して、タンパク質科学の技術⾰新の基盤
構築と、健康社会を実現する。

ミ ッ シ ョ ン 第 ４ 期 中 期 計 画 に お け る 課 題
 “世界の未来を切り拓く”

 “地域とともに新しい価値を創る”

１）新たな学問領域の創出および⽣命科学分野の⼈材育成
２）企業も含めたイノベーションの創出
３）国際的な共同研究の発展

愛媛県の強みである個性豊かな農業・⽔産業に対して、
１）独⾃バイオ技術を融合させ新しい価値を付加した商品の

開発などに貢献し地域バイオ産業のハブとして機能する
2

2022年度〜



02 タンパク質研究を主とする研究所・センター

愛媛⼤学
プロテオサイエンスセンター

全国の共同利⽤・共同研究拠点108拠点中
タンパク質を主とする拠点は２拠点

タンパク質の機能解析
相互作⽤解析
複合体解析
創薬モダリティ創出

タンパク質の構造科学
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【拠点を擁する⼤学所在地】

連携



03 P R O S 独 ⾃ 技 術
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04 組 織 ・ ⼈ 員 構 成
組 織

出⾝教員の昇進状況
（過去5年）

⼯学部・理学部・医学部の研究者が
集合した異分野融合型組織

教 職 員
教授 6⼈

(+兼任3⼈)助教 7⼈
(+兼任3⼈)

講師 2⼈
(+兼任1⼈) 准教授 8⼈

(+兼任2⼈)

専任23⼈
(+兼任9⼈)

技術職員(常勤) ： 2
 (⾮常勤) ：25
事務職員(常勤) ： 2
 (⾮常勤) ：11

⼈数
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05 研究⼒・研究費の推移
論 ⽂ 数

教員1⼈あたり
外部資⾦獲得（2022年度）

研 究 費
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百万円
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4 共同研究拠点での
取組により
増加している

教
員
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TOP10%学術誌への
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7

共 同 研 究

共 同 研 究 数
（ ア カ デ ミ ア ）

⺠ 間 と の
共 同 研 究

国 外 と の
共 同 研 究



07 異 分 野 融 合 の 研 究 成 果 （ セ レ ク ト ）
愛媛県内の柑橘ウイルスに対
する検査キットの開発（PROS
保有抗体構築技術活⽤）
（県内農林施設等と共同）

開発中検査
キットの概要

紅まどんな愛媛県
ブランド

農業現場
で簡便に
ウイルス
感染の
検査可能

⾼感度ウサギモノク
ローナル抗体を単離

PLOS One 2020

世界初の無症状の肝内休
眠型保有者を診断できる
技術（マラリア原⾍プロテ
インアレイ）

8種類のマラリア抗体で
三⽇熱マラリア肝内休眠型を
診断できる

Nat Med 2020

サリドマイド催奇形機構の解明と
世界初複合体内のサリドマイドの
⾼解像度構造解析に成功
（ヒトプロテインアレイ）

サリドマイドが
ヒトで催奇性を
誘導するモデル

Nat Commu 2020
EMBO J 2021

催奇性を誘導する
サリドマイドの
複合体内での詳細
な構造
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08 社 会 へ の 波 及 効 果
プロテイン・アイランド・松⼭（PIM）

【PIM⼀般向け体験セミナー （毎年開催） 】
2007年から毎年100⼈程度の中⾼⽣を中⼼と
した⼀般の⽅を対象に、オリジナルキットで
実験を⾏っている。 【技術講習会（毎年開催）】

2022年に南予地域で開催

愛媛県の主要産
業である養殖⿂
の⿂病ワクチン
（PROSで作製
した真鯛感染ウ
イルスタンパク
質）の技術紹介

愛媛県産の
真鯛を使った
⾷育講習

真鯛を三枚に
おろして
タイカツバー
ガーを作る

地⽅⾃治体との協働事業（20年以上継続）
【PIM主催者】愛媛⼤学 愛媛県 松⼭市 松⼭商⼯会議所

愛媛経済同友会
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特定助教 山中聡士

愛媛大学 プロテオサイエンスセンター
インタラクトーム解析部門

• サリドマイド催奇性の分⼦メカニズムの解明

• 次世代治療薬「タンパク質分解誘導剤」の解析技術開発

愛媛大学PROS独自の
タンパク質研究技術を基盤にした研究

JST創発的研究支援事業研究者
1



2

略歴
山中 聡士(やまなか さとし) ３１歳

愛媛県⽴⼤洲⾼等学校 卒業
愛媛⼤学⼯学部応⽤化学科 ⼊学
愛媛⼤学⼯学部応⽤化学科 卒業(澤崎達也研究室) 
愛媛⼤学⼤学院 博⼠前期課程 修了
愛媛⼤学⼤学院 博⼠後期課程 修了
博⼠（⼯学）の学位取得
論⽂名「ケミカルバイオロジーに基づいたユビキチン修飾により制御されるタンパク質分解
とシグナル伝達に関する研究 」

２０１１年３⽉
２０１１年４⽉
２０１５年３⽉
２０１７年４⽉
２０２０年４⽉

学歴

職歴
２０１７年４⽉〜２０２０年３⽉
２０２０年４⽉〜２０２２年３⽉
２０２２年４⽉〜現在
２０２３年４⽉〜

独⽴⾏政法⼈⽇本学術振興会 特別研究員 (DC1)
愛媛⼤学プロテオサイエンスセンター 無細胞⽣命科学部⾨ 特定研究員
愛媛⼤学プロテオサイエンスセンター インタラクトーム解析部⾨ 特定助教(PI)
JST創発的研究⽀援事業研究者(⽔島パネル)

研究分野
タンパク質分解酵素
低分⼦化合物依存的な標的タンパク質分解
細胞内・⽣体内における低分⼦化合物依存的な相互作⽤解析



サリドマイドの歴史
• サリドマイドは1950年代末に⻄ドイツで開発され、鎮静・睡眠薬として世界中の40カ国以上で販売された。

• 特に、妊婦のつわりに対して使⽤されたが、妊娠初期に服⽤すると胎児の⼿⾜、⽿などに奇形を引き起こす
催奇性誘発能が世界中で報告され、 1961年に販売停⽌と回収が⾏われた。

サリドマイド薬害
(1957-61年)

https://www.mhlw.go.jp/stf2/shingi2/2r
9852000000rwbu-att/2r9852000000rwkk.pdf

1973.12.24 ĉĘ
33

1973.12.24 朝⽇

⽇本における薬害 (死産含めて約1000例)

• ⼤⽇本製薬(現:住友ファーマ株式会社)から睡眠薬
「イソミン」として販売。

• ⽇本では、販売停⽌及び回収が10ヶ⽉遅れたこと
で被害が増⼤した。

• ハンセン病や⾎液がん(多発性⾻髄腫)に対する有効性が⽰され、薬害から40年間の時を経て再認可された。

• 現在では、⽶国製薬会社ブリストルマイヤーズスクイブ社が開発したサリドマイド誘導体であるレナリドミド
を中⼼に、⾎液がんの治療薬として年間1兆円〜 2兆円の規模で使⽤されている。

サリドマイドやその誘導体は代表的な低分子薬剤であるが、
開発から半世紀以上その作用メカニズムは不明だった。 3



サリドマイドの作用メカニズム

Identification of a Primary Target of
Thalidomide Teratogenicity
Takumi Ito,1* Hideki Ando,2* Takayuki Suzuki,3,4 Toshihiko Ogura,3 Kentaro Hotta,2
Yoshimasa Imamura,5 Yuki Yamaguchi,2 Hiroshi Handa1,2†

Half a century ago, thalidomide was widely prescribed to pregnant women as a sedative but was found
to be teratogenic, causing multiple birth defects. Today, thalidomide is still used in the treatment of
leprosy and multiple myeloma, although how it causes limb malformation and other developmental
defects is unknown. Here, we identified cereblon (CRBN) as a thalidomide-binding protein. CRBN forms
an E3 ubiquitin ligase complex with damaged DNA binding protein 1 (DDB1) and Cul4A that is
important for limb outgrowth and expression of the fibroblast growth factor Fgf8 in zebrafish and chicks.
Thalidomide initiates its teratogenic effects by binding to CRBN and inhibiting the associated ubiquitin
ligase activity. This study reveals a basis for thalidomide teratogenicity and may contribute to the
development of new thalidomide derivatives without teratogenic activity.

During the late 1950s and early 1960s,
thalidomide was sold as a sedative in
over 40 countries and was often pre-

scribed to pregnant women as a treatment for
morning sickness. Before its teratogenic activity
came to light and its use was discontinued,
~10,000 affected children were born from
women taking thalidomide during pregnancy
(1–3). Use of thalidomide during weeks 3 to 8
of gestation causes multiple birth defects such as
limb, ear, cardiac, and gastrointestinal malfor-
mations (1–3). The limb malformations, known
as phocomelia and amelia, are characterized,
respectively, by severe shortening or complete
absence of legs and/or arms, whereas the ear
malformations lead to anotia, microtia, and
hearing loss. Despite considerable effort, little
is known about how these developmental
defects are caused. Previous studies have
suggested thalidomide-induced oxidative stress
and its antiangiogenic action as a possible cause
of teratogenicity (4, 5). However, several impor-
tant questions remain unanswered, such as what
are direct targets of thalidomide and how the
target molecules mediate its teratogenic effects.

Recently, thalidomide use has increased for
the treatment of multiple myeloma and erythe-
ma nodosum leprosum, a painful complication
of leprosy (2, 3, 6, 7). Owing to its teratoge-
nicity, however, thalidomide is used under
strict control (8), and removal of its side ef-

fects is desirable for wider applications of this
potentially useful drug. It is important to
elucidate the molecular mechanism of thalid-
omide teratogenicity, especially to identify its
molecular target(s), because such knowledge
might allow rapid screening for potentially
useful related compounds devoid of teratogenic
activity. In this regard, we have been developing
high-performance affinity beads that allow
single-step affinity purification of drug target
proteins from crude cell extracts (9). Here we
show that cereblon (CRBN), a protein en-
coded by a candidate gene for mild mental
retardation, is a primary target of thalidomide
teratogenicity.

Binding of thalidomide to CRBN and DDB1.
To purify thalidomide-binding proteins, we
performed affinity purification using ferrite-
glycidyl methacrylate (FG) beads (9). The
carboxylic thalidomide derivative FR259625
was covalently conjugated to the beads (fig.
S1) and incubated with human HeLa cell
extracts (10). After extensive washing, bound
proteins were eluted with free thalidomide, and
the eluate fractions were subjected to SDS gel
electrophoresis and silver staining. Two poly-
peptides were specifically eluted (Fig. 1A, lane
3). When free thalidomide was added to extracts
before incubation with the beads, the yields of
these proteins were reduced (Fig. 1A, lane 4),
which suggested that these proteins specifically
interact with thalidomide. The 127- and 55-kD
proteins were therefore subjected to proteolytic
digestion and tandem mass spectrometry and
were identified as CRBN and damaged DNA
binding protein 1 (DDB1), respectively (table
S1). Identities of these proteins were confirmed
by immunoblotting (Fig. 1A). CRBN and
DDB1 were isolated similarly as thalidomide-
binding proteins from various cell types (fig. S2).
To determine whether this interaction is direct, we
used purified recombinant proteins. FLAG-tagged
CRBN, but not V5 (GKPIPNPLLGLDST) (11)
epitope- and histidine (His)–tagged DDB1,
bound to thalidomide beads (Fig. 1B). We
therefore asked whether DDB1 binds to thalid-
omide beads through its interaction with CRBN.
As expected, DDB1 was coprecipitated with
FLAG- and hemagglutinin (HA) epitope–tagged
(FH-) CRBN (Fig. 1C) and was not affinity-
purified from CRBN-depleted 293T cells (fig.

RESEARCHARTICLE

1Integrated Research Institute, Tokyo Institute of Technology,
Yokohama 226-8503, Japan. 2Graduate School of Bioscience
and Biotechnology, Tokyo Institute of Technology, Yokohama
226-8501, Japan. 3Institute of Development, Aging and
Cancer, Tohoku University, Sendai 980-8575, Japan. 4Pre-
cursory Research for Embryonic Science and Technology,
Japan Science and Technology Agency (JST), Saitama 332-
0012, Japan. 5Drug Discovery Research, Astellas Pharma Inc.,
Ibaraki 305-8585, Japan.

*These authors contributed equally to this work.
†To whom correspondence should be addressed. E-mail:
handa.h.aa@m.titech.ac.jp

Fig. 1. Thalidomide
binds to CRBN and
DDB1. (A) Thalidomide
(Thal)-binding proteins
were purified from HeLa
cell extracts by using
thalidomide-immobilized
(+) or control (–) beads.
Where indicated, bound
proteins were eluted
with free thalidomide.
As indicated, 0.3 mM
thalidomide was added
to extracts before incu-
bation with the beads.
Eluted proteins were
analyzed by silver stain-
ing (top) or immuno-
blotting (IB) (bottom).
Asterisk indicates non-
specific signal. (B) Purified
recombinant CRBN-FLAG
and DDB1-V5-His were,
respectively, incubated
with thalidomide beads. Input materials used for affinity purification
(AP) and bound materials were immunoblotted. (C) FH-CRBN was
immunoprecipitated (IP) from 293T cells stably expressing FH-CRBN or from control cells, followed by
SDS gel electrophoresis and silver staining.
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サリドマイド標的タンパク質
セレブロン(CRBN)の発⾒

Ub
E2

RBX1CUL4

DDB1

基質

タンパク質分解酵素の例

セレブロン

基質

Ub
Ub
Ub

Ub

基質の分解

・本システムによって細胞内の80%以上のタンパク質を分解する。
・タンパク質分解は厳密に制御されており、本システムの破綻はアルツハイマーやがん
などの様々な疾患の原因となる。

タンパク質分解酵素は、適切なタイミング
で適切な基質タンパク質を特異的に認識し、
分解する。

tween Ikaros proteins. IKZF2 and IKZF4, which
are not sensitive to lenalidomide, differ from
IKZF1 and IKZF3 at only one position within

this critical region (Fig. 3D). Substitution of Q147
in IKZF3 with a histidine residue (IKZF3Q147H),
which is present at this corresponding site in IKZF2

and IKZF4, caused resistance to lenalidomide-
induced degradation. (Single-letter abbreviations
for the amino acid residues are as follows: H, His;
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Fig. 2. Effect of lenalidomide on IKZF1 and IKZF3 protein levels. (A)
293T cells transfected with vectors expressing the indicated cDNA fused to
firefly luciferase and control renilla luciferase were treated with DMSO or 1 mM
lenalidomide for 24 hours. Bars represent the firefly-to–renilla luciferase ra-
tio, normalized to DMSO-treated cells. (B) Effects of lenalidomide on endog-
enous IKZF1 and IKZF3 in MM1S cells treated for 24 hours. (C) Time course of

lenalidomide treatment in MM1S cells for IKZF1 and IKZF3 protein levels and
(D) mRNA levels. (E) Primary multiple myeloma samples were treated for
6 hours and analyzed by means of immunoblot. (F) In vivo ubiquitination
analysis of HA-tagged IKZF1 and IKZF3 expressed in MM1S cells treated
for 1.5 hours with 100 nM Epoxomicin and the indicated concentrations of
lenalidomide. The FK2 antibody detects covalently linked ubiquitin.
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Fig. 3. CRBN is a substrate receptor for IKZF1 and IKZF3. (A) Immuno-
precipitiation of endogenous CRBN in MM1S cells treated for 1 hour with the
indicated drugs. (B) In vitro ubiquitination reaction of HA-IKZF3 coimmuno-
precipitated with FLAG-CRBN from 293T cells and incubated in the presence or
absence of E1 and E2 ubiquitin-conjugating enzymes. (C) Mapping of the

degron that confers lenalidomide sensitivity. Blue boxes in the IKZF3 pro-
tein represent zinc finger domains. (D) Sequence alignment of the core
lenalidomide degron between the five Ikaros proteins. Western blots of 293T
cells lysates 48 hours after cotransfection of FLAG-tagged IKZF3 or IKZF4 with
HA-tagged CRBN and 24 hours of drug treatment.
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Krönke et al., Science 2014

Fig. 4. Antimyeloma activity of lenalidomide linked to loss of IKZF1 and IKZF3
(A and B) Immunoblot analysis (A) and proliferation (B) of myeloma cell lines treated with
LEN (2 µM) for the indicated periods. In (B), data are presented as mean ± SD (n = 4). (C)
Change in % red fluorescent protein (RFP) positivity over time in MM1S cells infected with
viruses encoding RFP and the indicated shRNAs. The day 2% RFP for each virus was
normalized to 1, and subsequent values were expressed relative to cells infected with a virus
encoding RFP and a control (CNTL) shRNA. (D) Immunoblot analysis of MM1S cells
transiently infected with lentiviruses expressing the indicated shRNAs for 72 hours. (E)
MM1S cells were infected with lentiviral vectors encoding GFP and the indicated FLAG-
tagged proteins. Shown for each protein is the percentage of GFP positivity for cells treated
with LEN (2 µM) for the indicated duration compared to DMSO. (F) Immunoblot analysis
of MM1S cells infected as in (E) and treated with DMSO or LEN (2 µM) for 24 hours.
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ネオ基質IKZF1, IKZF3の発見

サリドマイドやその誘導体はタンパク質分解酵素CRL4CRBNをハイジャックし、
本来基質ではない基質「ネオ基質」を分解誘導する。

細胞内おけるタンパク質分解

4

ネオ基質

(タンパク質分解)



コムギ無細胞系を用いたサリドマイド催奇性標的分子の探索

抗炎症

血管新生阻害

睡眠鎮静催奇性

催奇性に関与するネオ基質は
未発見であった。(研究開始当時)

コムギ無細胞系を用いたプロテインアレイの構築

コムギ無細胞系を用いたサリドマイド‒ネオ基質相互作用解析系の構築
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コムギ無細胞系を基盤にしたスクリーニングの結果、
ネオ基質候補としてSALL4およびPLZFを見出した。

催奇性関連ネオ基質の探索

5



コムギ無細胞系を用いたサリドマイド催奇性標的分子の探索

Okihiro syndrome and acro-renal-ocular syndrome:
clinical overlap, expansion of the phenotype, and
absence of PAX2 mutations in two new families
K Becker, PL Beales, D M Calver, G Matthijs, S N Mohammed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J Med Genet 2002;39:68–71

The Okihiro syndrome consists of Duane anomaly, radial
ray defects, and deafness. There are similarities with the
acro-renal-ocular syndrome in which there are radial ray

and renal abnormalities and colobomas which mostly involve
the optic nerve. Both malformation syndromes are domi-
nantly inherited. We report two families with an overlapping
phenotype, suggesting a common aetiology. The combination
of optic nerve coloboma and renal disease is also seen in fami-
lies with mutations of the PAX2 gene. We did not find any evi-
dence of PAX2 involvement in our families.

The main features of the autosomal dominant Okihiro syn-
drome are radial ray defects of variable severity and Duane
anomaly.1 2 Sensorineural hearing loss and spinal and other
skeletal abnormalities also occur, and polydactyly, hemifacial
microsomia with skin tags, cardiac defects, and Hirschsprung
disease have also been reported.1 3–5 The radial ray defects may
be associated with vascular abnormalities such as hypoplasia
of the radial artery6 and abnormal nerve conduction studies
with reduced or absent motor response from the median
nerve.1 6 The acro-renal-ocular syndrome, which is also
autosomal dominant, consists of radial ray defects, renal
anomalies, and ophthalmological abnormalities, mainly colo-
bomas, but also microphthalmia, ptosis, and Duane
anomaly.7–12 There is considerable overlap between the two
syndromes, and it has been suggested previously that they are
one clinical entity.8 In addition, mutations in the PAX2 gene
have been documented in patients with optic nerve colobomas
and renal malformation.13–15 There are also similarities to
Wildervanck syndrome, Goldenhar syndrome, and thalido-
mide embryopathy. This can lead to considerable difficulties
with classification in individual families. We describe four
affected subjects in two new families with features of both
Okihiro syndrome and the acro-renal-ocular syndrome and
investigate the possibility of PAX2 involvement.

FAMILY 1
Patient 1
The female proband was the second child of unrelated parents.
She was born with severe upper limb defects, had a preaxial
extra digit surgically removed from the right hand, and was
diagnosed as having bilateral Duane anomaly in early
childhood. She was referred to the Genetics Centre at the age
of 24 years. On examination, she had a longer arm on the right
with an elbow, a shortened forearm, and a hand with four
digits. The left upper arm was severely shortened and three
digits were directly attached to the shortened forearm. The
thumbs were absent bilaterally. Both humeri were shortened
and the radii were absent. Ophthalmological examination
showed bilateral latent fine nystagmus and slightly dysplastic
optic discs, and orthoptic assessment showed bilateral Duane
anomaly with severe limitation of eye abduction (fig 1A, B, C).
ECG and renal ultrasound did not show any abnormalities and
an audiogram showed mild bilateral conductive hearing loss
only. Her karyotype was 46,XX.

Figure 1 (A) Eyes of patient 1 in
neutral position. (B) Duane anomaly
on left lateral gaze. (C) Arms of
patient 1.

Figure 2 Arms of patient 2.
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VUR. The inherited VUR is a complex genetic developmental disorder caused by anomalous
development of the urinary tract (ureter, bladder) [12,13]. The malformation of the urinary
tract prevents appropriate evacuation of urine, which flows retrogradely from the bladder to
the kidneys, and progressively leads to urinary tract infections, hydronephrosis, hypertension,

Fig 3. Hind-limbs in the postnatal Plzf-/- and wild-type rat. (A)Wild-type animal has normal length of long bones, and (C) a foot with 5
metatarsal bones (mt) and 5 digits (dg). (B) The Plzf-/- legs exhibit evidence of shortening of long bones, while the overall size of the foot is
appropriate, but the number of metatarsal bones is reduced (absence of the 1st one) while the toe itself is present (D). Yellow arrow—knee,
black arrow—heel.

doi:10.1371/journal.pone.0164206.g003

PlzfGene Targeting and Caudal Regression Syndrome in the Rat

PLOSONE | DOI:10.1371/journal.pone.0164206 October 11, 2016 6 / 10

Liška, et al., Plos One, 2016

SALL4関連疾患 PLZF変異ラット
Patient 2
The mother of case 1 was noted to have absent thumbs and
shortened forearms at birth (fig 2). She was otherwise well
and ophthalmological examination was normal. A renal ultra-
sound showed a normal right kidney and a smaller left kidney
in pelvic position, situated in the left iliac fossa.

An audiogram showed bilateral, moderate, low frequency
conductive loss and significant bilateral, high frequency
sensorineural hearing loss, of which the patient had previ-
ously been unaware. An ECG was normal and chromosomes
were 46,XX. Her parents had died and no other family mem-
bers were known to have any limb abnormalities.

FAMILY 2
Patient 3
The female proband was the second child of unrelated parents.
She presented as a neonate with absent left thumb and hypo-
plastic right thumb (fig 3A, B). Visual inattention and abnor-
mal eye movements were noted by the parents in the first few
weeks of life. Ophthalmological examination showed a right
“morning glory” optic disc (a major dysplastic disc with a deep
central pit) and a left dysplastic optic disc with a large inferior
retinal coloboma. In the Genetics Clinic, unilateral, left Duane
anomaly was noted, which was subsequently confirmed by
detailed ophthalmological and orthoptic assessment.

She has since then developed bilateral nystagmus second-
ary to the visual impairment. Her development has otherwise
been age appropriate to date.

An EEG, ERG/VER, cranial ultrasound, and MRI scan of the
brain were all normal. A renal ultrasound showed mild left
pelvicalceal dilatation and an MCUG showed grade 1
vesicoureteric reflux. Audiometry showed bilateral moderate
hearing impairment which appeared to be conductive in
origin, as there was middle ear effusion on the left and right
total meatal occlusion with wax; a sensorineural component,
however, cannot be excluded at present. The karyotype was
46,XX.

Case 4
The father of case 3 presented with severe upper limb defects
at birth which were thought to be the result of thalidomide
exposure in utero (fig 4A, B). His mother had taken one single
thalidomide tablet during the pregnancy. He was noted to
have unilateral, right Duane anomaly in the Genetics Clinic,
which was later confirmed by the orthoptist. Ophthalmologi-
cal examination showed bilateral segmental optic disc
hypoplasia. A renal ultrasound was normal. The patient
declined a hearing test. His mother had a hearing impairment
from an early age, and a female cousin had a left hypoplastic
optic disc, but did not have the Duane anomaly.

MUTATIONAL ANALYSIS OF THE PAX2 GENE
Exons 2, 3, and 4 (containing the paired box domain) and
exon 5 (containing the octapeptide sequence) of the PAX2
gene were investigated for mutations with a combination of
single strand conformation polymorphism analysis and direct
sequencing as previously described.15 No mutations in the two
functional domains were found in patients 2 and 4.

DISCUSSION
Six families with Okihiro syndrome and six families with
acro-renal-ocular syndrome have been reported. Radial ray
defects, vertebral anomalies, pre- and postaxial polydactyly,
Duane anomaly, and deafness occur in families with either
syndrome. Urinary tract anomalies have been described in two
families with some features of Okihiro syndrome. One family
presented with upper limb defects, Duane anomaly, renal
agenesis, and malrotation, but the report preceded delineation
of the Okihiro syndrome and the acro-renal-ocular
syndrome.7 In the second family, the affected family members
were found to have a supernumerary bisatellited marker
chromosome derived from chromosome 22. In addition to
renal agenesis, the proband in this family showed other
features such as absence of the cervix and uterus with blind
ending fallopian tubes, which have not been reported in other
Okihiro syndrome families.16 The lack of reports of renal
abnormalities in Okihiro syndrome families may be a
reflection of the lack of renal investigations in this patient
cohort. Urinary tract abnormalities are a defining feature of
the acro-renal-ocular syndrome. Colobomas of the iris,
choroid, and optic nerve and other ophthalmological findingsFigure 3 (A) Left hand of patient 3. (B) Right hand of patient 3.

Figure 4 (A) Left hand of patient 4. (B) Right hand of patient 4.
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Thalidomide promotes degradation of
SALL4, a transcription factor implicated in
Duane Radial Ray syndrome
Katherine A Donovan1,2, Jian An1,2, Radosław P Nowak1,2, Jingting C Yuan1,
Emma C Fink3,4, Bethany C Berry1, Benjamin L Ebert3,4, Eric S Fischer1,2*

1Department of Cancer Biology, Dana-Farber Cancer Institute, Boston, United
States; 2Department of Biological Chemistry and Molecular Pharmacology, Harvard
Medical School, Boston, United States; 3Division of Hematology, Brigham and
Women’s Hospital, Boston, United States; 4Department of Medical Oncology, Dana-
Farber Cancer Institute, Boston, United States

Abstract In historical attempts to treat morning sickness, use of the drug thalidomide led to the
birth of thousands of children with severe birth defects. Despite their teratogenicity, thalidomide
and related IMiD drugs are now a mainstay of cancer treatment; however, the molecular basis
underlying the pleiotropic biology and characteristic birth defects remains unknown. Here we show
that IMiDs disrupt a broad transcriptional network through induced degradation of several C2H2

zinc finger transcription factors, including SALL4, a member of the spalt-like family of
developmental transcription factors. Strikingly, heterozygous loss of function mutations in SALL4
result in a human developmental condition that phenocopies thalidomide-induced birth defects
such as absence of thumbs, phocomelia, defects in ear and eye development, and congenital heart
disease. We find that thalidomide induces degradation of SALL4 exclusively in humans, primates,
and rabbits, but not in rodents or fish, providing a mechanistic link for the species-specific
pathogenesis of thalidomide syndrome.
DOI: https://doi.org/10.7554/eLife.38430.001

Introduction
Thalidomide was first marketed in the 1950s as a nonaddictive, nonbarbiturate sedative with anti-
emetic properties, and was widely used to treat morning sickness in pregnant women. Soon after its
inception, reports of severe birth defects appeared, but it was denied that these were linked to tha-
lidomide. In 1961, two independent reports confirmed that thalidomide was causative to this, the
largest preventable medical disaster in modern history (Lenz, 1962; McBride, 1961). In addition to
thousands of children born with severe birth defects, there were reports of increased miscarriage
rates during this period (Lenz, 1988). Despite this tragedy, thalidomide, and its close derivatives,
lenalidomide and pomalidomide, known as immunomodulatory drugs (IMiDs), continue to be used
to treat a variety of clinical conditions such as multiple myeloma (MM) and 5q-deletion associated
myelodysplastic syndrome (del(5q)-MDS) (D’Amato et al., 1994; Pan and Lentzsch, 2012).

Although a potentially transformative treatment for MM, the molecular mechanisms of thalido-
mide teratogenicity, and many of its biological activities remain elusive. It was only recently shown
that thalidomide and analogs exert their therapeutic effect by binding to the Cullin RING E3 ubiqui-
tin ligase CUL4-RBX1-DDB1-CRBN (CRL4CRBN) (Chamberlain et al., 2014; Fischer et al., 2014;
Ito et al., 2010) and promoting ubiquitination and degradation of key efficacy targets (neo-sub-
strates), such as the zinc finger (ZnF) transcription factors IKAROS (IKZF1), AIOLOS (IKZF3), and
ZFP91 (An et al., 2017; Fischer et al., 2014; Gandhi et al., 2014b; Krönke et al., 2014; Lu et al.,

Donovan et al. eLife 2018;7:e38430. DOI: https://doi.org/10.7554/eLife.38430 1 of 25
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SALL4に関しては、
ハーバード大学に
先を越される。

サリドマイドによるSALL4及びPLZFのタンパク質分解

見出したSALL4およびPLZFはサリドマイドやその誘導体依存的に分解される。 6

Donovan et al., eLIFE 2018

ニワトリ胚四肢におけるPLZFの分解

研究人生の中で最も悔
しかった出来事、、、
PLZFだけは絶対に負
けられない！！

世界的に競争の激しい研究領域



ニワトリ胚を用いたサリドマイド催奇性の解析

PLZFはサリドマイド催奇性に関与するネオ基質である。

PLZF発現を減少させた際の催奇性解析 PLZF過剰発現によるレスキュー実験

前肢

後肢

サリドマイド
+

PLZF過剰発現

7

PLZFのタンパク質量が減少することで
四肢に重篤な催奇性を⽰す。

サリドマイド

PLZF過剰発現



サリドマイド催奇性におけるサリドマイド代謝産物

サリドマイド代謝産物のネオ基質選択性 サリドマイド代謝産物のネオ基質選択性
における構造基盤の獲得

Furihata, H., Yamanaka, S.,  et al., Nat. Commun. 2020

サリドマイド代謝産物である5位水酸化サリドマイドは、
催奇性関連ネオ基質を選択的かつ強力に分解する。 8

(抗血液がん作用) (催奇性)



Yamanaka et al., EMBO J 2021

ヒトなどのサリドマイド感受性動物種において、
SALL4およびPLZFの二重分解によって強力な催奇性が誘発される。

サリドマイド催奇性メカニズムの提唱

9



タンパク質分解誘導剤(最先端の治療薬)

リン酸化酵素阻害剤

治療標的タンパク質

P

リン酸化酵素
基質 がん細胞の増殖 基質

従来の低分子薬剤

がん細胞の増殖

従来の低分子薬剤の多くは、タンパク質の酵素活性を阻害する。

酵素活性を持たないタンパク質は治療標的することが困難。

リン酸化酵素

タンパク質分解誘導剤の特徴
• 触媒的に機能するため、低濃度で効果が絶大である。
• 酵素活性を持たない様な治療標的タンパク質をも標的できる。
• 標的タンパク質の全ての機能を阻害する。

サリドマイドは「タンパク質分解」という、
強力かつ新たな薬剤の作用メカニズムを切り拓いた。 10



キメラ型タンパク質分解誘導剤PROTAC

CRBN

治療標的タンパク質

タンパク質分解酵素

タンパク質分解

分子糊型のタンパク質分解誘導剤
(サリドマイドなど)
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サリドマイド

BET阻害剤
標的バインダー

CRBN

治療標的タンパク質

PROTAC型のタンパク質分解誘導剤

タンパク質分解

分解酵素バインダー

理論上、全てのタンパク質を標的に可能。

分⼦糊型 PROTAC型
(Proteolysis targeting chimera)

タンパク質分解誘導剤は「次世代の創薬」として世界中で研究開発が行われており、
いくつかは既に臨床段階である。 11
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⾃由⾃在に
変更可能



Kido et al., eLife. 2020

AirIDを用いた細胞内におけるタンパク質分解誘導剤依存的な相互作用解析

愛媛大学PROSで開発された近位依存性ビオ
チン化酵素AirIDを用いた解析技術

質量分析を組み合わせた網羅的な相互作用解析
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AirIDを用いることで、
細胞内における薬剤(タンパク質分解誘導剤)依存的な相互作用解析技術を構築した。

Yamanaka et al., Nat. Commun. 2022
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薬剤依存的に相互作用
したタンパク質



AirIDを用いた疾患関連ネオ基質の発見
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KATOH:  FGFR INHIBITORS FOR PRECISION MEDICINE6

and FGFR3-TACC3, are transmembrane-type FGFRs 
with C-terminal substitution to the region of fusion part-
ners (37,38,56,64,65) (Fig. 3).

Both types of FGFR fusion proteins are endowed with 
oncogenic potential through the acquisition of protein-protein-
interaction modules from fusion partners for ligand-independent 
dimerization and/or recruitment of aberrant substrates. Type 1 
FGFR fusion proteins acquire oncogenic potential through 
altered subcellular localization as a result of the loss of the 
extracellular and transmembrane domains of wild-type 
FGFRs. Type 2 FGFR fusion proteins lose the PLC-γ-binding 
tyrosine (Tyr or Y) residue (Y766 in FGFR1, Y769 in FGFR2 
or Y760 in FGFR3) owing to the C-terminal alterations. To 
understand the mechanisms of carcinogenesis caused by the 
FGFR fusions, substrates and downstream signaling cascades 
of FGFR fusion proteins need be elucidated.

3. FGFR inhibitors targeting cancer cells

Classification of FGFR inhibitors. AZD4547 (66,67), 
BGJ398 (infigratinib) (68), BLU9931 (69), Debio-1347 (70), 
dovitinib (TKI258) (27,71), FIIN-2 (72), JNJ-42756493 (73), 
LY2874455 (74) and ponatinib (9) are small molecule 
compounds that inhibit FGFRs at low nM levels (IC50 
value <20 nM) (Fig. 4A). AZD4547, BGJ398, Debio-1347, 
dovitinib, JNJ-42756493 and LY2874455 are reversible 
FGFR inhibitors that occupy the ATP-binding pocket in the 

kinase domain, whereas BLU9931 and FIIN-2 are irreversible 
FGFR inhibitors that covalently bind to each specific cysteine 
(Cys or C) residue in the kinase domain. These FGFR inhibitors 
reduce phosphorylation of FGFRs themselves and their direct 
targets, FRS2 and PLC-γ, and inactivate downstream signaling, 
such as the RAS-ERK, PI3K-AKT, IP3-Ca2+ and DAG-PKC 
signaling cascades.

AZD4547, BGJ398, Debio-1347 and dovitinib are 
FGFR1/2/3 inhibitors that are less effective on FGFR4; 
BLU9931 is a selective FGFR4 inhibitor; FIIN-2, JNJ-42756493, 
LY2874455 and ponatinib are pan-FGFR inhibitors (Fig. 5A). 
Phylogenetic analysis on 54 RTKs revealed diversification of 
FGFR4 from other FGFRs (Fig. 2), and amino-acid alignment 
of the tyrosine kinase domains in the FGFR family members 
revealed relatively frequent amino-acid substitutions specifi-
cally in FGFR4 (Fig. 4B). Phospho-tyrosine residues involved 
in catalytic activation (Y653 and Y654 in FGFR1), STAT 
recruitment (Y677 in FGFR1) and PLC-γ recruitment (Y766 
in FGFR1) are conserved in all members of the FGFR family. 
By contrast, one tyrosine residue in the hinge region (Y563 in 
FGFR1, Y566 in FGFR2 and Y557 in FGFR3) is changed to 
C552 in FGFR4, and phospho-tyrosine residue in the kinase 
insert region (Y583 in FGFR1, Y586 in FGFR2 and Y577 
in FGFR3) is changed to L572 in FGFR4 (Fig. 4B). Y563 in 
FGFR1 is necessary for the interaction with Debio-1347 (70), 
whereas C552 in FGFR4 is necessary for the covalent binding 
with BLU9931 (69). As the diversification of FGFR4 signifi-

Figure 3. Fibroblast growth factor receptor (FGFR) alterations in human cancer. FGFR genes are activated in human cancer as a result of gene amplification, 
coding mutation and gene fusion. FGFR gene fusions are further classified into two groups. Type 1 FGFR fusions in hematological malignancies encode non-
transmembrane-type FGFR kinases. Type 2 FGFR fusions in solid tumors encode transmembrane-type FGFRs with C-terminal substitution to the region of 
fusion partners.
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Fig. 3 Biotin-dependent LS-MS/MS analyses using HuH7 and IMR32 cells expressing AirID-CRBN. a, b LC-MS/MS analysis of biotinylated peptide
using AirID-CRBN for (a) HuH7 or (b) IMR32 cells. HuH7 or IMR32 cells stably expressing AGIA-AirID-CRBN-WT were treated with DMSO, 20 µM
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MG132 for 8 h (biological replicates; n= 3). c, d Heat map of biotinylated peptides (IMiDs/DMSO ratio >3 and P-value <0.05) in c HuH7, or d IMR32 cells
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開発した評価系を用いることで、
サリドマイド誘導体の新たな標的を見出した。

Yamanaka et al., Nat. Commun. 2022
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タンパク質の分解

mRNA変化なし

染色体転座に伴い
血液がんを引き起こす

Katou Masaru., J. Mol. Med 2016



催奇性を回避した血液がんに有効な新規サリドマイド誘導体の開発
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催奇性を軽減し、高い抗血液がん作用を示す新規サリドマイド誘導体を開発した。
Yamanaka et al., Nat. Commun. 2023
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約150種類のサリマイド誘導体を用いたスクリーニングの結果

CRBN

サリドマイド
やその誘導体

ネオ基質の分解を誘導

IKZF1
IKZF3

SALL4

PLZF
CK1α

抗⾎液がん 催奇性

抗⾎液がん作⽤のタンパク質
を選択的に分解できないか。

既存薬



現在取り組んでいる研究
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生体内におけるタンパク質分解誘
導剤依存的な相互作用解析 選択的なタンパク質分解薬の開発 動物細胞において未発見である

生体内タンパク質分解誘導分子の発見

副作用を軽減した様々な疾患に対する
タンパク質分解誘導剤の開発へ
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(Arg 403 and Ser 438) spatially coupled to a less selective hydro-
phobic cavity with a fixed shape. This partially promiscuous hor-
mone-binding site in TIR1 explains how the auxin receptor can
potentially bind a variety of auxin compounds.

TIR1–substrate peptide interactions

The IAA7 degron peptide has a predominantly hydrophobic
sequence and binds to the auxin-bound TIR1 pocket through exten-
sive hydrophobic interactions (Fig. 5a, b). The mouth of the TIR1
pocket is formed mostly by the three extra long LRR loops and is
decorated almost exclusively with hydrophobic residues (Fig. 5b). In
between the pocket opening and the auxin molecule, another layer of
TIR1-LRR residues presents an additional hydrophobic surface. The
13-amino-acid substrate peptide adopts a highly coiled conforma-
tion and fills the TIR1 pocket with the central hydrophobic consensus
motif GWPPV lying on top of auxin (Fig. 5a, b). The two flanking
regions of the motif also contribute to complex formation. The
hydrophobic amino-terminal region runs along the pocket rim and
the polar C-terminal region curls around the LRR-12 loop of TIR1
(Fig. 5a).

The conserved central GWPPV motif represents the hallmark of
the Aux/IAA degron13. Genetic screens in Arabidopsis have shown
that mutations in this motif lead to stabilization of Aux/IAAs and
reduced auxin response. Two amino acids in the motif, tryptophan
and the second proline, interact with the surrounding hydrophobic
wall of the TIR1 pocket and stack against the auxin molecule lying
underneath, packing against the auxin indole ring and the auxin side
chain, respectively (Fig. 5b and Supplementary Fig. 4). The positions
of these two residues are partially maintained by the other proline in
the middle, which itself also forms hydrophobic interactions with
surrounding TIR1 residues. Similar to the three central residues of
the motif, the glycine residue at the first position is invariant among
all Aux/IAAs13. In the structure, the glycine residue is located at a
critical position, where flexibility of the peptide is required for the
N-terminal region of the substrate peptide to take a sharp turn and
continue interacting with TIR1 (Fig. 5a). Although the valine residue
at the end of the motif is not strictly conserved in all Aux/IAA family
members, its conserved hydrophobic feature is crucial for its inter-
actions with the nearby hydrophobic residues of TIR1 (Fig. 5b). As a
whole, the GWPPV motif of the substrate peptide, together with
auxin, nucleates a hydrophobic core networked with the TIR1 hydro-
phobic surface pocket. When a single non-polar TIR1 residue in the
pocket is altered to a charged amino acid (A464E), both the basal and
auxin-enhanced binding of the IAA7 substrate to TIR1 are lost
(Fig. 4c).

Upon docking to auxin-bound TIR1, the IAA7 peptide almost
completely encloses the three-walled TIR1 pocket, covering both its
open ‘ceiling’ and the empty side facing the central channel of the

LRR solenoid (Fig. 5a). Thus, the receptor-bound hormone is
expected to remain trapped in the pocket until the substrate poly-
peptide is released. Overall, even though the Aux/IAA substrate itself
does not have any detectable affinity to auxin, an optimal binding site
for the hormone is cooperatively formed by the substrate polypeptide
and TIR1.

Auxin regulation of TIR1–Aux/IAA binding

The crystal structure of TIR1–ASK1 in the ligand-free and different
ligand-bound forms reveals that auxin is not an allosteric regulator of
SCFTIR1. Superposition analysis of the TIR1–ASK1 structures in the
absence and presence of auxin shows that except for the side-chain
rearrangement of three local residues (Supplementary Fig. 5), auxin
binding does not induce significant conformational changes of the
hormone receptor. Furthermore, the auxin-binding site is disquali-
fied as an allosteric site because it is in the same pocket as the
substrate-binding site.

Instead, auxin enhances the substrate-binding activity of TIR1
mainly by filling a cavity between the two proteins, thereby extending
the protein-interaction interface. Upon interacting with both TIR1
and the substrate polypeptide, auxin mediates the formation of a
continuous hydrophobic core among the three. Thus, we conclude
that auxin promotes SCFTIR1–substrate binding by acting as a
‘molecular glue’ rather than an allosteric switch (Fig. 6). Such a
regulatory mechanism is in fact consistent with the partially promis-
cuous nature of auxin binding to the F-box protein. Because the
structural role of auxin is to support the GWPPV motif of the
Aux/IAA substrate by providing an overall hydrophobic base at the
bottom of the TIR1 surface pocket, moderate variations in auxin
structure might be tolerated as long as they can be accommodated
by the auxin-binding site and do not interfere with Aux/IAA binding.

InsP6 as a possible co-factor of TIR1

InsP6, also known as ‘‘phytate’’, was first identified in plants and later
found in other eukaryotes29. Many lines of evidence indicate that the
InsP6 revealed in the crystals is a specific functional cofactor of TIR1.
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Figure 5 | Binding of an Aux/IAA degron peptide on auxin-bound TIR1.
a, An overall view of the TIR1 surface pocket occupied by auxin (green) at
the bottom and the highly coiled IAA7 peptide (orange) on top. The surface
of the three long top surface loops of TIR1 responsible for ligand binding is
coloured red. b, A close-up side view of the central GWPPV motif in the
IAA7 peptide upon binding to TIR1. Interacting residues of the substrate
peptide and TIR1 are shown as orange and yellow stick models, respectively.

Auxin is shown as a green stick model. To clarify the view, two hydrophobic
residues, one from the peptide and the other from loop-2 of TIR1, are not
shown. c, A slab view of the TIR1–auxin–IAA7 peptide complex, showing
that auxin fills a cavity between two proteins. The molecular surface of TIR1
is shown in grey mesh. The IAA7 peptide and auxin are shown in orange
surface representation and green CPK, respectively.

AuxinAuxin

Figure 6 | A model of auxin-regulated TIR1–substrate interactions. A
schematic diagram of auxin functioning as a ‘molecular glue’ to enhance
TIR1–substrate interactions. In contrast to an allosteric mechanism, auxin
binds to the same TIR1 pocket that docks the Aux/IAA substrate. Without
inducing significant conformational changes in its receptor, auxin increases
the affinity of two proteins by simultaneously interacting with both in a
cavity at the protein interface.

NATURE |Vol 446 |5 April 2007 ARTICLES

643
Nature   ©2007 Publishing Group

Tan et al., Nature 2007

タンパク質分解誘導剤開発のため
の評価系の構築へ

世界初の動物細胞におけるタンパ
ク質分解誘導分子の発見へ
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　PRiMEは、第4期中期目標期間（令和4年度～令和9年度）における「共同利用・共同研究拠点」
として文部科学大臣より新規認定されました。
　PRiMEは、基礎生物学から医歯薬学さらには農学に及ぶ生命科学の幅広い分野において不可欠な
タンパク質相互作用の実態を、生化学的解析および生体内解析の双方から網羅的に明らかにする
インタラクトーム解析（プロテオインタラクトーム解析）の中核的拠点です。我が国の生命科学研究の
発展への寄与を目的として、PROSが有する独自の無細胞タンパク質合成技術とタンパク質相互作用
の解析技術等を用いた共同利用・共同研究を推進しています。また、社会実装に向けた新規薬剤や
新規診断手法の開発等、多数の企業との活発な共同研究を展開しています。拠点認定を受けた
今後、国内外の大学や研究機関、バイオ企業との共同研究機能をさらに強化するとともに、将来を
担う若研究者の育成や国際化に貢献し、研究成果を迅速に社会配信・実装することができる拠点と
して、我が国のプロテオインタラクトーム解析を牽引します。

PRiME is a newly accredited Ministry of Education, Culture, Sports, Science and Technology "Joint Usage and Research 
Center" for the 4th Mid-term Target Period (2022-2027). PRiME is a core center for proteointeractome analysis, which aims 
to comprehensively clarify protein-protein interactions from both biochemical and in vivo analyses, which are 
indispensable in a wide range of fields in the life sciences, from basic biology to medicine, dentistry, pharmacology and 
agriculture. To contribute to the development of life science research in Japan, PROS is promoting joint research using 
its unique cell-free protein synthesis and protein interaction analysis technologies. In addition, PROS is actively engaging 
in joint research with a number of companies to develop new drugs and diagnostic methods for social implementation. 
The Center will further strengthen its collaborative research functions with universities, research institutes, and 
biotechnology companies in Japan and abroad, contribute to the development and internationalization of young 
researchers. It aims to lead proteointeractome research in Japan. 

PRiMEとは

共に研究する人材を随時募集しています。
また、大学院生・ポスドクも歓迎です。
募集がある場合は、ホームページに掲載します。

https://www.pros.ehime-u.ac.jp/

Tel：089‐927‐9686
E-mail：prime@stu.ehime-u.ac.jp
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タンパク質で、新しい未来へ。
Primed for the Future with “PROTEO-SCIENCE”.

PROS Joint Research Program for Protein Interactome (PRiME), Ehime University

About PRiME

Bunkyo-cho, Matsuyama, Ehime, 790-8577, JAPAN

Recruitment

We are actively recruiting people to work with us.
We also welcome applications from potential graduate students and post-doctoral researchers.
When there are openings, they will be posted on our website.

PROS Joint Research Program for Protein Interactome (PRiME), Ehime University

Access

Biochemical and cell-based analyses

Tatsuya Sawasaki
Hirotaka Takahashi

Tokushima University
LC-MS/MS analyses

Hidetaka Kosako
Kohei Nishino

X-ray structural analysis 
The University of Tokyo

Hirotake Furihata
Takuya Miyakawa
Masaru TanokuraNagoya Institute of Technology

Synthesis of thalidomide derivatives and PROTAC

Shibata Norio
Etsuko Tokunaga
Mayaka Maeno
Akihito Taya 
Takato Nagasaka
Mai Usui 

Analysis of teratogenicity in chicken embryos

Yuki Shoya
Yuto Horiuchi
Saya Matsuoka
Koya Nagaoka
Kohki Kido

Hiroyuki Takeda
Takahiro Iwasaki

Tohoku University
Koji Tamura
Hidetaka Murai
Gembu Abe

Kyushu University
Daisuke Saito

Nagoya University
Takayuki Suzuki

Mouse Generation and analyses
RIKEN

Ichiro Taniuchi
Satoshi Kojo
Kazuki Okuyama
Chizuko Miyamoto

Ehime University
Yuki Imai
Yuta Yanagihara
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