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第68回 九州⼤学 ⽣体防御医学研究所（2023.12.15)

12:05－12:10(5分） ︓ 「研究所の概要」 所⻑ 福井 宣規

12:10－12:25(15分） ︓若⼿研究者からのプレゼン
①「１細胞空間マルチオミクス技術の開発」

 ⾼深度オミクスサイエンスセンター トランスクリプトミクス分野 助教 富松 航佑

②「ダイレクトリプログラミングによるマウス及びヒト腸前駆細胞の作製」
細胞機能制御学部⾨器官発⽣再⽣学分野 助教 三浦 静

12:25－12:45(20分） ︓質疑応答



1982年 生体防御医学研究所が発足

生医研は1982年に、「生体防御医学に関する学理を追求し、その応
用研究を推進する」ことを目的として設置された。以降、生医研は、
生命現象の本質や疾患発症のメカニズムに迫る多くの優れた成果を発
信してきた。特に最近では、バイオロジーとテクノロジーの連携を一
層強化することで、多角的に生体防御システムを解明できる世界的な
研究拠点を目指して活動している。

<最近の出来事>
・令和4年度概算要求組織改革分に「高深度オミクス医学研究拠点整
備事業」が採択され、4人の教授ポストの純増が認められた。
・学際領域展開ハブ形成プログラムに「4Dシステム発生・再生学イニ
シアティブ」が採択された。
・第3期の共同利用・共同研究拠点の期末評価において、「多階層生
体防御システム研究拠点」が、S評価を頂いた。

⽣体防御医学研究所の発⾜と現在



研究活動・論⽂数（平成29年度〜令和4年度）

区分 平成29年度 平成30年度 令和元年度 令和2年度 令和3年度 令和4年度 計

発表した論⽂数 157 142 160 173 148 112 892

【Major Publications, IF>10】
2023年度 : Nature Biomedical Engineering 1件, Nature Communications 3件, Science Advances 1件, Journal of Experimental Medicine 1件,

The EMBO Journal 1件
2022年度 : Nature Communications 1件, Cancer Research 1件, Journal of Allergy and Clinical Immunology 1件, Allergy 1件
2021年度 : Nature Communications 3件, Nucleic Acids Research 2件, Journal of Allergy and Clinical Immunology 1件, 

Molecular Systems Biology 1件
2020年度 : Nature Immunology 1件, Molecular Cell 2件, Nature Communications 2件, Nature Structral & Molecular Biology 1件, 

Nature Protocols 1件
2019年度 : Nature Communications 2件, Science Advances 1件, Journal of Allergy and Clinical Immunology 1件, 

Progress in Neurobiology 1件
2018年度 : Nature Cell Biology 1件, Nature Communications 1件, Journal of Experimental Medicine 1件, Journal of Clinical Investigation 1件
2017年度 : Cell Stem Cell 1件, Nature Communications 1件
2016年度 : Nature 1件, Nature Methods 1件, Immunity 1件, Nature Communications 2件, Journal of Clinical Investigation 1件, Hepatology 1件
2015年度 : Nature Communications 2件
2014年度 : Immunity 1件, Journal of Clinical Investigation 1件, Journal of Experimental Medicine 1件, Hepatology 1件
2013年度 : Immunity 1件, Cell Host & Microbe 1件
2012年度 : Cell 1件, Cancer Cell 1件, Journal of Clinical Investigation 2件, Genome Research 1件
2011年度 : Nature 1件, Science 1件, Cell Stem Cell 1件, Nature Medicine 1件, Cell Metabolism 1件, Genome Research 1件, Blood 2件,

The EMBO Journal 1件
2010年度 : Developmental Cell 1件, Molecular Cell 1件, Journal of Clinical Investigation 2件, The American Journal of Human Genetics 1件
2009年度 : Nature Cell Biology 1件, Journal of Experimental Medicine 2件, Genes & Development 1件



九州大学 生体防御医学研究所 高深度オミクスサイエンスセンター
トランスクリプトミクス分野 助教 富松航佑

１細胞空間マルチオミクス技術の開発

略歴
2010 九州大学システム生命科学府 修了

2011 九州大学システム生命科学府 学振PD
2012 鳥取大学生命機能センター 学振PD

2013 ケンブリッジ大学英国がん研究所 ポスドク
2018 滋賀医科大学医学部 特任助教
2020〜現職



ARTICLE

NOTCH-mediated non-cell autonomous regulation
of chromatin structure during senescence
Aled J. Parry 1, Matthew Hoare1,2, Dóra Bihary3, Robert Hänsel-Hertsch1, Stephen Smith 4,
Kosuke Tomimatsu1, Elizabeth Mannion1, Amy Smith1, Paula D’Santos1, I. Alasdair Russell1,
Shankar Balasubramanian 1,5, Hiroshi Kimura 6, Shamith A. Samarajiwa3 & Masashi Narita 1

Senescent cells interact with the surrounding microenvironment achieving diverse functional

outcomes. We have recently identified that NOTCH1 can drive ‘lateral induction’ of a unique

senescence phenotype in adjacent cells by specifically upregulating the NOTCH ligand JAG1.

Here we show that NOTCH signalling can modulate chromatin structure autonomously and

non-autonomously. In addition to senescence-associated heterochromatic foci (SAHF),

oncogenic RAS-induced senescent (RIS) cells exhibit a massive increase in chromatin

accessibility. NOTCH signalling suppresses SAHF and increased chromatin accessibility in

this context. Strikingly, NOTCH-induced senescent cells, or cancer cells with high JAG1

expression, drive similar chromatin architectural changes in adjacent cells through cell–cell

contact. Mechanistically, we show that NOTCH signalling represses the chromatin archi-

tectural protein HMGA1, an association found in multiple human cancers. Thus, HMGA1 is

involved not only in SAHFs but also in RIS-driven chromatin accessibility. In conclusion, this

study identifies that the JAG1–NOTCH–HMGA1 axis mediates the juxtacrine regulation of

chromatin architecture.

DOI: 10.1038/s41467-018-04283-9 OPEN

1 Cancer Research UK Cambridge Institute, University of Cambridge, Robinson Way, Cambridge CB2 0RE, UK. 2 Department of Medicine, Addenbrooke’s
Hospital, University of Cambridge, Cambridge CB2 0QQ, UK. 3MRC Cancer Unit, Hutchison/MRC Research Centre, University of Cambridge, Cambridge
Biomedical Campus, Cambridge CB2 0XZ, UK. 4Department of Pathology, Addenbrooke’s Hospital, University of Cambridge, Cambridge CB2 0QQ, UK.
5Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK. 6 Cell Biology Centre, Institute of Innovative Research, Tokyo
Institute of Technology, Yokohama 226-8503, Japan. Correspondence and requests for materials should be addressed to
S.A.S. (email: SS861@MRC-CU.cam.ac.uk) or to M.N. (email: masashi.narita@cruk.cam.ac.uk)
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健常組織 ⽼化細胞の出現

Cellular senescence is an autonomous tumour-suppressor
mechanism that can be triggered by pathophysiological
stimuli including replicative exhaustion, exposure to che-

motherapeutic drugs and hyper-activation of oncogenes, such as
RAS1. Persistent cell cycle arrest is accompanied by diverse
transcriptional, biochemical and morphological alterations. These
senescence hallmarks include increased expression and secretion
of soluble factors (senescence-associated secretory phenotype
(SASP))2,3 and dramatic alterations to chromatin structure1,4,5.
Importantly, the combination, quantity and quality of these fea-
tures can vary depending on the type of senescence. Senescent
cells have profound non-cell autonomous functionality. The
SASP can have either protumorigenic or antitumorigenic effects
and act in an autocrine or paracrine fashion2,6–8. In addition, we
have recently identified that NOTCH signalling can drive a cell-
contact-dependent juxtacrine senescence9.

The NOTCH signalling pathway is involved in a wide array of
developmental and (patho-)physiological processes. NOTCH has
roles in differentiation and stem cell fate10 and perturbations have

been linked to tumorigenesis where NOTCH can have either
oncogenic or tumour-suppressive functionality11. The pathway
involves proteolytic cleavage of the NOTCH receptor upon
contact-mediated activation by a ligand of the JAGGED (JAG) or
DELTA family on the surface of an adjacent cell. The cleaved
NOTCH-intracellular domain translocates to the nucleus where,
together with transcriptional co-activators such as mastermind-
like 1 (MAML1), it drives transcription of canonical target genes,
including the HES and HEY family of transcription factors10.
NOTCH signalling has also been shown to induce a type of
senescence, NOTCH-induced senescence (NIS), where cells are
characterised by distinct SASP components9,12. Recently, we
showed that during NIS there is a dramatic and specific upre-
gulation of JAG1 that can activate NOTCH1 signalling and drive
NIS in adjacent cells (‘lateral induction’)9.

During senescence, particularly in oncogenic RAS-induced
senescent (RIS) fibroblasts, characteristic changes to chromatin
culminate in the formation of senescence-associated heterochro-
matic foci (SAHFs)13, layered structures facilitated by spatial
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Fig. 1 NOTCH1 signalling has a chromatin ‘smoothening’ effect that blocks SAHF. a Diagram illustrating the NOTCH1 signalling pathway, which can be
repressed chemically using DAPT or genetically by expressing dominant-negative MAML1 (dnMAML1). b IMR90 ER:HRASG12V cells were infected with
control vector or N1ICD-FLAG and incubated with ±100 nM 4OHT for 6 days. Representative images of nuclei stained with DAPI for the conditions
indicated (scale bar= 10 µm). Percentage indicates the number of SAHF-positive cells within the population (see d). c, d Quantification of nuclear area,
standard deviation of DAPI intensity (c) and the number of SAHF-positive cells (d) for the conditions indicated in b. Lines indicate the mean value of each
replicate. n= 3 (c) and n= 4 (d) biologically independent replicates. Values of individual replicates for nuclear area and standard deviation are shown in
Supplementary Fig. 1b, d. e Time series analysis of SAHF-positive nuclei following the addition of 100 nM 4OHT to IMR90 ER:HRASG12V cells in the
presence or absence of ectopic dnMAML1 or 10 µM DAPT (left). n= 3 biologically independent replicates. Representative DAPI images of the indicated
conditions (+RAS= 7 days of 4OHT treatment; scale bar= 25 µm). c–e Statistical significance calculated using one-way ANOVA with Tukey’s correction
for multiple comparisons. *p≤ 0.05, **p≤ 0.01, ***p≤ 0.001
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Cellular senescence is an autonomous tumour-suppressor
mechanism that can be triggered by pathophysiological
stimuli including replicative exhaustion, exposure to che-

motherapeutic drugs and hyper-activation of oncogenes, such as
RAS1. Persistent cell cycle arrest is accompanied by diverse
transcriptional, biochemical and morphological alterations. These
senescence hallmarks include increased expression and secretion
of soluble factors (senescence-associated secretory phenotype
(SASP))2,3 and dramatic alterations to chromatin structure1,4,5.
Importantly, the combination, quantity and quality of these fea-
tures can vary depending on the type of senescence. Senescent
cells have profound non-cell autonomous functionality. The
SASP can have either protumorigenic or antitumorigenic effects
and act in an autocrine or paracrine fashion2,6–8. In addition, we
have recently identified that NOTCH signalling can drive a cell-
contact-dependent juxtacrine senescence9.

The NOTCH signalling pathway is involved in a wide array of
developmental and (patho-)physiological processes. NOTCH has
roles in differentiation and stem cell fate10 and perturbations have

been linked to tumorigenesis where NOTCH can have either
oncogenic or tumour-suppressive functionality11. The pathway
involves proteolytic cleavage of the NOTCH receptor upon
contact-mediated activation by a ligand of the JAGGED (JAG) or
DELTA family on the surface of an adjacent cell. The cleaved
NOTCH-intracellular domain translocates to the nucleus where,
together with transcriptional co-activators such as mastermind-
like 1 (MAML1), it drives transcription of canonical target genes,
including the HES and HEY family of transcription factors10.
NOTCH signalling has also been shown to induce a type of
senescence, NOTCH-induced senescence (NIS), where cells are
characterised by distinct SASP components9,12. Recently, we
showed that during NIS there is a dramatic and specific upre-
gulation of JAG1 that can activate NOTCH1 signalling and drive
NIS in adjacent cells (‘lateral induction’)9.

During senescence, particularly in oncogenic RAS-induced
senescent (RIS) fibroblasts, characteristic changes to chromatin
culminate in the formation of senescence-associated heterochro-
matic foci (SAHFs)13, layered structures facilitated by spatial
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Fig. 1 NOTCH1 signalling has a chromatin ‘smoothening’ effect that blocks SAHF. a Diagram illustrating the NOTCH1 signalling pathway, which can be
repressed chemically using DAPT or genetically by expressing dominant-negative MAML1 (dnMAML1). b IMR90 ER:HRASG12V cells were infected with
control vector or N1ICD-FLAG and incubated with ±100 nM 4OHT for 6 days. Representative images of nuclei stained with DAPI for the conditions
indicated (scale bar= 10 µm). Percentage indicates the number of SAHF-positive cells within the population (see d). c, d Quantification of nuclear area,
standard deviation of DAPI intensity (c) and the number of SAHF-positive cells (d) for the conditions indicated in b. Lines indicate the mean value of each
replicate. n= 3 (c) and n= 4 (d) biologically independent replicates. Values of individual replicates for nuclear area and standard deviation are shown in
Supplementary Fig. 1b, d. e Time series analysis of SAHF-positive nuclei following the addition of 100 nM 4OHT to IMR90 ER:HRASG12V cells in the
presence or absence of ectopic dnMAML1 or 10 µM DAPT (left). n= 3 biologically independent replicates. Representative DAPI images of the indicated
conditions (+RAS= 7 days of 4OHT treatment; scale bar= 25 µm). c–e Statistical significance calculated using one-way ANOVA with Tukey’s correction
for multiple comparisons. *p≤ 0.05, **p≤ 0.01, ***p≤ 0.001
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細胞⽼化における遺伝⼦発現制御の研究

健常細胞の核 ⽼化細胞の核Prof. Narita
情報解析チーム

コアファシリティ

ラボ内協⼒体制

加齢は⽼化細胞の出現により⽣じる異常細胞の蓄積である

⽼化による異常細胞の蓄積が
組織の機能低下につながる

ART ICLES

NOTCH1 mediates a switch between two distinct
secretomes during senescence
Matthew Hoare1,2, Yoko Ito1, Tae-Won Kang3,4, Michael P. Weekes2,5, Nicholas J. Matheson2,5, Daniel A. Patten6,
Shishir Shetty6, Aled J. Parry1, Suraj Menon1, Rafik Salama1, Robin Antrobus5, Kosuke Tomimatsu1,
William Howat1, Paul J. Lehner2,5, Lars Zender3,4 and Masashi Narita1,7

Senescence, a persistent form of cell-cycle arrest, is often associated with a diverse secretome, which provides complex
functionality for senescent cells within the tissue microenvironment. We show that oncogene-induced senescence is accompanied
by a dynamic fluctuation of NOTCH1 activity, which drives a TGF-�-rich secretome, while suppressing the senescence-associated
pro-inflammatory secretome through inhibition of C/EBP�. NOTCH1 and NOTCH1-driven TGF-� contribute to ‘lateral induction of
senescence’ through a juxtacrine NOTCH–JAG1 pathway. In addition, NOTCH1 inhibition during senescence facilitates
upregulation of pro-inflammatory cytokines, promoting lymphocyte recruitment and senescence surveillance in vivo. As enforced
activation of NOTCH1 signalling confers a near mutually exclusive secretory profile compared with typical senescence, our data
collectively indicate that the dynamic alteration of NOTCH1 activity during senescence dictates a functional balance between
these two distinct secretomes: one representing TGF-� and the other pro-inflammatory cytokines, highlighting that NOTCH1 is a
temporospatial controller of secretome composition.

Cellular senescence is an autonomous tumour suppressormechanism,
whereby various triggers drive a stable proliferative arrest. Senescence
is accompanied by diverse biochemical changes including upregula-
tion of CDK inhibitors, the accumulation of senescence-associated
�-galactosidase (SA-�-gal) activity, and expression of a wide variety of
secretory proteins1,2. These features of senescence have been recapitu-
lated by in vivomodels, including both pathological and physiological
contexts3.

Senescent cells have profound non-autonomous functionality
in the tissue microenvironment through the senescence-associated
secretory phenotype (SASP)2. Previous studies have demonstrated
heterogeneous e�ects of the SASP on tumorigenesis. The SASP
can reinforce the senescent phenotype in both an autocrine and
paracrine fashion4–6 and activate immune clearance of senescent
cells7–9 from tissues, thereby contributing to tumour suppression.
Some tumorigenic activities of the SASPhave also been shown through
promoting cellular growth and epithelial–mesenchymal transition
in neighbouring immortalized or transformed epithelial cells10,11. In
addition, SASP components, among others, include inflammatory

cytokines and matrix-modifying enzymes, which play key roles in
the clearance of senescent or damaged cells and resolution of tissue
injury, respectively. Thus, it is conceivable that both the relative and
absolute expression of SASP components is dynamic and under tight
regulation. However, the basis for the regulation of di�erent SASP
components or controlling the net function of the SASP is unclear.

NOTCH signalling is evolutionarily conserved and involved in a
wide range of developmental and physiological processes, controlling
cell-fate specification and stem cell homeostasis12. In addition,
alterations of theNOTCHpathway have been linked to stress response
and tumorigenesis, where it can be oncogenic or tumour suppressive
depending on tissue and context13. There are four NOTCH receptors,
which bind the Jagged (JAG) and Delta-like family of ligands12.
Upon ligand binding, the NOTCH receptors undergo a series of
proteolytic cleavage events liberating the intracellular domain (ICD),
which subsequently translocates to the nucleus to bind a multi-
molecular complex, including both the DNA-binding protein RBPJ
andMastermind-like (MAML) co-activators12 and drive transcription
of NOTCH-target genes, such as the HES/HEY family of transcription

1University of Cambridge, Cancer Research UK Cambridge Institute, Robinson Way, Cambridge CB2 0RE, UK. 2University of Cambridge, Department of Medicine,
Addenbrooke’s Hospital, Cambridge CB2 0QQ, UK. 3Division of Translational Gastrointestinal Oncology, Department of Internal Medicine I, University Hospital
Tuebingen, Otfried-Mueller-Strasse 12, 72076 Tuebingen, Germany. 4Translational Gastrointestinal Oncology Group within the German Consortium for Translational
Cancer Research (DKTK), German Cancer Research Center (DKFZ), 69120 Heidelberg, Germany. 5University of Cambridge, Cambridge Institute for Medical Research,
Addenbrooke’s Hospital, Cambridge CB2 0XY, UK. 6National Institute for Health Research Birmingham Liver Biomedical Research Unit and Centre for Liver Research,
Institute of Immunology and Immunotherapy, University of Birmingham, Birmingham B15 2TT, UK.
7Correspondence should be addressed to M.N. (e-mail: masashi.narita@cruk.cam.ac.uk)
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⽼化による異常細胞蓄積に介⼊するためには

従来のオミクス解析⽅法︓1細胞RNA-seq

明らかにすべきこと
1. 加齢により蓄積される細胞の決定
2. 異常細胞周辺の細胞の機能低下
3. 異常細胞が伝達する因⼦の決定

空間情報を保持したオミクス解析︓空間オミクスが必要

in a rigorousmanner, we computed themaximummean discrep-
ancy (MMD) between young and aged cells of each type using
normalized counts (Method details). TheMMDdistance provides
an estimate of the difference between two samples of cells,
capturing differences in means, covariance, and modality (Gret-
ton et al., 2012).
We found that all of the cell types at both time points exhibited

a significant magnitude of aging (kernel two-sample test, p <
0.001), while isochronic negative control comparisons showed
non-significant MMD values near zero as expected (Figure S3I;
mean p > 0.99). Myogenic cells and FAPs displayed a higher
magnitude of aging after differentiation (Wilcoxon rank-sum
tests, p < 0.001; Figure 2F). Macrophages and FAPs show the

highest MMD in the freshly isolated time point, suggesting that
these cell types exhibit the largest differences with age in the un-
challenged, in vivo context (Figure S3H). This result further sug-
gests that the cell identity changes induced by differentiation can
reveal age-related changes unseen in the unchallenged context.
Significant MMDs for each cell type confirm that aging is a sub-
stantial perturbation to each cell population, even if it is not the
largest source of variation in our data.

Trajectories and cell fates of myogenic differentiation
are preserved with age
Aging may alter cellular differentiation trajectories and fates, as
observed in hematopoiesis (Yu et al., 2017) and suggested for

Figure 1. Single-cell RNA-seq identifies diverse cell types in murine muscle mononuclear cells
(A) Experimental schematic. Muscle mononuclear cells were isolated from young and aged C57BL/6 mice (n = 2 animals each). Transcriptional profiles were

collected immediately for a subset of cells. MuSCs and fibro-adipose progenitors (FAPs) were plated and allowed to differentiate for 60 h before profiling.

(B) UMAP projection of transcriptional space. Overlaid colors indicate identified cell types, animal age, and collection time point, respectively.

(C) Expression (log(CPM + 1)) of cell-type-specific marker genes overlaid on UMAP projections.

See also Figures S1 and S2.
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空間情報を保持した解析法

若齢組織 加齢組織

明らかにすべきこと
1. 加齢により蓄積される細胞の決定
2. 異常細胞周辺の細胞の機能低下
3. 異常細胞が伝達する因⼦の決定



空間オミクス技術の台頭と現状

世界と戦える国産空間オミクス技術を開発する

次世代シークエンサーを置き換える次の世代の技術として注⽬Nature Methods 2021

Science 2023

⽇本から世界の空間オミクス市場へ挑む

次世代シークエンサー
市場規模
138億ドル(2021)
300億ドル(2030予想)

空間オミクス

https://www.10xgenomics.com/jp/products/spatial-gene-expressionhttps://jp.illumina.com/science/technology/next-generation-sequencing.html

◉ １細胞空間オミクスは未だ黎明期である
◉ ⽇本で独⾃の技術開発は九州⼤学⼤川研究室のみ

独⾃の空間オミクス開発に挑戦するため⼤川研へ



Precise Emission Canceling Antibody : PECAbの開発

健常細胞 ⽼化細胞

核内の微⼩構造を<1umスケールで解像

染⾊して消せる抗体を⽤いた200種類以上の超多重免疫染⾊



PECAbを⽤いた⾼解像空間マルチオミクスへの応⽤
空間オミクス⽤に独⾃の⾃動化デバイスを開発

PECAb

１⼈の病態から異常細胞の同定と治療介⼊点の探索が可能である

細胞状態の分類⼦宮体がん⾁腫 分類した細胞の局在 悪性化進⾏中のシグナルを決定



空間オミクス研究発展・発信に向けた状況
２０２２以降の研究費獲得状況
JST創発的研究支援事業(2023年〜2026年)

代表 空間マルチオミクスによる加齢性筋萎縮機構の解明
JSPS科研費基盤研究B(2022年〜2025年)
代表 個体老化における老化細胞蓄積メカニズム解明
JSPS科研費挑戦的研究(萌芽)(2022年〜2024年)

代表 空間オミクスによるシグナル伝達経路の擬似追跡法の確立
JSPS科研費基盤研究C(2023年〜2026年)
分担 空間マルチオミクス解析による急性冠症候群の発症機序解明
JSPS科研費基盤研究C(2023年〜2026年)

分担 子宮体癌とその前癌病変である内膜増殖症の空間的エピゲノム解析
AMED糖尿病等生活習慣病対策実用化研究事業(2023年〜2025年)
分担 情報工学と応用生物工学を活用した心不全発症・重症化予防に

向けた創薬シーズの探索
AMED肝炎等克服実用化研究事業(2022年〜2025年)

分担 空間オミクス解析による肝発がんのメカニズム解明を目指した研究
AMED次世代がん医療加速化研究事業(2022年〜2024年)
分担 空間的エピゲノム解析を用いた子宮体がんの腫瘍形成過程の解明と

早期診断・予防のための新規バイオマーカーの同定

論文投稿中
https://www.biorxiv.org/content/10.1101/2023.10.17.561810v1

特許
細胞を連続的に免疫染色する方法
特願2020-199800

招待公演
2022年8月 ゲノム生物物理学セミナー

2022年11月 日本分子生物学会
2023年6月 日本エピジェネティクス研究会
2023年9月 日本がん学会

共同研究
東京大学 定量生命科学研究所
東京大学 創薬機構
東京工業大学 細胞制御工学研究センター

国立精神・神経医療研究センター
がん研究会
基礎生物学研究所
国立循環器病研究センター
徳島大学 先端酵素学研究所

愛媛大学 プロテオサイエンスセンター
九州大学 生体防御医学研究所
熊本大学 発生医学研究所
University of Cambridge

https://www.biorxiv.org/content/10.1101/2023.10.17.561810v1


ダイレクトリプログラミングによる

マウス及びヒト腸前駆細胞の作製

三浦 静

九州大学 生体防御医学研究所
器官発生再生学分野

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



腸の機能：食物の消化
栄養素や水分の吸収
感染源からの防御機能

障害

重篤な疾患
（炎症性腸疾患など）

公益財団法人難病医学研究財団（厚生労働省補助事業）難病情報センター ホームページより

疾患機序の解明や治療のために腸上皮オルガノイドを用いた研究が盛んに行われている

炎症性腸疾患：⼤腸や⼩腸に慢性的な炎症や潰瘍を引き起こす原因不明の難病

培養皿上で作製したミニ臓器

潰瘍性大腸炎 クローン病



腸前駆細胞や腸幹細胞がつくるオルガノイド
Crosnier et al., Nat Rev Genet, 2006

Fordham et al., Cell Stem Cell, 2013 Sato et al., Nature, 2009

腸前駆細胞 (FIPC)

胎児 新生児 成体

絨毛

陰窩

腸幹細胞
(ISC)

腸幹細胞
(ISC)



腸上皮オルガノイドの材料は？

Fordham et al., Cell Stem Cell, 2013

胎児や成体の腸上皮組織 ES細胞やiPS細胞

Sato et al., Nature, 2009



腸上皮オルガノイドの材料は？

Fordham et al., Cell Stem Cell, 2013

胎児や成体の腸上皮組織 ES細胞やiPS細胞

材料となる腸の組織を生体から生きたまま取り出すことは
患者さんへの負担が大きく、また、多能性幹細胞から分化
誘導する場合も複雑な方法が必要

Sato et al., Nature, 2009



線維芽細胞

筋細胞

神経細胞

肝細胞

Vierbuchen et al., 2010

Sekiya and Suzuki, 2011

Davis et al., 1987

iPS細胞

分化誘導

Oct4, Sox2
Klf4, c-Myc

MyoD

Hnf4α, Foxa

Ascl1, Brn2, Myt1l

マスター因子

ダイレクトリプログラミングの利点
・未分化な細胞の残存による癌化のリスクがない
・倫理的問題の軽減・短期間で細胞の作製が可能

腸前駆細胞/腸幹細胞

???

ダイレクトリプログラミングとは？



マウスの線維芽細胞から直接腸前駆細胞(iFIPC)
を作製することに成功

マウスFIPC由来
線維芽細胞

(Hnf4a/Foxa3/Gata6/Cdx2)

胎児型オルガノイド

誘導腸前駆細胞
(iFIPC)の作製に成功

Fetal intestine4F-MEF Adult intestine  

成体マウスISC由来

培養下で成体の腸幹細胞へと成長し、
成体型オルガノイドを形成する

誘導腸幹細胞
(iISC)へ成長



Fordham et al., Cell Stem Cell, 2013

大腸炎モデル
マウスに移植

大腸上皮組織
の再構築

胎児型オルガノイド

誘導した胎児性の腸前駆細胞は、大腸炎モデル
マウスへ移植後に大腸上皮組織を再構築する

+ DSS

1–2週間

解析

3ヶ月後
0

移植

2 5(日)

大腸炎モデル
マウス

EGFP

iFIPC由来の胎児型オルガノイド

EGFP

茶色: iFIPC由来

0.9

1

1.1

1.2

1.3

1.4

D-2 D-1 D0 TP1 D1 D2 D3 TP2 D4 D50 1 2 3 4 5 6 7

DSS投与後の日数
iFIPC
線維芽細胞

移植

*

*

*
*

*

移植後の
体重の推移

移植



ヒトの血管内皮細胞から直接腸前駆細胞を作製
することに成功

HNF4A / FOXA3 
GATA6 / CDX2

ヒト血管内皮細胞 ヒト誘導腸前駆細胞
(ヒトiFIPC)

EGFP / CA2
VILLIN /

human CK8/18
ヒト胎児腸前駆細胞由来

オルガノイド

ヒト血管内皮細胞
(HNF4A / FOXA3
GATA6 / CDX2)

赤色：ヒトiFIPC由来

緑色：腸上皮細胞マーカー

ヒトiFIPC由来

大腸炎モデルマウスに移植

ヒトiFIPCの作製に成功



潰瘍性大腸炎などの
重篤な疾患の患者さん

血管内皮細胞や
血液中の細胞

HNF4A
FOXA3
GATA6
CDX2

iFIPC 胎児型オルガノイド

自家移植

病態解析

患者さん自身の血液を用いてiFIPCを作製し、移植や病態解析を行う

本研究の将来展望


