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[ Abstract ]

We recently established in vivo model of liver metastasis by spleen transplantation of
mouse intestinal tumor-derived organoids (Sakai et al, Cancer Res, 2018). Using this model
system, we have examined a novel concept of polyclonal metastasis. In this system, cancer cell
clusters are detached from the primary site, disseminated to distant organs, and develop
metastasis lesion, which can explain how genetic heterogeneity transfers from the primary site
to metastatic lesions. AKTP organoids formed liver metastasis when transplanted to the spleen
(Figure, top), while AP organoids
did not (Figure, middle). Notably,

when non-metastatic AP cells AKTP %Z% actvaton i;w‘ ;
. (metastatic) _\f. @
were co-transplanted with AKTP, \

they formed chimeric metastasis .
(Figure, bottom). Mechanistically, | (non- melastat'c)$ )
AKTP cells induced fibrotic niche
generation by activation of hepatic AKTPIAP ctlvallon ‘
stellate cells (HSCs), which may | "™ dmer)%
support survival and proliferation ‘
(Kok et al, Nat Commun, 2021).
These results expand our knowledge about cancer metastasis, which further contributes to

primary tumor liver (sinusoid) liver metastasis

metastatic niche
Yo generation

=1

1Y metastatic niche
jil generation

polyclonal metastasis

discovery of effective drug targets against metastasis.

Using the organoid system, we further analyzed mechanical properties of tumor cell surface,
such as topography and stiffness, by using Scanning Ion Conductance Microscope (SICM).
Inportantly, metastatic organoids (AKT, AKTP, AKTPF) showed distinct physical properties,
i.e., increased roughness, membrane volume changes and softness. The results suggest a
potential use of SICM for diagnosis of metastatic ability (Wang et al, Biomaterials, 2021).

We have established human gastric and colonl cancer-derived organoids. Using these
organoids, we examined the roles of tumor suppressor FOXO3 (Tsuji et al, Oncogene, 2021)
and E3 ligase RNF43 in cancer development (Yamamoto et al, J Pathol, in press).
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RINAHEAE LTSN D (Kok et al, Nat Commun, 2021), 5. b M kg sk
FINH A RERSNL L CTRAEEZTT 9,

2. FOXO3 ff/E JJ1ERL o0 H 73 A3 A REAE DA 5
FOXO3 % &7 845 b b ESAMIEEE T, PBK/AKT & OGP LV
FOXO3 ITHEIZREL TWD, 26 Oz AKT BHLESK CALERT 5 & FOXO03

&i*z ﬁ:.)%ﬁ L/ Al %EHH@&%WIETIU%U%’7 PI3K-AKT signaling activation
A=V ABFHEHEND, T80
B DAHIEEIE FOXO3 OFAEZ | roxos toptasmic //\MMMN i
%Eﬁ%”ﬁﬁﬂ L: J: 'O N Z)§ /\/j{ﬂﬁﬁugﬂ\%ﬁgb§ distribution a ./ accumulation _’G mh\,/ |
E"ﬁj/b%) L %Z Eﬁ/bf: (/T:f) o v U A::]pm;:pp ession
Z T, IEMEER FOXO3 i~ 7 PI3K-AKT inhibitors

2 fFRIL, BEETAO Gan v U A & AR IR 24T o 7R R RGN T o
FOXO03 BRATIC & 2 BAZE R MMl 258072, ZORRIZE Y . FOXO3 i B
23 A% T 5 AKT LSRRI O RIREMEDN S 2 5 #U7- (Tsuji et al, Oncogene, 2021) ,

3. WEMIGA VI ) A Nl 2 ks O W gt

Scanning Ion Conductance Microscope (SICM) %, ~A 7 1 Xy M SHilaizr S
WEBRD By RSN DA F B OED G, MR D FNRT T 7 0 — GHE
%@%@%m%f/v&wfﬁﬂfﬁéiﬁﬂ7m~7ﬁﬁﬁf%éSEM%%w

T. WENEEA VT 7 A Rl erypt

Wl 1 DRI 217 - 7= . . ‘
W % M E 5 A ke (AKT,

AKTP., AKTPF) |29 72 28 L™

bt (B iEEY O E A ) b i, DR 5
RVEITE) 23R8 S, BT
ZWHEBIFEIZ D72 03 DA it

?%_F é ﬂf: (E) ° i f: N | }\ Inverse of last modulus (x10° Pa')

KGR AHERANT 7 A REHWT, TGF-B HIFZ X 2 9o BEME LM e s~ 28
{bZ2#%2 L7 (Wang et al, Biomaterials, 2021)

4. RNF43 8572 BT X 5 KGH AT A O

MSI U728 AFIIE ClE. Wnt 222K Frizzled 21200 & 3% E3 U /' —1F & RNF43 &
BFERNROND, MSI RUR 3JEFIZZTe 9 RitD M RIBNAANT ) A R
RIS U CREAT L 7oA 5. RNF43 Bin1-~7 2 8% R-spondin A7 D K AS A%
A THE T HAREMED R S 417 (Yamamoto et al, J Pathol, in press) .
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[ Abstract ]

1. Cancer cells are characterized by their unregulated proliferation and require large
amounts of nucleotides to replicate their DNA. One-carbon metabolism contributes to purine
and pyrimidine nucleotide synthesis by supplying one carbon atom. Although mitochondrial
one-carbon metabolism has recently been focused on as an important target for cancer treatment,
few specific inhibitors have been reported. In this study, we aimed to examine the effects of
DS18561882 (DS18), a novel, orally active, specific inhibitor of methylenetetrahydrofolate
dehydrogenase (MTHFD2), a mitochondrial enzyme involved in one-carbon metabolism.
Combinatorial treatment with DS18 and inhibitors of checkpoint kinase 1 (Chk1), an activator
of the S phase checkpoint pathway, efficiently induced apoptotic cell death in breast cancer
cells and suppressed tumorigenesis in a triple-negative breast cancer patient-derived xenograft
model. Combinatorial treatment with both inhibitors released cell-cycle arrest caused by
activation of the S-phase checkpoint pathway triggered by MTHFD2 inhibition, but induced
accumulation of DNA double-strand breaks, leading to apoptotic cell death. Collectively, a
combination of MTHFD2 and Chkl1 inhibitors would be a rational treatment option for patients
with triple-negative breast cancer.

2. Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) are effective
in patients with non-small cell lung cancer (NSCLC) harboring EGFR mutations. However, due
to acquired resistance to EGFR-TKIs, even patients on third-generation osimertinib, have a
poor prognosis. Resistance mechanisms are still not fully understood. Here, we demonstrate
that the increased expression of MUSASHI-2 (MSI2), an RNA-binding protein, is a novel

mechanism for resistance to EGFR-TKIs. Transcriptome analysis revealed that MSI2 was



among the stemness-related genes highly upregulated in EGFR-TKI-resistant cells.
Knockdown of MSI2 reduced cancer stem-like properties, including the expression levels of
Nanog, a core stemness factor. We demonstrated that the knockdown of MSI2 restored
sensitivity to osimertinib or gefitinib in EGFR-TKI-resistant cells to levels similar to those of
parental cells in vitro. Finally, MSI2 knockdown greatly increased the sensitivity to osimertinib
in vivo. Collectively, our findings provide proof of principle that targeting the MSI2-Nanog

axis in combination with EGFR-TKIs would effectively prevent the emergence of acquired

resistance.
MTHFD2 inhibitor MTHFD2 inhibitor MTHFD2 1%, 2 AM BRI AR
v V ThHY . BAOERE LTIEERER
HEINTWDHDOD, RIZEK THEH
Shortage of Shortage of N s A
purine nucleotides purine nucleotides I Eﬁgﬁifﬁuﬁlﬁﬁi?:ib@\ iﬁ;ﬁt; ?%
v B O L[/t 5T B
‘1’ ‘1’ DNA replication  %g & i 72 ¥ M #¢ 5 "] E /2 MTHFD2 B
The S phase checkpoint ~ The S phase checkpoint continues KEZHNT, TEABRRNY PR H
pathways S T4 T HA T AT B IR
¢ Chit Inhibit N7, B ROk NE £ T v (Patient-
S-phase arrest e DNA double- derived xenograft[PDX]) & /L 7= bR 72
stranded break  TEHT 24T > 7o R, Chkl FHEAI L DOPF
l L TREC D SRR
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Cell cycle arrest apoptosis
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[ Abstract ]

Gastric cancer is a complex disease that often arises in a setting of chronic inflammation.
For gastric tumorigenesis, Helicobacter pylori infection is an important risk factor, and
COX-2/PGE2 pathway is induced in the infection-associated chronic gastritis tissues. Despite
recent extensive efforts to molecularly classify gastric cancers to try and stratify treatment
regimens according to underlying mutational spectra, gastric cancer remains a relatively
poorly understood disease with a poor prognosis for most patients.

Cancer stem cells are defined as the unique subpopulation in the tumors that possess the
ability to initiate tumor growth and sustain self-renewal as well as metastatic potential. Those
tumor-resident cells with stem cell characteristics are thought to be resistant to conventional
anti-cancer therapies, allowing them to survive and drive tumor recurrence in many patients.

Recently, we have identified Lgr5+ chief cells in the corpus stomach, which serve as
reserve stem cells to effect epithelial renewal following oxyntic atrophy. These reserve stem
cells drive spasmolytic polypeptide-expressing metaplasia in the stomach following
conditional KRasG12D driver mutation, highlighting their likely contribution to gastric
cancer initiation in vivo.

But still it is not clear whether the Lgr5+ chief cell serves as an origin of gastric cancer cell
under the chronic inflammation and how cancer stem cell is induced from Lgr5+ reserve stem
cells. To study the effects of chronic inflammation on stem cell-driven cancer formation and
progression in the corpus stomach, we are focusing on evaluating a potential cancer stem cell
function of Lgr5+ cells present within Wnt-driven inflammation-dependent gastric tumors.
We would like to leverage on the extensive knowledge and mouse models available through
my collaborator, Professor Masanobu Oshima to study the effects of chronic inflammation on
stem cell driven cancer formation and progression in the corpus stomach. This is
physiologically relevant because the majority of human gastric cancer is considered to arise in

a setting of chronic inflammation caused by infection with Helicobacter Pylori.
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