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In this project, we explored the role and mechanism of activin in colorectal cancer EMT. We found
that activin induces EMT by interacting with Kras and p53 mutations, which expands our knowledge
about EMT mechanism and contributes to the development of anti-cancer drugs.

In order to know the role of activin in colorectal cancer EMT and which
driver gene mutations contribute to activin®s conversion from induction of apoptosis to induction of
EMT, the organoids with different combination of driver gene mutations were simulated with activin
and the cell survival and EMT were examined. Cell survival: by using activin simulation and blocking
Kras-MEK signaling, we found that Kras mutation inhibits activin-induced apoptosis. Morphological
changes: we found that activin induces EMT via interacting with p53 homozygous mutation. In vivo:
activin pretreated organoids form more lung metastasis. For mechanism: by using RNA-seq, we found
that under the regulation of activin and p53 homozygous mutation, some signaling pathways, such as

Wnt, p38-MAPK, Stat3 signaling, were upregulated. According to these findings we will be able to
test some inhibitors for inhibiting the morphological changes and the candidate inhibitors may be
used for clinical trial.
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1. HWFZEBRAA Y ¥ 5 & (Background at the beginning of the Research)

The role of TGFB has been well studied, which induces differentiation and apoptosis of normal
epithelial cell and induces tumor malignancy (Massagué, et al., EMBO J, 2000). In CRC, the
malignant progression depends on the accumulation of mutations in driver genes such as APC, KRAS,
TGFBR2, TP53 and FBXW?7, and more than three mutations are required for the acquisition of
metastatic ability (Sakai et al., Cancer Res, 2018). CRC is the second leading cause of cancer-related
death in 2018 provided by WHO, and metastasis is responsible for decreased survival of cancer
patients (Chaffer et al., Science, 2011). During metastasis process, EMT (Epithelial-mesenchymal
transition) is an important intermediate process for invasion step, and inhibition of EMT may reduce
tumor metastasis (Aiello et al., Nature, 2017). TGFB has been the most characterized cytokine to
induce EMT, however, 30% CRC carry mutation in TGFB pathway including TGFB receptor type 2
(TGFBR?2) that do not respond to TGFB ligand (Bella et al., Cancer Treat Res, 2010). Activin contains
three variants (the most studied is activin A, which is composed of two INHBA subunits), all of which
are secretory ligands of TGFB family (Loomans et al., Cancers, 2015). As activin shares the same
downstream molecules, Smad2/3, with TGFB (Wamsley et al., Cancer Res, 2015), activin may induce
EMT in these TGFB-impaired cancer cells. Although a few studies indicated that activin induces EMT

(Bauer et al, Mol Cancer,2015), the mechanism has not been yet elucidated.

2. #F%ED H K (Purpose of the Research)

Since activin shares the same downstream genes as TGFB, we hypothesized that activin induces
EMT in colorectal cancer, even in the tumors with genetic alteration in TGFB receptor genes. Moreover,
since normal and tumor cells respond differently to the TGFB signaling, some gene mutations in
carcinogenesis may contribute to activin's conversion of its induction of apoptosis to induction of EMT.
In this project, we will determine the combination of genetic switching to respond to activin for EMT
induction and the responsible molecules under activin signaling for EMT. Through our research

findings, we try to find a new treatment strategy and verify its inhibitory effect on metastasis.

3. W7 ® F71E (Research Methods)

In order to know which downstream molecules or signal pathway interacts with activin-
Smad3/4 to induce EMT and which gene mutations in CRC carcinogenesis contribute to activin's
conversion from induction of apoptosis to induction of EMT, I plan to conduct the following
experiments:

1. Prepare and culture organoids with multiple gene mutations. In our lab, organoids with
multiple gene mutations have been established and their metastatic abilities have been
characterized.

2. Treat these organoids with activin in collagen gel.

3. After activin stimulation, the morphological changes will be examined using a dissection

microscope, and immunocytostaining will be examined using confocal microscope.



4. Activin treatment studies will be performed to all available organoids with variety of genotypes.
5. Through the steps 3 and 4, I will figure out which genetic mutations are required for activin-induced
EMT. RNA sequencing and functional screening using CRISPR/Cas9 system in organoids will be used

to elucidate the regulatory mechanism underlying activin-induced EMT.

6. If candidate molecules for activin that induces EMT are identified, liver metastasis will be examined
by transplantation of KO organoids (generated in step 5) to find new strategies for reducing CRC
metastasis.

4. F7eRk 8 (Research results)

In this project, the organoids with different combination of driver gene mutations were simulated
with activin and the cell survival and morphological changes were examined.

For cell survival: using EAU experiments to examine the proliferation ratio, we found that the
organoids with Kras mutation could survive well, otherwise, the organoids without Kras mutation go
through apoptosis. Furthermore, blocking Kras-MEK signaling pathway by MEK inhibitors, the
organoids with Kras mutation go through apoptosis. This result suggest that Kras mutation inhibits
activing-induced cell apoptosis.

For morphological changes: after activin treatment, the morphological changes were examined
using a dissection microscope, and immunocytostaining was examined using confocal microscope.
We found that the organoids with p53 homozygous mutation instead of heterozygous mutation form
EMT-like morphology. Furthermore, overexpression of wt-p53 in the organoids with p53 homozygous
mutation inhibits activin-induced morphological, which suggests that p53 homozygous mutation
interacts with activin to induce EMT-like morphological changes.

In vivo: to confirm activin-induced morphological changes associated with metastasis, we
pretreated the organoids with p53 homozygous mutation and injected into tail vein of the mice. By
examining lung metastasis, we found that activin treated organoids form more lung metastasis.

For mechanism: to clarify the mechanism by which p53 interacts with activin to induce EMT-like
morphological changes, we performed RNA-seq and we found that after activin simulation, some
signaling pathways, such as Wnt, p38-MAPK, Stat3 signaling, were significantly upregulated.
According to these findings we will be able to test some inhibitors for inhibiting the morphological

changes and the candidate inhibitors may be used for clinical trial.






