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Cancer is a serious welfare issue, causing approximately ten million deaths worldwide each year. Among various
cancers, pancreatic cancer is particularly intractable, with the five-year survival rate being the lowest of all cancers at
about 10%. Developing treatments for pancreatic cancer is therefore a critically important unmet need. However, the
development of new drugs and the elucidation of the process of pancreatic cancer development have been extremely
challenging, mainly due to the lack of efficient evaluation systems at the therapeutic target or individual level. There is
an urgent need to expand the use of model organisms that contribute to understanding the disease and developing
treatments, as well as to develop new modalities for treatment drugs.

In this study, to solve these problems, we utilized a model fruit fly mimicking the genotype of the group with the worst
prognosis among pancreatic cancer patients. Whole-body screening was conducted using Hokkaido University's unique
natural product library to rapidly identify new therapeutic seeds for pancreatic cancer. To achieve this, a new optical
imaging device to measure tumor size within larvae and a reinforced learning algorithm for its analysis were developed
and introduced for analysis. Through these innovations, the aim is to create new seeds with a mechanism of action.

At the start of their research, we utilized the first model fly mimicking the genetic mutation pattern of pancreatic
cancer, involving four genetic changes (activation of the oncogene KRAS and inactivation of the tumor suppressor genes
TP53, CDNKN2A, and SMAD4), known as the 4-hit fly in chemical screening of unique natural substances in Hokkaido
University. We found that Substance A enhances the effect of the MEK inhibitor trametinib (Tr), which suggests that the
combination of Tr and A could be a new therapeutic seed for pancreatic cancer.

Next, we endeavored to verify if this combination seed would also be effective in a mammalian model of pancreatic
cancer. Specifically, we created an orthotopic xenograft mouse model by transplanting human pancreatic cancer cells,
AsPC-1, into the pancreas, and found that the combination of Tr and A significantly inhibited the growth of the xenograft.

Investigating more efficacious therapeutic options, we focused on compound C, which, when combined with Tr and
administered to the 4-hit flies, significantly improved their survival. Moreover, this combination notably inhibited tumor
growth in the aforementioned mouse model without causing side effects like weight loss or mortality, confirming the
potential for adequate side effect management. Based on these results, we concluded that the combination of Tr and C
represents a promising pancreatic cancer seed with a novel mechanism of action.

Also, we aimed to develop a deep learning algorithm to differentiate between transformed larval flies and normal
larval flies based on 3D fluorescence images obtained from the optical imaging device mentioned in the following section.
The identification accuracy of the deep learner, which uses the 3D fluorescence images as input, was about 0.7 (where 1
corresponds to 100% identification capability), but we conducted a review of preprocessing methods to achieve higher
accuracy. By focusing on dimension manipulation and the intensity distribution of GFP fluorescence that labels
transformed cells, we refined the preprocessing methods for the 3D fluorescence image data. We continue to aim for
further improvements in identification accuracy through the use of deep learning.

Furthermore, by combining an automatic larval clearing device, a fluidic system, a light sheet microscope, and control
software, we designed and constructed a high-throughput single-cell resolution individual tomography system capable
of 3D imaging of entire fly individuals at a rate of one individual per minute. The system achieves a spatial resolution
sufficient to resolve single cells and is equipped with four excitation lasers, enabling imaging in four fluorescence colors.

Using this equipment, we conducted automated imaging of transformed cells in 4-4it fly larvae, indicated by GFP
signals. We successfully captured images of internal organs such as wing discs and observed differences in the

distribution of transformed cells within the wing discs between 4-hit flies and control flies. Additionally, we observed



GFP signals induced by various tissue-specific drivers and successfully detected the distribution of structures such as

ganglia and macrophages.



