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1 | INTRODUCTION

Colorectal cancer is one of the most commonly diagnosed cancers
and the third most common cause of cancer-related death. Colorectal
cancer is a heterogenous disease, and patients have various clinical
and biological features, leading to differences in disease progression
and therapeutic response.! Pathological staging by TNM and histo-
logical evaluation are regularly used to estimate prognosis and select
treatment regimens for individual patients. Additionally, some mo-
lecular makers, including RAS and BRAF mutation status, are used to
select treatment regimens. These advances in patient stratification
based on clinicopathological parameters have greatly improved our
understanding of CRC and the clinical output. However, a significant
number of patients still do not benefit from the available regimens.
Therefore, further clarification of unrevealed tumor characteristics
is required to develop more effective cancer treatments for realizing
precision medicine.

Organoids are an in vitro 3D culture system grown from stem
cells. Patient-derived organoids established from adult stem cells
in tumor tissues recapitulate many functional aspects of the origi-
nal tumors. Pioneering research into CRC PDOs indicated that they
maintain the genetic alterations and gene expression profiles of
the original lesions.?® These studies also showed that PDOs re-
produce the histological grade when transplanted into immunode-
ficient mice. More recent studies reported the potential utility of
PDOs to predict patient response to chemotherapy and radiation
therapy.*®

We recently established PDOs from matched primary and
metastatic lesions from 21 patients with stage IV CRC and re-
ported that they had distinct cellular heterogeneity.7 During this
study, we noticed that the PDOs showed a variety of morpho-
logical features. However, the significance of these morphologi-
cal features has not been assessed, because no criteria for PDO
structure have been established. In this study, we attempted
to establish objective morphological criteria for PDOs using
an Al-based classifier to scientifically evaluate the morphol-
ogy of PDOs and explore their potential application for cancer
chemotherapy.

expressed in morphological types showing CRC stem cell properties. We identified
an RNA polymerase | inhibitor, CX-5641, to be an upstream regulator of these type-
specific gene sets. Notably, PDO types with increased expression of genes involved
in ribosome biogenesis were resistant to CX-5461 treatment. Taken together, these
results uncover the biological significance of the morphology of PDOs and provide
novel indicators by which to categorize CRCs. Therefore, the Al-based classifier is a

useful tool to support PDO-based cancer research.

artificial intelligence, colorectal cancer, integrin, organoid, ribosome biobenesis

2 | MATERIALS AND METHODS

2.1 | Culture of PDOs
Tumor samples were obtained from patients who provided informed

consent, and PDOs were established as previously described.”

2.2 | Image acquisition and type labeling

For imaging, PDOs were embedded in 25 pl Matrigel and cultured in
250 pl ENR medium in 48-well dishes. Organoids were imaged using
a stereomicroscope (M164FC; Leica) equipped with a monochrome
CCD digital camera (DFC350FX; Leica).

2.3 | Development of Al-based classifier for PDOs
The classifier for PDOs consisted of an object extraction module and
a PDO classification module. The object extraction module removed
patch images from the microscopic images containing objects that
could be organoids, and the PDO classification module identified the
organoid type of each patch image (Figure 1A).

Additional materials and methods are available in Appendix S1.

3 | RESULTS

3.1 | Performance of Al -based classifier of PDOs

In our previous study, we established PDOs from CRC patients
and noticed that they are morphologically divergent. Some tumor-
derived PDOs generated structures resembling those derived from
normal mucosa,® with one lumen surrounded by tumor cells. We
designated this type O (Figure 1A). A significant fraction of PDOs
had budding structures and a narrow lumen space, which were as-
signed either type 1 or 2. Type 1 PDOs had smaller protrusions and
a narrower lumen than type 2 PDOs. Other organoids had larger
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FIGURE 1 Development of artificial (A)
intelligence (Al)-based classifier for
patient-derived organoids (PDOs). (A)
Representative images of PDO types.
PDOs in 48-well dishes were imaged
using a stereomicroscope (upper panels)
and H&E staining of paraffin-embedded
sections (lower panels) are shown.

PDOs were evaluated individually by
three referees, and the final decision

was made through a majority opinion.
Bar (upper panels) = 200 um; bar (lower
panels) = 100 pm. (B) Workflow of the
Al-based PDO classifier. The object
extraction module (Extractor) cuts out
images containing objects from the
microscopic images, and the classification
module (Classifier) identifies the organoid
type of each image. (C) Performance

of the Al-based classifier. Test data
consisting of only PDO images (only

Type O

(B)

Type 1

Microscopic image

Type 2 Type3  Type4
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Object image patches

Classifier

Type 5

Extractor

(

PDOs) or PDO images and blurred and
artifact images (all objects incl. Blur
and artifacts) were used. The average
accuracy of the three referees (referees Blur lur ype 1 ype 1 lur Type ype 1 ype 3
[average]) and the individual accuracies of
the three competitors (Competitor #1, #2, ©)
and #3) were compared to that of the Al All obiects incl. bl
lassifi objects incl. blur
classier Only PDOs and artifacts
Referees
(average) 0.724 0.729
Competitor #1 0.596 0.599
Competitor #2 0.867 0.878
Competitor #3 0.708 0.709
Al classifier 0.769 0.736

luminal spaces and were designated type 3-5, depending on the lu-
minal size and the circularity of the structure. Type 5 PDOs had a
spherical structure. Type 4 PDOs also exhibited a spherical structure
with small protrusions, and type 3 PDOs were characterized by rela-
tively indefinite luminal spaces and wider cell layers than type 4 and
5 PDOs. In addition to the images assigned to the six types, blurred
images and debris were included in the training set to develop the
Al-based classifier. To examine the morphological change during
the culture, we video-recorded organoids every 6 hours (Figure
S1). Image acquisition was started at 4 days after plating when their
structure became definite (Figure S2) and was continued for 3 days.
The 19 of the 21organoids exhibited stable morphology. These ob-
servations indicated that once the structure has established after
passaging, most organoids maintained their morphology.

The performance and characteristics of classification were com-
pared with human “competitors,” who were experts at organoid
culture and not “referees.” The test dataset was constructed by se-
lecting the top 20 patch images for each PDO type based on the con-
fidence level from the results of analyzing the images with Al which

were previously developed as follows. For object extraction from
microscopic images, we used the U-Net trained on a dataset of 984
images, including images that were also used to train the model im-
plemented in the object extraction module. For PDO classification,
we used Support Vector Machine (SVM) and DensNet201 trained on
548 and 1553 image datasets, respectively, which were not used for
training the model implemented in the PDO classification module.
The PDO types was assigned based on the consensus of the three
human referees. The confidence level for image type classification

was calculated as

prev
€X Vv
p ( argmax(v/"®") )

CL= n ,
ko XP(v)

where v/

is the i th element of the vector vP™V, which is the output
from our Al model with the patch image as input.

The results of the classifications of the test dataset by the trained
PDO classification module and the three competitors are shown in

Figure 1C. This table also shows the accuracy (the number of correct
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answers divided by the number of patch images) of the decisions
made by the three referees and the Al when the classification target
was limited to PDOs and when all patch images, including blurred
images and artifacts, were included.

Competitor 2, who is a highly experienced investigator in or-
ganoid research, showed outstanding performance. The Al had the
second best performance, with an accuracy above the average accu-
racy of the competitors when only PDOs were included and when
all patch images were included. Interestingly, the accuracy of the Al
when classifying only PDOs was better than that when classifying
all the objects, whereas there was no significant difference in the
performances of the three human competitors between the two.
This implies that the criteria for determining whether objects can be
classified (PDO types 0-5) or not (blurs and artifacts) are different

between the Al and the human competitors.

3.2 | Morphological typing of PDOs independent
of clinicopathological features of original tumors

The Al-based classifier was then used to determine the morpho-
logical type of previously established PDOs. We analyzed 66 PDOs
derived from patients with stage IV CRC, as reported previously’
(Table S1). In addition, six PDOs were established from primary tu-
mors from patients with stage I-11l CRC to investigate PDOs from
nonmetastatic tumors. Therefore, 72 PDOs derived from 26 CRC
patients were analyzed in this study: 25, 27, and 20 PDOs de-
rived from primary, metastatic, and recurrent lesions, respectively.
Pathologically, moderately differentiated adenocarcinoma (referred
to as “tub2” in this paper) was the most common grade of the origi-
nal tumors (58 samples, 80.6%), followed by well-differentiated ad-
enocarcinoma (“tub1” in this paper) (11 samples, 16.3%). Two poorly
differentiated adenocarcinomas ( “por2” in this paper) (2 samples,
2.8%) and one papillary adenocarcinoma (“pap” in this paper) (1 sam-
ple, 1.3%) were included. The mutation profile of the cohort was
comparable to those reported in CRC patients, including frequent
mutation in APC, TP53, and KRAS (Figure $3).71

Images taken at day 4 after expansion were subjected to the object
extraction module, resulting in 10,272 images of individual organoids.
Of these, 8417 were adopted at a confidence value of 0.9 (Table S2).
A total of 2803 and 945 images were categorized as blur and dust, re-
spectively. The remaining 4669 images were classified as type 0 (118,
2.5%), type 1 (477, 9.6%), type 2 (2633, 56.4%), type 3 (805, 17.2%),
type 4 (552, 11.8%), and type 5 (114, 2.4%) PDOs (Figure 2A,B). Most
PDOs had multiple structures, indicating that organoids are not fixed
to a single shape but can transit across different types.

We next examined whether the histopathological grade of the orig-
inal tumor contributes to the morphological type of the organoid. The
type distributions of PDOs derived from tubl and tub2 tumors were
similar, indicating that the in vitro structure was not defined by the
histological grade of the original tumor (Figure 2B). Although the per-
centages of PDOs established from por2 and pap tumors were differ-
ent from those derived from tubl and tub2 tumors, their significance

needs to be tested using a larger cohort, because there were only two
and one PDOs of these types, respectively. Similar percentages of
morphological types were observed in PDOs established from patients
with stage I-lll disease and those derived from patients with stage IV
disease. The distributions of morphological types were also compara-
ble based on the type of tumor (primary, metastatic, or recurrent), al-
though type 3 organoids were marginally more common among PDOs
from recurrent lesions. We did not observe apparent correlation with
the mutation profile (Figure S3). Taken together, these results indicate
that the morphology of PDOs is not correlated to the clinicopatholog-
ical features of their original tumors, raising the possibility that PDOs
could be useful to provide a novel classification of CRC.

In the correlation study, type 1 and 2 PDOs were significantly
associated (correlation coefficient, 0.52) (Figure 2C). Type 4 PDOs
were strongly correlated to type 5 PDOs (correlation coefficient, 0.8)
and to type 3 PDOs to a lesser extent (correlation coefficient, 0.57).
Furthermore, type 1 PDOs showed a negative correlation with type 3,
4, and 5 PDOs (correlation coefficients, -0.17, -0.17, and-0.11, re-
spectively). These observations suggest that type 1 and 2 PDOs can be
categorized into one group that is distinct from another group consist-
ing of type 3, 4, and 5 PDOs. Based on these observations, we desig-
nated type 1 and 2 PDOs as type A and type 3,4, and 5 PDOs as type B.

3.3 | Type A and B PDOs expressed distinct gene
sets associated with cell-cell adhesion

The PDOs exhibited multiple shapes, but their distributions were not
even. Therefore, each PDO was assigned to the dominant morpho-
logical type. We first sought to characterize type A and B PDOs, be-
cause they included a majority of CRC PDOs in our cohort and were
negatively correlated (Figure 2C). There were 53 (76.8%) and 16
(23.2%) type A and B PDOs, respectively (Figure 3A). Several PDOs
derived from different lesions of the same patient, including HCT38,
41, 27, 67, 31, and 71, contained both type A and B organoids, sug-
gesting altered cellular properties during tumor progression.

To elucidate the biological significance of the PDO types, we analyzed
their differential expression profiles. Gene Set Enrichment Analysis of on-
tology gene sets (C5) in the Molecular Signature Database identified cell-
cell adhesion as the most significantly downregulated pathway in type A
PDOs (NES = -3.42, NOM p val <0.001) (Figure 3B). Furthermore, three
celladhesion-related gene sets, including biological adhesion (NES = -3.23,
NOM p val<0.001), regulation of cell adhesion (NES = -2.94, NOM p
val<0.001), and positive regulation of cell adhesion (NES = -2.92, NOM
p val<0.001) were included in the top four significantly decreased gene
sets in type A PDOs (Figure 3C). These observations suggested that type
A PDOs had decreased expression of genes involved in the attachment of
cells to the ECM and their downstream molecules.

To refine the molecules involved in this process, we focused
on the 13 core enrichment genes that were common in the gene
sets (Figure 3D,E). These included transcription factors (HES1 and
SMAD7) and signaling molecules that mediate nuclear signaling
(PRKCA, FYN, PTPRU, and VAV1). We particularly focused on ITGA6é
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FIGURE 2 Artificial intelligence-based morphological typing of patient-derived organoids (PDOs) derived from colorectal cancer. (A)
A total of 8417 images of 72 PDOs (average 117 images per PDO) were classified into six morphological types. Data are shown as the

percentage of each type in an individual PDO. The histology, stage, and tumor type (primary, metastatic, or recurrent) of the corresponding

lesion are shown on the top. (B) Percentages of morphological types per histology, stage, and tumor type are shown. (C) Correlation of

morphological types. Pearson correlation coefficients between morphological types are shown

because it is a key molecule controlling cellular morphology and is
reported to be involved in CRC tumorigenesis.*>™*° Integrins bind
to the ECM and transmit signals into cells.!® They interact with the
actin cytoskeleton through adaptor proteins and transmit extracel-
lular forces into intracellular components.)” Consistent with these
observations, two actin filament-related gene sets, actin filament
organization (NES = -2.70, NOM p val<0.001) and actin filament-
-2.69, NOM p val <0.001), were identified as

decreased gene sets in type A PDOs (Figure 3C). Additionally, two

based process (NES =

integrin-mediated cellular processes, cell migration and morpho-
genesis, were also identified as significantly decreased gene sets in
type A PDOs. These include cell migration (NES = -2.79, NOM p
val <0.001), anatomical structure formation involved in morphogen-
esis (NES = -2.70, NOM p val <0.001), and urogenital system devel-
opment (NES = -2.79, NOM p val<0.001). Overall, these analyses
suggested that differences in cellular adhesion properties between
type A and B PDOs might contribute to their distinct morphologies.

Integrin alpha 6 was decreased in type A PDOs (type 1 and 2)
compared to type B PDOs (type 3 and 4) (Figure 4A). We also found
that type O PDOs had higher levels of ITGA6 than type A PDOs.

Immunofluorescence analysis of ITGA6 revealed patchy staining at the
basal membrane in all types of PDOs (Figure 4B). Type A PDOs showed
weak immunofluorescence compared to type B and type O PDOs.
Notably, ITGB4, a binding partner of ITGA, had a similar expression
profile (Figure 4A). Immunofluorescence revealed linear staining at the
basal membrane. Consistent with its expression profile, type A PDOs
showed less ITGB4 than type B or type O PDOs. These observations
clearly demonstrated the correlation between the expression of ITGA6/
B4 and PDO morphology, but further studies are needed to determine

whether they have functional roles in the morphogenesis of PDOs.

3.4 | Increased expression of ribosome biogenesis
genes in type 1 PDOs

To further classify PDOs in detail and characterize their biologi-
cal properties, each PDO was assigned a morphological type O to
5 (Figure 5A). Type 2 organoids were the most common (57.5%),
followed by type 1 (16.4%). Type 3 and 4 organoids accounted for
11.0% and 11.9% of our cohort, respectively. There were no type 5
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PDOs. As expected, the gene sets identified in the comparative anal-
ysis between type A and B PDOs were also decreased in type 1 and
2 PDOs (Figure 5B). These included cell migration, biological adhe-
sion, cell-cell adhesion, and regulation of cell adhesion. Conversely,
these gene sets were substantially increased in other PDO types,
particularly type O PDOs. Interestingly, they were more profoundly
decreased in type 1 PDOs than in type 2 PDOs, suggesting that type
1 PDOs might have unique morphological properties, which is in
good agreement with the results of the correlation study (Figure 2C).

Among these gene sets, cell migration was the most highly de-
creased (NES = -3.46, NOM p val <0.001). Biological adhesion was
also significantly downregulated in type 1 PDOs (NES = -3.37, NOM
p val<0.001). These observations further support the notion that
the expression of genes related to cell adhesion might play a role in
PDO morphology.

Notably, two gene sets related to ribosome biogenesis were en-
riched in type 1 PDOs, including ribosome biogenesis (NES = 2.53,
NOM p val<0.001) and ribonucleoprotein complex biogenesis
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type 3 (HCT33-1T), and type 4 (HCT41-5LuMR) PDOs are shown. Bar = 50 um; inset bar = 10 pm

(NES = 2.47, NOM p val <0.001) (Figure 5B). Ribosome biogenesis is
critical in tumorigenesis for providing robust protein translation and
has been suggested to be a driver of cancer proliferation and transfor-
mation.'® Close examination of core enrichment genes revealed the
overexpression of genes involved in several key pro-tumorigenic path-
ways in type 1 PDOs, including cofactors or subunits of RNA poly-
merase (RRS1'? and BOP12%%%), pre-mRNA processing factors (PRPF6
and PRPF192%), and RNA binding proteins (MS11%%) (Figure 3C). TERT,
whose transcription is activated by ribosomal components,?* was also
highly expressed in type 1 PDOs.

Colorectal cancer stem cells have elevated ribosomal biosyn-
thetic capacities.25'26 Therefore, we examined the expression of
intestinal markers”?’ in the PDOs and found that type 1 PDOs
expressed stem cell markers and proliferative markers, whereas
type O PDOs expressed markers of differentiated cells, such as
enterocytes (FABP1, AQP8, and KRT20) and goblet cells (TFF1,
TFF3, and MUC2) (Figure 5D). Therefore, the morphology of PDOs
derived from CRC was correlated to the expression of genes as-
sociated with ribosome biogenesis, and those expressing higher
levels of stem cell markers showed elevated expression of these
gene sets.

3.5 | Morphology of PDOs correlated with
sensitivity to RNA polymerase | inhibitor CX-5461

Finally, we tried to utilize the morphological typing of PDOs for de-
veloping chemotherapies. To identify the chemical compounds with
type-specific effects on CRC PDOs, we undertook an upstream reg-
ulator analysis implemented in Ingenuity Pathway Analysis.28 Using
differentially expressed genes obtained by the comparative analysis
between type A and B PDOs, 20 compounds were identified as sig-
nificant upstream regulators (absolute activation z-score> 2, p value
of overlap <0.01) (Figure 6A). The RNA polymerase | inhibitor CX-
5461 was the top compound (activation z-score = -3.207, p value
of overlap = 7.61E-17). This compound was predicted to produce
an “inhibited” activation state, suggesting it produces an expression
pattern in the input datasets opposed to the expected effect.?® The
expression profile of the downstream target genes of CX-5461 is
illustrated in Figure 6B.

The analysis of the five types of PDOs predicted that CX-5461
produced an “inhibited” state in type 1 and 2 PDOs, whereas it
produced an “activated” state in type 0 and 3 PDOs (Figure 6C,D).
No downstream genes were differentially expressed in type 4
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FIGURE 5 Gene expression profiles of type 0-4 patient-derived organoids (PDOs). (A) Distribution of morphological types in patients
with colorectal cancer. PDOs were assigned to type 0-4, and each type is shown for every patient. (B) Dot plot of Gene Set Enrichment
Analysis results. Significantly increased or decreased gene sets derived from the C5 ontology gene set in Molecular Signature Database are

listed. The color of the dots represents the false discovery rate value
core enrichment genes involved in ribosome biogenesis. (D) Heatmap

PDOs. Most downstream molecules were shared among the PDO
types, including MDM2, TNFRSF10C, TNFRSF10D, and CDKN1A
(Figure 6D).

To evaluate the biological significance of these findings, we
treated PDOs with CX-5461 and determined their response
(Figure 6E). Type 1 and 2 PDOs that downregulated the downstream
genes were resistant to CX-5461, whereas type 0 and 3 PDOs, which
showed upregulation of the downstream genes, were sensitive to
CX-5461. Type 4 PDOs were sensitive, despite the lack of signifi-
cant correlation in the upstream regulator analysis. Although more
comprehensive analyses are needed, these observations support the
notion that the morphology of PDOs is correlated to the response to
chemotherapeutic agents targeting RNA polymerase I.

4 | DISCUSSION

In this study, we focused on the morphology of CRC PDOs and gen-
erated Al-based classifiers, which categorized them into six types.
Most CRCs are tubular adenocarcinomas and can be categorized
into tubland tub2 tumors based on the degree of gland formation.
In our cohort, 69 of 72 (95.8%) PDOs were established from tu-
bular adenocarcinomas. Notably, the pathological grading of the
original tumor was not correlated to the morphological typing of

, and the diameter represents the enriched gene count. (C) Heatmap of

of markers of intestinal tissue. NOM p val, nominal p value

the corresponding PDOs. This discrepancy can be explained by the
fact that tumors grow in different microenvironments, whereas
PDOs are cultured in identical culture conditions. We speculate
that the morphology of PDOs reflects their cellular-intrinsic prop-
erties and therefore can provide novel indicators of tumor charac-
ter in addition to those obtained from the pathological studies of
tumor tissues. Considering that a growing number of PDOs have
been established in various facilities, the Al-based classifier makes
their objective morphological typing possible and therefore is of
great help to characterize tumor tissue by providing the common
research platform.

Comparative transcriptome analysis between type A and B PDOs
revealed that gene sets related to cell adhesion were differentially
expressed in different morphological types (Figure 3B). Integrins
were among the core differentially expressed genes. They function
as transmembrane linkers mediating interactions between the cyto-
skeleton and the ECM.X® They bind to actin filaments, which shape
the plasma membrane of cells.”” Although the precise mechanisms
by which integrins regulate morphogenesis are unknown, integrin-
mediated adhesion to the ECM is critical for cellular integrity and
tissue architecture in the 3D culture in Matrigel.”’30 In CRC, ITGA6/
B4 dimers have been shown to be involved in tumor progression, mi-
gration, and anoikis resistance.*>3*%2 Our findings shed light on the
significance of integrin-mediated regulation of CRC development
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FIGURE 6 Correlation of morphology
of patient-derived organoids (PDOs)
from patients with colorectal cancer and
the sensitivity to an RNA polymerase |
inhibitor, CX-5461. (A) Volcano plot of
upstream regulator analysis of type A
and B PDOs. The activation states of
the regulators are shown by color. Four
and 16 compounds were activated and
inhibited, respectively. (B) Heatmap of
downstream target genes of CX-5461.
(C) Summary upstream regulator analysis
of CX-5461 in PDOs after five-type
classification. (D) Mechanistic network
of CX-5461. Increased and decreased
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and provide the rationale to utilize PDOs as a platform for further
investigation of integrin-mediated signaling.

The five-type morphological categorization of PDOs revealed
the remarkable enrichment of ribosome biogenesis in type 1 PDOs
(Figure 5B). The detailed analysis of enriched genes further indicated
the increased expression of core molecules constituting the RNA
polymerase | complex in type 1 PDOs, whereas their expression was
low in type O PDOs (Figure 5C). Notably, PDOs with high expres-
sion of ribosome biogenesis-related genes also had high expression
of stem cell markers, whereas those with low expression of ribo-
some biogenesis-related genes expressed differentiation markers
(Figure 5D). Recent studies have reported that translational control
and protein synthesis are fundamental regulators of stem cell identity
and function.®®** In CRC, tumor tissues are composed of cells with
varying levels of ribosome biogenesis-related genes, and their over-
expression defines stemness.?® In this study, we showed that PDOs
exhibiting stemness properties had increased expression of genes
involved in ribosome biogenesis, whereas those with differentiation
features retained low levels of ribosome biogenesis genes, indicat-
ing that there is interpatient diversity in ribosome biogenesis and
cellular heterogeneity. We believe that uncovering the mechanisms

controlling ribosome biogenesis in stem cells represents a promising
approach to establishing a novel classification of CRC, which could
aid in stratifying patients for prognosis and treatment.

CX-5461 has been developed as a compound that selectively inhib-
its Pol | transcription of ribosomal DNA.%° It exerts antitumor effects in
a variety of cancer cell lines and multiple preclinical models.3¢%” Wang
et al. recently demonstrated that colon-specific knockout of a tran-
scriptional repressor for rRNA, Znf545, accelerated tumor formation in
Apc'\'“”/+ mice and a model of azoxymethane/dextran sulfate sodium-
induced CRC.%® Notably, CX-5461 treatment of Apc™™*Znf5457/~
mice reduced the tumor number and tumor burden. Mechanistically,
CX-5461 induced biased differentiation toward the goblet cell lin-
eage.39 Considering the morphology of organoids correlated to the
cellular composition,*® the effect of CX-5461 on the morphology of
PDOs is of great interest, because it might provide the clue to un-
cover the role of Pol | transcription in the cell differentiation program
in human advanced CRC. CX-5461 is currently undergoing phase I/
Il clinical trials for advanced hematologic cancers.***? This first in-
human study reported single-agent antitumor activity, but only one
in five patients achieved an objective response. Further comprehen-
sive evaluation of CRC PDOs is needed to estimate the response rate
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in CRC. Nevertheless, we showed that approximately 20% of PDOs,
comprised of type 0, 3, and 4, showed low ribosome biogenesis and
were sensitive to CX-5461. Considering the number of CRC patients,
selection of patients that respond to this compound would make a sig-
nificant contribution for cancer therapy. The CRC PDOs and the classi-
fication provide an excellent opportunity to obtain molecular markers
for selection of patients for personalized therapy.

In this study, we developed the Al-based extractor and classi-
fier to categorize morphology of PDOs. Although there is still room
for improvement, including the 3D culture, image acquisition, and
the training of Al, we revealed its potential application for the de-
velopment of cancer therapy. Patient-derived organoids have been
established in various facilities, and are used for basic research as
well as for preclinical study, because they represent various fea-
tures of original tumors. The morphological knowledge accumulated
by experienced researchers in organoid culture is valuable, but, to
the best of our knowledge, consensus has still not been reached.
Importantly, manual morphological classification is time-consuming
and often results in different grouping among the referees. The
extractor and classifier developed in this study is a useful tool to
analyze tumor heterogeneity and to develop cancer therapy by pro-

viding the opportunity to evaluate the PDOs.
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