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Establishment of patient-derived organoids «==

and a characterization based drug discovery
platform for treatment of gastric cancer
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Abstract

Background Gastric cancer (GC) encompasses many different histological and molecular subtypes. It is a major
driver of cancer mortality because of poor survival and limited treatment options. Personalised medicine in the form
of patient-derived organoids (PDOs) represents a promising approach for improving therapeutic outcomes. The goal
of this study was to overcome the limitations of current models by ameliorating organoid cultivation.

Methods Organoids derived from cancer tissue were evaluated by haematoxylin and eosin staining, immuno-
histochemistry, mRNA, and whole-exome sequencing. Three representative chemotherapy drugs, 5-fluorouracil,
docetaxel, and oxaliplatin, were compared for their efficacy against different subtypes of gastric organoids by ATP
assay and apoptosis staining. In addition, drug sensitivity screening results from two publicly available databases,

the Genomics of Drug Sensitivity in Cancer and Cancer Cell Line Encyclopaedia, were pooled and applied to organoid
lines. Once key targeting genes were confirmed, chemotherapy was used in combination with poly (ADP ribose)
polymerase (PARP)-targeted therapy.

Results We successfully constructed GC PDOs surgically resected from GC patient tissue. PDOs closely reflected

the histopathological and genomic features of the corresponding primary tumours. Whole-exosome sequencing

and mRNA analysis revealed that changes to the original tumour genome were maintained during long-term culture.
The drugs caused divergent responses in intestinal, poorly differentiated intestinal, and diffuse gastric cancer orga-
noids, which were confirmed in organoid lines. Poorly differentiated intestinal GC patients benefited from a combina-
tion of 5-fluorouracil and veliparib.

Conclusion The present study demonstrates that combining chemotherapy with PARP targeting may improve
the treatment of chemotherapy-resistant tumours.
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Background

Gastric cancer (GC) is a leading contributor to global
cancer incidence and mortality, accounting for 768,793
deaths in 2020 [1, 2]. It is the fifth most commonly diag-
nosed cancer and the third most common cause of can-
cer-related deaths [1]. The rates are two-fold higher in
men than women, with a strong prevalence in Eastern
Asia [2, 3]. China has the largest number of GC cases,
deaths, and disability-adjusted life years [4]. Surgical
resection remains the primary option for GC [5]; how-
ever, GC is highly heterogeneous and most patients are
at an advanced stage when diagnosed [6, 7], which limits
surgical treatment [3, 8]. Systemic chemotherapy remains
the mainstay treatment for advanced or metastatic GC.
Currently, two- to three-drug chemotherapy regimens
can modestly benefit overall survival, with median overall
survival under 12 months [9, 10]. In recent years, molec-
ular targeted therapy has emerged as a novel option, but
only two such therapies are currently approved and very
few have been clinically validated [11].

There is conflicting evidence regarding the ability
of histopathological phenotypes to predict a patient’s
response to systemic chemotherapy. Commonly, the Lau-
rén [12] and World Health Organization [13] classifica-
tions are used for such purpose. The Laurén classification
[5] distinguishes between intestinal GC (IGC) and diffuse
GC. Poorly differentiated (PD) IGC is a highly heteroge-
neous subtype associated with frequent metastasis and
chemotherapy resistance. Thus, there is an urgent need
for drug susceptibility testing as a clinical strategy for
individualised treatment.

Two-dimensional (2D) cell cultures and patient-derived
xenografts are used for drug screening. However, predict-
ing the sensitivity of individuals to therapy [7, 8] would be
facilitated by a well-characterised model for drug testing.
Recently, three-dimensional (3D) “organoids” have been
introduced as a new prospect in preclinical personalised
therapy testing, including oncology [14-17]. Organoid
technology allows the cultivation of patient-derived GCs
[18-20]. Compared with conventional 2D cultures and
animal models, organoid cultures enable patient specific-
ity, while recapitulating native tissue-like structures and
functions in vitro. Organoid cultures are more accessible
for manipulation and in-depth studies [21] than animal
models, allowing for drug discovery [17, 22], personalised
companion diagnostics, and cell therapy [23]. Not sur-
prisingly, they have become the best model for personal-
ised cancer treatment [24].

In this study, we sought to improve the success rate
and cultivation timing of organoid lines. We opti-
mised culture conditions by constructing 28 GC orga-
noid lines from tumour tissues (fourteen intestinal GC,
nine PDC GC, and five diffuse GC) and verified them
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by histopathology and whole-exosome and transcrip-
tome sequencing. We demonstrated the utility of gastric
organoid lines as preclinical models for drug testing of
new targets and their potential applications in person-
alised treatment. Moreover, we showed the benefit of
combining 5-fluorouracil (5-FU) and veliparib to treat
patients with PD IGC, thereby creating new therapeutic
opportunities.

Results

Patient-derived GC organoids display different
morphology and characteristics

Tissue samples with histologically diagnosed gastric
adenocarcinoma were obtained from surgically resected
specimens (Tables 1 and 2). A flow diagram summaris-
ing the study design is shown in Fig. 1a. To boost the
initiation of organoid cultures, tissue digestion, Matrigel
concentration, and processing of isolated tumour patches
were optimised. Using 3D organoid culture technol-
ogy, the success rate for viable organoids was set to 56%
(28/50). These GC organoid lines displayed divergent
morphological phenotypes, indicating different molecu-
lar genotypes that mimicked in vivo tumours (Fig. 1b).

Development of a culture method for the propagation

of organoids from gastric tumour patients

To determine Matrigel and growth factor dependency,
we designed different culture methods. The response var-
ied markedly across Matrigel concentrations (Fig. 2a) and
maximum number of days in culture (Fig. 2b). Expression

Table 1 Baseline characteristics of the patients

Feature Total (50) Organoids culture p
Success (28) Fail (22)

Age(years)
>60 28 16 12 0.75
<60 22 12 10

Sex
Male 36 20 16 0.68
Female 14 8

Differention
Poor 21 13 8 0.54
Moderate-High 29 17 12

Subtype
Intestinal 21 14 7 0.80
PDC Intestinal 17 9 8 0.65
Diffuse 12 5 7

TNM stage
-1l 17 12 5 023
-1V 33 16 17
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Table 2 Clinical data of gastric cancer patient-derived organoids
GO SEX AGE Diagnosis TNM(UICC stage) Tum or differentiation Pathological Location
findings
GO1 F 63 Adenocarcinoma T2NTMO Poor Diffuse Gastric body
GO2 M 64 Adenocarcinoma T1bNOMO Moderate-Poor Intestinal Gastric body
GO3 M 64 Adenocarcinoma T4aN3MO Moderate-Poor Intestinal Antrum
GO4 M 57 Adenocarcinoma T4N3aMO0 Poor Intestinal Antrum
GO5 M 54 Adenocarcinoma TINOMO Moderate-Poor Intestinal Antrum
GO6 F 49 Adenocarcinoma T4NOMO Poor Diffuse Cardia
GO7 M 59 Adenocarcinoma T4aN2MO Poor Intestinal Gastric body
GO8 M 48 Adenocarcinoma T3NOMO Poor Intestinal Antrum
GO9 M 55 Adenocarcinoma T4N3aMO Moderate-Poor Diffuse Antrum
GO10 F 76 Adenocarcinoma T3NOMO Poor Intestinal Antrum
GO11 M 75 Adenocarcinoma T1BNOMO Moderate-Poor Intestinal Gastric body
GO12 M 48 Adenocarcinoma T2N2MO Poor Intestinal Gastric body
GO13 M 70 Adenocarcinoma T4NOMO Poor Intestinal Gastric angle
GO14 M 65 Adenocarcinoma T3NTMO Poor Diffuse Antrum
GO15 M 65 Adenocarcinoma TINOMO Moderate Intestinal Gastric body
GO16 M 55 Adenocarcinoma T4aN1MO High Intestinal Cardia
GO17 M 73 Adenocarcinoma T2NIMO Poor Diffuse Antrum
GO18 M 88 Adenocarcinoma T3NOMO Moderate Intestinal Antrum
GO19 F 56 Adenocarcinoma T3N2MO Poor Intestinal Antrum
GO20 F 67 Adenocarcinoma T2NOMO Moderate Intestinal Gastric angle
GO21 M 80 Adenocarcinoma T2NOMO Poor Intestinal Gastric angle
G022 M 75 Adenocarcinoma T3NOMO Moderate-High Intestinal Antrum
GO23 F 63 Adenocarcinoma T3NTMO Poor Intestinal Antrum
G024 M 57 Adenocarcinoma T4aNTMO Poor Intestinal Antrum
GO25 F 52 Adenocarcinoma T4NOMO Moderate-Poor Intestinal Cardia
GO26 M 45 Adenocarcinoma T4aN3MO Poor Intestinal Antrum
GO27 F 47 Adenocarcinoma T3NOMO Poor Diffuse Antrum
GO28 M 53 Adenocarcinoma T4aN3aMO Poor Diffuse Antrum
G029 M 59 Adenocarcinoma T1aNOMO Moderate-Poor Intestinal Gastric angle
GO30 M 59 Adenocarcinoma T3NOMO Poor Intestinal Antrum
GO31 F 73 Adenocarcinoma T3NOMO Moderate Intestinal Antrum
G032 F 59 Adenocarcinoma T2N3aMo Moderate-Poor Intestinal Antrum
G033 M 27 Adenocarcinoma T3NOMO Poor Intestinal Gastric angle
GO34 M 71 Adenocarcinoma T1bNOMO Moderate-Poor Intestinal Antrum
GO35 M 61 Adenocarcinoma T2NOMO Moderate-Poor Diffuse Cardia
GO36 F 59 Adenocarcinoma T4aN3MO Moderate-Poor Diffuse Antrum
GO37 F 74 Adenocarcinoma T2NTMO Moderate-Poor Intestinal lesser curvature
G038 M 74 Adenocarcinoma T4aN1MO Moderate-Poor Diffuse lesser curvature
GO39 M 68 Adenocarcinoma T3INTMO Moderate-Poor Intestinal lesser curvature
GO40 M 54 Adenocarcinoma T4aNOMO Poor Diffuse Antrum
GO41 M 65 Adenocarcinoma T2NTMO Poor Intestinal Antrum
GO42 F 58 Adenocarcinoma T3N2MO Poor Intestinal Antrum
GO43 M 76 Adenocarcinoma T4aN2MO Moderate-Poor Diffuse Antrum
GO44 M 82 Adenocarcinoma TINOMO Moderate Intestinal Gastric body
GO45 F 65 Adenocarcinoma T3N2MO Moderate-Poor Intestinal Gastric body
GO46 M 65 Adenocarcinoma T3NTMO Moderate Intestinal Cardia
G047 M 78 Adenocarcinoma TANTMO Moderate-High Intestinal Gastric body
G048 M 78 Adenocarcinoma T4aN1MO Poor Intestinal Antrum
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Table 2 (continued)

GO49 M 66 Adenocarcinoma T4aN2MO Poor Intestinal Gastric body
GO50 M 55 Adenocarcinoma T3NTMO Moderate-Poor Intestinal Antrum
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Fig. 1 Construction and histopathological characterizations of GC PDOs. A Schematic overview of GC PDOs isolation, culture and histopathological
analysis. B Representative bright-field images and HE staining images of GC PDOs and the primary tumors from which they were derived. These
tumors (GO18, GO10, and GO16) represent three histological subtypes. Scale bar, 50 um
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of stem cell markers identified the number of cultiva-
tion days (Fig. 2c); whereas that of GC biomarkers con-
firmed tumour identity (Fig. 2d). The mRNA expression
of gastric stemness markers Prom1, Sox4, and CD44 cor-
related positively with the culture period for organoids.
Expression and immunohistochemistry analysis of typi-
cal stemness markers (Fig. 2e, f) indicated significantly
shorter culture periods for GC24 and GC25 than for
GC22 samples. Continuous observational studies to eval-
uate organoid growth (Fig. 2g) revealed larger organoid
volumes for GC24 and GC25 samples than for the con-
trol group under optimal conditions.

GC organoids maintain the histology of original cancer
tissues

To determine whether organoids maintained similar
characteristics in culture as the cancers from which they
were derived, we performed haematoxylin and eosin
(H&E) staining (Fig. 3a), as well as immunohistochemi-
cal reactions for typical GC markers, such as muc2, p53,
CD133, and EpCAM (Fig. 3b—d). As shown by H&E
staining, the organoids reproduced well the overall and
immunohistochemical characteristics of the penetrating
primary tissue.

GC organoids retain the genetic characteristics of cancer
tissues

Next, we investigated whether the organoid models pre-
served the genomic and transcriptomic characteristics
of their corresponding tumours. Transcriptome analy-
sis of GC organoids and corresponding tumour tissues
revealed strong agreement between gene expression lev-
els across different histological GC subtypes (Fig. 4a). To
study the relationship between the observed results and
global transcriptomes, principal component analysis of
GC samples and their organoids was performed. Gene
expression profiles of GC samples did not differ signifi-
cantly from those of their organoids in the oncogene I
ground state (Fig. 4b).The two most common mutations
in GC organoids and tumour tissue samples included
nonsense and missense mutations. We used muTect to
analyse somatic single-nucleotide variants of the paired
sample. The latter was annotated with ANNOVAR to

(See figure on next page.)
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screen the mutation sites and count mutation frequen-
cies of the corresponding genes. We selected the top 50
genes with the highest mutation frequency to construct
an oncoplot (Fig. 4c). Interpreting the oncoplot was not
difficult. Regardless of whether they were from intesti-
nal, PD intestinal or diffuse cancer, organoids and paired
primary lesions had similar single-nucleotide variant
mutation characteristics. The base substitutions in all
samples included C>T, T>C, C>A, C>G, T>G, and
T>A. Notably, C>T or T > C had the highest substitution
frequency in GC (Fig. 4d). Whole-exosome sequencing
revealed that patient-derived organoids (PDOs) largely
recapitulated the primary tumour from which they were
derived in terms of copy number (Fig. 4e). KEGG path-
way analysis using the DAVID bioinformatics resource
pointed to the PDC histological subtype (GO10) being
enriched in DNA replication and cell cycle pathways
(Fig. 4f). In contrast, the diffuse subtype (GO16) was
enriched in Wnt signalling, gastric acid secretion, and
cell adhesion molecules (Fig. 4g). Intriguingly, the intesti-
nal histological subtype (GO18) revealed enrichment for
immune-related pathways, including Th17 cell differen-
tiation, Th1l and Th2 cell differentiation, as well as B cell
receptor signalling (Fig. 4h). These results are consistent
with those reported previously [25, 26]. Taken together,
the observed findings demonstrated that the established
PDOs reflected the genomic profiles of the primary
tumour.

GC organoids for patient-specific drug trials in vitro

Patients with GC treated with neoadjuvant therapy and
conventional chemotherapeutics respond to varying
degrees, as documented by their histological regression
grade. We investigated whether GC organoids reflected
this divergent response. We treated the organoid lines
with conventional chemotherapeutics routinely used
in GC treatment: 5-FU, oxaliplatin, and docetaxel.
Cell viability assays revealed divergent responses to
the treatments (Fig. 5a—c). A significant difference in
inhibitory concentration at 50% (ICj,) was observed
among the three chemotherapeutics in the pheno-
typic organoid lines tested, which consistent with the
results of previous studies. Such divergent response

Fig. 2 Development of a culture method for propagation of organoids from the GC patient tumor. A, B Representative bright-field images

and quantification of live-cell yield for organoids from three patients grown from single cells in media supplemented with 70, 80, 90, or 100%

of Matrigel matrix (25,000 cells, 1 ml of medium/well) over a 14-day incubation period; scale bars, 200 um. Data are plotted as mean +s.d. Statistical
significance was attributed to values of p <0.05 as determined by the Student’s t test. NS, p>0.05, *p <0.05, *p <0.01, ***p <0.001,****p < 0.0001.
C Maximum number of days in culture. D Muc5a, Chga, Fabp1, Muc6, Prom1, Sox4 and CD44 mRNA expression of some GC samples. E Prom1,
Sox4 and CD44 mRNA expression of GC22, GC24 and GC25 samples. F IHC staining (PCNA and P-P38) showed that GC22, GC24 and GC25. G
Representative bright-field images of GO24 and GO25 in Before adjustment and after adjustment conditions
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PDC Intestinal

Fig. 3 Gastric cancer organoids maintain the histology of original cancer tissues. A H&E staining showed that the successfully cultured organoids
and primary tumors are consistent in histological characteristics. Scale bars, 50 um. B-D IHC staining (MUC2 » P53 » CD133 and EPCam) showed
that the successfully cultured organoids and primary tumors are consistent in histological characteristics. Scale bars, 50 um
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Fig. 4 Gastric cancer organoids retain the genetic characteristics of cancer tissues. A Pearson correlation coefficients for gastric organoids and their
corresponding parental cancers, respectively. B Principle Component Analysis (PCA) for GC RNA sequencing samples and their organoids. C The

top 50 mutant genes are obtained by analyzing the SNV of organoids and

matched primary tissue. The legend showed the types of mutations. D

The mutation types and proportions of all samples. E Heatmap showing CNVs in the primary tumors and the corresponding GC PDOs. The columns
represent genomic positions from chromosomes 1-22, and the colors in the plot correspond to the estimated log2 copy ratios of the genomic
regions. F Top 30 enriched KEGG analysis in GO10. G Top 30 enriched KEGG analysis in GO16. H Top 30 enriched KEGG analysis in GO18

was confirmed by annexin V/propidium iodide stain-
ing (Fig. 5d). The number of apoptotic cells increased in
GO10 organoids upon 5-FU treatment, in GO16 orga-
noids upon docetaxel treatment, and in GO18 orga-
noids upon oxaliplatin treatment.

5-FU and veliparib synergistically induce DNA damage

in 5-FU-resistant intestinal GC

We downloaded cell line drug sensitivity data from
the Cancer Cell Line Encyclopaedia and Genomics of
Drug Sensitivity in Cancer databases. Differential gene
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Fig. 5 Human gastric cancer organoids show divergent therapy response to conventional chemotherapeutics. A-C The drug dose-response
curve of intestinal(GO18), PDC intestinal (GO10) and diffuse (GO16) after treated with 5-FU, oxaliplatin, docetaxel, and irinotecan; each data point

represents three biological replicates, with error bars representing mean+S

D. D Apoptosis assay using annexin V/propidium iodide (PI) flow

cytometry (one example of three independent experiments is shown). Data are presented as the mean +SD. *p < 0.05, **p < 0.01

expression analysis was performed for 5-FU sensitiv-
ity (SNU5) or resistance (SNU16) in a cell line from the
PDC Intestinal cell subtype (Fig. 6a; Supplementary Fig.

Sla, b). Analysis of KEGG pathways across SNU16 cells
(Fig. 6b; Supplementary Fig. Slc) revealed significant
enrichment in DNA replication and cell cycle signalling.
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expressed genes. C Relative mRNA expression of PARP1, ANAPC13 and CDT1 in GC10, GC30 and GC33 samples. D Western blot analysis of PARP1,
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or control
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To confirm these observations in 2D SNU16 cell lines,
we selected three PDC Intestinal samples with elevated
expression of the PARP1, ANAPC13, and CDT1 genes
associated with DNA replication. The mRNA expres-
sion of PARP1 was higher in the GC30 and GC33 groups
than in the GC10 group; whereas that of ANAPC13
and CDT1 was higher in GC33 than in GC10 (Fig. 6c¢).
Western blotting revealed that protein expression of
PARP1, ANAPC13, and CDT1 was significantly higher
in the GC30 and GC33 groups than in the GC10 group
(Fig. 6d). These results were also confirmed by immu-
nohistochemistry (Fig. 6e). We therefore focused on the
PARP1 gene encoding the poly (ADP ribose) polymerase.
Veliparib, a PARP inhibitor developed by AbbVie (Chi-
cago, IL, USA), exerts an anticancer effect by inducing
DNA damage [27].

We hypothesised that integrating existing chemo-
therapy agents with targeted therapies could represent a
novel strategy for patients who have developed resistance
to conventional chemotherapy. To test this hypothesis,
we treated the intestinal organoid with 5-FU and veli-
parib alone or in combination at a constant ratio of 1:2,
then assessed cell viability 48 h after drug treatment. As
shown in Fig. 6f, h, the combination of 10 uM 5-FU and
20 pM veliparib had a more severe inhibitory effect on
the proliferation of GO30 and GO33 than 5-FU or veli-
parib alone. To test the synergistic cell-killing effect of
5-FU and veliparib co-administration, we calculated the
combination index for the IC50 in GO30 and GO33 orga-
noid samples (Fig. 6g, i; Supplementary Fig. S1d). PARP-1
is responsible for nearly 90% of the universal PAR synth-
sis following DNA strand breakage [28]. To further
define the role of veliparib could improve the sensitivity
of cancer cells to chemotherapeutic drugs by apoptosis,
we tested the pro-apoptotic proteins, Bax and caspase-3,
and the anti-apoptotic protein, Bcl-2, were examined via
western blotting. GO30 organoid Cells were classified
in four groups: control group, treated with 10 uM 5-Fu,
treated with 10 pM Veliparib and the combination group
receiving both treatments.The results demonstrated that
Bax and cleaved caspase-3 expression increased highest
in the combination, respectively, the expression of Bcl-2
decreased highest in the combination (Fig. 6j, k). Our
research revealed that veliparib enhances the cytotoxic
effect on 5-FU-resistant GC organoids. This is achieved
by inducing a slowdown in the DNA damage repair pro-
cess, leading to sustained higher levels of yH2AX, which
in turn, promotes cell apoptosis (Fig. 6j, k).

Discussion

Here, we tested the use of human GC organoids in the
study of different pathological types and their drug sen-
sitivity. The study included 28 intestinal, 14 PD intestinal,
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and five diffuse GC lines obtained from tumour tissue
(Fig. 1b). Failure to culture 10 of these lines may have
been caused by tissue contamination and was related to
the collection of materials. Failure to passage in the other
16 cases may have been related to the pathological char-
acteristics of the patients or the limitations of culture
technology.

The growth of organoids requires an environment simi-
lar to the extracellular matrix, which allows intercellular
or matrix-cellular crosstalk. Currently used matrices rely
on animal tumour-derived basement membrane extracts
(e.g. Matrigel), which limits application in human regen-
erative medicine [29, 30]. Although patient-derived GC
cells can be cultured in vitro as organoids in Matrigel, the
optimal concentration of Matrigel remains unclear. To
make efficient use of organoid technology, we compared
the effects of different Matrigel concentrations on orga-
noid proliferation (Fig. 2a). We demonstrated for the first
time that a 100% concentration of Matrigel was the best
condition for gastric organoid cultivation (Fig. 2b).

An organoid is a self-organised 3D tissue, whose func-
tional, structural, and biological complexity resemble
that of an organ [31-33]. As in other tissues, gastric stem
cells are used as a source for GC. Thus, we examined
the expression of the stem cell markers Prom1, Sox4,
and CD44. Proml is a cell surface membrane protein
and a homolog to the CD133 protein in humans [34]. It
is expressed in both rod and cone photoreceptors of the
eye. Prom1 has been used as a cancer stem cell marker
alone or in combination with other markers such as
CD44 [35]. Sox proteins leave their footprint in every cell
lineage and are involved in stem cell biology, develop-
mental biology, pathology, and human genetics [36]. The
maximum number of days in culture correlated with the
mRNA expression of Prom1, Sox4, and CD44 (Fig. 2c—
e). Mitogen-activated protein kinase p38 is essential for
the long-term expansion of human intestinal organoids.
Therefore, we compared PCNA and phosphorylated-
p38 protein levels in the three samples (Fig. 2f). Fgf10 is
expressed in mesenchymal and epithelial tissues and is an
epithelial-mesenchymal signalling molecule. It also plays
a crucial role in the stomach [37]. The concentrations
of Fgfl0 and SB202190 (a P38 inhibitor) were adjusted
to increase the proliferation and long-term passaging of
gastrointestinal organoids (Table 1, Fig. 2g). Based on the
above steps, we established a new approach for culturing
organoids derived from human GC.

One of the major challenges in the culture of GC is a
tough stroma with sparse cancer cells and frequent con-
tamination by non-cancerous cells, leading to overgrowth
by the latter. Both these factors contributed to the failure
of culturing some samples, as determined by immuno-
histochemical analysis of the tumours from which they
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were derived (Fig. 3). Next, whole-exosome and mRNA
sequencing of the corresponding parental tumours were
performed to determine the histological architecture,
cancer driver gene mutations, copy number variations,
and single-nucleotide variants after in vitro culture
(Fig. 4). PDOs offer exciting novel opportunities for drug
screening and testing [38]. In the present study, gastric
organoids varied in their responses to drugs. Using the
transcriptome sequencing of organoid samples from the
three pathological subtypes, we enriched pathways and
screened for three commonly used chemotherapy drugs
(5-FU,oxaliplatin and docetaxel) in clinical practice,
which were then validated (Fig. 4f—h). The diffuse type
(GO16) was highly sensitive to docetaxel (Fig. 5a). The
intestinal type (GO18) was highly sensitive to oxaliplatin
(Fig. 5b). Finally, the PD intestinal type (GO10) was sen-
sitive to 5-FU (Fig. 5¢). Through bioinformatic mining,
along with transcriptome and whole-exosome sequenc-
ing, we predicted and confirmed that PARP inhibitors
could increase chemotherapy sensitivity in resistant PDC
intestinal GC samples (Fig. 6).

Although the proposed method successfully predicted
chemotherapy outcomes, lack of tumour microenviron-
ment components and vasculature factors, such as stro-
mal cells and immune cells, are major disadvantages of
organoid models. Thus, future studies should focus on
mimicking the tumour microenvironment in gastric
organoids [39, 40]. Second, this study was constrained
by a small sample size and results should be verified in
a larger sample. Third, it is important to evaluate the
tumorigenicity of gastric organoids by translating them
into immunodeficient mice, where they can assume the
morphology and histological characteristics of primary
tumour samples.

In this study, we undertook a systematic effort to create
a biobank of GC cells in the form of organoids and per-
formed exosome and transcriptome sequencing to gain
insight into their molecular characteristics. In addition,
we investigated the long-term stability of the organoids
in culture.

Conclusions
Our results show that the proposed organoid culture
method successfully captured both early- and advanced-
stage cancers. Importantly, we observed that molecu-
lar changes in the organoids closely resembled those in
tumour samples obtained directly from patients. This
suggested that our organoids faithfully recreated in vitro
the genetic and molecular features of in vivo GC.
Furthermore, we tested the sensitivity of GC orga-
noids to various therapeutic agents. GC organoids
were particularly sensitive to a combination of 5-FU
(a chemotherapeutic agent) and veliparib (a PARP
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inhibitor). This finding opens up new therapeutic
opportunities for the treatment of GC, specifically
for patients with PDC. In summary, we established a
reliable culture method for generating tumour orga-
noids from human GC cells. Our study highlights the
potential of veliparib as a promising addition to chem-
otherapy regimens for the treatment of PDC and per-
sonalised strategies.
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