
Biochemistry and Biophysics Reports 32 (2022) 101365

2405-5808/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Generation of murine tumour-reactive T cells by co-culturing murine 
pancreatic cancer organoids and peripheral blood lymphocytes 

Alberto D’Angelo a,*, Kensuke Shibata b, Masayuki Tokunaga b, Makoto Furutani-Seiki b, 
Stefan Bagby a 

a Department of Biology and Biochemistry, University of Bath, Bath, BA2 7AY, United Kingdom 
b Department of Biology and Biochemistry, University of Yamaguchi, Ube, Japan   

A R T I C L E  I N F O   

Keywords: 
Pancreatic cancer 
Tumour microenvironment 
Co-culture 
Cancer organoids 
Murine model 
Peripheral blood mononuclear cell 

A B S T R A C T   

Pancreatic ductal adenocarcinoma (PDAC) is commonly diagnosed at a late stage and becomes resistant to 
several treatments. Significant clinical effects have been reported for cancer immunotherapies on a subset of 
patients diagnosed with epithelial cancers. Cancer organoid co-culture with autologous peripheral blood lym-
phocytes offers an innovative immunotherapeutic approach that is increasingly being tested, although there is a 
lack of cutting-edge platforms enabling the investigation of cancer-T cell interactions for individual patients. In 
this study, a pancreatic cancer organoid culture from a genetically engineered pancreatic cancer murine model 
was established and co-cultured with autologous peripheral blood lymphocytes to induce a tumour-specific T cell 
response to pancreatic cancer. Co-culturing autologous peripheral blood lymphocytes with cancer organoids can 
be an effective strategy to enrich tumour-reactive T cells from the peripheral blood of murine models; this 
approach could potentially be transferred to humans. Co-culture of peripheral blood lymphocytes and cancer 
organoids could provide an unbiased approach to evaluating the sensitivity of tumour cells to T cell-mediated 
priming on an individual patient level.   

1. Introduction 

Pancreatic ductal carcinoma (PDAC) is an aggressive malignancy 
with a poor overall survival rate of approximately 9% at five-year 
follow-up [15]. Only 10–20% of patients are eligible for curative sur-
gical resection. 80–90% of patients are diagnosed at a local advanced or 
metastatic stage, making them eligible for either adjuvant or neo-
adjuvant cytotoxic chemotherapy followed by surgical resection [18]. 
Immunotherapy, namely a type of therapy that uses substances to 
stimulate or suppress the immune system, is expected to significantly 
change the treatment of cancer patients. Immunotherapeutic ap-
proaches include monoclonal antibodies, antitumour vaccines, immune 
system modulators and immune checkpoint inhibitors, and adoptive 
transfer therapy. Adoptive transfer therapy has shown significant re-
sponses in patients, mainly among those with melanoma and early-stage 
cervical cancer [12,16]. Despite these promising outcomes, a large 
number of patients fail to respond to existing immunotherapies. Treat-
ment failure occurs due to a range of reasons, including the expression of 
alternative immune checkpoints and poor antigen presentation [14]. 

The numerous strategies that cancers use to elude the immune sys-
tem make it challenging to predict whether a patient will benefit from 
immunotherapy agents, elucidate any underlying resistance mechanism 
and determine the best immunotherapy approach for overcoming any 
resistance. T cell repertoire and cancer mutation profile are unique to 
every patient. Consequently, a more effective therapeutic strategy to 
exploit the patient’s anti-tumour immunity requires a personalized 
experimental evaluation of immune responses that should be applicable 
within the clinical timescale [13]. 

Ex vivo strategies to assess T cell-tumour interaction have mainly 
focused on melanoma due to the number of available patients, the ease 
of tumour biopsy and the availability of techniques for the expansion of 
tumour infiltrating lymphocytes (TILs) [12]. With the current clinical 
use of immunotherapies for epithelial cancers [2], however, it is 
important to develop technologies to analyse T cell-mediated tumour 
effects on different tumour types. So far, several factors have hampered 
progress towards this goal, including difficulty in extracting 
tumour-reactive T cell populations and limited success rates in estab-
lishing epithelial cancer cell lines such as for colorectal and lung cancer 
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[3,20]. 
In this study, pancreatic cancer organoids were established from 

mouse models and were co-cultured with peripheral blood mononuclear 
cells (PBMCs). Tumour organoids are three-dimensional tumour cell 
cultures retaining the mutational burden and histological features of the 
primary tumour. Organoids can be obtained from needle biopsies or 
surgical tumour resection. The aim was to establish whether tumour- 
reactive T cells can be established by co-culturing PBMCs with tumour 
organoids and also whether T cell responses induced by organoid co- 
culture are tumour-specific or should be considered artefacts. Differen-
tiation of PBMCs into T cells provides an easily accessible alternative to 
peripheral isolated lymphocytes. This approach could be helpful to-
wards achieving patient-specific medicine; in theory, tumour-derived 
organoids could be used to establish personalized ex vivo model sys-
tems to support T cell-based therapies. These organoids could also shed 
light on the interactions between malignant cells and T cells. 

A proof of concept is provided that co-culturing tumour organoids 
with PBMCs is a sound and unbiased approach to obtaining tumour- 
reactive T cells that could potentially suppress tumour cells. More 
broadly, the findings corroborate the idea that this strategy can affect 
the priming of T cells against tumour cells towards personalized 
immunotherapy. 

2. Methods 

2.1. Experimental murine model 

Two pairs (2 males and 2 females) of C57BL/6 genetically engi-
neered mouse models (GEMMs) of pancreatic cancer (LSL-KrasG12D 

Trp53lox/+ Pdx1-Cre (KPC)) were brought from Nihon University School 
of Medicine of Tokyo (Japan) and were harvested at Yamaguchi Uni-
versity’s mouse facility. All animal studies were conducted in compli-
ance with the international guidelines for the care and use of laboratory 
animals and were approved by the Yamaguchi University Institutional 
Review Board. 

2.2. Tumour collection 

One male GEMM mouse was sacrificed by cranial dislocation after six 
months; the sample collection time point was collectively agreed once 
the mouse developed a clear and touchable mass in the abdomen and 
was no longer amenable to movement. The pancreatic tumoral mass was 
extracted and immediately minced into 10 mm3 fragments with surgical 
scissors in a solution containing Advanced Dulbecco’s Modified Eagle’s 
Medium (adDMEM)/F12 medium (GIBCO) plus 100 mg/mL collagenase 
II (Sigma-Aldrich), 10 μM Y-27632 (Sigma-Aldrich) and 0.06 mg/mL 
DNase I (Sigma-Aldrich). 

2.3. Establishment of tumour organoids from resected material 

Following 30 min incubation at 37◦C, the cancer cell suspension was 
transferred into a 50 mL tube containing 10 mL of adDMEM/F-12 me-
dium (Gibco), pipetted up and down strongly and subsequently centri-
fuged at 200 g for 5 min at 4◦C. Ultimately, cells were counted using a 
hemocytometer, resuspended in Matrigel Growth Factor Reduced (BD) 
(3 × 104 cells per 10 uL medium) and 20 uL per well of Matrigel 
resuspension was added in a 48-well culture plate. The plate was placed 
into a 37◦C incubator for 30 min to allow the Matrigel to solidify and 
250 mL of organoid medium was then added and the nascent organoids 
were incubated at 37◦C with 5% CO2. Pancreatic organoid medium 
consisted of adDMEM/F-12 medium (Gibco) supplemented with 50% 
Wnt3a medium (Protocol 1) [5], 10% R-spondin medium (Protocol 2) 
[5], 10 ng/mL Noggin medium (Protocol 3) [1], 1/500 Primocin 
(Invivogen), 10 mM HEPES (Gibco), 2 nM Ultraglutamine (Lonza), 500 
nM A83-01 (Tocris), 1 nM N-acetyl-L-cysteine (Sigma-Aldrich), 2% B27 
supplement (Gibco), 50 ng/mL FGF-2 (Peprotech), 50 ng/mL EGF 

(Peprotech) supplemented with 10 μM Y-27632 (Sigma-Aldrich). 

2.4. Passaging organoids 

When confluent or the diameter exceeded 300 μm, organoids were 
passaged. For this passaging step, the organoid medium was aspirated 
and organoid-Matrigel drops were resuspended in pre-warmed TrypLE 
Express (Gibco) (1 mL per well), followed by a 5–15 min incubation at 
37◦C, resuspending with a P1000 pipette every 5 min. Organoid disso-
ciation into single cells was confirmed under a microscope. Afterwards, 
adDMEM/F-12 (Gibco) medium was added five-to ten-fold to inhibit 
TrypLE. The cell suspension was then centrifuged at 300 g for 5 min at 
4◦C, the supernatant was removed and cells were resuspended in 
Matrigel as described in the previous paragraph. 

2.5. Isolation of murine PBMCs from blood 

The cardiac puncture technique was used to obtain approximately 
300 μL of blood from a euthanised and sacrificed GEMM mouse and from 
a healthy mouse with the same genetic background (C57BL/6). Blood 
was collected in a 15 mL tube containing 100 μL heparin and a volume 
equal to the blood volume (in this case, 300 μL) of 0.9% NaCl and then 
layered onto 3 mL Lymphoprep solution (StemCell) and centrifuged for 
20 min at 20◦C. The formed PBMC layer was subsequently collected in a 
separate tube and washed twice with 10 mL of 2% RPMI 1640 (Gibco). 
PBMCs were counted using an automated cell counter. 

2.6. Organoid isolation for co-culture of tumour cells and PBMCs 

When organoids reached approximately 150 μm diameter and were 
suitable for co-culture, medium from a single 48-well plate was aspi-
rated and 1 mL per well of pre-heated Dispase (Sigma-Aldrich) (2 mg/ 
mL in PBS) was added to enable isolation of organoids from Matrigel 
(BD). After being resuspended by gentle pipetting, organoids were 
incubated for 15 min at 37◦C. The organoid suspension was transferred 
into a 15 mL falcon tube with 0.5 M EDTA (100 μL for every 1 mL dis-
pase) and filled up to 10 mL with PBS. Organoids were then centrifuged 
at room temperature for 5 min at 300 g, resuspended in organoid culture 
medium and plated (1 mL per well) in a 48-well plate. To prevent cell 
death, 10 μM Y-27632 (Sigma-Aldrich) was added to the organoid 
before culturing in a 48-well plate for 24 h at 37◦C. 

2.7. Co-culture preparation 

24 h before the co-culture experiment, tumour organoids were 
stimulated overnight with 200 ng/mL INFγ to enhance antigen presen-
tation. Meanwhile, a 96-well U-bottom plate was coated with 5 μg/mL 
anti-CD28 (50 μL per well) to provide co-stimulatory signals during co- 
culture. The 96-well U-bottom plate was subsequently wrapped in Par-
afilm and incubated for 24 h at 4◦C. Furthermore, 2-3 x 106 PBMCs were 
resuspended in T cell culture medium [adDMEM/F-12 (Gibco) supple-
mented with 2 nM UltraGutamine (Lonza), 1:100 penicillin/strepto-
mycin, 10% human serum AB (Sigma-Aldrich)] supplemented with 150 
U/mL IL-2 (Novartis) and incubated overnight at 37◦C with a slightly 
opened lid wrapped in Parafilm to enable gas exchange. 

2.8. Co-culture experiment 

Organoids incubated with INFγ were centrifuged (300 g, 5 min at 
RT), resuspended in 1 mL TrypLE (Gibco) and incubated for 15 min at 
37◦C. Dissociated organoids were centrifuged and washed in PBS and 
then resuspended in T cell culture medium. The resulting single-cell 
organoid suspension was counted using a hemocytometer and resus-
pended at 5 × 104 cells per mL in T cell culture medium. Meanwhile, 
PBMCs were counted using an automated cell counter, washed in PBS 
and resuspended at 1 × 106 cells per mL in T cell culture medium 
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supplemented with 300 U/mL IL-2 (Novartis) (2x concentrated). Equal 
volumes (100 μL) of PBMCs and dissociated organoids were mixed for a 
PBMC:tumour cell ratio of 20:1.200 μL per well of PBMC-dissociated 
organoid suspension mix was then plated and incubated at 37◦C for 
10 days. The co-culture medium was refreshed every 2–3 days. 

2.9. Healthy pancreas organoids 

Along with the expansion of tumour organoids, a healthy pancreatic 
organoid cell culture was established. A mouse with the same genetic 
background (C57BL/6) was sacrificed, the pancreatic tissue was 
removed and healthy pancreatic organoids were expanded using the 
same protocol as used for pancreatic cancer organoids. 

2.10. Flow cytometry for downstream assays 

Following co-culture, cells were immediately evaluated for tumour 
reactivity using Granzyme B and CD137 expression as read-out. As a 
positive control, an equal volume and number of PBMCs were incubated 
with phorbol 12-myristate 13-acetate (PMA)/Ionomycin (Sigma- 
Aldrich) solution at 37◦ for 4 h. As a negative control, an equal volume 
and number of PBMCs were incubated with healthy organoids at 37◦ for 
10 days and 24 h for Granzyme B and CD137 assays, respectively. 

2.10.1. Tumour reactivity assay using Granzyme B as read-out 
After 10 days of incubation, each co-culture well was resuspended at 

2 × 106 cells per mL in 400 μL T cell medium and split into two aliquots 
(200 μL each). Cells were washed twice in FACS buffer and stained with 
the following antibodies (extracellular staining): FITC-CD8a (1:80) 
(Peprotech), Per55-I-A/I-E (1:200) (Peprotech), APC-TCRb (1:40) 
(Peprotech), at 4◦C for 20 min. Cells were then washed twice in FACS 
buffer, fixed and stained (intracellular staining) for Granzyme B (PE- 
conjugated anti-GrB) (Peprotech), using the Cytofix/Cytoperm kit (BD), 
according to the manufacturer’s instructions. PBMCs co-cultured with 
healthy organoids served as a negative control whereas PBMCs stimu-
lated with 50 ng/mL PMA (Sigma-Aldrich) and 1 μg/mL Ionomycin 
(Sigma-Aldrich) served as a positive control; half of the contents of each 
co-culture well was incubated with PMA/Ionomycin solution for 5 h on 
ice. 

2.10.2. Tumour reactivity assay using CD137 expression as read-out 
In a parallel co-culture experiment, after 24 h incubation, co- 

cultured T cells were resuspended at 1 × 106 cells per mL, washed 
twice in FACS buffer and stained with the following antibodies: PE-anti- 
CD137 (1:30) (Peprotech), FITC-CD8a (1:80) (Peprotech), Per55-I-A/I-E 
(1:200) (Peprotech), APC-TCRb (1:40) (Peprotech). PBMCs co-cultured 
with healthy organoids served as a negative control whereas PBMCs 
stimulated with 50 ng/mL PMA (Sigma-Aldrich) and 1 μg/mL Ion-
omycin (Sigma-Aldrich) served as a positive control. 

3. Results 

3.1. Tumour development 

LSL-KrasG12D Trp53lox/+ Pdx1-Cre mice developed a well differenti-
ated pancreatic cancer (Fig. 1). In these GEMM mice, the conditional 
expression of mutant KrasG12D and heterozygotic knockout of Trp53 is 
controlled by a pancreas-specific Cre recombinase which, in turn, is 
under the control of a Pdx1 promoter. In the absence of Cre, a tran-
scriptional and translational STOP cassette flanked by loxP sites (LSL) 
silences the expression of mutant KrasG12D whereas expression of Trp53 
is maintained on both alleles. When Cre is expressed in the pancreas, the 
STOP cassette is excised and the mutant KrasG12D alleles are expressed 
and Trp53 is knocked out on a single allele (Fig. 2). This results in pre- 
invasive pancreatic intraepithelial neoplasia (PanIN) at approximately 
six weeks of age; this progresses to pancreatic ductal adenocarcinoma 

(PDAC), with a latency ranging from four to eight months. 

3.2. Pancreatic organoid line authentication 

Using histological analysis, we established a discriminating selection 
of cancerous cell-derived organoids. After hematoxylin and eosin (H&E) 
staining, histological analysis revealed that the tumours in this study 
were carcinomas, predominantly ductal adenocarcinomas (PDAC), 
defined by the presence of neoplastic glandular (ductal) cells in a dense 
fibrous stroma (Fig. 3). As a comparison, we also stained a healthy area 
of the pancreas (Fig. 4) with an islet of Langerhans in the top right 
corner. 

3.3. Establishment of pancreatic cancer organoids and healthy pancreas 
organoids 

Cancerous cells from pancreatic cancer mouse models, and cells from 
normal pancreatic tissue, embedded in Matrigel and organoid medium, 
started developing organoids - defined as a three-dimensional (3D) 
cellular cluster derived exclusively from primary tissue - after 3–5 days 
of incubation (Figs. 5 and 6). The success rate of organoids from these 
sources was approximately 40%. Organoids were expanded every 2–4 
days, passaging at 1:2 to 1:5 split ratios. Organoids can be cryopreserved 
at − 80◦C in biobanks and recovered from frozen stocks and expanded 
for several months without loss of proliferative capacity. In the initial 
experiment, the outgrowth of normal pancreas organoids and those 
derived from cancerous cells was as expected. 

3.4. Induction of tumour reactivity in circulating T cells by co-culture with 
autologous tumour organoids 

To test whether tumour organoids might be used to obtain tumour- 
reactive T cells, PBMCs were isolated from an autologous mouse and 
co-cultured with pancreatic cancer organoids for 10 days. Tumour 
organoids were pre-stimulated with IFNγ to enhance antigen presenta-
tion. Plate-bound anti-CD28 and interleukin-2 (IL-2) were added to 
provide co-stimulation and to support T cell proliferation, respectively. 

Fig. 1. Sacrificed GEMM with pancreatic cancer in the left flank (red arrow). 
(For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 
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The tumour reactivity of PBMCs-turned-CD8+ T cells was evaluated after 
10 days of co-culture with cancer organoids by staining for granzyme B 
(Fig. 7A). As a negative control, PBMCs were co-cultured for 10 days 
with healthy pancreatic organoids (Fig. 7C) and stained for granzyme B. 
As a positive control, PBMCs were incubated with PMA/ionomycin and 
stained for granzyme B (Fig. 7B). We observed increased staining for 
granzyme B in PBMCs incubated with tumour organoids compared to 
those incubated with healthy organoids (Table 1, Fig. 8). 

3.5. Specificity of organoid-reactive T cell responses 

It was next evaluated whether the T cell response induced by orga-
noid co-culture was tumour-specific or should be considered an artefact 
of IFNγ treatment or organoid culture. Towards this goal, PBMC 
expression of the activation marker CD137 was compared upon stimu-
lation with tumour organoids (Fig. 9A). To more directly assess whether 
the induced PBMC response was specific for cancer antigens, PBMCs 
response to stimulation with organoids of healthy pancreatic tissue was 
tested (Fig. 9C). As a positive control, PBMCs were incubated with PMA/ 
ionomycin mix (Fig. 9B). T cell reactivity induced in 10-day co-culture 

was significantly restricted to tumour organoids (Table 2). Markedly 
lower T cell reactivity against healthy tissue was observed (Fig. 10). 

4. Discussion 

LSL-KrasG12D Trp53lox/+ Pdx1-Cre engineered mouse models were 
used to investigate pancreatic cancer. These genetically engineered 
mouse models (GEMMs) developed pancreatic cancer with a six-month 
latency – cancer growth is expected between four and eight months. 
Although this mouse model does not represent the most common GEMM 
for pancreatic cancer, it is known for the development of a well differ-
entiated pancreatic ductal adenocarcinoma (PDAC) with a strong stro-
mal desmoplastic reaction and no metastasis [9]. The use of this specific 
GEMM is commonly supposed to create a pancreatic cancer tumour 
microenvironment similar to the human pancreatic cancer tumour 
microenvironment [10]. 

After collection of the tumour sample, organoids were generated 
from both healthy pancreatic tissue and malignant pancreatic tissue. 
PBMCs were extracted from the blood of both a healthy mouse and a 

Fig. 2. The genetic background of the pancreatic 
cancer GEMM used here. The conditional expression 
of mutant KrasG12D and Trp53 is controlled by a 
pancreas-specific Cre (Pdx1-Cre in the model 
described here). In the absence of Cre, a transcrip-
tional and translational STOP cassette flanked by 
loxP sites (LSL) silences the expression of mutant 
KrasG12D whereas Trp53 is expressed as normal. 
When Cre is expressed in the pancreas, loxP sites are 
excised. The homozygotic expression of mutant Kras 
and the heterozygotic expression of Trp53 in the 
murine pancreas results in pre-invasive pancreatic 
intraepithelial neoplasia (PanIN), which progress to 
pancreatic ductal adenocarcinoma (PDAC).   

Fig. 3. Histological analysis of GEMM pancreatic tissue. H&E staining revealed 
glandular ductal cancer cells (black arrows). 

Fig. 4. Histological analysis of healthy pancreatic tissue from healthy mouse 
with the same genetic background (C57BL/6). H&E staining revealed normal 
glandular cells. 
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pancreatic cancer GEMM. Pancreatic cancer organoids were then co- 
cultured with PBMCs in order to establish a potential individualized 
ex vivo model system to support T cell-based therapies. This is consistent 
with recent recommendations to explore new models to facilitate the 
development of patient-specific treatments [7]. 

T cell-mediated tumour killing is unpredictable due to the hetero-
geneity of T cell receptors (TCRs) and human leukocyte antigen (HLA), 
and the unique nature of neo-antigens expressed in human cancers [11]. 
It is therefore logical to hypothesise that personalized approaches will 
represent an important advance in immuno-oncology. Most knowledge 
of T cell-mediated killing of cancer cells has so far come from melanoma 
studies and less is known in terms of epithelial cancers [12,20]. 

Dijkstra et al. recently established a transferable approach based on 
colorectal cancer organoids co-cultured with T cells isolated from pa-
tients [4]; using this study as reference, proof of concept is provided here 
that pancreatic cancer organoids are a useful approach, at least in 

Fig. 5. Pancreatic cancer organoids after 36 h-culturing in organoid medium 
and several passaging steps. 

Fig. 6. Pancreatic organoids from healthy mouse after 36-h culturing in 
organoid medium and several passaging steps. 

Fig. 7. FACS analysis of tumour reactivity of PBMCs-turned-CD8+ T cells stained for granzyme B (Granzyme B+/CD8a+) after 10-day co-culture (right upper 
quadrant) with (A) pancreatic cancer organoids, (B) with PMA/ionomycin (positive control) and (C) with healthy pancreatic organoids (negative control). 

Table 1 
The number of events observed for PBMCs-turned-CD8+ T cells stained for 
granzyme B after co-culture of PBMCs with (A) pancreatic cancer organoids 
(test) and (C) healthy organoids (negative control). (B) events after PBMCs were 
incubated with PMA/ionomycin (positive control).  

Specimen Population Events 

Test (A) Granzyme B + CD8a+ 31 
Positive (B) Granzyme B + CD8a+ 36 
Negative (C) Granzyme B + CD8a+ 16  

Fig. 8. Visual presentation of events observed for PBMCs-turned-CD8+ T cells 
stained for granzyme B after co-culture of PBMCs with pancreatic cancer 
organoids (test) and healthy organoids (negative control). Positive control: 
events after PBMC incubation with PMA/ionomycin. 
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murine models, for establishing an ex vivo system to support T 
cell-based therapies and for studying the interactions between cancer 
cells and T cells. Several groups have recently used co-culture ap-
proaches to investigate tumour invasion and interactions between im-
mune cells and cancer organoids. Koikawa et al., for instance, observed 
that co-culturing PDAC organoids with pancreatic stellate cells – 
cancer-associated fibroblast (CAF) precursors – led to tumour cell in-
vasion of the surrounding matrix [8]. Holokai et al. found that 
myeloid-derived suppressor cells interfered with T cell response against 
both human and murine cancer organoids [6]. Tsai et al. established a 
3D culture model including T cells, organoids and CAFs which resulted 
in increased drug resistance when compared to patient-derived orga-
noids alone [17]. 

Here, a murine pancreatic cancer organoid culture and a parallel 
culture of healthy pancreas organoids were established. Co-culture of 

peripheral blood lymphocytes with pancreatic cancer organoids resulted 
in significantly increased induction of tumour reactivity in T cells 
compared to healthy controls, as assessed by intracellular staining of 
granzyme B. Staining for expression of the activation marker CD137 
showed that the T cell responses induced by co-culture were specific to 
the cancer organoids. 

Although the use of cancer co-culture with immune cells is not novel 
per se, we believe that our approach is methodologically solid, elegant 
and could be leveraged as a platform for different applications. One 
possible application is to exploit the co-culture of autologous cancer 
organoids and T cells as model systems for developing patient-specific 
immune-oncological treatment regimens and for the investigation of 
tumour immune networks. Given that tumour organoids include stromal 
cells, thus re-creating the original tumour microenvironment, they can 
be considered a sound approach for accurately predicting drug response 
and resistance as compared to tumour cell lines. Also, establishing 
tumour organoid cultures from a limited quantity of cancer cells (e.g., 
needle biopsies), coupled with the potential expansion of tumour- 
reactive T cells, could enable minimally invasive tumour treatment at 
multiple time points. For a patient who initially responded and subse-
quently relapsed, for instance, establishing a co-culture of tumour 
organoids with autologous T cells from blood might shed light on the 
underlying cause of relapse. A recent investigation by Zaretsky et al. 
observed that the paired biopsy strategy is effective in a small cohort of 
patients with melanoma who relapsed due to the acquisition of JAK1/2 
mutations [19]. Another potential application involves the expansion of 
tumour-reactive T cells from co-culture with tumour organoids for 
establishing an adoptive T cell therapy or for the identification of 
tumour-reactive T cell receptors (TCRs) that can be genetically engi-
neered to target cancer cells. This strategy, bypassing the need for sur-
gical specimen resection to isolate tumour infiltrating lymphocytes, 
could enable a clinically feasible approach for the generation of 
patient-specific T cells suitable for adoptive T cell transfer. Both appli-
cations require further validation and methodological improvement. 

5. Limitations and future directions 

In terms of limitations, firstly we used genetically engineered murine 
models which, we believe, do not perfectly re-capitulate the pancreatic 
cancer tumour microenvironment in humans. Organoid model systems 
need refinement to better mimic cancers, for example by incorporating 
components of the tumour microenvironment such as fibroblasts and 
blood vessels. Second, in our study only a single pancreatic cancer 
GEMM mouse was used. A larger sample size is needed to determine the 
success rate of this approach. Third, in this study we focus on a 

Fig. 9. FACS analysis of tumour reactivity of PBMCs-turned-CD8+ T cells stained for CD137 (CD137+/CD8a+) after 24-h co-culture (gate in red) with (A) pancreatic 
cancer organoids, (B) with PMA/ionomycin (positive control) and (C) with healthy pancreatic organoids (negative control). (For interpretation of the references to 
color in this figure legend, the reader is referred to the Web version of this article.) 

Table 2 
Summary of the number of events observed for tumour reactive PBMCs-turned- 
CD8+ T cells stained for CD137 after co-culture of PBMCs with (A) pancreatic 
cancer organoids (test) and (C) healthy organoids (negative control). (B) events 
after PBMCs were incubated with PMA/ionomycin (positive control).  

Specimen Population Events 

Test (A) CD137 + CD8a+ 325 
Positive (B) CD137 + CD8a+ 183 
Negative (C) CD137 + CD8a+ 59  

Fig. 10. Visual presentation of events observed for PBMCs-turned-CD8+ T cells 
stained for CD137 after co-culture of PBMCs with pancreatic cancer organoids 
(test) and healthy organoids (negative control). Positive control: events after 
PBMC incubation with PMA/ionomycin. 
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pancreatic tumour type with a known and severe mutational load; the 
possibility of extending this approach to poorly immunogenic tumours 
requires further testing. Fourth, a more rigorous approach for the vali-
dation of pancreatic cancer organoid cells at the molecular level will also 
need to be considered; for instance, genome sequencing of pancreatic 
cancer organoids would allow confirmation of the presence of the ex-
pected mutations e.g. KrasG12D. The molecular specificity of any iden-
tified tumour-reactive T cells will remain enigmatic without a deeper 
understanding of cancer target antigens. Ultimately, further evidence 
could be provided for the specificity of tumour cell killing activity by 
autologous T cells by performing a cytotoxicity assay using a green 
fluorescent apoptosis probe targeting active caspase-3/7. 

6. Conclusion 

In this proof-of-concept study, T cells isolated from murine blood 
were co-cultured with autologous pancreatic cancer organoids from 
GEMM, demonstrating the feasibility of obtaining tumour-reactive T 
cells by co-culturing murine PBMCs with matched murine tumour 
organoids. 
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