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Zusammenfassung (Deutsch) 
 

Zweck: In Anbetracht der immer noch sehr schlechten Prognose und 

weiter steigenden Inzidenz des duktalen Adenokarzinoms des Pankreas 

(PDAC) sind klinische translationale Studien zur Frü herkennung, Behandlung 

und Prognose von entscheidender Bedeutung. In dieser Studie untersuchten 

wir die Wechselwirkungen von Tumor- und Immunzellen, indem wir ein 

Kokulturmodell primä rer menschlicher PDAC-Organoide und peripherer 

mononukleä rer Blutzellen (PBMCs) etablierten, die von denselben Patienten 

stammten. 

Methoden: Wir haben eine Kokulturmethode fü r von Patienten 

stammende Organoide und passende PBMCs bestimmt, um die 

Differenzierung von Gedä chtnis-T-Zell-Subtypen und regulatorischen T-Zellen 

(Tregs) durch Fluoreszenz-aktivierten Zellsortierer (FACS) zu testen. 

Ergebnisse: Die Ergebnisse waren bei 4 Patienten-Co-Kulturen 

unterschiedlich, wobei die Co-Kultur eines Patienten einen Anstieg der CD4+ 

Tcm- und Tnaiv-, CD8+ Tcm- und Tnaiv-Zellpopulationen und einen Rü ckgang 

der CD4+ Tem- und Teff-, CD8+ Tem-Zellen, verglichen mit denen in der 

Gruppe der allein kultivierten PBMCs; und mit einer Kokultur eines anderen 

Patienten, die eine erhö hte Anzahl von CD4+ Tnaiv- und CD8+ Tcm-Zellen 

zeigt, wä hrend eine verringerte Anzahl von CD4+ Tem- und CD8+ Tem-Zellen. 

Abgesehen davon war die Population von Treg-Zellen in allen Co-Kulturen der 

PDAC-Patienten hö her als in ihren gematchten Kontrollen. 

Schlussfolgerung: Hier wurde ein autologes Kokulturmodell mit von 

Patienten stammenden Organoiden und PBMCs etabliert, um die 

Wechselwirkung zwischen Krebszellen und verschiedenen Immunzellen bei 

einzelnen PDAC-Patienten zu untersuchen. Mit diesem Modell steht uns ein 

Werkzeug zur Verfü gung, mit dem wir die Wirksamkeit von Immuntherapien 
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vorhersagen kö nnten und so dazu beitragen kö nnen, das Outcome unserer 

Patienten zu verbessern. 
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Abstract (English) 
 

Purpose: Considering the rising incidence and dismal prognosis of 

pancreatic ductal adenocarcinoma (PDAC), clinical translational studies for 

early diagnosis, treatment, and prognosis are of crucial importance. In this 

project, we studied interactions of tumor and immune cells by establishing a 

co-culture model of primary human PDAC organoids and peripheral blood 

mononuclear cells (PBMCs) derived from the same patients. 

Methods: We determined a co-culture method for patient-derived 

organoids and matched PBMCs to test the differentiation of Memory T cell 

subtypes and Regulatory T cells (Tregs) by Fluorescence Activated Cell Sorter 

(FACS). 

Results: The results were variable in 4 patient co-cultures, with one 

patient’s co-culture showing an increase in CD4+ Tcm- and Tnaiv-, CD8+ Tcm- 

and Tnaiv cell populations, and a decrease in CD4+ Tem- and Teff-, CD8+ Tem 

cells, compared to those in PBMCs cultured alone group; and with the 

co-culture from another patient displaying elevated numbers of CD4+ Tnaiv- 

and CD8+ Tcm cells, whereas reduced numbers of CD4+ Tem- and CD8+ Tem 

cells. Besides that, the population of Treg cells in all co-cultures of the PDAC 

patients was higher than in their matched controls. 

Conclusion: Here an autologous co-culture model with patient-derived 

organoids and PBMCs was established to study the crosstalk between 

cancerous cells and various immune cells in individual PDAC patients. Having 

this model available we have a tool at hand which might predict the 

effectiveness of immune therapies thereby helping to improve the outcome of 

our patients. 
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1. Introduction 

Pancreatic ductal adenocarcinoma (PDAC) is the most frequent malignant 

tumor of the pancreas with median survival of 6 months and by 2030, PDAC is 

predicted to be the second leading cause of cancer-related death in the United 

States [1, 2]. The compromised immune system hijacked by tumor cells 

leading to immune escape is critical for PDAC progression and metastasis, as 

well as poor outcomes for patients [3]. Considering the rising incidence of 

PDAC [4], clinical translational studies are needed to gain immune-

therapeutically advancement for these patients [5]. An important step to 

achieve this goal was the introduction of three-dimensional (3D) in vitro 

organoids generated from primary tumors that are long-term stable, and more 

representative of tumor heterogeneity, cell-to-cell contact, structure, and 

genetic expression than conventional 2D cell cultures [6, 7]. The attempts to 

establish a complex co-culture with tumor-derived organoids and immune 

cellular components can provide a preclinical model to investigate interactions 

between tumor cells and immune cells, as well as the possibility to evaluate 

immunotherapies. In this section, I will introduce the background and research 

purpose of our project. 

1.1 The background of PDAC 

 
The occurrence of PDAC is relatively insidious, and the clinical 

manifestations are not obvious or present late [8]. Therefore, most patients are 

detected in advanced metastatic stages, causing a low 5-year survival rate 

(below 10%) [9]. According to the online data from the Global Cancer 

Observatory (GCO) website (gco.iarc.fr), there were almost as many deaths 

(466,003) as new cases (495,773) worldwide in 2020, attributed to the dismal 

prognosis. Nowadays, PDAC is the fourth cause of cancer death in Europe, 

and the number of death cases is estimated to grow over the years [10]. 

Surgical resection is the most effective treatment of PDAC at present [8]. 
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However, only a small proportion of patients (15%-20%) diagnosed at early 

and locally restricted stages can undergo upfront surgery [11]. 

In a multimodal therapeutic strategy with neoadjuvant chemotherapy 

approximately 30% of locally advanced PDAC patients can be downgraded to 

a resectable stage [12] thereby improving overall survival for patients after 

surgery [13]. Regarding patients with unresectable disease with or without 

metastatic lesions, precision medicine and radiation therapy have also shown 

certain effects [14, 15]. Despite that, the expense of considerable toxicity and 

the terrible physical status of the patients when receiving these treatments 

cannot be ignored. 

In recent years, immunotherapy is one of the fastest growing research 

areas in cancer research. The rationale of this method is to rebuild and 

maintain the tumor-immune cycle, then take advantage of the own normal 

anti-tumor immune responses to control and eliminate the tumor cells with 

distinct individual differences [16]. The efforts targeting immunotherapeutic 

strategies in cancers are extensive, including immune checkpoint inhibitors, 

adoptive cell transfer, cancer vaccines, small molecule inhibitors, immune 

system modulators, and the combination of these therapies [17-19]. Although 

these schemes have shown excellent efficacy and innovation in some 

refractory cancers [20-24], the benefit in PDAC is still limited owing to the 

profound immunosuppression of tumor microenvironment (TME) in this cancer 

[25, 26]. Therefore, an in-depth understanding on the complex roles of different 

components in the PDAC microenvironment should be given high priority to 

help guiding therapeutic decisions of individualized treatment regimens for 

patients in the near future. 

1.2 Organoid models establishment 

For decades, animal models and conventional two-dimensional (2D) cell 

lines have been employed in cancer research. However, the complex 

immunobiology of native human tumors cannot be sufficiently modeled in mice, 
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and cell lines are limited by the loss of genetic heterogeneity of the original 

tumor after multiple passages and their inability to mimic cell-cell and cell-

extracellular interactions [27-29]. 

Organoid technology has emerged as an independent research tool. 

Compared to 2D cell lines, this heterogeneous 3D structure better reflects the 

genome, morphology, and physiological characteristics of the original tumor 

[30, 31]. The advantages and disadvantages of conventional 2D cell lines and 

3D patient-derived organoids were concluded in Table 1. 

 
Table 1 Comparison of cell lines and organoid models 

 

Types 2D cancer cell line 3D patient-derived organoid 

 
 

Advantages 

 
Simple cultural conditions and low 

cost 

Resemble the parent organ in vivo of 

morphology and physiological 

characteristics 

Easy to expand in vitro Genetic stability after several passages 

 
 
Disadvantages 

Loss of genetic heterogeneity after 

several passages 

 
Sophisticated culture conditions 

Inability in simulating TME Time consumption 

 

 

1.2.1 The application of the organoid model in cancer research 

This developed in vitro 3D culture technology avoids many of the 

shortcomings of 2D cell lines and has great potential for cancer research and 

clinical applications, involved in cancer modeling, RNA and exome sequencing, 

proteomic analysis, drug efficacy and safety evaluation, and personalized 

medicine implementation [32-34]. 

During organoid culture, we can observe and analyze tumor dynamic 

processes in real-time that faithfully recapitulate many steps of tumor 

progression [35, 36]. A variety of cancer-related infection models were 

established by organoids to illustrate the carcinogenic formation, such as 
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Hepatitis-B-Virus (HBV) [37] or Hepatitis-C-Virus (HCV) [38] to liver cancers, 

Helicobacter pylori to gastric cancers [39], and pathogenic Escherichia coli to 

intestinal cancers [40]. In another study, the CRISPR-Cas9 genome-editing 

system was used to introduce numerous gene mutations in normal intestinal 

organoids to drive colorectal cancer development [41]. 

Utilizing organoids, Gao et al. [42] summarized the molecular diversity of 

prostate cancer subtypes in 7 patients, comprising TMPRSS2-ERG fusion, 

PTEN and CHD1 depletion, CDKN2A and SPINK1 overexpression, as well as 

TP53, SPOP, FOXA1 and PIK3R1 mutation, describing the common features 

in this cancer. 

The organoid models also help to test the safety and efficacy of drugs and 

extend the therapeutic options for more cancer patients. Zumwalde et al. [43] 

revealed that Vδ2+ γδ T cells in breast cancer organoids could produce the 

anti-tumor cytokine IFN-γ to kill tumor cells responded to an 

aminobisphosphonate drug, proposing a non-invasive approach to treat ductal 

carcinoma in situ. Della Corte et al. [44] demonstrated through organoids 

derived from non-small cell lung cancer patients that the combination of MEK 

inhibitors and anti-PD-1 (Programmed death protein 1) treatment can be useful 

for KRAS mutated patients, with a high clinical value. Wensink et al. [45] 

reviewed 17 studies to evaluate the feasibility of using organoids to select 

drugs and predict clinical response. This innovation of organoid drug screening 

was validated to reflect the patient susceptibility to therapeutic drugs that 

significantly improve the cost-effectiveness of individualized treatment. 

To date, the organoid models have been successfully established for diverse 

cancers, including breast cancer [46, 47], colon and gastrointestinal cancer 

[48-51], liver cancer [52, 53] pancreatic cancer [54, 55], prostate cancer [42, 

56], bladder cancer [57] and many more, which are applied in imitating human 

tumors in vitro and tremendously support the translation from basic cancer 

research to clinical practice. 
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1.2.2 The co-culture model with PDAC organoids and immune 

cellular components establishment 

As the organoid model is now being implemented in research on a broader 

scale, more complicated organotypic platforms using organoids in multi-

cellular co-cultures with immune cellular components ((i.e. Peripheral Blood 

Mononuclear Cell (PBMCs)) are applied to form a more complete model of the 

disease and its described TME [29, 58, 59]. For example, Dijkstra et al. 

indicated that the co-culture of autologous tumor organoids and PBMCs could 

be used to enrich tumor-reactive T cells from peripheral blood of patients with 

colorectal and non-small-cell lung cancer [60]. This ex vivo model may help us 

to explore the interaction between tumor cells and immune cells, supporting 

the development of T cell-based immunotherapies. 

While studying the tumor and immune system in PDAC patients, Holokai et 

al. [61] established a pre-clinical model with human PDAC organoids, cytotoxic 

T lymphocytes, and myeloid-derived suppressor cells (MDSCs), affirming the 

inhibitory effect of elevated MDSCs on T cell effector function, and the 

restoration of T cell proliferation and cancer cell clearance capacity after 

depleting MDSCs with cabozantinib. 

Marcon et al. [62] found the downregulation of CD16, CD57, CD226, and 

NKG2D expression on Natural Killer (NK) cells after co-culturing with PDAC 

organoids and autologous PBMCs, which revealed the differential features of 

NK cells in patients with PDAC and offered more insights into NK cell-based 

immunity treatments. 

It is known that the growth and metastatic spread of PDAC are influenced by 

cancer-associated fibroblasts (CAFs) promoting the secretion of growth factors, 

cytokines, and immune-mediators in TME [63, 64]. Tsai et al. [58] identified 

CAFs activation and tumor-dependent lymphocyte infiltration when co-cultured 

with pancreatic cancer organoids, resulting in a novel, complex, and disease-

relevant 3D model, amenable to the study of drug response testing 
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and individualized treatments. 

The addition of exogenous immune components, particularly specific cell 

types, provides viability for prolonged tumor organoid culture, helps to 

investigate the interaction between tumor cells and immune cells, and 

facilitates improvements in immunotherapy research. 

1.3 Immune cells involved in the anti-cancer immune 

responses 

Immune system imbalance is a critical hallmark of cancers, with the 

exclusion of immune effector cells and the enrichment of immunosuppressive 

cells [65]. 

1.3.1 T cells 

The T lymphocytes play a central role in cell-mediated immunity, which are 

originated from hematopoietic stem cells in the bone marrow, and are 

transported to the thymus for final maturation, and then distributed to immune 

organs and tissues of the body through the lymphatic and blood circulatory 

system, exerting potent tumor-killing capability [66]. 

Conventional adaptive T cells can be divided into Helper CD4+ T cells, 

Cytotoxic CD8+ T cells, Memory T cells, and Regulatory T cells (Tregs) 

according to their functions and surface markers [67]. 

Helper CD4+ T cells make up about 50-60% of the total number of T cells, 

assisting in the cellular and humoral immunity of other lymphocytes, and 

modulating the overall immune response [68]. Cytotoxic CD8+ T cells are 

supported by CD4+ T cells, responsible for distinguishing between normal cells 

and abnormal cells that should be killed, as well as influencing immune 

functions of macrophages and NK cells [69]. 

Before an antigen invades, mature CD4+ and CD8+ T cells are released 

peripherally, defined as Naive T (Tnaiv) cells with the lack of CD45RO 

expression, and are usually functionally quiescent [70]. Upon exposure to the 
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specific antigen in the context of antigen-presenting cells and co-stimulatory 

signals, these cells will be activated and differentiated into short-lived Effector 

T (Teff) cells, unleashing cellular immune effects via two aspects: 1) 

specifically bind to target cells, releasing perforin and granzyme to destroy the 

target cell membrane and directly kill the target cell; 2) secrete 

immunocompetent lymphokines, such as Interleukin (IL)-2, Interferon (IFN)-γ, 

Tumor necrosis factor (TNF)-α, etc., ultimately expand and enhance immune 

activities [71]. 

After that, a portion of the primed T cells persist as long-lived Memory T cells, 

maintaining the immune response converting into large numbers of Teff cells 

when attacked again by the cognate antigen [66, 72]. Various Memory T cell 

subtypes have made different contributions to immune protection. Historically, 

Memory T cells are divided into Effector Memory T (Tem) cells, signified as 

CD45RO+/CCR7-; and Central Memory T (Tcm) cells, expressed as 

CD45RO+/CCR7+ [73, 74]. Tem cells are considered as the first line of defense 

against pathogen re-exposure, capable of trans-locating to multiple peripheral 

tissue sites and rapidly exerting cytotoxic action [72, 75]; while Tcm 

populations are commonly found in lymph nodes and peripheral circulation [76], 

have stronger proliferative potential and provide long-term anti-tumor reactivity 

[77]. Subsequently, other subpopulations of Memory T cells have been 

discovered, including Tissue Resident Memory T cells [78], Virtual Memory T 

cells [79, 80], and Stem Memory T cells [81], exhibiting distinctive properties in 

the immune response. 

Effective immunity depends on the long-term survival of Memory T cells, 

mobilizing the killing patterns in memory to eliminate the target cells in the next 

infection [82]. However, this differentiation program changes dramatically 

under constant stimulation by chronic infectious pathogens or tumor antigens, 

which poses an obstacle to mediate cancer cell clearance and the novel 

immunotherapeutic fields [83]. Henning et al. [83] showed that the epigenetic 

modifiers could regulate the differentiation and function of Memory T cells, and 
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impact the effectiveness of drugs for tumor interventions, which has the 

potential to improve current immunotherapies. 

Understanding the mechanisms behind the maintenance of Memory T cells 

and the lineage relationship may have important implications for designing of 

future cancer treatments, inducing more effector cells from memory cells to 

reinforce the immune efficacy of therapies [84]. 

1.3.2 Tregs 

Tregs are thought to suppress tumor immunity, promoting immune escape of 

tumor cells, thus hindering the body's innate ability to control cancer 

development [85]. Their numbers increase markedly as disease progresses, 

correlating with undesirable outcomes and poor prognosis [86-88]. 

In mice, Tregs can be effectively characterized on basis of CD4, CD25, and 

FoxP3 expression. However, FoxP3 cannot be equally applied to fully purified 

human Tregs, because of the absence of this marker in some actual human 

diseases [89]. A few studies have proved that CD127- could serve as a 

surrogate for Treg detection in clinical practice [90-92]. 

As a principal member of the immune system, Tregs contribute mainly to the 

suppressive function by secreting inhibitory factors, such as granzymes, 

Interleukin (IL)-10, tumor growth factor-beta (TGF-β), cytotoxic T-lymphocyte-

associated protein (CTLA)-4, etc.; by supporting the accessory cells in tumors 

and regulating other immune cells; and also by the competition with antigen-

presenting cells (APC) for co-stimulatory molecules [93-95]. Given their 

intratumoral or circulating presence severely impairing the immune 

homeostasis, current studies targeting tumor-associated Tregs can open up 

extra opportunities for immunotherapy options. Several factors including 

CTLA-4 [96, 97], PD-1 [98], C-C-chemokine-receptor Type (CCR)-4 [99], 

Glucocorticoid-induced tumor necrosis factor receptor (GITR) [100], OX-40 

[101] and CD25 [102, 103] that relatively specific to Tregs are suggested as 

good markers for modulating their depletion and suppressive function in 
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therapeutic strategies of various cancers [85, 94, 104]. 
 

1.3.3 B cells 

Mature B cells in the bone marrow migrate to peripheral lymphoid organs 

through the blood, become activated B cells after being stimulated by 

corresponding antigens, and then proliferate and differentiate into plasma cells 

that synthesize and secrete antibodies, thereby mainly performing the body's 

humoral immunity [105, 106]. It has been confirmed that the existence of B 

cells is associated with a favorable outcome in cancer patients [107, 108]. 

Therefore, future studies of cancer immunotherapies should also contain the B 

cell-mediated antibody responses [109]. Kemp et al. [110] demonstrated that 

CpG-containing oligodeoxynucleotides (CpG ODN) could trigger B cells to kill 

tumor cells in a TRAIL/Apo-2L-dependent manner. Conversely, the elimination 

of the immunosuppressive B cell subtype could enhance chemotherapy-

induced tumor regression [111]. 

1.3.4 NK cells 

NK cells are a type of cytotoxic lymphocytes critical to the innate and 

adaptive immune system, with the ability of immediate activating immune 

defenses and rapidly killing diseased and cancerous cells without prior 

exposure to pathogens [112]. Activated NK cells produce several toxic 

molecules (perforins and granzyme), pro-inflammatory cytokines (such as 

IFN-γ, TNF-α, IL-10, and Granulocyte-macrophage colony-stimulating factor 

(GM-CSF)), and some chemokines (C-C Motif Chemokine Ligand (CCL)-3, 4, 

5, CXCL8) to modulate immune and inflammatory responses [113]. Besides, 

the NK cell-mediated cytotoxicity and cytokine production also regulates the 

functions of T cells, B cells, dendritic cells, macrophages, and neutrophils 

[112]. 

As an important effector in cancer immunity, NK cells have been widely 

studied in cancer immunotherapies. The Latest NK cell-based therapeutic 

approaches focus on the cytokine supplement [114, 115], monoclonal antibody 
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[116], adoptive transfer [117], and genetic engineering of NK cells [113, 118]. 

With the rapid progress in the knowledge of anti-tumor immune control, NK 

cells are undoubtedly the most expected immune targets for cancer 

treatments. 

1.3.5 Neutrophils 

Neutrophils are the most common subtype of granulocytes and can take the 

anti-tumorigenic (N1) or the pro-tumorigenic (N2) phenotype [119]. On one 

hand, N1 neutrophils may kill cancer cells via antibody-dependent cell 

cytotoxicity (ADCC) [120], or induce T-cell proliferation and IFN-γ production to 

display anti-tumor ability [121, 122]. On the other hand, N2 neutrophils 

facilitate tumor progression by producing high levels of the pro-angiogenic 

factors (like Vascular endothelial growth factor (VEGF) and Matrix 

metallopeptidase (MMP)-9) [123, 124] and dampening the anti-tumor immunity 

of T cells [125]. Inhibiting the T-cell suppressive functions or promoting the 

anti-tumor reaction of neutrophils provides the possibility for highly effective 

Immunotherapy [126]. 

1.3.6 Dendritic cells (DCs) 

DCs are specialized antigen-processing and presenting cells that initiate 

Naive T cell priming into Effector T cells and control the immune process [127, 

128]. In the settings of chronic infection and cancers, DCs can differentiate into 

regulatory DC subsets, contributing to the formation of the immunosuppressive 

TME and leading to the tumor immune escape [129]. The DC-based 

immunotherapy can restore self-antigen-presenting function to stimulate 

specific T cell and NK cell immunity so that generates resistance to cancer 

cells [130]. This enhanced immune response can powerfully fight cancers 

while improving the efficiency of chemotherapy, radiotherapy, and other 

conventional oncology therapies, as well as minimizing the side effects of other 

cancer treatments [131, 132]. 

1.3.7 Macrophages 
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Macrophages are strategically distributed throughout the body, and involved 

in diverse aspects of immune surveillance and homeostasis, including 

phagocytosis, antigen presentation, and immune regulation [133, 134]. 

Classically activated macrophages (M1 macrophages) can mediate anti-tumor 

immunity, whereas, under the conditions of tumor establishment, these cells 

differentiate into tumor-associated macrophages (TAMs), inhibiting immune 

properties [130, 135], commonly recognized as a barrier to many forms of 

cancer therapy [136]. Current clinical trials with therapeutic agents altering the 

proliferation, trafficking, and polarization of TAMs may offer more treatment 

opportunities for cancer patients in the future [137, 138]. 

1.3.8 MDSCs 

MDSCs are classed as one of the main suppressive cell populations of the 

immune system [139], which can restrain T cells and NK cells immune activity 

by releasing reactive oxygen species (ROS), nitrogen oxide (NO), arginase-1, 

etc., and also foster Tregs expansion and differentiation [140]. MDSCs can be 

divided into two subsets: polymorphonuclear MDSCs (PMN-MDSCs), shared 

morphological and phenotypic features with N2 neutrophils; and monocytic 

MDSCs (M-MDSCs), similar to TAMs [71, 141]. 

Recently, the clinical significance of MDSCs in solid tumors receives 

increasing attention. They can appear during cancer progression and 

correlate with poor prognosis and metastasis [142-144]. Some treatment 

strategies targeting MDSCs have achieved promising results in mice [145-147], 

however, the safety and efficacy of these methods in humans use are still not 

well-proven. 

In summary, TME is a complex ecosystem with a wide range of immune 

components changing during initiation and progression of cancer [148]. 

Therefore, the relationship between immune cells and tumor cells should be 

fully understood in order to bring more immunotherapeutic alternatives for 

cancer patients in clinical applications. 



26 

 
 

 

1.4 Objectives of this project 

 
A multi-cellular co-culture model established with tumor organoids and 

PBMCs will hopefully serve as a preclinical model belonging to an individual 

patient, helping to study the complexity of tumor cell-immune cell interaction in 

TME and to develop new immunotherapeutic strategies to address difficulties 

in PDAC tretament. For that purpose, the following aspects will be explored in 

this project: 

a. Obtaining PDAC patient-derived organoids from surgical material. 

b. Establishing a co-culture model with PBMCs and organoids. 

c. Analyzing the differentiation properties of PBMCs in co-culture 

established with tumor organoids and PBMCs from the same PDAC patient. 
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2. Materials and Methods 

 
2.1 Materials 

 
2.1.1 Apparatus 

 

Autoclave Unisteri, Germany 

BD LSRFortessaTM Cell Analyzer BD Biosciences, US 

Cell Counter and Analyzer (CASY) OMNI Life Sciences, Germany 

Cell culture incubator Binder, Germany 

Centrifuge Heraeus, Germany 

Fridge (4°C, -20°C, -80°C) Siemens, Germany 

GentleMACS dissociators Miltenyi Biotec, Germany 

Ice machine KBS, Germany 

Lamina flow Heraeus flow laboratories, Germany 

Liquid nitrogen tank MVE, US 

Micro weigh Chyo, Germany 

Microscope Olympus, Germany 

Pipette controller Eppendorf, Germany 

Pipettes Sigma-Aldrich, US 

Vortexer Labnet, Germany 

Water bath Memmert, Germany 

 

 
2.1.2 Experimental consumables 

 

Blot paper Bio-Rad, Germany 

Cell flasks (T75) Thermo Fisher Scientific, US 

Cell strainer (100μm) BD Bioscience, US 

Cryotubes (1.0ml, 1.8ml) Thermo Fisher Scientific, US 

Disposable safety scalpels #22 Thermo Fisher Scientific, US 
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FACS tube  

Falcon tube (15ml, 50ml) Corning, Mexico 

Filters (0.20μm) Sartorius, Germany 

GentleMACS™ C Tubes Miltenyi Biotec, Germany 

Needle and Cannula SARSTEDT, Germany 

Orange gloves SHIELD Scientific, Netherlands 

Petri plate (10cm) Thermo Fisher Scientific, US 

Pipette (5ml, 10ml, 25ml, 50ml) Costar, US 

Plates (6-, 24-well) Thermo Fisher Scientific, US 

S-Monovette SARSTEDT, Germany 

Tips (10μl, 100μl, 1ml) Eppendorf, Germany 

 
 
 

2.1.3 Reagents, chemicals, and buffer 
 

1x Phosphate-buffered saline (PBS) PAN BioTECH, Germany 

A83-01 Tocris Bioscience, England 

ACK Lysing buffer Gibco Life Technologies, Germany 

Advanced DMEM/F-12 Gibco Life Technologies, Germany 

B27 supplement Gibco Life Technologies, Germany 

Biocoll Biocell Technology, US 

Bovine serum albumin (BSA) Biomol, Germany 

CASY Ton OMNI Life Science, Germany 

Collagenase Type II Thermofischer, US 

Dimethylsulfoxide (DMSO) ROTH, Germany 

EGF recombinant human protein Gibco Life Technologies, Germany 

Fetal Bovine Serum (FBS) Thermo Fisher Scientific, US 

FGF-10 recombinant human protein Peprotech, Germany 

Fixation buffer Invivogen, US 

GlutaMAX supplement Gibco Life Technologies, Germany 

BD Golgistop BD Biosciences, US 
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HEPES buffer solution (1M) Sigma Aldrich, US 

Leucocyte activation cocktail (LAC) BD Golgiplug, US 

Matrigel (growth factor reduced) Corning, US 

N-Acetyl-L-Cysteine (NAC)  

Natriumazid (NaN3) Thermo Fisher Scientific, US 

Nicotinamide Sigma Aldrich, US 

Noggin recombinant human protein Peprotech, Germany 

Penicillin/Streptomycin (P/S) PAN BioTECH, Germany 

Perm buffer Invivogen, US 

Primocin Invivogen, US 

Protein Transport Inhibitor BD Golgistop, US 

Recombinant Human R-Spondin 1 protein R&D systems, US 

Recovery cell culture freezing medium Thermo Fischer Scientific, US 

ROCK inhibitor (Y-27632) Sigma Aldrich, US 

RPMI1640 Gibco Life Technologies, Germany 

TrypLE express enzyme (1X) Gibco Life Technologies, Germany 

Wnt3a recombinant human protein R&D Systems, US 

 
 
 

2.1.4 Antibodies 
 

CD45 BUV650 BD Bioscience, US 

CD3 PerCP-Cy5.5 Biolegend, US 

CD4 BUV395 BD Bioscience, US 

CD8 APC-H7 BD Bioscience, US 

CD25 PE BD Bioscience, US 

CD127 BV421 BD Bioscience, US 

CD197 BV421 BD Bioscience, US 

CD45RO PE-Cy7 BD Bioscience, US 

IFN-γ FITC Biolegend, US 
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2.1.5 Software 
 

Endnote X7 Thomson Scientific, US 

GraphPad Prism 9 Graphstats, US 

BD FACS Diva 8.0.1 BD Bioscience, US 

CASY 2.5 OMNI Life Sciences, Germany 

Flowjo 10 BD Bioscience, US 

 
 

2.2 Methods 

 
2.2.1 PBMCs preparation 

2.2.1.1 Blood samples from HD and PDAC patients 

In this study, we continuously collected blood and tissue from PDAC patients 

that underwent surgery from 2020 to 2021 in Klinikum Grossharden. 

Meanwhile, 10 healthy people were also enrolled for blood donation. None of 

them had HBV, HCV, or other infectious diseases. The blood collection and 

processing of all the patients were taken by professionals blinded to the 

information of the patients in strict accordance with local safety regulations 

before surgery, and the same goes for healthy donors. Institutional review 

board approval was obtained. 

2.2.1.2 PBMC isolation 

Firstly, 2 falcon tubes (50ml) were prepared before PBMC isolation: one was 

filled with 20ml of Biocoll, and the other was used for containing the whole 

fresh blood and PBS mixture diluted in a proportion of 1:1. Next, the Biocoll 

was carefully overlaid by blood/PBS mixture without destroying its surface. 

The different components of peripheral blood were separated into different 

layers after centrifugation with no brake at 20min/1200rcf/room temperature 

(RT). Then the intermediate phase (PBMCs) was carefully transferred to a new 

falcon tube and washed with PBS in proportion 1:4. Afterward, PBMCs were 
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resuspended in the washing buffer and centrifuged at 10min/300rcf/RT. The 

supernatant discarded was followed by centrifugation, and the PBMC pellets 

were thoroughly washed again with 20ml of PBS later. The falcon tubes 

contained with PBMCs were then centrifuged at 10min/200rcf/RT, and the 

supernatant was rejected after that. Finally, the loose pellets of PBMCs 

through adequate vortexing were dissolved in the desired culture medium 

(RPMI1640+10%FBS+1%P/S) and ready for cell counting. 

2.2.1.3 Cell counting 

20μl of the cell suspension was collected for cell counting by the CASY 

machine. A template for calculating the numbers of PBMCs had already been 

set up on the software. Typically, 10ml of whole blood could extract 1x107 

PBMCs. 

2.2.1.4 Freezing and thawing of PBMCs 

PBMCs were cryopreserved in the prepared freezing medium 

(95%RPMI1640+5%DMSO) until later use. 

2.2.2 Organoid establishment 

2.2.2.1 Surgical specimens collected from PDAC patients 

The tumor tissues from PDAC patients were collected after surgical 

resection and identification by the pathologists. All the information about these 

patients was unclear except the surgery date and the pathological results. 

2.2.2.2 The process of organoid isolation and culture 

All reagents and media involved in organoid isolation and culture were listed 

in Table 2 and Table 3. 

 

Table 2 Reagents preparation in organoid isolation and culture 
 

Reagents Chemicals/Medium Dose 

NAC solution Deionized water (DIW) 10ml 

 NAC 82mg 

Wnt3a PBS (1X) 0.5ml 
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BSA 50mg 

 Wnt3a 50μg 

Noggin PBS (1X) 1ml 

 BSA 100mg 

 Noggin 100μg 

EGF DIW 500μl 

 EGF 50μg 

Gastrin 5% NH4OH 1ml 

 Gastrin 50μg 

FGF-10 Sodium Phosphate 500μl 

 FGF-10 50μg 

Nicotinamide DIW 10ml 

 Nicotinamide 1.22g 

A83-01 DMSO 1ml 

 A83-01 2.1mg 

R-Spondin PBS (1X) 250μl 

 BSA 25mg 

 H R-Spondin 25μg 

Rock Inhibitor DIW 1.56ml 

 Rock Inhibitor 5mg 

 

 

Table 3 Medium preparation for organoid isolation and culture 
 

Medium Reagents Volume 

Splitting Medium Advanced DMEM/F12 500ml 

 HEPES (1M) 5ml 

 GlutaMAX Supplement 5ml 

 Primocin 1ml 

Digestion buffer Splitting medium 10ml 

 Collagenase II 60mg 
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Rock inhibitor 5μl 

Feeding medium Splitting medium 50ml 

 B27 1ml 

 Noggin 50μl 

 EGF 50μl 

 Gastrin 10μl 

 FGF-10 50μl 

 A83-01 5μl 

 
R-Spondin 250μl 

 NAC 125μl 

 Nicotinamide 500μl 

Complete medium Feeding medium 50ml 

 Wnt3a 50μl 

 Rock Inhibitor 50μl 

 

 

Fresh tissue derived from surgical resection was placed in a 50ml falcon 

tube with 10ml of PBS on ice. The isolation procedure should start as soon as 

possible to ensure that the tissue and the resulting pellet containing the 

dissociated cells remain viable, thereby increasing the chance of isolating 

organoids. 

The tissue was transferred to a 10cm Petri plate, carefully minced into small 

fragments by two scalpels, and added to a GentleMACS C tube with 10ml of 

prepared digestion buffer. This tube was then fixed on GentleMACS and 

incubated for 2h at RT with gentle shaking (the program was pre-set in the 

software). Subsequently, this sample was filtered through the cell strainer 

(100μm) to a new falcon tube, added with the required volume of ice-cold 

PBS+0.1%BSA to 15ml, and centrifuged at 5min/1000rpm/4 ℃ .   After 

discarding the supernatant, the pellets were washed with 3ml of ACK buffer 

and incubated at RT for at least 3min until the red blood cells were invisible, 
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then washed with 5ml of ice-cold PBS+0.1%BSA to stop lysis, and centrifuged 

at 5min/1000rpm/4℃ before the supernatant was carefully discarded. Next, 

3ml of TrypLE was added to dissociate the cell clusters into single ones and 

incubated for 5min in a 37℃ water bath. Later, the sample was washed with 

5ml of ice-cold PBS+0.1% BSA and centrifuged at 5min/1000rpm/4℃ again to 

obtain qualified cells for culture. The cell pellets collected after the supernatant 

discarded were re-suspended in the required amount of matrigel (50μl/well) 

and immediately placed on ice. Normally, organoids were cultured in the 24-

well culture plate, and enough cells isolated from one tissue (0.1-0.2g) can be 

accommodated into 2-4 wells. 50μl of matrigel mixture was pipetted into the 

certain wells of the plate to form a dome and ensure no air bubbles. This plate 

was then placed carefully in the incubator for 10-15min until the gel was stable. 

Finally, each dome of matrigel mixture was covered by 500μl of pre-warmed 

complete medium for long-time culture in the incubator. This procedure can be 

seen in Figure 1 (created with BioRender.com). The medium should be 

refreshed every 3 to 4 days during organoid culture. 

 

 
 

Figure 1: The process of PDAC organoid isolation. 
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2.2.2.3 Organoid passaging 

Organoids should be split into more wells every 5-10 days, usually in a ratio 

of 1:2, giving them more space to grow. The matrigel-organoid mixture was 

collected in a new falcon tube until fully washed with cold cell recovery solution 

and cold PBS (10ml in total), respectively. Those remaining organoids in the 

wells also needed to be scraped off with a pipette tip, and then transferred into 

the same falcon tube. The cell pellets were acquired after centrifugation at 

5min/1000rpm/4°C and the supernatant was carefully discarded. The desired 

amount of matrigel (50μl/well) was added to the dissociated cells and mixed 

completely on ice. 50μl of the new matrigel-organoid mixture was pipetted in 

the particular wells of the 24-well plate without air bubbles, and when the liquid 

mixture turns into a gel, each of them was replenished with 500 µ l of pre-

warmed complete medium. The plate was then returned to the incubator for 

further culturing. 

2.2.2.4 Organoid freezing and thawing 

At passage 2 and/or more, the organoids should be cryopreserved with the 

recovery cell culture freezing medium for later use. 

When needed, organoid cryovials were taken out from liquid nitrogen and 

thawed in a 37°C water bath for 5min. The contents in the cryovials were then 

transferred into a new falcon tube with 9ml pre-warmed DMEM and centrifuged 

at 5min/1000rpm/4℃. Following discarding the supernatant, the cell pellets left 

in the tube were washed with 10ml of cold PBS+0.1%BSA and centrifuged 

again. The cells collected after supernatant removal were dissolved in the 

required amount of matrigel (50μl/well) and placed on ice. 50μl of the matrigel-

organoid mixture was pipetted in the given wells of the 24-well plate, and each 

mixture was covered with 500μl pre-warmed complete medium when the liquid 

turned into gel. 

Organoids that still grow normally after freezing and thawing were 

considered successful cultures. 
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2.2.3 Co-culture model establishment 

2.2.3.1 Culture PBMCs with conditioned medium (CM) derived from 

human pancreatic cancer cell lines 

Human pancreatic cancer cell lines (Panc1 and Miapaca2) were received 

from the biobank of our lab, which were originally from American Type Culture 

Collection. These cell lines were separately cultivated in a T-75 flask with 15ml 

of RPMI1640+10%FBS+1%P/S, detached with 5ml 0.025% Trypsin/EDTA 

solution, and passaged every 3-4 days depending on cell growth. The CM 

samples from the supernatant of Panc1 and Miapaca2 after culturing for 72h 

were gathered in a new falcon tube and filtered through a 0.20μm filter to 

remove cell debris, then frozen at -20℃, respectively. 

The culture experiment was carried out on a 6-well plate. In the upper 3 

wells of the plate, the prepared PBMCs from HD were cultured only with 

RPMI1640+10%FBS+1%P/S, as a control group; while in the lower 3 wells, 

the PBMCs were cultured with 50% of RPMI1640+10%FBS+1%P/S and 50% 

of Panc1/Miapaca2-derived CM, as an experimental group. 48h later, PBMCs 

from the top and bottom wells were collected separately and stained for FACS 

analysis. 

2.2.3.2 Co-cultured PBMCs with human pancreatic cancer cell lines 

Panc1/Miapaca2 cells were seeded in the bottom 3 wells of the 6-well plate 

at the desired numbers one day before being co-cultured with PBMCs so that 

these cells were stably attached to the wells. The next day, one or two vials of 

frozen PBMCs were thawed in a 37℃ water bath, transferred to a falcon tube, 

and washed with 9ml of PBS. After centrifuging at 5min/500rcf/RT and 

discarding the supernatant, the PBMCs were resuspended in the normal 

culture medium (RPMI1640+10%FBS+1%P/S). The same amount of prepared 

PBMCs were added to each of the upper 3 wells, as well as the bottom 3 wells 

at a ratio of 25:1 with Panc1/Miapaca2 cells. Waiting for 48h, the PBMCs in the 

upper 3 wells (control group) and the mixture of PBMCs and Panc1/Miapaca2 



37 

 
 

 

in the bottom 3 wells (experimental group) were collected respectively and 

then stained for FACS analysis. 

2.2.3.3 Co-cultured PBMCs with organoid lines from PDAC patients 

The co-culture of PBMCs and organoids was established on the basis that 

60 to 100 well-growing organoids can be counted in each well of the 24-well 

plate from one complete and clear view taken under the microscope. Then, the 

qualified PBMCs were resuspended in the organoid complete medium, added 

to the certain wells with organoids-matrigel mixtures, and cultured in the 

incubator for 48h, which served as an experimental group (co-culture). In the 

control group, the same numbers of PBMCs were cultured alone in the same 

medium and matrigel for 48h. The staining of PBMCs for FACS was performed 

after cell collecting in the control group and co-culture group respectively. 

The PBMCs from one HD and different organoid lines were employed to 

determine the co-culture methods. Afterward, four autologous co-cultures were 

established with PDAC patient-derived organoid lines and their matched 

PBMCs to analyze the differentiation characterization of the immune cells in 

the TME. 

2.2.4 Fluorescence-Activated Cell Sorting (FACS) 

2.2.4.1 Definition of T cell subsets and cytokines in FACS 

T cells can be divided into different subpopulations. In this study, we focused 

on the differentiation of Memory T cell subsets and Tregs as well as the 

production of IFN-γ during the establishment of the co-culture model. 

The definitions for the cell subsets and IFN-γ production are listed in Table 4. 

 

 
Table 4 Definition of measured immune cell subsets and cytokines 

 

Cell type or cytokine Markers 

T cells, % of Lymphocytes CD3+, % of CD45+ 

Helper T cells, % of T cells CD4+/CD8-, % of CD45+/CD3+ 

Cytotoxic T cells, % of T cells CD8+/CD4-, % of CD45+/CD3+ 
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Tem cells, % of CD4+ T cells CD197-/CD45RO+, % of CD45+/CD3+/CD4+ 

Tcm cells, % of CD4+ T cells CD197+/CD45RO+, % of CD45+/CD3+/CD4+ 

Teff cells, % of CD4+ T cells CD197-/CD45RO-, % of CD45+/CD3+/CD4+ 

Tnaiv cells, % of CD4+ T cells CD197+/CD45RO-, % of CD45+/CD3+/CD4+ 

Tem cells, % of CD8+ T cells CD197-/CD45RO+, % of CD45+/CD3+/CD8+ 

Tcm cells, % of CD8+ T cells CD197+/CD45RO+, % of CD45+/CD3+/CD8+ 

Teff cells, % of CD8+ T cells CD197-/CD45RO-, % of CD45+/CD3+/CD8+ 

Tnaiv cells, % of CD8+ T cells CD197+/CD45RO-, % of CD45+/CD3+/CD8+ 

Tregs, % of CD4
+
 T cells CD25

+
/CD127

-
, % of CD45

+
/CD3

+
/CD4

+
 

IFN-γ, % of CD45+ T cells IFN-γ, % of CD45+ 

IFN-γ, % of CD4+ T cells IFN-γ, % of CD45+/CD3+/CD4+ 

IFN-γ, % of CD8+ T cells IFN-γ, % of CD45+/CD3+/CD8+ 

 

 

2.2.4.2 Immunophenotyping staining of PBMCs for FACS analysis 

Panel 1 and Panel 2 were designed for examining Memory T cells and Tregs, 

respectively, including the markers to be measured, an unstained tube as 

blank control, two Fluorescence Minus One (FMO) control tubes, and a test 

tube of the sample. According to the extracellular staining protocol, the PBMCs 

were re-suspended in the desired medium at 1x106cells/ml and transferred to 

the FACS tubes (200μl/tube). The certain tubes in both control and 

experimental group were added with 1μl of each antibody (see Panels), 

vortexed, and incubated in a dark chamber for 15-30min/RT. Then the samples 

were washed with 2ml of FACS buffer (PBS+2%NaN3+5%BSA) completely 

and centrifuged at 5min/500rcf/RT. After discarding the supernatant and 

adding another 500μl of FACS buffer in each tube, the samples were ready for 

FACS analysis of T cell differentiation with or without being influenced by the 

tumor cells. 
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Panel 1 Memory T cells 
 

Tube BUV395 BV650 PerCP-Cy5.5 APC-H7 BV421 PE-Cy7 

unstained -- -- -- -- -- -- 

FMO 1 CD4 CD45 CD3 CD8 -- CD45RO 

FMO 2 CD4 CD45 CD3 CD8 CD197 -- 

sample CD4 CD45 CD3 CD8 CD197 CD45RO 

 
 

Panel 2 Regulatory T cells 
 

Tube BUV395 BV650 PerCP-Cy5.5 APC-H7 PE BV421 

unstained -- -- -- -- -- -- 

FMO 1 CD4 CD45 CD3 CD8 -- CD127 

FMO 2 CD4 CD45 CD3 CD8 CD25 -- 

sample CD4 CD45 CD3 CD8 CD25 CD127 

 
 

Sample preparation for IFN-γ production detection by FACS was based on 

intracellular staining protocol. The test cells required to be stimulated and fixed 

for permeabilization, thus the additional LAC (with monensin to support the 

accumulation of intracellular proteins and/or cytokines in the Golgi complex 

and increase their detectability by FACS) was involved to induce IFN-γ 

production in the experimental group, and Golgistop (a protein transport 

inhibitor-containing monensin) was supplemented to the control groups. Panel 

3 was designed for IFN-γ detection and comprised of the specified markers, an 

unstained tube, an FMO tube, an un-stimulated control tube (unstim), and a 

stimulated experimental tube (stim). 

Both the samples in the control and experimental groups were further 

divided equally into two sub-groups: the cells in the “unstim” group were pre-

processed with Golgistop (0.7μl for 1x106 cells) and those in the “stim” group 

were treated with LAC (2μl for 1x106 cells). The cells were incubated for 3h. 

Later, each FACS tube was filled with 5x104 to 1x106 of PBMCs 
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suspension and 1μl of each extracellular antibody (see Panel 3), then fully 

vortexed and incubated for 15-30min/RT/dark. Following that, 100μl of IC 

Fixation buffer was supplied in each group for fixing cells, which is necessary 

for intracellular staining of antigens located in the cytoplasm or secretory 

pathway. After two washes with Perm buffer, 1μl of IFN-γ antibody was added 

to the test tubes, then vortexed and incubated for another 30-60min/RT/dark. 

All the samples were washed with 2ml of Perm buffer and 2ml of FACS buffer 

and finally stabilized in 500μl of FACS buffer for detection. 

 

Panel 3 IFN-γ 
 

Tube BUV395 BV650 PerCP Cy5.5 APC-H7 FITC 

unstained -- -- -- -- -- 

FMO 1 CD4 CD45 CD3 CD8 -- 

sample (unstim) CD4 CD45 CD3 CD8 IFN-γ 

sample (stim) CD4 CD45 CD3 CD8 IFN-γ 

 
 

2.2.5 Gating strategy to get FACS data 

The population of certain immune cells and cytokines in all the samples was 

examined by BD LSRFortessaTM Cell Analyzer. The data was recorded and 

downloaded from BD FACS Diva 8.0.1 software, and imported to Flowjo10 for 

further analysis. 

The gating strategies of Memory T cells, Tregs, and IFN-γ production on the 

FACS plots were shown in Figure 2, 3, and 4. 
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Figure 2: Gating strategy of Memory T cells in FACS plot (Lymphocytes display low FSC 

and low SSC physical parameters and are also defined by CD45
+
. T cells are identified by 

CD3
+
, and then further classified into CD8

+
 T cells and CD4

+
 T cells by the same gating 

strategy. Both CD8
+
 and CD4

+
 T cell populations can be divided into 4 subsets: Tem was gated 

as CD197
-
/CD45RO

+
 in the Q1 quadrant, Tcm was CD197

+
/CD45RO

+
 in the Q2 quadrant, Teff 

was CD197
-
/CD45RO

-
 in the Q4 quadrant, and Tnaiv was CD197

+
/CD45RO

-
 in the Q3 

quadrant). 

 
 

 
 
 
 

Figure 3: Gating strategy of Tregs in FACS plot (Lymphocytes, T cell populations, CD4
+
 and 

CD8
+
 T cells were defined as described in Figure 2. Tregs were isolated from CD4

+
 T cells, 

and identified by CD25
+
/CD127

-
 in the Q3 quadrant). 
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Figure 4: Gating strategy of IFN-γ production in FACS plot (Lymphocytes, T cells, CD4
+
 

and CD8
+
 T cells were defined as introduced in Figure 2. IFN-γ production of CD45

+
, CD4

+,
 

and CD8
+
 T cells was all gated by the same strategy). 

 
2.2.6 Statistical Analysis 

The student’s t-test was applied in all statistical analyses to evaluate the 

differences between control and experimental groups by GraphPad Prism 9 

based on the population of immune cells and the P <0.05 was considered to be 

statistical significance. 
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3. Results 

 
3.1 Obtaining PDAC patient-derived organoids from 

surgical material 

Since October 2020, we have started to collect tumor tissues from patients 

with PDAC after surgical resection and attempt to isolate and culture organoids 

from these tissue samples, thereby establishing a patient-derived organoid 

biobank. So far, we have successfully grown 9 organoid lines from 9 PDAC 

patients (Table 5). 

Table 5 Organoid datasheet 
 

Trial no. Date Patient Type Passage Comments 

1 22.12.2020 A704854 PDAC P6 grows slowly 

2 16.02.2021 A302197 PDAC P4 grows well 

3 05.05.2021 A575633 PDAC P3 grows well 

4 30.06.2021 A891299 PDAC P2 no matched blood 

5 30.07.2021 AN38302 PDAC P2 grows slowly 

6 26.08.2021 A298492 PDAC P2 grows slowly 

7 09.09.2021 A930788 PDAC P3 grows well 

8 15.09.2021 AN88191 PDAC P2 grows slowly 

9 08.10.2021 AN85498 PDAC P3 grows well 

 

 
Among them, 4 organoid lines from Patient 2, 3, 7, and 9 were employed in 

further co-culture model establishment with their autologous PBMCs. Before 

that, pancreatic cancer cell lines and their derived CM were used to culture 

PBMCs from HD or PDAC patients as preliminary experiments, and the 

differentiation of certain T-cell subtypes and the production of IFN-γ were 

detected and analyzed to investigate the interaction between cancer cells and 

immune cells. 
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3.2 Culturing PBMCs with CM derived from pancreatic 

cancer cell lines 

Proteins in the CM secreted by cultured cells are a source that can be 

utilized to promote the production of cytokines and the growth of other cells 

[149]. The differentiation of T cell subsets and IFN-γ production in PBMCs (HD) 

was detected after culturing PBMCs with 50% of normal medium 

(RPMI1640+10%FBS+1%P/S) and 50% of CM from Panc1/Miapaca2 for 48h 

(EXP (+CM) group) and made a comparison with those cultured in normal 

medium only (CON (HD) group). CD197 and CD45RO antibodies were applied 

to identify the effector and central Memory T cell population in CD4+ and CD8+ 

T cells in PBMCs. 

3.2.1 No effects on the Memory T cell subtype differentiation in 
 

PBMCs (HD) after culturing with CM (Panc1/Miapaca2) 

The population for CD4+ Tem, Tcm, Teff, and Tnaive cells in the EXP 

(+CM)-Panc1 group was 13.00%, 16.60%, 2.76%, and 67.60%, respectively, 

but in the matched CON (HD) group, the population of these four T cell 

subsets was 14.90%, 15.40%, 4.59%, and 65.10%, respectively. No significant 

changes were found between these two groups (P>0.05, Figure 5 A, B). 

In the EXP (+CM)-Miapaca2 group, the population of CD4+ Tem, Tcm, Teff, 

and Tnaive cells was 18.60%, 21.70%, 2.72%, 57.00%, respectively, and in its 

control group, these numbers were 17.90%, 20.80%, 2.73%, 58.50%, 

respectively. There were also no statistical differences between the CON (HD) 

and EXP (+CM)-Miapaca2 groups (P>0.05, Figure 5 A, C). 
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Figure 5: (A): Representative FACS plot of Memory CD4
+
 T cell subset in the CON (HD) and 

EXP (+CM)-Panc1/Miapaca2 groups. (B)(C): The population of CD4
+
 Tem, CD4

+
 Tcm, CD4

+
 

Teff, and CD4
+
 Tnaiv between CON (HD) and EXP (+CM)-Panc1/Miapaca2 group has no 

statistical significances (P>0.05). 
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For CD8+ Memory T cells, the population of Tem, Tcm, Teff, and Tnaive cells 

in the EXP (+CM)-Panc1 group were 14.60%, 8.80%, 12.30%, and 64.30%, 

respectively, which still has no obvious differences compared to that in the 

CON (HD) group with the corresponding numbers of 12.00%, 9.94%, 13.30%, 

and 64.80%, respectively (P>0.05, Figure 6 A, B). 

Similarly, the population of CD8+ Tem cells in the CON (HD) and EXP 

(+CM)-Miapaca2 group was 12.20% and 14.00%, of CD8+ Tcm cells was 6.95% 

and 6.87%, of CD8+ Teff cells was 5.92% and 5.98%, and of CD8+ Tnaive cells 

was 75.00% and 73.10%, respectively, showing no statistical alterations 

between these two groups (P>0.05, Figure 6 A, C). 
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Figure 6: (A): Representative FACS plot of Memory CD8
+
 T cell subsets in the CON (HD) and 

EXP (+CM)-Panc1/Miapca2 groups. (B)(C): The population of CD8
+
 Tem, CD8

+
 Tcm, CD8

+
 

Teff, and CD8
+
 Tnaiv between CON (HD) and EXP (+CM)-Panc1/Miapaca2 group has no 

statistical significances (P>0.05). 
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3.2.2 No effects on the differentiation of Tregs in PBMCs (HD) 

after culturing with CM (Panc1/Miapaca2) 

The PBMCs in the CON (HD) groups were only cultured with the normal 

medium (RPMI1640+10%FBS+1%P/S) for 48h, while in the EXP (+CM) of 

Panc1/Miapaca2 groups, the cells were cultured with half normal medium and 

half CM from Panc1/Miapaca2 cell lines. CD25 and CD127 antibodies were 

used for classifying Tregs of CD4+ T cells. 

The population of Tregs in CD4+ T cells detected by FACS was 3.50% in the 

CON (HD) group and 3.88% in the EXP (+CM)-Panc1 group. The numbers in 

the CON (HD) and EXP (+CM)-Miapca2 groups were 4.09% and 4.35%, 

respectively. The differences between the control and experimental groups 

were not statically significant (P>0.05, Figure 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: (A): Representative FACS plot of Tregs in the CON (HD) and EXP (+CM)-

Panc1/Miapaca2 groups. (B)(C): The differentiation of CD4
+
 Tregs between control and 

experimental groups has no statistical significance (P>0.05). 

20 

 

15 

 
10 

 

5 

 
0 

CON (HD)     EXP (+CM)-Panc1 

20 

 

15 

 
10 

 

5 

 
0 

CON (HD) EXP (+CM)-Miapaca2 

T
re

g
, 

%
 o

f 
C

D
4

+
 

T
re

g
, 
%

 o
f 

C
D

4
+
 



49 

 
 

 

3.2.3 No effects on IFN-γ expression in PBMCs (HD) after 

culturing with CM (Panc1/Miapaca2) 

The CON (HD) group and the EXP (+CM)-Panc1/Miapaca2 group were set 

as above. The production of CD45+, CD4+, and CD8+ IFN-γ were almost 

unobservable in FACS plots of the experimental groups and the matched 

control groups (Figure 8). 

After adding the LAC to the medium of PBMCs and 3h incubation, the 

production of IFN-γ was increased and could be detected by FACS. The 

population of CD45+ IFN-γ in the CON (HD) +LAC and EXP (+CM)-Panc1 

+LAC groups was 14.90% and 15.50%, of CD4+ IFN-γ was 12.50% and 

13.20%, and of CD8+ IFN-γ was 27.30% and 27.90%, respectively. However, 

statistical changes between these two groups for the IFN-γ production were 

not significant (P>0.05, Figure 8 A, B). This phenomenon was also seen in the 

CON (HD) +LAC and EXP (+CM)-Miapaca2 +LAC groups. The population of 

CD45+ IFN-γ in these two groups was 12.00% and 13.60%, of CD4+ IFN-γ was 

8.48% and 9.10%, and of CD8+ IFN-γ was 19.80% and 20.00%, respectively 

(P>0.05, Figure 8 C, D). 

In summary, the exchange of soluble factors in indirect co-culture of PBMC 

(HD) and CM from human pancreatic cancer cell lines (Panc1/Miapaca2) failed 

to promote T cell differentiation and activation in PBMCs (HD). 
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Figure 8: (A)(C): Representative FACS plot of IFN-γ production in the CON (HD), EXP 

(+CM)-Panc1/Miapaca2, CON (HD) +LAC, and EXP (+CM)-Panc1/Miapca2 +LAC groups; 

(B)(D): The production of CD45
+
, CD4

+
, and CD8

+
 IFN-γ between the CON (HD) +LAC, and 

EXP (+CM)-Panc1/Miapca2 +LAC groups has no statistical significances (P>0.05). 
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3.3 The co-culture model establishment with PBMCs 

(HD) and pancreatic cancer cell lines 

According to the results above, the CM seemed not sufficient to stimulate 

the differentiation of immune cells. So we decided to directly co-culture PBMCs 

with Panc1/Miapaca2 cells in the EXP (+Panc1)/(+Miapaca2) groups for 48h, 

and in the CON (HD) groups PBMCs were cultured only with the normal 

medium (RPMI1640+10%FBS+1%P/S) as controls. The differentiation 

characterization of T cell subtypes was recorded in both control and 

experimental groups. 

3.3.1 The population of CD4
+
Tcm and CD8

+
 Tem cells in PBMCs 

(HD) was increased after co-culturing with the Panc1 cell line 

After co-culturing PBMCs (HD) with Panc1 cells, we observed that the 

population of CD4+ Tcm cells in the EXP (+Panc1) group was 28.70%, which 

was higher than that in the CON (HD) group (18.70%), with a P-value of 0.04 

(Figure 9); While the population of CD4+ Tem cells in the EXP (+Panc1) and 

CON (HD) groups was 11.20% and 11.40% and CD4+ Teff cells were detected 

in 0.70% and 1.20%, respectively, with no significant changes. As for the CD4+ 

Tnaiv cells, although the population of this cell type was reduced in the co-

culture group (59.40%) compared to the control group (68.70%), the statistical 

analysis between the two groups was also not significant (P>0.05, Fig. 9 A, B). 

In the EXP (+Miapaca2) group with co-culture of PBMCs (HD) and Miapaca2, 

the population of CD4+ Tem, Tcm, Teff and Tnaiv was 16.90%, 19.20%, 2.83% 

and 61.30%, respectively, and these numbers in the CON (HD) group were 

14.00%, 18.30%, 1.77% and 65.90%, respectively. Therefore, Miapaca2 

cells had no significant effect on the stimulation of Memory CD4+ T cell 

differentiation in PBMCs. (P>0.05, Figure 9 A, C). 
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Figure 9: (A): Representative FACS plots of Memory CD4
+
 T cell subsets in the CON (HD) 

and EXP (+Panc1)/ (+Miapaca2) groups. (B): There was a statistically significant difference in 

the population of CD4
+
 Tcm cells between the CON (HD) and EXP (+Panc1) group (*P<0.05), 

however, those changes in CD4
+
 Tem, CD4

+
 Teff, and CD4

+
 Tnaiv cells were not statistically 

significant (P>0.05). (C): There were no statistically significant differences between the CON 

(HD) and EXP (+Miapca2) groups (P>0.05). 
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In contrast, we noted that the population of CD8+ Tem cells in the EXP 

(+Panc1) group was higher than that in the CON (HD) group (18.83% 

vs.13.83%). This difference was considered to be statistically significant (P = 

0.046). For CD8+ Tcm, Teff, and Tnaiv cells, as the numbers in the EXP 

(+Panc1) group were 6.60%, 10.60%, and 61.70%, respectively, and in the 

CON (HD) group, were 6.15%, 14.60%, and 64.40%, respectively. There were 

no significant changes in these three cell populations between the control and 

experimental groups (P>0.05, Figure 10 A, B). 

However, the population of CD8+ Tem, Tcm, Teff, and Tnaiv cells in the EXP 

(+Miapaca2) group was 14.40%, 5.56%, 14.80%, and 65.20%, respectively, 

with little differences compared to those in the CON (HD) group of 13.20%, 

5.89%, 14.30%, and 66.60%, respectively (P>0.05, Figure 10 A, C). 
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Figure 10: (A): Representative FACS plot of Memory CD8
+
 T cell subsets in the CON (HD) 

and EXP (+Panc1)/ (+Miapaca2) groups. (B): There was a statistically significant difference in 

the population of CD8
+
 Tem cells between the CON (HD) and EXP (+Panc1) group (*P<0.05), 

however, those differences of CD8
+
 Tcm, CD8

+
 Teff, and CD8

+
 Tnaiv cells between these two 

groups were not statistically significant (P>0.05). (C): There were no statistically significant 

differences between the CON (HD) and EXP (+Miapca2) groups (P>0.05). 
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3.3.2 The population of Tregs in PBMCs (HD) was increased 

after co-culturing with Panc1 cell lines 

The population of Tregs in the CON (HD) group and EXP (+Panc1) group 

was 3.28% and 7.40%, respectively. In contrast with the controls, the 

differentiation of Tregs in the co-culture group was significantly enhanced, with 

a P-value of 0.01 (Figure 11 A, B). 

But the numbers of Tregs in the CON (HD) group and EXP (+Miapaca2) 

group were 4.04% and 5.07%, respectively. The differences between these 

two groups were not statistically significant (P>0.05, Figure 11 A, C). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure11: (A): Representative FACS plot of Tregs in the CON (HD) and EXP (+Panc1)/ 

(Miapaca2) groups. (B): The population of CD4
+
 Tregs in the EXP (+Panc1) group was higher 

than that in the CON (HD) group (**P<0.01). (C): The difference between CD4
+
 Tregs in the 

CON (HD) and EXP (+Miapca2) groups was not statistically significant (P>0.05). 
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3.3.3 No effects on IFN-γ stimulation in PBMCs (HD) after 
 

co-culturing with Panc1/Miapaca2 cell lines 

Similar to the results of PBMCs cultured with CM, we still did not see CD45+, 

CD4+ and CD8+ T cells producing IFN-γ in both CON (HD) and EXP (+Panc1) 

groups, as well as in the CON (HD) and EXP (+Miapaca2) groups (Figure 12). 

LAC was applied for improving IFN-γ production. The numbers of CD45+, 

CD4+, and CD8+ T cells IFN-γ stimulated by LAC in the CON (HD) group were 

22.40%, 18.00%, and 25.80%, respectively. These were not statistically 

correlated with the results of the EXP (+Panc1) +LAC co-culture group, with 

the corresponding numbers of 22.80%, 20.10%, and 26.50%, respectively 

(P>0.05, Figure 12 A, B). 

After co-culturing PBMCs (HD) with the Miapaca2 cell line and LAC in the 

EXP (+Miapaca2) +LAC group, the population of IFN-γ of CD45+, CD4+, and 

CD8+ T cells was 21.30%, 15.00%, and 31.60%, respectively, which had no 

significant changes to that in the positive control group with populations of 

17.70%, 13.40%, and 29.70%, respectively (P>0.05, Figure 12 C, D). 

In this section, we found that the proportion of CD4+ Tcm, CD8+ Tem, and 

Treg cells was increased significantly when co-cultured PBMCs (HD) with 

Panc1 cells, compared to the controls. However, these were not confirmed in 

the co-culture group with Miapaca2. 
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Figure 12: (A)(C): Representative FACS plot of IFN-γ production in the CON (HD), 

EXP(+Panc1)/(+Miapaca2), CON (HD) +LAC, and EXP (+Panc1)/(+Miapaca2) +LAC groups. 

(B)(D): The production of CD45
+
, CD4

+
, and CD8

+
 IFN-γ between the CON (HD) +LAC and 

EXP (+Panc1)/ (+Miapaca2) +LAC groups has no statistical significance (P>0.05). 
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3.4 The characterization of T cell differentiation and 

IFN-γ production in PBMCs of HD and PDAC patients. 

In contrast to healthy people, the differentiation of various immune cell 

subpopulations in PBMCs of PDAC patients has been altered during disease 

progression [3, 18]. Here, we compared T cell differentiation and IFN-γ 

production in PBMCs of HD (PBMC (HD) group) and PDAC patients (PBMC (P) 

group). 

3.4.1 The differences in the Memory T cell differentiation 
 

between the PBMCs of HD and PDAC patients 

Of CD4+ Memory T cells, the Tem population raised from 17.90% in the 

PBMC (HD) group to 33.80% in the PBMC (P) group (P<0.01), the Tcm 

increased from 20.80% to 26.70% (P<0.01), and the Teff increased from 2.73% 

to 14.00% (P<0.001), but the Tnaiv population dropped sharply from 58.50% 

to 25.50% (P<0.001). The results were shown in Figure 13. 
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Figure 13: (A): Representative FACS plots of Memory CD4
+
 T cell subsets in the PBMC (HD) 

and PBMC (P) groups. (B): Compared to the PBMC (HD) group, the population of CD4
+
 Tem, 

Tcm, and Teff cells was increased in the PBMC (P) group (**P<0.01, **P<0.01, and ***P<0.001, 

respectively), while of CD4
+
 Tnaiv cells was significantly decreased (***P<0.001),. 

 
Simultaneously, the population of CD8+ Tem, Tcm, and Teff cells in the 

PBMC (P) group was detected as 23.30%, 11.40%, and 38.60%, respectively, 

higher than those in the PBMC (HD) group, which were 14.20%, 6.45%, and 

5.59%, with the P-values all below 0.05. On the contrary, the population of 

CD8+ Tnaiv in the experiment group was 26.80%, showing a clear downward 

trend compared to 73.80% in the control group (P<0.001, Figure 14). 

 

 
 
 
 
 
 
 
 
 

Figure 14: (A): Representative FACS plots of Memory CD8
+
 T cell subsets in the PBMC (HD) 

and PBMC (P) groups. (B): Compared to the PBMC (HD) group, the population of CD8
+
 Tem, 

Tcm, and Teff cells was increased in patients’ PBMCs (**P<0.01, *P<0.05, and *P<0.05, 

respectively), while CD8
+
 Tnaiv cells was significantly decreased (***P<0.001). 
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3.4.2 The Treg population was increased in PBMCs of PDAC 

patients compare to that in healthy PBMCs 

Tregs are immunosuppressive cells. The population of Tregs in PBMCs of 

PDAC patients was 5.09%, which was higher than 3.50% in healthy PBMCs 

(P<0.05, Figure 15). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure15: (A): Representative FACS plot of Tregs in the PBMC (HD) and PBMC (P) groups. 

(B): The Treg population of CD4
+
 T cells in the PBMC (P) group was higher than that in the 

PBMC (HD) group (*P<0.05). 

 

3.4.3 The CD8
+
 IFN-γ production in PBMCs of PDAC patients 

was higher than in healthy PBMCs 

In both PBMC (HD) and PBMC (P) groups, we could hardly observe the 

population of IFN-γ from CD45+, CD4+, and CD8+ cells (Figure 16). The 

addition of LAC in the culture medium of PBMCs stimulated the IFN-γ 

production. There were no apparent changes in CD45+ and CD4+ IFN-γ 

production between the PBMC (HD) +LAC group and PBMC (P) +LAC group. 

However, a noticeable increase was displayed in CD8+ IFN-γ production of the 

experimental group with a number of 32.40%, compared to 27.40% in the 

positive control group (*P<0.05, Figure 16). 
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Figure 16: (A): Representative FACS plot of IFN-γ production in the PBMC (HD), PBMC (P), 

PBMC (HD) +LAC, and PBMC (P) +LAC groups. (B): The production of CD45
+
, CD4

+
 IFN-γ 

between the PBMC (HD) +LAC and PBMC (P) +LAC groups has no statistical significance 

(P>0.05). However, the CD8
+
 IFN-γ production in the PBMC (P) +LAC group was higher than 

that in the PBMC (HD) +LAC group (*P<0.05). 

 
Generally speaking, the majority of Naïve T cells in PBMCs of PDAC 

patients had been differentiated into Memory T cells and Effector T cells, and 

the number of Treg cells was also higher. At the same time, we also detected 

increased IFN-γ production in CD8+ T cells from these patients. 

 

3.5 The co-culture model establishment with PBMCs 

from PDAC patients and the Panc1 cell line 

From previous results, we discovered that only Panc1 cells induced the 

variations in Memory T cell subtypes and Tregs, implying that the TME formed 

by different cell lines could affect the differentiation direction of immune cells. 

Hereafter, we co-cultured patients’ PBMCs with Panc1 and analyzed the 
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differentiation of immune cell subtypes, obtaining some interesting results that 

differ from Section 3.2.1. In the CON (P) group, the PBMCs from patients were 

cultured alone in the normal medium (RPMI1640+10%FBS+1%P/S), while in 

the EXP (+Panc1) group, the PBMCs were co-cultured with Panc1. 

3.5.1 The population of CD4
+
/CD8

+
 Memory T cells in PBMCs 

from PDAC patients was changed after co-culturing with 

Panc1 

The population of CD4
+
 Tcm cells in the CON (P) group was 26.70%, but 

when patients’ PBMCs were co-cultured with Panc1, this number increased to 

48.80%, with a P-value of 0.013 analyzed from replicated FACS experiments. 

This action was also found in Section 3.2.1. More importantly, the CD4+ Tem 

and Teff populations in the EXP (+Panc1) group (16.60% and 6.27%, 

respectively) were both lower than those in the CON (P) group (33.80% and 

14.00%, respectively), with the P-values of 0.001 and 0.016, respectively. 

However, the population of CD4+ Tnaiv cells in PBMCs cultured with Panc1 

showed a number of 28.30%, which was not significantly raised compared to 

those cultured alone (25.50%). These results can be seen in Figure17. 
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Figure 17: (A): Representative FACS plot of different Memory CD4
+
 T cell subsets in the CON 

(P) and EXP (+Panc1) groups. (B): The population of CD4
+
 Tcm cells was higher, while CD4

+
 

Tem and Teff cells were lower in the EXP (+Panc1) group than that in the CON (P) group 

(**P<0.01, *P<0.05, and *P<0.05). However, the difference in CD4
+
 Tnaiv cells between these 

two groups was considered not statically significant (P=0.07). 

 

Next, we also analyzed the differentiation of CD8+ Memory T cell subtypes 

in the CON (P) and EXP (+Panc1) groups. The population of CD8+ Tem cells in 

the co-culture group (8.46%) was significantly lower than that in the control 

group (23.30%) with a P-value of 0.002. Conversely, the population of CD8+ 

Tnaiv cells in the EXP (+Panc1) was higher than that in the CON (P) group, 

with numbers of 48.20% and 26.80%, respectively (P<0.01). Moreover, there 

was a decline in the CD8+ Teff population and an ascent of the CD8+ Tcm 

population in the EXP (+Panc1) compared with that in the CON (P) group. But 

these results were deemed not statistically significant after repeated 

experiments (Figure 18). 
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Figure 18: (A): Representative FACS plot of Memory CD8
+
 T cell subsets in the CON (P) and 

EXP (+Panc1) groups (B): The population of CD8
+
 Tem was lower, while Tnaive was higher in 

the EXP (+Panc1) group than in the CON (P) group (**P<0.01 and*P<0.05). But the difference 

of CD8
+
 Tcm and Teff between these two groups was not statistically significant (P>0.05). 

 
3.5.2 No effects on Tregs in PDAC patient PBMCs after 

co-culturing with Panc1 

The population of Tregs in the CON (P) and EXP (+Panc1) groups was 5.09% 

and 5.59%, respectively, displaying no statistically significant difference 

(P>0.05, Figure 19). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: (A): Representative FACS plot of Treg population in the CON (P) and EXP (+Panc1) 

group. (B): The difference in Treg populations between the two groups was not significant 

(P>0.05). 

3.5.3 No effects on the production of IFN-γ in PBMCs after 

co-culturing with Panc1 

In the CON (P) and EXP (+Panc1) groups, the production of CD45+, CD4+, 

and CD8+ IFN-γ could not be detected by FACS without adding LAC (Figure 

20). 

In the CON (P) +LAC and EXP (+Panc1) +LAC groups, the population of 

CD45+ IFN-γ was 20.50% and 21.30%, of CD4+ IFN-γ was 10.50% and 

12.70%, and of CD8+ IFN-γ was 32.40% and 35.30%, respectively. After 
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statistical analysis, there was no significant difference in IFN-γ production 

between the control group and the experimental group (P>0.05, Figure 20). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: (A): Representative FACS plot of IFN-γ production in the CON (P), EXP (+Panc1), 

CON (P) +LAC, and EXP (+Panc1) +LAC groups. (B): The production of CD45
+
, CD4

+
, and 

CD8
+
 IFN-γ between the CON (P) +LAC group and the EXP (+Panc1) +LAC group has no 

statistical significance (P>0.05). 

 
Anyhow, when co-cultured PBMCs from PDAC patients with Panc1, the 

proportion of CD4+ Tcm and CD8+ Tnaiv cells were increased, and CD4+ Tem, 

CD4
+
 Teff, and CD8

+
 Tem cells were decreased, but the Treg cell population 

and IFN-γ production had no significant changes. 

 

3.6 The establishment of co-culture with HD PBMCs 

and PDAC patient-derived organoid lines 

Given the results identified in co-cultures with PBMCs and 2D cell lines, we 

proceeded to apply this protocol to co-culture with PBMCs and 3D organoids in 
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direct contact, also examining the alterations of immune cell differentiation and 

cytokine stimulation. In this part, PBMCs isolated from one HD and three 

organoid lines from Patient 2, 3, and 7 were employed to determine co-culture 

conditions. We also investigated differentiation characteristics of Memory T cell 

subtypes and Tregs, as well as the production of IFN-γ. 

The CON (HD) was the control group with PBMCs cultured alone in the 

organoid complete medium, and the EXP (+Org) was the experimental group 

in which PBMCs were co-cultured with different organoid lines under the same 

culture conditions. 

3.6.1 The population of CD4
+
/CD8

+
 Memory T cells was 

changed in PBMCs after co-culturing with organoid lines 

The population of CD4+ Tem cells in the CON (HD) and EXP (+Org) groups 

was 31.10% and 22.90%, respectively, expressing a significant reduction 

(P=0.03); while the CD4+ Tcm population in the co-culture group was with 

34.80% higher than 26.40% in the control group (P=0.04). But the discrepancy 

of CD4+ Teff and Tnaiv differentiation in these two groups expressed not 

statistically significant (P>0.05). These results were shown in Figure 21. 
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Figure 21: (A): Representative FACS plot of Memory CD4
+
 T cell subsets in the CON (HD) 

and EXP (+Org) groups. (B): The population of CD4
+
 Tcm cells was higher, while CD4

+
 Tem 

cells were lower in the EXP (+Panc1) group than CON (P) group (*P<0.01, *P<0.05). However, 

the differences in CD4
+
 Teff and Tnaiv populations between these two groups were not 

significant (P>0.05). 

 
After analyzing the differentiation of CD8+ Memory T cells, we found that the 

CD8+ Tem population was higher, and the CD8+ Tnaiv population was lower in 

the EXP (+Org) group (21.00% and 33.00%, respectively) than that in the CON 

(HD) group (10.70% and 46.70%, respectively). However, no differences were 

seen in CD8+ Tcm and Teff population between these two groups (P>0.05, 

Figure 22). 

 

 
 
 
 
 
 
 
 
 

 
Figure 22: (A): Representative FACS plot of different Memory CD8

+
 T cell subsets in the CON 

(HD) and EXP (+Org) groups. (B): The population of CD8
+
 Tem cells was higher, and of CD8

+
 

Tnaiv cells was lower in the EXP (+Panc1) group than CON (P) group (*P<0.05, **P<0.01). 

However, the difference of CD8
+
 Tcm and Teff populations between these two groups was not 

significant (P>0.05). 
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3.6.2 The population of Tregs was increased in PBMCs from 

HD after co-culturing with organoid lines 

After co-culturing PBMCs (HD) with 3D organoids, the differentiation of 

Tregs from CD4+ T cells was significantly increased compared to those cells 

cultured alone. The population of Tregs in the EXP (+Org) group was 9.45%, 

and in CON (HD) was 5.12% (P<0.001, Figure 23). This consequence was 

equal to that in the co-cultures with PBMCs (HD) and Panc1 cell lines. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 23: (A): Representative FACS plot of Tregs in the CON (HD) and EXP (+Org) groups. 

(B): The Treg population in the EXP (+Org) group was higher than that in the CON (HD) group 

(**P<0.001). 

3.6.3 No effects on the production of IFN-γ in PBMCs from HD 

after co-culturing with organoid lines 

Without additional LAC supplementation, the IFN-γ stimulation of CD45+, 

CD4+ or CD8+ cells was still barely detectable in the CON (HD) and EXP (+Org) 

groups, while in the CON (HD) +LAC group, we observed IFN-γ production of 

14.00%, 8.32% and 21.70% for CD45+, CD4+, and CD8+ cells, respectively, 

and in the EXP (+Org) +LAC group, these numbers were 15.90%, 8.96%, and 

30.50%, respectively. It seemed that the production of IFN-γ in CD8+ T cells 

was increased after co-culturing PBMCs with organoid lines, but the statistical 

analysis showed no statistical significant differences (P>0.05, Figure 24). 
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Figure 24: (A): Representative FACS plot of IFN-γ production in the CON (HD), EXP (+Org), 

CON (HD) +LAC, and EXP (+Org) +LAC groups. (B): The production of CD45
+
, CD4

+
, and 

CD8
+
 IFN-γ between these two groups has no statistical significance (P>0.05). 

 
Taken together, in co-cultures of PBMCs (HD) with patient-derived organoids, 

the numbers of CD4+ Tcm, CD8+ Tem, and Treg cells were significantly 

elevated, but CD4+ Tem and CD8+ Tnaiv were reduced. Intriguingly, no 

increase in IFN-γ production was found in this co-culture group. 

 

3.7 Differentiation characteristics of PBMCs in each 

autologous co-culture model with patient-derived 

organoid and matched PBMCs 

The co-culture model formed with PDAC patient-derived organoids and 

autologous PBMCs was designed to mimic the in vivo environment of tumor 

patients, facilitating the study of interactions between tumor cells and immune 
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cells in the TME. 

Four organoid lines from different PDAC patients (Patient 2, 3, 7, and 9) that 

grew well under stable cultured conditions, had been passaged less than 5 

times (Figure 25), and PBMCs were isolated from these patients before 

surgery. In the CON (P) group, patients’ PBMCs were cultured alone in the 

organoid complete medium, while in the EXP (+Org) group, the PBMCs were 

co-cultured with organoids from the same patient. The Memory T cell and Treg 

differentiation, as well as IFN-γ production in both the control and experimental 

groups, were detected by FACS. The results were described and illustrated 

individually. 

 

 
Figure 25: (A): Representative images of PDAC organoids isolated from Patient 3 before co-

culture (10x), Passage 3; (B): Representative images of PDAC organoids isolated from 

Patient 2 before co-culture (10x), Passage 4; (C): Representative images of PDAC organoids 

isolated from Patient 7 before co-culture (10x), Passage 2; (D): Representative images of 

PDAC organoids isolated from Patient 4 before co-culture (10x), Passage 3. 
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3.7.1 The differentiation of Memory CD4+/CD8+ T cell differs in 

distinct autologous PBMC-organoid co-cultures 

In the co-culture group with PBMCs (P3) and organoids (P3), the population 

of CD4+ Tem and Teff cells was 26.60% and 5.77%, respectively, which were 

lower than 32.0% and 12.80% in the control group. Meanwhile, the CD4+ Tcm 

and Tnaiv cells in the EXP (+Org3) group were detected with numbers of 18.90% 

and 48.70%, both higher than those in the CON (P3) group with numbers of 

14.40% and 41.00%, respectively. The differentiation of these four Memory T 

cell subtypes in PBMCs was influenced by the tumor organoids, exhibiting 

similar changes as in Section 3.5.1. 

Likewise, the CD4+ Tem cell population decreased from 32.90% in the CON 

(P2) group to 25.40% in the EXP (+Org2) group, the CD4+ Tcm cell slightly 

increased from 13.9% to 16.5%, and the CD4
+
 Tnaiv cell improved from 41.00% 

to 47.20%. But the CD4+ Teff cell population between these two groups 

showed a little discrepancy. 

In contrast to that, we found no significant difference in Memory CD4+ T cell 

subtypes population of co-culture 7 and 9 compared with their controls, 

probably because of the individual differences. 

The FACS results of the CD4+ Memory T cell differentiation in these four co-

cultures and their matched controls could be seen in Figure 26. 
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Figure 26: (A)(B)(C)(D): The differentiation of CD4
+
 Memory T cell subsets between the 

CON (P) and EXP (+Org) groups of Patient 3, 2, 7, and 9 showed individual differences. 
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Furthermore, the Memory CD8+ T cell subpopulations in Patient 3 co-culture 

were consistent with those in Section 3.5.1. The population of CD8+ Tem in the 

CON (P3) group was 47.40%. This number was reduced to 26.20% in the EXP 

(+Org3) group. For CD8+ Tcm, Teff, and Tnaiv population, the numbers of 

these cells gated in the co-culture group were 23.40%, 13.10%, and 37.20% 

respectively, higher than that in the control group with numbers of 17.80%, 

18.90%, and 25.70%. 

Regarding Patient 2 co-culture, we noticed a decline of CD8+ Tem 

population from 37.30% in the CON (P2) to 27.40% in the EXP (+Org2) group, 

as well as a rising trend in CD8+ Tcm population from 17.3% to 22.6%. These 

results were considered to be unanimous with the above. But the 

differentiation of CD8+ Teff cells in the co-culture (12.40%) was a little higher 

than that in the control (9.73%). At the same time, the CD8+ Tnaiv cell 

population in PBMCs of this patient demonstrated no excessive changes with 

co-culture. 

Also, the significant variations of Memory CD8+ T cells in Patient 7 and 

Patient 9 co-cultures could not be tracked compared to the controls. 

These results were shown in Figure 27 
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Figure 27: (A)(B)(C)(D): The population of CD4+ Memory T cell subsets between the 

CON (P) and EXP (+Org) groups of Patient 3, 2, 7, and 9 showed individual differences. 
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3.7.2 The population of Tregs increased in each co-culture 

model with organoids and autologous PBMCs 

Our previous results in Section 3.4.2 indicated that the population of Tregs 

has already been increased in PBMCs of PDAC patients compared to that in 

healthy PBMCs. Then, the Panc1 cell line was co-cultured in direct contact 

with patients’ PBMCs to stimulate the differentiation of Tregs, but we were 

unable to examine more Treg cells out of CD4+ T cells from this model. 

However, when using the autologous organoid/PBMC co-culture, an obvious 

up-regulation in Treg differentiation was notable. 

The population of Treg cells in PBMCs of the EXP (+Org2) and EXP (+Org3) 

co-culture groups was 10.70% and 8.27%, respectively, which were higher 

than 4.13% and 5.05% in the CON (P2) and CON (P3) groups (Figure 28 A, 

B). 

The Memory T cell differentiation appeared to be unchanged in the EXP 

(+Org7) and EXP (+Org9) groups in contrast to the matched control groups. 

But there was a significant increase in the numbers of Treg cells between 

Patient 7/Patient 9 co-cultures (8.15%/13.9%) and the controls (4.08%/5.39%), 

displayed in Figure 28 C, D. 
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Figure 28: (A)(B)(C)(D): The numbers of Tregs were increased in the co-cultures established 

from Patient 3,2,7, and 9 samples, compared to that in the controls. 
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3.7.3 No effects on IFN-γ production in each autologous 
 

PBMC-organoid co-culture 

The IFN-γ production of CD45+, CD4+, and CD8+ cells was detected in the 

autologous PBMC-organoid co-cultures from Patient 3, 7, and 9, except 

Patient 2 due to limited blood samples. 

The test groups were designed as before. The production of IFN-γ was very 

low in both the CON (P) and EXP (+Org) groups with no LAC supplementation, 

while in the CON (P) +LAC and EXP (+Org) +LAC groups, these numbers 

increased a lot. 

For all the patients involved in this section, the comparisons of CD45+, CD4+, 

and CD8+   IFN-γ   production in PBMCs between positive control and 

experimental groups were not significant (Figure 29). 
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Figure 29: (A)(B)(C): The IFN-γ production of CD45
+
. CD4

+
 and CD8

+
 cells in PBMCs of 

Patient 3, 7, and 9 were not changed in the autologous PBMC-organoid co-culture groups, 

compared to their matched controls. 

 
Taken together, the differentiation of Memory T cells was not identical in 

autologous co-cultures established by the PBMCs and organoids isolated from 

4 patients. In one patient’s co-culture, the numbers of CD4+ Tcm- and Tnaiv-, 

CD8+ Tcm- and Tnaiv cells were higher, whereas of CD4+ Tem- and Teff-, CD8+ 

Tem cells were lower than those in PBMCs cultured alone group. And in 

another patient co-culture, the CD4+ Tnaiv- and CD8+ Tcm cell populations 

were enhanced, but the CD4+ Tem- and CD8+ Tem cells were declined. 

Besides that, the population of Treg cells in co-cultures from all these PDAC 

patients was higher than in their matched controls. However, the IFN-γ 

production was still not significantly changed in the co-culture groups. 
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4. Discussion 

PDAC is still one of the most challenging solid tumors due to the late 

detection, early metastasis, and strong drug resistance, resulting in suboptimal 

treatment outcomes and poor prognosis [3, 150]. Currently, immunotherapy is 

considered to be one of the most promising clinical strategies for cancer 

treatment of cancer patients with long-lasting benefits and few side effects 

[151]. However, according to the published reports, this approach generated 

disappointing results in PDAC patients. The most important factor contributing 

to the failure of immunotherapy is the robust immunosuppressive environment 

within pancreatic cancer, which manipulates tumor cells to evade immune 

surveillance [152]. Therefore, translational research is urgently needed to 

elucidate the intrinsic link between immune cells and tumor cells to obtain 

more therapeutic strategies for these cancer patients. 

Patient-derived organoid models have been widely studied as an emerging 

preclinical experimental model for individualized tumor response testing in 

various cancers [42, 153-155]. In this project, we sought to establish organoids 

in a multicellular co-culture model to better understand the complexity of 

tumor-immune cell interactions by examining the differentiation characteristics 

of certain T cells and hope to exploit new immunotherapeutic targets or 

modalities to address the practical difficulties in the clinical treatment of PDAC. 

 
4.1 Differentiation characteristics of immune cells in 

the co-cultures with 2D cell lines or their secretome 

Before establishing the co-cultures of patient-derived organoids and 

matched PBMCs, a series of models were prepared to determine the co-

culture conditions, and investigate the differentiation of T cell subtypes and 

cytokine production in the TME. 
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4.1.1 The effects of CM from tumor cells on immune cell 

differentiation 

The CM from cancer cell lines is  full of numerous cytokines, enzymes, 

growth factors, and other soluble mediators, which plays a crucial role in 

regulating the growth, differentiation, and invasion of the specified cells [156]. 

Okada et al. [157] employed the CM from renal cell carcinoma cell line 786.O 

to build a platform for inducing monocytes to monocytic MDSC phenotype, 

acquiring the production of nitric oxide and the inhibition of T cell proliferation. 

Mohebbi et al. [158] also supported that the secreted cytokines from CRC 

cell lines could promote the monocytes in PBMCs to differentiate into 

inflammatory phenotypes. Bharadwaj et al. [159] indicated that the 

upregulation of IL-6 and G-CSF in the CM derived from a human pancreatic 

cancer cell line (BxPC-3) could inhibit DC differentiation and their antigen 

presentation function, supporting the tumor immune escape. Similarly, Du et al. 

[160] demonstrated that the BxPC-3-CM induced the abnormally elevated 

microRNA-146a in DCs, which suppressed the maturation and anti-tumor 

immune activation of these cells. 

However, in our study, secreted proteins in the media conditioned by 

pancreatic cancer cell lines (Panc1 and Miapaca2) failed to stimulate the 

differentiation of Memory T cells and Tregs in PBMCs under FACS detection. 

This is likely because the cellular secretome alone is not sufficient to mimic the 

complexity of the immune environment in tumors, especially the lack of 

interactions between different cell types [156]. 

4.1.2 The effects of tumor cells on T cell differentiation in the 

co-culture models with PBMCs and cancer cell lines 

In view of the results above, we further established a co-culture model in 

which PBMCs and 2D cell lines (Panc1 and Miapaca2) were in direct contact. 

Compared with the PBMCs (HD) cultured alone in the normal medium 
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(RPMI1640+10%FBS+1%P/S), we found substantially increased populations 

of CD4+ Tcm and CD8+ Tem cells in PBMCs co-cultured with Panc1 cell line. 

This phenomenon can be explained by the fact that the Memory T cells have a 

lower activation threshold than Naïve T cells, which can respond to weak 

stimulation, and quickly respond with immune effects [161, 162]. Barski et al. 

[163] proved that the rapid recall ability of Memory T cells was regulated by 

their epigenome. The stable genes' chromatin environment and poised state in 

these cells can faster induce cytokine production to exert better anti-tumor 

efficacy. 

With the co-culture of PBMCs (HD) and Panc1, we also noticed an obvious 

upward trend in the Treg cell population, implying that the PDAC cells drive the 

accumulation of Tregs within the tumors. These Treg cells can release soluble 

factors, and regulate or suppress other cells in the immune system, playing a 

principal role in monitoring immune-modulating measures [164]. 

Nevertheless, these results were not obtained in the Miapaca2 co-culture 

models. Gradiz et al. [165] identified that the Miapaca2 cell line expresses E-

cadherin, but is absent of CD56; whereas the Panc1 cell line has CD56, but 

not E-cadherin, synaptophysin, or Neurotensin receptors (NTR)-1, so the 

Panc1 cells are more aggressive and easier to metastasize. Shen et al. [166] 

also found that the Panc1 cells exhibit higher stemness features than 

Miapaca2 cells due to the differentially expressed microRNAs between these 

two cell lines. The properties of distinct cancer cell lines might lead to the 

discrepancy in the immune cell differentiation in their co-cultures constructed 

with PBMCs. 

Moreover, the PBMCs from PDAC patients were collected to characterize 

the differentiation of T cell subsets in the TME. When attacked by the cancer 

cells, the Tnaiv cells in PBMCs are activated and differentiated into Teff cells 

that execute the tumor-killing program. After that, the Memory T cells are 

generated from Teff cells through epigenetic modifications [167, 168]. Our 

results confirmed that the population of CD4+/CD8+ Tem, Tcm, and Teff cells 
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was larger in PBMCs from PDAC patients than in PBMCs from HD. 

Correspondingly, the numbers of CD4+/CD8+ Tnaiv cells were greatly reduced 

in patients’ PBMCs, compared to healthy PBMCs. Similar results were found in 

several reports of PDAC patients [169, 170]. Besides, we also detected 

enhanced numbers of Tregs in patients’ PBMCs. This has been proven not 

only in pancreatic cancers [171] but also in other solid tumors [172-175]. The 

differentiation of different T cell subsets in PBMCs from cancer patients was 

altered as cancer progressed [94, 176, 177]. 

Different from the healthy PBMCs, the differentiation direction of T cells in 

PDAC   patients’ PBMCs was shifted when they encounter secondary 

stimulation. In co-cultures of patients’ PBMCs and Panc1, the numbers of 

CD4+ Tcm cells was still higher than that of the control group, but the CD8+ 

Tem cell population declined, and the Treg cell population was not significantly 

changed. In addition, we also obtained more interesting results in this co-

culture model, including the downwards of CD4+ Tem, CD4+ Teff, and CD8+ 

Teff population, and upwards of CD4+ Tnaiv, CD8+ Tcm, and CD8+ Tnaiv 

population, in contrast with the controls. Munn et al [178] believed that tumor 

growth depends on the suppressive mechanisms. The more a tumor is 

attacked, the more counter-regulatory mechanisms may be induced. Therefore, 

the regulatory circuits of tumors cannot be simply summarized. More 

experiments should be added to verify the authenticity and accuracy of these 

data. 

4.1.3 The activation of immune cells in response to tumor cell 

stimulation 

IFN-γ is a pleiotropic cytokine produced by human lymphocytes, especially T 

cells and Natural Killer (NK) cells, with anti-tumor, immunostimulatory, and 

immunomodulatory functions [179]. It was reported that the high concentration 

of IFN-γ induced tumor apoptosis by activating JAK-STAT1 signaling [180-182]. 

What’s more, IFN-γ is also involved in enhancing T Helper (Th) 1 cell 
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development, activating antigen-specific T- and B- cell responses, and 

inhibiting Treg generation and proliferation [183, 184]. The growing numbers of 

IFN-γ can reflect the activation of immune cells in the TME. Unfortunately, in 

this project, we were not able to observe any apparent alterations in IFN-γ 

production of CD45+, CD4+, and CD8+ cells using the co-culture models with 

PBMCs and pancreatic cancer cell lines. However, we may not simply 

conclude that the production of IFN-γ in immune cells was unchanged upon 

the stimulation of tumor cells. One important consideration was the time point 

chosen [94]. In our study, the incubation time for co-culture was 48h, which 

might be beyond the optimal condition for detecting cytokine responses [185]. 

Another possible reason was that the flow cytometry can only measure the 

total numbers of cytokines, but not clearly define activated or functional ones 

[186]. Slight changes of IFN-γ production in these co-cultures detected by 

FACS cannot represent the actual situation of immune cells infiltrated in the 

TME. 

In conclusion, the co-culture models established with 2D cell lines and 

PBMCs provided a feasible experimental scheme for our subsequent 3D 

modeling and introduced the differentiation characteristics of specific immune 

cells in the cancer setting, enhancing our understanding of intratumoral T cell 

populations. 

 

4.2 Differentiation properties of PBMCs in autologous 

patient-derived organoids/PBMCs co-cultures 

The 3D organoid culture can display cellular behavior and morphology 

similar to the original tumor in vivo, overcoming the limitations of the 2D cell 

lines and their derived CM research models [187]. We adopted the 3D 

organoids to establish a co-culture system in direct contact with PBMCs in the 

organoid complete medium, which helped to study the relationship between 

immune cells and tumor cells in an individual. 
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4.2.1 A pre-experimental co-culture model established with 

PBMCs (HD) and patient-derived organoids 

The attempts to establish an autologous patient PBMC-organoid co-culture 

model were first performed using PBMCs (HD) and organoid lines from 

different PDAC patients. The control group was PBMCs cultured alone in 

certain wells of a 24-well plate with the complete organoid medium for 48h, 

while the experimental group consisted of matrigel-organoid mixtures covered 

with PBMCs under the same culture conditions as the control group so that 

tumor cells and immune cells could directly contact each other. Although there 

are several methods to achieve the co-culture of PBMCs with organoids [59, 

188, 189], the existence of a basement membrane matrix and the effective 

contact area of the two cells were considered essential for the co-culture 

model establishment [190]. 

In the group of co-cultured PBMCs (HD) with patient-derived organoids, we 

identified that the populations of CD4+ Tcm, CD8+ Tem, and Treg cells were 

higher than in the PBMCs cultured alone group, which was consistent with 

those results from the co-cultures established by PBMCs (HD) and Panc1. 

Besides, the CD4+ Tem and CD8+ Tnaiv cell populations were significantly 

decreased in the co-cultures compared to the controls. 

This model was thought to be more representative of the immune cell 

behavior in the actual setting of PDAC cancer patients and the approach could 

be applied to establish the co-cultures with patient-derived organoids and 

PBMCs to describe the immune-tumor cell interaction in individuals. 

4.2.2 The autologous co-culture model establishment with 

organoids and PBMCs from the same patient 

When co-culturing the patient-derived organoids with matched PBMCs, the 

differentiation of Memory T cells in one of the 4 patient co-culture models 

exhibited a higher population of CD4+ Teff, CD4+/CD8+ Tcm, and CD4+/CD8+ 
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Tnaiv cells, but lower of CD4+/CD8+Tem and CD8+ Teff cells, which were 

similar to the consequences in Section 3.3. In another patient co-culture, we 

also found an increase in CD4+/CD8+ Tcm and a decrease in CD4+/CD8+ Tem 

cells, compared to the controls, followed by minor alterations in effector and 

naïve cells. However, for the remaining 2 patient co-cultures, no significant 

changes in Memory T cell differentiation were observed. 

The lineage relationships between Effector, Memory, and Naive T cells, as 

well as between different Memory T cell subsets remain controversial [191-

193]. Berard et al. [194] illustrated that IL-7 was essential for Naïve T cell 

survival, while the maintenance of Memory T cells was dependent on IL-12, 

IL-15, IL-18, and IFN-γ. In addition, some chemokines, pro-tumor factors, and 

adhesion molecules on the surface of the cells are also involved in supporting 

Memory T cell homeostasis, which helps define distinct T cell subsets [194, 

195]. The microarray analysis on the variation of gene expression showed that 

the Memory T cells are consistently intermediate between Teff and Tnaiv cells, 

and closer to Teff instead of Tnaiv, clarifying why the Memory T cells can 

transfer to Teff cells faster than Tnaiv cells [196]. A large number of 

differentially expressed genes stimulate Tnaiv cells to differentiate into Teff and 

Tem/Tcm cells, which can be potential targets for future immunotherapy 

designs. Another finding demonstrated that the majority of Tcm and Tem cells 

were from a common naive precursor, but there was still a small part of Tem 

cells that can differentiate further into Tcm cells. The relatively short-lived Tem 

cells may randomly undergo death, transformation, or still exist as Tems [197]. 

Our results described the direction of T cell differentiation in the TME of each 

PDAC patient and reflect the inner relevance of tumor cells and immune cells, 

with individual differences. 

Although the changes in Memory T cells varied among patients, the 

elevation in Treg cells was evident from our results in all autologous co-

cultures. The enrichment of Tregs can suppress the anti-tumor immune 

responses in PDAC and result in a poor prognosis for patients [198]. The 
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therapies that rely on depleting Treg cells or interfering with their 

immunosuppressive functions are considered to be promising strategies for 

cancer treatment, attaining effective, reliable, and consistent clinical efficacy 

[199-202]. 

4.3 Limitations of this study 

There are still some recognized restrictions associated with the approach of 

the patient-derived organoid-PBMC co-cultures in this study. First of all, cancer 

patient donors have limited blood supply, and not only that, the tumor-reactive 

T cells are less or dysfunctional in most patients' PBMCs [203, 204], leading to 

unreliable data measurements in a few FACS analyses. 

Second, the successful rate of PDAC organoid isolation technology is not 

100% [54, 205], probably affected by the size, quality, and freshness of the 

tumor tissue acquisition (no more than three hours after tissue removal), and 

the high cost of the culture conditions. Additionally, only resectable tissues 

from PDAC patients were enrolled in our study, and for those who cannot 

undergo surgery, the organoid establishment by means of endoscopic 

ultrasound (EUS)-guided fine-needle biopsy sampling at the time of diagnosis 

can be a better solution [206]. 

Third, except for immune cells and tumor cells, other cellular components, 

like fibroblastic, neural, and vascular cells, as well as extracellular matrix also 

constitute the TME of pancreatic cancer, promoting tumor growth and 

metastasis [64, 207]. Future work should cover these elements to more 

accurately simulate the in vivo microenvironment of tumor patients and solve 

practical problems in treatments [208]. 

Finally, this co-culture model is still in the laboratory research stage. It is 

necessary to refine the culture conditions that are suitable for different cell 

types and reduce the effects of some paracrine factors secreted by one cell on 

other components [209, 210]. 
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4.4 Conclusion and Outlook 

 
In summary, our study has established autologous co-cultures with patient-

derived organoids and PBMCs, successfully detecting and recording the 

differentiation characteristics of T cell subtypes in each patient model. This 

pattern has great potential to be a testing model applied in both basic research 

and translational applications, enhancing the clinical relevance of the tumor in 

immunology. 

Furthermore, since there is considerable cellular heterogeneity within 

pancreatic neoplasms [211-213], our next work will focus on investigating the 

heterogeneity of PBMC differentiation in co-culture with different tumor 

organoid lines from the same patient, with the hope of improving cancer 

diagnosis and therapeutic design. 
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