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ABSTRACT - Objective: Pancreatic cancer has remained one of the most devastating diseases over the past
two decades, with minimal improvements in survival rates. Its highly immunosuppressive tumour microenviron-
ment is driven by secreted proteins, such as cytokines and growth factors, which promote the differentiation of
immunosuppressive cells and influence cellular proliferation and migration. This study investigates how the secre-
tome from pancreatic cancer and pancreatic stellate cells affects the proliferation of myeloid-derived suppressor
cells and its implications for cellular proliferation.

Patients and Methods: Conditioned media from pancreatic cancer cells and pancreatic stellate cells were
used to treat peripheral blood mononuclear cells, evaluating their effects on myeloid-derived suppressor cells
proliferation. Additionally, pancreatic stellate cells were treated with conditioned medium from pancreatic can-
cer cells to assess its impact on their proliferation. Conversely, conditioned medium from pancreatic stellate cells
was used to treat pancreatic cancer cells to evaluate its effects on their growth.

Results: Conditioned media from both pancreatic cancer and pancreatic stellate cells significantly enhanced the
proliferation of myeloid-derived suppressor cells, although the BrdU proliferation assay revealed differing outcomes.
Conditioned media from primary pancreatic cancer cells notably increased the proliferation of pancreatic stellate cells
more than that from metastatic cancer cells. Similarly, primary pancreatic cancer cells exhibited greater proliferation
when exposed to conditioned media from pancreatic stellate cells compared to metastatic cells.

Conclusions: The bioactive secreted proteins from pancreatic cancer and pancreatic stellate cells effectively
stimulate the proliferation of myeloid-derived suppressor cells without direct cell-to-cell interactions. Factors
from primary tumour cells support cancer cell survival more than those from metastatic cells, indicating potential
targets for immunotherapy in early-stage cancers.

KEYWORDS: Pancreatic cancer, Pancreatic stellate cells, Myeloid-derived suppressor cells, Cells proliferation,
Tumour microenvironment.

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License



mailto:hoketli@imu.edu.my
https://creativecommons.org/licenses/by-nc-sa/4.0/

2 CONDITIONED MEDIA AND CELLULAR PROLIFERATION

KEYWORDS: PCC, pancreatic cancer cell; TME, tumour microenvironment; PDAC, pancreatic ductal
adenocarcinoma; EMT, epithelial-mesenchymal transition; MDSC, myeloid derived suppressor cell; TAM, tumour-
associated macrophage; CAF, cancer-associated fibroblasts; Treg, regulatory T cell; IMC, immature myeloid cell;
NK, natural killer; PSC, pancreatic stellate cell; IL-6, interleukin-6; GM-CSF, granulocyte macrophage colony-
stimulating factor; SDF-1a, stromal-derived factor-1 alpha; M-CSF, macrophage colony-stimulating factor; CM,
conditioned medium; PBMC, peripheral blood mononuclear cell; PBS, phosphate buffered saline; PTX3, pentraxin
3; GRN, granulin; PGRN, progranulin.

INTRODUCTION

Pancreatic cancer exerts a significant impact on overall survival rates due to its aggressive characteristics and the
delayed diagnosis. Studies show that approximately 15% of individuals are diagnosed with resectable cancer at
diagnosis, with the majority presenting with either locally advanced or metastatic forms, consequently resulting
in unfavourable long-term prognoses®3. For patients with resectable tumours, a multidisciplinary strategy
involving surgical intervention followed by chemotherapy has the potential to achieve 5-year survival rates
ranging from 30% to 50%, thereby emphasising the importance of early detection®. However, a considerable
proportion of cases are in the advanced stage, where the tumours have metastasised. This substantially
diminishes the likelihood of successful surgical removal and leads to dismal 5-year survival rates, highlighting
the complexities associated with managing advanced stages of pancreatic cancer®. Despite the progression in
treatment approaches and the escalating use of genomic testing and targeted therapies, pancreatic cancer
endures as a condition characterised by bleak long-term survival rates, underscoring the needs for sustained
research efforts and innovative methodologies to enhance outcomes.

The microenvironment of pancreatic cancer tumours is crucial in the progression of cancer, its
dissemination to distant sites, and its resistance to therapeutic interventions. Consisting of diverse
elements like stromal cells, immune cells, and soluble substances, this microenvironment interacts with
cancerous cells and has an impact on the disease’s outcomes®’. The stroma, a major element of the
tumour mass, acts as a key factor in promoting tumour development, assisting in cancer metastasis, and
obstructing drug delivery, which consequently contribute to therapy resistance®. Additionally, the crosstalk
between pancreatic cancer cells (PCCs) and the surrounding stroma has been identified as a contributor
to an immunosuppressive tumour microenvironment (TME), impacting both T-cell proliferation and
polarization®. Moreover, the interplay among developing tumour cells, stromal cells, and immune cells in
the microenvironment of pancreatic ductal adenocarcinoma (PDAC) has repercussions on the epithelial-
mesenchymal transition (EMT), ultimately impacting the cancer’s aggressiveness and the patient’s
prognosis’®. The microenvironment of pancreatic cancer tumours is significantly influenced by immune cells
and has a pivotal role in both tumour advancement and treatment results. The immunosuppressive milieu
of pancreatic cancer is characterized by the accumulation of diverse cytokines and immunosuppressive
cells like myeloid derived suppressor cells (MDSCs), tumour-associated macrophages (TAMs), cancer-
associated fibroblasts (CAFs), and regulatory T cells (Tregs), which presents challenges for immunotherapy
approaches that target the immune checkpoints, stromal cells, or cytokines within the TME?.

MDSCs are recognised for their significant involvement as a predominant subset of immunosuppressive
cells within pancreatic cancer!?. Immature myeloid cells (IMCs) representing myeloid progenitor cells are
typically present in the bodies of healthy individuals and do not have immunosuppressive functions.
The development of MDSCs is facilitated by chronic inflammatory conditions commonly associated
with conditions such as cancers, chronic infections, and autoimmune diseases®*?*>. In instances of
chronic infection or cancer, a reduction in the number of peripheral myeloid cells leads to enhanced
myelopoiesis and cell migration prior to their full differentiation, resulting in the accumulation of myeloid
cells exhibiting potent immunosuppressive properties®!’. Owing to their myeloid lineage and functions,
this heterogeneous cell population has been termed MDSCs?.

MDSCs have a pivotal role in the advancement of pancreatic cancer through the establishment of
an immunosuppressive environment within the tumour, consequently facilitating immune evasion and
cancer progression®®. They carry out immunosuppressive functions that promote tumour growth and
dissemination, eventually leading to unfavourable clinical consequences through the creation of an
immunosuppressive TME. The distinguishing characteristic of MDSCs lies in their capacity to hinder
the cytotoxic functions of various immune cells, such as T cells and natural killer (NK) cells, thereby
contributing to unfavourable clinical consequences in pancreatic cancer patients?-22,
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Several factors play a role in the immunosuppression observed in the TME, facilitating tumour
progression, and significantly reducing treatment efficacy and patient prognosis. For instance, ligands
like Galectin-8 that bind to receptors such as LILRB4 can stimulate the proliferation of MDSCs through
specific signalling pathways like STAT3 while suppressing others like NF-kB%. Research studies have shown
that factors derived from pancreatic cancer or pancreatic stellate cells (PSCs) promote the differentiation
of neutrophils into MDSCs, ultimately resulting in the establishment of an immunosuppressive
microenvironment!??*2>, These factors include interleukin-6 (IL-6), granulocyte macrophage colony-
stimulating factor (GM-CSF), stromal-derived factor-1 alpha (SDF-1a), and macrophage colony-
stimulating factor (M-CSF) derived from PCC line®. In addition, the presence of these factors in PSC-
conditioned media has been linked to the activation of the Nrf2 pathway, leading to the elevation of
metabolic genes associated with cell proliferation and ROS detoxification, thereby enhancing MDSCs
differentiation in pancreatic ductal adenocarcinoma cell lines?.

Collectively, the enhancement of MDSCs differentiation and functionality is facilitated by the secreted
molecules originating from PCCs and PSCs. Nevertheless, the precise impact of MDSCs proliferation and
the reciprocal influence between PCCs and PSCs on MDSCs proliferation have not been definitively
elucidated. Therefore, the current investigation aims to explore the effects of conditioned media derived
from PCCs and PSCs on MDSCs viability and proliferation, as well as on the viability and proliferation of
PCCs and PSCs when subjected to the secreted molecules from one another.

PATIENTS AND METHODS
Cell line and cell culture

The human PCC cell lines PANC10.05 and SW1990 were obtained from American Type Culture Collection
(ATCC; Manassas, VA, USA). Cells were maintained in Dulbecco’s Modified Eagle’s medium (DMEM)
supplemented with 10% heat-inactivated FBS, and 1% penicillin and streptomycin (Kyoto, Nacalai
Tesque, Japan). The immortalised human PSC line, hPSC21-S/T was derived from a resected pancreas
from a patient that was undergoing surgery for pancreatic cancer?’. They were maintained in Dulbecco’s
Modified Eagle medium/Ham’s F-12 supplemented with 10% heat-inactivated FBS, and 1% penicillin and
streptomycin. During the experiment, PCCs and PSCs were cultured in 1:1 ratio of DMEM: DMEM/Ham’s
F12.

Conditioned medium (CM) collection

PCCs and PSCs were seeded at a final density of 1.5 x 10° cells per well in 6-well culture plates (Eppendorf,
Hamburg, Germany). Cells were incubated for 3 days, and the CM was collected and stored at -80°C.

The viability and proliferation of MDSCs
Ethical approval

Written informed consent was obtained from all volunteers that have donated blood for peripheral
blood mononuclear cells (PBMCs) isolation and the following experiments. The protocol of this study
was approved by Joint Committee on Research Ethics, International Medical University, Malaysia.

PBMC:s isolation

Whole blood was donated by volunteers and collected in Vacutainer® blood collection tubes with
anticoagulant (EDTA or heparin). The blood was then layered on top of histopaque-1077 (Sigma-Aldrich,
St. Louis, MO, USA) in a 1:1 ratio and centrifuged for 30 minutes at 400 x g. After centrifugation,
the opaque interface containing the mononuclear cells was aspirated and washed with phosphate
buffered saline solution (PBS) thrice. After the last wash, supernatant was discarded, and the pellet was
resuspended with 1 mL of culture medium.




4 CONDITIONED MEDIA AND CELLULAR PROLIFERATION

Treatment of PBMCs with CM

PBMCs (2 x 10¢ cells per well) were seeded in 6-well culture plates, and CM collected from PCCs, and
PSCs were added to achieve a concentration of 10% (total volume per well = 3 mL). As each cell line had
a different growth rate, normalisation was performed (formula shown below) to adjust the final volume
of CM used to treat the PBMCs. This would avoid potential bias due to the difference in concentration
of secreted proteins in CM (CM from groups with a lower cell number will have lower concentration of
secreted proteins from PCCs and/or PSCs).

standard cell number * X 300 uL

Normalised CM volume =
ormaltise volume Number Of cells

* standard cell number
= cell number for the group with the highest number of cells

Cells were cultured for 7 days with medium changed on day 3. After 7 days, the cells were harvested for
the subsequent assays.

MDSCs isolation

CM collected from PCCs and PSCs were used to treat isolated PBMCs for 7 days to induce MDSCs
differentiation. As a control, PBMCs were also seeded without CM treatment to access the suppressive
properties of uninduced MDSCs. On day 7, the uninduced and CM-induced MDSCs were isolated
using an immunomagnetic positive selection isolation kit (Stemcell Technologies, Vancouver, Canada).
Isolated MDSCs were then seeded in 96-well plate at a density of 0.25 x 10* cells per well and incubated
overnight.

Cell viability assay for MDSCs

The isolated CM-induced MDSCs were treated with CM at the concentrations of 10%, 20% and 30%.
Both the uninduced MDSCs and untreated MDSCs were seeded as control. The cell viability was then
assessed using CellTiter-Glo® Luminescent Cell Viability Assay at 48 hours (Promega, Madison, VI, USA).

BrdU proliferation assay for MDSCs

The isolated CM-induced MDSCs were treated with CM at the final concentrations of 30%. Both the
uninduced MDSCs and untreated MDSCs were seeded as control. After 24 hours, BrdU reagent was
added and incubated for another 24 hours. The cell proliferation was then assessed using the BrdU Cell
Proliferation Kit according to the manufacturer’s instructions (Millipore, Darmstadt, Germany), and the
results were obtained by reading the plate using a spectrophotometer microplate reader set at dual
wavelength of 450/550 nm (Infinite® M Plex, Tecan, Zurich, Switzerland).

Cell viability assay for PCCs

PCCs were seeded at a final density of 1.5 x 10° cells per well in 6-well culture plates and incubated
overnight (Eppendorf, Hamburg, Germany). After incubation, the seeded PCCs were treated with the
CM collected from PSCs at the concentrations of 10%, 20%, and 30% for a total duration of 24- and 48
hours. To access the cell viability, CellTiter 96° AQ,_,. One Solution Cell Proliferation Assay (MTS) was
added at the end of each timepoints, and further incubated for 4 hours (Promega, Madison, WI, USA).
Lastly, the absorbance at 490 nm was recorded using a microplate reader (Infinite® M Plex, Tecan, Zurich,
Switzerland).
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Cell viability assay for PSCs

PSCs were seeded at a final density of 1.5 x 10° cells per well in 6-well culture plates and incubated
overnight (Eppendorf, Hamburg, Germany). After incubation, the seeded PSCs were treated with the
CM collected from PCCs at the concentrations of 10%, 20%, and 30% for a total duration of 24- and 48
hours. To access the cell viability, CellTiter 96° AQ,, . One Solution Cell Proliferation Assay (MTS) was
added at the end of each timepoints, and further incubated for 4 hours (Promega, Madison, WI, USA).
Lastly, the absorbance at 490 nm was recorded using a microplate reader (Infinite® M Plex, Tecan, Zurich,
Switzerland).

Statistical analysis

All experiments were performed in triplicates and statistical analysis was performed using Statistical
Package of Social Sciences (SPSS) software (version 25; IBM, Armonk, NY, USA). Analysis of Variance
(ANOVA) was carried out, followed by Duncan post-hoc test to analyse the differences among groups. A
p-value less than or equal to 0.05 was considered significant.

RESULTS
Effect of CM on the proliferation of MDSCs

For control purposes, we have included the uninduced-MDSCs, which consists of MDSCs isolated from
PBMCs without CM treatment, and the untreated induced-MDSCs, which consists of MDSCs isolated
from PBMCs with CM treatment. The aim of this inclusion is to conduct a comparative analysis in
terms of the cellular proliferation of the MDSCs that undergo differentiation in the absence of secreted
molecules originating from PCCs or PSCs, in contrast to the MDSCs that differentiate in the presence of
these secreted molecules in the CM.

All induced-MDSCs exhibited higher proliferation rate in comparison to uninduced-MDSCs following
exposure to CM. This observation suggests that the components present in the CM stimulate the
proliferation or facilitate the survival of MDSCs, with the induction process likely involving differentiation
mechanisms that enhance cell survival. The cellular proliferation of all groups of induced-MDSCs increased
as the concentration of CM increased. This dose-dependent effect implies that elevated levels of CM offer
a greater amount of stimulatory or supportive factor for MDSCs proliferation. As the MDSCs were exposed
to 30% CM, those treated with SW1990 cells CM displayed proliferation rate that was at least twice as
high as those treated with PANC10.05 cells CM, and approximately four times greater than those treated
with PSCs CM. This comparison highlights that the CM derived from SW1990 cells contains factors that
significantly enhance MDSCs proliferation compared to CM from PANC10.05 cells and PSCs (Figure 1a).

As we stained the MDSCs with BrdU after CM treatment, both treated and untreated induced MDSCs
exhibited an increased rate of cell proliferation in comparison to uninduced MDSCs (Figure 1b). This
observation suggests that the components present in CM have the capability to stimulate or enhance
the proliferation of MDSCs, thereby facilitating their growth and proliferation. MDSCs that were
induced by CM and exposed to 30% CM displayed a decreased proliferation rate when compared to
induced-MDSCs that did not undergo CM treatment. This implies that although CM initially fosters the
proliferation of MDSCs at lower concentrations, higher concentrations or prolonged incubation could
potentially result in a threshold. Notably, at a concentration of 30% CM, induced-MDSCs treated with
CM from PANC10.05 cells and PSCs showed notably reduced proliferation rates in contrast to induced-
MDSCs without CM exposure. Conversely, induced-MDSCs treated with CM from SW1990 cells at 30%
CM displayed a proliferation rate that was akin to induced-MDSCs that did not receive CM treatment.
This discrepancy indicated that SW1990 cells CM may have factors that better sustain or enhance MDSC
proliferation compared to PANC10.05 cells CM and PSCs CM even with further CM exposure.

Cellular proliferation of PCCs and PSCs

To examine the impact of secreted proteins on PCCs and PSCs regarding cellular proliferation, the CM of
PCCs were collected and employed as a treatment on PSCs, and reciprocally.
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The data presented in Figure 2a demonstrates a significant increase in the proliferation rate of
PSCs following exposure to 30% of media conditioned by PANC10.05 cells after a 48-hour incubation
period. This observation implies that the components within the CM derived from PANC10.05 cells may
exert a stimulatory influence on the proliferation of PSCs. In contrast to the outcomes associated with
PANC10.05 cells CM, PSCs treated with SW1990 cells CM exhibited a gradual decline in proliferation
rate, evident at both the 24-hour and 48-hour intervals. The diminishing viabilities suggest that SW1990
cells CM does not sustain or facilitate the proliferation of PSCs (Figure 2b).

Following a 48-hour incubation period with media that had been conditioned by PSCs, the
PANC10.05 cells demonstrated a significant elevation of proliferation rate in all concentrations. This
observation implies that factors found in the CM originating from PSCs have the ability to prompt or
sustain the proliferation of PANC10.05 cells. The observed increment suggests a potential beneficial
impact of factors derived from PSCs on the growth of PANC10.05 cells throughout the duration of the
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incubation (Figure 3a). When exposed to a 10% concentration of PSCs CM, SW1990 cells initially displayed
an enhancement in cellular proliferation following a 48-hour period. Nevertheless, with an increase in
the concentration of PSCs CM beyond 10%, a noticeable decline in the cellular proliferation of SW1990
cells was observed. This highlights a concentration-dependent influence of PSCs CM on SW1990 cells,
wherein lower concentrations initially promote cellular proliferation while higher concentrations could
prove to be detrimental (Figure 3b).

DISCUSSION

In this investigation, the impact of PCC-CM and PSC-CM on the stimulation of MDSCs differentiation
and their proliferative characteristics was examined, alongside exploring the influence of the secreted
molecules from PCCs and PSCs on each other’s proliferation rates.

In this study, two assays were employed to examine MDSCs proliferation from various aspects. The
CellTiter-Glo” Luminescent Cell Viability Assay measures ATP levels to indicate viable cells with active
metabolism. Conversely, the BrdU labelling method incorporates BrdU into newly synthesized DNA,
allowing for the quantification of actively proliferating cells. As shown in Figure 1a, media conditioned
by PCCs and PSCs exhibited a notable impact on enhancing the proliferation of induced MDSCs. MDSCs
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that were induced by CM demonstrated a higher proliferation rate in comparison to the non-induced
MDSCs. Therefore, it was inferred that the differentiated MDSCs had a higher rate of proliferation
compared to immature MDSCs. When compared between the induced MDSCs, it was found that the
cellular proliferation is directly correlated with the concentration of CM. Furthermore, the CM from
SW1990 cells demonstrated a better efficacy in promoting cell proliferation. This was indicated by the
notably higher proliferation rate observed, in comparison to PANC10.05 cells and PSCs treated groups.
Interestingly, the groups treated with PANC10.05 cells and PSCs CM showed a considerably lower
proliferation rate as compared to the untreated group in the BrdU cell proliferation assay (Figure 1b).
Even the group treated by SW1990 cells CM was merely showing a proliferation rate on par with the
untreated group. These results were inconsistent with the cellular proliferation assay shown in (Figure
1a) and it is noteworthy that the CellTiter-Glo® Luminescent Cell Viability Assay measures the total
number of viable cells based on ATP levels, reflecting overall cell viability and metabolism. In contrast,
the BrdU assay measures the rate of DNA synthesis, serving as an indicator for cellular proliferation.
Thus, cells that proliferate rapidly will show higher BrdU readings compared to cells that proliferate
more slowly, even if the total number of cells is the same. Additionally, the CellTiter-Glo® Luminescent
Cell Viability Assay assesses cellular proliferation over a 48-hour period, whereas BrdU incorporation
is limited to the final 24 hours. Consequently, the peak in cellular proliferation that may have occurred
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during the initial 24 hours would not be detected by the BrdU assay. Besides, we postulate that there
may be a threshold for CM-induced MDSCs proliferation, in which the proliferation will be halted once
the secreted molecules in the CM have been depleted or after a certain duration.

The proliferation of MDSCs is profoundly influenced by the tumour microenvironment, which varies
across different organs and tumour types?. This environment is shaped by a complex interplay of
cytokines, growth factors, and the unique characteristics of different MDSC subsets?®. Consequently, the
proliferation rates of MDSCs can vary significantly depending on the specific local conditions. In particular
to the MDSC subsets, the polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs), which
account for more than 90% of the overall MDSCs, have been documented to lack proliferative capacity in
comparison to the monocytic myeloid-derived suppressor cells (M-MDSCs)*%3!. This phenomenon may
elucidate why an overall increase in proliferation rate was not observed, especially if the predominant
population of the CM-induced MDSCs was PMN-MDSCs, which inherently lack proliferative activity.
Nonetheless, this proposition requires confirmation through further research concentrating on the
specific subsets of MDSC that were elicited by the CM.

Other than that, we suggest that the discrepancy between the cellular proliferation rate exhibited
by both PCC lines was due to the upregulated Pentraxin 3 (PTX3) in SW1990 CM, which support the
proliferation of MDSCs32. PTX3 is an inflammatory molecule that plays a role in tumour progression by
interacting with various signalling pathways. PTX3 was identified as being elevated not only in pancreatic
adenocarcinoma but also in a variety of cancer types. Its increased levels were noted to be linked with
an unfavourable prognostic factor, the metastasis of disease, and potentially serving as a distinctive
indicator for early diagnosis of pancreatic cancer as well as for differentiating between malignant and
benign pancreatic conditions***’. In a Cell Counting Kit-8 (CCK8) assay, the growth of glioblastoma
cells was suppressed when PTX3 was knocked down, in which the study has demonstrated that PTX3
negatively influenced cellular autophagy, resulting in enhanced cellular survival and proliferation in
glioblastoma cells®®. Additionally, the reduction in PTX3 expression led to a decreased proliferation rate
in breast cancer and cervical cancer cells, as evidenced in the investigation®%4°. Suppression of PTX3
activity significantly diminished the impact of metastasis-related cellular mechanisms such as cellular
chemotaxis, migration, adhesion, and invasion, which play a critical role in cellular proliferation®. In
summary, these studies suggest that PTX3 upregulation exerts a positive influence on cellular proliferation
in various cancer cell lines, underscoring the therapeutic potential of targeting PTX3 to impede tumour
development and progression by inhibiting the expansion of immunosuppressive MDSCs.

As there is a keen interest in investigating the interplay between PCCs and PSCs regarding cellular
proliferation, with potential implications on cancer metastasis and invasion, the corresponding CM from
each cell type were obtained and subjected to reciprocal treatment. When PSCs were treated with CM
derived from PANC10.05 cells, the marginal increase in the proliferation rate of PSCs indicates that
PANC10.05 cells may secrete molecules that have the potential to promote the proliferation of PSCs
in the long term (Figure 2a). Conversely, the declining cellular proliferation in SW1990 cells CM treated
group suggests that the factors released by SW1990 cells might not be conducive to PSCs proliferation,
hinting at a possibly unfavourable or inhibitory effect of the components in the CM derived from
SW1990 cells (Figure 2b).

As we treat the PANC10.05 cells with CM derived from PSCs, the increased cell viabilities imply that
PSCs may release molecules that stimulate the proliferation of PANC10.05 cells (Figure 3a). Whereas
for the SW1990 cells, the results showed an initial rise in cellular proliferation at a lower concentration
of PSCs CM, followed by a decline at higher concentrations, suggesting a multifaceted interplay (Figure
3b). This indicates that certain components in PSCs CM might have a positive impact on SW1990 cells at
lower levels but could become less beneficial or even detrimental at higher concentrations.

Figure 4 summarises our findings on the relationship between MDSCs, PANC10.05 cells, SW1990
cells and PSCs. In general, it was found that PANC10.05 cells and PSCs promote the proliferation of each
other while SW1990 cells work synergistically with MDSCs. Our inference suggests that this variance is
attributable to the particular stage of the tumour from which the cell lines were derived; specifically, the
PANC10.05 cells originated from a primary tumour, while the SW1990 cells originated from a metastatic
tumour. We postulate that in the initial stages of pancreatic carcinoma, the PCCs will work synergistically
with PSCs to enhance the immunosuppression in the TME, including the recruitment of immature
MDSCs. During this period, the PCCs and PSCs will mutually enhance their proliferation rates, which may
be contributed by the upregulated Granulin (GRN) in PANC10.05 cells®2. Granulins are smaller peptides
that are cleaved from the Progranulin (PGRN) precursor. Overexpression of PGRN has been detected
in various malignancies, such as lung cancer, breast cancer, and other solid tumours*“3. Within these
specific tissues, elevated levels of PGRN facilitate the advancement of tumours by stimulating cellular
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Figure 4. Summary of the cellular proliferation of PCCs, PSCs, and MDSCs.

processes including but not limited to cell proliferation, migration, invasion, angiogenesis, malignant
progression, resistance to chemotherapeutic agents, and evasion of immune surveillance**. A recent
investigation has demonstrated that PGRN not only has the capability to enhance proliferation in a cell
line of papillary thyroid carcinoma (PTC), but it also has the ability to impede the process of apoptosis
in these PTC cells. As indicated by their flow cytometry analysis, PGRN hinders apoptosis by facilitating
the transition of PTC cells from G1 phase to the S phase, resulting in decreased rates of apoptosis.
Overexpression of PGRN leads to increased anti-apoptotic proteins such as BCL2 and CyclinD1, while
reducing the levels of pro-apoptotic proteins like BAX and BAD, subsequently restraining apoptosis.
Conversely, depletion of PGRN induces the opposite outcome, characterised by decreased expression of
BCL2 and CyclinD1, and increased expression of BAX and BAD, thereby enhancing the apoptosis of PTC
cells. Moreover, PGRN triggers the JAK2-STAT3/4 signalling pathway, which further contributes to the
inhibition of apoptosis in PTC cells*. According to their findings, it can be inferred that the upregulation
of GRN within PANC10.05 cells might have played a role in supporting their intrinsic cellular growth
and suppressing apoptotic processes, consequently leading to a progressive enhancement in cell
survival rates. However, as the disease advances to the metastatic stage, the PCCs and PSCs will not
stimulate each other’s proliferation to the same extent as observed in the primary tumour stage due to
the downregulated GRN. Instead, the PCCs will shift their focus towards promoting the proliferation of
mature MDSCs to further establish an immunosuppressive microenvironment.

CONCLUSIONS

One limitation of this research pertains to the lack of investigation into the cell death mechanism, leading to
uncertainty regarding whether the reduced cell viability has resulted from cell death. Ultimately, the bioactive
secreted proteins from PCCs and PSCs demonstrate the capability to stimulate MDSCs with increased
proliferation rates without necessitating direct cell-cell interactions. Additionally, the factors derived from the
primary tumour cell were observed to sustain the proliferation or survival of cancer cells in comparison to those
from the metastatic tumour cell. These discoveries shed new lights for future research endeavours focusing
on the development of immunotherapeutic tailored for early-stage cancers, aiming to impede the cellular
proliferation of cancer cells to prevent disease metastasis or suppress the proliferation of immunosuppressive
cells for improved therapeutic interventions. Last but not least, the proposed differentially expressed proteins
could serve as valuable indicators for the early detection of cancer.




11 CONDITIONED MEDIA AND CELLULAR PROLIFERATION

ARTIFICIAL INTELLIGENCE:

Artificial Intelligence was used in streamlining the search for pertinent academic papers and extracting essential insights from
each article. Authors declare that there is no plagiarism in the manuscript, including figures.

AUTHOR CONTRIBUTIONS:

Ket Li Ho, Sook Han Ng, and Norsharina Ismail have contributed to the conception and design of the study. Atsushi Ma-
samune established and provided the cell line, as well as offered valuable advice throughout the project. The material
preparation, data acquisition, interpretation and analysis were performed by Yuen Ping Chong, Suriani Samsudin, Dina
Athariah Bahrani, and Chung Han Chang. The first draft of the manuscript was written by Yuen Ping Chong, and all authors
were included in the validation and final approval of the version of the article to be published.

CONFLICT OF INTEREST:
The authors declare that they have no conflict of interest to disclose.

DATA AVAILABILITY STATEMENT:

The datasets generated during and/or analysed during the current study are available from the corresponding author on
reasonable request.

ETHICS COMMITTEE APPROVAL:

This study was conducted in accordance with the Declaration of Helsinki of 1975 (as revised in 2013), and the protocol was
reviewed and approved by the Ethical Board of IMU University.

FUNDING:

The study was funded by the Fundamental Research Grant Scheme (FRGS), Malaysian Ministry of Higher Education (Grant
number: FRGS/1/2018/SKK08/IMU/03/2), and the IMU University, Bukit Jalil [Grant number: PHMS 1-2022 (01)].

INFORMED CONSENT:
All subjects provided written informed consent for inclusion before they participated in the study.

ORCID ID:

Ket Li Ho: https://orcid.org/0000-0002-9605-1018

Yuen Ping Chong: https://orcid.org/0009-0004-5849-168X
Atsushi Masamune: https://orcid.org/0000-0001-7184-7282
Sook Han Ng: https://orcid.org/0000-0002-9552-8523
Norsharina Ismail: https://orcid.org/0000-0002-2580-8300

REFERENCES

1. Kolbeinsson HM, Chandana S, Wright GP, Chung M. Pancreatic Cancer: A Review of Current Treatment and Novel Therapies.
JInvest Surg 2023; 36: 2129884.

2. Bailey P, Zhou X, An J, Peccerella T, Hu K, Springfeld C, Blichler M, Neoptolemos JP. Refining the Treatment of Pancreatic
Cancer From Big Data to Improved Individual Survival. Function (Oxf) 2023; 4: zgad011.

3. Blackburn KW, Hanna NN, Williams RT. Impact of Tumor Location on Long-Term Survival for Pancreatic Cancer. J Am Coll Surg
2022; 235:S50.

4. Buddle E, Jaffer R, Adiamah A, Wong T, Murugan V, Wong Z, Lobo DN. 0147 The incidence and impact of pattern of metastases
on treatment strategy and outcomes for patients with pancreatic cancer. BrJ Surg 2023; 110.

5. Aaltonen P, Carpén O, Mustonen H, Puolakkainen P, Haglund C, Peltola K, Seppdnen H. Long-term nationwide trends in the
treatment of and outcomes among pancreatic cancer patients. Eur J Surg Oncol 2022; 48: 1087-1092.

6. Kleeff J, Beckhove P, Esposito |, Herzig S, Huber PE, Lohr JM, Friess H. Pancreatic cancer microenvironment. Int J Cancer 2007;
121: 699-705.

7. Wang$§, LiY, Xing C, Ding C, Zhang H, Chen L, You L, Dai M, Zhao Y. Tumor microenvironment in chemoresistance, metastasis
and immunotherapy of pancreatic cancer. Am J Cancer Res 2020; 10: 1937-1953.

8. Feig C, Gopinathan A, Neesse A, Chan DS, Cook N, Tuveson DA. The Pancreas Cancer Microenvironment. Clin Cancer Res
2012; 18: 4266-4276.

9. Delitto D, Delitto AE, DiVita BB, Pham K, Han S, Hartlage ER, Newby BN, Gerber MH, Behrns KE, Moldawer LL, Thomas RM, George
TJ, Jr, Brusko TM, Mathews CE, Liu C, Trevino JG, Hughes SJ, Wallet SM. Human Pancreatic Cancer Cells Induce a MyD88-Depen-
dent Stromal Response to Promote a Tumor-Tolerant Immune Microenvironment. Cancer Res 2017; 77: 672-683.

10. Karamitopoulou E, Wartenberg M, Galvan JA, Zlobec |, Lugli A, Perren A. Abstract 447: Tumor microenvironment in pancreatic
cancer (PDAC): interplay between tumor cells, stromal cells and immune cells. Cancer Res 2015; 75: 447-447.




12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

CONDITIONED MEDIA AND CELLULAR PROLIFERATION

Li Y, Xiang S, Pan W, Wang J, Zhan H, Liu S. Targeting tumor immunosuppressive microenvironment for pancreatic cancer
immunotherapy: Current research and future perspective. Front Oncol 2023; 13: 1166860.

Dahal A, Hong Y, Kim M. Abstract B21: Elucidating the molecular mechanism of Myeloid Derived Suppressor Cell (MDSC)
divergence in the tumor microenvironment (TME) of pancreatic cancer. Cancer Immunol Res 2022; 10: B21-B21.

loannou M, Alissafi T, Lazaridis I, Deraos G, Matsoukas J, Gravanis A, Mastorodemos V, Plaitakis A, Sharpe A, Boumpas D,
Verginis P. Crucial Role of Granulocytic Myeloid-Derived Suppressor Cells in the Regulation of Central Nervous System Auto-
immune Disease. ] Immunol 2012; 188: 1136-1146.

Dorhoi A, Du Plessis N. Monocytic Myeloid-Derived Suppressor Cells in Chronic Infections. Front Immunol 2018; 8: 1895.
Meyer C, Sevko A, Ramacher M, Bazhin AV, Falk CS, Osen W, Borrello |, Kato M, Schadendorf D, Baniyash M, Umansky V.
Chronic inflammation promotes myeloid-derived suppressor cell activation blocking antitumor immunity in transgenic mouse
melanoma model. Proc Natl Acad Sci U S A 2011; 108: 17111-17116.

Ueda Y, Cain DW, Kuraoka M, Kondo M, Kelsoe G. IL-1R type I-dependent hemopoietic stem cell proliferation is necessary
for inflammatory granulopoiesis and reactive neutrophilia. J Immunol 2009; 182: 6477-6484.

Jordan KR, Kapoor P, Spongberg E, Tobin RP, Gao D, Borges VF, McCarter MD. Immunosuppressive myeloid-derived suppressor
cells are increased in splenocytes from cancer patients. Cancer Immunol Immunother 2017; 66: 503-513.

Gabrilovich DI, Bronte V, Chen S-H, Colombo MP, Ochoa A, Ostrand-Rosenberg S, Schreiber H. The Terminology Issue for
Myeloid-Derived Suppressor Cells. Cancer Res 2007; 67: 425.

Fang X, Lan H, Jin K, Qian J. Pancreatic cancer and exosomes: role in progression, diagnosis, monitoring, and treatment. Front
Oncol 2023; 13: 1149551.

Katoh H. Chapter Fifteen - Targeted delivery and reprogramming of myeloid-derived suppressor cells (MDSCs) in cancer. In:
Amiji MM, Milane LS, editors. Systemic Drug Delivery Strategies: Academic Press 2022; pp. 409-435.

Youn JI, Gabrilovich DI. New roles of Rb1 in expansion of MDSCs in cancer. Cell Cycle 2013; 12: 1329-1330.

Groth C, Hu X, Weber R, Fleming V, Altevogt P, Utikal J, Umansky V. Immunosuppression mediated by myeloid-derived sup-
pressor cells (MDSCs) during tumour progression. Br J Cancer 2019; 120: 16-25.

Wang Y, Sun Y, Deng S, Song T, Wang Y, Xu J. Galectin-8 is a major ligand of LILRB4 prompting MDSC functions in the tumor
microenvironment. bioRxiv 2022; 2022.2007.2027.501694.

Mace TA, Ameen Z, Collins A, Wojcik S, Mair M, Young GS, Fuchs JR, Eubank TD, Frankel WL, Bekaii-Saab T, Bloomston M,
Lesinski GB. Pancreatic Cancer-Associated Stellate Cells Promote Differentiation of Myeloid-Derived Suppressor Cells in a
STAT3-Dependent Manner. Cancer Res 2013; 73: 3007.

Manegold P, Lai KKY, Wu Y, Teo J-L, Lenz H-J, Genyk YS, Pandol SJ, Wu K, Lin DP, Chen Y, Nguyen C, Zhao Y, Kahn M. Differ-
entiation Therapy Targeting the B-Catenin/CBP Interaction in Pancreatic Cancer. Cancers (Basel) 2018; 10: 95.

Takeuchi S, Baghdadi M, Tsuchikawa T, Wada H, Nakamura T, Abe H, Nakanishi S, Usui Y, Higuchi K, Takahashi M, Inoko K, Sato
S, Takano H, Shichinohe T, Seino K-i, Hirano S. Chemotherapy-Derived Inflammatory Responses Accelerate the Formation of
Immunosuppressive Myeloid Cells in the Tissue Microenvironment of Human Pancreatic Cancer. Cancer Res 2015; 75: 2629-
2640.

Hamada S, Masamune A, Takikawa T, Suzuki N, Kikuta K, Hirota M, Hamada H, Kobune M, Satoh K, Shimosegawa T. Pancreatic
stellate cells enhance stem cell-like phenotypes in pancreatic cancer cells. Biochem Biophys Res Commun 2012; 421: 349-354.
Younos IH, Dafferner AJ, Gulen D, Britton HC, Talmadge JE. Tumor regulation of myeloid-derived suppressor cell proliferation
and trafficking. Int Immunopharmacol 2012; 13: 245-256.

Glover A, Zhang Z, Shannon-Lowe C. Deciphering the roles of myeloid derived suppressor cells in viral oncogenesis. Front
Immunol 2023; 14: 1161848.

Condamine T, Kumar V, Ramachandran IR, Youn J-I, Celis E, Finnberg N, El-Deiry WS, Winograd R, Vonderheide RH, English
NR, Knight SC, Yagita H, McCaffrey JC, Antonia S, Hockstein N, Witt R, Masters G, Bauer T, Gabrilovich DI. ER stress regulates
myeloid-derived suppressor cell fate through TRAIL-R—mediated apoptosis. J Clin Invest 2014; 124: 2626-2639.

Youn JI, Kumar V, Collazo M, Nefedova Y, Condamine T, Cheng P, Villagra A, Antonia S, McCaffrey JC, Fishman M, Sarnaik
A, Horna P, Sotomayor E, Gabrilovich DI. Epigenetic silencing of retinoblastoma gene regulates pathologic differentiation of
myeloid cells in cancer. Nat Immunol 2013; 14: 211-220.

Chong YP, Peter EP, Lee FIM, Chan CM, Chai S, Ling LPC, Tan EL, Ng SH, Masamune A, Ghafar SAA, Ismail N, Ho KL. Condi-
tioned media of pancreatic cancer cells and pancreatic stellate cells induce myeloid-derived suppressor cells differentiation
and lymphocytes suppression. Sci Rep 2022; 12: 12315.

Song T, Wang C, Guo C, Liu Q, Zheng X. Pentraxin 3 overexpression accelerated tumor metastasis and indicated poor prognosis
in hepatocellular carcinoma via driving epithelial-mesenchymal transition. J Cancer 2018; 9: 2650-2658.

Chang X, Li D, Liu C, Zhang Z, Wang T. Pentraxin 3 is a diagnostic and prognostic marker for ovarian epithelial cancer patients
based on comprehensive bioinformatics and experiments. Cancer Cell Int 2021; 21: 193.

Goulart MR, Watt J, Siddiqui I, Lawlor RT, Imrali A, Hughes C, Saad A, ChinAleong J, Hurt C, Cox C, Salvia R, Mantovani A,
Crnogorac-Jurcevic T, Mukherjee S, Scarpa A, Allavena P, Kocher HM. Pentraxin 3 is a stromally-derived biomarker for detec-
tion of pancreatic ductal adenocarcinoma. NPJ Precis Oncol 2021; 5: 61.

Ke H-H, Hueng D-Y, Tsai W-C. Low expression of pentraxin 3 and nuclear factor-like 2 implying a relatively longer overall
survival time in gliomas. Chin J Physiol 2019; 62: 35-43.

Kamal MA, Siddiqui I, Belgiovine C, Barbagallo M, Paleari V, Pistillo D, Chiabrando C, Schiarea S, Bottazzi B, Leone R, Avigni R,
Migliore R, Spaggiari P, Gavazzi F, Capretti G, Marchesi F, Mantovani A, Zerbi A, Allavena P. Oncogenic KRAS-Induced Protein
Signature in the Tumor Secretome Identifies Laminin-C2 and Pentraxin-3 as Useful Biomarkers for the Early Diagnosis of
Pancreatic Cancer. Cancers (Basel) 2022; 14: 2653.

Wang Z, Wang X, Zhang N, Zhang H, Dai Z, Zhang M, Feng S, Cheng Q. Pentraxin 3 Promotes Glioblastoma Progression by
Negative Regulating Cells Autophagy. Front Cell Dev Biol 2020; 8: 795.

Wu J, Yang R, Ge H, Zhu Y, Liu S. PTX3 promotes breast cancer cell proliferation and metastasis by regulating PKC breast
cancer, pentraxin 3, protein kinase C, proliferation, metastasis. Exp Ther Med 2024; 27: 124.

Ying T-H, Lee C-H, Chiou H-L, Yang S-F, Lin C-L, Hung C-H, Tsai J-P, Hsieh Y-H. Knockdown of Pentraxin 3 suppresses tumori-
genicity and metastasis of human cervical cancer cells. Sci Rep 2016; 6: 29385.




13

41.

42.

43.

44,

45,

46.

47.

48.

CONDITIONED MEDIA AND CELLULAR PROLIFERATION

Ventura E, Ducci G, Benot Dominguez R, Ruggiero V, Belfiore A, Sacco E, Vanoni M, lozzo RV, Giordano A, Morrione A. Pro-
granulin Oncogenic Network in Solid Tumors. Cancers (Basel) 2023; 15: 1706.

Taci Hoca N, Unsal E, Murat K, Ertiirk A, Capan N. Can serum progranulin level be used as a prognostic biomarker in non-small
cell lung cancer? Monaldi Arch Chest Dis 2022; 93(3). doi: 10.4081/monaldi.2022.2373.

Berger K, Rhost S, Rafnsdéttir S, Hughes E, Magnusson Y, Ekholm M, Stal O, Rydén L, Landberg G. Tumor co-expression of
progranulin and sortilin as a prognostic biomarker in breast cancer. BMC Cancer 2021; 21: 185.

Cheung ST, Cheung PFY, Cheng CKC, Wong NCL, Fan ST. Granulin-Epithelin Precursor and ATP-Dependent Binding Cassette
(ABC)B5 Regulate Liver Cancer Cell Chemoresistance. Gastroenterology 2011; 140: 344-355.e342.

Cheung ST, Wong SY, Leung KL, Chen X, So S, Ng 10, Fan ST. Granulin—Epithelin Precursor Overexpression Promotes Growth
and Invasion of Hepatocellular Carcinoma. Clin Cancer Res 2004; 10: 7629-7636.

Yang D, Wang LL, Dong TT, Shen YH, Guo XS, Liu CY, Liu J, Zhang P, Li J, Sun YP. Progranulin promotes colorectal cancer pro-
liferation and angiogenesis through TNFR2/Akt and ERK signaling pathways. Am J Cancer Res 2015; 5: 3085-3097.

Cheung PF, Yang J, Fang R, Borgers A, Krengel K, Stoffel A, Althoff K, Yip CW, Siu EHL, Ng LWC, Lang KS, Cham LB, Engel
DR, Soun C, Cima |, Schefler B, Striefler JK, Sinn M, Bahra M, Pelzer U, Oettle H, Markus P, Smeets EMM, Aarntzen EHJG,
Savvatakis K, Liffers S-T, Lueong SS, Neander C, Bazarna A, Zhang X, Paschen A, Crawford HC, Chan AWH, Cheung ST, Siveke
JT. Progranulin mediates immune evasion of pancreatic ductal adenocarcinoma through regulation of MHCI expression. Nat
Commun 2022; 13: 156.

Dong Y, Tan H, Wang L, Liu Z. Progranulin promoted the proliferation, metastasis, and suppressed apoptosis via JAK2-STAT3/4
signaling pathway in papillary thyroid carcinoma. Cancer Cell Int 2023; 23: 191.




