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Zusammenfassung (Deutsch):

Bauchspeicheldriisenkrebs ist ein hoch invasiver bodsartiger Tumor, der
zundchst kaum Symptome zeigt und bei spiter Diagnose eine sehr geringe
Uberlebensrate aufweist. Trotz Fortschritten bei den bestehenden
Behandlungsmethoden ist die Langzeitiiberlebensrate weiterhin niedrig, was
den dringenden Bedarf an neuen Therapieansitzen unterstreicht. Die
Immuntherapie als Behandlungsstrategie gegen die Tumorevasion hat in den
letzten Jahren bei verschiedenen malignen Tumoren deutliche Fortschritte
gemacht. Das Ansprechen des Pankreaskarzinoms auf die Immuntherapie ist
jedoch begrenzt, weshalb die Suche nach weiteren potenziellen

Therapiezielen von grofler Bedeutung ist.

CD96 ist ein transmembranes Immunglobulin, dessen wichtigster Ligand
CD155 ist und das hauptsichlich auf NK-Zellen und CD8" T-Zellen
exprimiert wird, und reguliert die Immunantwort. In jlingster Zeit wurde
jedoch festgestellt, dass CD96 in verschiedenen Tumoren, einschlieBlich
Bauchspeicheldriisenkrebs, iberexprimiert wird. CD96 spielt eine wichtige
Rolle bei Prozessen wie Tumorevasion und Metastasierung. Ziel dieser
Studie ist es, das Potential von CD96 als immuntherapeutisches Ziel bei
Bauchspeicheldriisenkrebs zu untersuchen, indem die Expression von CD96
in Immunzellen, die Expression von CD155 in
Bauchspeicheldriisenkrebszellen und die Expression von [FN-y nach Zugabe
von rekombinantem CD155-Protein und CD96-Antikérpern in PBMCs

analysiert wird.

Die Forschungsergebnisse zeigen, dass CD155 in grolen Mengen auf der
Oberfliche von Pankreaskrebszellen exprimiert wird, wihrend CD96 in
grolen Mengen auf der Oberfliche von CD8" T-Zellen exprimiert wird. Die
Zugabe von rekombinantem CDI155-Protein zu PBMCs, die T-Zellen
enthalten, fiithrt zu einer Abnahme der Effektorfahigkeit der CD8" T-Zellen,
was jedoch durch die Hemmung der Bindung zwischen CD96 und seinem

Liganden CD155 teilweise wiederhergestellt werden kann.



Basierend auf diesen Ergebnissen wurde CD96 als ein potenzieller
Angriffspunkt fiir eine Immuntherapie bei Bauchspeicheldriisenkrebs
identifiziert. Die Blockade von CD96 konnte die Immunabwehrstrategie des
Tumors umkehren und die Effektorfahigkeit des korpereigenen
Immunsystems wiederherstellen, um das Wachstum und die Metastasierung
des Tumors zu unterdriicken. Um die Ubertragung von CD96 als klinisches
Therapieziel zu erreichen, ist es jedoch notwendig, die molekularen
Mechanismen von CD96 im Immunabwehrsystem des
Bauchspeicheldriisenkrebses im Detail zu verstehen und konkrete

Behandlungsmethoden zu erforschen.

Zusammenfassend wurde CD96 als potenzielles immuntherapeutisches Ziel
bei Bauchspeicheldriisenkrebs identifiziert. Immuntherapeutische Strategien,
die auf CD96 abzielen, haben das Potenzial, die Prognose und das Uberleben
von Patienten mit Pankreaskarzinom zu verbessern. Die klinische
Anwendung erfordert jedoch weitere Forschung und Validierung, unter
anderem préklinischer und klinischer Studien. Ein besseres Verstindnis der
immunregulatorischen Mechanismen von CD96 konnte neue Wege fiir die

Immuntherapie des Pankreaskarzinoms eroffnen.



Abstract (English):

Pancreatic cancer, as a highly invasive malignant tumor, exhibits
inconspicuous early symptoms, resulting in extremely low survival rates on
late-stage diagnosis. Despite some progress in existing treatment methods,
long-term survival rates remain low, highlighting the urgent need for new
therapeutic strategies. Immunotherapy, a treatment strategy targeting tumor
immune evasion mechanisms, has made significant breakthroughs in various
malignant tumors in recent years. However, pancreatic cancer shows a
limited response to immunotherapy, underscoring the crucial significance of

identifying additional potential treatment targets.

CD96, a transmembrane immunoglobulin with its primary ligand CD155,
mainly found in NK cells and CD8" T cells, participating in immune response
regulation. Recent research has found high expression of CD96 in various
tumors, including pancreatic cancer. CD96 is vital for processes like tumor
immune evasion, invasion, and metastasis. This study examines CD96’s
expression in immune cells, CD155 expression in pancreatic cancer cells,
and IFN-y expression following the addition of CD155 recombinant protein
and CD96 antibodies to PBMCs, with the goal of exploring CD96's

possibility as an immunotherapy point for pancreatic cancer.

The results indicate that pancreatic cancer cells abundantly express CD155
on their surface, while CD8" T cells exhibit high surface expression of CD96.
Adding CD155 recombinant protein to PBMCs reduces the IFN-y expression
by CD8" T cells, which could be partially restored by blocking the
connection between CD96 and its ligand CD155.

Based on these findings, we identify CD96 as a potential target point for
immunotherapy in pancreatic cancer. Blocking it may reverse the tumor's
immune evasion strategy, restoring the capacity of the patient's immune
system to inhibit tumor growth. However, the transformation of CD96 into a
clinical treatment target requires a deeper understanding of its molecular

mechanisms in the pancreatic cancer immune evasion system, along with the



exploration of specific treatment methods.

In conclusion, CD96 could be recognized as a potential immunotherapy
target for pancreatic cancer. Through immunotherapeutic strategies targeting
CD96, there is optimism for improving the prognosis and survival rates of
individuals with pancreatic cancer. However, further research and validation,
including preclinical studies and clinical trials, are still necessary for clinical
application. A comprehensive grasp of the immune regulatory mechanisms
of CD96 and the optimization of treatment strategies may pave the way for

new avenues in the immunotherapy of pancreatic cancer.
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1. Introduction

1.1 Present status of pancreatic cancer

Pancreatic cancer has been recognized to be one of the fatal cancer
phenotypes. Pancreatic cancer is a type of malignancy that arises from the
malignant transformation of pancreatic cells. These tumor cells can grow
rapidly, occupying the living space of normal cells, and invade other tissues
[1-2]. The most common type is exocrine adenocarcinoma, accounting for
around 85% of cases, followed by endocrine carcinoma (5%) [3]. Despite
poor understanding of its specific etiology, it has been revealed to be induced
by factors including smoking history, age, and obesity. Patients with
advanced pancreatic cancer may experience obvious symptoms such as
weight loss, stomach discomfort, digestive issues, itching of the skin and
jaundice [4-5]. However, pancreatic cancer often presents with no obvious
symptoms or signs at the early stage. Moreover, its symptoms may resemble
other diseases such as gastritis or peptic ulcers, leading to misdiagnosis
frequently. Once diagnosed, pancreatic cancer cells may have already spread
to or invade other tissues and organs, resulting in poor prognostic outcomes

[6-7].

Although pancreatic cancer is not among the most common cancers, it ranks
seventh globally in terms of mortality (Figure 1). The morbidity and
mortality of pancreatic cancer are the highest in North America and Europe
(Figure 2). In 2018, the number of newly diagnosed pancreatic cancer
reached approximately 460,000 casesd worldwide, with 432,242 reported
deaths, indicating a remarkably high mortality [8-9]. Pancreatic cancer
patients may experience significantly improved postoperative outcomes with
advancements in medical techniques [10]. According to a statistical
estimation in the Europe and the US in the 1990s, about 95% of patients who
developed pancreatic cancer died within five years following surgery, but
this mortality decreased to 91% by 2019 [11-12]. The proposed high

mortality in pancreatic cancer patients is mainly attributed to its diagnosis at
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advanced stages. Therefore, it highlights the necessity and urgency of late-

stage patient treatment to improve their survival [13].

Estimated number of deaths in 2020, World, both sexes, all ages

Lung
1796 144 (18%)

Other cancers
3932 768 (39.5%)
Colorectum
935 173 (9.4%)
Liver
830 180 (8.3%)
Pancreas Stomach
466 003 (4.7%) 768 793 (7.7%)
Oesophagus Breast
544 076 (5.5%) 684 996 (6.9%)
Total : 9 958 133
Data source: : Globocan 2020 International Agency for Research on Cancer
Graph production: Global Cancer ) st

Obsenvatory (http/qeo.iarc fr)

Figure 1: Estimated number of deaths of different cancers around the

world in 2020
Data sources: GLOBOCAN 2020 (https://gco.1arc.fr/)

Estimated age-standardized incidence and mortality rates (World) in 2020, pancreas, both sexes, all ages

Northern America

Europe

Oceania

Latin America and the Caribbean

M Incidence

W Mortality
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Intaionl Ageocyfo Resesrchon Cancer
ASR (World) per 100 000 @)
Ornasion

Figure 2: Estimated age-standardized incidence and mortality rates of

pancreatic cancer globally in 2022

Data sources: GLOBOCAN 2020 (https://gco.1arc.fr/)
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1.2 Treatment for pancreatic cancer

Cancer treatment has always been a topic of concern for medical experts. Its
prevention and control can be broadly categorized into three stages: primary
prevention; the detection and treatment in early-stage malignancy; and
improvement of life quality along with extending survival time [14].
Generally, the second stage is usually a focus for healthcare institutions.
Anatomically, pancreatic cancer is featured by deep alocation in the abdomen,
no typical early symptoms, and high risk of hematogenous metastasi owing
to vascular invasion, leading to higher possibility of diagnosis at the
advanced stages [15]. Hence, to realize effective pancreatic cancer treatment,
the key lies in early screening and diagnosis. In actual clinical practice, the
concept of early detection, despite appealing, reveal inferior clinical
application. An American preventive medicine institution has given a
pancreatic cancer screening program a rating of just "D" in the general
population, due to its extremely low incidence (approximately 1/10,000), the
associated high costs, and psychological burden of false positives [16]. Thus,
a more feasible approach involves screening individuals whose family
members have medical history of pancreatic cancer, pancreas cystic lesion,
diabetes, persistent pancreatitis, and over 50-year-old populations. Methods
available for early diagnosis of pancreatic cancer include medical imaging,

pathological examination, serological testing, and liquid biopsy [17-18].

It is critical for screening high-risk populations of pancreatic cancer.
However, efficient, and appropriate treatments can also contribute to
lowering the death rate of individuals diagnosed with advanced pancreatic

cancer, while also improving their quality of life after diagnosis [19].

Surgery is currently the only therapeutic option with the possibility of cure
for patients with pancreatic cancer diagnosed at an advanced stage [13,20].
In 1882, Professor Friedrich Trendelenberg in Germany performed the
world's first pancreatic cancer resection [21]. Although the patient died from
postoperative complications, subsequent global improvements and

refinements in surgical techniques have significantly enhanced the
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postoperative survival of patients. However, the overall post-operative 5-

year survival rate is still below 20%, necessitating complementary treatment

strategies [22-23].

When surgery is feasible for some patients, a common treatment approach
involves surgery followed by postoperative chemotherapy [24]. Currently,
chemotherapy for pancreatic cancer patients has made great progress,
although there is still a lack of specific targeted chemotherapy drugs for
pancreatic cancer [25]. Generally, chemical agents are used during
chemotherapy to kill actively proliferating tumor cells. However, its non-
selective toxicity may disturb the function of normal cells, triggering side
effects such as myelosuppression, gastrointestinal reactions, liver damage,
neurotoxicity, and renal toxicity [26]. As an FDA-authorized drug for
pancreatic cancer treatment, gemcitabine can act by inhibiting DNA
synthesis through the production of its metabolite difluorodeoxycytidine
diphosphate [27]. In a clinical trial (1997) on the efficacy of gemcitabine,
nearly a quarter of pancreatic cancer patients had a better rate of post-
treatment survival compared the control group [28]. The relatively inferior
clinical outcome may be explained by the low tumor vascularization and
poor tumor stromal permeability, which may block the penetration of drugs
to the central region of tumor [29]. It was reported that gemcitabine
combined with other drugs, such as albumin-bound paclitaxel, would
improve the clinical outcomes [30]. Another important therapeutic agent for
pancreatic cancer is S-fluorouracil (5-FU), which primarily limits the
production of thymidine, an essential component in reproduction of DNA.
Despite nonobvious effect when used alone, 5-FU combined with other
chemotherapeutic agents has achieved promising outcomes [31]. In 2011,
Conroy et al. evaluated a combined therapy known as "FOLFIRINOX",
showing significantly improved postoperative survival time for pancreatic
cancer patients compared to gemcitabine-only treatment group. However, the
"FOLFIRINOX" resulted in more adverse reactions, neutropenia especially.

Overall, the "FOLFIRINOX" may be a more effective and preferable



17
therapeutic option for advanced pancreatic cancer. However, its higher

number of combined drugs may result in more significant side effects, mainly
gastrointestinal reactions such as malignant vomiting and diarrhea [32]. In
addition, other regimens may also induce varying degrees of side effects,
such asneutropenia or thrombocytopenia caused using gemcitabine alone
[30]. Altogether, rational use of chemotherapeutic agents can extend the
survival of patients to some extent yet accompanied by possible side effects.
It may lead to the presence of additional ailments in these patients,
preventing them from achieving a normal quality of life. Therefore, it is

crucial to develop more effective drugs with fewer side effects.

There have been rapid advancements in immunotherapy recently, including
progress in immunotherapeutic approaches for pancreatic cancer, which will

be introduced in detail as follows:
1.3 The application of immunotherapy in pancreatic cancer

Immunotherapy in pancreatic cancer can be roughly classified as cancer

vaccines, CAR-T cell therapy, and immune checkpoint blockade (ICB) [33].
1.3.1 Cancer vaccines

Cancer vaccines can carry tumor-specific antigen to immune cells using
tumor cells, peptide, dendritic cells, DNA, or microRNAs. Immune cells can
be activated, upon receiving antigen information, and subsequently eliminate
relevant tumor cells [34]. Earlier studies have documented preliminary
therapeutic effects in patients using pancreatic cancer vaccines [35-37].
However, no such therapeutic effects on pancreatic cancer patients were
observed in later clinical trials. In a Phase III trial, adjuvant vaccine named
“algenpantucel-L” showed no significant postoperative benefits for
pancreatic cancer patients [38]. In another Phase III trial, a GV1001 vaccine
derived from tumor-associated autoantigen human telomerase reverse
transcriptase produced no favorable clinical outcomes when compared with
chemotherapy [39]. In addition, a type of allogeneic pancreatic cancer

vaccine (GVAX) did not show significant therapeutic effect when used
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together with chemotherapy versus chemotherapy alone [40]. Overall, the

clinical efficacy of cancer vaccines remains modest when applied for treating

pancreatic cancer.
1.3.2 CAR-T cell therapy

CAR-T cell therapy is another cancer immunotherapy that involves genetic
modification of patient-derived T cells to express chimeric antigen receptors
which can identify antigens on cancer cells. This activation enables T cells
to kill tumor cells, with confirmed effect on blood cancers, but no similar
function in solid malignancies including pancreatic cancer [41-42].
Challenges for CAR-T cell therapy in solid tumors include physical barriers
created by abundant fibrotic tissue in the tumor microenvironment (TME),
shared antigens between tumors and normal tissues, immunosuppressive
TME, and late-stage diagnosis of pancreatic cancer with widespread
metastasis [43]. Thus, there is still moderate outlook for CAR-T cell therapy

currently.
1.3.3 ICB therapy

T cells perform a vital part among anticancer immune system reactions [44].
They express co-stimulatory or co-inhibitory molecules, also known as
immune-mediated checkpoints, which can regulate the proliferation and
differentiation of T cells [45]. In the process of tumor growth, most of
immunological checkpoints can decrease T cell responses while preventing
immune surveillance [46]. The immunological checkpoints PD-1 and CTLA-
4 are well-studied immune checkpoints in the last years [47-48]. Supported
by encouraging results about ICB therapy in solid tumors, drugs targeting
PD-1 (Nivolumab and Pembrolizumab) and those targeting CTLA-4
(Tremelimumab and Ipilimumab) have been approved by FDA for melanoma
treatment [49]. Nivolumab alone can effectively increase the prognosis of
patients with skin cancer, lung carcinoma, or renal carcinoma [50]. However,
ICB monotherapy failed to show effective clinical outcomes in individuals
with pancreatic cancer [51]. But more effective results were reported when

combined with different checkpoint blockers. For example, in a Phase II trial,



19
Tremelimumab combined with Durvalumab outperformed Durvalumab

monotherapy in the aspect of clinical response for patients with pancreatic
cancer [52]. Therefore, combination ICB-based combined therapy is more
effective than monotherapy, yet with limited well-studied checkpoints (e.g.,
PD-1 and CTLA-4) currently. The development of more immune-mediated
checkpoint blockers, such as CD96, holds significant promise for providing

additional therapeutic options for pancreatic cancer patients.
1.4 CD96

1.4.1 Structure of CD96

The immunoglobulin superfamily (IgSF), a concept emerged in the previous
century, is a protein family with structural and functional relevance,
functioning significantly in the immune system and other intercellular
interactions. Members of the IgSF have one or more extracellular
immunoglobulin domains [53]. CD96 from the [gSF, commonly referred to
as TACTILE, was identified by PL Wang et al. in 1992 [54]. In SDS-PAGE
assays, CD96 appeared as a 160 kDa protein under reducing condition and
as 160, 180, or 240 kDa under non-reducing conditions. The nucleotide
sequence encoding CD96 is 1.5 kb in length, starting with the ATG initiation
codon [54]. CDY6 is composed of an external area, a neck area, a domain of
the transmembrane, and a cytosolic area [55]. In general, the extracellular
domain of immunoglobulins can be categorized into three sub-domains of C,
V, and H domains, with 55-60, 65-75, and 35-55 residues between cysteine
residues, respectively [54]. CD96 has three domains, with two subtypes
possessing different Ig folding in the second domain by alternative splicing
in humans [56]. Subtype 1 has 568 amino acids in the extracellular region,
with V-V-C domains, while subtype 2 owns either an I or C domain in the
second Ig domain, resulting in V-I/C-C domains [56]. Mouse CD96 shares
similar extracellular structure with the second subtype of human CD96 [55].
CD96 has a flexible neck area close to the transmembrane region which are
abundant with serine, proline and threonine residues and a rod-shaped
structure [57]. The transmembrane domain of CD96 is a shared domain
among other members of the IgSF. The cytosolic region contains a Y XXM

motif (note: not existed in mouse CD96), an ITIM motif, and a P-rich area
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[55] (Figure 3).

Putative !lIgd inl; Igd in2 'lgd in 3! Semiflexible rod i Glycocalyx Plasma | P-rich; ITIM | YXXM
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Figure 3: Structure of CD96

The picture comes from one of our reviews piblished previously: Feng S,
Isayev O, et al. CD96 as a Potential Immune Regulator in Cancers. Int J Mol
Sci. 2023 Jan 9;24(2):1303.

1.4.1.1 The ITIM and YXXM motifs in the CD96 structure

The C domain of human CD96 structure has two different motifs of ITIM
and YXXM, while mouse CD96 contains ITIM motif only [58]. Typically,
the term motif is a nucleotide sequence pattern with specific biological
functions, which is widely present in the genome and crucial in regulating
gene expression or other biological processes. In gene regulation, proteins
bind to specific nucleotide sequences to exert their specific functions. These
specific nucleotide sequences, known as motifs, can exist in DNA or RNA.
According to the category of negative inhibitory or positive stimulatory
motifs [59-60], ITIM is a negative inhibitory motif, typically composed of
6-8 amino acids, including a pair of tyrosine residues that can inhibit signal
transduction [61]. Immune receptors [e.g., antibody receptors or T cell

receptors (TCR)] may be activated after binding to their respective ligands,
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during which there may be phosphorylation of tyrosine residues of immune

receptor. Phosphorylated ITIM can function as a signaling molecule to
recruit protein tyrosine phosphatases (PTPs), enzymes eliminating phosphate
groups on protein tyrosine residues to deactivate relevant signaling
molecules. Therefore, ITIM acts as inhibitor in the immune system, which
can downregulate cell activation status, keep immune balance, and prevent
excessive activation that may trigger abnormal immune responses. This
mechanism 1s important to prevent autoimmune diseases and maintain
immune homeostasis [62]. Additionally, CD96 also contains a positive
stimulatory motif of YXXM. These motifs are frequently observed in the
cytosolic regions on TCR, which is an extracellular receptor recognizing
antigens presented by major histocompatibility complexes. The tyrosine
residues in the YXXM motif will be phosphorylated when TCR bind to an
antigen and become activated. There will be an emergence of signaling
transduction complex when phosphorylated Y XXM binds to adapter proteins.
Then, the formed complex can activate downstream signaling molecules to
produce protein kinases and phosphatases, leading to the upregulation of
intracellular signaling pathways, eventually the stimulation, expansion, and
functional expression of T lymphocytes [63]. Generally, immune
checkpoints have single effective motifs. For example, the PD-1 immune
checkpoint has inhibitory motifs ITIM and ITSM; CTLA-4 has the inhibitory
motif ITIM; and TIGIT has inhibitory motifs ITIM and ITT [64-66].
However, CD96 contains both negative inhibitory motif ITIM and the
positive stimulatory motif TXXM. So far, there is still a poor understanding
of the exact impact of CD96 on immune cell function, whether is inhibitory
or stimulatory. Nevertheless, CD96 was reported to predominantly play an
inhibitory role in immune cell function when binding with antigens [67-68].
For instance, CD96, in collaboration with PD-1, could downregulate the
activity of CD8" T cells, and hence a combined use of CD96 and PD-1
blockade could be adopted for treating cervical cancer [69]. In addition,
restricting the connection between CD96 along with its ligand CD155 can

restore the immunotoxicity of NK cells against liver cancer [70]. At this stage,
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further investigation is required to uncover the underlying reasons for these

observations.
1.4.2 Expression of CD96

Initially, CD96 was identified due to its increased expression in the late
stages of T cell activation [54]. CD96 appears primarily by CD8" T cells and
CD56%" NK cells in human beings and mice. In CD4" T cells, CD96 was
expressed in effector memory cells [71]. At mRNA level, CD96 was highly
expressed NK and T cells, and moderately expressed in B cells, lymph nodes,
etc, with little expression within the small intestine, granulocytes, bone
marrow, and other tissues. CD96 protein production was detected primarily
within cell membraneand in cytoplasm [72]. CD96 expression exhibited
significant difference between healthy and tumor tissues based on data
sourced from different databases. Specifically, different findings were
observed in Oncomine and TCGA databases, both strong tools for obtaining
cancer gene information. For example, Oncomine-sourced data indicated
high CD96 mRNA levels in breast, brain, kidney, and blood cancers; while
TCGA-sourced data revealed elevated CD96 mRNA levels in breast,
leukemia, cervical, ovarian, endocervical, cholangiocarcinoma, colon,
glioblastoma, renal, head and neck, liver, esophageal, pancreatic, melanoma,
gastric, and testicular cancer. In addition, reduced CD96 mRNA expression
was observed in lung cancer and thyroid cancer [72]. Furthermore, to clarify
the potential role of CD96 expression in pan-cancer immune infiltration, the
ESTIMATE method was employed to calculate the percentages of stromal
cell populations, immune cells, and their combined percentages within the
TME, represented by stromalscore, immunescore and estimatescore.
Consequently, the study revealed strong correlations of CD96 expression
with stromalscore in colon cancer, glioblastoma, and head and neck cancer;
with immunescore in breast cancer, cervical cancer, endocervical cancer, and
cholangiocarcinoma; as well as with estimatescore in cervical, colon, and
esophageal cancer. All these discoveries supported the involvement of CD96

expression in the immune infiltration processes of malignant malignancies
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[72]. In addition, according to the data retrieved from the TIMER 2.0, a

database used to analyze immunological infiltration, CD96 expression was
positively correlated with most immune cells, such as NK cells, neutrophils,
and T cells; but negatively associated with myeloid-derived suppressive
lymphocytes only. In other words, CD96 expression may play an essential

part in the immunological invasion of most immune cells [72].
1.4.3 Ligand of CD96

CD15S5 is the major receptor of CD96. TIGIT, CD96 and CD226 have been
documented to attach with the same receptor of CD155 to exhibit immune-

regulatory roles [55] (Figure 4).

Comparable to the IgSF, CD155 has conservative amino acid and structural
domain properties, which was first recognized to be a poliovirus receptor
[73-74]. CD155 is the fifth member in the nectin-like molecule family,
therefore also referred to as necl-5, relates to the nectin-like cellular relatives,
comprising four nectins and five nectin-like molecular. These molecules,
with features comparable to adhesion proteins, also also accepted as
important players of cell attachment and division [75-77]. Furthermore,
CD96 contains three extracellular domains, among which just the outer V
region can attach to CD155, while the remaining second and third regions
influence how they interact [56]. Although CD155 is rarely detected in
normal tissues, it was measured with increased levels in melanoma, lung
cancer, pancreatic cancer, etc. [78-82]. Meanwhile, the upregulation of

CDI155 in tumor tissues would usually predict poor prognosis [79-81].

Simultaneously, TIGIT acts as an inhibitory immunoglobulin protein found
on NK and T cells, composing of an external immunoglobulin variable

region, a transmembrane region, and a cytosolic region [83-85].

CD226 (or DNAM-1/Nectin-2), is a costimulatory checkpoint that can be
detected in NK cells, T cells, monocytes/macrophages, dendritic cells, B

cells, and various other cell types [86-89].
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Figure 4: CD96 and it’s ligand CD155

The picture comes from one of reviews published previously: Feng S, Isayev
O, et al. CD96 as a Potential Immune Regulator in Cancers. Int J Mol Sci.
2023 Jan 9;24(2):1303.

1.4.4 Mechanisms of CD96 in regulating tumor immunity
1.4.4.1 CD96 regulates NK Cells

NK cells are innate lymphocytes, accounting for almost 15% of all
circulatory lymphocytes, which can protect the immune system from the
attack of viruses and cancer cells [91]. In general, human NK cells fall into
two categories of CD56*€MCD16  (less developed and less effective
cytokine generator) and CD569™CD16" (advanced type with cytotoxicity)
[91-92]. Most of NK cells in bloodstreams are CD564™CD16%, with
CD56*e"CD16™ accounting for <15% [91]. As for the types of molecules
with different functions on the surfaces of NK cells, the stimulating
molecules particularly connect to virus-infected or malignantly altered cells;
while the inhibitory molecules can detect receptors on healthy cells and
deliver inhibiting signals to NK cells, thus protecting the healthy cells from
the attack of NK cells [75].
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CD96 is an inhibitory protein found on NK cells. CD96 on the surface of NK

cells can binds with its ligand CD155, which may activate PI3K/AKT and

other signaling pathways to downregulate the growth and activity of NK cells,
as well as its the secretion of cytotoxic factors (e.g., IFN-y), resulting in

compromised anti-tumor or anti-bacterial capabilities [93-95].

In addition to inhibit the activity of NK cells, CD96 can also promote the
attachment ability of NK cells, which may facilitate the adhesion of NK cells
to target cells expressing CD155. Meanwhile, CD96 can interact with CD155

to enhance surface molecule exchange between NK and target cells [96].
1.4.4.2 CDY6 regulates CD8" T cells

Compared to studies focusing on the regulatory role of CD96 in NK cells,
there is a few research about the regulation of CD96 on CD8" T cells. The
intracellular region of CD96 contains the inhibitory motif ITIM. After the
phosphorylation of ITIM, it can downregulate the activity of T cells by
recruiting tyrosine phosphatases that inactivate relevant signaling molecules
[97]. The binding of CD96 to CD155 can inactivate signaling pathways such
as PI3K/AKT, which may diminish their cytotoxic factors such as IFN-y by
suppressing the growth and activity of CD8" T cells [98-99]. It has been
reported that CD96 antibodies could effectively prevent the development of
colon cancer, fibrosarcoma, and melanoma in subcutaneous mice models,
which was independent of NK cells, but relied on CD8" T cells [100]. CD96
also contains a stimulatory motif of YXXM. After the binding of CD96 to
CDI155, phosphorylation of the YXXM motif can activate downstream
signaling molecules, thereby promoting, and activating CD8" T cells [63].
Overall, like TIGIT, CD96 may act as an inhibitory molecule to regulate
CD8" T cells. Considering the current controversies in relevant studies,
further in-depth studies are necessitated to decipher the regulatory role of

CDY96 in CD8" T lymphocytes.
1.5 Respiration in immune cells

The respiratory capacity of immune cells, or their metabolic activity,
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especially their methods of energy production and utilization, remains a key

participant in the response of the immune system [101]. Mitochondrial
respiration and glycolytic pathways are two major types related to the
respiratory capacity of immune cells. To be specific, mitochondrial
respiration is defined as the performance of aerobic respiration by immune
cells using mitochondria, which may generate a large amount of ATP through
the tricarboxylic acid cycle and the electron transport chain [102]. Upon
activation, different types of immune cells rely on mitochondrial respiration
to varying degrees. For instance, mitochondrial oxidative phosphorylation
can meet the basal metabolic needs of lymphocytes in a resting state
primarily. Activated lymphocytes also require supplementary energy
generated by glycolysis, in addition to energy from mitochondrial respiration

[103].

A large amount of ATP produced by respiratory metabolism may satisfy the
energy demands of immune cells for exerting their stimulation, proliferation,
and effector functions. It also facilitates the synthesis and secretion of a
substantial number of cytotoxic factors, such as IFN-y, TNF-a [104]. Factors
produced during the respiratory metabolism of immune cells can also
enhance their secretion of cytotoxic factors. For instance, reactive oxygen
species generated during mitochondrial respiration can act as signaling
molecules to promote the activation and cytotoxic capabilities of immune

cells, thereby encouraging their secretion of more cytotoxic factors [105].

Immune checkpoints including PD-1, CTLA-4, and CD96 may decrease the
metabolic function of immune cells, particularly glycolysis and oxidative
phosphorylation. It may further weaken their energy supply and metabolic
intermediate production, resulting in reduced synthesis and secretion of
cytotoxic factors [106]. It can be interpreted that immune checkpoints can
further reduce the effector functions of immune cells by regulating their
metabolic state, besides inhibiting immune cell activity directly via signal
transduction. This understanding may provide a theoretical basis of the use

of immune checkpoint blockers in immunotherapy for tumors.
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1.6 Objectives of the study

The present study aims primarily to examine the possible therapeutic
function of the immune checkpoint receptor CD96 in the treatment of
pancreatic cancer. For this purpose, this study intended to analyze the
expression level of CD96 on CD8™" T cells, as well as its ligand, CD155, on
pancreatic cancer cells. Our subsequent experiments woud focuse on the
activation and inhibition of CD96/CD155 axis to observe changes in [FN-y

and respiration ability.
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2. Materials and Methods

2.1 Materials

2.1.1 Consumables

Consumables Company of source
6-well plates Thermo Fisher Scientific, Roskilde, Denmark
12-well plates Thermo Fisher Scientific, Roskilde, Denmark
96-well plates Thermo Fisher Scientific, Roskilde, Denmark
50 ml pipette Costar, Maine, USA
25 ml pipette Costar, Maine, USA
10 ml pipette Costar, Maine, USA
5 ml pipette Costar, Maine, USA
1.5 ul pipette tips Eppendorf, Hamburg, Germany
10 ul pipette tips Eppendorf, Hamburg, Germany
100 ul pipette tips Eppendorf, Hamburg, Germany
1000 ul pipette tips Eppendorf, Hamburg, Germany
2.0 ml tips Eppendorf, Hamburg, Germany
1.5 ml tips Eppendorf, Hamburg, Germany
50 ml tube Falcon, Reynosa, Mexico
15 ml tube Falcon, Reynosa, Mexico
7.5 ml Heparin Vacuum Blood Sarstedt, Niimbrecht, Germany
Collection
Cell culture flask (T75) Thermo Fisher Scientific, Roskilde, Denmark
Coverslips Paul Marienfeld GmbH & Co.KG, Lauda-
Konigshofen, Germany
Cryotubes Thermo Fisher Scientific, Roskilde, Denmark
Fluorescence Activated Cell Falcon, New York, USA
Sorting (FACS) tubes
Gloves SHIELD Scientific B.V., Bennekom, Netherlands
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Injector

Sarstedt, Niimbrecht, Germany

Microscope slides

Thermo Fisher Scientific, Roskilde, Denmark

Needle

Sarstedt, Niimbrecht, Germany

2.1.2 Chemicals

Chemicals Company or source identifier
Acetone Sigma-Aldrich, Steinheim, Germany 67-64-1
Agilent Seahorse XFp Agilent technologies, California, USA 103022-100
FluxPak
Aqueous mounting agent Sigma-Aldrich, Steinheim, Germany 108562
BD GolgiStop™ Protein BD Biosciences, New Jersey, USA 554724
Transport Inhibitor
BD Pharmingen™ BD Biosciences, New Jersey, USA 550583
Leukocyte Activation
Cocktail
Biocoll medium Bio&SELL, Nuremberg, Germany BS. L6115
BLOXALL Vector California, California, USA SP-6000
BSA Sigma-Aldrich, Steinheim, Germany A9418
CD155 recombinant R&D systems, Minneapolis, USA 9174-CD-050
protine
Chloroform Sigma-Aldrich, Steinheim, Germany 319988
Corning Cell Tak Corning, NewYork, USA 354240
DMEM Gibco, New York, USA 41966-029
Ethonal PanReac AppliChem, Darmstadt, 131086

Germany
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FBS Sigma-Aldrich, Steinheim, Germany 35079017
Fixation buffer Invitrogen, Waltham, USA 00-8222-49
Hematoxylin Sigma-Aldrich, Steinheim, Germany MHS16
Isopropanol Sigma-Aldrich, Steinheim, Germany 278475
Levamisole Vector California, California, USA SP-5000
Natriumacid Sigma-Aldrich, Steinheim, Germany S2002
PBS PAN-Biotech, Munich, P04-36500
Germany
Penicillin-Streptomycin PAN-Biotech, Munich, P06-07100
Solution Germany
Permeabilization buffer Invitrogen, Waltham, USA 00-8333-56
Poly-D-Lysin Thermo Fisher Scientific, Roskilde, A3890401
Denmark
RNase-free water Qiagen, Hilden, Germany 129112
RPMI 1640 Medium Gibco, New York, USA 21875-034
Seahorse XF 1.0M Glucose | Agilent technologies, California, USA 103577-100
Solution
Seahorse XF 100mM Agilent technologies, California, USA 103578-100
Pyruvate Solution
Seahorse XF 200mM Agilent technologies, California, USA 103579-100
Glutamine Solution
Seahorse XF Calibrant Agilent technologies, California, USA 100840-000
Solution
Seahorse XF RPMI Agilent technologies, California, USA 103681-100
Medium
TBS Sigma-Aldrich, Steinheim, Germany T5912
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Trizol Thermo Fisher Scientific, Roskilde, 15596018
Denmark
Trypsin/EDTA Lonza, St. Louis, USA BE17-161E
Tween-20 Sigma-Aldrich, Steinheim, Germany 9005-64-5
2.1.3 Antibodies
Antibodies Fluorochrome Company of source Identifier
CD155 (Isotype: | Alexa Fluor 647 | BD Biosciences, New Jersey, USA | 566305
Mouse IgG2a)
Isotype control Alexa Fluor 647 | BD Biosciences, New Jersey, USA | 565357
(Mouse IgG2a)
CD96 - Abcam, Cambridge, UK AB81717
CD96 BV421 BD Biosciences, New Jersey, USA | 742794
CD4 BUV395 BD Biosciences, New Jersey, USA | 563550
CD45 BV650 BD Biosciences, New Jersey, USA | 563717
CD3 PerCP Cy5.5 | BD Biosciences, New Jersey, USA | 300430
CD8 APC-H7 BD Biosciences, New Jersey, USA | 560179
IFN-y FITC BD Biosciences, New Jersey, USA | 552882
CD155 (Isotype: - Thermo Fisher Scientific, MAS-
Mouse IgG1) Roskilde, Denmark 13493
Isotype control - Abcam, Cambridge, UK ab91353
(Mouse IgG1)
Biotinylated Horse - Thermo Fisher Scientific, 31806

Anti-Mouse IgG

Roskilde, Denmark
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2.1.4 Primers

Primers Company of source Identifier
CD155 OriGene, Herford, Germany HP209435
GAPDH OriGene, Herford, Germany HP205798

2.1.5 Commercial assays Kits

Product Company or source Identifier

Avidin/Biotin Blocking Kit Vector California, California, USA SP-2001

Dynabeads™ Human T-Activator Thermo Fisher Scientific, Roskilde, 11161D
CD3/CD28 for Expansion and Denmark
Activation of T Cells

QuantiNova SYBR Green PCR Qiagen, Hilden, Germany 208056
Kit

QuantiTect Reverse Transcription Qiagen, Hilden, Germany 205311
Kit

Seahorse XFp Real-Time ATP Agilent technologies, California, USA | 103591-
Rate Assay Kit 100

VECTASTAIN® ABC-AP Kit, Vector California, California, USA AK-5000
Alkaline Phosphatase (Standard)

Vector® Red Substrate Kit, Vector California, California, USA SK-5100
Alkaline Phosphatase (AP)

2.1.6 Apparatus

Apparatus Company of source
Autoclave Unisteri, OberschleiBheim, Germany
Bio-Rad CFX96 Real-Time Bio-Rad Laboratories, California, USA
PCR system
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Centrifuge

Hettich, Ebersberg, Germany

ChemiDoc Imaging System

Bio-Rad Laboratories, California, USA

CO3 Incubator

Binder, Tuttlingen, Germany

Cool Centrifuge

Eppendorf, Hamburg, Germany

DNA workstation

Uni Equip, Martinsried, Germany

Drying cabinet

Thermo Fisher Scientific, Schwerte, Germany

Electronic pH meter

Knick Elektronische Messgerite, Berlin, Germany

FACS Fortessa

BD Biosciences, Heidelberg, Germany

Fridge (4°C, -20°C and -80°C)

Siemens, Munich, Germany

Ice machine

KBS, Mainz, Germany

Inverted light microscope

Nikon, Tokio, Japan

Lamina flow

Thermo Fisher Scientific, Schwerte, Germany

Liquid Nitrogen tank

MVE Goch, Germany

Magnet separator

Thermo Fisher Scientific, Schwerte, Germany

Micro centrifuge

Labtech, Ebersberg, Germany

Micro weigh

Micro Precision Calibration, California, USA

Microscope Olympus, Hamburg, Germany
Pipette boy Eppendorf, Hamburg, Germany
Seahorse XFp Analyzer Agilment, California, USA
Shaker Edmund Biihler, Bodelshausen, Germany
Thermocycler Eppendorf, Hamburg, Germany

Thermomixer comfort

Eppendorf, Hamburg, Germany

Water bath

Memmert, Schwabach, Germany
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2.1.7 Software

Software and version

Company

FlowJo Vesion 10.0

BD Biosciences, Heidelberg, Germany

Graphpad Prism 7.04

GraphPad, Boston, USA

Image-Pro Plus 6.0

Media Cybernetics, Maryland, USA

Wave

Agilent technologies, California, USA

2.1.8 Buffer and solutions

FACS buffer

BSA S8
DPBS 1L
Natriumacid 2 ml
TBST
TBS 10x TBS diluted with double distilled water
Tween-20 0.1%
Seahorse assay medium
Seahorse XF RPMI Medium 9.7 ml
Seahorse XF 200mM Glutamine Solution 100 pl
Seahorse XF 100mM Pyruvate Solution 100 pl
Seahorse XF 1.0M Glucose Solution 100 pl




35

2.2 Methods
2.2.1 Cell culture

The PANC-1, AsPC-1, PSN-1, and MiaPaCa-2 pancreatic cancer cell lines
were bought from ATCC (Manassas, Virginia, USA) and kept in nitrogen-
filled reservoirs at the laboratory of department of General, Visceral, and
Transplantation Surgery of Ludwig Maximilian University. PANC-1 and
MiaPaCa-2 were cultured in DMEM supplemented with 10% FBS and 1%
penicillin-streptomycin, while AsPC-1 and PSN-1 were cultured in RPMI
1640 supplemented with 10% FBS and 1% penicillin-streptomycin. Regular
mycoplasma infection screenings were conducted in our laboratory. These
cell lines were kept inside T75 flasks for culture and incubated in an
incubator with humidity at 37°C and 5% COxz. The culture media was passed

and refreshed every three days.

2.2.2 RNA isolation, reverse transcription and quantitative polymerase

chain reaction (qPCR)
RNA isolation:

To lyse cells, the culture medium was removed, and 1 ml of TRIzol™
Reagent was added per 1x10°-1x107 cells in a T75 culture flask. The lysate
was pipetted upward and downward several times to homogenize it. After
incubating for 5 minutes, the lysate was transferred to a new tube. 0.2 ml
chloroform per 1 ml TRIzol™ Reagent was added to the nucleoprotein
complexes to separate into three different phases. The tube was covered and
shaken vigorously, then placed for 3 minutes. The tube was centrifuged at
12,000 xg for 15 minutes at 4°C. The mixture was divided into three distinct
phases: a lower phenol-chloroform phase, an interphase, and a colorless
upper aqueous phase. The aqueous phase carrying the RNA was transferred
to a fresh tube. 0.5 ml isopropanol per 1 ml of TRIzol™ reagent was added
into the aqueous phase to precipitate RNA. After that, the fresh tube was
placed around 10 minutes at 4°C and spined for 10 minutes at 12,000 xg

during 4°C, then the supernatant was removed with a micro pipettor. To wash
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the pellet, it was resuspended in 1 ml of 75% ethanol per 1 ml of TRIzol™

Reagent. The mixture was vortexed briefly and centrifuged at 7,500 xg for 5
minutes at 4°C. The supernatant was removed, and the RNA pellet was air-
dried for approximately 10 minutes. To resuspend the pellet, it was pipetted
up and down in 50 pl of RNase-free water. The mixture was incubated in a
water bath at 55-60°C for 10 minutes. The RNA was either used immediately

for downstream applications or stored at -80°C.
Reverse transcription:

Following RNA isolation and reverse transcription procedure were
performed to synthesize the RNA into cDNA according to the QuantiTect®
Reverse Transcription Kit. First, the genomic DNA elimination step was
performed on ice according to Table 1. The mixture was vortexed thoroughly,
incubated in the thermocycler at 42°C for 2 minutes, and then immediately

placed on ice.

For the reverse transcription, the primers sequences are listed in Table 2. The
primers were of commercial origin and therefore went all quality control
procedures as described in the datasheet. The reverse-transcription master
mix was prepared on ice according to the instructions in Table 3. Then the
program in Thermocycler was set as: 42°C 15 minutes, 95°C 3 minutes. The
reverse-transcription reactions were put into Thermocycler, then the program
was started. The cDNA products were either used immediately for qPCR or

stored at -20°C for long-term storage.

Component Volume/reaction
RNase-free water Variable
Template RNA, up to 1 ug Variable
gDNA Wipeout Buffer, 7x 2 ul
Total reaction volume 14 pl

Table 1: Genomic DNA removal reaction components
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CD155

Forward sequence

CACTGTCACCAGCCTCTGGATA

Reverse sequence

TCATAGCCAGAGATGGATACCTC

GAPDH

Forward sequence

GTCTCCTCTGACTTCAACAGCG

Reverse sequence

ACCACCCTGTTGCTGTAGCCAA

Table 2: Primer sequnce

Component Volume/reaction
Entire genomic DNA elimination reaction 14 ul
Quantiscript RT Buffer, 5x 4 ul
Quantiscript Reverse Transcriptase 1 pl
Primer 1 pl
Total reaction volume 20 pl

qPCR:

Table 3: Reverse-transcription process components

After reverse transcription, qPCR was performed to measure the expression

of CD155 in four pancreatic cancer cell lines mentioned before using the

QuantiNova SYBR Green PCR Kit. The sample without cDNA was used as

a negative technical control. The housekeeping gene GAPDH served as a

positive control. The gene expression levels of CD155 in various cell lines

were calculated using the

2-ACT

underwent independent triplicate experiments.

values, ACT= CTcpis5-CTgarpu. Each sample

The reaction mixture was prepared according to the protocol in Table 4. The

mixture was vortexed thoroughly before being transferred to qPCR tubes.

Cycling condition is shown in Table 5.
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Component 96-well block, Final concentration
Rotor-Gene
QN ROX Reference Dye 2 ul Ix
2x SYBR Green PCR Master 10 ul Ix
Mix
Primer A Variable 0.7 uM
Primer B Variable 0.7 uM
Template cDNA Variable <100 ng/reaction
RNase-free water Variable -
Total reaction volume 20 pl -

Table 4: Setup of QuantiNovaTM SYBR Green PCR Kit

Step Time Temperature Ramp rate
PCR initial heat activation 2 minutes 95°C Maximal/fast mode
Denaturation 5 seconds 95°C Maximal/fast mode
Combined 5 seconds 60°C Maximal/fast mode
annealing/extension
Number of cycles 40 - -

Table 5: Cycling conditions of QuantiNovaTM SYBR Green PCR
Kit
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2.2.3 Immunocytochemistry (ICC)

To be sure that CD155 is also expressed at the protein level. ICC experiments

with four pancreatic cancer cell lines mentioned before were conducted:

Day 1: For sterilization, cover slips were soaked in 100% alcohol for 10
minutes, then washed three times with PBS. Then cover slips were coated
with Poly-D-Lysine for 5 minutes. The cover slips were placed in 6-well
plates and exposed to UV light for 30 minutes. 5x10° pancreatic cancer cells
were seeded into each well. Finally, culture medium was added to each well
and the plates were incubated in an incubator with humidity at 37°C and 5%

COa.

Day 2: The culture medium was discarded from the 6-well plates and the
plates were gently washed three times with PBS. Acetone (pre-cooled at -
20°C) was added to fix the cells, and the plates were placed at -20°C for 10
minutes. The plates were then washed with TBST for 5 minutes, and this step
was repeated three times. For blocking non-specific binding, the ready-to-
use Avidin solution and Biotin solution were added into the 6-well plates for
20 minutes at room temperature. Then the plates were washed with TBST for
5 minutes and incubated in a mixture of PBS and 3% BSA for 1 hour. CD155
antibodies (1:50 dilution) or isotype control antibodies (1:50 dilution) were

added into the plates, then the plates were incubated overnight at 4°C.

Day 3: The antibodies were discarded from the 6-well plates and then the
plates were gently washed with TBST for 5 minutes, this step was repeated
for three times. Biotinylated Horse Anti-Mouse IgG (1:200 dilution) was
added into the 6-well plates for 30 minutes at room temperature. The 6-well
plates were washed with TBS for 5 minutes, this step was repeated for three
times. The working solution from the ABC-AP Kit was added into the plates,
then the plates were placed for 30 minutes at room temperature. The 6-well
plates were washed with TBS for 5 minutes, this step was repeated for three
times. After that, the working solution from the Vector Red Substrate Kit and
Levamisole was added to the plates, then the plates were incubated in a

humidified chamber for 20 minutes at room temperature. After that, the
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plates were washed with PBS for 5 minutes and then were gently rinsed with

distilled water. After that, the cover slips were briefly put in hematoxylin
solution for 1 second and then rinsed in tap water for 5 minutes. The plates
were observed under a microscope, air-dried completely, and sealed with

neutral resin.

Image-Pro Plus is a sophisticated image analysis software developed by
Media Cybernetics. It is widely used in research and industrial applications
for advanced image processing and quantitative analysis. This software was
used by us to quantify the CD155-positive index in the immunocytochemical
images. First, the intensity calibration was made, then magenta points which
stand for the CD155-positive index were chosen to the points we are
interested in, and the Image-Pro Plus will automatically identify all the
magenta area. Then the IOD (integrated optical density) were measured. The

mean intensity was calculated as the IOD divided by the photo area.
2.2.4 Peripheral blood mononuclear cells (PBMCs) isolation

The blood samples were collected from healthy donors. At the time of blood
collection, the donors had no signs of acute febrile illness. The blood
collection was approved by ethical committee (#02512), and signed

informed consents were collected.

For the PBMC:s isolation, Biocoll medium was pipetted into a 50 ml Falcon
tube, whole blood and PBS were mixed in a 1:1 ratio to dilute the blood. The
PBS-diluted blood was carefully layered on top of the Biocoll medium in a
1:1 ratio, ensuring minimal mixing between the two layers (set the pipetting
speed to the lowest level). The tube was centrifuged with 800 xg/20
minutes/20°C (without break). PBMCs were removed carefully without
sucking up Biocoll medium, then the PBMCs were moved into a fresh 50 ml
Falcon tube. At least 3 volumes of PBS were added to the PBMCs, then the
tube was centrifuged with 300 xg/10 minutes/ 20°C (with break), PBS was
used to resuspend the pellet after discarding the supernatant, then the tube
was centrifuged with 300 xg/10 minutes/ 20°C (with break). Finally, the
PBMCs were resuspended in medium (RPMI + 10% FBS + 1% penicillin-
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streptomycin) after discarding the supernatant for cell counting.

The process of isolating PBMCs can be shown in Figure 5.

/

' i
T PBS Bk

— Ay — >

@\ Biocoll

Figure 5: The process of isolating PBMCs

Centrifuge
e

2.2.5 PBMCs stimulation

For PBMCs stimulation, two methods were applied (Figure 6). First,
Leukocyte Activation Cocktail was used to stimulate PBMCs while

measuring FACS analysis.

PBMCs were resuspended in medium (RPMI + 10% FBS + 1% penicillin-
streptomycin) for cell counting. After counting cells, PBMCs were diluted
into 1x10° cells/ml in the medium. 1 ml PBMCs suspension was transferred
into a 15 ml Falcon tube. To stimulate the PBMCs, 2 ul Leukocyte Activation
Cocktail was added to each tube. At the same time, CD155 recombinant
protine (5 pg/ml, 10 pg/ml, 20 pug/ml) and CD96 antibodies (5 pg/ml) were
added to the treatment groups. The tubes were not closed, the lids were
placed loosely on the tubes to allow gas exchange. The tubes were incubated
in incubator with humidity at 37°C and 5% CO: for 4 hours. 10 ml FACS
buffer was added into 15 ml Falcon tubes to wash PBMCs, supernatant was

discarded after spinning with 300 xg/5 minutes/20°C, this step was repeated
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for two times. Finally, 100 pl FACS buffer was added into the 15 ml Falcon

tube to resuspend PBMCs, then PBMCs were removed to FACS tube. The

PBMC s suspension was ready to do staining for FACS analysis.

For measuring mitochondrial metabolism, Dynabeads™ Human T-Activator

CD3/CD28 was used to stimulate PBMC:s.

PBMCs were resuspended in medium (RPMI + 10% FBS + 1% penicillin-
streptomycin) for cell counting. After counting cells, PBMCs were diluted to
1x10° cells/ml in the medium. 1 ml of the suspension was added to 15 ml
Falcon tubes. 25 pl pre-washed and resuspended Dynabeads were then added
to each tube. At the same time, CD155 recombinant protein (5 pg/ml) and
CD96 antibodies (5 pg/ml) were added to the treatment groups. The tubes
were incubated in incubator with humidity at 37°C and 5% CO: for 48 hours.
The 15 ml Falcon tubes were not closed, the lids were placed loosely on the
tubes to allow gas exchange. The stimulated PBMCs were collected, the
beads were removed with a magnet separator. The stimulated PBMCs were

used directly to measure mitochondrial metabolism.

Unstimulated PBMCs

Dynabeads™ Human T-Activator CD3/CD28

N

[ Leukocyte Activation Cocktail or

Stimulated PBMCs Stimulated PBMCs
Stimulated PBMCs + Stimulated PBMCs + CD155

CD155 recombinant protein | | recombinant protein + CD96 antibodies

Figure 6: The schema of PBMCs stimulation
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2.2.6 FACS measurement

For extracellular staining, FACS tubes were filled with 100 ul PBMCs
suspension (1x10° cells). Extracellular antibodies were added to the FACS
tubes and were incubated for 30 minutes protected from light at room
temperature. 2 ml FACS buffer was added to each FACS tube, then
centrifuged at 500 xg for 5 minutes at room temperature, then supernatant
was discarded. 200-500 pul FACS buffer was added into each FACS tube,
then the PBMCs were ready to be measured.

For the simultaneous extracellular and intracellular staining, FACS tubes
were filled with 100 pl PBMCs suspension (1x10° cells). Extracellular
antibodies were added in the FACS tubes and were incubated for 30 minutes
under the shadows at room temperature. Each FACS tube was filled with 100
ul fixation buffer, and then was placed for 20 minutes in darkness at room
temperature. 2 ml 1x permeabilization buffer was added in each FACS tube
and the FACS tube were spined with 500 xg at room temperature for 5
minutes, then the supernatant was discarded, this step was repeated two times.
Intracellular antibodies were added and incubated for 30-60 minutes in
darkness at room temperature. 2 ml 1x permeabilization buffer was added in
each FACS tube, and then the FACS tubes were spined with 500 xg at room
temperature for 5 minutes, then the supernatant was discarded. 2 ml FACS
buffer was added into each FACS tube, the tubes were spined with 500 xg at
room temperature for 5 minutes, then the supernatant was discarded. Each
FACS tube was resuspended in 200-500 ul FACS buffer, then the PBMCs is

ready to be measured.

The following tables are panels designed for different FACS experiments.

Unstained! - - - -
FMO stim.2 CD4 CD45 CDg8 -
Stim.3 CD4 CD45 CDg8 CD96

Table 6: CD96 Panel: Measuring CD96 expression in CD8" T cells
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! Unstained: PBMCs without any antibody staining.

2FMO stim.: Stimulated PBMCs stained with all antibodies except anti-

CD96 antibodies.

3 Stim.: Stimulated PBMCs stained with all antibodies.

- means no antibody was added.

CD155 Panel

Isotype control

Extra. Staining!

CD155

Table 7: CD155 Panel: Measuring CD155 expression on pancreatic

cancer cells

Isotype control: Pancreatic cancer cells stained with isotype control

antibodies.

! Extra. staining: Extracellular staining.

- means no specific binding with CD155.

IFN-y Panel 1 BV650 | PerCP | FITC
Cy5.5
Unstained! - - - - - -
FMO 1 stim.? CDh4 CD45 CD3 - CDS8 CD96
FMO 2 stim. + CD155 5 pg/ml? CDh4 CD45 CD3 - CDS8 CD96
FMO 3 stim. + CD155 10 pg/ml* CDh4 CD45 CD3 - CDS8 CD96
FMO 4 stim. + CD155 20 pg/ml® CDh4 CD45 CD3 - CDS8 CD96
FMO 5 stim.® CDh4 CD45 CD3 | IFN-y CDS8 -
FMO 6 stim. + CD155 5 pg/ml’ CDh4 CD45 CD3 | IFN-y CDS8 -
FMO 7 stim. + CD155 10 pg/ml® CDh4 CD45 CD3 | IFN-y CDS8 -
FMO 8 stim. + CD155 20 pg/ml’ CDh4 CD45 CD3 | IFN-y CDS8 -
FMO 9 unstim.!? CDh4 CD45 CD3 | IFN-y CDS8 -
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Unstim. ! CD4 | CD45 | CD3 |IFN-y| CD8 | CD%

Stim.'2 CD4 | CD45 | CD3 |IFN-y| CD8 | CD%

Stim. + CD155 5 pg/ml"3 CD4 | CD45 | CD3 |IFN-y| CD8 | CD9%
Stim. + CD155 10 pg/ml'* CD4 | CD45 | CD3 |IFN-y| CD8 | CD9%
Stim. + CD155 20 pg/ml' CD4 | CD45 | CD3 |IFN-y| CD8 | CD9%

Table 8: IFN-y Panel 1: Measuring IFN-y expression when culture

PBMCs with different concentration of CD155 recombinant protein
! Unstained: PBMCs without any antibody staining.

2FMO 1 stim.: Stimulated PBMCs stained with all antibodies except anti-
IFN-y antibodies.

3FMO 2 stim. + CD155 5 pg/ml: Stimulated PBMCs cultured with 5 pg/ml
CDI155 recombinant protein stained with all antibodies except anti-IFN-y

antibodies.

*FMO 3 stim. + CD155 10 pg/ml: Stimulated PBMCs cultured with 10 pg/ml
CDI155 recombinant protein stained with all antibodies except anti-IFN-y

antibodies.

SFMO 4 stim. + CD155 20 pg/ml: Stimulated PBMCs cultured with 20 pg/ml
CDI155 recombinant protein stained with all antibodies except anti-IFN-y

antibodies.

 FMO 5 stim.: Stimulated PBMCs stained with all antibodies except anti-
CD96 antibodies.

"FMO 6 stim. + CD155 5 pg/ml: Stimulated PBMCs cultured with 5 ug/ml
CDI155 recombinant protein stained with all antibodies except anti-CD96

antibodies.

$FMO 7 stim. + CD155 10 pg/ml: Stimulated PBMCs cultured with 10 pg/ml
CDI155 recombinant protein stained with all antibodies except anti-CD96

antibodies.

?FMO 8 stim. + CD155 20 pg/ml: Stimulated PBMCs cultured with 20 pg/ml
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CDI155 recombinant protein stained with all antibodies except anti-CD96

antibodies.

1"FMO 9 unstim.: Unstimulated PBMCs stained with all antibodies except

ant1-CD96 antibodies.

1'Unstim.: Unstimulated PBMCs stained with all antibodies.

12 Stim.: Stimulated PBMCs stained with all antibodies.

13 Stim. + CD155 5 pg/ml: Stimulated PBMCs cultured with 5 pg/ml CD155

recombinant protein stained with all antibodies.

4 Stim. + CD155 10 pg/ml: Stimulated PBMCs cultured with 10 pg/ml

CDI155 recombinant protein stained with all antibodies.

15 Stim. + CD155 20 pg/ml: Stimulated PBMCs cultured with 20 pg/ml

CD155 recombinant protein stained with all antibodies.

- means no antibody was added.

IFN-y Panel 2 BV650 | PerCP | FITC
Cy5.5
Unstained! - - - - - -
FMO 1 stim.? CD4 CD45 CD3 - CDS8 CD96
FMO 2 stim. + CD155 5 pg/ml? CD4 CD45 CD3 - CDS8 CD96
FMO 3 stim. + CD155 5 pg/ml + | CD4 CD45 CD3 - CDS8 CD96
CD96 Ab. 5 pg/ml*
FMO 4 stim.’ CD4 CD45 CD3 IFN-y CDS8 -
FMO 5 stim. + CD155 5 pg/ml® CD4 CD45 CD3 IFN-y CDS8 -
FMO 6 stim. + CD155 5 pg/ml + | CD4 CD45 CD3 IFN-y CDS8 -
CD96 Ab. 5 pg/ml’
FMO 7 unstim.® CD4 CD45 CD3 IFN-y CDS8 -
Unstim.’ CD4 CD45 CD3 IFN-y CDS8 CD96
Stim. !0 CD4 CD45 CD3 IFN-y CDS8 CD96
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Stim. + CD155 5 pg/ml'"! CD4 | CD45 | CD3 | IFN-y | CD8 | CD9%

Stim. + CD155 5 pg/ml + CD96 CD4 CD45 CD3 IFN-y CDg8 CD96

Ab. 5 ug/ml'?

Table 9: IFN-y Panel 2: Measuring IFN-y expression when culture
PBMCs with CD155 recombinant protein and CD96 antibodies

! Unstained: PBMCs without any antibody staining.

2FMO 1 stim.: Stimulated PBMCs stained with all antibodies except anti-
IFN-vy antibodies.

3FMO 2 stim. + CD155 5 pg/ml: Stimulated PBMCs cultured with 5 pg/ml
CDI155 recombinant protein stained with all antibodies except anti-IFN-y

antibodies.

*FMO 3 stim. + CD155 5 ug/ml + CD96 Ab. 5 pg/ml: Stimulated PBMCs
cultured with 5 pg/ml CD155 recombinant protein and 5 pg/ml CD96

antibodies stained with all antibodies except anti-IFN-y antibodies.

SFMO 4 stim.: Stimulated PBMCs stained with all antibodies except anti-
CD96 antibodies.

FMO 5 stim. + CD155 5 pg/ml: Stimulated PBMCs cultured with 5 pg/ml
CDI155 recombinant protein stained with all antibodies except anti-CD96

antibodies.

"FMO 6 stim. + CD155 5 pg/ml + CD96 Ab. 5 pg/ml: Stimulated PBMCs
cultured with 5 pg/ml CD155 recombinant protein and 5 pg/ml CD96

antibodies stained with all antibodies except anti-CD96 antibodies.

8 FMO 7 unstim.: Unstimulated PBMCs stained with all antibodies except
anti-CD96 antibodies.

9 Unstim.: Unstimulated PBMCs stained with all antibodies.
10Stim.: Stimulated PBMCs stained with all antibodies.

H'Stim. + CD155 5 pg/ml: Stimulated PBMCs cultured with 5 pg/ml CD155

recombinant protein stained with all antibodies.
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12Stim. + CD155 5 ug/ml + CD96 Ab. 5 pg/m: Stimulated PBMCs cultured

with 5 pg/ml CD155 recombinant protein and 5 pg/ml CD96 antibodies

stained with all antibodies.
- means no antibody was added.
2.2.7 Mitochondrial metabolism measurement

In order to assess the mitochondrial metabolism of PBMCs under different
treatment conditions, the Seahorse XFp Real-Time ATP Rate Assay Kit was

used.

First, the PBMCs stimulation and treatment were performed as described in
part 2.2.5. For the PBMC:s are better to attach to XFp cell culture microplate,
the Cell-Tak solution was diluted to 22.4 pg/ml, then 25 pl of the diluted
solution was added to each well of the XFp cell culture microplate, and the
microplate was left at room temperature for 20 minutes. Afterward, the
microplate was washed twice with 200 pl of PBS and air-dried. The Cell-
Tak-coated XFp cell culture microplates can be used directly in the following

experiments or stored at 4°C for up to one week.

After that, the Agilent Seahorse XFp Analyzer was turned on and allowed to
warm up overnight. The sensor cartridge was hydrated in the utility plate at

37°C 1n a non-COz incubator overnight.

In the second day, assay medium and XF Calibrant solution were warmed at
37°C non-COz2 incubator at least 2 hours. The water left on the utility plate
was removed, each well of the utility plate was refilled with 200 ul pre-
warmed XF calibrant solution and the moats around the outside of the wells
were filled with 400 pl pre-warmed XF calibrant solution. The sensor
cartridge was put on the utility plate and then was incubated for 45 minutes
within a 37°C non-CO: incubator. After removing beads with a magnet
separator from the stimulated PBMCs, the PBMCs (both stimulated and
unstimulated) were centrifuged with 200 xg at room temperature for 5
minutes and then resuspended in warm assay media with a concentration of

3x10® PBMCs/ml. Next, 50 ul PBMCs suspension (both stimulated and
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unstimulated) was added into each well of the Cell-Tak-Coated XFp cell

cultivation microplate, and 50 pl assay medium was added into the
background well. The Cell-Tak-Coated XFp cell cultivation microplate was
centrifuged with 200 xg (without break) for 1 minute, then carefully
verifying the cells are firmly attached on the microplate’s surface, then the
microplate was moved to a 37°C non-CO; incubator for 30 minutes. After
that, 130 pl warmed assay media was added into each well carefully and
slowly, then the microplate was returned into the incubator for 20 minutes.
Following the preparation of compound working solutions according to the
instructions, the compound working solutions were put into the ports of
sensor cartridge respectively (port A: Oligomycin 20 pl; port B: rotenone +
antimycin A 22 pl). Finally, the assay was run using the Agilent Seahorse

XFp Analyzer. Data analysis was performed with Wave desktop software.
2.2.8 Bioinformatic analysis

For bioinformatic analysis, GEPIA is a web-based platform designed to
enable the interactive exploration of RNA sequencing data from TCGA and
GTEx projects (http://gepia.cancer-pku.cn/index.html). With this platform, it
is possible to analyze and visualize gene expression patterns in various tumor
types and healthy tissues. This platform was utilized to study the expression
levels of CD96 and CDI155 in pancreatic cancer tissues and normal
pancreatic tissues, as well as the overall survival in pancreatic cancer patients

with high and low CD96 expression in pancreatic cancer tissues.
2.2.9 Statistical analysis

All experiments were conducted independently with three replicates each.
The mean and standard deviation (SD) was calculated for each group.
Comparisons among groups were performed using non-parametric
Kruskal-Wallis test or Mann-Whitney test. Significance levels are denoted

as follows: *P<0.05, **P<0.01.
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3. Results

3.1 CDY6 is expressed on CD8'T cells

To determine whether CD8" T cells among PBMCs express CD96, fresh blood
was first obtained from veins of healthy donors. PBMCs were then extracted
and stimulated by Leukocyte Activation Cocktail reagent, and CD96
expression was assessed using FACS analysis. The gating strategy is as shown
in Figure 7, CD8" T cells expressing CD96 were identified as a
CD45"CD8'CD96" population, while the CD4" T cells expressing CD96 were
identified as a CD45"CD4°CD96" population. The results revealed that
stimulated and unstimulated CD8" T cells both express CD96. Notably, the
expression of CD96 in unstimulated CD8" T cells was more pronounced
compared with that in stimulated CD8" T cells. Additionally, we explored
whether CD4" T cells express CD96. The findings indicated that CD96 was
expressed in unstimulated CD4" T cells, but no CD96 expression was observed

in stimulated CD4" T cells (Figure 8).

Therefore, we confirmed that CD96 can be found on CD8" T cells, providing
the basis for us to use CD96 antibodies to block the interaction between CD96
which expressed on stimulated CD8" T cells and its ligand CD155 in the

following experiments.
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Figure 7: Gating strategy to detect CD96 activity on CD8" T cells using

FACS analysis

(A) PBMCs in gate; (B) CD45" cells in gate; (C) CD4'CD96" T cells in Q2;
(D) CD8'CD96" T cells in Q6.
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Figure 8: CD96 expression on CD8" T and CD4" T cells was measured

using FACS analysis

(A) The expression of CD8'CD96" T cells and CD4"CD96" T cells in

unstimulated and stimulated PBMCs using FACS analysis from three

different blood donors; (B) Column graph of the expression of CD8"CD96"

T cells and CD4"CD96" T cells in unstimulated and stimulated PBMCs.

Three independent repeated experiments were performed. All data are
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presented as mean + SD.

Unstained means PBMCs stained without antibodies; Unstim. means

Unstimulated PBMCs; Stim. means Stimulated PBMC:s.

3.2 CD15S5 is expressed on pancreatic cancer cell lines

As mentioned in introduction part, CD155 is the major ligand of CD96. To
investigate the potential efficacy of blocking CD96 for potential therapy of
pancreatic cancer, it is necessary to determine whether CD155 as a protein
can be found on the surface of pancreatic cancer cells. Three different
methods (qPCR analysis, FACS analysis, and ICC) were employed to assess
CDI155 expression in the following pancreatic cell lines: PANC-1, AsPC-1,
PSN-1, and MiaPaCa-2.

In gPCR analysis, varying levels of CD155 expression were observed among
the four pancreatic cell lines (Figure 9). FACS analysis results demonstrated
abundant extracellular expression of CD155 on the cells (Figure 10). The
ICC findings revealed CD155 expression was found on the pancreatic cancer

cells (Figure 11).

In conclusion, after measuring CD155 expression in four pancreatic cancer
cell lines by qPCR analysis, FACS analysis and ICC, we confirmed that

CD155 can be found on pancreatic cancer cells (7able 10).
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Figure 9: CD15S expression on pancreatic cancer cell lines was

measured using qPCR analysis

(A) The expression level of CD155 of four pancreatic cancer cell lines
expressed by the 22T value, ACT= CTcpiss-CTcappn. 1x107 cells in each
pancreatic cancer cell lines were taken to extract RNA and did the qPCR
analysis. Three independent repeated experiments were performed. All data

are presented as mean = SD.
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Figure 10: CD15S5 expression on pancreatic cancer cell lines was

measured using FACS analysis

(A) Detection of CD155 fluorescence signal positive cells on four pancreatic
cancer cell lines using FACS analysis. We used APC-conjugated anti-CD155
to identify extracellular expression of CD155; (B) The median fluorescence
intensity (MFI) of CDI155 fluorescence signal positive cells on four
pancreatic cancer cell lines using FACS analysis; (C) Column graph of
statistical analysis of the MFI of CD155 fluorescence signal positive cells on
four pancreatic cancer cell lines using FACS analysis. Three independent

repeated experiments were performed. All data are presented as mean + SD.
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Figure 11: CD155 expression on pancreatic cancer cells was measured

by ICC

(A) ICC representative pictures of CD155 staining signal positive cells of
four pancreatic cancer cell lines under 20x magnification; (B) Column graph
of CD155 staining signal positive cells of four pancreatic cancer cell lines
by using Image-Pro Plus 6.0 to quantify them. Three independent repeated

experiments were performed. All data are presented as mean + SD.



57

CD155 expression PANC-1 AsPC-1 PSN-1 MiaPaCa-2
qPCR analysis + + + +
FACS analysis + + + +

ICC + + + +

Table 10: Summary of CD155 expression on pancreatic cancer cells by

qPCR analysis, FACS analysis and ICC

+ means CD155 expression can be detected.

3.3 Treatment of activated PBMCs with CD155 recombinant protein
reduced the IFN-y production in activated CD8"CD96" T cells

For the CD8" T cell activation, the Leukocyte Activation Cocktail was used.
Additional stimulation with CD155 recombinant protein was performed as
described in Material and Methods. The gating strategy is as shown in Figure
12. First, CD45" cells were gated from PBMCs. Subsequently, CD3"CD96"
cells were gated from the CD45" population. From CD3"CD96" population,
CD8" cells were selected, and the expression level of IFN-y in the CD8"'CD96"
population was analyzed. After adding 5 pg/ml of CDI155 recombinant
protein to stimulated PBMCs, a reduction in IFN-y expression was observed
in activated CD8" T cells, indicating that when CD96 binds to its ligand
CD155, the production of IFN-y of CD8" T cells decreased. It is noteworthy
that the higher concentrations of CD155 recombinant protein did not reduce

IFN-y production more (Figure 13).

Therefore, this experiment demonstrated that binding of CD96 to its ligand
CD155 led to decreased IFN-y expression in activated CD8" T cells.



58

A 1\ 250K 1 B A sk
200K
< 150K
2
é )
SSC SSC 100K CD45+
50K
0 50K 100K 150K 200K 250K 1200 o 100 10 10
FSC-A Comp-BV650-A :: CD45
> -~
Cdd Cd
FSC CD45
C 4 p D A
10°7
3 0 Q2
s Z 14.4
O 4] T
i 10 z
= “
g 5
CDS8 5 10 <« CD3 g
& &
& ] 3
°2§ 3 - Q
® . o0e63
-1020 102 1'03 1'04 ;05 o ;;'“" 3 3' 4 5
fompOUNGRRA = CDS O CompBVA2-A £ CDO6
a4 >
CD4 \ CD96
E A 250K
200K
< 150K
2
7]
SSC 100K IFN"Y

5
10
Comp-FITC-A :: IFN-y

4 5
10

10°

IFN-y

\ 4

Figure 12: Gating strategy for detecting IFN-y expression level in

activated CD8°CD96" T cells using FACS analysis

(A) PBMCs in gate; (B) CD45" cells in gate; (C) CD8'CD96" and
CD4"CD96" T cells in gates from CD3°CD96" T cells; (D) CD3"CD96" T

cells in Q2; (E) IFN-y fluorescence signal positive cells of activated
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Figure 13: IFN-y fluorescence signal detection in CD8"CD96" T cells

using FACS analysis

Detection of IFN-y fluorescence signal positive cells of CD8* T cells in
unstimulated PBMCs (A), activated PBMCs with 0 ug/ml (B), 5 pg/ml (C),
10 pg/ml (D), and 20 pg/ml (E) CD155 recombinant protein after culturing
4 hours; (F) Column graph of statistical analysis of IFN-y fluorescence signal
positive cells of CD8* T cells in five groups. Three independent repeated
experiments were performed. All data are presented as mean + SD; P-values

were calculated by non-parametric Kruskal-Wallis followed by Dunn’s test.

(**=P<0.01).

Unstim. means Unstimulated PBMCs; Stim. means Stimulated PBMCs.

3.4 Blocking the interaction between CD96 and CD155 restored the IFN-
v production in activated CD8"CD96" T cells

To determine whether IFN-y production in activated CD8" T cells could be
restored by blocking the connection between CD96 and CD155, CD155
recombinant protein and CD96 antibodies were added into activated PBMCs
with stimulation. After 4 hours incubation, FACS analysis was performed to
assess IFN-y production in activated CD8" T cells. The gating strategy is as
shown in Figure 11. First, CD45" cells were gated from PBMCs. Subsequently,
CD3"CD96" cells were gated from the CD45" population. From CD3"CD96"
population, CD8" T cells were selected, and the expression level of IFN-y in
the CD8" T cells was analyzed. The findings showed that, following the
addition of CD96 antibodies, activated CD8" T cells expressed more IFN-y
compared to those without CD96 antibodies (Figure 14).

In conclusion, our experiments demonstrated that blocking the interaction
between CD96 and CDI155 can effectively restore IFN-y production in
activated CD8" T cells.
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Figure 14: FACS analysis of IFN-y expression levels in CD8*CD96" T

cells

Detection of IFN-y fluorescence signal positive cells of CD8" T cells in
unstimulated PBMCs (A), activated PBMCs with 0 pg/ml CDI155
recombinant protein (B), activated PBMC with 5 pg/ml CD155 recombinant
protein (C), and activated PBMCs with 5 pg/ml CD155 recombinant protein
as well as 5 pg/ml CD96 antibodies (D); (E) Column graph of IFN-y
fluorescence signal positive cells in CD8" T cells among four groups. Three
independent repeated experiments were performed. All data are presented as

mean = SD.

Unstim. means Unstimulated PBMCs; Stim. means Stimulated PBMCs; Ab.

means Antibodies.

3.5 Blocking the binding of CD96 and CD155 restored the mitochondrial
respiratory activity of activated PBMCs

As mentioned in the introduction part, immune checkpoints can affect the
killing ability of immune cells by affecting the respiratory metabolism of
immune cells, this experiment aimed to investigate changes in mitochondrial
respiration function after adding CD155 recombinant protein and CD96
antibodies to stimulated PBMCs. The Seahorse XFp analyzer was used to
measure mitochondrial oxygen consumption rate (OCR) using Seahorse XFp
Real-Time ATP Rate Assay Kit as described in Material and Methods. The
results demonstrated a significant increase in OCR in stimulated PBMCs
compared to unstimulated PBMCs. However, following the addition of
CDI155 recombinant protein, the OCR of PBMCs decreased. However, the
subsequent addition of CD96 antibodies restored the OCR of stimulated
PBMC:s to a relatively high level, indicating that blocking the interaction
between CD96 and CD155 can reverse the inhibitory effect on mitochondrial

respiration (Figure 15).

These findings suggested that anti-CD96 antibodies could enhance the
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metabolic activity of stimulated PBMCs by disrupting the interaction

between CD96 and CD155.
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Figure 15: Mitochondrial metabolism analysis of PBMCs

(A) OCR values obtained during mitochondrial metabolism test measured by
Seahorse XFp Analyzer in unstimulated PBMCs, stimulated PBMCs,
stimulated PBMCs cultured with 5 pg/ml CD155 recombinant protein,
stimulated PBMCs cultured with 5 pg/ml CD155 recombinant protein as well
as 5 pg/ml CD96 antibodies, performed by injection of oligomycin and
rotenone + antimycin A (Rot/AA); (B) Column graph of statistical analysis
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of OCR values from four different treatment groups. Three independent

repeated experiments were performed. All data are presented as mean £+ SD;
P-values were calculated by non-parametric Kruskal-Wallis followed by

Dunn’s test. (*=P<0.05).

Unstim. means Unstimulated PBMCs; Stim. means Stimulated PBMCs; Ab.

means Antibodies.

3.6 Bioinformatic analysis demonstrated higher production of CD96 and

CD155 in pancreatic cancer tissues compared to healthy pancreas tissues

To study the expression level of CD96 and CDI155 in pancreatic cancer
tissues, the bioinformatic  analysis online platform  GEPIA
(http://gepia.cancer-pku.cn/index.html) was utilized to assess the CD96 and
CD155 production level in pancreatic cancer using the TCGA database. The
findings demonstrated that the level of expression of CD96 as well as CD155
was higher in pancreatic cancer tissues compared to normal pancreatic
tissues (Figure 16 A-D). The significant overexpression of CD96 and CD155
in pancreatic cancer suggests CD96 is potential to be a possible immune
checkpoint inhibitor. The overall survival of pancreatic cancer patients with
different levels of CD96 expression was then evaluated, the findings
indicated that between the 40th and 70th months after diagnosis, patients
with low CD96 expression had a higher survival rate compared to those with

high CD96 expression. (Figure 16 E).

Overall, the results of bioinformatic analysis show that a higher production
of CD96 and CD155 in pancreatic cancer tissues than in normal pancreatic

tissues.
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Figure 16: Bioinformatic analysis of CD96 and CD155

(A) CD96 expression among the pan-cancer. (B) Box plot of CD96
expression in pancreatic cancer tissues (red bar) and normal pancreatic
tissues (green bar). (C) CDI155 expression among the pan-cancer. (D) Box
plot of CD155 expression in pancreatic cancer tissues (red bar) and normal
pancreatic tissues (gray bar). (E) The overall survival in pancreatic cancer
patients with low and high CD96 expression. P-values were calculated by

Mann-Whitney test. (*=P<0.05).

PAAD means pancreatic adenocarcinoma; num(T) means number of
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pancreatic cancer tissues; num(N) means number of normal pancreatic

tissues; n(high) means number of pancreatic cancer patients’ tissue with high
CD96 expression; n(low) means number of pancreatic cancer patients’ tissue

with low CD96 expression.
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4. Discussion

4.1 Current research and gaps in the study of CD96

Immune checkpoint blockers are promising medications to change the cancer
treatments’ methods [107]. These medications were developed based on an
in-depth knowledge of how the body's immune response works and how
tumors avoid immune system’s attack. Immune checkpoint blockers are
designed to improve the ability of the immune system to kill cancer cells by
removing the immune system's inhibition caused by the connection between

the immune checkpoints and their ligands.

Current immune checkpoint inhibitor drugs mainly target the CTLA-4 and
PD-1. Because cancers are so diverse and complicated, existing immune
checkpoint inhibitors sometimes do not achieve optimal efficacy.
Consequently, the discovery of novel immune checkpoint blockers is critical.
CD96, as a potential immune checkpoint blocker, has already attracted the

attention of some scientists and is beginning to be studied [57].

Most studies about the impact of CD96 on cancers were conducted in cell
and animal experiments. Animal experiments demonstrated that combination
inhibition of PD-1 and CD96 greatly increased the immunological
effectiveness of CD8" T cells compared with PD-1 blockage alone, thereby
inhibiting the growth of cervical cancer [69]. Research by Mark J. Smyth et
al. suggested that combing CD96 inhibitor with PD-1 or CTLA-4 inhibitor
could increase immune cells’ anti-cancer capacity in melanoma, colorectal
cancer and fibrosarcoma [100]. Another study shown that inhibiting the
connection between CD96 and CDI155 could kill liver cancer cells by
restoring the immune activity of NK cells [70]. Moreover, CD96 has anti-
inflammatory properties and can facilitate the attachment of NK cells to other
cells expressed CD155. This enhances the exchange of surface chemicals
between NK cells and other cells and improves the toxic capacity of activated

NK cells [96, 99,108].

In summary, existing research has confirmed the possible role of CD96 as an
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immune checkpoint blocker in various cancers. However, there are no further

basic studies on CD96 and pancreatic cancer, so we started our research.
4.2 Regulation network of CD96 and CD155

In order to study CD96 in depth, it is necessary to have a certain
understanding of the regulatory network in which CD96 resides. The main
receptor of CD96 is CD155, and the receptor of TIGIT and CD226 is also
CDI155, they form this regulatory network together[58]. TIGIT, found in
2009, relates to the immunoglobulin family [109], which 1s a kind of co-
stimulatory immune checkpoint, expressed mainly in lymphocytes such as
CDS8" T cells and NK cells [110]. TIGIT's receptors include CD155, CD112,
as well as CD113, while TIGIT having the highest selective affinity to
CD155 among them. Therefore, we primarily focus on the regulatory
relationship between TIGIT and CD155 [109]. CD226 is a kind of co-
stimulatory checkpoint, which relates to the immunoglobulin family [111].
CD226 enhances immune cell efficiency by promoting adhesion between
immune cells and other cells [112]. Furthermore, CD226 can promote the
production of toxic substances, including as perforin and granzymes, by NK
cells, leading to death of target cells [113]. CD226 can also interact with
antigen-presenting cells to induce T cell activation [114]. In summary,
CD226 can promote immune cell’s activation and cytotoxicity through

multiple signaling pathways.

The selective affinities in TIGIT and CD155, CD96 and CD155, CD226 and
CD155 are 1-3 nmol/L, 37.6 nmol/L, and 114-199 nmol/L, respectively. This
indicates that TIGIT has the strongest selective affinity, while CD96 has
moderate selective affinity, and CD226 has the weakest selective affinity
[57]. In the normal situation, the interaction of CD96, TIGIT, CD226, and
CD15S5 ensures moderate activation of the immune system, preventing an
excessive immune response while maintaining effective resistance against
infections and tumor cells. In the case of CD155 overexpression, such as the
rapid growth of CD155-expressing tumors, this balance is be broken due to

the high affinity of TIGIT and CD96 to CD155, and the immune cells’
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function is inhibited, allowing the tumor to escape immune surveillance [57].

4.3 Further discussion of our results

We detected CD96 expression on CD8" T cells using FACS analysis, then
discovered that CD96 expression in unstimulated CD8" T cells was higher
than that in stimulated CD8" T cells. These results are consistent with earlier
research [67]. One study found that CD96 expression was also
downregulated in stimulated NK cells compared with unstimulated NK cells
[115]. There is no research on why CD96 expression is downregulated in
stimulated immune cells compared with unstimulated immune cells. At the
same time, some studies have shown that the production of other immune
checkpoints, like PD-1, is also reduced in stimulated CD8" T cells compared
with unstimulated CD8" T cells, the mechanism is that IL12 secreted by
antigen presenting cells decreases the PD-1’s production in stimulated CD8"

T cells [116].

We observed the production of CD155 among four pancreatic cancer cell
lines using qPCR, ICC, and FACS analysis. The CD155 mRNA expression
can be detected in the pancreatic cancer cell lines PANC-1 and MiaPaCa-2
using qPCR analysis were consistent with previous findings [81] (Table 11),
we conducted the FACS analysis and ICC about it because the location of
CDI155 protein can be only detected by FACS analysis and ICC. To our
knowledge, this is the first study to report CD155 expression in the AsPC-1
and PSN-1 pancreatic cancer cell lines. Given the production of CD155 in
pancreatic cancer cells, our results provide the potential basis for further
investigation about CD96 can be an immune checkpoint inhibitor for
pancreatic cancer treatment. Finally, we reviewed the literature and found
that CD155 can also be expressed in other cancer cells, like lung and
colorectal cancer, indicating the potential of inhibiting the CD96/CD155 axis

in other cancers [117-119].
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PANC-1 AsPC-1 PSN-1 MiaPaCa-2

qPCR analysis \ - - \

FACS analysis - - - -

ICC - - - -

Table 11: Summary of published data of CD155 expression on

pancreatic cancer cells

V means CD155 expression can be detected on this pancreatic cancer cell
line by this method has been published; - means CD155 expression can be
detected on the pancreatic cancer cell line by this method has not been

published.

Besides, adding CD155 recombinant protein to stimulated PBMCs could
reduce the immune efficacy of stimulated CD8" T cells. However, this
immune efficacy could be restored by blocking CD96. We didn’t find any
studies regarding this result until now. It is worth noting that current studies
have investigated the blockade of CD96 to improve CD8" T cell immune
efficacy in colorectal cancer, melanoma, fibrosarcoma, and cervical cancer,
but no research has been conducted on pancreatic cancer. These studies’
results showed the immune efficacy of inhibiting CD96 consistent with our
research. It 1s worth mentioning that their research has already been carried
out in animal experiments, while ours was still at the level of cell
experiments, therefore, further animal experiments are necessary to
investigate the efficacy of CD96 inhibition among pancreatic cancer [69,
100]. Another noteworthy point is that when we cultured stimulated PBMCs
with different concentrations of CD155 recombinant protein, we found that
stimulated CD8" T cells produced lower IFN-y than those without CD155

recombinant protein, however, higher concentrations of CD155 recombinant
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protein did not reduce IFN-y expression more, the possible reason is Spug/ml

CD155 recombinant protein was sufficient to combine with its ligand.

We found that, in vitro, the mitochondrial respiratory function of PBMCs
significantly decreased after the addition of CD155 recombinant protein.
However, this respiratory function recovered after CD96 antibodies were
added. This result demonstrated that inhibiting the connection between
CD96 and CDI155 could restore metabolic capacity of PBMCs, thereby
enhancing their immune function. So far, there are no studies to show this.
Similar study was conducted on PD-1, and the decrease in the respiration
capacity of CD8" T cells was observed after the addition of PD-L1, the ligand
of PD-1, but no PD-1 or PD-L1 blockers were included in this study to see
whether the metabolic capacity of CD8" T cells would recover [120].

Bioinformatic analysis showed that CD155 is expressed at a higher level in
pancreatic cancer tissues than adjacent non-cancerous tissues. This result is
consistent with other studies [81, 121]. At the same time, studies shown that
CDI155 is also abundantly produced in different cancer tissues, like breast
and colorectal cancer tissues [122, 123]. Additionally, CD96 expression is
also higher in pancreatic cancer tissues than adjacent tissues, aligning with
existing research results [72]. Studies shown that CD96 is also abundantly
produced in other cancer tissues, like liver cancer, cervical cancer, and
glioma [72, 124]. Previous research found that the immune checkpoint and
its ligand (TIGIT and CD155) were abundantly produced in pancreatic
cancer tissues and could boost immune evasion in pancreatic cancer.
Inhibiting the connection between TIGIT and CD155 can produce an anti-
cancer effect, which indicated the feasibility of targeting CD96 in
immunotherapy for pancreatic cancer due to the high expression of CD96
and CD155 in pancreatic cancer tissues [125-126]. Although current research
found no significant link between CD96 expression and pancreatic cancer
prognosis, patients who have a higher CD96 level exhibit a poorer prognosis
between 40th and 70th months after being diagnosed. This suggests the

possibility of treating anti-CD96 therapy to pancreatic cancer patients during
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this period. Some research pointed out that high production of CD96 related

to the bad prognosis of liver cancer and gastric cancer, so that high
production of CD96 often predicted the bad outcome of cancer patients [70,
127]. However, one study showed that CD96 expression was linked to the
good prognosis of pancreatic cancer [128], the reason for the inconsistency
may be this study only concentrated on early stage of pancreatic cancer
tissues, but the production of molecule at early and late stages of pancreatic
cancer tissues might be different. The formation of cancer tissues is an
ongoing procedure that involves changes in many genes and molecular
pathways, which can result in large expression variations of the molecule at

different stages [129].

In conclusion, CD96 can be regarded as a potential immunotherapeutic target

for treating pancreatic cancer through our work.
4.4 Limitations of the study

During the research process, some limitations were encountered. The
experiments were conducted in the cellular level, although blocking CD96
in cell experiments did restore immune cells’ function, we aspire to validate
these findings in mouse models in the future research, because animal
experiments, compared to cell experiments, can better simulate the
complexity of living organisms, including organ systems, cellular
interactions and immune responses, and animal models have a better
physiological and anatomical structures to enhance the accuracy of
predicting biological effects in humans. This will provide greater support for

the potential clinical application of our research results [130-132].

Regarding the source of CD155 which was used to connect to CD96, we used
CD155 recombinant protein which is a straightforward and reliable method.
While this is the simplest way to facilitate the connection between CD96 and
CD155, it does not accurately imitate the interactions among immune cells
and tumor cells in the human body. Co-culturing pancreatic cancer cell lines
with immune cells might be a more effective approach [133]. Tumor

organoid is another promising method [134]. Tumor organoid is three-
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dimensional tissue structures cultured in vitro, derived from patient tumor

tissues or tumor stem cells. The organoid can better simulate the complex
cellular composition and microenvironment of original tumors [135]. Using
CD96 inhibitors in conjunction with tumor organoid might better simulate

the effects of CD96 blockade in the human body.

The primary ligand for CD96 is CD155 which expressed in various cancer
cells [136]. Through bioinformatic analysis of TCGA datasets, we observed
high expression level of CD155 within cancer tissues compared with their
corresponding normal tissues, including pancreas, colorectum, kidney,
esophagus, head and neck, and stomach [137]. And high expression level of
CD96 was observed in cancer tissues compared with their corresponding
normal tissues, including pancreas, kidney, breast, cervix, colorectum,
esophagus, and stomach [72]. It suggested that blocking CD96 might have
potential applications in pancreatic cancer, colorectal cancer, kidney cancer,
esophageal cancer, and gastric cancer. Our investigations only confirmed
CD155 expression in four pancreatic cancer cell lines, but not in colorectal
cancer, kidney cancer, esophageal cancer, and gastric cancer cell lines. This
is a limitation of our experiment, and further research is needed to solve this

deficiency.

CD96 is a relatively new and less studied immune checkpoint compared to
well-established ones like PD-1 and CTLA-4. There is much research work
to be done, and its effectiveness in human body remains uncertain. Currently,
we hope CD96 can be served as an adjuvant drug to other drugs. Existing
research indicates that combination treatment frequently produces more
successful immune effects than single drug therapy [138]. While we
observed that the effectiveness in cell experiments when using CD96
antibody alone in pancreatic cancer cell lines, the impact of combination
treatment between CD96 antibody and additional treatment medicines, like
PD-1 inhibitor or chemotherapeutic medicine, is uncertain. We aim to further

explore its role in future research.

4.5 Prospects for CD96 as a potential immunotherapy target
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The immunotherapy for cancer is a novel method to treat cancer which

utilizes the individual's natural immunity to defend the illness [139]. Anti-
PD-1 or anti-PD-L1 antibodies are currently the most successful
immunotherapeutic drugs [140]. They work by inhibiting immunological
checkpoint routes, restoring immune cells' cytotoxicity against cancer cells.
However, the effectiveness of taking only one immune checkpoint inhibitor
is restricted, and combination therapy often yields better results [141]. CD96
is an immune checkpoint that still offers considerable research potential.
Some studies suggested that combining PD-1 inhibitors with CD96 inhibitors
could be used to treat cervical cancer [69]. The use of CD96 inhibitors can
enhance the chemotherapeutic effects in patient-derived breast tumor
transplantation models [142] and blocking CD96 can reverse immune
suppression and poor prognosis in lung adenocarcinoma [68]. Bioinformatic
analysis also suggested that CD96 activity could stimulate immune invasion
and impact the prognosis of some cancer patients, demonstrating CD96 can

be regarded as a potential predictive marker [72].

To summarize, research on CD96 remains in its early stages when compared
to more developed immune checkpoint blockers like PD-1. Most studies
were limited to several types of cancers, focusing on basic cellular and
animal experiments. There is a lack of foundational experimental validation
across a broader range of cancers and sufficient evidence from basic clinical
trials. We are still in need of conclusive proof to demonstrate the
effectiveness of CD96 inhibitor in cancer patients and their combination
treatment with other treatment medicines. Although there is significant space
for further exploration in CD96 research, the observed data indicate that

CD96 possesses potential as a new immunotherapeutic agent.
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5. Conclusion

In conclusion, CD96 could be recognized as a potential immunotherapy
target for pancreatic cancer. Through immunotherapeutic strategies of
targeting CD96, there is optimism for enhancing the outlook and survival
rates of pancreatic cancer patients. However, further research and validation,
including preclinical studies and clinical trials, are still necessary for clinical
application. A comprehensive grasp of the immune regulatory mechanisms
of CD96 and the optimization of treatment plans may provide a better method

to the immunotherapy of pancreatic cancer.
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