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Zusammenfassung

Das Gluconeogeneseenzym Phosphoenolpyruvat Carboxykinase 2 (PCK2) kam
kirzlich in den Fokus metabolomischer Studien und kdnnte die TUr zu neuen
Antitumorstrategien 6ffnen. Vorherige Studien haben vielversprechende Effekte des
PCK2 silencing bei adharenten nicht-kleinzelligen Lungenkarzinom (NSCLC) Zellen
unter niedrigen Glukosebedingungen aufgezeigt. Ziel unserer Studie war es ein
geeignetes Experimentalmodell zu finden, um PCK2 Effekte unter extrazellularer
Matrixunabh&ngigkeit  untersuchen zu  kénnen. Diese  extrazelluldre
Matrixunabhangigkeit ist unabdingbar fir den Prozess der Metastasierung, bei der
Zellen sich aus dem Zellverband |6sen. Wir kultivierten H23 NSCLC Zellen unter
glukosearmen und glukosereichen Bedingungen in speziellen ultra-low attachment
Platten, mit und ohne Beigabe von Serum. Die Auswertung erfolgte mit
Durchflusszytometrie, automatischer Zellzdhlung und Proliferationsmessungen.
Zudem haben wir PCK2 Expression zwischen adharenten und detached Zellen
mittels Western Blot verglichen. PCK2 wurde in allen Bedingungen sowohl in
adharenten als auch nicht-adharenten Zellen exprimiert, zwischen den Gruppen
gab es keine signifikanten Unterschiede. PCK2 silencing mittels siRNA reduzierte
die Lebendzellzahl signifikant sowohl in glukosereicher Kultur mit Serum (p = 0.0031
und p = 0.041) als auch in glukosearmer Kultur ohne Serum (p = 0.0045). Unter
matrixunabh&ngigen Bedingungen fuhrte vor allem das Fehlen von Serum zu einer
signifikanten Reduktion der Lebendzellzahl und Proliferation. Es sind weitere
Versuche erforderlich, um die Rolle von PCK2 auf Tumorzelliberleben unter matrix-
unabhangigen Bedingungen besser zu verstehen. Zusammenfassend konnten wir
ein geeignetes Modell etablieren, welches es erlaubt, PCK2 Effekte auf
Tumorzelliberleben unter verschiedenen matrixunabhéngigen Bedingungen zu

testen.
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Abstract

The gluconeogenesis enzyme phosphoenolpyruvate carboxykinase 2 (PCK2)
recently shifted into focus of metabolomic studies, possibly opening the door to new
anti-tumor strategies. Previous studies have shown promising effects of PCK2
silencing in attached non-small cell like cancer (NSCLC) cells under low glucose
environments. The main objective of this study was to establish a suitable
experimental model to investigate the effect of PCK2 under the special circumstance
of detachment from the extracellular matrix (ECM). ECM detachment is crucial in
the formation of metastasis when tumor cells break free from their surrounding
tissue. In our setting, H23 NSCLC PCK2 expressing or silenced cells were cultured
in ultra-low attachment plates under high and low glucose conditions, with or without
serum supplementation. As methods, we used fluorescent cell scanning analysis
(FACS), automated cell counting (ACC) and proliferation assay. We also compared
PCK2 expression differences between attached and detached cells using Western
Blot. PCK2 was expressed in H23 cells under all conditions, no significant
differences were found. PCK2 silencing by two pools of siRNAs significantly reduced
viable cell number in high glucose, serum containing media (p =0.0031 and p
= 0.041) and low glucose, serum free media (p = 0.0045). Overall, the absence of
serum led to a clear reduction in viable cell number and proliferation in non-adherent
cells. An increased expression of fatty acid synthase under serum-free conditions
suggests that the cells might lack serum lipids under these conditions. In conclusion,
we found a suitable model to test PCK2 effects on cell survival in anchorage-
independent growth conditions. The results suggest that PCK2 might play a role in
growth of cancer cells under these conditions, however further studies are needed
to clarify whether inhibition of PCK2 in tumors could potentially interfere with

metastasis formation.
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1 Introduction

1.1 Lung Cancer

1.1.1 Epidemiology and risk factors

About a century ago Adler |. described “that the primary malignant neoplasm of the
lung is among the rarest of diseases” (1). Contradicting this statement, recent
epidemiologic data from the World Health Organization (WHO) reported that in 2020
about 2.2 million new lung cancer cases have globally emerged (2). This accounts
for 11.4% of all cancer types. The WHO also reported that in 2020 lung cancers had
a mortality of over 1.7 million people making it the deadliest among all cancer types

in most countries.

Main risk factor in the carcinogenesis of lung tumors is tobacco smoking, which has
been studied since the 1950s (3). A 50-year cohort-study on almost 35.000 British
male doctors compared the excess risk of acquiring lung cancer between
continuous smokers and non-smokers (4). The result was a 20- to 50-fold risk
increase. Cigarette smoke contains more than 60 carcinogens, some of them being
tobacco-specific nitrosamines, polycyclic aromatic hydrocarbons, and aromatic
amines (5). Although other risk factors, like viral, hormonal, or even genetics could
have a role in carcinogenesis, the relative high incidence in non-smokers cannot be

explained by dominant stand-out risk factors (6).

1.1.2 Histology & Prognosis

In general, lung cancers are either of small cell lung cancer type or part of the non-
small cell lung cancer (NSCLC) group (7). NSCLC makes up about 85% of all lung
cancer cases (8). Some of the more common lung cancer types of the NSCLC group
found in biopsies and specimens are squamous cell carcinomas, adenocarcinomas

and large cell carcinomas. Adenocarcinomas make up 42% of all lung cancers.

Most NSCLC patients are diagnosed at an advanced stage. Despite new advances

in treatment of these patients, the 5-year survival rate remains poor at about 15%
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when looked at all cancer stages together (9). Most deaths in lung cancer patients
occur due to complications associated with metastasis, making it important to

research new treatment strategies to prevent cancer spread.

1.2 Warburg effect

Since the 1920s, through the pioneering groundwork of Otto Warburg, it has been
known that tumor cells prefer using glycolysis compared to normal tissue even when
oxygen is abundant (10). This phenomenon is since referred to as the Warburg
effect or aerobic glycolysis. Glycolysis describes the route in which glucose, the
main energy source of most cells, through a series of enzymatic steps gets
converted down into pyruvate. Then pyruvate usually can be converted into
acetyl-CoA via pyruvate dehydrogenase (PDH) for further oxygen-dependent ATP

engenderment in the mitochondria.

Aerobic glycolysis provides less energy in form of ATP per unit of glucose when
compared with mitochondrial respiration. Interestingly, the metabolic rate of aerobic
glycolysis is 10-100 times faster than the complete oxidation of glucose, resulting in
comparable ATP production rates (11). One evolutionary-style theory suggests that
this could have a survival advantage for tumor cells when competing for resources,
especially when nutrients are scarce (12). Another advantage is that glycolysis
produces metabolic intermediates that can be used to fuel biosynthetic pathways,

allowing for biomass formation under uncontrolled proliferation (13).

1.3 Gluconeogenesis and PCK

Gluconeogenesis describes the endogenous anabolic synthesis of glucose, from
non-sugar substrates. Within the human body, synthesis of new glucose mainly
occurs in the liver and to a smaller degree in kidneys and intestine. Provision of
glucose is crucial for glucose-dependent organs like the brain or erythrocytes,
especially during fasting intervals. In the cell, synthesis of glucose takes place in the

mitochondria, the cytosol and the endoplasmic reticulum (ER).
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According to the literature, the first step of gluconeogenesis begins with the reaction
of pyruvate into oxaloacetate (OAA) through the enzyme pyruvate carboxylase (PC)
(14). Lactate and alanine can both be directly converted to pyruvate as entry point
into gluconeogenesis. Glutamine and gluconeogenic amino acids are able to enter
the Krebs cycle and get transformed into OAA. Further upstream, glycerol and

serine can also be used as glycolytic or gluconeogenic intermediates.

Gluconeogenesis is tightly controlled by allosteric and hormonal regulators. This is
of importance since reactions should only go in one way or the other and the rate of
reactions should be limited. Acetyl-CoA, cAMP and the hormone glucagon are
activators of gluconeogenesis (14). Insulin suppresses gluconeogenesis and
stimulates glycolysis. Stress can also induce gluconeogenesis through epinephrine-
mediated increased cAMP levels.

Biochemically gluconeogenesis is similar to the reverse pathway of glycolysis.
However, some reactions are irreversible and require specific enzymes (Figure 1).
One key enzyme of the gluconeogenic pathway is phosphoenolpyruvate
carboxykinase (PCK or PEPCK) which catalyzes the reaction of oxaloacetate (OAA)
and GTP into phosphoenolpyruvate, GDP and carbon dioxide (CO2).
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Figure 1: Overview of glycolysis, gluconeogenesis and branching biosynthetic pathways. Glycolysis
aims to metabolize glucose step by step into pyruvate, which then can be shuttled into the citric acid
cycle (TCA cycle, citric cycle, Krebs cycle) for further oxidative phosphorylation or get reduced to
lactate. Gluconeogenesis (shown in red arrows) partly uses the same enzymes as glycolysis, with
the exception of the key enzymes PCK, FBP1/2, and G6PC. Glycolytic/Gluconeogenic intermediates
can be used as building blocks for biosynthetic pathways. Figure is reproduced from Grasmann et
al., BBA - Reviews on Cancer, 2019, 2021 (15). Please visit the following websites for permission
statements: Rightslink® by Copyright Clearance Center Creative Commons — Attribution-
NonCommercial-NoDerivatives 4.0 International — CC BY-NC-ND 4.0

PCK exists in two variants, PCK1 (or PEPCK-C) the cytosolic isoform and PCK2 (or
PEPCK-M) the mitochondrial isoform. It has been found that in the most common

laboratory animals, the rat and the mouse, 90 to 95% of activity is PCK1, while in
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most other mammalian species, including humans, both isoforms show about equal
activity (16). Next to its metabolic role in gluconeogenesis PCK also acts in
glyceroneogenesis, an abbreviated form of gluconeogenesis, by providing glycerol-
3 phosphate for re-esterification of fatty acids into triglycerides (17). Additionally,
PEPCK functions in a process called cataplerosis, meaning, the removal of TCA
cycle anions generated from degraded amino acids. The cataplerotic function of
PEPCK is especially relevant in glutamine metabolism in organs like the kidney
cortex, in order to balance acid/base alterations and in the small intestine, where

glutamine is metabolized to carbon dioxide (18).

1.4 Metabolic environment of cancer cells

As tumors grow, a process called angiogenesis occurs, resulting in new formation
of vessels from pre-existing vasculature. The pre-mature vascular architecture is
less efficient in delivering oxygen and nutrients, due to aberrant and leaky vessels
(19). Tumor cells have to endure in microenvironments, defined by gradients of
oxygen depletion, glucose deprivation, lactate, and pH in the extracellular space
(20). Correspondingly, glucose levels in the interstitial fluid of tumors were
measured to be lower than in plasma (21). Further, tumors inhabit low glucose
environments, for example when lung cancer cells metastasize into the pleural
space, causing malignant pleural effusion (MPE). Glucose levels, as low as
31 mg/dL or 1.7 mM, have been reported in sets of MPE samples (22). To endure
under these cell-starving conditions, cells are able to use lactate, formerly thought
to be only a waste product, as alternative fuel source (23). Lactate also fulfills the
need as glucogenic precursor. In NSCLC cells the study group around Leithner et.
al found that PCK2 plays a role in the conversion of lactate to the upstream
phosphoenolpyruvate (PEP) under low glucose conditions (24). When glucose was

abundant, NSCLC rather showed positive lactate production.

Amino acids present another group that can potentially fuel the metabolic need for
cancer cell growth (25)(26). In proliferating and cancerous cells originating from
mammalian tissue, amino acids were responsible for the majority of cell mass, even
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when high amounts of glucose were utilized by cells (27). After the cell takes up an
amino acid, the subsequent fate of conversion depends on the type of amino acid.
Ketogenic amino acids get converted into acetyl-CoA, which can be condensed with
OAA and enter the TCA cycle (citric acid cycle, Krebs cycle), but acetyl-CoA does
not contribute net carbons to glucose, since for two carbons added by acetyl-CoA,
two are lost as CO2. Glucogenic amino acids, on the other hand, can add to glucose
and thus to cell biomass, by branching from the TCA cycle as anabolic intermediates
(28). The most prominent and widely available glucogenic amino acid in plasma is
glutamine. Glutamine gets converted first intracellularly into glutamate and then a-
ketoglutarate to enter the TCA cycle as anabolic precursor. Cancer cultured in-vitro
often expressed glutamine dependency when cultured in standard tissue media.
However, in human NSCLC and mouse KRAS-driven NSCLC, TCA cycle
anaplerosis was found to be more dependent on glucose rather than glutamine (29—
31). Bovine serum more closely resembles the environment of human blood.
Interestingly, A549, a NSCLC cell line, cultured with bovine serum, exhibited less
dependency on glutamine, for TCA cycle anaplerosis (32). This suggests that

tumors in-vivo probably exhibit similar independency of glutamine metabolism.

1.5 Gluconeogenesis and the role of PCK in cancers

Tumors deriving from gluconeogenic tissues, like e.g., hepatocellular carcinoma
(HCC) and clear cell renal cell carcinoma (ccRCC), express lower amounts of PCK1
or PCK2compared to normal liver tissue (33). In line gene analysis of ccRCC
patients showed significant under-expression of the PCK1 gene (34). In these
gluconeogenic tumors, PCK acts as a tumor suppressor because it counteracts
glycolysis and the TCA cycle, thereby affecting energy homeostasis. However, the
function of PCK1 in HCC was questioned in a study, finding that PCK1 also acts as
activator of the sterol regulatory element-binding protein and therefore supports

tumor proliferation (35).

Some cancers have been shown to express PCK to maintain gluconeogenesis, in
order to fulfill biosynthetic requirements under nutrient-poor environments (Figure
17



2). This process was first depicted in lung cancer cells under glucose deprivation,
where PCK2 was upregulated and isotopically labelled lactate was converted into
phosphoenolpyruvate in a PCK2-dependent manner (24). Tissue analysis
confirmed that PCK2 in fact is generally overexpressed in cancerous NSCLC tissue
compared to normal lung tissue (36). Investigations done by our study group in
silencing experiments with siRNAs targeting PCK2, have shown decreased cell
growth and induced apoptosis in A549 and H23 NSCLC cells under low glucose
environments, as well as reduced growth in 3D spheroid models (24). This gives
evidence that some NSCLC cell lines depend on PCK2 to some extent to survive
under tough metabolic conditions. PCK1 and PCK2 might enable cancer cells, even
when there is no glucose available, to produce precursors for important
biomolecules, the phospholipid glycerol backbone (37), serine and glycine (38) (39)
which are necessary for purine synthesis, and ribose phosphate (40) (41) through

the pentose phosphate way.
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Figure 2: Glucose dependent metabolism in cancer cells. Depending on the environment, cancer
cells must adapt to various glucose conditions. PCK1/2 engages in abbreviated gluconeogenesis to
create biosynthetic precursors that ultimately are essential for cell survival and proliferation. The
influence of PCK1/2 on TCA cycle flux can feed more glutamine into anaplerosis to create OAA.
TCA, tricarboxylic cycle; PCK1/2, phosphoenolpyruvate carboxykinase 1/2; OAA, oxaloacetate; Glu,
glutamate; Gin, glutamine; a-KG, a-ketoglutarate.

Glutamine acts as important contributor to the TCA cycle in cancer, despite glucose
availability, as described in a review in 2016 by DeBerardinis et. al. (28) and outlined
above. PEPCK knockout was found to be associated with reduced abundance of
the TCA cycle intermediates citrate, malate and a-ketoglutarate in '3C-glucose
labeled cells (42). Recently, PCK2 was shown to mediate cataplerosis and the
synthesis of glutamine derived gluconeogenic intermediates in glucose and serum
starved lung cancer cells (43). The generation of PEP through PCK2 was shown to

be occurring even when glucose was present in colon carcinoma cells (44). It was
19



suggested that the PEPCK pathway, through PEP as metabolic second messenger,
regulated the nuclear factor of activated T-cells (NFAT) and MYC signaling
pathways through the PEP/Ca2+ axis.

1.6 Matrix-detachment during metastasis

The ability to metastasize is one of the hallmarks of cancer cells and is necessary
for spread into other tissues and organs. Cells need the ability to detach from their
tissue and survive to some extend without attachment to the extracellular matrix
(ECM) when circulating to a new metastatic site. Usually, when cells loose
anchorage to their surroundings, they undergo a programmed cell death program
called anoikis (45). This mechanism is of physiological importance to prevent
unwanted migration to a new site, however some cells can physiologically detach
from their surrounding in order to migrate, when necessary, like e.g. in keratinocyte

migration during the wound healing process as reaction to a skin lesion.

Cancer cells develop their own strategies to avoid anoikis for metastasis. When
adhesion to the ECM is lost, cells utilize a phenotype of forming circulating tumor
cell clusters (CTC clusters), which can increase the metastatic potential (46). The
exact mechanism remains unknown. For epithelial cells it has been shown that ECM
detachment induces autophagy, the degradation of cellular components, which in
turn promoted cell survival during anoikis (47). Autophagy can also help cells to

recycle nutrients under starvation conditions (48).

Matrix detached cells have been shown to have reduced glucose uptake, which can
be rescued through overexpression of oncogenes, like e.g. human epidermal growth
factor receptor 2 (ERBB2) in mammary epithelial cells (49). Reduced glucose
uptake, potentially poses a metabolic challenge for tumor cells that usually require
large amounts of substrates for rapid growth. In the same study, matrix-detachment

induced a significant increase in reactive oxygen species (ROS).

Another distinct form of cell death than can occur under matrix detachment is

ferroptosis (50). Ferroptosis is characterized by failure of gluthatione peroxidase 4
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(GPX4) which tries to reduce lipid peroxides. Ferroptosis is known to be inhibited

when cells show certain integrin signaling phenotypes (51).

1.7 Reactive oxygen species (ROS)

The group of ROS are molecules derived from Oz that have a high affinity to react
with other molecules. The right balance of ROS production and ROS disposal
determines whether ROS have harmful or protective effects on the cell’'s health.
ROS can be generated by cellular respiration, as metabolic byproducts, by
enzymatic synthesis and physical or chemical factors (52). To counter increased
stress, cells have defense mechanisms to eliminate ROS. Some enzymatic
defenses present are superoxide dismutases, thioredoxin, the glutathione pathway,
catalase, peroxiredoxins and mitochondrial K* channels (52). Additionally,
antioxidant scavenger molecules like tocopherol (Vit E), ascorbic acid (Vit C),

carotenoids, uric acid and polyphenols can relieve ROS induced stress (52).

During ECM detachment, ROS levels have been shown to be increased, while
reduced glutathione was decreased (49). Just like glucose uptake impairment, ROS
levels were rescued when cells expressed ERBB2 (49). ROS level increase
preceded the reduced glucose uptake. It was suggested that this was due to a
reduced glycolytic flux affecting the pentose phosphate pathway (PPP). The PPP
can increase resistance to oxidative stress, thanks to oxidative branches and
NADPH production (53). During ECM detachment, PCK2 could in theory support
the cells guard against ROS levels under glucose deprivation or reduced glycolysis

by fueling the gluconeogenesis pathway for the PPP.

21



2 Aims of this study

Precedent works of our study group already suggested that NSCLC need PCK2 to
maintain their metabolic activity through gluconeogenesis when subjected to
nutrient poor environments (24). Cells that detach from the ECM are of special
interest, since they represent an important step in cancer progression, metastatic
spread. The specific role of PCK2 and gluconeogenesis in matrix-detached cancer
cells is unknown. In this study we aimed to test the influence of PCK2 in matrix
detached NSCLC cells under different metabolic conditions on cell survival and
proliferation. Following literature, we used high and low glucose treatments,
according to the possible range of glucose levels in vivo. Moreover, we examined
the impact of matrix detachment and nutrient scarcity on PCK2 expression and other
possibly affected metabolic genes. The results of this study could bring new insights
into the metabolic rewiring in matrix detached NSCLC cells facing nutrient

deprivation.
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3 Methods & materials

3.1 Cell lines

In this study two different human NSCLC lines have been used. One cell line is NCI-
H23 (ATCC number CRL-5800) obtained from the American Type Culture Collection
(ATCC, Manassas, VA). The other cell line is A549 (Cat. No. 300114) obtained from
Cell Lines Service (Eppelheim, Germany). For simplicity, these cell lines are further
referred to as H23 and A549.

3.2 Cell culture

H23 and A549 cells were cultivated at 37°C under 5% CO2 and 98% humidity.
Culture medium for A549 was Dulbecco's Modified Eagle Medium: Nutrient Mixture
F12 (DMEM/F12) 1:1 (Gibco, Carlsbad, CA) supplemented with 10 % fetal bovine
serum (FCS) (Biowest, France), L-glutamine (Gibco), 100 U/mL penicillin and 100
Mg/mL streptomycin. Culture medium for H23 was Roswell Park memorial institute
(RPMI) 1640 (Gibco) supplemented with 10% FCS (Biowest, France), L-glutamine
(Gibco) 100 U/ml penicillin and 100 ug/mL streptomycin. Above mentioned media
are further referred to as DMEM/F12 complete and RPMI 1640 complete. Cells were
splitted twice per week and media was changed in between. Under our culturing
conditions, A549 were doubling once per day andH23 cells were doubling every 2-3
days. Cells were washed briefly with phosphate buffered saline pH 7.4 (PBS). Cells
were detached from the cultivating flask using Trypsin/EDTA (Gibco Thermo Fisher,
cat. no. 25300054). Trypsin reaction was stopped with DMEM/F12 complete for
A549 and RPMI 1640 complete for H23. The suspension was then centrifuged at
400 G for 5 minutes and supernatant was removed. Cells then received fresh

complete media and were cultivated in 75 cm? cultivating flasks.
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3.3 Experimental media preparation

We created four different media, simulating various environments of glucose and
serum conditions. Cells were treated with glucose-glutamine-free media of DMEM
or RPMI (DMEM-GGF/ RPMI-GGF). DMEM-GGF was purchased from Gibco,
Thermo fisher scientific, cat. no. A422563. RPMI-GGF was prepared from glucose,
glutamine, arginine, and lysine-free RPMI SILAC (A2494201, Gibco) supplemented
with 1.15 mM arginine and 0.27 mM lysine. GGF media were supplemented with
100 U/mL penicillin, and 100 pg/mL streptomycin. Media either contained 10 %
dialyzed fetal bovine serum (dFCS) or no dFCS. Additionally, media were
supplemented with stocks of 1000 mM glucose and 200 mM glutamine to create two
different glucose concentration as shown in Table 1, and a final glutamine
concentration of 2 mM. Glucose and glutamine stocks were diluted in aqua dest.,
sterile filtered through 0.22 ym filters, and stored at -20°C. Due to their specific
media preference, A549 cells were treated with DMEM-based media, while H23

received RPMI-based media.

Table 1: Growth media conditions

Serum-containing media Glucose Glutamine dFCS
1 mM Glc 10% dFCS 1 mM 2mM 10%
10 mM Glc 10% dFCS 10 mM 2mM 10%

Serum-free media Glucose  Glutamine dFCS
1 mM Glc 0% dFCS 1 mM 2mM 0%
10 mM Glc 0% dFCS 10 mM 2 mM 0%
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3.4 Buffers and reagents

5 x Laemmli buffer

10x TBS: 31.5 g Tris HCI, 80 g NaCl to 1L with A. dest. (AD) Adjusted to pH of
7,5 with 10 M NaOH

TBST: 200 mL 10x TBS, 1800 mL AD, 2000 yL Tween 20
MTBST: 5 g milk powder, 100 mL TBST

10x Running Buffer: 30 g Tris Base, 144 g Glycine, 100 mL 10% SDS to 1 L with
AD

1x Running Buffer: 100 mL 10x Running Buffer to 1 L with AD.

10x transfer buffer: 56 g Trizma Base, 286 g Glycine, to 2 L with AD
5% BSA: 5 g BSA, 100 mL TBST

5% milk solution: 5 g milk powder, 100 mL TBST

1x transfer buffer: 200 mL 10x transfer buffer, 1400 mL AD, 400 mL Methanol
(MeOH)

10% APS: 1 g Ammonium persulphate, 10 mL AD (Millipore), Aliquots stored at
-20°C

5x Sample buffer: 300 pL Tris HCI pH 6.8, 2mL SDS 10%, 1 mL glycerol, 500 pL
beta-mercaptoethanol, to 10 mL with AD, add 1 mg bromphenol blue, aliquoted,
stored at -20°C.

TEMED: N,N,N’,N’-tetra-methyl-ethylenediamine

10% SDS: Sodium dodecyl sulphate 10% w/v in AD
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3.5 Antibodies

Table 2: Antibodies used

Primary antibody Dilution Catalogue No. Manufacturer
Beta actin 1:3000 Sc-47778 Santa Cruz
Biotechnology
PCK2 1:2000 ab187145 Abcam
Secondary antibody Dilution Catalogue No. Manufacturer
Anti mouse-HRP 1:3000 — #7076 Cell Signaling
1:5000
Anti rabbit-HRP 1:3000 #7074 Cell Signaling

Beta actin antibodies were diluted in 5% milk TBST, and membranes were blocked
with 5% milk TBST (MTBST). PCK2 antibodies were diluted in 5% BSA TBST and
membranes were blocked with 5% BSA TBST.

3.6 Short-interfering ribonucleic acid (siRNA)

Short-interfering RNAs (siRNAs) consist of two strands. One strand is the antisense,

or guiding strand. The other strand is called the sense, or passenger strand. Both

strands form a duplex ranging from 19 to 25 bp in length. siRNAs are designed to

knock out a specific target-gene, by complementing ribonucleic acid molecules, thus

impairing their function. Every siRNA experiment should include controls; therefore,

we used non-targeting control siRNA (csi).
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Table 3: siRNAs

Catalogue
Type Name Target sequence Manufacturer
no.
ON-TARGETol GCAAGCAUGCGUAUUAUGA,
. - us
PCK2 siRNA #1 P GAGCAAGACGGUGAUUGUA, L-006797-
Human PCK2 GAUUUGCUUGGAUGAGGU 00-0005 Dharmacon
(pool of 4 siRNAs) (5106) SIRNA )
CCUGGGAGAUGGUGACUUU
CTM-
PCK2 siRNA #2 Custom siRNA,  GGAUGAGGUUUGACAGUGAUU, 509915, o
armacon
(pool of 2 siRNAs) ON-TARGETplus UGGCUACAAUCCAGAGUAAUU HR1ZN-
006815
UGGUUUACAUGUCGACUAA,
) ON-TARGETplus UGGUUUACAUGUUGUGUGA, D-001810-
Control siRNA ) Dharmacon
Non-targeting pool UGGUUUACAAUGUUUUCUGA, 10-05
UGGUUUACAUGUUUUCCUA
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3.7 gPCR primers

Table 4: gPCR primer sequences

qPCR Primer Manufacturer Forward sequence/ reverse sequence
PCK2 Eurofins F: 5-CATCCGAAAGCTCCCCAAGTA-3
(phosphoenolpyruvate R: 5-TGGAAATCAGCTGGGGACATC-
carboxykinase 2) 3
FASN (fatty acid synthase) Eurofins F: 5-TCGTGTTGACTTCTCGCTCC-3

R: 5-CCATCTCTCAAGACCACGGC-3’

SLC2A1 (Glucose Eurofins F: 5-TGGCATCAACGCTGTCTTCT-3
transporter) R: 5-AGCCAATGGTGGCATACACA-3
GSR (glutathione Eurofins F: 5-CAGCGTCATTGTTGGTGCAG-3’
reductase) R: 5-CCTTGACCTGGGAGAACTTCAG-
3
TXNRD1 (thioredoxin Eurofins F: 5-CGATCTGCCCGTTGTGTTTG-3
reductase) R: 5-TATTGGGCTGCCTCCTTAGC-3'

3.8 Automated cell counting

We used TC20™ Automated Cell Counter (Bio-Rad) to detect viable cell numbers.
Dead cells accumulate trypan blue solution within their cytoplasm. The machine
detects cell viability through multifocal plane analysis. Gate size was set between 5

and 20 nm. The detection range ranges from 5 - 10 to 1 - 107 cells/mL.

3.9 Fluorescent-activating cell sorting analysis (FACS)

In our experiments we used the fluorescent agent CellTrace™ Calcein Red-Orange
(Thermo Fisher, cat. no. C34851) aliquoted and stored at -20°C. Living cells keep

the fluorescent Calcein in their cytoplasm, while dead cells cannot. This method
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allowed us to evaluate cell viability, defined as the fraction of living cells.
Measurement occurred on the CytoFLEX (Beckman Coulter, Barea, California,
USA).

3.10 SDS-PAGE gel electrophoresis and Western blot

We performed SDS-PAGE gel electrophoresis to separate cell proteins.

Additionally, Western Blot was used to detect the amount of protein.

3.10.1 Sample preparation

Cells were washed with PBS and suspended in Ripa Buffer. For adherent cells, cells
were washed once with PBS, then Ripa Buffer was directly added to the well and
then cells were scraped and transferred to Eppendorf tubes. Cell lysates were
homogenized using a sonicator (Ultraschall-Desintegrator UP50H ROTH, Carl Roth
GMbH+Co.KG Karlsruhe, Germany) at amplitude 80 and cycle 1. Every probe was
sonicated three times for five seconds. Excess compounds were removed through
centrifugation at 13 000 rpm for 10 minutes at 4°C. The supernatants were stored
at -20°C.

3.10.2 BCA protein assay

BCA (bicinchononic acid) Protein Assay kit (Thermo Scientific) was used to measure
overall protein concentration. 25 pL of diluted sample (1:5) was mixed with 200 uL
of BCA solution. A dilution chain of 2 mg/ml BSA stock was used to create a linear
calibration curve. Absorption was measured at 562 nm in 96 well plates using the

Spectramax Plus 384 (Molecular Devices, Orleans Drive Sunnyvale, CA).

3.10.3 SDS-PAGE electrophoresis and Western blot

For SDS- polyacrylamide gel electrophoresis (SDS-PAGE) we used 10% SDS-gels
set in the Biorad Mini-PROTEAN® 3 cell (Biorad, USA). All buffers and reagents
used are described in detail in Section 3.4. Samples were mixed 1:1 with Laemmli
Buffer and incubated for 10 minutes at 95°C in thermomixer. For electrophoresis 50

Mg of protein sample was loaded in each chamber and current was set to 180 Volts
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for 90 minutes. Before transfer, the PDVF membrane (BioRad) was pre-activated
for 15 seconds in MeOH. Transfer was run at 400 mA for 90 minutes. The membrane
was blocked with MTBST or TBST containing 5% BSA for 1 hour at room
temperature. Overnight incubation with the first antibody was performed at 4°C.
After three-time washing with TBST for 10 minutes, the membrane received the
second antibody and was incubated for 1 hour at room temperature. Again, the
membrane was washed three times with TBST for 15 min. For chemiluminescent
detection of protein, the immunodetection substrate (SuperSignal® West Pico
chemiluminescent substrate, Thermo Scientific) was applied. The membrane was

analyzed using the ChemiDoc Touch (BioRad).

Protein expression was quantified using Image Lab®©. Intensity values were

normalized to probes with high glucose and with serum, and then to beta-actin.

3.11 Quantitative polymerase chain reaction (QPCR)

RNA was extracted and purified from other nucleotide molecules using the
peqGOLD Total RNA kit (VWR, Vienna, Austria) according to manufacturer’s
protocol and eluted RNA was stored at -70°C. RNA quantity was measured using
NanoDrop (Thermo Scientific, Fremont, USA) to determine if enough RNA for
measurement was present in samples. The extracted RNA was transcribed into
cDNA using gScript cDNA Synthesis Kit (Quantana Biosciences). The reaction
creating cDNA was performed in the MyCycler™ thermal cycler (Bio-Rad).
Quantitative, real-time cDNA analysis was performed in the LightCycler 480 (Roche)
using the Biozym Blue'SGreen qPCR Mix (Biozym) and primers listed in Table 4.
For gPCR experiments, ACp values were calculated by substracting the Cp value
of the gene of interest from the Cp value of the housekeeping gene 18S. For AACp,
ACp of the control siRNA group was substracted from the ACp of PCK2 siRNA
groups. Finally, the n-fold gene expression was determined by calculating 2 2ACp

formula.
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3.12 Establishment of cell viability measurements under

detached conditions

Automated cell counting (ACC) and FACS need a minimum threshold of cells to
reach the detection range. Our first experiments started with 50 000 A549 and H23
cells, that were treated with serum-free and serum-containing media for 24, 48 and
72 hours in ultra-low attachment 24-well plates (VWR, cat. no. 734-1584). After 24,
48- and 72-hours ACC was performed. 72 hours after treatment FACS was

performed.

3.13 Transfection

Transfection, describes the delivery mechanism, by which siRNAs are incorporated
into cells. A variety of transfection methods have been established including
transfection with cationic liposomes, electroporation, viral-mediated delivery and
modified siRNAs. Each method comes with its own advantages and disadvantages.
In transfection experiments we used Jet Prime® Kit (Polypus-Transfection, New
York, USA), an established method in transfecting H23 cells.

H23 cells, counted with CASY® cell counter (Scharfe System, Reutlingen,
Germany), were plated in 6-well plates (VWR, cat. no. 734-0019) at 200 000 cells
per well. We incubated cells for 24 hours at 37°C, to allow adhesion to occur. Cells

were transfected with siRNAs listed in
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Table 3 using Jet Prime® kit according to the manufacturer’s protocol. As control
group, three wells were left non-transfected (NT). 24 hours after transfection, all

cells received fresh RPMI complete medium.

3.14 Cell viability and viable cell number in growth conditions

under matrix-independent environment and PCK2 silencing

48 hours after transfection with PCK2 siRNA, 50 000 cells were re-plated to
separate wells of 24-well ultra-low attachment plates (VWR, cat. no. 734-1584). All
main cell groups: NT, csi, PCK2 #1 and PCK2 #2 were distributed to 9 wells and
each cell group received different media, listed in table Table 1. Treatment with

serum-free and serum-containing media was limited to 24 hours.

After media treatment, non-adherent cells from 6 wells (300 000) were combined
into 15 mL tubes and centrifuged at 400 G for 5 minutes. Cells were resuspended
in 1 mL of PBS and again centrifuged at 400 G for 5 minutes. Calcein solution was
prepared by diluting CellTrace™ Calcein Red-Orange 1:5000 in PBS. Cells were
resuspended in Calcein solution and incubated for 20 minutes at 37°C. Then viability

was measured between groups with FACS analysis described in Section 3.9.

To get a better picture, we also looked at viable cell numbers. To this end, we
performed automated cell counting to evaluate differences in living cell counts. Non-
adherent cells from 3 wells (150 000 cells) were combined after 24-hour treatment,
briefly resuspended, and then transferred to 1.5 mL Eppendorf tubes. Cells were
centrifuged at 400 G for 5 min and resuspended in 100 yL PBS. For measurement
on the Automated Cell counter, 20 uL of suspension were combined with 20 pL of
Trypan blue solution (Biorad) and placed on measurement cartridges. Leftovers
were placed in 350 pL of RNA lysis buffer or 100 pL of Ripa Buffer solution.

3.15 Proliferation under matrix-independent growth conditions

H23 cells were transfected using two different pools of PCK2-siRNA (Dharmacon,
Smartpool), control siRNA (Dharmacon Smart Pool) and Jet Prime® Kit as
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described in Section 3.13. After transfection, 300 000 H23 cells were cultured in
growth media for 24 hours using ultra-low attachment plates (VWR). For positive
and negative control of attached cells, 200 000 transfected cells were cultured in
normal 6-well plates nurtured by RPMI complete. An extra of 300 000 csi cells were
cultured in medium 1 on ultra-low-attachment plates. These extra csi cells were
used as negative control for detached cells. To assess proliferation, Click-iT™ EdU
Cell Proliferation Kit for Imaging (Thermo Fisher Scientific) was used. EdU,
chemically known as 5-ethyl-2’-deoxyuridine, is a thymidine analogue that is
incorporated into newly synthesized DNA during active DNA synthesis. The reaction
is made visible by attachment of a bright, photostable dye. The EAU 10 mM stock
solution was diluted to 1 mM using RPMI 1640 SILAC (Gibco), supplemented with
L-Arginine and L-Lysine. 5 yL of 1 mM EdU solution was pipetted in each well of
detached condition to obtain a final EdU concentration of 10 uM. Cells were then
incubated at 37°C and 98% humidity for 90 minutes. Cells were collected and
centrifuged. Collected cells were resuspended in 1% BSA solution. Then Click-iT
fixative (component D) was used to keep cells mildly fixed and allow for the EdU to
gain access to the DNA. To make cells permeable for the dye reaction, click-iT
saponin based permeabilization reagent was pipetted on cells before and after a 15-
minute incubation time with click-IT reaction cocktail, containing copper sulfate, the
fluorescent dye Alexa Fluor® 488 and buffer additive. Measurements took place on
the CytoFLEX (Beckman Coulter, Barea, California, USA). All FACS analyses were
performed using 488 nm for excitation and 530 nm for emission. For media
differences, proliferation results of cells with control siRNA (csi) in different media
were normalized to csi in 10 mM glucose and 10% dFCS. Transfections effects of
PCK2 siRNA #1 & #2 on proliferation were normalized to control siRNA of the same

media.
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3.16 PCK2 expression of H23 cells under adherent and matrix-

detached growth conditions

A549 and H23 cells were used in this experiment. Two groups, an adherent, and
matrix-detached group, were cultured in different growth media, to be subsequently
analyzed for differences in PCK2 protein and PCK2 RNA expression. Additionally,
expression differences of FASN, SLC1A2, GSR and TXNRD1 were analyzed

between the two groups.

For the adherent cell group, 150 000 cells per well were plated into conventional 6-
well plates. We cultivated cells for 24 hours in DMEM/F12 complete and RPMI 1640
complete, for A549 and H23 respectively to allow adhesion to occur. Thereafter,
cells were briefly washed twice with 2 mL PBS and treated with 2 mL of growth
media. After 18 hours, media were removed from the cells and cells were washed
once with PBS. Then 100 pL Ripa Buffer was directly added to wells. A reduced
duration of treatment compared to the cell viability assays was selected in order to
limit cell death. Plates were scraped and the protein lysate was transferred on pre-

cooled Eppendorf tubes and stored at -20°C.

For the matrix-detached group 300 000 cells were placed in 15 mL Eppendorf tubes
and centrifuged with 6 mL PBS at 400 G for 5 minutes. Cells then were resuspended
in 3 mL of growth media and 0.5 mL per well were distributed into ultra-low
attachment 24-well plates. Like in the adherent group, 18 hours after treatment, the
detached cells were harvested in two 1.5 ml Eppendorf tubes and centrifuged at
400G for 5 minutes. Next, cells were resuspended in 0.5 mL PBS and centrifuged
again at 400 G for 5 minutes. Finally, cells were resuspended in 50 uL Ripa buffer
or in RNA lysis buffer and stored at -20°C. For Western blot, cell lysates of both
adherent and matrix-detached cells were then prepared and analyzed for SDS-
PAGE gel electrophoresis and Western Blot as described in Section 3.10 with
antibodies listed in Table 2. For RNA analysis, cells have been stored in RNA lysis
buffer at -20°C until RNA extraction, cDNA synthesis and qPCR as described in
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Section 3.11. RNA expression differences of PCK2, FASN, SLCA1, GSR, and

TXNRD1 were analyzed between groups of the same cell line.

3.17 Statistics

All statistics were performed using Excel 2019 or SPSS software. For comparison
either a two-sided, unpaired t-test or a one-group t-test was used as applicable. P-
values below 0.05 were considered significant. Graphical illustrations were created
in Excel 2019.
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4 Results

4.1 Effect of growth media differences on matrix-independent

cell viability and viable cell number

Main focus of this study was to investigate the role of PCK2 during ECM detachment
under different starvation conditions. Our first focus was to see how cells would react
when cultured in a matrix-independent setting under high or low glucose treatment,
and with or without serum. As indicators of general cell survival, cell viability and the
absolute viable cell number were measured. All results were compared to cells

treated with high glucose and serum.

To confirm that FACS analysis, using the calcein dye, properly distinguished
between living and dead cells, we included a negative control group of dead cells
through treatment with ethanol. Histogram data showed a clear distinction between
dead and living cells (Figure 3).

300 =

200 = B Cell death control [EtOH]

Count

M H23 cells in 10% glucose and 10% dFCS
100 =

102 103 104 105 106 107

FL10-A :: Calcein AM PE-A

Figure 3: Histogram of FACS analysis for the discrimination between living and dead cell
fractions. As a negative control (cell death control), cells were treated for 10 minutes with 70%
ethanol (EtOH). For positive control (viable cells), non-transfected H23 cells were cultivated in 10

mM glucose and 10% dFCS. Viable cells show a positive calcein AM fluorescence (M1).

Matrix-independent H23 cells cultured in serum-free media, showed a significant

reduction in cell viability and viable cell number (Figure 4). In FACS absorption
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curves, a slight shift between peaks was observed between serum groups, so that
gates were adapted for both conditions. Viable cell numbers decreased drastically,
approximating that numbers plummeted to about a twentieth to that of cells treated
with serum. In contrast, glucose concentration had no notable impact on cell
survival. Morphologically, cells grouped together and formed multiple cell clusters,
an expected feature during ECM detachment (Figure 4, D). In summary, serum-

availability heavily affects viable cell number and viability in ECM detached H23

cells.
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Figure 4: Cell numbers and viability of H23 cells cultured in low attachment plates under
various growth conditions. Cells were plated in to low attachment plates in medium containing

high or low glucose (Glc) concentrations with or without dialyzed fetal calf serum (dFCS) for 24 hours.
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(A) Viable cell number was measured with the BioRad automated cell counter using Trypan Blue
solution. (B) Cell viability was measured with FACS. Calcein-AM was used as the detection reagent.
(C) Representative overlay of FACS absorption curves of all different conditions media groups. The
left peak represents the proportion of dead cells, the right peak the proportion of living cells. Dark
brown =10 mM glucose, 10 % dFCS, brown = 1 mM glucose, 10 % dFCS, orange = 10 mM glucose,
0 % dFCS, light orange = 1 mM glucose, 0 % dFCS. (D) Phase-contrast microscopy of detached
H23 cells after 24 hours treatment time. Scale bar = 200 um. Data presented is mean +* standard

error of the mean (SEM) from four independent experiments.

4.2 PCK2 expression in matrix-attached vs matrix-detached state

4.2.1 PCK2 protein expression

To test the hypothesis that PCK2 expression might differ in cells that are
matrix-detached vs. attached, we cultivated A549 and H23 cells in attached and
detached growth environments for 18 hours. As loading control, beta-actin was used
to check visually for regular protein banding and to normalize probes in later

analysis.

Quantification of Western blots showed no significant expression differences
between 1 and 10 mM glucose concentrations in detached cells treated with serum-
containing media (Figure 5). Cells cultured under serum-free conditions could
unfortunately not be tested for protein in this setting, due to insufficient protein
quantities measured in BCA analysis.

38



A549 H23

p=073 p=0.92
1.8 p=093 1 2.0 - p=0.93 r
-
1.6 1.8
1.6
2™ z
g 12 % 1.4
40 g2
T 1.0
N 08 &
= S 08
Eos E 06|
o
=04 %04
0.2 0.2
0.0 0.0 4
10 mM Glc 1 mM Gle 10 mM Glc 1 mM Gle 10 mM Gle 1 mM Glc 10 mM Gle 1 mM Glc
attached detached attached detached
A549 H23
— -
PCK 2 —— — e — e
beta-actin T - e

GlcfmM] 10 1 10 1 10 1 10 1

adherent detached adherent detached

Figure 5: Western Blot of PCK2 expression in attached and detached A549 and H23 cells. Two
glucose concentrations, 1 mM and 10 mM, supplemented with 10% dFCS were used to treat cells
for 18 hours. Intensity values were normalized to high glucose and attached group for each cell line

and then normalized to beta-actin. Data are mean + SEM from three independent experiments. Glc,
glucose.

4.2.2 PCK2 RNA expression

In similar outcome to the Western blot results, RNA expression of PCK2 in A549
and H23 did not have any significant expression differences between attached and
detached cells (Figure 6). Furthermore, serum or glucose starvation also did not

significantly change the expression of PCK2 in both cell lines.

39



H23 - PCK2 A549 - PCK2

attached detached attached detached

M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4
0,00 T 0,00

-1,00 - 1,00
2,00
23,00
-4,00
5,00
6,00
7,00 -
8,00
9,00

DeltaCp (ACTB-PCK2)
DeltaCp (ACTB-PCK2)
AR
8

Figure 6: PCK2 RNA expression in attached and detached A549 and H23 cells: Cells were
treated for 24 hours in media 1-4 (M1-M4). M1 = 10 mM glucose, 10 % dFCS, M2 = 10 mM glucose,
0 % dFCS, M3 = 1 mM glucose, 10 % dFCS, M4 = 1 mM glucose, 0 % dFCS. Data are mean + SEM

from three independent experiments.

4.3 Confirmation of PCK2 silencing on mRNA level

In order to investigate the role of PCK2 in survival of H23 cancer cells under
starvation and detachment, we silenced PCK2 using two different pools of PCK2
siRNA. First, we confirmed the efficacy of the siRNAs under our experimental
conditions. We measured PCK2 RNA expression under all growth conditions in
detached cells using qPCR. Both siRNAs significantly reduced PCK2 RNA levels
(Figure 7). PCK2 siRNA 1 and PCK2 siRNA 2, were compared to control siRNA

group (csi).

Media differences did not affect silencing on the RNA level. Additionally, we
confirmed the efficacy of PCK2 siRNA treatment in conventionally cultured cells on
the protein level by members of the Leithner group using Western blot (data not

shown).
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Figure 7: PCK2 expression analysis in H23 cells transfected with PCK2 siRNA and cultured
in different growth media. Cells were transfected using two different pools of PCK2 siRNA, siRNA
1 and siRNA 2.or non-silencing siRNA (control siRNA). A, PCK2 mRNA levels in detached cells.
Results were compared to control siRNA (csi) with one-group t-test. Data are mean = SEM from

three independent experiments.

4.4 PCK2-silencing effects on viability and viable cell number

To test the influence of PCK2 on matrix-independent cell survival, H23 cells were
transfected with the two different pools of siRNA silencing PCK2, as well as a control
siRNA with non-targeting effects. Cell viability, and viable cell number of cells
transfected with PCK siRNA 1 and PCK2 siRNA 2 were compared to control siRNA
group. This analysis was done for each growth media group, to see if PCK2 silencing
effects on cell survival depended on glucose concentrations and the presence of
serum. First, results for medium containing high glucose (10 mM) and 10% dFCS
are shown (Figure 8). Here, PCK2 silencing did not show any effect on cell viability.
The viable cell number, interestingly, was significantly reduced by PCK2 siRNA 1
(p =0.0031) and PCK2 siRNA 2 (p = 0.041).
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Figure 8: Cell numbers and viability of matrix-detached H23 cells - 10 mM glucose and 10%
dFCS: Comparison of transfected H23 cells treated in high glucose with serum for 24 hours in ultra-
low attachment plates. (A) Viable cell number of main transfection groups csi, PCK2 siRNA 1, PCK2
siRNA 2. (B) Cell viability of csi, PCK2 siRNA 1 and PCK2 siRNA 2, measured by FACS. (C)
Histogram showing FACS fluorescence curves of main transfection groups, csi: orange, PCK2 siRNA

1: dark blue, PCK2 siRNA 2: teal. Results are shown as mean + SEM from four independent
experiments.

Next, we compared cells cultured in 1 mM glucose and with 10% serum (Figure 9).
PCK2 silencing did not have any significant impact on cell viability and viable cell
number of cells treated in low glucose (1 mM) and with serum. However, viable cell
numbers showed a decreasing trend in PCK2 siRNA 1 (p = 0.17) and PCK2 siRNA
2 (p = 0.082).
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Figure 9: Cell numbers and viability of matrix-detached H23 cells - 1 mM glucose and 10%
dFCS: Comparison of transfected H23 cells treated in low glucose with serum for 24 hours in ultra-
low attachment plates. Results are shown as mean £ SEM from four independent experiments. (A)
Viable cell number of main transfection groups csi, PCK2 siRNA 1, PCK2 siRNA 2. (B) Cell viability
of csi, PCK2 siRNA 1 and PCK2 siRNA#2. (C) Corresponding FACS fluorescence curves of main
transfection groups, csi: orange, PCK2 siRNA 1: dark blue, PCK2 siRNA 2: teal. Results are shown

as mean + SEM from four independent experiments.

Finally, we took a look at PCK2 silencing under conditions where cells lack serum
completely. Cells treated in high glucose (10 mM) and without serum did not have
significant differences in cell viability and viable cell number between control siRNA
and PCK2 siRNA groups (Figure 10). Serum-free cells with low glucose treatment

(1 mM) had significant differences in viable cell number of cells transfected with
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PCK2 siRNA 1 (p = 0.0045) and showed a trend for PCK2 siRNA 2 (p = 0.072)
(Figure 11). Cell viability under these conditions, showed a decreasing trend for
PCK2 siRNA 2 (p = 0.11). As observed in our initial experiments, absolute viable

cell numbers were very low in serum-free media compared to serum-containing
media.
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Figure 10: Cell numbers and viability of matrix-detached H23 cells - 10 mM glucose and 0%
dFCS: Comparison of transfected H23 cells treated in high glucose without serum for 24 hours in
ultra-low attachment plates. (A) Viable cell number of main transfection groups csi, PCK2 siRNA 1,
fluorescence curves of main transfection groups, csi: orange, PCK2 siRNA 1: dark blue, PCK2 siRNA

2: teal. Results are shown as mean + SEM from four independent experiments.
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Figure 11: Cell numbers and viability of matrix-detached H23 cells - 1 mM glucose and 0%
dFCS: Comparison of transfected H23 cells treated in low glucose without serum for 24 hours in
ultra-low attachment plates. (A) Viable cell number of main transfection groups csi, PCK2 siRNA 1,
PCK2 siRNA 2. (B) Cell viability of csi, PCK2 siRNA 1 and PCK2 siRNA#2. (C) Corresponding FACS
fluorescence curves of main transfection groups, csi: orange, PCK2 siRNA 1: dark blue, PCK2 siRNA

2: teal. Results are shown as mean + SEM from four independent experiments.
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4.5 Proliferation assay

The discrepancy between lower viable cell numbers under serum starvation
compared to serum-containing medium as opposed to similar viability rates could
be explained by differences in proliferation. While some cells underwent cell death,
remaining cells potentially might have continued to proliferate in a serum-dependent
manner. To investigate this potential factor, we performed a proliferation assay, of
cells cultured in the same way as in cell viability and viable cell number experiments,

using the EdU proliferation assay.

Obtained data was normalized to the 10 mM glucose 10% dFCS condition, due to
a higher concentrated dye reaction mix in the first experiment, which led to higher

values. All statistical analysis was then performed based on normalized values.

To test the proliferation assay, we included a negative control of detached cells that
were not treated with EdU. The resulting FACS curve overlay of negative control
and csi cells in 10 mM glucose and 10% dFCS shows a clear distinction between

proliferating cells and non-proliferation cells (Figure 12).
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Figure 12: Quality control of proliferation assay —Cells were transfected with control siRNA (csi)
in 10mM glucose and 10% dFCS and grown in detachment plates for 24 hours. Negative control

(neg ctrl detached) did not receive EdU solution. Positive control shown in red (csi) is characterized

46



by two separate peaks, representing proliferating (EdU positive) and non-proliferating cells (Edu
negative).

When we cultured H23 cells in ultra-low detachment plates exactly as for the viability
and cell number assays, we found that cells treated without serum showed
significantly lower proliferation than cells that received serum (Figure 13). This
proved to be true for both, 10 mM glucose (p = 0.05) and 1 mM glucose (p = 0.02)
conditions that lacked serum. This can be visually seen in FACS curves having
lower proliferating peaks in cells lacking serum. Serum-starved cells had about 8 to

10 percentage points less proliferation than their counterpart.
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Figure 13: Effect of different media on proliferation in detached H23 cells transfected with
control siRNA (csi) - Cells were treated for 24 hours in Media 1-4 (M1-M4). M1, 10 mM glucose,
10 % dFCS; M2, 10 mM glucose, 0 % dFCS; M3, 1 mM glucose, 10 % dFCS; M4, 1 mM glucose,
0 % dFCS. Proliferation was measured by detecting the incorporation of EdU followed by FACS
analysis. Data are mean + SEM from three independent experiments. *p < 0.05.
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PCK2 silencing with both PCK2 siRNA 1 and PCK2 siRNA 2 did not impact

proliferation significantly in any of the tested media (Figure 14).
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Figure 14: Effect of PCK2 silencing on proliferation in detached H23 cells in different media -
Cells were treated for 24 hours in Media 1-4 (M1-M4). M1 = 10 mM glucose, 10 % dFCS, M2 =
10 mM glucose, 0 % dFCS, M3 = 1 mM glucose, 10 % dFCS, M4 = 1 mM glucose, 0 % dFCS. Data
are mean + SEM from three independent experiments.

4.6 Gene expression analysis

To better understand how ECM detachment effects cells, we analyzed the

expression of various genes linked with tumor growth, metabolism or survival.

4.6.1 Fatty acid synthase (FASN)

FASN mRNA was significantly upregulated in attached H23 cells under serum
starvation compared to serum-containing medium in high glucose conditions (p =
0.028) (Figure 15). Moreover, a trend for increased expression of FASN in the

absence of serum was found in low glucose medium This could suggest that in
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absence of lipid-containing serum cells try to circumvent the lack of exogenous
lipids, by increasing de-novo synthesis of fatty acids through FASN.
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Figure 15: Fatty acid synthase (FASN) RNA expression in attached and detached A549 and
H23 cells analyzed using qPCR: Cells were treated for 24 hours in Media 1-4 (M1-M4). M1, 10 mM
glucose, 10 % dFCS; M2, 10 mM glucose, 0 % dFCS; M3, 1 mM glucose, 10 % dFCS; M4, 1 mM
glucose, 0 % dFCS. Data are mean + SEM from three independent experiments. *p < 0.05.

4.6.2 GLUT-1 (SLC2A1)

Under serum starvation and isolation from the matrix, cells potentially increase their
glucose uptake by upregulating the insulin-independent glucose transport protein
GLUT-1 via overexpression of its gene SLC2A1. Therefore, we compared SLC2A1
gene expression between detached and attached cells, as well as between serum-
free and serum-containing media (Figure 16). H23 and A549 cell lines did not show
any significant overexpression of SLC2A1 under matrix-independency or absence

of serum.
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Figure 16: SLC2A1 mRNA expression in attached and detached A549 and H23 cells analyzed
using gPCR: Cells were treated for 24 hours in Media 1-4 (M1-M4). M1, 10 mM glucose, 10 % dFCS;
M2, 10 mM glucose, 0 % dFCS; M3, 1 mM glucose, 10 % dFCS; M4, 1 mM glucose, 0 % dFCS. Data

are mean + SEM from three independent experiments.

4.6.3 Glutathione reductase (GSR)

Glutathione reductase, coded by the gene GSR, is an important enzyme for the
regeneration of (reduced) glutathione. Glutathione is important for cells undergoing
oxidative stress. Serum starvation or detachment from matrix can possibly present

a triggering factor for oxidative stress (49).

The data obtained indicated that serum starvation and matrix-detachment did not
trigger any significant overexpression of GSR in H23 and A549 cells. (Figure 17).
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Figure 17: GSR mRNA expression in attached and detached A549 and H23 cells analyzed
using gPCR: Cells were treated for 24 hours in Media 1-4 (M1-M4). M1, 10 mM glucose, 10 % dFCS;

M2, 10 mM glucose, 0 % dFCS; M3, 1 mM glucose, 10 % dFCS; M4, 1 mM glucose, 0 % dFCS. Data
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4.6.4 Thioredoxin reductase 1 (TXNRD1)
The NADPH utilizing enzyme TXNRD1 is an alternative antioxidant enzyme. When

we assessed expression levels of TXNRD1 we found no significant regulation by

detachment or by the different nutritional conditions (Figure 18).
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Figure 18: TXNRD1 mRNA expression in attached and detached H23 and A549 cells analyzed
by gPCR: Cells were treated for 24 hours in Media 1-4 (M1-M4). M1, 10 mM glucose, 10 % dFCS;
M2, 10 mM glucose, 0 % dFCS; M3, 1 mM glucose, 10 % dFCS; M4, 1 mM glucose, 0 % dFCS. Data

are mean = SEM from three independent experiments.
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5 Discussion

5.1 Interpretation of results

PCK2 already demonstrated significant effects on cell apoptosis in previous studies
in attached cells under glucose deprivation (24). Our aim was to investigate how
susceptible PCK2 silenced matrix-detached NSCLC cells were to poor metabolic
conditions. In reference to our hypothesis, the results suggest that PCK2 has impact
on overall cell survival in ECM detached cells. Significant viable cell number
differences were observed in high glucose media with serum and in low glucose
without serum. Matrix independency did not induce overexpression of PCK2 on both
the protein and mRNA level, suggesting that PCK2 expression is not affected by
ECM attachment in H23 NSCLC cells. In this setting, glucose concentration and
serum availability could both not be clearly isolated as associated variables in the

effect of PCK2 on cell survival.

In general, the presence of serum, could be identified to have impact on cell survival
and viability under ECM detachment. Reduced proliferation under serum starvation
could explain the relatively low viable cell numbers measured. Also, rapid cell death
could have led to an overestimation of cell viability. It remains unclear how early or

fast cell death took place, so cell viability has to be interpreted cautiously.

5.2 PCK2 demand due to raised FASN levels?

FASN is able to use carbohydrates and convert them into fatty acids and is
commonly upregulated in various tumors. In gene expression analysis we found
raised FASN mRNA levels under serum starvation and high glucose in attached H23
cells. Serum starvation might have initiated some form of metabolic reprogramming
by upregulating the endogenous biosynthesis of lipids. It could suggest that the
gluconeogenic enzyme PCK2 supports this lipid demand in cancer cells, as it occurs
physiologically in hepatocytes and adipocytes (17). However, the reverse pathway

of glycolysis has also to be considered as possible provider of glycerin, especially
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when glucose is abundant. It is important to note that it remains unclear how lipid
and glycerin synthesis is actually affected and to what degree the increased FASN
mMRNA levels translate to in actual protein expression. The hypothesis of PCK2
aiding in glyceroneogenesis could in part explain the effect of PCK2 silencing on

cell survival in the low glucose and serum-free environment.

5.3 Serum may contain necessary growth and survival factors

Serum supplementation is routinely used in cell culture. In our experimental
conditions, the availability of dialyzed fetal calf serum had major implications on cell
survival and proliferation. The dialysis process reduced the concentration of small
molecules like amino acids, hormones and cytokines, but retained macromolecules
present in FCS. It is known that serum contains a multitude of proteins, some of
which confer growth under anchorage independent growth conditions, but also
lipids, which may be used as nutrients. In-vivo studies using Lewis lung cancer cells
identified fetuin A to be one such responsible growth factor (54). Further, serum
exosomes, small vesicles that can contain nucleic acids or small proteins, have also
been found to be associated with anchorage independent growth (55). Growth factor
signaling derived from serum-containing media could be of equal importance for our

NSCLC cells and explain the declines in survival and proliferation we observed.

5.4 Influence of glucose concentrations

Glucose concentration of 1 mM did not show any effects on cell viability and survival
in our NSCLC cells compared to a high-normal concentration of 10 mM. Cell line
specific oncogenic mutations could have rescued glucose uptake in our detached
NSCLC cells, similarly to ERBB2 expressing mammary epithelial cells (49). NSCLC
cells in attachment to the ECM have already been tested in previous studies by
members our study group (24) and cells were able to adapt to concentrations of
1 mM glucose. When glucose was lowered to 0.2 mM, PCK2 silencing significantly
induced apoptosis. In conclusion, a concentration of 1 mM was not low enough to

induce significant PCK2 expression in detached cells and cell survival was similar
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in 1 and 10 mM glucose. This suggests that cancer cells readily adapt to a 10-fold
decrease of glucose, also under detachment. Unpublished data from the Leithner
group suggest that at 1 mM glucose, glycolysis and lactate production are still
maintained in attached lung cancer cells, possibly due to highly efficient glucose

transport and trapping in the cancer cells.

5.5 Limitations

Experiments were performed in a set of four or three independent runs. Some
results suggest a trend and might show statistical significance, if more experimental
runs would have been included. In this study, cell viability and proliferation as cell
survival and growth parameters were assessed. A potentially important factor to
consider is the appropriate choice of treatment time. The selected 24-hour treatment
time might be too short. Several measuring time points could give impression of the
survival course over time and differences might become more prominent after longer
treatment times. We only used H23 cells in PCK2 experiments, so cell line specific
interactions could be present. A549 cell were also tried in early groundwork of PCK2
silencing experiments, but due to poor survival under low-attachement conditions
this cell-line was omitted from further analysis. Inclusion of more NSCLC cell lines

could rule out or identify any cell line specific differences.

5.6 Outlook

In future, treatments targeting the function of PCK2 could potentially be exploited
and possibly enhance the currently poor treatment options for NSCLC patients. A
synthetically synthesized compound, IPEPCK2, has already been successfully
tested in epithelial and colon carcinoma cells, as wells as in murine xenograft
models (56). Still, there is still a lot of missing data on how PCK2 actually affects
tumors under different metabolic conditions. Moreover, detailed analyses of cancer
cells metabolism e.g. using stable isotopic tracers in cancer cells with or without

matrix detachment are needed.
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In terms of our experimental setting, we only assessed cell viability as in the fraction
of living cells under in-vitro conditions. Measuring apoptosis in suitable apoptosis
assays could shed more light on to specific cell death analysis. Since serum
components were identified to have big impact on detached cells one could
investigate the possible effect of serum exosomes and lipids in fetal calf serum. If
serum exosomes are of importance for growth and survival, they could be extracted

and purified to be used to optimize serum-free media.

5.7 Conclusion

We established an experimental setting to test PCK2 effects in matrix-detached
NSCLC cells under various metabolic conditions. Although detachment from the
ECM did not induce PCK2 overexpression, data suggests that PCK2 silencing
affected matrix detached cell survival. Glucose and serum availability could not be
clearly identified as determining variable in the effect of PCK2 silencing. Strikingly,
serum-free media impaired viable cell number and proliferation in our in-vitro
detachment model. Therefore, possible side factors in serum, like exosomes and
lipids, should be tested in future. Further research will be required to elucidate the

role of PCK2 in matrix independent NSCLC cells and metastasis.
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