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Abstract

Human cancers carrying KRAS mutations are considered to be highly malignant and
are associated with poor prognosis, resistance to therapy, and highly adaptive to stress
conditions. Nowadays, a growing body of literature indicates that a fetal bovine serum
(FBS) supplement is a critical factor in cell culture medium providing growth factors
and extracellular matrix components. Therefore, deprivation of this supplement is a
common way to provoke stress associated with significant changes in cell growth and
proliferation. The scientific community put huge effort to investigate cancer cell
responses to serum deprivation and an explanation of its regulatory mechanisms.
However, it is still unknown what happens with KRAS mutant cancer cells during
serum deprivation. In this study, we investigated the changes of patterns
ribosome/polysome profiling and transcriptomic gene expression in KRAS mutant
cancer cell lines following serum deprivation. First, we studied the response of KRAS
mutant cancer cells to serum deprivation by examining cell growth by cell number and
cell size. Then, we performed the functional gene expression studies by performing
transcriptomic analysis of the RNA obtained from total lysates and polysomal fraction.
Using RNA sequencing analysis, we show that the genes involved in cholesterol and
fatty acid synthesis are dramatically upregulated under serum starvation conditions in
KRAS mutant cancer cells. The identified genes were further validated by the Q-PCR
application. It is likely, we observe a main adaptive serum depletion response to
compensate an abundance of cholesterol by activation of pathway responsible for its
synthesis, because serum (FBS) is a main source of lipids including cholesterol in cell
culture. A cellular pathway orchestrating this process is yet to be defined. The results
of this study provide a better understanding of the molecular mechanism underlying
the adaptation and survival of KRAS mutant cancer cells under serum deprived
condition, understanding the biology of cancer cells behavior that in future may lead
to development of novel therapeutic strategies for the treatment of KRAS mutant

cancers.
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1 INTRODUCTION

In recent years, most of the literature considered dysregulation of cellular metabolism as the
driver causative which helps cancer cells develop and survive during diverse circumstances, thereby
making them resistant to the variety of treatments. Therefore, there is an urgent need to understand
basic metabolic differences between cancer and primary (normal) cells. This study aimed to
characterize deviations of transcriptomic data and gene expression of cancer cell lines depending on
the absence of serum that is critical for cell growth and proliferation.

1.1. Cancer and role of RAS protein mutations

Cancer is a second worldwide problem of public health that caused the death of 1 in 6 people
in 2018, which comprised about 9.6 million deaths, and these indicators continue to grow [1]. They
also proposed, the reason for such a burden is the problems with treatments and predicting cancer
development due to its complexity and variety of responses for different conditions. That is why
cancer is considered a result of complex events. During the last decades, scientists consider that most
of the difficulties of cancer cases are caused by RAS gene-specific mutation, which is the important
oncogenic driver with 3 existing isoforms: N isoform (NRAS), K isoform (KRAS), and H isoform
(HRAS). According to the literature [2], NRAS contains 17% of RAS-driven mutations, while HRAS
composed only 7%. In contrast to this, K isoform RAS-type mutations are the most prevalent, with
a frequency of about 20 mutations per 29 detected cancers among all types. This particular mutation
is present almost 100% in Pancreatic ductal adenocarcinoma (PDAC), and also mostly in colon and
lung cancer cells [3], [4]. The main function of the KRAS gene is to encode the KRAS protein, which
switches from a guanosine diphosphate (GDP) inactive state by binding to guanosine triphosphate
(GTP) to acquire a permanently active state [5]. Also, this active KRAS protein is the central part of
the multiple cellular pathways since it couples cell membrane growth factors to signaling pathway
mediators, like kinase residues, transcription factors, and pathway regulators themselves. As it has
been reported in most of the papers [2], [6] when this gene is oncogenically activated there is a tight
binding with the GTP molecule, which makes the KRAS protein constantly active and leads to
uncontrollable cell growth and cell cycle damage by triggering various cellular pathways endlessly,
like axes of PI3BK-AKT-mTOR regulators of cell growth (Figure 1). Figure below shows in which

intracellular pathways RAS is involved.
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Figure 1. The representation of Ras effector pathways [7].

Also, these axes are considered a key effector of the oncogenesis driven by KRAS mutation. At the
beginning of the previous decade, it was clearly characterized [8] that activation of this mTOR
pathway is highly involved in the Warburg effect, which states that tumor cells to survive and
complete cancerogenesis increase glucose uptake. This shows that any cancerogenesis is driven not
only through the mutant-driven actions, but is something more complex and cyclic in accompanying

metabolic processes and cellular pathway regulations.

1.2. Nutrient deprivation is a Hallmark of Cancer

According to some papers [9], [10] cancer is a multistep process that relies on various
dysregulations, which are called “cancer hallmarks”. Authors [9] pointed out that one of the last
hallmarks that were considered and discussed more in 2011 [10] was cellular metabolic
dysregulation, which later became a key point interacting with other hallmarks and triggering cancer
development. Metabolic cellular reprogramming helps to survive cancer cells by making possible
adaptations to the environmental changes and corresponding to the levels of cancer development,
like initiation, cell growth, invasion, and metastasis formation [11]. They argue that this process is
triggered by nutrient availability, especially with the over-uptake by cancer cells. Usually,
uncontrollably growing cells as a source of nutrients use glucose, amino acids, and lipids, which are
imported to support membranes, express proteins, and nucleic acids, and generate the energy source
of Adenosine triphosphate (ATP) [12]. As it was reported [13], in recent years there was a tremendous
effort to investigate the regulation of over-uptake of glucose, amino acids, and lipids in KRAS mutant

cancer cells. For example, as was shown by group of authors [14] and others previously, over-uptake
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of glucose is common for KRAS-driven cancer cells, and moreover this mutation trigger pathways
to regulate this glucose addiction, and in the case of deprivation, there could be other ways to
compensate for these glucose deficiencies. This last research system tries to compensate for glucose
absence by lysosomal nutrient excretion pathways, which act usually as a recycling center for cells,
but in this case, cells return unneeded nutrients that should go through lysosomal pathways. Previous
evidence also suggests [10], that nutrient starvation is a main cause of stress for cancer cells, which
affect their viability but also could be the source to manage stress and quickly adapt to it by increasing

cell number rates due to invisible but present molecular mechanisms.

1.3. Lipid biosynthesis and metabolic reprogramming in KRAS cancer cells

As it was mentioned in previous part, metabolic reprogramming is one of the important
hallmarks of aggressive cancer progression. This is tightly connected with mutations, such as MYC,
KRAS, which usually responsible for new metabolic properties that help to increase proliferation,
growth, and resistance to various treatment strategies [15]. That is why usually it is called oncogene-
induced metabolic reprogramming. According to the literature [16], last decades over activated de
novo synthesis of lipids in KRAS cancer cells become the most questionable metabolic
reprogramming in cancer. In last years, it was investigated that fatty acid synthesis and its
overexpression associated with de novo lipogenesis, and could be potential target as a distinct
treatment strategy [17]. However, there is another broad category of lipid biosynthesis regulator as a
cholesterol pathway, which is also often reported as an upregulated one in KRAS cancer cells [18].
Usually, it is characterized by the overexpression of genes, such as ACAT2, which catalyze molecules
of acetyl-CoA, or by HMG-CoA reductases, which affect downstream targets of cholesterol pathway
[19]. Despite the fact that there is a lot of pathways, enzymes and regulators are involved in lipid
biosynthesis, the most attractive for cancer investigation still fatty acid and cholesterol synthase
pathways. In cell culture environment will be interesting to investigate this pattern, especially when

it is known that source of lipid for cells in vitro is a serum supplement.

1.4. Serum-deprived conditions in cancer research

In recent years growing body of literature put more attention to the serum starvation of cancer
cells in vitro by excluding the main supplement fetal bovine serum (FBS) in cell culture media as an
impactful nutrient condition since it mimics nutrient deprivation of cancer cell in vivo [20]. This
could be due to the fact that the effect of the product and it is composition is still not well understood,
and results of cell growth could vary depending on the manufacturer or the cell line characteristic.
Nevertheless, due to its importance in vitro cell culture medium, it is an attractive target to

investigate. According to some authors [21], a lot of studies consider serum deprivation, but there
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are still unknown clear mechanisms of the impact of condition absence or presence on cell regulation,
and this situation remains the same. Also, they designated that serum-deprived conditions could be
considered cell growing either in an FBS-free medium or in partially reduced FBS. Based on the
already existing literature, serum-deprived conditions affect cell proliferation and activity. Moreover,
could regulate intracellular activities, and results varied between studies probably depending on the
cell lines and condition specifications [22], [23], [24]. These mentioned results for serum-deprived
conditions in various cell lines were gathered and presented in Table S1 of Appendices. In this table,
some controversial results could be observed, for example, one paper [25] reported cell death in
breast cancer lines, like MDA-MB-231, MDA-MB-468, and other types, while another one [26]
argue that during serum deprivation these above-listed cell lines are able to resist, and moreover to
increase their proliferation rates. Also, some of the literature reported cell death in different cell lines
during serum deprivation, which leads to the reasonable idea that could it be tightly connected to the
KRAS mutation as in the case of nutrient-deprived conditions with glucose, and amino acids
mentioned earlier. But in the case of both papers [25] [26], it little bit controversial, but still could be
the reason since the author did not mention and focused specifically on the mutation type of the lines,
however, usually, these breast cancer cell lines are considered to be KRAS-mutated [27]. So, all the
literature in that table provides different consequences of serum deprivation and causes of resistance
to the absence of serum, which mostly triggers various cellular pathways, which will be the key to

understanding the common mechanism of nutrient uptake regulation.

1.5. mTOR is the orchestrator of nutrient uptake

As a continuation of the last part, organization, and regulation of this nutrient uptake at an
appropriate time from the microenvironment without side effects should be done by a precise
mechanism. According to the growing body of literature [28], the Mammalian target of Rapamycin
(mTOR) is considered to be the orchestrator of all cellular reprogramming processes, since
complexes of mMTOR, like mTORC1 and mTORC2, not only involved in work of Growth factor
receptor signalling (GFR), but also in RNP complexes formation, that will response to information
about the availability of nutrients in the surrounding environment. Another group of authors [29]
argue that mTOR-mediated nutrient dependence leads to changes in the RNP complex’s biogenesis,
which will affect the protein and gene expression of the cells. This also regulates the accumulation
of cell growth and its mass. If there is nutrient uptake going on, this means that mTOR pathways are
hyperactivated, which together also over-activate RNA polymerase 1 activity, which is a key player
in ribosomal biogenesis [30]. This conclusion implies that high rates of nutrient uptake through

mTOR signalling pathways are tightly connected with genomic modifications that include protein
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expression, MRNA synthesis, and DNA instability.

1.6. RNA is a key to understanding cancer phenotype

Literature of this decade [31], [32], in order to investigate cellular modifications, give
preference to RNA molecules, overall called transcriptome, rather than metabolome analysis, which
is hard to obtain and analyze. Moreover, metabolites depend on the plentiful presence of enzymes,
which are translated from mRNA [33]. According to them, these two pillars, metabolome, and
transcriptome are highly intertwined through the reflection of changes in genotype and phenotype,
which gives the opportunity to provide clear evidence about gene modifications, protein, and
metabolite expression along with cellular mechanisms. Consequently, this raises questions as to
whether it is possible to predict metabolic reactions and cancer growth through transcriptomic
analysis since it is the most economically and scientifically efficient way to investigate the
connection between the hallmarks discussed above. Moreover, RNA investigation is a better research
approach than DNA in the case of cancer, because RNA gives more dynamic, non-identical
sequences, which will reflect the phenotypes as a signature of cell states, and will give ideas about
the uniqueness of each cell depending on various nutrient supply chains [34]. Authors also claim that
transcriptomics is a powerful tool of gene profiling, which not only provides information about gene
expression but also is able to generate data of modification, and structural changes across all cells
along with pairwise comparisons of different gene expressions according to the various conditions
implemented to the cells. Such an example was provided in recent paper [35], where they
implemented folic acid deprivation conditions for breast cancer and did transcriptomic profiling with
comparisons in gene expression during the presence and absence of folic acid. They identified that
such deprivation conditions changed gene expression, especially on key breast cancer points, like
interferon signaling genes and mesenchymal phenotype-responsible genes, which already gives an
idea of which direction treatment strategies should be developed, and show distinct axes of treatment

pathways that should be implemented.

In this research, the transcriptomic data will be essential since the classical way of ribosomal
profiling will be an essential part to understand the molecular and biochemical properties of the cells
under such serum-deprived conditions. That is why RNA isolation will be the key to this fundamental
research that will show us the alterations in the gene expression level of cancer cell lines under serum-

deprived conditions based on transcriptomic data analysis.
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1.7. Aims & Hypothesis of the thesis project

Considering the information discussed above, this study is pursuing to investigate how KRAS
mutant cancer cells response serum deprivation. The hypothesis of this thesis project is that serum
deprivation of cancer cells turns on expression of particular mMRNASs by their active translation in
polysomes, which are responsible for cell survival and growth under serum deprivation of KRAS

mutant cancer cell mediated by distinct signaling systems.
In order to test our hypothesis, we set the following aims:

1) To examine cell number and size of KRAS mutant cancer cells incubated in the cell culture
medium with or without 10% fetal calf serum for 24 hours.

2) To perform isolation of the polysomes by a subcellular fractionation and sucrose gradient

fractionation of KRAS mutant cancer cells incubated with or without 10% fetal calf serum.

3) To define the critical genes upregulated in response to serum deprivation of KRAS mutant

cancer cell.

2 MATERIALS AND METHODS
Methods that will be used in this study were chosen according to the specificity of the aims

mentioned in the previous part and experimental procedure.

2.1 Cell culture
The first and foremost part of this experiment is the cell culture and conditions that settled for

this study. This part of the study compared cells based on their count, size, and morphology under
two different conditions. 2 cell lines were used in this experiment: A549 — human KRAS mutant lung
adenocarcinoma cell line. Cells were taken from laboratory stocks, which were initially obtained from
American Type Culture Collection (ATCC, Rockville, MD, USA). All culture experiments were
performed with cells not contaminated with mycoplasma. According to the cell culture protocols,
these cell lines was maintained in Dulbecco's modified Eagle's medium F-12 (DMEM/F-12, US
biological Life sciences, Way Salem, USA), supplemented with 10% fetal bovine serum (F7524,
FBS, non-US origin, Sigma-Aldrich), Streptomycin sulfate salt (S9137-100G) and Penicillin G
sodium salt (P3032) both ordered from Sigma Aldrich. Cells were cultured at 37°C in a humid
incubator with 5% CO2, which also controls high humidity. To investigate the effect of serum derived
condition on KRAS cancer cells, FBS supplement was deleted from DMEM in which cells were
maintained (Figure 2).
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Figure 2. Schematic representation of cell culture condition.

Cells was seeded day prior transitioning them into DMEM/F-12 without FBS, in order to mimic
serum-deprived conditions. Cell number and size was measured by Multisizer Coulter Counter 4e
(B43905, Beckman Coulter, Life Sciences). To achieve that, cells were trypsinized, using diluted
Trypsin (X0930-100, Biowest, Nuaillé, France), an enzyme, which dissociates adherent cells from
the plate, then suspension of cells will be placed to Multisizer, which works based on Electrical
Sensing Zone principles, which is based on reading voltage pulses of suspended cells when they pass
through an aperture, under an electrical current, and amplitude of this pulse is given the volume of
the cells. The cell morphology was observed through ZEISS Primovert Inverted Microscope (Zeiss,
Oberkochen, Germany). When condition settled for further work, cells were seeded to 150 mm big
plates, using the same protocol adjusted for big plates since next biochemistry studies require high

protein volumes.

2.2 Methods and Instrumentation for Biochemical analysis
Cell culture was followed by fundamental biochemical investigations that based on cell lysis,

subcellular fractionation in order to obtain polysome fractions in ribosomal profiling (Figure 3).
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Figure 3. Schematic representation of cell lysis, subcellular fractionation, RNP complexes

separation.

To achieve this, procedure starts from cell lysis with the specific cell lysis buffer —
“Magnesium buffer with detergent”, which also contain protease inhibitor cocktail, which protects
proteins from degradation. Lysis itself lasts for 30 min, at +4°C. Then subcellular fractionation starts.
For this purpose, cells were centrifuged, and cytoplasm fraction was obtained. After that, cytoplasm
lysates were fractionated by a linear sucrose gradient and ultracentrifugation to isolate the RNP
complexes fractions, especially the polysomes. The BioComp Gradient Station with Triax flow cell
1 (Fredericton, Canada) was used as an instrument to obtain the highly reproducible linear sucrose
gradients and perform the automated fractionation analysis. This tool is composed of a gradient
station itself, a Gilson fraction collector, and a Triax flow cell, which gives the opportunity to record
UV and fluorescence scans. As it is defined in the protocol, obtained lysates from previous step were
loaded on top of the sucrose gradient. The gradient station creates the sucrose gradient through the
patented process, which is called “tilted tube rotation”, controlled by 11-step gradient-making
program. Before exploitation, gradient stored in the refrigerator (+4°C) to make them more viscous.
The prepared lysates were placed on top of the gradients and fractionated by ultracentrifugation in a
ThermoScientific Sorvall WX Ultra Series Centrifuge with ThermoScientific Sorvall Rotor Swinging
bucket rotor TH-641. The sucrose gradients with lysates were profiled after fractionation by the
BioComp gradient station with Triax flow cell 1 for monitoring UV light (254-nm wavelength)

absorbance, obtaining about 24 to 28 fractions, where it was able to observe the 80S, 40S, and
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polysomes. All fractions were collected into separate tubes. Detected RNP complexes from these
fractions was isolated through PEG precipitation. Precipitated RNP complexes was used to isolate
RNA with Trizol reagent (Thermo Fisher Scientific, USA) according to the manufacturer's
instructions. RNA concentration and purity were measured by Nanodrop spectrophotometer (Thermo
Fisher Scientific, USA). Obtained fractions and RNAs were stored at -20°C in Eppendorf tubes.

2.3 NGS sequencing and gene profiling
RNA isolation was followed by the quantification of RNA concentration through the

fluorometric method Qubit RNA HS Assay Kit (Q32852, Invitrogen, USA). Then, there was RNA-
seq library preparation using the Illumina TruSeq Stranded Total RNA kit and NEXTFLEX Small
RNA-Seq Kit. Products was collected and sequenced using an Illumina HiSeq 2000. Obtained
transcriptomic data was analyzed by the NLA bioinformatics lab [36] using STAR methodology,
where differentially expressed genes was calculated through the DESeq pipeline. Also, validation of
gene lists by enrichment analysis and pathway analysis was done through the KEGG Database, while
sample analysis and data dimensionality reduction were performed by Principal Component Analysis.
Moreover, additional analysis was done by ICA. After that, identified “essential” genes was processed
through Rstudio programming language for statistical computing and graphs, where there were gene

profiles, and gene ontology in a representative manner to characterize already identified genes.

2.4 Primer designing
Specific primers were prepared for the identified overexpressed genes. NCBI “Primer-Blast”

was used as a primer designing tool. First, through the NCBI home page gene search was performed
for each identified gene in order to obtain the right DNA template. To do that NCBI refseq accession
number was used. When gene sequence and exon/intron parts are decided, procedure moved to
Primer-Blast window, where forward and reverse primers range, melting temperature, also product
size, and settings to avoid potential bindings and genomic contamination were chosen. When all is
set, primer pairs were obtained and sent to synthesizing (Sigma Aldrich, USA). Primer’s sequences
are listed in Table 2S.
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2.5 PCR analysis
25.1 Conventional PCR-based

Designed primers based on NGS analysis are targeting the Fatty acid and cholesterol
synthesize genes. To validate these genes PCR was done according to the NEB protocol (M0273),
using 2.5uM 10x Standard Taq reaction buffer, 0.5uM dNTPs (10mM), 1uL of each primer (10uM),
1uL template DNA, 0.125 uL Tag DNA polymerase, and increased with nuclease free water until
25uL of reaction volume. When PCR mix is ready, samples were transferred to Thermocycler (Bio-
Rad, California, USA). Thermocycling conditions were set according to the NEB protocol as
following: initial denaturation for 30s at 95°C, followed by 30 cycles of 30s at 95°C, and 45s at 52°C
temperature based on a melting temperature calculation, and 1 min at 68°C. The final extension step
was last 5 min at 68°C. Obtained PCR products were analyzed with gel electrophoresis, using 1.5%
agarose gel, stained with Ethidium Bromide Solution (1610433, Bio-Rad, California, USA). Images
were obtained through ChemiDoc MP Imaging System (Bio-Rad, California, USA).

25.2 RT-gPCR-based

The real-time quantitative PCR (QPCR) assay’ first step was performed using the TagMan Reverse
Transcription Reagents (Applied Biosystems) according to the protocol. Then with the prepared
cDNA, second step started by using SYBR Green PCR Master Mix (Applied Biosystems) according
the manufacturer protocol. Amplifications were carried out in 20 uL reaction solutions containing
710 puL 2x SYBR Green Master Mix (Applied Biosystems), 5 pL first-stranded cDNA (1-100ng), 1.5
pL of each specific primer with the working concentration 10uM, and 2 pL nuclease-free water
(Invitrogen). PCR conditions were 95 °C for 10 min polymerase activation followed by 40 cycles of
95 °C for 15s and 60 °C for 1 min. The specificity of each pair of primers was checked by melting
curve analysis. Further, make results statistically precise, each assay will be performed with technical

triplicates.

2.6 Flow cytometry assay

Flow cytometry assay with Propidium iodide (PI) staining was used to analyze the dead cell
population using Attune NXT acoustic focusing cytometry (Thermo Fisher Scientific, USA) equipped
with blue laser emission rate 450nm. To prepare single cell suspension, cells were trypsinized,

washed with 1X PBS, and diluted into Eppendorf tubes 300k cells per 500ul suspension in 1X PBS.
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Stained with working solution of PI in ratio of 1:100. Incubated in the dark at room temperature for
15 min. Gating strategies were used to exclude debris and doublets. Recorded results were statistically
analyzed using Graph Pad Prism 8.

2.7 Statistical analysis

All statistical analyses and calculations were performed by Microsoft Excel 2019 (Microsoft,
Washington, USA). GraphPad Prism 8 (San Diego, California, USA).
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3 Results

3.1. Cells under serum deprived conditions
Despite the main aim of the thesis, which lies more on fundamental biochemistry

investigations of cells under the stressed condition, we performed the functional transcriptomic study
in A549 human cancer cells (the human lung cancer cell line) incubated in cell culture medium with
or without 10% serum. Cells were cultured in growth media (GM) containing 10% FBS or 0% FBS
(FBS-deprived) medium for 24, 48 or 72h in order to study the effects of serum deprivation. The cell
images were taken prior making any analysis (Figure 4).

GM +10% FBS 0% FBS




Figure 4. Ab49 cell line images across three timelines 24, 48 and 72h. Left side is all images
for cells grown in complete media, right side images of cells grown in FBS-deprived. (A) and

(B) images for 24h, (C), (D) and (E), (F) for 48h and 72h, respectively.

According to the Figure 4, it is visible that a cell density has increased over time. However, there is
no distinct difference between the conditions as indicated by cell imaging, which needs validation by

numbers to access the quantitative growth rate difference under this condition.

Serum deprivation showed statistically significantly difference in cell number, cell size in
comparison with the A549 cells grown in DMEM/F-12 supplemented with FBS and without for 24h

(Figure 5A, 5B).
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Figure 5. Dot plots for the A549 cell line growth model under the FBS-deprived conditions
point out cell number and cell size across the three time periods. (A) and (B) represents 24h,
while (C), (D) and (E), (F) represent 48 and 72h, respectively, (ns; not significant, **;
P<0.01, ***; P<0.001, Unpaired t-test).
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The same pattern from cells was observed following 48 hrs of incubation, but with less
significance in cell size difference, which could be explained by a high confluency reached by cells
in GM with FBS because a high growth rate affecting the cell size (Figure 5C, 5D). Moreover, this
was approved by cell number observed in 72h (Figure 5E), since cells in GM that reached high density
displayed less growth rate due to the nutrient exhaustion that caused a metabolic stress. Therefore,
the difference in cell number between GM-grown and FBS-deprived cells is not significant. However,
we observed a noticeable difference in cell size at the 72h of incubation (Figure 5F), where cell size
decreased for Lum under serum deprived condition in comparison with 48h, where difference was
equal for 0.3um. According to this data, we show that serum promotes cell growth. As represented
in the last dot plot (Figure 5F), the serum also determines cell size and its absence is stressful for
A549 KRAS cancer cells. However, for non-KRAS HeLa cells the difference in cell size between
two groups was not significant at 24h and 48h time points, while cell number changes were significant
the same as for A549 cancer cells (Figure S1). An observed serum-dependent effect on cell size in
Ab549 cells starts at 16h (Figure S2) and continues for 72h.

The extension of time beyond 72h is problematic because cells exhaust nutrients and
require passaging them to new plates. However, to exclude the possibility of cell death and support
the hypothesis that cells proliferate but not in the same range as cells grown in complete growth
media, we performed an assay for Pl-positive cell counting by Flow Cytometry assay (Figure 6).

As is seen from Figure 6, Pl-positive cells rate relatively the same for both conditions at the
critical timeline of 24h, which show that cells have a strong survival response during serum

deprivation and slow down their growth rate but not inducing apoptosis.
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Figure 6. Pl-positive cell percentage of A549 cells by Flow Cytometry assay, (24hrs, ns; not

significant, Unpaired t-test).

Data was generated in triplicate, and according to the unpaired t-test the difference between results
of two groups is statistically not significant (Figure 6). Also, this could be seen by cells number during
48 and 72h because they reached high numbers rather than 24h but could not reach the numbers of
cells grown in full DMEM/F-12 (Figure 5). Moreover, starting from 24h, there is a correlation that
cells grown in DMEM/F-12 medium without serum starts decreasing in cell size. Moreover, the same
assay was done for non-KRAS HeLa cells, where comparison of cell death percentage between two

groups showed statistically significant results according to the unpaired t-test (Figure 7).
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Figure 7. Pl-positive cell percentage of HeLa cells by Flow Cytometry assay, (24hrs,**; p < 0.01,
Unpaired t-test).

To be sure that this pattern in A549 cells could be continue at 48h, we performed flow cytometry
assay for 48h time point for A549 cells along with HeLa cells (Figure 8). Based on the results, A549
cells did not show the high PI positive percentage, the results were the same as for complete media
cells, while HeLa results become more significant in comparison with 24h, and the dead cells rate

increased for serum deprived cells.
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Figure 8. Flow cytometry results for A549 (A) and HelLa (B) cells at 48h in complete GM with
FBS and without FBS. Cell death detected by PI staining positive cell percentage. (48hrs, ns; not
significant, ***; p < 0.001, Unpaired t-test).

These results again indicate that A549 KRAS mutant cancer cells have a resistant response for serum
deprivation, and need investigation at biochemistry level to expand understanding of process lies
behind this.

3.2. Biochemistry analysis results
To evaluate changes in gene expression of cells under serum deprivation, we performed the

transcriptomic studies of the total RNA fractions and also RNAs isolated from the polysome fractions
(polysomal profiling). In parallel with the total RNA fractions, the polysomal fractions were analyzed
to define actively translated mRNAs. The polysomal fractions were obtained by a sucrose gradient
fractionation of the cytoplasmic fractions of studied cells. We carried out the fractionation with a
continuous monitoring of RNA absorbance to isolate ribosomal (RNP) complexes by detecting 40S,
60S, 80S and polysomal fractions resolved on the sucrose gradient (0-60% sucrose gradient). The
Biocomp Gradient Station linked to the TriaxFlow Cell (with absorbance of UV light for RNA
detection) was highly effective in detection ribosomal/polysomal fractions and their isolation. It
shows UV absorbance values at Y-axis, and fraction numbers at the X-axis (Figure 9). The
ribosomal/polysomal profiling study of complexes in serum deprived condition did show any
substantial changes in abundance of polysomal fractions (represented by the fractions #23 to #27)

opposing the effects of glucose or amino acid deprived conditions associated with a substantial
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decrease of polysomal fractions (the Supplementary Figure 3 and 4). The only observed a slight
decrease of 80S peak (represented by the fractions #16 to #19) might be explained by compensation
of a slight increase of the polysomal fraction under serum deprivation. Our study clearly indicates
that a serum depletion for 24h results in active protein synthesis comparable with growth conditions
(GM) and it is possible that cells adapt to serum deprivation by enhancing the set of genes required
for adaptation and maintaining cell growth under serum deprived conditions (Figure 9). We propose
that the transcriptomic study will be instrumental to address our hypothesis.
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Figure 9. The ribosome/polysome profiling of A549 cancer cells incubated for 24h with serum (10%

FBS) represented by blue line or without serum represented by the black line in the graph.

An observed strong adaptive response to serum deprivation is likely linked to the oncogenic KRAS
expression in A549 cells because we did not observe this effect in non KRAS mutant cancer cells
HeLA (Figure 10). Accoridng to this Figure 10, it is visible that polysomal fraction pick of lysates
obtained from serum deprived cells (blue line) is dropped in comparison with lysates obtained from
complete media (black line). Also, we did not observe it in non-cancerous cells HEK-293, which are
human embryogenic kidney cells (the Supplementary Figure 5). It can be further interpreted that a
nutrient deprivation has a major inhibitory impact on mTOR signaling leading to a suppression of

active protein synthesis (a decrease of polysomal fractions), but it is likely that mTOR signaling
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remains active under serum deprivation because an oncogenic KRAS is capable to maintain growth

factor and subsequently a Rheb-dependent mTOR signaling.
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Figure 10. The ribosome/polysome profiling of HeLa cancer cells incubated for 24h with serum

(10% FBS) represented by black line or without serum represented by the blue line in the graph

3.3. NGS sequencing and gene analysis results

The transcriptomic studies of mRNAs obtained from the total RNA, 80S and polysomal
fractions were performed by the NGS sequencing platform by the Genomic Laboratory of NLA
(National Laboratory of Astana) and analyzed by its Bioinformatic group using STAR methodology
to make alignments, where differentially expressed genes were calculated through the DESeq
pipeline. Validation of gene lists by enrichment analysis and pathway analysis was performed through
the KEGG Database, while sample analysis and data dimensionality reduction were completed by
Principal Component Analysis. Two sets of samples from A549 lung cancer cell were used in study
with following conditions: GM (growth media) with 10% serum supplement and medium without
Fetal Bovine Serum (key growth factor). Each set of conditions composed of RNA isolated from 80S
and polysomal fractions, along with total RNAs. According to the sequencing data, we observed 294
downregulated genes and 128 overexpressed genes in 80S fractions obtained from cells that were

kept in serum deprived medium. However, in the same condition in polysomes twice more
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upregulated genes were shown in comparison with downregulated genes, 1482 and 611, respectively.
This pattern correlates with graphs representing the RNP peaks from the last paragraph, where 80S
peak dropped in comparison with polysomes (Figure 9). This sequencing allows us to hypothesis
about construction of modified ribosomes in polysomes. Therefore, we identified a cluster of genes
that were overexpressed in polysomal fraction according to the results of NGS analysis. (Figure 11,
Table 1).

Gene name Gene expression in  Gene overexpression in Fold change (Log2)
complete media serum deprivation
(control)

ACAT?2 11961.325 47290.942 1.983

FASN 4182.89 25756.028 2.6

Table 1. A quantitative representation of mMRNA of FASN and ACAT?2 genes associated with the

polysomal fractions.

Table 1 represents gene overexpression in first two columns that given by number of reads
which tells about the intensity of detected mRNA per sample, however difference of change between
conditions is given in log base 2-fold change. First column represents number of mMRNA reads for
samples from complete media condition, while second represents serum deprived one. The value in
third column obtained by division of second column to first in order to check the difference between
to condition. Obtained value was calculated for log base 2, so the difference in third column
represented as log base 2 ratio. This approach makes analysis and graphs more convenient for further
studies. According to Figure 8, the quantitative data shows overexpressed genes labelled with red
colour on the top of the heat map (Figure 11) in polysomal fractions from cells that were grown in
medium without addition of fetal bovine serum. These genes are related to cholesterol and fatty acid
synthesis pathways. It is likely that these genes help to cells to survive under the FBS-deprived
condition through mimicking FBS environment for cells by producing more lipids. However, we
decided to focus on two genes that involved in regulation of central lipid pathway, which are not
included in our heatmap, but presented in excel data file (Table 1). To validate the NGS data, we
performed the Q-PCR analysis by designed specific primers for detection of the critical cholesterol
and fatty acid synthesis mRNA abundance of Acetyl-CoA Acetyltransferase 2 (ACAT2) gene, and
the fatty acid synthesis-related gene FASN, which only one highly overexpressed fatty acid pathway
gene (Table 2S). FASN is multifunctional enzyme with several domains, which include ketoacyl
synthase, but for this work seems interesting particularly its role in lipid biosynthesis. According to

the published papers, FASN is a key enzyme that associated with lipid biosynthesis, acting as a
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substrate to producing energy since highly involved in production of ATP and free fatty acids [37].
Thereby, becoming influential for cancer cells, and probably playing an important role in survival of
cancer under the various nutrient and metabolic stress conditions. The second gene ACAT2 is also
essential since it participates in mevalonate pathway by synthesizing acetoacetyl, acting through its
enzymatic domain acyltransferase domain. ACAT2 is basal for cholesterol and important
intermediate in fatty acid synthesis. ACAT2 can be considered as an important enzyme in cholesterol
pathway [38] because ACAT2 enzyme involved in such process, called esterification of cholesterol,
which make possible transformation of cholesterol into cholesterol esters, this makes possible storage
of cholesterol within cells, providing cell with the needed amount of lipid, etc. [39]. Supporting our
hypothesis that overexpressed genes probably play role in adaptation to serum deprivation in A549

cancer cells, which in normal condition use serum as a source of lipids.
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Figure 11. The heatmap of transcriptomic analysis of polysomal and 80S fractions from serum
deprived conditions and GM. All samples labeled with 0% on the bottom of X-axis are FBS deprived

conditions, while Y-axis shows the genes that overexpressed.
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3.4. Functional analysis

3.4.1 Conventional PCR based

Based on the NGS sequencing results, the detected ACAT2 and FASN mRNAs could
represent the functionally essential genes for KRAS mutant cancer cells survival under serum
deprived conditions. It might explain the serum-independent survival and growth mechanisms of
cancer cells. As mentioned in the previous section, most of the overexpressed genes are related to the
cholesterol synthesis and fatty acid synthesis gene clusters. From that cluster, we chose to present in
this study cholesterol-related gene (ACAT2) gene, and the fatty acid synthesis-related gene FASN,
which also showed a high overexpression rate. As mentioned in the previous chapter primers for this
experiment were designed through the NCBI Primer Blast tool
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/) and presented in Table 2S. PCR reaction was
followed according to the protocol described in the methodology part with a common annealing
temperature (52 °C), which was set according to the primer characteristics. The distinct DNA bands
corresponding to the expected PCR product size were detected (Figure 12). The expected product size
for FASN was 222 bp, while for ACAT2 it was 243 bp, which corresponds to the amplified DNA
bands in agarose gel electrophoresis. As an internal control, we used 18S rDNA, it is an abundant
RNA, and most reliable control for a gPCR performance. We isolated RNA samples from the total

and polysomal fractions of A549 cells incubated with or without serum.
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Figure 12. Agarose gel electrophoresis for target genes FASN and ACAT?2. (1) 18S rDNA Control
conditions; (2) FASN control total; (3) FASN OFBS total; (4) FASN control polysomal; (5) FASN
OFBS polysomal; (6) ACAT?2 control total; (7) ACAT2 OFBS total; (8) ACAT2 control (control)
polysomal; (9) ACAT2 OFBS polysomal.

3.4.2 RT-gPCR-based validation

RT-qPCR assay was used to measure the expression levels of ACAT2 and FASN genes. As
was described in the methodology part, RNAs from total lysate, 80S and polysomal fraction were
extracted and reverse transcribed according to the Applied Biosystems protocol. The expression level
was detected by gPCR in samples according isolation from A549 cells for both conditions, Control
and FBS deprived cells. Unfortunately, below results present only expression levels for total RNA
templates, reasons for that will be explained in details in limitation part. According to the results of
gPCR (Figure 13, Table 2) FASN gene show reaction curve, which pass threshold line at the early
Cq value. However, we could not able to say exactly is it higher than the control sample since we
were not able to obtain curve that will pass the threshold. In this case, we are not excluding pipetting
error that also possible. In contrast, we had another control cDNA template where we observed late

threshold intersection than in comparison with FASN amplification for FBS-deprived template.
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Figure 13. Representation of g°PCR amplification for FASN gene. Curves for the conditions are

bold. (A) FASN amplification for control total RNA; (B) FASN amplification for FBS deprived
total RNA; (C) nonspecific control cDNA.

Gene Cq value (number of cycles)
FASN control (GM sample) 0

FASN 0%FBS (serum deprived) 17.91

FASN non-specific cDNA control 29.75

Table 2. Representation of Cq values f FASN gene depends on a cDNA sample type
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For ACAT2 gene amplification we get slightly early threshold pass for FBS-deprived
template, but margin between control and FBS-deprived template was not so critic (Figure 14, Table
3). The same pattern we obtained with nonspecific cDNA template that used as a control like in
previous case, late intersection of threshold. As it known, if during amplification sample intersect
threshold at early stages, it means there is more expression in comparison with others. This
intersection point gives as Cq values, which is represent the number of cycles needed to pass
threshold. Overall, we see the correlation with NGS results, where both genes were overexpressed in
every mRNA sample for FBS-deprived condition. However, it is hard to make solid conclusion since

data is not in triplicate, we are in progress to obtain that.
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Figure 14. Representation of g°PCR amplification for ACAT2 gene. Curves for the conditions are

bold. (A) ACAT2 amplification for control total RNA; (B) ACAT2 amplification for FBS deprived
total RNA; (C) nonspecific control cDNA.

Gene Cq value (number of cycles)
ACAT?2 control (GM sample) 28.09
ACAT2 0%FBS (serum deprived) 24.62
ACAT?2 non-specific cDNA control 30.38

Table 3. Representation of Cq values of FASN gene depends on a cDNA sample type.
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4 Discussion

In recent decades, cancer-related research becomes widely investigated from the angle of
fundamental studies in biochemistry to understand the process that lies behind such as the aggressive
proliferation or sensitivity of cancer cells to any metabolic stress. An increasing number of research
investigating the metabolic stress of cancer cells caused by nutrient deprivation [12], [37], [38], [39]
since the tissue culture conditions were created to mimic the in vivo cases. Along with nutrient
deprivation studies [14], the bulk of investigations in this decade push the workflow to understand
the effect of fetal bovine serum (FBS) on cancer cells [22] However, this research area remains
arguable since is not well described how FBS affect cancer cells, and through which biochemical
mechanisms it is regulated. Moreover, as was mentioned in the introduction, some of the research
have controversial points with each other, which complicates the development of solid conclusions
about the implications, and the role of FBS in cancer research. Apart from that, the scientific
community is concerned about the high price of this supplement and the possibility to produce
misleading results. Published literatures mostly focused on proliferation rates of cell under FBS-
deprivation or on expression of partucilar important proteins for cancer survival [20], but there are
almost no papers that check the ribosomal profile, or gene expression changes at the NGS level for
cancer cells during FBS-deprivation. Taking into consideration, we decided to fill this gap in this
study and to understand how actually FBS-deprivation may affect KRAS mutant cancer cell line on

gene expression level and change its ribosomal profile.

Based on results presented in the previous chapter, A549 cancer cell lines have slightly
dropped in their growth rate and cell size during serum deprivation, which is opposite for some reports
of previous publications that points out FBS as an essential supplement for the cell survival. However,
our results also support the rest of the studies suggesting slightly drop of proliferation, but still high
resistance for deprivation of this component, which could be explained by the molecular processes.
Since the main focus of this study was to understand biochemical changes under this condition, we
did the 80S/polysome complexes profile of the cells. According to the experience of published
literature, where nutrient deprivation and ribosomal biogenesis were discussed [40], we expected that
during deprivation of FBS, cells will be unable to accumulate RNP complexes and proteins under the
high level. However, as it was shown in results, we reach opposite data, where polysome complex
was overexpressed in comparison with normal conditions, and despite the less energy supply under
the deprived condition cells were able to maintain workflow of multiple ribosomes to translate mMRNA
template to produce efficiently more proteins. This reproducible data pushed us to deeply investigate,

what was translated, and which genes get overexpressed to produce more proteins.
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To approve our hypothesis that under the FBS-deprived condition, KRAS mutant cancer cells
start translating particular proteins through which they probably adapt, we send our samples for NGS
and obtain transcriptome data. Results of analysing transcriptome data showed that under the FBS-
deprived conditions in polysome RNP complex cholesterol synthesis related genes such as ACAT2,
HMGCR are overexpressed. Despite the clear consensus on the role of cholesterol synthesis related
genes in cells, especially in cancer cell, it is still unclear through which particular axes of cellular
pathway they are regulated. It has been shown that [41] cholesterol synthesis potential therapeutic
target for glioblastoma cancer type due to ethiology of the disease itself, since cholesterol start being
accumulated in the brain. Also, some paper [42] reported the cancer cell death during inhibition of
cholesterol synthesis with specific drugs, and proposed that this apoptotic processes regulated by
small Rho GTPases. This point support our hypothesis that resistance to the serum deprivation is
intrinsic only for KRAS mutant cancer cells. However, it is still point of debate, how cholesterol
pathway regulated in FBS deprived cancer cell lines, through which mutually exclusive cellular
pathway axes it is get orchestrated and lead to cell survival. We propose that this adaptation happens
by indirect regulation of mMTORC1 complex through the upstream regulators since the sterol
regulatory element-binding protein (SREBP), which activates genes involved in cholesterol synthesis,
is a downstream target of the mTOR. Therefore, there is a possibility that inhibition of SREBP could
be lethal for cells without causing FBS deprivation, however, it is already known that MAPK and
AKT pathway inhibition lead to blockage of KRAS-mutant cancer cells [43], [44], [45], [46], [47],
[48]. There is a plenty of alternatives that possibly will inhibit KRAS mutation, but further
continuation of this study aimed to understand how it possible based on our findings, and what is the

biological mechanism behind that.

Summary

In this work we assessed the KRAS mutant cancer cell response for the FBS deprived
condition (i), and identified that cancer cells dropped proliferation rate, not enter apoptotic stage.
Based on that we provided a biochenical studies, where clearly show that polysome RNP complex
show overexpressed picks (ii) signalizing about functional relevance of translated proteins. In order
to approve this we made NGS for isolated sample, and identified that cholesterol-related genes plays
a central role in adaptation of cancer cell lines for FBS-deprived condition (iii), which is support
broad tissue culture rule that FBS one of the key supplement for cell maintenance, and on the contrary

the improper usage of which could lead to misleading results.
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6 Limitations

This study carries several limitations. Firstly, NGS analyzing was not done in triplicate since
the preparation samples is time consuming process, while procedure itself is expensive, and need high
quality sample preparation at once. Due to this reason also, we did not provide control cell line to this
experiment. Moreover, main objective of this research was to show and investigate the effect of serum
deprivation particularly on cancer cells since it is not a drug treatment response testing. However, if
further question will move to the commercial relevance of the project such as saving money for
laboratories on FBS, considering control non cancer line is important for us. Regarding the last
experiment RT- gPCR, results are not presented in triplicates since our reagents run out, and find
from our collaborators were hard since it is expensive and important reagents, and all of us facing
troubles with logistic in order to transfer them into Kazakhstan. Also, data presented for this
experiment belong for the total RNA samples, not for polysome, that is why couldn’t be the source
of entire conclusion. Nevertheless, all these problems will be fixed in the paper that we want to

publish within this project.
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Supplemented materials

Table S1. Summary of research articles investigating serum deprivation conditions' effect on cancer

cell line behavior.

along with

starvation

Study object Serum- Treatment | Effect Induced Reference
deprived time mechanism
conditions
HDG6 subclone of | 0% FBS 0-48 hours [ moved to High expression | [33]
HT29 human (h) Quiescent GO | of Mirk - i
: : Jinetal.
colorectal State serine/threonine
adenocarcinoma Kinase
cells
HCT116 colon 0%FBS 0, 6, and Decreased Induction of [34] Lee
cancer cells 12h cell viability | Smad4 tumor et al.
ad cell death | suppressor that

lead to PUMA

mediated cell’s

death
HepG2, HepB3 - | 0%FBS 0,5, 15,30 [ Apoptosis DRAM tumor [19]
hepatocellular min suppressor .
carcinoma cell induction Ni et al.
¥ (2012)
ines

1,2,3,24,
48 h

A tongue 0%FBS 12, 24,36, | Cell cycle Downregulatiio | [18]
squamous cell 48 and 72 h | arrestat G1, | of ration Bcl-
carcinoma cell 2/Bax inline Huang et
line, Tca8113 cell death with apoptosis al. (2018)
Breast cancer cell | 0%FBS 8h and 48h | MDA-MB- AP-1 activity and | [21]
lines MDA-MB- 468 and Fra-1 expression Ibrahim et
231, MDA-MB- MDA-MB- regulates the
468 BT549, 231 show cells high al. (2018)
SUM149, SUM progress of proliferation
159, MCF10A. proliferation | during serum
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Lung cancer cell
lines H2347,
HCC78, A549

lung cancer
lines

HelLa - Human
Epithelial
adenocarcinoma

0%FBS

0.5h-60h

Dormant state

AKT pathway
activation by the
clusterin
mediation

[35]

Joetal.
(2008)

Human breast cell
lines (MCF7,
MDAZ231,
MDA468);

Human pancreatic
carcinoma
(MiaPaCa);

Human colon
carcinoma
(KM125c);

Two human
ovarian
carcinomas
(OVCARS5,
SKOV3)

Glioma line
(LNZ308, SNB19,
us7)

0.5% FBS

24h

Apoptosis

Resistance to
serum-
deprived
apoptosis

High expression
rates of
apoptotic
proteins

[20]

Levin et
al. (2010)
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Table S2.Table Primers for identification of cholesterol pathway specific genes

Target gene Sequence name

Sequence (5’ to 3°)

ACAT?2 Fw_hACAT2 248 CTCGGCTGCTGCGAGTTGTG
Rv_hACAT2 491 GAGTAGGGAATTCCTGCACCCA
FASN Fw_hFASN_987 ATACATCGAAGCCCACGGCA
Rv_FASN_1209 GGGGCTATGGAAGTGCAGGT
18S rDNA 18S rDNA of nuclear DNA TCGGAACTGAGGCCATGATTA
18S rDNA of nuclear DNA GCGGGTCATGGGAATAACG
rev
Table S3. List of reagents
REAGENT or RESOURCE SOURCE IDENTIFIER
Dulbecco's modified Eagle's medium F-12 US Biological life Cat#D9807
(DMEM/F-12) scences
Fetal Bovine Serum (FBS) Sigma-Aldrich Cat#F7524
Streptomycin sulfate salt Sigma-Aldrich Cat#S9137-100G
Penicillin G sodium salt Sigma-Aldrich Cat#P3032
Trypsin Biowest Cat#X0930-100
TRIzol Ambion by life 15596018
technologies
L-glutamine Sigma-Aldrich Lot # SLBW9892
Nuclease-Free water Invitrogen AM9930
Qubit RNA HS Assay Kit Invitrogen Q32852
Illumina TruSeq Stranded Total RNA Kit [llumina N/A
10x Standard Taq reaction buffer New England Biolabs B9004S, LOT #
410114545
dNTPs New England Biolabs N0447S, LOT #
10109034
Taq DNA polymerase New England Biolabs MO0267S, LOT #
10052002
Ethidium Bromide Solution Bio-Rad 1610433

Agarose

Fisher Scientific

BP1356-500, LOT
#117161

Sodium bicarbonate Sigma-Aldrich S57761-500G,
LOT # SLBX3650
Poly(ethylene glycol) Sigma-Aldrich 95172-250G-F,

LOT # BCCF4379




Nonidet-P40 substitute US Biological Life N3500 LOT #
Sciences L12120474

Glycerol Sigma-Aldrich G5516-500ML,
LOT # SHBL3980

Sodium phosphate dibasic Sigma-Aldrich S0876-1KG,
BCCF9941

Potassium phosphate monobasic Sigma-Aldrich P5379-1KG,
BCCF3888

Magnesium chloride Sigma-Aldrich M8266-1KG, LOT
# SLCJ1339

SYBR Green PCR Master Mix Applied Biosystems 4309155, LOT #
2205536

1kb DNA Ladder New England Biolabs #NO0552S

Gel loading dye New England Biolabs B7024A

TagMan Reverse Transcription Reagents Applied Biosystems N80802234, LOT#
2373972

Figure S1. Dot plots for the HeLa cell line growth model under the FBS-deprived conditions point
out cell number and cell size across the three time periods. (A) and (B) represents 24h, while (C),
(D) represents 48h, (ns; not significant, **; P<0.01, ***; P<0.001, Unpaired t-test).
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Figure S2. Dot plots for the A549 cell line growth model under the Complete medium (GM) and
FBS-deprived (0%FBS) conditions point out cell size at 16hrs, (***; P<0.001, Unpaired t-test).
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Figure S3. The ribosome/polysome profiling of A549 cancer cells incubated for 24h in media with
glucose supplement represented by blue line or without glucose supplement represented by the black
line in the graph.
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Figure S4. The ribosome/polysome profiling of A549 cancer cells incubated for 24h with serum with
complete media represented by blue line or without amino acid supplement represented by the black

line in the graph.
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Figure S5. The ribosome/polysome profiling of HEK293 cancer cells incubated for 24h with serum
(10% FBS) represented by black line or without serum represented by the blue line in the graph.
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