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Abstract
Small intestinal neuroendocrine tumors (SI-NETs) are the most common malignant tumor in
the small bowel. It is a small-growing cancer with good overall survival 5 years after
diagnosis, but no full cure is available when in the metastatic stage. Placenta specific 8
(PLAC8) in chromosome 4 has been seen to have several roles in the cell-survival pathways,
such as Nf-Kb/AKT/PI3K and autophagy regulations. Previous research has commented on
PLAC8's potential role in gastronomic cancers, but it is unknown what function it has on
SI-NETs. In this study, first I measured PLAC8 expression in the cell line CNDT 2.5 with the
use of RT-qPCR and western blot. Then CNDT 2.5 cells were transfected with PLAC8
plasmids to create overexpression of the gene. Three assays were used to understand if
PLAC8 overexpression could change the cell proliferation or cell-apoptotic functions of the
cell; these were a proliferation assay, scratch wound assay, and apoptosis assay. The results
showed an increased proliferation within PLAC8 overexpressed cells compared to untreated
cells. It did not have any significant change in the migration of the cells and PLAC8
overexpressed cells do not seem to have a change in its apoptotic events compared to pCMV6
transfected cells (empty vector). These results can help us understand what type of cellular
pathways PLAC8 could influence, which in this study could be the Nf-Kb/AKT/PI3K or
autophagy processes rather than the Epithelial-mesenchymal transition (EMT). These
findings could in further studies help us find potential drugs which could target PLAC8 or its
targets in the cell cycle.

Abbreviation
CDKN1B: Cyclin dependent kinase inhibitor 1B
cDNA: Complementary DNA
Ct: Cycle threshold
EMT: Epithelial-mesenchymal transition
EZH2: Enhancer of zeste homolog 2
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
OS: Overall survival
PBS: Phosphate-buffered saline
pCMV6: Entry mammalian expression vector (empty vector)
PLAC8: Placenta associated 8
qRT-PCR: quantitative real time-polymerase chain reaction
SD: Standard deviation
SI-NET: Small intestinal-neuroendocrine tumors
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1 Introduction

1.1 SI-NETs

Small intestinal neuroendocrine tumors (SI-NET) arise from enterochromaffin cells in the
gastrointestinal tract and are the most common malignant tumor that occurs in the small
bowel (Karphatakis et al., 2016) The disease is slow growing and usually shows no
symptoms in the early stages until it reaches its metastatic state. Symptoms such as
abdominal pain and diarrhea are common, which could result from excess hormones such as
serotonin and peptide hormones which SI-NET’s produce (Barazeghi et al., 2021).
Because of SI-NETs relatively low proliferation rate, the overall survival (OS) after 5 years in
stage III is 90% and in stage IV, 60-80% which reflects its metastatic rate (Elf et al., 2021).

There are 5 main therapeutic options for SI-NETs for the reduction of symptoms and
decreased tumor sizes. The main option is surgery by resection of the primary tumor, but also
radio-therapy is common. Medication with Somatostatin analogs is common, which can
reduce the number of hormones SI-NETs produce, thus leading to fewer symptoms. For some
patients, embolization has helped in reducing the growth of tumors and is a viable treatment
for SI-NETs as well (Crona et al., 2015) (Levy et al., 2020).
By finding genetic connections with SI-NETs, we could target these genes for improved
treatment of patients which are in the late stages of SI-NETs where surgery is no longer
effective. Every SI-NETs is unique in its function and its cancerogenic properties and it is
therefore important to improve treatment specifically for each patient by looking at key genes
or biomarkers. (Pusceddu et al., 2016).

The research area of NETs associated cancers is increasing, and several medications are
interesting for trials. Metformin, which is a drug for diabetes, has shown suppressing
properties in SI-NETs by inhibiting EZH2 (Barazeghi et al., 2021) but also in other cancers
such as pancreatic cancer (Burney et al., 2014). EZH2 is an important transcriptional
repressor, and overexpression of this gene shows poor cancer prognosis (Harb et al., 2018).
CPI-1205 is a new drug in trials that has shown evidence of antitumor activity and promotion
of apoptosis (Barazeghi et al., 2021), (Harb et al., 2018).

The risk factors of SI-NETs are not well defined because of SI-NETs being relatively rare
compared to other similar bowel cancers, such as colorectal adenocarcinoma. One literature
review showed that statistically, family history who has colorectal cancer or any sort of
gastronomic cancer had an increased risk of developing SI-NETs (Haugvik et al., 2017).
Heavy smoking seems to be a factor in the development of SI-NETs, but interestingly, aspirin
seems to be a protective agent against the tumor (Rinzivillo et al., 2015). But as Haugvik’s
study mentioned, the statistical confidence of smoking and alcohol consumption varies and is
not a reliable source compared to family history statistics.
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1.2 Possible genetic alterations and function

The genetic and epigenetic drivers of SI-NETs are largely unknown, but there are some
genetic alterations that could have a cancerogenic role.

1.2.1 Common chromosomal aberrations

Loss of one copy of chromosome 18 is one of the most common traits in SI-NETs. One study
conducted that 65% of 138 SI-NETs tested had this form of trait (Nieser et al., 2016). This
chromosome contains several potential tumor suppressor genes, such as SMAD2, SMAD4,
Maspin, and DCC, but also miRNA genes that regulate gene expression. SMAD4 and
SMAD2 are important regulators of cell growth in the TGF𝝱 pathway and have been found
mutated or deleted in several patients (Banck et al., 2013).
Apart from Chromosome 18, there have been discovered gains for chromosomes 4, 5, 7, 14,
and 20 (Samsom et al., 2019) as well as loss of chromosomes 9, 11, and 16 (Hashemi et al.,
2013). The gain of function in chromosome 14 has been linked to shorter patient survival and
increased expression in cell survival genes, such as FOXM1 (Andersson et al., 2016).
Although many reports mention chromosomal aberrations in SI-NETs, genes in these
chromosomes that are responsible for tumorigenesis have not yet been identified.

1.2.2: The mTOR pathway

The mTOR pathway is considered being an important cell-regulating factor in many cancers
including SI-NETs (Banck et al., 2013). mTOR has been seen as being overexpressed in
gastric cancers and treatment with rapamycin has a major part of mTOR-regulated cancers
(Li et al., 2013). mTOR mainly acts through two conservative complexes (mTORC1,
mTORC2) which have several similarities and differences in their subunits. mTORC1 is
regulated by PI3K and AKT, but also through the Ras-MAPK pathway (Tian et al., 2019). It
has a major role in the activation of 4E-BP and S6KI, which will increase the translation and
suppress autophagy-related genes.

1.2.3 CDKN1B

Cyclin-dependent kinase inhibitor (CDKN1B) is a gene that encodes p27 and is crucial for
regulating the cell cycle. One study found it as a potential candidate gene for SI-NETs due to
frame-shift mutations found in 8% of all individuals (Francis et al., 2013). This mutation
could lead to a faulty p27 which has more problems inhibiting CDK2 and CDK4, which
could lead to a less regulated cell cycle. Although Crona's study on CDKN1B showed
differences in p27 in wild type compared to haploinsufficient tumors, it concluded that the
reduced p27 expression was not significant (Crona et al., 2015).
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1.2.4 Methylated genetic defects

DNA methylation is one of the most important regulators of gene expression. Several
diseases such as cancer can be traced to a malfunctioning epigenetics regulation in cells
which can cause overexpression or underexpression of crucial genes such as oncogenes. In
SI-NETs, RASSF1A promoter methylation was found to be increased in metastasis compared
to primary tumors the same as CTNNB1 (Stålberg et al., 2016).
Tumor suppressors RUNX3, TP73, and CHFR were also seen as highly methylated in
SI-NETs. Karpathakis et al did extensive research on 97 SI-NETs from 85 patients where
DNA methylation changes were compared to normal tissue by looking at CpG sites across the
genome. In primary tumors, 130 083 CpG sites were found to be differentially methylated
compared to normal tissue. Many of these CpG sites were connected to multiple
cancer-related pathways, including mTOR and MAPK pathways (Karpathakis et al., 2016).

1.3 PLAC8 and its properties

In a previous study in our group (Backman et al., 2020, unpublished data), whole genome
sequencing of 40 tumor samples from 30 patients with SI-NETs, all having different survival
lengths, was performed. The study looked at several genetic variations, chromosomal
aberration and gene expression variation. Placenta specific 8 (PLAC8) showed a significant
change in expression between tumors with or without gain of chromosome 4.
PLAC8, previously called Onzin, is a protein containing a 115-amino acid chain which has
several properties depending on the cell type (Cabreira-Cagliari et al., 2018). It has been seen
as highly expressed in trophoblasts and spongiotrophoblast layers in mouse placenta and
deficiency of PLAC8 has resulted in several defects in mice, such as innate immunity (Li et
al., 2014). Its function in humans is not completely known but seems to contribute to various
cell proliferating pathways such as the Nf-Kb/AKT/PI3K pathway in breast cancer but also
regulate the immune system and autophagy function of the cell (Mao et al., 2021) (Chen et
al., 2022). The protein does not contain an N-terminal signal peptide, which shows that it is
in the cytoplasm or in the nucleus, rather than being a secretory protein.
In cancers such as lung cancer and breast cancer, overexpression of the PLAC8 gene
correlates with increased cell divisions and proliferation, but in liver cancers, it seems to
suppress it instead (Chen et al., 2022).
Studies made by Feng et al and Kinsey et al showed that PLAC8 has an important role in cell
autophagy regulation and therefore regulating p53, which is a very important cell apoptosis
regulator. Therefore, overexpression of PLAC8 could lead to unstable cell autophagy and less
regulated cell divisions (Feng et al., 2021), (Kinsey et al., 2014).
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1.4 Aim of the study

The aim of this project is to validate if PLAC8 has a cell-proliferating function in SI-NETs
and by doing this, we can understand if it has any importance in the cancerogenic properties
of SI-NETs. This study will let us gain knowledge of the possible cancerogenic properties of
PLAC8 and in further research possibly find novel treatments for SI-NETs patients.
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2 Materials and methods

2.1 CNDT 2.5 Cell culture

CNDT 2.5 cells was used which is a human neuroendocrine tumor cell line that was cultured
in DMEM-F12 ham (#D6421 Sigma Aldrich) supplemented with 10% fetal bovine serum
(FBS), 1% penicillin-streptomycin (PEST), 1% L-glutamine, 1% non-essential amino acids,
1% vitamins and 1% sodium pyruvate. The cells were cultured in the medium in a humidified
incubator at 37°C. Medium was changed between 1-7 days apart and the cells were split into
new petri dishes once per week.
For transfection or extractions, ~ 1,5-2 x 10^6 CNDT 2.5 were seeded into a 6-well plate.
Cell counting was made by inserting 10µl cell suspension into a cell counting slide (Bio-Rad)
and counting was made from a Bio-Rad TC20 automated cell counter. 2 ml of medium is
added to each well and incubated at 37°C

2.2 RNA Extraction

RNA and protein extraction were performed in triplicates. For RNA extraction, the cells were
first washed with phosphate-buffered saline (PBS) and then lysed in the well with 350 µl RLT
plus buffer, which was followed by the RNeasy plus mini kit (Qiagen). Cells were scraped off
into collection tubes and RNA extraction was followed according to the manufacturer's
protocol. DNase treatments were performed on the extracted RNA using TURBO DNA-free
kit (Life Technologies) for removal of DNA traces. The remaining RNA was stored in -20°C.
RNA concentrations were measured with the Nanodrop ND-2000 spectrophotometer
(Thermo Fisher Scientific).

2.3 Protein extraction

Cells from 3 wells were washed in PBS and lysed with RIPA buffer (150 mM NaCl, 1%
Triton X-100, 0,5% Sodium deoxycholate 0,1% SDS and 50mM Tris-HCL in 8 pH). Lysed
cells were scraped off into collection tubes and agitated for 30 min at 4°C. The cells were
then centrifuged in 16000G for 20 minutes in 4°C and the supernatants from each collection
tube were put into new tubes and stored in - 20°C.

2.4 cDNA synthesis

1µg RNA was used for complementary DNA (cDNA) synthesis. For the synthesis,
RevertAID H minus first strand cDNA synthesis kit was used according to the manufacturer
protocol (Thermo Fisher Scientific). The kit contained oligo(dT)18 primers, which were used
according to the protocol. Samples were incubated at 42°C for 60 min and then heat shocked
by incubating the samples at 70°C for 5 min. The samples were stored in -20°C until the
qRT-PCR step.
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2.5 qRT-PCR

The Maxima Probe/ROX-qPCR master mix 2x was used, which is a ready-made mix from
Thermo Fisher Scientific containing Maxima hot start Taq DNA polymerase, Maxima probe
qPCR buffer, ROX passive reference dye and dUTP.
The PLAC8 assay mix (Hs00930964_g1) was 1:20 of the qPCR product and the
housekeeping gene, which was an assay mix of GAPDH (Hs02758991_g1).
1µl of cDNA was added to the full reaction of 10µl, making it 1:10 of the reaction mix. The
remaining volume was added with nuclease free water to the final amount of 10µl per qPCR
reaction.
Three replicates were made for all PLAC8 cDNA samples and three more replicates were
made for the GAPDH positive control for the cDNA samples. Two blanks were used as well,
one for PLAC8 master mix without cDNA and one for GAPDH master mix without cDNA.
qPCR samples were run on an Agilent Technologies Stratagene Mx3005P machine with the
selection of FAM as a reporter with 2 plateaus (amplification segment) and a normal 2 steps
analysis. The collected result was calculated in excel and Graphpad prism and the formula
2^-(∆∆Ct) was used to calculate the relative gene expression.

Procedure temperature time

Initial denaturation x1 50°C 2 min

x1 95°C 10 min

Extension x40 95°C 15 sec

Annealing x40 60°C 1 min

Table 1: qPCR program for RNA quantification.

2.6 SDS-PAGE

Protein samples and control were mixed 1:1 with Bio-Rad 2x laemmli sample buffer (65mM
Tris-HCl, 6,8pH, 26,8% (w/v) glycerol, 2,1% SDS, 0,01% bromophenol blue) with 10%
2-mercaptoethanol. The mixed samples were incubated for 5 minutes at 95°C.
The ladder used was PagerulerTM plus pre-stained protein ladder (Thermo Fisher Scientific)
which has a range between 350 to 10 kD.
The gel was pre-made with Bio-Rad mini protean TGx stain-freeTM gels which was inserted
into the electrophoresis chamber together with Bio-Rad 1x Tris/glycine/SDS buffer (2mM
Tris, 192mM glycine and 0,1% (W/v) SDS, pH 8,3) also referred as running buffer.
30µl of the samples and buffer were used per well and for the ladder, 3 µl was used. The gel
was running on 100-120 volts for approximately 60-90 minutes. Gel was then saved in
running buffer to keep it moist for western blotting.
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2.7 Western blotting

The gels containing the proteins were sandwiched with the Trans-Blot turbo transfer system
(Bio-Rad) according to the protocol with the addition of a transfer buffer (25mM Tris,
192mM glycine, 8,2pH). Protocol name in the instrument used was MIXED MW for 7 min.
When the run was finished, the membrane was placed in a container and incubated in blotto
(5% non-fat dry milk in PBS) for blocking in 60 min.
Blotto was discarded after 60 min and the primary antibody in a 1:1000 ratio with blotto was
added. The antibody used was PLAC8 rabbit polyclonal antibody (Proteintech). The antibody
binding to the membrane was incubated overnight, shaking in 4°C.

The following day, the membrane was washed off with blotto 3 times with 1 min + 20 min +
20 min intervals shaking in RT. After washing, secondary antibody polyclonal goat
anti-rabbit (Dako) was added to the membrane in a 1:2000 ratio with blotto. The membrane
was incubated for 30 minutes, shaking in RT. To make sure the membrane is free from excess
material, a wash buffer is used which contains 0,5% Tween 20 (Bio-Rad) in a PBS solution.
The membrane was washed for 5 minutes followed by 4 changes of 15 minutes each. After
the final wash, the membrane was put on plastic folia and covered with an ECL mix
(AmershamTM ECLTM prime western blotting detection reagent, GE Healthcare) for 5 minutes
until exposed for detection in a Bio-Rad ChemidocTMMP imaging system.

To compare the protein results, the housekeeping gene Beta-Actin was also detected with
Beta-Actin goat polyclonal antibody (sc-1616, Santa Cruz Biotechnology). Same membrane
was used again and incubated in blotto overnight. The same procedure was followed as for
PLAC8 but 2 hours of incubation for the Actin antibody instead of overnight.

2.8 Plasmid preparation

For the cloning of plasmids, E. coli is cultured in agar plates containing kanamycin (Stock of
500 ml MQ water, 5g Bacto-tryptone, 2,5g bacto-yeast extract, 2,5g NaCl, 7,5g agar and
250µl kanamycin).
The plasmid used for PLAC8 overexpression is PLAC8 (NM_016619) human tagged ORF
clone (Origene). pCMV6 was also prepared as an empty control vector.
The plasmid was cloned with Mach1TM -T1R competent cells and the procedure followed
according to the manufacturer's protocol.
8 petri dishes with agar and kanamycin were made with 4 plates containing PLAC8
transformed bacteria and 4 plates with pCMV6 transformed bacteria. The plates were also
divided into 10 or 40 ng transformed bacteria in case of low bacterial growth.
After overnight colony growth, colonies of both PLAC8 and PCMV6 transformed bacteria
were transferred to new tubes containing 5 ml of LB media and grown overnight, shaking
horizontally (400 rpm) at 37°C.
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The overnight culture was extracted from its plasmid with Genejet plasmid minikit (Thermo
Fisher Scientific) with its plasmid purification protocol. The remaining plasmids were stored
in -20°C.

2.9 Transfection

The cells were seeded into a 6 well plate with ~1,5 x 10^6 cells in each well. Each well were
added with 2ml of transfection media (DMEM-F12 ham (#D6421 Sigma Aldrich)
supplemented with 10% fetal bovine serum (FBS), 1% L-glutamine, 1% non-essential amino
acids, 1% vitamins and 1% sodium pyruvate). The cells were grown overnight in a 37°C
incubator for increased confluence.
For the transfection, lipofectamineTm2000 transfection reagent (Thermo Fisher Scientific) is
used to carry the plasmid into the cells. 4µg plasmid were diluted into Opti-MEMTm reduced
serum medium (Thermo Fisher Scientific) and combined with lipofectamine and incubated
for 20 minutes at room temperature. The combined lipofectamine and plasmid are then added
to each well containing cells and incubated for 6 hours at 37°C. After incubation, 0,4 mg
Neomycin/G418 was added to each well, the cells were grown for 72 hours at 37°C.

2.9.1 BrdU Proliferation assay

BrdU proliferation assay (Merck) was used as an indicator of proliferation. About 15000
transfected cells, together with untreated cells and blanks (No BrdU addition and no cells)
were added to wells in a 96-well plate and incubated for 24 h in 37°C. The procedure was
followed according to the manufacturer's protocol with 20µl of BrdU label (1:2000 dilution)
added to each well. The remaining cells in the wells after the first part of the procedure were
stored at 4°C for 5 days. Rest of the procedure was followed according to the manufacturer's
protocol with addition of Brdu Antibody and washing. The cell proliferation was measured
using a spectramax id3 microplate reader (Molecular Devices) in 450-540 nm.

2.9.2 Scratch wound Assay

CNDT 2.5 cells were seeded in a 6-well plate and the same amount of cells were added to
each well (10^6). The cells were transfected in triplicates with PLAC8 and pCMV6 plasmids
(empty vector) and incubated for 3 days in transfection media until the wells were fully
confluent. Another 6-well plate was used for untreated cells with CNDT 2.5 media (with
PEST) for control. Scratches were performed using a 100 µl pipette and the scratched cells
were washed away with PBS with new transfection media  added to the wells. The migration
of the cells were imaged at time 0 and 24h with an evos XL core configure cell imager
(Invitrogen, Thermo Fisher Scientific). The scratch area were measured using NIH Image-J
software.
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2.9.3 Apoptosis assay

CNDT 2.5 cells were transfected with 3 wells of PLAC8 and 3 wells of pMCV6. For this
experiment, eBioscienceTm Annexin V apoptosis detection kit FITC (Invitrogen, Thermo
Fisher Scientific) was used according to the manufacturer's protocol. The kit contains
Annexin V, 10X binding buffer and Propidium iodide staining solution and was added
according to the protocol to vials capable of flow cytometry detection. 3 replicates of PLAC8,
pCMV6 and untreated cells and blanks (No Annexin, No dye) were used and ~10^6 cells
were added to each vial. The whole procedure was made together with flow cytometry in the
morning and the propidium iodide staining solution was added directly before flow cytometry
analysis. The analysis was aimed at 100000 events, but because of problems with our
pCMV6 samples, it ended at ~ 50-70k events.

2.9.4 Statistical analysis

Student's T-test was used for calculation of 2 different groups and One-way analysis of
variance was performed to measure the difference of several groups. All data presented are in
mean + standard deviation (SD) with p<0,05 as significant against the null hypothesis, which
is that no difference can be proven. All statistics are calculated using Graphpad prism 9
(Dotmatics).
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3 Results

3.1 Low expression of PLAC8 in CNTD 2.5 cells

To have a first look at how much PLAC8 is expressed at mRNA and protein level in SI-NET
cells, RT-qPCR and western blotting was performed. We can see here in figure 1 that the
expression of PLAC8 in CNDT 2.5 is very low. To confirm that these Ct numbers have a
connection with the actual protein levels in the cell, I used western blotting aiming at the
PLAC8 protein.

Figure 1: RNA measurement of GAPDH and PLAC8 in CNDT 2.5. The GAPDH Ct value is about 20, while
PLAC8 samples are about 33-34 Ct. Two out of 3 replicates of extracted RNA showed pure amounts of RNA,
while the third one was impure with low abundance of RNA (15-20 ng/µl). Because of this, only 2 replicates
were used in qPCR measurements. The housekeeping gene used was GAPDH, which is a housekeeping gene
with a relatively similar RNA expression in all cells and helps with normalization of the gene of interest (Kwon
et al. 2021).
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Figure 2: Western blotting with PLAC8 at 12,5 kD and actin at 42kD. Numbers above stand for replicates of
CNDT 2.5 cells with a positive control.

The purified proteins were used into 3 replicates for SDS-page together with a CNTD 2.5
control sample. PLAC8 is a small protein containing only 115 amino acids and weighs 12,5
kD. The result of western blotting shows us a very low abundance of PLAC8 because of the
low coverage in the 10-20 kD area, but we can confirm that it exists in the purified protein
samples. This result also correlates with the high Ct value of qPCR, which tells us that the
expression and abundance of PLAC8 is very low in CNDT2.5. The protein Beta-actin was
detected on the same membrane as loading control.

3.2 Successful overexpression of PLAC8 gene in CNDT2.5

Transfection of CNDT 2.5 with PLAC8 (NM_016619) expression plasmid and pCMV6 as
the empty vector was performed for analyzing the effects of the PLAC8 overexpression. The
gene expression was measured by qPCR and the following result shows that the
normalization gene GAPDH had a non-specific difference between PLAC8 treated cells and
pCMV6 treated cells (control). We can see a significant difference in the Ct values of PLAC8
transfected cells compared with control.
To measure the gene expression, 2^-∆∆Ct formula is used which tells the relative gene
expression between the control group and the treated group. The treated group shown in
figure 5c has a much higher gene expression (5000 fold) thus confirming that PLAC8 is
overexpressed in the transfected cells.
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Figure 3: Relative gene expression between average control (empty vector pMCV6 transfected cells) with
average treated (PLAC8 plasmid transfected cells). In figure 3d, we can also see the relative expression of
PLAC8 in empty vector treated cells. The result is made from 3 replicates with mean and SD. The graphs and
statistics were made in graphpad prism 9.

To confirm if the translation of the PLAC8 into proteins also is increased, western blotting
was performed where the same control and treated vectors are used. However, we did not get
any good visible bands from our western blot that could indicate any increase in protein
levels. We could not see any band in our positive control either, which could indicate that our
antibodies were nonfunctional. This experiment will be performed with new antibodies.
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3.3 Significant increase of proliferation was seen in PLAC8 overexpressed cells

To find out whether PLAC8 has a role in proliferation of SI-NET cells, BrdU proliferation
assay was performed in CNDT 2.5 cells transfected with PLAC8 plasmids or empty vector.
We also used untreated cells and blanks which contained no tissue or BrdU as controls.
The assay was performed with each well having 3 replicates (9 replicates) of each group. The
PLAC8 result had a great variance of absorption values (Supplementary 1) which gave a
relatively high standard deviation. One way analysis of variance was used to compare the
values with a significant p-value of less than 0,05.

Figure 4. BrdU cell proliferation assay with PLAC8 and pMCV6 transfected cells together with untreated and
blank samples. The proliferation was counted in absorption values with standard deviation counted for each
group shown with error bars. The p-value between PLAC8 and pCMV6 was calculated with students T-test.

Here, the results show that overexpression increased cell proliferation of PLAC8 in CNDT
2.5 cells. We can also see in figure 5 the untreated cells and the empty vector had relatively
the same proliferation rate confirming that our assay worked.

3.4 Overexpression of PLAC8 does not seem to increase the migration of the cells.

The ability to migrate is important in cancers, and to investigate if PLAC8 overexpression
has any effect on the migration of the CNDT 2.5 cells, a scratch wound assay was performed
3 days after the transfection on the same 6-well plate. To induce the wound, a 100 µl tip was
used to create the scratch, a picture was taken between 0h and 24h of incubation.
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Figure 5: Scratch wound assay of the different groups and time points written. A calculation of the area changes
was shown between 0h and 24 hours in the graphs to the right. All pictures are of the same scale. Data is shown
in means of 3 replicates + SD with statistics.

Here, we can see that there was no significant difference in the migration between 0h and
24h. We could see a significant change in untreated CNDT 2.5 cells. This could show that the
transfection of CNDT 2.5 could have been unsuccessful and instead altered the migrating
function of the cells, which makes the conclusions of the results hard to confirm. But from
these results, no increase of migration in PLAC8 transfected cells can be seen.

3.5 Apoptosis assay showed slight differences between the groups

In order to investigate whether PLAC8 expression has an effect on induction of apoptosis in
SI-NET cells, I used the annexin V apoptosis detection kit with FITC as a detection marker
for flow cytometry. 3 groups were investigated, PLAC8, pMCV6 and untreated cells. The
results in figure 8 show that PLAC8 overexpression has no effect on the apoptosis of the
CNDT 2.5 cells. However, there is a point to consider in our experiment: We selected a stop
of events at 100000 events but some samples such as all the pCMV6 replicates did not
contain that many events while untreated sample contained a lot more than 100k events, this
could be because of the cell amount could have also differed from untreated samples because
of a bigger amount of cells being extracted from the petri dish.
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Figure 6: The relative events of early apoptotic levels in transfected and untreated CNDT 2.5 cells. 8A shows
the flow cytometry values of untreated cells, 8B shows PLAC8 treated cells, 8C shows pCMV6 treated cells.
The Q1-UL area in the flow cytometry graphs shows annexin IV stained cells in early apoptosis. Q1-UR shows
late apoptosis in cells (stained with both annexin IV and Propidium iodine). Q1-LR shows dead cells (only
stained with PI). Q1–LL is non-apoptotic cells. The means and SD, as well as statistics, are calculated and
shown in 8D.
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4 Discussion
Common chromosomal aberration and its genetic variation such as in chromosome 18 and 4
is common in SI-NETs (Nieser et al., 2016). Chromosome 18 contains important genes
regarding the SMAD regulation and important genes in the TGF𝝱 pathway (Banck et al.,
2013). A study in our group by Backman et al found expression differences in PLAC8
located in chromosome 4 in SI-NETs samples. PLAC8 is a low-studied gene which we don't
have so much knowledge of in SI-NETs but its oncogenic role has been confirmed in more
common cancers such as breast and lung cancer (Chen et al., 2022) where studies are more
abundant. This could give an indication of an oncogenic role in SI-NETs and a possible target
for medical implications.

In order to investigate the potential oncogenic role of PLAC8, I've tested 3 different assays
regarding the phenotypic changes of SI-NETs. First, I've looked at the expression level of
PLAC8 in CNDT 2.5 cells to get a view of the gene and its product. The result showed a low
expression of mRNA as well as a low amount of PLAC8 proteins found in the cells. This
could mean that it either has a small function in the cell or that a change in its expression can
have a notable difference in the phenotype of SI-NETs. It has been found in liver cancer that
low expression seems to be oncogenic and high expression suppresses it (Chen et al., 2022)
which means that it could have specific roles for each type of cancer. Although, most papers
link overexpression of PLAC8 with cancer (Feng et al., 2021), (Kinsey et al., 2014), (Mao et
al., 2021), we decided to overexpress PLAC8 and study the cell proliferation, migration and
apoptosis of transfected CNDT 2.5.

The proliferation assay showed a significant difference in the proliferation rate between the
overexpressed PLAC8 group and the empty vector transfected group. The results could also
show a close value between the untreated group and pCMV6 group, showing that the
untreated control had about the same proliferation rate as the empty vector. This result
suggest that PLAC8 has an importance in SI-NETs tumorigenesis.

To further look at the migration properties, a scratch wound assay was made. A previous
migration study had concluded that the migration of trophoblasts was promoted by PLAC8
because of its enhancement of Rac1 and Cdc42, (Chang et al., 2018) but this is nothing we
could see in this experiment with SI-NETs. Here, I can report that no significant difference
was seen between 0 and 24h in PLAC8 transfected cells as well as the empty vector.

Last, our apoptosis assay showed no difference between PLAC8 and pCMV6. Although the
apoptosis assay needs to be repeated, the preliminary results is in line with the hypothesis that
overexpression of PLAC8 as a candidate oncogene has no effect on the induction of apoptosis
in SI-NET cells.

18



Conclusion and final thoughts

Here in this study, a possible oncogenic role of PLAC8 in SI-NETs was investigated. There
was a significant boost of proliferation, which could indicate that it has a connection with the
cell-dividing pathways.
It has been seen that PLAC8 promoted activation of the Nf-Kb/AKT/PI3K pathway in breast
cancer (Mao et al., 2021) which could be an interesting future research area to understand
where PLAC8 could have its proliferating function in SI-NETs. There is also a theory that
claims PLAC8 is a regulator of the Akt1 and Mdm2, which directly regulates the function of
p53, a well-known tumor suppressor gene (Chen et al., 2022).
For future studies, it would be interesting to look deeper into the connection between the cell
dividing pathways and PLAC8 in SI-NETs. With further results aiming at a cell proliferating
connection, it could be a target for medical implications.
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Appendix 1

PLAC8 pMCV6

PLAC8 1 1,21 0,674 2,034 pCMV6 1 0,851 0,326 0,333

PLAC8 2 1,492 1,384 1,914 pCMV6 2 0,777 0,875 0,687

pCMV6 3 0,543 0,655 0,802

Untreated 0,499 0,632 0,576

No tissue 0,135 0,147 0,142

No brdu 0,124 0,224 0,207
Supplementary 1: Absorption values for PLAC8 and pMCV6 cells, untreated and blank values.

Supplementary 2: Amplification plot of Untreated CNTD2.5 cells with GAPDH and PLAC8 primers selected
and negative control which is shown in the bottom with no Ct.
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Supplementary 3: Amplification plot of CNTD 2.5 cells with PLAC8 and GAPDH primers between PLAC8 and
pCMV6 transfected cells.

Supplementary 4: Western blotting of PLAC8 and actin in overexpressed PLAC8 in CNDT 2.5 cells.
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