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ABSTRACT

Malignant pleural effusion (MPE) is observed in 15% of lung cancer (LC) patients
during diagnosis. However, the current biomarkers tested in pleural fluid (PF)
demonstrate limited sensitivity and specificity. This study focuses on establishing the
optimal experimental condition for long noncoding RNAs (IncRNAs) which are
tumour-derived products present in PF. The aim is to enable further research in this
area. A gPCR assay was conducted to evaluate the impact of different initial sample
volumes (50 pL, 100 pL, 200 uL), the inclusion of an RNA spike-in (cel-miR-39)
during the extraction process and the implementation of a preamplification step. The
results suggest that the optimal conditions for INCRNA extraction from PF involve an
initial volume of 200 upL, the addition of cel-miR-39 and carrying out of a
preamplification procedure. Furthermore, ACTB and GAPDH were validated as
reference genes for data normalisation in PF samples. Considering the active role of
InNcRNAs within the oncogenic functions, it is conceivable that the identification of
specific INcRNAs in PF could potentially contribute to the development of an algorithm
for the diagnosis and prognosis of patients with LC and associated MPE.

Key words: Lung cancer, biomarker, IncRNA, malignant pleural effusion.
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1. INTRODUCTION

In 2019, cancer accounted for approximately 18% of total deaths globally, making it the
second leading cause of dead worldwide. Among the most frequent types, lung cancer is
one of the most prevalent, ranking second in terms of incidence. In 2020 alone, it is

estimated to have resulted in the deaths of 1.8 million individuals (Figure 1).
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Figure 1. Estimated number of new cases (A) and deaths (B) worldwide in 2020, both sexes
and all ages®.

The high incidence of lung cancer can be attributed to various factors, including its
aetiology of lung cancer, as well as several associated risk factors. Well-established risk
factors include exposure to occupational carcinogens such asbestos or radon,
environmental air pollution, and a family history of lung cancer?*. However, smoking
remains the predominant threat, as more than 80% of lung cancers occur in individuals
with a history of tobacco use. Mainstream smoke contains many potential carcinogens,
including polycyclic aromatic hydrocarbons, aromatic amines, N-nitrosamines and other
organic and inorganic compounds, such as benzene, vinyl chloride, arsenic and

chromium?.

Certain genetic alterations have been recognised as driver mutations in the development
of lung cancer. Among them, the EGFR-RAS-RAF-MEK-ERK signalling pathway
(Figure 2), a key regulator of cell growth and transformation, frequently harbours
mutations in genes such as, the EGFR, KRAS and BRAF, being these mutations all
mutually exclusive. Constitutive activation of this pathway results in uncontrolled cell

proliferation, increased cell survival and the initiation and progression of tumour®".
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The Epidermal Growth Factor Receptor or EGFR gene
encodes a transmembrane glycoprotein, which is a
member of the protein kinase superfamily®. Mutations in

EGFR gene have been shown to play a critical role not in

tumour development, but also in its stability and

maintenance. RAF
On the contrary, mutations in both KRAS and BRAF l
MEK
induce cell proliferation and cellular atypia, leading to l
preinvasive lesions. However, these mutation rarely

progress to invasive lesions unless additional genomic

events occur, such as the inactivation of TP53 or

CDKN2A’,

The presence of different mutations, combined with /

varying exposure to various risk factors result, give rise to —

two primary histotypes that classify lung cancers: small

cell lung cancer (SCLC) and non-small cell lung cancer Figure 2. Schematic
representation of the EGFR-

(NSCLC). RAS-RAF-MEK-ERK pathway.

GF, growth factor; TFs,
o transcription factors.
SCLC accounts for 15% of all lung cancers and it is
preferentially located in the central area of the lung. Strongly associated with tobacco

smoking, SCLC is characterised by its high aggressiveness and rapid growth.

Otherwise, advances in molecular profiling have facilitated the subdivision of NSCLC
into three main subtypes: adenocarcinoma (ADC) and its variants, squamous cell
carcinoma (SqCC) and large-cell lung carcinoma (LCLC). While there are other types,
such as salivary gland-type tumours, sarcomatoid carcinomas, and others, the constitute

a small fraction of the overall NSCLC cases.

ADC accounts for around 40% of all lung cancer cases, making it the most common
subtype of NSCLC. It is predominantly associated with non-smokers and EGFR
mutations; it is characterised as a malignant epithelial tumour with glandular
differentiation. Typically, ADC is located at the periphery of the lung, affecting the
pleura and the thoracic wall. On the contrary, SQCC, which accounts for nearly 20% of

lung cancers and tends to manifest in a central location, arising in a main or lobar

8
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bronchus, and it often exhibits a necrotic interior. Lastly, LCLC is defined as an
undifferentiated NSCLC that represents less than 10% of the total cases. It receives its
name because of the size of the cells constituting it ®8.

Amongst the different conditions that can derive from the cancer disease, the malignant
pleural effusion (MPE) is a recurrent complication in oncogenic patients associated to
many types of tumours, including lung cancer®. The pleural fluid (PF) is a plasma
ultrafiltrate enclosed between the pleura membrane coating the lungs and the thoracic
cavity, allowing both to slide with ease during pulmonary respiration. Under
physiological conditions, the estimated volume of pleural fluid is approximately 0.15

mL/kg of bodyweight per hemithorax*®.

Any accumulation of clinically detectable amounts is considered abnormal and may be
indicative of a disease, either pleural, pulmonary or extrapulmonary. Within the most
frequent sources of pleural effusion (PE) are heart failure, pneumonia or tuberculosis.
However, PE becomes malignant (MPE) when it is due to cancer, which is the leading
cause, being lung cancer the most frequent primary tumour (37% of the cases)®*.

MPE often leads to dyspnoea, shortness of breath, in patients, serving as a significant
factor in diagnosing the cancer. In fact, 15% of lung cancer patients present with PE at
the time of diagnosis, and this rate can increase up to 50% over time!2. Unfortunately,
the presence of MPE in lung cancer indicated an advanced disease, leading to an

upstaging of the cancer to stage 4, which is associated with poor survival outcomes.

This relatively late-stage diagnosis in lung cancer, with the majority of cases being
diagnosed at an advanced stage, combined with its aggressive nature, significantly
impacts overall survival rates: the 5-year relative survival rate is only about 8% within
the distant stage (cancer with metastasis) patients, which account for more than 50% of
the cases at the time of diagnosis*®. These statistics highlight the urgent need to

improve and expand diagnostic techniques in this field.

Currently, to ensure accurate diagnosis and, a precise histological classification, a
combination of thoracic imaging (usually computed tomography) and
immunohistochemical assays is performed. The latter requires invasive testing

techniques such as biopsies®,
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Cytological examination of sputum is another diagnostic procedure for lung cancer. It is
particularly useful for detecting central tumours, like SqCC or SCLC, but it has
limitations in detecting adenocarcinomas with a diameter smaller than two centimetres
located in bronchial ramifications. In fact, sputum cytology is able to diagnose only 20-

30% of early lung cancer cases.

This exam can also be performed on PF in case of the patient presenting pleural
effusion. Pleural fluid is obtained through a medical procedure called thoracocentesis, in
which a transthoracic needle is used to extract the fluid. Nevertheless, PF cytology has a
sensitivity of only around 60% and can to 25% for certain specific subtypes such as

squamous cell carcinoma?.

Given the critical importance of an accurate diagnosis for the optimal treatment of lung
cancer patients, there is an urgent need to identify and implement novel techniques that
offer safer and more precise options. In this context, liquid biopsy is emerging as a
promising non-invasive diagnostic tool for malignant pleural effusions, as they provide
a comprehensive representation state of the tumour’s status and enables real-time

monitoring.
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Figure 3. Schematic representation of the main tumour-derived products in PF: cfDNA, cell-free DNA,;
cfRNA, cell-free RNA. Adapted from Sorolla et al. (2021).
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Currently, liquid biopsy is mainly focused on analysing circulating tumour DNA
(ctDNA) to detect of driver mutations and guide therapeutic interventions. Moreover,
malignant pleural fluid (MPF) has been found to contain abundant tumour-derived
products with clinical potential (Figure 3), including circulating tumour cells (CTC),
tumour-educated cells, exosomes, cfDNA, micro-RNAs (miRNA) or long noncoding
RNAs (IncRNA). This project specifically focuses on exploring the potential of
INcRNA16,

Long noncoding RNAs are transcripts commonly defined as greater than 200
nucleotides in length, generally ranging from 1,000 to 10,000. Despite their limited
protein-coding potential, INcRNA have been found to have significant regulatory roles
in gene expression, chromatin dynamics and cellular processed such as growth,
development and differentiation "8, Their large size enables them to adopt complex
secondary or tertiary structures, allowing interactions with proteins, mMRNA and DNA

sequences.

The enormous number of newly discovered IncRNAs, along with their diverse
biological functions, has posed a major challenge classifying them into different
categories. However, they have been broadly classified on the basis of their function
into three not mutually exclusive groups (Figure 4): guides, scaffolds and molecular
decoys!’18,

LncRNA guides serve as regulators that bind to proteins with either regulatory or
enzymatic function, including transcription factors or chromatin modifiers, in order to
lead them to exact sites in the genome, either in close proximity (cis) or at distant
locations (trans) locations!’. One example is HOTAIR, a transcript that recruits PRC2
and LSD1 in trans at the HOXD locus, leading to gene silencing through histone
methylation. Its expression has been associated with tumour invasiveness and

metastasis®.

Scaffold IncRNAs play a structural role by providing a central platform for the
assembly of multiple enzymatic complexes and/or other regulatory cofactors.
Additionally, these ribonucleoprotein (RNP) complexes, often transient, can target a
particular gene in order to regulate its expression. The IncCRNA MALAT1, among its

various functions, acts as a dynamic scaffold that plays a crucial role in stem cell

11
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differentiation and early embryonic development by linking chromatin modifying
complexes PRC1 and PRC2Y'.

Molecular decoys IncRNA function by modulating gene expression by binding to
particular regulatory factors, such as transcription factors, miRNAs or other catalytic
proteins. The transcripts act as negative regulators by preventing effector factors from
interacting with their primary targets!®. Two notable examples in this category GAS5
and MEG3. GAS5 sequesters miR-106, thus inducing PTEN, and growth arrest via
binding the glucocorticoid receptor and inhibiting its transcriptional induction. MEG3
represses MDM2 resulting in p53 accumulation and, hence, apoptosis and inhibition of
proliferation. MEG3 can also negatively regulate the expression of gens associated with

the TGF-p pathway, involved in immune regulation and cell invasion®’.

A Chromatin B
modifying
@ complex
IncRNA , “.‘
; v
v i ~
\- — — \
L P »
Long Noncoding RNA
C Functional Classification

mRNA target / \

Figure 4. General mechanisms for IncCRNA classification. LncRNA as (A) guide, (B) dynamic scaffold and
(C) decoy. TF, transcription factor. Adapted from Balas et al. (2018).

LncRNAs are highly expressed and widely implicated in various type of cancers. In
fact, it has been established by several genome-wide association studies that more than
80% of the SNPs associated to cancer occur in noncoding regions of the genome. Some
of these loci are sometimes transcribed to IncRNAs with a role in tumorigenesis,

metastasis and tumour stage, in either tumour-suppression or tumour-promoting fashion.

12
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Their expression is closely correlated with the transformed phenotype of cancer cells,

impacting processes such as cell cycle regulation, cell mobility and pluripotency 1718,

Numerous IncRNAs have shown specificity for particular types of cancer. In the case of
lung cancer, studies utilising sequencing data and microarray profiling have proven
significant alterations in INCRNA expression during cancer initiation and progression.
While the precise biological functions and molecular mechanisms of these INCRNA
remain complex and not fully elucidated, their dysregulation seem to play a crucial role
in regulating essential processes such as proliferation, survival, invasion, metastasis as
well as drug and radiation resistance®. Among the numerous IncRNAs associated with
lung cancer, four transcripts have been widely detected: HOTAIR, MALAT1, GAS5 and
MEG3. HOTAIR and MALAT1 are frequently upregulated and considered oncogenic,
while GAS5 and MEG3 exhibit tumour-suppressive properties and are typically

downregulated®®*°.

Although through largely unknown mechanisms, IncRNAs can be released into body
fluids like plasma or pleural fluid, suggesting their promising role as biomarkers.
However, limited studies have investigated the content of INCRNA in pleural fluid in
order to exploit its diagnostic potential'®. A notable example is the study of Wang et al.
(2018) which determined that MALAT1 in pleural effusion, in combination with
carcinoembryonic antigen (CEA), shows higher sensitivity in discriminating between

malignant and benign PE than CEA alone?®.

The development of novel diagnostic strategies based on IncRNA holds promise and
signifies a new paradigm in cancer research, potentially emerging as a significant
diagnostic approach in the near future.

13
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2. HYPOTHESIS AND OBJECTIVE

As stated in the previous section, the significant number of lung cancer-related deaths,
primarily caused by late diagnosis, underscores the importance of ongoing research into

novel elements, including biomarkers, to improve disease detection systems.

With this objective in mind, the project revolves around validating the following
hypothesis:

Analysis of the differential noncoding RNA expression, such as INCRNAs, in pleural
liquid samples may have the potential to serve as a tool to determine the optimal
methodology to analyse those InCRNA species present in patients with malignant
pleural effusion secondary to lung cancer.

Based on this premise, the following has been established as the main objective of this

research:

1. To establish the optimal experimental conditions for INCRNAs extraction and its
expression level analysis: initial volume, use of RNA spike-in and need of a

preamplification step.

14
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3. MATERIALS AND METHODS
3.1. Sample selection

Being one of the main aims of the project to set the optimal experimental conditions, a
limited number of samples were chosen from the collection of the Pleural Medicine
Unit of the Hospital Arnau de Vilanova (HUAYV) in Lleida, led by Dr. José Manuel
Porcel. These samples were obtained from patients diagnosed with malignant pleural
effusion secondary to lung cancer, and their clinical details are listed below (Table 1).

Table 1. Clinical data from the selected patients.

ID Sex Age Date of collection Histotype
523 Male 48 05/04/2023 Adenocarcinoma
521 Male 68 31/03/2023 Adenocarcinoma
465 Female 87 03/11/2022 Adenocarcinoma
425 Female 65 14/07/2022 Adenocarcinoma

The study was conducted according to the Declaration of Helsinki and approved by the
ethics committee of HUAV. Informed consent was obtained from all the patients
involved. It must also be noted that all samples come from the diagnostic surplus and its

extraction does not alter the course of the disease in any way.

3.2. Initial sample processing

For each patient, around 100 mL of pleural fluid is obtained and later processed and

stored by the personnel in the Biobank of IRBLIeida.

Second Final
Supernatant Centrifugation Sample
( = 5 e
Initial First 025
Sample Centrifugation w’ —_— x4
— 20" 4°C
D300xg
Cellular Fraction Stored at -80°C

10" 4°C

\‘U

Figure 5. Diagram of the pleural fluid processing.

15
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The protocol consists of two consecutive centrifugation steps to separate the cellular
fraction and other impurities. The resulting sample is then transferred to 15 mL Falcon
tubes and stored at -80°C until the moment of the analysis (Figure 5).

3.3. RNA isolation from the pleural fluid

ik Pleural fluids, being human biological samples, necessitate
S manipulation under the appropriated biosafety conditions.
’:{i . Consequently, the initial stages of the protocol were performed

within a biosafety level Il laboratory, inside a biosecurity 11 hood.

\
N O

The entrance to this room requires a specific training provided by

A the Technical Scientific Cell Culture Service in IRBLIeida, as

j . well as a previously approved protocol by the Biosecurity

k ! 4 ) Committee of the institution. Additionally, personal protective
.-rz:' J equipment (cap, security glasses, FFP2 mask, extra-safe lab coat,

o G gloves and plastic shoe covers) must be worn (Figure 6).

Figure 6. Personal To ensure the integrity of RNA, the frequent use of RNase

protective equipment  AWAY® (VWR, PA, USA) was employed for decontaminating
used to enter the
biosafety level Il lab.  gpparatus, benchtops and plastic ware due to its capability to

eliminate both RNases and DNA from various surfaces.

The isolation of RNA was performed with the miRNeasy Mini Kit (Qiagen, NLD)
which enables the purification of total RNA from a wide range of animal tissues and
cells, including difficult-to-lyse samples. Its efficient enrichment of RNA over 200
nucleotides, along with the high purity of the resulting genetic material, makes the
isolated RNA suitable for various downstream applications, even when limited amounts

of starting material are available.

Firstly, 50, 150 and 200 pL aliquots of each pleural fluid sample were placed into 2 mL
tubes followed by the addition of up to 200 uL of PBS. Later, 1000 uL of QIAzol Lysis

Reagent was added to the tubes, and the mixture was vortexed for 15 seconds.

QIAzol is a monophasic solution consisting of phenol and guanidine thiocyanate. It is
specially formulated to facilitate the tissue lysis, inhibit RNases and remove most of the
cellular DNA and proteins from the lysate through organic extraction. QIAzol’s ability
to inactivate the sample allows the protocol to be continued in a standard laboratory

16
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setting, however it is important to note that it should be handled under a fume hood due
to its toxic nature, as well as that of some of the remaining reagents.

After a 5-minute incubation at room

temperature, the samples were spined, 200 pL.

of chloroform were added (Sigma-Aldrich, Aqueous phase: RNA

MA, USA) and the tubes were vortexed again Interphase: DNA

for 15 seconds. Continuing with a Organic phase: proteins and lipids

centrifugation at 12,000 x g for 15 minutes at

4°C before transferring the upper aqueous
] Figure 7. Different phases inside the tube after
phase (300 pL) to a new collection tube, adding QIAzol and chloroform and its content.

avoiding any of the interphase material (Figure 7). Next, 450 uL of 100% ethanol
(PanReac, ESP) were added and the mixture was thoroughly mixed to facilitate RNA
precipitation. The entire volume was then transferred to a RNeasy Mini column in a 2
mL collection tube and centrifuged at 8,000 x g for 15 seconds at room temperature,

discarding the flow-through afterwards.

The following process involved several washing steps to remove impurities and excess
salts from the column-bound RNA. The composition of the buffers used is undisclosed
but requires ethanol for their preparation. Ethanol aids in dissolving and removing

residual salts from the RNA pellet. Here are the detailed washing steps.

1. Add 700 pL of Buffer RWT to the column and centrifuge at 8,000 x g for 15
seconds at room temperature. Discard the flow-through.

2. Add 500 pL of Buffer RPE to the column and centrifuge at 8,000 x g for 15
seconds at room temperature. Discard the flow-through.

3. Repeat step 2 by adding another 500 pL of Buffer RPE to the column.
Centrifuge at 8,000 x g for 2 minutes at room temperature. Discard the flow-

through.

After the washing steps, the column was then transferred to a new 2 mL collection tube,
and centrifuged at 16,000 x g for 1 minute at room temperature to dry the membrane.
This is a key step to ensure that no residual ethanol is carried over during RNA elution,

as it could interfere with downstream reactions.

Finally, the column was transferred to a new collection tube (1.5 mL) for the RNA

elution: 30 pL of RNase-free water were added directly onto the column membrane

17
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which was then centrifuged at 16,000 x g for 1 minute at room temperature. The eluted
RNA was immediately placed on ice and stored at -80°C until further use.

3.3. RNA quantification

RNA quantification was carried out through two different methods: the
NanoPhotometer® microvolume spectrophotometer (Implen, DEU) and the 2100
Bioanalyzer system (Agilent Technologies Inc., CA, USA).

3.3.1. NanoPhotometer® microvolume spectrophotometer??

For the spectrophotometry assessment,
the NanoPhotometer® N60 by the
German brand Implen was used
(Figure 8A). This high-performance
micro  volume  spectrophotometer,

amongst other applications, is able to

analyse genetic material, as low as 0.3

Figure 8. (A) NanoPhotometer® N60 and (B) its
sample surface. uL  sample volume. For each

measurement, the concentration is calculated as well as the 260/230 and the 260/280

purity ratios.

The UV/Vis spectrophotometric analysis is based on a reading at 260 nm, used
afterwards to calculate the concentration via the Beer-Lambert law (Equation 1). This
law empirically relates the absorption of the light to the properties of the sample, where
the factors involved are transmittance (T), outgoing light (lo), incoming light (), a
molecular extinction coefficient specific for each compound (), the concentration of the

substance under analysis (C) and the distance the light travels (d).

A= —logT = —log(I/l;)) =€¢-C-d » C=A/(e-qd)
Equation 1. Beer-Lambert law.

By adding the 230 and 280 nm wavelength to each reading, the 260/230 and 260/280
ratios can be calculated respectively and, therefore, the impurities in the sample can be
assessed. For purified samples, the 260/230 ratio should fall within the range of 1.8 and
2.2. A lower coefficient may indicate the presence of residual phenol or guanidine in the

solution, while a high ratio suggests an inappropriate solution used for the blank

18
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measurement. On the other hand, the 260/280 ratio evaluates the amount of protein in
the sample, being a value close to 2.0 indicative of minimal protein presence in RNA
samples. Additionally, an absorbance reading higher than mAbs at 320 nm suggests the

presence of undissolved particles or salt residues in the sample.

Operating this device is very simple. To obtain our measurements we started by
cleaning the quartz sample surface (Figure 8B) with a wipe and selecting the nucleic
acids program, particularly the RNA program. Next, 1 puL of the same RNase-free water
used for the RNA elution was applied to the quartz surface as the blank solution,

followed by the same amount of each sample.

3.3.2. Bioanalyzer system?%3

The Agilent 2100 Bioanalyzer is a well-established system for automated
electrophoresis that allows for sample quantification and quality control through lab-on-
chip capillary gel-electrophoresis. Compared to the traditional gel methods, it requires a
significantly less sample and reagent consumption and provides a faster analysis time.
The resulting data is provided in a timely manner and delivers objective assessment of

sizing, quantitation, integrity and purity.

Maintaining integrity and purity is py

_ _ _ 2 19 Intact RNA:
crucial for reliable experimental results, " RIN 10
as RNA samples are susceptible to - JL
degradation by RNases. The results of % 2 Parally “‘*9’3"9";:”:"5:
this testing are presented as gel-like &
images and as electrophoretic data Strongly degraded RNA:
(Figure 9), making it easier to detect the o
possible degradative effects. Some of the

19 24 29 34 39 44 49 54 59 B4 69
Time (seconds)

indicative features of degradation are the

decreasing ratio of ribosomal bands, the Figure 9. Examples of electrophoretic data showing
’ different levels of RNA degradation. FU, fluorescence

additional peaks below the ribosomal units. Extracted from: agilent.com.

bands, the decrease in overall RNA signal and the shift towards shorter fragments.

Moreover, the Bioanalyzer system provides an RNA Integrity Number or RIN value, an
objective metric number determined from the shape of the curve in the
electropherogram. The software then classifies the total RNA quality on a numbering
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system from 1 to 10, where 1 correlates to a completely degraded RNA and 10 to a
highly intact RNA. Thus, interpretation and comparison of the samples is facilitated?.

To accurately quantify our samples, we used both the Bioanalyzer RNA 6000 Nano
(Figure 10A) and Pico (Figure 10B) assays. This approach allowed us to cover a wider
range of concentrations since the Nano kit can detect samples from 5 ng and the Pico kit

from as low as 50 pg of total RNA.

A C

Figure 10. Agilent RNA 6000 (A) Nano and (B) Pico LabChip®. (C) Chip priming station.

The protocol to be followed for both assays is very similar and started by placing a new
chip on the priming station (Figure 10C) and adding 9 uL of the gel-dye mix previously
prepared to the well marked as ®. The priming station was then closed, and the plunger
of the syringe pressed down for the gel-dye mix to be distributed through the different
channels of the cell. Once the pressurisation was over, 9 pL of the gel-dye mix was

pipetted in each of the wells marked as G.

Afterwards, and only for the Pico kit, 9 uL of the conditioning solution were added into
the well market as cs. Even though the composition or the function of this solution
remains undisclosed, it is possibly related to stabilise and maintain the integrity of the

smallest fragments for them to be detected.

Following the protocol, and again for both kits, 5 puL of the corresponding marker were
dispensed into the well marked with the ladder symbol (#) and each of the sample
wells, twelve for the Nano kit and eleven for the Pico kit. Finally, 1 uL of the ladder and
the samples were loaded into the chip, both previously heated to 70°C for 2 minutes so
as to denature the double-helix and minimize the secondary structure. The chip was then

vortexed for 60 seconds at 2,400 rpm for all the solutions to properly mix.
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At this point, the chip was to be inserted in the Agilent 2100 Bioanalyzer instrument,
whose electrodes had been already washed with a first electrode cleaner filled with an
RNase decontaminating solution (RNaseZAP) and a second one filled with RNase-free
water. Once the lid of the device was carefully closed so the electrodes in the cartridge
fit into the wells of the chip, the 2100 Expert Software was initialised, and the
appropriate assay selected from the Assays menu. Lastly, the chip run was started.

After the run was finished, the chip was discarded while the electrodes had to be washed
again with the electrode cleaner filled with RNase-free water to ensure no residues were

left from the present assay.
3.4. Testing of INCRNA expression

The reverse transcription quantitative real-time polymerase chain reaction or RT-gPCR
is a rapid and sensitive technique used to measure RNA levels and detect changes in
gene expression. In this project, our objective was to identify the presence of those
IncRNAs that have already been proven to be aberrantly expressed in lung cancer, either

by inhibition or overexpression.

To do so, we employed the iTaqg™ Universal Probes One-Step Kit (Bio-Rad
Laboratories Inc., CA, USA). In one-step reactions, the RNA is first reversely
transcribed in a 1:1 reaction to cDNA, a much more stable molecule, and then amplified

and detected, in a single run.

The kit includes two essential components for these assays: an iScript™ reverse
transcriptase and a reaction mix 2x. The former also contains an RNase H* MMLV
enzyme engineered to deliver uncompromised sensitivity and true representation of the
target RNA level, as well as a potent blend of RNase inhibitors which prevents RNA
degradation during the reaction. Otherwise, the reaction mix, optimised for one-step
assays, contains an antibody-mediated hot-start Tag DNA polymerase, dNTPs, MgClo,

enhancers, stabilisers and a blend of passive reference dyes, such as ROX.

For our analysis, we employed six probes, each consisting of unlabelled PCR primers
and a dual-labelled fluorescent probe. Four of them were designed to detect the
IncRNAs known to be altered in lung cancer, namely HOTAIR, MALAT1, GAS5 and
MEG3. The remaining two probes targeted the housekeeping genes ACTB and GAPDH,

which are constitutively expressed in all the samples regardless of their condition?*2-%",
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In order to carry out this assay, we first prepared 6 mixes, one per each gene of study,
according to guidelines in the Table 2, except for the RNA. Next, the solutions were
mixed to ensure their homogeneity and dispensed in 9 pL aliquots into the wells of a
PCR plate. Afterwards, 1 uL of the RNA samples, or RNase-free water for the negative
controls, was also loaded to the wells. The plate was then sealed and vortexed before
being inserted in the Real-Time PCR System Bio-Rad® CFX96™.

Table 2. Components of the RT-qPCR and their required volumes. The total volume was calculated for 16
wells: 3 technical replicates for each of the 4 samples (12), 2 negative controls and 2 for spare.

Volume per Total volume per Final
Component . .
10 pL reaction gene concentration
iTag Reaction Mix 2X 5uL 80 pL 1X
iScript Reverse Transcriptase 0.25 pL 4 uL 1X
Fluorogenic probe 250 nM probe
and primers 05 L 8L 500 nM primers
RNA 1L 16 pL 100 ng — 100 fg
RNase-free water 3.25 uL 52 uL -

Once the plate was set, the thermal cycling protocol was programmed on the RT-PCR

instrument (Figure 11), and the run started.
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Figure 11. Diagram of the thermal cycling protocol on the Real-Time PCR System Bio-Rad® CFX96™.

The resulting data displayed the C; (threshold cycle) or Cq (quantification cycle) values,
which represent the cycle number at which the fluorescence of the PCR product is
detected above the background level. In simpler terms, the C; value indicates the cycle
at which the amplification plot intersects with the threshold, and it is inversely related to
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the initial amount of DNA. The lower the C: value, the more DNA is present at the

beginning of the test.

As we did not include control samples in this particular assay, we were unable to utilize
the 222t method to calculate the RNA expression. However, the C; values for the four
IncRNA were normalised using the C; values of the two housekeeping genes (22"). This
normalisation allowed for meaningful comparisons between samples. It is important to
note that certain criteria were applied when analysing the data, discarding the values
when: (I) the C; value was over 37, (I1) there was no expression from the housekeeping
genes as they acted as positive controls or, contrarily, (I11) there was expression from

the negative control wells.
3.5. Preamplification protocol?-*

To obtain accurate results from a qPCR, particularly for transcripts present in low
concentrations, a preamplification protocol is necessary. This procedure consists of
three steps: (1) reverse transcription, (1) preamplification and (111) quantitative PCR.

In order to determine the optimal conditions for this expression level study, we analysed
three of the samples obtained from two slightly distinct extraction protocols (depending
on the addition or not of an RNA spike-in) and starting from three different starting

volumes.

For the reverse transcription step, the StaRT Reverse Transcription kit (AnyGenes®,
FRA) was employed. This high-performance system enables the synthesis of a large
yield of first-strand cDNA even from low-concentrated and challenging RNA

sequences.

Table 3. Components of the reverse transcription protocol and their required volumes. The total volume
was calculated for 20 reactions: 3 initial volumes (50, 100 and 200 ul) and 2 distinct extraction
protocols (with or without spike-in) per each of the 3 samples (18), 1 negative control and 1 for spare.

Volume per Final
Component 10 pL reaction Total volume concentration
StaRT Buffer 10X 2 yL 40 pL 2X
Random Primers 10X 2 uL 40 pL 2X
dNTP mix 10X (40 mM) 2 yL 40 pL 2X (8 mM)
StaRT Reverse Transcriptase 50 U/uL 1uL 20 pL 5 U/uL
RNase-free water 3uL 60 pL -
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Firstly, we prepared the Reverse Transcription mix in 1.5 mL tubes, according to Table
3. The mix included random primers, which are short oligodeoxyribonucleotides with
random base sequences of approximately 6 nucleotides. This primers are ideal for
CDNA synthesis as they can bind to any transcript sequence. Afterwards, 10 uL of this
mixture was dispensed into the tubes containing 10 uL of the sample RNA, which had
been previously incubated for 5 minutes at 65°C in order to minimise the presence of

secondary structures.

Finally, the tubs were sealed and slightly spun before being inserted in the thermal
cycler. Once the protocol was programmed on the instrument the run started with a 10-
minute incubation at 25°C to temper the mixture, followed by 120 minutes at 37°C for
the reverse transcription procedure and a final 5-minute incubation at 85°C to inactivate
the enzyme and avoid interferences in downstream reactions. The resulting cDNA

product was then stored at -20°C.

For the second step, the amplification, we used the specific cDNA preamplification
SpeAmp" system also from AnyGenes® which includes a Perfect Master Mix and a
second reactive component, called AmpPure". The master mix contains a thermo-stable
Tag DNA Polymerase and dNTPs, as well as MgCl> and buffer for optimal enzyme
performance. AmpPure", on the other hand, contains a pool of enzymes for the
purification of the PCR products at the end of the assay. Indeed, a set of specific

primers called Prim™ was also necessary.

To proceed with the cDNA amplification, we added the required components to each
tube (Table 4). After being centrifuged at 1,000 x g for 30 seconds, the tubes were
placed in the thermal cycler. The protocol consisted of a 10-minute incubation at 95°C
to activate the enzyme and denature possible dimers, followed by 10 short cycles for the
amplification: 10 seconds at 95°C for denaturation and 30 seconds at 60°C for annealing

and extension.

Table 4. Components of the preamplification protocol and their required volumes. The total volume was
calculated for 21 reactions: 19 samples from the previous step, 1 negative control and 1 for spare.

Component Volume pgr Total volume Final .
25 pL reaction concentration
Perfect Master Mix 2X 125 puL 262.5 pL 1X
Prim™ 0.5 uM 7.5 puL 157.5 uL 0.15 uM
cDNA Template 5puL - -
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Once the run was complete, 3 uL of AmpPure" were added to each tube before placing
them again in the thermal cycler for the purification step: 30 minutes at 37°C and 20
minutes at 80°C. Despite its composition or precise function not being disclosed, it is
possibly related to the removal of the adapters usually attached to the primers in this
type of reactions. The primers, while necessary for the amplification step, could
potentially interfere with subsequent reactions. Again, the final product was stored at -
20°C.

For the third and final step, the Perfect Master Mix SYBR Green Low ROX from
AnyGenes® was utilised. This kit is based on a highly efficient Hot-start Tag
polymerase that allows a highly precise and robust qPCR results, while preventing non-
specific binding and amplification. The detection in this assay was performed through
SYBR Green, an asymmetrical cyanine dye that preferentially binds to double-stranded
DNA. For this assay, we employed six probes. Three of them aimed to detect IncRNAs
already known to be altered in lung cancer, namely MALAT1, NEAT1 and H19. The
remaining three probes targeted the housekeeping genes ACTB, GAPDH and HPRT13%

3 which are commonly used as reference genes.

To prepare the gPCR reaction, we created six mixes according to the details provided in
Table 5, excluding the RNA. The solutions were then thoroughly mixed and dispensed
into the wells of a PCR plate, 9 pL at a time. Next, we loaded into the wells 1 pL of
RNase-free water for the negative control or 1 pL of the RNA samples previously
diluted with 82 pL of the same RNase-free water (volume depending on the PCR plate
format). After being sealed, the plate was vortexed 60 seconds at 1,000 x g and inserted
in the QuantStudio™ 7 Flex Real-Time PCR System (Thermo Fisher Scientific Inc,
MA, USA). Afterwards, the thermal cycling protocol was programmed (Figure 12), and

the run was started.

Table 5. Components of the gPCR and their required volumes. The total volume per gene was calculated
for 22 reactions: 20 samples from the previous step, 1 negative control and 1 for spare.

Volume per Total volume Final
Component . .
10 pL reaction per gene concentration
Perfect Master Mix SYBR Green 2X 5puL 110 pL 1X
Primer Set 20X (10 pM) 0.5 puL 11 pL 1X (0.5 uM)
RNA 1L 22 uL -
RNase-free water 3.5 L 77 UL -
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Again, none control samples were included in this assay, therefore the C; values for the
three IncRNA were normalised using the C; values of the three housekeeping genes
(22¢Y. As well, the same exclusion criteria as in section 3.4 were applied when

analysing the data.

Otherwise, the specific thermal cycling protocol used in this gPCR allowed for a
melting curve analysis to be performed after the main quantification run. By plotting the
second derivative of fluorescence against temperature, a single sharp peak will be
obtained if only the target product is present in the post-amplified sample. Contrarily,
multiple peaks will appear in the presence of side products. These side products can
originate from nonspecific product detection, which is sometimes associated with the
use of SYBR Green or from the RNA spike-in that was added as a quality control

during the extraction procedure for half of the samples analysed in this experiment.
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Figure 12. Diagram of the thermal cycling protocol on the QuantStudio™ 7 Flex Real-Time PCR System.

3.6. Decision criteria

The aim of these assays is to determine the optimal experimental conditions for
InNcRNAs extraction and expression level analysis. This involves considering three key
factors: the initial volume of samples, the addition or omission of an RNA spike-in and
the need for a preamplification step. Regardless of the purity and integrity of the
RNAthe preferred conditions should yield the maximum amount of RNA, resulting in
Cq values within a reliable range (below 35 cycles) when analysed. Moreover, the
influence of these parameters on the qPCR will be evaluated by assessing their impact

on the melting curve analysis.

26



Experimental approaches for detecting long noncoding RNAs in malignant pleural effusion

4, RESULTS AND DISCUSSION
4.1. Establishing the optimal experimental conditions

Malignant pleural effusion is present in 15% of lung cancer patients at the time of
diagnosis, indicating an advanced disease and a poor survival'?. Currently, routine
markers such as lactate dehydrogenase, glucose or the carbohydrate antigen 125 (CA-
125) are employed to distinguish MPE, even with their poor sensitivity and
specificity®. Nevertheless, pleural fluid also harbours many tumour-derived products
(Figure 3), including long non-coding RNAs 116,

Recently, there has been a growing interest surrounding IncRNAs, and their potential
application as a diagnostic biomarkers in lung cancer. Several differentially expressed
transcripts, such as MALAT1 or ZBED5-AS1, have shown promising capabilities in this

regard?°3°,

However, thus far, no specific INCRNA signature has been defined to accurately
distinguish benign pleural effusion from malignant pleural effusion. This holds true for
both individually IncRNA and their potential complementarity to existing diagnostic
methods. In order to conduct these types of analysis on large cohorts, it is essential to
establish the optimal conditions of the assay. This particular project aims to address this

issue.

The first step involved determining the most appropriate initial sample volume to
maximize the extraction of genetic material, considering the protocol and the available
resources (see section 3.3). To achieve this, RNA was isolated from pleural fluid, using
three different volumes, and subsequently quantified using two different methods. The

resulting findings are shown in Table 6.

The concentration results obtained through the NanoPhotometer®, exhibit some
irregularities, but it is plausible to perceive a drop in the precision of the instrument as
the values are considerably low. To overcome this limitation and achieve higher
sensitivity, the Agilent 2100 Bioanalyzer System was later used in order to achieve
higher sensitivity.

Considering the results from the Nano assay, it is evident that using an initial volume of

100 pL vyields to higher concentrations in two of the samples (523 and 425) compared to
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using 200 pL. However, in the case of sample 521, the concentration obtained from 100
pL is slightly lower than that from the 200 pL. It must be noted that the Nano assay is
configured to detect samples starting from a concentration of 5 ng/uL, in consequence
all the concentrations below this threshold were discarded and the experiment repeated
with the Pico assay. This assay was particularly relevant for sample 465, as it
demonstrated higher concentration when starting with 200 uL. Regarding the remaining
values, the observed discrepancy between the two assays maybe attributable to chip

saturation.

Table 6. RNA concentrations and purity ratios for the four samples.

Sample NanoPhotometer® Bioanalyzer Bioanalyzer

ID  Initial volume Concentration A260/280 A260/230 Picoassay  Nano assay

50 pL 5.7 ng/uL 1.220 0.224 0.067 ng/uL 2 ng/uL
523 100 pL 15.16 ng/pL 1.441 0409  0.127ng/uL 226 ng/uL
200 pL 5.20 ng/uL 1.171 0.156 0.224 ng/uL 25 ng/uL
50 pL 15.92 ng/uL 1.502 0.589 0.148 ng/uL 1 ng/uL
521 100 pL 8.64 ng/uL 1.479 0312  0.164ng/uL 33 ng/uL
200 pL 8.92 ng/uL 1.343 0.091 0.192 ng/uL 38 ng/uL
50 pL 6.92 ng/pL 1.006 0.336 - 2 ng/pL
465 100 pL 10.08 ng/pL 1.306 0.221 0.150 ng/pL 2 ng/pL
200 pL 4.2 ng/pL 1.205 0.150 0.359 ng/pL 2 ng/pL
50 pL 16.88 ng/uL 1.486 0.062 0.070 ng/uL 1 ng/uL
425 100 pL 7.56 ng/uL 1.454 0.062  0.154ng/uL 20 ng/uL
200 pL 4.56 ng/uL 1.000 0.039 0.142 ng/uL 1 ng/uL

On one hand, using the lowest initial volume of 50 uL yielded the expected lowest
concentration. On the other hand, starting with 200 pL may lead to a saturation of the
RNA extraction column resulting in heterogenous values. Taking all this data into
account, it appears that an initial volume of 100 pL is the optimal choice across the
three methods and four samples. However, the confirmation of this finding required

subsequent PCR tests.

The observed heterogeneity in these results may be attributable to the diverse
composition of the pleural fluids, even when originating from the same pathology.
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While the initial sample processing protocol, including centrifugation steps, aims to
minimise these differences, certain components such as lipids can persist and remain

present in the supernatant®,

After the isolation and quantification of RNA, an accurate examination of the RNA
quality is necessary to ascertain the suitability of the samples since the presence of

impurities can hinder downstream analysis processes.

For properly purified samples, the expected purity ratios 260/230 and 260/280 are
tipically 1.8-2.2 and 2 respectively. Hence, our samples seem to exhibit high protein
contamination and the presence of phenol and guanidine (used in the extraction
protocol). It should be noted that the minimal concentration of the samples may have

affected, the precision of the NanoPhotometer® results.

Alternatively, the Bioanalyzer System Nano Kit provides a parameter to assess the
integrity and purity of the samples. On one hand, based on the electrophoretic data
(Supplementary Image S1), all samples present the marker band between 20 and 25
seconds. However, only five of the samples were concentrated enough for another band
to be detected, bands which generally appeared displaced regarding the expected point
(ribosomal bands). On the other hand, the RIN value was calculated for four of the
samples: those with a concentration over 5 ng/pL and a properly loaded marker. The
best RIN value obtained was 5.8, indicating that the samples range from partially to
strongly degraded. However, this values may also be attributed to the origin of the
IncRNA since they have not been isolated from the cell nucleus but have released into
the PF freely or encapsulated in extracellular vesicles. We also obtained electrophoretic
data from the Pico kit (Supplementary Image S2) with very similar results that lead to

the same conclusion.

Even though the quality of the samples was proven not to be optimal and despite their
poor concentration, we then proceeded to detect the presence of four InCRNA
previously proven to present an altered expression in lung cancer: HOTAIR, MALAT1,
MEG3 and GASS.

The method employed for the detection was the reverse transcription quantitative real-
time polymerase chain reaction or RT-gPCR, which resulted in the graphical

representation of the fluorescence increase for the different samples (Figure 13). For
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this experiment, only the samples obtained from the 100 puL of initial volume were

analysed.
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Figure 13. Results obtained from the RT-gPCR. RFU, relative fluorescence units.

The results obtained, including both graphical and numerical (Supplementary Table S1)
representation highlight the challenge posed by the low concentration of our samples.
The lowest Cq value obtained was approximately 27, indicating the limited abundance
of the target transcripts. As a result, two of the transcripts, HOTAIR and MEG3, were
not even detected despite HOTAIR typically being overexpressed in lung cancer®.
Moreover, the expression values (22¢Y) of MALAT1 and GAS5 exhibited notable
variation among the four samples, all of which were from the same subtype of lung

cancer.

To address these challenges, both the minimal RNA concentration and the great
variability between the samples, two different strategies were developed. Otherwise,
this range of RNA quantity would remain under the detection limit of the most
commonly used techniques for measuring RNA, making it rather complex to normalise

the starting quantity of the transcripts.

Firstly, to ensure quality control of the RNA isolation and assess the efficiency of

cDNA synthesis and amplification a synthetic RNA, cel-miR-39 (Qiagen, NLD), was
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employed as a spike-in during the extraction procedure. The cel-miR-39 was added
immediately after the lysis reagent (QlAzol), and the amount recovered after the
extraction directly correlates with the total RNA recovered. The expression level of this
spike-in transcript can be later determined by subjecting the cDNA to gPCR. By
employing this approach, the level of expression of any target transcripts can be
normalised to the cel-miR-39 through the 2722t method.

The second strategy implemented to enhance the gPCR results involved a
preamplification step. Thus, enabling the detection of those transcripts present in the
samples but in extremely low concentrations. The results obtained from this assay
(Supplementary Table S2) facilitate the comparison of how the different experimental

conditions impact the analysis of expression levels.

Regarding the initial volume, Cq values evidence that starting with 200 pL yields the
highest RNA quantity, despite the initial quantification values suggesting otherwise.
This observation is exemplified by the Cq values obtained for the GAPDH gene from
the sample 523 (Figure 14).
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Figure 14. Graphical results displaying the Cq values obtained for the GAPDH gene from the 523 sample
when adding cel-miR-39 during the extraction process. The initial volumes represented are 50 uL
(green), 100 uL (cyan) and 200 uL (blue). Rn, normalized reporter value.

Otherwise, the addition of cel-miR-39 has shown a significant a positive effect on the
detection of both IncRNAs and housekeeping genes. When observing Figure 15A, two

well-defined blocks exist, being the samples without the RNA spike-in in the group
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with the higher Cq values. Similarly, in Figure 15B, three distinct blocks can be
distinguished. Once again, the group from the far-right contains samples without the
spike-in while the signal from the far-left corresponds to a sample obtained from 200 uL

where cel-miR-39 was added during the extraction process.

Furthermore, the effects of cel-miR-39 are particularly noteworthy when considering
the values resulting from the MALATL1 analysis. Out of the nine samples without the
spike-in, six were not detected whereas a signal was obtained for all the samples that
included the synthetic miRNA.
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Figure 15. Graphical results displaying the C, values obtained for the (A) NEAT1 and (B) HPRT1 genes
from the 523 sample when adding or not cel-miR-39 during the extraction process.
Rn, normalized reporter value.
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When evaluating the impact of the preamplification process, it can only be assessed by
comparing those genes analysed in both gPCR experiments: MALAT1, ACTB and
GAPDH. However, there may have been an issue with the MALATL1 primers since, as
stated before, only a portion of the samples were detected, thus the Cq values obtained
for this gene will not be considered in this discussion. Regarding the Cq values for the
two housekeeping genes, they have become significantly lower in both cases, displaying
the positive effect of the preamplification: the results from all studied genes fall below
30 cycles (except for MALATL).

Observing the melting curves obtained after the gPCR, the vast majority of them exhibit
the same pattern as shown in Figure 16A. This single peak demonstrates the high
specificity of the employed probes, proving that only the target product was amplified.
However, for NEATL1 all the plots displayed a second peak between 75-80°C (Figure
16B), meaning that the probes employed to detect this transcript also bind non-

specifically to side products, albeit with a lower affinity.

A 7 B.

Figure 16. Graphical results displaying the Melt Curve Plot obtained for the (A) GAPDH and (B)
NEAT1 genes from the 523 sample when omitting the cel-miR-39. The X axis represents the temperature
(°C) and the Y axis the second derivative of the normalized reporter value. The two main peaks
correspond to (A) 85.04°C and (B) 87.93°C.

The final aspect to evaluate in these assays is the suitability of the three housekeeping
genes for the data normalization. In this regard, both ACTB and GAPDH exhibited a
consistent expression among all samples (Supplementary Table S1). On the other hand,
this second qPCR where the preamplification protocol was tested did not include
technical replicates, thus the reliability of HPRT1 could not be assessed, even though it
is confirmed to be the most stable gene for expression studies on non-small cell lung

cancer by Gresner et al. (2009).
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To sum up, considering all the data obtained from the various assays, it can be
concluded that using an initial volume of 200 uL, incorporating cel-miR-39 as a spike-
in, and implementing the preamplification step yield the most desirable results.
Moreover, ACTB and GAPDH have been demonstrated to be suitable for data

normalization in this expression study.

4.2. Future perspectives

Once these optimal conditions have been established, the next step to be taken in the
project where my study has been placed would be to select the method through which
the levels of expression will be tested. A practical and cost-effective option is the use of
gene expression assays in array format. These qPCR arrays are highly suitable for
expression profiling allowing for the analysis of tens to thousands of targets.

Recent bioinformatic analysis have identified more than 1,500 differentially expressed
IncRNAs specific to lung adenocarcinoma®’, which is the most common subtype of lung
cancer. Therefore, understanding the role of these transcripts in carcinogenesis is of
utmost importance in order to accurately select INCRNA species with potential
application as specific biomarkers of malignancy in patients with malignant pleural
effusion secondary to lung cancer. Hereunder, the physio-pathological characteristics of

those INcRNAs analysed in this project will be discussed.

GAS5 is a non-protein coding gene located in chromosome 1 and composed of 12
exons. Several are the biological processes regulated by this transcript through three
different mechanisms of action. Firstly, GAS5 can act as a decoy for glucocorticoid
receptors (GR) thus suppressing the expression of GR-regulated genes'®%®. It can also
regulate gene expression via histone methylation and demethylation, primarily through
its small RNA derivatives such as piRNAs®. Lastly, GAS5 functions as a miRNA
sponge, regulating signalling pathways and biological functions. For example, by
inhibiting miR-103, it enhances the expression of PTEN leading to growth arrest and

apoptosis!®-3®,

In the context of cancer, GAS5 serves as a tumour suppressor. In lung cancer, this
transcript not only enhances apoptosis, but has also been shown to significantly inhibit
cell migration and invasion through the EMT (Epithelial-Mesenchymal Transition)

process®.
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HOTAIR is an approximately 2,200 nucleotide-long transcript that undergoes splicing
and polyadenylation, resulting in a mature form with 6 exons®’. In the context of cancer,
HOTAIR can promote different oncogenic processes, from tumour growth to EMT via
distinct pathways depending on the type of cancer. Particularly, in lung cancer HOTAIR
is capable to promote dedifferentiation and proliferation by down-regulating mainly two
genes: HOXAS which is pivotal to morphogenesis of the embryonic respiratory tract and
p21WAFLCIPL "5 mediator of growth arrest and apoptosis induced by p53 in response to
DNA damage®. Additionally, HOTAIR promotes the EMT, hence mediating cell
invasiveness, by: (I) repressing the expression genes related to cell-adhesion, (1)
repressing EMT inhibitors such as PTEN or WIF-1 (inhibitor of the Wnt/B-catenin
pathway) or (Ill) promoting the expression of EMT effectors, including

metalloproteases involved in extracellular matrix degradation.

The mechanisms underlying HOTAIR’s ability to regulate gene silencing involve its
interactions with PRC2 and LSD1, acting as a bridging scaffold for these histone-
modifying complexes!’#. The former catalyses the silencing histone mark H3K27 via
tri-methylation due to the enzymatic activity of EZH2'"4!; while the latter, a histone
H3K4 demethylase also interacts with the repressor complex CoREST/REST to
demethylate this active histone mark!’#°. Moreover, while the involvement of HOTAIR
in cross-talk with miRNAs has been demonstrated in various cancer, further

investigation is still needed to understand its impact in the context of lung cancer.

H19 is a maternally imprinted gene located in chromosome 11. In the context of lung
cancer, this transcript is able to regulate cell proliferation by, again, recruiting PRC2
and repressing the expression of PTEN through methylation*?. Studies in human
NSCLC cell lines also suggest that H19 plays a role in the process of metastasis by
modulating cell adhesion proteins such as E-cadherin or N-cadherin, which are crucial

for tumour cell migration and invasion®?,

Moreover, H19 has been identified as a relevant miRNA regulator via sequestration.
Among the different examples, its interaction with miR-200a strands out since it results
in the de-repression of ZEB1 and ZEB2, two transcription factors related to enhancing
lung cancer proliferation and metastasis**“3. Alternatively, H19 can also induce miR-

675-5p expression which, in turn, upregulates BCL2, leading to the decreased
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expression of TP53 and BAX. This molecular cascade contributes to evasion of

apoptosis, a hallmark of cancer cells*.

MALATL is gene also located in chromosome 11 which gives rise to 17 transcripts, all
identified as IncRNAs. This versatile gene has been shown to regulate several cancer
hallmarks. Firstly, it can modulate growth and invasion by sponging miR-26a/b and
promoting fucosylation through FUT4, consequently activating PISK/AKT/mTOR
signalling pathway*24. Similarly, MALAT1 induces the expression of NEDD9 which
promotes EMT and metastasis and activates angiogenesis factors like VEGF, TWIST

and SLUG by sequestering miR-145-5p and miR-126-5p respectively*>*4,

Despite MALAT1 is generally considered an oncogene and its expression being
correlated with poor overall survival of patients with malignancies such as NSCLC,
recent studies have suggested its possible role as a tumour suppressor. In breast cancer,
for example, MALAT1 sequestered and inhibited TEAD, a transcription factor involved
in promoting metastasis. For certain lung cancer patients, a reduced expression of this
transcript was detected in blood samples, maybe resulting from the influence of mMRNA

profiles of the immune cells present in blood*.

MEG3 is located in the chromosome 14 and, again, maternally imprinted.
Physiologically is expressed in many tissues and a major tumour suppressor. This
transcript exerts its tumour-suppressive functions through various mechanisms. On the
one hand, this transcript promotes apoptosis by (1) decreasing the levels of MDM2, thus
activating TP53, and (Il) enhancing BAX expression and, consequently, decreasing that
of BCL2. In studies using NSCLC cell lines, MEG3 has been proven to contribute to the
recruitment of PRC2’s EZH2 which, in turn, will lead to the repression of several genes

such as ZEB1 and ZEB22,

In addition to its role as a tumour suppressor, MEG3 is reported to be an important
miRNA regulator. For example, it positively regulates the post-transcriptional
expression of SLC34A2, pH-sensitive sodium-dependent phosphate transporter, by
sponging miR-650. Through this MEG3/miR-650/SLC34A2 axis MEG3 may play a role

in regulating the stem cell-like state, as well as cell migration and invasion*?4°,

NEAT1 is a single exon, intergenic INcCRNA located on the chromosome 11, usually

expressed in similar levels in most healthy tissues. However, in many solid tumours
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including lung cancer, NEAT1 is upregulated and correlated with aggressive disease and
poor patient outcomes®. In lung cancer, NEAT1 is overexpressed in around 90% of the
cases and, studies in cell lines, have determined its role in promoting growth, migration

and invasion'846,

The pathological mechanisms of NEAT1 in lung cancer are multifaceted. On the one
hand, one of the pathological mechanisms of NEAT1 in lung cancer is its sequestration
of miR-98-5p which directly targets MAPK®G6, a protein related to proliferation and
invasion processes*®. On the other hand, it has recently been established that NEAT1 can
act as a guide for DNMTL1, hence epigenetically inhibiting the expression of TP53,
STING and cGAS. TP53 is a well-known tumour suppressor gene involved in
proliferation and migration, and its suppression facilitates the survival and invasion of
lung cancer cells. Otherwise, the inhibition of the cGAS/STING signalling pathway

mediates immune evasion of tumour cells from T cells?*’.

Collectively, the available evidence strongly supports a correlation between expression
on IncRNA and the promotion and maintenance of various cancer hallmarks. Promising
strides have already been made in using IncCRNAs as reliable markers for cancer
diagnosis and prognosis. Ongoing studies, as the present project, will continue to

explore and exploit their potential in this regard.

Moreover, the emergence of liquid biopsy as a highly effective diagnostic method
compared to conventional approaches*®, opened up new possibilities. By combining the
detection and analysis of IncRNAs and liquid biopsy techniques, such as the analysis of
malignant pleural effusions, an optimistic and non-invasive diagnostic toll can be
developed. This approach holds great promise for improved diagnosis and monitoring

of cancer in a minimally invasive manner 2:3548,
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5. CONCLUSION

In this project, we have conducted a comprehensive evaluation of various experimental
factors to determine the optimal condition for extracting and analysing long noncoding
RNAs (IncRNAs) from pleural fluid samples. Specifically, we assessed the impact of
three different initial sample volumes, the inclusion of an RNA spike-in (cel-miR-39)

during the extraction process and the implementation of a preamplification step.

According to the results obtained in this project, we have identified the following

optimal experimental conditions:

1. The recommended initial volume for pleural fluid samples is 200 pL.

2. It is advisable to include an RNA spike-in (cel-miR-39) during the extraction
procedure.

3. A preamplification step is required before performing the qPCR analysis.

Furthermore, we have successfully validated the suitability of both ACTB and GAPDH
as reference genes for data normalisation in pleural fluid samples secondary to lung

cancer.

Once the appropriate methodology has been established and considering the active role
of IncRNAs in promoting and suppressing oncogenic functions, the analysis of those
InNcRNA species present in the pleural fluid holds significant potential. It is conceivable
that through further research and development, the identification and characterisation of
specific IncRNAs in pleural fluid could pave the way for the creation of a robust
algorithm for the diagnosis and prognosis of patients with lung cancer and associated

malignant pleural effusion.
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Supplementary Figure S1. Electrophoretic data and RIN values obtained via the Bioanalyzer
2100 Nano assay.
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Supplementary Figure S2. Electrophoretic data obtained via the Bioanalyzer 2100 Pico assay.
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Supplementary tables

Supplementary Table S1. Results obtained through the RT-gPCR of the isolated RNA. Some of the values
were discarded to maintain the standard deviation under 0.5.

Cq Standard ACt ACt 2A¢t 24¢Ct

Gene Sample Ca  \ean Deviation ACTB GAPDH ACTB _ GAPDH

35.01

523 3517 3509 0.1 2.48 4.38 5.57 20.77
35.97
32.66

521 3216 3232 029 1.63 4.47 3.09 22.16
32.14
35.02

465 3516 3493  0.28 3.16 5.24 8.94 37.88
34.62
34.59

425 3431 3426  0.36 3.39 493  10.46 30.55
33.88
N/A

523  N/A -~ ~ ~ ~ ~ ~
N/A
N/A

521 NIA -~ ~ ~ . . ~
N/A
N/A

465 NIA -~ ~ ~ ~ ~ ~
N/A
N/A

425 NIA - ~ ~ ~ ~ ~
N/A
N/A

523 N/A - ~ ~ ~ ~ ~
N/A
N/A

521 N/A -~ ~ ~ ~ ~ ~
N/A
N/A

465 NIA -~ ~ ~ ~ ~ ~
N/A
N/A

425 NA -~ ~ ~ ~ ~ ~
N/A
34.55

GAS5 523 3419 3437  0.25 1.76 3.66 3.38 12.61
35.31

MALAT1

HOTAIR

MEG3
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521

33.18
33.47
33.28

33.31

0.15

2.62 5.46 6.13 44.02

465

35.08
35.98
35.59

35.55

0.45

3.78 5.86 13.71 58.08

425

31.14
30.98
31.12

31.08

0.09

0.21 1.75 1.15 3.37

ACTB

523

32,51
32.56
32.77

32.61

0.1

SN

521

30.63
30.78
30.67

30.69

0.0

oo

465

31.72
31.82
31.78

31.77

0.0

(8}

425

30.52
31
31.1

30.87

0.31

B

GAPDH

523

30.52
30.5
31.12

30.71

0.3

(82}

521

27.78
27.55
28.22

27.85

0.34

465

29.69
29.76
29.62

29.69

0.0

~

425

29.32
29.38
29.28

MALAT1

HOTAIR

MEG3

GAS5

ACTB

GAPDH

NTC

N/
N/
N/
N/
N/
N/
N/
N/
N/
N/
N/

>>»>»>»>»>»>»>> > >

29.33

0.05

N

n
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Supplementary Table S2. Results obtained through the gPCR of the isolated RNA after the preamplification protocol.
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100 L Yes 29,607 5,251 6,870 -0,904 38,078 117,001 0,534
100 L No 29,171 7,470 9,242 2184 177,238 605,482 4,545
200 ul. Yes 27,683 6,215 8,139 0,772 74,273 281,877 1,708
200 uL. No 29,095 4,348 8,412 1,807 20,358 340,640 3,499
50 Ul Yes 30,002 7,375 7,564 1,083 165,946 189,263 2,118
50 UL No 29,170 2,433 3,507 4,757 5,400 11,366 0,037
465 100 L Yes 29,304 6,009 7,919 1,946 64,409 242,075 3,853
100 L No 28,805 4,026 5,300 -0,338 16,293 39,405 0,791
200 uL. Yes 28,139 6,379 8,026 1,199 83,215 260,598 2,296
200 uL. No 29,897 7,233 8,498 2,609 150,483 361,612 6,102
NTC - - 35,426 /
- - 38,101
50 1l Yes 24,117 0,243 0,285 5 561 1,184 1,218 0,021
50 UL No 23,989 0713 0,708 5494 0,610 1,634 0,022
63 100 L Yes 22,734 4,831 0,305 6,951 0,035 1,236 0,008
100 L No 24,692 -0,233 0,584 6,725 0,851 1,499 0,009
200 uL. Yes 21,755 -3.145 0,575 5,926 0,113 1,490 0,016
200 uL. No 23,581 -0,158 0,791 7382 0,896 1,731 0,006
50 Ul Yes 26,937 2,027 3,809 11,851 4,076 14,013 0277
50 UL No 24,924 1,768 3,359 4338 3,407 10,262 0,049
61 100 L Yes 26,626 2,270 3,889 3,885 4,822 14,817 0,068
100 uL No 23,432 1,731 3,503 3,554 3,319 11,339 0,085
H19 200 L Yes 22754 1,286 3,210 4,157 2,438 9,255 0,056
200 uL. No 24,929 0,182 4,247 -2.358 1,135 18,985 0,195
50 Ul Yes 26,197 3,479 3,669 2813 11,152 12,719 0,142
50 UL No 29,218 2,482 3,555 4,709 5,585 11,755 0,038
465 100 L Yes 24,791 1,496 3,406 22567 2,821 10,602 0,169
100 L No 27,333 2,554 3,829 11,810 5,874 14,207 0,285
200 ul. Yes 23,705 1,945 3,592 3,235 3,849 12,055 0,106
200 uL. No 24,720 2,056 3,321 -2.568 4,159 9,095 0,169
NTC i ) NIA
- - N/A
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