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Editors Piece

This year, the journal has had a transformational makeover.
We have exceeded records. We have expanded our team by 143
members. It is through the generosity of their efforts
that we can celebrate such feats.

We have set the stage for our first international hubs,
founding them in India and France. We are setting up
partnerships across the Atlantic, as well as growing our
UK school networks. Our outreach team has never been so
busy with events throughout the year.

We have a brand new website, featuring our revived podcast.
Our new content creators now regularly engage the public.
Inmarketing, our LinkedIn network hit record followers. Our
videography team has been restored, improving engagement
across all social channels. A robust monthly schedule has
resulted in YSJ reaching out to people across the globe.
Finally, our editorial department has slashed the backlog,
and a record number of articles have passed our academic
advisor check, upholding YSJ’s robust scrutiny.

Perhaps, the greatest achievement of all, is the special

issue.

In just a moment, you will turn this page, and read our
first ever special print. It is the testament of dedication
from our interns and volunteers. It is a comprehensive
coverage of STEM topics, and in it you will find troves of
knowledge. From Algorithms, to stem cells, this issue has
it all, in both breadth and depth. We are sure that you
will enjoy it as much as we did.
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Abstract

The RBM20 gene encodes RNA-Binding Motif Protein 20
factor that targets multiple genes and proteins involved in cardiac development,

as the sarcomeric protein titin (TTN).
reported in the past 10 years,
controlling TTN splicing,
genetic causes of dilated cardiomyopathy

is a giant sarcomeric protein,

errors linked to sarcomere assembly and diastolic function,

which disrupts protein production,
(DCM) ,
RBM20-controlled TTN splicing may result in transcription

(RBM20), an alternative splicing

such

Nearly 40 RBM20 gene mutation variants have been
and heterozygous missense mutations in the RBM20 gene

are among the most common

seen in up to 25% of DCM patients. As TTN

thereby rendering a high

arrhythmia burden that includes atrial and ventricular tachyarrhythmias in RBM20 and DCM

phenotype carrier patients.
most frequent cause of heart failure.

with a 30-50% chance of being passed down to the next generation. Therefore,

DCM is the most common form of cardiomyopathy and the second
It is one of the leading causes of death worldwide,

this article

will present an in-depth review addressing the genetic mechanisms of RBM20-controlled TTN

splicing, and the crucial role of genetic testing in the early diagnosis, evaluation,

and

possible treatment of DCM to prevent death from sudden cardiac arrest.

Dilated Cardiomyopathy

Dilated cardiomyopathy (DCM) is the most frequent form
of cardiomyopathy (CM), characterized by left ventricular
or biventricular dilatation and systolic dysfunction in the
absence of coronary artery disease pressure or volume
overload. As a result of a stretched or ‘baggy’ left ventricle,
the cardiac muscle weakens and may thin or flop, and is
therefore unable to pump blood throughout the body
efficiently (Figure 1). DCM accounts for 30-40% of all
CM cases with high rates of morbidity and mortality; it is
the second most common etiology of heart failure after
ischemic cardiomyopathy (ICM).[2] Consequently, DCM is
one of the leading causes of heart transplantation (HT) and
thereby, death, worldwide.[3, 4] However, due to the limited
availability of donor organs and complicated clinical course
management, only a number of DCM patients are listed for
HT as a last resort. In the United States, 26% of patients
listed for HT in the United Network Sharing registry were
diagnosed with DCM.[5] Out of those who were listed, nearly
5% of DCM patients died while waiting for HT, 3% were
delisted due to deterioration, and <70% were transplanted.
[6] The life expectancy of DCM patients is limited and
varies according to other underlying medical conditions,
but the median survival time is only five years after being
diagnosed.[7]

The global prevalence of DCM was estimated to be 1:2500
in 1989, [8] but recent studies show that it now ranges
between 1:250 to 1:500 among the general population.[9,
10] DCM is also known to be three times more frequent
in males than females, and only 0.057% prevalent in the
paediatric population.[11, 12] Additionally, DCM clinically

presents itself in a highly gender-specific manner as male
patients have beenreported to suffer from an earlier disease
onset along with a more severe disease progression.[13,
14] It is important to note, however, that these numbers
may be underestimated due to geographic and ethnic
variations, patient selection, and changes in diagnostic
criteria. Diagnostic criteria, according to the guidelines
for DCM from the British Society of Echocardiography,
include the presence of 1) <25% of fractional shortening or
2) <45% of ejection fraction and 3) >117% of left ventricle
end-diastolic diameter shown through Cardiac Magnetic
Resonance (CMR) testing results.[14] CMR also helps
distinguish primary from secondary forms of DCM as it
allows an integral evaluation of the cardiac biventricular
geometry, volumes, mass, function, tissue characterization
(myocardial fat and edema), as well as the identification
and quantification of focal or diffuse fibrosis.[15]

Heart with Dilated

Normal Heart Cardiomyopathy

Left Ventricle

Right Ventricles

Muscle fibers have stretched.
Heart chambers enlarge

Chambers relax and fill,
then contract and pump.
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Figure 1. Illustration and comparison of
a normal heart and a heart with dilated
cardiomyopathy. The left ventricle in the
heart with dilated cardiomyopathy appears
dilated with stretched muscle fibers. [16]

1.1. Familial Dilated Cardiomyopathy
According to The European Society of Cardiology, DCM can
be identified as either familial (genetic) or nonfamilial (non-
genetic). Familial DCMs (FDCM) account for 30-50% of all
DCM cases with 40% reported having identifiable genetic
abnormalities.[17] According to the UCLA Cardiovascular
Genetics Clinic, approximately 80-90% of FDCM cases were
inherited in a Mendelian autosomal dominant pattern while
the remaining percentage was composed of an autosomal
recessive or X-linked transmission.[18]

FDCM is associated with early-onset, end-stage heart
failure, and an increased risk of sudden death by cardiac
arrest due to molecular defects caused by gene mutations
that pattern maladaptive genetic and cellular mechanisms.
[19] Over the past decade, more than 100 genes have been
identified as DCM-causative mutations in the Human Gene
Mutation Database and the Online Mendelian Inheritance
in Man Database (Figure 2)[20] Core genes associated
with the arrhythmogenic DCM type include MHY7, TNNT2,
TPMT1, LMNA, and RBM20.[21] The first pathogenic variant
in the RBM20 gene which is now known to lead to the mis-
splicing of genes such as TTN, LDB3, CAMK2D, and RYR2
was reported in 2009.[22, 23] Now, truncating variants in
the titin gene (TTNtv) have been revealed to be the most
common DCM-causing mutation. TTNtv have been found
in an estimated 20-25% of DCM patients,[24-26] and
sudden cardiac death was reported in >50% of RBM20
gene mutation-carrying patients.[27]

Raforoncos Mutation  Origin Type

Famlisl Heters
Famiial Hetero

Faamiial Hetern

Famiial Hietero
Famiial Hatern
RRAA VS35 Spordic®  Huten
RE-rich AB3Q Sporadic Hetero

1634w Famiial Haters

Famiial Hetero

AB3EH Famiisl Hetero

Figure 2. RBM20 mutants identified in DCM

patients. [28]

1.1.1. Recent FDMC Case Reports
1.1.1.1. Patient AAM19

Mr. A'is a 19-year-old adopted African American male with
underlying medical conditions such as diabetes mellitus
type 2 and morbid obesity who was admitted to the MC

8 www.ysjournal.com | Special Issue | 2024 |

cardiac intensive care unit (ICU) due to presentations of
cardiogenic shock and acute respiratory failure requiring
intubation. Mr. A developed recurrent atrial arrhythmias and
eventually underwent atrial flutter ablation.[29]

Transthoracic echocardiogram (TEC) revealed a severely
enlarged left ventricle and left ventricular dilatation with
a biplane ejection fraction of 20% and severe global
hypokinesis. Mild right ventricular chamber enlargement
with mildly decreased systolic function was also noted.
Cardiac magnetic resonance (CMR) imaging demonstrated
a severely enlarged left ventricular chamber size with a left
ventricular ejection fraction of 32% and global hypokinesis.
[29]

Genetic testing was also conducted due to the severe
degree of systolic dysfunction despite an extremely
young age. Sequencing through a cardiomyopathy-
specific gene panel, which tests for variants within a total
of 67 genes, demonstrated heterozygosity for a rare and
likely pathogenic variant involving the RBM20 gene.[29]
Therefore, doctors from the Department of Cardiovascular
and General Internal Medicine at Mayo Clinic, Rochester,
USA, diagnosed Mr. A with DCM.

1.1.1.2. Patient I19M

Anon is a 19-year-old Indian male with a history of coeliac
disease (CD) who was admitted to AIIMS ICU 12 months
after being diagnosed with DCM. His blood pressure was
94/52 mmHg with a heart rate of 73 beats per minute
during his admission, indicating systolic dysfunction.
Echocardiographic screening showed that anon suffered
from a severe left ventricular systolic dysfunction with an
ejection fraction of 14% along with a left bundle branch
block.[30]

Genetic testing was also conducted using next-generation
sequencing which showed a heterozygous missense
variant in the RBM20 gene. Detailed family history revealed
that one of his cousins had also been diagnosed with DCM
and died from sudden cardiac death at the age of 26 years
and that his 60-year-old aunt was also affected by DCM.
Meanwhile, the 50-year-old father of his deceased cousin
and his 26-year-old sister also showed clinical features of
DCM through echocardiography screening but were both
asymptomatic.[29] Anon was readmitted after a month and
listed for heart transplantation due to indications of heart
failure but had a sudden cardiac death after 3 months.

2. RBM20 Structure,
Localisation

Function, and

The RBM20 geneislocated on the long arm of chromosome
10 and has 14 exons. It is highly expressed as a splicing
regulator in cardiac and skeletal muscle during the 11th to
20th week of human fetal development.[31] The RBM20
protein contains 1227 amino acids and is composed of two
zinc finger (ZnF) domains, an RNA recognition motif (RRM),
a serine- and arginine-rich region (RS region), a leucine-rich
region, and a glutamate-rich region.[28]
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RBM20 is predominantly located in the nucleus. Its nuclear
localization is regulated through phosphorylation of the
RS region.[32] Mutation of phosphorylation sites in the RS
region leads to translocation out of the nucleus, thereby
negating the function of RBM20 (Figure 3).[32] This region
also mediates protein-to-protein interactions with other
splicing factors such as U2AFG5 and U2AF35, functioning
as a domain that plays the most critical role in splicing
activities. Consequently, the most frequent disease-
causing RBM20 mutations occur in the RS region.[33]

Abarrant
Hrotees

Functions w,r.m;.,( wolerms Functions?

roters
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Figure 3. (Left) Wild-type RBM20
capable of regulating pre-mRNA splicing
of its target genes to produce cardiac

isoforms of mRNAs which will then be
translated into cardiac protein isoforms
with specialized functions. (Right)
Missense mutation with a substitution in
the RSRSP stretch disrupts the normal
functions of RBM20 as the mutant RBM20
proteins no longer get imported into
the nucleus. Consequently, pre-mRNAs of
the RBM20-target genes are processed
into non-cardiac isoforms of mRNA which
will be translated into non-cardiac
protein isoforms but most likely lack
the specialized functions and/or exert
aberrant functions. Moreover, the mutant
RBM20 proteins retained in the cytoplasm
may also exert aberrant functions. P:
phosphorylation. [28]

RBM20 is a splicing factor targeting multiple cardiac genes
involved in cardiac development including the sarcomeric
protein titin (TTN).[34] Loss of function in pathogenic
RBM20 gene variants leads to the mis-splicing of TTN
genes in both human and murine models. [35, 36] The
RBM20 gene specifically controls post-transcriptional
splicing of sarcomeric and calcium handling genes in the
cardiomyocyte.[37] Based on data retrieved from isolated
cardiomyocytes in murine models carrying pathogenic
RBM20 variants, mice have developed both dilated
cardiomyopathy and ventricular arrhythmia as well as
pro-arrhythmic calcium release from the sarcoplasmic
reticulum.[27]

Pathogenic RBM20-controlled TTN splicing is a single
nucleotide polymorphism that replaces a cytosine
nucleotide with a thymine nucleotide, resulting in a
premature translational stop codon and thereby, absent

or disrupted protein production.[29]Intriguingly, close to 40
RBM20 gene mutation variants have been reported in the
past 12 years, and heterozygous missense mutations in the
RBM20 gene involved in TTN splicing have been identified
as one of the most common genetic causes of DCM, seen
in up to 25% of DCM patients.[28] These mutations are
enriched in a hot-spot composed of an arginine-serine-
arginine-serine-proline (RSRSP) stretch at p.634 to p.638
amino acids, which contain crucial amino acids for the
protein structure and function (Figure 4).[28]
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Figure 4. Structure and network of the
RBM20 protein.[10] (A) Glu-rich: Glutamate
rich region; Leu-rich: Leucine rich
region; Pro-rich: Proline rich region;
RRM: RNA Recognition Motif; RS: Arginine-
Serine Domain; ZnFl: Zinc Finger region
1; ZnF2: Zinc Finger region 2. (B)
Conservation between species of RS region
(amino acids 634-638) (C) Network of the
ten closest proteins to RBM20.

3. Titin Protein

TTN is an essential component of the sarcomere, the
basic unit that facilitates striated muscle contractions.
TTN is a giant filament protein with a molecular weight
ranging between 2,900 to 3,800 kDa. This protein acts
as a molecular spring in the sarcomere with scaffold and
signaling functions which define the passive stiffness as
well as diastolic function of the cardiomyocyte [38, 39] As a
giantsarcomeric protein, TTNiscomposed of four structural
subunits which span half of the sarcomere, connecting the
Z-disk to the M-line (Figure 5).[40] The Z-line is responsible
for embedding and anchoring TTN to the Z-disk. The I-band
is composed of repetitive immunoglobulin (Ig) regions in
charge of providing the extensible “spring-like” function
of the TTN due to its ability to extend when mechanical
force is applied. The A-band consists of Ig regions
alternating with fibronectin, serving as a stable anchor
for myosin binding during muscle contraction due to its
characteristic as a non-extensible and rigid region. Lastly,
the M-band contains serine or threonine kinase domains
which form a scaffold with myomesin to link myosin to
thick filaments found at the M-line of the sarcomere. Aside
from its structural role, TTN is also essential for sarcomere
formation, mechanosensing, and signal transduction.[41]

TTNis comprised of 364 exons which produce an estimated
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27,000 to 33,000 amino acids, the largest number of exons
in a single human gene. Alternative splicing of the TTN
gene by RBM20 represses over 160 consecutive exons.
[41] Specific exons such as exons 9 and 10, are inextricably
linked to sarcomere assembly, ion transport, and diastolic
function, along with intracellular calcium handling and
expression of calcium rendering,[42, 43] thereby rendering
high arrhythmia burden that includes atrial and ventricular
tachyarrhythmias in RBM20 carrier patients.[44]

3.1. Role of RBM20 in Alternative TTN
Splicing

RBM20 has been reported to affect TTN alternative splicing
through the regulation of circular RNA, otherwise known
as circRNA [45] CircRNA is formed during transcription
when the spliceosome covalently binds the 5" and 3" ends
of an exon, forming a stable RNA molecule.[46] CircRNAs
co-generate with mRNAs to regulate gene expression
by competing with mRNA transcription to decrease the
availability of linear mMRNAs. According to a study by Ashwal-
Fluss et al. (2014), murine models carrying pathogenic
RBM20 gene variants lacked TTN circRNA.[47] Therefore,
it can be concluded that RBM20 is essential in forming
TTN circRNA as a pathway by which RBM20 modulates the
alternative splicing of crucial genes such as TTN.

3.2. Alternative TTN Splicing—
Correlation to DCM

Gene splicing is a post-transcriptional event that enables a
single genetoincrease its coding capacity as the pre-mRNA
transcribed from one gene can lead to various mature
MRNA molecules which generate multiple functional
proteins.[48] This definition is in line with a statement
given by Beqqali (2018), that alternative splicing (AS) is a
molecular mechanism utilized by the cell to generate greater
transcriptomic and proteomic diversity compared to the
genome.[37] According to Zhiguo et al. (2013), an estimated
95% of genes found in human cells have been reported
to exhibit AS,[49] exponentially increasing biological
information flow at the molecular level as approximately
90,000 protein species are encoded by only 25,000 genes
in humans.[50, 51] TTN is alternatively spliced and has
three major isoforms: N2A, N2B, and N2BA. N2B and N2BA
are isoforms expressed within adult cardiomyocytes with
different lengths and extensibility (Figure 5).[38-41]

Passive stiffness, which occupies a major proportion of the
myocardium,[52] is modulated in cardiomyocytes through
the alternative expression of TTN isoforms with TTN
N2B predominance.[53] The N2B protein is comparatively
shorter with fewer exons expressed from the I-band as well
as less elasticity due to the lack of Ig-like domains. Due toits
larger size and increased elasticity, N2BA has less rigidness
and thereby, less passive stiffness. Experimentally, cardiac
tissue extracted from DCM patients exhibit decreased
passive tension and increased ratio of N2BA:N2B isoforms.
Therefore, the ratio of expression of different TTN isoforms
influences myocardial passive stiffness, a common feature
of DCM.[53] Additionally, reduced systolic function and
the enlargement of ventricles in DCM may be partially
explained by the decrease of passive stiffness which leads
to lower diastolic pressure. The increased N2BA:N2B ratios

10 www.ysjournal.com | Special Issue | 2024 |

also correlate to increased end diastolic volume, increased
systolic volume, and decreased systolic ejection fraction—
all symptoms commonly found in DCM.[41]
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4, Molecular Mechanisms of
TTNtv DCM Pathogenicity

Although TTNtv are highly associated with the development
of DCM, 2-3% of the asymptomatic general population
are also TTNtv carriers.[55] According to the results of a
complete TTN sequencing in a diverse cohort (>5,000
people) whose cardiac phenotypes were known, Roberts
et al. (2015) concluded that the key predictor of TTNtv
pathogenicity relies on whether or not the affected exon is
expressedincardiactissue.[56] TTNtvlocatedin constitutive
exons were more often pathogenic whereas those located
in exons that are minimally expressed in cardiac tissue can
be “bypassed” through differential splicing and hence, had
a lower risk of DCM.[41] The pathogenicity of a truncation
mutation in TTN can be calculated using the percentage
of TTN transcripts in which a given exon is spliced into an
expressed transcript based on RNA sequencing data from
left-ventricular human cardiac tissue. A percentage over
0.9% suggests that a high proportion of the total transcripts
included a given exon in cardiac tissue. Results associate
these exons with a 93% probability of pathogenicity in DCM
phenotype patients.[56]

4.1. Genetic Modification of TTN

As a giant protein that bridges half of the sarcomere,
TTN plays a crucial role in sarcomere stabilization and
maintenance of passive and active tension.[41, 57] TTNtv
have beenreported to abnormally shorten TTN proteins and
thereby resultin sarcomere and cardiomyocyte dysfunction
through a “poison peptide” mechanism, although the exact
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molecular mechanisms of how TTNtv lead to DCM have
not yet been demonstrated.[29, 41] RBM20-controlled
TTNtv have been specifically reported to replace a
cytosine nucleotide with a thymine nucleotide, resulting in
a premature translational stop codon and hence, disrupting
protein production.[29]

Thesuggestionofthe“poison peptide”mechanism stemmed
from the discovery of a specific missense mutation in
TTN that led to a truncated protein, specifically CMD1G
mutation, discovered in two separate human families
which inherited the DCM phenotype through an autosomal
dominant manner.[58] The CMD1G mutation affected a
highly conserved immunoglobulin fold located at the Z-disc
I-band transition,[58] directly altering sarcomere assembly
due to the loss of a binding site. Induced pluripotent stem
cell-derived cardiomyocytes (iPSC) made from a DCM
patient also showed that cells with heterozygous A-band
TTNtv were not capable of effectively forming sarcomeres,
specifically the formation of protocostameres and Z-disks
due to loss of binding site for B-cardiac myosin on TTN,
further leading to a risk of reduced diastolic tension in the
patient.[59]

It is also important to note that A-band and I-band TTNtv
do not affect the amount of TTN protein encoded, but
rather increase nonsense-mediated mMRNA decay (NMD),
leading to the degradation of abnormal mRNA transcripts
by NMD which then reduces TTN allelic expression.[60]
This reduction increases metabolic stress which then
causes compensatory changes in the cardiomyocyte and
eventually produces DCM phenotypes.[61, 62] Moreover,
these compensatory changes include affected cardiac
metabolism such as the activation of mTOR complex 1
signaling which causes pathogenic responses related to
protein synthesis.[63, 64]

4.2. Post-Translational TTN
Modification

According to Tharp et al. (2019), TTN function is highly
regulated by post-translational modifications which involve
phosphorylation and dephosphorylation at unique sites
within the protein.[41] Due to its gigantic size and results
of proteomic analysis as listed on online databases such
as Phosphomouse and Phosphosite, TTN is predicted to
have the most phosphorylation sites of any protein.[65,
66] However, only a small number of these phosphosites
have been directly linked to structural and functional TTN
alterations.[67] Phosphorylation on TTN can be categorized
based on which domain is being altered while noting the
predominance of “spring-like” I-domains due to its dynamic
properties. Phosphorylation on an I-domain has the most
significant and negative effects on passive and active
sarcomere tension as well as the length and tension of
cardiomyocytes.[41]

5. Clinical Diagnosis Methods for
RBM20-Associated DCM

In the field of cardiology, genetics is a key tool for the
prevention and treatment of cardiovascular diseases

such as FDCM through risk predictions and personalized
medicine. For instance, family cascade screening strategy
and refined prognosis stratification can help locate genetic
determinants to identify members at risk or with early stage
diseases, providing an opportunity for early intervention.
Advanced genetic panelling can also assess arrythmia risk
for certain subtypes, increasing the accuracy of offered
treatments.[68, 69, 70] RBM20-controlled TTNtv have been
associated with high penetrance, an early-onset diagnosis
of FDCM, and end-stage heart failure due to an increased
risk of sudden cardiac death (SDC).[71] The European
Society of Cardiology (ESC) recommended genetic testing
(GT) to enable predictive diagnosis in suspected patients
and first-degree relatives who fulfill the diagnostic criteria of
cardiomyopathy according to a cascade screening strategy.
[72]GT should also be followed by genetic sequencing (GS)
using a cardiomyopathy-specific gene panel to confirm the
pathogenic gene variants carried by patients. It is important
to note, however, that genetic testing is only diagnostic,
not predictive. Furthermore, genetic counselling (GC) is
also offered to two-thirds of patients, 85% of the time by
cardiologists, as recommended by the European guidelines
in 2010.[73]

However, it has been reported that GT and GC for DCM have
been performed ina substantial proportion (one-third) of CM
patients but less often when compared to other subtypes
and recommendations stated in the European guidelines
despite clear evidence for genetic background.[74] Moreover,
male patients who are younger and had more history
of familial disease were prioritized for GT and GC, hence
contributing to the under-investigation of DCM through
the restriction of diagnosis and treatment opportunities
to a specific subpopulation.[74] Thus, further efforts are
needed to offer both GT and GC to a larger proportion of
patients with  DCM regardless of age, sex, familial status,
and co-morbidities. Large regional differences have also
been observed in GT. Regions such as Eastern Europe and
North Africa, which are less economically developed, have
the lowest testing rates compared to other nations in the
same region, reflecting the lack of insurance modalities to
cover the costs of GT.[74] Therefore, national and regional
initiatives dedicated to funding life-saving researches as
well as promoting healthcare systems (i.e. British Heart
Foundation and European Reference Network for Rare and
Low Prevalence Complex Diseases of the Heart) for under-
investigated hereditary diseases such as DCM should be
supported.

6. Clinical Treatment Options for
RBM20-Associated DCM

Current guidelines from the ESC recommend the
implantation of an implantable cardioverter-defibrillator
(ICD) or HT in efforts to treat DCM patients who show an left
ventricular ejection fraction below 35% and symptomatic
heart failure.[75]Unfortunately, ICDs have a high rate
of complications including infection, lead dysfunction,
lead malfunction, lead displacement, and inappropriate
discharges, or specific mechanical complications such as
pneumothorax or bleeding.[76] ICDs are also incapable of
treating specific symptoms or reverting mutational causes
or consequences according to the genetic background of
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patients who may suffer from different cardiomyopathy
subtypes. In other words, the risk stratification in DCM
is inadequate and ineffective as ICDs do not improve the
overall survival in primary prevention of DCM.[77] Thereis a
significant opportunity to delay or stop progression to heart
failure and sudden cardiac death with early interventions.
[78]Thus, there is a need to innovate a preventive and
personalized clinical treatment method to reduce lethal
arrhythmic burdens and properly manage DCM patients,
specifically those carrying RBM20-spliced TTNtv.

7.The Upregulation of RBM20 As
Potential TTNtv Therapy

RBM20 mutations are inextricably linked to a clear DCM
phenotype in humans. Recent studies done by Guo et
al. (2012) using rat models have shown that a knockout
of RBM20 may lead to an increased ratio of N2BA:N2B
TTN isoforms, suggesting that RBM20 regulates isoform
expression of TTN and causes DCM.[36] However, in the
same RBM20 knockout rats, a decreased N2BA:N2B ratio
was observed as a direct result of a viral expression of
RBM20,[36] suggesting that the upregulation of RBM20
favors N2B, the shorter and stiffer isoform production, and
could possibly rescue a DCM phenotype. These results
were recapitulated in iPSC from a DCM patient carrying
missense RBM20. Recent advances in iPSC technology
and direct differentiation of iPSCs into cardiomyocytes
(iPSC-CMs) make it possible to model genetic heart
disease in-vitro. By applying CRISPR/Cas9 genome
editing technology to introduce three RBM20 mutations
in iPSCs and differentiating them into iPSC-CMs, Briganti
et al. (2020) successfully established an in-vitro model of
RBM20 mutant DCM.[78] The splicing of RBM20 cardiac-
specific genes, along with abnormal intracellular calcium
handling and calcium rendering caused by TTNtv have
been associated with the disease manifestation of DCM
in patients.[79] Both increased and decreased calcium
release have been reported to impair heart contractions.
[80] However, all-trans retinoic acid have been reported
to upregulate RBM20 expression and revert the splicing,
calcium handling, and contractility defects in iPSC-CMs
with different causal RBM20 mutations.[54, 79] Thus, it
can be concluded that the pharmacological upregulation
of RBM20 to suppress the expression N2BA:N2B ratios is
a promising therapeutic target for treating DCM patients.

8.Conclusion

The RBM20 gene encodes the splicing factor RNA Binding
Motif Protein-20 which regulates alternative splicing,
targeting numerous cardiac genes such as titin. As a result,
truncation variants of the titin gene are created and may
cause RBM20 mutant dilated cardiomyopathy. This literary
review addressed how RBM20 gene mutations pattern
maladaptive genetic and cellular mechanisms, along with
how these molecular defects affect cardiac and sarcomere
function, thereby rendering diastolic dysfunction and high
arrhythmia burden in inherited dilated cardiomyopathy
patients.

Further research is needed to demonstrate the molecular
mechanisms of RBM20-controlled TTN splicing and its
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effects on cardiac physiology at genetic, transcriptional,
and post-translational levels in order to catalyze an
adequate and personalized treatment option. Genetic
testing, sequencing, and counseling for patients are
recommended for early diagnosis and treatment as genetic
dilated cardiomyopathy is a highly penetrative cardiac
disease. With the current advancements in technology, the
pharmacological upregulation of RBM20 poses as the most
promising therapeutic target for treating DCM patients.
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The Interplay Between EMT and Cancer
Stem Cells in Tumor Expansion and
Promising Antitumor Strategies

Phuc (James) Nguyen

Abstract
The statistically significant correlation between cancer-related deaths and metastasis
makes tumor metastasis prevention crucial in the improvement of therapeutic and clinical
treatments. With its ability to confer cancer cells more mobility, invasive capability,
the (EMT)

suspected for its role in driving cancer progression from carcinogenesis to metastasis.

and resistance to apoptosis, epithelial-mesenchymal transition has Dbeen

More importantly, tumor cells, after undergoing the EMT, have shown acquired traits of

stem cells, which makes them even stronger in therapeutic resistance. Scientists are
increasingly targeting the EMT pathways as their complex biological steps have been seen
as promising opportunities to find cancer treatments or even cures. However, experiments
testing the EMT’s influence on metastasis in vivo have been technically challenging and
generated unexpected results. So, having a clear-cut definition of and understanding how the
EMT worsens cancer metastasis remains an unachieved mission. To accomplish this mission,

many studies have started to use in vivo imaging, advanced lineage tracing systems, and
in vivo models. These tools could efficiently help uncover the intricate driving mechanism
of EMT in metastasis. This review discusses the recent advances scientists have made

regarding the biological concepts of EMT in boosting metastasis and future clinical or

therapeutic innovations.

Introduction

Dilated cardiomyopathy (DCM) is the most frequent form
First observed in the development of embryos, the EMT is
a process in which cells lose their epithelial features and
gain mesenchymal features.[1] EMT results in spindle-
shaped cells that have removed cellular polarity.[1] These
traits are often characterised by mesenchymal cells which
have more motility and invasive tendencies.1 This transition
is a transformation between two morphologically different
states and types of cells.1 The epithelial cells lose their
E-cadherin and adopt more vimentin, a mesenchymal
cell marker.2 The loss of E-cadherin in epithelial cells is
a fundamental process in the EMT because it triggers
a cascade of morphologic alterations that allow for a
full transition.2 More notably, cancer cells have shown
expression of EMT-related molecular pathways that plays
the same role in embryonic development.3

Many growth factors, including hepatocyte, transforming
growth factor-B2, and epidermal growth factor, are key EMT
initiators.4 When these factors are activated, intracellular
signaling cascades are triggered to downregulate
E-cadherin.4 Besides, the signaling cascades also alter
the cellular cytoskeletal matrix and certain pattern of gene
expressions, all leading to a clear-cut transformation.4
After epithelial cells lose their E-cadherin, their cell-cell
adhesions also break down, making it easier for them to
migrate.4 A transcriptional repressor of E-cadherin called
SNAIT (snail) is one key element to understanding driving
mechanisms of EMT.5
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The discovery of this zinc finger molecule provides
opportunities for investigation of the link between
intracellular signaling and downregulation of E-cadherin.5
Signaling pathways activating SNAIT silence the gene
expression of E-cadherin through binding the critical
E2 boxes to the transcriptional site of the E-cadherin
promoter.6 Alternatively, SNAI2 (slug), zeb1, zeb2, SMAD-
interacting protein 1, and TWIST1 are other E-cadherin
transcriptional repressors that have been discovered that
also serve similar functions to SNAI1.7

Figure 1. The ability to initiate and expand a tumor has
long been known as a unique hallmark of cancer stem
cells (CSCs), otherwise regarded as the source of cancer
progression.8 Scientists can use a set of marker proteins
such as ABCG2 (a member of the ABC family transporter),
CD133, EpCAM (an epithelial cell adhesion molecule), and
ALDHT1 (aldehyde dehydrogenase 1), tomarkthe cancer stem
cells, so that they could be separated from the other cancer
cells.9 Cancer stem cells can both indefinitely self-renew,
which ensures the long-term survival of cancer cells, and
differentiate, which ensures that the tumor heterogeneity
is maintained, making treatments less effective.9 The EMT
can induce a CSC-like phenotype to original cancer cells.10
TGF-B, Wnt or Notch are examples of EMT inducers that
result in cells acquiring a CD44 high CD24 low phenotype,
which closely resembles that of CSCs.1
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Figure 1: The ability to initiate and
expand a tumor has long been known as
a unique hallmark of cancer stem cells
(CSCs) , otherwise regarded as the source
of cancer progression.8 Scientists can use
a set of marker proteins such as ABCG2
(a member of the ABC family transporter),
CD133, EpCAM (an epithelial cell
adhesion molecule), and ALDH1 (aldehyde
dehydrogenase 1), to mark the cancer stem
cells, so that they could be separated
from the other cancer cells.9 Cancer stem
cells can both indefinitely self-renew,
which ensures the long-term survival of
cancer cells, and differentiate, which
ensures that the tumor heterogeneity
is maintained, making treatments less
effective.9 The EMT can induce a CSC-like
phenotype to original cancer cells.10
TGF-Bp, Wnt or Notch are examples of EMT
inducers that result in cells acquiring
a CD44 high CD24 low phenotype, which
closely resembles that of CSCs.1l1

Epithelial-Mesenchymal Transition

Epithelial-mesenchymal transition (EMT) is a process,
as the name implies, in which epithelial cells turn into
mesenchymal cells through the acquisition of certain
characteristics.12 This EMT process can be observed
in many biological processes such as tissue fibrosis,
embryonic evolution, tissue formation, and wound
healing.12 Moreover, EMT can be key in tumor growth, drug
resistance, and metastasis.13 Since this transition plays
a major role in cancer development, it has been targeted
in many therapeutic and clinical treatments.13 The EMT
is a result of the synergization of many different signaling
pathways such as the transforming growth factor beta
(TGF-B) signaling pathway, the receptor tyrosine kinase
(RTK) signaling pathway, the Wnt/B-catenin signaling
pathway, the signal transducer and activator of transcription
3 (STAT3) signaling pathway, the extracellular matrix (ECM)-
mediated signaling pathway, and many more.13 Many of
these signaling pathways initiate EMT by mediating the
three main transcription factors: Snail, Twist, and ZEB.14
Additionally, these pathways also upregulate mesenchymal
cell markers, downregulate epithelial cell markers, and thus
alter the overall property of epithelial cells.

Snails are members of the family of the ZINC finger
transcription factors.5 There are three types of Snails:
Snail1 (Snail), Snail2 (Slug), and Snail3 (Smuc).5 Out of
the three, Snaill has a significant role in the modulation of
cancer cell migration and metastasis through the epithelial-
mesenchymal transition.5

Many different Snail1 transcription factors can bind to
promoters to activate expression of metastasis-associated
1 family member 3 (MTA3), hypoxia-inducible factor 1-alpha
(HIF-1a), glioma-associated oncogene homolog 1 (Gli1),
lysyl oxidase-like 2 (LOXL2), and many more.15 Besides,
many of these factors can bind to the E-cadherin gene,
the gene responsible for alterations of E-cadherin. The
sudden shifts in expressed E-cadherin levels are strongly
correlated with EMT and cancer metastasis.16 Also, Snaill
can regulate proteins involved in extracellular cell-cell
interaction and intracellular signaling pathways such as
Claudin (CLDN), Occludin (OCLN), Zona occludens 1 (Z0-1),
Cytokeratin 18, and Mucin 1.17 Some discoveries have even
proven that Snaill modulates the expression of two types
of matrix metalloproteinases (MMP): MMP-2 and MMP-
9.18 More importantly, Snaill mediates the gene expression
of other transcription factors involved in enhancing EMT,
namely ZEB-1 and ZEB-2.19

The second main transcription factor in EMT is called Twist,
which is classified as a BASIC HELIX-LOOP-HELIX (BHLH)
and often plays many key roles in many physiological
pathways.20 There are two types of Twist, Twist-1
(Twist) and Twist-2 (Dermo-1), which help cells form their
mesodermal layer.21 Mutated Twist in drosophila causes
a mutated phenotype in which they lack internal organs.22
This Twist mutation, in humans, can lead to Saethre-
Chotzen syndrome, where patients have craniosynostosis
and mild limb anomalies.22 Twist-1 plays a pivotal role in
many progressive steps that result in cancer metastasis,
angiogenesis, and stemness.23 There is a high correlation
between Twist-1 and Twist-2 expression and cancer cell
properties, including frequent invasion, migration, and
anoikis resistance.24,25 Therefore, increased Twist-1 and
Twist-2 expression can theoretically aid the EMT process,
which aids tumor metastasis.?4,25

The third key transcription factor of EMT is Zinc finger
E-box-binding homeobox ZEB.26 These factors,
affecting gene expression of many proteins that affect
embryogenesis, differentiation, tumorigenesis, and
metastasis, can be found in two forms: ZEB1 and ZEB2.26
ZEB1 and ZEB2 are fundamental to the EMT process,
because they restrict E-cadherin expression by binding
to the E-cadherin promoters’ E-BOX sequences.27 When
E-cadherin is downregulated, cancer cells get induced
traits of mesenchymal cells, which will then metastasize.27
ZEB1, by binding to the promoter of other genes that makes
important proteins in cell-cell interaction, tight junctions
(TJ), desmosomes, and cell polarity, reduces epithelial cell
properties and enhances metastasis.28

Cancer cells, undergoing the EMT process, often express
anoikis resistance.29 Anoikis is simply the programmed cell
death (apoptosis) in which epithelial cells self-degrade from
breaking their extracellular matrix and neighboring cells.30
Anoikis is a process that could prevent metastasis.30
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However, cancer cells, wanting to metastasize, tend to
avoid anoikis by separating from the original tumor and
hitchhiking around the body through the circulatory and
lymphatic system.31 Many EMT-promoting proteins are
responsible for cancer cells’ anoikis resistance.32 These
EMT-promoting proteins decrease E-cadherin expression,
increase N-cadherin expression, and therefore further
strengthen anoikis resistance.33 Similarly, Twist, Snail,
and Zeb1 (the three main EMT transcription factors) also
alter the expression of E-cadherin and N-cadherin, thereby
enhancing anoikis resistance and metastasis.33

Ankyrin-G protein is another important factor in regulating
E-cadherin, because it uses E-cadherin as a bridge from
the cytoskeleton to the cell membrane.34 Ankyrin-G
protein pushes the NRAGE protein, often found in the
plasma membranes, to migrate to the nucleus.35 In the
EMT process, which has low levels of E-cadmium and
ankyrin-G, the NRAGE protein is translocated to the nucleus
and reduces transcription of the tumor suppressor p14ARF
gene.36 This directly induces anoikis resistance, because
the cells now produce fewer tumor suppressor proteins.36
All of this shows that the Ankyrin-G protein plays a critical
role in maintaining the cancer cells’ induced anoikis by
hemophilically binding to two neighboring cells. On the
other hand, altered YAP phosphorylation of E-cadherin
and B-catenin further supports anoikis resistance.37
N-cadherin activated by the Akt or the PI3K/Akt signaling
pathway mediates tumor anoikis resistance.38

The EMT has attracted many researchers’ attention as
the power it holds in regulating cancer cell metastasis is a
potential target. For example, simvastatin, a drug treating
hyperlipidemia, has inhibited EMT.39 Simvastatin works by
preventing the expression of EMT factors such as cadherin,
vimentin, and B-catenin.39 Therefore, simvastatin can
successfully prevent cancer metastasis.39 Many different
Phase Il clinical trials have utilized simvastatin to treat
advanced-stage carcinomas.40 Alternatively, LY2157299
(galunisertib) also prevents cancer metastasis by inhibiting
the TGF - B pathway, one of the main inducing pathways of
EMT.41

Cancer stem cells are a vital component of tumors as their
mechanism ensures cancer survival and progression.42
This EMT process primarily leads to stemness in cancer
cells, a state in which cancer cells can self-renew and
generate many differentiated cells.42 The stem cells’
interaction with the environment is also fundamental to
their growth and proliferation.42 Stem cells utilize these
properties for the maintenance of tissue homeostasis.
Cancer stem cells use these features to survive and advance
their malignancy. Cancer cells are usually killed at an early
stage using chemotherapy or radiation, whereas certain
tumor cells, namely cancer stem cells, might cause tumor
relapse.43 Cancer stem cells are extremely treatment-
resistant and express certain traits similar to stem cells.43
These cancer stem cells allow for tumor growth, because
they give rise to other cancer cells.43 In short, they are
the driving cells behind tumor growth and development.
CSCs can be identified in many tumors including liver,
breast, prostate, pancreas, leukemia, melanoma, and many
more by identification of certain cell surface markers.44
Frequently used CSC surface markers such as CD24, CD29,
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CD44, CD90, CD133, epithelial-specific antigen (ESA),
and aldehyde dehydrogenase 1 (ALDH1) can be used to
separate the smaller population of cancer stem cells, which
will be eventually targeted.45

EMT-induced Cancer Stem Cells

Rare tumor cells (cancer stem cells) possess the ability
to self-renew and give birth to normal cancer cells to
grow the tumor.46 Scientists are currently investigating
the root source of CSCs. Although many different factors
contribute to the rise of CSC in a tumor, the EMT has been
suspected for its cause in giving cancer cells the capability
of cancer stem cells.47 Mesenchymal cells, a product of
the EMT, can differentiate into multiple lineages.48 More
cancer-associated EMTs lead to an increased amount of
migratory cells that can form new tissues and metastasize.
CSCs, in squamous cell carcinoma and breast cancer,
exhibit both epithelial and mesenchymal characteristics in
a shifting manner.49 They can be proliferative like epithelial
cells and migratory like mesenchymal cells.50 Cells, after
experiencing the EMT, increase their tumor size by at least
10-fold, which further supports the notion that the EMT
gives cells characteristic of stem cells.51

Twist thwarts the expression of CD24, which will eventually
lead to cells with CSC’s phenotypes.52 Snail triggers the
dedifferentiation of epithelial cells in colorectal cancer.53
ZEB1, an EMT transcriptional factor, can restrict many
epithelial determinants and consequently dedifferentiate
cancer cells.54 In gastric, breast, liver, and colon cancer,
the existence of Snail influences the dedifferentiated
phenotype of cancer cells, conveying that differentiated
cancer cells transform into less differentiated cancer cells
after undergoing EMT.55 These less differentiated cancer
cells exhibit a more CSC-like phenotype.

The EMT confers cancer cells not only stemness
properties but also mesenchymal properties.56 For
instance, breast cancer cell lines with a high population
of CD44+/CD24- cells exhibit both stem/progenitor cell
properties and mesenchymal markers.57 Similar findings
were also observed in nontumorigenic immortalized
human mammary epithelial cells (HMLEs).58 Ectopic
expression of Twist or Snail induces EMT, a process in
which mesenchymal-like cells with a CD44 high/CD24 low
pattern are created.59 This unsurprisingly indicates that
HMLEs become more stem-like as a result of undergoing
the EMT. These acquired stem cell properties can also be
demonstrated using functional assays.60 Scientists had
long been testing cancer cells’ ability to form tumorspheres
to determine their state of stemness. When Snail or Twist
is upregulated, HMLEs form more than 30-fold the amount
of its current tumorspheres.61 Additionally, the number of
CSCs increases two-fold as Twist or Snail, EMT-inducing
transcription factors, are overexpressed.61

Researchers have already evaluated breast cancer cells’
state by examining their CD24 expression.62 They found
that CD24-negative mesenchymal-like cells, unlike CD24-
positive epithelial-like cells, were able to form tumorspheres
and therefore expand their tumor.62 Cells transitioned
from CD24-positive to CD24-negative through EMT, which
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Mechanism of EMT-induced Cancer
Stemness

How the EMT mechanism gives cancer cells acquired
stemness traits is still not totally understood.68 However
scientists can approach this by examining the EMT
transcription factors, such as Twist, Snail, and Zeb, which
can modulate non-coding RNA expression.69 miRNAs are
small non-coding RNA molecules significantly affecting cell
differentiation as they function in the post-transcriptional
period of gene expression regulation.70 Therefore, the
factors that affect the expression and processing of
mMIRNA could play a pivotal role in the cells” stemness or
differentiation.

miRNAs that promote differentiation include the let-7 family
and miR-34. The let-7 family can be observed in all somatic
cells, sothey can be seenas an obstacle to maintaining cells’
stemness.71 Scientists have classified the let-7 family as a
group of tumor suppressors due to their pluripotency and
various oncogenic traits.71 For instance, let-7 can inhibit
Lin28, a gene responsible for self-renewal within cells.72 As
a result, decreased expression of Myc and Sall4 occurs.72
Scientists are still understanding the mechanism in which
let-7 loss happens. Let-7 genes can be removed through
the reprogramming of somatic cells using additional
transcription factors such as Oct4, Sox?2, KlIf4, and c-Myc,
which induce pluripotency into differentiated cells.73

In cellular reprogramming, the inhibition of let-7 allows for
the pluripotency targets to be expressed, thus increasing
efficiency.74 When Snail binds to the let-7 promoters, its
expression increases while that of let-7 decreases.75 In
pluripotent stem cells, low levels of let-7 are maintained by
Lin28, which prevents the processing and production of
let-7.76 Additionally, Twist, another one of three main EMT
transcription factors, also represses let-7 expression.77
Thus, it can be concluded that the EMT factors are a major
repression source of let-7 and other tumor-suppressor
MIiRNAs.

Like let-7, miR-34 inhibits pluripotency factors so that
cells don't acquire stemness traits.78 As a p53 target, its
expression is likely dysregulated in p53-mutated cancers.79
When Snail represses miR-34 expression by binding to the
miR-34 promoter, cells in EMT develop their stemness
phenotype.80

Aside from let-7 and miR-34, many alternative miRNAs
could influence the establishment of the stem cells in
tumors. Despite the power let-7 has in differentiating
cells, it lacks in comparison to the power of miRNAs that
activate self-renewal, called ESCC (ESC-specific cell cycle)
mMiRNAs.81 The miR290 cluster is an example of ESCC
MiRNAs.82 Therefore when let-7 is downregulated, cell
self-renewal is more unlikely, especially in conjunction with
the expression of ESCC miRNAs. This shows how the path
that cells take to acquire stemness traits is complicated
as there are “checks and balances” that keep the cell in its
differentiated state.
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Figure 2: microRNAs can be seen as a
mediator of EMT, which causes cancer
cells’ stemness. EMT induced by TGF-f is
activated by mir-155, a microRNA that
could target RHOA to break down tight
junctions, which ultimately results in
the creation of more cancer stem cells.83
TGF-P can also modulate restrictive
actions against mir-200 and mir-205, which
increases levels of Zeb protein, which
decreases levels of E-cadherin, which
causes adherens junctions breakdown.84
Increased levels of Zeb can also come
back and repress mir-200 and mir-205 by
promoting Sox2 and Kl1f4, two attackers of
mir-200.85 This triggers the renewal of
cancer stem cells. TGF-P can also cause
downregulation of E-cadherin by increasing
HMGA2 activity.86 The let-7 microRNA could
block CSC’s self-renewal and repress
HMGA2, a molecule that helps in E-cadherin
repression. Therefore, it can be inferred
that there is a correlation between TGF-§
signaling, EMT, and the emergence of CSCs.

Since 1991, the association between the loss of E-cadherin
and the EMT causing tumor dedifferentiation has been
observed. Recent discoveries show that the expression of
individual EMT-inducing transcription factors such as Snail,
Twist, or Zeb, can transform the cancer cells into cancer
stem cells. ZEB1, an EMT transcription factor in carcinoma
cells, is unusually overexpressed in pancreatic cancer,
causing the stem-like phenotypes in previously non-stem-
like cells.87 ZEBT has also been shown to be a significant
playerinthe stage of tumorinitiation in axenograft model.88
Similar to how Snail dedifferentiates cells by inducing
expression of let-7 and miR-34, the EMT transcription factor
ZEB1 inhibits many miRNAs such as miR-203, miR-200,
and miR-183 so that stemness factors such as Sox2, KLF4,
and BMI1, get upregulated.89 Hence, ZEBT can be linked to
the EMT and cancer cell dedifferentiation (stemness). EMT
in ovarian cancer development turns the epithelial cells
into stem-like cells called mesenchymal cells. EMT factors
inhibit pathways and proteins including NF-kB, tumor
necrosis factor alpha, B-catenin, and p53 so that cells don't
differentiate and stay in their pluripotent state.90

Another way EMT factors can give cells stemness traits
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is through the prevention of senescence 91 Somatic cells’
life span is limited and when differentiation ceases, their
dividing and self-renewing ability also cease. However, both
stem and cancer cells are able to overcome this limit, which
allows them to proliferate at a nonrestrictive pace. The
EMT transcriptional factors Snail and Twist could suppress
tumor suppressors, say, cycle regulator pl16, which
enhances the cancer cell’s ability to self-renew and grow.92
Thus, it can be concluded that there are many different
molecular mechanisms at play in the process of cells
gaining EMT-driven stemness. The EMT correlation with
stemness can also be seen at a clinical level. Researchers
use gene expression profiling to design a system that could
quantitatively score tumors on their EMT state.93 This
system can identify the distinct EMT states across different
tumor types.94 The reported gene expression, given by
the system’s molecular subtypes, shows that they closely
represent the EMT status in ovarian cancer. The prognosis
of ovarian cancer patients is defined by clinicopathological
parameters, such as the extent of metastasis damage
and cell resistance to chemotherapy.95 The higher the
EMT score, the worse the prognosis. A higher level of
pluripotency and stemness also indicates a higher level of
chemoresistance and more chance of metastasis. It can
therefore be logically inferred that subtypes with higher
EMT scores are associated with the dedifferentiated state.
These findings sum up to the conclusion that cancer cells
acquire potency or stemness after undergoing the EMT,
which shows how the EMT can cause dedifferentiation in
cancer cells.

EMT-induced Therapeutic Resistance

Mediators of EMT enhanced not only cellular motility
but also cellular survival. In an environment of serum
starvation and TNF-a treatment, the expression of Snail
in Madin—Darby Canine Kidney (MDCK) cells strengthens
its resistance.96 This anti-apoptotic cellular reaction was
correlated with Snail expression, through the activation of
both the MAPK and the PI3K pathways.97 Through inhibiting
pro-apoptotic factors such as p53, DNA Fragmentation
Factor 40, and BH3-Interacting Domain Death Agonist,
Slug that was transfected into MCF7 breast cancer cells
causes cells’ resistance to programmed cell death (due to
DNA damage).98 After scientists found that EMT links to
enhanced survival pathways and anti-apoptotic behaviors,
they are interested in exploring how EMT causes cells’
resistance to anti-neoplastic therapeutic strategies.

Recent studies have investigated the cancer cells’ acquired
chemotherapy resistance due to EMT upregulation causing
molecular alterations in gastrointestinal malignancies.
Pancreatic cancer cells’ acquired gemcitabine resistance
showed changed behaviour and phenotypes that aligned
with EMT.99 For example, the resistant pancreatic cancer
cells experienced upregulated vimentin, lack of E-cadherin
expression, and B-catenin nuclear translocation.100
Applying chronic oxaliplatin exposure to CRC cells can
trigger resistant EMT-correlated phenotypic mutations
including loss of polarity, spindle shape, and increased
mobility.101 The oxaliplatin-induced resistant cells, as
predicted, showed decreased levels of E-cadherin in sync
with increased levels of snail and vimentin, all hallmarks
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distinctive of EMT.

These studies demonstrate that cancer cells undergo
EMT to adopt a new anti-apoptotic and pro-survival state
when they are induced with stress from chemotherapy.
Alternatively, rather than chemotherapy inducing EMT,
chemotherapymayresultinclonalselectionand propagation
of cells with enhanced pro-survival pathway activation
as observed with EMT.102 Therefore, EMT pathways
can also be seen as a direct mechanism or mediator of
chemotherapy resistance.103 For instance, Panc-1 cancer
cells with transfection of Snail adopted unusual EMT traits
that make them sensitive to chemotherapy treatment
such as 5-fluorouracil and gemcitabine.104 More recently,
manually-programmed expression of Snail in colon cancer
cells increases the CSC population and phenotype that
explains its oxaliplatin resistance.105 Specifically, snail-
expressing HCT116 and HT29 cells, two types of colorectal
cancer stem cells,demonstrated EMT-linked morphological,
functional, and molecular characteristics such as having a
10-fold resistance to oxaliplatin.105

While anti-gastrointestinal-malignancy drugs have shown
partial success in compromising vascular endothelial
growth factor and epidermal growth factor receptors, a fully
successful treatment is still far away due to roadblocks such
as therapeutics resistance. More importantly, scientists
have examined the influence of EMT in these molecule-
targeting therapy's outcomes. It was discovered that there
was erlotinib resistance in head and neck squamous cell
carcinoma.106 Erlotinib is a tyrosine kinase inhibitor of
epidermal growth factor receptors.107 An upregulation of
vimentin contrasting to the downregulation of claudin-4,
E-cadherin, and claudin-7 that supported this resistance
is what microassay and western blot analysis shows.108
Conclusively, this change in protein expression pattern
resembles distinguishable traits of cells undergoing EMT.

To further understand how EMT relates to drug resistance,
researchers have used the tumor from patients, whose
cancer cells prove the erlotinib to be ineffective, for
investigation. What they found was that after being
treated with erlotinib, tumors with E-cadherin depletion
take a shorter time to progress compared to tumors with
E-cadherin bulges. Unsurprisingly, non-small lung cancer
cells that were treated with gefitinib (another tyrosine
kinase inhibitor of epidermal growth factor receptor) also
show the same pattern of low E-cadherin results in short
time to progression and high E-cadherin results in long time
to progression.109 Levels of E-cadherin were measured
by immunohistochemical staining.110 Applying vascular
endothelial growth factor receptor 1 and bevacizumab,
an angiogenesis inhibitor targeting vascular endothelial
growth factors, strengthen the multiple colon cancer cell
lines" migratoratory and invasive properties.111 These
recent discoveries demonstrating EMT's pivotal role in
acquired chemoresistance show that it is necessary for
the development of novel drugs or therapies that could
successfully inhibit EMT pathways, which would predictably
improve patient outcomes when used in sync with
traditional therapies such as chemotherapy and radiation.
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Conclusion

During cancer progression, the synergization between
EMT and CSCs contributes a major part to the survival,
aggressiveness, and mobility of a tumor. EMT and CSCs
can be seen as mediators of cancer development since
they guard cancer cells against harmful environments or
drugs and promote metastasis for long-term survival and
worsened malignancy. Even though scientists are currently
in a period where neoadjuvant treatment is commonly
used, it should be carefully considered before use because
these treatments could trigger more aggressive cancer
phenotypes by conferring cancer cells the capability of
metastasis and resistance. This concern suggests that
researchers need to spend more time to further investigate
the impact clinical therapy has on the pathobiological
advancement of cancer. As discussed previously, methods
blocking EMT pathways and subsequently canceling
the maintenance of CSC prove to be future endeavors
worthy of attention and trials. Luckily, this path is feasible
as there have already been studies conducted to identify
certain pharmacological agents capable of regulating the
tumor’s state of differentiation. CSCs, cancer cells in the
dedifferentiated or pluripotent state, can be compromised
through the promotion of their differentiating ability.47

Therefore, agents that could induce cancer stem cells to
differentiate into a more niche, less pluripotent state, namely
salinomycin or HDAC inhibitors, may hold significant
therapeutic potential. 112 Alternatively, both the TGF- and
Wnt pathways could be targeted as a strategy to decelerate
the rate of EMT, which will lead to downregulation of
CSCs.113 These pathways activate not only EMT but also
anti-apoptotic signaling, including the ones involving PI3K
and nuclear factor-kB. Since PI3K and Akt play a major role
in EMT, inhibiting them with the purpose of eliminating EMT
and the rise of CSCs may show promising results. Lastly,
since microRNAs contribute to the modulation of EMT
and CSC emergence, injections of microRNAs manually
designed to decrease EMT can also be seen as another
bright path towards disrupting cancer progression.

To sum up, researchers are having a much better
understanding of how EMT carries out functions to
improve cellular mobility and survival, which ultimately aids
in tumor malignancy. It is well understood that EMT plays
a pivotal role in the development of aggressive CSCs, no
matter which organ the tumor originates from. Aside from
being an effective marker of cancer aggressiveness and
therapeutic resistance, EMT and CSC molecular pathways
can also be targeted therapeutically to advance the fight
against cancer.
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TikTok’s algorithm: Does customer
personalization come at the expense
of magnifying filter bubbles, echo
chambers and how may it foster
ethnocentrism?

Phuc (James) Nguyen

Abstract

In the past two decades, the technological world has witnessed multiple developments
(2004), Youtube (2005), Instagram (2010),
However, with the advent of TikTok, it has itself

Bytedance’s brainchild has become the most

in social media apps, with Facebook and
(2011),

set unprecedented records.

Snapchat to name just a few.
To illustrate,
downloaded app[l] with over 2.6B times worldwide[2] and attracted over 1.5B monthly active
users (compared to 690M monthly active users in 2018) [3]. TikTok users demonstrate a young
with over 60% of them aged below 30[4].

constantly been the bone of contention regarding public concerns about security and mass

demographic, The app, like its predecessors, has

surveillance. While a large body of research has been conducted for social platforms,
research on TikTok is still meager and lacks profundity. This research aims to contribute
to research by attempting to examine how TikTok is creating echo chambers and whether
it fosters ethnocentrism by studying its optimized algorithm, analyzing case studies
and conducting a small-scale survey. The finding suggests that TikTok’s influence on the

formation of echo chambers and biased ideology is amplified by users’ behaviors and inborn

biases.
landscape,
on the significance of media literacy.

Introduction

In this era of information decentralization, news comes
from various corners. Since the advent of social media
platforms, consumption of news has become fractionalized
and we can more easily share news via social network
platforms (Duffy and Ling 2020). The robust communities
of TikTok, a newly-emerged video sharing and creating
platform, are not an exception. TikTok is inundated with
user-generated contents in which any details of life can
be used as materials for creative expression[5]. Like other
social media platforms, besides making a name for itself
through fulfilling the mission “to inspire creativity and bring
joy’[6], TikTok has inevitably been under public scrutiny.
One source of controversy is TikTok's associations with
the echo-chamber effects, a side effect of its Al algorithm
and recommender system. This paper studies TikTok's
algorithm, the core of its technology. This research can be
utilized by social media scholars to have more insights into
potential problems aroused by TikTok. Content browsers
and creators can benefit from understanding the platform
more deeply to consume and initiate information in a more
reasonable manner.

Background
a) Platform overview

TikTok is a short-form, video streaming and sharing app that
allows users to create and share videos up to 3 minutes[7]

This research also calls for heightened attention to this new yet underexplored
propelling app developers to take ethical issues into account and alert users

(previously limited to 15 seconds and 60 seconds).
TikTok’s parent company is ByteDance, a Chinese partially
state-owned multinational internet technology company
headquartered in Beijing. TikTok’s most pervasive contents
are music, lip sync, dance videos, and micro-blog content.
In 2014, a social media app named Musical.ly increased
in popularity among the 13-18 year old demographic[8]. In
2016, Chinese app developer ByteDance rebranded TikTok
to Douyin. Within a year, the TikTok app had more than 100
million users[9], and the popularity of its videos continued
torise.

In late 2017, Musical.ly was purchased by ByteDance at
$ 1 Billion, as ByteDance want to leverage the U.S. digital
platform’s young user base[10][11]. In 2018, Bytedance
consolidated the user accounts of Musical.ly and TikTok,
merging the two apps into one under the name TikTok.
With this unified brand and user base, TikTok became a
worldwide app.

Like other social media platforms, TikTok's main revenue
stream comes from selling advertising[12], which signifies
the process of revealing TikTok users to relevant content.
This is guaranteed by its Al algorithm, which will be
discussed further.

b) Terms definition and clarification

The term “filter bubble” was coined by Pariser[13] in 2011.
Although a definition was not provided, the filter bubble
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is characterized as “fundamentally alters the way we
encounter ideas and information’[13]. A “filter bubble” is
described as a state of intellectual isolation[1] that can result
from personalized searches when a website algorithm
selectively guesses what information a user would like to
see based on information about the user, such as location,
past click-behavior and search history[14]. As a result,
users become separated from information that disagrees
with their viewpoints, effectively isolating them in their own
cultural or ideological bubbles.

In discussions of news media, an echo chamber refers
to situations in which beliefs are amplified or reinforced
by communication and repetition inside a closed system
and insulated from rebuttal[15]. By participating in an
echo chamber, people are able to seek out information
that reinforces their existing views without encountering
opposing views, potentially resulting in an unintended
exercise in confirmation bias.

“Epistemic bubble” was described as a social epistemic
structure in which other relevant voices have been left
out[16] or an informational network from which relevant
voices have been excluded by omission[17].

The three aforementioned terms are oftentimes
used interchangeably, which inadvertently blurs their
distinguishable features and causes misconceptions and
ambiguity. In the scope of this research, it is of necessity
to fully comprehend and be able to distinguish between the
three terms.

For a simplified distinction between “filter bubble” and “echo
chamber”, echo chambers could be a result of filtering
or they could be the result of other processes, but filter
bubbles have to be the result of algorithmic filtering[18].

There is a clear distinction between epistemic bubble
and echo chamber: An epistemic bubble is when you do
not hear people from the other side. An echo chamber is
what happens when you do not trust people from the other
side[17]. Likewise, an ‘“epistemic bubble” merely omits
contrary views, whereas an “echo chamber” undermines
opposing views and brings its members to actively distrust
outsiders[17].

Research methodology

Experiment 1: Qualitative survey on users’ behavior on
social media

A total of 30 participants aged between 16 and 25
currently living in Vietnam (n=24) and other countries (n=6)
participatedin a qualitative survey on their behavioron social
media and perspectives on the content they consume. For
participants living in Vietnam, the form was delivered in
Vietnamese. For participants living outside Vietnam, the
form was delivered in English. Due to the COVID-19, both
forms were delivered online. The questionnaire included
the following questions:
Basic information (Name, gender, correspondence,...)

How frequently do they use social media

The social media they use most frequently

Whether they feel irritated/bored when they see
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posts/videos/images that display content of repetitive
topics everyday

How much they want their newsfeed to display
information on other topics

How much they want their newsfeed to display
information on other topics

Whether they think their culture is superior to
(other) ethnic minorities they come across on social media

Whether they just want to interact (like, share,
comment,...) with people who share the same or similar
culture with them

Whether their newsfeed only displays content from
people who share the same of similar culture with them

Experiment 2:

The research uses several relevant case studies that
illustrate TikTok's Al algorithm bias in support of the
arguments in the discussion.

Experiment 3: Personal observation

In orderto fully understand TikTok’s user interface, user flow
and how it recommends videos, the researcher created two
separate TikTok accounts. Both of these accounts have
their location in Vietham, yet the researcher deliberately
demonstrated interests in distinct sets of topics on the two
accounts.

Initially, the researcher determined favourite topics on the
two accounts:

Account 1. Science & Education, DIY & Tricks, and
Entertainment, GYM & Health.

Account 2: Babies & Family, Dance, Game and Anime.
Then, the researcher intentionally followed accounts that
disseminate content on these topics, observed and drew
comparisons

Data/Experiment Results

Experiment 1
Key
Socialdemograp
N (%)
Gender Male 22 (73.33%)
Female 8 (26.67%)
Age 15 1(3.33%)
16 4 (13.33%)
17 3 (10%)
18 15 (50%)
19 1(3.33%)
20 0 (0%)
21 5(16.67%)
25 1(3.33%)
Place of Vietnam 24 (80%)
residence
Tokyo, Japan 1(3.33%)
Indonesia 1(3.33%)
Dubai 1(3.33%)
Myanmar 1(3.33%)
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Australia 1(3.33%) | would be 15 (50%)
Egypt 1 (3.33%) bothered to an
- extent, but I'll just
Total time spent [ 0-3 hours 6 (20%) ignore it anyway
on social media -
usage (per day) ::r;ilerlf/aadbout 12 (40%)
8-5 hours 6 (20%) contradicting
5-7 hours 11 (36.67%) poin’[s of view,
7-9 hours 6 (20%) analyze and
911 hours 1(3.33%) compare them : ;
No 26 (87.77%
0 %
ver 11 hours 0(0%) Table 2: Answers to multiple choice
Most frequently [ Facebook 16 (53.33%) questions
social media app
used
Instagram 7 (23.33%) Answers to linear scale questions
Twitter 0 (0%) N (%)
Snapchat 1(3.33%) You want your “Strongly
Tiktok 0 (0%) ?e\(/jv_sfeled disagree
;. o displa
Youtube 6 (20%) infornSat?/on on
other topics
Table 1: Key socialdemographic (No, | am
characteristics Satilsﬂed that
. . . these social
Answers to multiple choice questions media display
content of my
favorite topics
N (%) " 1(3.33%)
Do you feel Yes 14 (46.67%) Disagree 2 (6.67%)
irritated/bored Neutral 7 (23.33%)
when you see —
posts/videos/ Agree 16 (53.33%)
images that Strongly agree 4 (13.33%)
display content of (I want to learn
repetitive topics more about other
everyday? (For topics as well)
example: For You Completely 3(10%)
Page of TikTok disagree
only shows , , S
cooking videos/ J:(o_u {ust v;/ant Disagree 8 (26.67%)
Your Facebook (IC')kIn eLac
newsfeed only IKE, S arte, )
shows content comment,..
related to with people who
football) share the same
or similar culture
No, | feel really |3 (10%) with you
" " lcomforl’;abJI[e 300%) Neutral 11 (36.67%)
ow wou wou un a % s
you react if you blind eye to it Agree / (23'303 %)
find out the Completely agree | 1 (3.33%)
homogeneous
content/opmmgjns Your newsfeed Completely 5(16.67%)
you Se€ everyday only displays disagree
on the fanpages, content from
groups or people who

accounts that
you frequently
follow get
disputed?

share the same
of similar culture
with you
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Disagree 5(16.67%)
Neutral 11 (36.67%)
Agree 4 (13.33%)
Completely agree | 5 (16.67%)

Table 3: Answers to linear scale questions

Participants’ answers

Based on the information gathered, potential bias should be
noticed because the majority of participants reside in Viet
Nam. According to the data, the participants are frequent
social media users. Their ages range from 15 to 25, which
is also the largest age group present on TikTok.

Experiment 3:

On starting to use the app, the user flow was identical for
both 2 accounts: Registration, Information Confirmation,
and Topics Selection.

From the researcher’s observation, when first entering the
app (post-registration), TikTok automatically showed a
video, and then an endless stream of videos. The videos'
content were not necessarily related to the user’s interests
indicated previously. Those unfavourable contents were
actually not outweighed by the favourable content.
Noteworthily, the first videos shown in #For You Page in
both two accounts were identical based on the hashtags.
On keeping strolling, the content gradually became more
related to the user’s interests, revealing a conspicuous
difference between the two accounts. However, content
from other topics continued to show up from time to time,
mainly trendy videos in that specific location (in this case
Viet Nam).

Discussion

How TikTok works and how users navigate TikTok

In order to attain a successful relationship with its users,
TikTok has to maintain their stickiness to a certain extent
first. To accomplish this, TikTok's user interface design
plays an important role. When the user starts browsing
videos after registration, a video is immediately presented
to them. This video takes up virtually the whole screen on
any device (with an exception of laptop or PCs). The app
then instructs the user to scroll down to view another video,
and then a stream of videos will flow continuously. The user
will only cease to see those videos once quitting the apps.

That user interface design suggests the main task of users
is to keep strolling to see more videos. As they proceed
to browse more videos, the TikTok's algorithm has the
chance to gather more data to study and understand their
personas better, for audience members predominantly
select what media messages they attend to and thus shape
their individual information environments[19]. Gradually,
TikTok’s recommended videos will increase in accuracy
and relevance to the users. Users then become satisfied
and at ease with the videos and develop a belief that some
good yet unknown videos await them. With this anticipating
mindset, they would browse more videos than they thought
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they would. A vicious circle ensues, and TikTok’s algorithm
manages to gain more inputs for its dataset to deliver even
more personalized recommendations.

One feature worth taking into consideration is that TikTok
helps users alleviate the task of having to search for
content or contacts. Unlike Facebook[20], this social media
platform does not emphasize on connecting with friends
and families or joining groups, building a transparent,
recognizable profile or actively seeking a community.
TikTok serves its users by learning about them and
delivering recommendations.

Figure 1: Facebook’s interface
(source: https://www.theverge.
com/2020/8/21/21395079/facebook-new-
design-default-september-classic-
interface-disappearing)

Figure 2: TikTok’s interface
(source: self-taken)

TikTok's unprecedented success and capability to
distribute the right content to the right user emanates
from its algorithm. TikTok's recommendation system
works to determine which videos will appear on your “For
You Page” (FYP). The stream of videos on each FYP is
identical, unique and curated to the user’s interests[21].



These machine learning algorithms closely study users’
behaviours and interpret them as indicators of interests: the
number of clicks, whether a user finishes watching a video
from beginning to end... Other factors taken into account
are user interactions (such as the videos they share, the
accounts they follow,...), video information (which includes
details like captions, sounds, and hashtags), device and
account settings (language preference, country, location,
device type,...).

To be more specific, TikTok's recommender system[22]
employs collaborative  filtering and content-based
filtering[23]. Collaborative filtering is the process employed
by recommender systems which entails filtering or
evaluating items using the opinions of other people[24].
Collaborative filtering uses similarities between users and
items simultaneously to provide recommendations[25].

Psychologists Joseph Luft and Harrington Ingham created
the Johari window, a technique and heuristic exercise that
helps people better understand their relationship with
themselves and others[26]. The theory is divided into 4
quadrants:

Known to Self Not known to Self
Known to .
Others Blind Spot
Not
knownto = llalelc Unknown
Others

Figure 3: The Johari window
(source: https://www.healthynumbers.com.
au/using-the-johari-window-to-really-get-
to-know-yourself/

)

It is also suggested that TikTok's collaborative filtering
algorithm may inadvertently help users discover their
latent, or hidden interests[5]. Moreover, in a platform where
users are not exposed to their acquaintances and other
users, they may express their interests more explicitly (e.g.
by liking, commenting, following,... hashtags or accounts)
without fear of being judged. Due to this, they have more
freedom to customize their own feed that is perfectly
curated to their personal interests. These behaviors are
inevitably monitored and captured by TikTok’s algorithm
and serve as a valuable source for the algorithm to learn
more deeply about the users.

TikTok also adopts the content classification algorithm and
the user algorithm that follow a hierarchy classification
architecture[27] for content analysis described in the model
below:

TIKTOK’S ALGORITHM / RESEARCH

i
: Main Category

Meta
Classifier
____________________________________

v XGBsANN

................................................... A

Hierarchical Classification Tree — Created by Catherine Wang, All Rights Reserved

Figure 4: Hierarchical Classification Tree

Thisis also mentioned in[5] that they build a global algorithm
to “construct a hierarchical interest label set based on the
theme of the contents, and calculate the relevant degree of
each interest label in the set.

Content-based filtering guesses the features and behavior
of a user based on the item’s features that user positively
reacts to[28]. This method revolves completely around
comparing user interests to product features. The products
that have the most overlapping features with user interests
are what's recommended[29]. The model recommends
items relevant to a user by picking a similarity metric
and setting up the system to score each candidate item
according to that metric. The model uses no information
about other users[30].

& & & F
&S oS & &
Q’b O’b Q\Q &\6\ GJ(} ’2‘2’
D[ . o
. . T .
! . - . .

Figure 5: Using dot as a similarity metric
(source: https://developers.google.com/
machine-learning/recommendation/content-
based/basics)

These two filtering techniques differ from each other in
that while collaborative filtering uses the assumption that
people with similar tastes will rate things similarly, content-
based filtering uses the assumption that items with similar
objective features will be rated similarly[28].
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As TikTok maintains the role of distributing content and
tailoring videos to users’ specific interests, which relieves
its users from deliberately searching for content, it can be
seen that TikTok may as well introduce users to content
they did not think they would be interested in. By hindering
this deliberate process, TikTok is actually lessening the
effect of the epistemic bubble or filter bubble, compared
to social media platforms like Facebook where users
intentionally curate their networks and news feeds in the
first place. However, when the users become complacent
with their curated #FYP and constantly expect to browse
more similar content, that may be the inception of the
echo-chamber effect.

The whole narrative so far has examined how TikTok
tailors content distribution to its users, but this is lopsidedly
focused on video browsers. On a social media that focuses
on user-generated content, video creators are worth taking
into consideration. As observed from the user interface
design of TikTok, it neither implicitly nor explicitly implies
the formation of groups, so users will not search for a
group that discusses a topic of their interests. Conversely,
Facebook groups’ admins and moderators[31] or Reddit
Subreddit’s moderators[32] who have the right to decide
which information to appear on their groups. In other words,
they have the ability to dictate the flow of information
that targets a certain group of audience. Meanwhile, in
TikTok, the user’'s news feeds are at the caprice of TikTok’s
algorithm, meaning TikTok exhibits more information
decentralization. To be more specific, TikTok video creators
do not have to be famous nor accredited to draw massive
attention. This is corroborated by the fact that even videos
with low reaction (a small number of people clicking the
“heart” symbol) can appear on video browsers’ For You
Page quite often.

2) Attempted explanations from a cognitive and
psychological angle

In this section, the researcher aims to provide explanations
on how filter bubbles and echo chambers are created on
TikTok.

a) Sources of bias

According to the results, TikTok users feel comfortable
experiencing a wide scope of content, yet are not likely to
accept and study opposing viewpoints. Naturally, people
are easily prone to confirmation bias[33]. The bias can be in
the brain: when dealing with information overload while it is
only capable of handling a finite amount of information, the
brain uses a number of tricks or shortcuts in the decision-
making process[34].

In addition, In [35], the authors list sources of bias in
machine learning, one of which is algorithmic bias, defined
as bias added by the algorithm itself and not present in the
input data.

It is proposed that biases may come from the deeply
entrenched dramatic instincts and overdramatic worldview
and make the brains jump to swift conclusions without
much thinking. Specifically, there are 10 instincts that
may distort human'’s perceptions, of which negativity, size
and generalization instincts fit the scope of this research.
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Negativity instinct is defined as the tendency to notice the
bad more than the good, leading to the mega misconception
that “The World Is Getting Worse”. Generalization instinct
leads everyone to automatically categorize and generalize
all the time unconsciously, which leads humans to
mistakenly group together things, or people, or countries
that are actually very different and assume everything
or everyone in one category is similar and lastly, jump
to conclusions about a whole category based on a few,
or even just one, unusual example[36]. Moreover, these
misleading generalizations are unscrupulously leveraged
by social media as a shorthand to deliver information faster.
In TikTok'’s context, “point-of-view videos”, “lip syncing” and
“cosplaying” videos easily become trendy by stereotyping
certain groups of people.

Users' pre-existing bias, coupled with possible bias in the
Al algorithm offered by TikTok, would increasingly distort
users’ perception of the content they consume, both latently
and overtly.

b) The spread of TikTok content

Unlike other social media platforms which many other
researchers have devoted to, content dissemination in a
video-oriented and content-centric platform like TikTok
may differ. People are more likely to believe fake news in
a video format compared to text and audio forms of the
same story, according to a team of researchers. People are
also more willing to share these videos with people in their
network[37]. The appeal to video form is characterized by
the fact that video contains many streams of information,
including audio, visuals, moving images, graphics and
text. When people take in all this information, they are
mentally overloaded, making them less likely to scrutinize
the details. This, along with the seeming realism of what
is portrayed, makes videos more likely to be believed and
shared. In addition, video content has a higher retention
rate compared to text because humans respond to
and process visual data better than any other type of
data[38]. Besides, recognition memory for information that
supported the participants’ viewpoint was higher than that
for opposing information[39]. For this reason, information,
especially pieces that consolidate users’ confirmation bias
will be lodged in users’ memory for a longer period. On a
video-based platform, such information is more likely to be
recalled then spread, thus magnifying the echo-chamber
effect.

3) Concerns regarding ethnocentrism

As suggested above, TikTok exposes its users to different
sets of topics in the #ForYouPage, even those deemed
unfavourable by a specific user. However, as the innate
search for confirmation bias dictates their course of action
is supervised by Al, the echo-chamber effect begins to
permeate. As users have a tendency to follow and browse
content from people of the same race, culture or ethnicity
(as suggested in Experiment 1), this poses an imminent
problem: TikTok's recommendation system does not have
sufficient data of images or videos from underrepresented
communities and ethnic minorities. The dataset is ever-
growing, but as algorithm bias reflects human bias, the



researcher doubts whether the recommendation system
would ever suffice to distribute such content to a wider set
of users. Inan experiment conducted by Marc Faddoul, an Al
researcher at UC Berkeley School of Information, Following
the account of a black woman led to recommendations for
three more black women. It gets weirdly specific — Faddoul
found that hitting the “follow” button on an Asian man with
dyed hair gave him more Asian men with dyed hair, and the
same thing happened for men with visible disabilities[40].

In another case study, Ziggi Tyler, a popular Black TikTok
creator posted several videos demonstrating how he could
not include phrases in his bio including the word “Black”
without being immediately flagged for “inappropriate
content.” Other words and phrases, including ones declaring
his support for “Black Lives Matter,” “black people,’
“black voices” and “black success,” or ‘I am a black man”
would immediately trigger a pop-up message prompting
him to ‘remove any inappropriate content.” Conversely,
putting “supporting white supremacy”’, “supporting white
success” or even ‘| am a neo-Nazi” did not prompt the alert
message. There are other cases in which black content
creators accuse TikTok of suppressing “Black lives matter”
content[41][42]. These cases just strengthen the statement
that Al algorithm bias may reflect deep-rooted social and
human bias. Given that context, fixing Al bias can be really
challenging due to the unknown fallacies, potentially flawed
processes and lack of social context[43].

As datasets, intentionally or unintentionally, often disregard
the presence of minorities, the issues should not be
overlooked and regarded as a secondary concern. In a
multiracial community, for example, members of a majority
group tend to hold negative views of individuals who
espouse a dual identity for fear of disloyalty[44].

Besides, users, who deprive a sense of gratification and
are acquainted with comfort from browsing TikTok’s
recommended content, may as well not even bother to
learn more about some fragmented culture content they
come across. Social identity theory[45] proposes that
the groups which people belonged to were an important
source of pride and self-esteem and provided them a sense
of belonging. It is also suggested that stereotyping is based
on anormal cognitive process: the tendency to group things
together, wherein the differences between groups and the
similarities of things in the same group are exaggerated[45].

Human'sinnate bias, fueled by the complicatedness of the Al
algorithm, may suggest that concerns about ethnocentrism,
and even worse, racism is not unsubstantiated.

4) Researcher’s Recommendations

As TikTok's algorithm and recommendation system
increases its accuracy, and users may reap more
gratification as a result, both sides must be cautious of
TikTok’s not yet conspicuous side effects. The researcher
suggests that TikTok, while maintaining and upgrading
the Al algorithm as the backbone of its technology, should
pour more resources into stricter regulations of content,
heightened attention to Al fairness and ethical issues in
technology. For example, TikTok can employ frameworks
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to detect and mitigate algorithmic bias or maintain
multifaceted communications with users. On the other
hand, users, who have the irrefutable right to determine
which content to consume and what use they make of it,
must be more conscious of their power to influence not only
TikTok’s policy but also its powerful Al algorithm. It is high
time media literacy and social media’s codes of conduct
were preached broadly and implemented instead of being
neglected. While these measures can be offputting, time-
consuming, and deprive users of the comfort they are
relishing, social media platforms like TikTok should invest
in mitigating the paradoxical effects to demonstrate its
responsibility.

Conclusion

Inthis paper, the researcher reviews some basic principles of
TikTok’s powerful Al algorithm with an aim to investigating
this social media platform’s roles in creating the echo
chambers. On the one hand, TikTok mitigates the epistemic
and filter bubble effects by exhibiting a diverse set of
content to study its users, which may reveal even users’
latent interests by closely supervising their behaviors and
comparing them to indicators of interest. However, once
users get to be more familiarized with outstanding comfort
and personalization, they may sacrifice exploring new
content and opposing views for the sake of convenience.
This complementary interaction between users and
TikTok’s Al algorithm offers an easily achievable sense of
satisfaction and escapism, yet inadvertently confines users
to their own echo chambers. These procedures occur at
an exceptional speed and TikTok users may not be able
to fully comprehend the imminent issues posed by this
personalization technique. Most importantly, as TikTok
serves a young group of users who will soon become the
world’s leading force, more comprehensive research should
be conducted to acquire a more profound understanding
of this newly-emerged platform. TikTok, which makes
enormous profit from its top-notch Al algorithm, should
take into consideration their ethical responsibility of
distributing content and preventing unwanted conflicts
and disputes. Al's unfavorable outcomes that wreak havoc
on minor communities may be easily overlooked and not
treated as utmost emergency, and there are insufficient
metrics to mathematically measure their level of impact,
but constant reevaluation of the datasets and algorithms
should be conducted to refine their functions and mitigate
undesirable circumstances. Meanwhile, users, who make
the decision whether to stay or leave the app, have the
power to teach themselves media literacy and consume
any information presented to them in an educated and
tolerant manner.

Limitations

Firstly, the sample of this study is small (N =30) so the results
may vary when conducted in different settings. Secondly,
the COVID-19 spread and its new variants in Vietnam posed
some hindrance to the researcher’s process of gathering
in-grained data. The lockdown made it impossible to travel
and conduct more in-depth and interactive interviews
offline. This prevents the researcher from observing their
expressions and can cause the respondents to not take
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the online survey seriously. More importantly, this research
really lacks data input from people whose ethnicity is
considered minor. These factors combined led to a data
that lacks diversity. Thirdly, the first experiment did not
gather an equal distribution of people who share the
same or similar culture, so the results may be skewed.
Fourthly, adopting a qualitative approach coupled with a
lack of data source on TikTok means that this research
can only propose theories and patterns. Fifthly, there was
not enough diversity in educational backgrounds eg. No
participants from the survey had poor literacy, which can
dictate users' behavior and levels of awareness on social
networking sites. Sixthly, the research has solely been
conducted by diving into the lens of browsing users, rather
than those who create content. If more TikTok content
creators participate in a future research, more diverse
information could be gathered.

Potential for future research

This research still has room for improvement. Given
more time and resources, more data from a more diverse
demographics can be collected, leading to the research
results being broader and representative. The researcher’s
ambition is to apply and extend this research design in other
countries or regions so as to gain insights into different
cultures. Concerning the research into ethnocentrism,
more specific groups of people from different cultures
should be involved, and the researcher needs to have a
deep insight into those cultures’ instances and expressions
to minimize chances of bias. Furthermore, face-to-face
interviews should be preferably conducted to make room
for a comfortable environment in which participants can
provide more in-depth and truthful answers to open-
ended questions and the researcher can accumulate more
qualitative data for thematic analysis.
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Raman Spectroscopy: Basics, Physics
and Cancer detection analysis

Vindya Prabhu

Abstract

Raman spectroscopy 1is a molecular specific technique that can be used to develop a
fundamental biochemical understanding of tissue physiology and pathology, which can be
used for tissue diagnosis and monitoring. This paper presents a brief history of the

development of Raman spectroscopy, a description of the Raman effect, and the current

applications of Raman spectroscopy in cancer detection.

Globally,
form of cancer during their lifetime

cancer i1s one of the leading causes of death.
[17.
detected, current diagnostic methods can definitely be improved. It is critical to identify

1 in 2 people will develop some
Despite the fact that many cancers can be

and diagnose cancer at an early stage so that the best treatment and intervention options
can be offered. Patients diagnosed with early-stage cancers will have better prognosis and

a S5-year survival rate [2]. Existing methods are often expensive, invasive, and sometimes

inconclusive, or inaccurate. Consequently, there is a crucial need for a reliable, cost-

effective, and non-invasive method that can diagnose all forms of cancer in their early

stages.

The utilisation of Raman techniques for the detection and diagnosis of prostate cancer,

oral cancers, breast cancer, and lung cancer is described. The article is by no means

an exhaustive review of all papers in this research area, but rather highlights selected
papers which overall give a representative sample of the current research being undertaken.

Introduction

Raman spectroscopy technology is optical, and it allows
for non-invasive, or at least non-intrusive, data extraction,
making it a useful tool in clinical settings. Raman
spectroscopy is used for analysing blood serum samples,
various tissue samples and oral swabs in research
laboratories.

The spectra obtained after analysis, provides a unique
chemical molecular ‘fingerprint’ for each sample.
Unwanted signal components can be removed from the
results. Raman spectroscopy has the ability to obtain
unique information in-vivo, and in real-time which could be
useful during operations. For many years, researchers have
investigated the use of Raman spectroscopy to distinguish
between cancerous and normal tissues, and successful
results have been achieved for brain, skin, head & neck, and
breast cancers, in adults as well as children [3][4].

The article summarises the history and fundamental
physics of Raman Spectroscopy, as well as published
literature in detecting cancers in the prostate, breast, lung
and oral cavity.

34 www.ysjournal.com | Special Issue | 2024 |

History of Raman Spectroscopy

Chandrasekhara Venkata Raman was an Indian physicist
who carried out research on light scattering along with his
student, K.S. Krishnan [5]. Raman discovered that deflected
light changes its path (wavelength and amplitude) as it
passes through transparent materials. This phenomenon
was named the Raman effect or Raman scattering [6].

Research in Calcutta, India, was conducted by Raman
and his group on the scattering of light in different liquids.
Initially, they used sunlight as a light source- where they
separated the light using coloured filters, which scattered
off the target liquid. As the effect was weak and difficult to
see, a telescope was used as a more intense light source.
They observed a colour shift in light scattered by various
liquids when they used the telescope to concentrate
sunlight [7].

Raman's work was greatly influenced by the discovery
of the Compton effect in 1922, which discovered that
X-rays could lose energy and shift to longer wavelengths
when they collided with electrons in an inelastic manner.
In Raman’s view, visible light scattering inelastically off
molecules could demonstrate something similar to the
Compton Effect [7].



n February 1928, Raman observed that the scattered light
was polarised, which distinguished the new scattering
effect from fluorescence. The new scattering effect was
observed to some degree in sixty different liquids examined
by him and Krishnan, which they submitted to the journal
‘Nature’ as a short paper named “A New Type of Secondary
Radiation” [7].

In general, most of the incident light is scattered elastically
(Rayleigh scattering), while very few incident photons
undergo inelastic scattering (Raman effect) [4]. Scientists
soon realised the value of this phenomenon as an
analytical tool and called it the Raman Effect. The current
applications of Raman spectroscopy range from the non-
destructive identification of minerals to the early detection
of life-threatening diseases. For his discovery, Raman was
awarded the Nobel Prize in Physics in 1930 [6].

In the 1950s, Raman spectroscopy was also developed
in different forms, including Tip Enhanced Raman
spectroscopy  (TERS), Surface Enhanced Raman
spectroscopy (SERS), Coherent Anti-Stokes Raman
spectroscopy (CARS), Resonance Raman spectroscopy
(RRS), and Stimulated Raman spectroscopy (SRS) which
greatly improved the method (e.g., its speed, resolution)
compared to spontaneous Raman. It was only in 1953 that
the first commercial Raman spectrometer was built [5].

Microanalysis was greatly enhanced by the introduction of
Raman spectroscopy with an optical microscope in the late
1970s. The micro-Raman spectrometer became useful in
biology, particularly for studying single cells as it is non-
destructive and has high resolution imaging [8].

Physics behind Raman effect

The Raman effect is a change in wavelength of light that
is scattered by electrons within a material [16]. Raman
spectroscopy relies on the inelastic light scattering of
a photon after it interacts with a vibrating molecule. The
energy required to excite a molecule’s specific vibration
corresponds to the energy difference between the incident
photon and its inelastically scattered counterpart [12]. The
Raman effect is used in chemistry for identifying molecules
by their structural fingerprint [6] [17].

Most biological molecules are Raman-active, and they
each have their own unique structural fingerprint. Raman
spectroscopy could be a powerful diagnostic technique
as it is extremely sensitive to biochemical and molecular
changes- which are vital for differentiation of tissue
samples [15] [18].

Theinteraction of electromagnetic radiation withamolecule,
results in three distinct events: absorption, transmission,
and scattering. Absorption and transmission are related
to middle infrared spectra (IR), whereas scattering is
responsible for Raman spectra [19].

There are three types of scattering of radiation: Rayleigh,
Stokes, and anti-Stokes. Rayleigh scattering is the most
common type of scattering, and no energy is exchanged.
Photons will return to the fundamental state after being
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scattered with very small energy differences, it is hence
also called elastic scattering [19].

A polarisation is caused when photons interact with
molecules and there is a difference in energy between
the incident and scattered photons, and therefore it is
called inelastic scattering. In Stokes scattering, energy
is transferred from the photon to the molecule, and
the scattered photon has a lower energy and a longer
wavelength. In anti-Stokes scattering, the scattered photon
has a higher energy and shorter wavelength [20]. At room
temperature, the molecules are mainly in the fundamental
state, so most of the Raman scattering measured is Stokes
scattering. Anti-Stokes scattering is only present in a small
portion of scattered light.

Very few of the scattered photons are inelastic (i.e., Stokes
or anti-Stokes Raman scattering), while most of the
scattered photons are elastic (Rayleigh scattering), so leave
the molecule with the same energy (and thus, unchanged
wavelength) as the incident photon [21].

Chemical and molecular features of biological molecules
(lipids, proteins, and DNA) can be identified by their
characteristic vibrational frequency, and therefore, any
changes in their chemical molecular fingerprints can be
analysed, and may provide pathogenic information [12].
Raman spectroscopy creates a molecular fingerprint of a
sample, and the Raman spectrum provides quantitative
information regarding the chemical composition of the
sample [17].

The mutation of DNA in cancer leads to changes in other
molecular components as well. Due to this, the cell's
chemical composition can be significantly altered. These
chemical changes can then appear as new or unique
signals related to a disease state. Raman spectroscopy
is an excellent tool for detecting these changes in the
molecular components that arise from diseases [4].

Advantages Disadvantages

e Non-invasive .
e High resolution imaging
e Relatively low cost compared to medical

Relatively low efficiency of the inelastic
light scattering compared to elastic
scattering samples

imaging techniques (e.g., ulfrasound, ¢ Sample components with low/weak
MR etc.) Raman signals often limit the speed of
e No exposure to ionising radiation the technique
e In-vivo fibre optic applications (e.g., for + Although high levels of chemical

hollow organs, blood vessels)
depending on the location of the tumour
e Potential early diagnoses of the cancer
e Ability to produce a spectral “fingerprint”
which represents the biochemical .
composition of a sample
e Accurate identification of organic and
inorganic samples .
e Potential to determine the presence and
the stage of disease progression

specificity- the changes that occur
between spectra of different classes can
often be minute and difficult to visually
observe

Limited in its ability to probe deeper
seated tissue at depth beyond
near-surface tissue layers

Power and exposure to light must be
controlled to prevent phototexic effects
on cells

Autofluorescence (sample dependent)
Low sensitivity

Need advanced data analysis

Access and knowledge of using the
equipment in primary care and hospital
settings

e Minimal/ lack of sample preparation

e Ability to use advanced optical
technologies in the visible or
near-infrared spectral range (lasers,

microscopes, fibre-optics)

e The possibility of performing analyses in
the presence of water since it does not
interfere with the spectra (unlike infrared
spectra)

¢ No need for labelling, dyes or toxic
waste products

R2YRA1B1T14]515]
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Progress in Raman Spectroscopy

Since the emergence of Raman spectroscopy in medical
use, significant progress has been made in the field of
Raman spectroscopy to aid in its potential transition into
clinical environments. Hand-held fibre optics probes,
endoscopes, needle probes for deep and subsurface
diagnosis have been developed to maximise the diagnostic
accuracy and speed of analysis [17].

Advanced statistical analysis, or chemometrics, is used to
understand and extract the chemically relevant information
found within the data obtained by the Raman spectrometer
[18].

The most commonly used analysis strategies for Raman
technologies are principal component analysis (PCA),
and linear discriminant analysis (LDA). Both LDA and
PCA are linear transformation techniques, however, LDA
is a supervised technique, whereas PCA is unsupervised.
Supervised algorithms use labels for all samples when
the model is made. Details of these analysis techniques
have not been discussed in this review as it is beyond the
intention of this paper [18].

Cancer

Cancer refers to diseases in which abnormal cells divide
without control and invade nearby, surrounding tissues. It
is also possible for cancer to spread through the lymphatic
and blood systems [9]. Cancer is the Latin word for crab,
because of the crab-like tenacity in grasping the tissues it
invades [10].

In 2020, there were an estimated 19.3 million new cancer
cases worldwide and almost 10 million cancer deaths. By
2040, the global cancer burden is projected to reach 28.4
million cases, an increase of 47% from 2020. Global cancer
mortality and morbidity control requires early cancer
detection measures [11]. The majority of cancer deaths
occur in underdeveloped countries due to poor healthcare
systems and insufficient medical resources, although even
developed countries (i.e., the United States and the United
Kingdom) with access to the most advanced technologies
and treatments are also projected to see an increase in
cancer cases [12].

The goal of early cancer diagnosis is to detect symptomatic
patients as soon as possible so they have the best chance
of being treated successfully. The cancer survival rate
depends on the type and place of the cancer and most
importantly on the time of diagnosis [14]. When cancer
care is delayed or inaccessible, the chances of survival are
reduced, treatment is more problematic, and the cost of
care is higher. Cancer diagnosed in early stages improves
treatment and survival outcomes, making it an essential
public health strategy [13].

Cancer diagnosis is usually made by histopathology, such
as by sampling tissue, testing blood, or assessing cytology.
Magnetic resonance imaging (MRI), positron emission
tomography (PET), ultrasound, and computed tomography
(CT) are examples of biomedical imaging techniques that
can provide doctors with information about a tumour’s
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tri-dimensional volume, structure, and composition. As a
result of these imaging techniques, the ability of surgeons
to resect tumours has been greatly improved, and has led
to important advancements in cancer management [12].

Diagnostic methods capable of avoiding ionising radiation
would have significant benefits. It is necessary to develop a
technique that is minimally invasive, accurate, reproducible,
fast, non-destructive, and cost-effective [15]. Using Raman
technology to differentiate between cancerous and non-
cancerous tissues may be useful to evaluate a patient’s
tissue in real-time during surgery [12].

Samples used for analysis

The ideal biological samples for diagnostic tests are
biofluids (i.e., blood, urine, or saliva) as their collection is
non-invasive and they can be obtained repeatedly without
harming the patient. Also, biofluids are composed of
important chemical components, including DNA, hormones
and proteins, which make them perfect for analyses via
Raman spectroscopy techniques. Therefore, research has
been focused on evaluating the use of Raman technologies
to analyse the biofluids of cancerous and non-cancerous
patients [12].

The use of tissue samples to diagnose various forms
of cancer when studied and analysed using Raman
spectroscopy and chemometrics, has great potential.
While the collection of tissue samples can be invasive
and uncomfortable for the patient, histopathological
diagnoses- which are usually subjective, experience-
based, and not always accurate- can be confirmed using
Raman spectroscopy analyses of tissue samples. Raman
spectroscopy can therefore increase the accuracy of
diagnostic procedures. To understand the full extent and
capacity of Raman spectroscopy use in cancer diagnosis,
in vivo analysis experiments are being undertaken to see
whether the technique has potential intraoperative benefits.
Tissue samples are advantageous since they can indicate
the presence of cancer in the body, therefore, tissue is
frequently biopsied and is readily available for Raman
spectroscopic analysis for the purpose of diagnosing
cancer [18].

Cytology (cells) samples are easy to collect, cause less
discomfort for the patient, cost less money, and are less
likely to result in complications in comparison to tissue
sample biopsies. Hence, Raman spectroscopic analysis
of cells, in combination with advanced analysis methods
(chemometrics), have been used for diagnosing cancers
[18].

Prostate cancer

There were 1,414,259 recorded prostate cancer cases in
2020 [11]. Prostate cancer is the second most frequent
cancer diagnosis in men and the fifth leading cause of
death worldwide [23]. Raman spectroscopy has been used
as a technigue in early, non-invasive detection of prostate
cancer since 2003 by numerous researchers. A summary
of selected published research has been condensed in the
table below.



Author Cancer site Samples Results Comments

Porter et al. 2003 | Prostate Serum (bload, and | 96% sensitivity Differentiated

2 urine) using SERS | 98% accuracy between prostate
cancer patients
and healthy
volunteers

Lietal Prostate Serum (blood Accuracy of Differentiated

124 samples) using 98.1%
SERS and silver

nancparticles

between malignant
condition and
healthy volunteers

Medipally et al Prostate Serum (blood Sensitivity 96 5% | Differentiated
24 plasma) using Specificity 35% between malignant
PCA-LDA and High condition and
Throughput-Raman healthy volunteers
Spectroscopy
Crowe et al Prostate Tissue (biopsy) Accuracy 89% Differentiated
- between benign
condition and
malignant
condition
Prostate Cells by PCA-LDA | 95% sensitivity Differentiated

Corsetti et al.
ol and 88%
specificity

between normal
and metastatic
hormone-resistant
prostate cancer

Oral cancers

There have been 377713 cases of lip and oral cavity
cancers in 2020 [11].

Oral cancer incidence has been increasing, and is a large
problem worldwide. This cancer can rapidly spread, which
emphasises the urgent need for early detection and
monitoring [3]. Results from several experiments in selected
published research papers have been summarised in the
table.
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Breast cancer

Worldwide, there have been 2,261,419 reported cases for
female breast cancer in 2020 [11]. It is the most common
cancer in women [10]. The management of these cancers
not only has significant mortality and morbidity but also
has significant emotional and psychological effects on
the patients. The use of minimally invasive optical imaging
Raman spectroscopy techniques can greatly improve the
accuracy of breast cancer diagnosis, by reducing the false
positivity rates associated with mammography, as well as
differentiating between benign and malignant conditions
[10].

Lung cancer

Lung cancer had the highest cancer mortality rate in 2020,
with 2,206,771 cases, and 1,796,144 deaths worldwide
[11]. Lung cancer is one of the most common causes of
cancer related death, impacting millions of people annually
[3]. Despite advances in surgical, radiotherapeutic, and
chemotherapeutic treatments, the long-term survival
rate for lung cancer remains low. Low survival-rates are
a reflection of the fact that almost 75% of patients have
late-stage disease, when effective treatment is unlikely to
succeed [17].

Author Cancer site Samples Resulis comments
Murali Krishna | Oral Ex-vivo tissues prediction Differentiated between Author Site Sample Results Comments
etal 2012 analysed using accuracies ranging normal control
? fibre-optic probe from 72-96% pre-malignant, and Wong et al Lung Tissue by accuracies of 91% for Differentiated between
Raman spectrometer malignant sites 2 CARS normal tissue and 92% | normal, benign, and
Sahu et al Oral serum (blood and d\agrjc_)stic Differentiated between microscopy for cancerous fissue malignant lung tissues
201314 gggzﬁﬁm;l‘es by zigi:zz:;; and Euuﬁgci T:;SES? :ﬂ"g Hﬂet al. Lung Serum 100% sensitivity and Differentiated between
PCA-LDA spectral accuracy of 98.6%, | healthy volunteers (blood) by specificity healthy volunteers and
analysis 87.1%, and 93.7%, malignant/cancerous
respectively
Daniel et al. Oral tissue using PCA and 98.9% accuracy for | Differentiated between
2014 18 discerning the two normal and cancerous
groups oral tissue
Pachaiappan Oral blood plasma and Algorithms Differentiated between
etal 2015 saliva by PCA-LDA separated the healthy individuals and Conclus ion
18] normal group from patients with oral sub
the pre-malignant mucous fibrosis and oral
group with 98 3% scC . . .
e 1 in 2 people will develop some form of cancer during
e their lifetime, and it is a leading cause of death worldwide.
malgnant group Because of its association with mortality and morbidity,
b d L . . . - .
T it is vitally important to dlagnpse cancer as early-on in
its progression as p083|b|§. This review proposes Raman
spectroscopy as a potential additional diagnostic tool for
Pachaiappan Oral blood plasma and PCA-LDA with Differentiated between '[hIS ’[aSk. |ﬂ a Val’ie’[y Of differeﬂt WayS, the Combina’[iOﬂ Of
etal 2015 saliva by PCA-LDA LOOC-CV algorithms | healthy individuals and . . .
L with LOO-CV sopersted normal | patients with oral sub Raman spectroscopy with advanced chemometric analysis
(Leave-One-Out from pre-malignant mucous fibrosis and oral . . .
Cross-Validation) samples with 96.4% | cancer haS provel’] |tS Usefuh’]eSS fOI’ dlagnOSIﬂg cancer.
tivity and
?E:ﬁéﬁfi'?e?:m
and normal from . . .
malignant samples These techniques have considerable potential to reduce
th 93.8% . . . .
gén;ni§|V|ty an. large numbers of normal invasive biopsies, reduce the
i time delay between screening and diagnosis, and therefore
Brindha et al Oral Serum (urine) sample | 98.6% sensitivity Differentiated between . - . . .
2015 and 87 1% oral cancer and healthy diminish patient anxiety, and make treatment more effective
1, specificity, with an donors . .
overal accuraoy o and successful to reduce the worldwide cancer mortality
% for identifyin
the cancer pal\entsg I’a’[eS
Guze et al Oral In vivo using Raman 100% sensitivity and | Differentiated between
2014 fibre-optic systems T7% specificity pre-malignant/malignant . . . . .
- PCA-LDA wih lesionsand The next important step is to bring this technology into
-CV. normal/benign tissue L . . .
clinical usage by taking Raman technologies and placing

them in the hands of a primary care team i.e., general
practitioners, nurses, or caregivers.
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Stem Cells in the Regeneration of
Major Visceral Organs: Reduction
in Xenotransplantation-associated
Medical and Ethical Complications

Hemshankar Laugi

Abstract

Organ failure at a higher pace than organ supply has been a burning issue in today’s
world with respect to the growing life expectancy and the human population of the
world. Although several modern advances have been made in cell regeneration to date,
This
research serves to discuss the current trends of organ demand and organ supply, highlight
the breakthroughs
xenotransplantation, and seek an alternative and reliable method to mitigate the challenges

the demand for healthy and well-functioning human organs exceeds the organ supply.

in organ transplantation, analyze the prospects and challenges of

seen in xenotransplantation.

Introduction

Organ transplantation is an effective approach to replacing
a malfunctioning organ with a well-functioning one. With
the advent of the growing lifespan of people, the number of
cases of organ failureis rising at a higher rate than the supply
of well-functioning organs. According to the US Government
Information on Organ Donation and Transplantation, more
than 27000 patients were on the transplant waiting list in
the year 1992, but only around 16000 transplants were
done [1]. In 2016, around 86000 patients were left without
a well-functioning organ. As of January 2019, more than
112000 patients were on the transplant waiting list, but only
about 39000 transplants were done and around 73000
patients didn't get organs [1]. The trend of organ demand
and supply in other parts of the globe is even worse than
this. As shown in figure 1 below, the number of patients
on transplant waiting lists has increased around four-fold
between 1992 and 2019, while the number of donors has
increased only marginally. Hence, it is the need of the time
to develop an appropriate method of organ transplantation
to reduce deaths related to organ failure.

Statistical data on donors, transplants and waiting list
patients since 1992

.____.___'___0——-
1992 1995 1598 2001 2004 ] 0 1 1 0
> & Tran d it
Figure 1: Organ Donation and

Transplantation Statistics in the United

States (Source: https://www.organdonor.
gov/statistics-stories/statistics/data.
html)

Methods

Databases like Google Scholar, Pubmed, and SCOPUS
were searched to find and study the available research
papers in detail. The prospects and challenges of
xenotransplantation were analyzed. After researching
several potential approaches to mitigate the challenges in
organ transplantation, a conclusion of using stem cells for
the purpose was generated.

Results

Xenotransplantation has the potential to reduce the gap
between organ demand and supply Pigs are commonly
used animals, and show cardiac output, glomerular filtration
rate, and insulin production mechanisms similar to those of
humans. This similarity increases the chances of success
of pig organs in humans. These animals can be genetically
manipulated and reproduced in alab to get more organs that
perform similar functions to that of human organs without
autoimmune rejection. However, ethical implications such
as animal mistreatment, and medical complications such
as organ rejection and infection with Porcine Endogenous
Retrovirus doesn't make xenotransplantation an effective
solution to solve organ crisis. The use of pluripotent stem
cells is found to be a promising way of generating viscera.
Although there are some chances of cellular contamination,
ensuring a hygienic environment while growing stem
cells could easily reduce the contamination. The current
knowledge of using stem cells in organ regeneration is
still limited. Hence, adequate research is to be done in
order to use reprogrammed pluripotent stem cells in organ
regeneration and transplantation in such a way that tumor
formation, immunologic stem cell rejection, and other stem
cell therapy-associated risks can be limited.
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Discussion

Xenotransplantation is a scientific approach to transferring
healthy and well-functioning organs from one species
to another in a way that the transplanted organ doesn't
get rejected by the recipient’s immune system [2]. The
difference in molecular and biological processes going
in immune systems of different species differ posing
a risk of rejection. This concept was put forth after the
Xenotransfusion of blood from lambs to humans in 1667 [3].
The idea of organ xenotransplantation was hypothesized
by Professor Keith Reemtsma in the late 1960s. According
to him, chimpanzees bear similar genetic makeup and
close evolutionary relationships with humans. Hence,
their kidneys can be transplanted into humans to solve
organ crises [4]. During the period 1963-1964, 13 kidney
transplantations were performed. However, the majority of
patients died due to either organ rejection or infection. This
highlighted the complexity of the human immune system
in using organs from other animals [5]. With the advent of
these medical reports, researchers noticed that non-human
primates were not suitable source animals for clinical
xenotransplantation. Moreover, difficulty in animal breeding
for organs further created hindrance in xenotransplantation
[6]. After the 1990s, successful experiments on pigs drew
the attention of researchers in using porcine organs to
solve organ crises.

Date Organ Past Record Result  after the | Surgeon | Refer
Transplant ences
1906 Out of two |RenalFailure Sudden death Jaboulay | [39]
patients,  goat
kidney into one
and pig kidney
into another
1 March, | liver Death  during the | Starzl et.al | [40]
1963 SUrgery due to
coagulation  disorder
& uncontrolled
bleeding
11 June, Left Lung Left lung | Death after 18 days | James D. | [41]
1963 bronchial due to renal failure | Hardy
carcinoma and infection
1963/64 | Chimpanzee Renal failure Death after 9 month | Keith [4.15]
kidney due to acute | Reemtsma
electrolytic
disturbance
18 Jan, Chimpanzce Atheromatous Death after 2 hour due | James [4.15]
1964 heart vascular disease | to inadequate blood | Hardy
circulation
1967 liver Hepatocellular | Death after 1 year due | Thomas [40]
cancer to disease | Starzl
reoccurrence
2/3 Dec, | Orthotopic Coronary Death after 14 days | Christian | [42]
1967 heart transplant | insufficiency due to radiographic | Barnard
mnfiltrates in lungs
1993 Pig islet Diabetes Success after reporting | Carl Groth | [4]

porcine C-peptide in
some patients only

Tablel: History of human organ
Transplantation.

Pig as a source of organ

Animal breeders have reported possible benefits in using
porcine organs as human organs because pigs can be
grown quickly to about the desired size. Also, they produce
large litters and can be reared in specific pathogen-
free conditions [7]. Moreover, pigs can be genetically
manipulated to produce porcine organs that are resistant
to rejection [8]. These all have drawn attention to the use of
porcine organs in reducing organ shortage. Physiologically,
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pigs show identical cardiac output, stroke volume, heartbeat
rate, mean arterial pressure, and myocardial blood flow to
that of humans that meet physiological needs of humans

[9].

The kidney plays a significant role in maintaining
homeostasis, salt and water balance, excretion of
metabolites, electrolyte balance, and regulating body fluid
and osmolarity. Porcine kidneys exhibit the maximum
concentrating ability of 1080 mOsm/L and a glomerular
filtration rate of 126-175 ml/h [10]. These are found
to be identical to those of human kidneys that have a
glomerular filtration rate of 125 ml/min [10]. This shows
that pig kidney anatomy is remarkably similar to the human
kidney, giving better hope in using porcine kidneys to
solve ongoing kidney shortages [10]. Erythropoietin is a
hormone synthesised by the kidneys, which is essential
for regulating the production and maturation of red blood
cells, also known as erythropoiesis. With regard to the
transplant of a porcine kidney into the human, it has been
reported that human erythropoietin receptors on red blood
cell precursors in the bone marrow can't recognize porcine
erythropoietin. As a result, this hormone from pigs doesn’t
function well in humans. However, using recombinant
human erythropoietin has shown positive results [7].

Pig lung is reported to be able to provide adequate
oxygenation and carbon dioxide exchange in nonhuman
primates, althoughenoughexperimentshaven'tbeencarried
out with the xenotransplantation of pig lungs [11]. Pig lungs
exhibit survival up to only 5 days in non-human primates
and hence no definite conclusions can be made about the
survival rates in humans [11]. Researchers have reported a
limited survival rate with pulmonary xenotransplantation
from pig-to-human as compared to other major solid
organs [15]. Lungs are able to release large amounts of
von Willebrand Factor that binds GPIb on human platelets
thereby triggering hemostasis. This eventually activates
blood platelets leading to blood clotting. A possible future
strategy to control this includes using transgenic pigs that
express tissue factor pathway inhibitors or CD39 [15].

Insulin extracted from pig islet cells after transplantation
into humans has been used for the treatment of diabetes
for decades. As porcine islets produce insulin which is
physiologically similar to that of humans, pigs are found
to be a reliable source of obtaining islets which greatly
help in the treatment of T1D (Type-1 Diabetes) [12].
Several experiments conducted on genetically engineered
pigs have revealed a greater success rate in using pigs
for xenotransplantation. For example, the use of alpha
1,3-galactosyltransferase gene knockout (GTKO) pigs
greatly helps in reducing cases of immune rejection
thereby improving compatibility between the donor and
recipient [13]. Valdez-Gonzalez demonstrated a new way to
reduce insulin requirement by the human body by grafting
neonatal porcine islets into the subcutaneous tissue of 12
children with Insulin-Dependent Diabetes Mellitus (IDDM)
without using immunosuppressive drugs [25]. Hence, pigs
could be a possible source of major organs required for
xenotransplantation in the future which can successfully
limit the gap between the organs need and supply.
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Organ Rejection

When the immune system of the organ recipient
recognizes the donor organ as foreign elements such as
microorganisms detrimental to the recipient, it rejects the
donor organ and thus donor organ can't function in the
recipient's body. Organ transplant rejection is usually of
three types namely hyperacute, acute and chronic rejection.
Hyperacute rejection is normally caused within minutes
or hours after the organ transplant when the recipient’s
immune system produces specific antibodies against the
organ, as it considers the donor organ as a foreign harmful
element. Acute rejection occurs when specific lymphocytes
in the recipient’s body recognize Human Leucocytes
Antigens (HLAs) in the donor organ transplanted in the
recipient’s body. It generally takes place within some days
or weeks after the organ transplantation. Finally, chronic
rejection usually occurs within months or years after the
transplantation. Various mechanisms involving chronic
inflammation, humoral, and cellular immune reactions
contribute to the immune pathogenesis of chronic rejection
[14].

Concerns with Xenotransplantation

Medical concerns deal with the recipients being highly
susceptible to xenozoonosis after receiving porcine
organs. The recipients of porcine organs are prone to
Porcine Endogenous Retrovirus (PERV), a pig virus from
the same family as HIV, which gets incorporated into
human deoxyribonucleic acid (DNA) after undergoing
xenotransplantation. The genome of pigs contains many
loci coding for Endogenous Retrovirus (ERV) which aren't
found in humans. These viruses are inherited after the
transplantation causing infection in the recipient’s body
[16]. Retroviral transmission after xenotransplantation
leads to altered gene expression in the recipient’s genome.
So far, three closely related C-type porcine endogenous
retroviruses that are capable of retroviral transmission have
been identified in the pig. They are labeled as PERV A, B, and
C. Although PERV-C infects only pig cells, PERV-A and -B
can infect both human and pig cells in vitro. Human cellular
receptors for PERV-A namely HUPAR-T and HUPAR-2 have
been identified. PERV mRNAs are expressed in all pig
tissues and in all breeds of pig tested to date [17].

In addition to serious medical concerns with
xenotransplantation, there have been several ethical issues
with it. The most important criticism expressed is going
against religious norms and values. Consequentialist
arguments consider the process of transgenic animals’
organ transplantation into the human to be unacceptable
due to several immunological barriers seen after the
transplant. Animal rights activists strongly oppose the use
of pigs in breeding genetically for more organ production
required for the welfare of humans by solving the organ
crisis [18].

Overcoming Xenotransplantation-
associated Risks

With the advent of xenotransplantation-associated risks,
scientists are seeking out new reliable techniques to reduce

these risks. They are trying to use transgenic pigs (pigs
that have foreign genes inserted into their genome) in the
transplantation. The human gene responsible for producing
a complement regulating protein namely CD55 and CD59
is incorporated into the pig genome. Kidneys taken from
these transgenic pigs having gene coding for CD55 in their
genome showed increased protection against hyperacute
rejection, even in the absence of immunosuppressive drugs
[19].

CRISPR/Cas9 genome editing system was first discovered
as an RNA-guided defense mechanism and a self-adapted
bacterial immunity for the protection from bacteriophages
and other foreign elements. It helps to edit or remove any
genetic elements responsible for causing the infection. It
is used by bacteria as an adapted immunity system to be
protected from phages when they infect the bacteria the
second time. It is a kind of memory [20]. Scientists have
successfully reported high chances of survival with the use
of porcine organs by using CRISPR-Cas9 genome editing to
modify the genes which cause the immunologic responses
to the porcine grafted organs namely HAR, AHXR, immune
cell-mediated rejection, and chronic rejection [21]. In 2017,
scientists successfully inactivated PERVs in a porcine
primary cell line and generated PERV-inactivated pigs
using the same technology,using Somatic Cell Nuclear
Transfer (SCNT) technology to produce embryos of pigs
that are free from PERV [22]. Although the use of CRISPR-
Cas technology helps to produce transgenic pigs to
increase the rate of successful organ transplantation, the
aforementioned ethical issues remain unsolved.

Stem Cells in generating functional
organs: Future Perspectives

Stem cells are the specialized cells that possess the ability
to perform specialized functions after undergoing genetic
reprogramming. For instance, a single stem cell can be
specialized to perform functions of nerve cells, blood cells,
osteoblasts, etc. after undergoing genetic reprogramming.
Hematopoietic Stem Cells (HSCs), found in bone marrow,
can be reprogrammed to perform functions of nerve cells
and so on. Despite several complications seen in stem cell
therapy, these cells have created a new platform for the
treatment of a number of dreadful diseases like cancer,
diabetes, cardiovascular diseases, sight loss, memory loss,
Alzheimer's disease.

They are used in checking the efficiency of new drugs. For
example, a drug prepared by a researcher to cure a nerve
disease can test on nerve cells created from stem cells in a
lab before undergoing human trials. Adult stem cells have
self-renewal capacity and, though limited in magnitude,
pluripotency. Generally, these primitive cells are stored in
a specialized environment called a niche, where they are
protected from harmful foreign particles and are provided
with a favorable environment required to grow [43]. Within
the niche, they remain connected to supporting cells and
are kept quiescent until some activating signal is exposed
to them. As soon as they are activated, tissue-specific
adult stem cells divide, migrate to leave the niche, and
differentiate to replace senescent or worn-out cells within
the damaged organ. These specialized cells can repair mild
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injuries in various organs such as the liver, intestine, skin,
kidney,, and thus, make damaged organs well-functional,
thereby solving organ crisis [26].

A number of researches on stem cell therapy have revealed
the chances of cloning new organs from stem cells. This
helps to reduce the demand for organs. Researchers
have successfully generated mammary glands and the
prostate in vivo from a single adult tissue stem cell [23]. On
transplanting single stem cells from adult mouse mammary
glands in the fat-pad mice, researchers have reported the
successful production of the secretory mammary gland in
the recipient mice. It is long believed that mammary glands
undergo extensive growth at puberty and further expansion
and retraction during pregnancy under the influence of
the female sex hormone called estrogen. These natural
phenomena have revealed the availability of stem cells in
the mammary glands [24].

Heart Regeneration

Cardiac cells get destroyed under the attack of heart
diseases, which limits the proper functioning of the heart.
Reparative and regenerative stem cells have the capability
to restore cardiac function. Stem cell therapy has emerged
as a protective and effective strategy to improve heart
function disturbed by the attack of heart diseases via
repairing the infarcted myocardium and promoting cardiac
regeneration. Reprogrammed stem cells are able to replace
senescent cells in the damaged heart. Various cell types,
including embryonic stem cells (ESC), induced pluripotent
stem cells, bone marrow, and other adult tissue-derived
mesenchymal stem cells (MSCs), hematopoietic stem cells
(HSCs), and endothelial progenitor cells can transform into
cardiac myocytes both in vivo and in vitro after undergoing
genetic reprogramming. Cardiac damage leads to the loss
of cardiomyocytes, which needs to be repaired for the well-
functioning of the heart. With the advent of using stem cell
therapy in restoring cardiac function, resisting the pro-death
environment in the myocardial tissue has been a major
obstacle to patient recovery. Stem cell survival signaling
pathways such as Phosphatidylinositol 3-Kinase (p13K)/
AKT and Mitogen-Activated Protein Kinase (MAPK) ensure
cell survival after stem cell transplant [45]. With regard to
several complications seen after stem cell transplantation,
pretreatment of stem cells with exosomes, small molecule
inhibitors, miRNAs, peptides, etc, has given positive results
in reducing these complications. Moreover, undergoing
genetic modification further solves the problem [27].

Liver Regeneration

The liver is an organ having maximum regenerative
capacity in the body. Direct reprogramming in fibroblasts
or human Induced Pluripotent Stem Cells (iPSCs) leads to
the production of new hepatocytes that can successfully
restore liver function. However, any error in iPSC genetic
reprogramming triggers carcinogenesis in vivo. Also,
incomplete differentiation of iPSC into hepatocytes
results in impaired hepatocyte function. With regard to
solving these challenges in using iPSCs, Human Hepatic
Stem Cells (HpSCs) from the liver lineage has therefore
become a reliable alternative source to generate primary
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hepatocytes. It has been found that HpSCs obtained
from fetal and postnatal livers give rise to differentiated
hepatocytes in vitro and more mature hepatocytes in vivo
[28]. Migrating inactive or senescent hepatocytes into the
cell cycle and undergoing their development beyond the
restrictive point in the G1 phase of the cell cycle leads to
liver regeneration. Scientists have reported successful
hepatic regeneration with the restored liver function via
the mitogenic action of three main growth factors namely
hepatocyte growth factor (HGF), epidermal growth factor
(EGF), and transforming growth factor-alpha (TGF-a) on
hepatocytes after stimulating DNA synthesis [29].

Kidney Regeneration

Pluripotent stem cells, iPSCs, and ESCs have been
considered as potential means of repairing senescent cells
in kidneys damaged due to kidney diseases. In course of
using these cells in restoring kidney function, these cells
need to be differentiated into mature renal cells. This greatly
reduces tumorigenicity intrinsic in pluripotent stem cells.
Genetic reprogramming in these stem cells helps to obtain
desired target tissue [30]. It has been successfully reported
that iIPSC can retain both genetic background and distinct
epigenetic memory of the cells of origin. This potentiality
of iPSC can greatly help in using these stem cells in cell
therapy and kidney regeneration [31]. Cinzia Rota et. al have
shownthatinjectingiPSC-derived RPCsinto mice with acute
kidney injury (AKI) leads to improvement in renal function.
Moreover, it has been found that injecting murine bone
marrow in cisplatin mice results in improved renal function.
This has shown that MSCs can also help in the regeneration
of the damaged kidney [32]. Besides these, Togel and co-
workers, while working on the case with reperfusion injury,
have found a renoprotective effect with bone marrow MSCs
through the secretion of several biologically active factors
with anti-apoptotic, immunomodulatory, anti-oxidative,
and pro-angiogenic properties. Thus, these cells show
promising results in repairing damaged kidneys [30].

Lung Regeneration

Stem cell differentiation mediates lung repair and
regeneration. Signaling pathways like Wnt and Notch
greatly help in stem cell self-renewal and in regulating
regenerative responses [44]. So far, several groups have
successfully demonstrated activation of canonical Wnt
signaling in various compartments in the lung undergoing
active regrowth and regeneration via the use of Wnt
reporter lines [33]. Different specialized cell types with
lungs have created a challenge in generating human airway
and alveolar epithelial cells from iPSCs. In course of lung
regeneration, human iPSCS should be reprogrammed
to obtain definitive endoderm followed by generation
of anterior foregut endoderm. Lung endoderm can be
derived from this anterior foregut endoderm. It can then
subsequently be guided towards bronchial progenitor
cells (Sox2+) or alveolar progenitor cells (Sox9+), and
finally towards bronchial or alveolar epithelial faith. Several
studies have shown the differentiation of ESCs and iPSCs
into the most numerous cells of alveoli i.e AT-II cells [44].
Moreover, research on MSCs has revealed the potentiality
of these cells derived from human umbilical cord blood in
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generating alveolar cells by culturing them in lung-specific
differentiation media [34].

Limitations of using Stem cells in
Organ Regeneration

Stem cells should undergo genetic reprogramming to
be able to regenerate a damaged organ. A myriad of
biomolecules such as transcriptional factors, enzymes,
signaling molecules, and miRNAs are found to be
associated with the genetic reprogramming of stem cells.
Recent molecular and cell biology studies have revealed
how a limited number of reprogramming factors can initiate
specific genomic remodeling that changes the molecular
and cellular machinery of cells [35]. Genetic modification
leads to epigenetic alterations and a single alteration in
any locus of a gene leads to further change in the entire
cellular mechanism which can be challenging to be tackled.
Retroviruses and lentiviruses possess the capacity to
generate human iPSCs. These viruses undergo genetic
alteration to encode the genes required for transformation
into an iPSC. By using the derived iPSCs, the used viruses
can integrate into the cell genome. This leads to the risk
of getting infected by these viruses [37]. There has been
a major social risk in using ESCs as a source for organ
regeneration. In order to use ESCs in repairing diseased
or damaged organs, new ESCs lines need to be created.
This results in the destruction of the embryo, which raises
a major ethical concern in using them as a potential
source of organ regeneration. Other risks of stem cell
transplantation include tumor formation, inappropriate
stem cell migration, and immune rejection of transplanted
stem cells [36]. Furthermore, several cases of organ and
tissue transplantation have revealed a greater chance of
transmission of several infectious agents from donor cells
to the recipients [38].

Conclusion

Xenotransplantation has been found to be an effective
way to reduce the gap between organ demand and supply
thereby saving thousands of lives worldwide. However,
with regard to serious medical and ethical complications
observed in xenotransplantation, the use of pluripotent
stem cells is found to be a promising way in organ
regeneration and transplantation. There is a greater
chance of cellular contamination while growing stem cells.
Therefore, all the steps involved in this process must be
conducted in a safe and hygienic environment. The current
knowledge of using iPSCs or MSCs in organ regeneration
is still limited. Hence, adequate research is to be done in
order to use reprogrammed pluripotent stem cells in organ
regeneration and transplantation in such a way that tumor
formation, immunologic stem cell rejection, and other stem
cell therapy-associated risks can be limited.
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Automated system to detect and solve
water parameters issues

Alhassan Ahmed

Abstract
The study aims to establish a comprehensive, efficient, and sustainable automated system in
order to solve the issue of water pollution. The main focus of the study is to resolve the
consequences of manual and sporadic water analysis by creating a system that efficiently
treats deviations in different water parameters. Water parameters are the physical,
chemical and biological properties of water that defines its usage and example of such
parameters includes total dissolved solids (TDS), pH, heavy metals, temperature, dissolved
(DO), and turbidity.
any deviation from the safe range can be solved immediately. Another main concern was
The final
system was decided to consist of Arduino board, TDS sensor, pH sensor, temperature sensor,
GSM module, WI-FI module, In fact,

best types of sensors was a concerning demand for the study. The results showed that the

oxygen Through analyzing the defined water parameters frequently,
determining the modifiers that will be used to fix flaws in the defined parameters.
and a receiver.

heavy metals sensor, determining the

system will decrease the time required and the effort exerted in order to check the water

parameters regularly. In addition,

in water parameters,

Introduction

Recently, water pollution has increased drastically resulting
in many devastating consequences such as the destruction
of ecosystems, poisoning cases, crops corruption, as well as
the spread of fatal diseases (cholera, diarrhoea, dysentery,
hepatitis A, typhoid, and polio). Many solutions were found
to treat only one type of water pollution. However, the
weaknesses of these solutions are vast. First, the solutions
are incomprehensive as they fix one flaw and neglect the
others. For instance, using sodium carbonate (Na2Co3) to
solve the high pH problem and neglecting the issue of high
TDS. Second, the irregular checking of water parameters
can cause dramatic consequences so finding a method
that measures the water parameters instantly is important.
Consequently, the study tried to create an integrated
system that will automate the process of checking water
parameters. The study focused on two aspects:

1- The types of sensors used in measuring the parameters.
2- The modifiers used to fix the flaw of different water
parameters.

For example, the heavy metals pollution has been a serious
pollution type due to the increase of anthropogenic activity,
which has increased lately in metal industries. Fortunately,
orange peel after undergoing pyrolysis reaction was
discovered to be an eco-friendly, sustainable, and efficient
solution in detoxifying heavy metals in both the soil and
the water. Due to the cellulosic nature and the presence
of carboxyl, sulfur and nitrogen acids of orange peel, it

the system displayed high efficiency in fixing any flaw
consequently lowering the repercussions of water pollution.

will perform as an efficient heavy metals adsorbent after
going through the pyrolysis process. The pyrolysis process
will ionize the carboxyl, sulfur and nitrogen acids that
will acquire negative charge in orange peel making. As
the heavy metals ions are positively charged, they will be
attracted to the ionized groups making an ion exchange
process between the heavy metals and the orange peel
that will eliminate heavy metals pollution. In fact, orange
peel has proved to be reliable in decreasing the TDS and
stabilizing neutral pH between 6.9-71 making the water
available for most potable uses.

Results and Discussion
A. Sensors
1. Temperature sensor

There are various types of temperature sensors:
thermocouples, RTD (resistance temperature detectors),
thermistors and infrared sensors. Each of these sensors
have unique features and limits as well that will be discussed
in detail.

I- Thermocouples

The thermocouples sensor is a very common type of
temperature sensors that relies on the voltage difference
between two used metal rods. When heat is applied to
the two rods (of different material), a voltage difference
starts to occur due to the excitation of the atoms making
electrons travel along the rods. As each material's

45 www.ysjournal.com | Special Issue | 2024 |
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resistivity is unique, a voltage difference between the two
rods will occur. To determine the measured temperature,
the sensor is calibrated at different temperatures. Different
combinations of metals guarantee different ranges of
temperature measurement. The downsides of these
thermometers are the nonlinear relationship between
temperature and voltage, the high probability of zero errors
and the large time consumption to reset and measure the
temperature.

(1]
R = Ry(1 + aAT)
Ry: Initial resistance.
R: Resistance after the temperature change.

a: Temperature coefficient of resistance
“constant for each material”.

AT: Change in temperature.
|4
I

R: Resistance.

R =

V: Voltage.

I: Electric Current

IT- RTD (Resistance Temperature
Detectors)

Similar to the thermocouples sensor, the RTD sensor relies
on the effects of temperature on electrical characteristics
namely, electrical resistance in the case of the RTD. What
makes the RTD better than the thermocouple is the linear
relationship between resistance and temperature: As
resistance increases, temperature increases. [2]

III - Infrared Sensors

Like any light wave, infrared waves can be absorbed or
reflected. The infrared sensor absorbs the emitted infrared
from the target. Afterwards, a device called thermopile
converts the thermal effect of the infrared waves into
an electrical signal that indicates the temperature
measurement. To increase efficiency, infrared sensor uses
thermopile to determine the intensity of infrared waves
emitted from the object “water in that case”. Consequently,
the temperature will be measured using The Stefan-
Boltzmann Equation:

1= eoT?
I: Intensity of infrared emission.

£: Emissivity constant “between 0.95-1.00 for
water depending on its purity™.

o: Stefan Boltzmann’s constant = 5.67 x 10—8
watt. meter 2. kelvin™.

T: Temperature in kelvin.
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In order to measure the water temperature accurately,
the water emissivity must be determined first by taking a
sample and heat it until it reaches a known temperature
using infrared source of a known intensity. Eventually, the
emissivity could be determined from the Stefan Boltzmann
equation. Infrared sensors have many advantages like being
efficient and fast in measuring the “surface temperature” of
any object. Not to mention, it does not react with the water
causing any potential pollution due to unintended chemical
reactions. On the other hand, infrared sensors can cause
the greenhouse effect, so consistent use can be detrimental
to the environment. [3]

IV-Thermistors

The thermistors sensor relies on resistance to measure
the temperature. The main difference between thermistors
sensors and RTD sensors is the response time and
temperature measurement range. Thermistors sensor has
short response and narrow temperature measurement
range of thermistors. On the other side, the RTD takes
longer time, but guarantees higher measurement accuracy
and wider temperature measurement range. Moreover,
the relationship between temperature and resistance is
exponential in thermistors sensors which reduces the
accuracy. There are two types of thermistors sensors:
NTC (Negative Temperature Coefficient) and PTC (Positive
Temperature Coefficient). NTC thermistors have an inverse
relationship between resistance and temperature, while
PTC has a direct relationship. [4]

2. pH Sensors

The pH sensors are divided into two main types: one
consists of glass electrode and the other consists of non-
glass electrode. Both types depend on the Nernst equation
in determining the value of pH.

Nernst Equation

Nernst Equation:

_ RTl
v=—n(Q
V: Voltage

concentration of products
concentration of reactants

Q: Quotient =
R: The gas constant (8.314 J mol 1 k1)
F: Faraday’s constant (9.649 x 10* € .mol™1)

Z:: Number of electrons.

T: Temperature in kelvin.

I-The Glass Electrode pH
Potentiometer

The glass electrode pH potentiometer consists of two
electrodes: a reference electrode of known potential,
usually silver, and a glass electrode (working electrode)
of unknown potential, which is used to measure the
potential of the measured solution. The glass electrode
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has a buffered neutral KCL solution inside which works
as an electrolyte to transmit the current. Also, there is
a junction with known flow rate which leaks out some of
the electrolyte into the measured solution to transmit
electricity between the working electrode and the outer
solution due to the difference in H+ ions’ amount between
the interior buffered KCL and the outer solution which
generates voltage. If the amount of H+ ions outside the
glass electrode is greater than the amount of H+ ions
inside the glass electrode, a positive voltage is generated
indicating pH < 7 (acid solution). If the amount of H+ ions
outside the glass electrode is less than amount of H+ ions
inside the glass electrode, negative voltage is generated
indicating pH > 7 (basic solution). If the amount of H+ ions
inside the glass electrode is equal to the amount of H+ ions
outside the electrode, no voltage is generated indicating pH
= 7 (neutral solution). The leaked KCI outside the sensor
delivers the current generated, due to the voltage difference
between the inner and the outer solution, to the wire. Then,
the sensor measures the generated voltage as the sensor is
connected to a voltameter. After the voltage is determined,
the pH could be measured using the Nernst equation. [5]
Figure.l

o Mmeter

__— PH electrode

inmner
solution
—_

gas permeable

- memibrane

dialysis _- urease

membrane soluiton

The glass electrode pH potentiometer

III- Non glass electrode pH
Potentiometer or Ion Sensitive
Field Effect Transistors (ISFET)

Thenon-glass electrode potentiometer’s principle alsorelies
on the Nernst equation except that the reason of voltage
generation is not the concentration difference between
H+ ions. Rather, the non-glass electrode pH potentiometer
consists of a permeable layer that allows only H+ ions to
pass through. Then, the H+ ions are attracted to a metallic
conducting surface “working electrode”. Inside the working
electrode, negatively charged electrons are presented. The
electrons are attracted to the H+ ions due to the attraction
between the negative charge of the electrons and the
positive charge of H+ ions. As quantity of the charge of the
H+ ions and electrons are equal but with opposite charges,
the amount of electrons attracted is equal to the amount of
H+ ions. The attraction of electrons causes the current to
run through the wire. Thereupon, the voltage of the current
is measured and hence the pH is measured as well using
the Nernst equation. [7]

The measurement of pH using non glass
electrodes
potentiometer

DO (Dissolved Oxygen) Measurements

The most common sensors used to measure dissolved
oxygen are galvanic dissolved oxygen sensor (Clark-type
sensor) and optical DO sensor.

I- Galvanic Dissolved Oxygen Sensor
(Clark- Type Sensor)

The galvanic dissolved oxygen sensor consists of two
electrodes: working electrode and counter electrode, usually
gold and silver respectively. Also, a Teflon membrane is
used to allow only 02 to reach the electrodes. Furthermore,
an electrolyte, usually KOH, is used to connect electricity
between the two electrodes. Eventually, a power source is
used to

generate voltage between the two electrodes causing a
current flow in order to complete the reduction reaction.
When the dissolved oxygen goes through the Teflon
membrane by diffusion due to the pressure difference, it
is reduced using the cathode or the gold electrode into
OH- ions. This reduction reaction generates a current flow
as it requires electrons to occur. The current generated is
proportional to the amount of dissolved oxygen presented
in the solution. The chemical equation of this reduction
reaction is as follows:

O+ 2H20 + 4 = 40H

GALVANIC

SILVER OR
MICKEL
CATHODE

ZIMNC O
LEAD
AMNODE

- mNall

= MEMBRANE

:.‘J.gu:.e. <

The galvanic DO meter [8]

IT- Optical Dissolved Oxygen
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Sensors

The optical DO oxygen sensor consists mainly of an
oxygen sensitive marker, LED, a photodiode and an oxygen
permeable membrane. The oxygen sensitive marker is a
substance that binds to the oxygen atoms presented in the
solution. the measurement of dissolved oxygen is done by
emitting an orange light at specific wavelength using the
LED. Then, the oxygen sensitive markers absorb this light
and gets excited. Consequently, the markers try to restore
their normal state through emitting this excessive energy in
the form of NIR-emission (usually dark red light). When the
oxygen sensitive marker is bonded to oxygen, the emitted
wavelength is attenuated. As the number of markers inside
the sensor is known, any reduction in the number of waves
emitted by the markers, due to being bonded to oxygen,
indicates the presence of oxygen. The light emitted from
the marker is absorbed and

converted into electrical signal using the photodiode. The
electrical signal is then analyzed to indicate the amount of
dissolved oxygen in the solution. [9]

The optical DO meter structure [10]

4. TDS (Total Dissolved Solids)
Measurement

The TDS is measured depending on the principle of electric
conductivity. A current of certain voltage and intensity is
applied across two electrodes in the solution. By measuring
the voltage drop of the solution, the resistance of the
solution could be determined and thereby the conductance,
as it is the reciprocal of the resistance. Consequently, The
TDS could be calculated using the following formula:

TDS equation:

TDS=ke EC

EC: Conductance

K.: Correlation factor (between 0.55 and 0.8)

5- Heav TDS: Total dissolved solids
The most common sensors of measuring heavy metals in
water are ICP or inductively coupled plasma and AAS or
atomic absorption spectrometry.

I-ICP-OES (Inductively Coupled
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Plasma- Optical Emission
Spectrometry)

ICP-OES depends on the principle of wavelengths emission
of excited particles. After the ions of different metals
are excited using the high energy of plasma, each metal
uniquely emits specific wave lengths. These waves are
then converted into electric signals using photodiodes to
be analyzed in order to determine the type and the amount
of the metals in the water. [11]

Flanma

Figure.6
The ICP-OES structure [12]

ITI-AAS (Atomic Absorption
Spectrometry)

In AAS, The Flame is used to dissociate the sample into
pure atoms, evaporate the solute, as well as atomizing the
atoms, and turning them into aerosol. Then, a beam of
light with a certain wavelength is directed into the aerosol
produced. The wavelength of the light beam is defined
based on the wavelength that the element of interest
absorbs. Depending on the intensity loss of the beam after
passing through the aerosol, the amount of the element of
interest is defined.[13]

Atomic Absorption Spectroscopy

Figure.7
The AAS structure [14]

6-Turbidity Measurement

Turbidity is the measure of water's cloudiness and
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transparency. Turbidity is measured using two methods:
scattered light measurement (nephelometric measurement)
and attenuation measurement.

I-Scattered Light Measurement
(Nephelometric Measurement)

When a beam of light goes through a solution, the
suspended particles in the solution cause deflection in the
light. The deflection angle differs based on the particles
size, shape and quantity. To measure the turbidity, usually
infrared light of 860 nm wavelength or white light is directed
into the solution. Based on the diffraction angle of light, the
turbidity is determined. NTU is the unit of turbidity measured
using white light, while FTU is the unit of turbidity measured
using infrared light. They are approximately equal under
ideal conditions. [15] The most accurate scattered turbidity
measurement system consists of four sensors:

1- Transmitted light detectors. (Very low turbidity
near zero, angle = 0°)

2- Forward light detectors. (Intermediate turbidity,
angle <90°)

3- 90° detector. (Relatively high turbidity, angle = 90°)
4- Back scattered light detector. (High turbidity, 135° >
angle > 90°)

Scattered light turbidity equation:

T= ]‘:10
(do 21y + dy X Igg + do X Ipe 4+ dg X Igg)

T: Turbidity in NTU.

dy, dy, d;, d3: Calibration Coefficients.
Iso: 90 Degree Detector Current.

Ii: Transmitted Detector Current.

I: Forward Scatter Detector Current.
Iz Back Scatter Detector Current.

Back Scatier ;1
Deluctur 1 %
1 ~" Forwaed
! ; ' L Seatter
— \“‘“--—_l___ l R i
[ T m—
‘“I =3 II ol % _______ -D
¥ ! = i
Light Saurcs ! e .I— I Sample Cell Transmithad
Light
Detector
Figure.8

The nephelometer structure [16]

Attenuation Method

Attenuation method measures the loss of light intensity
at a wide angle of 180° after the light passes through the
solution. Due to the diffraction of suspended particles in the
solution, the beam of the light loses some of its intensity.
Instead of measuring the light intensity at different angles
as in the nephelometric method, the attenuation method
measures the light intensity lose at 180°. [17]
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B. The Final Used Sensors:
l-Temperature Sensor

Infrared sensor was found to be the best choice due to its
high accuracy, ease of use, short response time and non-
direct reaction with the water. in addition, its downsides
of measuring the surface heat rather than the internal
heat will not be impactful on the results. The difference
between water's surface heat and internal heat appears in
large water depths which is not presented in agricultural
circumstances.

2-pH Sensor

ISFET potentiometer sensor was found to be better than
glass electrode sensor due to many factors:

1- The need to use a special type of glass in very
acidic or basic mediums due to the fact that glass can
make chemical reactions in such mediums.

2- The high accuracy and fast response of ISFET.

3- The low zero error percentage of ISEFT due to
the ease of cleaning unlike glass electrodes sensor which
requires the usage of special chemicals in cleaning the
sensor aftereach usetoguarantee accurate measurements.

3-DO Sensor

The optical sensor was found to be more accurate and
durable than the galvanic sensor as the optical sensor lasts
for about a year which is two times the durability duration
of the galvanic sensor.

Furthermore, the optical sensor can measure the DO in
different mediums and circumstances unlike the galvanic
sensor which is inefficient in high alkaline or acidic
mediums. However, the galvanic sensor is faster, but its
vulnerability in high and low pH makes the optical sensor
better for agricultural circumstances.

4-TDS Sensor

TDS will be measured using electrical conductivity sensor.
In fact, it is cheap, reliable and accurate in determining the
amount of total dissolved solids in water.

5- Heavy Metals Sensor:

ICP is a better choice due to its fast response and high
accuracy in addition to its ability to determine as much as
250 elements during the same measurement trial unlike
AAS which measures the amount of one element during
the measurement trial.

6- Turbidity sensors:

Attenuation method was found to be a better choice
in the determination of the turbidity. Although it is less
accurate than the nephelometric method, its measurement
range is acceptable for agricultural circumstances as
the high accuracy of the nephelometric method is not
required. Furthermore, the nephelometric method is more
sophisticated and costly than the attenuation method.
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C. The Used modifiers:

In case any change occurs in the following safe ranges of
water parameters, a modifier should be used whether to
increase or decrease the unstable water parameter.[18] [19]
[20] [21]

The used parameter The safe range
TDS 525-1400 PPM
Temperature 17.4-23.7 C°
DO 5-30 mg/L
pH 5.8-8.5
Turbidity Food crops < 2 Processed
food crops < 5
Table.1l
The safe ranges of irrigation water’s
parameters
The As | Cd [Cu| € [ Mn [ Ni [ Pb [Zn | Fe
metal
Safe 001 [ 001 |02 | 002 5 02| 5 | 2 5
value in
ppm
The safe ranges of metals in irrigation
water

1. Orange peel:

Orange peel is a novel solution for flaws in more than one
water parameter. Orange peel has high efficiency in reducing
the TDS and the heavy metals percentages by about 36% in
relatively short time (1-2 weeks). Also, it has a slight effect
in stabilizing the pH, but is not good in very high or low pH
levels. Eventually, it increases soil fertility as well.

2- Aluminum sulfate or alum (Al2(S04)3):

Aluminum sulfate will be used as a coagulator to neutralize
the charge of the suspended particles accumulate them as
a result, so they are easily removed. Consequently, turbidity
is decreased. Also, the TDS is slightly decreased but by a
small percentage.

3- Sulfuric Acid or Phosphorous Acid:

In order to stabilize any increase in the pH, strong acid
was used to neutralize the water. However, the used acids
anions should be suitable for agricultural uses so as not
to cause toxicity. As the soil needs sulfur and phosphorus
to increase the nutrition source for the plants, sulfuric
acid and phosphorus acids are suitable for agricultural
circumstances.[4]
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4- Calcium Hydroxide (Ca(OH)2):

Like sulfuric acid, Calcium Hydroxide is a strong base that
will stabilize high acidity. Moreover, it will increase soil
fertility.[22]

5- Thermostat:

Thermostat will control the temperature of the water.
Consequently, the DO levels in the water will be maintained
as cold water holds more dissolved oxygen unlike hot water
which releases oxygen.

6- Purified 02:

If there is a drastic decrease in DO levels, purified 02 will be
a quick solution to increase DO levels.

7- N2 Gas:
Purging N2 in the water reduces the amount of DO.
4. Conclusion:

The study could successfully achieve the purpose of finding
the best combination of sensors and modifiers to create an
integrated, comprehensive, and accurate system that could
fix any flaw in water parameters to prevent any potential
corruption in the crops. The designed system will be able
to solve the issues of main water parameters resembled
in TDS, pH, heavy metals, temperature, turbidity and DO.
As a future recommendation, working on measuring some
water parameters like water chlorination and the amount of
bacteria like E-coli and coliform in water will be beneficial
as it will provide more data about the crops and soil
status. Furthermore, making a timetable to measure water
parameters when a certain bacteria or insects are active, or
a specific chemical reaction occurs due to plant growth will
increase the system’s efficiency.
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