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Abstract

The most common kind of cancer and the second leading cause of cancer mortality in women is breast cancer (BC).
The most proven cause of mortality in BC patients comprises tumor metastasis and invasive development. Long
noncoding RNAs are endangered by many crucial mechanisms involved in BC metastasis (INCRNAs). RNAs that are
classified as IncRNAs are thought to be longer than 200 nucleotides in length. Literature has long shown that
IncRNAs are promising therapeutic targets in BC as well as diagnostic and prognostic indicators. Only a few studies
have, to our knowledge, described the bioenergetics of taurine upregulated 1 (TUG1). Human cancer has been
linked to a new IncRNA called TUG1. TUGL1 has drawn increasing interest in recent years and has been shown to
express abnormality in several forms of cancer. Numerous research suggested that the development of tumefaction
and cell metabolism may be favorably correlated with TUG1. As a result, we aimed to concentrate on recent
developments in the primary molecular processes of TUG1 in cancer in this review. This includes its role in drug
resistance, invasion, cell migration, apoptosis, and proliferation. Most recent investigations asserted that TUG was
overexpressed in BC tissues and cell lines as compared to their normal counterparts. To better understand the critical
impact of tamoxifen (TMX) resistance and improve quality of life (QOL), researchers are looking for an early
diagnostic marker.
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considered to be the second cause of death

1. Cancer i
among women. The second leading cause of
1.1. Cancer occurrence and incidence mortality for females is thought to be BC.
The United States is expected to experience GLOBOCAN reports that 2.1 million new cases

609,820 cancer deaths and 1,958,310 new cancer of BC were discovered in the world in 2018 [2].
cases in 2023 [1]. Breast cancer (BC) is With a total of 278,165 cancer cases in Egypt in
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December 2020, the most common malignancies
are breast (61,160 cases), liver (28,977), bladder
(26,986), non-Hodgkin lymphoma (19,096),
leukemia (14,274), brain and central nervous
system (11,470), and prostate (10,523) [3].

One of the most important causes of the
cancer catastrophe was population aging.
Additionally, the increasing incidence of risk
factors including obesity, inactivity, smoking and
changed reproductive strategies connected to
urbanization and economic growth contributed to
the rise of cancer. While this is happening, the
burden of cancer has subtly moved to less
developed nations, which account for around
57% of cases and 65% of cancer deaths globally

[4].

Prostate, lung, and bronchus (hereafter lung),
and colorectal cancers account for over half
(48%) of all incident cases in males, with prostate
cancer alone accounting for 29% of diagnoses,
according to the most prevalent malignancies
diagnosed in men and women in 2023. BC alone
accounts for 31% of female malignancies,
whereas lung cancer, colorectal cancer, and BC
together account for 52% of all new diagnoses in
women. In 2023, it is predicted that 609,820
Americans would pass away from cancer, or
1670 people a day. Men's lung, prostate, and
colorectal cancers as well as women's lung,
breast, and colorectal cancers account for the
majority of fatalities [1].

1.2. Cancer Complications

As the disease advances, challenges
associated with cancer and its treatment become
more frequent, more severe, and more
pronounced. Over 75% of individuals have bone
metastases, while 15% to 20% of patients
experience central nervous system involvement.
Hepatic illnesses and gastrointestinal (Gl) issues
may be a factor in the unusual morbidity [5].
Cancer treatment frequently results in

cardiotoxicity [6-8].

A special collection of physiological,
anatomical, and therapy-related circumstances is
presented to cancer patients. This may result in
infections such as orbital cellulitis as a
consequence. Due to immunosuppression brought
on either by the illness itself or by the cancer
therapies these sufferers are receiving, they are
more vulnerable to infections [9].

A common cancer symptom, fatigue is linked
to noteworthy morbidity, functional impairments,
and a poorer quality of life (QOL). Accordingly,
effective  tiredness  management  would
significantly reduce the illness burden related to
cancer and its therapies [10].

While still treating cancer-related problems
may not necessarily increase a patient's life
expectancy, it can greatly enhance QOL. As a
corollary, healthcare professionals who treat
cancer patients should be aware of these issues
and act quickly to address them whenever they
arise [11].

2. Breast cancer
2.1 Etiology and risk factors

Numerous risk factors have been implicated
in influencing both the prognosis and risk of
acquiring BC in a person. Age, gender, family
history, estrogen (ER) exposure, hormone
replacement therapy, age at menarche, first full-
term pregnancy, and menopause are non-
modifiable variables. On the other hand,
environmental and lifestyle variables are among
the elements that can be modified [12].

Age directly affects the incidence rate of BC,
which becomes vital before the age of 50 [13].
Egypt experiences BC at a significantly younger
age. The average age of the BC population in
Egypt is 46 compared to other populations [14].
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2.2 Treatment and associated complications

A significant portion of women with BC may
experience difficulties that change how they
function as well as how their QOL is treated. Few
of these women are referred for therapy, and the
majority of these issues go unnoticed [15].

After advancements in treatment and earlier
diagnosis and staging of BC, survival rates and
life expectancy improved. Surgery, radiation, and
systemic therapy are used as treatment options.
Breast-conserving surgery and mastectomy are
two surgical treatments for BC. The scope of
surgery is mostly determined by the number of
lumps present in the breast tissue, the stage and
grade of the disease, and the preferences of the
patient. After cancer has been exposed to high-
intensity ionizing radiation, there is cellular
damage, including deoxyribonucleic acid (DNA)
strand breakage in the targeted cancer cells and
alteration of the DNA template. Apoptosis then
results from the inability of proliferating cells to
heal the damage. Systemic therapy for BC has
considerably improved long-term  survival.
Systemic  treatments for BC include
chemotherapy, biological response modifiers, and
hormone therapy. The type of therapy to be used
depends on the patient's features, the
characteristics of the disease, and whether or not
certain cellular indicators are present [16].

Since the early 1980s, incremental progress
has primarily been achieved by systematic and
aggressive therapy escalation, which involves
using longer-term treatment plans, additional
medications, or a bigger number of agents. Long-
term endocrine therapy (5-10 years on tamoxifen
and/or an aromatase inhibitor) also grew
extremely prevalent. New therapeutic
medications (such as taxanes, anthracyclines,
aromatase inhibitors, and trastuzumab) were also
developed. Systemic medication may routinely
be given to women with early-stage BC for well
over 10 years [17].

Approximately 70% of BC cases are ER-
positive, and it is thought that exposure to the
hormone has a causal effect on malignancy.
Resistance developed during hormonal endocrine
therapy may be acquired during the length of the
whole course of therapy or intrinsic, meaning that
it exists before the initiation of any treatment
[18].

2.3 Tamoxifen and breast cancer

The most well-known hormonal treatment for
BC patients across all settings is tamoxifen
(TMX), a triphenylethylene compound that can
lengthen both recurrence-free intervals and
overall survival [19].

Different medications are being employed in
the treatment of cancer. TMX is the medicine that
creates the most concern out of all of these. As an
anti-ER medication, TMX works in breast tissues
by blocking ER receptors and suppressing ER
activities. In contrast, TMX also activates ER
receptors in several human tissues, including the
endometrium, liver, and bone, leading experts to
believe that it is a selective ER receptor
modulator. This thus makes it possible for it to be
used often in both BC and prophylaxis, especially
in high-risk women [20].

The majority of instances of BC are ER-
positive, and since this boosts breast epithelial
cell proliferation, it makes it a target for anti-
hormonal cancer therapy. TMX was identified as
one of the most extensively studied ER
antagonists in the past 50 years, helping millions
of women. In addition to its direct and indirect
effects on cellular lipid metabolism, TMX has
been asserted to decrease blood cholesterol levels
and guard against cardiovascular illnesses [21].

As a selective ER receptor modulator, TMX
has reduced BC-related mortality by 25-30%.
Due to the development of late resistance after
extended exposure to the medication, especially
in the metastatic setting, about one-third of
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women treated with TMX had a heightened risk
of recurrence in the next ten years [18].

Mechanisms of TMX resistance in BC
include but are not limited to the following [22];

1. Modifications in TMX availability or
metabolism.

2. Changes in ER receptor and signaling.
3. Alteration in metabolism.

4. Alteration in mitochondrial

bioenergetics.

These mechanisms are summarized in Fig. 1.
Alteration in availability or
r metabolism of Tamoxifen
/ Elteration in Estrogen receptor ]

Mechanisms of
Tamoxifen Alteration in Estrogen signaling
resistance in r asads

Breast cancer
h [ Metabolic alterations ]
‘ [ Mitochondrial bioenergetics ]

Fig. 1. Schematic diagram representing mechanisms of
TMX resistance in BC

3. Taurine upregulated 1
3.1. Different functions and mechanisms

Taurine up-regulated 1 (TUG1) is a long
non-coding RNA (IncRNA) with a 7,598-
nucleotide sequence that is mostly located on
chromosome 22q12.2. Its genesis was determined
using the genes of mouse retinal cells treated
with taurine [23]. Human cancer is closely
intersected with TUG1 as a novel IncRNA [24].
TUG1 helped several essential regulatory tasks in
several biological processes connected to cancer,
which in turn gave an imagined unique
therapeutic approach for the disease. A few

previous meta-analyses have emphasized that
increased TUG1 expression is a warning sign for
human cancer. Additionally, TUG1 was deemed
to be extremely well associated with expanding
tumor size, an advanced clinical stage, and
metastasis [25, 26].
TUGL is thought to regulate genes through a
variety of diverse methods, including acting as a
micro-RNA (miRNA) sponge, according to
recent studies [27, 28]. TUGL1 also has a crucial
role in being a competing endogenous RNA
(ceRNA) to target miRNA, aiming for their
biological ~ functions’  suppression  [29].
Downstream target genes' levels of expression
fluctuate as a result. TUGL recruits and binds
with polycomb repressive complex 2 [27], which
has methyltransferase activity and is made up of
the protein’s retinoblastoma-associated protein
46/48, enhancer of zeste homolog 2 and
suppressor of zeste 12 protein homolog. The
lysine residue 27 on histone 3 is di- and tri-
methylated by this combination. Epigenetic
silencing results from the binding of TUG1 to
polycomb repressive complex 2, which guides
the associated genomic DNA to polycomb bodies
[30].

Zinc finger E-box binding homeobox 1, the
miR-145 target, is expressed more often as a
result of TUGL's ability to insulate it. Therefore,
TUG1 controls this signaling pathway to induce
enhanced cell proliferation [31].

TUG1 acts as an oncogene in cervical cancer
by interacting with miR138p and neutralizing it.
Sirtuin 1 is increased by TUG1 because it
competes with miR138p. A high level of Sirtuin
1 expression suppresses the production of E-
cadherin while promoting the expression of c-
myc, -catenin, and cyclin D1. This results in the
Whnt/catenin signaling pathway being activated,
which then inhibits apoptosis and promotes the
proliferation and invasion of cervical cancer cells
[32].
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According to a prior study, TUG1
upregulates the expression of the astrocyte-
elevated gene 1via sponging miR-129-5p in
human metastatic  melanoma.  Through
phosphatidylinositol 4,5-bisphosphate 3 kinase
and Whnt signaling pathways, astrocyte-elevated
gene-1 plays a significant role in carcinogenesis.
When this axis is active, malignant melanoma
cells proliferate less and endure more apoptosis
[33].

It has been proven that TUG1 regulates oral
squamous cell cancer through sponging miR219
to control its expression. Additionally, by acting
as an endogenous sponge of miR-9 and
influencing the expression of the miR-9 target
gene, methylenetetrahydrofolate dehydrogenase
(NADP+ dependent) 2, TUG1 stimulates cell
proliferation and prevents apoptosis in BC cells
[34]. TUG1 also enhances cell proliferation in
gallbladder carcinoma by inhibiting miR-300
[35].

TUG1 may alter gene expression by distinct
mechanisms controlling different biological
processes. These processes include but are not
limited to the following [36];

1. Cell migration, invasion, differentiation,
and death.

2. Resistance to drugs.

3. Resistance to radiation

4. Angiogenesis

5. Mitochondrial bioenergetics.

6. Epithelial-mesenchymal transition (EMT).

7. The control of blood tumor barrier
permeability.

TUG1 functions and mechanisms are
summarized in Fig. 2.

Aid in regulatory functions in
cancer-related processes
__ =

IncRNA

TUG-1 W

Involved in gene regulation through
functioning as mIRNA sponge

Affect gene expression and different biological
processes as:

Cell proliferation
Cellinvasion
Cell apoptosis
Cell differentiation
Cell migration
Drug resistance
Radiation resistance
Angiogenesis
Mitochondrial bioenergetics
Epithelial-mesenchymal transition
Blood tumor barrier permeability requlation

Fig. 2. Schematic diagram representing mechanisms and
functions of TUG1

3.2 Expression in breast cancer therapy

In BC, it has been determined that INCRNAs
play a critical part in the onset, progression, and
development of anti-ER resistance. Additionally,
it has been shown that a novel molecular
categorization of BC based on IncRNA
expression exists and that around two-thirds of
the INncRNAs expressed in BC are localized in
enhancer areas [37].

Evidence suggests that TUGL is increased in
BC [38]. Recently, 100 samples of malignant
breast tissue were examined for the presence of
TUG1 hyperexpression, and this finding was
connected to BC malignancy characteristics such
as tumor size and distant metastasis [39]. TUG1
can also act as an oncogene or a possible tumor
suppressor due to aberrant regulation of the gene
during carcinogenesis [40]. TUGl was
overexpressed in human BC, and another
investigation found that its expression was
strongly correlated with tumor aggressiveness
[41].
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Additionally, a recent study found that BC
tissues and cells have significant levels of TUG1
expression. Reduced proliferation and higher
apoptosis of BC cells were positively correlated
with TUG1 knockdown [42]. Recent research
identified TUG1 as an elevated IncRNA in BC
tissues using comparative profiling of INCRNAs
between BC tissues and peritumor tissues [43].

TUGL1 has a strong propensity for the virulent
side effects of traditional carcinogenic
medications like TMX, establishing their curative
impact. Comparing the plasma levels of TUG-1
in the two groups, an innovative study found that
patients resistant to TMX had significantly higher
TUG-1 levels than TMX-responsive individuals
[40]. TUG1 expression was characterized to be
diminished by TMX treatment, meaning that
TUG1 downregulation can be used as a hallmark
of cancer treatment [44] (Table 1).

Table 1. Summary of all studies showing TUG1
expression in BC

TUGL expression References for studies
Upregulated in BC [38] [43]
Hyperexpression in 100 [39]
samples of cancerous breast
tissue
Overexpressed in human BC [41]

Highly expressed in BC [42]

tissues and cells

Conclusion

Non-coding RNAs (ncRNAs), which are
considered to be excellent diagnostic and
advantageous  prognostic  indicators  and
therapeutic targets in BC, are anticipated to
possess a decisive role in the epigenetic control
of target genes [45]. Indeed, several InCRNAs
and miRNAs manifest mitochondrial and
metabolic  abnormalities amendments [46].
Information on IncRNAs' role in cancer has
accumulated during the past ten years.

The discovery of effective medications and
prospective targets for the treatment of BC
patients has been strengthened by outstanding
efforts. LncRNAs perform as oncogenes and
tumor suppressors in addition to being excellent
prognostic indicators for BC [47].

TUGLI exerts its action as a major regulator of
drug resistance by sponging miRNAs and
affecting the expression of some cancer-related
genes [43]. The recognition of TUG1 as a pivotal
mediator of BC progression implies that it might
serve as a biomarker for the diagnosis and
treatment of BC [41]. Future research on TUG1
indexing processes in cancer cells may provide a
number of novel therapeutic approaches for the
treatment of malignancies. Current and future
research must concentrate on understanding the
underlying molecular processes of TUG1 [36].

It's essential to look for TMX resistance
mechanisms in BC patients. In addition, it is
important to search for an effective marker for
treating BC patients who are resistant to TMX.
Nevertheless, even though TUG1 and TMX have
a role in many malignancies, research on their
relationship to BC development is still ongoing.
Therefore, the purpose of this investigation was
to ascertain the clinical importance and biological
roles of TUGL1 in BC. This review's data
suggested that TUGL is essential for BC cell
proliferation and metastasis. In order to
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comprehend, perceive, and forecast illness
processes, it is crucial to examine the remarkable
impact that TMX resistance has on BC patients.
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