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ABSTRACT

According to the World Health Organisation,
cancer is the second leading cause of death
worldwide. Although extensive research is being
done to find a cure for cancer, we are still years
away from it. The most advanced studies done in
this field are associated with apoptosis as a target
for anticancer drugs which are used currently to
treat various types of cancer. One such type of
cancer is Leukemia, an umbrella term for cancers
related to blood cells. Acute lymphocytic leukemia
can arise due to the loss of endogenous microRNAs
(miRNAs) which leads to the suppression of BCL-
2 gene expression. This membrane protein belongs
to the BH-3 family of proteins that further bring
about apoptosis of the cancerous cells through the
extrinsic or intrinsic pathways. Drugs such as
prednisolone, methotrexate, vincristine, among
others, are most commonly used to facilitate
remission. Plant derivatives such as artemisinin
have been found to showcase antitumor activity,
inducing cell cycle arrest, inhibiting proliferation of
tumor cells, inhibiting tumor cell invasion and
metastasis, exerting and inducing cancer cell
apoptosis. In the extrinsic pathway or death
receptor pathway the expression of the ligands
associated with the initiation of the signalling
pathway are enhanced by the drugs. They function
in a similar way in the intrinsic or mitochondrial
pathway of apoptosis. The literature review
provides a detailed understanding of the molecular
mechanisms associated with the regulation of
apoptosis in response to anticancer therapy and
provides novel opportunities for pharmaceutical
companies to develop targeted therapy.

Keywords-  Anticancer  Drugs,  Apoptosis,
Artemisinin, BH-3 proteins, BCL-2 gene, Cancer,
Leukemia.

l. INTRODUCTION
The World Health Organisation describes
cancer as a large group of diseases that can trigger
in any organ or tissue leading to abnormal growth
of cells [1]. These abnormal growths of cells

sometimes are restricted to the particular organ or
tissue called benign, or sometimes they spread to
other parts of the body. Treatments for cancer vary
depending on the type of cancer and recent studies
have shown that inducing apoptosis by drugs could
serve as an effective method for treatment. The
extrinsic and intrinsic pathways of apoptosis are the
target sites for such drugs [2]. Patients suffering
from acute lymphocytic leukemia (ALL) typically
receive long-term chemotherapy (chemo), but
autophagy and apoptosis serve better alternatives as
after chemotherapy the cancer is observed to be
recurring. In such cases, mitochondria is a
favourable target as it is responsible for apoptosis,
ROS generation etc. Controlling mitochondrial
functions is a treatment strategy that inhibits
oxidative phosphorylation and causes the release of
proapoptotic proteins such as cytochrome c, the
Bcl-2 family and high ratios of these proteins are
associated with remission failure in acute leukemia
cases. The Bcl-2 / Bax ratio, which is pro-apoptotic
proteins, is a critical factor in ALL [3]. The
expression of these proteins determines the
susceptibility of the cell to undergo apoptosis.
Damage to DNA elicits a DNA damage response
(DDR) which is a collection of proteins that, upon
detection of any DNA damage, stop the cell cycle
and initiate repair. Checkpoints in Gy, S, and Gy/M
transition can be activated in response to the
signals from the DDR[4]. The p53 transcriptional
factor is a master regulator of the cell cycle and
regulates both these checkpoints (G;, S, and G,/M
). The induction of p53 is a result of the various
stress signals like DNA damage and culminates
primarily in cell-cycle arrest and apoptosis [5].
Significant DNA damage leads to p53 induced
apoptosis wherein the damaged DNA is prevented
from being transferred into daughter cells [6].
Certain drugs like methotrexate and cisplatin target
Fas (death receptor 2) which is associated with
extrinsic pathways and can cause DNA damage in
cancerous cells. Plant-based drugs such as
Artemisinin, a compound derived from Artemisia
annua L, is observed to have antimalarial
properties, while its derivatives have exhibited anti-
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cancer properties through the production of ROS
resulting in lysosomal rupture [7]. One such
derivative, Dihydroartemisinin (DHA), acts on the
cells causing leukemia by increasing ROS
production resulting in apoptosis via the intrinsic
pathway that is BAK-dependent [8].

II. MATERIAL AND

METHODOLOGY:
Databases such as NCBI, PubMed, and
Google Scholar were perused for keywords “acute
lymphocytic leukemia”, ‘“cancer”, “apoptosis”,
“Bel-2”, “p53”, and “anti-cancer drugs”. The
search was conducted independently by all three
co-authors in  November 2021. Studies from the
year 2003 onwards were considered and the search
focused on anti-cancer drugs used for the treatment
of acute lymphocytic leukemia and the pathways
that they target. The outcome of the findings was
compiled and the references of each were further
scrutinized to find similar studies and research
done in that particular field. The data were

extracted and presented in a textual format.

Il.  APOPTOSIS MEDIATED CELL
DEATH

Apoptosis is a process of controlled cell
death involving distinct biochemical and genetic
pathways that are essential for optimal tissue
development and homeostasis [9]. These "natural”
cell deaths, according to studies, have revealed the
first genes dedicated to apoptosis in the nematode
C. elegans, are suicides in which the cells engage
an intercellular death program, killing themselves
in a planned manner - known as programmed cell
death [10].

It helps maintain a healthy balance
between cell survival and cell death by removing
redundant and unwanted cells. Furthermore, this
mechanism is not limited to the nervous system,
and competition for a limited supply of
extracellular survival signals is a widely used
general mechanism in animals that regulates cell
number [9].

Apoptosis causes distinct morphological
changes in cells. They condense and shrink, the
cytoskeleton collapses, the nuclear envelope
disassembles, and nuclear chromatin breaks up into
fragments. The cell surface often blebs and, if the
cell is large, it frequently fragments into

membrane-enclosed fragments known as apoptotic
bodies [10].

The recognition that several diseases
involve either too much (e.g., [neuro]degenerative
diseases, Parkinson's, Alzheimer's, spinal muscular
atrophy, AIDS) or too little apoptosis has also
sparked a lot of interest in apoptosis (e.g., cancer
[either by viral infections or by DNA mutations] or
autoimmune  diseases  [Diabetes  type |,
Encephalomyelitis]). Apoptosis can be triggered by
a number of toxins and other cellular stressors (e.g.,
oxidative stress, alcohol) [11].

This natural cell death mechanism is a
promising target for cancer therapy [3].Cancer's
hallmarks, such as uncontrolled growth,
angiogenesis, and apoptosis evasion, are present in
all cancer cells, regardless of the cause or type [12].

The apoptotic pathway can be activated by
a wide range of conditions, including DNA damage
or uncontrolled proliferation. There are two
pathways that lead to apoptosis: intrinsic (or
mitochondrial) and extrinsic (or death receptor)
pathways that correlate with the type of signal.
Intracellular signals include DNA damage, growth
factor deprivation, and cytokine deprivation,
whereas the most common extracellular signals are
death-inducing signals produced by immune
system cytotoxic T cells in response to damaged or
infected cells. Irrespective of the signal being
intracellular or extracellular, the proteins that are
engaged in this process are where the pathways
converge [3].

Caspases  (cysteine  aspartyl-specific
proteases), a class of cysteine proteins that cleave
target proteins, are involved in the signalling
process [13].Caspase activity causes apoptotic cells
to shrink and undergo plasma membrane changes,
signalling the macrophage response [3].

3.1 Bcl-2 Family of proteins

During lymphocyte development, a certain
level of expression of FasL, Bcl-XL and Bcl-2 is
observed. Bcl-2\Bcl-XL are important antiapoptotic
members of the Bcl-2 protein family, in certain
lymphomas, the expression of Bcl-2 is under the
control of the immunoglobulin heavy chain
enhancer gene. It is the first protooncogene
discovered to regulate the cell cycle and these
genes are conserved over animal evolution; also the
addition of new players has been observed [10,14].
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D.melanogaster Mammals
C.elegans Intrinsic Extrinsic Intrinsic Extrinsic
Promote  EGL-1 Debcl Wengen/Eiger Bax Fas/FasL
r BH3 only TNFR1/TNF
proteins DR4,5/TRAIL
Inhibitor CED-9 Buffy Bcl-2, Bcl- FLIP
XL
Adaptor CED-4 Dark dFADD Apaf FADD, TRADD
Initiator  CED-3 Dronc Dredd Caspase-9 Caspase-8
Caspase
Caspase Diap-1 Diap-1 IAP IAP
Inhibitor
Effector CED-3 Dcp-1, Drice Dcp-1, Drice Caspase-3 Caspase-3
Caspase Caspase-7 Caspase-7

Table 1: Evolutionary conservation of apoptotic pathways.
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3.2 Extrinsic/Receptor-mediated pathway of cell
death

The extrinsic pathway or receptor-
mediated pathway for apoptosis is dependent on an
extrinsic signal for its initiation. Any external stress
can initiate this pathway with the introduction of a
promoter ligand that binds to its receptor, hence
triggering downstream processes. These receptors
are present inside the plasma membrane with their
receptor binding sites on the surface and anchoring
sites inside the cytosol which are basically death
domains (DD). They are also called death receptors
and could be of the type- Fas (CD95), TNFR
(tumor necrosis factor receptor) family, etc. The

enzymes governing the series of reactions that take
place are called caspases (Cysteine Aspartic acid
Proteases). The pathway leads to the recruitment of
caspase-8/10 which is induced by binding of
ligands to the receptor forming a ligand-receptor
complex. Once this is done the pro-initiator
caspases bind to the ligand-receptor complex
forming the death induced signalling complex
(DISC). This then gives rise to an active form of
caspase that further engages the executioner
caspases who recruit nucleases and proteases which
destroy the cell machinery and eventually form
apoptotic bodies which are then phagocytosed
[3,10,11].
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Figure 2: Extrinsic & Intrinsic Pathways of Apoptosis
Retrieved from Chapter 9, Apoptosis in Polycystic Kidney Disease: From Pathogenesis to Treatment
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3.3 Intrinsic/ mitochondrial pathway of cell
death

The intrinsic pathway is governed by
stress that is generated inside the cell; it does not
require any external stress or signal for its initiation
and is regulated by the BH-3 family of proteins.
Certain apoptotic and anti-apoptotic proteins
regulate this process. Bcl-2 protein expression is
inhibited by BH-3 only proteins and the activation
of Bax and Bak proteins that are pro-apoptosis

generate a downstream cascade that acts on the
outer mitochondrial membrane causing it to
rupture. Cytochrome ¢ complex which is a part of
the electron transport chain comes out into the
cytoplasm causing internal stress and activating
caspase 9 which, along with cytochrome c¢ and
Apaf-1 (apoptosis promoting factor) together called
the apoptosome, activates procaspase 3 to caspase
3, eventually forming apoptotic bodies [3,10,11].
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V. CANCER

Cancer, also known as neoplasm or
malignant tumor, is a generic term for a group of
diseases that can affect any part of the body. With
an estimated 10 million deaths in 2020 [15],
cancer, according to many biologists, is an
evolutionary legacy. Thus, in addition to
environmental factors, genetic factors shaped by
evolution, that is, cells of multicellular organisms
harbouring both oncogenes and tumor-suppressor
genes, play a critical role in cancer development

[16].

In the process of carcinogenesis [17],
cancer cells proliferate and form tumors giving rise
to different types of cancers [18]. Cancer can be a
result of a series of genetic changes or abnormal
proliferations that transform a normal cell into a
malignant one, with evasion of cell death being one
of the critical changes in a cell that causes this
malignant transformation [19]. Men are more likely
to develop prostate, lung colorectal, and liver
cancer whereas women are susceptible to breast,
lung, cervical, and thyroid cancers [15]. Cancer
cells can leave the primary site of establishment
and invade other organs of the body after a period
of time and this phenomenon is known as
metastasis and makes it difficult to treat [18].

Cancerous tumors are also known as
malignant tumors[20] which, as opposed to benign
tumours, develop metastasis that is caused in part

4.1 Types of cancer

by the down-regulation of cell adhesion receptors
required for tissue-specific cell to cell attachment
and the up-regulation of receptors that promote cell
motility [17]. On the other hand, benign or non-
cancerous tumors do not invade and spread into
nearby tissues and in some instances grow to be
quite large. When benign tumors are removed, they
usually do not recur, whereas malignant tumors
occasionally do. Many cancers form solid tumors,
but blood cancers, such as leukemias, do not form
tumors[20].

Because each cancer type necessitates a
unique treatment regimen, an accurate cancer
diagnosis is critical for appropriate and effective
treatment [15]. One of the main goals of cancer
experiments is to control the cell cycle by inducing
cell death via cell cycle arrest or apoptosis
activation and the regulation of cell cycle is
governed by a variety of proteins. The interaction
of cyclins with specific cyclin-dependent kinases
(CDKs) allow cells to progress from one phase to
the next [18]. Controlling or possibly terminating
the uncontrolled growth of cancer cells is one
method of treating cancer. Additionally, the most
effective non-surgical treatment is one that targets
apoptosis as apoptosis evasion is one of the
hallmarks of cancer and is not specific to the cause
or type of cancer hence, targeting apoptosis is
effective for all types of cancer [3]
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4.1.1 Acute Lymphocytic Leukemia

Leukemia is a type of cancer that begins in
cells that may proliferate into different cell types.
Although most leukemias originate from white
blood cells, acute lymphocytic leukemia (ALL),
also known as acute lymphoblastic leukemia,
begins in other types of blood cells. The term
"acute" refers to the fact that leukemia can progress
quickly and, if not treated, will most likely be life-
threatening within a few months [21].

Acute leukemia is the most common type
of cancer in children, accounting for 30% of all
childhood (pediatric) malignancies [22].

ALL arises from the early stages of
lymphocytes, a type of white blood cell, which are
the primary cells that make up the lymph tissue.
They are an important component of the immune
system that develops from lymphaoblasts into
mature, infection-fighting cells.

ALL begins in the bone marrow and
mainly affects the blood and bone marrow,
lymphomas mainly affect the lymph nodes or other
organs. Since these leukemia cells invade the body
pretty quickly [21], Acute lymphoblastic leukemia
(ALL) occurs 5 times more frequently than acute
myeloid leukemia (AML). The global incidence of
ALL in the population was estimated to be between
0.4 and 2 per 100,000 in the year 2020, with a
prevalence rate ranging from 0.37 to 1.6 per
100,000. Although the majority of ALL cases are
seen in children between 2 to 5 years of age, 60%
of cases occur prior to the age of 20 [23].

In ALL, an excessive number of stem cells
differentiate into lymphoblasts and lymphocytes
and these cells are also referred to as leukemia cells
[22].

Lymphocytes are classified into two types:

B lymphocytes (or B cells) protect the
body by producing proteins known as antibodies
and account for 80-85% of cells. Antibodies bind to
pathogens like bacteria, viruses, and fungi in the
body, allowing the immune system to destroy them.

T lymphocytes (or T cells) are classified

into several types, each with a specific function and
account for over 20-25% of the cells. Some T cells
can directly destroy germs, while others help to
boost or slow the activity of other immune system
cells [21, 23].
These leukemia cells are not very good at fighting
infection and as the number of leukemia cells in the
blood and bone marrow increases, there is less
space for healthy white blood cells, red blood cells,
and platelets [22].

V. TREATMENT

Adults with acute lymphocytic leukemia
(ALL) typically receive long-term chemotherapy
(chemo), however, other medications may be
required to help prevent or treat these side effects.
ALL can sometimes spread to the area around the
brain and the spinal cord too [4]. The common
symptoms of ALL include bleeding gums, frequent
fevers, bone pain and recurring infections [24].
Treatment is usually divided into three stages
(lasting two years):

° Induction (remission induction)

The purpose of induction chemotherapy is
to put leukemia into remission (complete
remission). This means that leukemia cells are no
longer detected in bone marrow samples (via a
bone marrow biopsy), normal marrow cells are
restored, and blood counts return to normal levels.
Induction chemotherapy usually lasts about a
month and various chemo drug combinations, such
as vincristine and prednisone, may be used.
Treatment is intensive for the first month as
leukemia cells may still be present in the body,
necessitating additional treatment.

° Consolidation (intensification)

If the leukemia goes into remission, the
next stage usually consists of another relatively
short course of chemo with many of the same drugs
used for induction therapy. This usually lasts a few
months. Typically, the drugs are administered in
high doses to ensure that the treatment remains
fairly intense.

Some remission patients, such as those with
specific ALL subtypes or other poor prognostic
factors, are still at high risk of the leukemia
relapsing (coming back). Doctors may recommend
an allogeneic stem cell transplant (SCT) instead of
standard chemo at this time.

° Maintenance

Following consolidation, the patient is
usually placed on a maintenance chemotherapy
regimen. The maintenance stage is the most time-
consuming of the three.

In about 10-20% of cases, acute leukemia
can be refractory or relapsing [25]. When cancer
returns in this way, it is referred to as a relapse or
recurrence. That is, after complete remission, blast
cells are still present in the bone marrow. Relapse
occurs in approximately 15-20% of childhood ALL
patients. As a result, understanding how to
effectively detect minimal residual disease (MRD)
is critical for ALL prognosis and is determined by
examining remission bone marrow samples. MRD
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can be assessed using a variety of techniques,
including polymerase chain reaction, flow
cytometry, and next-generation sequencing.

Aside from detecting MRD, apoptosis and
autophagy are extremely important molecular
factors in treating ALL relapses. Apoptosis
regulation is known to be abnormal in relapsed
ALL and the decrease in the Bax/Bcl-2 ratio with
loss of spontaneous caspase-3 processing is
associated with relapse in childhood ALL. The Bcl-
2 family is a key regulator in the intrinsic apoptosis
pathway and its overexpression is one of the
chemo-resistance mechanisms.

Apoptosis is the primary mechanism by
which tumour-inhibiting effects can be exerted
through the mitochondrial pathway, the production
of reactive oxygen species (ROS), and the
induction of cell death. Mitochondria are vital

organelles that regulate numerous cellular
pathways in mammalian cells. As a result,
anticancer treatment focuses on mitochondria.

Controlling mitochondrial functions is a
therapeutic  strategy that inhibits oxidative
phosphorylation and causes the release of
proapoptotic proteins such as cytochrome c, the
Bcl-2 family, Bak, and Bax. High Bcl-2 / Bax
ratios are associated with remission failure in acute
leukemia cases. Hence, Bcl-2 / Bax ratio is a
critical factor in ALL [23].

The relative expression of pro-apoptotic
(Bax, Bcl-10, Bak, Bid, Bad, Bim, Bik, and Blk)
and anti-apoptotic (Bax, Bcl-10, Bak, Bid, Bad,
Bim, Bik, and BIk) molecules determines cell
apoptosis susceptibility (Bcl-2, Bcl-x, Bcl-XL, Bcl-
XS, Bcl-w, BAG, MCL-1) [26].
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S.Fulda et.al(2006), Extrinsic versus intrinsic
apoptosis pathways in anticancer chemotherapy,
Nature.
https://www.nature.com/articles/1209608#Abs1
Reliability of polymorphism in Bcl-2
promoter region is higher as compared to that
observed in the Bax promoter region during the
estimation of ALL patient survival time, when
compared to healthy individuals.
According to Meng et al 21, paediatric ALL
patients in the drug-resistance group had
significantly higher Bcl-2 mRNA expression than
those in the chemotherapy-sensitive group .

Recent in vitro research studies on
chemotherapeutic  resistance have refocused
attention on the role of apoptosis pathways in risk
stratification and treatment of leukemia patients.
Cancer chemotherapeutic agents are thought to
work primarily by inducing cancer cell death via
the activation of wvarious apoptosis signalling
pathways. Apoptosis occurs in leukemias both
spontaneously and as a result of anti-tumor

therapies [23, 26].
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VI.  ANTI-CANCER DRUGS
TARGETING APOPTOSIS:

In recent years it has been observed that
cancerous cells have started developing resistance
to chemo-therapy and traditional anticancer
treatments. Toxicity of these therapies towards self
and cancerous cells have also been observed,
therefore, a safer alternative is needed [3].
Therapies targeting apoptotic pathways have
emerged as a safer and a non-toxic solution to
resistant cancerous cells. Specific drugs can be
designed to target either the intrinsic or extrinsic
pathways of apoptosis and bring about
programmed cell death in the targeted cancer cells
[27].

In the case of ALL, there are chances of
recurrence due to the presence of remnant
cancerous cells that may have escaped previous
treatment. Apoptosis is an important phenomenon
in the treatment and regulation of cancer and drugs
are available that specifically target this process.

6.1 Targeting extrinsic pathway: Death
receptors

Drugs such as methotrexate and cisplatin
target Fas (death receptor 2) and cause DNA
damage in cancerous cells. Further, TRAIL-R1
(death receptor 4) and TRAIL-R2 (death receptor
5) are expressed when etoposide, Ara-C, and
camptosar (CPT-11) are administered. Induction of
apoptosis has also been observed as a result of
antibodies that target TRAIL-R1 and R2, especially
at a higher magnitude in solid tumours. TRAIL
receptors have shown the capability to bring about
cell death in cancerous cells, therefore formulation
of antagonistic antibodies showcased apoptotic
behaviour in many cancerous cells [23]. Another
drug, doxorubicin, targets the extrinsic pathway of
apoptosis by overexpression of death receptors. It
has also been known to promote p53 expression
which leads to apoptosis via both intrinsic and
extrinsic pathways [28]. Cisplatin is another such
drug that is part of the conventional
chemotherapeutic drug treatment that targets Fas
(death receptor 2) leading to DNA damage and
eventually resulting in apoptotic behaviour [27].
6.2 Targeting intrinsic pathway: Bcl-2 family of
proteins

Prednisolone is a synthetic glucocorticoid
used to control the immune system and also treat
many inflammatory and autoimmune diseases
including ALL. Its function is to initiate a caspase
action which ultimately results in apoptotic
behaviour by upregulating BAX protein expression

and suppressing Bcl-2 expression. In a study
conducted by Ganbarjeddi et al 2020, revealed that
methylation on Bax and Bcl-2 promoters was
observed in CCRF-CEM cells (T-lymphoblastoid
cell line) when prednisolone was administered after
24 and 48 hours. The results showed an
upregulation in BAX and downregulation in BCL-2
after conducting a western blot. An increase in
BAX protein and a decrease in BCL-2 protein was
also observed after 24 and 48 hours. The study
concluded that prednisolone caused an apoptotic
effect through different pathways from promoter
methylation of BAX and BCL-2 genes in the
CCRF-CEM cell line [29].

6.3 Plant-based compounds inducing apoptosis

Plant-based medicine offers a safer and
non-toxic alternative to conventional cancer
treatments while providing a solution against the
rising resistance to standard therapies. Inhibition of
Bcl-2 proteins and upregulation of BAX leading to
apoptosis has been a signature of Graviola. This
fruit-bearing tree is known for its anti-cancer
properties and harmlessness towards healthy cells.
Apples, containing the compound Quercetin, have
the ability to trigger caspase activity resulting in
apoptosis. Another widely used ingredient in many
cuisines and Ayurvedic medicine is turmeric, with
its active principle curcumin. It is widely known
that curcumin  possesses  anti-carcinogenic
properties among many other benefits. Curcumin
has been observed to interact with as many as 33
different proteins which aid in its involvement in
activating various pathways that lead to tumour
suppression. In the case of apoptosis, curcumin
targets both the intrinsic and extrinsic pathways
upregulating BAX and BAK expression while
suppressing Bcl-2 and XIAP expression. An
increase in mitochondrial permeability is another
effect of curcumin interaction which leads to
greater levels of cytochrome c being released. The
end result is apoptosis and cell death via caspase
activation [3].

In traditional Chinese herbal medicine, a
sequestered compound called matrine could initiate
reactive oxygen species (ROS) which is regulated
by the mitochondria. Apoptosis induction due to
the surplus of ROS is a possibility and this is
another approach for treating leukemia. Matrine
has been reported to cause elevated levels of
Bax/Bcl-2 in ALL B-lymphocytes and finally result
in cell death via apoptosis [23].

Artemisinin, a compound derived from
Artemisia annua L., has been studied to showcase
antimalarial properties. However, its derivatives
have exhibited anti-cancer properties through the
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production of ROS resulting in lysosomal rupture
[7]. One such derivative, Dihydroartemisinin
(DHA), acts on leukemia cells by increasing ROS
production resulting in apoptosis via the intrinsic
pathway that is BAK-dependent [8].

VII. RESULTS & CONCLUSION

A large amount of advancement in the
field of cancer has been observed over the years,
yet some questions remain unanswered. Anticancer
chemotherapy is one such treatment that changed
the perspective of treatment plans for cancer. This
method is highly effective since it induces
apoptosis through the intrinsic or extrinsic
pathways. Similarly, recent studies have discovered
various drugs that perform a similar function
without being invasive like chemotherapy. In the
case of ALL which is observed to be recurring and
resistant to chemotherapy, autophagy and apoptosis
are used as a target. In vitro studies suggest that
functional defects in apoptosis signalling molecules
or insufficient activation of apoptosis pathways are
to blame for chemotherapy resistance and treatment
failure in acute leukemia.

The rising resistance of cancerous cells
against traditional forms of chemotherapeutic
treatments has led to the need for alternative
therapy. Chemotherapeutic treatments have been
observed to be toxic hence safer substitutes are
required which can be in the forms of anticancer
drugs targeting apoptotic mechanisms. However,
the exact pathways that some of these drugs target
is unknown and further research needs to be done
to elucidate these comprehensive pathways.
Further, the molecules participating in these
processes need to be identified to increase the
efficiency of these drugs. Plant-based anticancer
therapy is an interesting avenue that must be
explored while developing future treatments as
they offer safer and non-toxic solutions while also
battling the growing resistance of cancerous cells
against traditional anticancer therapies.

From this, we can conclude that the
ongoing research studies on the use of apoptotic
markers in predicting the clinical characteristics or
prognostic outcome of ALL patients along with
the use of anticancer drugs either chemical or
plant-based have shown promising results.
However, the variations in the results of different
studies published worldwide, due to differences in
ethnicity, sample size, follow up data, as well as
techniques used to study apoptosis, there is a
further need to search for newer more-specific

molecular markers to study this area of molecular
oncology and chemotherapy resistance.
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