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ABSTRACT

� e family of Bcl-2 proteins is one of the most responsible 
for apoptosis pathway, that is a critical process to the main-
tenance of tissue homeostasis. Bcl-2 is an essential apoptotic 
regulator belonging to a family of functionally and structural-
ly related proteins known as the Bcl-2 family. Some members 
of this family act as anti-apoptotic regulators, whereas others 
act in pro-apoptotic function. � e relationship between the 
pro and anti-apoptotic proteins can regulate whether cells 
begin the apoptosis or remain its life cycle. Increasing of Bcl-
2 expression has been found in some hematologic diseases, 
such as Acute Myeloid Leukemia (AML) and their eff ects on 
responsiveness to anticancer therapy have been recently de-
scribed. � us, this review aims to discuss apoptosis and the 
role of the Bcl-2 family of proteins in chemoresistance when 
overexpressed in patients committed with Acute Myeloid 
Leukemia submitted to chemotherapy treatment.
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SAŽETAK

Familija Bcl-2 proteina je jedna najznačajnijih za odvi-
janje apoptoze, procesa od ključnog značaja za održavanje 
tkivne homeostaze. Bcl-2 je osnovni regulator apoptoze koji 
spada u porodicu funkcionalno i strukturno povezanih pro-
teina poznatih kao Bcl-2 familija. Neki članovi

ove familije deluju kao anti-apoptotički regulatori, dok 
ostali pospešuju apoptozu. Odnos između

pro i anti-apoptotskih proteina određuje da li ć elije za-
počinju apoptozu ili nastavljaju životni ciklus. Poveć anje 
ekspresije Bcl-2 postoji u nekim hematološkim bolestima, 
kao što je akutna mieloidna leukemija (AML) i nedavno su 
opisani efekti povećanja ekpresije Bcl-2 na antitumorsku te-
rapiju. Usled toga, ovaj revijski rad ima za cilj da razmotri 
apoptozu i ulogu hemorezistencije Bcl-2 familije proteina 
kod pacijenata sa akutnom mijeloidnom leukemijom koji se 
leče hemoterapijom i kod kojih postoji preterana ekspresija 
Bcl-2.

Ključne reči: Akutna mieloidna leukemija, apoptoza, 
Bcl-2 porodica, otpornost na hemoterapiju

INTRODUCTION 

The mechanism of cell death is a decisive process to 
the maintenance of tissues homeostasis. Furthermore, its 
regulation leads to cell death through intracellular mecha-
nism control (1-3).  There are some natural mechanisms of 
cell death, which are most common seen in the literature 
such as autophagy, apoptosis, necrosis, and the last one 
added to this list was the necroptosis, which induce cells to 
die and disseminate especially carcinogen cells (2,4). These 
are mechanisms that occur inside the tissues in order to 
maintain the cell balance into the organisms (5). Apopto-
sis, was classified by Clarke in 1990 as the programmed 
cell death (PCD) type I, being an essential, critical and im-
portant process characterized by some alterations either 

biochemical or morphological to the cell structure leading 
to pack up the cell to be removed via phagocytosis and is 
triggered to remove diseased, damaged or aged cells (6-
10). Apoptosis either can be activated by many oncogenes 
and the bcl-2 is one of them that play an essential function 
to support the cell lifespan. In fact, bcl-2 was identified as 
an important oncogene that drives some ability to activate 
and execute the apoptosis pathway (11). Moreover, it has 
been demonstrated that high levels of the Bcl-2 proteins 
especially the anti-apoptotic members leads to inhibi-
tion of apoptosis. The capacity to impairing the cell death 
confer to these proteins an interesting target for potential 
drugs used to treat cancers. However, the Bcl-2 family also 
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have been associated to chemoresistance of many antican-
cer drugs what put it line highlighted for significance re-
lated to prognostic and treatment of many cancer such as 
Leukemia (12) especially Acute Myeloid Leukemia (AML). 
Bcl-2 has been frequently associated to reduction of the 
susceptibility of the current chemotherapies especially due 
to its ability to impair the apoptosis process (13,14eva-
sion of programmed cell death (apoptosisevasion of pro-
grammed cell death (apoptosis). Here we suggest revising 
the role of bcl-2 family and its influence to trigger the che-
moresistance of many current drugs used to treat patients 
committed with AML. 

APOPTOSIS 

Kerr and colleagues in 1972 suggested apoptosis as a 
definition for some pattern related to the morphology of 
the cell death during the embryonic phase after some ob-
servation of how cells were eliminated and also in adult 
healthy tissue turnover atrophy establishment after with-
drawing some essential hormone (15). Apoptosis is a pro-
cess that excludes undesirable cells with its progression 
morphological modifications can arise into the cell (16, 
17). This process is complex and in human organisms 
have a close comparison with another organism known 
as Caenorhabditis elegans (18). Its regulation however, is 
performed by molecular components such as the B-cell 
lymphoma 2 family (Bcl-2 family) that has been in line 
highlighted due to their relevant role along of the cell death 
process [6]. Bcl-2 members are regulatory molecules for 
apoptosis process. Some components work to induce cells 
to die, acting as pro-apoptotic members such as Bad, Bak, 
Bax, Bid, Bim, Bmf, PUMA, and NOXA, whereas other act 
as anti-apoptotic components impairing the death process, 
which include the Bcl-2, Bcl-w, Bcl-XL, A1 and Mcl-1 (19). 

The mechanisms of apoptosis are divided into two main 
pathways. The first is regulated by death receptor located 
on the cell surface known as extrinsic pathway, and the 
second has its focus on modification of the mitochondrial 
membrane permeability, known as intrinsic pathway (20). 
The death mechanisms for cancer cells, especially apop-
tosis and necrosis are not a simple issue, however (21-23).  

Carcinogens cells have a high rate of proliferation, 
however these cells do not have their lives time longer than 
normal healthy cells; in fact, their lifespan is reduced (24). 
This was described on a study performed by Alex Carrel in 
1925 who stated, “Malignant cells are sick cells which live 
shorter”. Fisher later confirmed this results in 1937, show-
ing that cells with malignant characteristics are sick and 
have a short lifetime, indeed (24). Fisher also demonstrated 
in his study that normal and carcinogens cells behave dif-
ferent when dead. Normal cells remains among the living 
cells in an inert state for long time, whereas cancer cells 
immediately are hydrolyzed and demise (25). Cancers are 
likely to develop in different organs such as into the bone 
marrow that is likely to arise some types known as leuke-

mia, and one of the most well characterized leukemia is 
the Acute Myeloid Leukemia (AML) that is a severe and 
common complication among the individuals (26). AML 
is the most common manifestation of leukemia, being a 
genetic disorder identified by alterations of precursor or 
hematopoietic stem cells, resulting in blockage of their 
differentiation, as a consequence accelerated proliferation 
premature myeloid cells into the bone marrow, which leads 
to infiltration to other organs (27-30). Regarding the differ-
ent therapeutic target for AML, it has been identified that 
the Bcl-2 proteins are associated with resistance to che-
motherapy and cell survive especially the anti-apoptotic 
members when overexpressed. Therefore, focus on anti-
apoptotic proteins and blockage their function might be 
an efficient alternative to induce apoptosis and activating 
pro-apoptotic members of Bcl-2 proteins resulting in the 
elimination of carcinogens cells (24, 31, 32, 33).

THE BCL2 FAMILY OF PROTEINS 

The Bcl-2 proteins are large components of the BCL 
family, which have an important function modulating pro-
cess involving cellular death, either by the physiological 
or pathological pathway. In addition, it can be controlled 
by the abundance of modification via posttranslational 
mechanisms (34,35). These proteins family was firstly 
identified as a translocation problem in the chromosome 
18q region 21 (18q21) and in the heavy chain of the gene 
from immunoglobulin located at the region 14q32, which 
result in decontrol in transcription of Bcl-2 proteins, this 
is characterized as a translocation t(14;18), mainly in fol-
licular B-cell lymphomas (36-38). In addition, Bcl-2 family 
has a crucial role to regulate the apoptosis process in the 
mitochondria, which regulates the mitochondrial outer 
membrane (MOM), where the Bcl-2 members are located 
in (39,40,41). Based on its homology, this family has dif-
ferent subtypes, which are divided in three according to 
their functions, structure and domains (40,42). The divi-
sion includes the members that prevent apoptosis or the 
anti-apoptotic members, whereas the others components 
stimulate apoptosis, pro-apoptotic proteins, which in-
cludes the Bcl-2 only proteins or BH3 pro-apoptotic only 
proteins (Fig. 1) (43, 44).

BCL2 FAMILY AND APOPTOSIS REGULATION

The apoptosis regulation via Bcl-2 has been debated 
for many author along the years, some of them stipulate 
that Bak and Bax are sequestered by pro-survival pro-
teins, whereas other argued that the main role of these 
proteins was insulated the BH3 only proteins members 
(45-50). An experimental study provided that the apop-
tosis mechanism is inhibited by pro-survival proteins, 
hence BH3-only proteins are sequestered while Bak and 
Bax are activated (51). 
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Another important discovery is related to mitochon-
dria scenery, which argues that the mitochondrial outer 
membrane (MOM) is extremely important to Bcl-2 family 
members interaction. In addition, these studies have sug-
gested that such intercommunication among the members 
play an important role influencing the affinity among each 
member (47,48,50). Moreover, another character essential 
for apoptosis control is the tumor suppressor gene p53. It 
is crucial for apoptosis process due to its capacity to medi-
ate the response to genotoxic stress (52). The apoptosis de-
pendent of p53 activity was firstly observed in thymocytes 
of irradiated mouse according to Clarke and colleagues 
and Lowe and collaborators (53). The p53 is an extremely 
important tumour suppressor gene, mutation as well as 
inactivation on this gene is crucial for development and 
spreading of tumours. Indeed, most of the tumor types in 
humans are related to its mutation. However, when associ-
ated to haematological tumor types this arise in 11.1% only 
for notified cases. These data are according to the Interna-
tional Agency for Research on Cancer (IARC) version R15, 
that afford information and tools for analyses and studies 
of mutations related to many human cancers types giv-
ing support to investigate their impact in the clinical field 
(54,55). Furthermore, oncogenes for example adenovirus 
E1A combined with irradiation is likely to promote the ac-

tivation p53 resulting in apoptosis, in most of the case for 
“transcription-dependent effects” (53,56,57). The p53 con-
trols apoptosis through independent and dependent path-
ways and in addition, some stress signals have been associ-
ated with its activity, resulting in accumulation of it inside 
the cell either in the cytoplasm and nucleus (43, 57, 58).

BCL2 FAMILY MAKES DECISION IN
APOPTOSIS PROCESS 

The members of Bcl-2 family regulate whether the cells 
remain alive or conduct them to apoptosis via some modifi-
cations of the mitochondrial membrane and consequent cas-
pases activation. This process result from reciprocal action 
between anti and pro-apoptotic proteins, as a consequence 
of this intercommunication cell death process, is conducted 
to occur in order to maintain the homeostasis of the organ-
ism (43, 59, 60). The bcl-2 family has two different functions, 
being either anti-apoptotic, which avoid mitochondrial outer 
membrane permeabilization (MOMP) and pro-apoptotic 
activities or in other words promoting cell death via MOMP 
process. Furthermore, sharing of homology domains known 
as Bcl homology or also called BH regions is responsible for 
controlling the communication among the Bcl molecules 

Figure 1. � e Bcl-2 family members. � e Bcl-2 family proteins are members that share domains and are divided into 
pro and anti-apoptotic proteins, their domains are known as Bcl-2 homology (BH domains).  � e fi gure shows the anti-
apoptotic members, which have the function of neutralization, the death process into the cell, and includes A1, Bcl-2, 
Bcl-w, Bcl-xL and Mcl-1 molecules share BH homology domains from 1 to 4. On the other hand, the pro-apoptotic 
members are divided in two diff erent groups known as eff ector and the BH3 only proteins. � e members of the eff ector 
group are BAX and BAK and share homology domains from 1 to 4, however, the BH3-only proteins members have one 
BH domain and binding anti-apoptotic proteins including molecules such as BID, BAD, BMF, BIK, NOXA and PUMA. 
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(43, 61, 62).  Despite of anti and pro-apoptotic proteins being 
found in different cellular area, the anti-apoptotic have espe-
cial space into the mitochondrial membrane and endoplas-
mic reticulum, whereas the pro-apoptotic components are 
located into the cytoskeleton or cytosol (57,63).

 

 PROAPOPTOTIC MEMBERS

The pro-apoptotic members are the main proteins re-
sponsible for MOMP occurrence. These members’ activities 
resulting in caspase activation and consequent release of 
cytochrome c from mitochondria through pores formation. 
The two principal members of this group are Bak and Bax 
(57, 70, 64). This group is also known as effectors proteins 
and has three BH domains. Bak and Bax molecules are an-
tagonist killer, and associated to X protein respectively and 
separated promoting MOMP occurrence (57, 64). 

Some research performed with mice that had an inad-
equate quantity of Bak and Bax proteins showed that these 
proteins are fundamental for apoptosis process in several 
cell types, especially in lymphocytes, due to their deficiency, 

which resulting in long life for cells, especially for hemato-
poietic cell. In addition, studies also showed that only Bax 
is enough to induce apoptosis process in most of the cases, 
however, it is extremely necessary to occur a signal that leads 
to its connection with the activator molecule (39, 66, 61).

ANTIAPOPTOTIC MEMBERS

The anti-apoptotic components are in contrast with the 
pro-apoptotic members, responsible for maintenance of 
MOM integrity preventing the mitochondrial pathway and 
consequent cell death, remaining the cell life over its life phas-
es (57, 65). This group is basically compounded by different 
members such as A1 or Bfl-1 (or either the BCL-2 proteins 
associated to A1 gene), Bcl-B, Bcl-2, Bcl-XL, Bcl-w and Mcl-1 
(or related to Myeloid Cell Leukemia) which interact with the 
BH3 only proteins that belongs to the pro-apoptotic group 
(66) (Fig. 1) (49). The function of Bcl-2 and Bcl-XL regulate 
the apoptosis process by binding to pro-apoptotic proteins 
Bax and Bak inhibiting them in BH3 region as a result of pre-
vention of MOMP (table 1) (57, 44, 62, 66, 67). 

Protein Location Mechanism of action Action         References

Bcl-2

Outer mitochondrial mem-
brane, nuclear envelope, 
endoplasmic reticulum 
membrane

Preservation of the mitochondrial 
membrane integrity resulting in apop-
tosis inhibition

Antiapoptotic 57, 65

Bcl-xL Transmembrane molecule in 
the mitochondria

Inhibition of caspase activation cas-
cade by release of cytochrome c from 
mitochondrial pore formation

Antiapoptotic 57, 69, 64

Bcl-w Completely on the mito-
chondria

Cytotoxic conditions reduce cell apop-
tosis leads to cell survive Antiapoptotic 67

Mcl-1 Nucleus and mitochondria
Death promoter Bcl-2 associated, half-
life reduced, interaction with NOXA, 
Bak1 and Bcl-2 

Antiapoptotic
68, 70

Bax Cytosol Caspase cascade activation, release of 
apoptotic factor such as cytochrome c Proapoptotic 57, 69, 64

Bak Membrane of the integral 
mitochondrial proteins

Induces conformational changes 
resulting in larger aggregates during 
apoptosis process

Proapoptotic 57, 60, 65

Bid Membrane and cytosol Activate directly Bax protein and 
induces apoptosis Proapoptotic

70, 71

Bim Free Bim in the mitochondria

Bcl-2 or Bcl-xL is binding by free Bim 
resulting in inactivation of their anti-
apoptotic activity, leads to apoptosis 
through deprivation of cytokines, 
microtubules perturbation and fl ux of 
calcium ions. 

Proapoptotic 71, 72

Bad Free Bad into the mitochon-
dria

Heterodimer with Bcl-2 and Bcl-xL is 
formed by desphosphorylation of Bad, 
Inactivation of Bcl-2 and Bcl-xL allow 
Bak and Bax resulting in apoptosis 
mechanism

Proapoptotic
69

Table 1.  BCL-2 family members, locations and functions. 

� e Bcl-2 family of proteins is divided into antiapoptotic and proapoptotic members. Each one of them is located in diff erent cell compartment and 
has diff erent functions when activated. � eir mechanism of action is specifi c, acting in some situation when is required to perform their specifi c role.  
Most of them are target to many drugs used in some pathologies such as cancers from diff erent types.
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According to Billard (2015), all anti-apoptotic members 
are able to bind to Bax however; only Mcl-1 and Bcl-XL 
might interact with Bak through the BH3 domain (fig. 2) 
(68). In order to develop their function precisely, the an-
ti-apoptotic members require the BH4 domain (69). De-
spite Bcl-2 functions being located into the mitochondria, 
some studies have documented their functions either in 
the endoplasmic reticulum (ER) and nuclear cells mem-
brane. Moreover, its activities have been demonstrated es-
pecially for Bcl-2 members through findings of sequence 
cytochrome b5 or also known as b5-Bcl-2 in the ER. It was 
showed that this sequence impairing apoptosis promoted 
by ER agents or expressed by Bax members (70).

BH3 ONLY PROTEINS

In mammalian cells, there are several molecules that com-
pound the Bcl-2 family (fig. 2) (49, 71). The members of this 
family prevent cells from some cytotoxic damage such as UV 
and gamma irradiation, cytokine deprivation and drugs for 
chemotherapy purposes. Members of this family such as Bcl-
XL and Bcl-w are the most important molecules that have 
the cited function. Some other members are identified as the 
binding proteins and are divided into two distinct groups, one 
of them compound by a trio of molecules to illustrate Bak, 
Bax, and Bok, which have a closer similarity to Bcl-2 members 
either in sequence or structure. The other group has three 
segments well conserved BH1, BH2, and BH3 or known Bcl-2 
homology that form “hydrophobic groove” with anti or pro-
apoptotic molecules, These molecules have this description 
due to their unique BH3 domain (59). 

The main members of this subclass include the sub-
types Bad, Bid, Bim, Bmf, Hrk, Noxa and Puma (table 1) 
(64,70,74). The BH3 only protein regulation is controlled 
by several and distinct mechanisms such as DNA damage, 
Cytokine deprivation, Tyrosine Kinase inhibitors, protea-
some inhibitors, and cytotoxic inducement such as anti-
cancer drugs (75, 76). Doerflinger and colleagues defined 
them as “the sentinels of cellular stress” because when ac-
tivated, result in apoptosis initiator process (77-79). Their 
location has been recently discovered into the MOM, es-
pecially for the subtypes Bim, Bmf, Bid, Puma, and Noxa. 
Despite their location have not been prioritized in studies, 
it is necessary to understand their mechanisms, once this 
location is crucial to Bax activate Bim, tBid and Puma, and 
confer the role onto apoptosis process (79).

The activation process is performed by transcriptional 
and post-transcriptional mechanisms; however, the post-
translational signal configures the most important, and 
once activated the response to death occur translocation in 
the mitochondria (64). The BH3 only proteins displace the 
Bak and Bax when apoptosis process initiates, especially 
Bid, Bim, and Puma are able to bind more efficiently and 
displace them, which can be bounded previously by anti-
apoptotic members (80,81). In addition, BH3 members are 
divided into two main groups: The activators and sensitiz-

ers. The activators members include Bid, Bim, and Puma, 
due to their capacity to activate direct Bak and Bax, some 
studies also relate Noxa as an activator as well. On the oth-
er hand, the sensitizers’ members include Bad and Bik and 
act releasing the activator, which was connected with anti-
apoptotic molecules (81).

LEUKEMIA

Leukemia is defined as a neoplastic and malignant pro-
liferation of the blood cells and the bone marrow. This ab-
normality affects especially the white blood cell (WBC’s). 
As a consequence of the high proliferation rate, it leads to 
accumulation and interruption of the WBC’s normal func-
tion and their production resulting in interruption of the 
other lineages such as erythrocytes and platelets synthe-
size characterizing anemia and thrombocytopenia (82,83). 
According to Hamerschlak, leukemia is divided into differ-
ent subtypes, four major types are known as Acute Lym-
phoblastic Leukemia (ALL), and Chronic Lymphocytic 
Leukemia (CLL), Acute Myeloid Leukemia (AML), Chron-
ic Myeloid Leukemia (CML) (83, 85). 

ACUTE MYELOID LEUKEMIA

Acute Myeloid Leukemia (AML) is an extremely ma-
lignant hematological disorder proliferation and results 
from a clonal, undifferentiated and immature blood cells. 
AML is a high aggressive disorder that leads to apoptosis 
resistance and allows their growth and transformation of a 
hematopoietic precursor known as myeloblasts (84-85,86). 
Bone marrow and tissues infiltration characterize AML, 
and the myeloid precursors have abnormal synthesis re-
sulting in their appearance in the blood stream. This ab-
normality leads to insufficiency of hematopoiesis process 
(86).

AML diagnosis is based on the presence of more than 
30% of blasts cells in the bone marrow according to the 
French American British system (FAB) (34). On the other 
hand, according to World Health Organization (WHO), 
the diagnosis is based on 20% of nucleated cells knows as 
myeloblasts, however, associated with some molecular and 
genetics abnormalities located into the chromosomes es-
pecially (87,88,89). These myeloblasts were related to ex-
press high levels of bcl-2 proteins which have increased the 
chemotherapy resistance (90, 54).

BCL2 PROTEINS’ ROLE IN CHEMOTHERAPY 
RESISTANCE

According to Tzifi and colleagues, the apoptosis is reg-
ulated by caspases, that can be either an initiator such as 
caspase 9 that activate the effectors caspases 3 and 7 by the 
cleavage of an internal residues recognized as Asp in their 
substrates separating small and large unites, and triggered 
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Figure 2.
Structure of the Bcl-XL interacting with Bak 
through the BH3 domain. It can be observed their 
structures connecting to each other through the 
BH3 domain (green). � e binding groove is formed 
by some amino acids that give rise to diff erent con-
formational structure and its organizational form.  It 
is evidenced the structural interaction between the 
Bcl-XL and Bak. In (A) is demonstrated the com-
plex formed by Bcl-XL- Bak showed in salmon and 
blue, and the BH3 domain in green color, the protein 
surface is seen in gray. In (B) Bcl-XL-Bak (salmon 
and blue) and the BH3 (green) with the amino acids 
presence (black square) and (C) evidences the BH3 
domain with its amino acids and (D) shows the BH3 
amino acids sequences. Protein Data Bank (PDB)
[69] entry for the displayed structure: Bcl-XL–Bak 
BH3 is 3PL7. 
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by the Bcl-2 proteins (82,91). These molecules are related 
to cell survivor, although their activity do not drive any 
function with the cell proliferation, and it is indeed that the 
tumor genesis process is linked to the cell survivor and de-
regulation of Bcl-2 proteins (46). Mcl-1 and Bcl-XL genes 
are highly expressed in humans diagnosed with AML and 
multiple myeloma according to recent studies (82). 

In addition, it was observed that overexpression Bcl-2 
family is related with resistance to cancer treatment (92).  
Indeed, it has been very common and frequently identi-
fied the apoptosis resistance in cancer therapies. Further-
more, when aberrant apoptosis pathway is identified, it is 
linked to chemotherapy and /or radiotherapy resistance, 
whereby most of the patients have been attended for many 
decades (92, 93). Yip and Reed in their study in 2008, ar-
gued that overexpression of both Bcl-2 especially the anti-
apoptotic members have been associated with chemoresis-
tance, which impair the apoptosis process through some 
stimuli such as oxidative stress, hypoxia, and deprivation 
of growth factor (70). 

More and Letai also stated that most of the cancer cells 
are habituated to Bcl-2 proteins presence and these onco-
genes play an important role inducing their survival and 
the pro-apoptotic Bcl-2 member’s overexpression to on-
cogenic stimulus in tumor cells do not influence enough 
to overcome the overexpression of Bcl-2 anti-apoptotic 
proteins signalization into the cancer cells (62,94-97). Wei 
and Teh in 2012, argued that increasing of pro-survival 
members is related to resistance of many cancer therapies 
as confirmed by Danial, (2007) and Weyhenmeyer and col-
leagues (2012). In fact, these studies bring us evidences 
that hematologic disorders especially AML with overex-
pression of Bcl-2 members have more resistance to che-
motherapy (29). 

Another members of the Bcl-2 family are the BH3 only 
proteins, which play an essential and crucial role in chemo-
therapy resistance. These members modify their capacity 
to ligate Bcl-2 targets. In addition, Bim neutralizes poten-
tially all apoptotic members, on the other hand, Bad has its 
function limited to other members such as “Bcl-2, Bcl-x, 
Bcl-w and Noxa that can bind only to Mcl-1 and A1” (97). 
Therefore, this role of function leads to predict to the re-
sponsiveness of cancer therapy such as chemotherapy to 
mitochondrial apoptosis both in cancer and normal cells. 
However, increasing the activity of BH3 only proteins is 
likely to result in direct activation of Bax and Bak resulting 
in cell apoptosis (97). 

Bcl-2 proteins should occupy the binding site, how-
ever, cells that present high levels of BH3 occupied by 
Bcl-2 proteins are “highly primed” to induce death and 
measured by its affinity to BH3 members. On the other 
hand, BH3 member in excess and unoccupied by a Bcl-2 
result in “low BH3 priming” as a result of it leads to high 
cell resistance to mitochondrial depolarization conduct-
ed by BH3 only proteins and result in effect of cytotoxic 
therapeutically methods (97, 98). If a comparison were 
performed with other pro-survival members activities 

in AML, BH3 members dislike no previous knowledge 
of prevailing levels of pro-apoptotic or anti-apoptotic 
members of Bcl-2 family. This, however, is extremely 
relevant in cases where Bcl-2 increasing result in stabi-
lization and accumulation of Bim leading to lower level 
of unoccupied Bcl-2 than expected (98). As Vo and col-
leagues (2012) stated in their study, “the dominant pro-
survival factor in human AML was Bcl-2 compared to 
Mcl-1 in hematopoietic stem cells with normal condi-
tions” and that the target of the Bcl-2 members is likely 
to allow the final destruction of carcinogens cells in 
AML, while the toxicity of normal hematopoietic stem 
cells would be protected by Mcl-1. In order to overcome 
these findings some molecules have been designed to 
target some members of the Bcl-2 family. These com-
pounds, binding to the hydrophobic site of the Bcl-2 
anti-apoptotic member and perform its function like 
BH3-only proteins to induce the apoptosis process (99). 
Several studies have demonstrated some evidences that 
apoptosis has an important role in responsiveness to 
chemotherapy. In addition, was also observed that AML 
CD 34+ is more resistant to apoptosis than CD34- and 
this is also correlated to higher expression of bcl-2, Mcl-
1, bcl-XL and low levels bax expression. This leads us to 
conclude that the AML cases that express CD34+ indi-
cate the resistance to apoptosis (90). Some synthetic or 
even natural molecules have been described as inhibi-
tors of the Bcl-2 family and are know especially as BH3 
mimetic molecules (70). These BH3 mimetic compo-
nents such as ABT-737 have the ability to bind to some 
blc-2 family molecules mainly to bcl-2, bcl-XL and bcl-
w, however not to Mcl-1. This ligation leads to disrup-
tion of their synergy with pro-apoptotic members Bak 
and Bax intensifying the apoptosis, this ligation occurs 
with high affinity among these proteins (100, 101Bcl-xL 
and Mcl-1, resulting in resistance to apoptosis and asso-
ciation with poor prognosis. Docetaxel, an antimitotic 
drug that is the first-line treatment strategy for CRPC, 
is known to provide a small survival benefit. However, 
docetaxel chemotherapy alone is not enough to coun-
teract the high levels of Bcl-2/Bcl-xL/Mcl-1 present in 
CRPC. ABT-737 is a small molecule that binds to Bcl-2/
Bcl-xL (but not Mcl-1). ABT-737 is also known as a BAD 
mimetic that has shown efficacy in some types of the 
tumor including leukemia. After its ligation and inhibi-
tion of the cited molecules it can result in apoptosis of 
carcinogens cells no affecting the adjacent normal cells. 
However, in some tumor the resistance mechanism has 
been associated with overexpression of the Mcl-1 mem-
bers that is an anti-apoptotic protein that the ABT-737 
does not target to (70).   As has been suggested by Vo in 
2012, if pro-apoptotic members being targeted in AML 
treatment it might allow a small molecule of the BH3 
only proteins with selectivity upon Bcl-2 such as ABT-
737, it will target therapeutically, efficient, and safely 
than most of the drugs and chemotherapies currently 
available and used for AML treatment (98, 102).
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CONCLUSION

The high expression of the bcl-2 have been related to 
chemotherapy resistance reported in many populations 
around the world, what can be inferred is that due to their 
overexpression the induction of apoptosis is affected. In-
deed the development of a therapeutic method, which 
targets the BH3 molecules, might have high and precise 
activity to treat AML in most of the cases and designing 
molecules to target especially the members of Bcl-2 fam-
ily might be an alternative, once they have been found in-
creased in many types of tumor. One of the alternatives 
to achieve the solution for this problem is decrease these 
proteins levels via the new emergent technologies. More-
over, another criteria that should have been considered is 
the patient safety, once receiving the drug this must have a 
total security regarding its side effect and therapeutic ef-
ficiency, when compared to several other drugs and thera-
pies existent and that have been currently released from 
the pharmaceutical companies worldwide. 
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