
Bioequivalence & Bioavailability International Journal
ISSN: 2578-4803MEDWIN PUBLISHERS

Committed to Create Value for Researchers

A Review on Cancer, Cause of Cancer and Treatment: Role of PIK3 Pathway on Cancer Bioequiv & Bioavailab Int J

A Review on Cancer, Cause of Cancer and Treatment: Role of PIK3 
Pathway on Cancer

Choudhary ML* and Sisodia SS 
Department of Pharmacology, Bhupal Nobal College of Pharmacy, India
   
*Corresponding author: Mangi Lal Choudhary, Research Scholar, Department of 
Pharmacology, Bhupal Nobal College of Pharmacy Udaipur, Rajasthan-313301, India, Email: 
ashokkumarchoudhary95@gmail.com

Review Article
Volume 7 Issue 2

Received Date: July 31, 2023

Published Date: September 26, 2023

DOI: 10.23880/beba-16000208

Abstract

The central function of phosphoinositide 3- kinase (PI3K) activation in tumour cell biology has urged a sizeable trouble to 
target PI3K and/ or downstream kinases similar as AKT and mammalian target of rapamycin (mTOR) in cancer. still, arising 
clinical data show limited single- agent exertion of impediments targeting PI3K, AKT or mTOR at permitted boluses. One 
exception is the response to PI3Kδ impediments in habitual lymphocytic leukaemia, where a combination of cell- natural 
and- foreign conditioning drive efficacity. Then, we review crucial challenges and openings for the clinical development of 
impediments targeting the PI3K – AKT – mTOR pathway. Through a lesser focus on patient selection, increased understanding 
of vulnerable modulation and strategic operation of rational combinations, it should be possible to realize the eventuality of 
this promising class of targeted anticancer agents.
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Introduction of Cancer

Cancer is a notable, deadly disease that is large, complex, 
and characterized by unchecked growth and spread of 
abnormal cells. These abnormal cells can be aggressive 
(develop and divide outside of normal limits), invasive 
(invade and damage nearby tissues), or metastatic (spread 

to other parts of the body). These malignant characteristics 
of cancer set them apart from benign tumors, which do not 
penetrate or spread, and whose growth is self-contained. 
Cancer is brought on by both internal (inherited mutations, 
hormones, immunological conditions, and metabolic 
mutations) and external (tobacco, infectious organisms, 
chemicals, and radiation) causes. Although it can afflict 
anybody, including fetuses, the risk factor for its common 
forms tends to rise with age and weight [1].

Chemotherapy, radiation therapy, surgery, monoclonal 
antibody therapy, immunotherapy, and other therapies 
are all options for the treatment of cancer. The preferred 
course of treatment is determined by the patient’s overall 
health, the location, grade, and stage of the disease, as well 
as the tumor. There is an urgent need for the creation and 
development of innovative anticancer medications that 
could successfully suppress proliferative pathways. In more 
advanced eukaryotes, the physiological process of cell death 
known as apoptosis functions as a defensive mechanism 
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and plays a crucial role in preventing the development of 
tumor cells [2]. Numerous anticancer drugs cause tumor 
cells to undergo the apoptotic process, which is thought 
to be substantially responsible for its dysregulation in the 
pathogenesis of cancer [3]. Major problems with cancer 
treatment include cytotoxicity and genotoxicity of anticancer 
medications to normal cells, which raises the possibility of 
causing subsequent malignancy [4]. Therefore, there has 
been a lot of focus on developing medications with low 
cytotoxicity that can efficiently induce death in tumor cells.

Every country, region, and socioeconomic level are 
affected by the significant global health burden that is 
cancer. Today, cancer is responsible for more deaths than 
HIV/AIDS, TB, and malaria combined, accounting for one 
out of every eight worldwide. One of the most challenging 
conditions for chemists and oncologists is cancer treatment 
that targets tumor growth. According to figures on cancer 
fatalities worldwide given by the American Cancer Society, 
there were 7.6 million cancer-related deaths worldwide 
in 2007, or nearly 20,000 per day, with 38% occurring in 
affluent nations and 62% in developing ones. Additionally, 
the burden of cancer worldwide is increasing at a startling 
rate. It is projected that by 2050, 27 million new cancer cases 
will be registered and 17.5 million deaths may also be caused 
to occur in the world [5].

World Wide Cancer Condition

The number of new cancer cases and cancer-related 
deaths among AYAs was estimated to be 1 335 100 
worldwide [95% uncertainty interval (UI) 1 243 397-1 426 
785] and 397 583 [95% UI 371 460-426 061], respectively, 
with a female: male ratio of 1.35 for incidence and 1.04 
for mortality. In 2019, the incidence rate of cancer was 
44.99 and the death rate was 13.39 per 100,000 persons. 

The cancer burden among AYAs was characterized by a 
predominance of females. Females had a 52.32 versus 37.82 
per 100 000 incidence rate for all malignancies, which was 
38.3% higher than that of males. The 29 different cancer 
kinds carried quite different burdens. Leukemia (1.51/100 
000), breast cancer (1.45/100 000), brain and CNS cancer 
(0.98/100 000), colorectal cancer (CRC) (0.95/100 000), 
and stomach cancer (0.93/100 000) rounded out the top five 
cancer types overall in terms of new cases. The top four were 
nonmelanoma skin cancer (4.74/100 000), cervical cancer 
(4.01/100 000), leukemia (3.41/100 000), and colorectal 
cancer (2. Just below lung cancer, which accounts for 18% 
of cancer fatalities in 2020, CRC accounts for 10% of global 
cancer incidence and 9.4% of cancer deaths. According 
to projections of population increase, aging, and human 
progress, there will be 3.2 million additional CRC cases 
worldwide by 2040. The rise in CRC incidence is mostly due 
to increased exposure to environmental risk factors brought 
on by a westernization of lifestyle and nutrition [6-9].

Globally, there will be 50,000 new cases of anal cancer, 
0.7 million new cases of rectal cancer, and 1.15 million new 
cases of colon cancer in 2020, according to estimations from 
GLOBOCAN 2020 [10,11]. These figures are expected to rise 
to 1.92 million, 1.16 million, and 78,000 in 2040, respectively, 
with further growth anticipated, as shown in Table 1.

Cancer Sites 2020 2040
Colon 1,148,515 1,916,781

Rectum 732,210 1,160,296
Anus 50,865 77,597
Total 1,931,590 3,154, 674

Table 1: Estimated number of new cases from 2020 to 2040.

Figure 1: Current and future estimated new cancer cases by cancer site and region 2018 and 2070.
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We calculated the number of cancer cases in 2018 
along with the anticipated increases until 2070 as a result 
of demographic changes (population growth and aging) and 
changes in the underlying rates as a result of changes in risk 
factors that either cause an increasing or decreasing number 
of predicted cancers (Figure 1). We project 9.1 million new 
instances of breast and colorectal cancer in 2070, up 131% 
from 2018, as a result of demographic shifts and growing 
incidence. As a result, a drop in the number of cancer cases is 
predicted: 409,000 instances in 2070 versus 484,000 in 2018 
[12]. In contrast, the reported decline in the incidence of 
cervical cancer in nations with medium-to-high HDI negates 
the demographic effect. In general, the advancements in 
cancer control that have resulted in decreasing incidence for 
other cancer types (including cervical and stomach cancers, 
as well as lung cancer in males) cancel out the growing 
incidence of some cancer types (breast, colorectal, and 
prostate) [13].

In 2070, there will likely be twice as many new cases 
of cancer worldwide—34 million—as there were in 2018. 
Countries with a high HDI are expected to see the biggest 
absolute increases, closely followed by those with a medium 
HDI, increasing from 6.2 million and 2.8 million cases, 
respectively, in 2018 to 11.5 million and 7.5 million cases in 
2070 (Figure 2) [14] .

Figure 2: Estimated absolute and relative changes in new 
cancer cases between 2018 and 2070. Countries were 
classified according to the four-tier Human Development 
Index (HDI).

According to predictions, colorectal and breast cancer 
cases will rise from 1.8 million and 2.1 million, respectively, 
in 2018 to 4.7 million and 4.4 million, respectively, yearly by 
2070 (Figure 3) [15].

Figure 3: Evolution in global cancer incidence between 
2018 and 2070. This chart presents the estimated 
incidence of the six most common cancer types.

Targeting Pathway

Cancer remains a major concern on a global scale 
despite the huge efforts that have been made to deploy novel 
chemotherapeutic techniques for the treatment of cancer. 
Therefore, it is vital to look for additional therapeutic drugs 
that have a particular effect against different cancer cells 
[16]. The phosphatidylinositol 3-kinase (also known as 
phosphoinositide 3-kinase, PI3K)/Akt (protein kinase B) 
and the mammalian target of rapamycin (mTOR) signaling 
pathways are critical in pathological and physiological 
settings for many aspects of cell growth and survival. Because 
of their strong connections, they are frequently viewed as 
one single, distinct pathway that interacts with a number 
of other pathways, including Notch, Wnt, c-Jun N-terminal 
kinase (JNK), Ras, Hypoxia Inducible Factors (HIFs), Mitogen-
Activated Protein Kinase (MAPK) [17-20].

PI3K-Akt-mTOR Signaling Pathway: An 
Overview

For cells to survive and develop in pathological 
circumstances like cancer, the PI3K-Akt-mTOR pathway 
is essential [21]. In the physiological response to external 
stimuli including insulin, insulin-like growth factor-1 (IGF-1), 
fibroblast growth factor (FGF), and epidermal growth factor 
(EGF), the PI3K-Akt-mTOR pathway is a key signaling hinge 
[22]. Some notable upstream regulators of the PI3K-Akt 
pathway include chemokine receptor-9, toll-like receptors 
(TLRs), which are associated with inflammatory cytokines, 
and interleukin-6 (IL-6) [23-25].

Class I PI3Ks

The catalytic domain of the first class of PI3Ks, class I, 
is attached to a regulatory subunit or adaptor before being 
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activated by the cell surface receptor, which brings them into 
close contact to their substrates [26]. Tyrosine kinase (RTKs) 
receptors, Ras, and G-protein-coupled receptors all have a 
role in the activation of class IA of PI3Ks. Class IB PI3Ks, on 
the other hand, can only be triggered by G-protein-coupled 
receptors. Class I PI3Ks are involved in cell growth, survival, 
and proliferation more generally [27].

Class II PI3Ks

Class II PI3Ks must engage with regulatory subunits, but 
they can also interact with other possible adaptor proteins. 
They can be triggered by cytokine receptors, RTKs, and 
integrins and contain a Ras-binding motif as well. PIP2s and 
phosphatidylinositol (PI) serve as their sources of energy. 
Class II PI3Ks may have a function at the cell cortex; they are 

also thought to influence insulin signaling, glucose transport, 
cell migration, membrane trafficking control, and receptor 
internalization [28].

Class III PI3Ks

There is currently just one class III PI3K known, called 
Vps34, which uses PI as a substrate. It is thought to regulate 
a number of membrane trafficking processes, including 
cytokinesis, autophagy flux, endosome-lysosome maturation, 
and endosomal protein sorting. In addition to being involved 
in cell growth and survival, downstream targets are also 
controlled in response to cellular stress and the supply of 
amino acids [29,30]. The precise regulatory framework is 
provided in Figure 4.

Figure 4: Regulatory mechanisms of PI3Ks. A figure showing different classes of PI3Ks along with the substrates 
phosphatidylinositol (PI), phosphatidylinositol phosphate (PIP), and phosphatidylinositol-bisphosphate(PIP2).  

The class IA of PI3Ks activates with the help of tyrosine 
kinase (RTKs) receptors, either directly or via Ras and 
through G-protein-coupled receptors. Class II of PI3Ks 
activates through cytokine receptors, RTKs, and integrins. 
Class III PI3K is responsible to regulate various membrane 
trafficking functions, including endosome-lysosome 
maturation, endosomal protein sorting, autophagy flux, and 
cytokinesis.

Activation of the PI3K-Akt-mTOR Pathway

Amplification of mutations that impact different 
PI3K-Akt pathway proteins or their activation can both 
result in PI3K-Akt pathway activation. These include the 
inactivation of mutations or deletions in phosphatases that 
cause hydrolysis of PI3K products, like phosphatidylinositol 
3,4,5-trisphosphate (p1p3), PTEN, and tumor suppressors 
INPP4B and PIK3R1, the adaptor protein, and PIK3CA 

(p110a), the type I PI3K isoform [31].

PI3K-Akt-mTOR Signaling and Cancer

Due to the critical function of the PI3K-Akt-mTOR 
pathways in cellular functioning and pathologic change, 
malignancies frequently have mutations linked to this 
system [32]. Cancer development has been strongly linked to 
genetic alteration that targets the PI3K-Akt-mTOR pathway. 
For example, somatic loss of PTEN due to deletion or genetic 
mutation is the second most frequent oncogenic mutation 
in the human genome, overshadowed by p53 malignant 
alterations [33].

The impact on lung cancer patients and the connection 
between mTOR and interleukin-7 (IL-7) in human lung 
cancer cells were demonstrated. They discovered that the 
PI3K-Akt-mTOR signaling pathway was activated by IL-7, 
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which also increased PI3K expression and encouraged Akt 
and mTOR phosphorylation. Breast cancer cell lines, Pre-B 
leukemia, and T cells have all been shown to activate the 
PI3K-Akt-mTOR signaling pathway in response to IL-7 [34].

Investigated the connection between the PI3K-Akt/
mTOR pathway and the HOXD antisense growth-associated 
long non-coding RNA (HAGLROS). In colorectal cancer 

cells, they discovered that overexpressing HAGLROS alone 
significantly lowers PTEN expression levels and noticeably 
raises the expression of pAkt, pPI3K, and pmTOR. Additionally, 
it was discovered that the PI3K-Akt-mTOR pathway was 
solely triggered by the overexpression of HAGLROS [35]. 
The influence of positive and negative growth regulators on 
PI3KAkt-mTOR is shown in Figure 5.

Figure 5: Positive and negative growth regulators of PI3K-Akt. IL-7 upregulated PI3K expression and promoted Akt- mTOR 
phosphorylation for the activation of the PI3K-Akt -mTOR signaling pathway. The HOXD antisense growth- associated long 
noncoding RNA (HAGLROS) overexpression alone can reduce the PTEN expression levels and HAGLROS overexpression alone 
can activate the PI3K-Akt-mTOR pathway.

PI3K-Akt-mTOR Signaling Pathway in Prostate 
Cancer

One of the most notable health issues for males is prostate 
cancer. Over the past few decades, prostate cancer deaths 
have soared. Furthermore, it was noted that the 256,000 
deaths that were reported in 2010 marked a significant 
increase from the 156,000 deaths that were reported in 
1990 [36]. As a major therapeutic target and a very practical 
option for a biomarker that predicts the genesis, progression, 
and behavior of prostate cancer following prostatectomy, 
Torrealba and colleagues suggested the PI3K-Akt-mTOR 
pathway [37].

PI3K-Akt-mTOR Signaling Pathway in Breast 
Cancer

The management of breast cancer has undergone a 
remarkable transformation as a result of early detection. 
Women who have small primary tumors and negative 
axillary lymph node dissections (stage I of the disease) are 
currently typically treated with surgery, which has an 80% 
recovery rate [36]. Because of their capacity to briefly switch 
between mesenchymal and epithelial states, breast cancer 
cells have the potential to spread throughout the body. The 

PI3K-AktmTOR pathway is frequently activated in breast 
cancer, and PIK3CA is the most frequently mutated gene of 
significant relevance in ER-positive breast cancer [37].

PI3K-Akt-mTOR Signaling Pathway in 
Osteosarcoma

Osteosarcoma is one of the most prevalent malignant 
bone tumors with lung metastases and a recurrent disease 
in people [38]. Inhibition of the PI3K-Akt signaling pathway 
results in enlarged apoptotic cells in osteosarcoma by 
downregulating the inhibitor of caspase-9, caspase-3, and 
apoptosis protein activation [39]. As a result, targeting the 
PI3K-Akt pathway has received a lot of interest lately for the 
creation of anticancer drugs [40]. For the prevention and 
treatment of osteosarcoma, targeting the mTOR signaling 
pathway has the potential to be a highly effective therapeutic 
strategy [41].

PI3K-Akt-mTOR Signaling Pathway In 
Hematological Malignancies

The PI3K inhibitors are a crucial addition to leukemia 
and lymphoma therapy, but there are now only two licensed 
PI3K inhibitors due to availability, which raises the possibility 
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of fatal and major adverse events [42].

A poor outcome in hematologic malignancies is linked 
to frequent deregulation of the PI3KAkt-mTOR signaling 
pathway. In around 50–80% of cases of acute myeloid 
leukemia [43,44] and in roughly 87.5% of cases of T cell–acute 
lymphoblastic leukemia (T-ALL), the activation of the PI3K–
Akt–mTOR signaling pathway was found to be beneficial. 
Chronic lymphocytic leukemia (CLL), chronic myelocytic 
leukemia (CML), high-risk myelodysplastic syndrome (MDS), 
and multiple myeloma (MM) all exhibit activation of the 
PI3K-Akt-mTOR pathway [45].

Cause of Cancer 

• There are a variety of factors that can result in cancer in 
various body parts, including the use of tobacco (22% 
of deaths), poor diet, obesity, inactivity, excessive alcohol 
consumption (or other factors), and exposure to ionizing 
radiation, environmental pollutants, and infection [46-
48].

• Hepatitis b, hepatitis c, human papillomavirus infection, 
helicobacter pylori, immunodeficiency virus (HIV), and 
Epstein-Barr virus are some of the infections that can 
lead to cancer. These elements have altered the genes, 
at least in part.

• Additionally, 5–10% of cancer cases are caused by 
inherited genetic flaws from the patient’s parents.

• Three types of external agents genetic factors, 
environmental factors, and agents we consume interact 
to produce cancer.

• Physical Carcinogens: Ionizing radiation such as radon, 
ultraviolet rays from sunlight, uranium, radiation from 
alpha, gamma, beta, and X-ray-emitting sources.

• Chemical Carcinogens: About 60 known highly strong 
cancer-causing compounds or substances, including 
nitrosamines, asbestos, cadmium, benzene, vinyl 
chloride, nickel, and benzidine, are found in tobacco use 
or smoking, as well as in drinking water contaminants 
like arsenic and food contaminants like aflatoxin [46].

• Biological Carcinogens: infections caused by certain 
types of bacteria, viruses, or parasites, including 
helicobacter pylori, kaposi’s sarcoma-associated 
herpesvirus, markel cell polyomavirus, hepatitis B and c, 
human papillomavirus (HPV), Epstein-Barr virus (EBV), 
and hepatitis B and C [46].

What are the Common Causes of Cancers 

Common causes of cancer are as shown in Figure and are 
as follows (Figure 6):

Figure 6: Common causes of cancer.

Tobacco The single most significant preventable risk 
factor for cancer death worldwide is tobacco use. It is 
thought to be responsible for 22% of cancer deaths annually, 
according to the WHO. The vast majority of lung cancers are 
linked to smoking. Adults who don’t smoke have also been 
linked to malignancies by passive smoking.

Risk rises as smoking frequency increases. The usage 
of smokeless tobacco is more common across the Indian 
subcontinent. These include using raw tobacco, betel 
quid, gutkha, pan masala, masheri, and other substances. 
In addition to some types of leukemia, smoking causes 
malignancies of the nose, sinuses, cervix, ovary, mouth, 
throat, oesophagus, urinary bladder, pancreas, kidney, liver, 
and stomach (Figure 7) [47].

Figure 7: Common adverse effects of tobacco and alcohol.

•	 Tobacco: contains over 4000 types of chemicals. Out 
of these, around 200 are harmful for human body and 
about 70 different chemicals have been found to be 
carcinogenic (Figure 8). About 50% of tobacco users die 
because of some form of tobacco related disease.
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Figure 8: Harmful chemicals present in cigarette smoke.

•	 Alcohol: Alcohol use alone has been linked to a 
number of malignancies, and the risk grows as alcohol 
consumption does as well. When combined with 
smoking, it has a synergistic effect that makes the 
risk of cancer development considerably higher than 
when either substance is consumed alone. Alcohol 
consumption increases the risk of developing a variety 
of cancers, including those of the breast, liver, colon, 
rectum, pharynx, larynx, and esophagus.

•	 Areca Nut: In India, it is also known as supari. When 
combined with betel leaf, catechu, and slaked lime, it is 
known as Pan or betel quid and can be chewed alone or 
in a mixture. Pan Masala is a ready-to-eat blend of areca 
nut powder and other components.

•	 Pollution: This includes the environmental pollution of 
air, water and soil with carcinogenic chemicals. Exposure 
to these chemicals can occur through air and drinking 
water. Chemicals like arsenic cause contamination of 
drinking water and can result in lung cancers.

•	 Lifestyle factors: These include unhealthy eating habits 
and lack of physical activity. High body mass index is 
associated with cancers of esophagus, colorectum, 
breast, endometrium etc. Excessive consumption of red 
meat is associated with colorectal cancers.

•	 Obesity: It refers to excessive fat accumulation. If body 
mass index (BMI) is above 25 the person is called 
overweight. Those having BMI over 30 are called obese. 
It is associated with increased risk of heart diseases, 
diabetes and cancer like those of endometrium, colon, 

breast, esophagus, pancreas etc.
•	 Occupational exposure: Several cancers are seen to have 

higher association with specific occupations. Substances 
like asbestos, cadmium, ethylene oxide, benzopyrene, 
silica, ionizing radiation including radon, tanning 
devices, aluminum and coal production, iron and steel 
founding, have been found to be associated with various 
cancers.

•	 Radiation including UV rays: These include various 
viruses, parasites and bacterial infections which 
predispose the patient to develop certain cancers. 
Human papilloma virus (HPV) is associated with cervical 
cancers and oropharyngeal cancers. Hepatitis B and C 
are associated with liver cancers.

Treatment of Cancer

Depending on the type of cancer and how far along it 
is, there are several forms of cancer therapies. Many cancer 
patients receive a combination of treatments, such as surgery 
and radiation therapy, rather than just one cancer treatment. 
Clinical examination: A patient with cancer must have a full 
history of their symptoms as well as a clinical examination. 
An effort is made to determine the extent of the disease and 
how it affects nearby critical structures. Endoscopy may be 
done if necessary to evaluate the lesion. It is also checked 
for the presence of any other illnesses that can influence 
how cancer is treated. Evaluation of any distant metastases 
present is also performed.

•	 Radiologic assessment: Radiologic imaging is used 
in addition to a clinical assessment. Depending on 
the clinical need, this may also comprise X-rays, 
Ultrasonography, CT scans, MRI scans, or PET scans. 
They said in a more accurate assessment of the lesion, 
its size, and the presence of local or distant metastases.

•	 Pathologic assessment: A tiny portion of the lesion is 
biopsied along with the clinical evaluation and sent 
for histological analysis. If necessary, a sample of the 
lesion’s aspiration is submitted for cytological analysis. 
The presence and type of cancer cells are determined in 
each of these tests using a microscope and a few unique 
stains. The type and stage of the cancer will determine 
the next course of treatment.

•	 Surgery: Surgical excision with reference to cancer 
refers to excision of the lesion with wide margins. Along 
withthe primary lesion, regional lymph nodes are also 
addressed. The defect created may be closed primarily 
or may have to be reconstructed with local, regional or 
free flaps (Figure 9).
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Figure 9: Operation theatre – surgery in progress.

Radiotherapy: Ionizing radiation is used in the process 
to treat cancer. It can be applied as a primary modality or 
as a supplement to other therapies utilized after or before 
surgery. Ionizing radiation causes DNA damage and cell 
death by forming free radicals in the body. The radiation 
beam is designed to harm nearby healthy tissues as little as 
possible. External beam radiotherapy is the term used when 
the radiation source is external to the body (Figure 10).

Figure 10: A patient of cancer being treated by external 
beam radiotherapy using linear accelerator device.

•	 Chemotherapy: A variety of medications are used to treat 
cancer, as mentioned in Figure 11. These medications 
trigger cell death at various stages of the cell cycle 
through a variety of mechanisms of action. The specifics 
of their mode of operation and activity are outside the 
purview of this chapter. These could be applied to treat 
cancer in various contexts. It may be used as the main 
treatment method in conjunction with radiation, in an 
adjuvant setting, or as a palliative therapy.

Figure 11: Chemotherapy involves administration of 
drugs to kill the cancer cells.

•	 Palliative care: Many times, cancer can advance past 
the point at which a curative treatment is still viable. 
The patient’s disease could be in a very advanced stage 
or it could have spread to other organs. When a cure is 
not anticipated, the patient is given palliative care. The 
goal of palliative care is to manage cancer symptoms 
rather than treat the disease itself. A chosen subset of 
patients may receive radiotherapy or chemotherapy. 
If a patient’s overall health is really poor, optimum 
supportive care is provided for him.

P13K Pathway

Phosphatidylinositol 3-kinase (PI3K) was first identified 
more than 20 years ago. Viral oncoproteins’ capacity to 
transform depended on their interaction with a PI3K lipid 
kinase activity [48]. In the years that followed, research 
confirmed the pivotal function of PI3K signaling in a number 
of cellular functions essential for the development of cancer, 
such as metabolism, growth, survival, and motility. One of the 
most common manifestations of PI3K signaling when it is 
not appropriate is human cancer [49-51]. As a result, major 
attempts have been made to create PI3K pathway inhibitors 
that can be used to treat cancer. However, it is yet unclear 
which tumors will respond best to these therapies and how 
to employ them most effectively. The potential therapeutic 
benefit of PI3K pathway inhibition may also be constrained 
by the numerous adverse physiologic consequences of 
PI3K inhibition. Here, we’ll examine the evidence for PI3K’s 
involvement in the growth and maintenance of tumors. We 
will contrast the several potential therapeutic approaches 
for blocking this system and how the mode of PI3K pathway 
activation in a specific malignancy may affect their success. 
Finally, we will go over recent research comparing the 
advantages of using PI3K pathway inhibitors alone versus in 
conjunction with other drugs to treat cancer [52].
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PI3K Signaling Cascade Regulates Cell Growth 
and Surviva

PI3Ks are divided into three classes based on their 
structure and function. The most blatantly implicated PI3K 
subclass in human cancer is Class IA [53]. A regulatory 
subunit plus a catalytic subunit make up Class IA PI3Ks. 
P85 (p85, p55, and p50 isoforms), p85, and p55 regulatory 
subunits are encoded by three mammalian genes, PIK3R1, 
PIK3R2, and PIK3R3, and are collectively referred to as p85 
[54]. Three genes, PIK3CA, PIK3CB, and PIK3CD, produce the 
catalytic isoforms, p110, p110, and p110. Both PIK3CA and 
PIK3R1 are somatically mutated in malignancies, and these 
alterations encourage activation of the PI3K pathway, as will 
be covered in more depth below [55-61].

Growth factor stimulation causes receptor tyrosine 
kinases (RTKs) to activate Class IA PI3Ks. The regulatory 
component, p85, directly binds to RTK and/or adaptor 
phosphor-tyrosine residues. This interaction frees the p110 
catalytic subunit from the intermolecular inhibition caused 
by the p85 protein and directs PI3K to the plasma membrane, 
where its substrate, phosphatidylinositol 4,5-bisphosphate 
(PI, P2), is found [62]. Ras that has been activated and is 
binding to p110 directly can also stimulate PI3K. Additionally, 
G-protein coupled receptors have the ability to activate the 
p110catalytic subunit.

To create PI [3-5] P3, PI3K phosphorylates PIP2 at 
the 3OH location. PIP3 is dephosphorylated to PIP2 by the 
tumor suppressor phosphatase and tensin homolog deleted 
on chromosome 10 (PTEN), which stops PI3K-dependent 
signaling. By directly interacting with the pleckstrin homology 
(PH) domains of different signaling proteins, PIP3 spreads 
intracellular signaling [63]. Phosphoinositide-dependent 
kinase 1 (PDK1) and AKT are two serine/threonine kinases 
that possess PH domains, and PI, P3 brings them together. 
By phosphorylating AKT at threonine 308, PDK1 activates 
AKT [64]. Through a number of methods, PI3K-AKT signaling 
supports cell growth and survival. BAD and BAX, two 
members of the proapoptotic Bcl-2 family, are inhibited by 
AKT to aid in cell survival [65]. Additionally, AKT prevents 
NF-B from being negatively regulated, which promotes the 
transcription of more prosurvival and antiapoptotic genes. 
AKT negatively regulates for khead transcription factors, 
lowering the expression of cell death-promoting proteins, 
and phosphorylates Mdm2 to counteract p53-mediated 
apoptosis [66]. AKT also phosphorylates TSC2, which 
prevents the TSC1/TSC2 dimer from acting as a rheb GTPase. 
Increased p70 S6 kinase activity is brought on by activated 
rheb stimulating the mTORC1 protein complex, which 
contains the mTOR gene. By phosphorylating the ribosomal 
S6 protein and eukaryotic initiation factor 4E, mTORC1 
activation increases protein synthesis (Figure 12) [67].

Figure 12: The phosphatidylinositol 3-kinase (PI3K) 
signaling cascade. PI3K signaling impacts on cell growth, 
survival, and metabolism. Arrows represent activation, 
while bars reflect inhibition. A negative feedback loop 
has been described from the downstream target S6 
kinase (S6K) to the adaptor protein IRS-1. RTK, receptor 
tyrosine kinase; GPCR, G-protein coupled receptor; P, 
phosphate; G, G protein; PTEN, phosphatase and tensin 
homolog; IRS-1, insulin receptor substrate 1; eIF4E, 
eukaryotic initiation factor 4E; S6, ribosomal S6 protein; 
PIP2, phosphatidylinositol 4,5-bisphosphate; mTORC2, 
rapamycin (mTOR) – containing protein complex 2.
(*) p110 alpha, beta, or delta

Inhibitors of PI3K Signaling in Cancer Treatment

In some cases, PI3K signaling inhibition can increase cell 
death and reduce cell proliferation. As a result, this pathway’s 
components make good targets for cancer treatments. Many 
PI3K pathway inhibitors have been created, and they are 
now being examined in preclinical research and early clinical 
trials. The most developed rapamycin analogs in the clinic 
have been approved for the treatment of advanced renal 
cell carcinoma by the US Food and Drug Administration, 
including temsirolimus and everolimus, which specifically 
inhibit mTORC1 [68]. It will not be examined further because 
the use of rapamycin analogs in the treatment of cancer 
has already been thoroughly reviewed elsewhere [69]. The 
possible therapeutic functions of various PI3K pathway 
inhibitors will be covered in this review. AKT inhibitors, 
dual PI3K-mTOR inhibitors that block the p110isoforms 
of mTOR and the kinase component of both mTORC1 and 
mTORC2, and PI3K inhibitors (both pan-PI3K and isoform-
specific PI3K inhibitors) are a few of these. These drugs may 
affect tumor angiogenesis, metastasis, and metabolism in 
addition to their capacity to block cancer cell proliferation 
and survival signals, as previously mentioned [70].
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PI3K and Insulin Signaling: Potential Toxicity 
and Pharmacodynamic Marker of PI3K 
Inhibition

Through the course of eurkaryotic evolution, PI3K 
signaling has played a crucial part in mediating the effects of 
insulin on cellular metabolism [71]. Reduced PI3K response 
to insulin signaling is linked to non-insulin-dependent 
diabetes mellitus, which is characterized by insulin 
insensitivity [72]. The functional importance of this system 
on glucose homeostasis has been confirmed by a number of 
transgenic and knockout animals carrying changes in p85, 
p110, PTEN, or AKT2. These findings imply that patients 
using PI3K pathway inhibitors may experience insulin 
resistance, and this condition may actually be employed 
as a pharmacodynamic indicator of target inhibition in 
patients. Initial phase I studies with PI3K pathway inhibitors 
have shown some evidence of insulin resistance, as will be 
described further below, although this has not been a dose-
limiting effect. Although p110 and p110 appear to serve 
distinct functions in insulin signaling, research indicate that 
p110 mediates glucose homeostasis primarily [73].

Activation of PI3K Signaling in Cancer

In human malignancies, PI3K signaling is triggered 
in a number of distinct ways. Direct mutational activation 
or gene amplification of important PI3K pathway genes 
such PIK3CA and AKT1, as well as PTEN loss, are common 
causes of increased PI3K signaling. various PI3K signaling 
pathway components that have undergone genetic changes. 
Additionally, genetic mutation, upstream RTK amplification, 
and perhaps Ras that has been activated by mutation can all 
activate PI3K. The most efficient method of therapy to inhibit 
the system may be suggested by the mechanism of PI3K 
activation in a particular malignancy [74-80].

Somatic Alterations of PI3K Pathway 
Components in Cancer

Inactivation of the PTEN tumor suppressor gene is the 
most frequent genetic modification of the PI3K signaling 
pathway discovered in human cancer. PIP3 builds up as a result 
of PTEN inactivation because it loses the ability to function 
as a lipid phosphatase [81]. Protein truncation results from 
the bulk of somatic mutations in PTEN. Missense mutations, 
which normally abolish PIP3 phosphatase activity, are also 
frequently observed, nevertheless [82]. While most PTEN 
mutations are sporadic, Cowden disease and other hereditary 
neoplastic diseases have germline PTEN alterations [83]. 
Human tumors also show homozygous and hemizygous 
PTEN deletions [84]. Another way of PTEN inactivation 
involves transcriptional repression and epigenetic silencing, 

generally by promoter hypermethylation [85]. PTEN loss can 
have both genetic and epigenetic sources, making it difficult 
to accurately diagnose a cancer’s PTEN status and possibly 
requiring proper assessments of protein expression.

Expression of these PIK3CA mutants leads to increased 
oncogenic potential in vitro and in vivo [86]. They cause 
constitutive signaling along the PI3K pathway in the absence 
of growth factors and therefore seem to obviate the usual 
obligate interactions with tyrosine phosphorylated RTKs 
and/or adapters. Thus, it is intriguing that some studies 
have suggested that the presence of these mutations 
confers resistance to therapies targeting RTKs [87-89]. 
When fibroblasts and mammary epithelial cells express 
mutant PIK3CA, this leads to transformation, growth 
factor-independent proliferation, and apoptosis resistance 
[90]. In addition, kinase-domain mutant p110 H1047R 
transgenic mice with lung-specific induction produce 
lung adenocarcinomas [91]. Along with these activating 
mutations, PIK3CA amplification is another frequent finding 
in ovarian cancer and other cancers; however, it is unclear 
how amplification impacts PI3K activation.

PI3K Activation by Receptor Tyrosine 
Kinases and Ras

PI3K is frequently activated in normal epithelial cells 
after RTK signaling. These RTKs are frequently altered, 
amplified, or overexpressed in malignancies, which results in 
abnormal PI3K activation. When RTK-targeting therapies are 
successful, PI3K signaling is inevitably lost. For instance, PI3K 
is activated by the human epidermal growth factor receptor 
2 (HER2) in breast malignancies with HER2 amplification 
and the epithelial growth factor receptor (EGFR) in lung 
tumors having somatic activating mutations in EGFR. In 
certain tumors, kinase-dead ErbB3 is phosphorylated by 
EGFR or HER2, which immediately binds and activates PI3K. 
As a result, when these malignancies are effectively treated 
with EGFR- and HER2-focused therapies, respectively, PI3K 
signaling is turned off, and the cells die. Similar to this, 
glioblastomas typically display PI3K activation, either as a 
result of the co-activation of several activated RTKs, such as 
the constitutively active EGFR vIII mutant, or as a result of 
the loss of PTEN and simultaneous activation of RTKs [92].

Potential Roles for p110, p110, and p110 in 
Transformation

While oncogenic mutations in p110, p110, or the 
elegance IB catalytic isoform p110 have not been confirmed, 
activating mutations in PIK3CA are routinely found in human 
malignancies. Despite the fact that rare somatic single-
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residue alterations in p110 and p110 were found (www.
sanger.ac.uk/perl/genetics/CGP/cosmic), it is unknown 
what those substitutions do. Despite the lack of evidence for 
activating mutations in the various p110 catalytic isoforms, 
recent research has shown that p110, p110, and p110 have 
oncogenic potential. Contrary to p110, it’s interesting to 
note that overexpression of wild-type p110, p110, or p110 
transforms cells in culture [93].

Although the and isoforms are typically only expressed 
in leukocytes, extended p110 (along with p110) and 
glioblastomas have also been found to express these isoforms.
While p110 is increased through the Bcr-Abl oncogene in 
persistent myelogenous leukemia, p110 appears to provide 
the crucial PI3K activity in acute myelogenous leukemia [94].

Pi3k Pathway Inhibitors Entering The Clinic: 
Preclinical And Early Clinical Data

Numerous potential medications that target the PI3K 
signaling cascade have been developed. AKT inhibitors, dual 
PI3K-mTOR inhibitors, PI3K inhibitors (that do not inhibit 
mTOR), and mTOR catalytic site inhibitors are the four 
different groups of PI3K pathway inhibitors that we shall 
discuss [95].

Dual PI3K-mTOR Inhibitors

Because they all fall under the phosphatidylinositol 
kinase-related kinase family of kinases, the p110 subunits 
and mTOR have catalytic domain names that are structurally 
identical. There are numerous pharmacologic inhibitors 
in development that block both the p110 catalytic subunit 
and mTOR. Dual PI3K-mTOR inhibitors are what these are 
known as Goel A, et al. [96]. Dual PI3KmTOR inhibitors may 
have the advantage of inhibiting both mTORC1 and mTORC2 
when compared to other types of PI3K pathway inhibitors. 
Therefore, they should be able to totally shut off this pathway 
and overcome the feedback inhibition that is typically present 
with mTORC1 inhibitors (i.e., rapamycin analogs), which can 
limit their effectiveness. Dual PI3K-mTOR inhibitors may 
successfully inhibit all p110 isoforms and mTOR, but it is still 
unknown whether their usage will require sacrificing partial 
suppression of one or more potential target genes [97].

PI3K Inhibitors

Pan-PI3K inhibitors and isoform-specific inhibitors are 
two categories of PI3K inhibitors. All class IA PI3K within the 
cancer are the target of pan-PI3K inhibitors. These are made 
up of wortmannin prodrugs like the self-activating viridans, 
which are modified by dextran linker moieties to improve 
permeability and lengthen serum half-life, or wortmannin 
derivatives like PX-886 [95-97].

mTOR Catalytic Site Inhibitors

In mammalian cells, rapamycin and FKBP12 combine to 
create a complex that directly binds to the mTORC1 FKBP12-
rapamycin-binding domain, but not the mTORC2 domain 
[98]. On the other hand, ATP-competitive mTOR inhibitors 
work to block the activity of both mTORC1 and mTORC2 
by inhibiting the kinase domain of mTOR. Theoretically, 
inhibiting mTORC2 would have the advantage of preventing 
AKT activation. Because it would prevent AKT activation, an 
ATP-competitive mTOR inhibitor might be more effective 
than rapamycin at preventing the activation of PI3K that 
frequently follows mTORC1 inhibition [99].

Potential Clinical Uses for PI3K Pathway 
Inhibitors

HER2-amplified breast cancers, cancers with PIK3CA 
mutations, and cancers with PTEN deficiency are three 
types of genetically characterized tumors that PI3K pathway 
inhibitors have been found to have considerable single-agent 
action in so far. According to research available so far, PI3K 
pathway inhibitors may not be as effective against tumors 
with KRAS mutations. Since many colon cancers include 
both KRAS and PIK3CA mutations, it appears likely that the 
presence of KRAS mutations may limit the effectiveness of 
single-agent PI3K pathway inhibitors in these malignancies 
[100].

Cellular Functions of the PI3K-Akt Pathway 
and its Dysregulation in Human Cancer 
Figure 13

Figure 13: The PI3K-Akt signaling pathway involved in 
human cancer.

The class-Ia PI3K, a heterodimer made up of the p85 
regulatory and p110 catalytic subunits, is activated by 
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growth factor RTKs. The Src-homology 2 (SH2) domains of 
p85 connect to certain phospho-tyrosine residues on the 
active receptor or on related adaptor proteins, attracting the 
enzyme to the membrane. Ras, a small GTPase, can directly 
bind to p110 and recruit and activate PI3K. Phosphorylation 
of phosphatidylinositol-4,5-bisphosphate (PIP2) at the 3′ 
position on its inositol ring by PI3K results in the conversion 
of PIP2 to PIP3 at the membrane. PIP3 then binds to the 
pleckstrin homology (PH) domains of many downstream 
enzymes, most notably the serine-threonine kinases Akt and 
PDK1. PDK1 phosphorylates threonine 308 in the activation 
loop of Akt at the membrane, partially activating it. The C 
terminus of Akt is further phosphorylated at serine 473 to 
fully activate it [101-104].

Therapeutic Approaches of Targeting the 
PI3K-Akt Pathway in Cancer

Potentially many reasons, the PI3K-Akt pathway’s 
constituents provide potentially promising targets for 
therapeutic intervention. First, this route inhibits a 
number of “tumor suppressor-like” proteins that impair 
cell survival, proliferation, and growth, including the FOXO 
transcription factors, Bad, GSK3, and the tuberin/hamartin 
complex. Targeting PI3K directly would be the most effective 
technique to block the PI3K-Akt pathway. Both wortmannin 
and the PI3K inhibitors LY294002 and p110’s catalytic site 
have been widely employed as research tools. It has been 
demonstrated that LY294002 inhibits tumor growth in vivo 
in a mouse xenograft model of ovarian cancers. It is not 
unexpected that neither chemical distinguishes between the 
different isoforms of PI3K Kinase because inhibitors that 
target either Akt or PDK1 would also be effective at blocking 
this pathway because the PI3K catalytic domain is largely 
conserved among PI3K family members. First-generation 
inhibitors lack selectivity due to the significant homology of 
the catalytic domains of AGC family kinases (which include 
Akt and PDK1). The creation of more focused inhibitors could 
benefit from the high-resolution crystal structures of the 
Akt and PDK1 kinase domains [105-109]. Last but not least, 
cancers of various origins that develop from hyperactivation 
of the PI3K-Akt pathway are likely to respond differently to 
the inhibition of various downstream targets. The efficiency 
of focusing on a particular section of this pathway will rely, 
for instance, on which Akt substrates are phosphorylated 
inside the individual tumor and may also be influenced 
by the tumor cells’ level of differentiation. Based on this 
understanding, the therapeutic index of various PI3K-Akt 
pathway inhibitors could be further improved [110].
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