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ABSTRACT:

Breast cancer is a highly prevalent and serious condition that affects many women annually in both

developed and developing nations.

Targeting the human epidermal growth factor receptor 2 (HER2), the monoclonal antibody Pertuzuzmab
(PERJETA) is a HER2 receptor antagonist that is used in conjunction with trastuzumab and docetaxel to
treat patients with HER2-positive metastatic breast cancer who have not previously undergone anti-HER2
therapy or chemotherapy for metastatic disease.! It is also administered as a whole therapy regimen's
neoadjuvant to patients with HER2-positive, locally progressed, inflammatory, or early stage breast cancer
and adjuvant treatment for patients at high risk of recurrence.! The article aims to emphasize the
mechanism of pertuzumab in patients with early-stage HER2-positive breast cancer receiving neoadjuvant
treatment. This review intends to present the current development of Pertuzumab. The prospects of
Pertuzumab targeting the PI3K/AKT and RAS/MEK/ERK pathway for therapeutic intervention in HER2

positive breast cancer will be summarized.

New monoclonal antibodies targeting HER2 have been developed, enhancing immune response and
binding to epitopes. Petruzumab, an anti-HER2 humanized antibody, is shown to improve overall and
progression-free survival rates in patients with HER2-positive metastatic breast cancer. It inhibits ligand-

dependent HER2 dimer formation and HER2 receptor domain II.
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1. INTRODUCTION:

Breast cancer usually develops from benign ductal or lobular breast tissue through a series of genetic

abnormalities that build up in one cell, causing it to multiply clonally and uncontrollably.?

For the treatment of patients with metastatic breast cancer who have not had chemotherapy or anti-HER2
therapy before, pertuzumab is used with trastuzumab and docetaxel. In individuals with a high risk of

recurrence, it is also used as an adjuvant and neoadjuvant therapy for early-stage breast cancer.!

According to the global cancer statistics for 2023, there would be 43700 new breast cancer deaths out of

300,590 new predicted cases.®> Genetic and environmental factors are frequently linked to the



development of breast cancer. Normal cells are protected from cell suicide by the PI3K/AKT pathway and

the RAS/MEK/ERK pathway.

Cancer develops as a result of mutations in the genes responsible for encoding these protective processes,
which prevents cells from killing themselves when they are no longer needed.* Trastuzumab and
pertuzumab are monoclonal antibodies that are selective and have minimal side effects. They restrict cell
development and increase cancer cell death by targeting the extracellular domain of HER2. Pertuzumab,
a humanized monoclonal antibody, binds to the HER2 dimerization domain that prevents HER2-HER3

coupling.
2. TARGETING PATHWAYS OF PERTUZUMAB:
2.1.1 PI3K/AKT signaling pathway:

The 3-hydroxyl group of the inositol ring of phosphatidylinositol lipids in the plasma membrane is
phosphorylated to activate PI3K, a member of the lipid kinases family.> In physiological settings,
extracellular signals often trigger the activation of PI3K. Two main mechanisms of activation involve
interacting with a factor receptor that carries a phosphorylated tyrosine residue to cause heterodimer
structural changes and activation.® Several triggers have been shown to activate PI13K, including growth

factors, cytokines, and hormones.

Specifically, the transmembrane receptor tyrosine kinase (RTK) region of the N-terminal extracellular
domain is bound by epidermal growth factor (EGF), platelet-derived growth factor, and insulin-like growth
factor. This leads to the auto phosphorylation of tyrosine residues in the cytoplasmic region of the RTK
and the linker molecule.’The PI3K downstream cascade generates signals that are received by a number
of polymerization targets, but the serine/threonine kinase AKT is the primary mediator. AKT is a significant

member in the whole PI3K pathway's signal transduction.®

One of the most significant signal transduction pathways, PI3K/AKT serves a crucial role in the emergence
and progression of tumors and is involved in apoptosis, cell proliferation, cell cycle regulation, and other
pertinent pathophysiological processes.® As a result, it's possible to utilize appropriate pharmacological
molecules to suppress or block the PI3K/AKT signaling pathway in order to make it easier to identify anti-

tumor targets.®
2.1.2 Ras/Raf/MEK/ERK pathway:

The Ras/Raf/MEK/ERK cascade in tumour cells can be activated by a number of mechanisms, including:

chromosomal ectopes, like BCR-ABL; cytokine mutations, like Flt-3, Fms, and Kit; and overexpression



of mutant receptors, like EGFR. The apoptosis process is influenced by the Ras/Raf/MEK/ERK cascade,
which phosphorylates a number of apoptosis regulatory proteins, including the contested Bcl-2, Mcl-1,
Bim, Bad, and caspase-9.1° Mutations in upstream membrane receptors, Ras, and B-Raf, along with genes
in other pathways (such PI3K, PTEN, and Akt), which control Raf activity, cause abnormal stimulation of

this pathway in human cancer.’

Raf/MEK/ERK and/or PI3K/Akt signalling are frequently increased in transformed cells, and these
pathways are essential for both promoting proliferation and preventing apoptosis. Ras has the ability to
control both routes.'? Additionally, in some cell types, Akt adversely regulates Raf activity, suggesting that
there is communication between the two pathways. Both pathways play a part in the control of

proliferation and survival of cells and may lead to the phosphorylation of several downstream targets.!!
3. SYNERGISTIC RATIONALE OF TRASTUZUMAB WITH PERTUZUMAB:

Monoclonal antibodies are highly selective medicines with minimal side effects. Monoclonal antibodies,
in addition to directly promoting cancer cell death, also cause immunological activation, which results in
tumor cell toxicity.B*Trastuzumab and pertuzumab are HER2-directed mAbs, targeting the extracellular
domain of HER2 to inhibit cell growth. Their antitumor efficacy is attributed to their direct inhibitory

action, with interactions with the immune system causing antibody-dependent cellular cytotoxicity.**

Pertuzumab is a humanized monoclonal antibody that binds to the HER2 dimerization domain, preventing
the coupling of the most powerful HER signaling dimer, HER2-HER3. It has the ability to stimulate
immunological effector actions such as antibody-dependent cell-mediated cytotoxicity. Trastuzumab and
pertuzumab bind to separate epitopes on the HER2 protein and have complementary mechanisms of
action. Trastuzumab inhibits ligand-independent HER2 signaling, blocks HER2 activation by extracellular
domain shedding, and marks cells for immune system destruction.® It binds to the HER2 domain IV area

near the HER2 juxtamembrane.!®

Fig: Inhibiting ligand-dependent HER2 heterodimerization.

pertuzumab binds to the HER2 receptor at domain I1.Y



Trastuzumab is the first FDA-approved HER2-targeted medication for the treatment of metastatic breast
cancer. It cannot, however, block ligand-activated HER2/HER3 or HER2/HER1 heterodimerization, which
is a possible tumor cell escape strategy.’® Trastuzumab and pertuzumab reduce the survival of HER2-
overexpressing breast cancer cells in a synergistic manner, enhancing the anticancer impact in HER2-

overexpressing breast cancer.®
3.3 Pertuzumab on HER2 positive breast cancer:
3.3.1 HER family receptors:

Human epidermal growth factor receptor 2 (HER2) protein/oncogene overexpression and the presence of
transmembrane receptors, specifically progesterone and estrogen, are used to classify breast cancer
clinically.® Tumor-associated antigen (TAA) HER2 is overexpressed or amplified in approximately 25% of
patients with breast cancer. Inadequate treatment with HER2-targeted treatments is associated with poor

clinical outcomes.?®

Three domains are present in HER receptors: an intracellular tyrosine kinase domain, a transmembrane
domain, and an extracellular ligand-binding domain. The process of ligand binding to the HER proteins
causes these receptors to homodimerize or heterodimerize, which activates downstream signaling
pathways that encourage cell division and expansion while suppressing apoptosis.?! In addition to
enhanced signaling through ligand-dependent heterodimerization, HER2 overexpression or amplification

causes ligand-independent dimerization and aberrant signalling.?

Patients with HER2-positive (HER2+) metastatic breast cancer (MBC) have improved clinical outcomes
from passive immunotherapy with HER2-directed monoclonal antibodies (mAbs) like pertuzumab and
trastuzumab in combination with chemotherapy, as these agents have been shown to improve median
overall survival (OS) to as much as 57 months.??The HER family receptors (HER1, HER2, HER3, and HER4)
are expressed in a specific cell type, have homologous extracellular ligand-binding and intracellular kinase

domains, and are phosphorylated by hetero-dimerization events triggered by particular ligands.?
3.3.2 Pertuzumab mode of action on HER2 dimerization:

The HER2 heterodimer, which binds to the PI3K (Phosphoinositide 3-Kinases) p85 subunit, is the most
potent activator of the PI3K/AKT (Protein Kinase B, PKB) signaling cascade.?* Both HER2 and HER3 lack a
ligand and tyrosine kinase activity.?> Receptor dimerization, which can happen between two molecules of

the same receptor (homodimerization) or between two distinct HER members (heterodimerization), is an



essential requirement for HER activity. As each receptor phosphorylates during dimerization, the tyrosine
kinase domains of the dimer moiety are trans-activated. While other homomeric and heteromeric
complexes exist, the most powerful signaling pair responsible for promoting cell proliferation in HER2-
positive malignancy is thought to be the HER2—-HER3 heterodimer.?® As soon as the ligand attaches itself
to HER3, HER2 dimerizes with HER3, trans-phosphorylates HER3, and the vital phosphoinositide 3-kinase
pathway is triggered. As pertuzumab suppresses HER2 dimerization, it also restricts HER2-HER3

signalling.?’
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Fig: By binding to the HER2 receptor at domain Il, pertuzumab prevents the

PI3k and Ras pathways that are essential for cell survival and growth.



4. DISCUSSION:

Several new monoclonal antibodies that target HER2 have been developed; these antibodies have the
capacity to connect to more epitopes to enhance activity or to trigger a stronger immune response, or
they have a more selective binding to the HER2 receptor.?® Patients with HER2-positive metastatic breast
cancer who get treatment with the anti-HER2 humanized monoclonal antibody petruzumab in addition to
chemotherapy have a much better overall and progression-free survival rate than those who receive
chemotherapy alone. The PI3K/AKT signaling system is important in tumor development and progression,
regulating apoptosis, cell proliferation, and cell cycle control. Raf activity is controlled by mutations in
upstream membrane receptors, Ras, and B-Raf, as well as genes from other pathways, resulting in

abnormal activation of this pathway in breast cancer.

The review demonstrates the therapeutic significance of pertuzumab in inhibiting ligand-dependent HER2
dimer formation to maximally suppress HER2 signaling and hence target HER2-positive breast tumors. In
addition to blocking ligand-dependent dimerization, pertuzumab binds to the HER2 receptor's domain Il
and completely inhibits HER2 signaling.?® Trastuzumab and pertuzumab are monoclonal antibodies that
are selective and have minimal side effects. They induce cancer cell death and immune activation,
resulting in tumor cell toxicity. Their anticancer activity relies from their direct inhibitory action, which
results in antibody-dependent cellular cytotoxicity. Trastuzumab and pertuzumab bind to different

epitopes on the HER2 protein and function in complementary ways.
CONCLUSION:

Since the advent of anti-HER2 therapy, patients with HER2-positive breast cancer have experienced
markedly better clinical results, and HER2 is now most frequently targeted in breast cancer treatment.
Pertuzumab is a humanized monoclonal antibody that targets the extracellular dimerization domain of
HER2, preventing its dimerization with other HER family members. This inhibits downstream signaling and
cell survival pathways, making it a complementary therapy to trastuzumab. Patients with HER2-positive

breast cancer who receive pertuzumab in addition to chemotherapy have better overall survival rates.

Pertuzumab, targets the human epidermal growth factor receptor 2 (HER2), is used to treat patients with
HER2-positive metastatic breast cancer in conjunction with trastuzumab and docetaxel. The mechanism
of action of pertuzumab is based on the HER2 family receptors, which are overexpressed or amplified in

around 25% of breast cancer patients.



The antibody specifically targets the PI3K/AKT and RAS/MEK/ERK pathways, which protect normal cells

from suicide. Pertuzumab binds to the HER2 dimerization domain, blocking the most potent HER signaling

dimer, HER2-HER3, from coupling. It can activate immunological effector mechanisms such as antibody-

dependent cell-mediated cytotoxicity. Trastuzumab and pertuzumab work synergistically to diminish the

survival of HER2-overexpressing breast cancer cells, improving the anticancer impact on HER2-

overexpressing breast cancer.
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