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Identified 3 Novel genes presently on NCBI data base i.e. GGT-rel gene ,KPL1 gene KPL2 gene

Molecular Targeted therapy in prostate and pancreatic cancer
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TRANSLATIONAL  RESEARCH PROGRAM

BENCH SIDE PROMISES TO BEDSIDE REALITY 
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Molecular DiagnosticsMolecular DiagnosticsMolecular DiagnosticsMolecular Diagnostics

Implementing  New Discipline Implementing  New Discipline Implementing  New Discipline Implementing  New Discipline 
April 14, 2003

NIH Director Francis Collins, then-director of the U.S.

National Human Genome Research Institute, announces that

a six-country consortium has successfully drawn up a

complete map of the human genome, completing one of the

most ambitious scientific projects ever and offering a major

opportunity for medical advances, April 14, 2003, at a press

conference at the National Institute of Health in Bethesda,

Md.

NIH Director Francis CollinsNIH Director Francis CollinsNIH Director Francis CollinsNIH Director Francis Collins
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Major technologies use for Molecular Profiling of  Cancer

• PCR( DNA/RNA)

• Real Time PCR

• Microarray Analysis

• DNA Sequencing (Genotype & Mutational studies)

• Next Generation Sequencing 
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Polymerase Chain Reaction 

(PCR)

• Major component include DNA/RNA, DNTPs, Primers & Taq Polymerase

Steps of PCR reaction

• Denaturation

• Annealing 

• Extension 

• Amplification
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REAL TIME OPCR

ABI PRISM 7700

• Real Time PCR (RT PCR), also known as quantitative PCR (qPCR) .

• It is an accurate and sensitive method of quantifying the abundance

of a target DNA sequences .

• Analysis of the amplification curves allows samples to be quantified

via a standard curve, or use to calculate relative expression levels

between samples.

• qPCR can also be used to analyze single nucleotide polymorphisms

(SNPs) and perform genotyping.
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Real Time PCR Analysis

Quality control for Real Time PCR required know positive control  having specific 

copy number  with  different dilution  
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ABI Automated DNA  Sequencer

• DNA sequencing refers to the method for determining the order of the nucleotides bases

such as Adenine, Guanine, Cytosine and Thymine in a molecule of DNA.

• The chain termination method developed by Sanger and coworkers in 1975 is a relatively

easy and reliable method to use by many investigators.

• Automated DNA sequencing analysis permits easier and faster methods for DNA

sequencing.

• DNA sequencing technology has a great help in the sequencing of the human genome, in the

human genome project completed in year 2003.

• DNA sequencing of cancer genes has play vital role in the field of cancer diagnostic
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1980, Fred Sanger, Paul Berg and Wally Gilbert receive the Nobel Prize 

in Chemistry 

1958, Nobel prize  for elucidating Insulin  

protein structure
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Electrophotography showing sequenced data 

DNA SEQUENCING IS CONSIDERED AS A GOLD STANDARD METHOD
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Gene expression profiling by  Microarray Analysis

• DNA microarrays technology can be

very well used to explore thousand

of sequence of genes in a single run

• It can well differentiate the gene

expression profiling of any cancer

cells which differ from normal cells

• It also allows us to discover new

drug molecule which can inhibit

cancer growth .
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Life/Ion Torrent Desktop Sequencer

• Next Generation sequencing has been introduced due to high demand for low cost

sequencing.

• Next-generation sequencing is mainly use for Exomes and Whole Genome

sequencing.

• Exome and whole Genome sequencing can help to determine, whether new genetic

variations are associated with specific cancer which can be useful for diagnosis &

therapies of cancer .

Next Generation Sequencing (NGS)
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Molecular Diagnostic needs Clinicians & Scientists 

collaboration 

BENCH TO BED SIDE REALITY
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Molecular Profiling in Cancer

(Diagnosis & Therapeutic Perceptive) 
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The completion of the human genome sequence,

in conjunction with newer, cheaper, and more

reliable methods of gene expression analysis has

the potential to revolutionize cancer diagnosis

and treatment.

By providing a molecular portrait of an

individual cancer patient , this technology will

allow clinicians to determine the origin of the

cancer, its potential for metastasis, its specific

drug responsiveness, and the probability of its

recurrence.

NIH Director Francis CollinsNIH Director Francis CollinsNIH Director Francis CollinsNIH Director Francis Collins

Human Genome Sequence & Start of Molecular Diagnostics
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Currently, when cancer is diagnosed it is generally classified according

to the gross morphological appearance of the cells and surrounding

tissue & this traditional classification scheme is limited by a number of

factors.

1. First, it relies on a subjective review of the tissue that is dependent

on the knowledge and experience of a pathologist and therefore

may not be reproducible.

2. The classification is discrete, rather than continuous, meaning that

patients are classified into broad treatment groups with limited

ability to determine the individual recurrence risk.

3. In addition, current pathology reports either lack or offer very little

information regarding the potential drug treatment regime to which

a cancer will respond.

Old  System  of Cancer Diagnosis & Treatment 
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One of the main goals of cancer research is to identify molecules

which are dysregulated in the process of cancer development for

their use in early Diagnosis & Therapies of cancer.

Since completion of Human Genome Project, several molecular

biomarkers have been identified and defined as a prognostic &

predictive makers for diagnosis & therapies of cancer

But still there is a great need to identify and characterize many

more cancers biomarkers to further improvement in the treatment

of cancer by using several advanced technologies so far developed.

Main Goals of Cancer Research
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With the increasing availability of newer and more powerful

technologies such as multiplex PCR, mutational screening, next

generation sequencing, array-based approaches and

bioinformatics tools cancer can be more precisely

characterized in the near future by scientists in order to

develop better personalized treatment strategies to treat this

cancer

Present Approach 
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• Breast cancer, 

• Lung cancer

• Colon cancer

• Prostate cancer  

• Pancreatic cancer 

• Hematological cancers  

Major Cancers need to be studied
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Genes studied in various pathways of cancer

Plasminogen activators and inhibitors

The urokinase-type plasminogen activator (uPA) is a serine protease that plays

an important role in the invasion and metastasis process through degradation of

the extracellular matrix. Patients with elevated tumor levels of uPA and/or of

PAI-1 have an aggressive course of disease in lymph node-negative breast

cancer, independent of HER-2 status.

Angiogenesis-related prognostic markers

Angiogenesis is an active process, regulated by a large number of pro-

angiogenic and antiangiogenic molecules. Angiogenic growth factors include

the vascular endothelial growth factor, the platelet-derived endothelial cell

growth factor and the fibroblast growth factor family .

Apoptosis-related prognostic markers

Bcl-2 is a mitochondrial protein known to inhibit apoptosis triggered by

chemotherapy and radiation therapy. Several studies have shown that patients

with Bcl-2-negative breast cancer were more likely to respond to

chemotherapy than patients with Bcl-2-positive tumors
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Present Status of Breast cancer Treatment

Breast cancer is still one of the leading causes of cancer death in

women, but there has been a sustained decline in mortality rates over

the last decades due to following reasons.

• Increasingly effective adjuvant medical treatments is one of the

major factors for this development, despite an increasing

incidence of breast cancer.

• Regular mammography & BRCA1 & BRCA 2 screening

programs for detection of early-stage breast cancer resulted into

better prognosis of breast cancer and thus reduced the relapse

rate in these patients.

On the other hand by defining specific characteristic of tumor

and cancer cells provided better possibility of individual

treatment to breast cancer patients
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• Estrogen receptor (ER) and Progesterone receptor (PR) have played a

significant role in the selection of patients benefiting from endocrine therapy for

many years.

• More recently, the human epidermal growth factor receptor 2 (HER2) has been

validated to be not only a prognostic factor, but also a predictor of response to

HER2 targeting therapy.

• Proliferation marker Ki67 has recently been emerged as an important marker

due to several applications in neoadjuvant therapy in addition to its moderate

prognostic value.

• Cyclin D & Cyclin E are  currently being  used as a  prognostic markers

Prognostic & Predictive  Molecular Markers in   Breast   Cancer
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Human epidermal growth factor receptor 2 is the most frequently

implicated receptors and growth factors in human breast cancer.

HER-2 is a proto-oncogene that encodes a 185-kDa tyrosine

kinase glycoprotein. The HER-2 protein is overexpressed in 60%

of ductal carcinomas in situ and in 20–30% of infiltrating breast

carcinomas. HER-2 is a strong prognostic factor. Patients in this

group with HER-2-positive tumors showed only 40% Disease Free

Survival at 5years, compared with more than 80% in patients with

HER-2-negative tumors. HER-2 overexpression has been

associated with improved response to doxorubicin-based

chemotherapy

Human Epidermal Growth Factor Receptor 2
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Molecular Targeted Therapies for Her 2 positive  Breast cancer patients 

• Trastuzumab (Herceptin): is a monoclonal antibody, which is often given to

patients with Her 2 positive breast cancer patients along with chemo or in single

to treat both early- and late-stage breast cancer.

• Pertuzumab (Perjeta): This monoclonal antibody can be given with

trastuzumab and chemo, either before surgery to treat early-stage or advanced

breast cancer.

• Lapatinib (Tykerb): This is a type of targeted drug known as a kinase inhibitor.

Lapatinib is used to treat advanced breast cancer, most often when trastuzumab

is no longer working. It is typically used along with certain chemo or hormone

therapy drugs.
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Molecular Targeted Therapy for Hormone Receptor Positive 

(ER+ & PR +) Breast  Cancer Patients

Tamoxifen is a FDA approved drug given to women diagnosed with hormone-

receptor-positive, early-stage breast cancer after surgery to reduce the risk of the

recurring of breast cancer. Even it is used in women diagnosed with advanced-stage

or metastatic hormone-receptor-positive disease. Tamoxifen won't work on hormone-

receptor-negative breast cancer.

Palbociclib (Ibrance) is an approved drug for women who have gone through

menopause and have advanced hormone receptor-positive, HER2-negative breast

cancer. It is cyclin-dependent kinase (CDK) 4 and CDK6 inhibitor and slower the

growth of cancer cells .

Everolimus (Afinitor) Everolimus is an approved drug for women who have gone

through menopause and have advanced hormone receptor-positive, HER2-negative

breast cancer. This targeted therapy drug blocks mTOR, a protein in cells that

normally helps them to grow and divide. Everolimus may also stop tumors from

developing new blood vessels, which can help limit their growth. Everolimus is also

being studied for use for earlier stage of breast cancer, with other hormone therapy

drugs, and in combination with other treatments.
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Molecular Profiling of Circulating Tumor Cells ( Liquid Biopsies) in Breast 

Cancer

1. Pravin Potdar & Navjeet Kaur Lotey (2015) – Review:

Circulating Tumor Cells in future diagnosis and therapies of

cancer. J Cancer Metastasis Treat 2015; 1:44-56.

2. Pravin D. Potdar (2017) Circulating tumor cells: hope to

diagnose and treat metastatic cancer. J Cancer Metastasis

Treat 2017;3:477-81

3. Pravin D. Potdar et.al (2017) Profiling of circulating tumor

cells in liquid biopsies from metastatic cancer patients. J

Cancer Metastasis Treat 2017;3:6-15
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Gene Mutations in Non Small cell lung cancer 

Multiple oncogenes mutated in Lung Cancer

EGFR, HER2,KRAS,NRAS, AKT1, ALK, BRAF, MEK1, MET,

PIK3CA, RET, ROS1

Worldwide Lung cancer is the most common cause of

cancer-related death in men and women. Despite of

increased in awareness and advances in diagnosis and

treatment, lung cancer is still a common lethal disease in

both the United States and around the world. The

American Cancer Society (ACS) recently estimated that

over 210,000 new cancers of the lung and bronchus are

diagnosed in the U.S. every year. Fifteen percent of all

diagnosed cancers are of lung cancer. Lung cancer is

responsible for more cancer-related deaths than any other

type of cancer worldwide. Men and women are equally

affected by lung cancer.

Mol Pathology AMD2017



Prognostic & Predictive  Molecular Markers in   Lung cancer & 

their targeted therapies

•Patients with EGFR gene mutation will receive a drug called erlotinib, which inhibits 

a protein called EGFR that is thought to be a key factor in the development and 

progression of Lung Cancer.

•Patients  with KRAS, BRAF, HRAS, or NRAF gene mutations will receive a drug 

called AZD6244, which inhibits a protein called MEK that is thought to be a key 

factor in the development and progression of Lung Cancer

•Patient  with PIK3CA, AKT, or PTEN gene mutations will receive a drug called MK-

2206, which inhibits a protein called AKT that is thought to be a key factor in the 

development and progression of Lung  cancers.

Mol Pathology AMD2017



•Inhibitors of Epidermal growth factor receptor (EGFR)

Tyrosine kinase inhibitors (TKI's):

• erlotinib (Tarceva)

• gefitinib (Iressa)

Monoclonal antibody against EGFR:

• cetuximab (Erbitux)

Inhibitors of vascular endothelial growth factor (VEGF)

• bevacizumab (Avastin)

Inhibitor of EML4-ALK fusion protein

• crizotinib

Prognostic & Predictive  Molecular Markers in   Lung cancer & 

their targeted therapies
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Molecular Markers in Colorectal  Cancer & their targeted therapies

Molecular Markers 

for colorectal cancer

• TP53

• BAX

• TGF-b

• DCC

• VEGF

• KRAS

• RAF

• P13K

• PTEN

Targeted therapies for Colorectal cancer:

Cetuximab (Erbitux®), panitumumab (Vectibix®), bevacizumab (Avastin®), ziv-

aflibercept (Zaltrap®), regorafenib (Stivarga®), ramucirumab (Cyramza®)

Colorectal cancer is a disease originating from

the epithelial cells lining the colon or rectum of

the gastrointestinal tract, most frequently as a

result of mutations in the Wnt signaling

pathway that increase signaling activity. The

mutations can be inherited or acquired, and

most probably occur in the intestinal

crypt stem cell. KRAS, RAF, and PI3K genes

are overexpressed in colorectal cancer which

result in overall activation of cell proliferation.
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Molecular Markers in 

Pancreatic Cancer

• EGFR

• miRNA

• KRAS

• BRAF

• DKN2A

• SMAD4

• TP53

• Epigenetic 

Alterations

Targeted Therapies for Pancreatic cancer:

Erlotinib (Tarceva®), Everolimus (Afinitor®), Sunitinib (Sutent®)

Molecular Markers & Targeted therapies  in Pancreatic Cancer

Pancreatic cancer arises from the cells of

the pancreas, which begin to multiply out of control

and form a mass. These cancerous cells have

the ability to invade other parts of the body. There are

a number of types of pancreatic cancer. However the

most common cancer is pancreatic adenocarcinoma

which accounts for about 85% of cases. Several other

types of cancer, which collectively represent the

majority of the non-adenocarcinomas, can also arise

from these cells. One to two percent of cases of

pancreatic cancer are neuroendocrine tumors, which

arise from the hormone-producing cells of the

pancreas. These are generally less aggressive than

pancreatic adenocarcinoma.
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• Over the last two decade, Gene Expression Profiling (GEP) has been applied

to diagnose hematological malignancies mainly to address the heterogeneity

of the hematological cancers.

• Various studies have so far demonstrated that GEP can accurately predict a

majority of genetically defined leukemia subtypes.

• Similarly, relevant prognostic genes have been studied for AML with normal

karyotypes.

• Several studied have shown that GEP can define novel clinically relevant

subtypes in diffuse large B cell lymphoma (DLBCL) and thus differentiate

between Burkett lymphoma and DLBCL patients.

• Several times, diagnosis and therapy of hematological malignancies are

based on a variety of genetically defined sub-entities for their classification

into the individual leukemia subtypes.

HEMATOLOGICAL MALINGNANCIES

Mol Pathology AMD2017



Molecular Pathology of Chronic Myelogenous Leukemia
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The presence of Philadelphia chromosome

t(9:22) is a hallmark of 95% of clinical cases

of chronic myelogenous leukemia (CML) as

well as 20% of adult acute lympho-blastic

leukemia (ALL) and 5 % of acute myeloid

leukemia (AML).

The product of t(9;22) is a fusion protein

BCR-ABL.

The fusion proteins of CML, ALL and AML

have increased tyro-sine kinase activity and

show a transforming potential in vitro and in

animal models.

Chronic Myelogenous  Leukemia (CML)

Three Phases of CML- Acute, chronic & blastic phase

CML is characterized by an accumulation of mature and immature myeloid cells in the

blood, bone marrow, and spleen.
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Molecular Diagnostics for  Chronic Myeloid Leukemia

M          K567          N               P

BCRBCRBCRBCR----ABL PCRABL PCRABL PCRABL PCR

CML Real Time PCR
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Molecular Targeted therapy For  CML

Drugs used for treatment

Imatinib mesylate, nilotinib, dasatinib, and ponatinib are tyrosine

kinase inhibitors that are used to treat CML
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One is the persistence of BCR - ABL -positive cells which is known

as 'residual disease', and is detected by a sensitive nested reverse-

transcriptase PCR assay.

The other major problem is relapse of the disease due to the

emergence of resistance to imatinib.

Several mechanisms of resistance have been described, the most

frequent of which are the appearance of point mutations in the kinase

domain of BCR - ABL gene that impair the drug binding

MAJOR OBSTACLES TO IMATINIB-BASED THERAPIES FOR CML  

PATIENTS 
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BCR-ABL kinase domain (KD) mutation is the main mechanism associated with

resistance to tyrosine kinase inhibitors (TKI) in chronic myeloid leukemia (CML)

patients.

Patients exposed to1st generation (imatinib) and/or 2nd generation

(nilotinib/dasatinib) TKI therapy.

It has been reported that mutations in the naïve cases were mainly localized in the

C-helix domain and SH3 contact site whereas, drug induced mutation mainly

found in the drug contact site, P-loop, and catalytic domain.

T315I resistant mutation was identified only in TKI-exposed cases only

several known and novel BCR-ABL KD mutations were discovered in the TKI-

naïve and -exposed CML patients, supporting the concept that naturally occurring

KD mutations were present in leukemic cells prior to drug exposure.

T315I resistant mutation was completely undetectable in the naïve patients but

its incidence increases with drug exposure.

BCR-ABL kinase domain (KD) mutation (T315I)
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Molecular Markers in Acute Myeloid Leukemia (AML)

• Acute Myeloid Leukemia is a clinically heterogeneous disorder with distinct

clinical and biological features.

• Molecular diagnostic allows us to diagnose and classify AML by establishing

groups of patients with different disease behavior and prognosis.

• Some of these molecular alterations involved in the pathogenesis of AML are

translocations, mutations and over expression of genes, which often

characterize a particular subtype of AML.

• The first molecular cytogenetic marker described for AML is t(15;17)

translocation which give rise to fusion protein gene PML/RARA which give

response to therapy in AML patients.

• Mutational studies for JAK2, NPM1,, FLT3, KIT, WT1, CEBPA and MLL

genes are recommended in all cytogenetically normal AML patients.

• Recent interest has focused on identifying new molecular markers that might

prove significant in the diagnosis and follow-up of Minimal Residual Disease

(MRD) in AML patients.
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Acute Promyelocytic  Leukemia 

Molecular Analysis

• RT/PCR for PML- RARα gene

• Real Time PCR for PML-RARα

gene
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Acute Promyelocytic  Leukemia & Its Targeted therapy
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• Combinations of biomarkers and improve imaging technique can quantify the residual

risk of cancer patients and indicate the potential value of additional treatment

strategies.

• By introduction of high-throughput technologies, numerous multigene signatures have

been identified and may be used for developing targeted therapies for various cancer

• Many more factors and approaches become relevant in the near future including the

detection of circulating tumor cells in blood and bone marrow as well as of

circulating cell-free DNA and microRNA.

• Careful randomized prospective testing and comparison with existing established

factors will be required to select those emerging markers that offer substantial cost-

effective benefit and thereby justify their routine use for cancer therapy in near

future.

• For Development of New Molecular Targeted therapies, there should be a continuous

need for identifying new biomarkers that will be able to predict for specific response

to therapies of cancer. It will be a challenging job for scientists and clinicians to

select such markers and drugs which will target only cancer cells to cure cancer in

near future.

Conclusion & Future Directions
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Researcher in Molecular Medicine & Biology
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THANK YOU
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