
Every Cancer is a genetic disease BUT 

Cancer is rarely inherited.  Why?

- Cancers develop due to the accumulation of somatic mutations.  

Germline mutations are usually lethal.

- Cancer is a multi-step process

- Heterozygosity at specific loci can predispose people to develop 

cancer





Cancer Cells have altered Chromosome Numbers

Karyotype from Breast Cancer Cell

Loss of checkpoint control = faulty 

chromosome segregation



Cancer is Extremely Heterogeneous

Neoplasm – Greek neo = new, plasm = creation, formation 
– a.k.a. tumor (Latin "tumere" to swell), suffix “-oma”

• Hematopoietic cancers (i.e., individual cells) versus 
solid tumors (masses)

– Lymphoid & myeloid neoplasms vs. breast, colon, etc

• Transformed mesenchymal cells (sarcomas) vs. 
transformed epithelial cells (carcinomas). 

– Muscle, vascular & hematopoietic neoplasms vs. most breast, 
colon and lung neoplasms

Classification of a disease is paramount in 

understanding its etiology and how to effectively treat it.



Understanding Breast Anatomy

http://www.breastcancer.org/pictures/breast_anatomy/image_1.jsp
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Cancer in the Milk Ducts:
Ductal Carcinoma

http://www.breastcancer.org/pictures/breast_anatomy/image_1.jsp
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Ductal Carcinoma in situ (DCIS)

Invasive Ductal Carcinoma (IDC)

“in situ” 

means 

“in its 

original 

place”



Cancer in the Breast Lobules:
Lobular Carcinoma

http://www.breastcancer.org/pictures/breast_anatomy/image_1.jsp
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Lobular Carcinoma in situ (LCIS)

Invasive Lobular Carcinoma (ILC)



Pathological Grade of Neoplasm

Microscopic examination of histology (usu. biopsy)

How much of the tissue looks like it should?

Linked to prognosis.  Scale: 3-9.

• Histologic Grade: How many cells still look like normal 
[tissue] cells? (1, 2 or 3)    Aberrant differentiation

• Nuclear Grade: What is the size and shape of the 
nucleus? (1, 2 or 3)     Aneuploidy

• Replication Grade: How many cells are actively dividing? 
(1, 2 or 3)      Cell cycle dysreguation



Bigger Picture: 
Clinical Stages of Cancer

How big is the tumor?

Has it spread to the lymph nodes or beyond?

• Stage 0: Noninvasive cancer (DCIS, LCIS)

• Stage 1: Invasive cancer < 2cm, but no lymph nodes

• Stage 2a/b: Invasive cancer 2-5 cm +/- lymph nodes

• Stage 3: Invasive cancer > 5 cm, + lymph nodes, 
sometimes attached to chest wall 

• Stage 4: Cancer has spread to other organs (metastasis)



Modern Cancer Treatment

LOCAL:  (at the site of the tumor)
• Surgery: to remove the tumor

• Ex: Lumpectomy (removal of the tumor + margin)
• Ex: Mastectomy (removal of the breast)

• Radiation: kill any cells missed during surgery.  
Reduces recurrence by 50-66%. 

SYSTEMIC:  (throughout the body)
• Chemotherapy: kill or inhibit any cancer cells that 

may remain after surgery or have moved to other 
parts of the body



Classes of Chemotherapy Agents

Ex: Cyclophosphamide

Ex: Methotrexate, 5-fluorouracil

Plant-deived anti-microtubule agents

Ex: docetaxel, vincristine

Topoisomerase inhibitors

Ex: Adriamycin

Ex: Trastuzumab 

(Herceptin)
Ex: Tamoxifen

http://pharmaextremes.blogspot.com/2010_10_05_archive.html
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Targeted Cancer Treatments

• Receptor Inhibitors

• Inhibition of specific proteins / pathways

• Inhibition of angiogenesis



Characteristics of Breast Tumors:
Hormone Receptors

14th Century, breast cancer is known as “nuns’ disease”

Hormone Receptor-Positive Tumors (ER+ / PR+)
• Normal breast tissue responds to the hormones via Estrogen 

Receptor (ER) & Progesterone Receptor (PR) → growth signal

• Cancerous cells make more ER & PR, and grow more
• About 75% of breast cancers are hormone-receptor positive



Blocking ER Receptors

1998 Meta-analysis of clinical trials: 
reduced mortality 12-26%

Left, top: PDB ID 1hcq. bottom: PDB ID1a52 

Right, top: PDB ID 1qku. bottom: PDB ID 3ert

http://www.rcsb.org/pdb/101/motm.do?momID=45



HER2 Positive Tumors (HER2+)

• Human Epidermal growth factor Receptor (HER)2 is found in 
normal breast tissue

• Sometimes the gene overexpresses or duplicates

→ more HER2 protein →more cell growth

• 15-20% of breast cancers are HER2 +

Characteristics of Breast Tumors:
Growth Factor Receptors



Blocking Growth Factor Receptors

2005: 12% increase in disease-free survival and 33% reduction in 
risk of death

Image Source: Burstein, 2005.  NEJM.



DNA Microarrays Assay Gene Expression

http://en.wikipedia.org/wiki/DNA_microarray



Microarrays:  Determine 

whether specific mRNAs are 

expressed at higher (red) or 

lower (blue) levels than 

expected (i.e., compared to 

“housekeeping” genes like 

GAPDH, actin or tubulin 

monomers, 18s / 28s rRNA).

Differences in Gene 

Expression of two types of 

Leukemia 

  - mutations don’t just result in a 

loss of function of that gene, but 

can also have downstream 

affects on target gene i.e.., 

mutation of transcription factors

Acute Lymphoblastic 

Leukemia
Acute Myeloid Leukemia







Copy Number Alteration

Epigenomics

mRNA Expression

miRNA Analysis

DNA Sequencing

Proteomics 

Data Integration 

and Analyses





TCGA Collecting Samples from 11 

Different Cancers

Selection Criteria:

* Poor prognosis and 

overall public health 

impact

* Availability of human 

tumor and matched-

normal tissue samples 

that meet TCGA 

standards for patient 

consent, quality and 

quantity

Up to 500 samples per 

cancer



Nature, 2012



Integration of Multiple Data Types

• Genomic DNA copy number arrays

– Testing gene duplications / amplifications

• DNA methylation

– Epigenetics / chromatin remodeling / silencing

• Exome sequencing

– Sequencing all protein coding genes

• messenger RNA arrays

• microRNA sequencing

• Reverse-phase protein arrays

– Analysis of protein expression



Note from Dina: As all of my brilliant students know, a missense mutation is 

actually a mutation that changes the amino acid, not the reading frame.
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Triple Negative Breast Cancer

• ER-

• PR-

• HER2-

• Few treatment options

• Poor prognosis
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Genetic Signatures can Inform 

Treatment Choice 

Lymph-Node-Negative Patients

Figure 16.21 (6th ed): The use of DNA microarray data in determining the choice of treatment.

N+ patients on 

average have 

poorer 

prognosis 

(Stage II v III).

These patients 

are treated 

very 

aggressively, 

causing severe 

side effects – 

including 

secondary 

cancers.

N- patients 

(esp over age 

50) on average 

have good 

prognosis.

These patients 

are treated 

less  

aggressively, 

sometimes no 

chemo at all.

But “Poor 

signature” 

group needs 

more TMT



An ounce of prevention is worth a 

pound of cure…

• Screening: 

– mammograms, Pap smears + HPV testing, 

colonoscopy, PSA

• Genetic Testing:

– BRCA1/2

• Only 10% of breast cancer is inherited

• Only 50% of inherited breast cancer is positive for 

germline BRCA1 or BRCA2 mutations

– ‘Comprehensive panels’







https://www.genetests.org/img/content/chart1.png

Disorders for which genetic tests are available

and laboratories offering tests, 1993-2012

Note from Dina: Actually, the Human Genome Project was “declared completed in 2003 (Wikipedia).



http://tests.labmed.washington.edu/BROCA

Next generation DNA 

sequencing:

320- to >1000-fold coverage
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