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Microarray Analysis of Breast Cancer Cells

Introduction: Cancer is a disease caused by cells that grow out of control and invade other tissues. Normally, the growth and replication of human cells is tightly controlled by the cell cycle, allowing new cells to form only when needed. Damaged cells are usually not permitted to replicate and are, instead, either repaired or targeted for destruction. If a damaged cell does not respond to normal cell cycle control signals, the cell may replicate unchecked, becoming cancerous.
	Cancer develops as a result of genetic variation that primarily impacts the function of genes involved in controlling the cell cycle or in the repair of damaged DNA. Mutations affecting hundreds of genes have been associated with cancer. These mutations can be inherited from your parents, result from mistakes made during DNA replication, or be caused by exposure to something in the environment such as ultraviolet light. Each cancerous cell will have a different combination of mutations impacting the function of that cell. In other words, no two cancers are the same at the genetic level. Cells from different locations of the same cancerous tumor may even carry different mutations since mutations will continue to accumulate as the tumor grows. Such mutations can impact the likelihood of a particular treatment being successful. For example, cancerous cells that lack p53 protein tend not to respond well to radiation therapy. Therefore, the best way to treat someone’s cancer is to know which gene regions have been mutated and how these mutations impact cell function. One way to explore functional impact is by studying changes in gene expression in cancerous cells compared to non-cancerous cells. 
Microarray analysis is a technique that allows comparison of gene expression levels at thousands of genes simultaneously. In this technique, messenger RNA (mRNA) is extracted from a sample and reverse transcribed into complementary DNA (cDNA) that is fluorescently labeled. The cDNA is then allowed to anneal, or hybridize, to complementary fragments of DNA from known gene regions that have been immobilized, or “spotted,” on a solid surface like a microscope slide. When the slide is exposed to a laser, the fluorescent label on the cDNA shows which spots have been bound by cDNA, thereby showing which genes are being expressed in the original tissue sample.
In this activity, you will be using a simulated microarray to examine gene expression variation in breast cancer. mRNA was extracted from breast tissue biopsied from a cancerous tumor, as well as from a sample of breast tissue that was not cancerous. mRNA from the breast cancer tissue was reverse transcribed into cDNA with a red dye label and mRNA from the normal breast tissue was converted to cDNA containing a blue label. These cDNA samples were mixed and applied to a microarray slide “spotted” with DNA fragments from 50 genes that have been associated with breast cancer. If the gene is expressed in the tissue sample, then the cDNA will anneal to the corresponding “spot” on the microarray, causing the spot to change color. You will be developing the microarray slide and analyzing which genes were expressed in which tissue sample.

Materials per group:
· Microarray slide spotted with 50 genes implicated in breast cancer
· 2 disposable pipettes
· Pair of forceps/tweezers (optional)
· cDNA sample tube containing a mixture of red-labeled cDNA from breast cancer tissue and blue-labeled cDNA from normal breast tissue
· Microarray wash solution in a squeeze bottle
· Color reagent tube
· Paper towel(s) or waste container
· Colored pencils
Procedure: 
1. Place the slide onto a paper towel.
2. Use a disposable pipette to add enough of the cDNA sample to the slide to completely cover it, but not so much that it spills off the slide.
3. Let the cDNA hybridize with the spots on the microarray for 5 minutes.  
4. Use forceps to hold the slide at an angle over the paper towel or a waste container and rinse the excess cDNA off the slide using the microarray wash solution.
5. Use a new disposable pipette to add color reagent to the slide, completely covering it without spilling off. Do not touch this solution as it is toxic – wash off immediately if it contacts your skin.
6. After 30 seconds, use forceps to hold the slide at an angle over the paper towel or a waste container and rinse off the color reagent using the microarray wash solution.

[bookmark: _Hlk139920985]Analysis: Draw a picture of your microarray results in the space below.







In this simulation, what does a purple-colored spot mean in terms of gene expression in cancerous and non-cancerous tissue?





Which genes were expressed only in breast cancer tissue? What color were these spots? The list of cancer-related genes spotted on the slide is available in Table 1 below.





Which genes were not expressed in breast cancer tissue? What color were these spots?


[bookmark: _Hlk139921771]
Pick one of the genes that showed a different expression pattern between cancerous and non-cancerous cells. Use reliable internet resources to explore the normal function of this gene. In your own words, explain how altering this function through mutation could lead to cancer.










Table 1: Cancer-related genes spotted on the microarray

	Spot
	Gene Symbol
	Gene Name
	Gene Function

	1
	POLB
	DNA polymerase beta
	Base excision repair

	2
	GAPDH
	Glyceraldehyde-3-phosphate dehydrogenase
	Glycolysis

	3
	HK1
	Hexokinase 1
	Glycolysis

	4
	ALDH1A1
	Aldehyde dehydrogenase 1 family member A1
	Alcohol metabolism; overexpression causes cyclophosphamide resistance

	5
	GLUT1
	Glucose transporter 1
	Glucose transport across plasma membrane

	6
	ACTG1
	Actin gamma 1
	Actin cytoskeleton formation in cytoplasm

	7
	DNASE1
	Deoxyribonuclease 1
	Degrades DNA

	8
	RNASE4
	Ribonuclease A family member 4
	Degrades RNA

	9
	TOP1
	DNA topoisomerase I
	Releases DNA supercoiling

	10
	BRCA1
	Breast cancer type 1 susceptibility protein
	Transcription, repair of DNA double-stranded breaks, and recombination

	11
	PDGFRB
	Platelet-derived growth factor receptor beta
	Membrane receptor for growth factors

	12
	CYP1A1
	Cytochrome P450 family 1 subfamily A member 1
	Drug metabolism and lipid synthesis

	13
	BCL2
	B-cell leukemia/lymphoma 2 protein
	Suppresses apoptosis

	14
	LIG1
	DNA ligase 1
	DNA ligation during replication/repair

	15
	POLI
	DNA polymerase iota
	Replication of damaged DNA

	16
	APAF1
	Apoptotic peptidase activating factor 1
	Promotes apoptosis

	17
	TP53
	Tumor protein 53 (p53)
	Regulates cell cycle arrest, DNA repair, and apoptosis

	18
	ZNF84
	Zinc finger protein 84
	May play a role in transcription regulation

	19
	MUC1
	Mucin 1
	Cell adhesion, cell-cell interactions

	20
	G6PD
	Glucose-6-phosphate dehydrogenase
	Pentose phosphate pathway, protection from reactive oxygen

	21
	TNF
	Tumor necrosis factor
	Cytokine involved in regulation of cell proliferation, differentiation, and apoptosis

	22
	ADH4
	Alcohol dehydrogenase 4
	Alcohol metabolism

	23
	DNMT1
	DNA methyltransferase 1
	Methylates DNA to regulate transcription

	24
	POLR2A
	RNA polymerase II subunit A
	Synthesis of mRNA

	25
	MDM2
	MDM2 proto-oncogene
	Inhibits p53 (see spot 17 above)

	26
	MMP3
	Matrix metallopeptidase 3
	Degrades extracellular matrix that anchors cells in place

	27
	VEGFA
	Vascular endothelial growth factor A
	Growth factor that promotes blood vessel formation

	28
	ACAT1
	Acetyl-CoA acetyltransferase 1
	Ketone body metabolism

	29
	MC4R
	Melanocortin 4 receptor
	Regulation of energy homeostasis and appetite

	30
	PDK2
	Pyruvate dehydrogenase kinase 2
	Inhibits pyruvate dehydrogenase complex, impacting glucose metabolism

	31
	ERBB2 (HER2)
	Erb-b2 receptor tyrosine kinase 2
	Receptor for epidermal growth factor

	32
	DUSP1
	Dual specificity phosphatase 1
	Regulation of cell cycle and apoptosis through dephosphorylation of MAPK (see spot 50 below)

	33
	PTP4A1
	Protein tyrosine phosphatase 4A1
	Regulation of cell proliferation and migration

	34
	JUN
	Jun proto-oncogene, AP-1 transcription factor subunit
	Regulation of cell proliferation, differentiation, and apoptosis

	35
	FOS
	Fos proto-oncogene, AP-1 transcription factor subunit
	Regulation of cell proliferation, differentiation, and apoptosis

	36
	RASSF1
	Ras association domain family member 1
	Regulation of cell proliferation and apoptosis

	37
	KRAS
	KRAS proto-oncogene, GTPase
	Small G-protein signaling molecule involved in regulation of cell division

	38
	SOS1
	SOS Ras/Rac guanine nucleotide exchange factor 1
	Regulates function of RAS GTPases (see spot 37 above)

	39
	EGFR
	Epithelial growth factor receptor
	Membrane receptor for growth factors

	40
	CS
	Citrate synthase
	Krebs cycle

	41
	ACHE
	Acetylcholinesterase
	Degrades ACh to stop nerve signal transmission

	42
	CDKN1A
	Cyclin dependent kinase inhibitor 1A (p21)
	Inhibits apoptosis and promotes DNA repair

	43
	IL6
	Interleukin 6
	Cytokine involved in inflammation and differentiation of B cells

	44
	GSTP1
	Glutathione S-transferase pi 1
	Helps to inactivate and eliminate some types of toxins

	45
	KDR (VEGFR)
	Kinase insert domain receptor
	Receptor for vascular endothelial growth factor

	46
	PLCG1
	Phospholipase C gamma 1
	Catalyzes formation of signaling molecules IP3 and DAG

	47
	MYC
	MYC proto-oncogene, bHLH transcription factor
	Activates transcription of growth-related genes

	48
	RPS18
	Ribosome protein S18
	Protein of the small ribosomal subunit

	49
	NAT1
	N-acetyltransferase 1
	Drug metabolism 

	50
	MAPK1
	Mitogen-activated protein kinase 1
	Signaling molecule and transcriptional activator
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