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Microarray Analysis of Breast Cancer Cells – Teacher Guide

Activity Explanation: This microarray activity is a simulation using the pH indicators phenolphthalein and thymolphthalein.  At pH>8, these indicators change from clear to red or blue, respectively. The indicators were “spotted” onto nitrocellulose glued to a glass microscope slide. Because nitrocellulose is positively charged, the negatively charged pH indicator molecules bind to the nitrocellulose. The indicator solutions were spotted onto the nitrocellulose using Rapidograph pens (0.8 mm size) filled with one of the following:
· RED: 10 mg/mL phenolphthalein in 50% ethanol
· BLUE: 10 mg/mL thymolphthalein in 50% ethanol 
· PURPLE: a 1:1 solution of RED and BLUE
To mimic the steps followed when using a real microarray slide, students first incubate the microscope slide in the “cDNA sample,” which is really water (pH<8). The “unhybridized cDNA” is then rinsed off using “microarray wash solution” that is also water. With a real microarray, the wash solution is a mild detergent with a low salt concentration that dissociates any cDNA molecules attracted to the microarray that are not strongly hybridized to the spotted DNA. Finally, the simulated microarray is briefly incubated with 5% NaOH to cause the indicators to change from clear to red, blue, or purple, and the excess base is rinsed away using water (“microarray wash solution”).

Advice:
· Nitrocellulose breaks easily and can be damaged by the oil found on fingers. Please advise students to be gentle in handling the slide. It is best to pick it up only touching the labeled end of the slide rather than the nitrocellulose end.
· The color change of the pH indicator will fade as the nitrocellulose dries. It is best for students to record their microarray results right after the final wash step.
· The following video is a helpful resource for students to watch to see how a real microarray analysis is conducted: https://www.youtube.com/watch?v=0ATUjAxNf6U
· The NCBI Gene Database (https://www.ncbi.nlm.nih.gov/gene/) is a good resource for students to use in exploring gene function.
· Gene function and the association between certain genes and cancer risk can be explored further using data from the Cancer Genome Atlas (https://portal.gdc.cancer.gov/). 
Sample Discussion Questions:
· What cellular pathways, if altered, are most likely to lead to cancer?
· What is the difference between a tumor suppressor gene and a proto-oncogene?
· How do scientists determine the function of a gene?
· How is the transcription of a gene regulated?
· How is cDNA made and used in microarray technology?
Expected Results: Red spots on the slide represent genes with increased expression in the breast cancer sample (Figure 1). Blue spots represent genes with decreased expression in the breast cancer sample. Purple spots represent genes that are expressed in both cancerous and non-cancerous tissue. See Table 1 for cancer-related genes “spotted” on the slide.
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Figure 1: Schematic of the expected microarray results.

Table 1: Cancer-related genes spotted on the microarray

	Spot
	Gene Symbol
	Gene Name
	Gene Function

	1
	POLB1
	DNA polymerase beta
	Base excision repair

	2
	GAPDH2
	Glyceraldehyde-3-phosphate dehydrogenase
	Glycolysis

	3
	HK12
	Hexokinase 1
	Glycolysis

	4
	ALDH1A117
	Aldehyde dehydrogenase 1 family member A1
	Alcohol metabolism; overexpression causes cyclophosphamide resistance

	5
	GLUT13
	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
	TOP11
	DNA topoisomerase I
	Releases DNA supercoiling

	10
	BRCA14
	Breast cancer type 1 susceptibility protein   ---
	Transcription, repair of DNA double-stranded breaks, and recombination

	11
	PDGFRB5
	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
	BCL26
	B-cell leukemia/lymphoma 2 protein   +++
	Suppresses apoptosis

	14
	LIG11
	DNA ligase 1
	DNA ligation during replication/repair

	15
	POLI1
	DNA polymerase iota
	Replication of damaged DNA

	16
	APAF17
	Apoptotic peptidase activating factor 1   ---
	Promotes apoptosis

	17
	TP538
	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
	MUC19
	Mucin 1
	Cell adhesion, cell-cell interactions

	20
	G6PD3
	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
	DNMT110
	DNA methyltransferase 1   +++
	Methylates DNA to regulate transcription

	24
	POLR2A1
	RNA polymerase II subunit A
	Synthesis of mRNA

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

	26
	MMP311
	Matrix metallopeptidase 3   +++
	Degrades extracellular matrix that anchors cells in place

	27
	VEGFA5,12
	Vascular endothelial growth factor A   +++
	Growth factor that promotes blood vessel formation

	28
	ACAT1
	Acetyl-CoA acetyltransferase 1
	Ketone body metabolism

	29
	MC4R5
	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)5
	Erb-b2 receptor tyrosine kinase 2
	Receptor for epidermal growth factor

	32
	DUSP113
	Dual specificity phosphatase 1
	Regulation of cell cycle and apoptosis through dephosphorylation of MAPK (see spot 50 below)

	33
	PTP4A114
	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
	RASSF115
	Ras association domain family member 1   ---
	Regulation of cell proliferation and apoptosis

	37
	KRAS16
	KRAS proto-oncogene, GTPase
	Small G-protein signaling molecule involved in regulation of cell division

	38
	SOS116
	SOS Ras/Rac guanine nucleotide exchange factor 1
	Regulates function of RAS GTPases (see spot 37 above)

	39
	EGFR5
	Epithelial growth factor receptor
	Membrane receptor for growth factors

	40
	CS2
	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
	IL65
	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)5
	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
	RPS181
	Ribosome protein S18
	Protein of the small ribosomal subunit

	49
	NAT1
	N-acetyltransferase 1
	Drug metabolism 

	50
	MAPK116
	Mitogen-activated protein kinase 1
	Signaling molecule and transcriptional activator



Footnotes:	
1. Genes that play a role in normal replication, transcription, and translation may be upregulated in tumor cells that are dividing rapidly.
2. Genes involved in normal aerobic respiration may be upregulated in tumor cells as their metabolism increases to meet energy requirements.
3. Cancer cells often upregulate genes involved in glycolysis as they outgrow the oxygen supply from surrounding blood vessels. Some of the most dangerous cancers display the so-called “glycolytic phenotype,” marked by upregulated glycolysis even in the presence of ample oxygen for respiration. They upregulate these genes as the need for glycolysis increases to meet energy requirements when rapidly growing tumors outgrow their blood supply (and, therefore, their oxygen supply for respiration). Some of the most dangerous cancers display this “glycolytic phenotype” even when provided with ample blood oxygen.
4. Deficiencies in this tumor suppressor gene are very common in breast cancer, for which the gene is named.
5. Cytokines, growth factors/mitogens, and their receptors are often overexpressed in cancers. The signaling in which they are involved often leads to cell division.
6. Another common oncogene. Since its normal role is to suppress apoptosis, an overexpression may prevent cancer cells from destroying themselves.
7. This gene product works in the same pathway as BCL2, except its role is to promote apoptosis. Deficiencies could help otherwise doomed cancer cells to persist.
8. The most common problems associated with p53 in cancer result from protein-coding mutations, not deficiencies in gene expression. This patient may still very well have such a protein-coding mutation, but that would not likely show up in a microarray analysis such as this since the gene could still be expressed at normal levels.
9. This proto-oncogene is often overexpressed in breast cancers, leading to metastasis. 
10. This gene methylates DNA, thereby silencing transcription. An overexpression of this gene could lead to silencing of key tumor suppressor genes, like RASSF1.
11. MMP3 is thought to be activated by low pH. Degradation of the extracellular matrix aids cancer cells in invasion and metastasis. This is often seen in oxygen-deficient (hypoxic) cancers, where an increased rate of glycolysis leads to production of acid. It follows that MMPs are also commonly upregulated in cancers of the “glycolytic phenotype.”
12. Rapidly growing tumors need to recruit more blood vessels to obtain nutritional requirements. It makes sense that this gene is activated by low O2 levels (hypoxia).
13. Under expression may be seen as this gene would otherwise act to turn off growth signals.
14. Deficiencies in this gene could lead to diminished ability to turn off growth signals that originate at receptor tyrosine kinases (a common type of growth factor receptor).
15. Methylation of this gene's promoter region, possibly resulting in RASSF1 silencing, is seen in 95% of breast cancer cases. DNA methylation is carried out by DNMT.
16. These genes all play a role in common signaling pathways that result in growth/proliferation.  They are common proto-oncogenes that may be overexpressed in many cancers.
17. Cyclophosphamide is a common chemotherapy drug. Though expressed normally here, upregulation of this gene would make that drug a bad choice for the patient.
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