BRAF: from gene to cancer therap
Teachers’ notes

Overview of the activity

Malignant melanoma is a type of skin cancer that originates in melanocytes, specialised pigment cells found
in the skin. The main cause of malignant melanoma is overexposure to UV light, e.g. from the sun or sunbeds.
Mutations in the BRAF gene on chromosome 7 are associated with 50% of malignant melanoma cases.

In this activity the students take on the role of genome researchers. They interpret real Cancer Genome
Project datasets to identify sites of mutation in the BRAF gene. This data is produced on next generation DNA
sequencing machines from melanoma biopsies and healthy tissue from actual patients.

Using the data presented to them, students identify the significance of the BRAF"®% mutation in malignant
melanoma and use the online database COSMIC to compare their findings to that of cancer researchers. Using
Information cards they discuss in groups the significance of the BRAF"** mutation and its implications in the
treatment of metastatic melanoma.

This activity demonstrates the journey from cancer gene discovery to drug development. It also provides a
complementary activity to the existing KRAS cancer activity which uses gel capillary sequence data
(http://www.yourgenome.org/teachers/kras.shtml).

Aim of the activity

The aim of the activity is to encourage students to interpret and discuss real data from a DNA sequencing
project. Through group discussions students can consider the impact of cancer gene discovery, the
development of targeted cancer therapies and the challenges of treating malignant melanoma.

Estimated time: 60—90 minutes depending on time taken for introduction and discussion. Activity could be
spread over two lessons.

Group size: Students can work in groups of up to 5 people.

Activity preparation

The following tasks need to be completed before starting the activity:

BRAF banner (1 banner per group)

Print all of the sheets that make up the BRAF banner. These can be printed on either A4 or A3 paper. We
recommend laminating the sheets to prevent damage, however this is not essential. Cut along the dashed lines;
these indicate where to trim and overlay the sheets to prevent large gaps forming in the gene sequence. Stick
all of the sheets together with adhesive tape.

Note: An A3 gene sheet is provided as a smaller alternative to the banner.
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Mutation markers (1 set per group)

Print a set of mutation markers and cut these out. We recommend that these are laminated so they can be
reused. Apply reusable adhesive, e.g. Blu-Tack®, on the back of each marker.

Note: If using the A3 gene sheet instead of the banner, marker pens or small stickers can be used as mutation
markers.

Information cards (1 set per group)

Print one set of information cards per group and cut these out. We recommend that these are laminated so
they can be reused.

Set up computers

Set up computers ready for the lesson and ensure they are connected to the internet. You may want to set up
shortcuts to the COSMIC database (www.sanger.ac.uk/genetics/CGP/cosmic) prior to starting the lesson.

Running the activity

To run the activity you will require:

e Teachers’ notes

e Introductory PowerPoint

e BRAF sequence data sheets

e Student worksheets

e Codon wheel

e Information cards

e Computers with internet access*

e BRAF banner or A3 BRAF gene sheet (1 per group)
e Mutation markers e.g. stickers (1 set per group)

*If computers are not available for the students, a demonstration by the teacher is possible as an
alternative.

Introducing the topic and the activity (10 minutes)
The “BRAF and malignant melanoma” presentation provides students with an overview of cancer. It introduces
the concept that cancer is not a single disease but over 200 different diseases that arise due to changes in DNA.

Slides 4 and 5 allow the class to discuss the causes of different cancers in the UK and worldwide including
malignant melanoma, cervical cancer and lung cancer.
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Teachers’ notes

Slides 6 to 11 discuss the role of mutations and cancer genes in the development of cancer.

Slides 12 to 14 provide information on malignant melanoma.
Slides 15 to 21 introduce the activity and the various components the students will use for the activity.

If you would like to use fewer slides you can hide slides in the presentation. To do this open the presentation in
PowerPoint and select the slide(s) you wish to hide in the side bar. Click the right mouse button and select “hide
slide”.

Part 1: Interpreting the data (5—-10 minutes)

Each group will receive 10 data sheets. These are divided into two sections. The first data set on the sheet
shows the DNA sequence from a tumour sample from a patient with malignant melanoma. The second data
set is the DNA sequence from a blood sample from the same patient, which provides a reference to compare
against the tumour DNA sequence.

The worksheets have three sections to complete: the consensus DNA sequence, the complimentary strand DNA
sequence and the amino acid sequence.

Tumour 1 Reference 1

Tiaigi i N
g st

Consensus Consensus
Sense strand 3’ 5" | Sense strand 3° 5
Amino acid Amine acid
Codon number | 608 | 607 | 606 | 605 | 604 | 603 | 602 | 601 | 600 | 599 | 598 | 597 | 596 | 595 | 594 | 593 | 592 Codon number | 608 | 607 | 606 | 605 | 604 | 603 | 602 [ 601 | 600 | 599 | 598 | 597 | 596 | 595 | 594 593 | 592

To complete the consensus DNA sequence, students must write down the commonly occurring bases in the
sequence read, completing each box as a codon of three bases.

To complete the complementary DNA sequence row of the table, students must work out the complementary
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bases from the consensus sequence.

To complete the amino acid sequence students must translate the codons of the complementary DNA sequence
into amino acids. It is important that students take note of the direction in which the sequence is read. The
BRAF gene is read from right to left. This is indicated by the 5" and 3’ markers on the complementary DNA
strand row of the table, the direction of the arrowhead in the gene region box and the order of the codon
number boxes at the bottom of the table.

Understanding the sequence data

The image shows an example of sequence data as a cancer researcher would see it. The key features of the
display are highlighted and explained.

S NN IS ST ISREE I Ideogram: This represents chromosome 7
o —— — —— on which the BRAF gene is located. The red
; , line shows the region where BRAF is found.
140400k 140500k

il Genes_region
CENND2A NOUFBZ ERAF

o > & => Gene regions: This represents the genes
found in this region.

Sequence reads: This is the data produced
by the DNA sequencing machine.

mm —) Red boxes indicate a change from the
reference BRAF sequence.

The ideogram represents the entire chromosome showing the location of the BRAF gene.

The gene regions represent the genes found in this region of the chromosome. The arrowhead shows the
direction in which the gene is transcribed. This will give you an indication of which direction you should read
the data, i.e. left to right or right to left.

The sequence reads are the data produced by the DNA sequencing machine.
The sections represent DNA sequence read along the strand from right to left (5’ to 3’).
The blue sections represent DNA sequence read along the strand from left to right (3’ to 5').

Red boxes indicate a base change in the DNA sequence compared to the reference human genome sequence.
A single red box on its own can indicate an error by the sequencing machine. If there is a line of red boxes this
can indicate a mutation. A true result will be displayed as a base change occurring multiple times in the same

location on both blue and yellow reads. If the mutation is found on just the yellow or blue reads it could be an
error.

Mark up the mutations
Once students have completed all 10 sheets they must complete the table in their worksheet. They should then
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mark all the mutations they have found on either the gene banner or gene sheet provided using a marker pen
or mutation markers. An example banner is shown below:

BRAF: from gene to cancer therapy
BRAF gene (exon 15)

o
DNA sequence AATATATTTCTTCATGAAGACCTCACAGTAAAAATAGGTGAT

Amincacd Ny T F L H E D L T V K I G D
Codonacidno. 581 582 583 584 585 586 587 588 589 590 591 592 593 594

Part 2: Consult COSMIC (5-10 minutes)

The next stage of the activity is to confirm how the students’ findings compare with those of other scientists by
consulting the COSMIC database. If time is limited, or there are no computers available for the students to use,
this section can be delivered as a demonstration by the teacher.

COSMIC (Catalogue Of Somatic Mutations In Cancer), is a project run by the Wellcome Trust Sanger Institute
that catalogues gene sequence changes associated with cancer. COSMIC is a live database that is continually
updated, so numbers will change as data is added. It is free to use from the website http://cancer.sanger.ac.uk/
cancergenome/projects/cosmic/ and provides a resource for cancer researchers across the world.

To navigate the database, follow the instructions below:
1. On the homepage in the search box click on By Gene.

d » Search a
Il COSMIC
Catalogue of somatic mutations in cancer
Home About Download Publications News Contact Help [“[A[AlAl

Search COSMIC v61 COSMIC

All cancers arise as a result of the aquisition of a series of fixed DNA sequence abnormalities,
mutations, many of which ultimately confer a growth advantage upon... [More

COSMIC Release v61

By Gene
By Sample [ 6o ] COSMIC v61 focuses on whole genome screen publications, indluding 17 major new reports; also
newly curated are PHF6 and 4 gene fusion pairs....[More] &

Search Gene name, Mutation, Pubmed id, Tissue, Sample ..

eg. BRAF, VG00E, 18772890, lung, COLO-829

Search by Tissue Satictico
Genes 22170 Unique Variants 224649
Search by Histology Samples 773098 Fusions 8931
Mutations 405271 Genomic Rearrangements 7503
Papers 14819 Whole Genomes 2556

Cancer Genome Project Links

[“]1¢]-]®

Cell Line Cosmic Whole rug Trace Archive Systematic CosMIC
Project Genomes Sensitivity Screens Biomart

Help | Contactus | Legal | Cookiespolicy | Data sharing
Wellcome Trust Sanger Institute, Genome Research Limited (reg no. 2742969) is a charity registered in England with number 1021457
Last modified: Thu, 28 Jun 2012 15:35:22 GMT
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COSMIC o :

‘Catalogue of somatic mutations in cancer

Home  Abol

ntact  Help [A]A1A]

ownload  Publica

ns  News

Search COSMIC v60 COSMIC
Al cancers arise as a result of the aquisition of a series of fixed DNA sequence abnermalities,
Search ‘mutations, many of which ultimately confer a growth advantage upon... [More’
SErE R COSMIC Release v60
|BRAA i o The 60th release of COSMIC includes the first full version of our new website, 9 new systematic
By Sample o - - screens and significant updates to the mutation spectra of known cancer genes....[More] &
Type in full gene name eg. KRAS.
or type in partial gene name 2g A to get the list of all Statistics
genes starting vith A,
Genes 21850 Unigue Variants 170263
Samples 743601 Fusions 2004
Mutations 340585 Genomic Rearrangements 5494
Papers 14310 Whole Genomes 1894

Cancer Genome Project Links

Cell Line Cosmic Whole Census Trace Archive  Systematic COSMIC Classic Genes
Project Genomes Screens Biomart
Help | Contactus | Legal | Cookiespolicy | Datasharing

Wellcome Trust Sanger Institute, Genome Research Limited (reg no. 2742968) is a charity registered in England with number 1021457
Last modified: Thu, 28 Jun 2012 15:35:22 GMT

3. Select BRAF, the first entry in the list. (please note that sometimes you may be taken straight to step 4 by
the website).

COSMIC - ‘

‘Catalogue of somatic mutations in cancer

Home  About wnload  Publications News Contact Help

Search
<123..2627 > displaying 1ta 10 of 270 bt ]
BRAF =
http://cancer.sanger.ac.. 1e/overview2In=BRAF

Descri BRAF NM_004333: Samples analysed 116549, simple mutations observed 23895 , gene fusions observed 302
Alternative Identifiers:  NM_004333BRAF, B-raf 1, B-raf1, BRAF1, MGC126806, MGC138284, RAFB1, 673, BRAF, CCDS5863.1, P15056, 164757,
BRAFID828.html, 1097, AZ628, AZ628, PLX4720, ENSGD0000157764,B raf 1, B rafi Current Search
Type:  gene
Viewing everything
BRAF c.1799T>A

http://cancer.sanger.ac.. jtation/overview?id=476

e Narrow your search
Description: BRAF ¢.1799T>A p.V600E : Observed in 13464 samples

Alternative Identifiers:  c.1799T>A, p.V600E, 1799T>A, V60OE, COSM476 ene 3
Type:  mutation

mutation 215
BRAF C.? sample name 52
bttp://cancer.sanger.ac.L station/overview?id=1131
Descri| BRAF ¢.? p.V600E : Observed in 8846 samples

Alternative Identi €.?, p.V6OOE, 7, V6OOE, COSM1131

mutation

BRAF c.
http://cancer.sanger.ac.L

Description:  BRAF c.? p.V600? : Observed in 275 samples
Alternative Identifiers:  c.2, p.V600?, ?, V5007, COSM26434
Type:  mutation

jtation/overview?id=26434

BRAF c.1798 1799GT=AA
http://cancer.sanger.ac.. itation/overview?id=473

Description:  BRAF .1798_1799GT>AA p.V600K : Observed in 175 samples
Alternative Identifiers:  c.1798_1799GT>AA, p.V600K, 1798_1799GT>AA, V600K, COSM473
Type:  mutation

BRAF c.?
bhttp://cancer.sanger.ac.L station/overview?id=12646

Description: ~ BRAF ¢.? p.? : Observed in 103 samples
Alternative Identifiers:  c.?, p.?, ?, 7, COSM12646
Type: mutation

BRAF c.?
http://cancer.sanger.ac.L

Description:  BRAF c.? p.V600K : Observed in 71 samples
Alternative Identifiers:  c.2, p.V60OK, ?, VBOOK, COSM26487
Type:  mutation

jtation/overview?id=26487
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4.

Teachers’ notes

In the Mutation Analysis box on the right of the screen, click on the Histogram button to see a graphical
representation of the known mutations in the BRAF gene.

[ cosmic

‘Catalogue of sematic mulations in cancer

Home About Download Publications MNews Contact Help

Search

Cosmic » Gene » Overview » BRAF

Genome view Sequence Fusions Studies References

Mutation Analysis

7:140834397 140624503

Histegram
Gene name BRAF L i
sonsistabill i,
Gene Id oSG2 i
Synonyms. B-raf 1, B-rafl, BRAF1, MGC126806, MGC138284, RAFB1, CCD55863.1, P15056, ENSG00000157764 e W‘

Genomic Summary

140500k 10800%

COSHIC Transcripts
ERAF
R i b i G e T B P S e e TR (R N N B |

Hutation density/details

Breakpoints
’Brukpa int_17263

'k‘xwim_im Breakpoint_17510
Breskpaint 175
r

Honozuzous Deletion

LOH

=

nguflﬂitlﬂl

o — -

Drug Sensitivity Data Mutations in this gene are assocated with altered sensitivity to listed drug(s) : AZ628 % pLx4720%
No.of Samples Total number of unique samples: 116549

Unique samplas with mutations: 23489

Help | Costactus | Legal | Cookiespolicy | Datssharing
wellame Tru
Last madified

=t Sangar [nstitubs, Genoma Rezearch Limitad (rag no. 2742963) Is a charity registared in England with numbar 1021457

External Links

OMIM:

Ensembl Gene View:
Ensembl Contig View:
UCSC Browser:

Copy Number:

ccos:

PEAM:

Atlas Genetics Oncology:

HGNC:

164757 7

NM 00433367

CCDS5863.1 &

P15056 7

BRAFIDB28 &

1007 @

5. Enter the amino acid range on the BRAF banner (581-621) into the boxes to the right of the histogram and
click on the red Apply button. This will display the region of the gene that you have been studying in more

detail.

&l cosmic

Catalogue of somatic mutations in cancer

Search

Cosmic » Gene » Analysis » BRAF

[CEZEE mutations Tissue  pistribution

Q ‘ib j"?u

zaze T AR R e R max: 23222

Substitutions

]

Amina acid

e P m B8

]

Complex
¥
v
i
Ins/del H
H
—_—— = m = m = mm e = = = =
Help | Contactus | legal | Cookiespolicy | Data sharing
Wellcome Trust Sanger Institute, Gename Research Limited (reg n. 2742963) is a charity registered in England with number 1021437
Last
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6. You should see a bar on the histogram that corresponds to the position where you have found mutations.
You will see that the bar at this position is divided into sections depending on which mutation has
occurred and the number of samples with the mutation. Hover over the bar to see the type of mutations
and number of samples (mutation count) at position 600. The largest section of the bar represents
samples with the same substitution (T>A) as seen in your samples.

gl cosmic - ‘

Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help [°[2]AlA]

Cosmic » Gene » Analysis » BRAF Filters

Mutations Tissue Distribution Gene [BRAF

©  positn

o ' Start (51 |

Q“ (N 757Q =
L End 621 ]

zazep T 588 | 80 | 585 | oo | eds | oo el | 520 max 23222 o< R |

Vs
! X Sequence Type:
CDNA

Amino Acid ®
= @ Systematic Screen

@ Somatic Status
Substitutions & Tumour Source

@ Mutation Type

= @ 1000 Genomes Project

0

Aminoacid N | F LIE D LERVIK | 66 D FIGIL A MIVIKISIRIWISIGISIHI Q F E Q L ISIGNS! | L Wl A

Plam Prinase_Tyr
[} E=
Complex o
17 =
v v v Addvy v
Ay
Ins/del

et it el it it et et

Help | Contactus | Legal | Cookiespolicy | Data sharing
Wellcome Trust Sanger Institute, Genome Research Limited (reg no. 2742969) is = charity registered in England vith number 1021457
Last modified:

7. Click on the largest section of the bar to display more information about the T>A mutation.

gl cosmic — X

Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help [*[A[AlA

Cosmic » Mutation » Overview » BRAF » p.V600E / c.1799T>A

m Tissue Distribution Samples Protein features

Description: BRAF
Mutation id: COSM476
AA Mutation: p.V60O0E ( Substitution - Missense )
CDS Mutation: €.1799T>A ( Substitution )
NCBI 36: Ensembl Contig View: & _7: 140099605..140099605
GRCH 37: Ensembl Contig View: & 7: 140453136..140453136
Cancer Genome Browser:  COSMIC GBrowse: @ 7: 140453136..140453136
coD: NP _004324.28
Homologene: 3197 ® , click her= to look the multiple sequence alignment.
Ever confirmed somatic: Yes
Help | Contactus | Legal | Cookiespolicy | Data sharing

Wellcome Trust Sanger Instituts, Gename Research Limited (reg ne. 2742968) is & charity registered in England vith number 1021457
Last modified:
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BRAF: from gene to cancer therap

8. To find out more about the tissue type, click on the Tissue Distribution tab.

g cosmic

‘Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help

Cosmic » Mutation » Overview » BRAF » p.V600E / c.1799T>A

Overview [RiCi

Protein Pathways

Tissue Distribution

Thyroid

= _

Large intestine

Ovary

1000 2000 3000 4000 5000 5000 7000 800¢
Total number of samples

® Samples with mutation

Help | Contactus | Legal | Cookiespolicy | Data sharing
wiellcoms Trust Sanger Instituts, Genome Ressarch Limited (reg no. 2742963) is a charity registered in England with number 1021457
Last modified:

9. Hover the mouse over the tissue type to get figures for the number of samples with mutations.

gl cosmic

Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help

Cosmic » Mutation » Overview » BRAF » p.V600E / c.1799T>A

(LU Tissue Distribution I Protein it d fi

L [AAlA

Tissue Distribution

Thyroid

‘(E
Samples with mutation:3027

Large intesting

&

ovary I
0

m Samples with mutation

1000 2000 3000 4000 5000 6000 7000
Total number of samples

Help | Contactus | Legal | Cookiespolicy | Data sharing
Wellcome Trust Sanger Instituts, Genoma Research Limited (reg no. 2742969) is a charity registered in England vith number 1021457
Last modified:
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10. If you want to find out more about other genes associated with skin cancer, click on the Skin label of the

graph.

g cosmic - :
Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help [21A1A]
Tissue selection Subtissue selection Histology selection subHistology selection
Adrenal gland { 234/ 2533 ) E Include all
Autonomic ganglia (258 /3674 ) NS( 6121 )

Biliary tract (903 / 3790 ) = Abdomen( 55 )

Bone (526 /5725 ) Acral( 47 )

Breast ( 5012 / 29202 ) Il Ankle( 6 )

Central nervous system ( 6204 / 28025 ) Anorectal( 3 )

Cervix ( 261/ 4354 ) Arm( 113 )

Endometrium ( 1848 / 9088 ) Axilla( 9 )

Eye ( 506/ 2024) Back( 163 )

Fallopian tube ( 1/ 6 ) Breast(2 )
Gastrointestinal tract (site indeterminate) ( 31/ Breast inframammary( 1 )
a75) Buttock( 16 )

Genital tract ( 42/ 201) Chest( 77)

Haar el hmnhaid tieeiis ( &0N22 1 ) - m =

Skin ( 8406 / 25378

Cosmic » Tissue » Overview » Skin

Fusion Genes with Mutations _Genes without Mutations _Distribution

Top 20 genes
Gene name( frequency )
ARAPS_ENSTO0000350235 (100 %)

SETD2_ENST00000408792 (100 % )
HSD1(100.% )

CIC(100%)

DNM2(190 %)

MN1(190 %)

HOOK3(100 %)

7}
£
=

FBXWI_NM_018215 2(100 %)
SX1(100 %)
NEKB2(100 %)

2
Scale( samples )
® Samples with mutation ™ All samples

Click on the link to include All genes in drawing.

11. To identify the most commonly mutated genes in skin cancer samples click on the Genes with Mutations

tab.

g[p cosmic _— .

talogue of somatic mutations in cancer

Home About Download Pu ons  News Contact Help RED

Tissue selection Subtissue selection Histology selection subHistology selection
Adrenal gland (234 / 2539 ) £ Include all =
Autenomic ganglia ( 258 / 3674 ) NS(6121)

Biliary tract ( 903 / 3790 ) E Abdomen( 55 )

Bone (526 /5725 ) Acral( 47 )

Breast { 5012 / 29202 ) Ankle( 6 )

Central nervous system ( 6204 / 28025 ) Anorectal( 3 )

Cervix ( 261/ 4354 ) Arm( 113 )

Endometrium ( 1848 / 5088 ) Axilla( 8 )

Eve (506 / 2024 ) Back( 163 )

Fallapian tube (1/6) Breast(2)

Gastrointestinal tract (site indeterminate) ( 31 / Breast inframammary( 1 )

375) Buttock( 16 )

Genital tract ( 42 /201 ) Chest(77)

A
Skin ( 8406 / 25378

Cosmic » Tissue » Overview » Skin

Top genes Fusion [[SEEEINTIEIANEY Genes without Mutations _Distribution

)

show [10_[=] entries Search: | ]
e T e e
GRN 2 2

e 1 1

vep i 7

cue 2 2

aen 4 4

CLK4 2 8

DHXs 3 o

Jicia 1 7

T 1 1

a1t 1 1

Showing 1 to 10 of 10,644 entries | (5] [Next | [Last]

[First| (Previous | (1] (23] (4.

Help | Contactus | Legal | Cookiespolicy | Datasharing
Wellcome Trust Sanger Institute, Genome Research Limited (reg no- 2742963) is a charity registerad in England vith number 1021457
Last modified
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12.Sort the data in the Mutated samples column from highest to lowest by clicking on the arrow at the top of
the column twice.

411D Search A4
Jlli> COSMIC
Catalogue of somatic mutations in cancer

Home About Download Publications News Contact Help [:[A[A]A]
Tissue selection Subtissue selection Histology selection subHistology selection

Adrenal gland ( 234 / 2539 ) = Include all =l

Autonomic ganglia ( 256 / 3674 ) NS( 6121 )

Biliary tract ( 903 / 3790 ) £ Abdomen( 55 ) 1

Bone ( 526 / 5725 ) Acralf 47 )

Breast ( 5012 / 29202 ) Ankle( )

Central nervous system ( 6204 / 26025 ) Anorectal( 3 )

Cervix ( 261 /4354 ) Arm(113)

Endometrium ( 1848 / 9088 ) Axilla( 9)

Eve ( 506/ 2024 ) Back( 163 )

Fallopian tube ( 1/ 6 ) Breast( 2 )

Gastrointestinal tract (site indeterminate) ( 31/ Breast inframammary( 1 )

375) Buttock( 16 )

Genital tract ( 42 / 201 ) Chest( 77 )
Hammatnnniatic and lumnhoid fieeua  &onag 1T - u

Skin ( 8406 / 25378

Cosmic » Tissue » Overview » Skin

Top genes  Fusion (e IR EINC LY Genes without Mutations  Distribution
Show (10 [] entries S
e 4 Mutated samples Samples tested
BRAF 5094 12162

NRAS 1047 6375

53 632 2113

CDKN2A 465 2106

EGFR3 319 1208

PTCH1 218 693

KIT 193 2677

HRAS 175 2541

PIK3CA 144 1193

PTEN 110 849

showing 1 to 10 of 10,644 entries

Help | Contactus | Legal | Cookiespolicy | Datasharing
Wellcome Trust Sanger Institute, Genome Research Limited (reg no. 2742969) is a charity registered in England with number 1021457

Students will have to calculate the percentage of mutated samples using the data in the table.
By navigating the database the students will be able to answer the questions in Part 2 of their worksheet.

The importance of sample size

You may want to explain to the students the importance of sample size in scientific studies. To be able to
determine if a mutation in a gene is associated with a particular type of cancer it is important to test a large
number of samples. This ensures that any conclusions you make from your results that relate to the general
population are reliable and robust.

The “Top 20 genes” on the skin tissue profile (see step 10 above) feature some genes that show a100%
mutation rate. This is where all samples have mutations in the gene of interest. However, many of these results
are based on very small sample sizes of just 5 or 6 tissue samples. More reliable conclusions on the frequency
of these mutations in the general population can be made with larger sample sizes of thousands of tumour
specimens.

Page 11

yourgenome.org aws"anger

institute




BRAF: from gene to cancer therapy
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Part 3: Data discussion (20-30 minutes)

The final stage of the activity is for the students to look at their findings alongside details about malignant
melanoma from Information cards. They use this information to answer three questions on the role of BRAF in
malignant melanoma and possible treatment strategies for the disease.

Once students have completed their worksheets, they can feed back their findings and the outcomes from their
discussions to the rest of the class.

Wrap up discussion

To wrap up the activity, run through the answers (Slides 22—35) encouraging the students to feed back their
answers and summarise the outcomes of their group discussions.

Activity answers and discussion points

Slides 22—-35 in the presentation show the answers to the different sections of the activity so that you can
discuss them with the group.

Part 1: Interpreting the data

The results of the data analysis are shown below:

e Mutation Codon Healthy codon  Tumour codon Healthy.amino Tl.Jmour.
Yes/No Number sequence sequence acid amino acid
1 Yes 600 GTG GAG \Y E
2 No = = = = =
3 Yes 600 GTG GAG Vv E
4 No = = = = =
5 Yes 600 GTG GAG Vv E
6 No - = = = =
7 Yes 600 GTG GAG \Y E
8 No = = = = =
3 Yes 600 GTG GAG Vv E
10 No - = - - -

Question 1: Is there a pattern in the distribution of the BRAF mutations?

50% of the samples have the same V600E mutation. By consulting COSMIC we are able to see whether this
mutation is common in other samples.

When marked up on the banner or gene sheet the distribution of mutations should look like this:
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BRAF: from gene to cancer therapy
BRAF gene (exon 15)

DNA sequence AATATATTTCTTCATGAAGACCTCACAGTAAAAATAGGTGATTTTGGTCTAGCTACAGTGAAATCTCGATGGAGT

Amino acid N I F L H E D L TV K I G D F G L A T VI K SUR W S
Codonacidno. 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605

Why is 50% significant?

Current figures suggest that 50% of malignant melanoma patients carry the V600E mutation. This suggests that
it could be a possible target for drug therapies.

Part 2: Consult COSMIC

Question 2: Are there any mutations that match your findings?

When the students compare their results with those found on the COSMIC database they will see that the most
commonly occurring mutation in the BRAF gene is found at amino acid 600.The most common mutation at this
point is V60OE which is the mutation found in the samples on their worksheets. Over 19,000 samples on the
COSMIC database have the V600OE mutation in the BRAF gene as found in the students’ worksheet samples.

You can see there are other regions along the BRAF gene with mutations but V600E is the most commonly
occurring mutation in the gene.

Question 3: In which tissues are BRAF mutations commonly found?

The COSMIC database shows that BRAF mutations are most commonly found in the following tissues:

e thyroid

e large intestine
e skin

e ovary.

Question 4: What is the most relevant tissue type for malignant melanoma? What are the
most commonly mutated genes?

BRAF is one of the most commonly mutated genes linked to skin cancer as it is seen in the top 20 genes
associated with skin cancers on the COSMIC database. You may want to display the live page (click on the live
page hyperlink on the presentation slide) to show the students the latest results in COSMIC.

Other genes of note in the top 20 for skin cancer include NRAS, another oncogene in the same signalling
pathway as BRAF, and CDKN2A, a tumour suppressor gene that plays an important role in controlling the cell
cycle and preventing tumour formation. These are featured on one of the Information cards.

Page 13

yourgenome.org KJsanger

institute




BRAF: from gene to cancer therap
Teachers’ notes

Part 3: Data discussion

Question 5: How does the mutation have an impact on cell growth and division? What
are the consequences of this?

Slide 27 provides an animation of the role of the BRAF protein in a normal, functioning cell and the effect of the
mutated BRAF'®% protein in a cancer cell.

Students should have identified from the information cards that BRAF is part of the MAPK-ERK signalling
pathway and plays a role in cell growth, proliferation and survival.

BRAF is a protein kinase, an enzyme that can transfer a phosphate group from a molecule of ATP to a protein
in the cell. This process is known as phosphorylation and functions as an “on” or “off” switch in many cellular
processes.

How is the MAPK-ERK pathway involved in cell division?
The MAPK-ERK pathway is involved in the initiation of cell division in response to growth factors. When a

growth factor binds to a protein receptor on a cell’s surface the following events occur which lead to cell
division:

1. A growth factor binds with a protein
receptor at the cell surface. This leads to ‘ Growth factor
the receptor becoming phosphorylated and l, Growts Esctor
switched on. )ﬁ—-—_ﬁﬁj receptor

. . . P

2. The receptor binds to the RASf prot.em via a ¢ =
group of adapter proteins. This activates the Adapter
RAS protein. RS

3. The activated RAS protein phosphorylates
and activates the BRAF protein. l

4, BRAF.phosphor.yIate§ and activates the next e
protein in the signalling cascade, MEK

5. MEK phosphorylates and activates the ERK l
protein.

6. ERK phosphorylates and activates
transcription factors that control the — o ——
expression of genes that are involved in ' (P)

I factors

initiating cell division and proliferation.

This process is outlined in the diagram on the 1 Growth, proliferation
right L and survival J

When mutated, the BRAF gene encodes a protein called BRAFY®%t, This protein is permanently activated,
regardless of whether it has been phosphorylated by the proteins upstream of it in the signalling pathway. It
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therefore continually sends signals to proteins downstream of it in the pathway resulting in cell proliferation.
This can lead to tumour formation if other regulatory genes, such as tumour suppressor genes, are also
mutated and cell division becomes completely unregulated.

It is important to emphasise that this is just one pathway in a much larger network of signalling pathways
involved in controlling cell growth and proliferation. Slide 28 shows this.

Question 6: How can DNA sequence data be used by the research community to improve
cancer treatment?

The V600E mutation in BRAF and its link to malignant melanoma was discovered by scientists at the Wellcome
Trust Sanger Institute in Cambridge and the Institute of Cancer Research in London. The work was published in
the journal Nature in 2002.

Sequencing cancer genomes enables researchers to identify commonly occurring mutations in different cancers.
This can provide scientists with a list of potential targets for drugs. New treatments can be developed that
specifically target particular mutated proteins in the cancer. These drugs can stop the mutated protein from
functioning and kill the cancer cells.

In 2011, nearly ten years after the discovery of BRAF and its role in human cancer, a targeted BRAF V600E
inhibitor, vemurafenib (Zelboraf), was approved for use in the USA and Europe. Other BRAF inhibitors are also
being developed.

This case study can be used to demonstrate the time it takes to go from discovering a gene mutation involved in
cancer to producing a licensed drug that specifically targets the misfunctioning gene product.

Question 7: Treating melanoma patients

Question 7 encourages the students to consider the advantages and disadvantages of different treatments for
malignant melanoma and demonstrates the challenges of treating the disease.

Malignant melanoma is the most aggressive form of skin cancer. However, if it is diagnosed in the early stages,
i.e. before it has the chance to spread to other parts of the body, it can be cured by surgically removing the
lesion. This treatment is used in 80% of melanoma cases.

The graph on the Information card titled “Melanoma statistics” shows that the death rate from malignant
melanoma is higher in men compared to women. Students may ask why this is the case. One possible reason
for the higher death rate in males may be that men are less likely to cover up in the sun or use sun protection
cream to reduce exposure to UV light. Men are also more likely to delay going to the doctor if they see
symptoms of melanoma such as an irregular or inflamed mole. Better awareness of the signs of melanoma is
essential to ensure the disease is diagnosed early and treated before it progresses. If the disease progresses

to advanced or metastatic melanoma the prognosis is very poor. The survival rate for patients with metastatic
malignant melanoma is low with only 10-20% of patients surviving for two years or more. Most patients live for
6—15 months after diagnosis.

Short model answers for the two questions are outlined below. More information is provided in the discussion
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points on the following pages.

Question 7a: How would you identify if an advanced melanoma patient carried the BRAF
mutation? What treatment would you prescribe and why?

If you were presented with a melanoma patient you could carry out a diagnostic test to determine if the
patient’s tumour carried a BRAF"*%F mutation. A cobas® 4800 BRAF V600 Mutation Test is one example of such
a diagnostic test. Alternatively you could have a sample of DNA from the tumour sequenced to determine if it
contained the BRAF®% mutation. If the patient carried the BRAF"% mutation they could be treated with the
targeted BRAF inhibitor vemurafenib. This drug specifically targets cells with this mutation and clinical trials
have demonstrated that vemurafenib can significantly reduce the risk of the disease progressing and improves
overall short term survival for patients with the BRAF°* mutation.

Question 7b: How would you treat an advanced melanoma patient without the BRAF
mutation? Explain your reasons.

If a melanoma patient does not carry the BRAF*° mutation they cannot be treated with vemurafenib, as their
tumours do not contain the mutated protein targeted by the drug.

Possible treatment options for this patient include surgical removal of the tumour and surrounding lymph
nodes followed by radiotherapy or chemotherapy treatments to try to ensure that all cancer cells have been
destroyed. If the tumour cannot be removed by surgery, radiotherapy or chemotherapy treatment alone could
be prescribed.

If the cancer was more advanced and metastatic the patient could be treated with an immunotherapy such as
ipilimamub. This would stimulate the patient’s immune system to attack the cancer cells. This therapy can also
be used in combination with chemotherapy.

Key discussion points for treatments for advanced melanoma

What treatments are available for advanced melanoma?
Below is a breakdown of the advantages and disadvantages of the treatments featured on the Information
cards.

Chemotherapy- dacarbazine (DTIC)

Advantages Disadvantages

Used as single treatment for metastatic melanoma
that has spread to other regions of the body.

Non-specific in action — unable to distinguish between
tumour cells and healthy cells.

Can be used after surgery to remove lesions if
melanoma has spread to the lymph nodes.

Can increase risk of secondary infection due to
decrease in white blood cells.

Treatment can result in tumour shrinkage for 7-12 %
of patients.

Only offers short term overall survival of 5-7 months.
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Radiotherapy

Advantages

Can be used to reduce tumour size and can help to
improve the symptoms of advanced melanoma.

Disadvantages

The use of radiotherapy can lead to side effects such
as fatigue, red sore skin at the sight of treatment and
secondary damage to healthy tissue local to the area
of treatment.

It can reduce the rate of the local recurrence of
lesions.

When used after surgery it does not prolong overall
survival for patients compared with surgery alone.

Immunotherapy - ipilimamub (Yervoy)

Advantages

Stimulates the patient’s immune system to destroy
cancerous cells.

Disadvantages

Causes side effects such as diarrhoea, skin rash, liver
failure and inflammation of the intestines.

The drug activates the immune system which results
in the T-cells “killing” the tumour cells leaving normal,
non-cancerous cells unaffected.

In rare cases it can cause severe adverse effects that
can lead to death. Tests are necessary to identify
whether treatment is appropriate.

Using ipilimumab in combination with dacarbazine
(chemotherapy) increases patient survival compared
with dacarbazine and a placebo.

Targeted BRAF inhibitor — vemurafenib (Zelboraf)
Advantages

Disadvantages

Drug is administered as a tablet.

Side effects include skin rashes and the development
of squamous cell carcinoma, skin lesions that can be
removed by surgery.

Highly effective at reducing tumour size. It can
produce complete regression of tumours in some
patients.

Only effective in patients with BRAF%f mutation.

The drug only targets cells with the BRAF%%¢
mutation, therefore is more specific in its action than
dacarbazine and radiotherapy.

Resistance mechanisms can develop causing relapse
of the cancer in patients after treatment.

Treatment can prevent the cancer from progressing
further, i.e. the patient lives with it but it doesn’t get
any worse.

Treatment can prevent the cancer from progressing
further in the short term but not long term.

Vemurafenib offers hope for some melanoma patients. Slides 31-33 provide images that show the effects the
drug can have and demonstrate how the drug works.

Would all patients require the same treatment?

Melanomas can vary significantly between patients. Not all treatments are therefore likely to be effective
for everyone and one size does not fit all. In the case of vemurafenib the drug will not work if you do not
have a V600 BRAF mutation.
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As a comparison you can highlight the example of the breast cancer therapy trastuzumab, commonly known
by its commercial name Herceptin®. This drug is only effective on a specific type of breast cancer where there
is over expression of the HER2 gene, which results in the over production of the protein HER2. This is known as
being HER2 positive.

HER2 is a receptor found on the surface of cells that binds with human epidermal growth factor. When the
growth factor binds with HER2, it starts a signalling cascade that stimulates cell division. Some breast cancers
over express the HER2 gene and therefore have a lot more HER2 receptors. A cancer with more HER2 receptors
grows quicker than one with fewer HER2 receptors.

If a patient is not HER2 positive, Herceptin® is ineffective and therefore cannot be prescribed. Herceptin® is an
antibody that binds to HER2 receptors on the surface of breast cancer cells. This blocks signalling through the
receptors and the cancer cells are therefore no longer stimulated to divide. The binding of the antibody to the
receptor also stimulates the body’s immune system to destroy the cancer cells.

Ask the students the following question: Of the 10 samples in their data set how many patients could be
prescribed vemurafenib as a treatment?

As only 50% of the data set has the BRAF"®% mutation only five patients would be suitable for treatment with
the drug.

How would you determine if treatment with vemurafenib is appropriate?

BRAF mutations are found in approximately 50% of melanomas. Vemurafenib is therefore not a suitable
treatment for all melanoma patients. As a result, it is important to identify if the BRAF9% mutation is
present in the melanoma of a patient before prescribing vemurafenib.

How do you identify whether a patient has the BRAF*°¢ mutation? There are currently two possible methods;
sequencing the entire tumour DNA using next generation sequencing technologies as demonstrated in this
activity, or using diagnostic kits that specifically detect the mutation in the BRAF gene.

One diagnostic kit that has been developed to help determine if patients are suitable for treatment with
vemurafenib is the cobas® 4800 BRAF V600 Mutation Test. This detects the BRAF*°¢ mutation in the DNA from
human melanoma tissue. The test takes less than 8 hours from receipt of tissue to diagnosis and in clinical trials
was shown to positively identify 97% of samples with the BRAF¢%¢ mutation. The cobas® BRAF Mutation Test
costs $120-150 per test.

At present sequencing methods are more expensive and take longer than the cobas® BRAF Mutation Test.
Advances in technology mean that the cost and time taken to sequence samples is rapidly decreasing and could
soon be available in clinical settings.

What happens if the patient develops resistance to the drug or has a relapse?

Resistance to drugs, such as BRAF inhibitors, can pose a problem for the long term survival of melanoma
patients. Clinical trials of vemurafenib showed that resistance can emerge anytime between 2 to 18 months
after positive treatment responses.

Slide 34 features a video of Sanger Institute faculty member Dr Ultan McDermott discussing the challenges of
treating malignant melanoma and some of the processes by which drug resistance can occur in cancer patients.
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Ultan’s research focuses on the use of high throughput techniques to characterise the mutations within
hundreds of different cancer cells and then screen these cells with pre-clinical and clinical drug compounds.
The goal of his research is to be able to predict which mutations each cancer drug works most effectively on.

Slide 35 shows some of the known resistance mechanisms associated with BRAF"6%¢ positive malignant
melanoma treated with vemurafenib. Researchers have termed these mechanisms as “escape pathways”. In
these cases the tumour has developed alternative routes for unregulated cell growth through either:

e activating mutations of other proteins downstream of BRAF in the MAPK-ERK signalling pathway

e mutations of proteins in other signalling pathways also involved in the control of cell proliferation or cell

survival.

The diagram on slide 35 highlights where these additional mutations can occur in the MAPK-ERK pathway
and other signalling pathways. There are four known mechanisms that enable cells to become resistant to
vemurafenib:

1. Mutations of the NRAS protein upstream of BRAF in the MAPK-ERK pathway. This “reactivates” the
MAPK-ERK pathway leading to unregulated cell division.

2. Over expression (producing too much) of other proteins in the MAPK-ERK pathway, such as CRAF. This
overexpression leads to uncontrolled cell division.

3. Mutations of the MEK protein in the MAPK pathway. The MEK protein is involved downstream of
BRAF in the MAPK-ERK pathway. Mutation of MEK reactivates the pathway leading to uncontrolled cell
division. This is the example given in previous slides.

4. Activation of receptors at the cell surface membrane allows signalling through alternative pathways.
This also leads to unregulated cell growth, division and tumour survival.

How do you think you could overcome resistance mechanisms?
Ways to overcome resistance mechanisms could include:

1. Increase the dose of the targeted drug therapy. Increasing the dose of the drug imatinib (Gleevec or
Glivec) has proved effective in the treatment of chronic myeloid leukaemia. However higher drug doses
could increase the likelihood or severity of adverse effects.

2. Combined, targeted drug therapies target the primary mutation (in this case BRAF'®%¢) and the bypass
mechanism (e.g. MEK1) at the same time. Current research is investigating whether this could be an
effective strategy in the treatment of melanoma.

Studies are investigating whether combining BRAF inhibitors with other targeted drug therapies, such as MEK
inhibitors, will prevent drug resistance from emerging. . Early clinical trials have shown that combining BRAF
inhibitors and MEK inhibitors resulted in a reduction in tumour size and melanoma growth. It is hoped that
combining two therapies will prevent resistance developing and prolong patient survival, improving the results
seen with current single drug therapies. These studies are ongoing.

Combining radiotherapy and the immunotherapy ipilimumab has also been shown to significantly reduce
tumour size in a case study of one melanoma patient.
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Recommended support resources

Websites

The Cancer Genome Project at the Wellcome Trust Sanger Institute uses the human genome sequence and
high-throughput mutation detection techniques to identify somatically acquired mutations and genes critical
to the development of human cancers. Further information is available online at: http://www.sanger.ac.uk/
research/projects/cancergenome/

Cancer Research UK provides a wide range of information and statistics on cancer in the UK.
http://info.cancerresearchuk.org/

Recent news

Skin cancer drug hopes raised by study — BBC News 23" February 2012. Available online at: http://www.bbc.
co.uk/news/health-17128925
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