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Cancer Incidence and Death Rate

Geographic variation in cancer incidence and death rates

Countries showing highest and lowest incidence of specific types of cancer®

Cancer site Country of highest risk

Skin (melanoma) Australia (Queensland)

Lip Canada (Newfoundland)
Nasopharynx Hong Kong

Prostate U.S. (African American

Penis Brazil

Cervix (uterus) Brazil

Stomach Japan

Lung U.S. (Louisiana, African American)
Pancreas U.S. (Los Angeles, Korean American)
Ovary New Zealand (Polynesian)

Geographic areas showing highest and lowest death rates from specific types of cancer

Cancer site Area of highest risk
Lung, male Eastern Europe
Esophagus Southern Africa

Colon, male Australia, New Zealand
Breast, female Northern Europe

Country of lowest risk
Japan

Japan

United Kingdom
China

Canada (Nova Scotia)
Israel (Ashkenazic)
Israel (non-Jews)
Kuwait

India (Madras)

India

Kuwait

Area of lowest risk
West Africa

West Africa

Middle Africa
China

Both sexes

Relative risk H/L®
155

151 23%

Breast

Relative risk H/LP
33
16
15

6 m Traches, bronchus and lung [C33-C34)

W Breast (C50)

® Stomach {C16)

M Liver [C22)

 Qesophagus (C15)

® Colon, Rectum & Anus (C18-21)

m Cervix uteri [C53)

® Uterus & Unspecified (C54-55)
Ovary (C58]

® Brain, nervous system [C70-C72)
All Others

Weinberg RA. The biology of cancer. 2012
Chen W et al. Ann Transl Med. 2014



PEKING UNIVERSITY

Hallmarks of cancer

Emerging Hallmarks

Avoiding immune
destruction

Deregulating cellular
energetics

Genome instability et Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Hanahan D, Weinberg RA. Cell. 2011

Robert A.Weinberg
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PTEN mutations In cancer

Cosmic
Color Mutation Type Mutant samples | Percentage
- Substitution nonsense 491 15.68 ) )

Substitution missense 1308 41.78 Su bSt|tUt|0
Catalo_gue Of Substitution synonymous 152 4.85 missense
somatic Insertion inframe 18 0.57
mutations in Insertion frameshift 284 0.07
cancer, Deletion inframe 71 2.27
Sanger Deletion frameshift 503 19.25
Institute, U.K. Comolex > n20

Other 339 10.82

Total 3132 100

TCGA ’ Uterlne W vutation B Deletion B Amplification [l Mulliple alterations
5‘ 64
S d
5
The Cancer g
Genome 5
Atlas (TCGA), 5 . .
National 2 ‘ "Iil I -
n _i e
Cancer ] . = II!IIiIII II II = ilIIIII'IllIlllllll..l..llllllll -------
Institute, U.S. omfe 00100000000 TSttt

FEES 5"§§f!‘fa"g’§é‘f;§ g;, Ag’»* FEFEFIE, ‘gs‘i‘ifﬁg ejj; FEAFE e;-f‘ & ag;‘ﬁ;
,f i;‘;jj"l zsrf_g jje‘fjﬁ’;f ("’9}?}{;3}{ fuf‘;’ *"ff-"'r;, ":““:rf’ i
Forbes SA. et aI. Curr Protoc Hum Genet. 2008

Cancer Genome Atlas Research Network et al. Nat Genet. 2013
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PTEN mutations In cancer

PTEN mutations

Key:
92 — ® R130*/G/L/P/Q/frarmeshift ® Mostly missense
v 80 - ® Mostly nonsense or frameshift
D . Iy
E 60 [ ] I'».ﬂf:psth,r in-frame deletion
z ® Mixed
E 40 ~ R233*/Q/frameshift
]
o 20— [ ]
= o ) () . .
0 | 0% Fhleitieriie BRI P SSEHPPTIE o® nrieen e i eeEh serdd anTelin  sem  eee
Phosphatase
r T T T T T T T Tl
0 50 100 150 200 250 300 350 403
TiBS
ICGC hosphatase and tensin homolog = [protein_coding] i
PTEN-001 > [protein_coding] i )
PTEN-003 = [processed_transcripi] . _—
- PTEN-005 = [processed_transcripf]
PTEN-002 = [processed_transcripi]
F : PTEN-004 = [processed_transcripi]
|nternat|0na.| 12 [misc_RMA] #11-38005.2 = [sense_intronic] .RF'H-BSDGS.S = [pseudogene]
4 . i o
cancer RP11-38005.2-001 = [sense_intronic] RP11-38005.3-001 = [processed_pseudogene]

g ena me < killin, p53-regulated DMA replication inhibitor [protein_coding]
consortium <KLLN-001 [protein_codingl

sribed_unprocessed_pseudogene]

ICGC Mutations .l = v A

Zhang J. et al. Database (Oxford). 2011
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F 101.00 kb strand —
———— — ———— ———
87.88Mb 87.90Mb B7.92Mb B7.94Mb B7.96Mb
q23.31
1w i | m o mr [ | 1 [ B | | | 1 1 I
Constrained elements for 39 eutherian mammals EPO_LOW_COVERAGE o
i f | 4 [ e
CCDS31238.1 >
protein coding
| } = | i I
PTEN-001 >
protein coding
— —_— —_— — ===
PTEN-201 >
protein coding
4
PTEN-002 >
processed transcript
| ——
PTEN-003 » RP11-380G5.3-001 >
retained intron processed pseudogene
E3 o = F———1TH8
PTEN-006 > RP11-380G5.2-001 > PTEN-D04 > PTEN-005 >
processed transcript sense intronic retained intron protein coding
< AC063965.8 < AC063965.8
L A 1 A A O O AR M Y




PTEN protein

N-term C-term
Catalytic domain Regulatory domain

1 200 360  @mrap) 403

Phosphatase domain C-tail PDz
Signature Motif . -
HCXXGXXR "

Protein binding domain

Discovery studio

Song MS et al. Nat Rev Mol Cell Biol. 2012



Regulation of mMRNA level

Transcription, miRNA, epigenetic regulation

Transcriptional regulation MiRNA regulaiton

PTEN promoter F | ZEBZ2 or PTENFT mANA |

MiRNA-21,
MiRNA-22

1
-. @ »
5'UTR PTENmANA  3'UTR
Ienln—TGF - T r L '

Key @D Negative PTEN regulators () Positive PTEN regulators

genomatix

Matinspector

RNA FRABASE 2.0

RNA FRAgments search engine & dataBAS'

Cormmon TES

Modomics

- i
< ILZETE USIDTIECE | adatabase of RNA mglificution pathways

Regulatory Pattern Definition &
Search (GEMS Launcher) ===

':"L’EFFE',DFE'SE'H['EI:‘ TFBS RNAdb 2.0 - A database of mammalian noncoding RNAs

Epigenetic regulation

1 71 )
1 1 )
I 1)

Hopkins BD et al. Trends Biochem Sci. 2014
Song MS et al. Nat Rev Mol Cell Biol. 2012
Shi Y. et al. J Cell Sci. 2012
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Post-translational modification of PTEN

Key:

f\ Ubiquitination

‘ Oxidation

‘ Acetylation

A sumoylation

ROS . T ‘ Phosphorylation
NEDD4-1 Sre/RAK
XIAP f CK2 = = = Disulfide bond

WWP2

TiBS

Center for Biological Sequence Analysis(CBS), Technical University of Denmark
Phospho.ELM, European Commission Community Research

NetPhos 2.0 Server, Motif Scan
Methylation: Methylation Modification Prediction Server (2.0), BPB-PPMS

Hopkins BD et al. Trends Biochem Sci. 2014
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GF
E Phosphatase c2 E RTK [Prdins(4.5)P,
[~ |Plasma \ 6
115 185 351 401 403 membrane / /_0_1@
L 01 11 1
I I |
AR AMAPCS AMAPCA
KATZE AMAPCS AMAPCS
MTF1 AMAPCT AMAPCT 6
NCOAZ ARRB1 coc27 6
SHARPIN ARRB2Z CENPC I}
PREX2 BMI1 DLG1*
WWP2 Cavil MAGI1* ?
coc2? MAGIZ* @
Binding region unknown CENPC MAGIZ* v
cock pepach FBXWT MAST1* &
CASPS S1PR2 PTK2 didi MAST2™
GLTSCR2 MAST3* Cell survival,
CCME2 SMAD3 PRM MC1R MCRS1 cell proliferation,
CSNK2A1  SUMO1 RNH1 MTEL MME cell metabolism
EGR1 SUMO2 MANZCL
MVP MYOSA
FABP4 TFG NDFIP1 PDGERB PARD3*
GRIN1 TRIMZ27 NDFIP2 PROX1 PREX2*
IR54 USP7 NUDT16L1 PREX2 SLCSA3ZRL*
I0GAPL XIAP PIK3R1
5TK11 * interacts with PDZ-bd
STUB1 WO EFD SREEFID
Interaction increases PTEN function (green) P53 Protein synthesis
Interaction decreases PTEMN function (red) THMN

Song MS et al. Nat Rev Mol Cell Biol. 2012
Hopkins BD et al. Trends Biochem Sci. 2014
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PTEN phosphotase activity deletion

Activity | Lipid | Protein Ad Gene MS5SA PDE Func.
PTEN | + + variant Impact
wt
PTEN — -
c124s s I i | -
1245 PTEN
PTEN | — +
G129E ciz9e pTen E E3 N
PTEN | + -
Y138L y138 pTen [ EJ fmsditm
e ooty v ; | e 11¢
TCGA Phosphatase
fl.'l STU lfl.'l[) léD 260 ZéD 3(;0 BéD AEI.[I)B
spedfidty | ‘ | ‘ ‘ ‘ ‘

conservation

1

60| 70| 80| 90| 100| 110]| 120] 150]

160|

! 1 RNNIDDVVRFLDSKHKNHYKIYNLCAERHYDTAKFNCRVAQYPFEDHNPPQLELIKPFCEDLDQWLSEDDNHVAAI G LHRGKFLKAQEALDFYGEVRTRDKKGVT
MOUSE 1 KKAEDEMSRYLNQSHLNKFCDNRICAERHYDTAKFNCRVAQYPFEDHNPPQLEL IKPFCEDLDQWLSEDDNHVAATL G LHRGKFLKAQEALDFYGEVRTRDKKGVT
CIOIN 1 RNNIDDVVRFLENKHGSNYKVYNLCSERTYDTKKFHGRVAAYPFDDHNPPRFELIKPFCEDLDQWLGMHKDNIAAT G LHRRRFAKPSDALHFYGLARTNNMKGVT
SACKO 1 RNSIDDVVRFLDLKHKDHYKIYNLCSER™YDISKFRNRVVHYPFDDHHPPKLELIKTFCEDVDEWLRKNEANVAVI G IHIGKFLSAQKALEYYGKTRTLNEKGVT
IX0SC 1 RNHVDDVHKFLEKKHGGHYKIYNLCSERQYDAKKFENRVAVYPFKDHNPPKIDLIKPFCEDVERWLSEHPDNVAVI G VHSKIFSTAKDALSFYSEKRTKDLKGVT
BRAFL 1 RNNIDDVVRFLESKHKGHYKVYNLCSERSYDPSKFNQRVAVYAFEDHNPPKLELIKPFCNDLDEWLAEDEDNVAAYV| G LHRGKFPTPDEALRFYGQARTKNEKGVT
TRIAD 1 RNHIDEVIRFFDTKHKQHYKIYNLCNERTYDPDRFFNRVATYAFEDHNAPPFALIQPFCDDVDEWLKKDEKNIVAYV| G LYANFFDDTNDALNFYGQARTLDAKGVT
9EUKA 1 RNGMEDVVRFFDQKHQDHYKVYNL CSEREYDPAKFHNRVATYPFDDHNAPPFELIKPFCDDVHEWLTEDARNVAVI G VHCNHWEKAEDALAFYGAARTQNAKGVT
NAEGR 1 RNPMEEVQRFLETKHKDKYKLWNLCAERSYDKTCFHGREDSYQFYDHEAPKFEILIPFCKNVHEWLSQDPENVAVI G MYAQLQPSAKASLDFYGKARTKNHKGVT
PEDHC 1 RNHIDDVVKLLESKHKDHYKIYNLCSERKYDIHKFQSRVANYPFDDHNPPQIELIRPFCADVHDWLSQDKKNVAAY| G LHSKQFLKAEDAL SYYGQMRTHDRKGVT
SOLIN 1 RNHIDDVVKLLESKHKDHYKIYNLCSERSYD KKFKQRVATYAFDDHNPPKLEQIKPFCEDVQSWLSQDKENVAAV G LHSKQFPTATEALNYYGTKRTHDRKGVT
APIME 1 RNHIDDVVKLLESRHKDHYKIYNLCSERSYDFKKFKQRVATYAFDDHNPPMLDQIRPFCEDVHEWLSRHQENVAVV G LHIEQFPTATEALNYYGTKRTHDRKGVT
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PTEN phosphotase activity mutation in cancer

Activity | Lipid | Protein Activity | Lipid | Protein
PTEN + + PTEN + +
wt wt
PTEN | + - PTEN | — +
Y138L G129E

Discovery studio
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How can C124S make PTEN catalytically inactive

PTEN_HUMAN/47-175 : RNNIDDVVRFLRSEHKNHYKIYNLCAERHYDTAKFNCRVAQYPFEDHNPPOLELIKPF
midline : RNNIDDVVRFL@SEHKNHYKIYNLCAERHYDTAKFNCRVAQYPFEDHNPPQLELIKPF
1d5r:A/34-162 : RNNIDDVVRFLBSEHKNHYKIYNLCAERHYDTAKFNCRVAQYPFEDHNPPOLELIKPF

specificity .
conserved .

neutral

unmapped

Serine predictions

Name Pos Context score Pred
W

sp_P60484 P 10 KEEIVSENER 0. 263

sp_P60484 P 59 RFLDSKHEN 0. 109

sp_P60484 P 113  DQWLSEDDN gty 5%
sp_P60434_P 124  AATHSKAGK .

Discovery studio
Scansite
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