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Cancer related genes Associated Neoplasms

ERB-B2 Breast and ovarian carcinomas

RAS Many carcinomas and leukemias

SIS Gliomas

ABL Chronic myelogenous leukemia,
Acute lymphocytic leukemia

c—MYC Lymphomas

BRCA-1 Breast and ovarian carcinomas

APC Colonic adenocarcinomas

NF-1 Neurofibromas and neurofibrosarcomas

Rb Retinoblastomas, osteosarcomas,
Small cell lung carcinomas

po3 Many carcinomas

BCL-2 Chronic lymphocytic leukemia, lymphomas
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Chronic myelocytic leukemia (CML) fEfI TR T HREI RETELTEFIIENN?
A. pd3

B. myc
C. abl
D. ras
E. src

BEZODEEL
A. B (KELRE
B. B FIETE
C. Bz FR%X
D. Bz FZE
E. B FRZEE
ELTRDHBNS.
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Philadelphia chromosome

The Philadelphia Chromosome and Chronic Myelogenous Leukemia (CML)

Normal Chromosomes Translocated Chromosomes

Trans...

...Jlocation fused
abl-ber
ab’ gene bcr gene - gene _) L
9 22 9 22 (Philadelphia
elongated chromosome)

The translocated abl gene inserts into the bcr gene.The two genes fuse.
The altered abl gene functions improperly, resulting in CML.

P21 Obcr—abl

Cell proliferation

TS Decreased apoptosis
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HNPCC: RIEMIERUKR—L A KGN A
Lynch syndrome (1971)

Patients with HNPCC display a heterozygous
germline mutation in at least 1 of 4 DNA mismatch
repair genes

KaH A, FEREN A, BRRNA, BHRAFHAREEICE SN S (1966)

- hMSH2, hMLH1, hPMS1, hPMS2
(:XV‘J?WEJ@{K?E )

90% of HNPCC patients have germline mutations in
hMSH2

HNPCC:Hereditary Nonpolyposis Colon Cancer
I AOXKZEZERHE



Hereditary Nonpolyposis Colon Cancer (HNPCCQC)
KR IER)R— A KBGO A

HNPCCOEGREZM D=0 DT LA TILF LE I

- HNPCCRHEEBEZE I HAREMNIBLULEHY, TN 5D 14I1E
ft>2% 0 _rﬁﬁ%—?}?é FERNENA, IBENA, BHRAZE

- ER T A2 TREELTLS

- 50 LLRIIIZHNPCCRERE B L2 ficsn=E N1 B LLELVS
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Hereditary Nonpolyposis Colon Cancer (HNPCC)

RIEMEIERR— AKRGHA (HNPCC) X< A0+
TIA ML EM (microsatellite instability: MSDIZ 435D
THNAIRAIYTFEEEEFDLEEMERINEEIZF
AT EHERBT, KEEHLAYR, FERIE, IR, B, /M5,
AFREE, LERARER, fx, REEREDNADREIE) AT
S FOKREBTHD.

HNPCCEFE TIX#I80% TEHEEDMIZ KGN ATRIET
A IhoKREBNAD2/3EHAIKGIZERETS.
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Hereditary Nonpolyposis Colon Cancer (HNPCCQC)

HNPCCZ M 20-60% (3 EEDEIZF=HNIEH A
(FEAENVA)ERIETSH. FERIENALZEISNSD
T F BN (E46-625% TdHB.

KGN AEFERIENADEMAZTHRIET HSHNPCCK
ED$I50% TIEFENAZFKICHIET SH. HNPCCEH
TIXENAEZSN S FERIL567K T, IREFHY
IZIXGERAEAN AN E2EEH S LM AMMERIREE) .
HNPCCRE:EIN R AN AL TFE 142 55 T BTSN B,
$930% X405 LART ZEZ2 SN S.
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HNPCC: RIEMIERUKR—L A KGN A
Lynch syndrome (1971)

Patients with HNPCC display a heterozygous
germline mutation in at least 1 of 4 DNA mismatch
repair genes

hMSH2, hMLH1, hPMS1, hPMS2:  Garetaker genes
SAVYFEBEELFESR) B ED70%

90% of HNPCC patients have germline mutations in
MSH2
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Mismatch
repair genes

cell

RIEMEIER)R— A KBEHY A
HNPCC:
Herediatary
Non—polyposis
Colorectal
Cancer

muman Mismatch Repair Genes \

(3p21)

PMST
(2931-33)

PMS2 (7p22)
MSH2 (2p16)

MLH1

Chromosomes
20 - 3

M

~NISHB
- -and - MLH1
+ MSH2 e
genes 2
7
PSM1
gene PSM2 -
o gene o
P
/
30 TR TP,
‘ “ 5 7
& RS K8 Xx AKX 38 &%
C 4 8 < L0 11 12
At 06 06 LA 358 4n
13 14 15 1¢ 17 18
R L AXA aa Do
19 <C 21 22 XY
23 pairs of chromosomes
in evary human cell.
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Defects In MMR Genes

Mismatch repaire genes

/
- Premature stop codon = Truncated protein
Point mutations = Altered sequence
K. Insertions/Deletions = Frameshift effects

Mutator Genes — Genetic instability

1l
EREEGOEGRFREZL=LT

DNABEEEFDEL — F75%J
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BRI F. EIHEEFOERE = BETEHH
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MUTATION
(in proto-oncogene or
tumor supplressor gene)

o | B
REPAIR)

Mutator Genes
Caretaker genes

Z1ER[EE ? !

DNA
REPAIR

i

CANCER NO CANCER
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» Hereditary nonpolyposis colon carcinoma
syndrome (HNPCC)

— DNA mismach repair genes: human Msh-2
» Xeroderma pigmentosum & 3= {E5Z K fE
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Xeroderma Pigmentosa (2 3= 1452 B2 fiE)
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Genetic instability (7 / LA REE]

 Microsatellite instability (MSI)

15
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 Chromosomal instability (CIN)
ZEELANILTOEE

W AXRZFEFERE

L1y



Nucleus DNA Cell Membrane
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» Cause — Genetic damage — Cancer
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4. DA )L AFEH A (Oncovirus)




ERBRADERRICEHEDEDDAIVAREE,
EEMDADFI5% DI IL AL LR ENH S,

Diet

Smoking

Sex hormones

) iruees Otners
Bacteria
EBV; Lymphoma
NPC, Gastric cancer
HPV; Uterine cervix cancer
HHVS; Kaposi's sarcoma

HTLV-I; ATL
HCV, HBV,; Liver cancer

(Doll, R., Euwr. J. Cancer, 1999)
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RNA oncogenic viruses

— human T-cell leukemia virus type I (HTLV-1)

DNA oncogenic viruses

— human papilloma virus (HPV)

— Epstemn-Barr virus (EBV)

— hepatitis B virus (HBV, cf. HCV)







Epstein—Barr Virus (EBV)

- A human herpesvirus

- Large double—stranded DNA genome —
over 1.7 x 105 base pairs

- Over 90% of adults in U.S. and western

Europe. Japan have antibodies

Infectious mononucleosis ({24 B3 ZfE)
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EBV - involvement in human tumors

- African Burkitt lymphoma

B—cell lymphomas of immunosuppressed
patients

Some cases of Hodgkin disease

Nasopharyngeal carcinomas (2IREEHAA)
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Endemic form of Burkitt lymphoma (African
Burkitt)

B—cell tumor originally described by Denis Burkitt

- Africa, New Guinea, occurring coincidentally with
Plasmodium falciparum (malaria~=>1) )

Majority of tumors contain EBV [lNA sequences,
neoplastic B cells express EBNA

(EB virus—determined nuclear antigen)
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Sporadic Burkitt lymphoma

- Worldwide incidence is 20—100x lower than
endemic form

- Occurs independently of malaria

- Rarely (20%) contains EBV DNA
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Starry sky
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EBV

First associated with Burkitt lymphoma
(EMEDAILRELTIXRE)

Undifferentiated nasopharyngeal carcinoma

(RIFEEE  R2EDA)

Almost 50% of Hodgkin disease in northern hemisphere
contain EBV DNA

EBV DNA present in 30% of AIDS—associated lymphomas
(AIDSEEE!) /1 \ &)

Gastric cancer (BEZ D 10%)
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Human papilloma virus (HPV)

- Over 140 subtypes, classified by DNA

sequence

- DNA virus with small double—stranded

circular genome

- Subtypes possess varying degrees of low

risk and high risk
FEHEEEHPY types 16 & 18
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HPV causes benign lesions of
squamous epithelium

Warts (benign papillomas of epithelium)

types 2 & 4

Laryngeal papillomas

Condylomata acuminata (genital warts) of the
vulva, penis, perianal region: types 6 &11

Occasionally condylomata acuminata and
laryngeal papillomas undergo malignant
transformation to SCC, but this 1S rare

Squamous intraepitii€HiarT&Sion: types 16 & 18
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HPV

HPV 6,11 — low risk viruses
HPV - ¢ 18, 31, 33, 39, 39, 45

— High risk viruses

89% of cervical carcinomas that are HPV-
positive contain a high risk HPV (70% have
FIPV 16 or 18)

W AXRZFEFERE



A

FFX94ILA (HBV) DR

&> DA IVEIEHTR = FEE i E




FF#RaE EHBVBEIFF R A ILR)

Environmental
Carcinogens

Genetic Instability

DNA Repair

Inactivation of
tumor suppressor
genes

HBV
Chronic
Infection

Transactivation
of cellular genes

Chronic
Inflammatory
Response

Genetics

W AXRZEFERE

Other
Cofactors

Model for the role of HBV in the
development of HCC. Chronic
infection by HBV is central to the
process. The resulting
inflammatory response and liver
regeneration introduce the
potential for errors during DNA
replication. The HBV X protein
interacts with DDB1, a cellular
DNA repair protein. If viral
infection were to reduce the
ability of the cell to repair
damaged DNA, mutations would
accumulate over time, increasing
the likelihood that tumor
suppressor genes such as p53
would get functionally
inactivated. The X protein can
trans-activate cellular genes;
affected cell genes might
contribute to carcinogenesis.
Environmental carcinogens are
important cofactors in certain
areas of the world and would be
especially potent if viral infection
had crippled the cellular DNA
repair system. Host genetics
influences the host response to
HBV infection. When the
appropriate genetic changes
accumulate over many years, HCC
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BATHAE S MBATLEIZHTLV-IEWLSY AL AN RER LA TH S
T2/ Bk (CD4') U /\EK) [T L TREIB DB (B+E) %, BRELI-) /B
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Human T—Cell Leukemia Virus

Type I (HTLV-1)
ErT ¥R ms / V> /EoA IV R

- The only RNA retrovirus linked to human
cancer

- Associated with form of T—cell leukemia/
lymphoma

- Endemic in parts of Japan/Caribbean
Like HIV, tropism for CD4 + T cells

1% of carriers: T—cell leukemia
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HTLV-I
ERT HIBaYE E s / U2/ B4 IV R

Route of infection — sexual intercourse, blood
products, breast feeding

Leukemia develops in only ~1% of infected
individuals

Latent period 20—30 years

Viral tax gene: (p40)
promiscuous transcriptional activator of cellular viral genes
activation of IL-2 and IL-2-receptor—a genes
binding to p16NK4 ——cell proliferation

ATLAHLA (anti-ATL associated antigen antiboy)
ILAXZEFERRE



Retrovirus transduction of
a cellular oncogene

Gag Pol Eny

LTR LTR
Retrovirus
Gag Pol Env Ga v-onc Env
LTR
LTR g . LIR LTR
etrovirus Acute transforming retrovirus

LTR:long terminal repeat WAXRFEFERE






Acute Transforming Retroviruses

 Produce tumors in a few weeks

* Have transduced a cellular oncogene (c-onc) into
their own genome (v-onc)

* Over 20 acute transforming retroviruses have
been characterized




Slow Transforming Retroviruses

* Do not themselves possess v-oncs

* Produce tumors by integrating into a critical site
in host genome, de-regulating a neighboring
cellular oncogene

* Insertional mutagenesis




Slow transforming retrovirus

Insertional mutagenesis de-regulates a
cellular oncogene, resulting in
overexpression and transformation

Retrovirus .

——







Telomere 46XY

FISH: fluorescence in situ hybridization




Nobel Prize 2009

10A5H
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University of California.
Elizabeth Blackburn (TUHARR TS5vH/\—2)

Johns Hopkins University
Carol W. Greider (F+v0OJL L A45—)

Harvard University
Jack W. Szostak (%v9 Y RXZvY)
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Telomerase Expressmn In Cancer

T —t #18

Somatic cells do not normally express
telomerase

Thus the shortening telomeres act as
molecular clocks that govern life span of

replicating cells R

Reactivation of telomerase may be necessary
for immortalization of cancer cells
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Telomerase and Cancer

- Telomeres — tips of chromosomes

* Protect integrity of DNA at the ends of
chromosomes

- Telomerase — recognizes the end of the
chromosome and adds repetitive telomeric
sequences to maintain the length of the
telomere

hTERT: telomerase reverse transcriptase
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