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Finding History of Tumor Virus and Significance of Tumorigenesis Research
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ABSTRACT: Peyton Rous established the scientific field of tumor virology in 1911 by discovering Rous sarcoma virus. In 1930s

Richard identified mammalian tumor viruses, and the first human tumor virus-EBV was discovered in 1960s, and hepatitis B virus and

the papillomaviruses then followed. The thorough research of tumor virus spurred the concept of oncogenes and the identification and

function of tumor suppressor genes, and promoted the cancer vaccine research, which can inhibit virus infection and decrease tumor inci-

dence. In the 1980s and 1990s, additional human tumor viruses--human T-cell leukemia virus type 1, hepatitis C virus, and Kaposi's sarco-

ma herpesvirus were identified. Current estimates suggest that six kinds of viruses

EBV, HBV, HPV, HTLV-1, HCV, KSHV are involved

in 15% to 20% of human cancers worldwide. Thus, viruses not only have been shown to represent etiologic agents for many human can-

cers but also have served as tools to reveal mechanisms that are involved in human malignancies.
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Table 1 Proto-oncogenes discovered through eigher gene capture or insertional mutatenesis by a tumorigenic retrovirus

General class Oncogene Virus name Protein product
Growth factor sis Simian sarcoma virus Platelet-drived growth factor
Receptor protein tyrosine kinase erbB Avian erythoblastosis virus, Epidermal growth factor receptor
Rous-associated virus 1
fms McDonough feline sarcoma virus, Colony-stimulating factor receptor
Friend murine leukemia virus
kit Hardy-Zuckerman-4 feline sarcoma virus Stem cell factor receptor
Nonreceptor protein abl Abelson murine leukemia virus Tyrosine kinase
src Rous sarcoma virus Tyrosine kinase
Serine/threonine protein kinase raf Murine sarcoma virus 3611 Serine/threonine kinase
akt AKT8 Murine sarcoma virus Serine/threonine kinase
G protein H-ras Harvey Murine sarcoma virus GDP/GTP binding
Kirsten murine sarcoma virus,
Koras Friend murine leukemia virus GDPIGTP binding
Transcription factor erbA Avian erythroblastosis virus Transcription factor
Avian myeloblastosis virus E26,
o Moloney murine leukemia virus Transeription factor
MC29 myelocytoma virus, Rous associated virus
e 1, Moloney murine leukemia virus Transcription factor
rel Reticuloendotheliosis virus Transcription factor
3.2 DNA DNA 13q14
3.2.1 p53 1979  Lane? SV40 Rb
SV
T SV40 -
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p53 DNA N
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. 1989 p53 Rb E2F
ps3 Gl S - Gl S
- 50% Gl cyclin-CDK Gl cyclin-CDK Rb
p53 E2F  E2F/Rb o
5 DNA p53 pS3 E2F/Rb -
RNA RNA
N DNA DNA
, miRNA RNA -
. p53 miRNA
miRNA p53
pS3 S °
3.2[1.5? Rb 197 1" Knudsot: 4 20 30
two-mutation model
T 1 (HTLV-1) (HCV)
. KSHV
4.1 T 1 HTLV-1



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.18 JUN.2012

- 3599 .

1977

ATL

ATL
DNA ®

Kiyoshi T

T ATL _ATL
, 1980  Gallo T

T

ATL

ATL

HTLV-1 @

HTLV-1

T HTLV-1 .

2 HTLV-1  ATL

Yorio
W HTLV-1
ATL

HTLV-1 ,
HTLV-1
@

o HTLV-1

HTLV-1

o

DNA

HTVL-1 bZIP

4.2
20

HBV, 19

HCV

2.7

HBV

p21WAFI1

[21]

43
1872

. 1994

RDA

20
KS
AIDS
KS

Tax . Tax
LTRs
NF-«kB.AP-1 CRE
p53.pl6INK4A MADI1

HDAC-1

Tax

SWI-SNF

(18]

o

HBZ 3'LTR ATL
. HBZ

c-Jun Jun B p65

R
HCV
70

89  Houghton

HCV o
HCV 20%
4%-7%
HCV ~ RNA

[20]
o

., HCV

N N . HCV
p53 pRb)
p21WAF1  p53
., HCV

TGF-B

TGF-B
HCC =,
KSHV
Kaposi KS
Chang®! KS
HHV
KSHV 8

HIV

HHV-8 |
80 AIDS

KS AIDS KSHV DNA,

KSHV o

HCV

KSHV 24, KSHV
KS KS HIV®,
HIV
HIV o
KSHV KS (PEL)
Cattleman's (MCD) e
KSHV KS KSHV
27
- VIL-6
gpl130 IL-6 Bcel-xL Bax
B v-cycline Cyclin D
vIRF myc vGPCR
RTA
KSHV . 1 (LANA-1)
KSHV
KSHV - LANA-1 p53  GSK-38 p53
B-catein c-Myc
1
4.4
BK
Jc KI N
o8]
DNA N N N
N 5 21 Merkel
--Merkel
MCPyV  Merkel
80%  Merkel
MCPyV,
5
. 1973 30]
NPC EB
EB
o EB
- 1990 EBV
NPC EBV o
B EBV LMP1 LMP1
p33 G2/M
cdc2/cyclin Bl G2/M
LMPI MAPK p53 p53
. LMP1 JAK3 STAT
NF-kB.AP-1 STAT survivin
KSHV
B2 (31 B34
R TLE2 KSHV
RTA RTA
KSHV miRNA-K12-7 RTA



+ 3600 -

www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.18 JUN.2012

RTA ICN
Notchl Notch
KSHV ICN
LANA  Notchl Sell0
ICN ICN
. 20
EBV HBV HPV HTLV-1 HCV KSHV 10%
-15% Gl 130
References

[1] Ronald T, Javier S, Janet S, et al. The history of tumor virology [J].
Cancer Res, 2008, 6(19):7693-7706

[2] Martin D, Gutkind JS. Human tumor-associated viruses and new in-
sights into the molecular mechanisms of cancer [J]. Oncogene, 2009,
27:S31-S42

[3] Shah KM, Young LS. Epstein-Barr virus and carcinogenesis: beyond
Burkitt's lymphoma [J]. Clin Microbiol Infect, 2009, 15(11):982-988

[4] Pagano JS, Blaser M, Buendia MA, et al. Infectious agents and cancer:
criteria for a causal relation[J]. Semin Cancer Biol, 2004, 14:453-471

[5] Lavanchy D. Hepatitis B virus epidemiology, disease burden, treat-
ment, and current and emerging prevention and control measures[J].
Viral Hepat, 2004, 11 (2):97-107

[6] Tsai WL, Chung RT, Viral hepatocarcinogenesis [J]. Oncogene, 2010,
29(16): 2309-2324

[7] Pé csi T, Altala nos K, Klinikai I, et al. Hepatitis B virus (HBV) in-
fection and hepatocarcinogenesis [J]. Orv Hetil, 2011, 151 (26):
1045-1053

[8] Neuveut C, Wei Y, Buendia MA, et al. Mechanisms of HBV-related
hepatocarcinogenesis[J]. 2010, 52(4):594-604

[9] Hilleman MR. Critical overview and outlook: pathogenesis, prevention,
and treatment of hepatitis and hepatocarcinoma caused by hepatitis B
virus[J]. Vaccine, 2003, 21:4626-4649

[10] Hausen H, Papillomavirus in the causation of human cancer-a brief
historical account[J]. Virology, 2009, 384:260-265

[11] Carter JR, Ding Z, Roose BR. HPV infection and cervical disease: a
review[J]. Aust N Z Obstet Gynaeclo, 2011, 51(2):103-108

[12] Smith GD, Travis L. Getting to know human papillomavirus (HPV)
and the HPV vaccines[J]. ] Am Osteopath Assoc, 2011, 111(3 Suppl
2):529-34

[13] Martin GS. The road to Src[J]. Oncogene, 2004, 23:7910-7917

[14] Feng Z, Zhang C, Wu R, et al. Tumor suppressor p53 meets microR-
NAs[J]. Mol Cell Bio, 2011, 3(1):44-50

[15] Chial H. Tumor suppressor (TS) genes and the two-hit hypothesis[J].
Nature Education, 2008, 1(1)

[16] Lu DW, EI-Mofty SK, Wang HL, et al. Expression of p16, Rb, and

p53 Proteins in Squamous Cell Carcinomas of the Anorectal Region

Harboring Human Papillomavirus DNA[J]. Mod Pathol, 2003, 16(7):
692-699

[17] Yoshia M. Molecular approach to human leukemia: Isolation and
characterization of the first human retrovirus HTLV-1 and its impact
on tumorigenesis in Adult T-cell Leukemia [J]. Proc Jpn Acad, 2010,
86:117-130

[18] Boxus M, Willems L. Mechanisms of HTLV-1 persistence and trans-
formation[J]. Br J Cancer 2009, 101:1497-1501

[19] Matsuoka M. HTLV-1 bZIP factor gene: Its roles in HTLV-1 patho-
genesis[J]. Mol Aspects Med, 2010, 31(5):359-366

[20] Tan A, Yeh SH, Liu CJ, et al. Viral hepatocarcinogenesis: from infec-
tion to cancer[J]. Liver Int, 2008, 28:175-188

[21] Szalay F. Hepatitis C virus infection and hepatocarcinogenesis [J].
OrvHetil, 2010, 151(38):1524-1529

[22] Matsuzaki K, Murata M, Yoshida K, et al. Chronic inflammation as-
sociated with hepatitis C virus infection perturbs hepatic transforming
growth factor beta signaling, promoting cirrhosis and hepatocellular
carcinoma[J]. Hepatology, 2007, 46:48-57

[23] Chang Y, Cesarman E, Pessin MS, et al. Identification of her-
pesvirus-like DNA sequences in AIDS-associated Kaposi's sarcoma
[J]. Science, 1994, 266:1865-1869

[24] Ganem D. KSHYV infection and the pathogenesis of Kaposi's sarcoma
[J]. Annu Rev Pathol, 2006, 1:273-296

[25] Senba M, Buziba N, Mori N, et al. Increased prevalence of Kaposi's
sarcoma-associated herpesvirus in the Kaposi's sarcoma-endemic area
of western Kenya in 1981-2000[J]. Acta Virol, 2011, 55(2):161-164

[26] Martin JN. Kaposi sarcoma-associated herpevirus/human herpevirus
8 and Kaposi sarcom[J]. Adv Dent Res, 2011, 23(1):76-78

[27] Cai Q, Verma SC, Lu J, et al. Molecular Biology of Kaposi's Sarcoma
Herpesvirus and Related Oncogenesis [J]. Adv Virus Res, 2010, 78:
87-142

[28] Babakir-Mina M, Ciccozzi M, Perno CF, et al. The novel KI, WU,
MC polyomaviruses: possible human pathogens?[J]. New Microbiol,
2011, 34(1):1-8

[29] Feng H, Shuda M, Chang Y, et al. Clonal integration of a polyo-
mavirus in human Merkel cell carcinoma [J]. Science, 2008, 319:
1096-1100

[30] Li BM, Ji ZW, Zeng Y, et al. Epstein-Barr virus in synergy with tumor-
promoter-induced malignant transformation of immortalized human
epithelial cells[J]. Cancer Res Clin Oncol, 1997, 123(8):441-446

[31] Zheng H, Li LL, Cao Y, et al. Role of Epstein-Barr virus encoded la-
tent membrane protein 1 in the carcinogenesis of nasopharyngeal car-
cinoma[J]. Cell Mol Immunol, 2007, 4(3):185-196

[32] He Z, Liu Y, Liang D, et al. Cellular Corepressor TLE2 Inhibits
Replication-and-Transcription-Activator-Mediated Transactivationand
Lytic Reactivation of Kaposi's Sarcoma-Associated Herpesvirus [J].
Virology, 2010: 2047-2062

[33] Lin X, Liang D, He Z, et al. miR-K12-7-5p Encoded by Kaposi's Sar-
coma-Associated Herpesvirus Stabilizes the Latent State by Targeting
ViralORF50/RTA[J]. PLos One, 2011, 6(1):e16224

[34] Lan K, Verma SC, Murakami M, et al. Kaposi's sarcoma her-
pesvirus-encoded latency-associated nuclear antigen stabilizes intea-
cellular activated Notch by targeting the Sel10 protein [J]. Proc Natl
Acad Sci USA, 2007, 104(41):16287-16292



