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cancer progression 

Normal cells 
↓ 

Hyperplasia 
↓ 

Dysplasia (Metaplasia) 
↓ 

Neoplasia 
↓ 

Metastasis 



Cancer and environment 



Cancer Epidemiology 

Population studies 
– Some cancers have similar risk/rates in all 

populations 
 

– Others have very different rates in different 
populations 
 
identification of risk factors 

1) Genetic 
2) Environmental 

 



Accuracy of replication 

1 cell  more than1016 cells 
Human genome  
 = 3x109 nucleotides (letters) haploid  

 6x109 diploid 
 

Need to copy   ~ 1026 letters 
 
 



Origin of cancer cell 

            

1 Cell   
 

Gene 
 

Environment 
Sources of error/damage 



Epidemiology of Cancer 
Based on Age 



Breast cancer incidence by age 





Cancer type Highest  rate Lowest  rate Ration H/L 
Skin (Melanoma) Australia 

(Queensland) 
Japan 155:1 

Lip Canada 
(Newfoundland) 

Japan 151:1 

Nasopharynx Hong Kong United Kingdom 100:1 

Prostate US (African American) China 70:1 

Liver China   (Shanghai) Canada       (Nova 
Scotia) 

49:1 

Penis Brazil Israel  
(Ashkenaz Jews) 

42:1 

Cervix (Uterus) Brazil Israel 
(Non-Jews) 

28:1 

Stomach Japan Kuwait 22:1 

Age adjusted death rate at 60 from a certain type of cancer.  (Muir et al 1987) 



Excludes basal and squamous cell skin cancers and in situ carcinomas except urinary bladder. 
Source: American Cancer Society, 2004. 

Knowing Cancer Origin Informs Therapy 

 32% Breast 

 12% Lung & bronchus 

 11% Colon & rectum 

 6% Uterine corpus 

  4% Ovary   

   4% Non-Hodgkin 
      lymphoma   

 4% Melanoma of skin 

 3% Thyroid 

 2% Urinary bladder 

   2% Pancreas 

 20% All Other Sites 

Prostate 33% 

Lung & bronchus 13% 

Colon & rectum 11% 

Urinary bladder 6% 

Melanoma of skin 4% 

Non-Hodgkin                      lymphoma
 4% 

Kidney 3% 

Oral Cavity 3%  

Leukemia 3% 

Pancreas 2% 

All Other Sites 18% 

 

Target-specific 
Drugs: 

HERCEPTIN 

TARCEVA 

AVASTIN, ERBITUX 

 

 

RITUXAN 
 
SUTENT 
 

GLEEVEC 

TARCEVA 

Total Men: 699,560 
Total Women: 668,470 



更令人关注的是，2012年中国新增癌症病例高居世界第一位，肝癌和食管癌患者约占
全球一半，死亡分别占全球的51%和49%；胃癌症例和死亡均占全球40%；鼻咽癌80%
发生在中国。 
 

全国肿瘤登记中心发布的《2012中国肿瘤登记年报》 



















Epidemiological Data can also sometimes 
provide clues about the biological mechanisms 

underlying certain types of cancers.  
 
 

Malignant Melanoma  
(Solar radiation exposure) 

 
Burkitt’s Lymphoma 

(Co-infection with virus transmitted by 
mosquitos also transmitting malaria) 



Trends in melanoma incidence in the U.S. 



Epidemiological Data can also sometimes 
provide clues about the biological mechanisms 

underlying certain types of cancers.  
 
 

Malignant Melanoma  
(Solar radiation exposure) 

 
Burkitt’s Lymphoma 

(Co-infection with virus transmitted by 
mosquitos also transmitting malaria) 



Figure 4.12  The Biology of Cancer (© Garland Science 2007) 

Incidence of Burkitt’s Lymphoma in Relation to Infectious Disease Etiology: 
Aedes simpsoni mosquito transmission vector for malaria  

and Epstein Barr Virus co-infection 



Examples of environmental risk 
factors 

• Lung cancer:  31% males, 25% females 

• 1st cancer death 
– Doll and Hill, 1950 
– Most recent number of cigarettes smoked per day 

before the onset of lung cancer 

 Cigarettes /day 0 1-4 5-14 15-24 25 or 
more 

Life time risk 1x 8x 12x 14x 27x 



Cancer risk: Gene vs. Environment 

Japanese  
in Japan 

Japanese  
immigrants in US 
 
1st Generation  
  
 
2nd Generateion  
  

Caucasian 
in US 

stomach cancer 
colon cancer 

stomach cancer 

colon cancer 

? 



Migration and cancer rate 



Cancer risk: Gene vs. Environment 

Japanese  
in Japan 

Japanese  
immigrants in US 
1st Generation 
  
  
 
2nd Generateion  
  

Caucasian 
in US 

stomach cancer 
colon cancer 

stomach cancer 

colon cancer 
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Figure 2.20  The Biology of Cancer (© Garland Science 2007) 

Cancer Incidence Following Migration 

p. 45 



Introduction 

• What is cancer? 
• What causes cancer? 

• Chemicals 
• Virus 

• How do we deal with cancer? 



Carcinogen 
• 1775: chimney sweep and scrotal (阴囊）carcinoma.  

Sir Percivall Pott (1714-1788) 
 



Carcinogen test 

Katsusaburo Yamagiwa, 1915 
Japan 

660 days 
Coal Tar 
(焦油) 
 
Skin  
carcinoma 
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Carcinogens in tar 

 

How to test for carcinogens? 



carcigen 



Ames test: Metabolic activation 



Ames Test 
(1970s by Bruce Ames) 

Mutant bacteria 
Can’t make Histidine Revert mutation 

Test substance 

A layer of bacteria 



Mutagen ~ Carcinogen 

Bacteria test 

黄曲霉毒素 

http://images.google.cn/imgres?imgurl=http://www.scienceisart.com/B_FoodChain/Bacteria/PetriDish.gif&imgrefurl=http://www.scienceisart.com/B_FoodChain/Bacteria/Bacteria.html&usg=__zXnX0S2ZcFPpHUZecBD4o6pYlpM=&h=190&w=188&sz=3&hl=zh-CN&start=23&um=1&itbs=1&tbnid=lZAuCMRCvbPDaM:&tbnh=103&tbnw=102&prev=/images?q=petri+dish&start=20&um=1&hl=zh-CN&newwindow=1&sa=N&imgtbs=t&imgtype=clipart&as_st=y&ndsp=20&tbs=isch:1�
http://images.google.cn/imgres?imgurl=http://www.malhatlantica.pt/eb1malha/Ingles/i_animals/mouse.jpg&imgrefurl=http://www.malhatlantica.pt/eb1malha/Ingles/i_animals/i_animals.htm&usg=__UPY-EbkcE780et8R_dT0XW7tPxc=&h=294&w=325&sz=15&hl=zh-CN&start=1&um=1&itbs=1&tbnid=FSaz14xZ53rM0M:&tbnh=107&tbnw=118&prev=/images?q=mouse&um=1&hl=zh-CN&newwindow=1&imgtbs=t&imgtype=clipart&as_st=y&tbs=isch:1�


Limitation of tests 

In vitro 
Ames test 

In vivo 
Animal model 

Epidemiology 
study 

Tobacco 
smoke 
Asbestos 
石棉  
Saccharin 
糖精  
Phenobarbital 
催眠药  

Isoniazid 
抗结核药  
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Cancer News 

Why the discrepancy? 
• Model system (Bacteria, rabbit) ≠ Human 
• Dose 
• Indirect Mechanism:  
  Asbestos  Lung damage  Inflammation 

 
 



Introduction 

• What is cancer? 
– Normal cells go bad. 

• What causes cancer? 
– Carcinogens 
– Infection? 

• How do we deal with cancer? 
 



Louis Pasteur 
1822-1895 

French 
Germ theory of Disease  



Disease and infection 
 
• Isolated  

 anthrax (炭疽菌), 
tuberculosis (结核）, cholera 
（霍乱 ） 

 
• Koch Postulates:   

 Germs  Diseases 

Robert Koch (1843 –1910)  
German physician 

1905 

http://en.wikipedia.org/wiki/File:RobertKoch_cropped.jpg�


Cancer and infection 



Chicken tumor 
• 1909  Peyton Rous , Long island, New York 
• A farmer with sick chicken 
 

1879-1970 



Rous experiment #1  

Conclusion ? 
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Rous experiment #2 

Conclusion ? 

NEXT ? 
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Rous experiment #3  

Conclusion: 
1. Tumor develops in a few weeksgood model for research  

 
2. It can be passed again and again Something alive 

 
3. It is very small Virus  (Rous Sarcoma Virus: RSV) 

 
 



Victory of infectious theory 

• 1911  Rabbit virus Myxomas 黏液瘤  
• Rous and Collaborators: （1930-1970） 
  2 more chicken viruses papilloma 
 
 
 

 
Rous sarcoma virus, now known to be a retrovirus 

Cancer = Infectious disease 

1966 



SV40 virus 

• Monkey cell lines  replicate  Kill cells 
• Lytic life cycle 
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SV40 infected monkey cells 



+ RSV 
 Cells survive ! 

Chicken embryonic fibroblasts 
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A new study system 

1. Months,years 

+RSV 

Transformation 

2. Several weeks 

3. Several days 
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Transformed cells 
• Change in cell shape 
• Loss of contact inhibition 
• Proliferate indefinitely 

 
•  Your evaluation of the transformed cells: 

– Neoplasia 
– Metastatic tumor 

 



Other viruses can also induce cancer 

• Richard Shope: rabbit papillomas (Warts) DNA 
virus 

• SV40 – the 40th simian virus 
• MMLV- mouse mammary tumor virus (RNA) 

 



Peyton Rous:   
Discovery of tumour-inducing viruses  

1966 

(1879 - 1970)  1909 Chicken sarcoma 
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