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Viruses lack tumor specificity and also kill normal  cells
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Viruses for Cancer Therapy



Viruses for cancer therapy

Replication-defective viruses

� viral replication genes are deleted

� function as therapeutic gene delivery vehicles

� gene therapy causes tumor cell death

Replication-competent (oncolytic) viruses

� viral replication genes are present

� viral replication is tumor-specific

� cytolytic replication cycle of virus causes tumor cell death

� capacity to deliver therapeutic genes



Part I:

Replication-defective viruses



• adenovirus
• herpes simplex virus
• retrovirus
• adeno-associated virus
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Replication-defective viruses 
are produced by genetic engineering

delete viral 
replication genes



Clinical trials using replication-deficient 
retro- and adeno- viruses in malignant glioma patient s

� established feasibility and safety of therapy

� anti-tumor efficacy lacking

G. Fulci and E.A. Chiocca (2007) Expert Opin Biol Ther 7; 197-208



1. low number of infected tumor cells
� 0.01-4% infected tumor cells with retroviruses

� 0.01-11% infected tumor cells with adenoviruses

2. specific targeting of tumor vs. normal tissue

Major obstacles to using replication-deficient viru ses for 

cancer gene-therapy



Death of patient on Adenovirus gene therapy clinica l trial

� 1999

� 18 yr old male 

� ornithine transcarbamylase deficiency: urea cycle (metabolic) disorder

� replication-deficient Ad containing OTC gene

� Intra-arterial infusion, 4x1013 virus particles

� Virus vector caused a systemic inflammatory response syndrome

• 18 hrs: altered mental status and jaundice

• 96 hrs: multiple organ failure and death

Take home message:
Cancer therapy using viruses must be approached wit h caution



Part II:

Replication-competent (oncolytic) viruses



Oncolytic viruses: mechanism of anti-tumor action

Normal Cells

Infection No replication
No cytolysis
No toxicity

Tumor Cells

Infection Replication
Cytolysis

Infection Replication
Cytolysis

Tumor
eradication



Virus Tumor-specificity
Adenovirus genetically engineered

Herpes Simplex Virus-1 genetically engineered

Vaccinia Virus genetically engineered

Poliovirus genetically engineered

Newcastle disease virus overactive Ras pathway

Reovirus overactive Ras pathway

Vesicular stomatitis virus defective interferon signaling

Myxoma virus defective interferon signaling

etc….

Tumor-specificity of oncolytic viruses: 

genetically engineered or naturally occurring



Year Virus Genetic change Tumor Patients (n) Primary goal

2000 HSV G207 UL39-, ICP34.5- recurrent 21 Assess toxicity

2000 HSV 1716 ICP34.5- recurrent 9 Assess toxicity

2002 HSV 1716 ICP34.5- recurrent (11)
primary (1)

12 In situ viral replication

2004 HSV 1716 ICP34.5- recurrent (6)
primary (6)

12 Assess toxicity

2004 Adenovirus ONYX-015 E1B- recurrent 24 Assess toxicity

2005 Newcastle Disease Virus 
(HUJ strain)

None
Target Ras pathway

recurrent 11 Assess toxicity

2007 Reovirus None
Target Ras pathway

recurrent 12 Assess toxicity

Phase I clinical trials of oncolytic viruses 
in malignant glioma patients

established feasibility and safety of oncolytic vir otherapy

Next step:
Phase II studies to further evaluate safety and exa mine efficacy



Part III:

My research

HIF-Ad oncolytic adenoviruses



Normal Tissue

HIF protein undetectable:
rapid degradation by 

ubiquitin:proteosome pathway

HIF

Tumors

Hypoxia-Inducible Factor (HIF):
a novel target for cancer therapy

stabilization and accumulation of HIF:
(1) Hypoxia (low oxygen conditions)

(2) Normoxic tumor cells with dysregulated
tumor suppressor gene or oncogene
pathways due to acquired genetic mutations

HIF



HIF is widely expressed in tumors

a.  Lung

b.  Lung (small cell)

c.  Breast

d.  Colon

e.  Colon

f.  Glioblastoma multiforme

g. Brain hemangioblastoma

h. Pancreas

i.  Renal (clear cell)

H. Zhong et al. (1999) Cancer Res (59), 5830-35

Cancer of the:

HIF is not expressed in normal tissue



HIF is a transcription factor 
that promotes tumor growth

Normal Tissue

HIF

Tumors

HIF

HIF target genes
HIF-responsive element

(HRE)

Cell proliferation 
Cell survival 
Angiogenesis 
Invasion/metastasis 
Drug resistance

Tumor 
Growth

HIF



Transcriptional targeting of Adenovirus replication  
to HIF-expressing tumor cells

Wild-type Ad E1A replication geneAd Promoter

HIF-responsive
promoter E1A replication gene

HIF-responsive promoter: D.E. Post and E.G. Van Meir (2001) Gene Ther. 8, 1801-7

Adjuvant 
therapeutic gene E1A replication gene

HIF-responsive
promoter

HIF-activated Ad

HIF-activated Ad 
+ gene-therapy



Slowing of 
tumor growth

Infection

robust

Tumor
eradication

weak
Replication
Cytolysis

HYPR-Ads:

� HIF-dependent: 
E1A expression
viral replication
oncolytic activity

� anti-tumor activity

� Attenuated replication and 
cytolytic activity compared to a 
wild-type Ad

First-generation HIF-activated oncolytic Ads (HYPR- Ad) 
have weak replication and oncolytic efficacy

D.E. Post et al (2003) Oncogene 22, 2065-72
D.E. Post et al (2004) Clinical Cancer Research 15, 8603-12
D.E. Post et al (2007) Cancer Research 67, 6872-81



Development of second-generation 
HIF-activated oncolytic Ads (HIF-Ad) with increased  potency

T. Cherry and D.E. Post (2010) Gene Therapy, in press
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HIF-Ad-IL4

Interleukin-4 (IL4): induce a host anti-tumor immune response: augment the

anti-tumor abilities of the virus beyond the killing of HIF-active tumor cells
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The HIF-Ads have hypoxia-dependent oncolytic activi ty
which is significantly improved compared to the HYP R-Ads
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HIF-Ad and HIF-Ad-IL4 have potent anti-tumor activi ty
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The anti-tumor activity of the HIF-Ads
is superior to the HYPR-Ads
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Tumor infiltration by CD45+ leukocytes
following HIF-Ad-IL4 treatment

HIF-Ad

PBS

HIF-Ad-IL4

CD45 (200X) CD45 (400X) H&E (100x)

T. Cherry and D.E. Post (2010) Gene Therapy, in press



Widespread intratumoral distribution of Adenovirus 
following injection of an orthotopic (intracerebral ) 

human brain tumor model

A. H&E B. X-gal (25X) C. X-gal (200X)

1
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21 24
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collect 
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HIF-Ad-IL4 has potent anti-tumor activity against
orthotopic (intracerebral) human brain tumor models
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Summary

HIF-Ad and HIF-Ad-IL4 oncolytic adenoviruses:

� HIF-dependent activation confers tumor specificity

� robust hypoxia/HIF-dependent:
� E1A expression
� IL4 expression
� Oncolytic activity
� Replication

� potent anti-tumor activity

� replication, oncolytic, and anti-tumor efficacy is superior to the HYPR-Ads

� replication and oncolytic efficacy has been increased without compromising 
tumor-specificity (comparative studies with wild-type Ad)



Current and Future Directions:

1. Virus activation and cytotoxicity in normal cells (Normoxia vs. hypoxia)

2. Expand anti-tumor efficacy studies

� intracerebral tumor models

� syngeneic rodent brain tumor models that support replication of the HIF-Ads

� targeted killing of HIF-active tumor cells in vivo

3. IL-4 mechanism of action

� anti-angiogenic 

� modulation of host immune responses

4. Neurotoxicity

5. Anti-viral immune responses

6. Phase I clinical study
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Part IV:

Biosafety Considerations



Biosafety Manual

Describes BSL-2 procedures for:

• Work area and area access
• Containment
• Personal protective equipment
• Needles and Sharps
• Contaminated waste
• Centrifugation
• Accidents and spills
• Aerosols
• Training



Biosafety: work area and area access

• Restricted access
• Lab doors closed 
• universal biohazard symbol

• waste disposal equipment

• Hand and eye wash station
• emergency shower

• Eating, drinking, smoking, applying 
cosmetics, handling contact lenses, 
and mouth pipetting prohibited



Transport: primary and secondary containment system

• leak-proof cooler with universal biohazard symbol

• Inner container: screw top vial or tube

Biosafety: containment

• Class II biological safety cabinet
• Equipment: universal biohazard symbol

• Filtered, capped cell culture flasks
• Covered dishes



Personal protective equipment
• do not touch eyes, mouth, face or other unprotected body surfaces 

• gloves and disposable gowns 

• glasses/goggles with side shields or water repellant face masks

during spray, splash, splatter or aerosol generation

• wash hands after removing gloves

Needles and Sharps
• sharps container labeled with universal biohazard symbol

• luer-lock or screw-on needle:syringe system (no push-on)

• animals anesthetized during virus injections to minimize 

the risks of a needle stick

Biosafety

Nose cone for 
isoflurane delivery



• Disposable materials: rinse with 10% bleach, aspirate bleach into vacuum trap, dispose of material in 

biohazard bag

• Non-disposable material: soak in 10% bleach for 15 min, rinse with water, autoclave

• clean hood surface, pipet holder, vacuum line…with 10% bleach at completion of experiment

Biosafety: contaminated waste

• Biohazard boxes and bags

• UV light in hood
• liquid waste trap containing bleach
• HEPA filter between trap and vacuum source



Thank you


