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Scien7fic	
  ques7ons	
  men7oned	
  
	
  in	
  this	
  talk	
  

•  HIV	
  associated	
  neurodegenera7ve	
  disorders	
  
(HAND)	
  

•  HIV	
  associated	
  malignancy	
  (HAM)	
  

•  Infec7on	
  and	
  cancer	
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  Summary	
  by	
  Fiscal	
  Year	
  



NIH	
  funding	
  Summary	
  by	
  Fiscal	
  Year	
  -­‐	
  HIV	
  associated	
  malignancy	
  	
  



o  40-70% HIV infected patients show HIV associated neurodegenerative 
disorders (HAND).!

o  AIDS dementia complex (ADC) is also known as HIV dementia, HIV 
encephalopathy, HIV-associated dementia (HAD).!

  Prevalence is between 10-24% in Western countries.!

  It is sometimes seen as the first sign of the onset of AIDS. !

o  Central nervous system is a reservoir of HIV-1 infection!

HIV Associated Neurodegeneration!



White matter lesions 
were the predominant 
abnormality detected in 
primary HIV infection 
(PHI) as early as 90 
days post infection. 

(Ho et al, 2010, CROI) 



Ques7on	
  to	
  be	
  answered:	
  

How	
  do	
  HIV	
  virions	
  enter	
  CNS	
  and	
  cause	
  neuronal	
  
damage?	
  



(Gonzalez-Scarano, 2005) 

Immune Activation and neuroAIDS  !
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Brain 
Macrophage/microglia 

1.  Astrocytes contain HIV-1 associated neurotoxicity 
(Wang et al, 2008a). 

2.  Astrocytes inhibit HIV-1 maturation in microglia (Wang et 
al, 2008b). 
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Figure 2.  Proteome of 
HIV-1/VSV infected 
microglia (MCG) and MCG 
co-cultivated with 
astrocytes (AST).  

(Wang et al, 2008a) 



Ingenuity Pathway Analysis (IPA) 



Determining	
  Significance	
  of	
  Your	
  
Data	
  to	
  IPA	
  Annota7ons	
  

Specific	
  
Pathway	
  or	
  
Func7on	
  

Reference	
  Set	
  

Specific	
  
Pathway	
  or	
  
Func7on	
  

Your	
  
Data	
  
Set	
  

Is	
  propor7on	
  of	
  
overlap	
  the	
  same?	
  

(Adapted from IPA training material with permission) 



How	
  the	
  Fisher’s	
  Exact	
  Test	
  is	
  
Calculated	
  

• The	
  null	
  hypothesis:	
  	
  The	
  overlap	
  (associa7on)	
  between	
  the	
  
dataset	
  and	
  the	
  func7on/pathway	
  is	
  due	
  to	
  chance.	
  In	
  other	
  
words,	
  they	
  are	
  independent	
  of	
  each	
  other.	
  

•  If	
  the	
  propor7ons	
  mapping	
  to	
  a	
  func7on	
  or	
  pathway	
  are	
  similar	
  
between	
  the	
  sample	
  and	
  the	
  reference,	
  there	
  is	
  not	
  likely	
  to	
  be	
  
a	
  biological	
  effect	
  

(Adapted from IPA training material with permission) 



Significance	
  Calcula7ons	
  

•  Based on right-tailed Fisher’s exact test 
•  Only those functional annotations that have a p-value of 

0.05 or smaller are displayed 

(Adapted from IPA training material with permission) 



Figure 3. Ingenuity Pathway Analysis.   

(Wang et al, 2008a) 



Figure 4. 
Immunohistochemica
l validation of 
proteomic profiling.  

(Wang et al, 2008a) 



Brain 
Macrophage/microglia 

1.  Astrocytes contain HIV-1 associated neurotoxicity 
(Wang et al, 2008a). 

2.  Astrocytes inhibit HIV-1 maturation in microglia (Wang et 
al, 2008b). 

3.  HIV-1 infected microglia show migratory phenotypes 
(Wang et al, 2008a). 

(Wang et al, 2008a) 



Figure 5.  Caspase in HIV-1/VSV microglial infections.  

(Wang et al, 2008a) 



Figure 5.  The mobility changes of monocyte/macrophages after 
exposure to microglia/astrocytes conditioned media.  

(Wang et al, 2008a) 



What if astrocytes become bad guys? 

(Wang et al, 2008b) 



(Wang et al, 2008b) 

Cell death, DNA replication, recombination and repair 

Figure 4. Ingenuity Pathway Analysis 
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derived macrophages by secreted factors, AIDS 13, 751-8 (1999). PMID: 10357373 

Leone, C., Le Pavec, G., Meme, W., Porcheray, F., Samah, B., Dormont, D., and Gras, G. Characterization of human 
monocyte-derived microglia-like cells, Glia 54, 183-92 (2006). PMID: 16807899 

(Wang et al, 2008b) Fig. 5 HIV-1 p24 protein processing. 



Brain 
Macrophage/microglia 

1.  Astrocytes contain HIV-1 associated neurotoxicity 
(Wang et al, 2008a). 

2.  Astrocytes inhibit HIV-1 maturation in microglia (Wang et 
al, 2008b). 

3.  HIV-1 infected microglia show migratory phenotypes 
(Wang et al, 2008a). 

4.  Most HIV-1 found in brain are M-tropic (Gonzalez-Perez 
et al, 2010). 
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1.  Astrocytes contain HIV-1 
associated neurotoxicity 
(Wang et al, 2008a). 

2.  Astrocytes inhibit HIV-1 
maturation in microglia 
(Wang et al, 2008b). 

3.  HIV-1 infected microglia 
show migratory 
phenotypes (Wang et al, 
2008a). 

4.  Most HIV-1 found in brain 
are M-tropic (Gonzalez-
Perez et al, 2010). 



Blood 

Monocyte 

1.  Monocytes can harbor HIV-1. 
2.  In all cases we studied, HIV-1 show 

compartmentalization between monocytes and CD4+ T 
cells (Zhu et al, 2002; Llewellyn et al, 2006; Fulcher et 
al, 2004). 

Subject 1175 
(Llewellyn et al, 2006) 



Blood 

Monocyte 

1.  Monocytes can harbor HIV-1. 
2.  In all cases we studied, HIV-1 show 

compartmentalization between monocytes and CD4+ T 
cells (Zhu et al, 2002; Llewellyn et al, 2006; Fulcher et 
al, 2004). 

3.  Level of HIV DNA in monocytes are linked with HAND/
dementia (Valcour et al, 2010). 

(Shiramizu et al, 2007) 
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1.  Astrocytes contain HIV-1 
associated neurotoxicity 
(Wang et al, 2008a). 

2.  Astrocytes inhibit HIV-1 
maturation in microglia 
(Wang et al, 2008b). 

3.  HIV-1 infected microglia 
show migratory 
phenotypes (Wang et al, 
2008a). 

4.  Most HIV-1 found in brain 
are M-tropic (Gonzalez-
Perez et al, 2010). 

1.  Monocytes can harbor HIV-1 .  
2.  In some cases, HIV-1 show 

compartmentalization between monocytes 
and CD4+ T cells (Fulcher et al, 2004; 
Llewellyn et al, 2006). 

3.  Level of HIV DNA in monocytes are linked 
with HAND/dementia (Valcour et al, 2010). 
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1.  HIV-1 infects multipotent progenitor cells causing cell 
death and establishing latent cellular reservoirs (Carter 
et al, 2010). 
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1.  HIV-1 infects multipotent progenitor cells causing cell 
death and establishing latent cellular reservoirs (Carter 
et al, 2010). 

2.  Reconstitution of bone marrow with CCR5-disrupted 
HSC can control HIV-1 in vivo (Hutter et al, 2009). 
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1.  HIV-1 infects multipotent progenitor cells causing cell death 
and establishing latent cellular reservoirs (Carter et al, 2010). 

2.  Reconstitution of bone marrow with CCR5-disrupted HSC can 
control HIV-1 in vivo (Hutter et al, 2009). 

What	
  is	
  missing?	
  

1.  Astrocytes contain HIV-1 
associated neurotoxicity 
(Wang et al, 2008a). 

2.  Astrocytes inhibit HIV-1 
maturation in microglia 
(Wang et al, 2008b). 

3.  HIV-1 infected microglia 
show migratory 
phenotypes (Wang et al, 
2008a). 

4.  Most HIV-1 found in brain 
are M-tropic (Gonzalez-
Perez et al, 2010). 

1.  Monocytes can harbor HIV-1 .  
2.  In some cases, HIV-1 show 

compartmentalization between monocytes 
and CD4+ T cells (Fulcher et al, 2004; 
Llewellyn et al, 2006). 

3.  Level of HIV DNA in monocytes are linked 
with HAND/dementia (Valcour et al, 2010). 



HIV	
  associated	
  inflamma7on	
  and	
  	
  
Cancer	
  microenvironment	
  	
  



Hypothesis	
  

Unintegrated HIV DNA in macrophages can 
release inflammatory viral and host cell 
products, thus co-activating bystander 
normal tissue cells. This inter-cellular 
crosstalk generates a microenvironment 
that is relevant to cancer progression. 



A novel cue of cancer microenvironment - Unintegrated 
HIV DNA in macrophages  

1.  Unintergrated HIV DNA persists in macrophages (Kim et al., 
1989; Muesing et al., 1985; Pang et al., 1990; Pauza, Galindo, 
and Richman, 1990) 

2.  Transcription of these unintergrated HIV DNA in macrophages is 
long-term active (Kelly et al, 2008). 

HIV	
  associated	
  malignancy	
   Can	
  HAART	
  reduce	
  the	
  incidence?	
  	
  

Kaposi’s	
  sarcoma	
   Significantly	
  

Cervical	
  cancer	
   Non-­‐significantly	
  

Non-­‐Hodgkin's	
  lymphoma	
  (Colon	
  
cancer)	
  

Non-­‐significantly	
  



（Global Health Forum） 



Several	
  players	
  in	
  the	
  game	
  

1.  HIV Viral protein R 

2.  HIV gp120 

3.  Bone marrow/monocyte derived macrophages 

4.  Cancer cells (such as sarcoma, cervical cancer, CNS 
cancer, NHL and others) 

5.  Other cancer-educated cells 



Viral	
  Protein	
  R	
  

（He et al, 2009） 



（He et al, 2009） 



（He et al, 2009） 



Func7onal	
  proteomic	
  inves7ga7ons	
  on	
  	
  

Macrophage-­‐HIV	
  DNA-­‐cancer	
  cells	
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