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Outline of my talk 

HIV/HCV co-infection 

 Transcriptome analysis of HIV/HCV co-

infection 

 Genome-wide microRNA analysis of HIV/HCV 

co-infection 

HIV disease status and therapy effects 

 Transcriptome analysis: immune cell subsets  

 Antibody microarray assays for T cells and 

PBMCs 

 



Levels of Biological Systems 



HIV/HCV co-infection 

30% of HIV+ individuals are co-infected 

with HCV in the United States and Europe 

HAART has substantially reduced AIDS-

associated death  

HCV-related liver disease has become the 

leading cause of death in HIV+ individuals 



Effect of co-infection on disease progression 

HIV accelerates HCV disease progression – 

doubles the risk for cirrhosis and increases 

the chance for liver cancer 

Higher HCV viral loads and more frequent 

HCV relapses 

Impaired CD4+ T cell count recovery during 

HAART 

Side effects of HAART such as rash and 

hepatoxicity in HIV patients are exacerbated 



Microarray studies on coinfection 

Coinfection vs. HCV; paired liver biopsy and 

PBMC:  increased inflammation & immune 

activation (Rasmussen AL et al, 2012,Virology) 

CD4+ T cells; HIV vs. co-infec: cell cycle up-

regulated in HIV; HCV vs co-infec or HIV; GPCR 

signaling pathway up-regulated in HCV+ 

individuals (Yi L et al, 2014, Virol J) 

CD8+ T cells; HIV vs HCV: cell cycle up-regulated 

in HIV; coinfec vs. HCV: immune suppression (IL2, 

IFN ); coinfec vs. HIV: lack of difference (Zhao Z 

et al, 2012 Plos One) 

 

 

 





Patient groups and controls 

HIV/HCV co-infected patients (HH; n=10) 

 No ART; liver fibrosis F0-1 

 CD4 > 400 cells/ul, HIV RNA <50 ~ 5000  

HIV+ patients (HIV; n=7) 

 no ART, CD4 > 500, HIV RNA <50 ~ 2000  

HCV+ patients (HCV; n=5) 

HIV HCV negative controls (CTR; n=5) 



Experiment outline 

Ficoll Seperation 

PBMC 

Total RNA isolation 

RNA amplification 



Gene Expression Chip 



Image scanning and raw data 



Data Analysis 



Between cases and controls 



Gene sets predefined by biological meanings 

To determine the association between members of a 

gene set and the phenotype group 

Subramanian et al., 2005. PNAS. 102(43), 15545-15550. 
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Core genes from cytotoxicity pathway 

High Low 



Up-regulated cytotoxicity genes in co-infection 

up in HH vs HIV or HCV 

up in HH vs HIV 

up in HH vs HCV 



Compensatory effect of cytotoxicity 

Differentiating between HH, HIV and HCV 

4 KIR genes detected as core genes across 3 

pairwise comparisons (KIR2DL1, KIR2DL3, 

KIR2DL5A, and KIR3DL2) 

KIR2DL3:HLA-C1 homozygosity had the 

protective effects in HCV+ individuals exposed to 

low inocula 
 Khakoo SI, et al., 2004. Science. 305, 872-4. 



Critical pathways dysregulated 

Gene Set Name Comp Direc FDR 

Cytokine-cytokine 

receptor interaction 

HIVvs.HH HIV up 0.028 

HCVvs.HH HCV up 0.003 

Cell cycle HIVvs.HCV HIV up 0.016 

WNT signaling HIVvs.HCV HCV up 0.006 

P53 signaling HIVvs.HH HIV up 0.029 

Renal cell carcinoma HCVvs.HH HCV up 0.036 

   FDR: false discovery rate 



Conclusion 

Cytotoxicity pathway discriminates 

between HIV, HCV and HH 

KIR genes may be associated with specific 

virus-host interactions 

HIV and HCV have different impact on cell 

proliferation and differentiation 





microRNA regulating gene expression 

Short 

noncoding 

RNAs 

Bind to 

mRNAs 

Regulate 

protein 

Expression 

 

 



Between co-infection and controls 



miR-122 

 Highest fold change, most significant p  

 Liver specific cellular miRNA required for   

HCV replication 

 miR-122 antagonist (Miravirsen) is the 

first miRNA-targeted drug 

 





Patient groups 

Long-term non-progressors (LTNP; n=4) 

 Treatment naïve, > 20 years infection 

 CD4 > 500 cells/ul, HIV RNA < 50 copies/ml 

Progressors under therapy (VIR; n=5) 

 Under HAART, CD4 < 500, HIV RNA > 50  

HIV negative controls (NEG; n=5) 



OXPHOS genes from electron 

transport chain 

High Low 



Coordinately up-regulated OXPHOS genes 



Compensatory effect of mt toxicity 

Backbone of HAART: NRTIs 

 Block DNA polymerase gamma required for 

mtDNA synthesis 

 Impair adenylate kinase and ADP/ATP 

translocator  

Lead to mt dysfunction and depletion 

Coordinate up-regulation of  OXPHOS genes 

observed in NRTI treated cell lines 
 Divi et al., 2007. Environ. Mol. Mutagen. 48(3-4), 

179-189. 



Coordinately up-regulated genes of  

cytotoxicity pathway in LTNP  

Degranulation 



Conclusion 

VIR under HAART characterized by 

 Coordinately up-regulated OXPHOS genes 

 Interferon responses 

LTNP: coordinately up-regulated 

components of the cytotoxicity pathway 





Results: Cluster analysis 
H

ie
ra

rc
h

ic
a
l 
c
lu

s
te

ri
n
g
 o

f 
g
lo

b
a
l 
g
e
n
e
 

e
x
p
re

s
s
io

n
 u

s
in

g
 P

e
a
rs

o
n
 c

o
rr

e
la

ti
o
n
 m

e
tr

ic
 

a
n
d

 c
o

rr
e

la
ti
o

n
 a

g
g

lo
m

e
ra

ti
o
n

 m
e

th
o

d
 



Results: Cluster analysis 
H

ie
ra

rc
h

ic
a
l 
c
lu

s
te

ri
n
g
 o

f 
g
lo

b
a
l 
g
e
n
e
 

e
x
p
re

s
s
io

n
 u

s
in

g
 P

e
a
rs

o
n
 c

o
rr

e
la

ti
o
n
 m

e
tr

ic
 

a
n
d

 c
o

rr
e

la
ti
o

n
 a

g
g

lo
m

e
ra

ti
o
n

 m
e

th
o

d
 



Conclusion 

Plasma viremia is a key determinant of the 

clustering pattern between VIR and LTNPs 

For microarray studies, current viral load should 

always be determined for patient samples 

A viral load threshold may exist, above which the 

transcriptome profile can shift 



Antibody Microarray 

DotScan System  



DotScan Chip 





Patient Groups 

LTNP: HIV+, remain healthy for > 18 years, 
treatment naïve (natural controller) 

BDL: plasma viremia below detectable 
levels (<50 copies/ml plasma), patients on 
HAART (control of viremia with therapy) 

Viremia: various degrees of plasma 
viremia, patients on HAART (possible 
treatment failure) 

HIV negative control: healthy donors 



Summary 

17 differential  

Cell Surface Antigens 

6 cell activation markers 

4 cytokine 

receptors 

and cell 

signaling 

2 cell 

proliferation 

3 cell adhesion 

molecules 

2 NK 

associated 

receptors 



Summary 

Out of 17 statistically significant cell surface 

antigens, 5 are novel: CD212b1, CD218a, 

CD183, CD3epsilon and CD9. 

Changes in activation marker expression 

were more pronounced in CD8+ T cells, 

changes in cell membrane receptors were 

more pronounced in CD4+ T cells. 





Patient Samples 

12 patients, 2 groups:  

 Sustained Responder: steady control of viral load (n=6) 

 Transient Responder: frequent rebounding of viral load 

under HAART (n=6) 

33 time points for 3 years, 5-8 points for microarray 

4 time points for analyzing time-related changes 

 Time Point 1: Initiation date of therapy 

 Time Point 2: ~1 year of therapy 

 Time Point 3: ~1-1.5 year of therapy 

 Time Point 4: >= 2 years of therapy 



Summary 

7 antigens showed a trend over time 

CD2, CD3, CD5, CD95, CD27, CD28 and CD36 

10 antigens differentiate between groups 

CD11a, CD29, CD38, CD45RO, CD52 

CD56, CD57, CD62E, CD64 and CD33 

4 antigens positively correlate with CD4 counts: 

CD9 CD11a CD27 CD28  

5 cell surface antigens negatively correlate with 

CD8 counts: CD52 CD44 CD49d CD49e CD11c 



Results: Antigen expression that shows a trend (p<0.05) 

Median values linked by solid lines; bars: 25th and 75th quartile values. 

Dashed line: mean values of healthy controls.  



Results: Antigens that differentiate SR and TR (p<=0.003) 

Pink squares: SR; Blue circles: TR; Bars: group mean value; solid line: NEG. 



Results: correlation (p<=0.001) 
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