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L’ATTENZIONE “TERAPEUTICA” 
 ALLA PENETRAZIONE NEI SANTUARI 



• La comprensione delle dinamiche e della 
evoluzione di sottopopolazioni di HIV nel 
paziente è cruciale per il disegno di strategie 
terapeutiche. 

• L’evoluzione di HIV è 
condizionata da fattori virali, 
ambientali  e dell’ospite. 



linfonodi 
fegato 

Encefalo s. gastroenterico 

midollo 

Compartimentalizzazione di HIV-1 
Nelle fasi precoci, HIV colonizza differenti organi e 

può costituire popolazioni alquanto separate, 
condizionate ad adattarsi a particolari ambienti e 

soggette a differenti pressioni selettive. 



linfonodi 

fegato Encefalo s. gastroenterico midollo 

Meccanismi responsabili della 
Compartimentalizzazione 

L’alto tasso di mutazioni in vivo può rapidamente 
accrescere la distanza molecolare tra sub-
popolazioni. 

1. Differenze di pressione selettiva imposta dal sistema 
immunitario. 

2. Differenti cellule target per la replicazione. 
3. Differenze nella concentrazione locale di farmaci. 



linfonodi 

fegato Encefalo s. gastroenterico midollo 

Meccanismi responsabili della 
Compartimentalizzazione 

•  Se l’interscambio tra sub-popolazioni è ridotto, 
alcune possono divenire geneticamente distinte e 
compartimentalizzate. 

•  Popolazioni compartimentalizzate possono avere 
distinte caratteristiche fenotipiche, come tropismo, 
citopatogenicità, profilo di resistenza. 



La compartimentalizzazione ed 
archiviazione di HIV avviene 
precocemente nei linfociti T di 
memoria del sangue circolante. 



Drug-resistance mutations can be archived 
very early in HIV primary infection 

Parisi SG, Mazzi R, Boldrin C, Dal Bello F, Franchin E, Andreoni M, Palù G 2006, 20:1337–1357 

The infection was sustained by at least two different strains, a 
resistant and a wild-type virus, suggesting that a compartmentalization 
may occur very early as a result of the different fitness 





•  A high proportion (62/390, 15.9%) of patients harboured 
 X4/DM-tropic viruses in PBMCs. 

•  This prevalence was stable over time: 18.1% before 2003 
 versus 14.8% since 2003.  

•  No difference according to HIV tropism was noted in HIV-
 RNA levels, CD4 cell count, and HIV infection risk factor.  

•  The frequency of X4/DM-tropic virus was similar among 
 patients infected with a resistant virus (12/62, 19.4%) 
 compared with patients harbouring wild-type strains 
 (50/328, 15.2%). 

•  The existence of a cellular X4/DM viral reservoir could persist 
 for lengthy period of time.  

•  Further study are needed to evaluate the impact of such 
 strains in PBMCs on the outcome of HIV disease 

Frange P 2009 



Significato della compartimentalizzazione di HIV 
nei PBMCs (*) nelle strategie terapeutiche: 

•  Selezione di ceppi virali resistenti durante 
HAART. 
•  Fallimento in regimi di semplificazione. 

(*) = Periferical Blood Mononuclear Cells 





La compartimentalizzazione di 
HIV nell’apparato gastroenterico 



Brenchley JM, et al
J Exp Med. 2004 Sep 20;200(6):749-59. 

Primary HIV Infection of Gut-Associated Lymphoid Tissue (GALT) 
is the First Pathogenic Event Leading to Substantial CD4+ T cell 

Destruction and the main source of persistant activation 

HIV- HIV+ 

G. Pantaleo et al., Nature 1994 

Lymph Nodes GALT 







All reservoir assays demonstrated detectable HIV in the majority of subjects 
despite persistently undetectable levels in plasma (< 40 copies/ml).  

HIV-1 LOAD IN BLOOD AND TISSUES OF AVIREMIC 
SUBJECTS 



The Journal of Infectious Diseases 2010; 202(10):1553–1561 



HIV DNA and RNA levels per CD4+ T 
cell were higher in all 4 gut sites 
compared with those in the blood. 

The Journal of Infectious Diseases 2010; 202(10):1553–1561 



AIDS 2008, 22:1875–1884 



Long-term nonprogressors and patients in ‘remission’ 
after antiretroviral treatment interruption had the 
lowest blood and mucosal HIV-DNA levels 

AIDS 2008, 22:1875–1884 



La compartimentalizzazione di HIV nel 
Sistema Nervoso Centrale 





Marcondes AIDS 2009 



Suscettibilità delle cellule del sistema 
nervoso centrale all’infezione da HIV 

Cell Type Chemokine 
receptor 

CD4 
antigen 

HIV 
susceptibility 

Productive 
infection 

Perivascular 
macrophages 

Yes Yes Yes Yes 

Microglia Yes Yes Yes Yes 

Astrocytes Yes No Yes No 

Oligodendrocytes Yes No In vitro No 

Neurons Yes No No No 

Brain 
microvascular 
endotelial cells 

Yes No In vitro No 



Coinfezione 
HIV+/HCV+: 

effetto 
sull’RNA di 
HIV-1 nel 

CSF e markers 
di attivazione 

Letendre, AIDS, 2005 

CSF = Fluido 
cerebrospinale  





In 10 of 11 subjects LPV/r given as single‐agent therapy effec>vely controlled viral 
replica>on in the CSF compartment. 
The implica>ons of poten>al CNS viral replica>on during ARV in the absence of 
resistance, whether using single agent therapy or triple agent HAART, warrants 
further study. 



Clinical Infectious Diseases 2010; 50:773–778 



Canestri  2010 



Despite successful suppression 
of plasma viremia with HAART, 
HIV may replicate in CSF, with 
development of CSF HIV 
resistance resulting in acute or 
subacute neurological 
manifestations. 

Nonstante la soppressione 
virologica plasmatica in corso di 
HAART, l’HIV può replicare nel 
CSF, con lo sviluppo di 
resistenze. Questa situazione 
può portare a manifestazioni 
neurologiche acute o subacute. 



FDDNP PET imaging of the HIV brain: 
the first in vivo evidence of amyloid 

Achim CL, personal observation, 2007 



To assess HIV-1 genetic compartmentalization early 
during infection, we compared HIV-1 populations in 
the peripheral blood and CSF in 11 primary infection 
subjects, with analysis of longitudinal samples over 
the first 18 months for a subset of subjects. 



Phylogenetic analysis of plasma 
and CSF HIV-1 populations. (A) 
for 4 subjects with equilibration 
between blood plasma and CSF 
HIV-1 populations. (B) for 
subject 9007 at 149 days p.i. 
(dpi) and 406 days p.i. HIV-1 
populations were equilibrated at 
149 days p.i. but became 
slightly discordant at 406 days 
p.i. (C) for subject 9040, which 
displays significant 
compartmentalization in the 
CSF. Sequences obtained from 
the CSF are labeled with solid 
blue circles, and plasma 
sequences are labeled with solid 
red rectangles on the tree.  

Schnell J Virol 2010 



Elevated  (50%) rate of 
discordant resistance between 
plasma and CSF 

In 8 of 9 subjects with 
discordant 
resistance, mutations were noted 
in plasma but not in CSF (less 
selective drug pressure) 

In 17 of 18 subjects, sequences from CSF 
and plasma from the same subject clustered 
more closely to one another than did either 
CSF-CSF or plasma-plasma sequences. Strain, J Virol, 2005 



HIV coreceptors and CNS  

•  Main cell target: microglia, infection via CD4/CCR5 
•  Subpopulations of neurons and glial cells may be 

infected via CXCR4 and undergo apoptosis 
•  Low levels of CXCR4 also expressed by astrocytes and 

endothelial cells (CD4-independent infection?) 
•  X4 and DM but not R5 virus induces neuronal and 

astrocyte apoptosis in primary human fetal brain 
cultures, however some R5 viruses (ADA) also induce 
neuronal apoptosis 

Gabuzda, JNV 2000 



36 



J Acquir Immune Defic Syndr. 2009 May 1;51(1):60-4. 



Our findings show that a discordance CSF and 
plasma virus coreceptor use is not uncommon. 
Furthermore, we provide support for an 
emerging paradigm, where the acquisition of a 
more flexible mode of CCR5 usage is a key 
event in R5 virus pathogenesis. This may, in 
turn, negatively impact the efficacy of CCR5 
antagonist treatment in late stage HIV-1 
disease.  





JID 2005:191 

In the 2 compartiments discordance in both directions: 
in 2 subjects R5 strain in plasma and R5+X4 in CSF. 
This latter finding is striking given the overall frequency of the R5 
phenotype in CSF and the concept that “autonomous” infection in the 
CSF is more likely sustained in macrophages rather than lymphocytes. 



JID 2005:191 



Compartmentalization Between Plasma and CSF is 
Associated with Neurological Disease 

P<0.01 

P=NS 

P<0.01 

*CSF viral population switch from a purely blood, or mixed blood and 
CNS source, to primarily a local CNS source in HAD subjects 

n=7 n=19 n=32 n=9 



CPE score  
(CNS penetration-effectiveness score) 

• I farmaci antiretrovirali si differenziano in termini di 
penetrazione e di efficacia nel SNC, in base alle 
diverse caratteristiche chimico-fisiche e 
farmacocinetiche e alla loro capacità di interferire con 
la replicazione virale nei macrofagi. 

• Lo score viene calcolato in base alla potenziale 
penetrazione-efficacia dei farmaci nel SNC. 

• Il CPE score di un trattamento sarà ottenuto 
sommando i punteggi attribuiti ai singoli farmaci 
utilizzati.  



Letendre et al, 17°CROI 2010 



CPE score  
(CNS penetration-effectiveness score) 

Alti livelli di CPE score sono risultati 
associati ad una minore rilevazione di 
HIV-RNA nel liquor e ad un più 
importante miglioramento neurocognitivo 
in corso di terapia.  



Antiretroviral Effectiveness 
Higher CPE Scores and Lower Viral Loads in CSF 



CPE score 
 (CNS penetration-effectiveness score) 

• I punteggi di penetrazione-efficacia sono stati 
attribuiti ai farmaci mediante analisi preliminari. 

• Vi sono altri fattori che influenzano la risposta 
alla terapia nel SNC (l’entità dell’infezione 
produttiva nel SNC, la presenza di varianti virali 
resistenti). 

• Questa classificazione rappresenta uno strumento 
dinamico, soggetto a variazioni continue per le 
nuove conoscenze e lo sviluppo di nuove molecole.  



CPE score  
(CNS penetration-effectiveness score) 

Appare comunque ragionevole che una 
terapia che contenga farmaci ad elevata 
penetrazione ed efficacia nel SNC sia 
indicata per il trattamento di pazienti con 
alterazioni neurocognitive HIV-mediate.  



Interpretazione HIV RNA nel liquor 

•  Although CSF is an integral component of 
the CNS, in the context of HIV-1 infection it 
more accurately serves as an intermediate 
compartment between the brain and the 
periphery. 

•  CSF viral loads often predict the 
neurological outcome of HIV-1 infection. 

Harrington PR et al. J of Virology, 2005 



La compartimentalizzazione di 
HIV nell’Apparato Genitale 



AIDS 2009, 23:2047–2059 



Sustained semen shedding 
despite effective ART 

Isolated semen shedding of HIV RNA 
despite initial semen suppression 

Sheth, AIDS 2009 



MVC 400% 

TDF 500% 

IDV 100% 

ABC 150% 

3TC 660% 

ZDV 200% 

d4T 2% SQV 3% 

NFV 7% 
LPV 5% 

APV 20% 

RTV 3% 
ENF ND 

EFV 3.3% 

NVP 70% 

Equivalent  
Blood and 
 Genital  
Tract  

Exposures 

Higher  
Genital  
Tract  

Exposures 

Lower   
Genital  
Tract  

Exposures 

1000% 

500% 

400% 

300% 

200% 

100% 

75% 

50% 

25% 

0% 

NVP 80% 

APV 50% 

d4T 5% 
EFV 0.4% SQV ND 

RTV  26% 

ZDV  235% 

TDF 75% 

TDF 110% 

3TC 411% 
FTC 395% 

IDV 200% 

ddI 114% 

DLV 50% 

ATV  18% 

ABC 40% 

LPV 30% 

ddI 21% 

GT/BP AUC ratios   GT/BP ratios  
paired samples 

Master 

LPV  2-3% 

Semen/BP AUC 
 ratios  

                Semen/
BP ratios  

Paired Samples  

RTV  4% 

LPV 6% 

EFV  9% 
ABC 8% LPV 8% 

3TC 97% 

ABC 11% 

FTC 46% 

EFV  1% 

NVP 13% 

DLV  16% 

LPV 3% 

Dummund et al 2007/2008/ Jones 09 
          Kashuba 03-2009 

Various authors  

ZDV  330% d4T 350% 

ABC 560% 

LPV  ND 

ATV 10% 

RTV  ND 

3TC 410% 

ZDV  185% 

NVP 61% 

EFV  ND 

NVP 27% 

IDV 140% 
IDV 190% 

IDV 145% IDV 132% 

SQV ND 

RTV 3% 
LPV 5% 

RAL 93% 

Various authors  

RAL 150% 

RAL 300% 





La compartimentalizzazione di 
HIV nell’Occhio 





In three patients with uveitis, the HIV load in the 
eye largely exceeded that of plasma. 
The eye can form a sanctuary where HIV might 
replicate and cause an inflammatory reaction. 

Pathanapitoon AIDS 2011 



Per una corretta impostazione ed un valido 
monitoraggio della terapia antiretrovirale 
diventa quindi sempre più frequente la 
necessità di valutare quantitativamente e 
qualitativamente il virus presente in diversi 
organi ed apparati. 

Conclusione 


