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CNS relevance of HIV infection 
in treated suppressed patients 

• CNS as target organ (clinical relevance)  
• Cognitive impairment 
• Symptomatic CSF escape 

 

• CNS as viral reservoir (relevance for 
cure)  
• Symptomatic CSF escape 
• Compartmentalization 
• Potential obstacle to eradication 



Clinical relevance of CNS HIV 
infection 

 





CSF viral escape 

• On ART > 6/9 months 

• CSF VL > LLD (if plasma VL suppressed) or CSF VL > 

plasma VL (if plasma VL >50) 

• Symptomatic or asymptomatic 

Ferretti F et al. Curr HIV/AIDS Rep 2015 

ART systemic 
success 

 
 

ART CSF 
escape 

 
 

ART 
systemic 

failure 



CSF escape: encephalitis with dementia 

• M, 50   

• 2008: Progressive dementia 

 

• History of HIV-D 

• CD4 nadir: 145 

• 1991: Starts ART 

• Since 2005 TDF,FTC,LPV/r 

 

• CD4 632 

• Plasma HIV 265 c/mL  

• CSF HIV 750 c/mL 

• CSF cells 26/µL 

 

 CSF and plasma mutations to NRTIs 
(67,75,77,118,184,210,215,219) and PIs 
(46,54,82,90)  



CSF escape: encephalitis with dementia 
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• 2008: Progressive dementia 

 

• History of HIV-D 

• CD4 nadir: 145 

• 1991: Starts ART 

• Since 2005 TDF,FTC,LPV/r 

 

• CD4 632 

• Plasma HIV 265 c/mL  

• CSF HIV 750 c/mL 

• CSF cells 26/µL 

 

 CSF and plasma mutations to NRTIs 
(67,75,77,118,184,210,215,219) and PIs 
(46,54,82,90)  

 Resolution by cART optimization 
for genotypic profile  



69 pts with plasma HIV RNA<50 c/mL 

CSF escape (>50 c/mL) in 7 (10%), 
median 121 (range 52-860) c/mL 

Edén A et al. J Infect Dis 2010 

Asymptomatic CSF viral escape 

Edén A et al. J Infect Dis 2016 

75 pts patients with longitudinal CSF 
samples (median, 5 samples/pt)  
 
≥1 CSF escape (>50 c/mL) in 23%. 



ASYMPTOMATIC HIV-1 CSF ESCAPE IS UNCOMMON AND NOT 

ASSOCIATED WITH NEURONAL DAMAGE (Joseph SB, CROI 2017, 

abs. # 70) 

Frequency of asymptomatic 

escape: 6% 



Highlights of the Global HIV-1 CSF Escape 
Consortium Meeting, 9 June 2016, Bethesda, 
MD, USA 

Objective: 

Gather investigators from diverse sites to discuss 

opportunities for future collaborative work on this emerging 

issue 

Reach a consensus set of definitions of the distinct forms of 

CSF escape 

Define clinical implications 

Investigate biological mechanisms 

 
Joseph J et al, J Viral Eradication 2016 







The CNS as a reservoir and 
virus compartmentalization 

 



CNS compartmentalization of HIV 
infection 

• Without treatment 

Pillai SK et al., Brain 2006 

CSF 
compartmentalization 
(ADC) 

No CSF  
compartmentalization 
(neuroasymptomatic) 

plasma 
CSF 



Compartmentalizatio
n and Clonal 
Amplification of HIV-
1 Variants in CSF 
during Primary 
Infection 
 
 
Shnell G. et al, J Virol 2010 

CSF 

plasma 
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CSF 
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Compartmentalizatio
n and Clonal 
Amplification of HIV-
1 Variants in CSF 
during Primary 
Infection 
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Equilibration  
 
Initial 
discordance 

CSF 

plasma 



Compartmentalizatio
n and Clonal 
Amplification of HIV-
1 Variants in CSF 
during Primary 
Infection 
 
Shnell G. et al, J Virol 2010 

Discordance = 
compartmentalization 

CSF 

plasma 
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Introduction
HIV-1 infection of the central nervous system (CNS) is a constant feature of 

systemic infection, and HIV RNA is detectable in cerebrospinal fluid (CSF) of 

virtually all untreated viremic individuals. CSF HIV can derive from circulating 

blood but also from locally replicating populations (compartmentalized) due to 

either clonal expansion or sustained replication and evolution of diverse 

populations.

We used partial HIV env deep sequencing to survey matched CSF and blood 

from a convenience sample of untreated individuals grouped by blood CD4+ 

T cell counts, neurological diagnosis, and concentrations of CSF 

neurofilament light chain (NFL), a sensitive biomarker of neuronal injury.

Our main hypotheses underlying this study were:

• Compartmentalized infection that reflects local (CNS) HIV-1 replication 

and evolution of diverse HIV-1 sequences is an important factor in the 

genesis of virus-induced CNS injury, in both frank HIV encephalitis and in 

less-inflammatory CNS injury. 

• This will be reflected in detection of compartmentalized HIV-1 infection in 

CSF samples in individuals who 1) present with clinically overt HAD (and 

elevated CSF NFL) and those with low blood CD4+ T cell counts and 2) 

suffer less overt CNS disease documented by elevated CSF NFL 

concentrations.

• Hence, overall, CSF HIV-1 compartmentalization will correlate with 

neuronal injury as measured by elevated CSF NFL.

Methods
Study Design. We cross-sectionally examined 43 archived CSF and blood sample 

pairs from untreated individuals from Gothenburg and San Francisco, and successfully 

generated sequences from 33 pairs. For this initial survey, individuals were divided into 

4 groups based on blood CD4, neurological presentation and age-adjusted CSF NFL 

concentration as previously described (Price RW et al, J Neuroimmune Pharm

2013;8(5):1147-58, PMCID: 3889225; Peterson J, et al, PloS One 2014;9(12):e116081. 

PMCID: 4277428) (Table 1):

1. Neuroasymptomatic (NA) CD4 >200 cells/µL (N=8)

2. NA CD4 <200 with normal CSF NFL (NFL-negative) (N=8)

3. NA CD4 <200 with elevated NFL (NFL+) (N=10)

4. Clinically diagnosed HAD (N=7), all with elevated CSF NFL

Virology. Viral RNA from CSF and blood was used to generate cDNA, and the V1/V3 

region of env amplified and sequenced using Illumina MiSeq deep sequencing with 

PrimerID (Zhou Set al. J Virol. 2015;89(16):8540-55. PMC4524263). Sequences 

corresponding to the same viral genome were used to generate a consensus 

sequence, and subsequent analyses were based on these consensus sequences. This 

procedure removed PCR-induced mutations from our analyses and allowed us to 

accurately assess the frequency of each sequence within the population. Neighbor-

joining phylogenetic trees were constructed for each subject and visually segregated 

into 4 classes (Figure 1): 

A. fully equilibrated CSF and plasma populations. 

B. CSF clonal expansions with limited diversity of CSF env genes.

C. ‘Minor’ diversity, with genetically diverse compartmentalized CSF populations 

comprising <30% of CSF env genes.

D. ‘Major’ diversity with >30% genetically diverse compartmentalized CSF 

populations.

Results

The phylogenetic trees comparing the CSF (blue) and plasma (red) 

env sequences from each of the 33 subjects, grouped in the a priori 

clinical categories based on CD4, neurological presentation and CSF 

NFL, are shown in Figure 2. Table 2 provides a summary of the 

analysis of compartmentalization using the classification defined in 

Figure 1.

Summary & Conclusions
CSF HIV-1 env compartmentalization is very common in chronic 

untreated infection.

• Major (>30%) CSF env sequence compartmentalization was a 

universal finding in HAD, noted in all of the 7 HAD subjects in this 

study.

• However, CSF env sequence compartmentalization was also 

present in the other three subject groups, including the two without 

evidence of ongoing CNS injury (normal levels of CSF NFL). 

• Possibly the character of env compartmentalization differed in these 

other groups, but even if less common and generally less marked in 

non-neuropathic infection, some cases without evidence of axonal 

injury were similar to those of HAD and NFL+ groups. 

Hence, using the simple definitions of compartmentalization employed 

here, the results do not support our initial hypothesis.

• These simple measures and definitions of CSF 

compartmentalization may not distinguish neuropathic HIV-1 

infection from ‘more innocent’ leptomeningeal infection. 

• Using these simple measures and definitions, CSF HIV-1 

compartmentalization does not provide a simple biomarker of 

neuropathic infection.

These results indicate that characteristics of CNS infection other than 

that of simple compartmentalization detected in CSF are important in 

the pathogenesis of CNS axonal injury. Further work should focus on 

additional pathogenic factors, including:

• The biological properties of evolving CNS HIV-1 populations.

• CSF immune and inflammatory profiles and their components.

More quantitative and discriminating analytical methods comparing 

CSF and plasma sequences may also provide greater insight into the 

role of compartmentalized infection in neuropathogenesis.

Contact:  Richard W. Price, M.D.
SFGH/UCSF HIV Neurology 

Research Program

1001 Potrero Avenue, Box 0870

San Francisco, CA 94110

richard.price@ucsf.edu

Tel: 415-206-4487
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Figure 2. NFL 

strongly correlates 

with t-tau levels but 

also appeared more 

sensitive. Dotted lines 

represent reference 

values for NFL and t-

tau.

HAD

CD4 160

HAD

 

  
  

4033

 
 

  
  

4066

 

 

  

  

4067

 

 

  
  

5091

 

 

  

  

5162

 

 

  
  

5200

 

 

  
  

5210

 

  

 

  

  

4007

CD4 146

NA NFL +

 

  

  

4035

CD4 9

NA NFL +

 

  

  

4045

 

  

 

  
  

4050

CD4 136

NA NFL +

 

  
  

4069

C  

N   

 

  
  

5512

 

  

  

 

  

7112

CD4 41

NA NFL +

 

  
  

7153

 

  
  

CD4 170

NA NFL +

51103

CD4 20

NA NFL +

 

  

  

50156

4044

CD4 220

NA NFL -
WBC 24

CSF VL 4.4

Pl VL 4 3

4061

CD4 463

NA NFL +

 

  
  

4135

CD4 297

NA NFL -

 

  

  

4144

CD4 428

NA NFL -

 

  

  

7034

 

  

 

  
  

7058

 

  

 

  

  

7067

CD  

  

WBC 5

CSF VL 3.4

Pl VL 4.3

7098

CD4 307

NA NFL +  

  

  

 

CD4 123

NA NFL -

 

  

  

1524

 

  

 

  
  

4130

CD4 139

NA NFL -

 

  
  

7157

CD4 105

NA NFL -

 

  
  

7161

 

  

 

  
  

50550

 

  

50818

CD4 20

NA NFL -

 

  

  

51162

CD4 30

NA NFL -

 

  

  

51204

Table 1. Subject characteristics

Site Gender Age CD4 CSF NFL Plasma CSF ΔPlasma:CSF CSF WBC CSF neopterin

(SF:GOT)  (M:F) (years) (cells/μL) (log10 ng/L) (per μL) (nMol/L)

ratio ratio Mean (SD)

NA, CD4 >200 8:0 8:0 45.2+/-7.4 390.6+/-153.8 2.84+/-0.29 4.38+/-0.49 3.55+/-0.56 0.83+/-0.68 6 (2.8-11.3) 19.0+/-14.5 6.1+/-2.5

NFL-negative 4:4 5:3 38.0+/-8.4 97.9+/-55.7 2.78+/-0.14 4.87+/-0.36 3.86+/-0.50 0.95+/-0.74 6 (3.0-9.0) 32.6+/-20.0 4.8+/-1.9

NFL + 3:7 10:0 43.2+/-8.8 77.4+/-62.0 3.48+/-0.54 5.18+/-0.58 4.01+/-0.78 1.17+/-0.89 2 (0-12.5) 36.0+/-33.6 7.1+/-3.7

HAD 4:3 7:0 43.3+/-10.5 122.0+/-89.4 4.59+/-0.33 5.46+/-0.44 4.91+/-0.47 0.55+/-0.29 13 (2-20) 70.2+/-31.0 12.1+/-9.8

CSF: blood 

Albumin ratio

Mean (SD) Median (IQR ranges)Mean (SD)

HIV RNA (log10 copies/mL)

Figure 2. Phylogenetic analysis of CSF (blue) and plasma (red) HIV-1 env sequences.
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Figure 1. Algorithm 

for visual 
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Table 2. CSF:blood HIV Population Relationships

E q u ilibra te d

C lo na l 

e x p a n s io ns

Mino r d iv e rs e  

c o m pa rtm e nt

Ma jor d ive rs e  

c om p a rtm e nt

Subject Group N A B C D

1.  >200 CD4 8 3 7 .5 % 6 2 .5 %

2.  NA <200 CD4 NFL- 8 1 2 .5 % 5 0 .0 % 2 5 .0 %

3.  NA <200 CD4 NFL+ 10 1 0 .0 % 3 0 .0 % 6 0 .0 %

4.  HAD 7 1 0 0 .0 %

 
 
 
 

1. Neuroasymptomatic (NA) CD4 >200 cells/μL (N=8) 2. NA CD4 <200 with normal CSF NFL (NFL-negative) (N=8) 

3. NA CD4 <200 with elevated NFL (NFL+) (N=10)       (N=7), all with elevated CSF NFL  

• Major (>30%) CSF env sequence compartmentalization in all of the 7 HAD subjects 
• CSF env sequence compartmentalization also present in the other groups, including the two 

without evidence of ongoing CNS injury (normal CSF NFL)  
 CSF HIV-1 compartmentalization does not provide a simple biomarker of neuropathic infection 



CNS PARENCHYMA AND CHOROID PLEXUS, NOT CSF, ARE 

VIRAL RESERVOIRS IN MONKEYS WITH AIDS (J Mallard, CROI 

2017, abs. #69) 

• Detection of SIV-RNA+ T cells and Mo/MΦ in 

CP            

 CP as a source of CSF virus.  

 

• Dispersed phylogeny of CSF viral sequences 

among peripheral and CNS sequences          

 the CSF is not a viral reservoir.  

 

• Mo/MΦ accumulation and 

compartmentalization of viral sequences in CP 

and CNS           

 infected Mo/MΦ in these tissues are the 

source of CNS viral reservoir. 



Discor dant  HIV RNA in Olfactor y Mucosa of HIV-posit ive Pat ients

Calcagno A1, All ice T2, Ber ter o L3, Amasio EM 4, Tr unfio M 1, Imper iale D5, Ghiset t i  V2, Di Per r i  G1, Cassoni P3 and Bonor a S1. 


1Unit  of Infect ious Diseases, Depar tment  of Medical Sciences, Univer sity of Tor ino; 2Labor ator y of Micr obiology and Molecular  Biology, Ospedale Amedeo di Savoia, ASL TO2; 3Unit  of Pathology, 

Depar tment  of Medical Sciences, Univer sity of Tor ino; 4Unit  of Otor hinolar yngology, Ospedale Mar ia Vit tor ia, ASL TO2;  5 Unit  of Neur ology, Ospedale Mar ia Vit tor ia, ASL TO2, Tor ino, I taly.


Background


• The cont r ol of HIV in the CNS is of major  im por tance for  pr event ing 

neur ological syndr omes and, potent ial l y, neur ocognit ive decline in 

HIV-posit ive subjects;1


• CSF HIV RNA may r epr esent  a subopt imal mar k er  of br ain t issue vir al 

r eplicat ion;2


• The olfactor y mucosa (OM)  is an easily accessible CNS-der ived t issue 

located over  the cr ibr ifor m plate.3 I t  is the way of ent r y into the CNS 

for  sever al v ir uses and it  may contain ex t r acellular  pr oteins in 

pat ients with dement ias ( tau, alpha-synuclein, etc.) ;4-6


• Nasal Br ushing is a non-invasive technique that  has been used for  

diagnosing ci l iar y dysk inesia, cyst ic fibr osis and it  is now the gold 

standar d for  Cr eutzfeld-Jacob disease.7,8


I nclusion Cr iter ia


- HIV-posit ive pat ients under going LPs for  cl inical r easons.


Procedure


- Pat ients under went  nasal br ushing (<72 hour s apar t  fr om the spinal 

tap)  with a flocked swab (Copan, Br escia, I taly) ;


- After  local epinephr ine applicat ion the swabs w er e inser ted and gent ly 

r ol led (360°)  over  the nasal vault  (2 swabs/nost r i l)  by a t r ained Ear  

Nose Thr oat  consultant ;


- Swabs wer e then inser ted in 4% for maldehyde (FA) , Copan UTM vir al 

t r anspor t  medium (UTM)  or  0.9% saline solut ion (SS) . 


Analysis


- FA samples wer e stained with monoclonal ant i-olfactor y mar ker  

pr otein (OMP, Santa Cr uz Biotechnology) , ant i-CD3 e ant i-CD20;


- UTM samples wer e used for  quant ify ing HIV RNA with a CAP/CTM 

HIV-1 v2.0 pr ocedur e (1 mL of NB was used as CAP/CTM input  and 

PCR pr ocessing was evaluated with the inter nal cont r ol quant itat ion 

standar d of the assay) . Plasma and CSF HIV RNA was quant ified using 

CAP/CTM v.2.0 assay (Roche Molecular, USA, LOD 20 copies/mL) ; 


- SS samples wer e vor texed at  900 r pm for  5 min and stor ed at  -80°C.


Design


HIV-substudy  in a cr oss-sect ional, cont r ol led, diagnost ic study in CNS-

affect ing disor der s ( “SOLFAMU”, NCT02951559) ; 


Aim of the substudy


Compar ing HIV RNA and biomar ker s on OM with plasma and CSF


Patients and M ethods


Cor r espondence to
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Results ( n=19) 


• Nasal br ushing is a safe and pr omising pr ocedur e that  al lows a non-

invasive collect ion of olfactor y mucosa cells, including olfactor y 

neur ons: 


• Immune-staining is cur r ent ly ongoing


• HIV RNA can be measur ed in most  samples and it  cor r elates with 

plasma vir al load. Studies ar e ongoing to under stand the cl inical 

r elevance and sour ce of this mucosal HIV RNA:


• The compar ison of OM vir al sequences with plasma, CSF and 

lymphoid t issue vir uses as well as the amplificat ion of other  

v ir uses (CMV, EBV)  is cur r ent ly ongoing


1. Night ingale S, et  al. Lancet  Neur ol . 2014 

2. Gelman BB, et  al. JAIDS 2013


3. Chen CR, et  al. J  Neur ol  Sur g B Skull  Base. 2014


4. van Riel D, et  al. J  Pathol . 2015


5. Wit t  M. et  al. Mov Disor d. 2009

6. Ayala-Gr osso CA, et  al. Br ain Pathology  2015


7. Or r ù CD, et  al. NEJM 2014


8. Bongianni  M, et  al. JAMA Neur ology 2016


Tolerability

Shor t  dur at ion mild discomfor t  

and sneezing wer e the only 

r epor ted side effects. 


Pathology


All samples showed a 

high cellular it y, ant i-

OMP immunor eact iv ity 

and a median of 45% 

(30-72)  ant i-OMP 

posit ive cells.

Rar e T-lymphocytes 

wer e obser ved.


r ar e CD3+ cells 


M olecular  Biology


OM HIV RNA was detectable in 10 samples


725 (<20-17898)
 copies/mL [ median ( r ange) ] 
 <20 (<20-358) 


Conclusions and Fur ther  Developments


n (%)  or  median ( IQR)
 Naive n=7
 Treated n=12


Gender  (male)
 3 (42.9%)
 7 (58.3%)


Age (year s)
 46.7 (33-51)
 54.3 (45-59) 


CD4  ( cell /uL)
 14 (5-174)
 347 (109-729)


plasma H I V RN A (Log10 cps/mL)
 5.2 (4.9-5.7) 
 <1.3 (<1.3-1.8)


CSF H I V RNA (Log10 cps/mL)
 2.2 (1.3-3)
 <1.3 (<1.3-1.7)


CSF cells (n/mm3, median/ r ange) 
 0 (0-2)
 0 (0-7)


CSF ser um albumin ratio
 7.6 (5.9-8.5) 
 5.3 (3.5-8) 


CSF neopter in (ng/mL)
 1.6 (1-3.3)
 1 (0.6-1.3)


Diagnosis:


asymptomatic


HAN D


CN S OI s


Neurological  symptoms 

(headache, neur opathy)





5 (71.4%)


2 (28.6%)


0


0





1 (8.3%)


5 (41.7%)


2 (16.6%)


4 (33.3%)
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HIV DNA Is Frequently Present within Pathologic Tissues Evaluated 
at Autopsy from Combined Antiretroviral Therapy-Treated Patients 
with Undetectable Viral Loads (JV 1996 Lamers et al.) 

• 229 autopsy specimens from 20 HIV 

pts who died while on cART with low 

or undetectable plasma and CSF VL 

(National Neurological AIDS Bank, 

NNAB)  

• HIV-DNA measured in tissues by 

quantitative and droplet digital PCR 

• HIV-DNA identified in 48/87 brain 

tissues and 82/142 non-brain tissues 

at >200 c/million cell equivalents  

• No participant was completely free of 

tissue HIV 

• Parallel sequencing studies from 

some tissues recovered intact HIV 

DNA and RNA. 

 



INTENSITY OF SUPPRESSION LINKED WITH SHIFTING 

COMPARTMENTALIZATION 

OF CNS HIV DNA (BB Gelman et al., CROI 2017, abs #68) 

Tissue samples from 29 

autopsy cases  (NTTC) 

  

 A more intense viral 

suppression, both within the 

CNS compartment and 

systemically will not diminish 

the total brain pool size 



Early ART is Associated with lower HIV DNA Molecular Diversity 
and lower 
Inflammation in CSF but Does Not Prevent the Establishment of 
Compartmentalized HIV DNA Populations (Oliveira MF, PLOS 
Pathogens 2017) 
Sequential paired blood and CSF from 16 ART-treated suppressed pts (after a median of 
2.6 years from ART start):  
- 9 early ART (<4 months of infection) 
- 7 late ART (>14 months after infection) 

Early ART was associated with lower molecular diversity of HIV DNA in CSF in 
comparison to late ART 



Early ART is Associated with lower HIV DNA Molecular Diversity 
and lower 
Inflammation in CSF but Does Not Prevent the Establishment of 
Compartmentalized HIV DNA Populations (Oliveira MF, PLOS 
Pathogens 2017) 
 

CSF-blood HIV DNA compartmentalized in the majority (75%) of the participants 

with available paired sequences, including two (66%) early ART patients 



Early ART is Associated with lower HIV DNA Molecular Diversity 
and lower 
Inflammation in CSF but Does Not Prevent the Establishment of 
Compartmentalized HIV DNA Populations (Oliveira MF, PLOS 
Pathogens 2017) 
 

Early ART was associated with lower level of IL-6 and TNF-alpha in CSF in 
comparison to late ART 



CNS and eradication 

 



Latency reversing agents (LRA) 

• Histone deacetylase inhibitors (HDACi, e.g., varinostat) 

• Bromodomain inhibitors 

• Protein kinase C agonists 

• Cytokines, such as IL-2 and IL-15 

• Others… 

HIV: Shock and kill, SG Deeks, Nature 487, 439–440 (26 July 2012) 



Latency reversing agents (LRA) 

Initial trials of HIV eradication examine only viral load in peripheral 

blood as an indication of HIV reactivation or change in the latent 

reservoir,  

 But most latent HIV-1 genomes are in tissues and may respond 

differently to LRA 

HIV: Shock and kill, SG Deeks, Nature 487, 439–440 (26 July 2012) 



Reactivation of SIV reservoirs in the brain of virally 
suppressed macaques following administration of latency 
reversing agents  (Gama L et al., AIDS 2017) 

• 3 SIV-infected pigtailed macaques ART-treated since 12 days p.i.  

• Macaque Mn0 (red): control 

• Macaques Mn1 (blue) and Mn2 (green) treated with ingenol-B starting at 530 days p.i. with 
ingenol-B and ingenol-B plus vorinostat  

 

Plasma 

CSF 



CSF CSF CSF 

Reactivation of SIV reservoirs in the brain of virally 
suppressed macaques following administration of latency 
reversing agents  (Gama L et al., AIDS 2017) 

• 3 SIV-infected pigtailed macaques ART-treated since 12 days p.i.  

• Macaque Mn0 (red): control 

• Macaques Mn1 (blue) and Mn2 (green) treated with ingenol-B starting at 530 days p.i. with 
ingenol-B and ingenol-B plus vorinostat  

 



 Unique SIV variant in CSF of macaque Mn2 
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Reactivation of SIV reservoirs in the brain of virally 
suppressed macaques following administration of latency 
reversing agents  (Gama L et al., AIDS 2017) 

 The most abundant SIV genotype in 
CSF was unique and expanded 
independent from viruses found in the 
periphery 
 



• Focal SIV RNA in the occipital cortex 

of macaques Mn2 (ISH) 

 

• Colocalization of SIV-RNA (ISH-red) 

and CD68 (IHC-green) in macaque 

Mn2 

 

 The CNS harbors latent SIV genomes 

after long-term suppression by ART, 

indicating that the brain represents a 

potential viral reservoir and should be 

seriously considered during AIDS cure 

Reactivation of SIV reservoirs in the brain of virally 
suppressed macaques following administration of latency 
reversing agents  (Gama L et al., AIDS 2017) 



CNS-specific regulatory elements in brain-derived HIV-1  
strains affect responses to latency-reversing agents with  
implications for cure strategies (LR Grey, Molecular 
Psychiatry, 2016) 

CNS-derived HIV-1 strains (grey) have 
LTR polymorphisms within and 
surrounding the Sp transcription factor 
motifs 

LTR polymorphisms result in decreased 
binding to Sp1 and reduced 
transcriptional activity of CNS-derived HIV 
(orange) compared with lymphoid-derived 
LTRs (blue)  



CNS-specific regulatory elements in brain-derived HIV-1  
strains affect responses to latency-reversing agents with  
implications for cure strategies (LR Grey, Molecular 
Psychiatry, 2016) 

CNS-derived viruses are less responsive to activation by the HDACi panobinostat and romidepsin 
compared with lymphoid-derived viruses.  
 CNS strains have unique transcriptional regulatory mechanisms, which impact the latency regulation 



Conclusions 

• CNS still relevant as target organ  

 

• Additional evidence for CNS as tissue 
reservoir, which may have implications 
for HIV eradication 


