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Storia del fenomeno

• In assenza di terapia una proporzione rilevante di pazienti HIV+ 
presentava sintomi (e RMN) compatibili con una diagnosi di demenza
(10-40%)

• Con l’introduzione della terapia antiretrovirale altamente efficace
(HAART) la demenza è oggi un evento raro (<2%) mentre risultano
frequenti forme lievi di alterazioni neurocognitive (18-40%)

Ma ricevere una diagnosi di disturbo
cognitivo significa che ho o avrò una

demenza?



HIV-associated neurocognitive disorders (HAND)

Antinori A, et al. Neurology 2007; Clifford DB and Ances BM. Lancet Infect Dis 2013

1. Alterazione acquisita delle funzioni cognitive 

che coinvolga almeno due domini;

2. I disturbi cognitivi producono una interferenza

con le attività quotidiane (lavoro, vita in casa, 

attività sociali); 

3. Assenza di “delirium” (non alterazione dello

stato di coscienza);

4. Assenza di una pre-esistente spiegazione

alternativa dei disturbi

*La diagnosi deve essere posta in un esame clinico/neuropsicologico in assenza di 

depressione non trattata e almeno 1 mese dopo la fine del consumo di sostanze

psicotrope
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Diagnosi e stadiazione di HAND
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Test NC completi

MEMORIA A BREVE TERMINE VERBALE E 
VISUOSPAZIALE e WORKING MEMORY 

• Test di ripetizione seriale di parole 
bisillabiche (Spinnler e Tognoni, 1987)

• Test di Corsi (Spinnler e Tognoni, 1987)
• Digit span forward (Wechsler, 1945)
• Digit span backward (Wechsler, 1945)

MEMORIA A LUNGO TERMINE VISIVUO-
VERBALE UDITIVO-VERBALE E VISUOSPAZIALE

• Free and Cue Selective Reminding Test
(Frasson P. et al., 2011)

• Figura di Rey – rievocazione differita (Cafarra
et al., 2002)

• Test di memoria di prosa (Spinnler e Tognoni, 
1987)

FUNZIONI ATTENTIVE
• Test di Stroop (Cafarra P. et al., 2002)

VELOCITA’ DI ELABORAZIONE DELLE 
INFORMAZIONI

• Trail Making Test A (Giovagnoli A.R. et al., 
1996)

• Digit Symbol Test (Orsini et al., 1987)

FUNZIONI ESECUTIVE
• Trail Making Test B (Giovagnoli A.R. et al., 

1996)
• Frontal Assessment Battery (F.A.B.)(Dubois et

al., 2000)
• Test di fluenza verbale (F,P,L) (Capitani e coll., 

1986)

FUNZIONI VISUOSPAZIALI
• Test della Figura di Rey – copia (Cafarra et al., 

2002)
• Clock Drawing test (Shulmann, 1986)

VELOCITÀ E CONTROLLO MOTORIO -
COORDINAZIONE MANUALE

• Grooved Pegboard Test (Lafayette)

VALUTAZIONE COMPORTAMENTALE
• Beck Depression Scale II (BDI-II)
• Hamilton Anxiety Scale (HAM-A)



Prevalenza di HAND - US

Grant I, et al. Ann Intern Med 1987; Heaton RK, et al. J Int Neuropsychol Soc 1995; Heaton RK, et al. Neurology 2010



Haddow LJ, et al. AIDS Behav 2017

• cross-sectional

• 448 pazienti HIV+

• Londra, Copenhaghen, Minsk, 

Roma

• NCI: come Z score normalizzato <= 

-1 in almeno 2 domini cognitivi (su 

5) 

• Età media di 45.8 aa; 84% maschi; 

87% Caucasici; 56% Educ Univers.

• 550 CD4+/mm3; 89% in cART.

Prevalenza di HAND - Europa

Prevalenza = 35% 

5.8% con declino funzionale 

(IADL)



McDonnel J, et al. JAIDS 2014

Prevalenza di HAND - MSM

• 248 HIV+ e 45 HIV- MSM;

• In HIV+: età 45.9 aa, CD4+ 550 
cells/mm3, 88% in cART;

• Prevalenza di HAND del 21.0% 
in HIV+ MSM (13.7% ANI, 6.5% 
MND e 0.8% HAD);

• Utilizzando il GDS (“global deficit 
score”) si osservava una
prevalenza tra il 31.5 e il 40.3% 
(in base al numero di test 
utilizzati); 
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Prevalenza di HAND - Trend

Pinnetti C, et al. CROI 2015

HAND prevalence by calendar period and 
cognitive complaint
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Smit M, et al. Lancet ID 2015; Sheppard DP, et al. JNV 2015

Prevalenza di HAND – Trend (2)



Ingresso e danno neuronale

Zayyad Z. and Spudich S. Curr HIV/AIDS Rep 2015



Lamers SL, et al. J Virology 2016



Nightingale S, et al. Lancet Neurology 2014



CSF escape

 140 pazienti circa 
con sintomi 
neurologici 
acuti/subacuti
 CSF HIV RNA >> 

plasma

 Mutazioni di 
resistenza nel CSF

 Risposta al cambio di 
terapia

• 10% dei pazienti in 

HAART (0-28%)

• nessun aumento in 

pazienti in mono/dual

• nessuna evoluzione 

nel tempo (disturbi 

neurologici, fallimento 

liquorale)

Sintomatico “Blip”

Neopterina inferiore (simile a soggetti HIV-
negativi) se CSF HIV RNA non rilevabile

Canestri A, et al. CID 2010; 5. Peluso MJ, et al. AIDS 2012; 6. Eden A, et al. JID 2010; 7. Letendre S, et al. CROI 2009; 8. Yilmaz A, 

et al. JAIDS 2008; Dahl V, et al. AIDs 2014; Motta I, et al. ICAR 2015; Eden A, et al. JID 2016
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Peluso MJ, et al. AIDS 2012



CSF HIV RNA e neopterina

Eden A, et al. JID 2010; Yilmaz A, et al. JAIDS 2008; Dahl V, et al. AIDS 2014; Motta I, et al. Antiviral Therapy 2017



Cellule SNC coinvolte

Mechanisms of 

neurodegeneration in HIV

Gonzáles-Scarano F et al. Nat Rev Immunol. 2005 Price RW et al. Semin Neurol. 2014

BBB = Blood-Brain Barrier

*

*

Gonzalez-Scarano F, et al.Nat Rev Immunol 2015



Attivazione della Microglia

Vera JH, et al. Eur J Nucl Med Mol Imaging 2017; Yilmaz A, et al. J Neuroinflammation 2013



 Alterazione dell’unità

neurovasculare e 

della barriera

ematoencefalica

(BEE)

Astrocitosi

Brack-Werner R. AIDS 1999; Eugenin EA, et al. J Neuroscience 2011; Woods SP, et al. J Clin and Exp Neuropsychology 

2007; Calcagno A, et al. JNV 2015.

• Circa il 5% degli astrociti è infetto

• Infezione ristretta? non virioni maturi ma proteine

• Deficit nelle fluenza verbale associati con 

S100beta (marcatore di attivazione astrocitaria)





• Un impairment nella BEE è stato osservato precocemente con una
prevalenza del 2-22% in pazienti asintomatici e nel 100% dei
pazienti con demenza;

• Una BEE alterata può persistere nel tempo (20-30% dei pazienti), 
soprattutto in pazienti con nadir CD4 basso;

• Potenziale modello a “U”: una BEE poco e troppo permissiva è
stata associata a outcome clinici sfavorevoli

Abdulle S, et al. HIV Med 2005; Andersson LM, et al. JNV 2001; Calcagno, A et al. JNV 2014; Yilmaz A, et 
al. PlosOne 2009; Letendre S, et al. CROI 2011

Danno della BEE



Nightingale S, et al. Lancet Neurology 2014



“The Legacy effect”

Heaton RK, et al. Neurology 2010; Robertson KR, et al. AIDS 2007; Calcagno A, et al. JNV 2014; 

Antinori A, et al. AIDS 2015; Valcour V, et al. PlosOne 2013; Cysique L, et al. PlosOne 2015

Danno neuronale irreversibile prima dell’inizio

della HAART:

– marcatori liquorali di danno aumentano con la 

progressiva riduzione della conta dei CD4

– Nadir dei CD4 (e HIV DNA totale e nei

monociti) sono stati associati con:

• l’incidenza di disturbi neurocognitivi

• danno della BEE

• fallimento delle mono-terapie (anche CSF escape)



Peterson J, et al. PlosOne 2014

“The Legacy effect” (2)



“The Legacy effect” (3)

Heaton RK, et al. Neurology 2010; Robertson KR, et al. AIDS 2007; Calcagno A, et al. JNV 2014; 

Antinori A, et al. AIDS 2015; Valcour V, et al. PlosOne 2013; Cysique L, et al. PlosOne 2015

Danno neuronale irreversibile prima dell’inizio

della HAART:

– marcatori liquorali di danno aumentano con la 

progressiva riduzione della conta dei CD4

– Nadir dei CD4 (e HIV DNA totale e nei

monociti) sono stati associati con:

• l’incidenza di disturbi neurocognitivi

• danno della BEE

• fallimento delle mono-terapie (anche CSF escape)



“The Legacy effect” (4)

Heaton RK, et al. Neurology 2010



Nightingale S, et al. Lancet Neurology 2014



Salute Cardio e Cerebrovascolare

• Fdr Cardiovascolari

• Obesità centrale

• Resistenza insulinica

• Diabete

• Aumentata IMT

Wright EJ, et al. Neurology 2010; Valcour V, et al. AIDS Res and Hum Retrov 2011; McCutchan A, et al. Neurology 

2012; Fabbiani M, et al. HIV Medicine 2013; Sattler FR, et al. JAIDS 2015; Jake LE, et al. Antiv Ther 2015; Haddow L, et 

al. AIDS Patient Care and STDs 2014; Bladowska J, et al. PlosOne 2014; Gelman BB, et al. PlosOne 2012

sono stati associati

a impairment NC

Anomalie vascolari (RMN con studio della

perfusione) ed espressione dei geni di 

“protezione” vascolare sono stati osservati in 

pazienti sintomatici e asintomatici



1C. CONSEGUENZE CLINICHE



ANI e vita quotidiana

Grant I, et al. Neurology 2014; Blackstone K et al. JINS 2012



Foley JM, et al. Am J Alzheimers Dis Other Dem 2013

HAND e Guida
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Table 1

Demographic and Health Characteristics of Participant Group.

Younger (<40 years) Older (>50 years) F P

N = 79 21 58

% Female 28.6% 19% – NS

Mean age in years
a
 (SD)

33.95 (4.93) 54.98 (5.39) 245.131 <.00l

Mean years education
a
 (SD)

12.14 (2.27) 13.78 (2.27) 7.981 .006

Estimated premorbid IQ (SD) 97.33 (15.94) 98.69 (15.84) – NS

Last drove (years) Median = 0 (0.0, 12.0) Median = 0 (0.0, 22.0) – NS

Mean of most recent CD4 (SD) 479.63 (265.87) 479.03 (273.44) – NS

Nadir CD4 (SD) 138.85 (129.79) 215.91 (175) – NS

Mean of most recent viral load Lg10 (SD) 2.4 (1.45) 2.86 (1.09) – NS

Viral load undetectable (less than 50 copies/mL) 62% 69% – NS

Mean years since HIV diagnosis
b
 (SD)

11.1 (5.49) 14.6 (.6.75) 4.569 .036

Length of antiretroviral treatment 2.70 (0.66) 2.76 (0.54) – NS

% Opportunistic infection 47.6% 37.9% – NS

% Meet criteria for AIDS diagnosis 66.7% 69.6% – NS

Current psychiatric disorder 23.5% 9.4% – NS

Current substance use 23.5% 3.6% – .02l

Ethnicity/race

% Hispanic or Latino/Latina 28.6% 10.3% – NS

% Asian 4.8% 1.7% – NS

% African American/black 28.6% 48.3% – NS

% Caucasian/white 28.6% 36.2% – NS

% Multiracial 9.5% 1.7% – NS

Abbreviations: ns, not significant; SD, standard deviation; CD4, cluster of differentiation 4.

a
P <.01.

b
P < .05.

Am J Alzheimers Dis Other Demen . Author manuscript; available in PMC 2014 March 01.

• Simulatore di guida von 
pianificazione sulla mappa

• HIV+ >50 aa meno
efficienti e più lenti dei
soggetti HIV+ <40 anni;

• Nei soggetti HIV+ >50 anni
I punteggi NC si
associavano con I risultati
della guida

• I domini più rilevanti erano
l’attenzione e le abilità
visuospaziali



Patton DE, et al. AIDS Behav 2012

HAND e aderenza

• Medication Management Test -
Revised (MMT-R) – n=448

• Punteggi MMT-R associati a:
• istruzione
• HCV
• riserva cognitiva
• Test NC
• abilità pratiche lavorative

L M M G

V S DA B



2A. DIAGNOSI DELLE CAUSE TRATTABILI DI 
HAND



Arendt K, et al. The Neurologist 2009

Incidenza di cefalea post-rachicentesi

36%  3% (12%)



3. TRATTAMENTO E FARMACOLOGIA
DEL SISTEMA NERVOSO CENTRALE



“Percorso” dei farmaci verso il SNC
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CPE SCORE

Hammond ER, et al. Am J Epidemiology 2014



Studi sul CPE score
Reference n Design

CPE   CSF VL CPE   NC testing
Areas NC CPE cut off

Cysique et al. 37 prospective single arm lower CSF VL better 6 ≥2

Tozzi et al. 185 prospective single arm not done better 4 and 8 no

Marra et al. 26 prospective single arm lower CSF VL worse 8 ≥2

Winston et al. 30 prospective randomized not done better Cogstate no

Smurzynski et al. 2636 prospective single arm not done better >3 drugs 3 no

Arendt et al. 3883 prospective single arm lower CSF VL better 2 no

Garvey et al. 101 retrospective single arm not done no effect Cogstate no

Rourke et al. 545 prospective single arm not done better 4 ≥1.5 (2008)

Robertson et al. 860 prospective randomized not done no effect 4 no

Ciccarelli et al. 101 prospective single arm not done better 8 ≥6

Kahouadji et al. 54 prospective single arm not done worse 2 no

Ellis et al. 49 prospective randomized no effect no effect 8 (2.5 vs. 1)

Vassallo et al. 246 prospective controlled not done stable or better 8 (8.1 vs. 6.9)

Baker et al. 64 prospective single arm not done no effect 4 7

Carvahal 417 prospective single arm not done better 4 no



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

> IC50 < > IC95 <

Calcagno A, et al. CID 2014

p=0.14 p=0.01

BID DRV/r QD DRV/r LPV/r ATV/r ATV EFV ETV RAL

0

10

20

30

40

C
S

F
 9

5
 In

h
ib

to
ry

 Q
u

o
ti
e

n
ts

Concentrazioni “individuali”: TDM?



Studi Prospettici: ruolo del CPE

Vassallo M, et al. AIDS 2014 e JNV 2017

256 pazienti (94 con follow up)

CPE e ratio CD4/CD8 minori (e una diminuzione nel tempo) 

confermati fattori predittivi di peggiore performance NC (al BL) 

e decadimento nel follow up



Studi Interventistici: Aumento del CPE (+3)
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Aumento del CPE da 6 a 10

INSTI (64.5%), MVC (32.3%) o NNRTI (19.4%)

Force G, et al. CROI 2016 and HIV Drug Therapy 2016



Studi Interventistici: Maraviroc

Gates TM, et al. AIDS 2016

14 pazienti con HIV RNA <50 copie/mL (plasma e CSF) con 
cART stabile e progressione recente a HAND

Studio randomizzato in aperto con aggiunta di MVC

Introduction 

The prevalence of HIV-associated neurocognitive 

disorders (HAND) remains high despite the 

introduction of combined antiretroviral therapy 

(cART).This may reflect ongoing low-level viral 

replication and/or chronic inflammation in the brain  

There are no clear guidelines for managing HAND 

in those with viral suppression in blood and CSF. 

cART enhancement with maraviroc (MA) may be 

one option as MA can penetrate the CNS and has 

dual antiretroviral/anti-inflammatory activity 

AIMS 

1. To determine whether MA-enhanced cART 

leads to improved neurocognition (NC) over 

12 months relative to existing therapy and 

generate preliminary effect sizes 

 

2. To examine MA-related changes in major 

cerebral metabolites in the frontal white 

matter (FWM) and basal ganglia (BG) using 

single-voxel magnetic resonance 

spectroscopy (1H-MRS) 

Methods 

Design 

12 month prospective, double observer-blinded, 

open label pilot RCT 

Randomization 

1:1 MA-enhancement (MA arm) vs.  existing cART 

(control arm) 

Subjects 

•19 virally-suppressed (blood and CSF) HIV+ males 

on stable cART with recent progression to HAND 

•14 completed study (Table 1). 3 screen fails, 1 

control withdrew for personal reasons, 1 control lost 

to follow-up prior to 6-months 

•2 MA, 1 control CXCR4-tropic; 1 control CCR5-

tropic. Data unavailable for others 

Procedures 

•Brief 5-domain NC battery (see Table 2) at 

baseline, 6-months and 12-months  

•1H-MRS study (Phillips Achieva 3T MRI; PRESS 

sequence with short TE; Figure 1) at baseline and 

12-months 

Outcomes and Analyses 

1. NC change (global z-score averaging age-

adjusted z-scores for each test) across study period 

•Mixed effects regression model with fixed effects: 

arm, time, arm*time interaction and subject as 

random effect 

2. Change in cerebral metabolites (LC-model) in 

FWM and BG from baseline to 12-months 

•Repeated measures ANOVA with same fixed 

effects 

 

 

Results 

•Clinically relevant effect sizes detected in favour of 

improved global NC in MA arm over time, with a 

large effect at 6-months and moderate effect at 12-

months 

•Glutamate concentration (a marker of 

excitotoxicity) in BG was stable in MA arm but 

increased in control arm at 12-months 

Conclusion 

•This pilot study provides feasibility, tolerability, 

proof-of-concept and preliminary evidence for 

clinically relevant improvement with MA-enhanced 

cART in virally suppressed HAND patients 

•If replicated in a larger study, these findings have 

important implications for  managing HAND by 

supporting MA enhancement over cautious 

monitoring of patients over time 
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Maraviroc-Enhanced cART Improves Cognition in Virally-

Suppressed HAND: A Pilot Study 
Gates TM1, Cysique LA2, Chaganti J1, Siefried KJ1,3, Brew BJ1,3 
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Figure 2. (Left) Mean ( SE) global NC performance over time based on model least mean squares and adjusted for attrition (arm*time interaction 

p<.05; 6-months: d=.77, 90%CI=-.19,1.71; 12-months: d=.55, 90%CI=-.47,1.55) (41 data-points; MA: n=27, control: n=14); (Right) Mean ( SE) change 

in glutamate concentration over time (arm*time interaction: Std β=-.40, 90%CI=-.04,-.78; p<.07) (data-points: MA: n=9 pairs; control: n=4 pairs) 

. 

1Departments of HIV Medicine and Neurology, St Vincent’s Hospital and Peter Duncan Neurosciences Unit, St Vincent’s Centre for Applied Medical Research, Sydney, Australia 
2Neurosciences Research Australia, Sydney, Australia 3Faculty of Medicine, The University of New South Wales, Sydney, Australia 

Cognitive Domain Tests 

Speed of information 

processing 

CogStateTM Detection Task 

CogStateTM Identification Task 

Trail Making Test – Part A 

Trail-Making Test – Part B 

WAIS-III Digit-Symbol Coding 

Attention/working memory CogStateTM 1-Back Task 

CogStateTM 2-Back Task 

Motor Functioning 

Grooved Pegboard – Dominant Hand 

Grooved Pegboard – Non-Dominant 

Hand 

Verbal Learning CogStateTM International Shopping 

List Task: Learning 

Verbal Memory CogStateTM International Shopping 

List Task: Delayed Recall 

Table 2. Tests included in brief NC battery. 

Figure 1. Voxel positioning for acquisition of FWM (size=20mm3; no. 

acquisitions=128; Panel A) and BG (size=15mm3; no. acquisitions=64; 

Panel B) spectra via PRESS (TE32/TR2000msec; 2.0kHz bandwidth). 

Panel A 
 

  

Panel B 

Table 1. Sample Demographic and Clinical Characteristics 

MA arm 
(n=9) 

Control arm 
(n=5) 

p 

Age (years) 52.2 (3.7) 60.0 (9.4) .14 
Gender (M:F) 9:0 5:0 1.0 
Ethnicity 
Caucasian 
Other 

 

9 
0 

 

5 
0 

1.0 

Education (years) 12.3 (2.8) 11.6 (2.3) .61 
Premorbid IQ 

(NART errors) 
102.2 (16.3) 104.4 (18.9) .83 

Nadir CD4 150 (220) 310 (339) .35 
Current CD4 
Baseline 
12 month 

 

499 (489.5) 
484 (270.5) 

 

980 (493) 
829 (574.5) 

 

.06 

.14 



3A. NEUROTOSSICITA’





Modified from Underwood J, et al AIDS 2015

Neurotossicità?

CSF HIV RNA

FUNZIONEN
C

IMPAIRMENT
NC

Miglioramento per 
soppressione della
replicazione virale

Potenziale
Neurotossicità



① Tossicità neuronale in vitro e nei macachi

②Miglioramento della funzionalità NC in pazienti
che avevano interrotto la terapia (miglioramento
maggiore in chi era in EFV);

③ Interferenza con il metabolismo della Beta 
amiloide (EFV e LPV/r)

④ Effetto di EFV sulla funzione NC

⑤Alterazione dei trasportatori del glutamato negli
astrociti e NC in animali da esperimento (PIs)

⑥Potenzialmente dose-dipendente (EFV)
Tovar-y-Romo LB, et al. J Pharmacol Exp Ther, 2012; Robertson K, et al. JNV 2012; Akay C, et al. JNV 2014; Giunta B, et al. Mol Brain 

2011; Robertson K, et al. Neurology 2010; Achim CL, et al. J Neuroimmune Pharmacol 2009; Ortega M and Ances BM, J 
Neuroimmune Pharmacol 2014; Ciccarelli N, et al. Neurology 2011; Vivithanaporn P, et al. AIDS 2016

Neurotossicità?



• Colture di 
neuroni corticali
di ratto

• Danno
funzionale con 
tutti gli ARVs

• EFV>altri> 
FTC,DRV,MVC

• Nessun effetto
aggiuntivo dalla
combinazione

Dendritic 
BeadingNormal

Dendritic
Simplification

Neuronal 
Shrinkage

Robertson K, et al. JNV 2012

Neurotossicità in vitro



Neurotoxicity Screening of Antiretroviral Drugs  
With Human iPSC-Derived Neurons 

Sandy Hinckley1, Sean Sherman1, Brookie Best2, Jeremiah Momper2, Qing Ma3, Scott Letendre2, Ronald Ellis2, & Anne Bang1 

1Sanford Burnham Prebys Medical Discovery Institute, 2University of California San Diego, 3State University of New York at Buffalo 

#395 

Introduction 
 
While antiretroviral therapy (ART) has become 
increasingly effective and well-tolerated, there 
remains a patient subset that experience central 
nervous system (CNS) side effects, and 
neurocognitive performance may actually improve 
following change in specific ART agents.  
Understanding the risk associated with these drugs 
will allow informed selection of optimal therapy.  
Using human induced pluripotent stem cell-derived 
neurons (hiPSC), we screened 10 ART drugs and 
generated a neurotoxicity profile based on 
mitochondrial membrane potential, reactive oxygen 
species, cell health and neurite growth.  The ART 
drugs in our screening set were chosen for their 
characterization as the current recommended (ABC, 
TDF, DRV, DTG, EVG) or first alternative (EFV, RPV, 
ATV) treatment for antiretroviral-naïve adults1. 
 

Methods 
10 antiretroviral therapy (ART) drugs were acquired by the NIH AIDS drug 
repository.  hIPSC derived iCell cortical neurons (Cellular Dynamics 
International) were plated on high throughput 384 well plates for assay 
screening.  Both neurite growth and mitochondrial function were assessed on 
the Opera High Content Screening System (Perkin Elmer) and analyzed with 
Acapella software.  The 10 ARV drugs in addition to the control (Menadione) 
were screened for mitochondrial function in a multiplexed, live cell assay.  iCell 
neurons were loaded with the mitochondrial membrane potentiometric dye 
TMRE and reactive oxygen species sensor CellROX deep red.  The cells were 
exposed to drugs in 7-point dose response in duplicate for 4 hours followed by 
Hoechst stain and imaging. The 10 ARV drugs in addition to the controls 
(Staurosporine and BIO) were screened for neurite growth after a 3 day drug 
exposure in 7-point dose response (n=4 wells/dose).  Neurons were fixed and 
immunostained for the neuronal marker TUJ1 and nuclei marker Hoechst. 
Statistical significance was determined as Z-score greater than 2 standard 
deviations from the mean of the DMSO control. 
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Conclusions 
We characterized toxicity of 10 ART drugs and linked 
the majority with impacts either on mitochondrial 
function, neurite growth, or both.  Although 
immature, hiPSC neurons are human and scalable for 
drug screening.  Further studies are needed to 
determine whether our in vitro assays reflect 
neurotoxicity in vivo, but our results suggest that 
increased drug concentrations in the CNS could have 
adverse clinical consequences. 
 
• NNRTIs were strongest neurotoxins in drug set 

• 8/10 antiretroviral drugs had a direct effect on 
neuronal mitochondrial function, morphology, 
and/or health 
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• NNRTI and EVG were mitotoxic 
resulting in neurite 
retraction/cytotoxicity 

• In contrast, PI were mitotoxic 
but did not significantly impact 
neuronal morphology or long-
term cell health 

Min e ffe ctive  dose

Drug Mito N e urite

A bacavir 0 0

Te nofovir 0 0

Efav ire nz 50uM 10uM

Rilp iv irine 33uM 10uM

Elv ite grav ir 5uM 33uM

Dolute grav ir 0 33uM

Ritonavir 15uM 0

A tazanavir 150uM 0

Darunavir 50uM 0

Cobicistat 5uM 33uM

Mitochondrial Membrane Potential Depolarized 
and Reactive Oxygen Species Generated 

Day 0: Plate Neurons Day 1:Compound Addition Day 4:Neurite Staining 

No Effect on Neurite Growth or Cell Health 
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Mitochondrial Membrane Potential Dysfunction Neurite Outgrowth 

• Efavirenz 
• Dolutegravir 
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• Rilpivirine 
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Neurotoxicity associated with antiretroviral drugs

is class-specific

BACKGROUND RESULTS SUMMARY
• Differences in the neurotoxicity profiles of 

antiretroviral drugs not only within classes but also 

across classes.

• Among integrase inhibitors:

• Elvitegravir but not dolutegravir is neurotoxic in 

vitro. 

• Elvitegravir does not induce oxidative stress in 

neurons in vitro.

• Among protease inhibitors:

• Lopinavir but not darunavir is neurotoxic in vitro.

• Lopinavir induces mitochondrial dysfunction and 

oxidative stress.

• Pharmacological induction of the endogenous 

antioxidant HO-1 is protective against lopinavir-

mediated neuronal death. 

IMPLICATIONS

These findings support our previous observations that

PI-induced neurotoxicity might be alleviated by the

induction of the endogenous antioxidant response (Akay

et al, 2014).

Endogenous antioxidant response may be a potential

access point for the development of adjunctive

therapies to complement ART to limit their contribution

to HAND persistence.
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METHODS

HYPOTHESIS

In vitro assessment of antiretroviral drug neurotoxicity

Primary rat cortical neuroglial cultures:

• 14-16 days in vitro

• Assessment of neurotoxicity: Immunofluorescent staining for MAP2

(neurons) and DAPI (nuclei) for cell counting

• Assessment of mitochondrial membrane potential: Tetramethylrhodamine

methyl ester (TMRM) assay

• Determination of oxidative stress: CellRox Green live cell imaging with

Keyence BZ-X-700 digital fluorescent microscope

• Immunoblotting

Differential in vitro Neurotoxicity of Antiretroviral Drugs
Cagla Akay-Espinoza, Anna L. Stern, Rebecca N. Lee, Nina Panvelker, Jiean Li, and Kelly L. Jordan-Sciutto 

Department of Pathology, School of Dental Medicine, University of Pennsylvania, Philadelphia, PA

HIV-Associated Neurocognitive Disorders (HAND)

• Life expectancy of HIV (+) patients in the U.S.A is expected to be similar to

that of uninfected individuals.

• Persistence of HIV-Associated Neurocognitive Disorders (HAND) is an

unexpected finding, affecting up to 50% of infected patients in the era of

suppressive antiretroviral therapy (ART).

• Pathology in virally suppressed patients suggests subtler changes that may be

reversible.

• Factors driving pathology:

• Viral factors

• Host factors

• Comorbidities

• Potential ART-mediated adverse effects

• We previously reported:

• Two first generation HIV protease inhibitors (PIs), ritonavir and saquinavir,

led to oxidative stress and induced the unfolded protein response (UPR),

with subsequent synaptic damage and neuronal death in vitro.

• Augmentation of the endogenous antioxidant response (EAR) by

monomethyl fumarate (MMF) reversed PI-induced neurotoxicity. (Akay et al.

J. Neurovirol., 2014)

PERK
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Protein 

folding
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BiP
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ROS

HIV

Hypoxia
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Lindl , Akay et al, NAN, 2007

Akay et al, NAN, 2011

Akay et al. J NeuroVirol, 2014

Gannon et al, AJP, 2017

Figure 1. Elvitegravir but not dolutegravir is neurotoxic in 

vitro

Figure 1. 14 DIV primary neuroglial cultures were treated with either vehicle (DMSO) or 0.1, 1,

or 10 µM EVG or DTG for 2 or 4 days. For 4-day treatment, a second treatment at day 2 was

performed. A. Representative images show immunofluorescent staining for MAP2 (green) and

DAPI (blue) in cultures treated with 10 µM EVG or DTG for 4 days. B-C. Quantification of

MAP2(+) cells (repeated measures two-way ANOVA with post hoc Dunnett’s test, n = 3,

*p<0.05 vs. vehicle; dashed lines indicate untreated).

Figure 2. Lopinavir but not darunavir is neurotoxic in vitro

Figure 2. 14 DIV primary neuroglial cultures were treated with either vehicle (DMSO) or 0.1, 1,

or 10 µM LPV or DRV for 2 days. A. Representative images show immunofluorescent staining

for MAP2 (green) and DAPI (blue) in cultures treated with 10 µM LPV or DRV for 2 days. B-C.

Quantification of MAP2(+) cells (repeated measures two-way ANOVA with post hoc Dunnett’s

test, n = 3, ** p<0.01 vs. vehicle; dashed lines indicate untreated).

Figure 3. Lopinavir induces oxidative stress and 

mitochondrial damage in vitro

Figure 3. A. Cultures were treated with DMSO vehicle or 10 µM LPV or EVG for 1 h prior to the

addition of CellRox Green and live cell imaging. Representative images of cultures stained for

MAP2 (red) and DAPI (blue) after fixation are shown. White arrows indicate examples of

neurons positive for the CellRox green dye. B. CellRox green fluorescent area was quantified,

and fluorescence was normalized to the fluorescence measured in untreated cultures (dashed

lines, repeated measures one-way ANOVA with post hoc Dunnett’s test, n = 4, *p<0.05 vs

vehicle). C. Cultures were treated with DMSO vehicle or 10 µM LPV for 2 or 6 h, followed by

TMRM assay after 6h (repeated measures two-way ANOVA with post hoc Sidak’s test, n = 3,

*p<0.05 vs vehicle, dashed lines indicate untreated).

Figure 4. Lopinavir induces the endogenous antioxidant 

response in primary neurons in vitro

Figure 4. 14 DIV primary neuroglial cultures were treated with vehicle (DMSO), NMDA (10

µM), thapsigargin (Tg, ER stress inducer, 10 µM), ritonavir (PI, 10 µM), or 0.1, 1, or 10 µM

lopinavir (LPV) for with DMSO vehicle or 10 µM LPV for 4, 8, or 20 h. Protein lysates were

assayed by immunoblotting. A. Representative blots from 8 h treatment are shown. FG, fast

green loading control. B-D. Band intensities of heme oxygenase 1 (HO-1), BiP, and eIF2α d

teIF2α were quantified using ImageJ software. HO-1 and BiP are normalized to FG and peIF2α

is normalized to teIF2α. (repeated measures two-way ANOVA with post hoc Dunnett’s test, n =

3, *p<0.05 vs drug vehicle, dashed lines indicate untreated).

Figure 5. Pharmacological induction of heme oxygenase 1 

is protective against lopinavir-induced neurotoxicity in 

vitro

Figure 5. A. 14 DIV rat cortical neuroglial cultures were pretreated with either vehicle (DMSO) or

0.1 µM CDDO-Im (HO-1 inducer) for 1h prior to 20-h treatment with vehicle (DMSO) or 10 µM

lopinavir (LPV). Representative immunoblots are shown. GSR, glutathione reductase; FG, fast

green loading control. B-C. Band intensities of HO-1 and GSR were quantified using ImageJ

software (repeated measures two-way ANOVA with post hoc Dunnett’s test, n=3, *p<0.05,

**p<0.01 vs drug vehicle, ##p<0.01 vs CDDO vehicle). D. Cultures were pretreated with either

vehicle (DMSO) or 0.1 µM CDDO-Im for 1 h prior to 48-h treatment with vehicle (DMSO) or 10 µM

LPV. Representative images of cultures immunostained for MAP2 (green) and DAPI (blue) are

shown. E-F. Quantification of MAP2+ cells for the indicated treatment conditions (repeated

measures one-way ANOVA with post hoc Dunnett’s test, n=3, *p<0.05 vs drug vehicle).
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Neurotossicità in vitro (2)



Malattia dei piccoli vasi (CSVD)

CSVD lieve nel 24.8% e moderata/severa nel 47.4% 
(137 autopsie, 1999-2011)

• Associata con l’uso di PIs “vecchi” e con il diabete
mellito

• Associazione tra CSVD e HAND

Soontornniyomkij V, et al. AIDS 2014



Ciccarelli N, et al. Neurology 2011; Robertson K, et al. CID 2012; Ma Q, et al. JNV 2016; Winston A, et al PlosOne 2015; 
Zhang et al. CROI 2015; Mollan KR, et al. JID 2017; van de Wijer L, et al. Lancet ID 2016 

Neurotossicità in vivo - EFV

• Disturbi neuropsichiatrici in pazienti in terapia
(precoci, a lungo termine?)

• Aumento dell’ideazione suicidiaria?

• Studi trasversali hanno associato l’uso di EFV a 
disturbi NC

• Miglioramento all’interruzione di EFV

• In due studi randomizzati peggioramento della
funzione NC nel braccio EFV



Haas et al. AIDS 2004; Gatanaga et al., CID 2011; Wyen C et al J Antimicrob Chemother 2011; Ciccarelli et al., Neurology 2011; 

Johnson et al. BJCP 2012; Winston A, et al. CID 2015; Mollan KR, et al. IAS 2015; Johnson DH, et al. BJCP 2012

 Associazione con PK e PG 

(CYP2B6 e CAR)

 Riduzioni di dose efficaci nel 

ridurre i sintomi

 ENCORE1: 400 mg EFV 

associato a minori effetti 

indesiderati vs. 600 mg

 Singola dose di EFV: 

associazione tra la PG e i 

sirultati della grooved

pegboard

 Dubbi sul metabolita 

implicato (8-=H-EFV?)

Neurotossicità in vivo e dose di EFV



 Dati contrastanti:
 non osservati nei trial

○ a eccezione del SINGLE (vs. efavirenz)

 Incidenza 0-13.7% in alcune coorti
Europee
○ età elevata, genere femminile e ABC

 In generale lievi/moderati e reversibili

 Neurotossicità in vitro dubbia

 Effetto delle concentrazioni
plasmatiche di DTG?
 aumentano con l’età, in 5 studi una

PK più elevata associata a maggiori
effetti SNC

De Boer MG, AIDS 2016; Hoffman C, et al. HIV Medicine 2017; Fettiplace A, et al. JAIDS 2016; Bonfanti P, et al. 

AIDS 2017; Borghetti A, et al. ICAR 2017; Yagura H, et al. BMC Inf Dis 2017

Sintomi neuropsichiatrici e DTG



Farmaco CPE score
Quoziente

Inibitorio 95%

Efficacia nei

Macrofagi

Neurotossicità

in vitro

N
R

T
Is

Abacavir 3 NA 3 +

Emtricitabine 3 NA 12.5 0

Lamivudine 2 NA 50 +

Tenofovir disoproxil fumarate 1 NA 50 0

Zidovudine 4 NA 50 +
N

N
R

T
Is

Nevirapine 4 NA 20 +

Efavirenz 3 6.4 100 ++

Etravirine 2 5.1 NA +

Rilpivirine NA NA NA +

P
Is

Atazanavir 2 0.4 NA +

Atazanavir/r 2 2.8 NA +

Darunavir/r 3 8.2-18.5 NA 0

Lopinavir/r 3 1.5 NA NA

IN
Is

Raltegravir 3 0.7 NA +

Elvitegravir/r NA NA NA +

Dolutegravir NA NA NA +

E
Is

Maraviroc 3 NA NA 0

Enfuvirtide 1 NA 50 NA



 I Disturbi neurocognitivi associati ad HIV sono ancora frequenti

e riconoscono differenti cause

 Alcune sono trattabili (importanza della puntura lombare)

 Altri migliorabili (dieta, esercizio, etc.)

 La terapia può essere modificata

 La diagnosi deve essere adeguata anche in caso di disturbi

minori

 Collaborazione con altri specialisti

In conclusione



1. Studio PRODIN

 In pazienti che debbano ricevere una puntura lombare per motivi

clinici: raccolta di liquor e sangue per analisi aggiuntive (Marcatori di 

danno neuronale, infiammazione e astrocitosi)

2. Studio MARAND-X

 In pazienti con diagnosi di HAND e HIV RNA <50 copie/ml su sangue

e liquor: studio randomizzato (casuale attribuzione in un braccio in cui 

viene continuata la terapia in corso o cambio a un regime con bassa

neurotossicità in vitro ovvero emtricitabina + maraviroc + 

darunavir/cobicistat)

3. Studio SOLFAMU

Ricerca @ Unito


