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1981 — HMA - 20vépopo Kaposi



1983 (FaAAia): amopovwon v (Montagnier, Sinnoussi )
BpaPelo Nobel 2008

Science, May 1983, 220, 368

Isolation of a T-Lymphotropic Retrovirus from a Patient
at Risk for Acquired Immune Deficiency Syndrome (AIDS)

Abstract. A retrovirus belonging to the family of recently discovered human T-cell - ‘, v £
lewkemia viruses (HTLY), but clearly distinet from éach previous solate, has been . 200 _- € ,;5,
iolated from & Caucasian patient with signs and symptoms that often precede the
acquired mmine deficiency syndrome (AIDS), This virus is a typical type-C RNA

F. BapreE-Srewowssi, J. 10, CHERMAMME

tumor virug, buds from the cell membrane, prefers magnesium for reverse franserip-, o REY. M. T. NUGEYRE
tage actnviry, and has an infernal amtigen (pZ3) similar to HTLY p24. Antibodie from C. DAUGUET, C. ANLER-BLIN

. . . . . friggituy Pasteur, DEparrermenl o
serum of this patient react with proleing from viruses of the HTLV-I subgroup, but  Virotogse, 75724 Paris Cédex 15

F. WVemmer-BERrur, . FowUFzioiss

type-specific antisera 1o HTLV-I do not precipitale proteins of the new isolate. The  rropiiat Claude Bernard. Laborasoire

[ ' | I LTV I — T . Fi pgwemnpes de fa
vitus from thig patient has been transmitted into cord blood lymphocytes, and the oo - Aecberuiitrers. P01 fris

Wrus produced by these cells is similar to the original isolate. From these SWwdies itis v oo povie-Satpemiore,

coneluded that this virus as well as the previous HTLV isolates belong to o paneral  Départermens de Sants Publique ot
A eEefer fne Tropicale,

.ﬁmﬂf}r Qr ]'-[erpﬁmmp;f refraviruses that are horizontally transmitied in higmgng ~ ©7 Bowlevard de I'Hépiral, 75013 Paris

and may be involved in several pathological syndromes, including AIDS. Fratitut Pastavr, Deparioment do

Virodopie, FS724 Faris Cedex §F
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TO AIDS 2THN EAANAAA

e 1981: didyvwaon TTpwTou acBevoucg otnv EAAGDQ
atro Tov ETr.KadnyntA lwavvn Koouidn (Z1opuavoyAeio)
AN@PIQUAOPIAOC avOpac uaupns QUANG atro tTn ZauTria

* 1985: TpWTN ENPAVION KPOUCHATOGC OE TTOAUUETAYYICOMEVO
TTaidi



EMIAHMIOAOIIA 2THN EAAAAA
otolxeia ano EOAY (KEEAMNO)

e 1981: Npwtn nepintwon AIDS
* 1983: Mpwtoc Bavartoc ano AIDS
e 1984: Mpwta dnAwOEvTa neplotatikd poAuvuvong HIV

Méypt 31/10/2020:

* Exouv 6nAwOei 18.574 neprotatika (82,6 % avdpec)

* AplOuocg Oavatwyv 3.078

* 'Exouv epdaviocet AIDS 4.414 dtopa

* Yo avtipetpoikn Oepanceia Bpiokovral 11.044 atopa

EOAY: HIV Aolpwén: mpokataptikd emibnuioloyikd dedopéva, OktwPplog 2020



HIV AOIMQ=H

TPOMNOI METAAOZzHx

O £COUOAIKN ETTAPN

aipga Kal Trapaywya (Kol aipatnpeEg O1adIKATIESG TTX
XPNon Koivig ouplyyag)

KABeTN peETAdOON (TOKETOG, YOAouYia)



MIOANOTHTA METAAOZHZ HIV (%)

apevTEpIKn

herdyyion aiparag 425 d59-4b 1
ATTO KOWOD ypra evempau uhlkol [ b3 041042
Tpommpa pe Pehdvd (Biadeppikd) .23 1-0.4b
ZECOVTAIKN

[aBniks mpwkTIke oe, emagH 1 34 102186
Evepyn Ik TRWKIIKE TEC, ETTagn 0,11 0040 4
[aBnnkr kohmkh Tec, emapn 03 0,06-0,11
EvepynTike KOMTIKR TEC, ETTO0N 104 001014
[oBrnks) aropankr) oet, emagn oA YOpn 1004
Evepyn Tk TTopank) Tec. emaph oA yapnhac 0-004
KdBetn peradoon

KgBern perdaoa 22 h 17-24

Patel P, AIDS 2014




HIV/ AIDS —

HLETAOOON GE UYELOVOLKOUC

TpaupaTIoNO6G pE BeAbOva --- 0.3 %

‘Exk@eon BAevvoydvwy --- 0.09 %

CDC 2013

MAPATONTEZ KINAYNOY

Opatni HoAuvon He aipa

Elooboc og ayyeio

BaBUC TpaUpaTIONOC

e AoBevnc pe npoxwpnuevn HIV
Aoilpwén



AIATNQ2H HIV AOIMQ=H2

KAINIKH YITIOWIA
e Juunepitdpopa uPnAov Kivduvou
e AcBeveic pe oe£OVAALKWC LETAOLOOMEVA Voo LOTOL
e O¢U petpoiko cuvdpopo (primary infection)

e Kataotaoelg KaBopLoTikec | oxetl{opeveg pe AIDS



AIATNQ2H HIV AOIMQ=H2
AwoOeopa HIV Tests

e Avixveuon wou (mpwipn Aolpwén)
* p24 Antigen test
* HIV viral RNA test

* Avixveuon aviiowpdtwy (2-3 eBOouddec peta tn
LoAuvaon)
* EIA (ELISA)
* Immunofluorescence assay (IFA)
* Western Blot (emtifeBatwTtikny dokipaocio)
* Rapid HIV test (aipa, olelog)



HISTORICAL REVIEW OF HIV TESTING

High performance and quality control measures CDC HMA

p24 detection for early infections (introduced 1996)

1st generation ELISA (63 days)

2"d generation ELISA (42 days)

3'd generation ELISA: sandwich antibody techniques (22days)

4th generation ELISA (Ab+Ag) (16days)

HIV RNA : PCR methodology (11 days) - KYPIA ENIBEBAIQXH

EMIBEBAIQZH ME WESTERN BLOT (2" eriIAoynR)



Plasma viral RNA (copies per mil)

AIAAOXH OETIKOMOIHZHZ AIATNQ2TIKQN AOKIMAZIQN HIV AOIMQ=Hz

Acute infection phase
e

Early chronic infection phase
AN

”Eclipse Fiebig stages N7 o
phase [ | I | I ) v Vi
Viral RNA* (PCR) | "
p24* (ELISA) : a
HIV-1-specific antibody* (ELISA) : N
108 HIV-1-specific antibody*/~ (western blot); p3I- | .
. \ HIV-1-specific antibody* (western blot); p31- i 1
10 | v
! HIV-1-specific antibody*
o | (western blot); p3I* (ELISA)
/- |
10° - i
|
|
1024 — Y L — =
. Limit of detection of
. assay for plasma viral RNA
10' |
i
. /L !
[ I I Ly I
30 40 50 100
NEPIOAOS Days following HIV-1 transmission
NAPAGYPOY

McMichael et al, Nat Rev Immunol, 2010; 10: 11-23



AATOPIOMOzZ AIATNQzZHZ HIV AOIMQ=H2

Fourth-generation HIV-1/2 immunocassay
|

v v

(+) (-]
l Megative for HIV-1 and HIV-2

HIV-1/HIV-2 antibody
differentiation immunocassay

v v v v

HIV-1 (+) HIV-1 (-) HIV-1 (+) Negative or
HIV-2 [-) HIV-2 [+) HIV-2 [+) indeterminate
HIV-1 infection HIV-2 infection HIV-1 and HIV-2 infection l
RMA
|
RMA (+) RMA (=)
Acute HIV-1 infection Megative for HIV-1

CDC and Prevention and Association of Public Health Laboratories. Laboratory Testing for the
Diagnosis of HIV Infection: Updated Recommendations, 2014.



AOMH HIV KAI KYKAOZ ZQHZ
NMAGOIENEIA THZ NOZOY
NPQIMH HIV AOIMQ=H






10X HIV

gp120 » Reverse
transcriptase

Source: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo J:
Harrison’s Principles of Internal Medicine, 18th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Lipid
membrane

Ewtepikn otifdda Mmdimv
[Mkonpwteiveg mepIPANUOTOG
gpl20 - gp4l

Kayidwo (core — p24 Ag)

Aikhovo RNA (yovidwa gag, pol ka)

‘Evlupa - avaoctpoen peToypapdon

- vTEYKpAon

- TPOTEACN
AEITOVPYIKEG TPWTETVEG:
vpr, vif, vpu, rey, tat, nef
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Retroviruses

Virus classification

Genera

Subfamily: Orthoretrovirinae

Alpharetrovirus

Betaretrovirus

Gammaretrovirus

Deltaretrovirus

Epsilonretrovirus

Lentivirus

Subfamily: Spumaretrovirinae

Spumavirus

Group: Group VI (ssRNA-RT)
Family:  Retroviridae

Genus Alpharetrovirus; type species: Avian leukosis virus
Genus Betaretrovirus; type species: Mouse mammary
tumour virus

Genus Gammaretrovirus; type species: Murine leukemia
virus; others include Feline leukemia virus

Genus Deltaretrovirus; type species: Bovine leukemia virus;
others include the cancer-causing Human T-lymphotropic
virus

Genus Epsilonretrovirus; type species:

Genus Lentivirus; type species: Human
Immunodeficiency virus 1; others include Simian, Feline
immunodeficiency viruses

Genus Spumavirus; type species:



http://en.wikipedia.org/wiki/Virus_classification
http://en.wikipedia.org/wiki/Alpharetrovirus
http://en.wikipedia.org/wiki/Betaretrovirus
http://en.wikipedia.org/wiki/Gammaretrovirus
http://en.wikipedia.org/wiki/Deltaretrovirus
http://en.wikipedia.org/wiki/Epsilonretrovirus
http://en.wikipedia.org/wiki/Lentivirus
http://en.wikipedia.org/wiki/Spumavirus
http://en.wikipedia.org/wiki/SsRNA-RT_virus
http://en.wikipedia.org/wiki/Alpharetrovirus
http://en.wikipedia.org/wiki/Avian_leukosis_virus
http://en.wikipedia.org/wiki/Betaretrovirus
http://en.wikipedia.org/wiki/Mouse_mammary_tumour_virus
http://en.wikipedia.org/wiki/Gammaretrovirus
http://en.wikipedia.org/wiki/Murine_leukemia_virus
http://en.wikipedia.org/wiki/Feline_leukemia_virus
http://en.wikipedia.org/wiki/Deltaretrovirus
http://en.wikipedia.org/wiki/Bovine_leukemia_virus
http://en.wikipedia.org/wiki/Human_T-lymphotropic_virus
http://en.wikipedia.org/wiki/Epsilonretrovirus
http://en.wikipedia.org/wiki/Lentivirus
http://en.wikipedia.org/wiki/HIV
http://en.wikipedia.org/wiki/Simian_immunodeficiency_virus
http://en.wikipedia.org/wiki/Feline_immunodeficiency_virus
http://en.wikipedia.org/wiki/Spumavirus

NMpoéAeuon Twv 1wV TOU AIDS

Eidn Aoipoyovi MetadoTikéTnTa  ETTITTOAQOHOG MNMpoéAeuon
KOTNTA
HIV-1 YwnAn YwnAn [TayKOOMIOG Common Chimpanzee
Gorilla
HIV-2 XapnAn AuTik) Appikn Sooty Mangabey

O HIV givon peTpoiog (d101t
' - W £xel 1o Eviuuo avaoTpoen
" LETAYPOPAGCT)) KOl

— 3 wpoépyeton and tov 10 SIV
TOV TPOTEVOVTIMOV

Chimanzee

Vervet monkey Red-capped

mangabey

S Western gorilla CSH

((((((((((

Mandrill BoocA”

L'Hoest's monkey

Sharp P M, and Hahn B H Cold Spring Harb Perspect Med 2011;1:a006841


http://en.wikipedia.org/wiki/Common_Chimpanzee
http://en.wikipedia.org/wiki/Sooty_Mangabey

HIV-1 and SIV
from Chimpanzees
and Gorillas

HIV-1 Chimpanzee

M Group 'roglodytes HIV-1
P N Group
] Chimpanzee
troglodytes
Mona, greater spot-nosed Gorilla
and mustached monkeys _ 2 HIV-1 P
DeBrassas S HIV-1
Dent's O Group
Talapoin ~—_
Sykes
Chimpanzee
schweinfurthii
LHoest
Sun tailed
mandril-1
Olive colobus = Mandril-2
Western red and drill
colobus Red capped
mangabey
African green
monkeys
HIV-2 and SIV
0.10 from sootey mangabeys

Colobus

Source: Longo DL, Fauci AS, Kasper DL, Hauser 5L, Jameson L, Loscalzo J:
Harrison's Principles of Internal Medicine, 18th Edition: www.accessmedicine, com

Copyright @ The McGraw-Hill Commpanies, Inc. AN rights reserved,



NMpoéAeuon Twv 1wV TOU AIDS

[ P.t. versus
B Pt vellerosus

Sooty Mangabey (Cercocebus atys) P. t. troglodytes
P. t. schweinfurthii

Tanzania

—— HIV-1 M/A
L HIV-1M/B
SIVepzCAB2
SIVepzUS

— SIVepzCAM3
L SIVcpzCAMS
HIV-1 N

HIV-1 N

—— SIVepzCAM13

~ L_SIVcpzGAB1

——HIV-10 _
L _HIv10 0l HIV-1. Common chimpanzee:

Pan troglodytes troglodytes

SIVepzANT N Pan troglodytes schweinfurthii
L SIVcpzTANI 1 Boey fu Pan troglodytes




METAAOSH STON ANOPQIMO el
(buloyevetikr avaiuon) oy UL i _
1870-1930 | i )

L T r

East Province (Cameroon)


http://en.wikipedia.org/wiki/Image:LocationCameroon.svg
http://en.wikipedia.org/wiki/Image:Cameroon_East_300px.png

The early spread and epidemic ignition of HIV-1 in human populations
Faria NR et al, Science 3 October 2014

Rail and river transport in 1960s Congo, combined with the sexual revolution and changes in
health care practices, primed the HIV pandemic. Faria et al. unpick the circumstances
surrounding the ascendancy of HIV from its origins before 1920 in chimpanzee hunters in the
Cameroon to amplification in Kinshasa. Around 1960, rail links promoted the spread of the
virus to mining areas in southeastern Congo and beyond. Ultimately, HIV crossed the Atlantic
in Haitian teachers returning home. From those early events, a pandemic was born.

Bondo
. Bwamanda ¢
(1946) g Mungbere
Kisangani
._\(1953)
DEMOCRATIC L
REPUBLIC Ubundu
OF THE
CONGO Kindu
Brazzaville o7
(1937) llebo \
P S
Pointe-Noire ® Kinshasa = mg;{"
(|9?4) (early 1920s) o(1939) .. eKalemie
Approximate date Origin of HIV-1 ’
HIV-1 group M was group M
initially introduced pandemic
Likasi g | ubumbashi

(1943) ( |937)

960 RAILROADS SHOWN; PRESENT-DAY PLACE
NG STAFF. SOURCE

NAMES AND BOUNDARIES SHOWN

UNO R. FARIA, ET AL., 2014
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AvAaAuaon yovISIwPATwyY —
PUAOYEWYPAPIKESG TEXVIKEC



ATAXITIOPA THX HIV AOIMQEHX

:]San Francisco, 1978

1972
(1969-1974)
New York City, 1979 .O New York
2wV
O Pennsylvania ',
California New York City, 1v979 New Jersey
O Georgia
1971
(1969-1973)
New York City, 1979
New York City, 1979
|! l e ® ) New York City, 1979 Haiti
T T T T T T 1 T t t T T : I - 19631371
1975 1980 1985
Year

Worobey et al, Nature 2016



ONOMATOAOIA TOY HIV-1

OMAAEZ: noAu diakpiTec puloyeveTikeC ocipeC (lineages)
Tou HIV-1

- M (Main) - P

- O (Outlier)

- N (Non-M-non-0)

YMOTYMNOI: Kupiol kAadol Tnc opadac M: A, B, C, D, F, G,
H, J, K. (unoTtunoc E:iowc avacuvduaopoc Twv A kal E )

YMO-YMNOTYMNOI: AlakpITEC GIpeC nou oxeTi(ovTal OTeEVA
ue evav €101ko unoTuno, n.x F1, F2.

KYKAODOPOYZEZ ANAZYNAYAZMENEZ MOPO®OE2 (CRFs)
-Avaouvduaopevec ocipeg (lineages), dnAadn
yovidiwpaTta Tou HIV-1, nou npogpyovTal ano Tov idlo
avaocuvouaopo. Kabe popgpry exel TQUTOONMN HWOAiKD
doun.
-Mnxaviopoc e€eNiEnc Tou HIV-1.



BN A [T Band CRFO1_AE
EEE CRF02_AG and other recombinant forms
1B [ A B, and AB recombinant form
[ B and BF recombinant form
0 C Bl B, C, and BC recombanant form
Bl F G, H, J, K, and CRF01 and other recombinant forms
C— D [ Insufficient data

Source: Longoe DL, Fauci AS, Kasper DL, Hawser 5L, Jameson L, Loscalzo 1,
Harrison's Principles of Internal Medicine, 18th Edition: www.accessmedicine, com

Copyright © The McGraw-Hill Companies, Inc. Al rights reserved.



MOAYN2H ANO TON HIV-1

e ®PAI'MOI: BAsvvoyovol NEZ kal yevvnTIKWV opyavwy,

depua.

e ANTITONOINAPOYZIAZTIKA KYTTAPA
- KutTapa Langerhans
- YnoBAevvoyovia devdpiTika kuttapa (DCs)
- Makpogpaya

!

e CD4 T AEMOOKYTTAPA
- Ynodoxeic: CD4, CCR5, CX4R4



EI20AO2 HIV 2TON OPITANIZMO

1. TONIKA MEzQ BAENNOTIONSCN
(kOAnoc,oupnBpa, NEZ-0pBO, HOAUGHEVO YAAQ, YEVV.EKKPIOEIC)
AevOpITIKG KUTTApa — opyava AEH@IKOU
OUOTNHATOC

2. AMEZA 2THN KYKAODOPIA
( yeTayyion, PpuounTpIKn HETAdOON — KUNGON, TOKETOC,
TPAUMATIONOC PE HoAuoueva avTikeieva, IVDU, oggoualikn

enagn Pe 1kavn depuaTikn BAGRN )
onAnVv, AEPHPAOEVEC, AEH(PIKO OUOTNHA EVTEPOU-GALT



'ﬁ’_ = — Langerhans Cells
<P ¥ it
*\o 'ﬁ' 01\ E . ; 0\4‘ Sub-mucosal DCs 3%&_
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M' o
: Py O
'léf‘ ﬁ_ N Increased Virus

Replication and

Afferent Spread
Lymphatics )ﬁ

FIGURE 2. Dendritic Cell Location Favors

Mucosal Transmission of HIV Draining
Mucosal tissues in the vagina and rectum are rich in Lymphoid
myeloid dendritic cells, including Langerhans cells in the Tissue



NMPQIMA TEFTONOTA 2THN HIV AOIMQ=H

Lamina propria Lymphoid tissue

Infected “resting” Late-respondi
“Resting” CD4+ T cells

CD4+ T cells PD-1+CD8+
T cells
\ Establishment @

Dissemination  ©f lymphoid-

of virus tissue viral Im_rnune
activation

. : D, ::} @ reservoir
LS >
Grc:ﬁsingg : Activated % @
e = Y. GDa+ T ool © e &
barrier iﬁt . :{ ) e @@ ey @ .:}@@ % @ _[
2 |2 :

Sustained
HIV
@ iy e, production
@ 50 & activated Oo
- Y CD4+ T cell
Regulatory
Infggltled Macrophage @ T cells
| Il Il |
Hours Days Weeks Years

Source: Longo DL, Fawci A5, Kasper DL, Hauser 51, Jamesan JL, Loscalzo 1;
Harrison’s Principles of Interpal Medicine, 18th Edition: www.accessmedicine, com

Copyright @ The McGraw-Hill Companies, Inc. All rights reserved,



N

N o O kW

KYKAOZ ZQH2 HIV

Eicodo¢ oT1O KUTTAPO.

AvaoTtpopn uetaypagn (RNA — c-DNA).
2 UUTTAEYUA TTPOEVOWMATWONC.

Evowpdatwon oto DNA Tou ¢evioTn.
Evepyotroinon ikou DNA — MeTtaypa®n.
Anuioupyia RNA kail TTpwTEIVWY 10U.

2. UvapuoAoynon.

Qpiyavon kai eKBAaoTnon (£€cod0og)



NMPOZKOAAHZH TOY IOY HIV 2TO T AEM®OKYTTAPO

L) Lipid bilayer

p17 J
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Immunology 2018



AOMH gp120 -gp4l

Viral membrane

Membrane proximal region

CD4 binding site

Base of V2 Base of V3

Source: Longo DL, Fauci AS, Kasper DL, Hawser 5L, Jamesan L, Loscalzo 1;
Harrison's Principles of Internal Medicine, 18th Edition: www.accessmeadicing.com

Copyright & The McGraw-Hill Companies, Inc. All rights reserved,



New viral
paricles

Qpipavon
EKBAGOTNOK
\\

HIV particle
budding from cell

HIV RNA

N Y
Avdorpocpnﬁ‘r’aypq(p

Reverse
transcription

(RNA — c-DNA). RNA genomes
ZUMTTAEYHO “ﬁ'}" ? .
npoavowpaTwcr}gfg W WLLpE  ntegrase EVEQVO"TO"IOTI
DNA copy k\ - U)HGT(DO'I'] 1IKkou DNA :
of HIV RNA < MeTaypa@n

DNA integrates
into host genome




2TAAIA EIZOAOQY HIV

[1p0CKOAANGN OTNV ETTIPAVEIQ TOU KUTTAPOU

‘Evwon gpl120 ue uttodoxea CD4

‘Evwon Je ouVUTTOO0XEIC XNUEIOKIVWV
(CCR5, CXCR4 k.q)

2.uvtnen peuppavwy (gp4l: HR1 — HR2 —
TTETITIOIO OUVTNENG)



<—CD4

Chemokine Receptorl Receptor

PR AW,

CD4+ CELL




Cyloplasm Nucleus

Envelope ? HHEI!HI"
I Protein L_____ﬁﬂfﬂﬂ

)—cm Receptor
/ Chemokine L
Coreceptor Microtubules
\ NI..II:IEEI'
- . I.'-
Fusion

Pre-Integration
. Complex

Greene WC, Peterlin BM. HIV InSite Knowledge Base,
http://hivinsite.ucsf.edu/InSite?



http://hivinsite.ucsf.edu/InSite?page=kb-02-01-01

ANAZTPO®H
METAIPA®H

VIRAL RNA

RNase H

DIRECTION OF
MOVEMENT
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ENZQMATQXH MNMPOIOY ZTO
FTONIAIQMA TOY =ENIZTH

HIV
Intasome

Integration
Nucleophilic attack with
Nucleosome 5 bp stagger
DNA
Host
DNA HIV Provirus

bp duplication of host
sequence

Host

Anderson MA et al, Retrovirology 2018 DNA



HIV Reservoir composition is highly complex

»distinct transcriptional status

Presentation of @%
HIV-1 peptides E1©

\. MHCI

gp120 S HIV-1 o%
g proteins “Q

== b
Host Integrated Transcription Transcription * *3
genome HIV-1 initiation initiation HIV-1
genome
Transcriptionally silent Transcriptionally active Productive infection

but no translation

Wong et al., PNAS 1997; Gunthard et al., JID 2000; Fisher et al., ARHR 2000; Yulk et al., AIDS 2012; Yulk et al., JID 2012; Althaus et al., Plos
Comp Biol 2015; Banga et al., Nat Med 2016; Pasternak et al., Retrovirology 2018; Yulk et al., J Trans Med 2018
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ANANOGANOYZA MOAYNZH ZE
o . AAPANH CD4 T AEMOOKYTTAPA
Viral infection

Post-
integration
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\ind integration OWIMH ENEPTOMNOIHZH HIV
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CD4+ cell

: Restricted

viral infection Cytoplasmic

Pre-
integration
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ENEPIOMNOIHZH METAITPA®HZ HIV

1. TlpokaTapTIKO CUMTTAEYHO EVAPECNC TNGC METAYPAPNC
- LTR, Tpoaywyeic (promoters)
- RNA tmoAupepaon Il (RNAP 1I)
- oToixeio TAR — mrpwreivn Tat

2. MeTaypa@IKoi EVIOXUTEC:
- TTupnvikoi Trapayovtec NF-kB, NFAT, Ets
- TTpwTEivn Tat + KukAivn T1 — oTtoixeio TAR



LTH: Long terminal repeat

Contains control regions
that bind host transcription
factors (NF-kB, NFAT,
Sp.1, TBP)

Required for the initiation
of transcription

Contains RNA trans-acting
response element (TAR)
that binds Tat

vif: Viral infectivity
factor (p23)

Overcomes inhibitory effects
of APOBEC, preventing
hypermutation and viral
DONA degradation

gag: Pr55940

Polyprotein processed by PR

MA, matrix (p17)

Undergoes myristylation that helps
target gag polyprotein to lipid rafts;

CA, capsid (p24) Binds cyclophilin A

MC, nucleccapsid (p7) Zn finger,
RMA-binding protein

p6

(PTAF) that binds TSG101 and
budding

vouw: Viral protein U

Promotes CD4
degradation and
influences virion
release

pol: Polymerase

Encodes a variety of viral
enzymes, including PR (p10),
RT, and RNAase H
(p66/51), and IN (p32)
all processed by PR

Interacts with Vpr; contains late domain

participates in terminal stops of virion

eny. gp 160 envelope protein
Cleaved in endoplasmic
reticulum to gp 120 (SU)
and gp41 (TM)
gp 120 mediates CD4 and
chemokine receptor binding,
while gp41 mediates fusion
Contains RNA response
element (RRE) that binds Rev

Promotes G2
cell-cycle arrest

macrophages

Source: Fauc A5, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Loscalza It
Harvizor's Principles of Internal Madicine, 17th Edition: hitp/fwww, accessrneadicine. corm

Copyright @ The McGraw-Hill Companies, Inc All rights reserved,

ver: Viral protein B (p15) rev: Regulator of viral

Facilitates HIV infection of | Inhibits viral RNA

gene expression (p19)
Binds RRE

splicing and promotes
nuclear export of
incompletely spliced
viral BMAs

nef. Negative
effector (p27)
Promotes down-
regulation of surface
CD4 and MHC 1
expression
Blocks apoptosis
Enhance virion
infectivity
Alters state of
cellular activation
Progression to disease
slowed significantly in
absence of NEF

tak Transcriptional
activator (p14)

Binds TAR

In presence of host
cyclin T1 and CDK9
enhances RNA Pol ||
elongation on the viral
DNA template



Potential Mechanisms Transcriptional Activation of HIV-1
of Post-integration HIV Latency Gene Expression

Integration into heterochromatin T

where transcription is repressed B Spl
Enhancer-binding
Proteins

Tat CyclinT1
TEF-b
mplex

Short HWTranscrlptsj_Ei- .
Tat and cyclin T1 binding to TAR activates CDK9,

Ineffective RNA Pll elongation leading to phosphorylation of the C-terminal
in the absence of Tat domain (CTD) of RNA Pll and effective elongation
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Greene WC, Peterlin BM. HIV InSite Knowledge Base,
http://hivinsite.ucsf.edu/InSite?



http://hivinsite.ucsf.edu/InSite?page=kb-02-01-01

Inhibited protease
p(events release of
individual core proteins
and subsequent
maturation of virus
particles as infectious
\.__-._.D_w Sieel

Protease
inhibitor

immature
viral particle

Multi-protein Viral

Protease RNA
enzyme

moiecule




& Mucosal layer

Hours

Local expansion

o

Infected )?)
macrophage /
T

3-4 NUEPES

34 Days

[Cissemination 1o
lymphatic tissues

Days-Waeks

o § Local proliferation
O

1-2 eBdouddeg

Fartual immune control

eBOONAdEC-ETN

Weoks-Months-Years

Neutralizing
anlibodies

/ \ Lysis
Cytokine '
59‘.—\ g } release @

£ Free viron andfor
( % cell-associatad virus

&=, ,

r 0)-* -Mo @ -~_'12;’;:a§;‘;“,;

\)_L/
S
Dandritic

= N

\/\.‘.nfm

| o | activated
'/ CD4' Toell

olo
N g >
o 5% ra &

Peak plasma virus levels
CD4a’ memory T-cell loss

/é

Class 11 MHC

Class I MHC

HIV-spoeditic
CD4* Tesll

| Viral antigens ‘

\,.«—/ \- /
HIV-spetific
cpa' T oald

APXIKH
AOIMQZ=H KAI
AIAZTIOPA
THZ HIV
AOIMQ=HZ

Mandell, Douglas, Bennett’s Principles of Infectious Diseases 2015, p.1526-40



HIV AOIMQ=H

O 16 TTOAAaTTAACIAETAI EVEQPYA KOI ME TAXEIS PUBHOUG

o€ OAnN TNV Topeia Tng HIV Aoipwing

2. UVOAIKN NMEPNOIa TTapaAywyn IoU ----- 10.3 x 10° virions
MECOC XPOVOG YEVEAC TOU 10U ----- 1.5 NUEPEC
XPOVOC (WNG TWV OIEYEPUEVWYV KUTTAPWYV TTOU TOV

@INogevouv ---- 1.1 NUEPEC

Me OcikTEG TO 11IKO @opTio oTO TTAdoMa (HIVRNA) Kail Ta
T4 AeJ@OKUTTAPO MTTOPOUNE VO KOOOPIOOUUE TNV TTPO-

YVwon TnG VOO OU KAl TNV aVTATTOKPIoN OTh OgpaTtreia



Frﬂduatwel'}" infected Latently infected Navrote ugiocTaral
CD4+ lymphocyles CD4+ lymphocytes wikpég pubudg

TTOAAATTAQCI0CUOU

f/_ i) | &
‘:'lll

5

Uninfected
CD4+ lymphocytes

s,
H :""IIE\-!-.'I 3 ..,

2 days per generation

t1 /o = 3060 min
CD4+ lymphocytes

HIV-1 -79
| 1-1% infected with
defective viruses
T1/2= 145 nu
Uninfected, activated Long-lived Ekpifwon 7-70 £Tn

CD4+ lymphocytes cell populations

(MOVOKUTTOPA, MOKPOPAYQ)

Source: Fauci AS, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Loscalzo J;
Harrizon's Principlas of Intaernal Madicine, 17th Edition: http://www, acceszmedicine. com

Copyright @ The MocGraw-Hill Companies, Inc All rights reserved,
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® Ta T (kupiwg) kat B Aepgokuttapa

® Ta pakpogpdaya

® Toug wvopBAdoTeg

® Ta kuttapa Langerhans mg emdeppidoc
® Ta pKpoyAoLakd Tou eykepaAou

® Ta veppika

@ Tou evTepikoU erubnAiou

Zra apywd orédia 1-500 IP/mL
Z1a TeAikd oTadia >10% IP/mL
Zmv nratinda B 1 Swexarop. IP/mL

Z7o oieho 1/10-1/100 Twv ouykevip@oewv
ZTG WTIKES ExKpioelg Tou alparog

g exkploeig Tou kGANoU | MeyéAn cuykévrpwon
Zng exxpioelg Tou Tpayridou|  Tou tol ota kiTTapa




Lymphoid organs are the primary anatomical compartments
for HIV replication and spreading

Pantaleo et al, Nature 1993
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AE=AMENE2 HIV

The HIV Reservoir is highly complex

» It encompasses distinct cell lineages with various phenotypes
and anatomical distributions

Brain

Lymph nodes
and thymus

Lung
Blood

lymphoid tissue
L

Spleen
Kidney

Adipose
tissue

i TRt CD4 T cells Dendritic cells Macrophages

f'f'- and fluids Microglial cells

Bone marrow

Wong et al., Science 1997; Finzi et al., Science 1997; Chun et al., Nature 1997; Finzi et al., Nature Med
1999; Siliciano et al., Nature Med 2003; Eisele et al., Inmunity 2012; Pantaleo et al., Nature 1993; Chun et
al., JID 2008; Yulk et al., JID 2010; Churchill et al., Annals Neur 2010; Perreau et al., J Exp Med 2012;
Fletcher et al. PNAS 2014; Pollitch et al., JID 2014; Avettand-Fénoél et al., Clin Micro Rev 2016; Estes et
al., Nature Med 2017; Wallet et al., Frontiers Microbiol 2019; Ganor et al., Nat Microbiol 2019




AE=AMENE2 HIV

A. KYTTAPIKEZ
- Adpavn (resting) CD4 T Aspudokuttapa (kupiwg pvnpovika CD45R0)
- Movokuttopa / pakpodaya
- Quoka kuttapa poveic (NK cells). Ekdpalouv CD4, CCR5, CXCRA4.
- Avwppa Bupokottapa (CD4+ / CD8+)
- Autokuttapa (ekppalouv CCR5)

B. IZTIKEZ
1.x KNZ, l'evvntika opyava, AudipAnotposdng, N'ez
. METAQOPA HIV

- Aevbplka kUTTOPQ - EpuBpa
- CD8 T AepdokutTapa - AlpoTmeTaALla
- B Aepdokuttapa - EmOnAwaka kuttapa;

- OudetepdPpla - lvoBAdoTeg;



MAIN HIV CELLULAR RESERVOIRS

A B
4
-
2
& %
S )
)
(e)
: 2
Resting T follicular %
memory T cells - helpercells ()
: z
C
b g cDé CD95
CD4SRO § R
q CD4SRA cD62L
= oxeRs
LONGEVITY

Main cellular compartments of HIV reservoir. Different cell populations of CD4 T cells contribute in a specific way to
maintain the viral reservoir. A) Resting memory CD4+ T cells have been considered the major cellular reservoir of quiescent
but replication-competent viruses. B) T helper follicular cells have been defined as the main memory CD4+ T cell
compartment supporting infection, replication, and production of HIV. C) Stem cell-like memory T cells have been proposed

as the most stable and permanent component of the latent HIV reservoir.
Garcia M et al, Rev Med Virol 2018



MPOZBOAH Mz 2THN HIV AOIMQ=H

e EAAewpn Th 17 CD4 kot IL-17

* EukoAotepn Sleiobuon otov evtepko PAevvoyovo ( n IL-17
OUVTNPEL TOL EVTEPOKUTTOPA KOLL TOV EVIEPLKO HPOyLLO)

* AAN\OBeon (translocation) Baktnplokol DNA kat LPS otnv
KUkAodopia — aAAnAentibpaon pe TLR (Toll- like Receptors 7,8,9)

* AUENON AVOCOAOYLKNG EVEPYOTIOLNONC
e PHI: coBapn peiwon CD4 (dpepouv kat e€oxnv CCR5)
e MpooBoAn MEz:

- dpeon (oe€ emadn, pNTELKO YAAQ, QLUVLOLKO UYPO)

- eppeon (kukAhodopia)

Mehandru S, Curr Opin HIV AIDS 2008



Role of the gastrointestinal tract
in establishing infection in primates and humans

N
. f‘-: 5

Mehandru S et al, Curr Opin HIV AIDS 2008



A. Healthy HIV-negative subject

LV iy MIKPOBIAKH AANOGESH

e B STHN HIV AOIMQ=H
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HIV DAMAGES THE GUT IMMUNE SYSTEM
HIV- IV+

Gl tract PB LN

Brenchley J M et al. J Exp Med 2004;200:749-759




The Preferential Depletion of Gastrointestinal CD4+ T Cells
During Acute and Early HIV-1 Infection.(2)
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Menandru S, The PRN Notebook 2007



Immature Antigen T helper cell
T cell .

Antigen

Presenting _..-'““ 'wl-
Cell T halper cell
0 o8 HHEEEF'EN* ~—y T helper cell
CD4+, cog+
> o 'cmli
¥ APC
® o
Mature helper Mature cytotoxic '
T cell T cell L
Antigen

2YMMNAPAITONTEZ ANO2OAOINKHZ ENEPIOIMNOIHZHZ
e HSV-1,2, CMV, EBV, HHV-6, HBV, HTLV-1, adsvoioi
e M. tuberculosis

* Mycoplasma, Plasmodium

--\.'H.

Antibodias

macrophages

. ' Killer T cells


http://en.wikipedia.org/wiki/Image:Antigen_presentation.jpg
http://en.wikipedia.org/wiki/Image:Lymphocyte_activation_simple.png

E=ZEAI=H THZ HIV AOIMQZ=Hz2
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O=EIA MPQTOMAOHZ HIV AOIMQ=H
PRIMARY HIV INFECTION, PHI

XPOVIKO dIAoTNUA aTTO HOAUVON £WG OPOPETATPOTIN- EMPAVION AVTICWHATWY
3-12 Bdouadec (otravia 6-12 PAveg)

Mpwipn HIV Aoipwen: 6-12 prvec (set point)

KAIVIK& oupTrTwpaTta / onueia (ocu peTpoikd ouvdpopo): 50 % (40-90 %

- ouvnBwc o€ 2 edouddec (1-6 €BO) — diapkei 2-4 (10) eBOOUAdEC
[Mepiodog 1d1aiTepa poAuopaTikr) (Xx10 og oxéon he TN XPovia Aoipwen)
2waoTn dilayvwon ota TETM: 19-26 %

1 % Twv aoBevwyv e Mono test (-) Aoipwdn JovoTTUPAVWON
2uvnOwg (apxika): HIV-ELISA (-)/(+), W.Blot (-) / atrpocdidopioTn
HIV-RNA 1T0AU uwnAo N p24 Ag (+)



2UMTTTWHOTA Kal onpeia Tng ogiag HIV Aoipwéng

H
TTUPETOG 88%
Kakouyia 73%
MUaAyia 60%
ecavonua 58%
KEQAAQAyia 55%

VUKTEP IOPWITEG 50%
KUvAayxn 43%
AepgpadevotraBela 38%
apBpalyia 28%
PIVIKN) oup@opnon 18%

Kahn, NEJM 1998

X X

AonTrTn hnviyyiTida Ewg 24 %
[Mapeon v.VII

2. Guillain-Baree” - piCiTida

MuokapdioTraBeia

KaipookoTrikég Aoipwéels (Trx PcP, Candida)

‘EAKN oTOPATOC KAl YEVVNTIKWY opyavwy  5-20 %

AeukoTtrevia — Bpopotrevia 40-45 %

Tpavoauivacaiyia 20 %

Daar ES, Curr Opin HIV AIDS 2008


http://en.wikipedia.org/wiki/Acute_HIV_infection
http://en.wikipedia.org/wiki/Acute_HIV_infection
http://en.wikipedia.org/wiki/Acute_HIV_infection

Primary HIV infection. Maculo-papular, roseola-like rash involving face, neck,
and trunk more than the extremities. Palms and mucosae may be involved

Picture credit: Dr Trellu, Dermatology, Geneva www. aids-images.ch



MpwTtoAoipwen

Ala@opikn diayvwon

» Z0vOpoua Aoipwdoug povotrupnvwong (EBV, CMV)

» Oggia TOCOTTAAOHWON

» MiIkKpoBIaKEG AOIMWEEIG (TT.X. CUPIAN, YEVIKEUMEVN
YOVOKOKKIKI AOiHWEN, TUPOEIONG TTUPETOG)

> loyeveig Aoipwieig (HSV, epuBpd, unviyyoeyke@aAiTIiG aTrd
EVTEPOIOUG, IOYEVAG NTTATITIC)

> QoapuaKeUTIKN aAAgpyia



Circulating CD4+ Cells

CD4+ T cells orchestrate both the cellular and humoral response
to foreign antigens and invading pathogens!?

They circulate throughout the blood, secondary lymphoid organs,

and other tissues!?!

Individuals lacking CD4+ cells are predisposed to infections and
certain cancers!®!

Pneumocystis jiroveci
Mycobacterium tuberculosis
Cryptococcal disease
EBV-related lymphoma
HPV-related cervical cancer
HSV-8-related Kaposi sarcoma

a. Kumar BV, et al. Immunity. 2018;48:202-213; b. Zonios D, et al. Arthritis Res Ther. 2012;14:222.



+Acute HIV syndrome
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Source: Fauc AS, Kaszper DL, Braunwald E, Hauser 5L, Longo DL, Jamesaon JL, Loscalza J:
Harrizon's Principies of Intarnal Madicine, 17th Edition: httpi/fwww accessmedicine. com

Copwright @ The MoGraw-Hill Companies, Inc Aall rights reserved,
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O1 Baoikoi deikTeg|TTOpOAKOAOUONONG TG VO OU

Ap1Bu6¢g CD4 AeppOoKUTTAPWYV (METPO THG AMUVOG)

NMoooTIKA METPNOT 1IKOU POPTiou (METPQ 1IKOU TTON/OHOY




Patients with AIDS

10° : :
5 years after infection

)
£ 62%
O 5
2 10
3
3 § 49%
1)) 4 0
o 10 g 26%
Q
R
:zc 8%
>
T

Detection threshold

0 0.5 1.0 1.5 2.0

Years after infection

Libman H, HIV, 3RP ed, 2007
Flgure 1-3. Viral set point and risk of progresswn to AIDS. (From Ho DD. Viral counts
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HIV AOIMQ=H KAI ANOZIAKO 2Y2THMA

o AIOTAPAXEC KUTTAPIKAG OVOOIOGg
* AIOTOPAXEC XUMIKAG avVOoOiag

* ['eveTIKOI TTAPAYOVTEG (Tr.X HLA)



HIV AOIMQ=H KAI
KYTTAPIKH ANOZIA

NAep@okutTapa: CD4 Agu@oTrevia, EAATTWON
mmapBevwyv CD45RA+CD62Lt, diatapaxn
TTOAAQTTAQCIOOMOU Kal ATTAVTNONG O€ AVTIYOVA Kal
uiToyova,

MovokuTtTapa: dlatapaxn ¢ayokuTTapwang,
xnUeloTagiag, evookuTTaplag dpAong Kal EKPPaong
KUTTAPOKIVWV.

OudeTeEPOPIAQ: OUDETEPOTTEVIA, EAATTWON
(PAYOKUTTAPWONG KAl EVOOKUTTAPIAGC OpAcng.

Kuttapa NK: eAaTTwuévn KUTTAPOTOCIKOTNTA.

Abbas AK, Cellular and Molecular Immunology 2018
Fundamendals of HIV Medicine, Am Acad HIV Medicine 2019



KYTTAPIKH AINOKPIZH ZTON HIV

O=EIA HIV AOIMQ=H
- 'EAgyXxo¢ Aoipwencg atro ioxupr CTL avTtidpaon
YwnAn Trukvotnta HIV-€1dikwv CD8 TAgp@pokuTt (Ewg 10%)
- Npwipn atrwAegia HIV-g101Ikwv CD4 TAEN@OKUTTAPWYV
- Alagpuyn HIV

XPONIA HIV AOIMQ=H
- ATTwAgia eAéyxou HIV Aoipweng
- AveTTapkr¢ onuaTtodoTtnon Twyv CD8 atro ta Aiya AeugokUTTapa
- AlaTapaxrn KUTTapoTocIkOTNTAC Twv CD8 T AENPOKUTTAPWYV (TT.X
MEIWPEVN EKKPION TTEPPOPIVNG KA)
- ANAayn Kupiapxwyv emtoTTwy HIV
- MpoodeUTIKA EAATTWON KUPIWG TWV TTAPBEVWYV
(CD45R0O+) CD4 Agp@OKUTTAPWYV
- MNepiopiopoc eaocuartoc TCR
- AN\ayn €KkpIong KUTTapokivwy atro T,,1 og T2

Fauci AS et al, Harrisons’ Principles of Internal Medicine, 20t ed, 2018



HIV disease progression
—Acute Infection

Primary infection of cells in blood
or mucosa (HIV directly infects T
cells and microphages oris carried
to those cells by dendritic cells)

Viral replication in the regional
lymph nodes leads to Exponential
viral growth and widespread
dissemination

Development of anti-viral
responses and symptoms of acute
infection occur

Decrease in plasma viral load and
symptoms of acute infection
resolve

RS strain ' J @.

Mucosal 4 : X4 strain

oxposure ; peros prees
to HIV-1 %\ f,
quasispecies Q * Nt
Mucosa W

-
CCRSCD‘; \ ! —Dendritic colt
Selective N\ /
\ v}

infection by A '
RS strains 7 : CD4+
\ y lymphocyte

Fusion of
dendritic cells
and CD4+
lymphocytes

Transport of
virus to regional
lymph nodes

Spread of
infection to
activated CD4+
lymphocytes

Entry of
virus-infected
cells into
bloodstream

Widespread
dissemination

Brain Spleen Gut-associated Lymph
lymphosd tissue nodes

Copyright © 1998 Massachusetts
Medical Society. All rights reserved.
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EAATTQ2H CD4 T AEMOOKYTTAPQN

* AuZnuEVN KATAOTPOON

* Meiwpuevn avayevvnon (MUEAOC ooTwy, BUPOC)



FIGURE 1. Accelerated Destruction and Regenerative Failure
Models of HIV

Regenerative Failure Accelerated Destruction
(Low Turnover Model) (High Turnover Model)
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HIV KAl EZANTAHZH
CD4 T AEMOOKYTTAPQN

Xpovia evepyotroinon T Aep@okuTttapwy (atro HIV, APC,
eEVEPY. T KUTT., KUTTOPOKIVEG)

AUugnuEVN ATTOTTTWON KAl TTUPOTTTWOT (KUTTAPIKOG

TTPOYPAMMATIOHNEVOG BAVATOG ME ESWKUTTAPIA ATTEAEUBEPWION PAEYHOVWOWYV
KUTTOPOKIVWYV)

Apegon kKaraoTpo@n atro Tov HIV

- ATTWAEIO AKEPAIOTNTS MEMBPAVNG (EKBAGOTNON 10U)
- OUCOWPEUO UN EVOWNATWHEVOU 11IKoU DNA — diatapaxn KUTTapikou signaling
- OXNMATIONOG CUYKUTIWV

Avakartavouny CD4 otoug Aep@padéveg - Paivopévn CD8
AEH@OKUTTAPWON

EAATTWHEVN TTOPAYWYR OTOV MUEAO TWV OCTWYV KOI TOV
Oupo

AtTwAsia puBuioTIKwWY T KUTTApWYV (T reg), TTou
aVAOTEAAOUV TNV AKPITN OVOOOAOYIKN EVEPYOTTOINCH

Abbas AK, Cellular and Molecular Immunology 2018



T Cell Immune Responses After
HIV-1 Infection

@ -

There are interactions
between multiple immune

cell types in HIV disease
* HIV upregulates the

?\ HIV-1 infectious
inflammatory response, virion

cytokines
Effector ’§'7 infected

* CD8+ T cells play arole in CD8+ D4+
controlling HIV replication

* The precise role of
macrophages, dendritic

Tcell T cell

cells in the disease process 50 R °,
. L L % e
is not known _ _ _ °
Chemokines Lysis (perforin, Inflammatory
(RANTES, MIP-1a, granzyme B, Fas/Fasl) cytokines (IFN-y,
MIP-1B) TNF-a, IL-2)

Gonzalo-Gil E, et al. Yale J Biol Med. 2017;90:245-259



Mechanism of CD4 T cell depletion in HIV
Infection

2\ A

Chronic T cell
activation

B\ HIV-specific
T CTL

Viral replication in Activation of uninfected Expression of HIV peptides
infected CD4+ T cells CD4+ T cells on infected CD4+ T cells

"‘io @

9.30 @ i‘olo @
Q%O’ 0’ @8

Death of infected cells Activation-induced Killing of infected cells
(cytopathic effect of virus) cell death (apoptosis) by virus-specific CTLs

Copyright © 2010 by Saunders, an mprint of Elssvier Inc.




XYMIKH ANMOKPIZH ZTON HIV

2oBapn ducAsiToupyia B Aspupokuttapwy (dpaon
gp120, wg utrepavTtiyovo, oto VH3 Ig)

AlatTapayn Trapaywyng £10IKwv Abs o€ véa Kai
AVOMVNOTIKA avTiyova

MOAUKAWVIKE UTTEPYOUMOOC@AIPIVAIMIO

NMapaywyn avoOCOCUNTTAEYHATWYV KAl
QUTOAVTICWHATWY

AvetTrapkng dpaon cuptTtAéypartog C5-C9
(cuptTTARPWHO)

AVETTOPKN €EOUDETEPWTIKA AVTICWHATA YIO TOV
g£Aeyxo TnG HIV Aoipwing

Fauci AS et al, Harrisons’ Principles of Internal Medicine, 20t ed, 2018



A) Escape Mutations B) T-cell exhaustion I-IATI AEN
@ O EKPIZQONETAI
O HIV;

( @
HIV-specific

‘ o HIV-infected Hiv-infected CDSTcell 4
— cell cell

S, < .
W > ‘ cD3
HIV-specific > = '
CO8Tcell J 7 ‘, ;- / PD-1

HIV

v
C) Compartimentalization D) Latent Infection :;
a

B ccll follicle HIV-infected \ HIVa

cell
@ ; ‘ | TCR
________________________ HIV-specific
N CD3Tcell
HIV-specific
CD8Tcell r ‘

Latent HIV-infected celis
T cell zone /
------------------------ '

Barriers to CTL-mediated HIV eradicationThe figure show the main barriers encountered by HIV-specific CTL response
to eliminate HIV-infected cells. A) Escape Mutations: the high ability of HIV to generate escape mutations in epitopes
recognized by CTLs. B) T-cell Exhaustion: HIV-induced exhaustion of CTLs renders them unable to eliminate HIV-infected
cells. C) Compartimentalization: anatomical compartimentalization in the germinal center of lymph nodes that impedes
access of CTLs in the T-cell zone to HIV-infected cells in the B-cell follicle. D) Latent Infection: the establishment of a pool
of latently infected T cells that do not express HIV epitopes and thus cannot be recognized by CTLs.

Garcia M et al, Rev Med Virol 2018
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MAKPOXPONIQZ MH ENMIAEINOYMENOI A2ZOENEIZ
(Long term non-progressors, LTNPS)
CD4 > 500/mm3 yia > 10 £€1n, (5-15 %)

loxupn HIV-CD8 CTL dpdon-auinuévn ékkpion CAF (a-defensins)
loxupn HIV-CD4 dpdon

Audnuévn rapaywyn T,l KutTtapokivwy, X IFN-y, IL-2

loxupl 5paon EEOUDETEPWTIKWY AVTICWHATWYV

loxupn kKataoToAn TToAAaTTAaciaopoU oteAeXwyv HIV R5 (RANTES, MIP-
la, MIP-1)

loxupn avTidopaon TTOAAATTAACIACHOU TWV AEHPOKUTTAPWY OTIG
TPWTEIVES TOU HIV (Gag)

YTrOOEIYHA-OTOXOG YIO OVOCOEVIOXUTIKEG OepaTreieg Kal epBOAIa.
Artia évapéng TToAU rpwiung HAART

Long term survivors: >20 €1n

Elite controllers (non-progressors): >20 €rn, CD4 ke, VL<50 (< 1 %),
oxéon pe HLA B*5701, etepoluywTteg oe CCR5-A32

Abbas AK, Cellular and Molecular Immunology 2018
Fundamendals of HIV Medicine, Am Acad HIV Medicine 2019



FIGUEE 1. GanaaliFad tinne cowsa of HIY infection and dsaasa
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KYTTAPIKH NAPAIrQrH KATA THN EZEAI=H THZ HIV AOIMQ=H2

G - —

- e

5 -

< e SIS

>

T s S

T

i e iy

] ST S

w HIV OYMOZ MapBeva T Mvnpovikd/ Kuttapikéc — Avoooloyii
AEOKUTTAP OpaoTika Bavatog  evepyoroinon

AeLQOKUTTAPA

A. Mamraddtoulog, ZEAA evnAikwyv. ZT0: MNapapéAou E kal ouv. AoigwEelg kar avTigyikpoBiokA xnueloBepartreia, 2005, 01413-70




IS THERE AN HIV-SPECIFIC DYSBIOSIS?

Bacterial \ (@ L [Immune senescence\

Gl wall translocation - Inflammageing
— CV disease

damage i p | Metabolic disorders

Osteoporosis

Chronic kidney disease
Liver disease (NASH)
HV 1 Residual HIV
replication

Cognitive problems
HIV persistence J
. [, I l
DISbVOSlS?;ﬁ] | Other viral
\-- e --/ | infections
GUT BLOOD

\

Other
diseases, Tx

&m = ==

B-Debate 2015: The Human Microbiome, Present Status & Future Prospects




ANOZOAOrI'IKH
ENEPIonoiHzH
KAI BAABH
OPIrANQN

Zicari S et al, Viruses 2019

W o
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[ / Inflammation
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’ IL-6 IL-1B R
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HIV infection
ANOZOAOTIIKH

ENEPIonoiHzH
KAI BAABH
OPIrANQN

vV

Liver diseases

Lifestyle, age, genetic facto\
time of infection, BMI C

v Renal damage

Neurological disorders

Co-infections

Lipodystrophy

Hypertension Stroke
Hyperglycemia Atherosclerosis Heart disease
HALS (dyslipidemia) *R0s, DNA damage Diabetes (dysglicemia)
Hypertriglyceridemia

Insulin resistance
MHO Zicari S et al, Viruses 2019



Markers of disease progression: Immune
activation markers

« Chronic immune activation is a characteristic of HIV disease progression.

« Activation markers expressed on cell surface: CD69, CD25, and MHC class II,
CD38, etc.

Source: AIDS @ 2013 Lippincott Williams & Wilkins



Dendritic

col Mpwipn HIV Aoipwén
oTOUG BAgvvoyovoug

Primary infection '
of cells in muoosal CD4+
lymphoid tissues T cell

Dtanage to lymph

MpooBoAn Twv
C AEUPADEVWIV

Infection established |
in lymphoid tissues,
e.g., lymph node

Acute retroviral syndrome, '
spread of infection
throughout the body

= e
Immune | A“"'H'Vi};;ai" ‘-IW spesilc AVOOT] armmavtTnon

| response | antibodies CTLs C

' viemia | C O¢U peTPOIKG CUVOPONO — IaIia

Wral eplcation ATeARC €AeyXOC 1IKOU TTONOU
Provirus l { C
| cinical l A i Xpoviotnta
i KAIVIKG AavBdavouoa Aoipwen

Latent i{ﬂecuon Low-leve; infection

MNAGOIrENEIA = C

©g.TNF) BB

_ Extosive via ‘EvTovog 11kog TToNopog
HIV AOIMQ=HZ > e C AUGH CD4 T AEpQOKUTTEPWY
= } ‘ T ‘ AIDS — Kataotpo®r) Aep@ikou
ek 10TOU Kal CD4 T KuTtdpwv

Robbins & Cotran, Pathologic basis of disease, 2015
Abbas AK, Cellular and Molecular Immunology 2018



Reverse transcripton  [JAGOOIENEIA HIV AOIMQ=HX

\ff HIV-1 RNA
- CD4+ T-cell activation by

\:ntigens and cytokines

Productively infected (RRAR,,
CD4+* T cell in lymphoid
tissues

Integration of HIV-1 DNA Cell death by viral
\ cytopathic effects

* * # or CTL
*

Productively infected
CD4+ T cell

Latently infected KUTTGpO)\UGﬂ
CD4+ T cell Ch4T
Bystander effects )\E:p(pOKUTpowV

XPOoVIOTNTO

Increased cell turnover

Increased apoptosis
Increased exhaustion

OVOOOAOVIKI EVEPYOTTOINON

Mandell, Douglas, Bennett’'s Principles of Infectious Diseases 2015, p.1526-40



2YNAYAZMOZ ANOZOAOIKHZ ENEPIOMNnoOIHZHZ KAl PAETMONHZ

Cause, Effect, and Interplay in
Inflammation, Coagulation, and Immune Activation

Chemokines

Monocytes
= Q= 4
% _-

ﬁ} Macrophages O &0 Macrophages

METABOAIKEZ AIATAPAXEZ
NMPOZBOAH OPTANQN

\

VEQPPIKA VOO OGS, OCTEOTTEVIA

MY aBnpwudTwon ayvsiw/
Lane HC, HIV Glasgow 2014




2YNOWH NMAOOIENEIAZ HIV AOIMQ=Hz

Primary
Infection

in GALT

Destruction of
Immune System

-

Massive Viremia

\J
» Wide Dissemination
to Lymphoid Organs

Establishment of Infection

Partial Immunologic
Control of Virus Replication

\

Accelerated Virus « Envelope-Mediated

Replication

A

Rapid CD4* T Cell Turnover

Fauci AS et al, Harrisons’ Principles of Internal Medicine, 20t ed, 2018

HIV-Specific Immune
Response

Trapping of Virus and
Establishment of Chronic,
Persistent Infection

Immune Activation
Mediated by
Cytokines and HIV

Aberrant Cell
Signaling
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Fig 1. LAG3 on T-cells during HIV infection.
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Graydon CG, Balasko AL, Fowke KR (2019) Roles, function and relevance of LAG3 in HIV infection. PLOS Pathogens 15(1):
€1007429. https://doi.org/10.1371/journal.ppat.1007429
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1007429

@PLOS | PATHOGENS



https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1007429
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Goulder P & Deeks S. Plos Pathogens 2018
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——From J, Brundage, M.D., Dept. Prev. Med., Walter Reed Army
Inst. Research. Reproduced with permission.
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Natural history of adult HIV infection

HIV infection AIDS Death
: \ Range |
; MEAN 10 YEARS ' 05t0 !
v Range 0.5 to 20 years v 2years v
CD4-lymphocyte® . N b .
level

Adapted from: The HIV Expert The Wellcome Foundation Ltd, 1993. pp1.2.



O1 Baoikoi deikTeg|TTOpOAKOAOUONONG TG VO OU

Ap1Bu6¢g CD4 AeppOoKUTTAPWYV (METPO THG AMUVOG)

NMoooTIKA METPNOT 1IKOU POPTiou (METPQ 1IKOU TTON/OHOY




CD4 (cells/mn?)

PN Sa a Iuoxénon aplBpoU CD4+ AEHPOKUTTAPWY Kat
W ~ erumAokwv HIV Aolpwéng.

ApiBuog CD4+
T AEHQOKUTTAPWV EmimAokn

>500/mm? ® Empevouca YEVIKEUNEVN Aep-
padevorabela
® >Uvdpopo Guillain-Barré
® Ao pnviyyitda
e KOATTIKI} KavTivTiaon

200-500/mm?3 ® [TVEUOVIOKOKKIKT) Tveupovia
® [TvEUNOVIKY QUUATIWON
® ‘Eprintag dwompag
® 3TOPATIKN KavTivTiaon
® Yriotporudalouoa KOATIUKN Ka-
vrivtiaon
® TpaxnAtkn evdoemniBnAiakn
400 veonAaoia
e Avaiuia
® >dpkwua Kaposi
e Non-Hodgkin Aepgpwpata
e [Sionabng BpopBornevikn
noppupa
® [ToAAarAr povoveupitida

:

100-200/mm? e P. carinii mveupovia
e AIDS-davola
e AIDS-kaxe&la

50-100/mm3 e CMV au@iBAnotpoeditida
® ToEomAdonwon
® KPUTTTOKOKKWON

200 -

<50/mm? e MAC
° Kpumoonopl§iwon

® MMpoodeuTikn MNMoAueoTiakn
100 - Aeukoeykepalondbela
I I ® [Tpwtonabeg Aeupwpa KNZ
| | 111,

HSV HZos Crp KS Cry Can PCP NHL Enc PML ws Tox CMVPCP2 MAC
Opportunistic illness

Copyright © 2005, 2004, 2000, 1995, 1990, 1985, 1979 by Elsevier Inc.



Avoaohoyikn
oradionoinon

Karnyopieg avahoya pe ta
CD4(+) T kurrapa

>500/mm
(>=29%)

200-449/mm
(14-28%)

<200/mm
(<14%)

Zradlonoinon kard COC mg nopelac ™e HIV AofjiwEng

Khvikr otadiomoinon
Karnyopia A Karnyopia B Kamyopia C

AouprTwparikoi 1y aoBeveic ZUHTITWHTIKOI ExdnAwoeig mou
ue mepIpepIKn Aepgadevinda n (ox1An C) ouviaTouv AIDS
0Uv8popo mpwtoAoipwéne

Af B1 C1

A2 B2 C2

A3 B3 C3

Otkamyopieq A3, B3 kat 0ha ta otddia me C kamyopiac ouviatolv AIDS, (CDC 1993)

Eupwtrn: diadyvwon AIDS = pévov katnyopia C



Mechanism of CD4 T cell depletion in HIV
Infection




What Causes CD4 Depletion in HIV Disease?

1) CTL killing of infected T cells iEi

HIV-1 infectious
virion

HIV

Effector CDS+ RN MHC-1

T cell

Cell Death

Février M, et al. Viruses. 2011;3:586-612.



What Causes CD4 Depletion in HIV Disease?

2) Direct killing of infected CD4+ T cells.

Infected CD4+ T cell Cell death

HIV-1 infectious
virions |

HIV RNA
Cytotoxic effect

Virus-mediated
cytotoxicity?

HIV proteins

KimY, et al. Cell Host Microbe. 2018;23:14-26.



What Causes CD4 Depletion in HIV Disease?

3) Syncytia formation due to cell fusion caused by virus
Env interacting with CD4 receptor

Fusion

Infected cell
producing gp120

=
|
gp120 spike

Multinucleated
infected cell

Cell Death

Scheller C, et al. Virology. 2001;282:48-55.



What Causes CD4 Depletion in HIV Disease?

4) VPR, an accessory viral protein, triggers cell cycle
arrest at the G2 phase in newly infected T lymphocytes!?!

Mock HA-Vpr

81 2]
¢ i
o A
3 i
pl L mmmm) Cell Death
# ]
sg 7
= D:

] 40 ® (] »
Channels (FL3-A-FL3-Area) CW‘ IFI} -FL Mu)

G2+M:G1 = 0.66 G2+M:G1 =1 81

a. Guenzel CA, et al. Front Microbiol. 2014;5:127; b. Sharifi HJ, et al. Curr Opin HIV AIDS. 2012;7:187-194;
c. Belzile J-P, et al. PLoS Pathog. 2010 2;6:e1001080.



What Causes CD4 Depletion in HIV Disease?

5) Activation of cell death pathways by Env/Gp120
binding to CD4, independent of infection

Cell-free Caspase-3-dependent

Permissive CD4 T-cell

particles apoptosis

Blanco J, et al. J Leukoc Biol. 2004;76:804-811.



What Causes CD4 Depletion in HIV Disease?

6) Other cell death pathways (pyroptosis)

Pathogenic mode of HIV infection

Cell-free Permissive Non-permissive Caspase-1-dependent
particles CD4 T-cell CD4 T-cell pyroptosis
_Innate
immune
detection
—_—

9

Galloway NL, et al. Cell Rep. 2015;12:1555-1563; Dotish G, et al. Cell Host Microbe. 2016;19:280-291



What Causes CD4 Depletion in HIV Disease?

7) Other mechanisms, for example by immune
exhaustion (T cell production slows down), perhaps due
to expression of PD-1 and PD-1 ligand, chronic
inflammation/immunosenescencel?

* Proliferation
—_— * Cytokines
* Activity

T cell receptor
engaged with MHC/Ag

a. Nakanjako D, et al. BMC Infect Dis. 2011;11:43. b. Aberg JA. Top Antivir Med. 2012;20:101-105.
c. Eckard AR, et al. Pediatr Infect Dis J. 2016;35:e370-e377.



