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Imunodeficiéncias — HIV/AIDS



Breve introducao sobre imunodeficiéncias primarias e adquiridas;
Exemplos;

HIV e AIDS histérico

HIV —virus e ciclo de vida

Respostas imunes contra o virus

Efeitos sobre o sistema imune e o organismo

Terapia/vacina



Imunodeficiéncias primarias

Genetic defects of
immune regulation
3%

Congenital
phagocyte
defects
10%

Defects of Inborn Immunity

Autoinflammatory diseases
2%

Complement deficiencies
4%

Other well-defined
immunodeficiencies
13%

Non-classified
immunodeficiencies
1%

Combined T-Cell and
B-Cell Immunodeficiency
11%

Predominantly Antibody
Deficiency
55%

mais de 200 doencas ja descritas

Imunodeficiéncias secundarias ou
adquiridas

Desnutricao
Infeccao por retrovirus
Metastases na medula dssea
Leucemia
Remocao do baco
Idade
latrogénicas




Imunodeficiéncias primarias sao raras

Deficiéncias
em elementos do
Sistema complemento

Deficiéncias /

Tipo Incidéncia celularzantl
Deficiéncia de IgA 1:700 o |
Deficiéncia de IgM 1:600 o,
Comum variavel 1:75.000 ASoEecioss
Combinada severa 1:100.000

Agammaglobulinemia ligada ao X 1:200.000

Doenca granulomatosa crénica 1:500.000

PRKCD, 2.14%
PLCG2, 2.14%
NFKB2, 5.35%
NFKB1, 1.60%
PIK3R1, 4.81%
VAV1, 0.53%
RAC2, 0.53%
BLK, 0.53%
IKZF1 (IKAROS), 3.21%
NN IRF2BP2, 0.53%

ICOS, 3.74%
TNFSF12 (TWEAK), 0.53%
CD19, 3.74%
CD81, 0.53%
CR2 (CD21), 1.07%
MS4A1 (CD20), 0.53%

[l monogenic cause
(estimated 2-10%) TNFRSF7 (CD27), 4.81%
IL21,0.53%

{1 unknown genetic cause IL21R, 3.21%
L modifier genes (prevalence unknown):
TNFRSF13B (TACI), TNFRSF13C (BAFF-R), MSH5, MSH?2,
MLH1, RAD50, FCGR2A, HLA-DQ/DR, ORCA4L, CLEC16A, etc.
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Imunodeficiéncias secundarias ou adquiridas

Qual aincidéncia?

Desnutricao
quimio/radioterapia

latrogénica imunosupressores para controle

‘de rejeicao de transplantes
Infeccdes por retrovirus
Metastases na medula 6ssea
Remocao do baco

|dade avancada - imunosenescéncia



HIV e AIDS

Human Immunodeficiency Virus
Acquired Immunodeficiency Syndrome



Introducao e historico



Estatisticas Globais de HIV

Em 2023, aproximadamente 39,9 milhoes [36,1 milhdes-44,6 milhdes] de
pessoas no mundo viviam com HIV.

Houve 1,3 milhao [1 milhdo-1,7 milhao] de novas infec¢coes por HIV relatadas em
2023.

O numero de pessoas que morreram por condi¢cdes relacionadas a AIDS em
2023 foi de 630.000 [500.000-820.000].

Aproximadamente 30,7 milhdes de pessoas [27-31,9 milhdes] estavam
recebendo terapia antirretroviral em 2023.

Desde o inicio da epidemia, um total de 88,4 milhdes [71,3 milhdes-112,8
milhdes] de pessoas foram infectadas pelo HIV.

Desde o comeco da epidemia, 42,3 milhoes [35,7 milhoes-51,1 milhoes] de
pessoas faleceram devido a doencas relacionadas a AIDS.



Pessoas vivendo com HIV

Em 2023

Havia 39,9 milhdes [36,1 milhdes—44,6 milhdes] de pessoas vivendo com HIV.

38,6 milhdes [34,9 milhoes-43,1 milhoes] eram adultos (15 anos ou mais).

1,4 milhao [1,1 milhao-1,7 milhdo] eram criancas (0-14 anos).

53% de todas as pessoas vivendo com HIV eram mulheres e meninas.

86% [69->98%] de todas as pessoas vivendo com HIV sabiam de seu status
sorolégico em 2023.

Cercade 5,4 milhoes de pessoas nao sabiam que estavam vivendo com HIV em 2023.

Pessoas vivendo com HIV em terapia antirretroviral

No final de dezembro de 2023, 30,7 milhoes [27-31,9 milhOes] de pessoas estavam
recebendo terapia antirretroviral, um aumento em relacdo a 7,7 milhoes [6,7-8
milhoes] em 2010, mas ainda abaixo da meta de 34 milhdes para 2025.

84% [72->98%] de mulheres gravidas vivendo com HIV tiveram acesso a
medicamentos antirretrovirais para prevenir a transmissao do HIV ao seu filho em
2023.



Estimated number of adults and children newly infected with HIV | 2023

Eastern and southern Africa
450 000
(360 D00-580 000)

Total: 1.3 million [1.0 million—1.7 million]

@UNAIDS |2
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Incidence (per 1000)
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[ 0-020to <0-075 [ 0-750to <1-000
[ 0-075to0 <0-100 [ 1-000 to <2-000
[10-100to <0-250 [ 2-000 to <4-000
[10-250to <0-500 M =4-000

Mortality (per 1000)

Il <0-0005 [ 0-050 to <0-100
[ 0-0005 to <0-001 [ 0100 to <0-500
[ 0-001 to <0-005 [ 0-500 to <1-000
[10-005 to <0-010 I 1.000 to <2:000
[10-010 to <0-050 Il >2.000



RARE CANCER SEEN
N 41 HOMOSEXUALS

Qutbreak Occurs Among Men
in New York and California

HIV/AIDS Timeline

— 8 Died Inside 2 Years Frangoise Barré- 2 : o The majority of
Sinoussiand Luc  AZT, developed in Infant HIV AIDS-related Aft s ek people
: 4 ) i . er tests in mice
The New York Montagnier discover  mice, becomes infections deaths fallin and macaques worldwide
Times reports HIV as the cause of the first drug begin to fall developed Truvada is shown' - eligible for
a mysterious AIDS and later win approved for due to AZT countries due to reducatho st antiretrovirals
illness the Nobel Prize treating AIDS treatment combination HIV infection are now

1981

The name “AIDS” blood donations is

— Acquired developed through
Immune chimpanzee
Deficiency research
Syndrome — is

created

A test for screening

Teereeee .

treatments receiving them

1997

Combination 22 million 33 million :ntlretrowdrals arﬁ
8 million treatment of people have . people shownioredues tie

: . isk of transmitting
S : | HIV have HIV rs
antiretrovirals P AT o S HIV by 96%

camerae Lot GRRRRRRE  PPETITRE
TPEPTEEE  TTTPTTTY

)
o o0 0 0 o e 0o 0 0 0 o <(;&

9T PI9PIIY  understanding
Image credits: Trocaire, Gates Foundation, iStock/LordRunar, Harwell w w w 'I"n' w w w

>
Z



Estrutura e ciclo viral



HIV - Virus da Imunodeficiéncia Humana

Lentivirus da
familia Retroviridae

Capacidade de

infectar células

que nao estejam
proliferando;

Lentos — longos periodos
de incubacao.
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Genes codificados pelo genoma de HIV e funcao das respectivas proteinas

Nucleocapsid-core

proteins

U3 R U5

5'LT

Binding sites for host
transcriptional factors

Viral-coat proteins

Promotes infectivity
of cell-free virus

N

Required for efficient
virion budding

f

and membrane fusion
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/ Weak trans-

Reverse transcriptase, criptional activator
protease, integrase and

ribonuclease
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HIV entre os virus de imunodeficiéncia
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HIV tem 4 principais grupos, grupos M tem 9 subtipos

e HIV-1

STBD
NG -
TA ' HIV-1 O group
c- - SIV L'HOEST
in SIVSUN
2
HIV-1 N group S .. SIVMND
- Gab GRI
z
Us Cam3 in
env
® Pt1 N VER
SIV CPZ P.t.s. TAN

SAB

HIV-2B  SIVSYK
HIV-2A

SIVSMM
0.10




Distribuicao de subtipos M
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Ciclo viral

Fig. 1. Stages of HIV life cycle.



Especificidade

gp4l
] soluble trimers

gp120

CXCR4 (CCRS)

e CCRS
MAY | Coreceptor

CXCR4 Cb4
Coreceptor | Receptor /74




Laténcia x infeccao produtiva

HIV Infection in Target T cells

Latent infection Active infection

T cell

Chromosomal DNA  Proviral DNA

@ Transcription of proviral DNA mRNA

@ Synthesis of viral components
@ Assembly of viruses

@ Budding of viruses from the host cell Viral RNA
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Sintomas e consequéncias da infeccao

EARLY HIV SYMPTOMS TIMELINE

PLEASE KEEP IN MIND THAT ABOUT 10% TO 60%
OF PEOPLE WITH NEWLY ACQUIRED HIV
DO NOT GET SYMPTOMS AT ALL

Fever Fever
] Faltigueh
Muscle aches
Joint pain
Skin rash Lymph nodes
] can stay
¢ Fatigue  QEEETTIED 117
. pIUS All other
symptoms
V4 get resolved
P O o s
® Joint ® Lymph node
pain &= e enlargement
® Skin
rash @e STD

CENTER
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Chronic immune activation
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Persistent elevation of
Type | and Il Interferons

Co-infections

Chronic
immune
activation

Altered balance of
T cell subsets

Microbial translocation

CO-MORBIDITIES/
DISEASE PROGRESSION



AIDS - Sindrome da imunodeficiéncia adquirida
E a imunodeficiéncia adquirida mais comum do mundo

Auséncia de células T e seus mecanismos efetores tornam o paciente suceptivel a infecgdes
oportunistas e outras doencas, como cancer.

CD4 maior que 350 células/mm?3

paciente controle
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Células permissivas x hao permissivas



Como as células CD4 morrem? Diferencas entre células permissivas e nao permissivas

Non-Permissive CD4 T-Cell Permissive CD4 T-Cell
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Como as células CD4 morrem? Diferencas entre células permissivas e ndo permissivas
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Como as células CD4 morrem? Diferencas entre células permissivas e ndo permissivas
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piroptose X apoptose
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Piroptose e ativacao de linfécitos T CD4
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Tuberculose é uma das comorbidades mais importantes relacionadas a infeccao por HIV

Estimated HIV prevalence in new and relapse TB cases, 2017
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Inflamacao cronica causada por HIV
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Respostas imunes



Respostas inatas mediadas por IFN tipo | e por células NK

‘.
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Innate immune-cell activation
Immune regulation

Kim Caesar/Nature Publishing Group



Dendriticas e células NKimportantes para mediacao de respostas

HIV uptake through
langerin leads to
degradation of virus

Impaired ¢DC activation inhibits

IL-10 produced by
Ty, cells and monocytes
inhibits DC maturation

Teq cell

pDCs promote

di?eremiation

adaptive immunity to HIV

Tieq cells inhibit T, 17 cell
functions leading to increased
microbial translocation

by expressing IDO °|, Typel % g
®le IFNs >
Promote immune Recruit T cells
activation and and facilitate
T cell apoptosis further infection

Nature Reviews | Immunology



Resposta imunes contra HIV

Mucosal surfaces

Potent and broad
neutralizing antibodies

Highly functional ¥
CD8* T cell

Kim Caesar/Nature Publishing Group



Terapia



Primeira terapia aprovada — AZT (azidotimidina)
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Inibidores de proteases virais
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Terapias anti-retrovirais
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30 FDA-Approved antiretroviral drugs

Saquinavir  Indinavir  Emtricitabine

Stavudine Ritonavir Amprenavir Enfuvirtide (T-20) Maraviroc

Zidovudine Didanosine Nelfinavir / Tenofovir Darunavir |Etravirine

— \

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

— (NN

Lamivudine |Delavirdine | Abacavir | Atazanavir| Tipranavir

NRTIs (8) RTinh
NNRTIs () Non nucleddagésingh Nevirapine Efavirenz Fosamprenavir
Protease Inhibitors (10)
Fusion Inhibitor (1)

Lopinavir + Ritonavir

Entry Inhibitor (1)
Combinations (5) - not shown



HAART - TERAPIA ANTIRETROVIRAL ALTAMENTE ATIVA

AZT developed in

Truvada is shown to
reduce risk of HIV-1
acquistion in human
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The term AIDS first approved drug
is created for treating AIDS
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ris a terious making combination
i e treatment with

illness (rare cancer
in 41 homosexuals)

antiretroviral possible

The majority of
patients worldwide
eligible for
antiretroviral are
receiving them




PrEP — pre-exposure profylaxis

inibidores transcriptase reversa — possibilidade de adicao de outras drogas
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Reservatorios virais em macrofagos e células dendriticas reestabelecem infeccao
com interrompimento da HAART
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Reservatoérios de HIV em macréfagos e células dendriticas
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Efeitos do HIV e terapia antiviral sobre o sistema imune

HIV production ART toxicity, lipodystrophy, | Cytomegalovirus and
and replication i and traditional risk factors 3 other copathogens
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Comorbidities
(cardiovascular disease, cancer, kidney disease,
liver disease, osteopenia/osteoporosis, neurocognitive disease)



Terapia anti-retroviral e dislipidemia
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Efeitos colaterais tratamento com

Anti-retrovirais

Alopecia

J
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(efavirenz) \ f I efavirenz)
Hl ﬁk
A Anemia (AZT)
Alteracao mitochondrial — desequilibrio
+
NADH/NAD Breast hypertrophy

Cardiomyopathy
Hepatotoxicity

! ." "
Nephrolithiasis I

Nausea, vomiting
L |
3 - . | ‘
{indinavir)

|
|
| |

. E ' FPancreatitis
|
K o
Central adiposity

'\ #—— Thinning
AN extremities
i ' ‘ Diarthea
| A e R
- T'c ' " | ¥
1
Skin rash —!”“ \ : L‘"T‘_

: Pruritic skin

‘|' ."J:/l
Lactic acidosis

’) ] Osteoporosis

J Y\
,I ‘ 1
Peripheral neuropatlwi <

Ingrown toenails



Ao mesmo tempo em que 0s pacientes apresentam imunodeficiéncia,
eles também apresentam inflamacéao cronica;

As terapias antiretrovirais apresentam varios efeitos colaterais, e causam
inflamacao crénica.

Pacientes em terapia antiretroviral tem expectativa de vida mais curta,

e podem sofrer de colite cronica, deméncia, problemas cardiorespiratoérios,
entre outros.

As comorbidades sao classificadas como relacionadas a AIDS, em geral causadas
pela imunodeficiéncia, ou hdo relacionadas a AIDS, em geral por outras causas,
ou indeterminadas ou relacionadas com inflamacao crénica.



Proportion contributing to mortality

Mortalidade relacionada ou ndo a AIDS em pacientes com HIV

E Increased ART availability

AIDS-related mortality Increases in:
End-stage liver disease
Viral hepatitis
Medication-related toxicity
Cardiovascular disease
Renal disease
Non-AIDS cancers

-
-
_____
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Tuberculosis
mortality in
endemic

Non-AlIDS-related mortality regions

Time —p



Incidéncia de cancer apoés deteccao de AIDS (AIDS related)

KS Incidence per 10° PY

Diffuse Large B-Cell NHL Incidence per 105 PY
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Risco de cancer em pacientes com HIV

Type of cancer

Lung cancer

Anal cancer
Colorectal cancer
Liver cancer
Hodgkin lymphoma

People living
with HIV
3.4%

1.5%

1.0%

1.1%

0.9%

People who do
not have HIV
2.8%

0.05%

1.5%

0.4%

0.09%



Comorbidades em pacientes em tratamento com coquetel antiviral

Comorbidities Frequency Percentage (%)
Presence of Comorbidities

Yes 96 19.2
No 404 80.8
Comorbidities

Hepatitis B virus (HBV) 33 344
Hepatitis C virus (HCV) 2 2
Herpes zoster 2 2.1
Chronic diarrhea 5 5.2
Diabetes 6 6.3
Sickle Cell Disease (SCD) 6 6.3
STI 3 3.1
Syphilis 3 3.1
B 4 4.2
Insomnia 3 3.1
Jaundice 6 6.3
Kaposi sarcoma 2 =
Pneumonia 2 2.1
Skin rash 3 3.1



Incidéncia de co-morbidades, mesmo apds inicio do tratamento com antiretrovirais

Comorbidity risk, %
3 &
1 |

O
1

<40 yrs

Uninfected HIV-positive patients
M Hypertension

I Diabetes
B CVD
I Renal failure

41-50yrs 51-60yrs <60 yrs <40yrs 41-50yrs 51-60yrs <60yrs
HIV- HIV+

HIV Medicine, Volume: 17, Issue: S2, Pages: 4-16, First published: 08 March 2016, DOI: (10.1111/hiv.12401)



Vacinas



Alta taxa de mutacao

10-4-5> mutagoes/par de base/ciclo - 0,1 a 1 mutagao por genoma sintetizado durante

a infeccao.

Trasncriptase reversa é uma enzima sem controle de introducado de mutacoes, e deve

ser responsavel por 2% das mutacdes, RNApol Il mais uma pequena porcentagem,
alta porcentagem pela atividade de citidina deaminases (a maior parte nao gera virions

funcionais)
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https://doi.org/10.1371%2Fjournal.pbio.1002251
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Vacinas em testes clinicos

ClinicalTrials.gov — 835 estudos

Diferentes conjuntos de antigenos, diferentes adjuvantes

RESEARCH ARTICLE SUMMARY

Vaccination induces HIV broadly neutralizing
antibody precursors in humans

DavIdJ Laggalf Kristen W. Cohent, Jordan R. Willist, William J. Fulpt, Allan C. deCampt,

, Christopher A. Cottrell, Sergey Menis, Greg Finak, Lamar Ballweber-Fleming,
Abhinaya Srlkanlh Jason R. Plyler Torben Schiffner, Alessia Liguori, Farhad Rahaman,
Angela Lombardo, Vincent Philiponis, Rachael E. Whaley, Aaron Seese, Joshua Brand,
Alexis M. Ruppel, Wesley Hoyland, Nicole L. Yates, LaTonya D. Williams, Kelli Greene, Hongmei Gao,
Celia R. Mahoney, Martin M. Corcoran, Alberto Cagigi, Alison Taylor, David M. Brown,
David R. Ambrozak, Troy Sincomb, Xiaozhen Hu, Ryan Tingle, Erik Georg Saman Eskandarzadeh,
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Orpheus Kolokythas, Nadia Khati, Jeffrey Bethony, Shane Crotty, Mario Roederer,
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RESEARCH ARTICLE SUMMARY

Vaccination induces HIV broadly neutralizing
antibody precursors in humans

Da\nd J. Legg:lf I(rlsten W. Cohent, Jordan R. Willist, William J. Fulpt, Allan C. deCamp{,

dr Kaly y, Christopher A. Cottrell, Sergey Menis, Greg Finak, Lamar Ballweber-Fleming,
Ahhmaya Srikanth, Jason R. Plyler, Torben Schiffner, Alessia Liguori, Farhad Rahaman,
Angela Lombardo, Vincent Philiponis, Rachael E. Whaley, Aaron Seese, Joshua Brand,
Alexis M. Ruppel, Wesley Hoyland, Nicole L. Yates, LaTonya D. Williams, Kelli Greene, Hongmei Gao,
Celia R. Mahoney, Martin M. Corcoran, Alberto Cagigi, Alison Taylor, David M. Brown,
David R. Ambrozak, Troy Sincomb, Xiaozhen Hu, Ryan Tingle, Erik Georgeson, Saman Eskandarzadeh,
Nushin Alavi, Danny Lu, Tina-Marie Mullen, Michael Kubitz, Bettina Groschel, Janine Maenza,
Orpheus Kolokythas, Nadia Khati, Jeffrey Bethony, Shane Crotty, Mario Roederer,
Gunilla B. Karlsson Hedestam, Georgia D. Tomaras, David Montefiori, David Diemert, Richard A. Koup,
Dagna S. Laufer, M. Juliana McElrath®, Adrian B. McDermott*, William R. Schief*

Ativacao de clones de linfocitos B com imunoglobulina com caracteristicas
especificas para a producao de anticorpos neutralizantes de largo espectro.

- Pegueno numero dessas células em pacientes HIV+

- Necessidade de um antigeno que preencha os requisitos para ligagcao nessas moléct
de imunoglobulina
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