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HIV: Infinity War or End Game?
Updates on HIV Cure and Remission 

ss

• HIV eradication is difficult but may be 
possible
–Attack at HIV reservoir
–Enhance human immune response 
–Make human cells resistant to HIV infection  

I’ll begin with the end
My summary 

How long could the patients survive after initiation of HIV treatment ?



Monotherapy

Dual therapy

Triple therapy
HAART

CURE

Long-acting ART

Long acting slow effective 
release (LASER) ART

Advances in ART

Basics 

Why HIV eradication is very 
difficult?

Concepts of HIV Cure 

Some people have self immunity 
to protect from HIV infection 

Effects of current ART on plasma viral load and HIV reservoirs 



ART and obstacles for cure  

• Integrated DNA
• Latent CD4 T cells 

J Immunol 2016;197:407-417

Clonal expansion

> 10 years

Fate of latently infected T cells
• Activated by antigen or drugs 

destroyed by CTL or CPE
• Resting and clonal expansion 

Nature Medicine 9, 853–860 (2003)

ART

Basics 

Why HIV eradication is very 
difficult?

Concepts of HIV Cure 

Some people have self immunity 
to protect from HIV infection 



Type and principle of HIV Cure

Functional Cure
When the level of HIV particles in an infected person’s 
body has been reduced to such an extremely low 
level that person can stop treatment and not worry 
about viral rebound and damaging immune system 

Sterilizing cure
When every last particle of HIV has been destroyed from 
an infected person’s body (eradication)

Somethings 
that you need 
to know

Some people got HIV but then 
viruses disappeared by 
interventions 

Some people got HIV but then 
viruses were contained at very 
low level “without” drug

Some people have self immunity 
to protect from HIV infection 

Sterilizing Cure for HIV

The man who once had HIV

Somethings 
that you need 
to know

Some people got HIV but then 
viruses disappeared by 
interventions 

Some people got HIV but then 
viruses were maintained at low 
level without drug

Some people have self immunity 
to protect from HIV infection 



R5 HIV

Natural resistance to HIV infection

CCR5Δ32 homozygous CCR5Δ32 heterozygous 

Frequencies of gene variant CCR5-Δ32 in 87 countries based on next-generation sequencing of 1.3 million 
individuals sampled from 3 national DKMS donor centers

N Engl J Med 2009; 360:692-698

Bone marrow transplantation

Early ART



London patient Berlin patient

เสต็มเซลลข์องผูใ้ห ้ ปลกูถา่ยเสต็มเซลลจ์ากคนทีѷเป็น 
CCR5Δ32 homozygous 

ปลกูถา่ยเสต็มเซลลจ์ากคนทีѷเป็น 
CCR5Δ32 homozygous 

ลักษณะของเซลลข์องผูร้ับ ม ีCCR5 ปรกติ ม ีCCR5 แบบ heterozygous 

สายพันธข์องเชืѸอเอชไอวี ตดิเชืѸอไวรัสสายพันธ ์R5 ตดิเชืѸอไวรัสสายพันธ ์R5

โรคมะเร็งทีѷผูป้่วยเป็น Hodgkin lymphoma Acute myelogenous leukemia 

จํานวนครัѸงของการปลกูถ่าย ทําการปลกูถา่ยเสต็มเซลลค์รั Ѹง
เดยีว

ทําการปลกูถา่ยเสต็มเซลลส์อง
ครัѸง

การฉายรังสเีพืѷอกําจัด
เซลลม์ะเร็ง

ไมไ่ดร้ับการฉายแสงเพืѷอกําจัด
เซลลม์ะเร็ง

ไดร้ับการฉายแสงเพืѷอกําจัด
เซลลม์ะเร็ง

สตูรยา conditioning 
regimen 

Reduced intensity Full intensity 

ยากดภมูชินดิกด T cell ไดร้ับ antiCD52 ไดร้ับ ATG

การเกดิภาวะ Graft versus 
host disease 

เล็กนอ้ย เล็กนอ้ย

Chimerism 100% chimerism 100% chimerism

ระยะเวลาหลังจากหยดุยา
ตา้นและไมต่รวจพบไวรัส

อกีเลย

1 ปีครึѷง 12 ปี

ไวรัสในแหลง่ตา่งๆ ยังตรวจไมค่รบ ตรวจไมพ่บไวรัสซกุซอ่นใน
อวยัวะตา่งๆ เชน่ สมอง ลําไส ้

ตอ่มนํѸาเหลอืง
CCR5 เป็นโปรตนีบนผวิเซลลท์ีѷเชืѸอเอชไอวใีชเ้ป็นตวัพาเขา้ไปในเซลลข์องคน CCR5Δ32 homozygous = คนทีѷ
ไมม่โีปรตนีนีѸเลยบนเซลล ์ทําใหเ้ชืѸอไมส่ามรถเขา้ไปได ้
Conditioning regimen = การใหย้าหรอืวธิกีารตา่งๆทีѷทําใหเ้ซลลใ์นไขกระดกูผูร้ับเซลลล์ดลงเพืѷอใหเ้สต็มเซลล์
ใหมเ่ขา้ไปแทนทีѷ 
Graft versus host disease = กลไกทีѷรา่งกายของผูร้ับเซลลม์กีารตา้นเสต็มเเซลลท์ีѷรับเขา้มา ซึѷงมขีอ้ดคีอื
เซลลท์ีѷมไีวรัสซอ่นอยูใ่นผูร้ับอาจจะถกูกําจัดไดด้ว้ยวธินีีѸ 
Chimerism = การทีѷเซลลข์องผูร้ับและผูใ้หเ้ขา้กนัไดด้ ีหลังจากมกีารปลกูถา่ยเสต็มเซลล์
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Activate 

Activated CD4 T cells 

Activated CD4 T cells 

Auto cell death

Cytotoxic T cells 

ART

Cytotoxic T cells 
Irradiation

BMT

GVHD

Sterilizing Cure in Berlin and London patient

STOP ART

Proliferation  and T1/2 = 10+ years

CCR5Δ32 
homozygous 

Basics 

Why HIV eradication is very 
difficult?

Concepts of HIV Cure 

Some people have self immunity 
to protect from HIV infection 

Type and principle of HIV Cure

Functional Cure
When the level of HIV particles in an infected person’s 
body has been reduced to such an extremely low 
level that person can stop treatment and not worry 
about viral rebound and damaging immune system 

Sterilizing cure
When every last particle of HIV has been destroyed from 
an infected person’s body (eradication)



Long-term control of viremia and stable CD4 T cells in 14 cases after stop ART!!

Very early and prolonged treatment during primary 
HIV infection may induce long-term infection control 
and have implication for functional cure

PLoS Pathog 9(3): e1003211

Treatment  

Functional cure 

Reservoir

Size of reservoir

Cytotoxic T cells 

Host Immune 
response 

Very early ART

22018

How many have been cured?

How many have been on ART?
23 million (WHO 2018)

At least (2+1)+14 

Reduce size 
of HIV 

reservoir

Making 
cell 

resistant 
to HIV

king 

Effective T 
cells 

ce size 
HIV 
rvoir

How to replicate this kind of treatment and make more 
applicable for a large-scale treatment 

GVHD in Berlin and London patients 

Chemotherapy

Total body irradiation 

CCR5Δ32 homozygous 



Reduce size 
of HIV 

reservoir

Very early treatment 
during acute infection

Shock and kill
Latency reversing agents +/-

immunotherapy 

Immune control in HIV infection
• CD4 T cells coordinate  in immune 

function against infection
• HIV infect CD4+ cells (most CD4+T 

cells) 
• Infected CD4 T cells may die or 

survive 

Uninfected CD4 T cell

Humoral response 

Infected CD4 T cell

Effective T 
cells 

We need T cells for HIV control

Cytotoxic T cells 

Ex vivo expansion Ex vivo expansion
Ag stimulation 

HIV specific CD4 T cells 



CCR5

Engineering T cells with
• Enhanced activity to target 

HIV
• Resistant to HIV infection 

PLoS Pathog 13(12): e1006753. 

PLoS Pathog 13(12): e1006753. 

Making 
cell 

resistant 
to HIV



Engineering HIV-Resistant Human CD4+ T Cells with CXCR4
or CCR5 -Specific Zinc-Finger Nucleases

Heterodimer 
Making 

cell 
resistant 

to HIV

Making 
cell 

resistant 
to HIV

N Engl J Med 2014;370:901-10

Gene Editing of CCR5 in Autologous CD4 T Cells of Persons 
Infected with HIV

Making 
cell 

resistant 
to HIV



New gene editing techniques 

Transcription activator-like effector nucleases

Clustered regularly interspaced short palindrome repeats

Zinc finger nucleasesHow CRISPR used in 
HIV Cure? 

Gene disruption 

Gene editing 

Gene addition

Making cell 
resistant to 

HIV Outcomes

Off target



Development of CRISPR for HIV treatment 

Mice with human T cells, that 
are broadly susceptible to HIV-

1 infection





N Engl J Med 2019;381:1240-7.

N Engl J Med 2019;381:1240-7.

The percentage of CD4+ cells with CCR5 ablation increased by a 
small degree during a period of antiretroviral-therapy interruption

• Current HIV cure cases: we are counting 
• Role of precision medicine in HIV 

treatment  
–CART T cell therapy 
–Gene editing for HIV control and eradication




