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scRNA-Seq : single cell isolation – RNA-Seq
HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events
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scRNA-Seq : single cell isolation – RNA-Seq

Svensson et al, Nature Protocols 2018
Cell number

-> single cell isolation
-> lysis
-> RT
-> amplification
-> Sequencing (NGS)

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events
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scRNA-Seq : single cell isolation – RNA-Seq

Svensson et al, Nature Protocols 2018
Cell number

-> single cell isolation (manual, physical)
-> lysis
-> RT
-> amplification
-> Sequencing (NGS)

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

1 cell
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scRNA-Seq : single cell isolation – RNA-Seq

Svensson et al, Nature Protocols 2018
Cell number

-> single cell isolation (multiplexing, automated, physical)
-> lysis
-> RT
-> amplification (IVT, PCR)
-> Sequencing (NGS)

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

1 cell ~100 cells
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Fluidigm technology

1 plate = 96 capture sites

-> Isolation of up to 96 single cells

C1 Autoprep system

https://www.youtube.com/watch?v=TF4NJRE4Xg4

10-17 µm small plate

~300 nL4.5 nL

https://www.youtube.com/watch?v=TF4NJRE4Xg4
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Fluidigm technology

C1 Autoprep system

Lysis

RT (Smart-Seq)

Preamplification

Collect 96 individual samples

Modified from Serra et al, Bio-Protocols 2018

https://www.youtube.com/watch?v=TF4NJRE4Xg4

-> 96 library prep -> Illumina sequencing

https://www.youtube.com/watch?v=TF4NJRE4Xg4
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CD4+ T cells 
(isolated from individuals)

Ciuffi et al, Journal of Virology 2004

Highly permissive

Poorly permissive

Rato et al, PLoS Pathogens 2017

Cellular permissiveness to HIV 
infection differs between cells from
the SAME donor

Cell heterogeneity for permissiveness to HIV 
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How to identify determinants of permissiveness ?

Productively infected

Diversity of outcomes

?

Non infected

Latently infected

T-cell activation
Biomarkers ?



08.11.2022 10

Resting CD4+T Cells

Activated CD4+ T Cells

TCR stimulation

highly permissive
85 single cells
poorly permissive
81 single  cells

Fluidigm

Single Cell RNA-Seq:
50 bp paired-end, Illumina, 
~25 + 7 mio reads/cell,
6.6 + 2.7 mio uniquely mapped reads
~640-10,000 genes/cell

Assessing differential HIV permissiveness between two donors:

Cell heterogeneity : determinants of HIV permissiveness

Rato et al, PLoS Pathogens 2017
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Resting CD4+T Cells

Activated CD4+ T Cells

TCR stimulation

highly permissive
85 single cells
poorly permissive
81 single  cells

Fluidigm

Single Cell RNA-Seq:
50 bp paired-end, Illumina, 
~25 + 7 mio reads/cell,
6.6 + 2.7 mio uniquely mapped reads
~640-10,000 genes/cell

Assessing differential HIV permissiveness between two donors:

Rato et al, PLoS Pathogens 2017

=> T cell activation is a major driver of cell heterogeneity 

Cell heterogeneity : determinants of HIV permissiveness
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Resting CD4+T Cells

Activated CD4+ T Cells

TCR stimulation

highly permissive
85 single cells
poorly permissive
81 single  cells

Fluidigm

Single Cell RNA-Seq:
50 bp paired-end, Illumina, 
~25 + 7 mio reads/cell,
6.6 + 2.7 mio uniquely mapped reads
~640-10,000 genes/cell

Assessing differential HIV permissiveness between two donors:

Rato et al, PLoS Pathogens 2017

Cell heterogeneity : determinants of HIV permissiveness
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Transcriptional heterogeneity : Signature of HIV permissive cell

CD25hi
MRK3hi

CD25lo

permissiveness

CD25lo ±
MRK3lo

Differential expression analysis : 96-gene signature

Response to virus,
Innate immune response,
Response to IFN-γ

Rato et al, PLoS Pathogens 2017
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scRNA-Seq : single cell isolation – RNA-Seq

Svensson et al, Nature Protocols 2018
Cell number

Cell Indexing /
Barcoding

HETEROGENEITY : complex cell populations, phenotype diversity (in response to virus), rare events

-> single cell isolation (multiplexing, automated, oil droplets)
-> lysis
-> RT
-> amplification (IVT, PCR)
-> Sequencing (NGS)

1 cell ~1000 cells~100 cells >10,000 cells 3000 TXP/cell
7500 FL TXP/cell
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10x genomics technology

https://wp.10xgenomics.com/instruments/chromium-controller/

Drop–based (10x genomics)
10,000 cells

10xGenomics.com

Lysis
RT

Collect & Pool
Library Preparation and Sequencing

Lysis
RT

Collect & Pool
Library Preparation and Sequencing

10,000 cells
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Resting CD4+T Cells

Activated CD4+ T Cells

TCR stimulation

10x genomics

Non infected (1919 cells) Infected (3342 cells)

Single Cell RNA-Seq
180 total mio reads
~25,000 – 59,000 reads/cell
200 – 10,000 genes/cell

Assessing differential HIV permissiveness of cells from a single donor:

Cell (subset) heterogeneity : determinants of HIV permissiveness
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Resting CD4+T Cells

Activated CD4+ T Cells

TCR stimulation

Assessing differential HIV permissiveness of cells from a single donor:

10x genomics

Hao et al., 2021, Cell 184:3573, https://doi.org/10.1016/j.cell.2021.04.048

Non infected (1919 cells) Infected (3342 cells)

161,784 PBMC 

41,001 CD4+ T cells

Panel of 228 antibodies
(CITE-Seq)

Cell (subset) heterogeneity : determinants of HIV permissiveness
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Combining our data with the reference dataset

Proliferating:0.3%

TN:42.6%

CTL:4.2%

TCM:36.3%

Treg:6.1%

TEM:10.4%

Prolif.:54.8%

TN:9.2%

CTL:0.5%

TCM:28.9%

Treg:6.5%

TEM:0.2%

In vitro stimulated cells
Reference single cell atlas 

(CD4+ T cells only) 
(Hao et al, Cell 2021)

Combined datasets (CD4+ T cells)

*Unpublished data
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Time post-stimulation [h]
48 9672 144120

TEM

Stimulation kinetcs / CD4+ dynamics

Proliferating

TN

CTL

TCM

Treg

TEM

*Unpublished data
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Cell (subset) heterogeneity : determinants of HIV permissiveness

Globally : 
HIV infection success in 
exposed cells : 86%

Highly permissive

NA

Cell heterogeneity
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HIIV RNA+
(~permissive)

HIV RNA-
(~resistant)

HIV-exposed cells

Globally : 
HIV infection success in 
exposed cells : 86%

Highly permissive

NA

Cell heterogeneity

Cell (subset) heterogeneity : determinants of HIV permissiveness

*Unpublished data
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Cell (subset) heterogeneity : determinants of HIV permissiveness
HIV-non exposed cells
(1919 cells) DE: 91 genes

*Unpublished data
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Cell (subset) heterogeneity : determinants of HIV permissiveness
HIV-non exposed cells
(1919 cells) DE: 91 genes

*Unpublished data
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Cell (subset) heterogeneity : determinants of HIV permissiveness
HIV-non exposed cells
(1919 cells) DE: 91 genes

Response to virus, Innate immune response,
Response to IFN-γ

*Unpublished data
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Brandt et al, Annual Reviews 2020

Cell heterogeneity : determinants of HIV permissiveness
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96-gene signature

57-gene signature

84

12

45

Signature for HIV permissiveness prediction

HIV 
Dependency 
Factors (HDF)

Restriction 
Factors 

(innate immunity)

*Unpublished data
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Productively infected
(permissive)

Diversity of outcomes

?

Non infected (resistant)

Latently infected

96-gene signature

57-gene signature

84

12

45

Machine learning

HIV 
Dependency 
Factors (HDF)

Restriction 
Factors 

(innate immunity)

Signature for HIV permissiveness prediction
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Brandt et al, Annual Reviews 2020

ScRNA-Seq in the field of HIV

Svensson et al, Nature Protocols 2018

Examples of investigation:
Features of the HIV permissive cells
Latent reservoir cells
Latency & reactivation features
Inducible vs non induced phenotype
Host adaptive immune response
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Brandt et al, Annual Reviews 2020

Aamer et al, PLoS Pathog 2020,
Gantner et al, Nat Comm 2020
Léon-Riverta et al, mBio 2020
Liu et al, Sci Transl Met 2020 (Sort-Seq)
Wang et al, Emerg Microbes Infect 2020

Rao et al, Nat Comm 2021
Cole et al, Nat comm 2021
Puertas et al, mBio 2021
Ratnapriya et al, Cell Rep 2021
Sannier et al, Cell Rep 2021
De Armas, Frontiers Immunol 2021
Mboyne et al, PLoS Pathog 2021
Saluzzo et al, Immunity 2021
Simonetti et al, J Clin Invest 2021
Lian et al, Sci Transl Med 20021)
Matszuda et al, Cell Rep Methods, 2021
Mellors et al, Sci Adv 2021

Claireaux et al, Nat Comm 2022
Dalecki et al, J virol 2022
Cao et al, Frontier Immunol 2022
Lin et al, Virulence 2022
Ramirez et al, Nat Comm 2022
Falcinelli, J Clin Invest 2022
Lindkvist et al, PLoS Pathog 2022
Janssens et al, mBio, 2022
Lee et al, Nature 20221
Duette et al, J Clin Invest 2022
Collora et al, Immunity 2022 (ECCITE-Seq)
Einkauf et al, Cell 2022 (PRIP-Seq)
…

Next level: scRNA-Seq-> sc multi-omics (multiple integration) 
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Brandt et al, Annual Reviews 2020

Aamer et al, PLoS Pathog 2020,
Gantner et al, Nat Comm 2020
Léon-Riverta et al, mBio 2020
Liu et al, Sci Transl Met 2020 (Sort-Seq)
Wang et al, Emerg Microbes Infect 2020

Rao et al, Nat Comm 2021
Cole et al, Nat comm 2021
Puertas et al, mBio 2021
Ratnapriya et al, Cell Rep 2021
Sannier et al, Cell Rep 2021
De Armas, Frontiers Immunol 2021
Mboyne et al, PLoS Pathog 2021
Saluzzo et al, Immunity 2021
Claireaux et al, Nat Comm 2022
Dalecki et al, J virol 2022
Cao et al, Frontier Immunol 2022
Lin et al, Virulence 2022
Ramirez et al, Nat Comm 2022
Falcinelli, J Clin Invest 2022
Lindkvist et al, PLoS Pathog 2022
Janssens et al, mBio, 2022
Lee et al, Nature 20221
Simonetti et al, J Clin Invest 2021
Lian et al, Sci Transl Med 20021)

Duette et al, J Clin Invest 2022
Collora et al, Immunity 2022 (ECCITE-Seq)
Einkauf et al, Cell 2022 (PRIP-Seq

Next level: scRNA-Seq-> sc multi-omics (multiple integration) 
Examples of investigation:
Features of the HIV permissive cells
Latent reservoir cells
Latency & reactivation features
Inducible vs non induced phenotype
Host adaptive immune response
Genotyping
Integration landscape
LRA susceptibility
Clonality / Clonal expansion
Cell persistence and survival
Longitudinal analysis /dynamics
Spatial analysis
…
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Modified from C.H. Waddlington (1956)
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