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Molecular clues to susceptibility: Foreskin
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Host factors influencing HIV-1 acquisition in tissue



HIV susceptible

“Anti-viral”

1. Cell states and phenotypes
2. Impact of viral factors e.g tropism 
3. Inducers of susceptibility e.g STI’s

Understanding the yin yang of HIV susceptibility in 
the MGT



Investigation of Factors 
associated with HIV susceptibility 
in the MGT tissue
Host Factors
Impact of aSTI on molecular factors
Cellular factors associated with HIV susceptibility
Viral features
Viral tropism



What role do asymptomatic STI’s play on HIV 
acquisition?

Effect of asymptomatic STI’s on the foreskin proteome
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Host Factors
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Viral features
Viral tropism
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Presentation Notes
Molecular mechanisms not determinedaSTI definition- Clinical trials to treat aSTI’s had mixed successPerhaps find targetable pathways to mediate preventionSymptomatic sexually transmitted infections (STIs) such as syphilis and Herpes simplex virus type 2 (HSV-73 2) are known to increase the risk of HIV acquisition and transmission due to the high levels of 74 inflammation and the formation of lesions in men and women 12–15. Chlamydia trachomatis (CT) and 75 Neisseria gonorrhoeae, (NG), which are common asymptomatic STI (aSTIs), can cause other 76 reproductive health 16,17. In the FGT, aSTIs have been shown to increase local inflammation18,19 which 77 appears to increase the risk of HIV acquisition 20,21. Mechanistically, aSTIs have been shown to be 78 associated with the influx of HIV target cells into the FGT of HIV uninfected women22 . Supportive 79 evidence from in vitro data has shown that Chlamydia trachomatis enhances HIV replication in co-80 culture 23,24. We have also previously shown that CD4+ T cells, being HIV target cells, can migrate into 81 the inner foreskin in response to inflammatory chemokines25. However, there is paucity of direct 82 evidence of the effect of aSTIs on the molecular events in the foreskin 
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TopGO Gene ontology analysis 
in FGNet

STRING protein-protein 
interaction analysis

MaxQuant sequence 
assignment

MSSTATS protein 
expression analysis 
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16 aSTI+           10 aSTI-

Metaproteomic 
analysis of foreskin
tissue



BaSTI significantly alter the FS proteome

• Host proteomes were significant different 
between aSTI+  and aSTI-

• 400 host proteins were significantly 
differentially expressed with differences driven
by aSTI



Expression of various proteins with within Myeloid cell activation involved in immune response GO term

• Cellular response to interleukin-12
• Myeloid cell activation involved in immune 

response
• Interleukin-12-mediated signalling pathway
• Neutrophil degranulation and activation

Functional enrichment of GO terms involving IL12 in 
aSTI proteomes

Q9ULZ3: Protein Apoptosis-associated speck-like 
protein containing a CARD. PYCARD. 
Q9UJU6: Drebrin-like protein
P19105:Myosin regulatory light chain 12A
P00746:Complement factor D
P46940 :Ras GTPase-activating-like protein
P30041: Peroxiredoxin-6
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Th1 like cells elevated in aSTI 

aSTI driven pro-inflammatory signature mediated by 
IL12 in MGT tissue?



Adjusted p=0.00002

P=0.000035

Enrichment of GO terms for barrier function in aSTI- 
proteomes

P02675:Fibrinogen beta chain
P35241:Radixin
P19105:Myosin regulatory light chain 12A

A B

Homotypic cell-cell adhesion



Host proteome

Asymptomatic 
STI

Host factors 
impacting HIV 
acquisition in 

tissue

Cellular factors

Microbial 
proteome

Multi-modal effects of aSTI on HIV susceptibility in 
MGT



What role do myeloid cell subsets play in HIV 
acquisition?

Cellular factors impacting HIV susceptibility in MGT 
tissue
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Impact of aSTI on molecular factors
Cellular factors associated with HIV susceptibility
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Viral tropism
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What role do myeloid cells play in HIV acquisition?

Cellular factors impacting HIV susceptibility in MGT 
tissue



Inner & Outer Foreskin 1 cm x 0.5 cm blocks Stripping Cells harvested

FIXING AND STAINING FOR
                 p24 FLOW CYTOMETRY

HARVESTING
18 HRS

HARVESTING
5 HRS 

Virus added at
MOI 0.01

HARVESTING
48 HRS 

HARVESTING
96 HRS 

Infection of spontaneously migrating foreskin 
cells



Myeloid cell characterization 
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or GFP

Virus Resistance Code used

pBR_HIV-1 M NL4-3 (X4) amp CS105 

pBR_HIV-1 M NL4-3 92TH14-12 (R5) amp CS108 

pBR322HIV-1 M subtype B CH077.t (TF) amp CS380 

pBR322HIV-1 M subtype B CH058.c (TF) amp CS377 

pBR_HIV-1 M subtype C ZM246F-10 (TF) amp CS596 

pCR-XL-TOPO_HIV-1 M subtype C CH198 (TF) kana CS769 

pBR322HIV-1 M subtype B CH077.t (6 month) amp CS814 

pUC57 HIV-1 M subtype C CH167 (CC) amp CS642 

pBR322 HIV-1 M subtype B RHGA (CC) amp CS656 

Infectious Molecular clones (IMCs) 



Quantification of FS Myeloid subsets in 25 HIV- 
aSTI- individuals

Unconventional cells

Unconventional cells

Statistics were generated two-way ANOVA using the Tukey’s multiple comparisons test at 95 % CI of difference and adjusted p 
values. *p <0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001



Ex vivo HIV infection of FS cells incremental with time 
and inhibited by Maraviroc 
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Infection variable in participants
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Computational 
Analysis

of 
Multiparametric 
Flow cytometric 

Data



p24+

Uninfected

Automated analysis of flow cytometry data

Identification of different subsets of cells

Data 
pre-processing

 in R

Clustering analysis
(FlowSOM)

Dimensionality reduction
(t-SNE)

Ex vivo HIV infected macrophage-like cells 
computational analysis flow



Identification of unsupervised macrophage cell subsets 

Computational analysis in R Macrophage subsets



Pr
op

or
tio

n 
of

 m
ye

lo
id

 c
el

l c
lu

st
er

Identification of differentially infected macrophage cell 
subsets 
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CD206+CD11c+CD14-

CD45-macrophage cell 
subsets more frequent in 
HIV uninfected 
macrophages 

C=HLA-DR+ 

D=CD45+ 



CD206+CD11c+CD14-CD45+ CD4+ macrophage cell 
subsets more frequent in HIV infected 
macrophages 



LC’s Lymphoid cells

HIV infection



Summary

• Differential ex vivo HIV infection of subsets and cells states
• CD206+CD11c+CD14-CD45- 
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Not seeing CD4 downregulation in these  conditionsCD4, CCR5+



What role does viral tropism play in different cellular FS 
subsets?

Viral features impacting HIV susceptibility in MGT tissue
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Impact of aSTI on molecular factors
Cellular factors associated with HIV susceptibility
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Viral tropism
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Foreskin Stripping Spontaneously migrated cells

Supernatants

Impact of viral tropism on ex vivo HIV infection



From :Olson, R.M., Gornalusse, G., Whitmore, L.S. et al. Innate immune regulation in HIV latency models. Retrovirology 19, 15 (2022). https://doi.org/10.1186/s12977-022-
00599-z

•, 

Secreted nanoLUC releasing virus constructs



K4830 Env-IMC-(sec)NLuc.6ATRi pNL-sNluc.6ATRi-C.1086.B2.ecto  C
K4702 Env-IMC-(sec)NLuc.6ATRi pNL-sNLuc.6ATRi-B.Bal.ecto   B
K5322 Env-IMC-(sec)NLuc.6ATRi pNL-sNLuc.6ATRi-D.191882.env-minus+vsv-g D
K5311 Env-IMC-(sec)NLuc.6ATRi pNL-sNLuc.6ATRi-D.191882.env  D

hMDM Experiments



Human 
Monocyte 
derived 
Macrophages

Human 
Primary foreskin 
cells



Proportions of p24+ lymphocytes and myeloid cells infected using different HIV strains. Foreskin lymphocytes 
and myeloid cells were infected using the cell suspension model with different viruses; NL4-3 viruses (X4-CS105, 
R5-CS108, mCherry), Subtype C TF viruses (CS596, CS769) and Subtype CC (CS642). Statistics were generated 
using ANOVA to compare HIV infection in foreskin lymphocytes against foreskin granulocytes. 

CD14/CD11c cells CD3+CD45+ Cells
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Lymphocytes- cd3+cd45+NL4-3 92TH14-12 (R5)CS108Subtype B CH058.c (TF)CS377NL4-3 X4CS105Subtype C ZM246F-10 (TF)CS596Subtype C CH167 (CC)CS642Subtype B CH077.t (TF)CS380Subtype C CH198 (TF)CS769Subtype B (CH077.t (6 month)CS814Subtype B RHGA (CC)CS656



Biopsies– HIV Clade B

GFS027

GFS028



Viral factors

Cellular factors
Molecular factors

Interplay of Host factors associated with HIV 
susceptibility in the MGT
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HIV susceptible

“Anti-viral”

1. aSTI
2. Myeloid cell activation and IL12 

mediated immunology Th1?
3. Host proteins sequestered by HIV
4. HIV target cells 

Summary

1. Barrier function proteins
2. Innate Immune proteins
3. Protective immune subsets
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