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Contribution of the various HIV invasion routes

to HIV cases worldwide

Female genital tract 12.6 million
Male genital tract 10.2 million
Intestinal tract 7.3 million
Placenta 0.5 million
Blood stream 2.6 million

Hladik F. & McElrath J. Nature Reviews Immunology 2008, 8:447-57.



HIV vaccines

April 2314, 1984

Margaret Heckler
Secretary of Health and Human Services

“We expect that a preventive HIV vaccine
will be ready for testing within two years”
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Transmission sites in the female genital tract
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Hladik F. & McElrath J. Nature Reviews Immunology 2008, 8:447-57.



Transmission sites in the male genital tract
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The mucosa — a multi-opportunity site for HIV
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HIV rapidly binds to intraepithelial vaginal T cells
and productively infects them

Hladik F. et al. Immunity 2007, 26:257-70.



HIV’s tricks to counter microbicides

. Disseminate beyond the reach of microbicide
action

. Persist beyond the time of microbicide action

. Induce changes in the mucosa that pave the
way for future infection

. Take advantage of co-existing STDs

. Acquire drug resistance



1. HIV dissemination

beyond the reach of microbicide action

* Dissemination of HIV beyond the mucosa

* Insufficient mucosal penetration of the
microbicide



Ex vivo HIV infection model of the vaginal epithelium
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Ex vivo HIV infection model of the vaginal epithelium

Obtain mucosa
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HIV rapidly enters vaginal Langerhans cells

2 hours

CD1a red, HIV-1 green



Intact virions are frequently found in perinuclear
endocytic compartments of Lange




Newly bound HIV-1 may concentrate along
the LC-T cell junction (“infectious synapse”)




Vaginal Langerhans cells carry
internalized virions into the submucosa

Early Evenls. 63
of Mucasal HIV )



Vaginal Langerhans are not productively infected
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Nevertheless, vaginal Langerhans cells

pass infectious HIV-1 to T cells
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How does HIV bypass langerin-mediated
degradation in vaginal Langerhans cells ?
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Unpublished results



Dissemination of HIV beyond the mucosa

Conclusion

Prevention of productive infection of CD4* T
lymphocytes residing in the mucosa is the
most important goal

However, HIV clearly has alternatives to
straight-forward infection of local T cells



Insufficient mucosal penetration of the microbicide

An example: T-20 Fuzeon versus T-20 DAIDS
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McElrath M. J., Ballweber L. & Hladik F. Antimicrob. Agents Chemoth. 2010, 54:763-72.



2. Local HIV persistence

beyond the time of microbicide action

HIV in vaginal epithelial cells
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3. Infection-independent effects of HIV on the

mucosa that pave the way for future infection

An example: HIV-1 triggers long-lasting expression of
thymic stromal lymphopoetin (TSLP) in vaginal epithelium
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HIV-1 triggers TSLP in vaginal epithelium
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HIV-1 triggers TSLP in vaginal epithelium

Baseline 29T cell supernatant
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4. Long-lasting effects of co-existing STDs
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Hladik F. et al. Nature Medicine 2009, 15:886-93.



Contribution of the various HIV invasion routes

to HIV cases worldwide

Female genital tract 12.6 million
Male genital tract 10.2 million
Intestinal tract 7.3 million
Placenta 0.5 million
Blood stream 2.6 million

Hladik F. & McElrath J. Nature Reviews Immunology 2008, 8:447-57.



CCRS5 expression in the vaginal epithelium

CD3* T cells

1795 8.3




CCRS5 expression in the rectal mucosa

Unpublished results



Computer-aided analysis of immunohistology

Unpublished results




Stitching individual images together

Unpublished results




CCRS expression on rectal

T cells and macrophages in situ

CCR5 on CD3* T cells CCR5 on CD68* macrophages

42.9% 7.3%
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Unpublished results



Conclusion and thoughts

Independent of the anatomical location,
prevention of productive infection of CD4* T
lymphocytes residing in the mucosa is the
most important goal

However, alternative routes of HIV entry,
indirect effects of exposure to HIV and the
influence of pathogenic co-factors on HIV
infection afford the virus a potential edge
and may vary between anatomical sites
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