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The ever interesting story of tenofovir gel 

I.  Immunological effects of tenofovir gel 
 
II.  Potential longer-term effects and how 

to study them 
 
III. Hypothetical ramifications beyond the 

microbicide field 
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MTN-007 study design 

McGowan I, Hoesley C, Cranston RD, et al. A phase 1 randomized, double blind, placebo controlled 
rectal safety and acceptability study of tenofovir 1% gel (MTN-007).   PLOS One 8(4):e60147 (2013)  
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MTN-007 rectal biopsies yielded 
excellent RNA quality and quantity 

n=381 



Up Down 
Nonoxynol-9 60 56 

Tenofovir 137 505 

HEC 12 4 

No treatment 17 6 

Number of genes changing expression 
after 7 days of treatment  

Consensus data across 8 study subjects 



N
uc

le
us

 
C

P 
PM

 
Ex

tr
ac

el
lu

la
r IL-10 

CCL19 
CCL23 

CXCL9 
CCL21 

CXCL13 

CCL2 

CREBBP 

CREB1 



IL-10 

0 

150 

300 

C
op

ie
s 

/ 1
00

0 
H

B
B

 

0 7 1 
0 

50 

100 

150 

200 
TGFBRAP 

0 7 1 

Tenofovir inhibits the anti-inflammatory 
arm of gut immunity   

Days of rectal 1% tenofovir gel 

Hladik F, Burgener A, Ballweber L, et al. Mucosal effects of tenofovir 1% gel. eLife 4:e04525 (2015) 



Confirmation by immunohistology 
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Rectal biopsies 
in MTN-007 



Do the immunological effects of tenofovir 
gel also occur in the genital tract? 

• Will be investigated in MTN-014, a vaginal-
rectal cross-over study of 1% tenofovir gel 

• Was investigated in vitro with primary vaginal 
epithelial cells established from four healthy 
women 

 









IL-10 in vaginal epithelial cells 
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Olszak T et al. Protective mucosal immunity mediated by epithelial CD1d and 
IL-10. Nature 22;509:497-502 (2014) 



The immunological effects of tenofovir 
are complex 

• Tenofovir is an immune modulator rather than 
stimulator in the mucosa    
 (“anti-anti-inflammatory”) 

• The consequences of this property on HIV 
susceptibility remain unclear, but ongoing 
studies in CAPRISA 004 subjects suggest that 
in the presence of inflammation they may 
become clinically relevant (Jo-Ann Passmore) 



II. Potential longer-term effects 
and how to study them 



Tenofovir increases epithelial cell proliferation … 
Day 1
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… and generally enhances cell viability 
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Proteomics: 
Adam Burgener 



Tenofovir causes mitochondrial dysfunction 

Tenofovir 
p = 0.0002 
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Mitochondrial ATP6 gene suppression 



AZT, another NRTI, was highly carcinogenic 
in topical rodent studies 

Ayers KM et al. 
Nonclinical toxicology studies with zidovudine: genetic toxicity tests 
and carcinogenicity bioassays in mice and rats. 
Fundamental & Applied Toxicology 32:148-58 (1996) 

(n = 50 / arm) 



Thus, carcinogenicity assessment of 
topical microbicides could be important, 

but is difficult 

NIH/NIAID R01 AI116292  (05/01/15 – 04/30/20) 
Systems and Carcinogenic Impact Assessment 
of Topical Microbicides on the Human Mucosa 
 - Systems studies: MTN-014 and MTN-017 
 - Carcinogenicity screening models 



Carcinogenicity screening of microbicides 



III. Hypothetical ramifications 
beyond the microbicide field 



Hypothesized effects of NRTIs on HIV latency    

Hladik F. 
A new hypothesis on HIV cure 

bioRχiv (2014) 
F1000Research (2015) 

Saavedra-Lozano et al.  
3TC and ABC decrease 
p24 production from 
HIV-infected resting 
T cells after activation  
J Virology 48:2825-2830 (2004) 



Disclaimer 

There is as yet no clinical evidence 
whatsoever for NRTI carcinogenicity 
or latency-prolonging effects 
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