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Papillomavirus humain (HPV) et cancers�

Modis et al, 2002

Cancer du col 
de l’utérus

Cancer anal
Herfs et a, Trends in microbiology 2011 

Cancer de la sphère ORL

Lésions pré-néoplasiques (SIL/CIN) bien caractérisées
Absence de production de particules virales dans les cancers



Réponse immunitaire anti-virale/anti-tumorale

Cellule tumorale

Réponse 
immunitaire 

CD4

Adapté de Ellerbrock et al, 2000
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Régula'on de la réponse immunitaire 

Réponse 
immunitaire 

Cellule tumorale

Checkpoint inhibitors:
Anti-CTLA-4
Anti-PD1/L1



Lésions HPV

Anti-CTLA4 et anti-PD1



INNATE-ADAPTIVE RESPONSE
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Adap&ve immunity
T and B lymphocytes

Innate immunity
an&microbial pep&des, complements,

granulocytes, dendri&c cells, macrophages

Time

complexity

Innate lymphoid cells (ILC)

Natural Killer (ILC1), ILC2… and γδ T cells

Checkpoint inhibitors
(anti-CTLA4 et PD1-PDL1)



NK cells and γδ T cells
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NK γδ T

Role in an*-viral and an*-tumoral responses

Killer cells
Produc*on of IFN-γ

Malkosky et al, 2001; Veuillen et al, 2009; Raulet et al, 2013; 
Norell et al, 2013



NK cell infiltra-on in HPV-associated lesions
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Renoux et al, Eur J Immunol 2011

Direct interac+on with the virus? 

NK (NKP46) staining normal exocervix NK (NKP46) staining SIL



HPV: model… 
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No virus available
Use of virus-like particles 

(VLP)
L1 protein assembly 

Vaccine Ag 



IFNγ and TNFα 
production

Cytotoxic 
granules

Human papillomavirus entry into NK cells requires
CD16 expression and triggers cytotoxic ac<vity and 
cytokine secre<on

Jegaskanda et al, JI 2014

Ab-dependent cellular 
cytotoxicity (ADCC)

VLP-HPV

CD16

Kéra<nocytes

Cellules NK

Renoux et al, Eur J Immunol 2011



IFNγ and TNFα 
production

Cytotoxic 
granules

Human papillomavirus entry into NK cells requires
CD16 expression and triggers cytotoxic ac<vity and 
cytokine secre<on

VLP-HPV

CD16

Renoux et al, Eur J Immunol 2011

Normal
Keratinocytes

HPV+ 
cell line

HPV+

cell line

�



NK-DC collabora-on in presence of HPV-VLP?
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imDCNK ?

IL12p40TNFα

IL12p70



Natural killer and dendritic cells collaborate in the immune response induced 
by the vaccine against uterine cervical cancer 
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HPV+ 
cell

NK 

IL-10

TNF-α

TNF-α

IFN-ɣ

IL-12
+

imDC mDC

ApoptoEc bodies

↑ Cytotoxicity



Global prognostic associations 
for 22 leukocyte types

Gentles AJ et al, Nature Med August 2015  

NK and  γδ T cell infiltration in HPV-associated 
lesions
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NK 

*

γδ T



HPV: models… 
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No virus available

Until recently  no murine 
papillomavirus infection 
model 

Murine papillomavirus (MmuPV1) in 2011

Transgenic mouse model

K14 E-HPV16
Arbeit et al, 1994

Use of virus-like particles 
(VLP)

L1 protein assembly 

HPVT/-WT



γδ T cells accelerate the development of HPV-induced 
lesions in the K14-HPV16 mouse model

16Van hede D et al, PNAS 2017

γδ T
?



Méchanisme? 
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Dermis

WT mouse 

Epidermis

Skint-1

Blood vessel

Lymphocytes T γδ

Van hede D et al, PNAS 2017

γδ T

γ δ

Vγ6

Vγ4

Vγ5



Méchanisme? 

Dermis

WT mouse 

Epidermis

Skint-1

Blood vessel

Lymphocytes T γδ

Van hede D et al, PNAS 2017

Vγ6

Vγ4

Vγ5
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HPV mouse

IL-17

IL-17

IL-17

IL-17

IL-17 IL-17

IL-17

High expression of E6 
and E7

Vγ6



Human cervical squamous cell carcinoma (SCC) 
contains IL-17A producing γδ T cells.
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NK cells and γδ T cells in HPV lesions
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NK 

Adapted from K Hellner and K Munger, 2011

X IL17 γδ 
T

Vaccin?


