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CTLA-4 a key regulator of T cell activation and 
a failsafe against autoimmunity

Pardoll, 2012 | Nature Reviews 

CTLA-4 (cytotoxic T-lymphocyte-associated antigen 4 ) is an immune checkpoint 

molecule that down regulates T-cell responses and is expressed at low levels on naïve 

T cells and constitutively expressed at regulatory T cells (Tregs). 

ACTIVATION  of T cell MAINTENANCE of self-tolerance 



CTLA-4 a key regulator of T cell activation and 
failsafe against autoimmunity – mouse model data

1. CTLA-4-/- mice die at 3-4 wks due to systemic immune disregulation and 

lymphoprolipheration

2. Disease in CTLA-4 -/- mice was abrogated when CD28 pathway was interrupted by  

blockade or deficiency of their shared ligands CD80 and CD86

3. The notion of CTLA-4 as an intrinsic negative signal was challenged by CTLA-4w/t and 

CTLA-4-/- chimeras that showed a normal phenotype! 

4. Treg-deficient and CTLA-4-/- mice share similar phenotype

5. CTLA-4 serves as a major mechanism of Treg suppression 



Ipilimumab (human IgG1) phase III: survival data

mOS 10.0 vs. 6.4 months, p=0.0004

HR 0.68 (CI 0.55 – 0.85)

Hodi & al, NEJM, 2010

12 months
46 vs. 25%

24 months
24 vs. 14%

Long term benefit



CTLA-4 blockade increases CD8 T cell activation and 
CD8/Treg ratio in the TME
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Cross-talk between tumor and immune cells

Mellman I, Nature 2011



Immunological study in melanoma patients 
treated with Ipilimumab

Patient
population

• 29 melanoma patients undergoing ipilimumab treatment

� 14 non-responders (NR)

� 15 objective responders (R)  
• tumor response was assessed by immune-related response criteria



Patients responding to ipilimumab display the highe st 
frequency of CD14 +CD16++ monocytes at baseline!

NRR



What do we need to know about monocytes?

• Human monocytes can be divided into three subpopulations

• Populations are characterized by different expression level of CD16 and CD14

• The classification has been approved by the Nomenclature Committee of the

International Union of Immunological Societies 

Cros et al., 2010 (Immunity); Ziegler-Heitbrock et al., 2010 (Blood)

CD14+CD16++ (nonclassical )

CD14++CD16+ (intermediate )

CD14++CD16- (classical )



Human FcγγγγRIIIA (CD16), a homologue of murine 

FcγγγγRIV, is a major mediator of ADCC 



Hypothesis

Nonclassical monocytes mediate the depletion of tumor 

infiltrating Tregs via ipilimumab-dependent ADCC 

in melanoma patients



Adapted from Nature Reviews | Immunology
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Phenotype of peripheral monocytes
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Postsort flow cytometric analysis of CD3 +CD4+CD25bright,int,neg T cell subgroups
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Selective killing of Tregs by CD14 +CD16++

monocytes in the presence of ipilimumab  
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ADDC-dependent Treg depletion 
by CD14+CD16++ monocytes in normal donors

without ipilimumab with ipilimumab + isotype Ab

N= 5



ADDC-dependent Treg depletion 
by CD14+CD16++ monocytes in patients

N= 4



2013



Treg cell depletion is mediated largely by Fc γγγγRIV+ macrophages in the TME



Decreased T regs infiltration in patients responding to ipilimumab

Pre-treatment Post-treatment

moAb Foxp3



The TME of R patients is enriched with CD68 +CD16+ macrophages

CD16CD68 CD56

CD163 CD56CD16



Key Points

• Patients responding to ipilimumab displayed the highest baseline frequencies of 

circulating nonclassical CD14+CD16++ monocytes. This is a potential biomarker of 

response.

• CD14+CD16++ monocyte subpopulation is responsible for the depletion of Tregs

• Preferential depletion of Treg versus Teff is due to the high levels of surface 

CTLA-4 expression on Tregs

• Increased baseline ratio of CD68/CD163 cells within the TME correlated with   

decreased number of Tregs in R patients

•No difference in the frequency of peripheral NK cells between ipilimumab

R and NR patients suggesting that these cells do not play a role in immune 

response to ipilimumab
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