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Henry Ford

« The only real mistake is the one from 
which we learn nothing »



CASE 1: CMV reactivation in an elderly kidney Tx recipient
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Late CMV infection in seropositive elderly KTx treated with belatacept
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Chavarot Am J Transplant 2021

40/223 (17.9%) developed CMV disease

Late CMV infection in seropositive elderly KTx treated with belatacept

N. Chavarot



Chavarot Am J Transplant 2021

Propensity score matching revealed a 7-fold increased risk of CMV disease under belatacept, whose 
independent risk factors included increased age, D+/R- serostatus, and eGFR at conversion   

Late CMV infection in seropositive elderly KTx treated with belatacept

N. Chavarot



Anti-CMV memory immune responses appear to be overly 
sensitive to CTLA-4-Ig in elderly individuals with graft dysfunction 

1- Is CD28 signal essential for maintaining an effective CMV-
specific T cell response?  

2- Can CTLA-4-Ig impair CMV-specific memory T cell responses 
through a CD28-independent mechanism ?  



CMV-specific CD8+ memory T cells do not express CD28

Hertoghs J Clin Invest 2010



Belatacept does not inhibit CMV-specific memory T cells

Xu Am J Transplant  2014

CMV stimulation 



CMV infection is contained despite dysfunctional  CD28

Beziat Cell 2021

Giant cutaneous horns (« Tree man syndrome »)

Humans with inherited T cell CD28 deficiency 
are susceptible to skin papillomaviruses. 
They are otherwise healthy, yet exhibit 

moderate EBV and CMV replication. 

Vivien Beziat



CTLA-4-Ig may induce exhaustion in chronically-stimulated T-cells

TIGIT+ KLRG1+ exhausted CD8+ T cells are increased in rheumatoid 
arthritis patients following  abatacept treatment

Long SA et al. Front Immunol 2024

CTLA-4, LAG-3, Tim-3, TIGIT, KLRG1, PD-1

T cell exhaustion 

Late-onset CMV reactivation suggests that anti-CMV T-cell responses gradually wane under belatacept therapy



Bengsch et al. Immunity 2015

Partnerless NFAT drives the T cell 
exhaustion program

J. Wherry

Lack of CD28 signal may induce exhaustion in chronically-stimulated T-cells



Sugiura Science 2019

CTLA-4-Ig increases the level of free PD-L1 on dendritic cells

The interaction of CD80 with PD-L1 in cis restricts 
the transbinding between PD-1 and PD-L1

CD80 occupancy by belatacept might liberate PD-L1 
from PD-L1/CD80 heterodimers, thereby promoting 
CD28-independent PD-1-mediated T cell suppression

Zuber Am J Transplant 2025



Terminally differentiated PD-1+ CD28- T cells accumulate in CMV-seropositive 
patients with chronic kidney disease 

M. Sester

CMV-seropositive, yet not CMV-seronegative, 
dialysis patients had significantly higher frequencies 

of PD-1+ CD4+ T cells compared to controls

Sester Am J Transplant 2008

Increased frequency of terminally 
differentiated CD8+ CD57+ T cells

Gr 1: eGFR > 60 ml/mn    Gr 2: eGFR: 15-30 ml/mn Gr 3: dialysis

D. Ducloux



Immunosenescence and inflammaging

Pietrobon et al. Front Immunol 2020

Accumulation of CD28- PD-1+ 
memory T cells is a hallmark 

of immune ageing



Mechanisms underlying PD-1 accumulation in the elderly

Zuber Am J Transplant 2025

Adapted from Jin et al. Sci Immunol 2021



Mannick Sci Transl Med 2014

mTOR inhibition rescues age-related T cell dysfunction

> 65 years
(n=218)

The 1.2-fold increase in the influenza GMT ratio was chosen as endpoint 
because this level of improvement induced by the MF59 vaccine 

adjuvant was associated with a decrease in influenza illness
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Low-dose mTOR inhibition protects from viral respiratory tract infection

Mannick Sci Transl Med 2018

… through enhanced Interferon responses 

Phase 2a clin. trial

> 65 years
(n= 264)
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Mitigation of CMV reactivation risk with mTOR inhibitors

H. Kaminski J. Déchanet-Merville

Kaminski Am J Transplant 2022; Kaminski JASN 2022 

mTORi improve T-cell fitness and function, decreased PD-1 
expression in T cells, along with better control of CMV

L. Couzi

EVERCMV study

Del Bello Kidney Int Rep 2024

A. Del Bello N. Kamar



Conclusion-1



CASE 2: Early-onset and recurrent SCCs in a young kidney Tx recipient
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Accelerated immune senescence in patients with CKD

Sato et al. Nat Rev Nephrol 2019; Betjes et al. Kidney Int 2011 

Immunological age of T cells from ESRD patients is increased by 20 years compared with that of 
cells from age-matched healthy individuals



Uremia-induced immune senescence

Reduced thymic output 

Crépin et al. NDT 2020

D. Ducloux

Thymopoiesis 

Positive  selection 

Rescues thymocytes able to interact 
with self-MHC-peptide complex from 

programmed cell death

Negative  selection 
Active induction of apoptosis in 

thymocytes with a high affinity for 
self-MHC-peptide complex



sjTREC (T cell receptor excision circles) are small circles of 
DNA generated by the rearrangement of the alpha chain 

of the TCR during thymic ontogeny

The detection of sjTRECs in peripheral blood is the most 
accurate surrogate marker of thymic output

Kooshesh KA NEJM 2023

Mean sjTREC count in CD4+ and CD8+ lymphocytes 
were much lower among patients who had 

undergone thymectomy than among controls

How to assess thymic function?



Uremia-induced thymic atrophy

unpublished

CKD 5

Variables affecting the variance 

Healthy controls (n=938) CKD 5 (n=733) 

- Women
- Men

- Women
- Men

A. ToubertE. Clave



Thymic function provides lifelong protection, including after KTx

Aubert et al. (submitted)

A. ToubertO. Aubert

Altered thymic function is associated with increased risk of 
severe COVID-19 in kidney transplant patients

C. Kergaravat



Pretransplant thymic function and immune reconstitution 

Basiliximab ATG 

Aubert et al. (submitted)

O. Aubert

Both low pre-transplant sjTRECs levels and ATG were independently 
associated with reduced CD4+ T cell counts at 3 year 



Low CD4+ T cell count is linked to increased rates of cutaneous SCC in KT recipients

Ahuja et al. Nat Commun 2022

CD4 T cell absolute count and CD4/CD8 ratio determine the Immune Health Grades (IHGs)



CD8+ Immunosenescence predicts post-transplant cutaneous SCC

Bottomley et al. J Am Soc 2016

CD57Hi phenotype (>50% of CD8+ T cells) is stable with time and associated with increasing age and CMV seropositivity
CD57Hi phenotype is s strong and independent predictor of SCC development and recurrence

SCC occurrence in all KT recipients SCC recurrence in all KT recipients by time 
since previous SCC

K. Wood



CMV-specific CD4+ T cells eliminate senescent cells

Hasegawa Cell 2023



N. Chavarot

Increased risk of cSCCs recurrence in KTx converted to belatacept

Chavarot et al. (submitted)



Conclusion-2

Advovacy for tailored immunosuppression based 
on individual assessment of immune fitness

Need for validated tools to capture individual 
immune profiles before transplantation  

Combination of belatacept with mTOR inhibitors in 
patients with preexisting T cell dysfunction / ageing

CKD Immune ID ©️
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