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THE LANCET 1961 IMMUNOLOGICAL FUNCTION J. F. A. P. M iUer 

OF THE THYMUS 

Three-month-old mouse thymectomiud at birth and grafted 
at 5 weeks with skin ftom C3H (dark hair) and Wistar rat (wbite hair) 



NATURE. VOL. 217. JANUARY 27. 1968 

Absence of Thymus in a Mouse Mutant 

-r1g. l. Dissected normal (left) and homozygote nude (right) sibs .. 
Note the absence ofthe thymns (T) fro1n the 1atter. 



~~~gy. 1971, 20, 247 

Observations on the Immunobiology of 'Nude' Mice 

Ftc. l. Two nu nu m ice ofthe same age (6 weeks), 7 days after the grafting of a piece ofskin from a donor of 
the inbred line, A. Left: 'Nude' mouse that had not been pretreated in any way retains the graft. 
Right: 'Nude' mouse that had received, when 1 day old, a thymw implant from a +/? littermate, 
rejected thc graft, wound is hcaling. 
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Preventing 1, 2, and 3 prolongs transplant survival 



Monocytes Initiate Organ Rejection 



Macrophages accumulate in the rejected allograft 
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1. Introducción “Inmunidad Entrenada”: 

Un Nuevo Mecanismo de Rechazo 



Sistema Innato vs Sistema Adaptativo 

Sistema Innato         Sistema Adaptativo 

-Rápido       -Necesita 10-14 días 

-No Especifico     -Antígeno especifico 

-No tiene memoria     -Tiene memoria inmunológica 

   



Vertebrados representan el 5% de las especies animales 



Memoria Inmunológica en Invertebrados y Vertebrados  



0 7 14 21 28 
0 

20 

40 

60 

80 

100 

Pe
rc

en
t 

su
rv

iv
al

 

BCG Vaccine PBS 

n=15 

n=25 

SCID mice 

Days post C. albicans infection (14 days after vaccination) 

100 

200 

300 

400 

500 

0 

RPMI LPS 

*** 

TN
Fa

 (
p

g
/m

l)
 PBS 

BCG 
** 

Kleinnijenhuis J et al PNAS 2012 

Los Macrófagos Tienen Memoria Inmunológica 



Kleinnijenhuis J et al PNAS 2012 

Trimethylation of histone 3 and lysine 4 
(H3K4me3: euchromatin (open) 
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Protección de BCG esta asociada a cambios epigenéticos 



Conclusiones 

1. Introducción “Inmunidad Entrenada” 

1.1 Inmunidad entrenada representa una forma de memoria innata 

1.2 Inmunidad entrenada induce macrofagos pro-inflamatorios  

1.3 Inmunidad entrenada esta asociada a cambios epigenéticos 



Existe Inmunidad Entrenada en Trasplante de Órganos? 



In vivo development of myeloid cells with suppressive function 

BALB/c donor          
     (H-2d) 

C57BL6 recipient 
          (H-2b)  

Experimental Heart Transplant Model in mice 



Netea et al, Nat Rev Immunol 15, (2015) 

TLR4 

LPS 



Increased Vimentin/HMGB1 in the transplanted organ 



Increased Vimentin/HMGB1 in the transplanted organ 

Huang Y et al, AJT 2007  Azimzadeha A et al, AJT 2005 
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 Vimentin/HMGB1 induce Trained Immunity in vitro 

Monocytes 

Days 
0 1 2 3 4 5 6 7 8 

B-glucan or 
Vimentin 

Wash-out & resting time (37°C) 
LPS or 

HMGB1 



Vimentin/HMGB1 contribute to Trained Immunity in vivo 



Vimentin/HMGB1 contribute to Trained Immunity in vivo 



Conclusiones 

1. Los macrófagos en el órgano trasplantado están entrenados 

 

1.1 Macrófagos entrenados cambian su metabolismo (glicólisis) 

1.2 Macrófagos entrenados presentan cambios epigenéticos 

1.3 Macrófagos entrenados producen citoquinas pro-inflamatorias 
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Netea et al, Nat Rev Immunol 15, (2015) 

TLR4 

LPS 



mTORi-HDL Nanobiologics prevent trained immunity in vitro 



mTORi-HDL Nanobiologics biodistribution 



mTORi-HDL Nanobiologics biodistribution 



mTORi-HDL Nanobiologics accumulate in the allograft 



mTORi-HDL Nanobiologics cell targeting 



mTORi-HDL Nanobiologics cell targeting 



mTORi-HDL Nanobiologics target myeloid cells in the allograft 



mTOR-HDL  nanobiologics 



mTORi-HDL Nanobiologics prevent training of graft 

macrophages 



mTORi-HDL Nanobiologics prevent training of graft 

macrophages 



mTORi-HDL promotes suppressive macrophage accumulation 
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mTORi-HDL promotes Treg accumulation 
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CD4+ CD25+  T cells 

CD4+ CD25-  T cells 
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IL-6 and TNF-a Synergistically lnhibit Allograft Acceptance 
Hua Shen and Daniel R. Goldstein J A m S oc Nephrol 20: 1032-1040, 2009. 

Department of Interna! Medicine, Yale University School of Medicine, New Haven, Connecticut 
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Absence of IL-6 and TNF-a Synergizes with Co­
stimulatory Blockade to Induce Allograft Acceptance 

IRAK-M-1- Macrophages Produce Augmented IL-6 
and TNF-a upon TLR Activation, which Prometes T 
Cell Alloimmunity 



CD40-TRAF6-HDL Nanobiologics 

Lameijer et al Nat Biomed Eng, 2018 



Combined Targeted Nanobiologics Promotes  
Organ Transplant Acceptance 



Kidney Liver Heart Allograft 
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Nanobiologic treatment exhibits no signs of toxicity 100 days  

post-transplant and no signs of chronic allograft vasculopathy 



Graphical Abstract 

Braza et al Immunity, 2018 
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