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Group I CD1a, b, c

•Cortical immature tymocytes

•mDCs (CD1a, b, c)

•Langherans cells (CD1a, c)

•Mono/Macrophages (CD1a, b, c 
variable)

•B cells (CD1c on a subset)

Group II CD1d 

•Cortical tymocytes

•mDCs

------

•Mono/Macrophages

•B cells (most)

•Keratinocytes
•Hepatocytes 

•Vascular smooth cells (gut, liver) 

•Schwann cells 

CD1 expression pattern

CD1a,b,c
LEUKEMIA

Group 1



CD1c molecules are frequently expressed 
by primary acute leukemia blasts 

51% adult AML
45% pediatric AML

CD1c

Self Lipids

71% adult B-ALL
26% pediatric B-ALL

Lepore, de Lalla et al. 2014 Consonni M.  et al Nat. Commun. 2021
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CD1c self-reactive T cell clones recognize acute leukemia 
expressing CD1c
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Targeting CD1c+ malignancies with TCR-engineered T cells

Transfer of leukemia-redirected
T cells in patient 

Leukemia patient

Transduction
and expansion 
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Identification of the lead leukemia-specific TCR

Mouse constant regions

hVβLTR Ψ RRE cppT SFFVTprom hVα mCα 2A mCβ WPRE LTR/ΔU3

Clone Name

DN4.99

PZP8A6

DN4.2

P8E3

DN7.6.16

TCR V alfa

TRAV38-1-J31
CAFANNARLMFGDGTQLVVKP

TRAV26-J53               
CILRLRGGSNYKLTFGKGTLLTVNP

TRAV26-2-J44            
CILRDVNTGTASKLTFGTGTRLQVTLD

TRAV38-2-J44
CAYRSPLNTGTASKLTFGTGTRLQVTL

TRAV13.1-J28            
CAAPRGLGVTNSLSGRGPNSRSYQ

TCR V beta

TRBV27-J2.1        
TCASSLVWGT YNEQFFPGTRLTVL

TRBV28-J1.1        
CASTDTGNTEAFFGQGTRLTVV

TRBV4-1-J2.1       
CASSPIMGLAATHNEQFFGPGTRLTVL

TRBV4-1-J2.3     
CASSRLGLSTDTQYFGPGTRLTVL

TRBV28-J2.7
CASSPWVSSYEQYFGPGTRL

Consonni M. et al, Nat. Commun. 2021



Generated DN4.99 TCR T cells are enriched in Stem Cell 
Memory subset

(anti-CD3/CD28 beads + IL-7/IL-15) Consonni M. et al, Nat. Commun. 2021



CD8+ T cells transduced with DN4.99-TCR produce mainly Th1 cytokines 
and kill leukemia targets better than CD4+ T cells

Consonni M. et al, Nat. Commun. 2021



Primary T cells transduced with the DN4.99 TCR  
recognize and kill primary CD1c+ leukemia in vitro 

Recognition Killing

Consonni M. et al, Nat. Commun. 2021
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T cells transduced with the lead mLPA-specific TCR do not kill B 
cells, monocytes and DCs in vitro 

Confidential Consonni M. et al, Nat. Commun. 2021
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Patient T cell 
purification 

and transduction
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NSG mice

Consonni M. et al, Nat. Commun. 2021

Leukemia mouse xenograft models

AML THP1-CD1c B-ALL NALM-6-CD1c AML MOML-13-CD1c

NSG mice NSG mice

Liver BM BM

Aggressiveness

LUCIA LUCIA LUCIA



Adoptive immunotherapy with DN4.99 TCR-T cells delays 
THP-1 leukemia progression in mouse xenografts

Consonni M. et al, Nat. Commun. 2021
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The combination of multiple DN4.99 TCR-T cells injection and 
mLPA-loaded moDCs resulted in increased survival 

AML MOLM-13-CD1c
LUCIA

NSG 
mice

BM

%
 o

f M
ax

CD1c

DN4.99
TCR-T cells 

mLPA-loaded 
moDCs

Consonni M. et al, Nat. Commun. 2021



Shared CD1 
protein

TCR engineered
T Cells

3
Va

Ca

21
Vb

Cb

Non-polymorphic
CD1 genes

TCR DN4.99
Universal TCR

Selection of the optimal TCR recipient effector 
Towards an “off-the-shelf” platform

MHC-restricted T cells

Allogeneic
T cells

CD1d-restricted iNKT cells

Allogeneic
iNKT cells

Dellabona Casorati Lanzavecchia J.Exp.Med 1994



Exogenous
lipids 

CD1-restricted T cells
Specific for lipid 

antigens

CD1d

Endogenous
lipids

CD1a,b,c

Microbes

T Cells

NKT
Cells

Group 1:
Group 2:

NOT 
POLYMORPHIC

- Are restricted for the monomorphic CD1d 
molecule

- Home to the bone marrow (Tian 2016)

- Promote GVL while preventing GVHD  
(Morris 2005; Pillai 2007; de Lalla 2011; 
Chaidos 2012; Rubio 2012)

- Modulate the tumor microenvironment by 
eliminating suppressive macrophages (Song 
2009; Gorini 2017, Cortesi 2018, Delfanti
2022)

Appealing functional features of iNKT cells for ACT in the 
leukemia context



Sci Immunol. 2022 Aug 12;7(74)



Redirecting iNKT cells against leukemia with mLPA-specific TCR

Modulation of TME

Leukemia cell

iNKTiNKT

Cancer
Killing

invTCR

TAM/MDSC

Anti-mLPA
TCR

CD1c

CD1d



24

Efficient human iNKT cell expansion and transduction 
with exogenous TCR

Day 0

1st stimulation with 𝛼CD3/CD28 
dynabeads, ⚡PBMCs, rhIL7 and rhIL2

iNKT purification 
wiith iNKT 

Microbeads 
(Miltenyi)

Day 2 LV transduction Day 12 Day 22

2nd stimulation with 𝛼CD3/CD28 
dynabeads, ⚡PBMCs, rhIL7 and rhIL2

iN
KT

CD3

pre-purification purification

transduction

Consonni M.  Unpublished
confidential
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Recognition and killing of K562 and CCRF-SB cells by  DN4.99 TCR-iNKT cells

Consonni M.  Unpublished
confiden;al
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Combinatorial CD1c and CD1d recognition by 
DN4.99 TCR-iNKT on primary T-ALL
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Conclusions

üHuman primary T and iNKT cells are efficiently redirected against diverse
CD1c-expressing acute leukemias in vitro by engineering with a mLPA-
specific TCR;

üThe adoptive immunotherapy with mLPA-specifc TCR-T cells significantly
delay the progression of three models of leukemia xenograft in NSG mice, an
effect that is boosted by mLPA-cellular immunization;

üiNKT cells engineered with mLPA specific TCR allow combinatorial targeting
of CD1c and CD1d expressing targets

üOur results support the use of mLPA-specific CD1c-restricted TCRs as an
attractive option for adoptive immunotherapy of leukemia across MHC
barriers.
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LV DN4.99mC - hCD3z 
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Absence of CD1c expression in non-hematopoietic tissues of 
healthy individual

Lepore, de Lalla et al. JEM 2014



Absence of CD1c expression in normal hematopoietic precursors
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Ex- Vivo a-AML-18
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Expanded DN4.99 TCR-iNKT express CD62L
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A second transfer of DN4.99 TCR-T cells significantly further delays 
NALM-6 leukemia progression in mouse xenografts
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Consonni M. et al, Nat. Commun. 2021
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expression profile along lymphoid and myeloid differentiation
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ROSEMBERG AND RESTIFO SCIENCE, 2015

Adoptive cell therapy with engineered T cells is currently represented by 
two approaches


