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A subset of CD1c-restricted T lymphocytes exhibits strong reactivity against leukemia cells. These T cells recognize
methyl-lysophosphatidic acid (mLPA), a novel lipid antigen produced by acute leukemia cells. Considering that CD1c-
restricted T cells display efficacious anti-leukemia activities in a mouse model, this lipid antigen thus represents a novel
target in the immunotherapy of hematological malignancies.

Improvements of poly-chemotherapy
and allogeneic hematopoietic stem cell
transplantation (HSCT) regimens have
significantly ameliorated the prognosis of
acute leukemia.1 Post-transplant recur-
rence of residual leukemia blasts surviving
the conditioning regimen remains the
major unmet clinical need for patients
afflicted with acute leukemia,1 prompting
the search of novel strategies to overcome
this problem. The transfer of allogeneic
donor-derived T cells into patients is cur-
rently utilized to maintain remission by
inducing a beneficial graft vs. leukemia
(GVL) effect.1 The grafted alloreactive T
cells can also elicit detrimental graft vs.
host disease (GVHD), resulting from the
recognition of patient’s non-hematopoi-
etic tissues.1 This is due to transferred T
cells that are specific for peptide antigens
presented by the highly polymorphic
MHC molecules, which generate histo-
incompatible barriers between individuals.

A promising therapeutic strategy to
maximize GVL without inducing GVHD
consists in the selective targeting of T-cell
responses against the leukemia cells, while
preserving both the normal donor-derived
hematopoiesis and organ functions in
patients. The adoptive transfer of T cells
recognizing leukemia-associated peptide
antigen is currently one of the most prom-
ising therapeutic approaches.1 Tumor-
specific T lymphocytes can be directly
isolated from patients or allogeneic donors

and expanded in culture prior to infusion,
or generated by engineering patients or
donors T cells with T cell receptor (TCR)
genes specific for leukemia-associated pep-
tide antigens.2 One major caveat of this
approach is represented by the polymor-
phism in MHC molecules, which requires
the generation of T cells or TCRs that are
restricted for the diverse MHC alleles dis-
played by the population of leukemia
patients. Our study3 defines an original
approach to exploit T lymphocytes against
malignant cells bypassing the MHC-
restricted histocompatibility. In recent
years, it has becoming increasingly clear
that T lymphocytes may also recognize
lipid antigens presented by the non-poly-
morphic, MHC Class I-related CD1 mol-
ecules.4 There exists 5 CD1 molecules in
humans, grouped by homology in CD1a,
b, c (group 1), CD1d (group 2) and
CD1e (group 3), respectively. CD1-
restricted T cells recognize lipid antigens
derived from infectious pathogens and
may protect the host from infections.5 A
large number of CD1-restricted T cells are
also reactive against malignant cells
expressing CD1, implying the recognition
of endogenous self-lipids.6 By combining
biochemical and cellular approaches, we
identify a unique class of self-lipid anti-
gens purified from leukemia cells and rec-
ognized by specific T cell clones when
presented by CD1c molecules. This novel
self-lipid antigens where characterized as

methyl-lysophospatidic acid (mLPA), a
molecule never described before, which
we found accumulated in different types
of primary leukemia cells and in estab-
lished tumor cell lines of differing
hematopoietic lineages.3 Hence, mLPA
represents a novel class of leukemia-associ-
ated antigens. mLPA includes unusual
structural characteristics, such as the pres-
ence of a methyl group on the phosphate
moiety and an ether bonded alkyl chain,
which is evidence of peroxisomal synthe-
sis.7 Previous studies have reported the
accumulation of methylated lysophospha-
tidic acids in cancer cells that promote
tumor cell proliferation and migration,8 as
well as an increase in peroxisome numbers
and activities, which participate in tumor
cell growth.9 Thus, mLPA-specific leuke-
mia-reactive T cells recognize peroxisome-
derived lipids as leukemia antigens, pro-
viding direct evidence of the capacity of
the immune system to survey the lipidome
of healthy cells and detect modifications
occurring during oncogenesis (Fig. 1).

We reported that mLPA-specific T
cells kill CD1cC leukemia cell lines and
primary blasts and display therapeutic effi-
cacy in a mouse xenograft model of
human T-cell acute lymphoblastic leuke-
mia (T-ALL) and acute myeloid leukemia
(AML), significantly restraining the pro-
gression of the transplanted malignant
cells compared to mLPA-non specific con-
trol T cells.3 Notably, mLPA-specific T
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cells discriminate between normal and
malignant cells, as normal primary circu-
lating B cells and monocytes represent
poor targets for these T lymphocytes,
compatible with the detection of trace
amounts of mLPA in normal cells.3 An
exception is represented by the recogni-
tion of in vitro differentiated monocyte-
derived dendritic cells (Mo-DCs) in which
we measured high levels of mLPA.3 Con-
sistently, MoDCs efficiently stimulated
mLPA-specific T cells.3 As Mo-DCs are
generated in vitro, the physiological

relevance of their recognition by mLPA-
specific T cells warrants further
investigations.

All together, these findings indicated
that the expression pattern of mLPA
resembles that of other tumor-associated
antigens of a protein nature, such that
mLPA accumulates in tumor cells but is
also present in some healthy cells.10

Our study provides proof-of-concept
evidence that it is possible to generate
large numbers of CD1c-restricted anti-
leukemia T cells that target leukemia cells

in vivo. This is achieved by
lentivirus transfer of mLPA-
specific TCR genes into
polyclonal T cell lines, which
recognize and kill CD1c-
expressing malignant cells.3

Importantly the non-poly-
morphic CD1c molecules
are broadly expressed by pri-
mary blasts representative of
AML and precursor B-ALL
disease occurring in both
adult and pediatric patients,
whereas they are not
expressed in hematopoietic
precursors and parenchyma-
tous organs.3 These charac-
teristics will probably
minimize GVHD in trans-
duced patients. The weak
recognition of healthy
monocytes and DCs by
mLPA-specific T cells might
be clinically tolerated in the
course of adoptive cell ther-
apy in the peritransplant
period considering the bene-
fit of prevention/control of
post-transplant leukemia
relapses.

Our results have twofold
implications. First, the iden-
tification of mLPA as new
lipid antigen, probably the
product of altered lipid
metabolism associated with

the oncogenic process. Second, the defini-
tion of a new strategy to target leukemia
that may efficiently complement the cur-
rent cell-based immunotherapies relying
on antitumor responses directed against
protein antigens.
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Figure 1. Targeting leukemia by CD1c-restricted T cells specific for a novel lipid antigen. (A) CD1c self-reactive T
cells recognize the self-lipid antigen methyl-lysophospatidic acid (mLPA), which is upregulated by oncogenic meta-
bolic processes in malignant cells (acute myeloid or lymphocytic leukemias), compared with normal monocytes
and B cells. (B) mLPA-specific T cell receptor (TCR) genes are cloned into lentivirus (LV) vectors that can be utilized
to efficiently transfer the antigen-specificity into polyclonal T cells. LV vector structure: LTR/DU3, long terminal
repeats, with deletions; c, packaging sequence; RRE, reverse response element; SFFV prom, Spleen Focus Forming
Virus promoter; IRES, internal ribosome entry site sequence; WPRE, post-translational regulatory element of Wood-
chuck Hepatitis Virus. (C) T cells from acute leukemia patients are expanded and transduced ex vivo with the LV car-
rying mLPA-specific TCR genes, which redirects T cells against the leukemia target upon adoptive transfer into the
patients.
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