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Abbreviations: CTCL, cutaneous T-cell lymphomas; MF. 
mycosis fungoides; SS, sézary syndrome; TNMB, tumor-node-
metastasis-blood; MAB, monoclonal antibody

Introduction
Classification of cutaneous T-cell lymphomas (CTCL), encompass 

several subtypes that vary considerably in terms of clinical presentation 
and prognosis.1 When mycosis fungoides (MF) is a slowly progressing 
skin invasion by clonally derived malignant CD4+ T-lymphocytes, 
Sézary syndrome (SS) is a more aggressive form characterized by the 
presence of clonal T-cell populations in the skin, lymph nodes and 
blood. Although it is not clearly established whether MF and SS might 
be seen as variants of the same disease spectrum.2−4

Their prognosis and treatment strategies are guided by the disease 
stage according to the revised tumor-node-metastasis-blood (TNMB) 
classification.5 While early stage patients have normal life expectancy, 
patients with more advanced disease do not exceed 25% survival rate 
at five-year horizon. There is therefore a dire need of new therapeutic 
approach for these advanced CTCL patients.

Evaluation of the tumor mass is important for the diagnosis and 
staging of SS. Numerous studies have tried to identify specific markers 
for unequivocal detection of Sézary cells which are still identified 
morphologically as small or large cells with atypical cerebriform 
nucleus. While valuable, flow cytometry analysis of T-cell blood 
subsets provides a more objective and reproducible means to evaluate 
blood involvement in CTCL patients. However, antigen expression 
abnormalities reported so far such as the loss of CD7, CD26, or CD3 
expression were not constantly observed for all patients, making 
the search for more specific markers important for the detection of 
circulating malignant cells.6−9 We previously reported that KIR3DL2 
represents such a specific cell surface marker of the malignant T-cell 
clone invading the skin and blood of CTCL patients.10−14

Evaluation of KIR3DL2+ T-cells compared with quantification by 
cytomorphology or clonal evaluation by immunoscope gave similar 
results at initial time points and during the evolution.10 The specific 

expression of KIR3DL2 in patient malignant cells prompted us to 
evaluate its potential use as a therapeutic target in CTCL.

KIR3DL2 receptor in CTCL

The cell surface receptor KIR3DL2 (also named CD158k) belongs 
to the killer immunoglobulin-like receptor (KIR) family expressed by 
subsets of circulating NK cells and cytotoxic CD8+ T-lymphocytes. 
The KIR nomenclature is based on the biochemical structure of the 
receptors. These receptors may have 2 (2D) or 3 (3D) extracellular 
immunoglobulin domains associated with a long (L) or short (S) 
cytoplasmic tail, responsible for an inhibiting or activating signaling 
activity respectively. KIRs are the main NK cell receptors for 
MHC-I, encoded in the leukocyte receptor complex (LCR) located 
on chromosome 19q34. Genetic organization of KIRs is unique. 
While there are many KIR haplotypes they not only vary by allelic 
polymorphism but also by their gene content.15 Thus KIR haplotype 
may include from 6 to 13 KIR genes. Remarkably, the KIR3DL2 
is one of the framework genes with KIR2DL4 and KIR3DL3 (i.e. 
present in all individuals). The KIR3DL2 is an inhibitory receptor with 
specificity for HLA-A3 and -A1116 and has been reported recently to 
also recognize CpG oligodeoxynucleotides.17

In healthy individuals, The KIRs display a clonally distributed 
expression in human NK cells and while KIR3DL2 expression was 
reported to be restricted to a few NK and T cells,16 we recently found it 
at the surface of cutaneous CD4+ T cells.18 This occasional expression 
of KIR3DL2 on rare CD4+ T-cells from healthy individuals makes it 
a valuable positive marker of malignant T-cell clone invading the skin 
and blood stream in CTCL, even when present at low levels, and also 
offers a unique opportunity to develop a tumor-targeted therapy.

IPH4102 mAb for KIR3DL2 targeted therapy

IPH4102 is a humanized IgG1 monoclonal antibody (mAb) 
selected to bind and deplete KIR3DL2-expressing tumor cells.19,20 
In vitro, IPH4102 has shown compelling efficacy in recruiting, via 
Fc receptors, autologous NK cells to kill patient’s KIR3DL2+ tumor 
cells. In this antibody dependent cell cytotoxicity (ADCC) assay, 
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Abstract

Cutaneous T-cell lymphomas (CTCL) represent a heterogenous group of diseases primarily 
involving the skin. Among them, Sézary syndrome (SS) and transformed mycosis 
fungoides (MF) are aggressive forms of CTCL that currently lack effective therapy. The 
search for new monitoring and therapeutic targets in this context is in dire need. KIR3DL2 
(CD158k) is potentially one of these targets expressed by the tumor cell population when 
only expressed by few normal T and NK lymphocytes. Recently IPH4102 a humanized 
monoclonal antibody was developed to selectively bind and deplete KIR3DL2-expressing 
tumor cells. It acts by recruiting autologous NK cells and macrophages via Fc receptors 
to target elimination of tumor cells. Moreover, engagement of KIR3DL2 by its recently 
identified ligand CpG oligodeoxynucleotides induces its internalization and the triggering 
of a caspase dependent apoptosis of the malignant T cells. These two therapeutic strategies 
targeting KIR3DL2 are actively pursued toward the development of clinical studies for 
CTCL.
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despite a very low spontaneous anti-tumor activity, patient’s NK 
cells remained fully functional as revealed by their activation by 
the IPH4102 mAb. Of note, this activation did not promote NK cell 
death and therefore preserve from immunosuppression. In KIR3DL2+ 
xenograft mouse models, IPH4102 treatment significantly delayed 
tumor growth and improved the overall survival of the animals in a 
dose-dependent fashion. Taken together these preclinical data fully 
support the relevance of KIR3DL2 as a therapeutic target in CTCL. 
IPH4102 has recently demonstrated a favorable preclinical safety 
evaluation in non-human primates, a step toward the conduct of a 
phase I clinical trial.

CpG ODN for KIR3DL2 targeted therapy

On NK and CD8+ T cells, KIR3DL2, as the other KIR-L 
proteins, deliver negative signals through the phosphorylation of 
their intracellular immunoreceptor tyrosine-based motif and their 
subsequent interaction with SH2-domain containing phosphatase 1 
(SHIP-1).21 In terms of ligands, KIR3DL2 has specificity for HLA-A3 
and -A11 through a peptide-specific interaction, and to HLA-B27 
through peptide-independent recognition.22,23 More recently, CpG 
oligodeoxynucleotides (ODN) were also identified as KIR3DL2 
ligands. On NK cells, CpG ODN promotes KIR3DL2 cell surface 
down-modulation and cell activation.17

On Sézary cells, CpG ODN also induce KIR3DL2 internalization 
but contrary to what is observed in NK cells, they lead to a caspase-
dependent apoptosis of malignant CD4+ T-cells.24 This discrepancy 
with NK cells may be related to the lack of TRL9 expression in Sézary 
cells when KIR3DL2 can be viewed as a carrier protein that brings 
CpG ODN to its receptor TLR9 in the endosomal compartment, 
resulting in NK cell activation.17 Phase I/II trials using CpG ODN 
injected subcutaneously in CTCL patients led to a clinical response 
rate of 32 to 36% with no major cytotoxic side effects.25,26 Altogether 
these data suggest that CpG ODN might initiate a direct anti-tumor 
effect on Sézary cells by binding to KIR3DL2.

In conclusion, KIR3DL2 is not only a useful marker to identify 
the tumor population in CTCL; it also constitutes a very promising 
therapeutic target to improve patient clinical support. This could be 
achieved by promoting NK or macrophage recruitment as well as 
complement to eliminate tumor cells through the use of specifically 
design IPH4102 anti-KIR3DL2 mAb or through the use of TLR9 
agonist CpG ODN that bind to KIR3DL2 surface receptor and 
induce caspase-dependent tumor cell apoptosis. Future will tell how 
successful these strategies are.

Acknowledgements
The work was supported by grants from INSERM, Société de 

Recherches Dermatologiques (SRD; C.S), Société Française de 
Dermatologie (SFD; A.M-C and A.B.) and by the European Union 
through the Euro-Trans-Bio grants (M.B and A.B).

Conflicts of interest
Author declares there are no conflicts of interest.

Funding
None.

References
1. Willemze R, Jaffe ES, Burg G, et al. WHO-EORTC classification for 

cutaneous lymphomas. Blood . 2005;105(10):3768−3785.

2. Laharanne E, Oumouhou N, Bonnet F, et al. Genome-wide analysis of 
cutaneous T-cell lymphomas identifies three clinically relevant classes. 
J Invest Dermatol. 2010;130(6):1707−1718.

3. van Doorn R, van Kester MS, Dijkman R, et al. Oncogenomic analysis 
of mycosis fungoides reveals major differences with Sézary syndrome. 
Blood. 2009;113(1):127−136.

4. Mao X, Lillington DM, Czepulkowski B, et al. Molecular cytogenetic 
characterization of Sézary syndrome. Genes Chromosomes Cancer . 
2003;36(3):250−260.

5. Olsen E, Vonderheid E, Pimpinelli N, et al. Revisions to the staging and 
classification of mycosis fungoides and Sézary syndrome: a proposal 
of the International Society for Cutaneous Lymphomas (ISCL) and the 
cutaneous lymphoma task force of the European Organization of Research 
and Treatment of Cancer (EORTC). Blood. 2007;110(6):1713−1722.

6. Klemke CD, Brade J, Weckesser S, et al. The diagnosis of Sézary 
syndrome on peripheral blood by flow cytometry requires the use of 
multiple markers. Br J Dermatol. 2008;159(4):871−880.

7. Rappl G, Abken H, Hasselmann DO, et al. The CD7(-) subset of CD4(+) 
memory T cells is prone to accelerated apoptosis that is prevented by 
interleukin-15 (IL-15). Cell Death Differ . 2001;8(4):395−402.

8. Bernengo MG, Novelli M, Quaglino P, et al. The relevance of the CD4+ 
CD26- subset in the identification of circulating Sézary cells. Br J 
Dermatol. 2001;144(1):125−135.

9. Edelman J, Meyerson HJ. Diminished CD3 expression is useful 
for detecting and enumerating Sézary cells. Am J Clin Pathol. 
2000;114(3):467−477.

10. Moins-Teisserenc H, Daubord M, Clave E, et al. CD158k is a reliable 
marker for diagnosis of Sézary syndrome and reveals an unprecedented 
heterogeneity of circulating malignant cells. J Invest Dermatol. 
2015;135(1):247−257.

11. Bouaziz JD, Remtoula N, Bensussan A, et al. Absolute CD3+ CD158k+ 
lymphocyte count is reliable and more sensitive than cytomorphology 
to evaluate blood tumour burden in Sézary syndrome. Br J Dermatol. 
2010;162(1):123−128.

12. Ortonne N, Huet D, Gaudez C, et al. Significance of circulating T-cell 
clones in Sézary syndrome. Blood. 2006;107(10):4030−4038.

13. Poszepczynska-Guigne E, Schiavon V, D’Incan M, et al. CD158k/
KIR3DL2 is a new phenotypic marker of Sézary cells: relevance for 
the diagnosis and follow-up of Sézary syndrome. J Invest Dermatol. 
2004;122(3):820−823.

14. Bagot M, Moretta A, Sivori S, et al. CD4(+) cutaneous T-cell lymphoma 
cells express the p140-killer cell immunoglobulin-like receptor. Blood. 
2001;97(5):1388−1391.

15. Carrillo-Bustamante P, Kesmir C, de Boer RJ. The evolution of natural 
killer cell receptors. Immunogenetics: [Epub ahead of print]. 2015.

16. Moretta L, Moretta A. Killer immunoglobulin-like receptors. Curr Opin 
Immunol . 2004;16(5):626−633.

17. Sivori S, Falco M, Carlomagno S, et al. A novel KIR-associated function: 
evidence that CpG DNA uptake and shuttling to early endosomes is 
mediated by KIR3DL2. Blood. 2010;116(10):1637−1647.

18. Sako N, Schiavon V, Bounfour T, et al. Olive D, Ram-Wolff C, Michel 
L, Sicard H, Marie-Cardine A, Bagot M, Bensussan A, Schmitt C. 
Membrane expression of NK receptors CD160 and CD158k contributes 
to delineate a unique CD4+ T-lymphocyte subset in normal and mycosis 
fungoides skin. Cytometry A. 2014;85(10):869−882.

19. Sicard H, Bonnafous C, Morel A, et al. A novel targeted immunotherapy 
for CTCL is on its way: Anti-KIR3DL2 mAb IPH4102 is potent and safe 
in non-clinical studies. Oncoimmunology. 2015;4:e1022306.

https://doi.org/10.15406/moji.2015.02.00058
http://www.ncbi.nlm.nih.gov/pubmed/15692063
http://www.ncbi.nlm.nih.gov/pubmed/15692063
http://www.ncbi.nlm.nih.gov/pubmed/20130593
http://www.ncbi.nlm.nih.gov/pubmed/20130593
http://www.ncbi.nlm.nih.gov/pubmed/20130593
http://www.ncbi.nlm.nih.gov/pubmed/18832135
http://www.ncbi.nlm.nih.gov/pubmed/18832135
http://www.ncbi.nlm.nih.gov/pubmed/18832135
http://www.ncbi.nlm.nih.gov/pubmed/12557225
http://www.ncbi.nlm.nih.gov/pubmed/12557225
http://www.ncbi.nlm.nih.gov/pubmed/12557225
http://www.ncbi.nlm.nih.gov/pubmed/17540844
http://www.ncbi.nlm.nih.gov/pubmed/17540844
http://www.ncbi.nlm.nih.gov/pubmed/17540844
http://www.ncbi.nlm.nih.gov/pubmed/17540844
http://www.ncbi.nlm.nih.gov/pubmed/17540844
http://www.ncbi.nlm.nih.gov/pubmed/18652582
http://www.ncbi.nlm.nih.gov/pubmed/18652582
http://www.ncbi.nlm.nih.gov/pubmed/18652582
http://www.ncbi.nlm.nih.gov/pubmed/11550091
http://www.ncbi.nlm.nih.gov/pubmed/11550091
http://www.ncbi.nlm.nih.gov/pubmed/11550091
http://www.ncbi.nlm.nih.gov/pubmed/11167693
http://www.ncbi.nlm.nih.gov/pubmed/11167693
http://www.ncbi.nlm.nih.gov/pubmed/11167693
http://www.ncbi.nlm.nih.gov/pubmed/10989648
http://www.ncbi.nlm.nih.gov/pubmed/10989648
http://www.ncbi.nlm.nih.gov/pubmed/10989648
http://www.ncbi.nlm.nih.gov/pubmed/25158034
http://www.ncbi.nlm.nih.gov/pubmed/25158034
http://www.ncbi.nlm.nih.gov/pubmed/25158034
http://www.ncbi.nlm.nih.gov/pubmed/25158034
http://www.ncbi.nlm.nih.gov/pubmed/19681856
http://www.ncbi.nlm.nih.gov/pubmed/19681856
http://www.ncbi.nlm.nih.gov/pubmed/19681856
http://www.ncbi.nlm.nih.gov/pubmed/19681856
http://www.ncbi.nlm.nih.gov/pubmed/16418328
http://www.ncbi.nlm.nih.gov/pubmed/16418328
http://www.ncbi.nlm.nih.gov/pubmed/15086570
http://www.ncbi.nlm.nih.gov/pubmed/15086570
http://www.ncbi.nlm.nih.gov/pubmed/15086570
http://www.ncbi.nlm.nih.gov/pubmed/15086570
http://www.ncbi.nlm.nih.gov/pubmed/11222384
http://www.ncbi.nlm.nih.gov/pubmed/11222384
http://www.ncbi.nlm.nih.gov/pubmed/11222384
file:///\\system100-pc\JournalS\MOJI\MOJI-02-00058\MOJI-15-ED-167_W\%5bEpub%20ahead%20of%20print%5d
file:///\\system100-pc\JournalS\MOJI\MOJI-02-00058\MOJI-15-ED-167_W\%5bEpub%20ahead%20of%20print%5d
http://www.ncbi.nlm.nih.gov/pubmed/15342010
http://www.ncbi.nlm.nih.gov/pubmed/15342010
http://www.ncbi.nlm.nih.gov/pubmed/20147700
http://www.ncbi.nlm.nih.gov/pubmed/20147700
http://www.ncbi.nlm.nih.gov/pubmed/20147700
http://www.ncbi.nlm.nih.gov/pubmed/25044837
http://www.ncbi.nlm.nih.gov/pubmed/25044837
http://www.ncbi.nlm.nih.gov/pubmed/25044837
http://www.ncbi.nlm.nih.gov/pubmed/25044837
http://www.ncbi.nlm.nih.gov/pubmed/25044837
http://www.ncbi.nlm.nih.gov/pubmed/26405593
http://www.ncbi.nlm.nih.gov/pubmed/26405593
http://www.ncbi.nlm.nih.gov/pubmed/26405593


KIR3DL2: a new therapeutic target for cutaneous t-cell lymphomas? 3
Copyright:

©2015 Schmitt et al.

Citation: Schmitt C, Cardine AM, Bagot M, et al. KIR3DL2: a new therapeutic target for cutaneous t-cell lymphomas? MOJ Immunol. 2015;2(5):11‒12. 
DOI: 10.15406/moji.2015.02.00058

20. Marie-Cardine A, Viaud N, Thonnart N, et al. IPH4102, a Humanized 
KIR3DL2 Antibody with Potent Activity against Cutaneous T-cell 
Lymphoma. Cancer Res . 2014;74(21):6060−6070.

21. Lanier LL. NK cell recognition. Annu Rev Immunol . 2005;23:225−274.

22. Kollnberger S, Chan A, Sun MY, et al. Interaction of HLA-B27 
homodimers with KIR3DL1 and KIR3DL2, unlike HLA-B27 
heterotrimers, is independent of the sequence of bound peptide. Eur J 
Immunol . 2007;37(5):1313−1322.

23. Hansasuta P, Dong T, Thananchai H, et al. Recognition of HLA-A3 
and HLA-A11 by KIR3DL2 is peptide-specific. Eur J Immunol . 
2004;34(6):1673−1679.

24. Ghazi B, Thonnart N, Bagot M,et al. KIR3DL2/CpG ODN interaction 
mediates Sézary syndrome malignant T cell apoptosis. J Invest Dermatol 
. 2015;135(1):229−237.

25. Kim YH, Gratzinger D, Harrison C, et al. In situ vaccination against 
mycosis fungoides by intratumoral injection of a TLR9 agonist combined 
with radiation: a phase 1/2 study. Blood. 2012;119(2):355−363.

26. Kim YH, Girardi M, Duvic M, et al. Phase I trial of a Toll-like receptor 9 
agonist, PF-3512676 (CPG 7909), in patients with treatment-refractory, 
cutaneous T-cell lymphoma. J Am Acad Dermatol. 2010;63(6):975−983.

https://doi.org/10.15406/moji.2015.02.00058
http://www.ncbi.nlm.nih.gov/pubmed/25361998
http://www.ncbi.nlm.nih.gov/pubmed/25361998
http://www.ncbi.nlm.nih.gov/pubmed/25361998
http://www.ncbi.nlm.nih.gov/pubmed/15771571
http://www.ncbi.nlm.nih.gov/pubmed/17407096
http://www.ncbi.nlm.nih.gov/pubmed/17407096
http://www.ncbi.nlm.nih.gov/pubmed/17407096
http://www.ncbi.nlm.nih.gov/pubmed/17407096
http://www.ncbi.nlm.nih.gov/pubmed/15162437
http://www.ncbi.nlm.nih.gov/pubmed/15162437
http://www.ncbi.nlm.nih.gov/pubmed/15162437
http://www.ncbi.nlm.nih.gov/pubmed/25007046
http://www.ncbi.nlm.nih.gov/pubmed/25007046
http://www.ncbi.nlm.nih.gov/pubmed/25007046
http://www.ncbi.nlm.nih.gov/pubmed/22045986
http://www.ncbi.nlm.nih.gov/pubmed/22045986
http://www.ncbi.nlm.nih.gov/pubmed/22045986
http://www.ncbi.nlm.nih.gov/pubmed/20888065
http://www.ncbi.nlm.nih.gov/pubmed/20888065
http://www.ncbi.nlm.nih.gov/pubmed/20888065

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	KIR3DL2 receptor in CTCL 
	IPH4102 mAb for KIR3DL2 targeted therapy 
	CpG ODN for KIR3DL2 targeted therapy 

	Acknowledgements
	Conflicts of interest 
	Funding
	References

