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KIR3DL2 is a member of the killer cell immunoglobulin-like receptor (KIR) family that 
was initially identified at the surface of natural killer (NK) cells. KIR3DL2, also known as 
CD158k, is expressed as a disulfide-linked homodimer. Each chain is composed of three 
immunoglobulin-like domains and a long cytoplasmic tail containing two immunorecep-
tor tyrosine-based inhibitory motifs. Beside its expression on NK cells, it is also found 
on rare circulating T lymphocytes, mainly CD8+. Although the KIR gene number varies 
between haplotype, KIR3DL2 is a framework gene present in all individuals. Together 
with the presence of genomic regulatory sequences unique to KIR3DL2, this suggests 
some particular functions for the derived protein in comparison with other KIR family 
members. Several ligands have been identified for KIR3DL2. As for other KIRs, binding 
to HLA class I molecules is essential for NK development by promoting phenomena 
such as licensing and driving NK cell maturation. For KIR3DL2, this includes binding to 
HLA-A3 and -A11 and to the free heavy chain form of HLA-B27. In addition, KIR3DL2 
binds to CpG oligonucleotides (ODN) and ensures their transport to endosomal toll-like 
receptor 9 that promotes cell activation. These characteristics have implicated KIR3DL2 
in several pathologies: ankylosing spondylitis and cutaneous T-cell lymphomas such as 
Sézary syndrome, CD30+ cutaneous lymphoma, and transformed mycosis fungoides. 
Consequently, a new generation of humanized monoclonal antibodies (mAbs) directed 
against KIR3DL2 has been helpful in the diagnosis, follow-up, and treatment of these 
diseases. In addition, preliminary clinical studies of a novel targeted immunotherapy for 
cutaneous T-cell lymphomas using the anti-KIR3DL2 mAb IPH4102 are now underway. 
In this review, we discuss the various aspects of KIR3DL2 on the functions of CD4+ 
T cells and how targeting this receptor helps to develop innovative therapeutic strategies.

Keywords: KiR3DL2, Sézary syndrome, mycosis fungoides, cutaneous T-cell lymphomas, tumor marker, 
monoclonal antibody

iNTRODUCTiON

Introduction of monoclonal antibodies (mAbs) has been a very successful breakthrough for the 
diagnosis and treatment of a number of tumors. First used for immunophenotyping to better 
identify and characterize the tumor cell pool, they became useful in the quantification of residual 
malignant cells during patient follow-up and in the evaluation of chemotherapeutic protocols. 
mAbs have been highly valuable in identifying therapeutic targets and initiated development of 
the use of specially designed mAb in cancer treatment. Humanized mAb alone, leaving aside 
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their applications as drug delivery systems, is most widely used 
for tumor-targeting immunotherapies. Rituximab (anti-CD20 
mAb) was the first mAb approved for cancer therapy. It has 
significantly improved patient survival in several B-cell malig-
nancies such as diffuse large-cell lymphomas with response rate 
of 60–80% (1, 2). Many efforts have been devoted to under-
standing the mechanisms of action of anti-CD20 antibody 
tumor depletion (2–4). Beside complement activation, FcR 
immune effectors [phagocytes and natural killer (NK) cells] 
play an essential role in the in  vivo clearance of mAb-coated 
tumor cells (5–8). Another way of killing tumor cells by mAb 
is by F(ab′)2-dependent targeting of cell surface signaling 
receptors associated with apoptosis induction (9–12). In many 
cases, the therapeutic efficacy of a mAb relies on both Fc- and 
F(ab′)2-dependent mechanisms. However, because of the lack of 
efficient therapeutic targets and the resistance to chemotherapy, 
too many cancers are still resistant to treatment, particularly 
at advanced stages. In this review, we focus on a class of such 
tumors, the cutaneous T-cell lymphomas (CTCL), which require 
improved identification of tumor markers and more efficient 
treatment. The rapidly growing numbers of clinically approved 
tumor-targeting mAb enlarge the spectrum of potential treat-
ments for these cases.

CUTANeOUS T-CeLL LYMPHOMAS

Cutaneous T-cell lymphomas represent a group of rare and 
heterogeneous extranodal non-Hodgkin’s lymphomas character-
ized by skin infiltration of malignant monoclonal T lymphocytes 
(13). Sézary syndrome (SS) and mycosis fungoides (MF) are the 
most common forms of CTCL, both being very difficult to treat at 
advanced stages. Their diagnosis is based on clinical, histopatho-
logical, molecular biological, and immunopathological features 
(14). However, the lack of unambiguous immunophenotypic or 
molecular biomarkers makes the differential diagnosis of CTCL 
with erythrodermic inflammatory dermatoses challenging (15). 
MF, accounting for around 65% of CTCL cases, usually presents 
with an indolent clinical course restricted to the skin, passing 
from macule and patch stage to infiltrated plaque stage. However, 
tumor-stage disease and cell transformation are associated with 
much poorer prognosis. SS is an aggressive leukemic variant of 
CTCL clinically defined by the classical triad of erythroderma, 
lymphadenopathy, and peripheral blood involvement. Detection 
of an identical malignant T-cell clone in the skin and the blood, 
based on T-cell receptor gene rearrangements, is a critical ele-
ment for the diagnosis of SS. Staging for CTCL based on the 
TNM (tumor–node–metastasis) system has been extremely 
useful and remains the standard for the classification of MF/SS 
patients. Although progress has been made in the treatment of 
transformed MF and SS, there is still no cure for these diseases. 
Intensive chemotherapies are mostly inappropriate for CTCL due 
to the high risk of infection in patients with a compromised skin 
barrier (14).

As mentioned earlier, early diagnosis of SS can be challenging 
and evaluation of the tumor burden is difficult. A number of stud-
ies have attempted to identify characteristic immunophenotypic 
changes and molecular biomarkers in Sézary cells that could 

be useful as additional diagnostic criteria (16–20). Using flow 
cytometry, the loss of cell surface markers such as CD7, CD26, 
and/or CD27 on CD4+ T cells is helpful to estimate the tumor 
mass and to orient the choice of therapy. However, the specific-
ity and sensitivity of these tests to identify the malignant clone 
are to be considered with caution. Markers mostly expressed on 
NK cells, such as CD158k (KIR3DL2) and CD335 (NKp46), can 
be expressed on erythrodermic MF/SS T cells and can be consid-
ered as more reliable markers for the malignant clone detection 
(21–24). Despite the possible induction of partial or complete 
remission, the median survival of SS is 1–5 years, illustrating the 
need for novel targeted therapies. Promising targets include the 
C–C chemokine receptor type 4 (CCR4), CD30, programmed-
death 1, and KIR3DL2 to which therapeutic mAb has been 
designed and are currently in the clinical phase of study.

KiR3DL2 iN BiOLOGY

A Biological Marker
In humans, the main NK cell receptors for major histocompat-
ibility class I (MHC-I) molecules are the killer cell immunoglob-
ulin-like receptors (KIRs) or CD158x. They have been named 
according to their biochemical structure, having either two 
(KIR2D) or three (KIR3D) extracellular Ig-like domains and 
either a long cytoplasmic tail (KIR-L) containing immunerecep-
tor tyrosine-based inhibitory motifs (ITIM) or a short cyto-
plasmic tail (KIR-S) that associates with signaling molecules to 
transduce an activating signal (25). Interestingly, this important 
function of MHC-I recognition is shared in non-primate spe-
cies by structurally different molecules, the lectin-like receptors 
(Ly49x). At the genomic level, KIRs are encoded in the leukocyte 
receptor cluster on chromosome 19q13.4, while the Ly49 genes 
in rodents are encoded in the NK complex on chromosome 6. 
Human haplotypes encoding KIRs have major differences in 
gene content and allelic polymorphism, with up to 14 genes and 
3 framework genes, namely KIR2DL4, KIR3DL2, and KIR3DL3 
(26, 27). Given that MHC-I and KIRs are encoded on different 
chromosomes, this results in a fascinating complexity of cognate 
KIRs/HLA class I genotypes.

Unlike T or B lymphocytes, NK  cells do not generate their 
recognition repertoire through receptor gene rearrangements. 
Instead they use germline-encoded activating and inhibiting 
receptors, the resulting signals deciding the fate of the cellular 
response. Expression of a limited set of activating and inhibiting 
receptors in any given NK lymphocyte ensures the generation of 
a remarkable degree of cell diversity (28). Inhibiting KIR recep-
tors also play an important role in the development of functional 
NK cells. The strength of the interaction between the inhibitory 
KIR and the MHC-I determines the threshold of activation of a 
given NK cell, a process known as NK cell education (29, 30).

Killer cell immunoglobulin-like receptors are also important 
in reproduction through the role of uterine NK cells in the pro-
cess of decidualization (31). During this arterial remodeling 
process, appropriate KIR/HLA-C interactions between uterine 
NK cells and extra-villous trophoblasts are necessary to ensure 
reproductive success (32). For exemple, a strong maternal 
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inhibitory KIR repertoire associated with a fetal high affinity 
HLA ligand was found to be detrimental to healthy placenta-
tion (33).

In the peripheral blood of healthy humans, KIR3DL2 
is not only expressed by about 20% of NK  cells but also 
expressed by a small proportion of CD4+ (5%) and CD8+ (9%)  
T  lymphocytes. An enriched KIR3DL2 expression on memory 
CD45RO+CD28−CCR7−CD62L− T cells has also been reported 
(34). Similar to NK cells, KIR3DL2 is an inhibitory co-receptor 
on T  lymphocytes. KIR3DL2 is unique among the KIR family 
in being expressed as a disulfide-linked homodimer (p140) (35). 
This characteristic may be important in terms of ligand-binding 
capacity.

Ligands
The large number of protein-encoding polymorphic variants of 
KIR3DL2 hinders definition of the complete list of ligands for 
this receptor, although the true contribution of allelic variations 
to ligand recognition is unknown. It was originally shown to bind 
specifically to HLA-A3 and -A11 (35, 36). It seems that associa-
tion of the RLRAEAQVK EBV-peptide to HLA-A3 and -A11 is 
critical for binding to KIR3DL2 (37). The requirement for specific 
peptide association to the MHC complex is unclear as KIR recep-
tors are more generally considered as MHC-I expression sensors 
on target cells. This peptide selectivity may confer NK cells with 
an additional recognition mechanism (38). KIR3DL2 also binds 
to the free heavy chain dimers of HLA-B27 (39). In addition to the 
classical ß2m-associated heavy chain, HLA-B27 is expressed at 
the cell surface as dimers of free heavy chains due to the presence 
of a reactive cysteine at position 67. In contrast to the binding 
to HLA-A3 and -A11, KIR3DL2 recognition of HLA-B27-free 
heavy chains is independent of the bound peptide sequence (40).

KIR3DL2 also binds to CpG-oligodeoxynucleotides (CpG-
ODN), and this ligation induces KIR3DL2 down-modulation 
from the cell surface and translocation to the endosome to deliver 
the CpG-ODN to the toll-like receptor 9 (TLR9) (41). CpG-
ODNs belong to a class of ligands called pathogen-associated 
molecular patterns (PAMPs) recognized by TLRs. As mentioned 
earlier, certain TLRs are localized in the endoplasmic reticulum 
and endosomes where, upon ligation by their respective ligands, 
they can initiate signal transduction, promote cytokine release, 
and increase NK cell cytotoxicity (42–45). Recognition of CpG-
ODNs or other PAMPs is also observed for KIR3D or KIR2D 
receptors encompassing a D0 Ig-like domain. This illustrates that 
KIRs not only function as HLA class I receptors but can also serve 
as receptors to mediate antimicrobial responses.

Role in immune Response
KIR3DL2 belongs to the inhibitory receptor family like the other 
KIR-L and is characterized by the presence of ITIM/ITSM-like 
sequences in its cytoplasmic tail. It is indeed capable, upon liga-
tion at the surface of NK cells, to inhibit IFNγ production and 
cytotoxic function. On T lymphocytes, KIR3DL2 ligation has no 
effect alone. It is a co-receptor that contributes to the response 
initiated via the TCR. In particular, KIR3DL2 ligation on acti-
vated T cells results in an antiapoptotic effect and the production 
of IL-17 (46). KIR3DL2 ligation by HLA-B27 also promotes the 

survival of NK cells and inhibits their production of IFN-γ (34). 
Of note, KIR3DL2 expression is upregulated upon activation of 
NK and T  cells. KIR3DL2 expressing T  cells may therefore be 
enriched in Th17 cells, the T-cell subset producing IL-17, sug-
gesting that it may have a role in the differentiation of this T-cell 
subset. Interestingly, while IL-17 can have anti-tumor effects as a 
pro-inflammatory cytokine, it has also been identified as exerting 
a promoting role in carcinogenesis, tumor metastasis, and resist-
ance to chemotherapy of diverse types of cancers (47).

KiR3DL2 iN PATHOLOGY

KiR3DL2 and Ankylosing Spondylitis (AS)
The human leukocyte antigen HLA-B27 is strongly associated 
with the development of AS, with 94% of patients expressing 
HLA-B27, compared to 9.4% of healthy individuals (48). As 
mentioned earlier, KIR3DL2 recognizes HLA-B27 as a dimer of 
free B27 heavy chains. Proportions of KIR3DL2+ CD4+ T cells 
producing IL-17 are increased in the peripheral blood and 
synovial fluid of patients with AS (34). In vitro, KIR3DL2+ CD4 
T cells stimulated with B27 heavy chain dimers or IL-23 and IL-1 
produce more IL-17 when isolated from AS patients than from 
healthy individuals (46). A role for Th17 cells in the pathogenesis 
of AS has been suggested by the strong genetic linkage with IL-23R 
polymorphism (49). In AS, KIR3DL2+CD4+ T cells accounted for 
60% of all IL-23R-expressing CD4+ T  cells. These data suggest 
that the B27 interaction with KIR3DL2 could play a central role 
in AS and other HLA-B27-linked autoimmune diseases.

KiR3DL2 in CTCL
A Diagnostic Tool
As mentioned earlier, diagnosis and evaluation of the tumor mass 
in CTCL can be challenging. Histological examination of blood 
smears to determine the tumor mass, with Sézary cells defined by 
a cerebriform nuclear morphology, is widely used and valuable, 
while flow cytometry analysis of T-cell blood subsets provides 
a more objective and reproducible means to quantify and track 
circulating lymphocyte involvement in patients with MF/SS. For 
example, a CD4:CD8 ratio higher than 10 is observed in about 
80% of patients with SS, whereas loss of CD7 (CD4+CD7− ≥30%) 
or CD26 (CD4+CD26− ≥40%) is found in about half of the SS 
patients (50–52). However, loss of CD7 or CD26 among CD4+ 
T cells can also be found in benign inflammatory erythroderma 
or rare healthy subjects. Even T-cell clonality can be detected 
in 34% of cases with benign inflammatory erythroderma (53). 
This illustrates the need for other specific markers for CTCL. 
Among the proposed potential markers, several belong to the 
NK  cell lineage, raising the provocative question of a NK-cell 
reprogramming mechanism occurring in the transformation 
of some CTCL (54). Indeed, an abnormal expression of several 
NK receptors has been observed at the surface of SS cells. These 
include CD85j/Ig-like transcript 2 (ILT2)-receptor (55), the 
natural cytotoxicity receptor (NCR) NKp46/NCR1 (22), and 
KIR3DL2 (56).

Ig-like transcript 2 is an inhibitory receptor, analogous to 
KIRs, specific for the α3-domain epitope shared by some MHC-I 
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molecules and the UL18 antigen encoded by human cytomeg-
alovirus (57). Although it is expressed on NK and some memory 
CD8+ T cells, ILT2 is absent from the surface of resting normal 
CD4+ T  lymphocytes, allowing ILT2 expression to effectively 
identify circulating Sézary cells in SS patients (55).

NKp46, with NKp30 and NKp44, constitutes the NK  cell 
NCRs family. It was shown that umbilical cord blood CD8+ 
T cells long-term cultured with IL-15 could express NCR (58). 
In this line, NCRs are also observed on the surface of intraepi-
thelial T  lymphocytes in celiac disease where they can drive 
TCR-independent cytotoxicity and cytokine production (59). It 
was still a surprise to find NKp46 expression not on cytotoxic 
effector T cells but on non-CTL malignant CD4+ T lymphocytes 
in SS patients (22). Expression of NKp46 is not observed on 
normal circulating CD4+ T  cells, a clear indication that such 
ectopic expression is a consequence of malignant transforma-
tion. Indeed, in the circulating T cells from SS patients, expres-
sion of NKp46 is restricted to the clonal Vß CD4+ population 
identifying the tumor cells. NKp46 expression also correlated 
with KIR3DL2 expression and reflected the clinical course of the 
disease with a lower expression in remission or post-treatment 
periods. Of note, NKp46 and KIR3DL2 are frequently co-
expressed in transformed MF (23).

The Q66 mAb was the first to specifically recognize the p170 
KIR now called CD158k or KIR3DL2 (35). Although SS cells are 
difficult to culture in vitro, IL-7 proved to be useful to generate 
some CTCL cell lines (60–62). Expression of KIR3DL2 detected 
by the Q66 mAb was initially demonstrated in the former cell lines 
and further confirmed on the corresponding patient’s primary 
circulating cells and extended to seven other SS patients and to 
the skin of two patients with advanced MF (56). Expression of 
KIR3DL2 on SS cells is polymorphic but is not associated with 
a particular allele (63). It is increasingly clear that KIR3DL2, 
alone or associated with other markers, could efficiently deline-
ate circulating Sézary cells and reduce diagnostic difficulties 
(21, 64, 65). Because KIR3DL2 is poorly expressed by normal 
T  lymphocytes or reactive lymphocytes from benign erythro-
dermic inflammatory diseases, it is a highly specific marker 
for Sézary cells. For example, KIR3DL2 transcripts were found 
significantly overexpressed in skin biopsies from patients with SS 
compared to benign erythrodermic dermatoses (66). KIR3DL2 
has progressed to become the best marker of SS after expression 
was reported in 30 of 34 (82%), 32 of 33 (97%), and 11 of 17 
(65%) patients with SS in studies from three different groups 
(51, 64, 67). Availability of new IgG anti-KIR3DL2 mAb with 
higher affinity and avidity than the first IgM Q66 will increase 
the possibility of detecting SS cells with low CD158k/KIR3DL2 
expression. KIR3DL2 mAb identifies the tumor cells in most 
CTCL patients analyzed and, therefore, represents a valid tool 
to dynamically evaluate the evolution of the tumor pool during 
disease evolution as well as the response to treatment (68).

A Prognostic Tool
During the course of the disease or after treatment, it is crucial 
to assess whether an increase in the CD4 population results 
from an expansion of the tumor cell population or of reactive 
T  lymphocytes. In addition, the tumor burden in blood had a 

prognostic value in patients with eythrodermic CTCL (69). It was 
shown that measure of the absolute CD3+CD158k+ circulating 
cells closely correlated with morphologically identified (with 
cerebriform-like nuclei) Sézary cell numbers in patients with SS 
under systemic therapy (21). When comparing KIR3DL2+ and 
KIR3DL2− populations of CD4+ T cells, a decrease in KIR3DL2 
expressing T cells is associated with the response to therapy when 
increased KIR3DL2− CD4+ T cells are observed, highlighting the 
usefulness of this marker for the follow-up of SS patients (17). A 
recent study reported that 87% of a group of SS patients (n = 64) 
expressed KIR3DL2 (range: 7–98% of tumor T cells) at diagnosis. 
Analyzing the follow-up of these patients indicates that the pres-
ence of more that 85% of KIR3DL2+ cells among CD3+ T cells is 
the main prognostic factor at diagnosis for SS (68). This study 
also demonstrates that circulating CD3+CD4+KIR3DL2+ T-cell 
counts can be used to monitor treatment efficacy and relapse in 
SS patients. KIR3DL2 detection permits to estimate whether the 
ongoing treatment specifically targeted the malignant T-cell clone 
and, if so, to visualize the pool of residual tumor cells. KIR3DL2 
therefore represents an early predictive marker of relapse or 
progression.

A Therapeutic Target
Based on the above data, it is clear that KIR3DL2 can be a 
therapeutic target for CTCL. However the remaining questions 
are: why do cutaneous malignant T  cells express this marker 
and what is its function on these cells? As mentioned earlier, 
KIR3DL2 expression on CTCL cells may be the result of some 
kind of genetic remodeling that induces NK marker ectopic 
expression. In healthy individuals, KIRs were also expressed 
by a small proportion of cytotoxic CD8+ T  cells (70). Unlike 
NK  cells, where inhibitory KIRs play a role in education, 
KIRs on T  cells are acquired at the memory stage, and the 
proportion of KIR+CD8+ T  lymphocytes increases with age 
(70). The engagement of MHC class I inhibitory receptors has 
been shown to contribute to the down-regulation of T  cell 
effector function in KIR+CD8+ T and to the negative control 
of activation-induced cell death (AICD) (71). Expression of 
KIRs (or ILT2) can proceed from a regulatory mechanism 
that would raise the activation threshold in cytotoxic T cells, 
thereby providing a safety mechanism to control these poten-
tially harmful cells (72). Therefore, KIR3DL2 expression on 
Sézary cells may reflect the ability of neoplastic cells to better 
avoid antigen receptor-mediated cell death in an inflammatory 
environment of persistent antigenic stimulation of cutaneous 
T  cells. Indeed, it has been established that accumulation of 
Sézary cells is not a result of increased proliferation but rather 
reflected a resistance to apoptosis and particularly to AICD 
(73). Thus, although KIR3DL2 has no independent receptor 
function, co-ligation of CD3 and KIR3DL2 induces a strong 
inhibition of the proliferation and apoptosis on Sézary cells 
when non-KIR3DL2 cells proliferated and reached apoptosis 
normally (74). Thus, expression of KIR3DL2 by malignant 
cutaneous T cells may be a key element to protect these cells 
from AICD in a highly stimulating environment, but what can 
trigger KIR3DL2 signaling in Sézary cells? There is no particu-
lar association of SS with the HLA-A3, -A11, or -B27 haplotype 
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but, as mentioned earlier, CpG-ODN has been reported to bind 
KIR3DL2 on NK cells leading to NK cell activation (41). When 
tested on Sézary cells, KIR3DL2 engagement by CpG-ODN 
promotes the internalization of the receptor and the generation 
of apoptotic signals in the malignant CD4+ cells (75). In phase 
I/II trials on CTCL patients, subcutaneous injection of class-B 
CpG-ODN has led to a clinical response rate of 32–36% and 
in the absence of major cytotoxic side effects (76, 77). These 
data suggest that, in addition to promoting the generation of 
an anti-tumor immune response, CpG-ODN might initiate a 
direct effect on Sézary cells through binding to KIR3DL2.

KIR3DL2 expression is not restricted to SS and MF tumor 
cells. Recently it has been shown that in primary anaplastic 
large-cell lymphoma, an aggressive CD30+ CTCL, tumor 
cells also express KIR3DL2 and can be the target of a potent 
anti-tumor activity in vitro, re-enforcing this marker as a thera-
peutic target for these patients (78). The restricted expression 
of KIR3DL2 in normal immune cells, and the possibility to 
selectively target the tumor cells in CTCL, led to the develop-
ment of a humanized mAb for an effective treatment strategy. 
IPH4102, a humanized IgG1, is the selected anti-KIR3DL2 
mAb candidate with potent depleting activity against primary 
Sézary patient cells (79, 80). In preclinical studies, in vitro assays 
using the Sézary cell line HuT 78 demonstrated that IPH4102 
modes of action include antibody-dependent cell cytotoxicity 
(ADCC) involving NK  cells, and antibody-dependent cell 
phagocytosis due to macrophage activation, but no killing via 
direct complement activation on target cells (79). Effective 
anti-tumor killing was also achieved ex vivo in co-cultures of 
patient’s Sézary cells and autologous NK cells as effectors. Even 
with an effector/target ratio lower than 1:1, malignant cells 
from all patients tested were efficiently killed while NK effector 
survival was not compromised by the action of IPH4102, unlike 
the Alentuzumab control, illustrating the selectivity of action of 
the anti-KIR3DL2 mAb (79). In vivo efficiency of the anti-tumor 
activity of IPH4102 was tested in SCID mice engrafted with 
KIR3DL2-transfected Raji cells. In this model, engrafted mice 
treated twice weekly with an isotype control mAb had a median 
survival of 17 days. On the other hand, mice treated with as little 
as 30 µg of IPH4102 had a median survival of 39 days, and 2 of 
the 30 mice remained alive at the end of the experiment (79). 
IPH4102 has also demonstrated a favorable preclinical safety 
profile in regulatory pharmaco-toxicology experiments in non-
human primates (80).

IPH4102 is currently being investigated in the first-in-human 
multicenter phase I study (NCT02593045) evaluating repeated 
administrations at escalating doses of single-agent IPH4102 
in relapsed/refractory CTCL. A recent report of this ongoing 
study that includes 22 CTCL patients, including 19 SS patients, 
indicated that IPH4102 is very well tolerated in these patients 
(who have had extensive treatment) with no reported treatment-
related death (81). The majority of adverse effects are low grade 
and typical for CTCL. Upon escalation and up to now, the best 
global overall response rate is 47% in SS patients, reaching 58% 
responses in the circulation. In addition, two complete responses 
were observed in skin and five complete responses were observed 
in blood. These preliminary data are encouraging to promote 

IPH4102 as a new targeted treatment in patients with advanced 
CTCL.

OTHeR mAb iN CTCL TReATMeNT

Alentuzumab (Campath; Anti-CD52 mAb)
Alemtuzumab is a humanized IgG1 kappa mAb specific for 
CD52, an antigen expressed by most T and B lymphocytes. The 
usual protocol of administration of 30 mg doses three times per 
week has led to a good outcome in SS, but much less convincing 
results in patients with MF. However it was associated with severe 
leukopenia, immune depletion and opportunistic infections that 
may require treatment discontinuation (82, 83). To minimize 
immune suppression and infections due to its wide expression in 
the immune system, protocols have been proposed with injection 
of 10  mg only if SS cells become higher than 1,000/mm3 (84). 
Although side effects are considerably reduced, such protocols 
are usually not curative on a long-term perspective.

Brentuximab vedotin (Anti-CD30 mAb)
Brentuximab vedotin (SGN-35) is a chimeric anti-CD30 mAb 
conjugated to monomethyl auristatin E, a cytotoxic anti-tubulin 
agent. Thirty-two MF or SS patients at stage IB-IV were included 
in a phase II prospective study (85). The overall response rate 
was 70% with responses at all stages. However, the expression of 
CD30 by immunochemistry was very variable and patients with 
expression lower than 5% experienced decreased probability 
of response. Another prospective phase II study, targeting 48 
patients with CD30+ CTCL and including 28 CD30+ MF, reported 
an overall response rate of 71% with a complete response in 35% 
of cases (86). In these studies, the most frequent adverse event 
is peripheral neuropathy, occurring in 66% of the patients and 
showing resolution during a 2-year time course.

Mogamulizumab (Anti-CCR4 mAb)
Mogamulizumab is a humanized anti-CCR4 monoclonal antibody 
with a defucosylated Fc region leading to increased antibody-
dependent cellular cytotoxicity (87). CCR4 is expressed on Tregs 
and T helper cells and plays an important role in skin homing. In 
a phase I/2II study, mogamulizumab induced an overall response 
rate of 47.1% in SS patients and 28.6% in MF patients (88). In a 
multicenter Japanese phase II study involving 37 patients with 
relapsed CCR4-positive tumors, mogamulizumab treatment 
induced 35% of objective response, including 5 patients (14%) 
experiencing complete response (89). The most common adverse 
effect of this treatment is lymphocytopenia (81%), and cases 
of severe Steven–Johnson–Lyell syndrome due to the induced 
immune deficiency of regulatory T  cells have been reported  
(90, 91). An international phase III trial of mogamulizumab 
versus vorinostat is ongoing in previously treated CTCL patients.

CONCLUSiON

There is no doubt that the development of targeted systemic bio-
logical therapies will benefit the management of CTCL. Several 
ongoing trails with therapeutic mAbs, including brentuximab 
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vedotin, mogamulizumab, and IPH4102, show interesting results 
in these patients with limited toxicity. KIR3DL2 is expressed 
irrespectively of disease stage in all subtypes of CTCL, with the 
highest prevalence in SS and transformed MF, two subsets with 
high and unmet therapeutic needs. The origin of its expression is 
unknown, but the presence of chronic bacterial stimulation may 
be responsible for increased KIR3DL2 expression on cutaneous 
T cells. The limited expression of KIR3DL2 on normal immune 
cells, in comparison with the ectopic expression on CTCL tumor 
cells, allows to selectively and efficiently kill malignant cells. 
KIR3DL2 can be targeted by both IPH4102 or by one of its ligands, 
CpG-ODN. The mAb acts via an ADCC and phagocytosis, while 

CpG-ODN induces the internalization of KIR3DL2 receptor 
upon ligation and cell apoptosis via the Toll-like receptor activa-
tion pathway. CpG-ODN also efficiently activates key elements 
of the immune system that participate in the local anti-tumor 
rejection process. One can hope that the identification of novel 
targets and development of therapeutic mAbs will prove to be 
efficient and safe alternatives for the treatment of CTCL.

AUTHOR CONTRiBUTiONS

AB and AM-C are senior co-authors. AB, AM-C, and CS wrote 
the manuscript.

ReFeReNCeS

1. Molina A. A decade of rituximab: improving survival outcomes in non- 
Hodgkin’s lymphoma. Annu Rev Med (2008) 59:237–50. doi:10.1146/
annurev.med.59.060906.220345 

2. Maloney DG. Anti-CD20 antibody therapy for B-cell lymphomas. N Engl 
J Med (2012) 366:2008–16. doi:10.1056/NEJMct1114348 

3. Boross P, Leusen JH. Mechanisms of action of CD20 antibodies. Am J Cancer 
Res (2012) 2:676–90. 

4. Lim SH, Levy R. Translational medicine in action: anti-CD20 therapy in 
lymphoma. J Immunol (2014) 193:1519–24. doi:10.4049/jimmunol.1490027 

5. Glennie MJ, French RR, Cragg MS, Taylor RP. Mechanisms of killing by anti- 
CD20 monoclonal antibodies. Mol Immunol (2007) 44:3823–37. doi:10.1016/ 
j.molimm.2007.06.151 

6. Golay J, Introna M. Mechanism of action of therapeutic monoclonal antibod-
ies: promises and pitfalls of in vitro and in vivo assays. Arch Biochem Biophys 
(2012) 526:146–53. doi:10.1016/j.abb.2012.02.011 

7. Bakema JE, van Egmond M. Fc receptor-dependent mechanisms of mono-
clonal antibody therapy of cancer. Curr Top Microbiol Immunol (2014) 
382:373–92. doi:10.1007/978-3-319-07911-0_17 

8. Taylor RP, Lindorfer MA. Analyses of CD20 monoclonal antibody-mediated 
tumor cell killing mechanisms: rational design of dosing strategies. Mol 
Pharmacol (2014) 86:485–91. doi:10.1124/mol.114.092684 

9. Ferris RL, Jaffee EM, Ferrone S. Tumor antigen-targeted, monoclonal 
antibody-based immunotherapy: clinical response, cellular immunity, and 
immunoescape. J Clin Oncol (2010) 28:4390–9. doi:10.1200/JCO.2009. 
27.6360 

10. Scott AM, Wolchok JD, Old LJ. Antibody therapy of cancer. Nat Rev Cancer 
(2012) 12:278–87. doi:10.1038/nrc3236 

11. Bianchini G, Gianni L. The immune system and response to HER2-targeted 
treatment in breast cancer. Lancet Oncol (2014) 15:e58–68. doi:10.1016/
S1470-2045(13)70477-7 

12. Galluzzi L, Vacchelli E, Bravo-San Pedro JM, Buque A, Senovilla L,  
Baracco EE, et  al. Classification of current anticancer immunotherapies. 
Oncotarget (2014) 5:12472–508. doi:10.18632/oncotarget.2998 

13. Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E, Swerdlow SH, et al. WHO-
EORTC classification for cutaneous lymphomas. Blood (2005) 105:3768–85. 
doi:10.1182/blood-2004-09-3502 

14. Olsen E, Vonderheid E, Pimpinelli N, Willemze R, Kim Y, Knobler R, et al. 
Revisions to the staging and classification of mycosis fungoides and Sezary 
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) 110:1713–22. 
doi:10.1182/blood-2007-03-055749 

15. Klemke CD, Booken N, Weiss C, Nicolay JP, Goerdt S, Felcht M, et  al. 
Histopathological and immunophenotypical criteria for the diagnosis of 
Sezary syndrome in differentiation from other erythrodermic skin diseases: 
a European Organisation for Research and Treatment of Cancer (EORTC) 
cutaneous lymphoma task force study of 97 cases. Br J Dermatol (2015) 
173:93–105. doi:10.1111/bjd.13832 

16. Jawed SI, Myskowski PL, Horwitz S, Moskowitz A, Querfeld C. Primary 
cutaneous T-cell lymphoma (mycosis fungoides and Sezary syndrome): part I.  

Diagnosis: clinical and histopathologic features and new molecular and 
biologic markers. J Am Acad Dermatol (2014) 70:205.e1–16; quiz 221–2. 
doi:10.1016/j.jaad.2013.07.049 

17. Moins-Teisserenc H, Daubord M, Clave E, Douay C, Felix J, Marie- 
Cardine A, et al. CD158k is a reliable marker for diagnosis of Sezary syn-
drome and reveals an unprecedented heterogeneity of circulating malignant 
cells. J Invest Dermatol (2015) 135:247–57. doi:10.1038/jid.2014.356 

18. Guenova E, Ignatova D, Chang YT, Contassot E, Mehra T, Saulite I, et  al. 
Expression of CD164 on malignant T cells in Sezary syndrome. Acta Derm 
Venereol (2016) 96:464–7. doi:10.2340/00015555-2264 

19. Hughes CF, Newland K, Mccormack C, Lade S, Prince HM. Mycosis fungoides 
and Sezary syndrome: current challenges in assessment, management and 
prognostic markers. Australas J Dermatol (2016) 57:182–91. doi:10.1111/
ajd.12349 

20. Hurabielle C, Michel L, Ram-Wolff C, Battistella M, Jean-Louis F, Beylot-
Barry M, et al. Expression of Sezary biomarkers in the blood of patients with 
erythrodermic mycosis fungoides. J Invest Dermatol (2016) 136:317–20. 
doi:10.1038/JID.2015.360 

21. Bouaziz JD, Remtoula N, Bensussan A, Marie-Cardine A, Bagot M. Absolute 
CD3+ CD158k+ lymphocyte count is reliable and more sensitive than 
cytomorphology to evaluate blood tumour burden in Sezary syndrome.  
Br J Dermatol (2010) 162:123–8. doi:10.1111/j.1365-2133.2009.09364.x 

22. Bensussan A, Remtoula N, Sivori S, Bagot M, Moretta A, Marie-Cardine A. 
Expression and function of the natural cytotoxicity receptor NKp46 on circu-
lating malignant CD4+ T lymphocytes of Sezary syndrome patients. J Invest 
Dermatol (2011) 131:969–76. doi:10.1038/jid.2010.404 

23. Ortonne N, Le Gouvello S, Tabak R, Marie-Cardine A, Setiao J, Berrehar F,  
et  al. CD158k/KIR3DL2 and NKp46 are frequently expressed in trans-
formed mycosis fungoides. Exp Dermatol (2012) 21:461–3. doi:10.1111/ 
j.1600-0625.2012.01489.x 

24. Boonk SE, Zoutman WH, Marie-Cardine A, Van Der Fits L, Out-Luiting JJ, 
Mitchell TJ, et al. Evaluation of immunophenotypic and molecular biomark-
ers for Sezary syndrome using standard operating procedures: a multicenter 
study of 59 patients. J Invest Dermatol (2016) 136:1364–72. doi:10.1016/j.
jid.2016.01.038 

25. Carrillo-Bustamante P, Kesmir C, De Boer RJ. The evolution of natural 
killer cell receptors. Immunogenetics (2016) 68:3–18. doi:10.1007/s00251- 
015-0869-7 

26. Wende H, Colonna M, Ziegler A, Volz A. Organization of the leukocyte recep-
tor cluster (LRC) on human chromosome 19q13.4. Mamm Genome (1999) 
10:154–60. doi:10.1007/s003359900961 

27. Parham P. Influence of KIR diversity on human immunity. Adv Exp Med Biol 
(2005) 560:47–50. doi:10.1007/0-387-24180-9_6 

28. Horowitz A, Strauss-Albee DM, Leipold M, Kubo J, Nemat-Gorgani N,  
Dogan OC, et al. Genetic and environmental determinants of human NK cell 
diversity revealed by mass cytometry. Sci Transl Med (2013) 5:208ra145. 
doi:10.1126/scitranslmed.3006702 

29. Anfossi N, Andre P, Guia S, Falk CS, Roetynck S, Stewart CA, et al. Human 
NK cell education by inhibitory receptors for MHC class I. Immunity (2006) 
25:331–42. doi:10.1016/j.immuni.2006.06.013 

30. Brodin P, Lakshmikanth T, Johansson S, Karre K, Hoglund P. The strength 
of inhibitory input during education quantitatively tunes the functional 

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1146/annurev.med.59.060906.220345
https://doi.org/10.1146/annurev.med.59.060906.220345
https://doi.org/10.1056/NEJMct1114348
https://doi.org/10.4049/jimmunol.1490027
https://doi.org/10.1016/
j.molimm.2007.06.151
https://doi.org/10.1016/
j.molimm.2007.06.151
https://doi.org/10.1016/j.abb.2012.02.011
https://doi.org/10.1007/978-3-319-07911-0_17
https://doi.org/10.1124/mol.114.092684
https://doi.org/10.1200/JCO.2009.
27.6360
https://doi.org/10.1200/JCO.2009.
27.6360
https://doi.org/10.1038/nrc3236
https://doi.org/10.1016/S1470-2045(13)70477-7
https://doi.org/10.1016/S1470-2045(13)70477-7
https://doi.org/10.18632/oncotarget.2998
https://doi.org/10.1182/blood-2004-09-3502
https://doi.org/10.1182/blood-2007-03-055749
https://doi.org/10.1111/bjd.13832
https://doi.org/10.1016/j.jaad.2013.07.049
https://doi.org/10.1038/jid.2014.356
https://doi.org/10.2340/00015555-2264
https://doi.org/10.1111/ajd.12349
https://doi.org/10.1111/ajd.12349
https://doi.org/10.1038/JID.2015.360
https://doi.org/10.1111/j.1365-2133.2009.09364.x
https://doi.org/10.1038/jid.2010.404
https://doi.org/10.1111/
j.1600-0625.2012.01489.x
https://doi.org/10.1111/
j.1600-0625.2012.01489.x
https://doi.org/10.1016/j.jid.2016.01.038
https://doi.org/10.1016/j.jid.2016.01.038
https://doi.org/10.1007/s00251-
015-0869-7
https://doi.org/10.1007/s00251-
015-0869-7
https://doi.org/10.1007/s003359900961
https://doi.org/10.1007/0-387-24180-9_6
https://doi.org/10.1126/scitranslmed.3006702
https://doi.org/10.1016/j.immuni.2006.06.013


7

Schmitt et al. Anti-KIR3DL2 Immunotherapy in CTCL

Frontiers in Immunology | www.frontiersin.org August 2017 | Volume 8 | Article 1010

responsiveness of individual natural killer cells. Blood (2009) 113:2434–41. 
doi:10.1182/blood-2008-05-156836 

31. Schmitt C, Ghazi B, Bensussan A. NK  cells and surveillance in 
humans. Reprod Biomed Online (2008) 16:192–201. doi:10.1016/
S1472-6483(10)60574-3 

32. Wallace AE, Fraser R, Cartwright JE. Extravillous trophoblast and decidual 
natural killer cells: a remodelling partnership. Hum Reprod Update (2012) 
18:458–71. doi:10.1093/humupd/dms015 

33. Hiby SE, Walker JJ, O’Shaughnessy KM, Redman CW, Carrington M, 
Trowsdale J, et  al. Combinations of maternal KIR and fetal HLA-C genes 
influence the risk of preeclampsia and reproductive success. J Exp Med (2004) 
200:957–65. doi:10.1084/jem.20041214 

34. Chan AT, Kollnberger SD, Wedderburn LR, Bowness P. Expansion and 
enhanced survival of natural killer cells expressing the killer immunoglob-
ulin-like receptor KIR3DL2 in spondylarthritis. Arthritis Rheum (2005) 
52:3586–95. doi:10.1002/art.21395 

35. Pende D, Biassoni R, Cantoni C, Verdiani S, Falco M, Di Donato C, et al. The 
natural killer cell receptor specific for HLA-A allotypes: a novel member of the 
p58/p70 family of inhibitory receptors that is characterized by three immu-
noglobulin-like domains and is expressed as a 140-kD disulphide-linked 
dimer. J Exp Med (1996) 184:505–18. doi:10.1084/jem.184.2.505 

36. Dohring C, Scheidegger D, Samaridis J, Cella M, Colonna M. A human 
killer inhibitory receptor specific for HLA-A1,2. J Immunol (1996) 156: 
3098–101. 

37. Hansasuta P, Dong T, Thananchai H, Weekes M, Willberg C, Aldemir H, et al. 
Recognition of HLA-A3 and HLA-A11 by KIR3DL2 is peptide-specific. Eur 
J Immunol (2004) 34:1673–9. doi:10.1002/eji.200425089 

38. Fadda L, Borhis G, Ahmed P, Cheent K, Pageon SV, Cazaly A, et al. Peptide 
antagonism as a mechanism for NK cell activation. Proc Natl Acad Sci U S A 
(2010) 107:10160–5. doi:10.1073/pnas.0913745107 

39. Kollnberger S, Bird L, Sun MY, Retiere C, Braud VM, Mcmichael A, et  al. 
Cell-surface expression and immune receptor recognition of HLA-B27 
homodimers. Arthritis Rheum (2002) 46:2972–82. doi:10.1002/art.10605 

40. Kollnberger S, Chan A, Sun MY, Chen LY, Wright C, Di Gleria K, 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) 37:1313–22. doi:10.1002/eji.200635997 

41. Sivori S, Falco M, Carlomagno S, Romeo E, Soldani C, Bensussan A, et al.  
A novel KIR-associated function: evidence that CpG DNA uptake and shut-
tling to early endosomes is mediated by KIR3DL2. Blood (2010) 116:1637–47. 
doi:10.1182/blood-2009-12-256586 

42. Chalifour A, Jeannin P, Gauchat JF, Blaecke A, Malissard M, N’Guyen T, 
et al. Direct bacterial protein PAMP recognition by human NK cells involves 
TLRs and triggers alpha-defensin production. Blood (2004) 104:1778–83. 
doi:10.1182/blood-2003-08-2820 

43. Leifer CA, Kennedy MN, Mazzoni A, Lee C, Kruhlak MJ, Segal DM. TLR9 is 
localized in the endoplasmic reticulum prior to stimulation. J Immunol (2004) 
173:1179–83. doi:10.4049/jimmunol.173.2.1179 

44. Hart OM, Athie-Morales V, O’Connor GM, Gardiner CM. TLR7/8-mediated 
activation of human NK cells results in accessory cell-dependent IFN-gamma 
production. J Immunol (2005) 175:1636–42. doi:10.4049/jimmunol.175. 
3.1636 

45. Marcenaro E, Ferranti B, Falco M, Moretta L, Moretta A. Human NK cells 
directly recognize Mycobacterium bovis via TLR2 and acquire the ability to kill 
monocyte-derived DC. Int Immunol (2008) 20:1155–67. doi:10.1093/intimm/
dxn073 

46. Bowness P, Ridley A, Shaw J, Chan AT, Wong-Baeza I, Fleming M, et  al. 
Th17 cells expressing KIR3DL2+ and responsive to HLA-B27 homodimers 
are increased in ankylosing spondylitis. J Immunol (2011) 186:2672–80. 
doi:10.4049/jimmunol.1002653 

47. Fabre J, Giustiniani J, Garbar C, Antonicelli F, Merrouche Y, Bensussan A, et al. 
Targeting the tumor microenvironment: the protumor effects of IL-17 related 
to cancer type. Int J Mol Sci (2016) 17:1433–46. doi:10.3390/ijms17091433 

48. Brown M, Bunce M, Calin A, Darke C, Wordsworth P. HLA-B associ-
ations of HLA-B27 negative ankylosing spondylitis: comment on the 
article by Yamaguchi et  al. Arthritis Rheum (1996) 39:1768–9. doi:10.1002/
art.1780391028 

49. Burton PR, Clayton DG, Cardon LR, Craddock N, Deloukas P, Duncanson A,  
et  al. Association scan of 14,500 nonsynonymous SNPs in four diseases 

identifies autoimmunity variants. Nat Genet (2007) 39:1329–37. doi:10.1038/
ng.2007.17 

50. Kelemen K, Guitart J, Kuzel TM, Goolsby CL, Peterson LC. The use-
fulness of CD26 in flow cytometric analysis of peripheral blood in 
Sezary syndrome. Am J Clin Pathol (2008) 129:146–56. doi:10.1309/ 
05GFG3LY3VYCDMEY 

51. Klemke CD, Brade J, Weckesser S, Sachse MM, Booken N, Neumaier M, 
et al. The diagnosis of Sezary syndrome on peripheral blood by flow cytom-
etry requires the use of multiple markers. Br J Dermatol (2008) 159:871–80. 
doi:10.1111/j.1365-2133.2008.08739.x 

52. Nagler AR, Samimi S, Schaffer A, Vittorio CC, Kim EJ, Rook AH. Peripheral 
blood findings in erythrodermic patients: importance for the differential 
diagnosis of Sezary syndrome. J Am Acad Dermatol (2012) 66:503–8. 
doi:10.1016/j.jaad.2011.06.014 

53. Delfau-Larue MH, Laroche L, Wechsler J, Lepage E, Lahet C, Asso- 
Bonnet M, et  al. Diagnostic value of dominant T-cell clones in peripheral 
blood in 363 patients presenting consecutively with a clinical suspicion of 
cutaneous lymphoma. Blood (2000) 96:2987–92. 

54. Schmitt C, Marie-Cardine A, Bagot M, Bensussan A. Natural killer reprogram-
ming in cutaneous T-cell lymphomas: fact and hypotheses. World J Immunol 
(2013) 3:1–6. doi:10.5411/wji.v3.i1.1 

55. Nikolova M, Musette P, Bagot M, Boumsell L, Bensussan A. Engagement of 
ILT2/CD85j in Sezary syndrome cells inhibits their CD3/TCR signaling. Blood 
(2002) 100:1019–25. doi:10.1182/blood-2001-12-0303 

56. Bagot M, Moretta A, Sivori S, Biassoni R, Cantoni C, Bottino C, et al. CD4(+) 
cutaneous T-cell lymphoma cells express the p140-killer cell immunoglob-
ulin-like receptor. Blood (2001) 97:1388–91. doi:10.1182/blood.V97.5.1388 

57. Chapman TL, Heikeman AP, Bjorkman PJ. The inhibitory receptor LIR-1 
uses a common binding interaction to recognize class I MHC molecules 
and the viral homolog UL18. Immunity (1999) 11:603–13. doi:10.1016/
S1074-7613(00)80135-1 

58. Tang Q, Grzywacz B, Wang H, Kataria N, Cao Q, Wagner JE, et al. Umbilical 
cord blood T cells express multiple natural cytotoxicity receptors after IL-15 
stimulation, but only NKp30 is functional. J Immunol (2008) 181:4507–15. 
doi:10.4049/jimmunol.181.7.4507 

59. Meresse B, Curran SA, Ciszewski C, Orbelyan G, Setty M, Bhagat G, et al. 
Reprogramming of CTLs into natural killer-like cells in celiac disease. J Exp 
Med (2006) 203:1343–55. doi:10.1084/jem.20060028 

60. Dalloul A, Laroche L, Bagot M, Mossalayi MD, Fourcade C, Thacker DJ, et al. 
Interleukin-7 is a growth factor for Sezary lymphoma cells. J Clin Invest (1992) 
90:1054–60. doi:10.1172/JCI115920 

61. Bagot M, Echchakir H, Mami-Chouaib F, Delfau-Larue MH, Charue D,  
Bernheim A, et  al. Isolation of tumor-specific cytotoxic CD4+ and 
CD4+CD8dim+ T-cell clones infiltrating a cutaneous T-cell lymphoma. Blood 
(1998) 91:4331–41. 

62. Poszepczynska E, Bagot M, Echchakir H, Martinvalet D, Ramez M, 
Charue D, et al. Functional characterization of an IL-7-dependent CD4(+)
CD8alphaalpha(+) Th3-type malignant cell line derived from a patient with a 
cutaneous T-cell lymphoma. Blood (2000) 96:1056–63. 

63. Musette P, Michel L, Jean-Louis F, Bagot M, Bensussan A. Polymorphic 
expression of CD158k/p140/KIR3DL2 in Sezary patients. Blood (2003) 
101:1203. doi:10.1182/blood-2002-09-2915 

64. Poszepczynska-Guigne E, Schiavon V, D’Incan M, Echchakir H, Musette P, 
Ortonne N, et al. CD158k/KIR3DL2 is a new phenotypic marker of Sezary 
cells: relevance for the diagnosis and follow-up of Sezary syndrome. J Invest 
Dermatol (2004) 122:820–3. doi:10.1111/j.0022-202X.2004.22326.x 

65. Ortonne N, Huet D, Gaudez C, Marie-Cardine A, Schiavon V, Bagot M, et al. 
Significance of circulating T-cell clones in Sezary syndrome. Blood (2006) 
107:4030–8. doi:10.1182/blood-2005-10-4239 

66. Ortonne N, Le Gouvello S, Mansour H, Poillet C, Martin N, Delfau- 
Larue MH, et al. CD158K/KIR3DL2 transcript detection in lesional skin of 
patients with erythroderma is a tool for the diagnosis of Sezary syndrome. 
J Invest Dermatol (2008) 128:465–72. doi:10.1038/sj.jid.5701013 

67. Bahler DW, Hartung L, Hill S, Bowen GM, Vonderheid EC. CD158k/KIR3DL2 
is a useful marker for identifying neoplastic T-cells in Sezary syndrome by 
flow cytometry. Cytometry B Clin Cytom (2008) 74:156–62. doi:10.1002/
cyto.b.20395 

68. Hurabielle C, Thonnart N, Ram-Wolff C, Sicard H, Bensussan A, Bagot M,  
et  al. Usefulness of KIR3DL2 to diagnose, follow-up and manage the 

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1182/blood-2008-05-156836
https://doi.org/10.1016/S1472-6483(10)60574-3
https://doi.org/10.1016/S1472-6483(10)60574-3
https://doi.org/10.1093/humupd/dms015
https://doi.org/10.1084/jem.20041214
https://doi.org/10.1002/art.21395
https://doi.org/10.1084/jem.184.2.505
https://doi.org/10.1002/eji.200425089
https://doi.org/10.1073/pnas.0913745107
https://doi.org/10.1002/art.10605
https://doi.org/10.1002/eji.200635997
https://doi.org/10.1182/blood-2009-12-256586
https://doi.org/10.1182/blood-2003-08-2820
https://doi.org/10.4049/jimmunol.173.2.1179
https://doi.org/10.4049/jimmunol.175.
3.1636
https://doi.org/10.4049/jimmunol.175.
3.1636
https://doi.org/10.1093/intimm/dxn073
https://doi.org/10.1093/intimm/dxn073
https://doi.org/10.4049/jimmunol.1002653
https://doi.org/10.3390/ijms17091433
https://doi.org/10.1002/art.1780391028
https://doi.org/10.1002/art.1780391028
https://doi.org/10.1038/ng.2007.17
https://doi.org/10.1038/ng.2007.17
https://doi.org/10.1309/
05GFG3LY3VYCDMEY
https://doi.org/10.1309/
05GFG3LY3VYCDMEY
https://doi.org/10.1111/j.1365-2133.2008.08739.x
https://doi.org/10.1016/j.jaad.2011.06.014
https://doi.org/10.5411/wji.v3.i1.1
https://doi.org/10.1182/blood-2001-12-0303
https://doi.org/10.1182/blood.V97.5.1388
https://doi.org/10.1016/S1074-7613(00)80135-1
https://doi.org/10.1016/S1074-7613(00)80135-1
https://doi.org/10.4049/jimmunol.181.7.4507
https://doi.org/10.1084/jem.20060028
https://doi.org/10.1172/JCI115920
https://doi.org/10.1182/blood-2002-09-2915
https://doi.org/10.1111/j.0022-202X.2004.22326.x
https://doi.org/10.1182/blood-2005-10-4239
https://doi.org/10.1038/sj.jid.5701013
https://doi.org/10.1002/cyto.b.20395
https://doi.org/10.1002/cyto.b.20395


8

Schmitt et al. Anti-KIR3DL2 Immunotherapy in CTCL

Frontiers in Immunology | www.frontiersin.org August 2017 | Volume 8 | Article 1010

treatment of Sezary syndrome patients. Clin Cancer Res (2017) 23:3619–27. 
doi:10.1158/1078-0432.CCR-16-3185 

69. Scarisbrick JJ, Whittaker S, Evans AV, Fraser-Andrews EA, Child FJ, Dean A, 
et al. Prognostic significance of tumor burden in the blood of patients with 
erythrodermic primary cutaneous T-cell lymphoma. Blood (2001) 97:624–30. 
doi:10.1182/blood.V97.3.624 

70. Anfossi N, Pascal V, Vivier E, Ugolini S. Biology of T memory type 1 cells. 
Immunol Rev (2001) 181:269–78. doi:10.1034/j.1600-065X.2001.1810123.x 

71. Vivier E, Anfossi N. Inhibitory NK-cell receptors on T cells: witness of the past, 
actors of the future. Nat Rev Immunol (2004) 4:190–8. doi:10.1038/nri1306 

72. Anfossi N, Doisne JM, Peyrat MA, Ugolini S, Bonnaud O, Bossy D, et  al. 
Coordinated expression of Ig-like inhibitory MHC class I receptors and 
acquisition of cytotoxic function in human CD8+ T cells. J Immunol (2004) 
173:7223–9. doi:10.4049/jimmunol.173.12.7223 

73. Klemke CD, Brenner D, Weiss EM, Schmidt M, Leverkus M, Gulow K, et al. Lack 
of T-cell receptor-induced signaling is crucial for CD95 ligand up-regulation 
and protects cutaneous T-cell lymphoma cells from activation-induced cell 
death. Cancer Res (2009) 69:4175–83. doi:10.1158/0008-5472.CAN-08-4631 

74. Thonnart N, Caudron A, Legaz I, Bagot M, Bensussan A, Marie-Cardine A. 
KIR3DL2 is a coinhibitory receptor on Sezary syndrome malignant T cells 
that promotes resistance to activation-induced cell death. Blood (2014) 
124:3330–2. doi:10.1182/blood-2014-09-598995 

75. Ghazi B, Thonnart N, Bagot M, Bensussan A, Marie-Cardine A. KIR3DL2/
CpG ODN interaction mediates Sezary syndrome malignant T cell apoptosis. 
J Invest Dermatol (2015) 135:229–37. doi:10.1038/jid.2014.286 

76. Kim YH, Girardi M, Duvic M, Kuzel T, Link BK, Pinter-Brown L, 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) 63:975–83. doi:10.1016/j.jaad.2009.12.052 

77. Kim YH, Gratzinger D, Harrison C, Brody JD, Czerwinski DK, Ai WZ, 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) 
119:355–63. doi:10.1182/blood-2011-05-355222 

78. Battistella M, Janin A, Jean-Louis F, Collomb C, Leboeuf C, Sicard H, et al. 
KIR3DL2 (CD158k) is a potential therapeutic target in primary cutaneous 
anaplastic large-cell lymphoma. Br J Dermatol (2016) 175:325–33. doi:10.1111/
bjd.14626 

79. Marie-Cardine A, Viaud N, Thonnart N, Joly R, Chanteux S, Gauthier L, et al. 
IPH4102, a humanized KIR3DL2 antibody with potent activity against cuta-
neous T-cell lymphoma. Cancer Res (2014) 74:6060–70. doi:10.1158/0008-
5472.CAN-14-1456 

80. Sicard H, Bonnafous C, Morel A, Bagot M, Bensussan A, Marie-Cardine A. 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. doi:10.1080/2162402X.2015.1022306 

81. Bagot M, Porcu P, Ram-Wolff C, Khodadoust M, Basem W, Battistella M, et al. 
Phase I study of IPH4102, anti-KIR3DL2 mab, in relapsed/refractory cutane-
ous T-cell lymphomas (CTCL): dose-escalation safety, biomarker and clinical 
activity results. Hematol Oncol (2017) 35:48–9. doi:10.1002/hon.2437_31 

82. Kennedy GA, Seymour JF, Wolf M, Januszewicz H, Davison J, Mccormack C,  
et  al. Treatment of patients with advanced mycosis fungoides and 
Sezary syndrome with alemtuzumab. Eur J Haematol (2003) 71:250–6. 
doi:10.1034/j.1600-0609.2003.00143.x 

83. de Masson A, Guitera P, Brice P, Moulonguet I, Mouly F, Bouaziz JD, 
et  al. Long-term efficacy and safety of alemtuzumab in advanced primary 
cutaneous T-cell lymphomas. Br J Dermatol (2014) 170:720–4. doi:10.1111/
bjd.12690 

84. Bernengo MG, Quaglino P, Comessatti A, Ortoncelli M, Novelli M, Lisa 
F, et  al. Low-dose intermittent alemtuzumab in the treatment of Sezary 
syndrome: clinical and immunologic findings in 14 patients. Haematologica 
(2007) 92:784–94. doi:10.3324/haematol.11127 

85. Kim YH, Tavallaee M, Sundram U, Salva KA, Wood GS, Li S, et  al. Phase 
II investigator-initiated study of brentuximab vedotin in mycosis fungoides 
and Sezary syndrome with variable CD30 expression level: a multi- 
institution collaborative project. J Clin Oncol (2015) 33:3750–8. doi:10.1200/
JCO.2014.60.3969 

86. Duvic M, Tetzlaff MT, Gangar P, Clos AL, Sui D, Talpur R. Results of a phase 
II trial of brentuximab vedotin for CD30+ cutaneous T-cell lymphoma and 
lymphomatoid papulosis. J Clin Oncol (2015) 33:3759–65. doi:10.1200/
JCO.2014.60.3787 

87. Yamamoto K, Utsunomiya A, Tobinai K, Tsukasaki K, Uike N, Uozumi K, 
et  al. Phase I study of KW-0761, a defucosylated humanized anti-CCR4 
antibody, in relapsed patients with adult T-cell leukemia-lymphoma and 
peripheral T-cell lymphoma. J Clin Oncol (2010) 28:1591–8. doi:10.1200/
JCO.2009.25.3575 

88. Duvic M, Pinter-Brown LC, Foss FM, Sokol L, Jorgensen JL, Challagundla P, 
et al. Phase 1/2 study of mogamulizumab, a defucosylated anti-CCR4 anti-
body, in previously treated patients with cutaneous T-cell lymphoma. Blood 
(2015) 125:1883–9. doi:10.1182/blood-2014-09-600924 

89. Ogura M, Ishida T, Hatake K, Taniwaki M, Ando K, Tobinai K, et  al. 
Multicenter phase II study of mogamulizumab (KW-0761), a defucosylated 
anti-cc chemokine receptor 4 antibody, in patients with relapsed peripheral 
T-cell lymphoma and cutaneous T-cell lymphoma. J Clin Oncol (2014) 
32:1157–63. doi:10.1200/JCO.2013.52.0924 

90. Honda T, Hishizawa M, Kataoka TR, Ohmori K, Takaori-Kondo A,  
Miyachi Y, et  al. Stevens-Johnson syndrome associated with mogamuli-
zumab-induced deficiency of regulatory T cells in an adult T-cell leukaemia 
patient. Acta Derm Venereol (2015) 95:606–7. doi:10.2340/00015555-2027 

91. Ni X, Jorgensen JL, Goswami M, Challagundla P, Decker WK, Kim YH, 
et al. Reduction of regulatory T cells by mogamulizumab, a defucosylated 
anti-CC chemokine receptor 4 antibody, in patients with aggressive/
refractory mycosis fungoides and Sezary syndrome. Clin Cancer Res (2015) 
21:274–85. doi:10.1158/1078-0432.CCR-14-0830 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Schmitt, Marie-Cardine and Bensussan. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original pub-
lication in this journal is cited, in accordance with accepted academic practice. 
No use, distribution or reproduction is permitted which does not comply with 
these terms.

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1158/1078-0432.CCR-16-3185
https://doi.org/10.1182/blood.V97.3.624
https://doi.org/10.1034/j.1600-065X.2001.1810123.x
https://doi.org/10.1038/nri1306
https://doi.org/10.4049/jimmunol.173.12.7223
https://doi.org/10.1158/0008-5472.CAN-08-4631
https://doi.org/10.1182/blood-2014-09-598995
https://doi.org/10.1038/jid.2014.286
https://doi.org/10.1016/j.jaad.2009.12.052
https://doi.org/10.1182/blood-2011-05-355222
https://doi.org/10.1111/bjd.14626
https://doi.org/10.1111/bjd.14626
https://doi.org/10.1158/0008-5472.CAN-14-1456
https://doi.org/10.1158/0008-5472.CAN-14-1456
https://doi.org/10.1080/2162402X.2015.1022306
https://doi.org/10.1002/hon.2437_31
https://doi.org/10.1034/j.1600-0609.2003.00143.x
https://doi.org/10.1111/bjd.12690
https://doi.org/10.1111/bjd.12690
https://doi.org/10.3324/haematol.11127
https://doi.org/10.1200/JCO.2014.60.3969
https://doi.org/10.1200/JCO.2014.60.3969
https://doi.org/10.1200/JCO.2014.60.3787
https://doi.org/10.1200/JCO.2014.60.3787
https://doi.org/10.1200/JCO.2009.25.3575
https://doi.org/10.1200/JCO.2009.25.3575
https://doi.org/10.1182/blood-2014-09-600924
https://doi.org/10.1200/JCO.2013.52.0924
https://doi.org/10.2340/00015555-2027
https://doi.org/10.1158/1078-0432.CCR-14-0830
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Therapeutic Antibodies to KIR3DL2 and Other Target Antigens on Cutaneous T-Cell Lymphomas
	Introduction
	Cutaneous T-Cell Lymphomas
	KIR3DL2 in Biology
	A Biological Marker
	Ligands
	Role in Immune Response

	KIR3DL2 in Pathology
	KIR3DL2 and Ankylosing Spondylitis (AS)
	KIR3DL2 in CTCL
	A Diagnostic Tool
	A Prognostic Tool
	A Therapeutic Target


	Other mAb in CTCL Treatment
	Alentuzumab (Campath; Anti-CD52 mAb)
	Brentuximab Vedotin (Anti-CD30 mAb)
	Mogamulizumab (Anti-CCR4 mAb)

	Conclusion
	Author Contributions
	References


