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CCR8 is a new therapeutic target in cutaneous T-cell lymphomas
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T-cell lymphomas are a heterogeneous group of malignancies involving T lymphocytes, with a poor progno-
sis. Mycosis fungoides (MF) and S�ezary syndrome (SS) are the most frequent cutaneous T-cell lymphomas
(CTCL). The circulating clonal tumor T cells (S�ezary cells) express CD4 and may lose expression of CD7
and CD26, while exhibiting in most cases aberrant expression of CD158k (KIR3DL2).1,2 Long-term
responses are rare in advanced-stage CTCL, and new treatments are needed. Recently, treatment with
anti-CCR4 monoclonal antibody (mogamulizumab) has improved progression-free survival (PFS) in
CTCL.3 CCR4 is expressed by S�ezary cells and peripheral blood activated regulatory T cells (Treg)4;
depletion of CCR41 skin-infiltrating and circulating Treg by mogamulizumab5 is associated with autoim-
mune adverse events.6,7 Moreover, resistance to mogamulizumab may occur through loss of CCR4
expression by tumor T cells.8,9 Besides CCR4, S�ezary cells express several Treg markers and immune
checkpoints, such as PD1,10 CD39,11 and T cell Immunoreceptor with Ig and ITIM domains.12 This led us
to investigate the expression of CCR8 (CD198), a chemokine receptor involved in the homing of lympho-
cytes to skin.13 CCR8 is expressed by skin resident memory T cells,14 which are suspected to be the
tumor cells of origin in MF.15 CCR8 is also strongly expressed by tumor-infiltrating Treg involved in immune
escape while expression on peripheral blood Treg is lower.16,17 Depletion of CCR81 Treg exerted a strong
antitumor effect independently or in combination with PD-1 inhibitor in tumor mouse models.18 Anti-CCR8
monoclonal antibody depleted fewer peripheral Tregs than anti-CCR4 monoclonal antibody,18 suggesting
that treatment with therapeutic anti-CCR8 antibody may avoid immune side effects associated with moga-
mulizumab while sparing antitumor immunity.18 Therapeutic depletion of CCR8-expressing cells could thus
eliminate tumor cells and activate the antitumor immunity in T-cell lymphomas while avoiding immune side
effects.

We performed flow cytometry analysis of peripheral blood leukocytes in 13 patients with SS and persis-
tent blood involvement. The study received the approval of the Institutional Review Board, the Comit�e de
Protection des Personnes, and was conducted in accordance with the Declaration of Helsinki. S�ezary
cells were identified as CD31CD41CD262 and/or CD72 KIR3DL21 lymphocytes as previously
described19,20 (Figure 1A). CCR8 expression was measured using the L263G8 monoclonal antibody and
control immunoglobulin Ig G2a isotype and compared with that of healthy donors’ T cells. CCR81 tumor
T cells coexpressed CCR4 in all cases (Figure 1A). Peripheral blood CD41 CD25hi CD127lo Tregs from
S�ezary patients did not express high levels of CCR8 (Figure 1A). CCR8 d median mean fluorescence
intensity (CCR8 mAb, control isotype) was 580 (range, 150-1420) in S�ezary cells vs 110 (80-160) in
healthy controls (P , .001, Figure 1B). Interestingly, not only CTCL HuT78 (SS) cell line but also the nat-
ural killer/T-cell lymphoma SNK6 and hepatosplenic g-d T-cell lymphoma DERL-2 cell lines expressed
CCR8 (Figure 1C), suggesting CCR8 as a potential therapeutic target in different T-cell lymphoma
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Figure 1. CCR8 is overexpressed at the cell surface of CTCL peripheral blood tumor cells and is involved in S�ezary cell activation and proliferation. Flow

cytometric analyses of CCR8 expression by peripheral blood S�ezary cells, regulatory T cells, healthy controls T cells, and T-cell lymphoma cell lines. (A) Gating strategy of

peripheral blood S�ezary cells (left panels) and mean fluorescence intensity of CCR8 expression in S�ezary cells (vs control isotype) of 2 S�ezary patients (medium panels).

CCR8/CCR4 coexpression by S�ezary cells is shown on the right panels. CCR8 was not significantly expressed by peripheral blood CD41CD25hiCD127lo Tregs from

S�ezary patients (lower histograms). (B) CCR8 d mean fluorescence intensity (CCR8 mAb, control isotype) in fresh S�ezary cells from S�ezary patients compared with healthy

controls T cells. (C) Expression of CCR8 by SNK6, DERL-2, and HuT78 cell lines. (D) CCR8 stimulation by its ligands CCL18 (upper blots) and CCL1 (lower blots)

induces S�ezary cell activation. Freshly isolated S�ezary cells were cultured for 15 or 30 minutes in medium alone or in the presence of IL-2 (100 IU/mL), CCL1 (10 ng/mL),

CCL-18 (300 ng/mL), IL-2/CCL1, or IL-2/CCL18. The cells were lysed in NP40 (the content of the nuclei not visible), and expression of pErk1/2 was analyzed by western

blot. (E) CCR8 stimulation by its CCL1 ligand induces S�ezary cell proliferation. Fresh PBMC were incubated in CFSE and cultured over 96 hours in IL-2 (100 IU/mL),

CCL-1 (10 ng/mL), or IL-2/CCL1 and the percentage of CFSElo cells calculated among live KIR3DL21 S�ezary cells. (F) CCR8 expression in freshly isolated healthy controls

peripheral blood mononuclear cells before and after 3 days of in vitro CD3/28 activation. CFSE, carboxyfluorescein diacetate succinimidyl ester; mAb, monoclonal antibody;

PBMC, peripheral blood mononuclear cell.
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Figure 1. (continued)
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subtypes. CCR8 engagement by its ligands CCL18 and CCL1
induced a significant Erk1/2 phosphorylation at 30 minutes and was
independent on IL-2 in tumor cells of S�ezary patients (Figure 1D).
Moreover, it seems in some patients that CCL1 together with IL-2
induced a higher S�ezary cell proliferation as compared with IL-2
alone (42% vs 12% CFSElo S�ezary cells) (Figure 1E). The CCR8
expression was also analyzed after in vitro activation of healthy

controls’ freshly isolated peripheral blood lymphocytes before (day 0)
or after CD3/28 activation (day 3). CCR8 expression by T cells was
significantly increased after 3 days of in vitro activation and was
higher in CD25bright-activated T cells compared with CD25int T cells
(Figure 1F). As previously reported,21–23 nonsupervised hierarchical
clustering of Nanostring gene expression analyses in lesional skin of
157 patients with CTCL followed at Brigham and Women’s Hospital
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Figure 2. Expression of CCR8 and ligands in CTCL skin and correlation with prognosis. (A) Heatmap of the unsupervised hierarchical clustering of 157 CTCL

patients according to the Nanostring gene expression of 78 genes in lesional skin. Arrows indicate CCR8 and CCL18 gene expression. (B) Kaplan-Meier PFS curves of

157 CTCL patients according to their gene expression cluster. (C) Kaplan-Meier PFS curves of 157 CTCL patients according to CCR8 expression in lesional skin. (D)

Kaplan-Meier PFS curves of 157 CTCL patients according to CCL18 expression in lesional skin. (E) Single-cell RNA sequencing data representing expression patterns of

CCR8 ligands. Red dots show the localization of CCL1, CCL16, CCL8, and CCL18 among cell populations in the skin of CTCL patients.

3510 RESEARCH LETTER 14 JUNE 2022 • VOLUME 6, NUMBER 11



revealed the existence of a cluster of patients with a peculiar gene
expression pattern (cluster 1, Figure 2A) and significantly shorter
PFS compared with the 2 other clusters (Figure 2B). Of note,
CCR8 was also expressed in the skin of patients with tumor and/or
transformed disease. Among the overexpressed genes in skin of
cluster 1 patients were CCR8 and CCL18, which is a CCR8 ligand.
In the whole group of CTCL patients, PFS was shorter in patients
with high expression of CCR8 messenger RNA (hazard ratio, 3.4
(95% confidence interval (CI), 1.6-7.2, P , .001, Figure 2C) and
CCL18 messenger RNA in skin (hazard ratio, 2.4, 95% CI, 1.5-3.9,
P , .0001, Figure 2D). These data are in accordance with the study
from Miyagaki et al reporting that CCL18 expression in patients with
CTCL was associated with disease severity and prognosis.21 This is
of interest as CCL18 is a chemokine promoting skin infiltration by
Th2 cells.24

To confirm the expression of CCR8 ligands in lesional skin of CTCL
patients and analyze their expression by the tumor microenviron-
ment, publicly available single-cell RNA sequencing data were
accessed from the Gene Expression Omnibus database (accession
GSE128531). This contains gene expression profiles of skin biop-
sies from 4 healthy volunteers, 3 biopsies of tumor-stage MF, 1
biopsy of an erythrodermic MF patient, and 1 from a SS patient as
described in Gaydosik et al.25 A median of 4467 cells (range,
2200-9272) were analyzed per sample.

As shown in Figure 2E, CCL8 and CCL18 were significantly
expressed by human skin cells in CTCL samples, whereas CCL1
expression was low and almost restricted to lymphocytes and
CCL16 virtually absent. No CCR8 expression was detected by this
technique. CCL8 was predominantly expressed by pericytes, fibro-
blasts, macrophages, and endothelial cells, and to a lower extent by
keratinocytes, whereas CCL18 was mainly expressed by macro-
phages, keratinocytes, lymphocytes, fibroblasts, and endothelial cells.

In conclusion, this study confirms the overexpression of the homing
marker CCR8 by peripheral blood S�ezary cells compared with healthy
controls’ T cells and its expression in lesional skin of CTCL patients at
high risk of progression. Because this molecule is also expressed at
the cell surface on other T-cell lymphoma cell lines, our results suggest
that CCR8 might be a therapeutic target in distinct aggressive T-cell
lymphoma subtypes. Among CCR8 ligands, CCL8 and CCL18 were
the main chemokines expressed in the skin of CTCL patients and
could be involved in skin homing of CCR8-expressing lymphocytes in
CTCL patients. Consistent with these data, CCL18 was shown to be
expressed by CD163(1) CD209(1) macrophages at the invasive mar-
gin of the tumor, and by c-Kit1 dendritic cells,24 promoting CTCL cell
chemotaxis and Th2 cell infiltration.

Our study is the first to analyze CCR8 as a potential therapeutic tar-
get in CTCL. Immunomodulatory treatments such as PD-1 inhibi-
tion10 or allogeneic stem cell transplantation have shown able to
produce long-term responses in CTCL, suggesting that the activa-
tion of antitumor immune responses might provide long-lasting dis-
ease control. In mogamulizumab-treated patients, depletion of
CCR4-expressing peripheral activated Tregs was associated with
immune side effects, but these immune reactions were associated
with disease response and long-term disease control.6,7 CCR8 has
recently been proposed as optimal tumor Treg target.18 Unlike
CCR4, CCR8 was selectively expressed on human tumor Tregs
and minimally expressed on proinflammatory effector T-cells.17,18

Preclinical mouse tumor models showed that depletion of CCR81

Tregs through an FcyR-engaging anti-CCR8 antibody enabled long-
lasting antitumor immunity that synergized with PD-1 blockade.25

Fc-optimized, nonfucosylated anti-human CCR8 antibodies specifi-
cally depleted Tregs and not effector T cells in ex vivo tumor cul-
tures from primary human specimens.25 The efficacy of anti-human
CCR8 depleting antibodies in the treatment of CTCL warrants fur-
ther investigation.

Acknowledgments: The authors thank the patients enrolled in
the present study. They also thank the French Society of Derma-
tology for their financial support.
Part of this study was supported by charitable contributions from
Edward. P. Lawrence and from the Lubin Family Foundation. Support
was also obtained from the National Institutes of Health (NIH)/National
Cancer Institue (NCI) Specialized Program of Research Excellence
grant P50 CA9368305 (T.S.K.), NIH R01CA203721 (R.A.C. and
T.S.K.), NIH T32 AR007098 (T.S.K.), NIH R01 AR063962 (R.A.C.),
and NIH P30 AR069625 (R.A.C.).

Contribution: J.G., A.d.M., A.B., and M. Bagot supervised the
study and analyzed the data; T.E. performed experiments, analyzed
data, and approved the final manuscript; G.D. and H.M.-T. provided
data and contributed to the preparation of the manuscript; R.A.C
and T.S.K. provided patients samples and contributed to the prepa-
ration of the manuscript; and M. Battistella, N.O., C.R.W., J.-D.B.,
A.M.-C., and S.M. critically reviewed the manuscript.

Conflict-of-interest disclosure: J.G, A.d.M., A.B., M. Bagot,
N.O., and M. Battistella are named as inventors on a pending pat-
ent application regarding the use of CCR8 as a diagnostic and
therapeutic target for the treatment of cutaneous T-cell lymphomas
(EP21305356.4 contributed on 23 March 2021). The remaining
authors declare no competing financial interests.

ORCID profiles: M.B., 0000-0002-7053-7431; N.O., 0000-0003-
0111-7422; A.B., 0000-0002-0409-2497; A.deM., 0000-0001-
7828-6211.

Correspondence: Ad�ele de Masson, Dermatology Department,
INSERM U976 “Human Immunology, Pathophysiology and
Immunotherapy,” Saint-Louis Hospital, 1 avenue Claude Velle-
faux, 75010 Paris, France, adele.demasson@aphp.fr

References

1. Bagot M, Moretta A, Sivori S, et al. CD4(1) cutaneous T-cell lym-
phoma cells express the p140-killer cell immunoglobulin-like receptor.
Blood. 2001;97(5):1388-1391.

2. Battistella M, Leboeuf C, Ram-Wolff C, et al. KIR3DL2 expression in
cutaneous T-cell lymphomas: expanding the spectrum for KIR3DL2
targeting. Blood. 2017;130(26):2900-2902.

3. Kim YH, Bagot M, Pinter-Brown L, et al; MAVORIC Investigators.
Mogamulizumab versus vorinostat in previously treated cutaneous
T-cell lymphoma (MAVORIC): an international, open-label, randomised,
controlled phase 3 trial. Lancet Oncol. 2018;19(9):1192-1204.

4. Sugiyama D, Nishikawa H, Maeda Y, et al. Anti-CCR4 mAb
selectively depletes effector-type FoxP31CD41 regulatory T cells,
evoking antitumor immune responses in humans. Proc Natl Acad
Sci USA. 2013;110(44):17945-17950.

5. Ni X, Jorgensen JL, Goswami M, et al. Reduction of regulatory T
cells by Mogamulizumab, a defucosylated anti-CC chemokine

14 JUNE 2022 • VOLUME 6, NUMBER 11 RESEARCH LETTER 3511

https://orcid.org/0000-0002-7053-7431
https://orcid.org/0000-0003-0111-7422
https://orcid.org/0000-0003-0111-7422
https://orcid.org/0000-0002-0409-2497
https://orcid.org/0000-0001-7828-6211
https://orcid.org/0000-0001-7828-6211
mailto:adele.demasson@aphp.fr


receptor 4 antibody, in patients with aggressive/refractory mycosis
fungoides and S�ezary syndrome. Clin Cancer Res. 2015;21(2):
274-285.

6. Bonnet P, Battistella M, Roelens M, et al. Association of
autoimmunity and long-term complete remission in patients with
S�ezary syndrome treated with mogamulizumab. Br J Dermatol.
2019;180(2):419-420.

7. Algarni AS, Ram-Wolff C, Bagot M, De Masson A. Mogamulizumab-
induced vitiligo in patients with S�ezary syndrome: three cases. Eur
J Dermatol. 2021;31(2):213-216.

8. Ohno N, Kobayashi S, Ishigaki T, et al. Loss of CCR4 antigen
expression after mogamulizumab therapy in a case of adult T-cell
leukaemia-lymphoma. Br J Haematol. 2013;163(5):683-685.

9. Taguchi M, Imaizumi Y, Sasaki D, et al. Molecular analysis of loss of
CCR4 expression during mogamulizumab monotherapy in an adult T
cell leukemia/lymphoma patient. Ann Hematol. 2015;94(4):693-695.

10. Khodadoust MS, Rook AH, Porcu P, et al. Pembrolizumab in
relapsed and refractory mycosis fungoides and S�ezary syndrome: A
multicenter phase II study. J Clin Oncol. 2020;38(1):20-28.

11. Bensussan A, Janela B, Thonnart N, et al. Identification of CD39 as
a marker for the circulating malignant T-cell clone of S�ezary syn-
drome patients. J Invest Dermatol. 2019;139(3):725-728.

12. Jariwala N, Benoit B, Kossenkov AV, et al. TIGIT and Helios are
highly expressed on CD41 T cells in S�ezary syndrome patients.
J Invest Dermatol. 2017;137(1):257-260.

13. McCully ML, Ladell K, Hakobyan S, Mansel RE, Price DA, Moser B.
Epidermis instructs skin homing receptor expression in human
T cells. Blood. 2012;120(23):4591-4598.

14. McCully ML, Ladell K, Andrews R, et al. CCR8 expression defines
tissue-resident memory T cells in human skin. J Immunol. 2018;
200(5):1639-1650.

15. Clark RA, Watanabe R, Teague JE, et al. Skin effector memory T cells
do not recirculate and provide immune protection in alemtuzumab-
treated CTCL patients. Sci Transl Med. 2012;4(117):117ra7.

16. Van Damme H, Dombrecht B, Kiss M, et al. Therapeutic depletion of
CCR81 tumor-infiltrating regulatory T cells elicits antitumor immunity
and synergizes with anti-PD-1 therapy. J Immunother Cancer. 2021;
9(2):e001749.

17. Plitas G, Konopacki C, Wu K, et al. Regulatory T cells exhibit distinct
features in human breast cancer. Immunity. 2016;45(5):1122-1134.

18. Campbell JR, McDonald BR, Mesko PB, et al. Fc-optimized anti-
CCR8 antibody depletes regulatory T cells in human tumor models.
Cancer Res. 2021;81(11):2983-2994.

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

20. Roelens M, de Masson A, Ram-Wolff C, et al. Revisiting the initial
diagnosis and blood staging of mycosis fungoides and S�ezary syndrome
with the KIR3DL2 marker. Br J Dermatol. 2020;182(6):1415-1422.

21. Litvinov IV, Netchiporouk E, Cordeiro B, et al. The use of
transcriptional profiling to improve personalized diagnosis and
management of cutaneous T-cell lymphoma (CTCL). Clin Cancer
Res. 2015;21(12):2820-2829.

22. Litvinov IV, Jones DA, Sasseville D, Kupper TS. Transcriptional
profiles predict disease outcome in patients with cutaneous T-cell
lymphoma. Clin Cancer Res. 2010;16(7):2106-2114.

23. de Masson A, O’Malley JT, Elco CP, et al. High-throughput
sequencing of the T cell receptor b gene identifies aggressive
early-stage mycosis fungoides. Sci Transl Med. 2018;10(440):
eaar5894.

24. Vieyra-Garcia P, Crouch JD, O’Malley JT, et al. Benign T cells drive
clinical skin inflammation in cutaneous T cell lymphoma. JCI Insight.
2019;4(1):e124233.

25. Gaydosik AM, Tabib T, Geskin LJ, et al. Single-cell lymphocyte
heterogeneity in advanced cutaneous T-cell lymphoma skin tumors.
Clin Cancer Res. 2019;25(14):4443-4454.

3512 RESEARCH LETTER 14 JUNE 2022 • VOLUME 6, NUMBER 11


