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Bexarotene is a third-generation retinoid X receptor-selective retinoid that has been

approved for use in the treatment of both early and advanced cutaneous T-cell lymphoma

(CTCL). Although bexarotene has been used for decades in the treatment of CTCL,

little is known about the mechanisms underlying its anti-tumor effects in CTCL patients.

This study therefore focused on the immunomodulatory effects of bexarotene in vivo

using an EL4 mouse T-cell lymphoma model, followed by investigation in CTCL patients

treated with bexarotene. Intraperitoneal injection of bexarotene significantly decreased

expressions of CCL22, CXCL5, CXCL10, and p19 in the tumor microenvironment. Based

on those results, we then evaluated serum levels of CCL22, CXCL5, and CXCL10 in

25 patients with CTCL, revealing that CCL22 was significantly increased in advanced

CTCL compared with early CTCL. Next, we evaluated serum levels of CCL22, CXCL5,

and CXCL10 in CTCL patients treated with bexarotene. Serum levels of CCL22 were

significantly decreased in 80% of CTCL patients who responded to bexarotene therapy.

In addition, immunofluorescence staining revealed CD163+ M2 macrophages as the

main source of CCL22. Moreover, bexarotene decreased the production of CCL22 byM2

macrophages generated from monocytes in vitro. Our findings suggest that the clinical

benefits of bexarotene are partially attributable to suppressive effects on the production

of CCL22 by M2-polarized tumor-associated macrophages.

Keywords: advanced CTCL, bexarotene, tumor-associated macrophages, CCL22, immunomodulation

INTRODUCTION

Most cutaneous T-cell lymphomas (CTCLs) start as an indolent disease that progresses slowly, but
finally advances to skin tumors followed by lymph node and visceral involvements (1). Since CTCL
is a rare disease, and since established criteria for staging and response evaluation for CTCL are
limited, few prospective clinical trials for advanced CTCL have been reported, and guidelines for
the treatment of CTCL have yet to be established (2, 3). Instead, several preclinical studies have
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been used to determine the optimal therapy for CTCL (4–6).
Among them, Shono et al. reported that mycosis fungoides (MF),
the most common subtype of CTCL, shows high expression of
CCR4 on the cell surface, correlating with poor prognosis of
MF (4).

Moreover, Kim et al. reported that mogamulizumab
therapy significantly prolonged progression-free survival (PFS)
compared with vorinostat therapy for recurrent, advanced
CTCL patients [hazard ratio, 0.53; 95% confidence interval (CI),
0.41–0.69; p < 0.0001) (3), and suggested immunotherapy as a
promising option for the treatment of advanced CTCL. However,
the optimal first-line therapy for advanced CTCL has remained
unclear. Such reports suggested the importance of evaluating the
production of CCR4 ligands CCL17 and CCL22 in the tumor
microenvironment of CTCL. In addition, according to these
preclinical studies, malignant T cells in CTCL have been shown
to exhibit features of the regulatory T-cell (Treg) phenotype,
Th2 phenotype, and Th17 phenotype (5), suggesting that not
only Tregs and Th2-related factors, but also Th17-related factors
are important in understanding the immunological background
of CTCL.

Bexarotene is a third-generation retinoid X receptor (RXR)-
selective retinoid that has been approved for use in the
treatment of both early and advanced CTCL (7–9). Although
bexarotene has been used for decades in the treatment of
CTCL, and several preclinical studies have suggested anti-CTCL
mechanisms are involved in the efficacy of this drug (10–
12), little is known about the exact mechanisms underlying
its anti-tumor effects in CTCL patients in vivo (7–9, 11, 12).
Since bexarotene is useful for both early and advanced CTCL,
bexarotene is applied in the real world to ultraviolet-tolerant
early CTCL patients as a first-line therapy. Most such patients
will subsequently need another type of therapy (2). Evaluating
the immunological background of CTCL is therefore important,
and this study focused on the immunomodulatory effects of
bexarotene in vivo using an EL4 mouse T-cell lymphoma
model, followed by investigation in CTCL patients treated
with bexarotene.

MATERIALS AND METHODS

Ethics Statement for Animal and Human
Experiments
The protocol for the animal study was approved by the
ethics committee at Tohoku University Graduate School
of Medicine for Animal Experimentation, Sendai, Japan
(permit number: 2017MdLMO-216). The research complied
with the Tohoku University Graduate School of Medicine’s
Animal Experimentation Ethics guidelines and policies.
All surgeries were performed under sodium pentobarbital
anesthesia, and all efforts were made to minimize suffering.
The protocol for the human study was approved by
the ethics committee at Tohoku University Graduate
School of Medicine, Sendai, Japan (permit number: 2018-
1-772). All patients provided written informed consent
to participate.

Animals and T-Cell Lymphoma Cell Line
C57BL/6 mice (5–8 weeks old) were purchased from Japan
Shizuoka Laboratory Animal Center (Shizuoka, Japan) and
housed in the animal facility at Tohoku University Graduate
School of Medicine. The EL4 murine T-cell lymphoma cell line
was obtained fromAmerican Type Culture Collection (Manassas,
VA) and cultured in Dulbecco’s minimal essential medium
supplemented with 10% heat-inactivated fetal calf serum. All
mice were bred under specific pathogen-free conditions at
Tohoku University Graduate School of Medicine.

Tumor Inoculation and Treatment
EL4 T-cell lymphoma cells (100 µl of 2 ×106 cells/ml) were
subcutaneously injected into female C57BL/6 mice (13). For
quantitative (q)RT-PCR and enzyme-linked immunosorbent
assay (ELISA), 0.15mg bexarotene was intraperitoneally injected
on day 12, and the tumor was harvested on day 14. For qRT-PCR,
the whole tumor was frozen with liquid nitrogen, then crushed
with a Cryo-Press (MICROTEC, Chiba, Japan), as described
previously (14). Total RNA was extracted using ISOGEN
(NIPPON GENE, Tokyo, Japan) according to the manufacturer’s
instructions. For the therapeutic experiments, we measured the
size of established tumors with calipers (Mitsutoyo, Utsunomiya,
Japan) and estimated tumor volume using the following formula:
π/6× length×width (14). Starting on day 6, we intraperitoneally
injected 0.15mg of bexarotene or 0.30mg of anti-CCL22
antibodies (R&D Systems, Minneapolis, MN) on day 6 and
day 12. Tumor-bearing animals were sacrificed when the tumor
resulted in severe ulceration or reached a size of 1,000 mm3.

RNA Extraction and Quantitative
Real-Time PCR Experiments
Total RNA was extracted using an RNeasy Micro kit (Qiagen,
Courtaboeuf, France) in accordance with the manufacturer’s
instructions. RNA was eluted with 14 µl of RNase-free water.
DNase I treatment (RNase-Free DNase Set; Qiagen) was
performed to remove contaminating genomic DNA. Reverse
transcription was performed with the SuperScript VILO cDNA
Synthesis kit (Invitrogen, Carlsbad, CA). Amplification reactions
were performed using an Mx 3000P Real-Time Quantitative
PCR System (Stratagene, San Diego, CA). Relative mRNA
expression levels were calculated for each gene and each time
point after normalization against GAPDH using the1Ct method
or 11Ct method.

Patients
Data from 25 CTCL patients were collected from five clinical
sites in Japan. Pathologists and dermatologists in each institute
had diagnosed these patients with CTCL both clinically and
pathologically. No patients who were administered bexarotene
had received any systemic therapies previously. We have
summarized the clinical information in Table 1.

Reagents
The following antibodies were used for immunofluorescence
(IF): mouse anti-human CD163 phycoerythrin-conjugated
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TABLE 1 | Characteristics of patients with CTCL.

Age Sex Subtype Stage Therapy Response for bexarotene CCR4

Case 1 46 F MF T3N0M0B0 stage IIB Bexarotene PR +

Case 2 46 M MF T3N0M0B0 stage IIB Bexarotene PR +

Case 3 37 M MF T1aN0M0B0 stage IA NB-UVB N.A. N.A.

Case 4 45 M PCPTCL T3bN1M0 stage IIIA Bexarotene SD –

Case 5 44 M MF T4N0M0B0 Stage IIIA Bexarotene PD +

Case 6 60 M MF T2bN0M0B0 stage IB Bexarotene PD +

Case 7 81 M ALCL T3bN0M0 ALCL stage IIIB Bexarotene PD N.A.

Case 8 78 M MF T2bN0M0 stage IB Bexarotene CR N.A.

Case 9 84 F MF T1bN0M0 stage IA Bexarotene PR N.A.

Case 10 51 F MF T3N3M0B0 stage IVA2 Bexarotene PD +

Case 11 75 F MF T1aN0M0 stage IA Topical steroid N.A. N.A.

Case 12 67 M MF T2bN0M0 stage IB NB-UVB N.A. N.A.

Case 13 44 M MF T1bN3M0 Stage IVA2 Bexarotene PR +

Case 14 48 F LyP T2aN0M0 stage IIA Bexarotene CR –

Case 15 63 F MF T2bNxM0B0 stage IIA NB-UVB N.A. +

Case 16 26 F PCALCL T1bN0M0 stage IA Topical steroid N.A. –

Case 17 86 F ATLL stage IV (Ann Arbor) Bexarotene PR +

Case 18 69 M MF T3N0M0 stage IIB Bexarotene PR +

Case 19 67 F PCPTCL T3aN3M0B0 stage IIIB Bexarotene CR –

Case 20 76 M NKTL T3bNxM0B0 stage IIIA Bexarotene PD –

Case 21 70 M MF T3N0M0B0 stage IIB Bexarotene PD +

Case 22 42 F MF T4N0M0 Stage IIIA Bexarotene PD +

Case 23 70 M MF T2bN0M0B0 Stage IB Bexarotene PR +

Case 24 59 M MF T1aN0M0B0 stage IA Topical steroid N.A. N.A.

Case 25 62 F MF T3N0M0 stage IIB Bexarotene plus NB-UVB PR +

MF, mycosis fungoides; PCPTCL, primary cutaneous peripheral T-cell lymphoma; ALCL, anaplastic large-cell lymphoma; PCALCL, primary cutaneous anaplastic large-cell lymphoma;

ATLL, adult T-cell leukemia/lymphoma; NKTL, natural killer T-cell lymphoma; NB-UVB, narrowband ultraviolet B.

monoclonal antibody (R&D Systems), rabbit polyclonal anti-
CCL22 antibody (Biorbyt, Cambridge, UK), rabbit polyclonal
anti-CXCL5 antibody (Lifespan Bioscience, Seattle, WA), mouse
anti-CXCL10 antibody (Lifespan Bioscience), Alexa Fluor
488-conjugated anti-mouse rat immunoglobulin (Ig)G (Abcam,
Tokyo, Japan), and Alexa Fluor 488-conjugated anti-rabbit
goat IgG (Abcam). We used the following antibodies for
immunohistochemical staining: rabbit polyclonal antibodies
for human CCL22 (R&D Systems) and human CXCL5
(LifeSpan Bioscience).

Tissue Samples and Immunohistochemical
Staining
Each sample was processed for single staining of CCL22 and
CXCL5, and developed with liquid permanent red (DAKO,
Santa Clara, CA). Briefly, formalin-fixed, paraffin-embedded
tissue samples were sectioned at 4µm and deparaffinized. After
protease treatment for antigen retrieval, sections were blocked
with goat serum for 10min, then exposed to primary antibodies
at 4◦C overnight. Sections were developed with 3-Amino-9-
ethylcarbazole (AEC).

Tissue Samples and IF Staining
For cryosections, each sample was frozen in optimal cutting
temperature embedding medium, and 6-µm sections

were fixed with cold acetone for 10min and blocked
with IF buffer (PBS, 5% bovine serum albumin). Each
section was therefore incubated with relevant antibodies.
Slides were mounted in DAPI Fluoromount-G (Southern
Biotech, Birmingham, AL) and examined using an LSM
700 microscope equipped with a SPOT digital camera
(Zeiss, Oberkochen, Germany).

Cytokine ELISA
Secretion of CCL22 in each tumor was determined using
ELISA kits (R&D Systems), according to the manufacturer’s
instructions. Serum levels of CCL22, CXCL5, and CXCL10
in each CTCL patient were measured according to the
manufacturer’s instructions. For patients treated with
bexarotene, serum was obtained at 0 days and/or 4 weeks
after bexarotene administration (300 mg/m2), then stored
for ELISA analysis of serum levels of each chemokine.
For peripheral blood monocytes (PBMo)-derived M2
macrophages, after the 7-day culture, supernatants were
collected and secretion of CCL22, CXCL5, and sCSD163 was
determined by ELISA kits (R&D Systems), according to the
manufacturer’s instructions.

Data from each donor were obtained as the mean of
duplicate assays.
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FIGURE 1 | Intraperitoneally administered bexarotene modifies chemokine and cytokine expression in mouse EL4 T-cell lymphoma. Expression of chemokines and

cytokines in EL4 T-cell lymphoma was analyzed by quantitative RT-PCR using the 1Ct method (n = 5). Averages of five independent experiments are shown (A). We

subcutaneously injected 100 µl of 2 × 106 cells/ml of EL4 T-cell lymphoma cells, and intraperitoneally injected 0.15mg bexarotene or 0.30mg anti-CCL22 antibodies

(R&D Systems, Minneapolis, MN) at day 6 and day 12 (n = 5 for each treated group) Error bar represents ± standard deviation. (B) One representative experiment of

two is shown *p < 0.05, **p < 0.01. Error bar represents ± standard deviation.
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Culture of M2 Macrophages From Human
Peripheral Blood Monocytes
CD14+ monocytes were isolated from peripheral blood
mononuclear cells from healthy donors using MACS beads
(CD14 microbeads; Miltenyi Biotec, Sunnyvale, CA) according
to the manufacturer’s protocol. CD14+ monocytes (2 × 105/ml)
were cultured in complete medium containing 100 ng/ml of
recombinant human M-CSF for 5 days, as previously reported
(15, 16). On day 5, monocyte-derived macrophages were
treated with recombinant human IL-4 (20 ng/ml) with or
without bexarotene (10 ng/ml−1µg/ml) for 48 h, and culture
supernatant was harvested.

Flow Cytometry
The surface expression of CD163 and arginase 1 on macrophages
was analyzed by flow cytometry. Cell staining was conducted with
PE-conjugated anti-CD163 (R & D system), FITC-conjugated
anti-arginase 1 (R & D system), PE-conjugated isotype control
Ab (BD Bioscience, Tokyo, Japan), or FITC-conjugated isotype
control Ab (BD Bioscience). The cells were analyzed with a C6
flow cytometer (Acuri Cytometers Inc., Ann Arbor, MI).

Statistical Analysis
For a single comparison of two groups, the Mann–Whitney
U-test was used. The level of significance was set at p < 0.05.

RESULTS

Immunomodulatory Effects of
Intraperitoneal Injection of Bexarotene on
the Tumor Microenvironment of EL4 T-Cell
Lymphoma
Since the immunological microenvironment of CTCL resembles
that of atopic dermatitis (16–18), and as tumor-associated
macrophages (TAMs) have been reported to play a significant
role in stimulating the developing tumor microenvironment
by periostin and IL-4 in lesional skin of mycosis fungoides
(MF) (16), we hypothesized that bexarotene might affect the
immunological functions of TAMs in tumor sites of CTCL. To
investigate the immunomodulatory effects of bexarotene on the

tumor microenvironment in vivo, we used the mouse EL4 T-cell
lymphoma model. First, we evaluated TAM-related chemokines,
Th1/Th2-related cytokines and proinflammatory cytokines.
Intraperitoneal administration of bexarotene significantly
decreased expressions of CCL22, CXCL5, CXCL10, IL-4, and
p19 mRNA in the tumor microenvironment (Figure 1A). No
significant differences were seen in the expressions of CCL17,
IL-17A, p35, or p40 mRNA.

Bexarotene Suppresses the Growth of EL4
T-Cell Lymphoma in vivo
Since bexarotene significantly decreased expression of CCL22
mRNA in the tumor microenvironment, we hypothesized that
bexarotene, as well as anti-CCL22 antibody (Ab) could suppress
the growth of EL-4 T cell lymphoma in vivo. We examined the
therapeutic effects of bexarotene in vivo using the EL-4murine T-
cell lymphoma model. We treated EL-4 murine T-cell lymphoma
(3–4mm in diameter) on the backs of mice by intraperitoneal
injection of bexarotene (0.15 mg/mouse) or anti-CCL22 Ab (0.30
mg/mouse) on days 6 and 12. For the control antibody, we used
rat IgG (0.30 mg/mouse). Both bexarotene and anti-CCL22 Ab
significantly suppressed the growth of EL-4 T-cell lymphoma
(Figure 1B).

Serum Levels of CCL22, CXCL5, and
CXCL10 in Patients With CTCL
Since intraperitoneal injection of bexarotene decreased
expression of CCL22, CXCL5, and CXCL10 mRNA in EL4
mouse T-cell lymphoma, we hypothesized that serum levels of
CCL22, CXCL5, or CXCL10 might be associated with response
in CTCL patients treated with bexarotene. We therefore first
evaluated serum levels of CCL22, CXCL5, and CXCL10 in 9
patients with early CTCL and 16 patients with advanced CTCL
(Table 1). Serum levels of CCL22 were significantly increased
in advanced CTCL compared with early CTCL (Figure 2). In
contrast, no significant difference in serum levels of CXCL5
and CXCL10 were seen between early and advanced CTCL
(Figure 2). Next, we evaluated serum levels of CCL22, CXCL5,
and CXCL10 before and after administration of oral bexarotene.
All patients were administered bexarotene at 300 mg/m2/day.
Serum levels of CCL22 were decreased in CTCL patients who

FIGURE 2 | Serum levels of CCL22, CXCL5, and CXCL10 in early and advanced CTCL patients. Serum levels of CCL22, CXCL5, and CXCL10 were examined by

ELISA in 9 early CTCL patients and 16 advanced CTCL patients. **p < 0.01, Student’s t-test; n.s., not significant. Error bar represents ± standard deviation.
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FIGURE 3 | Serum levels of CCL22, CXCL5 and CXCL10 in patients treated with bexarotene. Serum levels of CCL22 (A), CXCL5 (B), and CXCL10 (C) in responders

(n = 5) and non-responders (n = 5) at day 0 and day 28 were measured by ELISA. Error bar represents ± standard deviation. Change ratio is calculated described

below: (post-treatment serum chemokine)/(pre-treatment serum chemokine level) × 100 (%). Change ratios of serum CCL22 (A), CXCL5 (B), and CXCL10 (C) in

CTCL are calculated in each sample and the average are shown. Error bar represents ± standard deviation. **p < 0.01, Mann–Whitney U-test; n.s., not significant.

Frontiers in Oncology | www.frontiersin.org 6 September 2019 | Volume 9 | Article 907

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Tanita et al. Bexarotene Reduces CCL22 From TAMS in CTCL

responded to bexarotene therapy, but were increased in CTCL
patients who showed progressive disease 4 weeks after starting
bexarotene therapy (Figure 3A). The change ratio of serum
CCL22 in CTCL patients who responded to bexarotene therapy
was significantly lower than that in CTCL patients who showed
progressive disease by 4 weeks after starting bexarotene therapy
(Figure 3A). In contrast to serum CCL22, no differences were
identified in the change ratios of serum CXCL5 (Figure 3B) or
CXCL10 (Figure 3C) among responders and non-responders to
bexarotene therapy.

CD163+ TAMs Produce CCL22, but Not
CXCL5 and CXCL10 in Patients With MF
Since oral intake of bexarotene decreased serum CCL22 in CTCL
patients, we next investigated source cells of CCL22, CXCL5,
and CXCL10 in the lesional skin of MF, as the largest subtype

of CTCL. The number of CCL22-producing cells significantly
increased in advanced stages compared to that in the early stage
(Figure 4A). In contrast, the number of CXCL5-producing cells
significantly decreased in parallel with MF stage (Figure 4A).
CXCL10-producing cells were not detected in the lesional skin
of MF (data not shown). IF staining revealed that CD163+ M2
macrophages mainly produced CCL22 (Figure 4B), but a few
CD163+ M2 macrophages produced CXCL5 in the lesional skin
of MF (Figure 4B).

Bexarotene Decreased Production of
CCL22 From Monocyte-Derived M2
Macrophages in vitro
Since CD163+ TAMs produced CCL22 in the lesional skin of MF,
we hypothesized that bexarotene might decrease the production
of CCL22 from CD163+ M2 macrophages. To test this, we

FIGURE 4 | CCL22 producing cells in the lesional skin of MF. Representative paraffin-embedded tissue samples from the lesional skin at each stage of MF. Sections

were deparaffinized and stained using anti-CCL22 or anti-CXCL5 antibodies. Three representative high-power fields of each section were selected from dermis

associated with a dense dermal lymphoid infiltrate. Sections were developed with 3-Amino-9-ethylcarbazole. The percentage of CCL22+ and CXCL5+ cells was

calculated as follows: CCL22+ cells or CXCL5+ cells/hematoxylin-positive cells ×100. Quantification of percentages of CCL22+ cells and CXCL5+ cells from 9 early

CTCL patients and 16 advanced CTCL patients is shown. Scale bar, 100µm. Error bar represents ± standard deviation (A). IF staining of CTCL for CCL22 (green),

CD163 (red), and DAPI (blue, nuclei), and CXCL5 (green), CD163 (red), and DAPI (blue, nuclei). A merged image is also shown, with green and red combining into

yellow. The isotype control IgG1 stains as red or green. Scale bar, 20µm (B). Representative specimens from three cases are shown. The number of immunoreactive

cells was counted at a magnification of ×400. The average of three independent fields in each sample was calculated (*p < 0.05). Error bar represents ± standard

deviation.
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evaluated the production of chemokines from CD163+ M2
macrophages using M2 macrophages generated from peripheral
blood mononuclear cells (PBMCs) in healthy donors (15).
Production of CCL22 was significantly decreased by bexarotene
in a dose-dependent manner (Figure 5A). The purity of cultured
CD163+M2 macrophages is >90% as assessed by FACS analysis
(Figure 5B).

DISCUSSION

Since most CTCL treatment requires subsequent additional
therapy (2), evaluation of the immunological background of
CTCL is important. For example, Richardson et al. reported
that bexarotene reduced the expression of chemokine receptors
to suppress the chemotaxis of CTCL cells to CCL17 in vitro
(12). They concluded that bexarotene might inhibit migration
of CTCL cells to the skin by suppressing CCR4 expression

FIGURE 5 | Production of CCL22 from M2 macrophages treated with

bexarotene. Culture supernatant from M2 macrophages was harvested as

described in section Materials and Methods and measured by ELISA (n = 3).

Data from each donor were obtained from triplicate assays, and mean ± SD

was calculated. Representative data from at least three independent

experiments are shown. **p < 0.01, Mann–Whitney U-test; n.s., not

significant. Error bar represents ± standard deviation (A). M-CSF-induced M2

macrophages from PBMCs: the expression of CD163 and arginase 1 was

examined by flow cytometry (B).

(12). In other reports, bexarotene selectively induced CTCL
lineages to increase integrin β7 expression and function
prior to growth arrest and apoptosis in vitro (11). Although
those reports partially explain the efficacy of bexarotene for
CTCL patients, direct evidence for the immunomodulatory
effects of bexarotene is lacking. Since most CTCL treatment
requires subsequent additional therapy (2), evaluation of the
immunological background of CTCL is important.

TAMs create an immunosuppressive tumor
microenvironment by producing various chemokines that
attract other immunosuppressive cells such as Tregs, myeloid-
derived suppressor cells (MDSCs), or even attract CTCL
cells to establish the tumor microenvironment (12, 16, 19).
In CTCL, at least, periostin and IL-4 could determine the
functional maturation of TAMs, leading to development of the
characteristic microenvironment of CTCL in each stage (16).
Notably, administration of IFN-α or IFN-γ, both of which have
been approved for use in the treatment of CTCL, has been
shown to modulate the chemokine profiles of TAMs in the
lesional skin of CTCL (20), suggesting that re-polarization of
TAMs into anti-tumor macrophages might be one of the possible
mechanisms of anti-CTCL drugs. In the present study, IF staining
suggested the possible source of CCL22 is CD163+ TAMs, and
bexarotene decreased CCL22 production from CD163+ M2
macrophages in vitro, suggesting that bexarotene induces anti-
CTCL effects by suppressing CCL22 production from TAMs
in CTCL patients.

CCL22 diverts Tregs and controls B16F10 melanoma growth
(21, 22). Indeed, intratumoral administration of anti-CCL22
antibody inhibited B16F10 melanoma growth by decreasing
Treg recruitment at the tumor site (21), suggesting that a
reduction in tumor-derived CCL22 could suppress melanoma
growth. In CTCL, Chang et al. reported that anti-CCR4 antibody
significantly suppressed MAC-1 mouse CTCL growth in vivo
by inhibiting CCR4/CCL22 pathways and antibody-dependent
cellular cytotoxicity activities (22). Since CCL22 attracts CCR4+

lymphocytes, such as CTCL cells, Tregs, and Th2 cells (23),
the decrease in CCL22 might suppress the development of
tumor mass in vivo. Indeed, in this study, bexarotene decreased
serum CCL22 in 80% of CTCL patients who responded clinically
to bexarotene, but did not decrease serum CCL22 in any
of the CTCL patients who were not clinically responsive to
bexarotene. These data suggested that CCL22 could provide
a biomarker to evaluate the efficacy of bexarotene in patients
with CTCL.

Since intraperitoneal injection of bexarotene decreased
CXCL5 and CXCL10 mRNA expression in EL4 mouse T-cell
lymphoma in vivo, we evaluated serum levels of these chemokines
in patients with early and advanced CTCL. Unlike CCL22, no
differences in serum levels of CXCL5 andCXCL10were identified
between early and advanced CTCL. Moreover, no differences in
serum levels of CXCL5 and CXCL10 were identified between
responder and non-responder patients. Although both CXCL5
and CXCL10 are important for immunosuppression in the tumor
microenvironment by recruiting polymorphonuclear MDSCs,
neutrophils, Tregs, and effector T cells in solid tumor such
as melanoma, renal cell carcinoma, esophageal carcinoma, and
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pancreatic cancer (23–27), bexarotene did not affect serum levels
of CXCL5 and CXCL10 in the present study. Since no significant
difference was identified in serum levels of CXCL5 and CXCL10
between early and advanced CTCL, these chemokines might not
directly affect CTCL progression.

This study investigated the immunomodulatory effects of
bexarotene in vivo using an EL4 mouse T-cell lymphoma model,
followed by CTCL patients treated with bexarotene. Our findings
suggested the clinical benefit of bexarotene is partially explained
by the suppressive effects on the production of CCL22 from M2-
polarized TAMs, which should contribute to the recruitment of
CTCL cells, Tregs, and Th2 cells in the lesional skin of CTCL
(Supplementary Figure 1).
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