Archives of Dermatological Research (2023) 315:215-221
https://doi.org/10.1007/500403-022-02343-1

ORIGINAL PAPER q

Check for
updates

Apremilast and narrowband ultraviolet B combination therapy
suppresses Th17 axis and promotes melanogenesis in vitiligo skin:
a randomized, split-body, pilot study in skin types IV-VI
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Abstract

Improved repigmentation of generalized vitiligo in skin types IV—VI has been reported in clinical response to combined
therapy with apremilast and narrowband (NB)-UVB; however, tissue responses to combined therapy versus NB-UVB mono-
therapy have not been elucidated. We compared the change from baseline in cellular and molecular markers in vitiligo skin
after combined therapy versus NB-UVB monotherapy. We assessed lesional and nonlesional skin samples from enrolled
subjects and evaluated for immune infiltrates, inflammatory, and melanogenesis-related markers which were compared across
different treatment groups. Combined therapy resulted in significant reduction of CD8*T cells and CD11c* dendritic cells,
downregulation of PDE4B and Th17-related markers, and upregulation of melanogenesis markers. This study was limited
to small sample size, skin types IV-VI, and high dropout rate. Our molecular findings support the clinical analysis that
apremilast may potentiate NB-UVB in repigmentation of generalized vitiligo in skin types IV-VL
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Introduction

Vitiligo is a disorder affecting pigmentation, acquired by
0.5%—1% of the global population [1]. It is often associated
with other autoimmune conditions with T helper-17 (Th17)
dysregulation such as psoriasis and alopecia areata, but can
also occur in the setting of drug or vaccination-induced
adverse events [2-5]. Several studies have reported the role
of T helper-1 (Th1) and Th17 immune axes in generalized
vitiligo [6-10], and the role of interferon gamma (IFNYy)
pathway [11, 12]. IFNy signaling stimulates keratinocytes

Mark G. Lebwohl and Emma Guttman-Yassky: these authors
equally contributed to the manuscript.

>4 HeeJ. Kim
hee.kim @mountsinai.org

Department of Dermatology, Icahn School of Medicine
and Mount Sinai, New York, NY 10029, USA

Department of Biomedical Engineering, University
of Mississippi, University, MS, USA

and melanocytes to produce chemokines, including CXCL9
and CXCL10, which induce initial apoptosis of melanocytes
and promote CD8 + T-cell recruitment to the epidermis [11,
13, 14]. Also, innate immune cells have been identified as
the source of IFNY, suggesting a key role in early stages of
vitiligo [15]. Circadian clock dysfunction may also play a
role as it has been linked to dysregulation of immune cells
and Th17 cell differentiation [16, 17]. Currently used thera-
pies for vitiligo include topical and systemic corticosteroids,
topical immunomodulators, phototherapy and 308-nm exci-
mer laser [18]. Narrowband UVB (NB-UVB) is considered
the preferred first-line treatment of choice for generalized
vitiligo affecting more than 10-20% of the body surface area
(BSA) [19-22]. Recently, Janus Kinase (JAK) inhibitors are
being explored as treatment option for vitiligo, since they
downregulate IFNy signaling [23-25]. However, there are
long-term safety concerns with broad-acting JAK inhibitors
and more selective JAK target for vitiligo still needs to be
investigated [23].

Apremilast is a small oral molecule that inhibits phos-
phodiesterase-4 (PDE4), which has been shown to be
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effective in the treatment of psoriasis, psoriatic arthritis,
and Behcet disease [26-29]. PDE4 inhibition activates the
cyclic adenosine monophosphate (cAMP) pathway, which
leads to downregulation of inflammatory mediators such as
tumor necrosis factor (TNF)-a, IFN-y, CXCL9, CXCLI10,
interleukin (IL)-2, IL-12, IL-17 and IL-23, and upregulation
of anti-inflammatory cytokines such as IL-10 [26, 27, 30].
It also modulates innate immunity and reduces infiltration
of myeloid dendritic cells, T cells, and NK cells into the
epidermis and dermis [27, 31, 32]. Moreover, upregulation
of cAMP pathway in melanocytes has been shown to acti-
vate melanocyte inducing transcription factor (MITF) and
promote skin pigment production [33, 34]. PDE4 inhibition
and subsequent cAMP upregulation suppress key mediators
involved in the Th17 pathway, IFNy pathway, and innate
immune system, all of which have been reported to play a
role in the pathophysiology of vitiligo.

Several studies have suggested beneficial clinical effects
of apremilast in vitiligo [35, 36], while a recent study
showed that apremilast does not bring any additional benefit
to NB-UVB [13]. That study, however, lacked the advan-
tage of a bilateral comparison study design which is optimal
of vitiligo and tissue analysis [13]. We performed a ran-
domized, split-body, pilot study to investigate the clinical
and mechanistic response to combined therapy with apre-
milast and NB-UVB compared to NB-UVB monotherapy in
SPTs IV-VI with generalized vitiligo. An analysis on clinical
response has been reported in a separate publication, which
suggested expedited clinical improvement with combined
therapy [37]. In this mechanistic study, we investigated
lesional and nonlesional skin biopsy specimens from sub-
jects’ body sides before and after treatment with combined

Fig. 1 Biopsy Collection
Diagram. Skin samples were
obtained at: Baseline (lesional
skin from the active edge of
vitiligo [Side X] and non-
lesional—normally pigmented
skin [Side X]); Week 16
(lesional skin in the same prox-
imity to the prior biopsy but at
least 1 cm away from scar [Side
X1); Week 32 (lesional skin in
the same proximity to the prior
biopsy but at least 1 cm away
from scar [Side X], and lesional
skin from the contralateral side
[Side Y]); and Week 48 or Early
Termination visit (lesional skin
in the same proximity of the
prior biopsy from Side Y at
Week 32 but at least 1 cm away
from the scar). All skin biopsies
were 4.5 mm in diameter
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therapy versus NB-UVB monotherapy followed by apremi-
last monotherapy.

Materials and methods

Skin biopsy specimens were obtained from SPTs IV-VI
with generalized vitiligo in a randomized, split-body, sin-
gle-center, pilot study (NCT03123016) evaluating clinical
and mechanistic effect of combined therapy with apremilast
and NB-UVB versus NB-UVB monotherapy followed by
apremilast monotherapy [37]. Each eligible subject’s right
side of the body was randomized 1:1 to either Regimen A
or B. Complement Regimen was assigned to each subject’s
left side of the body. The body side assigned to Regimen
A received NB-UVB monotherapy during Phase 1 (weeks
0-16), then was concealed from NB-UVB with a half-sided
skin covering while exposed to oral apremilast monother-
apy during Phase 2 (weeks 16-32). The body side assigned
to Regimen B was untreated and occluded from NB-UVB
with a half-sided skin covering during Phase 1, but received
combined therapy with oral apremilast and NB-UVB dur-
ing Phase 2. In Phase 3 (weeks 32-48), all subjects received
combined therapy to their whole body. The scheme of the
study has been presented in separate publication [37].
Lesional and nonlesional skin biopsies were obtained
before treatment at baseline/week 0, and only lesional biop-
sies were obtained after 16, 32, and 48 weeks of treatment as
above (Fig. 1). Lesional biopsies were taken from the edges of
the active border of vitiligo skin and nonlesional biopsies were
taken from adjacent normally pigmented skin. The expression
levels of the markers of different immune and melanogenesis

Biopsy # 1-6 (Week # - Lesional or NonLesional)

Side Y
(Side that will receive Apremilast+UVB starting at Week 16)

#5(32-L)
#6(48-L)
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pathways were evaluated and compared among different treat-
ment arms. Skin infiltration by T cells, dendritic cells (DCs),
and Langerhans cells was assessed by immunohistochemistry.

Immunohistochemistry

Immunohistochemistry (IHC) staining was performed on
frozen OCT-embedded cryostat tissue sections of lesional
and nonlesional biopsy specimens using purified mouse anti-
human mAbs, as previously described (Table 1) [38, 39].
Human skin biopsies were dried and then fixed in acetone.
The samples were blocked using 10% normal serum of the spe-
cies the secondary antibody was made in. The samples were
then incubated with primary antibody overnight in 4 °C. The
primary antibodies’ signals were detected using biotin-labeled
secondary antibodies (Vector Laboratories, Burlingame, CA).
Chromogen 3-amino-9-ethylcarbazole (AEC, Sigma-Aldrich,
Burlington, MA) was used to develop the staining intensity
and signal. Cell counts were quantified using ImageJ V1.42
software (National Institutes of Health, Bethesda, MD).

Quantitative RT-PCR

RNA from skin biopsy specimens was extracted for real-time
polymerase chain reaction (RT-PCR) using the miRNAeasy
Mini Kit (Qiagen, Hilden, Germany). Reverse transcription
to complementary DNA (cDNA) from RNA was carried out
using the High Capacity cDNA reverse transcription (Thermo
fisher). Pre-amplification was performed on all samples.
Primers are listed in Table 2. 100 ng total RNA was used for
Pre AMP pool. Rplp0 was used as endogenous control. Expres-
sion values were normalized to RpipO0.

Statistical analyses

All analyses for immunohistochemistry and gene expression
studies were performed in the statistical language R (www.R-
Project.org). qRT-PCR values were normalized using RPLPO
housekeeping gene by transforming Ct values to -ACt. Then
log2-scale qRT-PCR expression and IHC data were modeled
by a linear mixed-effect model using nlme R framework.

Table 2 Primers and probes for real-time RT-PCR

Marker Probe

TYR Hs00165976_m1
TRP1/TYRP1 Hs00167051_m1
c-KIT Hs00174029_m1
MART1 Hs00194133_m1
PAX3 Hs00240950_m1
MITF Hs01117294_m1
S100A9 Hs00610058_m1
1L-12/23p40 Hs01011518_m1
Elafin/PI3 Hs00160066_m1
TGFB Hs00998133_m1
DCT Hs01098278_m1
PDE4B Hs00175474_ml
Results

A total of 28 subjects were screened, and 23 subjects who
met eligibility criteria were randomized 1:1 to receive NB-
UVB to either the right side (n=11) or the left side (n=12)
of the body in Phase 1. A total of 14 (60%) subjects com-
pleted visits through week 32. (Fig. 2). As recently pub-
lished, clinical outcomes (probability of achieving grade 3
or 4 repigmentation, Vitiligo Area Scoring Index, and Body
Surface Area scores) significantly improved after 16 weeks
of combined therapy with apremilast and NB-UVB com-
pared to NB-UVB monotherapy [37].

We performed IHC to quantify changes in immune infil-
trates across treatment groups and PCR analysis to assess
differences in expression of inflammatory and melanogene-
sis-related markers. CD8™T cells and Langerin + Langerhans
Cells (LCs) showed a significant reduction at week 48 com-
pared to baseline in the body sides that received apremilast
plus NB-UVB for 32 weeks during Phases 2 and 3. CD11¢*
myeloid Dendritic Cells (DCs) achieved significant decrease
in all groups treated with apremilast, with maximal reduc-
tion at week 48 in the body sides that received apremilast
and NB-UVB for 32 weeks (p <0.01; Fig. 3).

Our PCR analysis revealed a downregulation of PDE4B,
a direct target of apremilast [40], with all treatment arms
except for the body sides treated with 16 weeks of NB-
UVB monotherapy (p <0.05; Fig. 4). Th17-related mark-
ers such as PI3, S100A9, and IL23p19 showed significant

Table 1 Antibodies for

. . : Name Manufacturer Species Clone Isotype Dilution
immunohistochemical analyses
CDS8 BD Biosciences Mouse RPA-T8 IgGl1 1:100
CDllc BD Biosciences Mouse B-ly6 IgGl1 1:100
Langerin Novus Biologicals Mouse DCGM4/122D5 IgG1 1:100
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Fig.2 CONSORT flow diagram of study patients

reductions with all groups exposed to apremilast compared
to NB-UVB monotherapy (p <0.05). The greatest upregula-
tion of melanogenesis/melanocyte markers, such as TYR,

Fig.3 Representative immu-
nostaining in skin biopsies from
vitiligo patients. CD8", Cdl1c*
and Langerint immunostain-
ing was performed on lesional
(LES) and non-lesional (NON-
LES) biopsies at baseline, and
on LES biopsies collected from
NB-UVB (Week 16), apremilast
(Week 32), and NB-UVB plus

. CD11c
apremilast (Weeks 32 and 48) S,
arms. Cell count differences
from baseline are depicted
in the boxplots. Black stars, 2

Langerin

significance of comparison
vs NB-UVB arm,; red stars,

received combined therapy with apremilast and NB-UVB
for 32 weeks (p <0.01). The regulatory/fibrosis marker
TGEFp that is central for Th17 differentiation in humans [10],
showed a similar trend (p <0.05).

Discussion

Recent evidence suggests the role of Th17 axis, IFNy path-
way, and innate immune system in the pathophysiology of
vitiligo [8, 9, 15, 26, 31, 32]. Apremilast is an oral PDE4
inhibitor with anti-inflammatory and immune modulating
properties that targets key mediators involved in the patho-
genesis of vitiligo [26, 30-32]. As reported in separate pub-
lication, analysis of clinical response to combined therapy
with apremilast and NB-UVB versus NB-UVB monotherapy
showed that apremilast may potentiate NB-UVB in repig-
mentation of generalized vitiligo in SPTs IV-VI [37]. In this
study, we investigated molecular effects of combined therapy
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apremilast
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Fig.4 Immune and melanocyte/melanogenesis biomarkers in
lesional skin of patients with vitiligo. Log2 fold-changes (log2FCH)
in lesional skin in NB-UVB, apremilast, and NB-UVB plus apremi-
last treatment arms compared to baseline. Black stars, significance of

with apremilast and NB-UVB in vitiligo skin and correlated
clinical disease improvement with histologic tissue response
before and after treatment.

Combined therapy with apremilast and NB-UVB for
32 weeks resulted in significant histologic changes in viti-
ligo skin, compared to baseline or NB-UVB monotherapy
followed by apremilast monotherapy. Compared to base-
line, combined therapy progressively reduced immune
infiltrates, including CD8*T cells, LCs, and CD11c"
myeloid DCs, in vitiligo skin at week 48. Inhibition of
Th17-related markers (IL23p19, PI3, S100s) occurred

comparison between the NB-UVB monotherapy and treatment arms;
red stars, significance of comparison versus baseline. ***P <0.001,
*kP<0.01, *P<0.05, TP <0.1

with all groups exposed to apremilast, with strongest
reduction after 32 weeks of combined therapy. Although
increase in melanogenesis/melanocyte markers (TYR,
TRP1, MLANA/MART]1) was seen in all treatment arms,
combined therapy arm showed the greatest upregulation at
week 48. Some melanogenesis and melanoblast expansion
markers (MITF, PAX3, c-KIT) were significantly upregu-
lated only in the body sides that received combined ther-
apy for 32 weeks, suggesting potential long-term benefit of
combined therapy in repigmentation. Although histologic
findings support clinical results that adding apremilast to
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NB-UVB enhances repigmentation, perhaps the duration
of each phase of the study was not long enough to see
maximal clinical and molecular effect of each treatment.
Future longer studies are needed to evaluate for optimal
treatment duration and long-term clinical and histologic
responses to combination therapy.

In the previous analysis of clinical responses, progres-
sive repigmentation was observed in the side of the body
exposed to apremilast monotherapy from week 16 to
week 32 after initial treatment with 16 weeks of NB-UVB
monotherapy [37]. This was supported by tissue response
which showed continuous reduction in CD8% T-cell and
CD11c* DC infiltrates, downregulation of Th17 axis, and
promotion of melanogenesis markers [26, 31]. However,
it cannot be clearly demonstrated whether the progressive
repigmentation was due to apremilast alone or residual
efficacy from initial treatment with 16 weeks of NB-UVB
monotherapy. More studies are needed to evaluate the
potential role of apremilast monotherapy in the treatment
of vitiligo.

Limitations of this study include small sample size
and high dropout rate due to the demanding phototherapy
schedule of multiple treatments per week as reported by
patients. This suggests that the subjects who remained in
the study may not be representative of general popula-
tion and therefore, our results may not be generalizable.
Also, only patients with dark skin phototypes IV-VI were
included in the study to maximize chance of repigmenta-
tion since this group of patients are thought to be more
responsive to treatment than light-skinned patients [43].
Furthermore, the methods used for tissue analysis such as
immunohistochemistry and PCR for mRNA expression of
inflammatory and melanogenesis markers may be insuffi-
cient to draw definitive conclusion. Future studies should
assess related proteins by Western blot. Finally, we did not
conduct a dose-response study specific for vitiligo. The
dosage and frequency of apremilast was based on the data
from psoriasis trials [44, 45.

In conclusion, our mechanistic findings support the
clinical notion that apremilast may potentiate NB-UVB in
repigmentation of generalized vitiligo in skin types [V-VI
more than NB-UVB monotherapy followed by apremilast
monotherapy, and suggest the potential role of combined
therapy in progressive repigmentation of vitiligo and
enhanced upregulation of melanogenesis markers in viti-
ligo skin. This trial serves as a clear proof-of-concept. We
recommend further trials with larger sample sizes, longer
treatment period, more comprehensive methods for tissue
analysis, and investigation of apremilast monotherapy.
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