Topical application of a vitamin D3 analogue and
corticosteroid to psoriasis plaques decreases skin
infiltration of Ty17 cells and their ex vivo expansion
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Background: Topical combination of a vitamin D3 analogue and
corticosteroid is widely used for the treatment of psoriasis, a
Tyx17-mediated disorder, but the underlying mechanism
remains unclear.

Objective: We investigated the effect of this topical applicant,
focusing on skin-infiltrating Ty17 cells.

Methods: In 10 patients with plaque psoriasis, calcipotriol (Cal),
betamethasone dipropionate (Bet), or the calcipotriol and
betamethasone dipropionate 2-compound formulation (CB) was
applied to 3 different psoriatic plaques with similar severity
once a day for 14 days. One nonapplied lesion was used as a
control. Four-millimeter biopsy specimens were taken from
each site, cut into 2 pieces, and subjected to histologic
examination and ex vivo expansion of skin-infiltrating T cells
with anti-CD3/CD28 antibodies and IL-2.

Results: Clinical, histologic, and IL-17A™ cell-infiltrate
improvement was found in the following order:

CB > Cal > Bet > control or CB > Bet > Cal > control. Numbers
of ex vivo expanded T cells were decreased by topical
application of Bet and CB, and CB exhibited the most
suppressive result. Numbers and frequencies of T17 cells were
significantly reduced by CB and Cal, suggesting that Cal has a
capacity to preferentially suppress Ty17 cells. When the stocked
T cells from control samples were stimulated with anti-CD3
antibodies in the presence of Bet, Cal, or both, Cal
downmodulated IL-17 and IFN-y production and tended to
upregulate IL-4 and IL-6 without apoptosis, but Bet inhibited
production of these cytokines with apoptosis.

Conclusion: These findings suggest that Cal and Bet have
different effects on T cells to normalize psoriatic changes, with
decreased Ty17 cell expansion in the skin lesions. (J Allergy
Clin Immunol 2016;uun:EEE-EEN,)
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Abbreviations used

7AAD: 7-Aminoactinomycin D
Bet: Betamethasone dipropionate
Cal: Calcipotriol
CB: Calcipotriol and betamethasone dipropionate, 2-compound

formulation
DC: Dendritic cell
PE: Phycoerythrin
PMA: Phorbol 12-myristate 13-acetate

Psoriasis is one of the most common inflammatory keratotic
skin diseases. Although the direct trigger of the onset of the
disease and maintenance of its activity remains unclear, the
involvement of IL-17—producing T cells in its pathogenesis has
been clarified and recently proved by the therapeutic efficacy of
antibodies against IL-17 and its receptors.'* Ty;17 cells and their
cytokines, IL-17A and IL-22, play an essential role, and 1L-22
might be a prerequisite for acanthosis. IL-17A and IL-22 stimu-
late keratinocytes to produce IL-8, vascular endothelial growth
factor, and GM-CSF, thereby inducing inflammation, neutrophil
accumulation, and angiogenesis.”° IL-23 is required and released
from TNF-a—producing inflammatory dendritic cells (DCs)
for maintaining Ty17 cells.”® Recently, murine epidermal
Langerhans cells were found to produce IL-23.” In addition,
plasmacytoid DCs secreting IFN-a are considered to play an
initiating role in the development of psoriatic lesions.'""!

Although therapies targeting to TNF-a, IL-23, and IL-17 are
effective for psoriasis, conventional topical treatments remain a
standard choice because of their convenience, safety, and
economic efficiency. The most frequently used topical drugs
include corticosteroids and vitamin D3 analogues, which have
different actions not only on epidermal keratinocytes' *1%put also
on immunocompetent cells.'”-'* Corticosteroids are a potent anti-
inflammatory agent with broad immunosuppressive effects on a
number of cell types, such as T cells, because they can block
several inflammatory pathways and induce apoptosis.'”™’
Meanwhile, vitamin D3 analogues possess a more specific
immunomodulatory profile characterized by the capacity to
induce a tolerogenic state in DCs*** and T cells, enhancing
the immunosuppressive capacity of regulatory T cells®**
and driving T cells toward a Ty2 profile while inhibiting Ty1/
Ty17 cells.”®

It is assumed that a corticosteroid and a vitamin D3 analogue
synergistically improve psoriasis when their combination is
applied to the plaque lesion. However, detailed investigations
on their effects on skin-infiltrating T cells, especially pathogenic
Ty17 cells, have not been performed. In this study we sought to
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explore the effects of topical calcipotriol (Cal), betamethasone di-
propionate (Bet), and their combination on skin-infiltrating
T cells. This ex vivo expansion study clarifies the differences be-
tween the 2 drugs in the inhibitory effects on T-cell populations.

METHODS

Patients and topical application of Cal and Bet

Ten patients with psoriasis vulgaris were enrolled in this study. The diagnosis
was made based on clinical and histologic findings. None of the patients were
receiving any systemic medication or phototherapy for psoriasis. Four different
psoriasis plaques that had not been topically treated with any drugs for more
than 2 weeks were chosen, and calcipotriol ointment (Cal; Dovonex, LEO
pharma, Ballerup, Denmark), betamethasone dipropionate ointment (Bet;
Rinderon DP, Shionogi, Japan), or calcipotriol and betamethasone dipropionate
2-compound formulation (CB; Dovobet, LEO pharma) was applied once a day
to 3 different sites with similar severity of psoriatic plaques for 14 days,
according to the fingertip unit method.”’ One nonapplied lesion was used as a
control. After 2 weeks of topical treatment, 4-mm punch skin biopsy specimens
were taken from the 4 sites for histologic and immunologic studies.

This study was performed according to the Declaration of Helsinki, and the
study protocol was approved by the ethical committee of Hamamatsu
University School of Medicine. Written informed consent was obtained
from all participants.

Cell preparations

A 4-mm skin biopsy specimen was cut into 2 pieces, with 1 specimen used
for expansion of skin-infiltrating T cells and another for histologic
investigation. We previously established a method of expanding skin-
infiltrating T cells using anti-CD3/CD28 antibody—coated microbeads and
IL-2.%® Samples were immersed in cRPMI supplemented with 50 U/mL
human recombinant IL-2 (R&D Systems, Minneapolis, Minn) and anti-
CD3/CD28 antibody—conjugated microbeads (Human T-Activator; Dynal,
Copenhagen, Denmark), as previously reported. Cells were cultivated in
6-well plates for 2 weeks, and the culture media were changed or added every
day to make sure half of the total volume of media was fresh. We obtained
more than 10° cells per specimen by means of 2-week cultivation, and all cells
were collected and counted for the cytokine production assay and
intracytoplasmic cytokine staining assay. The rest of the cells were stored at
—80°C to use the apoptosis and drug-stimulated cytokine production assays.

Flow cytometric analysis and cytokine production

assessments

Aliquots of 10° cells were washed once with PBS (pH 7.4) with a panel of
fluorescence-conjugated mAbs for 15 minutes at room temperature in the
dark. After washing, the harvested cells were resuspended in PBS and
subjected to flow cytometric analysis. More than 5 X 10 cells per sample
were analyzed on a FACSCanto II (BD Biosciences, San Jose, Calif). Results
were analyzed with FlowJo software (TreeStar, Ashland, Ore). For the
intracellular cytokine staining assay, 10° cells/well in 24-well plates were
incubated in cRPMI containing 10~ ® mol/L phorbol 12-myristate 13-acetate
(PMA; Sigma-Aldrich, St Louis, Mo), 10°® mol/L calcium ionophore
(Sigma-Aldrich), and 1 pL/mL GolgiStop (BD) for 6 hours at 37°C. Cells
were harvested and stained with fluorescence-tagged mAbs against cytokines
by using the Cytofix/Cytoperm Plus Kit with GolgiStop (BD), according to the
manufacturer’s protocols, after staining of fluorescence-tagged antibodies
against CD3 and CD8.

Histopathologic and immunohistochemical studies

Half of the biopsy specimens from the lesions were fixed in 4% formalin
and routinely stained with hematoxylin and eosin for standard histopathology.
Deparaffinized specimens were autoclaved in 10 mmol/L citrate buffer (pH
6.0) for 10 minutes at 120°C to retrieve the antigenic epitopes and then
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subjected to CD3 expression analysis by using the avidin-biotin complex
method and to IL-17A expression analysis by using immunofluorescent
staining. Nuclear staining was performed with hematoxylin or 4'-6-
diamidino-2-phenylindole dihydrochloride. Sections were scanned with a
digital image scanner (NanoZoomer; Hamamatsu Photonics, Hamamatsu,
Japan) and analyzed by using its software. The epidermal thickness or
thickness of the stratum corneum was calculated by measuring the area and
length of the epidermal surface line of the whole tissue image.

Cytokine production assay

Cells (2 X 10° cells/well) were stimulated with immobilized anti-CD3
mAb-—coated 96-well plates (BD BioCoat; BD) for 48 hours in the presence
or absence of drugs, and the culture supernatants were harvested to measure
cytokine levels (IL-2, IL-4, IL-6, IL-10, IL-17, IFN-y, and TNF-a) with the
Human Tyl/Ty2/Tyl7 Cytokine Beads Array kit (BD), according to the
manufacturer’s protocols.

Statistical analyses

We applied the Friedman test, and if there were significant differences, post
hoc pairwise multiple comparisons (Dunn-Bonferroni tests) were performed
with SPSS software (version 21; IBM, Armonk, NY). P values of less than
.05 were considered statistically significant.

RESULTS
Combination of Cal and Bet synergistically
improves psoriatic lesions

We selected 4 different psoriasis plaques of similar severities
that had not been treated for more than 2 weeks. Cal, Bet, or CB
was applied once a day to the 3 different sites for 14 days
according to the fingertip unit method.”” One nonapplied lesion
was used as a control. After 2 weeks of topical treatment, the
psoriatic lesions were improved, depending on the ointments, in
each patient. Notably, CB-treated lesions showed the best
improvement in all patients, whereas the control sites were not
substantially changed. Representative clinical pictures of cases
1 to 5 from 10 cases are shown in Fig 1. The clinical efficacy
was assessed by SUM score, which includes the severity (on a
0- to 4-point scale) of erythema, induration, and scaling (see
Fig El in this article’s Online Repository at www.jacionline.
org). CB and Cal treatment significantly improved the SUM
score, whereas no statistically significant difference was observed
between Cal and Bet. The efficacy of Cal and Bet single treatment
varied in individual patients. Cal was more effective than Bet in
cases 4, 5, 6, and 10, and Bet was more effective in cases 2, 3,
8, and 9. In cases 1 and 7 the 2 agents showed similar efficacy.

Combination of Cal and Bet synergistically
improves psoriatic histologic changes

Skin biopsy specimens were obtained from each treated or
nontreated lesion and subjected to histopathologic investigation.
The whole stained skin tissue sections were captured as digital
images and analyzed. Representative pictures were shown in
Fig 2, A. The thickness of the epidermis and stratum corneum and
the length of parakeratosis were measured to assess the psoriatic
changes. In all cases CB and Bet, but not Cal for case 3, dimin-
ished the thickness of the epidermis. These results indicate that
all treatments are capable of improving acanthosis; however,
the effect of Bet was stronger than that of Cal (Fig 2, B, top).
The keratinization status was assessed based on the thickness of
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FIG 1. Clinical pictures of psoriatic plaques before and 2 weeks after topical treatment in 5 patients. Cntrl,
Control.

the stratum corneum (Fig 2, B, middle) and the percentage length  effect on epidermal keratinization (Fig 2, B). These findings
of parakeratosis (Fig 2, B, bottom). Consistent with its effect on  suggest that Cal and Bet synergistically or additionally alleviate
epidermal thickness, Bet, but not Cal, has a significant amending  the epidermal changes caused by psoriasis.
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FIG 2. Histopathologic changes in skin biopsy specimens from psoriatic lesions after a 2-week topical
treatment. A, Hematoxylin and eosin staining of specimens. Black bar = 250 pm. B, Thickness of the
epidermis and stratum corneum and percentage of parakeratosis length analyzed by using digital image

analyzer software. *P < .05. Cntrl, Control.

Combination of calcipotriol and corticosteroid
reduces infiltration of IL-17A™ cells in psoriatic
lesions

We performed immunohistochemical and immunofluorescent
staining of CD3 and IL-17A, respectively, and whole sections
were captured as digital images to analyze the number of
infiltrating cells. As shown in representative images, the topical
application of Cal, Bet, and CB significantly decreased T-cell
infiltration along with a reduction in epidermal thickness (Fig 3,

A, upper panel). Numbers of IL-17A™ cells tended to decrease
in response to Cal or Bet single therapy, and more notably, CB
significantly decreased IL-17A™ cell infiltration in the 10 patients
(Fig 3, A, lower panel, and Fig 3, B).

Numbers of expanded T cells from Bet- and CB-

treated skin are lower than those in control skin
Because the immunofluorescent staining results are not greatly

convincing and IL-17A™ cells include cells other than Ty 17 cells,
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FIG 3. Numbers of CD3™ and IL-17" cells analyzed by using digital image analyzer software. A, Represen-
tative immunohistochemical staining for CD3 (case 1) and immunofluorescence staining for IL-17A (case 2).
Black bar = 250 um; white bar, 100 um. B, Positive cell numbers in the 10 patients and means + SDs.

*P < .05. Cntrl, Control.

we performed a T-cell expansion study using the biopsied skin
samples. Skin-infiltrating T cells were expanded with anti-CD3/
CD28 antibody—coated microbeads and IL-2 for 2 weeks.
Numbers of expanded T cells were decreased by topical applica-
tion of Bet and CB to psoriatic lesions, and CB exhibited the most
suppressive result in the mean of 10 patients (Fig 4, A), supporting
the histopathologic finding. The effect of each treatment on CD4
and CD8 frequency varied in individual patients, and there were
no common tendencies (Fig 4, B and C).

To verify the assumption that the expanded cells can represent
the original T-cell population when using this method, 10* CD4™*

T cells from 5 healthy donors were expanded by using this
method, and the cytokine profiles of the CD4" cells and
CD4"CD45RO™ memory T cells before and after the expansion
process were compared by using intracellular cytokine staining.
In the CD4™ cells the frequency of Ty17 cells was unaffected,
and the frequencies of Ty1 and Ty?2 cells were slightly increased
after expansion, although without statistical significance. This
tendency was also observed in CD4"CD45RO™ memory cells
(see Fig E2 in this article’s Online Repository at www.
jacionline.org). Thus our expansion method reflects the original
T-cell population.
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FIG 4. A-C, Number and frequency of CD4 and CD8 cells among expanded cells. T cells were expanded with
anti-CD3/CD28 mAbs and IL-2 from biopsied skin topically treated with CB, Cal, or Bet or left untreated.

*P < .05. Cntrl, Control.

Cal and CB preferentially reduce Ty17 cell frequency
in expanded cells

Expanded skin-infiltrating T cells were stimulated with PMA
and calcium ionophore and subjected to intracellular cytokine
staining. Numbers and frequencies of the IL-4*, IFN-y ", IL-177,
and IL-22" cells were analyzed by using flow cytometric analysis
(Fig 5). Because CD4 expression is downregulated during treat-
ment with PMA and calcium ionophore, we estimated CD4™"
T cells as the CD8 ™ T-cell population. Numbers and frequencies
of T17 cells (CD3TCD8 IL-17" cells) were reduced by CB and
Cal treatment (Fig 5, A), suggesting that Cal has the capacity to
preferentially suppress Tyl7 cells. Numbers of Tyl, Ty2, and
Ty22 cells tended to be decreased by all treatments, although
the results were not statistically significant (Fig 5, B-D). All
subsets of CD8™ T cells were significantly reduced in number
by CB treatment (Fig 5, E-H).

Cytokines produced by the expanded T cells were also
measured. We stimulated the expanded cells with anti-CD3
antibodies and measured cytokine levels in the culture superna-
tants. IL-17A production by T cells from Cal-treated skin was
significantly lower than that from control skin (see Fig E3 in this
article’s Online Repository at www.jacionline.org), supporting

the decreased frequency of Ty17 cells after Cal treatment. There
were no significant changes in levels of the other cytokines,
including IFN-y, TNF-a, IL-10, IL-4, and IL-2.

Cal downregulates Ty1/T{17 cytokine production,
whereas Bet downregulates Ty1/Ty2/TH17 cytokine
levels

The stocked T cells from control samples were stimulated with
anti-CD3 antibodies in the presence of 1 pmol/L Bet, 100 nmol/L
Cal, or both, and 6 cytokines in the culture supernatant were
quantified. Although Bet inhibited the production of Tyl, Ty2,
and Ty17 cytokines, Cal tended to upregulate IL-4 production
and significantly downregulated IL-17A (Fig 6). These results
indicate that the Cal effect is biased because it inhibits
Ty17 cells and tends to upregulate Ty2 cells.

Bet, but not Cal, induces apoptosis

To clarify the differences between Cal and Bet in terms of
inhibitory action on T cells, we investigated the direct apoptotic
effects of Cal and Bet on skin-infiltrating T cells. Expanded
T cells derived from control skin were cultured at 10° cells/well
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FIG5. A-H, Number and frequency of expanded cells. T cells were expanded with anti-CD3/CD28 mAbs and
IL-2 from biopsied skin topically treated with CB, Cal, or Bet or left untreated. They were analyzed in the sur-
face phenotype and intracellular cytokines by using flow cytometric analysis. *P < .05. Cntrl, Control.

with or without 1 pwmol/L Bet, 100 nmol/L. Cal, or both for
96 hours. Then the numbers of live and dead cells were counted
(Fig 7, A) and analyzed for apoptosis by using Annexin V. The
frequency of the live cells was significantly decreased by the
addition of Bet or Bet plus Cal, whereas Cal did not affect the
viability of the cells (Fig 7, B). The frequency of Annexin V*
7-aminoactinomycin D (7JAAD)  cells was increased by Bet or
Bet plus Cal, suggesting that Bet, but not Cal, induces T-cell
apoptosis (Fig 7, C).

To examine whether Cal or Bet is capable of inducing apoptosis
specifically to certain T-cell subpopulations, we isolated naive
T cells from 3 healthy donors and stimulated them to differentiate
into Tyl, Ty2, and Ty17 cells in vitro. The differentiated cells
were treated with Cal, Bet, or both and subjected to the apoptosis
assay. The induction of apoptosis did not depend on the cell type
but on the agents added (Fig 7, D). The limitation of this assay was
that the frequencies of IL-4—producing Ty?2 cells and IL-17A—
producing Ty17 cells were less than 10%.
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FIG 6. Cytokine production by T cells from control (Cntrl) skin in response to anti-CD3 antibody stimulation
under the conditions of 100 nmol/L Cal, 1 p.mol/L Bet, or both (Cal+Bet). *P < .05.

Cal downregulates IL23A and CCL20 expression in
lesional skin and retinoic acid receptor-related
orphan receptor C and « expression in expanded

lesional T cells

To address the mechanism underlying Ty17 inhibition, we
performed quantitative PCR of skin samples taken from the 3

patients (cases 6, 8, and 10) who responded well to Cal. We found
that CCL20 (chemoattracting Tyy17 cells) and IL23A (maintaining
Tul7 cells) expression was downregulated by Cal application
along with IL17A reduction (Fig 8, A). Furthermore, expanded
T cells from nontreated psoriatic skin in cases 1 to 5 were stimu-
lated with anti-CD3 mAb and incubated with Cal. Expression of
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FIG 7. A-D, Total cell number and frequency of live cells and frequency of Annexin V' cells among 7AAD ™~
cells. Cells were cultured for 96 hours under conditions of 1 umol/L Bet, 100 nmol/L Cal, or both (Cal+Bet).

*P < .05. Cntrl, Control.

retinoic acid receptor—related orphan receptor (ROR) C and
RORa was assessed by using real-time PCR. The mRNA
expression of RORC was downmodulated by Cal in all cases,
and that of RORa was decreased in 3 of 5 cases (Fig 8, B).
These results suggest that vitamin D decreases the production
of Tyl7-attracting chemokines and Ty17-maintaining cytokine
levels in the skin and also directly suppresses master gene expres-
sion of T 17 cells. Therefore both direct and indirect mechanisms
might exist in Ty17 inhibition by Cal.

DISCUSSION

There have been a considerable number of clinical studies on
the combination efficacy of topical corticosteroids and vitamin
D3 analogues.””’”* In most reports it was concluded that the
combination therapy is greater than a single agent in terms of
therapeutic effectiveness or anti-inflammatory response. In this
study we selected 4 untreated psoriatic plaques with similar
severities in the individual patients and treated each of the lesions
with either Cal or Bet ointment or their combination for 2 weeks.
One lesion was left untreated as a control. Because of the
technical difficulty, the majority of previous reports have shown
only clinical and histologic findings, and alteration of pathogenic
skin-infiltrating Ty17 cells has not been fully investigated. Here
we used the skin-derived T cell-expanding ex vivo system.
Even though the expansion step might slightly increase both
Tyxl and Ty2 cell numbers, the frequency of Tyl7 cells was

minimally affected, and the expanded T cells reflect the original
T-cell population.”® We demonstrated that the number of skin-
infiltrating T cells was decreased by both treatments with a single
corticosteroid and vitamin D3 analogue. It is noted that the
combination more strongly decreased skin infiltration of T cells
than single-agent treatments, especially Tyxl7 cells. Cal
preferentially inhibited Ty17 cells and upmodulated Ty2 cells
without induction of apoptosis, whereas Bet uniformly
downmodulated all cytokines at least partly by exerting apoptosis.
It was reported that topical application of the vitamin D3 analogue
reduced the number of T cells and the frequencies of skin-
infiltrating CD8*IL-17A™ T cells and CD45 IL-17A™ cells but
not CD4"IL-17A" cells.” Our results indicate that not only
CD8'IL-17A" cells but also CD4"IL-17A" cells, namely
Tyl7 cells, were decreased in frequency. The cytokine
production assay further supported the decrease in numbers of
IL-17A—producing T cells in Cal- or CB-treated skin. Other
studies also have suggested that vitamin D3 reduces the frequency
or function of Ty17 cells in mice’® and human subjects.3 /
Although the detailed mechanism underlying the preferential
inhibition of Ty17 cells by vitamin D3 is not fully understood,
both direct and indirect mechanisms can be put forward. The
direct mechanism is that T cells express vitamin D3 receptors
and that signaling through the receptor blocks binding of the
transcription factor nuclear factor of activated T cells 1 to the
promotor of the IL-17 gene.*® In addition to nuclear factor of
activated T cells 1,>>*° RORa and RORAt are also essential for
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FIG 8. Ty17-related gene expression in lesional skin and expanded T cells. A, Relative mRNA expression for
IL17A, CCL20, and IL23A in skin samples from 3 representative patients (cases 6, 8, and 10) topically treated
with CB, Cal, or Bet or left untreated (Cntrl). Whole skin samples were homogenized to extract mRNA and
subjected to quantitative RT-PCR. B, Relative mRNA expression for RORC and ROR« in expanded T cells
from nontreated or Cal-treated skin specimens of 5 patients (cases 1-5).

Ty17 differentiation and generation.“”’42 Vitamin D3 also has the
capacity to downregulate RORa and RORC™"* in T cells or
PBMCs, which is presumably consistent with dose-dependent in-
hibition of Ty 17 cells by vitamin D3.*" In our in vitro study RORC
gene expression was suppressed by Cal in all 5 investigated cases,
and ROR« expression was also strongly suppressed in some cases.

On the other hand, there are several potential mechanisms of
indirect inhibition of Ty17 cells by vitamin D3. One of the major
targets of vitamin D3 in patients with psoriasis is considered the
keratinocyte. Keratinocytes produce CCL20, a ligand for CCR6
and a chemoattractant to Ty17 cells, thereby inducing CCR6™
Tul7 cell-associated inflammation in the skin. Moreover,
CCL20 expression is upregulated by Ty17 cytokines44 to form
a positive feedback loop. The mRNA expression of CCL20 was
also strongly downregulated by Cal and CB treatment, and this
can be one of the major mechanisms of suppression of
Ty17 cell infiltration.

In addition to the CCL20-dependent mechanism, IL23A
gene expression was also downregulated. IL-23 is produced by
macrophages and DCs and enhances the Ty;17 cell proliferation,*
and Cal and CB have been shown to have inhibitory effect of
IL-23 secretion by DCs.** Thus downregulation of this pathway
can also be involved in the decreased number of Ty17 cells in
our T-cell expansion study.

Keratinocytes also expresses antimicrobial peptides or alar-
mins, such as psoriasin, koebnerisin, and cathelicidin LL37,
expression of which is upregulated by IL-17A. These alarmins
can prime epidermal keratinocytes for production of immuno-
tropic cytokines that further amplify the inflammatory response.*®
Because Cal suppresses antimicrobial peptide expression,*®*’
this might provide an alternative indirect mechanism.

In our in vitro culture of T cells derived from the patients’
untreated skin lesions, Cal increased the production of IL-4 in
all cases. Thus Cal can directly and indirectly lead to Ty2
polarization. The type 2 cytokine environment can decrease
Tyl-preponderant inflammation, resulting in alleviation of
psoriasis.

In contrast to Cal, Bet exerted nonskewing suppressive effects
on T cells because topical treatment of Bet suppressed ex vivo
expansion of Ty17 cells, as well as other T-cell populations. In
general, corticosteroids have a strong inhibitory effect on T-cell
function. Our histologic and ex vivo data also demonstrated that
Bet reduced T-cell infiltration in psoriatic skin lesions, and the
in vitro data showed that Bet induced apoptosis of psoriatic
skin-infiltrating T cells and uniformly inhibited production of
T-cell cytokines, including IL-17A. However, recent investigation
has suggested that there are glucocorticoid-resistant Ti17 cells
called proinflammatory Ty17 cells** and that vitamin D3
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inhibits IL-17A production in a glucocorticoid-independent
manner in patients with severe asthma.’ 0 Proinflammatory
Ty17 cells in human subjects are CCR6 " CXCR3""* CCR4'Y
CCR10°CD161" and produce both IL-17 and IFN-y.*’ Given
the presence of proinflammatory Ty17 cells in psoriatic lesions,
a certain subset of T 17 cells can survive even after Bet treatment.
Further application of Cal might eradicate this Ty17 population.
Such proinflammatory Ty 17 cells, identified as IL-17A*TFN-y ™
cells, were observed in our expanded cells, and their frequency
was higher in T cells from Bet-treated skin than in T cells from
Cal-treated skin (Bet vs Cal was 5.89% = 4.59% vs
2.9% * 1.59% [mean = SD]; P = .013, Wilcoxon signed-rank
test), suggesting that proinflammatory Ty17 cells are resistant
to Bet but susceptible to Cal.

In summary, Cal and Bet normalize psoriatic changes through
different means, with decreased Ty17 cell expansion in the skin
lesions. It is likely that the different actions of the 2 drugs on
T cells and even subpopulations of Ty17 cells yield a superior
antipsoriatic effect in relation to therapeutic effectiveness.

Clinical implications: Our ex vivo T-cell expansion study
showed that topical treatments of Cal and Bet downmodulated

psoriatic skin-infiltrating T-cell populations in different ways
and that combination therapy is superior to monotreatment.
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METHODS

Reagents, antibodies, and culture medium

Fluorescein isothiocyanate—, phycoerythrin (PE)—, peridinin-chlorophyll-
protein complex—, or allophycocyanin-conjugated mAbs against CD3, CD4,
and CD8 were purchased from BD PharMingen. Fluorescein isothiocyanate—
or PE-conjugated mAbs against IL-4, IL-17, IL-22, and IFN-y were purchased
from eBioscience (San Diego, Calif). Cells were cultured in RPMI 1640
medium (Life Technologies, Carlsbad, Calif) supplemented with L-glutamine,
sodium pyruvate, 2-mercaptoethanol, nonessential amino acids (Life
Technologies), and 10% heat-inactivated FCS or pooled human AB serum
(cRPMI), as previously described.”!

Induction of Ty1/Ty2/Tu17 cells

PBMCs from 3 healthy donors were isolated by using the Ficoll-Hypaque
method, and naive CD4" T cells were isolated by using the Naive T-cell
Isolation Kit (Miltenyi Biotec, Bergisch Gladbach, Germany), according to
the manufacturer’s protocol. For induction of Tyl, Ty2, and Tyl7 cells,
cRPMI supplemented with 10 pwg/mL anti-CD28 mAbs (Miltenyi Biotec),
10 ng/mL rhIL-12 (R&D Systems), and 10 pg/mL anti-IL-4 antibody;
20 ng/mL rhIL-2 (R&D Systems), 10 pwg/mL anti-CD28 mAbs, 20 ng/mL
rhIL-4 (R&D Systems), and 10 mg/mL anti-IL-12 mAb (Miltenyi Biotec);
or 10 pg/mL anti-CD28 mAbs, 10 ng/mL TGF-f (R&D Systems),
10 ng/mL IL-6 (R&D Systems), and 20 ng/mL IL-23 (R&D Systems) was
used for differentiation medium of Tyl, T2, and Ty17, respectively. Naive
CD4" T cells (10° cells/mL) were cultured in an anti-CD3 mAb (Miltenyi
Biotec)—coated 24-well dish for 4 days, and differentiation medium without
anti-CD28 mAbs was added from day 5 to 7.

Cell survival assay

Stocked cells expanded from nontreated skin were suspended in cRPMI
supplemented with 10 U/mL human recombinant IL-2 (2 X 10°/well). One
micromole per liter of Bet and/or 0.1 pwmol/L Cal or vehicle (0.01% dimethyl
sulfoxide and ethanol) was added and cultivated for 4 days. All cells were
collected, and the numbers of live and dead cells were counted manually by
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staining with 0.4% wt/vol Trypan Blue Solution (Wako, Osaka, Japan). The
rest of the cells were washed twice with PBS and stained with Annexin V
and 7AAD and analyzed by using fluorescence-activated cell sorting with
the PE Annexin V Apoptosis Detection Kit 1 (BD), according to the
manufacturer’s protocol.

Real-time PCR

Some part of the fresh skin samples for pathologic investigation was
homogenized and used for RNA extraction in cases 6, 8, and 10. Ex vivo
expanded skin-infiltrating T cells from nontreated skin were stimulated with
anti-CD3 mAb with or without Cal and/or Bet treatment for 48 hours, and
mRNA was extracted by using the RNeasy Mini Kit (Qiagen, Hilden,
Germany), according to the manufacturer’s protocol. cDNA synthesis was
performed with TagMan Reverse transcription regents (Applied Biosystems,
Foster City, Calif). cDNA was amplified by using quantitative real-time
PCR with TagMan Gene Expression Assays (/L4, Hs00174122_m1; ILI7A,
Hs00174383_m1; /L23, Hs00900828_gl; IFN-vy, Hs00989291_ml; RORC,
Hs01076112_m1; RORA, Hs00536545_m1; CCL20, Hs00355476_m1; and
glyceraldehyde-3-phosphate dehydrogenase [GAPDH], Hs99999905_ml)
with qPCR Mastermix Plus (Eurogenetec, Seraing, Belgium) and the 7000
Sequence Detection System (Applied Biosystems, Foster City, Calif).

PBMC expansion

To verify the method, PBMCs from 5 healthy donors were isolated by using
the Ficoll-Hypaque method, and CD4 ™ T cells were isolated by using the T-
cell Isolation Kit (Miltenyi Biotec), according to the manufacturer’s protocol.
Isolated T cells (10*/sample) were cultivated under the same conditions as the
skin-infiltrating T cells from patients with psoriasis. Numbers of the cells in
the culture well were kept at less than 10° cells/well in the 6-well plate.

REFERENCE
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FIG E1. SUM score, which includes the severity (0- to 4-point scale) of
erythema, induration, and scaling of the 10 cases. Cntrl, Control.
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FIG E2. Cytokine profiles of CD4" (upper panels) and CD4*CD45RO* (memory helper T cells; lower panels)
cells before and after expansion. CD4" T cells were isolated from PBMCs from 5 healthy donors and
expanded with IL-2 and anti-CD3/CD28 antibodies for 2 weeks.
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double knockout of Kcnk4 and Kcnk5, however, suggested that
there may be some redundancy of K* channels in sweat glands, and
sufficient activity remains or compensates when only one is lost.
As a less likely speculative alternative, different channels might
function differentially in different cells, with one cell type(s) able
to increase its activity to compensate for the loss of function in
another type.
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Letter to the Editor

Reciprocal contribution of Th17 and regulatory T
cells in severe drug allergy

@ CrossMark

Keywords

CD4" T lymphocyte

Stevens-Johnson syndrome

Toxic epidermal necrolysis

Th17

Treg

Drug-induced hypersensitivity syndrome

Stevens—Johnson syndrome (S]S)/toxic epidermal necrolysis
(TEN) are pathogenetically classified into the same entity
characterized by epidermal necrosis with diversity of the affected
area. Drug-induced hypersensitivity syndrome (DIHS), also called
as drug rash with eosinophilia and systemic symptoms, is clinically

Abbreviations: DIHS, drug-induced hypersensitivity syndrome; DRESS, drug
rash with eosinophilia and systemic symptoms; SJS, Stevens-Johnson syndrome;
TCCs, T cell clones; TEN, toxic epidermal necrolysis.

distinct from SJS/TEN by a delayed onset after taking the inducing
drug, severe cutaneous and extracutaneous organ involvement and
the reactivation of human herpesviruses during disease course.
Although cytotoxic CD8" T cells play a crucial role in the
pathogenesis of both disease spectrums, the roles of CD4" T cells
that collocate with CD8" T cells in skin lesions remain poorly
understood. To clarify this issue, we immunologically investigated
pathogenetic CD4" T cells from the skin lesions of these diseases
and delineated their characteristics.

All patients (SJS/TEN, n=6; DIHS, n=10, supplementary
Table E1) enrolled in this study were informed and agreed to
participate. The skin-infiltrating T cell analysis was approved by
the ethical committee of Hamamatsu Univirsity School of
Medicine. We first expanded infiltrating (for SJS and DIHS) and
blister-containing (for TEN) T cells from skin lesions using our
previously established method [1] and generated drug-specific
CD4" T cell clones (TCCs) from these cells. After stimulation with
phorbol 12-myristate 13-acetate and ionomycin an intracellular
interleukin (IL)-17 was stained with fluorescent-tagged antibody
(R&D Systems, Minneapolis, MN, USA) in skin-infiltrating cells, and
after stimulation with immobilized anti-CD3 mAb for 72h,
concentrations of IL-2, IL-4, IL5, IL-6, IL-8, IL-10, IL-17, interferon
(IFN)-vy, and tissue necrosis factor (TNF)-a were measured in
culture supernatants of CD4" TCCs by cytometric bead array assay
(Th1/Th2/Th17 cytokine CBA and inflammation cytokine CBA Kkits;
BD Biosciences).
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Fig. 1. Different characteristics of CD4" T cells from skin lesions between SJS/TEN and DIHS. (A) CD4/CD8 ratio. (B) Chemokine receptor expressions. (C) Percentage of T cells
indicating Treg phenotype (CD25°CD127 ") in CD4" cells. (D) Foxp3 and IL-17 expression. IL-17 expression was measured after stimulation with phorbol myristate acetate (10
ng/ml) for 3 h. Numbers indicate percentage of gated cells among the CD4" cells. Representative data of CD4* CD25* CD127- cells/CD4* CD25" Foxp3™ cells from a DIHS and a
SJS patients (left), and IL-17 expression of 3 DIHS patients (Pt#1-3) and 3 SJS/TEN patients (Pt#4-6) (right). (E) Percentage of T cells expressing IL-17 in CD4" cells.

The ratio of CD4" T cells/CD8" T cells in SJS/TEN skin lesions
(n=6) was significantly lower than in DIHS/DRESS skin lesions
(n=10) (Fig. 1A, P < 0.001, Mann-Whitney test). The percentage of
CCR6" cells among total CD4" T cells was significantly greater in
SJS/TEN (n=4) than DIHS (n=4) (Fig. 1B, P < 0.02, Mann-Whitney
test). Higher levels of IL-17 production were observed in CD4" T
cells from SJS/TEN skin lesions (n=4) than in DIHS skin lesions
(n=4) after phorbol myristate acetate stimulation (Fig. 1D, right
and Fig. 1E). Consistent with this, immunofluorescence analysis
revealed that IL-17* CD4" cells infiltrated in the SJS/TEN skin
lesions but not in the DIHS skin lesions (Supplementary Fig. E1). On
the other hand, the percentage of CD4"CD25"CD127 cells, likely
Treg cells, increased in T cells from DIHS skin lesions compared
with those from SJS/TEN (Fig. 1C, P < 0.03, Mann-Whitney test, and
Fig. 1D, left in Treg). We also confirm an increase of Treg cells by
comparison of CD4"CD25*Foxp3* cells in expanded T cells between
DIHS and SJS/TEN skin lesions after a more 4 days’ culture with low
dosage of IL-2 in several cases (Fig. 1D, right in Treg). We also found
higher production of IL-17 in CD4" T cells expanded from SJS/TEN
lesions than those from DIHS/DRESS lesions (Fig. 1D). These
observations suggest that Th17 and Treg cells dominated in skin
lesions of SJS/TEN and DIHS, respectively, although we could not
convince that these cells were pathogenetic. To confirm these
findings, we further investigated cytokine production of drug-
reactive CD4" T cells; generated 15 drug-reactive CD4" TCCs from
skin lesions including acetaminophen-induced TEN (4 clones),
ibuprofen- and phenobarbital-induced SJS (3 clones and 2 clones),

and carbamazepine-induced hypersensitivity syndrome (DIHS) (6
clones). TCCs of SJS/TEN released significantly higher IL-17
(mean + SD, 15,680 pg/ml 4+ 13,990 pg/ml; p=0.026, Mann-Whit-
ney test) compared with DIHS, in which TCCs produced marginal
levels (58.7 pg/ml+21.2 pg/ml) (Fig. 2A). Furthermore, IL-17
concentration had tendency to be greater in a severer clinical
type, TEN than SJS. High amounts of IFN-y and TNF-a were
detected in SJS/TEN and DIHS groups, however, production levels
were significantly higher in the latter than the former (p=0.008,
Mann-Whitney test). Interestingly, we found that two drug-
reactive IL-17" CD4" TCCs, E11 and C5 from SJS skin lesions had
significant expression of granulysin as well as a drug-reactive IL-
17-CD8" TCC, C6 (Fig. 2B). Furthermore, we established one TCC
that expressed the molecules specific to Tregs and showed an
inhibitory effect on autologous lymphocyte proliferation form
DIHS skin lesions (supplementary Fig. E2) despite hyporesponsive-
ness of Tregs to IL-2. Surprisingly, this clone expressed the human
herpes virus (HHV)-6 antigen (Fig. 2C).

Th17/Treg cells are reciprocally generated from naive CD4" T
cells depending on their surrounding cytokine milieu. IL-17-
producing CD4" T cells, designated Th17, express CCR6 and high
levels of transcription factor RORyt, and contribute to defense
against microorganisms and enhance inflammation and regenera-
tion. On the other hand, Treg cells are CD4*CD25"#"CD127~ and
the forkhead family transcription factor Foxp3®™ and have
regulatory function against inflammatory responses.
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6 antigen expression of a TCC from the skin lesion of DIHS. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

Our observation suggests involvement of Th17 cells in the
pathogenesis of SJS/TEN as reported previously [2,3] although their
role remains unclear. Moreover, we firstly found that granulysin-
expressing drug-reactive Th17 cells infiltrated in the skin lesions,
suggesting that they originally infiltrate the skin in response to drug.
Granulysin is a member of the saposin-like protein family that forms
cytotoxic molecules with proinflammatory activity for the induction
of keratinocyte apoptosis in SJS/TEN [4] and the activation of
monocytes and dendritic cells by binding to Toll-like receptor-4/
Myd88 as an alarmin [5]. On the other hand, the pathogenesis of
DIHS/DRESS is complicated: CD4" Tcells that respond to drug antigen
initially infiltrate the skin following emergence of CD8" T cells that
target virus-infected cells [6]. Emergence of great numbers of
functional Treg cells in skin and blood in DIHS/DRESS [7] would
modify antivirus immune response, resulting in the replication of
HHV-6 [8], contrasting numerical and functional loss of Treg cells in
SJS/TEN [7,9]. Furthermore, HHV-6 can infect Tregs resided in the
skin and may play a special role in the pathogenesis [10]. Our
observations demonstrate that the Th17/Treg axis contributes to the
pathogenesis of SCARs, and may provide a perspective on
therapeutic options in severe cutaneous adverse reactions by
targeting the Th17/Treg axis.
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Letter to the Editor

Bi-allelic nonsense mutations inABHD5 underlie
a mild phenotype of Dorfman-Chanarin
syndrome

Keywords
Dorfman-Chanarin syndrome
ABHD5

Dear Editor,

Dorfman-Chanarin syndrome (DCS) (neutral lipid storage
disease with ichthyosis) is an autosomal recessive disorder [1,2].
Nearly all cases present with skin manifestations of moderate to
severe congenital ichthyosiform erythroderma (CIE). Other organs
might be affected in the form of fatty liver, myopathy, hearing loss,
sub-capsular cataract and mental retardation. Since 2001,
~30 mutations in ABHD5 (also termed CGI-58), which encodes
a3 hydrolase domain-containing 5 (ABHD5), have been found in
DCS [3]. Here, we report compound heterozygous nonsense
mutations in ABHD5 (p.Arg234* and p.Arg280*) associated with
particularly mild DCS that has implications for genotype-pheno-
type correlation.

The patient is a 9-year-old Chinese girl. She was born by
Caesarean section. From the age of 2-3 months, she developed dry
skin. She has no family history of consanguinity or skin disorders.
On examination, she has generalized scaling with erythroderma on
her face, trunk and extremities (Fig. 1a—c). She had no pruritus and
no hair or nail abnormalities were observed. There was neither
apparent cognitive impairment nor evidence of growth retarda-
tion. The patient had no subjective symptoms of muscle weakness,
ear anomalies, hearing involvement, or cataract. We were not able
to perform further investigations including peripheral blood film,
lipid profile, cataract screening, electrocardiogram and echocar-
diogram. Routine serum biochemistry showed the following
abnormal parameters: AST, 751U/L (normal range, 0-41); ALT,
88IU/L (normal range, 0-45); LDH, 287 IU/L (normal range, 100-
250). We checked titers of the anti-viral antibodies to rule out viral
hepatitis caused by hepatitis type A, B, C, herpes simplex,
cytomegalovirus and Epstein-Barr virus. All the antibodies were
negative. Four months later, these mildly elevated enzymes

Abbreviations: DCS, Dorfman-Chanarin syndrome; CIE, congenital ichthyosi-
form erythroderma; ABHD5, a3 hydrolase domain-containing 5.

@ CrossMark

spontaneously reverted to normal. Light microscopy of a lesional
skin revealed marked hyperkeratosis with only a small number of
parakeratotic cells. Intra-cytoplasmic lipid droplets within epider-
mal keratinocytes were not observed.

Following informed consent, and in accordance with the
Declaration of Helsinki principles, genomic DNA from the patient
was used for whole-exome sequencing analysis, using methodol-
ogy described elsewhere [4]. In the patient, compound heterozy-
gous ABHD5 mutations were identified: a previously reported
nonsense mutation ¢.700C>T (p.Arg234*) in exon 5 (Fig. 1d) and a
novel nonsense mutation ¢.838C>T (p.Arg280*) in exon 6 (Fig. 1e)
(GenBank accession no. NM_016006). Neither mutation was
detected in DNA from 674 normal control individuals.

Most of the molecular pathology in DCS involves truncation
mutations in ABHD5, although 8 missense mutations also have
been reported (www.hgmd.cf.ac.uk). Of note, compound hetero-
zygosity for two mutations c.700C>T (p.Arg234*) and c.245A>G
(p.His82Arg) was previously reported in 42-year-old man with CIE,
muscle weakness (including elevated creatine phosphokinase),
progressive hearing loss and bilateral sub-capsular cataracts,
although liver enzymes were normal [5]. With regard to the more
severe phenotype in that case compared to our patient, we
hypothesized that the different consequences of the second
mutant allele (p.Arg280* vs p.His82Arg) might relate to the
differences in clinical features. However, we cannot exclude the
possibility that some features related to other organ systems onset
in the later stage of the present case. Thus, in DCS cases, close
monitoring for systemic involvements is recommended even if
their phenotypes are mild in the childhood.

At present, genotype-phenotype correlation in DCS is uncer-
tain. Previous reports have shown that certain homozygous
missense mutations in ABHD5 (p.GIn130Pro and p.Glu260Lys)
underlie severe phenotypes of DCS [3]. It is known that GIn'*° and
Glu?®© are important residues in the interaction with adipocyte
triglyceride lipase, and these interactions are important for normal
physiology of the cell [6]. In addition, amino acids 69-87 in
ABHD5 form a highly hydrophobic region corresponding to the
lipid-binding domain of protein [7]. The present nonsense
mutations p.Arg234* and p.Arg280* cause premature termination
of translation and result in truncated amino acid peptides instead
of the normal protein. Thus, the reported active sites within the
encoded transcript may be spared if some truncated mutant
protein is synthesized. Nonsense mutations may also result in RNA
decay unless sited in the last exon or distal third of the penultimate
exon. Given that p.Arg280* is located within exon 6 of this 7 exon
gene, we hypothesize that there may be some residual
ABHD5 enzyme activity in this case, which contributed to her
mild DCS phenotype.

The issue of transiently elevated liver enzymes is also difficult to
explain based on the mutation findings. We previously reported a
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Hypocomplementemia is a diagnostic clue for parvovirus B19

infection in adults

Dear Editor,

Parvovirus B19 infection in adults manifests as a low grade
fever, non-specific rash and edema of the extremities with the
simultaneous emergence of polyarthralgia, mimicking diseases
of other infections, drug eruptions, rheumatic arthritis and col-
lagen disorders associated with arthralgia.’? To prevent the
transmission of this virus to others and more importantly to
pregnant women in whom it can cause miscarriage,® a prompt
diagnosis should be made. Detection of immunoglobulin (Ig)M
antibodies to parvovirus B19 is a suitable test for diagnosis;
however, this method is relatively time-consuming and costly,
and in practical terms it is not covered by health insurance in
Japan except for pregnant women. Of note, hypocomple-
mentemia is frequently present in patients infected with par-
vovirus B19, similar to those with lupus erythematosus,*®
although the precise mechanism remains to be elucidated.
Therefore, we considered that hypocomplementemia might
provide an early diagnostic clue to parvovirus B19 infection,
and investigated how many patients with suspected parvovirus
B19 infection had hypocomplementemia, and validated
whether they were “true” infected patients.

Fifteen adult patients with the sudden emergence of general-
ized rash, edema of the extremities and arthralgia, clinically sug-
gestive of parvovirus B19 infection, were enrolled in this study
after providing oral informed consent. All the patients visited our
clinic within 5 days after the onset of clinical manifestations.
Blood was taken i.v. from these patients to investigate serum
complement levels and anti-parvovirus B19 IgM titers simultane-
ously. Patients with low serum levels of either CH50 or C4 had a
significant association with positive anti-parvovirus B19 IgM
(P =0.0256 and P = 0.0014, respectively; Fisher's exact test;
Table 1). There was no association between serum C3 levels
and positive anti-parvovirus B19 IgM. Surprisingly, patients with
low serum levels of either C3, C4 or CH50 (low in complements

as indicated in Table 1) were exclusively positive for anti-parvo-
virus B19 IgM while others were negative. The duration of
hypocomplementemia ranged 11-68 days (mean, 39.8; stan-
dard deviation, 23.4) in the five follow-up cases. Our results sug-
gest that hypocomplementemia is an early diagnostic marker of
parvovirus B19 infection in adults, and measurement of serum
complement levels is a useful test for differential diagnosis of
adult patients with suspected parvovirus B19 infection.
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Table 1. Positivity of anti-parvovirus B19 immunoglobulin M and serum complement levels

Cc3* C4* CH50*** Complement'
Ab Low Normal or high Low Normal or high Low Normal or high Low Normal or high
+ 1 6 4 3 6 1 7 0
- 0 8 0 8 0 8 0 8

Values indicate numbers of patients. *P = 0.467, **P = 0.0256, ***P = 0.0014. "“Complement” denotes serum levels of C3, C4 and CH50, and “low”
indicates low serum levels of either C3, C4 or CH50. P = 0.0002, Fisher’s exact test. Ab, antibody.
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fact, this patient showed significantly increased number of
CD3-positive cells compared with other AA patients (Fig. 1h—j).
There was no significant differences in CD4/8 ratio between
this patient and other AA patients. Considering that there are
few case reports of AA with NF122 and that our case lacks
typical trichoscopic findings as AA, it would be also possible
that this is not a typical AA, but a novel case of alopecia mim-
icking AA associated with MC infiltration.

Further investigations are still needed to dissect the
pathological connection between NF1 and alopecia including
AA.
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Neurotoxicity induced by the recommended acyclovir dosing
in a dialysis patient with herpes zoster: A case letter

Dear Editor,

Acyclovir is highly effective and widely used in the treatment of
herpes zoster (HZ) and herpes simplex. However, it is crucial
for physicians to be aware of appropriate dosing, to prevent
serious adverse effects.’® We present the case of a dialysis
patient with HZ who developed acyclovir neurotoxicity during
treatment after administration of only two i.v. doses of 125 mg
acyclovir at a 24-h interval. This dose was lower than that rec-
ommended by the manufacturer’s data sheet for dialysis
patients.

A 75-year-old man with a more than 6-year history of chronic
renal failure who had been on hemodialysis for 2 years, pre-
sented with sudden appearance of erythema with multiple blis-
ters on his right T1-T2 dermatomes. Bodyweight was 60 kg and
body temperature was 38°C. The patient complained of head-
ache and pain in the right arm. Based on the clinical features, a
diagnosis of HZ was made, and he was admitted to our hospital
for HZ treatment. After i.v. administration of 125 mg acyclovir
2.1 mg/kg per day, initiated on successive 2 days as recom-
mended by the manufacturer’s data sheet, the patient’s fever
and headache lessened. However, he suddenly complained of
visual hallucinations, and dysarthria and dyskinesia of the arms
and legs. On physical examination, patient blood pressure was
158/70 mmHg with heart rate 85 b.p.m. and oxygen saturation
of 94% on room air. On neurological examination, he had slurred
speech but the cranial nerves were intact. Brain computed

tomography and magnetic resonance imaging revealed no
specific findings except for small, old cerebral infarctions. Labo-
ratory examination disclosed normal blood sugar levels and no
ammonemia. Because of suspected acyclovir encephalopathy,
acyclovir was immediately discontinued and the patient was
restarted on hemodialysis. His neurological symptoms dramati-
cally improved thereafter, and clinical symptoms completely dis-
appeared 3 days later. The serum acyclovir doses during this
episode were 5.96 pg/mL at 15 h, 4.73 pg/mL at 43 h and
1.49 pg/mL at 63 h after the last acyclovir administration, which
were well correlated with his neurological improvement.
Because acyclovir is mainly eliminated by the kidneys, dose
adjustment in patients with impaired renal function should be
considered. Serum concentration levels of acyclovir above
2.5-4.5 png/mL,2 or its main metabolite carboxymethoxymethyl-
guanine above 10.8 umol/L,* cause neurotoxicity. i.v. acyclovir
administration of 2.5-5 mg/kg at 24-h intervals is recom-
mended for dialysis patients by the manufacturer’s data sheet.
Recently in Japan, recommended doses of acyclovir and oral
valacyclovir for dialysis patients have been more strictly
revised by the Japanese Society of Nephrology (http://
jsnp.org/docs/yakuzai_dosing_26.pdf). In our case, despite
keeping within this range, serum concentrations of acyclovir
increased to neurotoxic levels, with simultaneous emergence
of neurological symptoms. Serum carboxymethoxymethylgua-
nine levels could not be measured. Moreover, dramatic
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improvement after discontinuation of acyclovir followed by
hemodialysis supports our clinical impression that acyclovir
directly caused the neurotoxicity. Our case shows that the
dosing recommended by the manufacturer’s data sheet does
not consider prevention of acyclovir-induced neurotoxicity.®
This highlights the importance of careful clinical monitoring in
renal failure patients with HZ who are receiving even the rec-
ommended acyclovir dosing regimen.
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Erythema multiforme caused by triple therapy with
amoxicillin, clarithromycin and vonoprazan for Helicobacter

pylori

Dear Editor,

Erythema multiforme (EM) is an acute, self-limited skin disease
associated with a hypersensitivity reaction to infections or
medications.! Here, we report a case of EM that was triggered
by triple therapy with amoxicillin, clarithromycin and vono-
prazan for Helicobacter pylori infection.

A 69-year-old Japanese woman presented with a pruritic rush
acutely occurring on the trunk. The patient had been treated with
1500 mg/day of amoxicillin, 400 mg/day of clarithromycin and
40 mg/day of vonoprazan for eradication of H. pylori. After the
7-day treatment, she developed erythematous macules and
targetoid lesions on the trunk, which were coalesced (Fig. 1a)
and rapidly spread to the face (Fig. 1b) and extremities (Fig. 1c).
A biopsy specimen showed a lymphocytic infiltrate intermingled
with eosinophils around small vessels in the upper dermis and
lymphocytic exocytosis into the epidermis, indicating interface
dermatitis (Fig. 1d). The patient had a fever reaching 39.0°C. As
the skin eruption progressed, blisters and erosions arose on the
face and trunk. Mucosal lesions were also observed as conjunc-
tival congestion and painful lip erosions with less severity than
Stevens—Johnson syndrome (SJS). Under the diagnosis of EM,
the patient was treated with corticosteroid pulse therapy, fol-
lowed by 5 g/day of i.v. immunoglobulin therapy for 3 days and
30 mg/day (0.5 mg/kg per day) of oral prednisolone. These
treatments improved clinical symptoms and the dose of oral
prednisolone was successfully tapered off. During the clinical
course, we did not observe clinical manifestations or positive
serum findings suggestive of herpes simplex virus infection or

mycoplasma infection. To identify the causative drugs of EM,
drug-induced lymphocyte transformation test (LTT) and patch
tests were performed 3 months after the onset of the disease.
Provocation test was not performed. Results of LTT showed a
positive reaction to amoxicillin (stimulation index, 2.44; positive,
>1.80), clarithromycin (2.20) and vonoprazan (2.39), and results
of patch tests showed a positive reaction at 48 h to amoxicillin
but not to clarithromycin or vonoprazan (Fig. 1e). Amoxicillin
was the main culprit drug in our case. Results of LTT for clar-
ithromycin and vonoprazan may be false positive.

The regimen most commonly recommended for the first-line
therapy of H. pylori is triple therapy with amoxicillin, clar-
ithromycin and a proton-pump inhibitor.2 Amoxicillin-based tri-
ple therapy is safe in eradicating H. pylori, and the adverse
effects are usually mild.® Several antibiotics, such as
aminopenicillins and macrolides, are associated with significant
but lower risk of severe cutaneous adverse reactions.* Thus,
not amoxicillin only, but combination of clarithromycin and
vonoprazan in addition to amoxicillin may cause severe drug
eruptions. Vonoprazan, which is an orally bioavailable potas-
sium-competitive acid blocker, has recently been approved in
Japan for the treatment of acid-related diseases, including
H. pylori eradication.® Currently, there are few reports about
adverse drug reactions due to vonoprazan. Further case accu-
mulation will contribute to the better understanding of drug
eruptions induced by vonoprazan.

It should be kept in mind that triple therapy for H. pylori has
a risk of severe mucocutaneous reactions such as EM and SJS.
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Toxic epidermal necrolysis caused by acetaminophen
featuring almost 100% skin detachment: Acetaminophen is
associated with a risk of severe cutaneous adverse reactions

Hideaki WATANABE,' Taisuke KAMIYAMA,' Shun SASAKI,' Kae KOBAYASHI,'
Kenichiro FUKUDA,? Yasufumi MIYAKE,?> Tohru ARUGA,? Hirohiko SUEKI'
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ABSTRACT

Toxic epidermal necrolysis (TEN) is an adverse reaction that can be induced by various drugs; the

associated mortality rate is 20-25%. A previous report showed a weak association between TEN and aceta-
minophen. Recently, the US Food and Drug Administration declared that acetaminophen is associated with
a risk of serious skin reactions, including TEN. Here, we describe the case of a 43-year-old Japanese
woman with TEN caused by acetaminophen. She had poorly controlled ulcerative colitis and was treated
with high doses of prednisolone, infliximab, acetaminophen and lansoprazole. Nine days after administrating
acetaminophen, targetoid erythematous and bullous lesions appeared on the patient’s trunk, palms and the
soles of her feet. The skin lesions expanded rapidly; within 3 weeks, skin detachment was detected across
nearly 100% of the patient’s body. However, no mucosal involvement of the eyes, oral cavity or genitalia
was found. We performed lymphocyte transformation tests using various drugs; however, a high stimulation
index was obtained only with acetaminophen. The patient recovered following treatment with plasmaphere-
sis, i.v. immunoglobulin therapy, topical medication and supportive therapy. Acetaminophen is included in
many prescription and over-the-counter products; thus, clinicians should monitor their patients for severe

drug reactions, including TEN.

Key words:
epidermal necrolysis.

INTRODUCTION

Toxic epidermal necrolysis (TEN) is a serious, life-threatening,
cutaneous adverse drug reaction with a high mortality rate
(20-25%)."® The disorder is characterized by a rapidly devel-
oping blistering exanthema of purpuric macules and targetoid
lesions accompanied by mucosal involvement and variable
skin detachment.* TEN is defined as skin detachment exceed-
ing 30%.* Strong associations have been reported between
TEN and a number of drugs, including anticonvulsants, allop-
urinol, anti-infective sulfonamides and nevirapine.2 A multivari-
ate analysis showed a weak association with acetaminophen.?
However, the US Food and Drug Administration recently
informed the public that acetaminophen is associated with a
risk of serious skin reactions, including TEN.> We herein
describe a severe case of TEN due to acetaminophen that
exhibited no mucosal involvement of the eyes, oral cavity or
genitalia.

acetaminophen, lymphocyte transformation test, severe cutaneous adverse reaction, toxic

CASE REPORT

A 43-year-old Japanese woman with ulcerative colitis (UC) that
was controlled with systemic prednisolone (PSL; 10 mg/day)
reported an increase in symptoms. The patient’s treatment regi-
men was changed to high doses of PSL (50 mg/day), infliximab
(5 mg/kg), acetaminophen and lansoprazole, and her symptoms
of UC improved. However, on 10 July 2013 (9 days after her
first dose of acetaminophen), the patient noticed an erythema-
tous eruption on her palms. Two days later, the patient visited
her local hospital. Edematous erythema was detected on the
patient’s palms (Fig. 1a) and soles. Scattered, flat, atypical,
targetoid, erythematous lesions were noted on the patient’s
trunk (Fig. 1b). Moreover, slight erosions and white crusts were
evident on the lower lip. The initial diagnosis was hand-foot-
mouth disease. Because the clinical findings of hand-foot—
mouth disease sometimes mimic those of severe cutaneous
adverse reactions,® drug eruption was raised as a differential
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Figure 1. Clinical findings 2 days after toxic epidermal necrolysis (TEN) onset. (a) Edematous, erythematous lesions were seen on
the patient’s palms. (b) Papules and atypical targetoid erythematous lesions were also observed on her back. (c) Epidermal detach-
ment was noted 12 days after the onset of TEN. (d) Skin detachment was noted across nearly 100% of the patient’s body 20 days
after the onset of TEN (on admission to our hospital). (¢) One month after the onset of TEN, the patient’s skin lesions had improved.

diagnosis. All drugs except PSL were discontinued. However,
the patient’s skin lesions expanded rapidly. Twelve days after
the onset of TEN, epidermal detachment was detected on the
patient’s trunk (Fig. 1c). At that point, skin detachment was
noted across 60% of the patient’s body. The patient was trea-
ted with systemic PSL (50 mg/day) for TEN. She was also given
i.v. immunoglobulins (3 g/day for 3 days and 10 g/day for
5 days).” In addition, plasmapheresis was performed twice, 12
and 14 days after the onset of TEN, respectively.2® Despite
these treatments, the patient’s skin lesions did not improve,
and methicillin-resistant Staphylococcus aureus (MRSA) was
detected in her blood. The patient was transferred to our hospi-
tal 20 days after the onset of TEN (1 August 2013) (Fig. 2).

On admission to our hospital, epidermal detachment was
noted across nearly 100% of the patient’s body (Fig. 1d). How-
ever, no mucosal involvement of the eyes, oral cavity or geni-
talia was found.

Laboratory investigations on admission revealed the follow-
ing: white blood cell count, 7.7 x 10%L (normal, 3.5-9); aspar-
tate aminotransferase, 16 1U/L (10-30); alanine
aminotransferase, 7 IU/L (5-25); serum creatinine, 0.38 mg/dL
(0.5-0.9); total protein, 4.2 g/dL (6.7-8.4); albumen, 1.7 g/dL
(4.0-5.1); and C-reactive protein, 5.20 mg/dL (<0.2). A lympho-
cyte transformation test (LTT) was performed with acetamino-
phen and lansoprazole; a positive result was obtained for
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Figure 2. Treatment. A physician at the patient’s local hospital
treated her with systemic prednisolone (PSL) (30 mg/day) for
ulcerative colitis (UC). The patient was also given intravenous
immunoglobulin (IVIG) therapy (3 g/day for 3 days and 10 g/
day for 5 days).” Moreover, plasmapheresis was performed
twice.®® Despite these treatments, the patient’s skin lesions
did not show adequate improvement. The systemic steroid
dose was tapered in line with improvements in the patient’s
clinical symptoms. The patient was discharged without seque-
lae 75 days after the onset of TEN.

acetaminophen (stimulation index [SI] = 10.5; cut-off for the
LTT, SI = 1.8), whereas a negative result was obtained for lan-
soprazole (Sl = 1.1). Because the patient had severe UC, she
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was given systemic PSL (30 mg/day: the same dose as on
admission), which proved effective for the skin lesions. The
patient was also treated with antibiotics for MRSA and methi-
cillin-resistant coagulase-negative staphylococci sepsis. The
dose of systemic PSL was tapered in line with the degree of
improvement in the patient’s clinical symptoms. Twelve days
after being transferred to our hospital, the patient exhibited
re-epithelialization across most of her skin (Fig. 1€). Given the
patient’s septic state, we changed the antibiotic regimen
according to the results of blood cultures; antibiotic therapy
was stopped when the sepsis was resolved. The PSL dose was
tapered gradually; ultimately, 10 mg/day was found to effec-
tively control the patient’s UC. The patient was discharged
71 days after being transferred to our hospital. The UC relapsed
1 year after discharge and the patient was prescribed infliximab
(5 mg/kg) once again. The UC is presently well-controlled with
mesalazine, azathioprine and infliximab (5 mg/kg).

DISCUSSION

Here, we described a case of TEN caused by acetaminophen.
Previous multivariate analyses conducted in Europe showed a
weak or doubtful association of TEN with acetaminophen.?
Recently, the US Food and Drug Administration reported that
acetaminophen is associated with a risk of serious skin reac-
tions, including TEN;® they also stated that Stevens—Johnson
syndrome (SJS)/TEN can occur with first-time use of acetamino-
phen or at any time while it is being taken. Moreover, they
reported that it can be difficult to determine how frequently seri-
ous skin reactions occur with acetaminophen due to the wide-
spread use of the drug, differences in use among individuals
(e.g. occasional vs long-term use) and the long period of time
that the drug has been on the market.® Therefore, health-care
professionals should be aware of this rare risk and consider
acetaminophen, along with other drugs already known to have
such an association, when assessing patients with suspected
drug-induced skin reactions.® In fact, a suspected case of SJS
due to acetaminophen was confirmed by a challenge test.'°

Regional differences in acetaminophen-induced SJS/TEN
were reported by Mockenhaupt et al.? Additionally, Ueta
et al.'" reported that cold medicine (including acetaminophen)-
related SUS/TEN was associated with human leukocyte antigen
(HLA)-A*02:06 and HLA-B*44:03 in Japanese patients. Further-
more, they found that HLA-B*44:03 was significantly associ-
ated with cold medicine-induced SJS/TEN with severe ocular
surface involvement in Indian and Brazilian populations, but
not in a Korean population, and that HLA-A*02:06 may be
weakly associated with the conditions in Korean, but not Indian
or Brazilian, populations.' Taken together, these data suggest
an association between HLA genotypes and acetaminophen in
patients with SUS/TEN.

Our patient had been treated with systemic steroid therapy
for UC. Notably, a large case-control study conducted by an
international group of experts in 1995 demonstrated a signifi-
cant association between systemic corticosteroids and SJS/
TEN." A multinational case—control study conducted in Europe
showed that a large proportion of patients taking systemic
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steroids developed SJS and TEN.2 Moreover, Lee et al.'®
recently showed that prior use of corticosteroids prolonged the
period of disease progression without influencing disease
severity or mortality. In addition, when SJS/TEN is preceded
by the use of a single high-risk drug, the period of latency
between the time of commencement of drug intake and SJS/
TEN onset may also increase. Such findings suggest that corti-
costeroids mildly impact the course of SJS/TEN. Our patient
had been taking systemic steroids for UC; therefore, we cannot
exclude the effect of systemic steroids on SJS and TEN. How-
ever, it has not been determined whether corticosteroids are a
direct cause of SJS/TEN, a risk factor (by modifying the
immune response) or a confounder.?

Cutaneous reactions are relatively common in patients trea-
ted with tumor necrosis factor (TNF)-o inhibitors. However,
SJS/TEN caused by such inhibitors is quite rare. There are only
two case reports of SJS attributable to adalimumab. In our
patient, infliximab was excluded as the causative drug,
because this had been prescribed to treat UC after resolution
of TEN, and no skin rash relapse had been noted. However,
several recent reports have shown that the TNF-o antagonist
etanercept can be used to effectively treat TEN.'*'® Thus,
TNF-o antagonists should be prescribed with caution because
of the risk of severe drug reactions. These antagonists modify
the immune response in the same manner as corticosteroids.
Further work is needed to clarify the roles played by TNF-o
antagonists in SJS/TEN treatment.

In conclusion, we presented a case of TEN due to acetami-
nophen that showed almost 100% skin detachment. Although
previous publications reported a weak association between
acetaminophen and SJS/TEN,2 we found that severe drug
eruptions may be caused by acetaminophen. Acetaminophen
is included in many prescription and over-the-counter prod-
ucts; thus, clinicians should monitor patients for severe drug
reactions, including TEN.
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