addition to hair anomalies, he did not show any other associ-
ated findings. Both the parents were unaffected and there were
no consanguinities between them.

Figure 1. Clinical features of the patient. In addition to woolly
hair, he showed sparse hair especially on frontal, (a) parietal
and (b) occipital regions of the scalp.
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Figure 2. Identification of compound heterozygous mutations
in the LIPH gene. (a) The patient was heterozygous for the
mutations ¢.736T>A (top panel) and ¢.982+5G>T (bottom
panel). (b) Screening assay for the mutation ¢.982+5G>T with
the restriction enzyme Dralll. Polymerase chain reaction prod-
ucts from the wild-type allele (177 bp) were digested into 146-
bp and 31-bp fragments, while those from the mutant allele
were undigested. The 31-bp fragments are not shown. C, con-
trol individuals; MWM, molecular weight markers; Pt, patient.
(c) Results of direct sequencing of each mutant allele that was
cloned into the pCRII-TOPO vector.
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Mutation analysis of the LIPH gene

After obtaining informed consent, we collected peripheral
blood samples from the patient and 100 population-matched
unrelated healthy control individuals (under institutional
approval and in adherence to the principles of the Declaration
of Helsinki). Genomic DNA was isolated from these samples
according to standard techniques. We were unable to obtain
samples from either parent of the patient, because they were
reluctant to give permission. Using the genomic DNA from the
patient, polymerase chain reaction (PCR) and direct sequenc-
ing analysis of the LIPH gene were performed following the
methods described previously.®

To screen for the mutation ¢.982+5G>T, a part of exon 7
and intron 7 of the LIPH gene was PCR amplified using a mis-
match forward primer (5-ACACAGCTGAGGAGAGCCCATT
CTGCACTG-3') and a reverse primer (5'-GTAGACTCAGGAGT
CAACCG-3). Note that the G>C substitution was introduced
into the forward primer to generate a restriction enzyme site of
Dralll only in the PCR product amplified from the wild-type
allele (shown in bold and underlined). The PCR products were
digested by Dralll at 37°C for 3 h, and analyzed on 7.5% poly-
acrylamide gels.

In order to investigate if the mutations ¢.736T>A and
€.982+5G>T were located on different alleles, a long PCR was
performed using a forward primer (5-CAGGGCCAGATGAG
AAATTGTGT-3) and a reverse primer (5-TGCCAAGAAGTAGC

(a) Biood cDNA
MWwM Pt C < c c

LIPH (Ex5-Ex8)

GAPDH

¢.736T>A mutant allele
+

TTCHOGTAYITTALAAAGTIGACCH U LAEBAGG

Figure 3. Results of reverse transcription polymerase chain
reaction (RT-PCR). (@) Using blood-derived RNA from the
patient and control individuals, RT-PCR for the LIPH gene was
performed. In PCR for the LIPH transcripts, a single fragment,
417 bp in size, was amplified from all the samples, but the
amplification efficiency appeared to be different even between
the control samples. GAPDH cDNA was used as a positive
control. G, control individuals; MWM, molecular weight mark-
ers; Pt, patient. (b) Direct sequencing of the RT-PCR product
of the patient revealed the LIPH transcript only from the
c.736T>A allele, suggesting degradation of that from the
€.982+5G>T allele.
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CAGGAAGC-3) so that the PCR products included the
sequences of both mutations. The PCR products were
TA-cloned into the pCRI-TOPO vector (Invitrogen, Carlsbad,
CA, USA), and then each allele was separately sequenced.

Reverse transcription (RT)-PCR and in viiro
transcription assay

Total RNA was extracted from blood samples of the patient
and healthy control individuals using ISOGEN-LS (NIPPON
GENE, Tokyo, Japan). One microgram of total RNA was
reverse transcribed with oligo-dT primers and Superscript Ili
(Invitrogen). Using the first-strand cDNA as a template, the
LIPH cDNA was PCR amplified using a forward primer (LIPH-

C.736T>A

@ pPCXN2-RT-F |
¢.736T>A mutant |
{normal splicing)

intron

N

5F4: 5-TACCCAAATGGAGGATTGGATC-3') and a reverse
primer (LIPH-8R3: 5-GGATTCTGTGGTGTTTCCAGC-3'), which
were designated in exons 5 and 8 of the LIPH gene, respec-
tively. The PCR products were run on 1% agarose gels, and
were directly sequenced.

Using the genomic DNA of the patient as a template, a part
of the LIPH gene, including the sequences between exons 6
and 8, was amplified by PCR using a forward primer (5'-CAC
TTGCCAGCATGAATTCTTATC-3) and a reverse primer (5'-AA
AAGGTACCCTGGGAGATCAAGAACCAGG-3'). The PCR prod-
ucts were subsequently cloned into EcoRl and Kpnl sites of
the mammalian expression vector pCXN2.1.** The vectors
were transfected into HEK293T cells with Lipofectamine 2000
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Figure 4. Results of in vitro transcription assay. Schematic representation of the mini-gene cassettes of the LIPH gene and splicing
events from the (a) c.736T>A and the (b) ¢.982+5G>T mutant constructs are shown. Positions of primers are indicated by arrows.
Results of direct sequencing of the polymerase chain reaction product from each mutant allele are also shown. A normal splicing
event occurred from the (a) ¢.736T>A mutant allele, while an aberrant splicing event was induced from the (b) c.982+5G>T mutant

allele.
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(Invitrogen). Twenty-four hours after the transfection, total RNA
was extracted from the cells using the RNeasy Minikit (Qiagen,
Valencia, CA, USA). Then, the first-strand cDNA was generated
as described above. PCR was performed using a vector-
specific forward primer (pCXN2-RT-F: 5-TCTGACTGACCGCG
TTACTC-3) and an LIPH-specific reverse primer (LIPH-8R3).
The amplified products were run on 1% agarose gels, and
were analyzed by direct sequencing.

RESULTS

Identification of compound heterozygous mutations

in the LIPH gene

Based on the clinical features, we diagnosed the patient as
having ARWH, and searched for mutations in the LIPH gene.
Direct sequencing analysis revealed that the patient had two
distinct heterozygous variants in the LIPH gene: a recurrent
C.736T>A missense mutation (p.Cys246Ser) in exon 6 and a
nucleotide substitution ¢.982+5G>T in intron 7 of the LIPH
gene (Fig. 2a). To screen for the ¢.982+5G>T variant, we inves-
tigated 100 ethnically matched control individuals using the
Dralll restriction enzyme, which did not identify any carrier in
the control population, suggesting that the c.982+5G>T variant
could be a pathogenic mutation (Fig. 2b; data not shown). We
also confirmed that these two mutations were on different
alleles (Fig. 2c).

Only the LIPH-mRNA from the ¢.736T>A allele was
stably expressed in the patient’s blood

In order to investigate the expression of the mutant LIPH tran-
scripts in the patient, we performed RT-PCR using patient’s
blood-derived RNA. Note that we extracted total RNA from the
blood sample, as the LIPH gene is known to be expressed in
blood,® and we could not obtain skin biopsy or plucked hairs
from the patient. A single fragment corresponding to the size
of the LIPH cDNA was amplified from all the samples analyzed,
the intensity of which was variable, most likely due to differ-
ence in the amount of LIPH expressing cells between the
blood samples used in this experiment (Fig. 3a). Direct
sequencing of the RT-PCR product from the patient revealed
only the c.736T>A allele, which strongly suggested that the
other allele with the mutation ¢.982+5G>T may cause a splicing
error and lead to the generation of a highly unstable transcript
(Fig. 3b).

Mutation ¢.982+5G>T led to an aberrant splicing
event in vitro

To further investigate the splicing error caused by the mutation
c.982+5G>T, we performed in vitro transcription assay in
HEK293T cells with the ¢.736T>A and the ¢.982+5G>T mini-
gene cassettes of the LIPH gene spanning the genomic region
from exon 5 to exon 8 (Fig. 4). RT-PCR to detect the transcripts
from the constructs showed a similarly sized fragment from
each mutant allele (data not shown). However, direct
sequencing of the RT-PCR products showed a normal splicing
event from the c¢.736T>A mutant allele (Fig. 4a), whereas
the mutation c.982+5G>T led to an aberrant splicing event via

© 2014 Japanese Dermatological Association
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using two nucleotides downstream of the mutation as an alter-
nate splice donor site (Fig. 4b). The resultant transcript abnor-
mally contained the first 7-nucleotide sequences of intron 7
(Fig. 4b).

DISCUSSION

In this study, we identified a Japanese patient with ARWH
and found compound heterozygous mutations in the LIPH
gene. Of these, the mutation ¢.736T>A (p.Cys246Ser) was a
well-known founder mutation in the Japanese population,
while the ¢.982+5G>T was a novel mutation. As the mutation
c.982+5G>T occurred close to the junction between exon 7
and intron 7, we postulated that it could destroy the splice
donor site and cause an aberrant splicing event. RT-PCR
experiment using the patient’s blood did not detect the LIPH
transcript from the ¢.982+5G>T allele (Fig. 3). Furthermore, in
vitro transcription assay demonstrated an alternative splicing
event from the c.982+5G>T allele which was predicted to
lead to a frame-shift and a premature termination codon
(p-Met328Serfs*41) (Fig. 4). Collectively, it is highly likely that
the LIPH transcript with the mutation ¢.982+5G>T was largely
degraded through nonsense-mediated mRNA decay,?® even
though it is uncertain if the same splicing event happened in
vivo or not. Perhaps, another aberrant splicing, such as skip-
ping exon 7, might have occurred in vivo, which was under
detectable level in our experiments. Before our finding, only
one splice site mutation in the LIPH gene, ¢.629-1G>C (lvs4-
1G>C), was reported in the published work;'” thus, the
c.982+5G>T is the second splice site mutation identified in
the LIPH gene.

Including the mutation ¢.982+5G>T, a total of six pathogenic
mutations in the LIPH gene have been identified in the
Japanese population: five of these were missense mutations,
all of which occurred at a critical amino acid residue for the
function of mMPA-PLA o (Fig. 5).'%16:192022 Regarding the two
prevalent LIPH mutations, c.736T>A (p.Cys246Ser) and
C.742C>A (p.His248Asn), the correlations between the muta-
tions and the severity in hair phenotype have been suggested,
namely, p.His248Asn may be associated with a more severe
phenotype (hypotrichosis or complete alopecia) as compared
to p.Cys246Ser.?® However, we have experienced some

€. 736T>A {p.Cys246Ser)is 18 €.742C>A [p His248Asn)15 18

NH?' Sl xs«ss*u:t:! B9 l l LD I;zzm COOH

€.699C>G (p.Cys233Trpl®  c.982+5G>T {p.Met3285erfs*al}

{This study)
€.619G>C (p.Asp207His)?

¢.460_161AG>GA (p.Ser154Asp)??

Figure 5. Schematic representation of mPA-PLA o protein and
position of the L/IPH mutations identified in the Japanese popu-
lation. Asterisks indicate the catalytic residues. B9, B9 loop
domain; LD, lid domain; S, signal peptide.
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exceptions arguing this theory, for example, patients with the
homozygous p.His248Asn mutation showed WH with mild
hypotrichosis, which was indistinguishable from those with the
homozygous p.Cys246Ser mutation (Dr Y. Shimomura, pers.
comm., 2014). Therefore, further collection of patients with
ARWH and the mutation analysis need to be performed to
disclose the genotype-phenotype correlations for the LIPH
mutations in the Japanese population.
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Immunosuppressive and Cytotoxic Cells in Invasive versus Non-invasive Bowen’s Disease
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Bowen’s disease (BD) is defined as epidermal carcinoma
in situ that may progress to invasive BD retaining the
cytological characteristics of BD (1). Previous reports
suggested the contribution of tumour infiltrating leuko-
cytes around the tumour, including regulatory T cells
(Tregs), in organising the tumour microenvironment
(2). In this report, we hypothesised that the profiles of
tumour-infiltrating leukocytes might be correlated with
the invasion of BD.

MATERIALS AND METHODS

We collected archival formalin-fixed paraffin-embedded skin
specimens from 5 patients with BD, 5 patients with micro-
invasive BD and patients with invasive BD treated in the
Department of Dermatology at Tohoku University Graduate
School of Medicine (¥able Si'). All diagnoses were made by
typical clinical manifestations and histopathological exami-
nation. Two dermatologists counted and estimated by blind
assessment the infiltrated lymphocytes. Antibodies (Abs) for
immunohistochemical staining were then used, as described
previously (3) (Table Sit').

RESULTS

We performed immunohistochemical staining of CD163
(Fig. 1) as well as Foxp3 (Fig. $1'). Only in invasive BD,
dense CD163* M® were detected throughout the dermis.
In contrast to CD163* cells, the number of Foxp3* cells
was significantly lower in invasive BD (Fig. 2).

Next, in order to compare the profiles of tumour-
infiltrating CTLs between invasive, micro-invasive and
non-invasive BD, we employed immunohistochemical
staining for CD8 (Fig. $2A-C"), granulysin (Fig. S2D~
F) and TIA-1 (Fig. $2 G, I'). There was no significant
difference in the numbers of CD8* cells, granulysin®
cells and TIA-1* cells among these groups (see Fig. 2).

To further investigate the immunosuppression in the
tumour microenvironment, we employed immunohi-
stochemical staining for B7H1 (ProSci, Poway, CA)
and MMP9. Interestingly, in non-invasive BD, B7H1
was strongly expressed on tumour cells (Fig. 3A). In
contrast, B7H1 expressing cells were mainly observed
on the tumour-infiltrating leukocytes around the tumour
in micro-invasive (Fig. 3B) and invasive BD (Fig. 3C).
Dense infiltration of MMP9* cells was detected around

thttp://www.medicaljournals.se/acta/content/?doi=10.2340/00015555-1729
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Fig. 1. CD163* M2 M® in non-invasive, micro-invasive and invasive
Bowen’s disease (BD). Paraffin-embedded tissue samples from patients
with non-invasive BD (A, B), micro-invasive BD (C, D) and invasive BD
(E, F) were deparaffinised and stained with anti-CD163 Ab (A—F). Sections
were developed with liquid permanent red. (CD163: staining for M®) (A,
C, E: x100; B, D, F: x400). (Asterisk: Tumour site).

the tumour in invasive BD (Fig. 3D), while few MMP9*
cells were detected around the tumour in non-invasive
BD (Fig. 3E) and micro-invasive BD (Fig. 3F).

DISCUSSION

Our results demonstrated dense infiltration of CD163*
M® throughout the dermis only in invasive BD. Recent
reports suggested that the presence of macrophages cor-
relates with therapy failure and poor prognosis in cancer
patients (4, 5). More recently, it was reported that M2
M® cells have an important role in the production of
thymus and activation-regulated chemokine, which leads
to the induction of Tregs and Th2, and the composition
of the immunosuppressive tumour microenvironment (6,
7). Therefore we hypothesised that there is correlation
between the increasing numbers of M2M® and the num-
bers of Tregs. Unexpectedly, in contrast to the increasing
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Fig. 2. Summary of the numbers of CD8" cells, TIA-1" cells, granulysin
bearing cells, CD163" cells and Foxp3* cells innon-invasive, micro-invasive
and invasive Bowen’s disease. Five representative fields of each section
were selected from both the epidermis and the dermis associated with
dense dermal lymphoid infiltrate. The number of immunoreactive cells
was counted using an ocular grid of | cm® at a magnification of <400, The
data are expressed as the mean + SD of the numbers in each area. *p<0.05.

number of M2M®, the number of Tregs is significantly
decreased in invasive BD. This discrepancy might be
explained by the expression of B7HI in tumour and
M2M® cells. Indeed, in our study, the high expression of

Fig. 3. The expression of B7H1 and MMP?9 in non-invasive, micro-invasive
and invasive Bowen’s disease. Paraffin-embedded tissue samples from
patients with non-invasive BD (A, D), micro-invasive BD (B, E) and
invasive BD (C, F) were deparaffinised and stained with anti-B7H1 Ab
(A~C) or with anti-MMP9 AB (D-F). Sections were developed with liquid
permanent red. (A—F: original manifestation x200).

Acta Derm Venereol 94

B7H]1 in tumour cells is only prominent in non-invasive
BD, which might be connected with the increased num-
bers of Tregs (8). Instead of B7H1 expression in tumour
cells, invasive BD contains B7H I-expressing cells and
MMP9-expressing cells around the tumour. As previously
suggested, the expression of MMPY in immunosup-
pressive macrophages in the tumour microenvironment
contributed to tumour invasion and metastasis (3, 9, 10).
To further investigate the immunological environment
of BD, we investigated the population of cytotoxic T
cells, focusing on CD8, granulysin and TIA-1. CDS is
a classical common marker for cytotoxic T cells, while
granulysin and TIA-1 have been reported to be functio-
nal markers for cytotoxic T cells, and correlate with the
prognosis of cancer patients (11-13). In contrast to immu-
nosuppressive cells, there was no significant difference in
tumour infiltrating cytotoxic T cells at any stage of BD,
suggesting that the immunological background of the
tumour microenvironment in BD might be determined
by immunosuppressive cells such as M2 M® and Tregs.
Since we did not directly assess the suppressive function
of these infiltrating M2 M® or cytotoxic T cells, further
analysis of the mechanisms underlying this phenomenon
will be necessary to confirm our limited observation.
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Eosinophilic pustular folliculitis (EPF) is a rare dermatitis
of unknown aetiology, characterized by recurrent clusters
of pruritic, follicular, sterile papules and pustules on the
face, trunk and upper extremities (1). EPF is often accom-
panied by peripheral blood eosinophilia, and a T-helper
(Th) 2 cytokine-dominant condition has been postulated
as a possible underlying mechanism (2). Macrophages
are functionally polarized into M1 and M2 cells; M2 ma-
crophages have important roles in the response to parasite
infection, tissue remodelling, angiogenesis and tumour-
progression, and have been shown to be involved in Th2
polarization (3). STATG6 participates in Th2 differentiation
by enhancing expression of the master regulator of Th2
differentiation, GATA3 (4). STAT6 and GATAS3, together
with interleukin (IL)-2-mediated STATS activation, in-
duce the secretion of copious amounts of IL-4, IL-5 and
IL-13 by activated Th2 cells (5). In the present case, we
investigated the immunohistochemical profiles of perifol-
licular and interstitial infiltrating cells, focusing on the
profiles of immunosuppressive cells and Th2 signals.

CASE REPORT

A 64-year-old Japanese man visited our outpatient clinic with a
1-year history of pruritic eruption on his face, trunk and extremi-
ties. He had been treated with topical steroids and anti-histamine
for 9 months, with no improvement. On his initial visit, physical
examination revealed pruritic, indurated, erythematous plaque,
with papules and pustules on the face (Fig. 1A). In addition, there
were groups of firm, waxy red papules, 3—4 mm in diameter, on
his trunk and extremities (Fig. 1B, C). A full blood count and bio-
chemical profile revealed eosinophilia (13%) (normal < 10%) and
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increased IgE level (2,130 1U/ml) (normal <170 [U/ml), although
the specific IgEs for MAST 33 allergen were all negative. The
serum CCL 17/thymus and activation-regulated chemokine (TARC)
level was 11,390 pg/ml (normal <449 pg/ml). Serum HIV antibody
was negative. A biopsy specimen from the right cheek revealed
exocytosis of eosinophils into a spongiotic follicular infundibu-
lum and the accompanying sebaceous gland (Fig. 2A). Immuno-
histochemical staining for CD163 (Novocastra, Newcastle upon
Tyne, UK), pSTAT6 (Cell Signaling Technology, Tokyo, Japan),
and IL-10 (Life Span Bioscience, Seattle, WA, USA) revealed a
dense infiltration of CD163" M2 macrophages (Fig. 2B), pSTAT6*
cells (Fig. 2C) in the dermis and IL-10 producing cells in the peri-
follicular area (Fig. 2D) (Vable Si'). The patient was treated with
oral prednisolone, 30 mg/day, and levocetirizine hydrochloride,
5 mg/day. The pruritus improved initially, although there was no
change in the eruption. However, when oral prednisolone was
gradually decreased, the pruritus recurred. Administration of oral
prednisolone, 30 mg/day, with narrow-band ultraviolet B (UVB)
irradiation, was started, with no improvement. Subsequently, the
patient was started on oral cyclosporine, 3 mg/kg/day, with oral
prednisolone, 15 mg/day. His pruritus and eruption improved
during one week, in parallel with a decrease in the serum TARC
level (220 pg/ml). There was no sign of relapsing pruritic papules.

DISCUSSION

In this case report, we employed immunohistochemical
staining for CD163, which is known as a marker for al-
ternative activated M2 macrophages (6, 7), in a case of
classic, non-immunosuppression-associated EPF. Interes-
tingly, CD163" M2 macrophages densely infiltrated the

thttp://www.medicaljournals.se/acta/content/?doi=10.2340/00015555-1612

Fig. I. (A) A pruritic, indurated,
erythematous plaque with papules
and pustules on the face. Groups
of firm, waxy red papules, 34
mm in diameter on (B) the trunk
and (C) extremities. Permission
to publish this photo is given from
the patient.

© 2014 The Authors. doi: 10.2340/00015555-1612
Journal Compilation © 2014 Acta Dermato-Venereologica. ISSN 0001-5555
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interstitial area of the dermis and perifollicular areas of
the lesional skin. In addition, the expression of pSTAT6
on infiltrating cells, IL-10 producing cells in the dermis
and the high levels of serum TARC suggested the contri-
bution of Th2 cells to the establishment of EPF. Our case
might suggest possible mechanisms of development of
EPF through CD163 M2 macrophages and Th2 pathways.

Alternatively activated macrophages, M2 macropha-
ges, have an important role in the response to parasite
infection, tissue remodelling, angiogenesis and tumour-
progression (3). Satoh et al. (3) reported that Jumonji
domain-containing-3 (Jmjd3) is essential for M2 macro-
phage polarization and targeting transcription factor
interferon-regulatory factor 4 (Irf4), which has been
shown to be involved in Th2 polarization. Interestingly,
Otsuka et al. (2) reported the upregulation of Th2 cytoki-
ne-related mRNA in peripheral blood mononuclear cells
from patients with EPF who were successfully treated
with cyclosporine. This report suggests the contribution
of Th2 cytokines to the pathogenesis of EPF. In humans,
CD163, the scavenger receptor cysteine-rich family type
B, is reported to be a marker for M2 macrophages in
dermatological fields (6, 7). In our present study, CD163*
M2 macrophages were predominantly infiltrated in the
interstitial area of the dermis, which might suggest the
contribution of M2 macrophages to EPF. In addition, to
confirm the contribution of CD163* M2 macrophages to
EPF, we employed immunohistochemical staining in a
CD163 for an additional 4 cases of classic EPF, and in all
cases substantial numbers of CD163* cells were detected
(data not shown).

STATs are latent transcription factors that reside in the
cytoplasm until activated. Phosphorylated STAT enters
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Fig. 2. (A) Exocytosis of eosinophils
into a spongiotic follicular infundibulum
and accompanying sebaceous gland.
The paraffin-embedded tissue sample
was deparaffinized and stained
using (B) anti-CD163 Ab, (C) anti-
pSTAT6 Ab, or (D) anti IL-10 Ab. The
sections were developed with liquid
permanent red for CD163 and IL-10,
(red) and with 3,3’-diaminobenzidine
tetrahydrochloride for pSTAT6 (brown)
(original magnification: A, C, D x400;
B x200).

the nucleus and binds specific regulatory sequences to
activate or repress the transcription of target genes (8).
STAT1 is activated by Th1 cytokines such as IFN-a/f,
IFN-y and IL-27 (9), whereas STAT6 is activated by
IL-4 (10). STAT6 participates in Th2 differentiation
by enhancing the expression of the master regulator of
Th2 differentiation, GATA3 (10). STAT6 and GATA3,
together with IL-2-mediated STATS activation, induce
the secretion of copious amounts of IL-4, IL-5 and IL-
13 by activated Th2 cells (11).

Non-steroidal anti-inflammatory drugs (NSAIDs),
including indomethacin, are used clinically for the
treatment of EPF, although the precise mechanisms
for the effect of NSAIDs on EPF are still under dis-
cussion (12). Interestingly, bioactive lipids, such as
prostaglandin E2, are known to be major contributors
to amplifying the arginase 1 level, which is known as
a suppressive marker for suppressive macrophages,
such as M2 macrophages and myeloid-derived sup-
pressor cells (13, 14). In our present case, we initially
administered oral steroid with no improvement. The
additional administration of cyclosporine dramatically
improved the eruption. A previous report also suggested
that glucocorticoids generate M2 macrophages (15).
The present case suggests a possible therapy for EPF
by targeting M2 macrophages/ Th2 cytokine pathways.
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Cutaneous manifestations associated with myelodys-
plastic syndrome (MDS) are uncommon. Recognizing
MDS skin manifestations is important as they can precede
blood or bone marrow transformation to leukaemia and
are associated with a poor prognosis (1, 2). Recently, 2
cases of granulomatous dermatitis associated with MDS
were reported as non-specific cutaneous manifestations of
MDS, with subsequent development into acute myeloid
leukaemia with leukaemia cutis (1, 2). An imbalance
of T-cell subsets, regulatory T cells (Tregs) and Th17
in MDS is also correlated with disease progression (3,
4). We describe here a case of granulomatous dermatitis
accompanied by MDS, which we hypothesized might
show correlations with Tregs and interleukin (IL)-17
producing cells. We therefore employed immunohisto-
chemical staining for Foxp3 and IL-17 to characterize
the granuloma.

CASE REPORT

A 65-year-old Japanese man with a one-year history of pru-
ritic eruption on his face, trunk and extremities visited our
outpatient clinic. He had been treated with topical steroids and
anti-histamine for one year with no improvement. On his initial
visit, physical examination revealed erythroderma overlapping
with groups of firm nodules on the trunk and extremities (Fig.
1). A biopsy specimen from his right lower leg revealed inters-
titial, dermal granulomatous inflammation with multinucleated
giant cells without blasts, neutrophils or atypical cells (Fig.
2A, B). Eosinophils were not prominent. Immunohistochemi-

Fig. 1. Erythroderma overlapping with groups of firm nodules on (A) the trunk and

(B) extremities.

© 2014 The Authors. doi: 10.2340/00015555-1656
Journal Compilation © 2014 Acta Dermato-Venereologica. ISSN 0001-5555

cal staining revealed that these infiltrating cells were mainly
positive for CD3, CD4, CD5, CD7 and CDS8, and negative for
neutrophil elastase, myeloperoxidase (MPO), Alcian blue and
Ziehl-Neelsen stain. The Ki67 score was approximately 10%.
Immunohistochemical staining for Foxp3, IL-17 and CD163
revealed dense, massive infiltration of Foxp3* Tregs throughout
the granuloma tissue (Fig. 2C, D), which were surrounded by
CD163* M2 macrophages (Fig. 2E). [L-17-producing cells were
scattered in the granuloma tissue (Fig. 2F). A full blood count
revealed prominent upregulation of monocytes (45%, 2,750/
mm?®). Bone marrow biopsies revealed increased numbers of me-
gakaryocyte (313/u1) and a high ratio of myeloblasts (15.4%).
The karyotype of this patient is 46, XY, and the chromosome
aberration test revealed 2 types of abnormalities in chromo-
some (46, XY, der (1) (qter-q21::p32-qter), and 46, XY, t(3;
16) (q27;p11.2)). From the above findings, we diagnosed this
patient with generalized granulomatous dermatitis accompanied
by myelodysplastic syndrome (Refractory Anemia with Excess
of Blasts, type 2 (RAEB2), International Prognostic Scoring
System (IPSS) score 2.0) (5). We administered oral prednisolone
30 mg/day, nicotinic acid amide 1.5 mg/day and doxycycline
hydrochloride 200 mg/day. His pruritus and eruption improved,
although there was no change in the firm nodules on the trunk
and extremities.

DISCUSSION

Cutaneous manifestations of myelodysplastic syndrome
(MDS) are uncommon and can occur as specific neo-
plastic infiltrations of malignant hematopoietic cells or
various non-specific lesions (3, 4, 6, 7). Among them,
granulomatous dermatitis has rarely been reported as a
manifestation of MDS (1, 2). Recently, Balin
et al. (1) reported a case of granulomatous der-
matitis accompanied by MDS, and concluded
that granulomatous dermatitis might be the first
sign of underlying MDS.

The contribution of an imbalance in T-cell
subsets, regulatory T cells (Tregs) and Thl7,
to MDS has been reported previously (3, 4, 6,
7). In fact, Kordasti et al. (3) reported a signifi-
cant correlation between increased numbers of
CD4* Tregs and MDS subgroups with disease
progression. Moreover, they reported in another
study that the Th17:Treg ratio was significantly
higher in low-risk MDS compared with high-
risk MDS (4). Overall, the prognosis of MDS is
strongly correlated with Tregs and Th17. On the
other hand, we recently reported the distribu-
tion of Foxp3* Tregs and IL-17-producing cells
in several cases of cutaneous granulomatous
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dermatitis, including sarcoidosis, granuloma annulare,
necrobiosis lipoidica, granulomatous pigmented and
purpuric dermatitis (8—10). Therefore, since we hypo-
thesized that our present case, granulomatous dermatitis
accompanied by MDS, might show correlations with
Tregs and IL-17-producing cells, we employed im-
munohistochemical staining for Foxp3 and IL-17 to
characterize the granuloma. As we expected, based on
previous reports (3, 4, 6-10), Foxp3* Tregs were pre-
dominant in the granuloma cells, similar to sarcoidosis,
whereas IL-17-producing cells were scattered. In addi-
tion, CD163* M2 macrophages, which are also known
to correlate with Th2 and Tregs (11, 12), were detected
around the granuloma. Like suppressive macrophages,
myeloid-derived suppressor cells in tumour-bearing host
(13), these CD163* M2 macrophages might be related
to the induction of Tregs in granuloma. Since we did
not directly assess the suppressive function of these
infiltrating Tregs and M2 macrophages, further research
into the mechanisms underlying this phenomenon may
provide fundamental insights into the mechanisms of
granulomatous dermatitis with MDS.
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Fig. 2. (A, B) Interstitial, dermal granulomatous
inflammation with multinucleated giant cells. The
paraffin-embedded tissue sample was deparaffinized
and stained using (D) anti-Foxp3 Ab or (F) anti
IL-17 Ab. The sections were developed with liquid
permanent red. The central area of granuloma
is positive for Foxp3' and negative for CD163"
macrophages. Peripheral areas of granuloma
positive for CD163" macrophages and negative
for Foxp3' Tregs. (Original magnification (A) x 50,
(F) %200, (B) %400). (Complete figure available
from hitp/fwwwamedicaijournals se/acta/content/
2dei=0.2340 )
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We established a luciferase reporter assay system, the Multi-iImmunoTox Assay (MITA), to evaluate the
effects on key predictive in vitro components of the human immune system. The system is composed
of 3 stable reporter cell lines transfected with 3 luciferase genes, SLG, SLO, and SLR, under the control
of 4 cytokine promoters, IL-2, IFN-y, IL-1B, and IL-8, and the G3PDH promoter. We first compared the
effects of dexamethasone, cyclosporine, and tacrolimus on these cell lines stimulated with phorbol 12-
muyristate 13-acetate and ionomycin, or lipopolysaccharides, with those on mRNA expression by the
mother cell lines and human whole blood cells after stimulation. The results demonstrated that MITA cor-
rectly reflected the change of mRNA of the mother cell lines and whole blood cells. Next, we evaluated
other immunosuppressive drugs, off-label immunosuppressive drugs, and non-immunomodulatory
drugs. Although MITA did not detect immunosuppressive effects of either alkylating agents or antimetab-
olites, it could demonstrate those of the off-label immunosuppressive drugs, sulfasalazine, chloroquine,
minocycline, and nicotinamide. Compared with the published immunological effects of the drugs, these
data suggest that MITA can present a novel high-throughput approach to detect immunological effects of
chemicals other than those that induce immunosuppressive effects through their inhibitory action on cell
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1. Introduction

Environmental contaminants, food additives, and drugs can tar-
get the immune system, resulting in adverse health effects, such as
the development of allergies, autoimmune disorders, cancers, and
other diseases. Accordingly, immunotoxicity, which is defined as
the toxicological effects of xenobiotics on the functioning of the
immune system, has raised serious concerns from the public as
well as regulatory agencies. Currently, the assessment of chemical
immunotoxicity relies on animal models and assays that character-
ize immunosuppression and sensitization. However, animal stud-
ies have many drawbacks, such as expense, ethical concerns, and
eventual relevance to risk assessment for humans. Therefore, Euro-
pean policy is promoting alternative testing methods and assess-
ment strategies to reduce the use of laboratory animals and, if
possible, replace animals employed for scientific studies (Baiis
el al, 1995).

* Corresponding author. Address: Department of Dermatology, Tohoku Univer-
sity Graduate School of Medicine, 1-1 Seiryo-machi, Sendai 980-8574, Japan. Tel./
fax: +81 22 717 7271.
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0887-2333/© 2014 Elsevier Ltd. All rights reserved.

A workshop hosted by the European Centre for the Validation of
Alternative Methods (ECVAM) in 2003 focused on state-of-the-art
in vitro systems for evaluating immunotoxicity (Galbiati et al,
2010 Gennard et al, 2005; Lankveld et al, 2010). In that workshop,
a tiered approach was proposed, since useful information can be
obtained from regular 28-day general toxicity tests. Namely, pre-
screening for direct immunotoxicity starts with the evaluation of
myelotoxicity. Compounds that are capable of damaging or
destroying the bone marrow will most likely have immunotoxic ef-
fects. If compounds are not potentially myelotoxic, they are tested
for lymphotoxicity. Then, they are tested for immunotoxicity by
approaches such as human whole-blood cytokine release assay
(HWBCRA), lymphocyte proliferation assay, mixed lymphocyte
reaction, natural killer cell assay, T-cell-dependent antibody re-
sponse, dendritic cell maturation, and fluorescent cell chip. Among
these assays, HWBCRA has undergone formal prevalidation,
although other techniques are being examined or have been previ-
ously examined in a rigorous prevalidation effort by ECVAM and
other groups.

The principle of HWBCRA, described by Langezaal et al. (2002},
is based on the well-known human whole-blood method for pyro-
gen testing (Hartung, 2002). In brief, human blood is treated with
lipopolysaccharide (LPS) or staphylococcal enterotoxin B (SEB),
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which causes monocytes and Th2 lymphocytes to produce 1L-18
and IL-4, respectively. After incubation for 40 h in the presence
or absence of immunotoxic and non-immunotoxic test com-
pounds, the levels of IL-1p and IL-4 in the supernatant are quanti-
fied, and the 50% inhibitory concentration (IC50) and the fourfold
stimulating concentration (SC4) are calculated to establish the
immunotoxic potency (Langezaal et al., 2002). According to the EC-
VAM workshop, this method has several advantages, such as the
avoidance of species differences between humans and animals,
employment of human primary cells, simple culture techniques,
and reduced expense and time requirements as compared to ani-
mal experiments. The interindividual variation in leukocyte num-
bers and their response to stimuli is a major concern when using
HWBCRA. Although cryopreservation techniques for human whole
blood can overcome these problems (Schindler and Hartung, 2002),
this method is not suitable as a high-throughput assay to evaluate
vast numbers of chemicals.

In the present study, to develop a high-throughput screening
system to evaluate chemical immunotoxicity, we first established
3 stable reporter cell lines transfected with luciferase genes under
the control of IL-2, [FN-v, IL-8, and IL-1B promoters. We selected
these 4 cytokines because [L-2 and [FN-y are mainly produced by
T cells and reflect T-cell function, while IL-8 and IL-18 are mostly
produced by monocytes or dendritic cells and correspond with
their activity. Next, we examined the effects of 3 well-character-
ized immunosuppressive drugs, dexamethasone (Dex), cyclospor-
ine A (CyA), and tacrolimus (Tac), on luciferase activities of these
three cell lines stimulated with phorbol 12-myristate 13-acetate
(PMA) and ionomycin (Io) or lipopolysaccharide (LPS). Then, we
compared the results with their effects on mRNA expression by
the mother cell lines, Jurkat cells or THP-1 cells, under the relevant
stimulation. Furthermore, we also compared their effects on lucif-
erase activities with mRNA expression by human whole blood cells
stimulated with PMA/lo or LPS in the presence of these immuno-
suppressive drugs. Finally, we treated these cell lines with immu-
nosuppressive drugs, immunomodulatory drugs, or drugs without
known immunomodulatory effects and estimated the performance
of our screening system for immunotoxicity.

2. Materials and methods
2.1. Reagents

Water-soluble dexamethasone (Dex), cyclosporin A (CyA),
tacrolimus (FK-506), rapamycin, cyclophosphamide (CP), azathio-
prine (AZ), mycophenolic acid (MPA), mizoribine (MZR), metho-
trexate (MTX), sulfasalazine (SASP), colchicine, chloroquine (CQ),
minocycline (MC), nicotinamide (NA), acetaminophen (AA), digox-
in, warfarin, phorbol 12-myristate 13-acetate (PMA), ionomycin
(lo), and lipopolysaccharides from E. coli 026:B6 (LPS) were pur-
chased from Sigma-Aldrich (St. Louis, MO).

2.2. Cell lines and reporter cell lines

The human acute T lymphoblastic leukemia cell line Jurkat and
the human acute monocytic leukemia cell line THP-1 (ATCC,
Manassas, VA) were cultured in RPMI-1640 (Gibco, Carlsbad, CA)
with antibiotic-antimycotic (Invitrogen, Carlsbad, CA) and 10% fe-
tal calf serum (Biological Industries, Kibbutz Beit Haemek, Israel)
(Growth medium) at 37 °C with 5% CO,. We previously established
2 reporter cell lines, #2H4 derived from Jurkat cells containing sta-
ble luciferase green (SLG) regulated by IL-2 promoter, stable lucif-
erase orange (SLO) regulated by IFN-y promoter, and stable
luciferase red (SLR) regulated by G3PDH promoter (Saito et al.,
2011) and THP-G8 cells derived from THP-1 cells containing SLO

regulated by IL-8 promoter and SLR regulated by G3PDH promoter
(Takahashi et al,, 2011).

In the present study, we further established THP-G1b cells de-
rived from THP-1 cells containing SLG regulated by IL-13 promoter
and SLR by G3PDH promoter. Full details are available in Supple-
mentary Methods,

2.3. Chemical treatment

Based on the previous reports (Saito et al, 2011; Takahashi
el al,, 2011), #2H4 cells (2 = 10° cells/50 pl/well), THP-G1b cells,
or THP-G8 cells (5 x 10 cells/50 pl/well) in 96-well black plates
(Greiner bio-one GmbH, Frickenhausen, Germany) were pretreated
with different concentrations of chemicals for 1 h. The optimum
cell numbers at seeding were based on the previous reports. After-
wards, #2H4 cells were stimulated with 25 nM of PMA and 1 uM of
ionomycin (PMA/lo) for 6 h, while THP-G1b cells or THP-G8 cells
were stimulated with 100 ng/ml of LPS for 6 h. In some experi-
ments, we changed the stimulation time to determine the opti-
mum incubation period for the luciferase assay. Three luciferase
activities, SLG luciferase activity (SLG-LA), SLO luciferase activity
(SLO-LA), and SLR luciferase activity (SLR-LA), were simultaneously
determined by using a microplate-type luminometer with a multi-
color detection system, Phelios (Atto Co., Tokyo, Japan), and the
Tripluc luciferase assay reagent (TOYOBO) according to the manu-
facturer’s instructions. To rule out the variation of cell number or
cell viability after chemical treatment, we obtained normalized
luciferase activity as follows:

Normalized SLG-LA (nSLG-LA) or normalized SLO-LA (nSLO-
LA) = SLG-LA or SLO-LA/SLR-LA.

We also calculated percent suppression as follows:

% suppression = {1 — nSLG-LA or nSLO-LA of the reporter cells
treated with drugs/nSLG-LA or nSLO-LA of non-treated reporter
cells) x 100.

To eliminate the data affected by cytotoxic effects of drugs or
cell death, we also defined the inhibition index of SLR-LA (II-SLR-
LA) as follows:

[[-SLR-LA = SLR-LA of reporter cells that were treated with
chemicals/SLR-LA of untreated reporter cells.

Since our previous study has reported that, in the treatment
showing more than 5% in II-SLR-LA, more than 75% of cells are
Pl-excluding living cells (Takahashi et al., 2011), we presented
only the data that demonstrated more than 5% in [I-SLR-LA in this
study.

2.4. Human whole-blood cytokine mRNA expression test (HWBCMET)

The human whole-blood cytokine mRNA expression test
(HWBCMET) was performed by modifying the HWBCRA protocol
by Langezaal et al. (2002)) and Thurm and Halsey (2005). The fol-
lowing studies were approved by the ethics committee of Tohoku
University Graduate School of Medicine, Sendai, Japan, and con-
ducted according to the Declaration of Helsinki principles. Full de-
tails are available in Supplementary Methods.

2.5. mRNA expression by Jurkat and THP-1 cells

Jurkat or THP-1 cells (3 x 10° cells) in 6-well plates were pre-
treated with different concentrations of drugs for 1h and then
stimulated with PMA/lo or LPS for 6 h, respectively. Total RNA
was extracted by using Isogen (Nippon Gene, Tokyo, Japan) accord-
ing to the manufacturer’s instructions. The total RNA concentration
was measured by using a NanoDrop spectrophotometer.
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2.6. Quantitative RT-PCR

Complementary DNAs (cDNAs) were synthesized by using the
TaKaRa RNA PCR Kit (AMV) (Takara Bio Inc., Otsu, Japan) according
to the manufacturer’s instructions. Quantitative real-time PCR
(qPCR) was performed by using the Mx3000p QPCR System (Strat-
agene; Agilent Technologies Division, Santa Clara, CA). Sequences
for each target gene were obtained from GenBank. Forward and re-
verse primers and TagMan probes were selected by Primer Express
1.0 (Applied Biosystems) and synthesized by SIGMA GENOSYS
(Ishikari, Japan). Each primer and TagMan probe set used is de-
scribed in our previous publication (Saits et al., 2311). qPCR reac-
tion mixtures (25 pl) contained 10 ng of template cDNA, 400 nM of
forward and reverse primers, 60 nM TagMan probe, 30 nM ROX,
and Brilliant II Fast QPCR Master Mix (Stratagene; Agilent Technol-
ogies Division). The thermal cycling conditions were 2 min for
polymerase activation and cDNA denaturation at 95 °C and 45 cy-
cles of 95°C for 5s and 60 °C for 20s. Constitutively expressed
G3PDH served as a normalization control by using the AACt meth-
od (Livak and Schmittgen. 2001). In the examination of mRNA from
whole blood cells, percent suppression was calculated as follows:

% suppression = (1 — the normalized mRNA expression of WBC
in the presence of drugs/the normalized mRNA expression of
WABC in the absence of drugs) x 100.

2.7. Statistics

Representative data from at least three independent experi-
ments for each analysis is shown. For each experiment, a one-way
ANOVA test followed by Dunnett’s post hoc test was used to evalu-
ate statistical significance. For comparison of three independent
experiments, the Student’s t-test was used to evaluate statistical sig-
nificance. p values <0.05 were considered statistically significant.

3. Results

3.1. Three reporter cell lines, #2H4, THP-G1b, and THP-G8, responded
with relevant stimulations by augmenting their SLG-LA or SLO-LA

First, we stimulated #2H4 cells with PMA/lo and THP-G1b or
THP-G8 cells with LPS and measured SLG-LA, SLO-LA, and SLR-LA

after stimulation. PMA/Io significantly augmented SLG(IL2)-LA
and SLO(IFN)-LA of #2H4 cells corresponding with IL-2 and IFN-y
promoter activities, respectively, from 6 h after stimulation, while
it suppressed SLR(G3PDH)-LA corresponding with G3PDH pro-
moter activity (Fig. 1A). Similarly, LPS significantly augmented
SLG(IL1)-LA of THP-G1b cells corresponding with IL-18 promoter
activity and SLO(IL8)-LA of THP-G8 cells corresponding with IL-8
promoter activity without affecting SLR(G3PDH)-LA of both cell
lines from 3 h after stimulation (Fig. 1B and C). In Fig. 1A, B, and
C, we also presented nSLG(IL2)-LA and nSLO(IFN)-LA of #2H4 cells,
nSLG(IL1)-LA of THP-G1b cells, and nSLO-LA(IL8) of THP-G8 cells at
various time periods after stimulation. PMA/lo significantly and
time-dependently augmented both nSLG(IL2)-LA and nSLO(IFN)-
LA of #2H4 cells from 6 to 10h after stimulation. On the other
hand, LPS significantly and time-dependently augmented
nSLG(IL1)-LA of THP-G1b cells from 4 to 9h after stimulation,
while it significantly augmented nSLO(IL8)-LA of THP-G8 cells from
3 to 10 h after stimulation, with maximum induction at 5 h.

3.2. The effects of 3 immunosuppressive drugs on the reporter activity
of the three reporter cells correlate with their effects on mRNA
expression by Jurkat or THP-1 cells

Next, we examined whether the effects of 3 well-characterized
immunosuppressive drugs, Dex, CyA, and Tac, on nSLG-LA or nSLO-
LA of 3 reporter cells stimulated with PMA/Io or LPS correlate with
their effects on the corresponding mRNA expression by Jurkat or
THP-1 cells (Fig. 2). When we stimulated #2H4 cells with PMA/lo
in the presence of Dex, CyA or Tac, Dex significantly suppressed
nSLG(IL2)-LA at concentrations of 0.01 ug/ml and greater
(=0.01 pg/ml) and nSLO(IFN)-LA at >100 pg/ml, while CyA sup-
pressed nSLG(IL2)-LA at >0.03ng/ml and nSLO(IEN)-LA at
>0.001 pg/ml, and Tac suppressed nSLG(IL2)-LA and nSLO(IFN)-
LA at >0.016 ng/ml. Although Dex suppressed nSLO(IFN)-LA, the
concentration to decrease nSLO(IFN)-LA was greater than 100 pg/
ml, and the magnitude of the suppression was small. When we
stimulated THP-G1b cells with LPS in the presence of Dex, CyA,
or Tac, Dex significantly suppressed nSLG(IL1)-LA at >0.01 pg/
ml, but CyA and Tac did not. Similarly, when THP-G8 cells were
stimulated with LPS in the presence of Dex, CyA, or Tac, only Dex
significantly suppressed nSLO(IL8)-LA at >0.01 ug/ml.
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Fig. 1. Time course of [L-2, [FN-v, IL-1B, and IL-8 reporter activities in PMA/lo-stimulated #2H4 cells and LPS-stimulated THP-G1b or THP-GS cells. #2H4 cells (2 x 10° cells/
100 pl/well) (A) in 96-well black plates were stimulated with PMA/lo, while THP-G1b (B) or THP-GS8 cells (5 x 10* cells/100 pl/well) (C) were treated with LPS. Then, SLG-LA,
SLO-LA, and SLR-LA were measured after stimulation by using a microplate-type luminometer with a multi-color detection system. To rule out the variation of cell number or
cell viability after chemical treatment, normalized SLG luciferase activity (nSLG-LA) or SLO luciferase activity (nSLO-LA) was obtained by dividing SLG-LA or SLO-LA with SLR~
LA. Data represent means +/— SD (n = 4). SLG-LA (IL-2), SLO-LA (IFN-y), and SLR-LA (G3PDH) in A, SLG-LA (IL-1B) and SLR-LA (G3PDH) in B, and SLO-LA (IL-8) and SLR-LA

(G3PDH) in C.
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Fig. 2. The effects of Dex, CyA, and Tac on IL-2, IFN-v, IL-18, or IL-8 reporter activity of reporter cell lines after relevant stimulation. #2H4 cells, THP-G1b cells, or THP-G8 cells
were pretreated with the indicated concentrations of drugs for 1 h and then stimulated with PMA/lo or LPS for 6 h, Luciferase activity was determined by using a microplate-
type luminometer with a multi-color detection system. [L-2 and [FN-y promoter activities are represented as nSLG-LA and nSLO-LA of #2H4 cells, respectively. IL-1p and IL-8
promoter activities are represented as nSLG-LA of THP-G1b and nSLO-LA of THP-G8 cells, respectively. Data represent means +/— SD (n = 4). + Means statistical significance
(p <0.05). Gray bars indicate the value for stimulation without drugs. These results are representative of three independent experiments.

Next, we stimulated the mother cell line of #2H4 cells, Jurkat
cells, with PMA/Io in the presence of Dex, CyA, or Tac and the IL-
2 or IFN-y mRNA expression was examined by gPCR (Fig. 3). Dex
suppressed only IL-2 mRNA expression at =6 pg/ml, while both
CyA and Tac suppressed IL-2 as well as IFN-y mRNA expression
at concentrations of >0.012 pg/ml and 0.008 pg/ml, respectively.
When the mother cell line of THP-G1b and THP-G8 cells, THP-1
cells, was stimulated with LPS in the presence of the three inhibi-
tors, Dex significantly suppressed both IL-18 and IL-8 mRNA at the
concentration of »0.6 pg/ml, but CyA and Tac did not (¥ig 3). These
data indicate that the suppression profiles obtained by three repor-
ter cell lines correlate closely with those obtained by qPCR analysis
of mRNA expression by jurkat cells or THP-1 cells. Thus, we desig-
nated the immunotoxicity assay using 3 reporter cell lines as Mul-
ti-ImmunoTox Assay (MITA).

3.3. The effects of 3 immunosuppressive drugs on mRNA expression by
whole blood cells stimulated with PMA/Io or LPS also corresponded
with their effects on the reporter activities of the 3 reporter cell lines

Next, we examined the correlation between HWBCRA and
MITA. However, HWBCRA used SEB and LPS as stimulants and
quantified IL-18 and IL-4 to characterize the immunotoxicity of
chemicals. In contrast, MITA uses PMA/Io and LPS as stimulants
and IL-2, IFN-y, IL-1B, and IL-8 promoter activities as outputs.
Therefore, we stimulated whole blood cells (WBC) from healthy
volunteers with 25 nM of PMA and 1 pM of Io or 100 ng/ml LPS
for 6 h in the presence or absence of 3 representative immunosup-
pressing drugs and analyzed IL-2, IFN-vy, IL-1B, and IL-8 mRNA by q
PCR (HWBCMET). Fig. 4, which shows the % suppression of 3 drugs

on the induction of mRNA for 4 cytokines in each individual, indi-
cates that 1 pg/ml of Dex, 1 pg/ml of CyA, or 0.01 pg/ml of Tac sig-
nificantly suppressed both IL-2 and IFN-y mRNA induction after
stimulation with PMA/lo, although the suppression by Dex was
much smaller than that by CyA or Tac. On the other hand, only
1 pg/ml of Dex significantly suppressed IL-13 and IL-8 mRNA
induction by WBC stimulated with LPS, while CyA and Tac did
not. These data suggest that the evaluation of 3 immunosuppres-
sive drugs by MITA corresponded well with that by HWBCMET,
although the statistical analysis on MITA results could not detect
the effects of Dex on IFN-y reporter activity.

3.4. Several immunosuppressive drugs suppressed the reporter activity
of the 3 reporter cell lines at concentrations equal to or less than
5 x Cmax

Based on these results, we evaluated other immunosuppressive
or immunomodulatory drugs by using the 3 reporter cell lines. In
Tabis 1, we present the results of immunosuppressive drugs clas-
sified by their principal mechanism (reviewed by Allison (2000)).
Dex regulates gene expression; CyA, Tac, and RPM inhibit kinase
or phosphatase; CP alkylates DNA; AZ, MPA, and MZR inhibit de
novo purine synthesis; and MTX inhibits pyrimidine and purine
synthesis.

We conducted 3 independent experiments for each drug and
determined in each experiment whether chemicals induce statisti-
cally significant suppression or augmentation at two concentration
ranges, equal or less than 5 x Cmax (<5 x Cmax) and greater than
5 x Cmax (>5 x Cmax). Cmax is defined as the peak plasma con-
centration of each drug after administration. Cmax of each drug
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Fig. 3. The effects of Dex, CyA, and Tac on mRNA expression of IL-2 and IFN-v by Jurkat cells and that of IL-1p and IL-8 by THP-1 cells after stimulation. Jurkat cells or THP-1
cells (3 x 10° cells/well) in 6-well plates were pretreated with different concentrations of drugs for 1 h, followed by stimulation with PMA/lo or LPS for 6 h, respectively. Then,
mRNA expression of the indicated genes was analyzed by qPCR. The gene expressions were normalized by G3PDH gene expression. Data represent means +/— SD (n=3).
« Means statistical significance (p <0.05). Gray bars indicate the value for stimulation without drugs.

is shown along with dose and route of administration in Tabls 51.
Since the drug concentration of interstitial fluid can be higher than
that of blood in some drugs (Kiang et al., 2012; Wiskirchen et al,
20111) and Cmax is variable among subjects, we evaluated drugs
in these two different concentration ranges, considering that if a
drug suppresses or augments cytokine reporter activities at
<5 x Cmax, the observed effects can be expected in clinical use.
" On the other hand, when the effects are recognized only at
>5 x Cmax, the drug potentially has immunomodulatory effects,
which are not expected in clinical use. Statistically significant sup-
pression is shown as —, statistically significant augmentation as +,
and no significance as 0; and a lack of data due to the inability to
dissolve chemicals in solvents at the concentration of 5 x Cmax
is shown as ND.

Furthermore, since the statistical evaluation of the chemicals in
each experiment was not necessarily consistent among three inde-
pendent experiments, we conducted statistical analysis on the re-
sults of 3 independent experiments. If chemicals showed
statistically significant immunosuppression or immunostimulation
in 3 experiments, they were judged as immunosuppressive or
immunostimulatory drugs, respectively. If chemicals showed sta-
tistically significant immunosuppression or immunostimulation
in only 2 independent experiments, they were judged as potential
immunosuppressive or immunostimulatory drugs, respectively. If
not, they were judged as ineffective.

Then, for potential immunosuppressive or immunostimulatory
drugs, we selected their percent suppression or percent augmenta-
tion (negative percent suppression) in three experiments that

showed the most remarkable change, calculated their percent sup-
pression or percent augmentation, and statistically compared sup-
pression or augmentation of chemicals with that of vehicle control
in three different experiments by the Student’s t-test. Only when
chemicals demonstrated statistical significance, they were judged
as immunosuppressive or immunostimulatory, respectively. In
Table 1, the final judgment of immunotoxicity of chemicals by
MITA was indicated as S for immunosuppression, A for immuno-
augmentation, and N for no effect.

As mentioned above, Dex significantly suppressed IL-2, IL-1B,
and IL-8 reporter activities at any concentration ranges in at least
2 of 3 experiments and that of IFN~y at >5 x Cmax in 2 of 3 exper-
iments (Tablz 1). Among 3 kinase or phosphatase inhibitors, CyA
and Tac suppressed IL-2 and IFN-y reporter activities at <5 x Cmax
in 3 experiments, while rapamycin did not show any inhibitory ef-
fects on IL-2 or IFN-y reporter activity, but rather augmented IL-2
reporter activity at <5 x Cmax in 2 of 3 experiments and [L-18 re-
porter activity at >5 x Cmax in 3 experiments (Table 1). In addition
to the evaluations in which 3 out of 3 experiments demonstrated
consistent results, the statistical analysis on the examinations in
which only 2 out of 3 experiments demonstrated consistent results
showed significant suppression in IL-18 reporter activity by Dex at
<5 x Cmax and significant augmentation in IL-2 reporter activity
by RPM at both concentrations.

Among an alkylating agent, inhibitors of de novo purine synthe-
sis, and an inhibitor of pyrimidine and purine synthesis (Table 1),
none of the drugs except for AZ demonstrated immunosuppressive
effects at any concentration ranges. Only AZ significantly suppressed
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Fig. 4. The effects of Dex, CyA, and Tac on IL-2, IFN-y, IL-1B, or IL-8 mRNA expression of whole blood cells stimulated with PMA/Io or LPS. Whole blood cells (WBC) from 6
healthy volunteers were collected using sodium heparin anti-coagulant and then diluted 1:2 with RPMI 1640 medium. Two ml of aliquots was either untreated or treated
with 1 pgjml of Dex, or 1 pg/ml of CyA or 10 ng/ml of Tac for 1 h. Then, the WBC were stimulated with PMA/lo or LPS for 6 h at 37 °C. The mRNA expression of indicated genes
was analyzed by qPCR. The gene expressions were normalized by G3PDH gene expression. Percent suppression was calculated as described in Section 2. The percent
suppression of drugs in each individual is plotted. Each symbol indicates a different individual.

[L-8 reporter activities at >5 x Cmax in 2 of 3 experiments. On the
other hand, MPA significantly augmented IL-2 and IFN-y reporter
activities at <5 x Cmax in 3 experiments. MZR increased all
reporter activities at any concentration ranges in at least 2 of 3
experiments. In addition, CP augmented [FN-y reporter activity at
>5 x Cmax in 3 experiments, while MTX augmented IL-2 and
IFN-y reporter activities at any concentration ranges in 2 of 3
experiments. The statistical analysis on the examinations in which
only 2 out of 3 experiments demonstrated consistent results
showed significant augmentation in IL-1B reporter activity by AZ
at >5 x Cmax, IL-2 reporter activity by MTX at >5 x Cmax, and
IFN-vy reporter activity by MTX at both concentrations.

3.5. Sulfasalazine and nicotinamide significantly suppressed IL-15 and
IL-8 reporter activities

Next, we examined the effects of drugs that are not classified as
immunosuppressive or immunomodulatory drugs, but are cur-
rently in off-label use for the treatment of autoimmune or inflam-
matory disorders (Capell and Madhok, 2008; Chaiamnuay and
Alarcon, 2008; Sturrock, 2008; Surjana and Damian, 2011) (Fig. 5
and Table 1). Among 5 off-label immunosuppressive drugs, SASP
significantly suppressed 4 reporter activities at any concentration

ranges in at least 2 of 3 experiments. CQ significantly suppressed
IL-2 and IFN-y reporter activities at any concentration ranges in
at least 2 of 3 experiments, while it significantly suppressed IL-
1B and IL-8 at >5 x Cmax in 3 experiments. MC significantly sup-
pressed IL-2 and IFN-y reporter activities at any concentration
ranges in 3 experiments, while it did not affect IL-1p and [L-8 re-
porter activities. NA significantly suppressed 1L-18 and IL-8 repor-
ter activities at any concentrations in 3 experiments, while it
augmented IL-2 and [FN-y reporter activities at any concentrations
in at least 2 of 3 experiments. Colchicine increased IL-18 reporter
activity at <5 x Cmax in 2 of 3 experiments and all reporter activ-
ities at >5 x Cmax in 3 experiments. The statistical analysis of the
examinations in which only 2 out of 3 experiments demonstrated
consistent results showed significant augmentation in IL-1p repor-
ter activity by colchicine at <5 x Cmax.

3.6. Two non-immunological drugs, warfarin and digoxin, suppressed
some reporter activities at concentrations of <5 x Cmax

We examined the effects of 3 non-immunological drugs on the
reporter activities of the three reporter cell lines (Fig. 6 and
Table 1). Warfarin suppressed IL-1pB and IL-8 reporter activities at
<5 x Cmax in 2 of 3 experiments, while it augmented IL-2 and
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Table 1

Summary of MITA for 9 immunosuppressive drugs, 5 off-label immunosuppressive drugs, and 3 non-immunomodulatory drugs.

Principal mechanism of action Cmax IL-2 IFN-v IL-1B IL-8
<5 x Cmax >5 x Cmax <5 x Cmax >5 x Cmax < xCmax  >5 x Cmax <5 xCmax >5 x Cmax
Immunosuppressing drugs
Regulation of gene expression Dexamethasone (Dex) 88 ng/ml ~[=[- S —[-/- S —/0j0 N —[+- N /- S —|-]- -] S /|- S
— o
Kinase and phosphatase inhibitors Cyclosporin A (CyA) 2144 pg/ml —[-/— S ND/ND/ —/—/- S ND/ND/ 0/0/0 N ND/ND/ o/-/0 N ND/ND/
ND ND ND ND
Tacrolimus (Tac) 44.6 ng/ml —[=]- S —[-]- S —f=/- S —|-|- S +0/0 N 0/+0 N —/0/o N 0/+0 N
Rapamycin (RPM) 4.0 ng/ml o/+[+ A Of++ A 0/-/6 N 0/0/0 N 0/0/0 N +/+[+ A 0/0j0 N 0/o/0 N
Alkylation Cyclophosphamide (CP) 6.36 pugfml +/0/~ N 0f0/- N 40/~ N +[+/+ A 0/0/j- N 0/0/— N 0/0j]— N Of+/- N
Inhibition of de novo purine synthesis Azathioprine (AZ) 73.7 ng/ml 0/0/0 N  0/-[- N 0/0/0 N #f+/+ A 0/0/0 N +/—[+ A 0/ojo N +/—[- N
Mycophenolic acid (MPA)  34.0 pg/ml ++/+ A ND/ND/ +/+/[+ A ND/ND/ 0/0/+ N ND/ND/ 0/0/0 N ND/ND/
ND ND ND "ND
Mizoribine (MZR) 9.6 ug/ml HH— N ++[0 N #f+[~ N +0/+ N #++ A A Hy A [ A
Inhibition of pyrimidine and purine synthesis Methotrexate (MTX) 162.2 ng/mi +/0f+ N +/0[+ A O+ A O+ A 0/0/- N 0/0/- N 0/0/~ N 0/0/— N
Off-label immunosuppressing drugs
Sulfasalazine (SASP) 15.6 pg/ml == N —=[=[- S —/-/- S —]-/- S [~ S ~f-]- S ~/-/- S —|-]- S
Colchicine 5.64 ng/ml 0/0/0 N +[+/+ A O/+/0 N +/+/+ A HO[+ A+ A H0/0 N+ A
Chloroquine (CQ) 555 ng/ml —{—/- S ~[-]- S =/~f0 N —[-|- S 0/0/0 N —/-/- S o/ojo |\ o S
Minocycline (MC) 4.8 ug/ml —/-/- S ~/-/- S —j-/- S —|-]- S 0/0/0 N 0/0/0 N 0/ojo N 0f0/+ N
Nicotinamide (NA) 22.4-26.3 pg/ [+ N [+ A Of+[+ N +/+[+ A —[-] S  —/-]- S —/-|- S —|-[- S
ml —
Non-immunomodulatory drugs
Acetaminophen (AA) 9.4 ng/ml +++ A H[H+ A [+ A [+ A +/0/0 N +[+[+ A +/0/0 N +f+/+ A
Digoxin 2.92 ng/ml -0/~ N —j—|— S 0/0/- N —/-|- S 0/0/0 N +0j0 N 0/0j0 N +0J0 N
Warfarin 685 pg/ml +/+[+ A NDJ/ND/ O/+[+ N ND/ND/ —[0f S ND/ND/ —|-| S NDJND/
ND ND ND 0 ND

— and + mean significant suppression and augmentation by one-way ANOVA followed by a Dunnett’s post hoc test compared with the control group, respectively. 0 means no significant change.

* Means statistical significance by Student’s t test S, A, and N indicate immunosuppression, immunoaugmentation, and no effect in final judgment, respectively.
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Fig. 5. The effects of SASP, CQ, and colchicine on IL-2, IFN-y, IL-1p, or IL-8 reporter activity of reporter cell lines after relevant stimulation, #2H4 cells, THP-G1b cells, or THP-
G8 cells were pretreated with the indicated concentrations of drugs for 1 h and then stimulated with PMA/lo or LPS for 6 h. Luciferase activity was determined by using a
microplate-type luminometer with a muiti-color detection system. Data represent means +/— SD (n=4). x Means statistical significance (p < 0.05). Gray bars indicate the
value for stimulation without drugs. These results are representative of three independent experiments.
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Fig. 6. The effects of warfarin, digoxin, and AA on IL-2, IFN-y, IL-1B, or IL-8 reporter activity of reporter cell lines after relevant stimulation. #2H4 cells, THP-G1b cells, or THP-
G8 cells were pretreated with the indicated concentrations of drugs for 1 h and then stimulated with PMA/lo or LPS for 6 h. Luciferase activity was determined by using a
microplate-type luminometer with a multi-color detection system. Data represent means +/— SD (n=4). » Means statistical significance (p < 0.05). Gray bars indicate the
value for stimulation without drugs. These results are representative of three independent experiments.
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