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Figure 3. Epithelial-mesenchymal transition-like phenotypes as novel prognostic parameters for reduced survival in EMPD. A—C: H&E staining of representative
normal skin (A), CIS (B), and invasive EMPD tumors (C). D~F: Double-immunofluorescence staining for E-cadherin (green) and for N-cadherin (red) shows typical
E-cadherin expression on the surface of normal epidermal keratinocytes (D). In contrast, intraepidermal Paget cells do not express high levels of E-cadherin (E).
Cytoplasmic E-cadherin expression is obvious in invasive EMPD tumors (F, arrowheads). The mesenchymal marker N-cadherin is induced in invasive Paget cells
(F). G-I: Immunohistochemical staining shows vimentin expression in highly invasive Paget cells from patients with advanced disease (1, red) but not in normal
epidermis (G) or CIS (H), suggesting that EMT-like phenotypes correlate with invasive feature of Paget cells. J: Kaplan-Meier survival analyses shows that the

EMT-related markers N-cadherin and vimentin, and cytoplasmic E-cadherin expression are significantly associated with poor survival in EMPD. Scale bars = 50
pm (A-D. Nuclei are stained blue (DAPI or hematoxylin staim).
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Figure 4. EMT-like process induces CXCR4 on A431 epidermoid cells and
enhances their chemotaxis to SDF-1. A—C: CXCR4 expression (B, red) in
invasive Paget cells detected in N-cadherin-positive cells (A, green; C, yel-
low, arrowheads). D: Expression of CXCR4 is considerably increased on the
surface of A431 cells transfected with Snail as compared with mock-trans-
fected A431 cells. Es TGF-B1 further induced expression of CXCR4 on Snail-
but not mock-transfected A431 cells, indicating that EMT-like process pro-
motes CXCR4 induction in vulval epidermoid tumor cell lines, F: Chemotaxis
by TGF-Bl-treated Snail-transfected A431 cells in upper chambers is en-
hanced toward SDF-1 in the bottom chambers as compared with mock-
transfected A431 cells. Neutralization of CXCR4 on A431 cells significantly
inhibited enhanced chemotaxis to SDF-1, suggesting that the CXCR4-SDF-1
axis is necessary to promote motility of A431 cells undergoing EMT-like
process. Data are expressed as means & SD; *P < 0.05 and **P < 0.01.
G: Double immunofluorescence staining shows lymphatic invasion by cyto-
keratin 7-positive Paget cells (red) within tumor-associated lymphatic vessels
(green). H: Multivariable linear regression analysis shows that increased
lymphatic invasion in primary tumors statistically correlates with progression
of nodal status in metastatic EMPD (P = 0.002). Lymphatic invasion was
significantly increased at stages N1 and N2 as compared with NO (P = 0.002
and 0.003, respectively). Scale bars: A—C, 30 um; G, 25 pm.

with invasive EMPD to determine whether active invasion
of lymphatic vessels by Paget cells is induced by EMT-
like features andfor CXCR4 and to predict the subse-
quent incidence of regional LN metastasis. Double-im-
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munofluorescence staining for cytokeratin 7 (expressed
by tumor cells) and for podoplanin identified active inva-
sion of the tumor-associated lymphatic vessels by Paget
cells (Figure 4G). Expression of the EMT-related markers
vimentin and N-cadherin, and of cytoplasmic E-cadherin,
closely correlated with the incidence of lymphatic inva-
sion in primary skin tumors (P = 0.0003, 0.0036, and
0.012, respectively). Furthermore, expression of CXCR4
was strongly associated with the incidence of lymphatic
invasion within the primary sites (P < 0.0001). Importantly,
presence of those EMT-associated markers closely corre-
lated with the expression of CXCR4 by invasive Paget
cells (P < 0.01, respectively), revealing a potential induc-
tion of CXCR4 by EMT-related process in invasive Paget
cells. Moreover, lymphatic invasion by Paget cells was
significantly increased at stages N1 and N2, compared
with NO (P = 0.002 and 0.003, respectively; Figure 4H).
Multivariable linear regression analysis adjusted for age
and gender confirmed a remarkable increase of lym-
phatic invasion throughout N-grade progression (P =
0.002; Figure 4H). Taken together, these results indicate
that EMT-related features actively promote tumor cell
invasion into tumor-associated lymphatic vessels, and
that active lymphatic invasion by Paget cells undergoing
EMT-like process probably promotes the successive pro-
gression of regional LN metastasis, leading to an in-
creased risk for patient survival in EMPD.

Enhanced Nodal Lymphangiogenesis in
Regional L.Ns during Tumor Metastasis

We and others'®2%44 have shown in experimental animal
tumor models that primary tumors can promote meta-
static spread by the induction of lymphangiogenesis
within draining lymph nodes. Therefore, to investigate
whether nodal LECs are involved in human EMPD metas-
tasis, we assessed lymphangiogenesis and the formation
of a pre-metastatic niche within regional LNs. Lym-
phangiogenesis in LNs containing metastatic Paget cells
was obviously induced within the metastases (Figures 5C
and 6, A and B). Surprisingly, lymphatic vessel growth in
regional L.Ns was already induced in patients with inva-
sive EMPD before the tumors had metastasized (Figure
5B), whereas such changes were undetectable in the
regional LNs of patients with CIS (Figure 5A). Quantitative
image analysis of LN sections stained for podoplanin and
von Willebrand factor and logistic regression analysis
confirmed that lymphatic vessel growth within the re-
gional LNs was progressively enhanced throughout the
metastatic process (P < 0.001; Figure 5D). Computer-
assisted morphometric analysis revealed that areas of
lymphatic vessels in the LNs of group N1 and N2 tumors
(n = 19) were significantly more extensive than in the
group with NO (n = 14) tumors (P = 0.022). Taken to-
gether, these results suggest that the activation of tumor-
associated sinusoidal lymphatic vessels is induced be-
fore rnetastasis, and enhanced by metastatic Paget cells
within regional LNs,

Therefore, we investigated whether increased lym-
phatic vessel areas (LVAs) in regional LNs could predict
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Figure 5.Lymphvascular niche within the regional LNs in patients with
EMPD. A~C: Double-immunofiuorescence staining shows enlarged tumor-
associated lymphatic vessels in metastatic regional LNs (C, green). New
lymphatic vessel growth is already induced before tumor metastasis (B,
green). Vasculature in normal LNs visualized using anti-von Willebrand factor
antibody for blood vessels (A, red) and D2-40 for lymphatic vessels (A,
green). D: Progressive lymphatic vessel growth within regional LNs during
metastatic process was confirmed by linear regression analysis (P < 0.001).
Data are expressed as means * SD. E: Subcapsular sinus of nonmetastatic
regional LNs draining EMPD tumor (H&E stain). F: Immunofluorescence
staining shows SDF-1 expression in subcapsular sinus. G-I: Immunofiuores-
cence staining using macrophage marker HAMS6 (H, green) shows that
macrophages within subcapsular sinus (I, yellow) express high levels of
SDF-1 (G, red). J-L: Podoplanin-positive lymphatic sinusoidal cells (X,
green) express SDF-1 in subcapsular sinus (J, red; L, yellow, arrowheads).
Nuclei are stained blue (DAPI stain). Scale bars = 100 (A—C, E, and F) and 50
(G-L) pm,

distant LN metastasis. We found that LVAs in regional
LNs were increased in patients with distant LN metastasis
(LVA without versus with regional LN metastasis; 0.88 +
1.26% versus 3.10 * 3.50%; P = 0.1204), indicating that
lymphatic vessel enhancement in regional LNs could
predict the presence of distant LN metastasis.

We also found that sinusoidal LECs and macrophages
within the subcapsular sinuses of non-metastatic regional
LNs draining EMPD tumors expressed abundant SDF-1
(Figure 5, E~L). Thus, the subcapsular sinuses that com-
prise primary sites of tumor metastasis in the LNs might
form premetastatic niches*>“® by promoting the migra-
tion and retention of CXCR4-positive Paget cells. In fact,
8 of 9 and 6 of 11 patients had bilateral and unilateral
regional LN metastases, respectively, but Paget cells in
primary invasive tumors expressed high levels of CXCR4
in only 2 of 95 patients without regional LN metastases.
Importantly, CXCR4 was expressed within primary sites
in 13 of 15 patients with distant LN metastasis. Indeed,

distant LN metastasis was significantly associated with
CXCR4 expression by invasive Paget cells in primary
tumors, compared with its absence (P < 0.0001).
Therefore, these results suggest that the CXCR4-SDF-1
axis contributes to the increase of distant LN metasta-
sis in EMPD.

Lymphatic Invasion within Regional LNs
Predicts Distant LN and Organ Metastasis

We previously showed in mouse models of experimental
carcinogenesis that LN lymphangiogenesis, which might
be a target for metastatic tumor cells, positively mediates
distant LN and distant organ metastasis.'®2° Therefore,
we examined nodal lymphangiogenesis and metastatic
Paget cells within tumor-associated lymphatic vessels in
the regional LNs of 23 patients with dermal invasion in
primary sites. Routine histology stains revealed meta-
static tumor cell foci within the regional LNs but tumor
cell-lymphatic vessel interactions could not be analyzed
in detail (Figure 6A). Immunofluorescence stains for po-
doplanin and von Willebrand factor demonstrated not
only new lymphatic vessel growth within the regional LNs
(Figure 6B), but also the presence of metastatic Paget
cells within these metastasis-associated lymphatic ves-
sels (Figure 6, C and D).

Therefore, we investigated Paget cell invasiveness to-
ward tumor-associated sinusoidal lymphatic vessels
within regional LNs. We examined the expression of cy-
tokeratin 7 in metastatic Paget cells and in sinusoidal
lymphatic vessels by double-immunofiuorescence stain-
ing (Figure 6, E and F). Lymphatic invasion by Paget cells
within regional LNs significantly correlated with distant
LN metastasis (metastasis in distant LN(s) beyond re-
gional LN(s), n = 12) (P = 0.0472; Figure 6G) and with
visceral organ metastasis (metastasis in visceral organs,
n = 11) (P = 0.0033; Figure 6H). We also found that
distant LN metastasis was a significant prognostic pa-
rameter for reduced overall survival in patients with
EMPD (P = 0.0004; Figure 6H). Taken together, these
findings indicate that lymphatic invasion within regional
LNs promotes distant LN and organ metastasis in pa-
tients with EMPD and leads to a poor outcome.

Discussion

The present study analyzed the largest cohort of patients
with EMPD known to date, and identified novel patho-
mechanisms that promote regional and distant LN me-
tastasis. Tumor lymphangiogenesis was induced not only
in primary tumors, but also in regional LNs draining inva-
sive EMPD tumors. Our results revealed that lymphatic
invasion by metastatic Paget cells in regional LNs indi-
cate a high risk of distant metastasis and of poor survival
for patients with EMPD. Invasion of metastasis-associ-
ated lymphatic vessels by Paget cells within regional LNs
significantly correlated with distant LN and distant organ
metastasis, indicating that active lymphatic invasion in
regional LNs is a novel risk marker for the systemic
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Figure 6. Lymphatic invasion within regional LNs is associated sith distant LN metastasis. As Routine H&E stains of metastatic regional LNs. Normal LN structure
is visible on left side. Metastatic Paget cells occupy right side of LN. Tumor-assoctated nodal lymphangiogenesis was detected by immunofluorescence staining
for podoplanin (B, green), as compared with nonmetastatic regions of LN. C and D: High power magnification of metastatic LNs confirms that metastatic Paget
cells invade podoplanin-positive lymphatic vessels. Blood vessels stained red for von Willebrand factor (B and D). Double-immunofluorescence staining of
metastatic regional LNs for cytokeratin 7 (red) and for podoplanin (green) with poor (F) or successful (E) clinical outcome, Metastatic Paget cells were identified
in regional LNs using anti-cytokeratin 7 antibody, whereas these Paget cells did not invade tumor-associated podoplanin-positive lymphatic vessels (E). In contrast,
highly aggressive Paget cells invaded adjacent lymphatic vessels (8, likely enabling them to further metastasize beyond regional LNs. Nuclei are stained blue
(DAPI stain). Scale bars = 100 (A, B, E, and ) and 50 (C and D) mm, G: Lymphatic invasion scores within regional LNs are significantly increased in patients
with distant LN (MLN; 2 = 12) or visceral organ (MVO; 1 = 11) metastasis compared with those without metastasis (P = 0.047 and P = 0.003, respectively). Data
are expressed as means * SD. H: Distant LN metastasis/MLN is significantly associated with reduced patient survival (Kaplan-Meier survival analyses; P = 0.0004).
MLN, metastasis in distant LN(s) beyond regional LN(s); MVO, metastasis in visceral organs (lung, liver, bone).
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spread of EMPD. Thus, we discovered that nodal lym-
phangiogenesis, which is a crucial target for metastatic
tumor cells, plays a significant role in augmenting the
metastatic spread of tumors in cancer patients. More-
over, we very recently identified that intrametastatic lym-
phatic invasion occurs also in human mammary carci-
noma metastasis (manuscript in preparation).

We found that tumor lymphangiogenesis in EMPD was
induced during successive stages of tumor progression.
Both tumor and inflammatory cells including macro-
phages produced abundant VEGF-A or VEGF-C*?, which
led to enhanced tumor lymphangiogenesis in EMPD.
Other studies have found that VEGF-A overexpression in
the skin promotes lymphangiogenesis as well as angio-
genesis. #1448 The characteristic inflammatory reaction
associated with EMPD might thus contribute to more
pronounced lymphangiogenesis and angiogenesis in
these compared with other types of skin tumors such
as those of Bowen'’s disease and malignant melanoma
in situ.

We found that primary tumors in patients with distant
organ metastasis and poor survival exhibited EMT-like
phenotypes, which facilitated invasion by malignant
Paget cells. We found that the EMT-related markers N-
cadherin and vimentin could serve as novel prognostic
markers of reduced survival among patients with EMPD.
The EMT-like features of Paget cells were closely asso-
ciated with lymphatic invasion in primary tumors. Since
no cell fine of Paget cell origin has been established thus
far, we investigated the A431 cell line, a genital epider-
moid tumor cell line.*® Our in vitro observations revealed
that A431 cells transfected with Snail expressed in-
creased amounts of CXCR4 and that chemotaxis to its
ligand SDF-1 was enhanced. These results are in accor-
dance with a recent study identifying the induction of
CXCR4 by oral squamous cell carcinoma cell lines un-
dergoing EMT.5® Furthermore, our present study re-
vealed that tumor-associated LECs abundantly express
SDF-1, an inducible chemokine, indicating a crucial role
for the CXCR4-SDF-1 axis in tumor cell invasion of the
lymphatic endothelium. Overall, our results suggest that
EMT-like process contributes to the induction of lym-
phatic invasion within primary sites, and thus to the fur-
ther development of regional LN metastasis in EMPD.

We also found that the CXCR4-SDF-1 axis might pro-
mote lymphatic invasion by Paget cells in primary tumors,
as well as the induction and maintenance of premeta-

. static lymphvascular niches in the regional LNs of EMPD
patients. Invasive Paget cells expressed CXCR4,
whereas LECs associated with tumors expressed high
levels of SDF-1 and LECs of lymphatic vessels in hormal
skin did not. Our previous lineage-specific gene profile
revealed that LECs can potently produce SDF-1 as com-
pared with blood vascular endothelial cells.*® The
present study confirmed that cultured LECs secrete in-
creased levels of SDF-1 as well as CCL21, a chemokine
that is constitutively produced by the lymphatic endothe-
lium.®' Therefore, the CXCR4-SDF-1 axis might play a
pivotal role in promoting the chemoattraction of tumor-
associated SDF-1-secreting LECs toward CXCR4-posi-
tive Paget cells and their subsequent lymphatic invasion.

These results are in agreement with the recent discovery
that lymphatic invasion by cutaneous malignant mela-
noma cells promotes sentinel LN metastasis and reduces
patient survival 5254

Our results also suggest that lymphatic invasion within
primary tumors requires the functional activation of both
tumor cells and LECs. Indeed, neuropilin-2 expression
was induced by tumor-associated LECs in an experimen-
tal mouse model,®® and neuropilin-2 was identified as a
therapeutic target for the prevention of LN metastasis.
Our present study confirmed that neuropilin-2 is induced
in subpopulation of tumor-associated LECs within the
primary site in EMPD. Furthermore, a novel gene profile
has recently provided a specific gene expression pattern
of tumor-associated LECs induced by VEGF-C in a
mouse syngeneic tumor model.®® Moreover, we and oth-
ers”*0 have generated vascular lineage-specific gene
profiles of cultured human LECs that express high levels
of SDF-1 transcripts, as- compared with mRNA levels in
blood vascular endothelial cells. Therefore, functional
analyses of tumor-associated LECs might reveal addi-
tional targets for the prevention of lymphatic cancer
metastasis.

We found that the subcapsular sinuses of regional LNs
serve as a major source of SDF-1, which is probably
required for the formation of a premetastatic niche since
invasive Paget cells up-regulate CXCR4 expression that
promotes efficient migration toward lymphatic vessels
and metastasis to LNs. Whereas SDF-1 production by
LNs has been identified in isolated human LN-derived
mesenchymal cells,?®57 the present findings reveal that
both sinusoidal lymphatic endothelium and LN-resident
macrophages represent a potent source of SDF-1. Fur-
thermore, parenchymal invasion by tumor cells may be-
gin with a specific contact to sinusoidal LECs in LNs.
Therefore, CXCR4-positive Paget cells and SDF-1-ex-
pressing sinusoidal LECs likely promote the formation of
tumor metastasis in regional LNs, although sinusoidal
LECs may be fewer in number as compared with resident
macrophages. Moreover, we found significant induction
of new lymphatic vessel growth within regional LNs be-
fore tumor arrival in EMPD. These novel findings within
LNs indicate that metastatic foci modulate structural and
functional changes that encourage the formation of lym-
phvascular niches for the preferential initiation and pro-
gression of LN metastasis in patients with EMPD.

Stephan Paget proposed the “seed-and-soil" hypoth-
esis over a century ago, indicating that inherent organ-
specific characteristics are responsible for the preferen-
tial metastasis of distinct tumors to organs.®® The present
study found that CXCR4-positive Paget cells (“seed”) can
actively induce a SDF-1-rich tumor microenvironment, as
well as lymphatic vessel growth in primary tumors and in
draining LNs (“soil”) to promote their metastatic spread.
The molecular mechanisms that promote interactions be-
tween metastatic tumor cells and activated, tumor-asso-
ciated lymphatic endothelium in primary tumors and
draining LNs should be investigated in more detail for the
prevention and treatment of human cancers.
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The Relationship between the Appearance of the Characteristic Skin Eruption and HHV-6
Reactivation in Drug-induced Hypersensitivity Syndrome (DIHS)

Hidenori Okazaki, Mikiko Tohyama, Shinji Murakami, Manami Ishikawa,
Naoki Satoh, Saori Mivawaki, Ken Shiraishi and Koji Hashimoto
Department of Dermatology, Ehime University Graduate School of Medicine

(Received February 12, 2009; accepted for publication April 2, 2009)

We studied the relationship between the appearance of the characteristic skin eruption and HHV-6 reac-
tivation in DIHS. Six patients with DIHS, who were treated in Ehime University Hospital from 2001 to 2007,
exhibiteded the characteristic skin eruption pattern that included erythema and edema in the face and pe-
rioral red papules, pustules, vesicles and scales, HHV-6 reactivation was observed in all six patients. The exact
date of HHV-6 reactivation was confirmed by quantitative real-time polymerase chain reaction assay of serial
serum or whote blood samples. In all DIHS six patients, the characteristic skin eruptions in the face always
preceded HHV-6 reactivation. This is the first time that this characteristic sequential response has been eluci-
dated,

(Jpn ] Dermatol 119: 2187~2193, 2009)

Key words: drug-induced hypersensitivity syndrome (DIHS), facial characteristic skin eruption,
HHV-6 reactivation
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Successful Treatment of Severe Intractable Pemphigus Vulgaris with
High-dose Intravenous Immunoglobulin

Manami ISHIKAWA, Yuji SHIRAKATA, Shinji MURAKAMI, Mikiko TOHYAMA,
Keiko TANIMOTO, Yukari URABE, Naoki SATO, Saori MIYAWAK]T,
Hidenori OKAZAKI, Satoshi HIRAKAWA, Sho TOKUMARU, Yasushi HANAKAWA,
Koji SAYAMA and Koji HASHIMOTO

Department of Dermatology, Ehime University Graduate School of Medicine
Toon 791-0295, Japan (Director : Prof. K. Hashimoto)

We report a case of a 46-year-old Japanese female with severe pemphigus vulgaris successfully treated with high-dose
intravenous immunoglobulin.  Oral high-dose corticosteroids and double-filtration plasmapheresis (DFPP) was unsuccessful in
suppressing her disease activity. Addition of cyclosporine and DFPP, immediately followed by pulse therapy with
intravenous (IV) methylprednisolone (1,000 mg/day for 3 days), was only partially successful. We decided to use intravenous
immunoglobulin (IVIG; 400 mg/kg/day for 5 days). After IVIG therapy, erosions began to heal rapidly, and the bullae
completely disappeared, along with a decrease in anti-Dsg3 antibody titer.
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Repeated episodes of fixed eruption 3 months after discontinuing
pegylated interferon-a-2b plus ribavirin combination therapy in a
patient with chronic hepatitis C virus infection
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Summary

We report a 73-year-old man who developed repeated episodes of erythematous,
bullous plagues beginning 3 months after discontinuation of combination treatment
with pegylated interferon (IFN)-0-2b and ribavirin for hepatitis C virus infection. The
first episode resolved within a week without treatment, but the lesions recurred about
once a month and were associated with high fever. Physical examination found darkly
reddish, pigeon-egg-sized erythematous plaques with occasional flaccid blisters,
predominantly on the trunk and proximal limbs, lip and penis. Histological
examination showed well-demarcated foci of full-thickness epidermal necrosis and
exocytosis of lymphoid cells, Pegylated IFN-a2b and ribavirin produced no response in
lymphocyte stimulation tests. Systemic prednisolone led to rapid healing of skin lesions
at the time of the fifth episode, leaving pigmented macules, but lesions recurred at the
same sites within weeks of discontinuation of this treatment. It is uncertain whether
this case represented a prolonged drug rash provoked by pegylated IFN-02b or a fixed

eruption in response to another antigen.

A combination of pegylated interferon IFN-02b and
ribavirin is currently recommended for the treatment of
chronic hepatitis C virus (HCV) infection, because it
yields a better therapeutic response than either drug as
monotherapy.! However, a high prevalence of adverse
skin reactions to this combination, including eczema,
prurigo, lichenoid eruption, maculopapular rash, injec-
tion-site reactions, and worsening of psoriasis, has been
reported.”> Some cases have shown a delay between
implementation of this treatment and the occurrence of
adverse skin reactions.* We report a patient with
repeated episodes of fixed eruption 3 months after
discontinuing this combination treatment.
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Report

A 73-year-old man presented with a fever and multiple
pruritic bullous—erythematous plaques on the trunk and
proximal limbs. The patient had a history of HCV
infection, and had been receiving amulodipine besilate,
doxazosin mesilate, clonidine hydrochloride and
ursodesoxycholic acid for several years. Combination
treatment with pegylated IFN-02b and ribavirin for the
HCV infection was started in February 2006, but this
was discontinued on July 25, 2006, because of
worsening transaminase levels. Injection sites were
limited to both upper arms, and appreciable injection-
site reactions, consisting of redness and swelling with
pruritus, were noted during the treatment. In mid
October 2006, round pruritic erythematous plaques
initially developed on the bilateral femoral areas, distant
from injection sits, without further medication or
supplements. The skin lesions resolved within a week.
These episodes recurred about once every month. The
quantity of HCV RNA significantly increased just before
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