deposition was revealed in the enamel of Col17 ™/~ inci-
sors from their whitish color and scanning electron mi-
croscopy-EDX findings. Iron deposition is known to occur
according to the maturation of enamel matrix and miner-
alization. Thus, reduced iron deposition in the Col17~/~
mouse incisors suggests defects in enamel maturation
andfor mineralization. These results clearly indicate that
tooth malformation {amelogenesis imperfecta) in Col17 /=
mice and probably in COL177-deficient nH-JEB patients is
caused by aberrant differentiation of ameloblasts. These
abnormal ameloblasts lacked Tomes' processes and se-
creted reduced amounts of enamel matrix irregularly,
resulting in disturbed enamel matrix, irregular enameliza-
tion and calcification (Figure 7).

We ultrastructurally examined teeth from an adult pa-
tient with nH-JEB due to COL17 deficiency using scan-
ning electron microscopy. Enamel rods were malformed
and the enamel rod inclination was irregularly oriented
and disrupted in the enamel layer of the patient’s teeth
(data not shown). These abnormalities are most likely a
consequence of a lack of COL17 causing aberrant
ameloblast differentiation, similar to the Col77 '~ mice,
although we cannot completely exclude the possibility
that the morphological changes in the nH-JEB patient’s
teeth were non-specific abnormalities caused by second-
ary bacterial infection, etc.

It is reported that heterozygous carriers of glycine
substitutions in COL77A7 show dental abnormalities,”2°
although such dominant negative mutations in COL77A1
fail to manifest with a blistering skin phenotype.®® [t is
considered that abnormal dentition in the heterozygous
carriers is a direct result of dominantly inherited glycine
substitutions in COL717A1 with dominant interference be-
tween the wild-type and mutant protein causing amelo-
blast dysfunction and disruption of enamel deposition.?°
In addition, dental abnormalities were seen both in indi-
viduals heterozygous for a COL77A1 nonsense mutation
p.Arg1226X2" and in heterozygous carriers of a COL17A1
deletion mutation ¢.823delA.” By contrast, in the present
study, Col17 */~ mice showed no apparent tooth abnor-
mality, probably because the critically disruptive Col17
allele carried by the mice had no dominant negative
effect against wild-type COL17 protein.

Ameloblasts cultured without interaction with mesen-
chymal tissue cannot differentiate sufficiently to form co-
lumnar epithelium.?® Such insufficiently differentiated
ameloblasts express tuftelin, but not other enamel pro-
teins, including amelogenin and ameloblastin.

Ameloblasts in Col17 '~ mice express tuftelin to an
extent similar to that of Col17*/* mice, Col17 /= amelo-
blasts express reduced amounts of amelogenin and
ameloblastin. Tuftelin is known to be expressed by epi-
thelial cells at a very early stage (the pre-secretory
ameloblast stage) of odontogenesis,?*2* although other
major enamel proteins are expressed at the secretory
stage.?® Thus, the results of the present enamel protein
expression study further support the idea that ameloblast
differentiation from the pre-secretory stage to the secre-
tory stage is disturbed in Col17 =/~ mice.

fn the Col77 '~ mice, ameloblast differentiation was
retarded, resulting in malformation of Tomes' processes.
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The present results in Col77 ™'~ mice clearly demon-
strated that COL 17, a component of the hemidesmosome
involved in basement membrane adhesion, also regulates
differentiation of odontogenic epithelial cells in ameloblasts
and plays and essential role in enamelization.

Laminin 332 is known to be an important component of
hemidesmosomes and another causative molecule un-
derlying the JEB phenotype. Remarkable abnormalities,
including disturbance of ameloblast differentiation and
reduced enamel deposition, have also been reported in
the incisors of laminin 332-disrupted mice.? These facts
further support the idea that interactions between amelo-
blasts and mesenchymal tissue via hemidesmosomes
are crucial for ameloblast differentiation and func-
tion.?$27 Ultrastructural changes of Tomes' processes
were not described in laminin 332-disrupted LAMA3 ™/~
mice. However, the reduced size of secretory amelo-
blasts reported in LAMAS™/~ mice suggest absence or
hypoplasia of Tomes' processes in LAMA3 ™/~ mice, sim-
ilar to that observed in Col17 '~ mice. During the matu-
ration stage, tissue organization was completely dis-
rupted in the enamel epithetium of LAMAS ™/~ mice,® but
not of Col17 '~ mice. These findings suggest that a lack
of COL17 and a lack of laminin 332 have similar negative
effects on ameloblast differentiation and enamel forma-
tion, although laminin 332 deficiency appears to have
more severe disruptive effects on enamel epithelium,
compared with COL17 deficiency.

Our results show that disruption of the Col17 gene
leads to abnormal interaction between enamel epithelium
and the underlying mesenchyme via the EMJ, resuilting in
defective ameloblast differentiation. Consequently, the
Col177/= mice exhibit ameloblasts with malformed
Tomes’ processes and the secretion of enamel matrix
was diminished at the secretary stage. At the maturation
stage, the Col177 ™/~ mice show delayed calcification and
reduced iron deposition in the enamel. We consider that
these mechanisms contribute to the immature and irregular
enamel formation seen in Col17/~ mice. In conclusion,
epithelial-mesenchymal interactions via the EMJ are impor-
tant for tooth morphogenesis, and hemidesmosome
components are thought to regulate the proliferation
and differentiation of tooth forming cells including
ameloblasts.
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chemical-induced carcinogenesis model was chosen in the present
study. DMBA and TPA enabled us to produce papillomas within 1-2
months. Furthermore, the number of chemical-induced papillomas
was much more than that induced by UVB. Immunohistochemical
analyses of skin papillomas using anti-PCNA, -p53, -involucrin, and
-keratin antibody, revealed no difference between the chemical-
and UVB-induced papillomas (data not shown). Thus the DMBA-
TPA-induced mouse skin tumor model was useful to examine the
effect of PDT.

In conclusion, EC036-PDT using 670 nm diode laser showed
potent anti-tumor effects in DMBA and TPA-induced mouse skin
tumor model. EC036-PDT might be more useful than ATX-S10(Na)-
PDT for the treatment of skin tumors.

References

[1] Kurwa HA, Barlow RJ. The role of photodynamic therapy in dermatology. Clin
Exp Dermatol 1999;24:143-8.

[2] Morton CA, Brown SB, Collins S, Ibbotson S, Jenkinson H, Kurwa H, et al.
Guideline for topical photodynamic therapy: report of a workshop of the British
Photodermatology Group. Br | Dermatol 2002;143:552-67.

[3] Ormrod D, Javis B. Topical aminolevulinic acid HCl photodynamic therapy. Am J
Clin Dermatol 2000;1:133-9.

[4] Tajiri H, Yokoyama K, Boku N, Ohtsu A, Fujii T, Yoshida S, et al. Fluorescent
diagnosis of experimental gastric cancer using a tumor-localizing photosensi-
tizer. Cancer Lett 1997;111:215-20.

{5] Nakajima S, Sakata I, Hirano T, Takemura T. Therapeutic effect of interstitial
photodynamic therapy using ATX-S10(Na) and a diode laser on radio-resistant
SCC 1 tumors of C3H/He mice. Anticancer Drugs 1998;9:539-43.

[6] Takahashi H, Itoh Y, Nakajima S, Sakata I, lizuka H. A novel ATX-S10(Na)
photodynamic therapy for human skin tumors and benign hyperproliferative
skin. Photodermatol Photoimmunol Photomed 2004;20:257-65.

[7] Takahashi H, Nakajima S, Sakata I, Ishida-Yamamoto A, lizuka H. Photodynamic
therapy using a novel photosensitizer, ATX-S10(Na): comparative effect with 5~
aminolevulinic acid on squamous cell carcinoma cell line, SCC15, ultraviolet B-
induced skin tumors, and phorbol ester-induced hyperproliferative skin. Arch
Dermatol Res 2005;296:496-502.
Wolf P, Rieger E, Kerl H. Topical photodynamic therapy with endogenous
porphyrin after application of 5-aminolevulinic acid: an alternative treatment
modality for solar keratosis, superficial squamous cell carcinoma, and basal cell
carcinoma? J] Am Acad Dermatol 1993;28:17-21.
Fijian S, Honigsmann H, Ortel B. Photodynamic therapy of epithelial skin tumors
using delta-aminolevulinic acid and desferrioxamine. Br ] Dermatol
1995;133:282-8.
[10] Calzavara-Pinton PG. Repetitive photodynamic therapy with topical p-amino-
levulinic acid as an appropriate approach to the routine treatment of superficial
non-melanoma skin tumors. J Photochem Photobiol B 1995;29:53-7.

[8

[9

Hidetoshi Takahashi®*, Susumu NakajimaP, Ryuji Asano®,
Yoshinori Nakae®, Isao Sakata®, Hajime lizuka?

aDepartment of Dermatology, Asahikawa Medical College, 2-1-1-1
Midorigackahigashi, Asahikawa 078-8510, japan

bMoriyama Memorial Hospital, Japan

“Photochemical Co. Ltd., 5319-1 Haga, Okayama 701-1221, Japan

*Corresponding author. Tel.: +81 166682523
E-mail address: ht@asahikawa-med.ac.jp
(H. Takahashi)

16 December 2008

doi:10.1016/j,jdermsci.2009.03.008

Letter to the Editor

Higher density of label-retaining cells in gingival epithelium

ARTICLE INFO
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Keratinocyte; Oral mucosa; Regeneration;
Slow cycling cell; Stem cell

Epithelial sheets made of cultured oral mucosal epithelial cells
have been used to treat various epithelial defects {1]. These
epithelial sheets are derived from oral epithelial stem cells
exhibiting high proliferation potential. In the skin, research into
the keratinocyte stem cell niche has advanced remarkably.
However, the oral mucosal stem cell niche is less well understood.
Thus, we investigated the density of label-retaining cells (LRC) in
different areas of oral mucosa to elucidate the localization of oral
mucosal stem cells.

Several markers for stem cells have been reported [2]. However,
no definite immunohistochemical oral mucosal stem cell marker
has yet been established. Stem cells are very slow cycling cells and
retain 5-bromo-2’-deoxyuridine (BrdU) label in the nucleus over
several weeks [3-5]. Thus, stem cells can be detected as label-
retaining cells by BrdU pulse-chase experiments.

We performed BrdU pulse-chase experiments in C57BL/6] mice
as previously described [5,6]. For BrdU incorporation studies, the
mice (n=40) at 4 weeks of age were given sterile phosphate-
buffered saline (PBS) containing BrdU (Roche applied science,
Mannheim, Germany) at 0.8 mg/ml. The mice were maintained
with PBS drinking fluids containing BrdU for 10 days. Subse-

quently, the mice were transferred to normal drinking water and
five mice were sacrificed every 5 days from 20 days after
withdrawal of BrdU-labeling to examine the disappearance of
BrdU-labeled cells. Frozen sections were made from the oral
mucosal tissue of each mouse and BrdU-positive cells were
detected by immunofluorescent stain using anti-BrdU antibody
(BrdU Labeling and Detection Kit 1, Roche applied science,
Mannheim, Germany).

We studied the slow cycling cells using a label retaining
technique in six oral areas; dorsum linguae, inferior surface of the
tongue, buccal mucosa, palate, gingiva and alveolar mucosa
(Fig. 1). In the areas, the rates of LRC expressed as a percentage
of the basal layer oral keratinocytes were examined. On day 1, the
next day after the last day of BrdU treatment, the rates of LRCs
compared to all basal cells were almost 100% in all areas. The rates
of all the areas decreased rapidly and became 10% or less by day 20.
In previous studies by Bickenbach and Chism [4] and by Ando et al.
[5], LRCs were investigated on day 30 and on day 45, respectively.
In addition, after 35 days chasse period, the rate of LRCs of each site
seems to reach a plateau (Fig. 2). Thus, we considered that only
BrdU-positive cells present after day 35 were LRCs in the present
experiments. We performed statistical analysis of LRC rates at day
35 and at day 45.

The rates of BrdU-labeled cells in keratinized regions like the
gingiva and the palate were higher than that of other non-keratinized
areas from day 20 to day 30 (Fig. 2). These results might reflect a
difference in the turnover rates because non-keratinized epithelium
has a greater turnover rate than keratinized epithelium [7].

Our study showed that, in thick epithelia forming epithelial
ridges, LRCs were seen at the bottom of epithelial ridges (Fig. 1). In
contrast, in thin epithelia without epithelial ridges, LRCs were
located randomly throughout the basal layer cells.
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Fig. 1. Localization of label-retaining cells (LRC) in specific regions of oral mucosa. (A) Morphology of each part of oral mucosa (hematoxylin and eosin stain). The epithelium
with epithelial ridges was seen in dorsum linguae (a), inferior surface of tongue (b), buccal mucosa (c), and gingiva (e), although the epithelium in palate (d) and alveolar
mucosa (f) showed only small epithelial ridges. (B) Immunofluorescent localization of LRCs (arrows) in each part of the oral mucosa at day 50. LRCs were restricted to the basal
layer in all the regions. In epithelia with epithelial ridges (panel B-a-c, e), LRCs were seen at the bottom of epithelial ridges. (a) Dorsum linguae, (b) inferior surface of tongue,
(c) buccal mucosa, (d) palate, (e) gingival, (f) alveolar mucosa. BrdU labeling, fluorescein isothiocyanate (green); nuclear stain, propidium idodide (red). White dotted line, the
basement membrane zone. Bars, 50 pm.
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Fig. 2. LRC counts in the oral mucosal epithelium. (A) The rates of BrdU-positive cells to total basal layer keratinocyte numbers from day 20 to day 50. BrdU-positive cells at
day 35 and later were considered to be LRCs, the rates of LRCs in the gingiva were significantly higher than those of the other parts in the oral mucosa. (B) Rates of LRCs in each
part of oral mucosa at day 35. The rate of LRCs in the gingiva were significantly higher than that in the other parts of the oral mucosa (*P < 0.05; **P < 0.01). (C)Rates of LRCs in
each part of oral mucosa at day 45. As well as day 35, the rate of LRCs in the gingiva were significantly higher (*P < 0.05).
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Interestingly, after day 35, the rates of LRCs in the gingiva
were remarkably higher than in the other oral mucosa areas
(Fig. 2). At day 35, the rates of LRCs to basal cells were as follows;
dorsum linguae, 1.45%; inferior surface of tongue, 1.63%; buccal
mucosa, 1.80%; palate, 2.23%; gingival, 4.28%; alveolar mucosa,
2.09%. The existence of LRCs provides no direct indication that
such cells are functioning as a subpopulation of stem cells [3].
However, it was thought that the high rates of LRCs in the gingival
might reflect a high density of slow-cycling cells, suggesting that
there might be a relatively larger number of stem cells in gingival
epithelium,

The oral mucosa epithelium comprises stratified squamous
epithelium, which may be keratinized or non-keratinized,
depending on the region of the oral cavity [1]. The palatal and
gingival mucosae are categorized as a masticatory mucosa and
their epithelial layer is thick and keratinized or para-Kkeratinized to
withstand biting and masticatory stress. The inferior surface of the
tongue, buccal mucosa and alveolar mucosa are categorized as a
lining mucosa. Their epithelial layers are mostly non-Kkeratinized.
The dorsum linguae are classified as a specialized mucosa with
several kinds of lingual papillas and their epithelial layers
including the filiform papillae show keratinization. The structure
of each oral mucosal region in mice was similar to that of the
corresponding part in humans.

Examination of hamster palatal papillae showed that the
majority of label-retaining cells were located in the deepest part of
the epithelial ridges [8]. In this report, any part of oral mucosa
epithelium with prominent epithelial ridges had LRCs specifically
at the bottom of the ridges without forming a cluster.

The keratinized oral gingival epithelium provides effective
protection for underlying tissue against mechanical trauma and
dental bacterial invasion. The non-keratinized junctional epithelia
with high turnover rates have a basic attachment function to the
tooth and form an effective barrier to bacterial penetration [9]. To
maintain intact gingiva at the forefront of defense mechanism, a
higher density of stem cells might be necessary in the gingival
epithelium.

During oral reconstructive surgery, selection of a donor site for
mucosal epithelial cell collection is an important agenda. To obtain
an epithelial sheet, 15 cm? in size, a 4-8 mm? mucosal resection is
needed [10]. The buccal mucosa has been thought to be an
appropriate donor site. Probably collection of the gingival
epithelium in surgical procedures such as wisdom tooth extraction
and periodontal surgery is a relatively easy way to collect sufficient
oral mucosal stem cells. The present results suggest that the
gingival epithelium might be a preferable source for collection of
oral mucosal epithelial cells for oral mucosal reconstruction
treatment.
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Letter to the editor

Inhibition of protein kinase CK2 induces E2F1 nuclear export,
formation of p21/E2F1 complexes and suppression of DNA
synthesis in normal human epidermal keratinocytes

Protein kinase CK2 (formerly termed “casein kinase I1I”) is an
extremely conserved Ser/Thr kinase, which is ubiquitously
distributed in eukaryotic cells. CK2 is quite unique enzyme,
strongly distinguished from others protein kinases by particularly
two properties—high constitutive activity and lack of an acute
mechanism/s of regulation. The extreme pleiotropy (with list of
over 300 substrates) is another of its characteristic [1]. Despite of
the gaps in understanding of precise molecular mechanisms the

importance of CK2 in the context of signal transduction, gene
expression and respectively in the cell regulation, including the
maintenance of cell cycle is incontestable,

To gain information about CK2 role in the signal transduction
control of keratinocyte cell cycle, we investigated its involvement
in the regulation of a crucial transcriptional factors c-Myc and E2F1
by taking advantage of CK2 very selective cell-permeant inhibitor
4, 5, 6, 7-tetrabromobenzotriazole (TBB) {Calbiochem, Darmstadt,
Germany).

E2F1 is one of the eight different (E2F1 through -8) members of
E2F family of transcription factors, which is essential for cell cycle
progression, since it initiates transcription of the genes required for
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Usefulness of real-time tissue elastography for detecting
lymph-node metastases in squamous cell carcinoma
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Summary

We report a case of invasive SCC arising from multiple lesions of Bowen's disease with
right inguinal lymph-node metastasis. Assessment of superficial lymph-node
involvement by real-time tissue elastography before surgery was found to be more
useful than other noninvasive conventional methods. Histologically, the metastatic
tumour cells were located asymmetrically in a small section of the cortical area of the
right node, and this result was comparable with the elastographic findings.
Additionally, we found that the presence of an asymmetrical cortical area with high
elasticity should be included in the determination of metastatic involvement in small
lymph nodes. It has high predictive values in the differentiation of benign and
malignant superficial lymph nodes in patients with clinically node-negative skin
cancer. More cases are needed to validate this efficiency in differentiating benign from
malignant lymph-node status, but if confirmed, it may have an important role in the
diagnosis of high-risk cutaneous squamous cell carcinoma.

Assessment of superficial lymph-node involvement in
patients with cutaneous malignancies before surgery is
often difficult. In the inguinal lymph node particularly,
swelling from secondary inflammation is often seen in
carcinoma arising from the leg. It would be beneficial if
differentiation between reactive and metastatic lymph
nodes could be made through noninvasive methods. We
report the novel use of real-time tissue elastography for
the assessment of lymph-node involvement in a patient
with invasive squamous cell carcinoma (SCC), and
discuss the potential advantages of this technology over
other diagnostic techniques.

Report

An 80-year-old Japanese woman presented with a 15-
year history of an asymptomatic keratotic plaque on her
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right lower leg. The lesion had been gradually enlarg-
ing, and new small lesions had been arising on her right
dorsal foot, thigh and left leg over several months. There
was no history of immunosuppression, arsenic exposure
or internal malignancy.

On physical examination, a large, red to dark-brown,
keratotic plaque measuring 100 mm in diameter was
seen on the right pretibial site of the lower leg, with
similar multiple small scaly plaques, up to 20 mm in
diameter, on both legs (Fig. 1a). The central area of the
plaque in the main lesion was markedly raised, with
thickened scales and crusting (Fig. 1b). Although there
was regional lymphadenopathy in both groins, the
clinical appearance suggested secondary inflammation
from the regional area, because the nodes felt soft and flat.

A punch biopsy was taken from the large plaque on
the right lower leg. The initial histological examination
found an intraepidermal neoplasm of atypical keratino-
cytes characterized by dyskeratotic and mitotic cells.
There was no evidence of dermal invasion by tumour
cells, indicating a diagnosis of Bowen's disease. Addi-
tionally, no evidence of metastasis was found in a
computed tomography scan of the whole body including
regional lymph nodes at the time of presentation.

© 2009 The Author(s)
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Figure 1 (a) Large, red to dark-brown
keratotic plaque measuring 100 mm in
diameter on the right pretibial area, with
similar multiple small scaly plaques, up to
20 mm in diameter, on both legs; (b) the
central area of the lesion on the right
pretibial area was markedly raised by
thickened scale and crust.

Figure 2 (a-c) Right inguinal lymph node visualized by (a) elastography, showing asymmetrical areas of high elasticity appearing as deep
blue in the cortical area (arrows); (b) B-mode sonography; and (c) power Doppler sonography, showing presence of peripheral flow. (d,e)
Left inguinal lymph node visualized by (d) elastography, showing several small areas of high elasticity appearing as blue; (e) B-mode
sonography; (f) power Doppler sonography, showing weak central hilar and perihilar flow. FA, femoral artery; FV, femoral vein; LN, lymph
node.

© 2008 The Author(s)
Journal compilation © 2009 British Association of Dermatologists ¢ Clinical and Experimental Dermatology, 34, €744-e747 e745
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Figure 3 (a) Metastatic area located in a small section of the cortical area, with (b) replacement of the fatty tissue in the centre of the node.
(c) Keratinizing squamous differentiation and cell atypia. Haematoxylin and eosin, original magnification (b) x 100 (c) x 200.

The patient underwent ultrasonography (US) exam-
ination with a digital sonography scanner (HI VISION
900; Hitachi Medical Corp., Tokyo, Japan) equipped
with real-time tissue elastography software (Hitachi
Medical). Presence of peripheral flow was seen on
Doppler US and an asymmetrical cortical area with high
elasticity (appearing as deep blue) on the real-time
tissue elastography scan (Fig. 2a~c). These findings
were detected only for the right and not the left inguinal
lymph node (Fig. 2d-f).

The lesion was excised widely including the under-
lying fascia and a bilateral inguinal lymph-node
biopsy was taken. The surgical specimen showed
neoplastic proliferation of differentiated - squamous
tumour cells with dyskeratotic and atypical keratino-
cytes throughout the epidermis and into the dermis.
The nuclei of the atypical cells were large, pleomor-
phic and hyperchromatic, with aberrant mitotic
nuclei. Invasion of tumour cells into the dermis was
seen only in the centre of the lesion. Histological
examination of the inguinal lymph-node biopsies
confirmed the presence of metastatic tumour cells

e746

located asymmetrically in a small section of the
cortical area in the right node only (Fig. 3). The left
inguinal node was histopathologically confirmed as
reactive enlargement.

The final diagnosis of invasive SCC arising from
multiple Bowen’s disease with right inguinal lymph-
node metastasis was made. Because of the right inguinal
lymph-node involvement, lymph-node dissection was
added to the treatment. The patient was free of
disease 4 months after surgery with no recurrence or
metastasis.

The development of easy and objective noninvasive
methods for the assessment of superficial lymph-node
metastasis from ‘cutaneous malignancies would be
beneficial in cancer treatment. In evaluating lymph-
node metastases, US has several advantages over other
conventional imaging methods such as computed
tomography, magnetic resonance imaging, scintigraphy
and positron emission tomography.'™ The characteris-
tic findings for lymph-node metastasis are a low
longitudinal and transverse axis ratio (indicating that
the shape of the node is round), absence of echogenic

© 2009 The Author(s)
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hilum, asymmetrical cortical thickening on usual
B-mode US scans, and presence of peripheral flow on
Doppler US.' However none of these findings is sufficient
to replace histopathological examination.

Elasticity is one of the differentiating criteria for
metastatic and reactive lymph nodes.* In accordance
with the hypothesis that solid tumour cells differ in their
consistency from adjacent normal tissue,” real-time
elastography is a new technology for measuring tissue
elasticity, using US.® It visualizes the differences in
tissue strain produced by freehand compression, with
tissue appearing on the elastogram as red, yellow, green
and blue in ascending order of tissue hardness.
Diagnostic use of tissue elastography in breast cancer,”
thyroid tumour,® and lymph-node enlargement in head
and neck cancers’ has already been reported, but to our
knowledge, there has been no previous report of
diagnostic evaluation of lymph nodes in cases of
cutaneous SCC.

According to the previous literature, elastographic
patterns are determined by the distribution and per-
centage of the lymph-node area, with increased tissue
hardness appearing as blue areas.’ The elastographic
pattern of our patient shows the blue area correspond-
ing to a reactive node, consistent with this evaluation
system (blue area < 45%). The metastatic area was
located in a small section of the cortical area and the
loss of fatty tissue was seen in the centre of the node,
therefore, the lymph node presented as a flattened ring-
shaped lesion with an asymmetrical cortical area, with
high elasticity appearing as blue and the central low
elasticity appearing as red on the elastogram. This
finding was not seen in the contralateral inguinal lymph
node, which was histopathologically confirmed as a
reactive enlargement. Therefore, we suggest that the
presence of an asymmetrical cortical area with high
elasticity should be included in the elastographic pattern
evaluation system for the determination of metastatic
involvement in small lymph nodes.

Currently, preoperative determination of metastatic
involvement in nonpalpable or small lymph nodes from
cutaneous SCC is difficult, and it is still unclear whether
surgeons should carry out a lymph-node biopsy or

© 2009 The Author(s)
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proceed directly to lymph-node dissection. Real-time
tissue elastography is a noninvasive and convenient
method, especially when combined with Doppler US,
which could increase the accuracy of evaluation of
metastatic lymph nodes, thus eliminating unnecessary
lymph-node biopsy. It also has the potential to detect early
metastasis. Further studies are warranted to confirm the
usefulness of this technique in tumour evaluation.
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Squamous cell carcinoma
of the auricle with rhabdoid features

To the Editor,

Squamous cell carcinoma (SCC) is one of the most
common malignancies of the external ear. It fre-
quently occurs in elderly people and is associated
with a higher metastasis rate, compared to carcinoma
found in other locations.! As prognoses differ signif-
icantly among cutaneous SCC variants,? histopatho-
logical patterns of individual cases must be carefully
examined.

Cutaneous SCC can be classified into several histo-
logic subtypes, differing in prognostic significance.?
A low-risk subtype includes verrucous SCC and
those arising in actinic keratosis. An intermediate-risk
subtype consists of adenoid SCC and lymphoepi-
thelioma-like carcinoma. Finally, SCC arising from
scars, Bowen’s disease with invasion and adenosqua-
mous carcinoma constitute a high-risk subtype. Other
rare subtypes, of which a prognosis is not well estab-
lished, include signet ring cell SCC, follicular SCC,
papillary SCC, pigmented SCC, and clear cell SCC.
Further studies are required to define the biologi-
cal behavior and establish a prognostic indication of
these rare subtypes of SCC.

Cutaneous SCC with a rhabdoid phenotype is
histologically characterized by large cytoplasmic
eosinophilic hyaline inclusions with peripheral dis-
placement of vesicular nuclei. Immunohistochemi-
cally, these tumor cells show diffused reactivity for
cytokeratin and vimentin, which are localized to the
cytoplasmic inclusions, but usually not for desmin,
smooth muscle actin, or other skeletal muscle mark-
ers. To the best of our knowledge, only a few cases
of cutaneous SCC with such rhabdoid features have
been reported in the literature.>

An 88-year-old Japanese man presented with an
ulcerated reddish colored tumor on the right ear.
The tumor, which initially appeared as a small,
crusted nodule 2 years ago, had slowly enlarged in
size. Bleeding had been occurring from the sur-
face of the tumor for the past 6 months. The past
medical history indicates that the patient had been
diagnosed with a cerebral infarction and dementia for

3 years. The patient has been taking an anticoagulant
agent without any immunosuppressive drug. Physical
examination revealed an erosive, fresh-reddish col-
ored, 37 X 25 x 14—mm sized nodule on the right
post-auricular shaded area (Fig. 1A). No evidence of
regional lymphadenopathy was reported at the time
of presentation.

The histological examination of an incision biopsy
initially led to the diagnosis of pyogenic granuloma
with fibrosis. However, as the small biopsy specimen
was taken from a relatively shallow region, the
possibility that the nodule represented a case of
undifferentiated SCC, could not be completely
excluded. Therefore, the lesion was excised widely
including cartilage to test for possible malignancy.

The surgical specimen showed dense, dermal
and subcutaneous neoplastic proliferation (Fig. 1B)
of poorly differentiated tumor cells with numerous
plasma cells and histiocytes. The tumor cells consisted
predominantly of monomorphic polygonal neoplas-
tic cells, arranged in focally solid sheets (Fig. 2A),
particularly in the center of the nodule. The cells
possessed abundant eosinophilic, cytoplasmic inclu-
sions with peripheral displacement of the nuclei,
charactereristic of the rhabdoid phenotype (Fig. 2B).
Vascular invasion and lymphatic permeation were
not observed. Actinic keratosis in the overlying epi-
dermis was identified only at the border of the nodule
as the epidermis was extensively ulcerated.

The tumor cells were tested positive for vimentin
and cytokeratin AE1/AE3, but negative for S-100,
desmin or smooth muscle actin (SMA). Interestingly,
the area tested positive for cytokeratin AE1/AE3
was localized only to the center portion of the lesion
(Fig. 2C).

One year after his surgery, the patient remains alive
and has not developed any metastatic or recurrent
lesions.

Since malignant rhabdoid tumor of the kidney
was first described,” additional, extra-renal cases
have been reported. These cases were regarded as
a variant of rhabdomyosarcomatous tumor, based on
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Fig. 1. (A) Clinical features of the tumor. An erosive, fresh-
reddish colored, dome shaped nodule on the right post-auricular.
(B) Scanning magnification demonstrates that the lesion was well
demarcated and showed no evidence of invasion into the underlying
cartilage (H&E).

their morphological resemblance to rhabdomyoblasts
under a light microscope. However, an ultrastructural
examination could not verify the evidence of
rhabdomyoblastic differentiation. Later, the rhabdoid
morphology thought to be a common endpoint in
the origins, because it appeared to be associated with
aggressive biological behavior, rapid growth and poor
prognosis.® According to the close association among
rhabdoid features, necrotic cells and debris, this
phenotype could represent a phase of degeneration,
or a preliminary stage of apoptosis or cell necrosis,
rather than a specific type of differentiation.® This
notion is consistent with the absence of immuno-
histological reactivity toward skeletal muscle markers
in these tumor cells.

Rhabdoid SCC was first described in 1996 by Pai
et al.> Additional cases have been reported since then,
establishing this phenotype as a distinct morphologic
variant of cutaneous SCC. Moreover, according to
the literature, SCC with rhabdoid features shows a
higher degree of recurrence and metastasis than other
SCC variants.

The histological examination of our initial biopsy
specimen taken from a shallow region of the nodule
identified few cellular atypia, numerous inflammation
cells, and fibrotic and hemorrhagic tissue, but
not neoplastic cells. The lesion was also tested
negative for cytokeratin AE1/AE3. Only after the
whole histological examination of the larger surgical
specimen, the tumor cells were localized in the
center portion of the lesion. Furthermore, the lesion
was found positive for cytokeratin AE1/AE3, hence
leading to a diagnosis as SCC. Therefore, shallow
biopsies, as in the case of our first specimen, could
increase the risk of misdiagnosing the lesions as a
benign tumor.

The lesion was well-demarcated with no evidence
of invasion into the underlying cartilage. The low

920

Fig. 2. (A) There were only small areas where the tumor cells formed
solid sheets, especially in the center area of the nodule (H&E x 200).
(B) Large portions of the tumor cells contained large, globular and
cytoplasmic eosinophilic hyaline inclusions that displaced the nuclei
peripherally (H&E x400). (C) Tumor cells located in the center
portion of the lesion were strongly positive for cytokeratin AE1/AE3
(x200).

degree of the invasiveness we observed is possibly
consistent with the favorable prognosis in our case.

In conclusion, this report introduces characteristic
histological patterns that can assist the diagnosis of
cutaneous SCC with the rhabdoid features. A biopsy
of the deep tissue should be considered crucial for
reaching a correct diagnosis. Although our case did
not show an aggressive biological behavior, but mean-
ingful discussions on the prognosis of this histological
SCC variant await additional investigations.

Satoru Aoyagi, MD, PhD

Hiroo Hata, MD
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Department of Dermatology, Hokkaido University
Graduate School of Medicine,
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Sapporo, Japan

e-mail: saoyagi@med.hokudai.ac.jp

References

1. Byers R, Kesler K, Redmon B, Medina J, Schwarz B. Squamous
carcinoma of the external ear. Am J Surg 1983; 146: 447.

2. Petter G, Haustein UF. Histologic subtyping and malignancy
assessment of cutaneous squamous cell carcinoma. Dermatol
Surg 2000; 26: 521.

3. Pai SA, Vege DS, Borges AM, Soman CS. Rhabdoid phenotype
in squamous carcinoma. A report of two cases. Indian J Cancer
1996; 33: 161.

4. Aljerian K, Alsaad KO, Chetty R, Ghazarian D. Squamous cell
carcinoma with rhabdoid phenotype and osteoclast-like giant cells
in a renal-pancreas transplant recipient. J Clin Pathol 2006; 59:
1309.

—385—



5. Mathers ME, O’Donnell M. Squamous cell carcinoma of skin 7
with a rhabdoid phenotype: a case report. J Clin Pathol 2000; 53:

868.

6. Urdiales-Viedma M, Fernandez-Rodriguez A, De Haro-Mufioz 8.

T, Pichardo-Pichardo S. Squamous cell carcinoma of the
penis with rhabdoid features. Ann Diagn Pathol 2002; 6:

381.

—386—

Letter to the Editor

. Beckwith JB, Palmer NF. Histopathology and prognosis of

Wilms tumors: results from the First National Wilms’ Tumor
Study. Cancer 1978; 41: 1937.

Morgan MB, Stevens L, Patterson J, Tannenbaum M. Cutaneous
epithelioid malignant nerve sheath tumor with rhabdoid features:
a histologic, immunohistochemical, and ultrastructural study of
three cases. ] Cutan Pathol 2000; 27: 529.

921



The American Journal of Pathology, Vol. 174, No. 2, February 2009
Copyright © American Society for Investigative Pathology
DOI 10.2353/ajpath.2009.080362

Stem Cells, Tissue Engineering and Hematopoietic Elements

Bone Marrow-Derived Cells Are Not the Origin of
the Cancer Stem Cells in Ultraviolet-Induced

Skin Cancer

Satomi Ando, Riichiro Abe, Mikako Sasaki,
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and Hiroshi Shimizu

From the Department of Dermatology, Hokkaido University
Graduate School of Medicine, Sapporo, Japan

Several lines of evidence have demonstrated that var-
ious cancers are derived from cancer stem cells
(CSCs), which are thought to originate from either
tissue stem or progenitor cells. However, recent stud-
ies have suggested that the origin of CSCs could be
bone marrow-derived cells (BMDCs); for example,
gastric cancer, which follows persistent gastric in-
flammation, appears to originate from BMDCs. Al-
though our previous research showed the capability
of BMDCs to differentiate into epidermal keratino-
cytes, it has yet to be determined whether skin CSCs
originate from BMDCs. To assess the possibility that
BMDCs could be the origin of CSCs in skin squamous
cell carcinoma (SCC), we used a mouse model of UVB-
induced skin SCC. We detected a low percentage of
BMDCs in the lesions of epidermal dysplasia (0.59%),
SCC in situ (0.15%), and SCC (0.03%). Furthermore,
we could not find any evidence of clonal BMDC ex-
pansion. In SCC lesions, we also found that most of
the BMDCs were tumor-infiltrating hematopoietic
cells. In addition, BMDCs in the SCC lesions lacked
characteristics of epidermal stem cells, including ex-
pression of stem cell markers (CD34, high a6 inte-
grin) and the potential retention of BrdU label. These
results indicate that BMDCs are not a major source of
malignant keratinocytes in UVB-induced SCC. There-
fore, we conclude that BMDCs are not the origin of CSCs
in UVB-induced SCC. (4mJ Pathol 2009, 174:595-601; DOL:
10.2353/ajpath.2009.080362)

Stem cells, which have the capacity to self-renew and to
differentiate into the various mature cells that constitute
the tissue of organ, are found in many adult tissues
including the skin." Stem cells are critical for replenishing
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and maintaining the balance of cells (homeostasis) within
the tissue and reconstituting tissue damaged during in-
jury. Numerous studies have shown that the specific stem
cell properties and the characteristics of stem-cell sys-
tems (populations of cells that derive from stem cells are
organized in a hierarchical manner) are relevant to some
forms of human cancer.?® In cancers, cancer stem cells
(CSCs) are thought to exist. CSCs, like tissue stem cells,
would have a capacity for self-renewal and a proliferative
ability with successive expansion potential promoting tu-
mor structure organization Tumor-initiating cells, which
are considered to be a population rich in CSCs, have
been identified in cancers of the hematopoietic system*5
and various organs,81°

Although several lines of evidence indicate that CSCs
can arise from tissue stem cells®®1%:'2 or mutated pro-
genitor cells' 14 current reports showed that gastric can-
cer, which follows persistent gastric inflammation be-
cause of the infection with Helicobacter felis (H. felis),
appears to originate from bone marrow-derived cells
(BMDCs).*® Indeed, some populations of BMDCs have
the potential to differentiate into mature cells of various
nonhematopoietic organs including liver,'® skeletal-mus-
cle,"” brain,'® and skin.'® We also showed that BMDCs
and mesenchymal stem cells are able to transdifferenti-
ate into keratinocytes.?*2' BMDCs with this plasticity are
frequently recruited to sites of injured or inflamed tissue,
where they differentiate into mature tissue cells to con-
tribute to tissue repair.?2 Results from H. felis-induced
gastric cancer suggest that BMDCs with plasticity would
differentiate into tissue stem or mature cells to reconsti-
tute the damaged tissue, they then covert into CSCs, and
contribute to carcinoma formation. Although recent inves-
tigations have demonstrated that BMDCs could contrib-
ute to cancers of small intestine, colon, lung,?® larynx,
and brain,?* it is yet to be determined whether cancers
originating from BMDCs certainly exist.

Accepted for publication November 4, 2008.

Address reprint requests to Hiroshi Shimizu, M.D., Ph.D., or Riichiro
Abe, M.D., Ph.D., Department of Dermatology, Hokkaido University Grad-
uate School of Medicine., N 15 W 7, Kita-ku, Sapporo 060-8638, Japan.
E-mail: shimizu@med.hokudai.ac.jp and aberi@med.hckudai.ac.jp.

585



596 Ando et al
AJP February 2009, Vol. 174, No. 2

Skin cancer is currently the most common malignancy
in humans.2® The skin has the role to protect our bodies
from a wide range of environmental assaults including
UVB irradiation, chemical carcinogens, and the entry of
viruses and other pathogens. Therefore, epidermal kera-
tinocytes have more opportunity to manifest maturation
arrest. Particular epidemiological and scientific evidence
has shown that UVB is one of the most important fac-
tors affecting skin carcinogenesis in the physical
environment.?>-26

As in the case of BMDC-originated gastric cancer after
persistent inflammation with H. felis infection, it is pre-
sumed that BMDCs, which are recruited to the UVB-
damaged epidermis and differentiate into epidermal ker-
atinocytes to reconstitute the damaged skin, could then
give rise to the maturation arrest during continuous UVB
irradiation, convert into CSCs, and finally propagate to
form bone marrow (BM)-derived skin cancer. Such a
novel hypothesis, if true, would have profound implica-
tions for our present understanding of the pathogenesis
of squamous cell carcinoma (SCC).

To investigate the possible role of BMDCs in skin can-
cer, we used a mouse model of UVB-induced skin SCC
and evaluated the number and marker expressions of
labeled BMDCs that differentiated into keratinocytes in
skin SCC.

Materials and Methods
BM Transplantation

All animal procedures were conducted according to the
guidelines of the Hokkaido University Institutional Animal
Care and Use Committee under an approved protocol.
BM was isolated from the femurs and tibias of male
C57BL/6JGtrosa26 (ROSA26) or C57BL/B-TgN(ACTB-
EGFP)10sb/J (GFP) mice (The Jackson Laboratory, Bar
Harbor, ME). After lethal irradiation (9 Gy), 1 X 10°% BM
cells from donor mice in a volume of 200 ul of sterile
phosphate-buffered saline were transplanted to recipient
C57BL/6 female mice via a single tail vein injection. He-
matopoietic reconstitution was subsequently evaluated in
peripheral blood 4 weeks after transplantation and more
than 94% of BM cells were donor-derived cells.

Induction of UVB Radiation-Induced SCC

UVB-induced carcinogenesis was performed as previ-
ously reported (Figure 1A).2” The UVB light source was a
FL20SE30 fluorescent lamp (Clinical Supply, Tokyo, Ja-
pan). The UVB irradiation (180 mJ/cm?) was continued
daily for 10 days for tumor initiation to mice (n = 20). One
week after the initiation, UVB exposure (180 mJ/cm?) was
performed twice a week until the end of the experiment at
10 months from the last UVB exposure. At 5 months, ali
irradiated mice (n = 8) had small papules (at least two
papules) and erosion. At 10 months, all irradiated mice
{n = 6) had tumors (at least three tumors), papules (at
least five papules), and ulcer.
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Figure 1. UVB-induced SCC model mice in which BMDCs are labeled with
B-Gal enzyme or GFP. A: Lethally irradiated mice were transplanted with BM
from ROSA26 mice expressing B-Gal enzyme or GFP mice expressing GFP.
After confirmation of BM reconstitution, mice were UVB-irradiated. Intermit-
tent UVB irradiation leads mice skin to form SCC. B: Tumors were histolog-
ically classified as unaffected, dysplasia, SCC in situ, or SCC based on tumor
architecture, keratinocyte differentiation, and cytological atypia.

Histological Analysis

Mice were sacrificed and tissue was removed, embed-
ded in OCT compound (Sakura, Torrance, CA), snap-
frozen or fixed in 4% formalin, and embedded in paraffin.
Tumor sections were visualized by routine staining with
hematoxylin and eosin (H&E). All of the slides were re-
viewed twice in blinded manner by three dermatologists,
and assessed for tumor architecture, keratinocyte differ-
entiation, cytological atypia, and inflammation. Tumors
were classified as dysplasia (typical papilloma), SCC in
situ, or SCC based on tumor architecture and cytological
atypia as described previously.?® Some lesions exhibit-
ing nonpapillomatous architecture and comprising one to
three layers with well-differentiated keratinocytes were
classified as normal. Ten samples were analyzed in each
normal growth, dysplasia, SCC in situ, and SCC. Counts
were averaged from eight or nine separate fields in each
histological category.

Determination of Enzyme (X-Gal) Activity

Frozen sections (5 um) were fixed for 30 minutes in 0.2%
glutaraldehyde, washed in sodium phosphate buffer con-
taining 0.01% sodium deoxycholate and 0.02% Nonidet
P-40 and 1 mmol/L MgCl and incubated for 10 hours at
37°C in a 1-mg/ml X-Gal solution [5-bromo-4-chloro-3-
indolyl-g-galactopyranoside: X-Gal, dissolved in dimethyl
sulfoxide, 5 mmol/L KzFe(CN)g, 5 mmol/L K,Fe(CN)g
3H,0 in 0.1mol/L sodium phosphate buffer] and counter-
stained with H&E.
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Immunofluorescence

Frozen blocks were prepared and sectioned as de-
scribed above. Sections were fixed in 4% paraformalde-
hyde and analyzed for p-galactosidase-expressing cells
by using polyclonal antibodies (Cappel, Aurora, OH) and
fluorescent secondary antibodies (fluorescein isothiocya-
nate-labeled goat anti-rabbit antibody; Jackson Immu-
noResearch, West Grove, PA). Sections fixed in 4% para-
formaldehyde were also analyzed for GFP-expressing
cells by using polyclonal antibodies (Molecular Probes,
Carlsbad, CA). B-Galactosidase-expressing cells were also
stained with antibodies to CD45 (BD Biosciences, San Di-
ego, CA), pan cytokeratins (Progen, Heidelberg, Germany),
CD34 (BD Biosciences), or ab integrin (BD Biosciences).
Sections ware viewed with a confocal laser-scanning fluo-
rescence microscope (FV1000; Olympus, Tokyo, Japan).

BrdU Assay

The procedure for BrdU pulse labeling and the subse-
guent detection were performed as previously report-
£d.?® In brief, at the time of 9-month UVB irradiation, the
tumor-bearing model mice were fed with water containing
BrdU (1 mg/mi) for 10 days. Forty-five days after BrdU
labeling, the tissues were removed. Frozen sections were
fixed with 4% paraformaldehyde or 70% ethanol, stained
with antibodies to BrdU (Roche, Penzberg, Germany)
and fluorescent second antibodies (tetramethyl-rhoda-
mine isothiocyanate-labeled goat anti-mouse antibody;
Southern Biotechnology, Birmingham, AL).

Fluorescence in Situ Hybridization

X and Y chromosomes were detected on sections from
the UVB-irradiated mice skin using a dual-color detection
kit (Cambio, Cambridge, UK) according to the manufac-
turer's protocol (Cy5 for Y chromosomes and Cy3 for X
chromosomes) and immediately viewed with a confocal
microscope.
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Un.affecte.ad dysplasia SCC
epidermis

C % of B-gal positive cells
in the UVB-irradiated skin

Figure 2, BMDCs in UVB-irradiated mouse skin.
A: X-Gal-positive cells located within the basal
layer in the unaffected epidenmis lesions. In the
epidermal dysplasia lesions, most X-Gal-positive
cells (arrows) were found in the suprabasal
layers. In the SCC in situ lesions, X-Gal-positive
cells were found at the inner part of the tumor.
In the SCC lesions, X-Gal-positive cells were also
found at the inner part of the tumor. B: After 5
in situ months of UVB irradiation, the percentage of
X-Gal-positive cells was found at 0.15 %= 0.21%
in the unaffected epidermis lesions, increased to
0.58 % 0.25% in the epidermal dysplasia lesions,
o and decreased to 0.25 * 0.20% in the SCC in situ

10M  lesions (*P < 0.05, »*P < 0.0D. C: After 10
months of UVB irradiation, the percentage of
X-Gal-positive cells was 0.59 * 0.57% in the
epidermal dysplasia lesions and 0.15 * 0.22%
in the SCC in situ lesions. In the SCC lesions,
the percentage of X-Gal-positive cells in the
tumor was decreased to 0.03 * 0.06% (*P <
0.05, **P < 0.01).

ingitu  SCC
Results

Low Frequency of BMDCs in UVB-Irradiated Skin

To investigate the possible role of BMDCs in UVB-in-
duced skin dysplasia/carcinoma progression, we used a
model mouse whose BMDCs are labeled with 8-galacto-
sidase (B-Gal) or green fluorescent protein (GFP). Le-
thally irradiated mice were transplanted with BM from
ROSA26 mice or GFP transgenic mice (Figure 1A). After
the confirmation of BM reconstitution, mice were irradi-
ated with UVB and developing tumors in mice skin were
evaluated histologically. Each section was divided into
four categories of unaffected, dysplasia, SCC in situ, and
SCC (Figure 1B).28 After 5 months of UVB irradiation, we
found the dysplasia lesions and the SCC in situ lesions,
whereas we found no SCC lesions in irradiated skin. After
10 months of UVB irradiation, the dysplasia lesions and
the SCC in situ lesions were found to be continuous with
the SCC lesions, whereas the unaffected epidermis le-
sions were completely absent.

To detect the presence of BMDCs in UVB-irradiated
mouse skin, X-galactosidase (X-Gal) staining was per-
formed. The numbers of BMDCs were quantified by
counting the number of X-Gal-positive cells in the UVB-
irradiated mouse skin (Figure 2A). After 5 months of UVB
irradiation, even in the unaffected epidermis lesions,
some X-Gal-positive cells, indicating BMDCs, were lo-
cated within the basal layer. In the epidermal dysplasia
lesions, some X-Gal-positive cells were also found within
the basal layer, but most X-Gal-positive cells were found
within the suprabasal layers. In the SCC in situ lesions,
X-Gal-positive cells were found within the inner parts of
the tumor. The percentage of occurrence of X-Gal-posi-
tive cells was 0.15% in the unaffected epidermis lesions.
Since we previously showed that wounded skin con-
tained BMDCs (0.03%),%° repeated UVB irradiation might
induce BMDC accumulation. The percentage of X-Gal-
positive cells in the epidermal dysplasia lesions in-
creased to 0.58%, whereas the percentage of X-Gal-
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Figure 3. BM-derived infiltrating cells in the UVB-irradiated skin. Triple staining of 8-Gal (green) (A), CD45 (red) (B), and pancytokeratin (cyan) was performed.
C: Merged image showed B-Gal*/CD45* (arrow) or B-Gal*/CD45~ (arrowheads) cells in the tumor. D: Percentage of CD45% of all B-Gal™ cells in the
UVB-irradiated mice skin. In all B-Gal™ cells, 10.1 £ 15.3% was positive for CD45 in the epidermal dysplasia lesions, 27.3 * 44.1% in the SCC in situ lesions, and

green:beta-gal

at 78.7 = 27.4% in the SCC lesions (*P < 0.05, **P < 0.01). Original magnifications, X600.

positive cells in the SCC in situ lesions was decreased to
0.25% (Figure 2B). The number of B-Gal-positive cells
and total epidermal cells of the UVB-irradiated skin were
as follow; unaffected (6 of 2276), dysplasia (28 of 4804),
SCC in situ (15 of 5445). We further confirmed that no
X-Gal-positive cells were detected in untreated (unirradi-
ated) mice. We failed to find any clusters of X-Gal-posi-
tive cells in either the unaffected epidermis or the tumor.
These results indicate that BMDCs in the UVB-irradiated
skin do not commonly give rise to a monoclonal
expansion.

After 10 months of UVB irradiation, in the epidermal
dysplasia lesions and SCC in situ lesions, we found X-
Gal-positive cells in a similar location as mice skin that
received 5 months of UVB irradiation. In the SCC lesions,
X-Gal-positive cells were found within the inner part of the
tumor (Figure 2A). X-Gal-positive cells were found at a
percentage of 0.59% in the epidermal dysplasia lesions
and 0.15% in the SCC in situ lesions. These percentages
of X-Gal-positive cells in 10-month UVB-irradiated mouse
skin were similar to the percentage in 5-month UVB-
irradiated mouse skin. In the SCC lesions, the percentage
of X-Gal-positive cells was at 0.03%, which decreased in
compatrison with the percentage in the SCC in situ lesions
(Figure 2C). The number of B-Gal-positive cells and total
epidermal cells of the UVB-irradiated skin were as follow;
dysplasia (28 of 5141), SCC in situ (9 of 65659), SCC (4 of
13,701).

As an additional test for BM origin, we used a mouse
model in which BMDCs were GFP™ using BMT from GFP
transgenic mice. Although we evaluated the percentages
of BMDCs in UVB-irradiated skin, the GFP* /pancytokera-
tin* cells were found at an extremely low percentage,
~0.12% in the epidermal dysplasia lesions and 0% in the
SCC in situ lesions (data not shown). Previous reports
about the H. felis gastric cancer also showed a similar
tendency that the percentages of malignant cells with the
marker of BMDCs was much lower in GFP-labeled model
mice than in B-Gal-labeled model mice.' Therefore we
used an UVB-irradiated mouse model with labeled BM-
DCs with B-Gal in the following experiments.

Most BMDCs in the SCC Are Inflammatory
Hematopoietic Cells

We considered that some X-Gal-positive cells in the UVB-
irradiated skin were likely to be the tumor-infiltrating he-
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matopoietic cells. To investigate the presence of these
cells, triple staining for B-Gal, CD45 (hematopoietic
marker), and a pancytokeratin (cytokeratin marker) was
performed (Figure 3, A-C). The number of B-Gal*/CD45™
of all B-Gal™* cells per field was counted in UVB-irradiated
mouse skin. In all g-Gal* cells, 10.1% were positive for
CD45 in the epidermal dysplasia lesions. Percentages of
CD45™ cells of all B-Gal™ cells were 27.3% and 78.7% in
the SCC in situ lesions and in the SCC lesions, respec-
tively (Figure 3D). Some of the CD45™ cells were fused
with carcinoma cells. Indeed, CD45 has been found to be
expressed by cancer cells.3°-2 However, we were un-
able to find X-Gal-positive cells that co-expressed CD45
and pancytokeratin. The result of our experiments clearly
shows that some B-Gal* cells are tumor-infiltrating hema-
topoietic cells, whereas other 8-Gal™/CD45~ cells might
be BMDCs that differentiated into tumor keratinocytes.
However, the percentage of B-Gal*/CD45™ cells (indicat-
ing tumor-infiltrating hematopoietic cells) is increased in
the SCC lesions. This observation would indicate that the
actual occurrence rate of BM-derived keratinocytes is
lower than our counting of BMDCs that were detected
with X-Gal staining.

Small Number of BMDCs in the SCC Exhibited
Donor XY Chromosomes

To further confirm BM origin, we analyzed UVB-induced
skin SCC cells from female hosts (XX chromosomes)
transplanted with male donor BM (XY chromosomes) us-
ing fluorescence in situ hybridization technique. We
counted more than 10,000 cells and detected some do-
nor-derived keratinocytes with XY chromosome expres-
sion, indicating BM origin (less than 0.05%) (Figure 4A).

In various organs, BMDCs contribute to the tissue re-
constitution by either fusion® or transdifferentiation.® To
determine whether BMDC engraftment into the specific
tissue cells was because of differentiation or somatic cell
fusion, fluorescence in situ hybridization was used be-
cause the fused cells would be expected to possess
XXXY chromosomes. Although we observed keratino-
cytes with Y chromosomes in the tumor, none of them
expressed an XXXY chromosome. However, fusion hy-
brids notoriously lose chromosomes and the absence of
tetraploid cells does not rule out fusion.33°® Therefore,
we could not exclude the possibility of cell fusion with the
present data.



BMDCs in the SCC Failed to Express Epidermal
Stem Cell Marker

Although the CSC markers of skin SCC have yet to be
defined, published studies suggest that tumor-initiating
cells might be positive for the stem cell marker of the
original organs.®® To investigate the possibitity that BM-
DCs in the UVB-irradiated skin could share some char-
acteristics of CSCs of skin SCC, we assayed the location
of these presumptive CSCs that are positive for epider-
mal stem cell markers in the UVB-induced skin SCC.

Although CD34 is an established marker of skin epi-
thetial stem celis,®® none of the keratinocytes (including
BM-derived keratinocytes) in the UVB-induced skin SCC
expressed CD34 (data not shown). Furthermore, skin
epithelial stem cells express elevated levels of a6 integrin
compared with differentiated keratinocytes.3” Although
some keratinocytes in the edge of SCC showed af inte-
grin expression, B-Gal* /[pancytokeratin™ cells (indicating
BM-derived keratinocytes) did not show significantly up-
regulated a6 integrin expression compared with non-BM-
derived keratinocytes (Figure 4B). In addition, tissue
stem cells can be distinguished from transit-amplifying
cells by their ability to incorporate and retain 5-bromo-2’-
deoxyuridine (BrdU) throughout a long period of time.
Therefore, tissue stem cells can be identified as label-
retaining cells (LRCs).2° To determine whether BMDCs in
the UVB-irradiated mouse skin exhibit any LRC charac-
teristics, the tumor-bearing mice were fed water contain-
ing BrdU. In the UVB-irradiated mice skin, no LRCs ex-
pressed B-Gal (Figure 4C). These results indicate that
BMDCs in the UVB-induced skin SCC did not share any
of these characters of the presumptive CSCs of the
skin SCC.

Discussion

Based on recent investigations that suggest the possibil-
ity for BMDCs to be the origin of cancers,'®® we used a
labeled BMDC mouse model and investigated the role of
BMDCs during UVB-induced carcinogenesis. With inter-
mittent UVB irradiation, the epidermal morphology in
mouse skin changed from the normal state through dys-
plasia, SCC in situ, and finally to SCC. These histological
changes are analogous to the natural phenomenon ob-
served in UVB-induced human skin carcinogenesis. We
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Figure 4. XY chromosome expressions and epider-
mal stem cell markers of the BMDCs in the UVB-
irradiated skin. A: Fluorescence in situ hybridization
showed cells with single X chromosome (red, ar-
row) and single Y chromosome (cyan, arrowhead)
in the UVB-induced skin SCC. XY chromosome cells,
indicating BMDCs were indicated. B: Triple staining
of B-Gal (green), o6 integrin (red), and pancytokera-
tin (cyan) was performed. Arrow shows B-Gal™ w-
mor keratinocytes. Although a6 integrin was positive
within the edge of the tumor, we could not find any
significant overexpression of a6 integrin of B-Gal*/
cytokeratin™ cells. C: Triple staining of B-Gal (green),
BrdU (red), pancytokeratin (cyan). Arrows show
B-Gal™ tumor keratinocytes. Arrowhead shows
a BrdU™ tumor keratinocyte. We found no
B-Gal*/BrdU* tumor keratinocytes.

certainly found BMDCs in UVB-irradiated mouse skin.
Our data further suggests that BMDCs are recruited to
the UVB-damaged skin and transdifferentiate into epider-
mal keratinocytes to reconstitute the skin, as we previ-
ously reported in wound repair.2° We show the acceler-
ated recruitment of BMDCs in the epidermal dysplasia
lesions and the decreased rate of BMDCs in the SCC
lesions. We propose this is attributabie to the propagation
of non-BM-derived malignant keratinocytes. Although
BMDCs are recruited to the UVB-damaged skin and
transdifferentiate into unaffected epidermal keratino-
cytes, BMDCs do not convert into malignant keratino-
cytes so that the rate of BMDCs relatively decreases as
non-BM-derived tumor keratinocytes propagate to form
skin SCC.

As aresult, we found very few instances of BM-derived
keratinocytes in the UVB-irradiated mouse skin. This ob-
servation strongly suggests that BMDCs are unlikely to
be the origin of UVB-induced skin SCC. The objection will
no doubt be raised that BMDCs might lose the expres-
sion of BM markers during the continuous UVB irradia-
tion. Therefore we were careful to examine BM-derived
keratinocytes in skin SCC with three different BMDC
markers (p-Gal, GFP, Y chromosome analysis). Our con-
clusion is exactly the opposite of the H. felis-induced
murine gastric carcinoma study.’® It is reasonable to
suppose that the difference in the results between H.
felis-induced gastric carcinoma study and our UVB-
induced skin carcinoma study is partially attributable to
the process of carcinogenesis including the type of
genetic damage and degree of inflammation. In H.
felis-induced gastric carcinoma, the pathogenic factor,
namely CagA, increases the proliferation of host cells
or inhibits cell apoptosis, stimulating the malignant
transformation of host celis.®®4° These processes
would be important for cancer progression from BM-
DCs. In humans, previous reports showed that solid
cancers contain BM-derived cancer cells at a low level
of 0 to 6% except for lung carcinoma that contains
~20% of BM-derived cancer celis.®>24 These data
further showed that BMDCs do not contribute to skin
cancers.®® Our results are consistent with these
observations.

The epidermis is continuously supplied with keratino-
cytes from the hair follicle bulge stem cells throughout
adult life.*! Most epidermal keratinocytes that acquire
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oncogenic mutations are lost during differentiation.
Therefore, only long-term resident cells, such as stem
cells, have the capacity to accumulate the required num-
ber of genetic hits necessary for tumor development. For
this reason, it is not unreasonable to assume that these
epidermal stem cells in the bulge could acquire onco-
genic mutations, transdifferentiate into CSCs, and prolif-
erate as malignant cells in the skin cancer. Although a
previous report showed that BMDCs were more fre-
quently found in the bulge area,*? we could not find such
a tendency in our experiments in UVB-induced carcino-
genesis. Our previous research in the damaged skin also
showed no tendency of BMDC accumulation at specific
skin sites.2° Furthermore, we failed to find any evidence
of BMDC clonal expansion in the UVB-irradiated mice
skin. We also showed that BMDCs express no epidermal
stem cell markers and fail to behave as LLRCs, one of the
main characteristics of tissue stem cells. Although the
existence of the CSCs in the skin cancer has yet to be
properly defined, we suggest that the CSCs in the UVB-
induced skin SCC, if present, do not commonly originate
from BMDCs.

It is important to determine the origin of the CSCs for
the elucidation of carcinogenic mechanisms or for the
treatment of cancer. Because of the recent reports that
showed sarcoma derived from mesenchymal stem
cells,*3** an objection against transferring cells with
the potential to have properties of stem or progenitor
cells has arisen in regenerative medicine. However we
can conclude from the results of our experiments that
cancer cells in the UVB-induced skin SCC do not orig-
inate from BMDCs. Therefore we consider that in
adopting or using BMDCs for regenerative medicine,
the possibility of unexpected carcinogenesis can pri-
marily be excluded and that BMDCs should be further
tested and adapted for use in regenerative medicine,
especially for skin.

We demonstrated the existence of BM-derived ker-
atinocytes in the UVB-irradiated skin. These BM-derived
keratinocytes were considered to be the result of trans-
differentiation, not fusion. However, the number of BM-
derived keratinocytes was extremely few, with no clonal
expansion. Furthermore, BM-derived keratinocytes failed
to express the epidermal stem cell markers (CD34, high
a6 integrin and LRCs). Through our laboratory experi-
ments, the possibility that BMDCs are the origin of UVB-
induced skin SCC is extremely low.
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Conradi-Hiinermann-Happle syndrome with
abnormal lamellar granule contents
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SR, Conradi-Hiinermann—Happle syndrome (CHH) (X-linked
dominant chondrodysplasia punctata type II, MIM 302960) is
an X-linked dominant inherited disorder, characterized by
linear ichthyosis, chondrodysplasia punctata, cataract and short
stature. The gene for this disease has been identified as EBP
encoding the emopamil binding protein (EBP), located on the
short arm of the X chromosome.** However, the exact patho-
mechanisms of how EBP defects cause the CHH disease pheno-
type have yet to be clarified. Ultrastructural features of CHH
epidermis have thus far not been reported in patients whose
EBP mutations have been identified. Here, we have ultrastruc-
turally examined the epidermis of a patient with CHH carrying
the EBP mutation p.Argl47His and have demonstrated abnor-
mal contents of lamellar granules in the lesional granular
keratinocyte layers.

A female newborn with skin scaling and shortened extremi-
ties was referred to us. The pregnancy had been uneventful

except for excessive amniotic fluid, and the baby was bom
spontaneously at 37 weeks 4 days gestational age by normal
vaginal delivery. The birth weight was 2696 g and the height
at birth was 44'0 cm. No respiratory distress was observed at
birth. The baby was the second child of nonconsanguineous,
healthy parents. There was no other affected member in the
family, including the proband’s healthy elder brother. Frontal
bossing, flat nasal bridge and shortened neck were noted at
birth (Fig. 1). The right upper and lower extremities of the
patient were shortened. Whole body X-ray examination
revealed punctate calcification in the epiphyseal regions of the
majority of long bones (Fig. 1), including shoulder joints,
elbow joints, wrist joints, hip joints, knee joints and ankle
joints, and the caicification was most severe on the right side
of her body. Her height was below the third percentile at
birth and during all the postnatal period. Her weight was also
below the third percentile from 2 months of age, although it
was between the 10th and the 25th percentile at birth. She
had bilateral anterior polar cataracts, which were more severe
on the right side. During the neonatal period, linear and
whorled hyperkeratosis was seen on erythrodermic skin and
the thick scales were more severe on the right side of her

Fig 1. Clinical and X-ray appearance of the patient. (a) Frontal bossing and flat nasal bridge were seen on the face. (b) Circumscribed alopecia was

noted on the scalp. (b, ) Linear and whorled hyperkeratosis was seen on a background of erythrodermic skin on the back (b) and over the thigh

(c). (d, e) X-ray showed punctate calcification in the epiphyseal growth plate of the bones of the right arm (d) and in the right leg and hip (e).
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