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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 Kkeratinocytes in UVB-induced SCC. There-
fore, we conclude that BMDCs are not the origin of CSCs
in UVB-induced SCC. (4mJ Patbol 2009, 174:595—~601; DOI:
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

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*°
and various organs.®1°

Although several lines of evidence indicate that CSCs
can arise from tissue stem cells®® "2 or mutated pro-
genitor cells’® ' 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.?>#! 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.** 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.
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Skin cancer is currently the most common malignancy
in humans.®® 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.25:26

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/BJGtrosa26 (ROSA26) or C57BL/6-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 Radlation-Induced SCC

UVB-induced carcinogenesis was performed as previ-
ously reported (Figure 1A).2” The UVB light source was a
FL20SE3O0 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, all
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.

A

Lethal lrradxatlon - BMT uv wrad:atxon SCC formation

s
n:ﬂ:m:ﬂ_

Unaffected epidermis

B Eplderma! dysplasia

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-B-galactopyranoside: X-Gal, dissolved in dimethyl
sulfoxide, 5 mmol/L KzFe(CN)s, 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 B-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,
Carlshbad, 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 a6 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-
quent detection were performed as previously report-
ed.?° In brief, at the time of 9-month UVB irradiation, the
tumor-bearing model mice were fed with water containing
BrdU (1 mg/ml) 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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Figure 2. BMDCs in UVB-irradiated mouse skin.
A: X-Gal-positive cells located within the basal
layer in the unaffected epidermis 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
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

1 OM lesions (*P < 0.05, *P < 0.01). 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).
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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 B-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).2® 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 B-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 i situ lesions, and

merge

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-
iradiated mouse skin. In the SCC lesions, the percentage
of X-Gal-positive cells was at 0.03%, which decreased in
comparison with the percentage in the SCC in situ lesions
(Figure 2C). The number of g-Gal-positive cells and total
epidermal cells of the UVB-irradiated skin were as follow;
dysplasia (28 of 5141), SCC in situ (9 of 6559), 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-

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 B-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.®°~32 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 p-Gal™ cells are tumor-infiltrating hema-
topoietic cells, whereas other p-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.
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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 possibility 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-
thelial stem cells,®® 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.®” Although
some keratinocytes in the edge of SCC showed a6 inte-
grin expression, B-Gal™/pancytokeratin™ cells (indicating
BM-derived keratinocytes) did not show significantly up-
regulated o6 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. Az 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), a6 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* wmor keratinocytes. Arrowhead shows
a BrdU* twmor 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 attributable 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 (B-Gal, GFP, Y chromosome analysis). Qur 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 cells.>®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 cells.?>24 These data
further showed that BMDCs do not contribute to skin
cancers.®® Qur 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 buige 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.?? 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 LRCs, 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,**** 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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Secondary syphilis mimicking
warts in an HIV-positive patient

A 35-year-old Japanese man visited our
hospital with a 2-year history of skin lesions
affecting his palms and soles. The palmar
lesions comprised diffuse papillomatous
hyperkeratotic and macerative reddish skin
eruptions (fig 1A). In addition, he had
warty-like plaques of 4.5 cm in diameter
on his right sole (fig 1B). Upon his initial
visit, he did not report any other symptoms
such as chills or malaise. These unusual and
severe hyperkeratotic lesions did not fit any
typical known skin disease such as verruca,
Reiter’s syndrome and so on.

Skin biopsy specimens of the hyperker-
atotic lesions on the palm and sole showed
marked exophytic papillomatous acanthosis
with a few koilocytotic cells. In the upper
dermis, a dense inflammatory infiltrate
containing large numbers of plasma cells
was present.

Clinical and histopathological findings led
us to suspect syphilis. The serological test
showed high reactivity of the rapid plasma
reagin test for syphilis at a titre of 1 : 1024
and a positive Treponema pallidum haemag-
glutination test (2450TU). Around the same
time, numerous spirochaetes were detected

Figure 1
antibiotic treatment, the skin lesions had completely disappeared (C, D).

484

from his swollen tonsils with Indian ink
staining of the smear.

In addition, we suspected that he was in
an immunodeficient state because of his
severe clinical features of syphilis, therefore
we performed a supplementary study. In the
following results, a viral serological test
revealed that he had detectable antibodies
to HIV-1 (HIV viral load 11 000 copies/ml).
The CD4 cell count (479 cells/mm?® was
slightly decreased.

After 3 weeks of penicillin antibiotic
treatment, his skin eruptions and swollen
tonsils had dramatically improved (fig 1C,
D). Furthermore, we could not detect any
evidence suggesting human papillomavirus
infection using a method that can detect a
broad range of DNA from multiple human
papillomavirus types in both the palm and
sole lesions.! Finally, we diagnosed his
hyperkeratotic skin lesions and enlarged
tonsils as secondary syphilis because of the
good response to the antibiotic treatment
and pathological and serological findings.
Furthermore, we suspected his immunode-
ficiency from the atypical skin eruptions and
reached a diagnosis of HIV infection.

Infections with unusual clinical features
are frequently observed in patients with
HIV.? In recent years, some cases of syphilis
in HIV patients with various manifestations
and a rapidly progressive course have been
reported, which have led to the hypothesis

Skin changes on the right palm (A) and sole (B) on the initial visit. After penicillin
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that HIV superinfection modifies the clinical
presentation and disease course of syphilis.? ®

Secondary syphilis has various clinical
forms, such as macular syphilide, papular
syphilide, pustular ulcerative syphilide and
syphilitic alopecia.® In papular syphilide,
there are several subtypes including syphi-
litic psoriasis and condyloma latum, which
may present as slightly hyperkeratotic
lesions. It has been reported that a very
small number of syphilis patients manifest
severe palmoplantar keratoderma such as
that seen in Reiter’s syndrome.” ¢

As this patient exhibited such significant
and atypical clinical features, we were able
to diagnose HIV infection. This case empha-
sises the importance of suspecting and
checking for HIV infection after a rare
clinical presentation of secondary syphilis,
such as these severe wart-like hyperkeratotic
lesions.
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Scleroedema adultorum associated with sarcoidosis

doi: 10.1111/5.1365-2230.2009.03423 x

Sarcoidosis is a systemic granulomatous disease of
unknown aetiology that displays a wide variety of skin
features including maculopapules, nodules, plaques, sub-
cutaneous nodules, infiltrative scars, and lupus pernio.’
We report a case of sarcoidosis with subcutaneous indu-
ration of the neck.

A 62-year-old Japanese man presented with a 6-
month history of asymptomatic, firm indurations on the
neck. He had first noticed these skin lesions after bilateral
symmetrical hilar lymph-node enlargement was found
during routine chest radiography. Transbronchial biop-
sies resulted in the histological identification of non-
caseating granulomas compatible with sarcoidosis. The
patient had no history of diabetes mellitus or preceding
infection.

On physical examination, symmetrical, hard, nonpitting
indurations of the skin were found on the posterior neck
(Fig. 1a). The patient’s general health was good.

Results of routine laboratory studies including angio-
tensin-converting enzyme and tuberculin response gave
normal results, and there was no evidence of monoclonal
proteinaemia. Computed tomography scans showed

bilateral hilar lymphadenopathy but there was no other
lymphadenopathy noted.

Histological examination of skin-biopsy specimens taken
from the posterior neck revealed swelling of the dermal
collagen bundles without increase in fibroblast numbers,
and the subcutaneous fat had been replaced by collagen
fibres (Fig. 1b). A diagnosis of SA was made. Treatment
was started with steroid ointment or 9 months, but
without evident improvement.

SA is a rare disorder of unknown cause, but often
complicates diabetes mellitus. In such cases, the lesions are
usually limited to neck and upper back, and tend to be
persistent.? In contrast, in SA not associated with diabetes
mellitus, the lesions often spread to the face, trunk and
upper arms, but may spontaneously subside.>* However,
in spite of no obvious association with diabetes mellitus,
our patient had intractable induration distributed over
a localized area. Interestingly, in this case, development
of the skin lesion was coincidental with the diagnosis of
sarcoidosis. The clinical appearance was indicative of
scleroedema. There have been no previous reports of any
association between SA and sarcoidosis. Therefore, we first
suspected a subcutaneous form of sarcoidosis rather than
scleroedema. However, the histopathological findings con-
firmed a diagnosis of scleroedema.

-

Figure 1 (a) Symmetrical, hard, nonpitting induration on the posterior side of the neck; (b) inflammatory cell infiltration in the upper
dermis and swelling of collagen bundles in the lower dermis; (c) swelling of the dermal collagen bundles without any increase in fibroblast
numbers, and the replacing of subcutaneous fatty tissues by collagen fibres.
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Sarcoidosis is known to be complicated by a variety of
immunological diseases including malignant lymphoma,
autoimmune diseases and multiple myeloma, and scleroe-
dema is associated with infections, paraproteinaemia and
multiple myeloma. Some previous studies have shown an
increase in amounts of proal(I) collagen mRNA in both
sarcoidosis and scleroedema lesions.> Some common fac-
tors in the pathogenesis of two diseases might therefore be
involved in this patient.
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Deficient deletion of apoptotic cells by macrophage migration inhibitory factor (MIF)
overexpression accelerates photocarcinogenesis
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Chronic ultraviolet (UV) exposure can increase the occurrence of
p53 mutations, thus leading to a dysregulation of apoptosis and the
initiation of skin cancer. Therefore, it is extremely important that
apoptosis is induced quickly after UV irradiation, without any
dysregulation. Recent studies have suggested a potentially broader
role for macrophage migration inhibitory factor (MIF) in growth
regulation via its ability to antagonize p53-mediated gene activa-
tion and apoptosis. To further elucidate the possible role of MIF in
photocarcinogenesis, the acute and chronic UVB effect in the skin
was examined using macrophage migration inhibitory factor
transgenic (MIF Tg) and wild-type (WT) mice. The MIF Tg mice
exposed to chronic UVB irradiation began to develop skin tumors
after ~14 weeks, whereas the WT mice began to develop tumors
after 18 weeks. A higher incidence of tumors was observed in the
MIF Tg in comparison with the WT mice after chronic UVB
irradiation. Next, we clarified whether the acceleration of
photo-induced carcinogenesis in the MIF Tg mice was mediated
by the inhibition of apoptosis There were fewer sunburned cells in
the epidermis of the MIF Tg mice than the WT mice after acute
UVB exposure. The epidermis derived from the MIF Tg mice
exhibited substantially decreased levels of p53, bax and p21 after
UVB exposure in comparison with the WT mice. Collectively,
these findings suggest that chronic UVB exposure enhances MIF
production, which may inhibit the p53-dependent apoptotic pro-
cesses and thereby induce photocarcinogenesis in the skin.

Introduction

Exposure to ultraviolet (UV) radiation leads to various acute delete-
rious cutaneous effects including sunburn and immunosuppression
and also long-term consequences such as premature aging and the
potential development of skin cancers (1). UV radiation, particularly
UVB, which has a wavelength of between 280 and 320 nm, has been
suggested epidemiologically and has been demonstrated experimen-
tally to be the pivotal causal factor for skin cancer in humans and
other animals (2). Chronic UVB-induced inflammation and directly
damaged DNA can be correlated with skin tumor formation (3,4).
Furthermore, the inability to adequately repair DNA after UVB irra-
diation can result in the formation of skin cancers (5). Chronic UV
exposure can increase p53 mutations, thus leading to a dysregulation
of apoptosis, an expansion of mutated keratinocytes and the initiation
of skin cancer (6).

Abbreviations: CPD, cyclobutane pyrimidine dimmer; IL, interleukin; MIF,
macrophage migration inhibitory factor; MIF Tg, macrophage migration in-
hibitory factor transgenic; mRNA, messenger RNA; PBS, phosphate-buffered
saline; TUNEL, terminal deoxynucleotidy! transferase nick end labeling; TNF,
tumor necrosis factor; UV, ultraviolet; WT, wild-type.

"These authors contributed equally to this work.

There is emerging evidence that keratinocytes participate in cuta-
neous inflammatory reactions and immune responses by producing
a variety of cytokines. UV irradiation may trigger cutaneous inflam-
matory responses by stimulating epidermal keratinocytes to produce
biologically potent cytokines such as interleukin (IL)-1 (7,8), IL-6 (9)
and tumor necrosis factor (TNF)-o (10). These cytokines are involved
not only in the mediation of local inflammatory reactions but also play
discrete roles in tumor promotion (11).

The cytokine macrophage migration inhibitory factor (MIF) was
first discovered 40 years ago as a T-cell-derived factor that inhibited
the random migration of macrophages (12,13). Recently, MIF was
reevaluated as a proinflammatory cytokine and pituitary-derived hor-
mone that potentiates endotoxemia (14). Subsequent work has showed
that T cells and macrophages secrete MIF in response to glucocorti-
coids as well as upon activation by various proinflammatory stimuli
(15). It has been reported that MIF is expressed primarily in T cells
and macrophages; however, recent studies have revealed this protein
to be ubiquitously expressed in various cells (16-20). Skin melanoma
cells express MIF messenger RNA (mRNA) and produce MIF protein
(21). The expression of MIF mRNA and the production of MIF pro-
tein have been shown to be much higher in human melanoma cells
than in cultured normal melanocytes. Therefore, MIF functions as
a novel growth factor that stimulates uncontrolled growth and in-
vasion of tumor cells (16,21,22). In addition, recent studies have
suggested a potentially broader role for MIF in growth regulation
because of its ability to antagonize p53-mediated gene activation
and apoptosis (23,24).

In the skin, keratinocytes are capable of producing a variety of
cytokines and are thought to be a principal source of cytokines from
the epidermis after UV irradiation. Previous studies have shown en-
hanced MIF production in the skin after UVB irradiation (25,26).
Solar UV light is a combination of both UVB and UVA wavelengths,
each of which stimulate MIF production in both keratinocytes and
fibroblasts in the skin. To further elucidate the possible role of MIF in
UV-induced carcinogenesis and cell apoptosis, the acute and chronic
effect of UVB in skin carcinogenesis was examined using macro-
phage migration inhibitory factor transgenic (MIF Tg) mice.

Materials and methods

Materials

The following materials were obtained from commercial sources. The Isogen
RNA extraction kit was obtained from Nippon Gene (Tokyo, Japan); the DNA
random primer labeling kit from Takara (Kyoto, Japan); [*?P]dCTP from
DuPont-NEN (Boston, MA); anti-CPDs polyclonal antibody from Cosmo
Bio Co, Ltd (Tokyo, Japan); anti-p53 polyclonal antibody from Novocastra
Lab (Newcastle, UK); anti-p21 polyclonal antibody and anti-BAX polyclonal
antibody from Santa Cruz Biotechnology (Santa Cruz, CA) and anti-B-actin
antibodies purchased from Sigma-Aldrich Co (St Louis, MO); the western blot
detection system was obtained from Cell Signaling Technology (Beverly, MA).
The anti-MIF polyclonal antibody was prepared as described previously (27).
The Cell Death Detection Kit was provided from Roche Molecular Biochemicals
(Indianapolis, IN). Other reagents were of analytical grade.

Mice

The MIF-overexpressed transgenic mice were established following cDNA
microinjection and the physical and biochemical characteristics, including
body weight, blood pressure, serum levels of cholesterol and blood sugar, were
normal as reported previously (28). The expression of the transgene was reg-
ulated by a hybrid promoter composed of the cytomegalovirus enhancer and
B-actin/B-globin promoter, as reported previously (29). Strain of original MIF-
Tg is ICR and backcrossed with C57BL/6 for at least 10 generations. Tg mice
were maintained by heterozygous sibling mating. Transgenic and wild-type
(WT) mice were maintained under specific-pathogen-free conditions at the
Institute for Animal Experiments of Hokkaido University School of Medicine.
Experiments using mice were conducted according to the guidelines set out by

© The Author 2009. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions @oxfordjournals.org 1597
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the Hokkaido University Institutional Animal Care and Use Committee under
an approved protocol. All experiments were performed on 8-week-old male
adult mice.

UVB irradiation

UVB light source was a FL20SE30 (Clinical Supply Co, Tokyo, Japan) fluo-
rescent lamp that emits 1.0 mW/cm? of UV between 280 and 370 nm (peak 305
nm) at a distance of 25 cm, as measured by UV radiometer (Torex Co, Tokyo,
Japan). In short-term UVB experiments, MIF Tg and WT mice had their backs
shaved with electric clippers and exposed to 200 mJ/cm? UVB. After UVB
irradiation, the mice were euthanized at the indicated time points. Skin sections
were excised from the dorsal surface and used for western blot analyses or
immunohistochemieal staining. In some experiments for UVB-induced cuta-
neous inflammation, UVB radiation was administered three times weekly (on
days 1, 3 and 5) and skin was obtained on day 7. To examine UVB-induced
carcinogenesis, MIF Tg and WT mice had their backs shaved with electric
clippers once a week and were UVB irradiated in separate compartments of
a modified mouse cage. An incrementally graded UV protocol was used (30):
three times weekly a UV dose was delivered of 2.25 kJ/m? for 12 treatments
(weeks 1-4), 4.05 kJ/m? for 24 treatments (weeks 5-12), 5.1 kJ/m? for 12
treatments (weeks 13-16) and 6 kJ/m? for 33 treatments (week 17 to the end
of the experiment at the 27th week).

Skin tumors
Mice were monitored for tumor formation each week. The time to tumor de-

velopment was taken as the time up to the appearance of a palpable swelling

>1 mm subsequently diagnosed as a tumor on histopathological examination
after 27 weeks. The tumor size was estimated after 27 weeks using orthogonal
linear measurements made with Vernier calipers according to the following
formula: volume (mm?) = [(width, mm)? x (length, mm)}/2. The tumors were
excised and preserved in 10% formalin, sectioned, stained with hematoxylin
and eosin and examined microscopically. The groups each contained 12 MIF
Tg and 12 WT mice.

Northern blot analysis

Total cellular RNA was isolated from the epidermis using an Isogen extraction
kit according to the manufacturer’s protocol. The epidermis was separated
from the dermis by incubation in 0.5% dispase in RPMI 1640 at 37°C for
1 h. RNA was quantified by spectrophotometry and equal amounts of RNA
(10 ng) from each sample were loaded on a formaldehyde-agarose gel. The gel
was stained with ethidium bromide to visualize the RNA standards and the
RNA was transferred onto a nylon membrane. Fragments obtained by restric-
tion enzyme treatment for MIF and glyceraldehyde-3-phosphate dehydroge-
nase were labeled with [0-*?P]dCTP using a DNA random primer labeling kit.
Hybridization was carried out using the mouse MIF cDNA probe as previously
described (28). The membrane was washed twice with 2x saline and sodium
citrate (16.7 mM NaCl, 16.7 mM sodium citrate) at 22°C for 5 min, twice with
0.2x saline and sodium citrate containing 0.1% sodium dodecyl sulfate at
65°C for 15 min and twice with 2x saline and sodium citrate at 22°C for
20 min prior to autoradiography. A quantitative densitometric analysis was
performed using an MCID Image Analyzer (Fuji Film, Tokyo, Japan). The
density of MIF bands was normalized by the intensities of glyceraldehyde-3-
phosphate dehydrogenase.

Western blot analysis

The epidermis of each mouse was homogenized with a Polytron homogenizer
(Kinematica, Lausanne, Switzerland). The protein concentrations of the cell
homogenates were quantified using a Micro BCA protein assay reagent kit.
Equal amounts of homogenates were dissolved in a 20 ul solution contained
of Tris=HCI, 50 mM (pH 6.8), containing 2-mercaptoethanol (1%), sodium
dodecyl sulfate (2%), glycerol (20%) and bromophenol blue (0.04%) and the
samples were heated to 100°C for 5 min. The samples were then subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and electrophoret-
ically transferred onto a nitrocellulose membrane. The membranes were
blocked with 1% non-fat dry milk powder in phosphate-buffered saline
(PBS), probed with antibodies against p53, bax and p21 and subsequently
reacted with secondary IgG antibodies coupled with horseradish peroxidase.
The resultant complexes were processed for the detection system according to
the manufacturer’s protocol. The relative amounts of proteins associated with
specific antibodies were normalized according to the intensities of B-actin.

Immunohistochemical analysis

Five micrometers thick section of dorsal skin were fixed in 10% neutral buff-
ered formalin. After deparaffinization, the sections were treated with target
retrieval solution (DAKO, Carpinteria, CA), washed three times with PBS and
incubated in HyOp/methanol/PBS solution (1:50:50) for 15 min to block en-
dogenous peroxidase activity. After three washes in PBS with 0.5% Tween, the
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sections were preincubated for 10 min in 10% normal goat serum in PBS and
then were incubated with the first antibody overnight at 4°C. After three
washes in PBS plus 0.5% Tween, the sections were incubated for 1 h at room
temperature with the secondary antibodies. After washing in PBS, staining was
performed using the Vectastain Elite ABC kit with diaminobenzidine as the
chromagen, according to the manufacturer’s instructions (Vector Laboratories,
Burlingame, CA). As a negative control, the tissue sections were stained with
normal serum and the secondary antibody.

UVB-induced apoptosis in cultured keratinocytes of MF Tg and WT. Mouse
keratinocyte (second passage) from MIF Tg or C57BL/6 mice were irradiated
with UVB at 50 mJ/cm?. After 24 h, irradiated cells were analyzed for terminal
deoxynucleotidyl transferase nick end labeling (TUNEL) assay or western blot
for pS53.

TUNEL assay. Cells undergoing apoptosis were detected using TUNEL ac-
cording to the manufacturer’s recommended procedure (R&D Systems,
Minneapolis, MN). For statistical analysis, apoptotic cells were counted by
light microscopy (x 100) and expressed as the mean number (+SD) of apopto-
tic cells per section. Five random fields per section (one section per mouse, five
mice per group) were analyzed.

Cultured apoptotic cells were also detected using TUNEL. Incorporated
fluorescein was detected by anti-fluorescein monoclonal antibody Fab frag-
ments from sheep, conjugated with alkaline phosphatase.

Statistics

Values are expressed as the mean = SEM of the respective test or control group.
Statistical significance between the control group and test groups was evalu-
ated by either the Student’s r-test or one-way analysis of variance.

Results

Enhanced expression of MIF in MIF Tg mice epidermis

MIF expression in the MIF Tg mouse epidermis was first examined
after UVB irradiation. Northern blot analysis revealed that 16 h after
200 mJ/cm? UVB irradiation, MIF Tg mice showed higher levels of
MIF mRNA expression even before irradiation. After UVB exposure,
the MIF mRNA expression dramatically increased in comparison with
that of the WT mice (Figure 1).

MIF

GAPDH

1.5

1.25

0.75

0.5

0.25

UVB ) ) ¢ +)

wT MIF Tg

Fig. 1. Enhanced expression of MIF in the MIF Tg mouse epidermis after
UV exposure. The expression of MIF mRNA was examined. Total RNA was
isolated at 16 h after UVB (200 mJ/cm?) and analyzed by northern blotting.
MIF Tg mice (n = 5) showed higher levels of MIF mRNA expression even
before irradiation. After UVB exposure, MIF mRNA expression dramatically
increased in comparison with that of WT mice (n = 5). The experiments
were repeated three times with similar results.
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Fig. 2. Accelerated UVB-induced carcinogenesis in the MIF Tg mice. (a) MIF Tg and WT mice were subjected to chronic UVB. The details of the protocols are
described in Materials and Methods. The formation of skin tumors was determined on a weekly basis. MIF Tg mice exposed to chronic UVB began to develop skin
tumors after ~14 weeks, whereas the WT mice began to develop tumors after 18 weeks. (b) The incidence of skin tumors was recorded weekly and a tumor was
considered to occur when an outgrowth of >1 mm in diameter was observed. MIF Tg mice developed a higher number of tumors in each mouse in comparison
with WT mice (*P < 0.001). (¢) The mice were UVB irradiated as in (b). At the end of study at week 27, the volume of all tumors on each mouse was recorded
("P < 0.001). (d) The histopathology of well-differentiated squamous cell carcinoma from an MIF Tg mouse. Scale bar indicates 100 um (hematoxylin and eosin
staining).
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Sensitivity of MIF Tg mice to the development of skin tumors elicited
by chronic exposure to UVB

To examine the role of MIF for chronic UV-induced carcinogenesis,
MIF Tg and WT mice were subjected to chronic UVB as described in
the Materials and Methods and followed up for the formation of skin
tumors on a weekly basis. The MIF Tg mice exposed to chronic UVB
began to develop skin tumors after ~14 weeks, whereas WT mice
began to develop tumors after 18 weeks (Figure 2a). The mean time
for tumor development in MIF Tg mice was after 110.3 = 9.0 days,
whereas it was 147.0 = 15.5 days in WT mice. MIF Tg mice devel-
oped a higher number of tumors in each mouse in comparison with
WT mice. At the 27th week, the average number of tumors per mouse
was 6.33 = 1.61 in the MIF Tg mice, whereas there were only 2.67 +
0.78 in the WT mice (P < 0.001; Figure 2b). The volume of tumors
developed in UVB-irradiated MIF Tg mice was significantly higher in
comparison with that of WT mice (P < 0.001) (Figure 2c). Tumors
measuring <2 mm in diameter proved to be too small for a reliable
histological analysis and were assumed to be papillomas. Lesions that
were ~2 mm in diameter had multilayered epithelia with irregular

a MIF Tg

cells. These lesions were similar to actinic keratosis, and some large
tumors (>3 mm in diameter) were diagnosed as well-differentiated
SCC (Figure 2d). Twelve unirradiated MIF Tg mice and 12 unirradi-
ated WT mice developed no tumors during the course of this study.

TUNEL-positive cells in UV-irradiated MIF Tg mouse epidermis

The possible role of MIF in UV-induced cell apoptosis was examined
using MIF Tg and WT mice. Twenty-four hours after 200 mJ/cm?
UVB irradiation, large numbers of sunburned cells and TUNEL-
positive cells were detected in the WT mice, whereas, there were
fewer sunburned cells and TUNEL-positive cells detected in MIF
Tg mice (Figure 3a). Thereafter, the number of TUNEL-positive
nuclei in the MIF Tg mice was compared with that in the WT mice.
MIF Tg mice showed a significantly smaller number of apoptotic cells
than the WT mice (P < 0.01; Figure 3b).

Immunohistochemistry: accumulation of DNA damages in the
epidermis following UVB. We then investigated cyclobutane pyrim-
idine dimmers (CPD), as UV-induced DNA damage photoproduct
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Fig. 3. Sunburn cells in UV-irradiated MIF Tg mouse epidermis. (a) Hematoxylin and eosin (H&E) staining and TUNEL assay for the detection of apoptotic cells
in the epidermis of MIF Tg and WT mice skin 24 h after UVB irradiated (200 mJ/cm?). Sunburn cells and TUNEL-positive cells are indicated by arrowheads. The
scale bar indicates 25 um. (b) The numbers of TUNEL-positive nuclei of MIF Tg mice were compared with the WT mice. Each value represents the mean + SEM
(n = 5). Smaller numbers of TUNEL-positive cells were observed in the MIF Tg in comparison with the WT mouse skin (*P < 0.01).
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(31) in UVB-irradiated skin. Twenty-four or 48 hours after 200 mJ/
cm? UVB irradiation, a large number of CPD-positive cells was de-
tected in MIF Tg mice. Whereas, there were fewer CPD-positive cells
detected in WT mice (Figure 4a). Thereafter, the number of CPD-
positive cell in the MIF Tg mice was significantly higher compared
with that in the WT mice (P < 0.001; Figure 4b).

p53, bax and p21 expression in UV-irradiated MIF Tg mice epidermis

p53 is a key factor in the photoreactive process and bax and p21 are
important downstream proteins regulated by p53. To further confirm
the role of MIF in influencing p53-mediated gene activation, the
time course for the induction of p53, bax and p21 in 200 mJ/cm?
UVB-irradiated mouse epidermis was investigated by western blot
analysis with specific antibodies. The epidermis derived from MIF
Tg mice exhibited decreased induction levels of p53 at 12 and 24 h
after irradiation in comparison with the WT mice (Figure 5a). Sim-
ilarly, the induction levels of bax and p21 from the MIF Tg mice
substantially decreased in comparison with those of the WT mice at
48 and 72 h after UVB exposure. An immunohistochemical analysis
revealed that at 24 h after UVB irradiation, intense nuclear p33
immunostaining was observed in the WT mice epidermis. In con-
trast, nuclear p53 immunostaining was low in the MIF Tg mice
(Figure 5b). Similarly, at 48 h after UVB irradiation, a low level
of p21 expression in and around the nuclei was observed in the MIF

a MIF Tg

24h

48h
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Tg mice in comparison with the WT mice. Bax immunoreactivity
was both perinuclear and cytoplasmic and the MIF Tg mice showed
a lower expression level compared with that of the WT mice at 48 h
(Figure 5b).

UVB-induced cutaneous inflammation in MIF Tg and WT mice

UVB-induced infiltration of leukocytes is a major source of inflam-
matory reactions. Therefore, the effect of UVB-induced infiltration
was examined in MIF Tg and WT mice after three courses of UVB
exposure. UVB exposure in the MIF Tg mice resulted in greater
leukocyte infiltration than in the UVB-irradiated WT mice skin
(P < 0.05; Figure 6).

UVB-induced apoptosis in cultured keratinocytes of MF Tg and WT
mice

To confirm that MIF overexpression prevents keratinocyte apopto-
sis, cultured keratinocyte from the MIF Tg or the WT mice were
irradiated with UVB at 50 mJ/cm?. After 24 h, irradiated cells were
analyzed for TUNEL assay or western blot for p53. As shown in
Figure 7a and b, apoptotic keratinocytes (TUNEL positive) from
MIF Tg mice were significantly reduced compared with that of
WT mice (P < 0.005). Furthermore p53 expression of MIF Tg
keratinocytes was also lower than that of WT mice (Figure 7c¢).

b 40

30F

CPD+ celis / fields

10 F

24 hr

48 hr

Fig. 4. CPD-positive cells in UV-irradiated MIF Tg mouse epidermis. (a) CPD staining in the epidermis of MIF Tg and WT mice skin 24 or 48 h after UVB
irradiated (200 mJ/cm?). CPD-positive cells indicated by arrowheads. Scale bar indicates 20 um. (b) The numbers of CPD-positive cells of MIF Tg mice were
compared with WT mice. Each value represents the mean + SEM (n = 5) (*P < 0.001).
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unirradiated (0 h) and UVB-irradiated MIF Tg and WT mice skin at various time points. The relative amounts of protein associated with specific antibodies were
normalized by the intensities of B-actin (*P < 0.0001, **P < 0.001, n = 3). The data shown are representative of three independent experiments. (b)
Immunohistochemical analysis for p53, bax and p21 proteins in UVB-irradiated MIF Tg and WT mice skin at 24 h of p53 and at 48 h of bax and p21
immunoreactivity. This experiment was repeated three times with similar results. The scale bar indicates 25 prm.

Discussion

Chronic exposure to solar UV irradiation leads to photoaging,
immunosuppression and ultimately carcinogenesis in the skin.
Apoptosis and enhanced DNA repair are important p53-mediated
responses (32). UVB-induced DNA lesions contribute to cell cycle
arrest, DNA repair and finally apoptosis when DNA damage is
beyond repair. p53/p21 are responsible for these adaptive protective
responses. Moreover, p53 also directly participates in the initiation
and regulation of the DNA repair procedure. Therefore, it is ex-
tremely important that apoptosis is induced quickly after UV irra-
diation, without any dysregulation. The current study demonstrated
that an earlier onset of carcinogenesis and a higher incidence of
tumors were observed in the MIF Tg mice compared with the WT
mice after chronic UVB irradiation. In addition, the UVB-induced

1602

apoptosis of epidermal keratinocytes was inhibited in the MIF
Tg mice. Significantly fewer TUNEL-positive cells were detected
in MIF Tg mice in comparison with WT mice. There was a de-
creased expression of apoptosis-regulatory genes, p53, bax and
p21 in MIF Tg mice after UVB irradiation in this study. A previous
study has already confirmed that similar protective effects were
observed in response to acute UVB light in the MIF Tg mice cornea
(33). MIF is upregulated by UVB irradiation in mouse cornea
and MIF Tg mice had less apoptotic cells. TUNEL staining in the
cornea shows a significantly smaller number of TUNEL-positive
nuclei in the MIF Tg mice compared with the WT mice after UV
exposure (33).

MIF is a cytokine that not only plays a critical role in several
inflammatory conditions but also inhibits p53-dependent apopto-
tic processes (23,24,34). Hudson er al. (23) reported that MIF
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Fig. 6. UVB-induced cutaneous inflammation in MIF Tg and WT mice. (a)
After three courses of UVB exposure, skin was obtained on day 7 and the
paraffin-embedded skin samples (5 pm thick) were processed for routine
hematoxylin and eosin staining following a standard protocol. Infiltrating
leukocytes (monocyte/macrophages and neutrophils) of the MIF Tg mice
were compared with the WT mice. Each value represents the mean + SEM
(n = 5). UVB exposure of MIF Tg mice resulted in greater leukocyte
infiltration than that observed in UVB-irradiated WT mice skin (* P < 0.05).
(b) Representative examples of micrographs of hematoxylin and eosin
staining are shown from experiments conducted using skin samples (n = 5)
that had identical patterns. Bar = 100 pm.

treatment was able to overcome p53 activity and inhibited its
transcriptional activity. Recently, Martin er al. (35) reported that
MIF-deficient mice showed significant increases in p53 activity
following acute UVB irradiation, and MIF-deficient mice showed
a reduction in tumor incidence in comparison with WT mice fol-
lowing chronic UVB exposure. Previous data from other groups
and the current findings suggest that MIF has an inhibitory effect
on UVB-induced photodamage by blocking the relevant expres-
sion of apoptosis-regulatory genes p53, bax and p21 and MIF
plays an important role in UVB-induced tumor development and
progression.

The present study also demonstrated that UVB exposure in MIF
Tg mice resulted in greater leukocyte infiltration than that of the
UVB-irradiated WT mice skin. UVB irradiation enhances the ex-
pression of MIF in the epidermis (25) and MIF Tg mice showed
higher levels of MIF mRNA expression after UVB exposure in this
study. UVB stimulates the production of several proinflammatory
cytokines in the skin and these cytokines are known to be involved in
the induction of skin carcinogenesis (11,36). For example, TNF-a. is
the essential cytokine in tumor promotion in mouse skin. Tumor
promotion by 12-O-tetradecanoylphorbol-13-acetate on the skin of
TNF-o-deficient mice decreased in comparison with WT mice. Sim-
ilarly, tumor promotion in IL-6-deficient mice was significantly de-

Photocarcinogenesis in MIF transgenic mice

creased by 12-O-tetradecanoylphorbol-13-acetate compared with
the WT mice (11). UVB-induced inflammatory responses, such as
the production of cytokines and the infiltration of inflammatory
cells, are clearly linked to the development of skin tumors (3,4).
The inhibition of this inflammatory response via topical application
of an anti-inflammatory drug inhibits the acute inflammatory re-
sponses after UVB exposure and decreases tumor formation after
chronic exposure (37). MIF has a direct proinflammatory role in
inflammatory conditions and tumorigenesis (38). Once released,
MIF acts as a proinflammatory cytokine to induce expression of
other inflammatory cytokines, including IL-1, IL-6 and TNF-o.
Therefore, intense inflammation in MIF Tg mice in response to
UVB irradiation was found to correlate with the early onset of
carcinogenesis and the higher incidence of tumors after chronic
UVB irradiation.

MIF has a wider spectrum of action and exhibits proneoplastic
activity. In many tumor cells and pretumor states, increased MIF
mRNA can be detected in prostate (39), colon (40) and hepatocel-
lular cancers (41), adenocarcinomas of the lung (42), glioblastomas
(43) and melanomas (9). The role of MIF in proneoplastic activity
has been examined by several groups. Fingerle er al. reported that
embryonic fibroblasts from MIF deficient mice exhibit p53-dependent
growth alterations, increased p53 transcriptional activity and re-
sistance to ras-mediated transformation (23,24,34). Concurrent dele-
tion of the p53 gene in vivo reversed the observed phenotype of
cells deficient in MIF. In vivo studies showed that fibrosarcomas
are smaller in size and have a lower mitotic index in MIF deficient
mice relative to their WT counterparts. They concluded direct genetic
evidence for a functional link between MIF and the p53 tumor
suppressor (23,24,34). The effectiveness of an anti-MIF antibody on
reducing tumor growth and neovascularization in lymphoma cells and
vascular endothelial cells in vivo has been reported (22). Consistent
with this finding, anti-MIF antibodies are effective in reducing tumor
angiogenesis in melanoma cells (21). This was demonstrated in vitro
by recombinant MIF in fibroblasts, where growth factor-induced stim-
ulation of these cells resulted in increased MIF concentrations, acti-
vation of the ERK-MAP kinase pathway and a subsequent increase in
cell proliferation (44). Meyer-Siegler et al. (45) has also shown that
the addition of TGF results in increased MIF expression in a colon
cancer cell line. Furthermore, Abe ef al. (46) observed an increase
in cytotoxic T lymphocytes following MIF inhibition as a result of
specific antibodies. Moreover, the number of apoptotic tumor cells
increased following MIF inhibition. Tumors arising in the MIF knock-
down cells grew less rapidly and also showed an increased degree of
apoptosis (47). These findings therefore suggest that once keratino-
cytes are mutated by UVB-induced DNA damage, they may develop
into tumor cell, suggested that MIF has a dual role by promoting
tumor cell growth and inhibiting the apoptotic processes.

In conclusion, chronic UVB irradiation induces early onset of
skin carcinogenesis and the high incidence of tumors in MIF
Tg mice. These findings suggest that chronic UVB exposure enhan-
ces MIF production, which may inhibit the p53-dependent apopto-
tic processes, enhance intensive inflammation and thereby induce
photocarcinogenesis in the skin. Consequently, this newly identi-
fied mechanism may contribute to our overall understanding
of photo-induced skin damage, which results in carcinogenesis.
These findings are promising for the potential development of MIF
inhibitors for therapeutic use and the treatment of photodamaged
skin.
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A novel OSMR mutation in familial primary localized cutaneous
amyloidosis in a Japanese family
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To the Editor,

Primary localized cutaneous amyloidosis (PLCA) is a pruritic
skin disorder in which there is deposition of amyloid material in
the papillary dermis. Clinically, skin lesions comprise small, flat-
top papules (lichen amyloidosis) or brown-gray macules (macular
amyloidosis). Organs other than skin are not involved. The
“amyloid” in PLCA probably represents a combination of degen-
erate keratin filaments from apoptotic basal keratinocytes, and
deposition of serum amyloid P component and immunoglobulins
[1,2]. PLCA is relatively common in South America and Asia, and
some cases have an autosomal dominant family history (familial
PLCA, FPLCA) [MIM 105250].

The genetic basis of FPLCA has been shown to involve mutations
in the OSMR gene, which encodes the oncostatin M receptor
subunit (OSMRPB) [3]. OSMRP is one of the interleukin-6 type
cytokine receptors [4]. The ligands are oncostatin M (OSM) and
interleukin-31 (IL-31), which both have biologic roles linked to
keratinocyte cell proliferation, differentiation, apoptosis and
inflammation [5-7]. Thus far, only two pathogenic mutations in
OSMR in cases of FPLCA have been published [3]. We now report a
Japanese family with FPLCA in whom a further, novel OSMR
mutation was observed.

The proband is a 29-year-old Japanese female. She had suffered
from chronic itching for 7 years. Her mother and a maternal cousin
have similar symptoms. On examination, numerous dusky
erythematous or brown, flat-top papules up to 2 mm in diameter
were noted on her trunk and extremities (Fig. 1a). Skin biopsy
revealed focal collections of amorphous eosinophilic material in
the papillary dermis (Fig. 1b), which stained positively with Direct
Fast Scarlet (Fig. 1c). These findings support a clinico-pathologic
diagnosis of lichen amyloidosis.

Following informed consent, DNA was extracted from peripheral
blood samples obtained from the proband and her mother. For
sequencing, DNA samples were amplified with primers sited in
introns flanking individual exons of the OSMR gene as described
previously [3]. Sequencing showed a heterozygous missense
mutation, ¢.2168G > T, p.G723V (NM_003999) in exon 15, in DNA
samples from both the proband and her mother (Fig. 2a). The
mutation was further confirmed by enzyme digestion using NlalV
(Fig. 2b) and was not observed in screening 200 ethically matched
control chromosomes. The amino acid G723 is well conserved in
other interleukin-6 type cytokine receptors (including interleukin-
31RA, leukemia inhibitory factor receptor and interleukin-6 signal
transducer), and also in other mammalian species (including mouse
and rat).

The OSMR mutation p.G723V is located within the first
fibronectin type Il (FNIII)-like domain adjacent to the transmem-
branous domain (Fig. 2¢). The nature and site of this mutation is
similar to the previously reported mutations, p.J691T and
p.G618A, which are also within the FNIII-like domains [3].
Previous studies have disclosed important roles for the ENIII-

like domains in receptor dimerization, a key event in cytokine
signaling [8,9]. Of note, in keratinocytes harboring the hetero-
zygous mutation p.G618A there is reduced phosphorylation of
STATs, ERKs and Akt following stimulation by OSM or IL-31,
consistent with a functional disruption of OSMRP [3]. The new
mutation p.G723V underscores the functional importance of
FNIII-like domains in this cytokine receptor and in the pathogen-
esis of FPLCA.

The exact pathomechanism of how the mutations in OSMRp
lead to clinical phenotype of PLCA has yet to be clarified.
However, the reason why the mutations result in what is
predominantly a skin disease may be explained as the
keratinocytes do not express leukemia inhibitory factor recep-
tor, which is another receptor of OSM and may compensate the
abnormal function of OSMR [7]. OSM has various effects for
keratinocyte biology, including proliferation, differentiation,
apoptosis and inflammation. For example, both OSM and

Fig. 1. Clinical and histologic features of FPLCA. (a) There are flat-top, brownish
papules up to 2 mm across the proband’s left arm. (b) Light microscopy of lesional
skin shows a collection of amorphous material within the papillary dermis. (c) This
material stains positively with Direct Fast Scarlet.

—275—



