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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 sifu lesions, and
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 p-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
comparison 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 (3 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 mode! 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 8-Gal*/CD45™
of all B-Gal™ celis per field was counted in UVB-irradiated
mouse skin. In all g-Gal* celis, 10.1% were positive for
CD45 in the epidermal dysplasia lesions. Percentages of
CD45* cells of all 8-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°~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 B-Gal* cells are tumor-infiltrating hema-
topoietic cells, whereas other g-Gal*/CD45™ cells might
be BMDCs that differentiated into tumor keratinocytes.
However, the percentage of 8-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 celi
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.®*=>> 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 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 b integrin
compared with differentiated keratinocytes.®” Although
some keratinocytes in the edge of SCC showed a8 inte-
grin expression, B-Gal™*/pancytokeratin* cells (indicating
BM-derived keratinocytes) did not show significantly up-
regulated &6 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).?° 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,*®3® 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), a6 integrin (red), and pancytokera-
tin (cyan) was performed. Arrow shows 8-Gal* w-
mor keratinocytes. Although o6 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" 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 a result, 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). 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 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.?>2% 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 unreasonabie 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 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
b 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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LETTER

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

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.2 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

Figure 1 Skin changes on the right paim (A} and sole (B) on the initial visit. After penicillin
antibiotic treatment, the skin lesions had completely disappeared (C, D).

484

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.

o

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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Chronic ultraviolet (UV) exposure can increase the occurrence of
p33 mutations, thus leading to a dysregulation of apoptosis and the
initiation of skin eancer. 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 pS3 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 deoxynucleotidyl 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)-a (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); [*2P}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
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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 c¢m, 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
immunohistochemical 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 pg) 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 2 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 pl solution contained
of Tris—HC], 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 H,O,/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 WI. Mouse
keratinocyte (second passage) from MIF Tg or C57BL/6 mice were irradiated
with UVB at 50 mJ/cm?2. After 24 h, irradiated cells were analyzed for terminal
deoxynucleotidy! transferase nick end labeling (TUNEL) assay or western blot
for p53.

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 t-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

0
uvB 0] (+) ) +)

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 pm (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 x 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 2¢). 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 pm. (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

p>53 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 pS3-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 p53
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

Photocarcinogenesis in MIF transgenic mice

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).
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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 pm. (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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Fig. 5. p53, bax and p21 protein expression in UV-irradiated MIF Tg and WT mice epidermis. (a) Western blot analysis of p53, bax and p21 protein expression in
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 pm.

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, p33 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
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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 et 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 et 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
TNE-a-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 et al. reported that
embryonic fibroblasts from MIF deficient mice exhibit pS3-dependent
growth alterations, increased pS53 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 vive 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 TGFP results in increased MIF expression in a colon
cancer cell line. Furthermore, Abe et 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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Immunological Reconstitution after Autologous
Hematopoietic Stem Cell Transplantation in Patients
with Systemic Sclerosis: Relationship Between Clinical
Benefits and Intensity of Immunosuppression

TOSHIYUKI BOHGAKI, TATSUYA ATSUMI, MIYUKI BOHGAKI, AKIRA FURUSAKI, MAKOTO KONDO,

KAZUKO C. SATO-MATSUMURA, RIICHIRO ABE, HIROSHI KATAOKA, TETSUYA HORITA, SHINSUKE YASUDA,
YOSHIHARU AMASAKI, MITSUFUMI NISHIO, KEN-ICHI SAWADA, HIROSHI SHIMIZU, and TAKAO KOIKE

ABSTRACT. Objective. To analyze the relationship between clinical benefits and immunological changes in

patients with systemic sclerosis (SSc) treated with autologous hematopoietic stem cell transplanta-
tion (HSCT).

Methods. Ten patients with SSc were treated with high-dose cyclophosphamide followed by highly
purified CD34+ cells (n = 5) or unpurified grafts (n=15). Two groups of patients were retrospectively
constituted based on their clinical response (good responders, n = 7; and poor responders, n = 3). As
well as clinical findings, immunological reconstitution through autologous HSCT was assessed by
fluorescence-activated cell sorter analysis, quantification of signal joint T cell receptor rearrange-
ment excision circles (sjTREC), reflecting the thymic function, and foxp3, a key gene of regulatory
T cells, mRNA levels.

Results. Patients’ clinical and immunological findings were similar between good and poor respon-
ders, or CD34-purified and unpurified groups at inclusion. The sjTREC values were significantly
suppressed at 3 months after autologous HSCT in good responders compared with poor responders
(p = 0.0152). Reconstitution of CD4+CD45RO- naive T cells was delayed in good responders com-
pared with poor responders. The phenotype of other lymphocytes, cytokine production in T cells, and
foxp3 gene expression levels after autologous HSCT did not correlate with clinical response in good
or poor responders. Clinical and immunological findings after autologous HSCT were similar
between CD34-purified and unpurified groups.

Conclusion. Our results suggest that immunosuppression intensity, sufficient to induce transient sup-
pression of thymic function, is attributable to the feasible clinical response in patients with SSc treat-
ed with autologous HSCT. Appropriate monitoring of sjTREC values may predict clinical benefits
in transplanted SSc patients after autologous HSCT. (First Release May 15 2009; J Rheumatol
2009:36:1240-8; doi:10.3899/jrheum.081025)

Key Indexing Terms:
SYSTEMIC SCLEROSIS HEMATOPOIETIC STEM CELL TRANSPLANTATION

IMMUNOLOGICAL RECONSTITUTION
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Systemic sclerosis (SSc) is an autoimmune disease charac-
terized by the presence of skin sclerosis, organ fibrosis, and
autoantibodies!. Despite extensive research on autoim-
munology and endotheliology, its pathophysiology has been
far from conclusive®3. The skin and organ manifestations of
SSc are, in general, slowly progressive and chronically dis-
abling. In some patients, however, they can be rapidly pro-
gressive and fatal due to organ involvements such as inter-
stitial pneumonia, arrhythmia, and renal failure. Severe
organ involvement frequently occurs within the first 3 years
of disease!. These clinical features affect daily living activi-
ty and life expectancy in patients with SSc.

Autologous hematopoietic stem cell transplantation
(HSCT) has been indicated for patients with autoimmune
diseases, resulting in great success particularly in patients
with SSc*19, Autologous HSCT is one of the treatments in
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patients suffering from hematological malignant diseases.
For the practice of autologous HSCT against those malig-
nant diseases, graft manipulation using antibody specific for
CD34, a marker of human hematopoietic stem cells, is usu-
ally essential to deplete malignant cells from the graft. On
the other hand, patients treated with CD34+-selected autol-
ogous HSCT (CD34-HSCT) may have infectious complica-
tions during hematological recovery more frequently than
patients treated with unselected autologous HSCT (unse-
lected-HSCT)!!. The graft manipulation was performed in
many patients with severe autoimmune diseases treated by
autologous HSCT in consideration of depleting autoreactive
lymphocytes and inducing profound clinical remission.
Meanwhile, it has been debated whether CD34+ cell selec-
tion in the graft is necessary or not%12,

The difference in conditioning regimens is not related to
the clinical benefits, and about one-third of transplanted
patients do not benefit from these intensive immunosup-
pressive treatment™!3. Clinical response may depend on
profound qualitative immunological changes obtained by
autologous HSCT in patients with systemic lupus erythe-
matosus or multiple sclerosis!»13. Little is known as to why
and how patients with SSc have clinical benefits of auto-
logous HSCT. The aim of our study was to elucidate the
relationship between clinical effect and alteration of
immunological profiles in patients with SSc treated with
autologous HSCT.

MATERIALS AND METHODS

Fatients. Our study was approved by the ethical committee of Hokkaido
University and written informed consent was obtained from all participants.
Thirty-one patients with §Sc, all of whom met the American College of
Rheumatology preliminary criterial®, were screened for our study. All
patients developing SSc within the last 3 years onset fulfilled at least 1 of
the following: early rapidly progressive diffuse skin sclerosis despite con-
tinuing treatment, refractory skin ulcers, interstitial lung disease confirmed
by lung computed tomography (CT), reversible cardiac involvement such
as arrthythmia and cardiomegaly, renal involvement with hypertension, per-
sistent urinalysis abnormalities, and microangiopathic hemolytic anemia.
Patients were excluded from the study when they were over 60 years old,
or had uncontrolled arrhythmia, left ventricular ejection fraction on
echocardiography below 45%, carbon dioxide diffusion lung capacity
(DLCO) below 45% predicted, serum creatinine above 176.8 pumol/L (2.0
mg/dl) and glomerular filtration rate (GFR) below 40 ml/min/m2. All
enrolled patients were evaluated clinically at the time of diagnosis and on
regular visits for followup.

Thirty-five healthy controls were also enrolled in the study.

Transplantation procedure and followup. The mobilization regimen com-
prised recombinant human granulocyte colony-stimulating factor (thG-
CSF) and intravenous cyclophosphamide (4 g/m?). In 5 patients treated
with CD34-HSCT, enriched CD34+ graft, prepared using CliniMACS®
system (Miltenyi Biotec, Germany) was stored in liquid nitrate until use for
transplant. Graft manipulation was not performed in the next 5 patients
treated with unselected-HSCT.

We treated all SSc patients with intravenous cyclophosphamide (200
mg/kg, divided into 4 days) followed by autologous HSCT. rhG-CSF was
administered from the second day of transplantation of frozen-thawed
autologous enriched CD34+ grafts or frozen-thawed autologous unselected
grafts. T cell depleting antibodies such as antithymocyte globulin, antilym-

phocyte globulin and anti-CD52 antibodies (Campath) were not adminis-
tered in our patients.

We assessed the improvement of skin sclerosis by the modified Rodnan
total thickness skin score (mRTSS). Electrocardiogram and echocardio-
graphy were used to evaluate the cardiac function, chest radiograph, chest
high resolution CT, and spirometry to evaluate pulmonary function,
renogram to evaluate renal function, and serological tests to assess other
organ involvement and the presence of autoantibodies.

Lymphocyte phenotyping. Peripheral blood mononuclear cells (PBMC)
were prepared from heparinized venous blood by Ficoll-Paque Plus®
(Amersham Biosciences Corp., NJ, USA).

We assessed the subpopulation of peripheral lymphocytes by immuno-
fluorescence staining of PBMC with anti-human CD3-Cy-Chrome,
CD4-fluorescein isothiocyanate (FITC), CDS8-FITC, CDI19-FITC,
TCRYS-FITC, CD3-phycoerythrin (PE), CD8-PE, CD45RO-PE, CD25-PE,
HLA-DR-PE, and CD69-PE (BD Biosciences Pharmingen, San Diego, CA).

The expression levels of interferon (IFN)-y and interleukin (IL)-4 were
studied in the cytoplasm of peripheral CD4+ or CD8+ T cells. Briefly, we
stimulated PBMC with phorbol myristate acetate (50 ng/ml) and ionomycin
(250 ng/ml) for 6 h in RPMI 1640 containing 10% heat-inactivated fetal
bovine serum and monensin (2 pM) at 37°C in 5% carbon dioxide. We eval-
uated the IFN-y or IL-4 expression on T cells by staining with
anti-CD3-Cy-Chrome, anti-CD8-FITC and -PE, anti-IFN-y-FITC, and
anti-IL-4-PE using Cytofix/Cytoperm Plus® (BD Biosciences Pharmingen)
according to the manufacturer’s instructions. Immunostained cells were
analyzed using a FACSCalibur™ flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA).

Quantification of thymic signal joint T cell receptor rearrangement excision
circles (§fTREC). Thymic sjTREC on genomic DNA from PBMC was
quantified by real-time quantitative polymerase chain reaction (PCR) (ABI
PRISM® 7000; Applied Biosystems, Foster City, CA) according to the
method of Douek, e al'?. The sjTREC values were corrected by the per-
centage of CD3+ cells in the sample and were then expressed as numbers
of sjyTREC/ug of CD3+ cells DNA according to the method of Farge, et
al'8, Values were measured before autologous HSCT, then at 3, 6, and 12
months after autologous HSCT.

Quantification of foxp3 gene expression levels. Total RNA were isolated
from PBMC using TRIzol® reagent (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions. Total RNA (1 pg) was reverse tran-
scribed by ReverTraAce (Toyobo, Osaka, Japan), in the presence of
oligo(dT)12-18 primers (Invitrogen) according to the manufacturer’s
instructions. We performed real-time PCR using the ABI PRISM® 7000
Sequence Detection System and specific primers for foxp3 and gapdh from
TagMan® Gene Expression Assays (Applied Biosystems).

Statistical analysis. We used the Mann-Whitney U-test to analyze the dif-
ference among each value otherwise indicated. The changes in mRTSS and
phenotype of lymphocytes after the autologous HSCT were compared with
values at inclusion using the Wilcoxon signed rank test. Female-male ratio
in each group was assessed using Fisher's exact probability test. The
sjTREC values in healthy individuals were assessed using the Spearman’s
correlation test. Calculations were performed using the statistical software
package JMP version 5.0 (SAS Institute Inc., Cary, NC). P values less than
0.05 were considered significant.

RESULTS

Between November 2000 and July 2006, 11 consecutive
patients meeting the criteria in our study were enrolled and
10 patients were transplanted out of 31 screened patients
with SSc for autologous HSCT treatment. One patient was
not transplanted because of her mobilization failure. First 5
patients were treated with CD34-HSCT. Subsequent 5
patients were treated with unselected-HSCT. The character-
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istics of patients treated with autologous HSCT are shown in
Table 1. Mean age at inclusion, mean mRTSS before mobi-
lization and mean durations from SSc onset to the treatment
were similar between patients treated with CD34-HSCT and
unselected-HSCT. Several treatments such as D-penicil-
lamine, prostaglandin derivatives, and corticosteroids were
not feasible for our patients. All patients were followed up
until July 2007 (40.7 £ 25.6 mos).

Mean number of infused CD34+ cells was not different
between CD34-HSCT and unselected-HSCT groups. Mean
time needed to achieve a neutrophil count greater than 0.5 x
1091 and a platelet count greater than 50 x 10%/1 were not
different between 2 groups. Cytomegalovirus antigenemia
were shown in 3 patients out of all transplanted patients.
Patient 2 had hemophagocytic syndrome on day 6. Patient 3
had adenoviral hemorrhagic cystitis on day 14 and engraft-
ment syndrome on day 15. Patient 7 had engraftment syn-
drome on day 12. Hemophagocytic syndrome and engraft-
ment syndrome responded to corticosteroid administration.
Hemorrhagic cystitis was refractory to acyclovir, vidara-
bine, ganciclovir, or ribavirin. Patient 3 had the second
autologous HSCT using unselected grafts at 3 months after
first autologous HSCT using selected CD34+ cells due to
recurrent infectious diseases.

Four out of 5 transplanted patients have more than a 25%
fall in the skin score compared with baseline values in both

groups (Figure 1). Dermal thickness assessed by skin biop-
sy was also improved in these patients with clinical benefits
(data not shown). Additional unselected-HSCT at 3 months
after CD34-HSCT did not affect Patient 3’s skin manifesta-
tion. Cardiac and pulmonary functions were not altered sig-
nificantly through the treatment in all patients (data not
shown). Their serum level of y-globulin almost remained
normal range through autologous HSCT (data not shown).
Their serum level of anti-Scl70 antibodies reduced except
Patient 2 treated with CD34-HSCT (data not shown).
Transplantation related complications during hospitalization
are shown in Table 1. There was no significant difference in
the incidence of adverse events between both groups and no
transplantation related mortality.

We compared immunological reconstitution profile over
time between good and poor response groups, and between
CD34-HSCT and unselected-HSCT groups. First, we ana-
lyzed immunological reconstitution between good and poor
response groups. Clinical response to therapy was catego-
rized into major, partial, or no response, or disease progres-
sion or relapse according to the method of Farge, er al'>.
According to the observed clinical response compared to
these criteria, 2 groups of patients were retrospectively con-
stituted: good response group, consisting of 7 patients with
sustained major or partial response, and poor response
group, consisting of 3 patients (Patient 5, 6, and 7) with no

Table 1. Patients’ profile at study inclusion and clinical findings at autologous hematopoietic stem cell transplantation (HSCT).

Patients Treated with CD34-HSCT Patients treated with Unselected-HSCT Mean + SD
1 2 3 4 5 6 7 8 9 10 CD34 Untreated p
Age, yrs 57 19 54 48 52 43 19 42 30 28 46.0 £ 154 324+ 10.1 0.094
Sex, female:male M F F F M M F F F F 3.2 4:1 1.000
mRTSS, 0-51 38 28 25 15 32 32 17 26 23 20 27686 23.6x58 0402
Disease duration, mo 21 31 21 12 36 16 24 18 8 12 242+94 156+6.1 0.141
Interstitial ppeumonia ~ — —_ + — + — + — — — — — —
GFR, ml/min 76.53 121.43 10143 11439 9932 13929 1203 101.8  82.62 10342 102.6 £ 17.2 109.5 £ 21.3 0.465
DLCO % 83 66.8 522 909 83.8 92.5 54.7 1134 48 94.4 75.3 £ 157 80.6+£28.0 0.465
y-globulin, % 19.5 24.7 24.1 16.8 12.5 20.5 19.8 — 16.8 16.7 195+£51 185x20 0712
Anti-Scl 70, index <5 923 2046 87 1586  16.1 128.2 <5 <5 202 92.8 £90.2 -69.3 £ 91.5 0.597
Prior therapies PG PG,D, PG, PG,PSLD,PSL PG PG D,PSL D,PSL PG — —_— —
PSL PSL
Mobilization G G+ G+ G+ G+ G+ G+ G+ G+ G+ —_— — —_—
CcYC CYC CYC CYC Cyc cCyc CYC CYC CYC
Conditioning CYC CYC CYC CYC CYc cyc cxyc CYc CYC CYC — —_ —
Infused CD34+ cells, 2.96 5.21 275 314 12.7 3.95 2.77 428 14.9 2.81 54242 5752 0917
x 10%/kg
Purity, % 96 95 90 93.53 96.59 — — — — — 942 +2.6 —_ —_
Neutrophils > 0.5 i1 9 1 9 9 8 1 10 10 10 9.8+1.1 9811 0914
x 1071 (day)
Platelets > 50 x 10%/1 15 21 16 8 11 0 8 11 11 12 14250 84+49 0.138
(day)
Transplant related CMV CMV, CMV, -— —_ — ES — — — — — —
complications HPS HC,ES

mRTSS: modified Rodnan total thickness skin score; PG: prostaglandin derivatives; D: d-penicillamine; PSL: prednisolone; G: granulocyte-colony-stimulat-
ing factor; CYC: cyclophosphamide; CMV: cytomegalovirus antigenemia; HPS: hemophagocytic syndrome; HC: hemorrhagic cystitis; ES: engraftment syn-
drome; GFR: glomerular filtration rate; DLCO: diffusion capacity for carbon monoxide.
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Figure 1. Evaluation of modified Rodnan total thickness skin score (mRTSS) in patients with systemic sclerosis. A. Changes of mRTSS in patients treated
with CD34-HSCT. B. Changes of mRTSS in patients treated with unselected-HSCT. Proportional change from baseline measurement was calculated for each

patient at each available timepoint. * p < 0.05.

response or with relapse of disease (Table 2). Our patients
were evaluated by functional evaluation (performance status
and/or health assessment questionnaire) and mRTSS with
skin improvement assessed by skin biopsy. Each organ
function was not altered significantly through the treatment
in all patients. Mean age at inclusion, mean mRTSS before
mobilization, and mean durations from onset scleroderma
to treatment were similar between both groups. At inclu-
sion, the ratio of CD4/CD8, the percentage of
CD4+CDA45R0O+, CD4+CD45RO-, CD19+, CD4+CD25+,
CD56+, CD3+TCRy8+, IFN-y- and IL-4-producing CD4+
and CDB8+ cells were in the normal range for all patients and
were not different between good and poor response groups
(Table 3). After autologous HSCT, shortened CD4/CD8
ratio was sustained due to delayed CD4+ cell recovery
and prompt CD8+ cell recovery in both groups.
CD4+CD45RO-naive T cells remained low at 6 months after
autologous HSCT in good response group, and
CD4+CD45RO- cells reconstituted faster in poor response
group (p < 0.05). CD19+ and CD56+ cells returned into the
normal range at 3 months in both groups. The kinetics of
other cells through autologous HSCT was not statistically
different between good and poor response group in the

study. To evaluate the T cell response against mitogen stim-
ulation after autologous HSCT, mean fluorescence intensity
of CD69 on CD3+ cells was investigated. CD69 expression
levels on CD3+CD8+ and CD3+CD8- cells against mitogen
were not different between healthy controls and patients with
SSc before autologous HSCT, and its kinetics through auto-
logous HSCT were similar in both groups (Table 3).
Cytokine production in CD3+CD8- and CD3+CD8+ T cells
was assessed by intracellular staining of IFN-y and IL-4.
Levels of cytokine production in CD3+CD8- and
CD3+CD8+ cells were not different between both groups.
IFN-y producing CD8+ T cells increased after autologous
HSCT in both groups (Table 3).

Thymic output assessed by sjTREC was analyzed to eval-
uate the mechanism of peripheral CD4+CD45RO- and
CD4+CD25+ proliferation. In healthy controls, the sjTREC
values negatively correlated with their age (Figure 2A, p <
0.0001, r* = 0.44). Nine out of 10 transplanted patients
could be analyzed in the study. Their sjTREC values also
negatively correlated with their age at inclusion of auto-
logous HSCT (Figure 2B, p = 0.002, r? = 0.80). The sjTREC
values were not significantly different between patients with
SSc before autologous HSCT and age- and sex-matched

Table 2. Patients’ profile between good and poor response groups at autologous HSCT.

Good Response Poor Response p
Group (n=7) Group (n = 3)
Graft condition (CD34-HSCT: unselected) 4:3 1:2 1.000
Age, yrs 39.7+ 144 38.0+17.1 0.819
Sex female: male : 1:2 1.000
mRTSS (0-51) 250 +7.16 27.0 + 8.66 0.568
Disease duration, mo 176 £7.72 253+ 10.1 0.207
Infused CD34+ cells (x 10%/kg) 5.15+4.39 6.47 + 542 0.909
Neutrophils > 0.5 x 10%1 (day) 10.0 £0.82 9.33+1.53 0.407
Platelets > 50 x 10%1 (day) 134 +£4.28 6.33 + 5.69 0.064

mRTSS: modified Rodnan total thickness skin score.
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