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Abstract

Photodynamic therapy suppresses tumor growth

in an Animal Model of Human Infantile Hemangioma

Woo Jung Kim
College of Medicine, Plastic Surgery
The Graduate School

Seoul National University

Purpose: The author investigated the efficacy of photodyitantherapy against infantile
hemangiomas using the hemangioma animal model.

Materials and Methods. Eighty-three hemangioma specimens from 5 childrenevimplanted into
nude mice. The gross and volume changes of theaimtglere evaluated for up to 13 weeks. The
histological change of the implant was evaluated atveeks after transplantation. Photodynamic
therapy was performed between 6 and 10 weeks tadtesplantation. The photosensitizer uptake of
the implant was evaluated at 24 hours after phagigeer administration. The implant response was
evaluated at 0, 12, and 24 hours after light defivehe change in ATF3 levels, a transcription dact
induced under severe hypoxic conditions, were itiyated immediately after treatment.

Results: The implant’'s volume increased slowly during thstfd weeks and then became involuted.
At 5 weeks after transplantation, plump endothalills formed tightly packed sinusoidal channels,
and the endothelial cells were positive for CD31d 8BLUT1 expression. At 24 hours after
photosensitizer administration, confocal analydiswed that photosensitizer was present within
CD31-positive cells. The implant volume was sigrafitly decreased in the treated implants
compared with the untreated implangs ((0001). At 24 hours after light delivery, mostlsehad
collapsed. ATF3 expression increased graduallythad reached a maximum level at 4 hours after
treatment.

Conclusion: Photodynamic therapy was effective in the treatmfamt infantile hemangiomas.



Apoptosis, a major mechanism of hemangioma destruat the early phase, might be caused by

ischemic injury as well as direct effects of phgtagimic therapy.

Key words: Photodynamic therapy, Hemangioma animmddel, Photofrin, GLUT1, ATF3,
Endothelial cell
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Introduction

Infantile hemangiomas are the most common tumanfahcy and childhood, occurring in 1% to 3%
of all neonates? Because most hemangiomas are small and harmlessrstuand result in a
spontaneous resolution, they do not need treatrhtwever, some hemangiomas can cause several
clinical problems, such as a mass effect on sudiognfacial features, bleeding, deep ulceratiomnl, an
secondary infection. These cases require immediatgment, including pharmacological therapy,
such as steroids and interferon alpha, and operatignagement. However, these treatments can
cause various local and systemic side effects, suclocushingoid face, scars, and rarely, spastic
diplegig’.

Photodynamic therapy (PDT) is a noninvasive metimoathich a photosensitizer and light source
are used. As a type of targeted therapy, PDT doesave systemic side effects such as those that
occur with systemic corticosteroid therapy or ifgssn alpha therapy. When simple excision of the
hemangioma is impossible or severe postoperativmpbcations are expected, PDT can be
considered as an alternative treatment.

Previously an animal model of infantile hemangiamang experimentally induced angiosarcoma to
investigate the therapeutic effects of PDT on hegimana was reportetl.However, although
angiosarcoma has some histological features simdahemangioma, it does not follow the
characteristic clinical course of hemangioma, whéttow rapid growth, slow regression, and no
recurrence. Recently, a novel model of infantilenaegioma was established using xenografts of
human hemangioma tissue in nude micEhis model imitated the natural course of infamntil

hemangioma, and the chief cellular components erdethelial cells of human origin.



Purpose

The purpose of this study is to evaluate the effégihotodynamic therapy (PDT) against human
infantile hemangioma and its mechanism, using apemental model of xenografted human
infantile hemangioma. In addition, we developedviio an animal model of human infantile

hemangioma.



Material and methods

1. Animal Model

All experiments in this study were performed in@dance with the guidelines for animal research
from the National Institutes of Health and approv®d the Institutional Animal Care and Use
Committee and institutional review board at Seoatidhal University Hospital in Seoul, Korea (11-
0342, H-1003-002-310). Five children with proliféava hemangioma were included in this study
between May 2010 and February 2012 (Table 1). Bmranf distress to their caretakers, the
hemangiomas were excised by a simple excision.r8ggsed by Tang et althe cutaneous portion
and fibrofatty tissue surrounding the specimen weraoved, and the remainder was cut into small
pieces of approximately 5 x 4 x 3 mm. Twenty pieftem patient 1, 19 pieces from patient 2, 18
pieces from patient 3, 11 pieces from patient 4, Hn pieces from patient 5 were obtained. Athymic
nude mouse (Orient Co. Ltd, Seoul, Korea) at siekseof age was subcutaneously implanted with
the tumor pieces, with 4 each in the back. Becthesexperiment was conducted in five times, a total
of 22 athymic nude mice was used. Anesthesia weerpged through intramuscular injection with
zolazepam (5 mg/kg, Zoletil Virbac, Carros, France) and xylazine (10 mg/kgmRur?, Bayer
Korea, Seoul, Korea).

The implants of patients 1, 2, 3, 4, and 5 wera tseevaluate the gross change and implant volume
change up to 13 weeks. The specimens were harvasgediven time for histological examinations
and protein assays (patient 1 for evaluating tkohigical change of the implant after xenografting
patient 3 for evaluating the photosensitizer uptakthe implant, and patients 4 and 5 for evalgatin

the implant response to PDT and the underlying iueisim) (Fig. 1).

2. Morphometry
To identify whether the implant followed the natwaurse of infantile hemangioma, changes in the
gross appearance and implant volume were assesseger week up to 4 weeks and once every 3

weeks thereafter up to 13 weeks. To calculatenttpaint volume, the maximal length) (of implants
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and the perpendicular length) fvere measured with a sliding caliper. The voly{eof implants
was estimated aé= /6 xa xb”°Implant volume change was expressed as a percevitéye

implant volume estimated at one week after traméateon.

3. Histology
To identify whether the histology of the implanseenbled infantile hemangioma, at 5 weeks after
transplantation, specimens harvested from the implaf patient 1 were formalin fixed, paraffin
embedded, 4-um sectioned, and stained with hematoxand eosin. GLUT1 and CD31
immunostaining was also performed. Briefly, depamefed sections were microwaved for 10
minutes and blocked with 2% skim milk. The sectiomere then incubated with the primary
antibodies against human CD31 (Abcam, CambridgeA)Us8 a 1:100 dilution for 2 hours and
GLUT1 (Abcam, Cambridge, USA) at a 1:100 dilutiar fL hour. Subsequently, the sections were
incubated with secondary antibody at 1:200 for Lrh&D31 and GLUT1 immunolabeling was

detected using DAB and counterstained using Maherisatoxylin.

4. Photosensitizer and Light Sources

Between 6 and 10 weeks after transplantafdrotofrin (Axcan Pharma Inc., Quebec, Canada) was
dissolved in phosphate-buffered saline at a conago of 1 mg/ml and injected through the tailrvei
at a dose of 5 mg/kg. At 24 hours after adminigtratlight was delivered using a diode laser
(CeramOptec GMBH, Bonn, Germany) at 630 nm withuarfce rate of 150 mwW/cmand a dose of
100 J/crh for an irradiation time of 667 s. Because redtligith a wavelength of 630 nm does not
penetrate deeply into the sKim, subcutaneous tunnel was created with minimakdt®on around the
implant, and an optical fiber was placed in thenglrto allow the light to penetrate into the entire

implant despite its subcutaneous position.

5. Evaluation of Photosensitizer Uptakein Implant

At 24 hours after Photofrin administration and beftight delivery, the specimens were formalin
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fixed and paraffin embedded. Sections (4-um thwk)ye deparaffinized in xylene and dehydrated
with a sequential ethanol gradient. Antigen retilevas carried out by heating the sections inteitra
EDTA buffer (10 mM citric acid, 2 mM EDTA, and 0.2 Tween-20, pH 6.2) or Tris-EDTA buffer
(10 mM Trizma base, 1 mM EDTA, and 0.05% Tween428,9). The sections were blocked for 1
hour in 5% serum and incubated with fluoresceirthiseyanate (FITC)-labeled mouse antihuman
CD31 monoclonal antibody (dilution, 1:500; BD Bigmtce, San Jose, Calif., USA). The sections
were washed and blocked again for 30 minutes. Tdwionis were counterstained with 4', 6-
diamidino-2-phenylindole(DAPIMolecular Probes, Eugene, OR, USA),mounted with RinoLong
Antifade Kit (Molecular Probes, Eugene, OR, USAj abserved under a confocal microscope (Bio-
Rad MRC-1042 MP; BioRad, Hemel Hempstead, Unitedgiom). The sections were imaged for

Photofrin (excitation 635 nm) and CD31 stainingcfeation 490 nm).

6. Evaluation of Implant Response
a. morphometry
On days 2, 6, and 14 after light delivery, grosaleation and implant volume change were assessed
as mentioned above. Changes in implant volume w&pmessed as a percentage of the implant
volume estimated immediately before light delivery.
b. histology
The specimens, harvested from the implants of piadieand 5 at 0, 12, 24 hours after light delivery
were formalin-fixed, paraffin-embedded, 4-micrometectioned. H&E and CD31 immunostaining
were done as mentioned above. TUNEL staining wasoimeed using the ApopTag (Intergen
Company, Norcross, Georgia). Briefly, the tissuecépens were deparaffinized and then pretreated
with a protein digesting enzyme followed by endagenperoxidase quenching. A working strength
TdT (terminal deoxynucleotidyltransferase) enzymasvhen applied to the specimen followed by
application of anti-digoxigenin conjugate. Color svdeveloped inperoxidase substrate and after
appropriate washing a counterstain with 0.5% methsgen was applied. After appropriate

dehydration the specimens were mounted and coweitéda glass coverslip and observed with the
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light microscope.

c. ATF3western blotting
The specimens, harvested from the implants of pabeat 0, 1, 2, 4, 12 hours after light delivery
were homogenized in a protein extraction solutiBiPA buffer; Cell Signaling Technology, MA,
USA) using polytron homogenizer (Fisher Scientiftid, USA). The protein content was measured
using a Bio-Rad colorimetric protein assay kit ad, CA, USA). A 20 ug sample of the protein
was separated on sodium dodecyl sulfate (SDS)-polimmide gels and transferred onto a
nitrocellulose membrane (Invitrogen, CA, USA). Awtiing transcription factor-3 (ATF3)
(1:1000,Abcam, Cambridge, UK) and mouse monoclomati-beta-actin (1:5000, Santa Cruz
Biotechnology Inc, CA, USA) antibodies were usegrianary antibody and horseradish peroxidase-
conjugated antibody (1:5000,KPL, MD, USA) was uasd secondary antibody. Band detection was
performed using the enhanced chemiluminescence YE€tection system (Amersham Pharmacia
Biotech). Image and quantification acquired using~laorChem HD2 system (protein simple,

California, USA). The density of each ATF3 band wasmalized against that of beta actin.

Statistical evaluations

Implant response was assessed by comparing imypdéunne change at 2 weeks after light delivery
with the change of untreated implant in Patiennd 8. Additionally, the response of the implants
from each patient and individual differences inuwné were assessed. The data were analyzed with

analysis of covariance (ANCOVAP values <0.05 were considered as statistically Sagmit.



Results

1. Reproducibility of the Animal Model of I nfantile Hemangiomas

Six implants (2 implants of patient 1, 1 implantpzaitient 2,and 3 implants of patient 5) that had
ulcer or perforation on the overlying skin were leged. The changes in gross appearance and
implant volume were assessed in a total of 34 iniplél6 implants of patient 1, 7 implants of patien
2, 6 implants of patient 3, 3 implants of patientadd 2 implants of patient 5) for up to 13 weeks.
According to the volume change curves of each daatient implant, all implants but those from
patient 2 grew during the first 4 weeks and themlumted (Figure 2, left). However, the times when
the implants began to grow and achieved their masimnaolume were differed among the patients. In
total, most of the implant demonstrated a slow r@uncrease to approximately 132.9% during the
first4 weeks, a rapid decrease to approximate8%0over the next 3 weeks, and then slow
involution. At the final observation (13 weeks)etholume remained at 12.0% (Figure 2, right). At 5
weeks after transplantation, light microscopy shiwtleat plump endothelial cells formed tightly
packed sinusoidal channels (Figure 3, above). Inmhistochemical staining showed that the
endothelial cells were positive for CD31 and GLU®&gtpression (Figure 3, below). All these

histological features resembled typical infantigartangiomas in the proliferative phase.

2. Effective Uptake of Photosensitizer
At 24 hours after Photofrin administration and beftight delivery, confocal analysis showed that
Photofrin was present within the CD31-positive £€Figure 4). Photofrin effectively accumulated

within endothelial cells, which are the major coment of infantile hemangiomas.

3. Significant Responseto PDT
PDT was performed in total 41 implants (11 implaafspatient 2, 12 implants of patient 3, 8
implants of patient 4 and 10 implants of patientEjcluding implants used for biopsy specimens,

changes in the gross appearance and implant voluene assessed for up to 2 weeks after light
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delivery in a total of 27 implants (11 implantsrfigatient 2, 10 implants from patient 3, 4 implants
from patient 4 and 2 implants from patient 5). Witl2 weeks, 3 implants from patient 3 and 2
implants from patient 4 disappeared, leaving amrulgith or without an erythematous border. On
days 2, 6, and 14, the implant volume decrease@dproximately 21.6%, 49.6%, and 72.6%,
respectively, of the volume estimated immediatedfobe light delivery (Figure 5). The rate of
decrease was gradually reduced during observaliorevaluate the implant response to PDT, we
compared the implant volume change at 2 weeks hffier delivery with the change of untreated
implant. For the implants from patient 2, the inmplaolume was significantly decreased in the tretate
implants compared with the untreated implargs (0001). For the implants from patient 3, the
implant volume was significantly decreased in theated implants compared with the untreated
implants p= .007). In total, the implant volume was signifidg decreased in the treated implants
compared with the untreated implangs (0001) (Figure 6).The decrease in implant voluafter
light delivery was not significantly different beten patient 2 and patient3-(2838).

Before PDT, histological examination showed a nmamsposed of immature capillaries with tiny
lumens lined by plump endothelial cells with anesutoncentric pericyte layer (Figure 7, above left)
The endothelial lining of microvessels was obsem@th CD31 immunostaining (Figure 7, middle
left). Apoptotic cells were sporadically observdeigire 7, below left). At 12 hours after light
delivery, few inflammatory cells were observed e intravascular spaces or an intrinsic part of the
implant, and the extravasation of red blood celith wlilatation of vascular structure was observed
(Figure 7, above center). CD31 immunostaining shlibevelisruption of the endothelial lining and a
marked decrease in CD31 expression (Figure 7, middhter). A significant amount of apoptotic
cells were diffusely distributed (Figure 7, beloenter). At 24 hours after light delivery, most sell
had collapsed, and marked neutrophil and lymphoayfitration was observed (Figure 7, above
right). CD31-positive cells and apoptotic cell deatere rarely observed (Figure 7, middle right and

below right).

4. Hypoxia-Induced ATF3 Expression



We investigated the change in ATF3 levels immetiiaaéter PDT (< 12 hours). ATF3 expression
increased gradually and then reached a maximuml lave4 hours after PDT, which was
approximately 2-fold over baseline as assessedemgitmetric analysis. At 12 hours after PDT,

ATF3 expression decreased (Figure 8).



Legends

Table 1. Demographics of Patients with Juvenile biegioma

Patient ~ Age (month) Sex Location

1 6 M Right eyebrow

2 10 F Forehead

3 10 F Left forearm

4 9 F Posterior neck

5 9 M Right eyebrow
-10 -



Implants of Implants of Implants of Implants of Implants of
patient 1 patient 2 patient 3 patient 4 patient 5
(n=20) (n=19) (n=18) (n=11) (n=15)
| ' ' |
Excluded Excluded Excluded
from the study from the study from the study
(n=2) (n=1) (n=3)
Observation Observation Observation Observation Observation
(n=18) (n=7) (n=6) (n=3) (n=2)
Biopsy (n=2)
I Photofrin administration I
1
(n=12)
Biopsy (n=2)
| Light delivery |
] i | 1
Observation Observation ~ B
=8 =10
(n=11) (0=10) ®=8) (@=10)

1

— 1

| Biopsy (n=4) |

Observation I Biopsy (n=8) | Observation

(n=4)

(n=2)

Figure 1. A flow diagram presenting the progresshef study. The 6 implants which had ulcer or

perforation on the overlying skin were excludedtotal of 36 implants were used for checking

reproducibility of the animal model of infantile hangiomas. A total of 41 implants were used for

evaluating the efficacy of PDT against infantilertzagiomas.
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(%)

Volume ratio

1 2 3 4 5 6 7 8 9 10 11 12 13

Weeks after grafting

Weeks after grafting

Figure 2. Volume change with time after transplaotain hemangioma animal model. Implant
volume change was expressed as a percentage ohphtent volume estimated at one week after
transplantation. Results are expressethean + SE. (Left) Volume change according to eawmtod

patient of hemangioma xenogaft. (Right) Mean voluim@nge of all 5 donor patients.
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Figure 3. Histological finding at 5 weeks afterngplantation. (Above) Hematoxylin and eosin
staining showed that plump endothelial cells forntgghtly packed sinusoidal channels, and
karyogenesis was frequent in implant. Immunohistotical staining showed that the endothelial
cells were positive for GLUT-1 (below left) and CD®elow right) expression. All these histological
features resembled typical infantile hemangiomakénproliferative phase. Magnification; above,left

x100; the others, x400.
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Photofrin

DIC image

Figure 4. Confocal micrographs at 24 hours aftestéfhin administration. Photofrin fluorescence
(above right) and CD31 staining (below left) in 8@me region were observed. The confocal analysis
showed that Photofrin was present within the CD84#pve cells. They meant that an effective
accumulation of Photofrin in the endothelial celhich was major component of infantile

hemangiomas (magnification, x600).
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5 7 s
Daysafter PDT

Figure 5. Volume change with times after PDT. Implavolume change was expressed as a
percentage of the implant volume estimated immebjidiefore light delivery. Results are expressed
asmean + SE. (Left) Volume change according to eamtod patient of hemangioma xenogaft. (Right)

Total volume change.
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100

80

60 = PDT
= no-PDT

Volume ratio (%)

40

0 7 14

Days after PDT

Figure 6. Implant response to PDT at 2 weeks &f@T. Results are expressedmsan + SE. The

implant volume was significantly decreased in t¥ElRreated implants compared with the untreated

implants. *,p< 0.05.
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12h after PDT 24h after PDT

Before PDT

TUNEL

Figure 7. Histological finding of implants after PDBefore PDT, Hematoxylin and eosin staining
(above left) showed a mass composed of immaturédlazggs with tiny lumens lined by plump
endothelial cells with an outer concentric pericigger. At CD31 immunostaining(middle left), the
endothelial lining of microvessel was observedTANEL staining (below left), apoptotic cells were
found sporadically. At 12 hours after light deliyeiscarce inflammatory cells were seen in the
intravascular spaces and an intrinsic part of thplant, and extravasation of red blood cells with
dilatation of vascular structure was observed inEH#tain (above center). CD31 immunostaining
(middle center) showed a disruption of the enddahdining, and had a marked decrease in
expression. A significant amount of apoptotic celisre distributed diffusely (below center). At 24
hours after light delivery, most cells had collahpsend marked infiltration of neutrophils and
lymphocytes was observed (above right). CD31 stginells and apoptotic cell death were almost not

observed (middle right and below right).
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Figure 8. Expression of ATF3 at 0, 1, 2, 4, andhb2rs after PDT. ATF3 expression increased
gradually and then reached a maximum level at 4shafier PDT, which was approximately 2-fold
over that of the baseline. At 12 hours after PDTFA expression decreased. They meant that in 12
hours after PDT, ATF3-mediated pathway, which walved in ischemia-induced apoptosis was

activated.

-18 -



Discussion

After xenografts of human hemangioma tissue wetabéished in nude mice, we evaluated changes
in the gross appearance and implant volume in 3glaints. Histological examinations were
performed using H&E, CD31 immunostaining, and GLUMInunostaining. GLUT1, an erythrocyte-
type glucose transport protein, is a highly specifnmunohistochemical marker for infantile
hemangiomdsand is useful for an extra diagnostic tool to efétiate between hemangiomas and
vascular malformationSMost of our implants grew during the first 4 weeisd then became
involuted. However, they did not grow rapidly, ahé maximum volume (140.7%) was much smaller
than those of Tang et’d>200%). Additionally, they regressed relativedypidly, unlike the results of
Tang et af However, histological examinations before PDT shibwieat plump endothelial cells
formed tightly packed sinusoidal channels, andetgothelial cells highly expressed both CD31 and
GLUT1(Fig.7). These histological features were ta=h to those of typical infantile hemangiomas in
the proliferative phase. Tang et’agfore rapid growth, demonstrated a brief periodrofnkage, and
the authors explained that it was caused by isahdamage that developed in the central area during
implant revascularization. The growth of our impgfarwas irregular, which might be due to
irreversible ischemic damage caused by delayedscelarization despite minimal dissection and a
short time interval between graft harvest and imgaiaon (within 30 minutes). Scattered localizason
of fibrofatty tissues, evidences of irreversiblehismic injury, were observed in our implants.

Photofrin, which is used in this study, is one lef most common clinically used photosensitizer.
For PDT using Photofrin to be effective in the tneent of infantile hemangiomas, the injected
Photofrin should not be confined within the blooglssels but should be selectively taken up by
vascular endothelial cells because hemangiomasaan@osed of tightly packed sinusoidal channels
lined by mitotically active endothelial cells andrigytes. At 24 hours after Photofrin administratio
confocal analysis showed that Photofrin was preségtitin the CD31-positive endothelial cells,
which demonstrated an effective accumulation oftéfnio in the intrinsic parts of hemangiomas.

Leuning et af® noted that vascular endothelial cells incorporatedre Photofrin than mouse
-19 -



fibroblasts and amelanotic hamster melanoma cells.

Because clinical problems requiring immediate treatt, such as ulceration and bleeding are
common during the proliferating phase of hemangi®namd this is the period in which it is
histopathologically most proliferative, PDT was fpemed on implants between 6 and 10 weeks after
transplantation, when the implants had histologfealtures identical to the proliferative phase of
infantile hemangioma. The dose of Photofrin wasdikgn and the irradiation parameters were 150
mW/cnt and 100 J/ch This dose has been used in most of the repotietbin—-PDT experiments
on animal tumor modef$Because it has been reported that higher fluertes taad to a greater
depletion of oxygen during light delivety;>'% fluence rate of 150 mW/émwas used. In the human
sarcoma xenograft model, Engbrecht et’mbted that the total light fluence had dose-respons
relationship to Photofrin-mediated PDT. Howevecraasing mortality was observed with increasing
total light fluences, and three of six mice dieterfight delivery at a fluence of 150 Jfchln the
angiosarcoma model, which has some histopatholiggitures similar to hemangioma, significant
tumor volume reduction and a clear histologicalngjes were observed after light delivery at a
fluence of 100J/cAf**Because hemangiomas have a benign nature and neeverafter regression,
our study was carried out at a fluence of 1003/dright was delivered at 24 hours after Photofrin
administration because this time interval has hesd in other Photofrin-mediated PDT experiments
in animal tumor model¥!’ and confocal analysis demonstrated an effectiveuraatation of
Photofrin in the hemangioma tissue at 24 hours affeninistration.

The mechanism of tumor responses to PDT includectitytotoxic effect, vascular damage, and
acute inflammatory or immune reactifit? A direct cytotoxic effect and vascular damage are
initiating events to destroy a tumor cBlIEngbrecht et di’ noted that the mechanism of tumor
destruction by PDT appears to be vascular damage imitial apoptosis in tumor endothelial cells
and delayed tumor cell apoptosis because enddtlugibwith its higher oxygen content and/or
greater Photofrin level, are susceptible to PDTxo&tl apoptosis. Henderson and Dougi&rigted
that the most easily and rapidly discernable aeffexts of PDTin vivo are of a vascular nature. This

finding implies that PDT may also have rapidly disible acute effects on infantile hemangioma
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because infantile hemangioma is a benign vasculaot In our results, at 2 weeks, most of the
implant volume had decreased by approximately 72#&9d the volume was significantly decreased
in the treated implants compared with the untreatgdants. At 12 hours after PDT, CD31 staining
showed disruption of the endothelial lining, andaptic cells were commonly stained with the
TUNEL method. At 24 hours after PDT, CD31 stainicg)l was rarely observed. These results
showed that most of endothelial cells, which are thajor components of hemagiomas, were
destroyed by apoptosis within 24 hours. Becauseahgiomas, due to their vascular nature, are more
“angiogenesis dependent” than other tumors, relgimghe recruitment of new blood vessels for their
growth?'they might show more effective response to PDT.

The instantaneous vascular response caused byiREXIding vessel constriction, release of clotting
factor, platelet aggregation and vascular collapes] to blood vessel occlusion, blood flow stasis,
and hemorrhagFand the subsequent ischemic condition can causetagi® Because the
histological features of our implants were ideriticathe proliferative phase, with a particularhgin
metabolic rate, and the endothelial cells, a megtiular component of the implant, responded to PDT
immediately, the condition of acute ischemia wassatered anoxia rather than hypoxia. Hypoxia—
inducible factor-& (HIF-1a) is one of the key enzymes in regulating gene esgion after
ischemia®®?*However, several studies noted that cells anddissun respond to severe hypoxia or
anoxia independent of HIFelsignaling?***ATF3 is a transcription factor that was found to be
induced in tumor cells under stress conditionseeistly under anoxid>**The expression of ATF3 is
ubiquitous, but it is maintained at a very low lewvenormoxia; however, it is induced quickly under
severe hypoxia or anoxfa.Under these severe hypoxia or anoxia conditionF2Expression is up
regulated in a wide variety of tissues such asthéainey, and braif’>!Additionally, ATF3 is
highly expressed in vascular endothelial cells wmban atherosclerotic lesions and has been
implicated in cell deatff. Therefore, we investigated the change in ATF3 imatety after PDT(< 12
hours). ATF3 expression increased gradually and thached a maximum level 4 hours after PDT,
which was approximately 2-fold over baseline. With2 hours after PDT, ATF3-mediated pathway,

which is involved in ischemia-induced apoptosissveativated. Therefore, apoptosis, which is a
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major mechanism of hemangioma destruction in thly @hase, might be caused by ischemic injury

as well as the direct cytotoxic effect of PDT.
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Conclusion

We evaluated the efficacy of PDT against infantimmangioma using an experimental model of
xenografted human hemangioma tissue. The volumes significantly decreased in PDT-treated
hemangiomas compared with the untreated hemangjoaras on histological examination, the
significant destruction of endothelial cells, whiahe the main component of hemangiomas, was
observed in the PDT-treated hemangiomas. Therefddd, can be considered as an alternative
treatment for infantile hemangiomas when severalical problems requiring pharmacologic and

surgical treatments occur.
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