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Effects of photodynamic therapy using talaporfin sodium (Laserphyrin®) on
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Background: Photodynamic therapy (PDT) is an effective laser treatment for locally advanced carcinoma and is promising
as neoadjuvant chemotherapy before surgery. The aim of this study was to clarify the adverse effects of PDT using a photosensitizer, talaporfin sodium (Laserphyrin®), for wound healing.
Methodology: For PDT, a laser light with a wavelength of 660 nm and a frequency of 10 Hz with a total energy fluency of
60 J/cm2 was used. Macroscopic and histological findings of wound healing after PDT were examined in vivo (4-week-old male
BALB/c mice).
Results: In Model 1, in which skin was cut at 0, 3, 7 days after PDT (n=3, each), wounds were similarly healed 7 days after
cutting in all groups, and regenerating epithelium and the number of fibroblasts on histological findings were not different. In
Model 2, in which skin defects were created before or after PDT, the size of the defects was larger at day 7 in the groups with
skin defects before or after PDT in comparison with groups with no PDT.
However, macroscopic wound healing at day 14 was complete in all groups and there were no significant differences among
the groups by this point. Histological findings of skin defects at day 14 showed no significant difference in terms of regenerating epithelium and number of fibroblasts in each group with or without PDT.
Conclusions: PDT did not influence wound healing and can be safely applied before surgical therapy.
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Introduction
Photodynamic therapy (PDT) is acancer-specific treatment
based on the use of light to activate photosensitizers and
induce cytotoxicity in targeted cancer cells, and PDT has
been widely applied in various cancer treatments.1) Powerful anti-tumor immunological responses are remarkably
induced by PDT.2) PDT also provides longer survival in nonresectable tumors 3). We have reported the benefits of PDT
treatment in patients with bile duct carcinomas undergoing

chemotherapy or adjuvant chemotherapy after surgery for
local control.4) Thus, PDT may be a promising treatment
modality when added to conventional anti-cancer chemotherapy and brachytherapy5).
We recently reported a new and effective photosensitizer,
mono-L-aspartyl chlorin e6 (talaporfin sodium;NPe6, Laserphyrin®), which has been clinically used for treatment in
malignant tumors such as a bronchial or biliary carcinomas.4),6) The 664 nm wavelength of semiconductor laser
light activates talaporfin sodium, penetrating the deep tis-
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sue more than 10mm.6) PDT with this photosensitizer
showed powerful effectiveness in anti-cancer treatment, including high rates of tumor necrosis and apoptosis, lower
proliferative activity of cancer cells and higher anti-angiogenic activity.7) Combination therapy with PDT and conventional anti-cancer drugs resulted in more aggressive cytocidal effects, and therefore this new therapy can be
clinically applied as chemotherapy in non-resectable tumors, adjuvant chemotherapy after surgery and neoadjuvant
chemotherapy before surgery in advanced carcinomas to
prolong survival periods. In considering this therapy for
neoadjuvant chemotherapy in solid tumors, the effect of
PDT on wound healing in radiated normal tissue is a major
concern because inﬂammation may delay healing8). It is
necessary to clarify whether PDT using talaporfin affects
wound healing.
In the present study, we examined wound healing in skin
resected both before and after PDT in an in vivo mice model
to address these concerns.

Method
PDT protocol
A power meter (30 A-P Ophir Optics, Jerusalem, Israel)
was used to measure light intensity. Talaporfin sodium was
injected intraperitoneally into BALB/cANcrj nu/nu mice.
The time interval between photosensitizer injection and
light exposure for talaporfin sodium was 2 hours. Each
mouse received a total energy ﬂuency of 10mJ/cm2/pulse
(total 60 J/cm2) on the back or abdomen for 10 minutes. During laser light exposure, the animals were anesthetized with
intra-peritoneally injected pentobarbital sodium (40 mg/kg
body weight). PDT was directly radiated to the wound sites
on the back or abdomen of the animal.
(Protocol 1) Mice underwent skin incision up to the muscular fascia in 10mm sites at 0, 3, 7 days after PDT exposure
(n=3, each) (Figure 1). Neither the photosensitizer nor laser
light were used in the control animals (n=3). The mice were
sacrificed at 7 days after incisions were made. Incised specimens were histologically examined by conventional hematoxylin-eosin stain.
(Protocol 2) A 10mm x10mm skin defect with the muscular
fascia was created in the mouse abdomen at sites that were
exposed to PDT laser (n=3, each) (Figure 2). Neither the
photosensitizer nor laser light were used in the control animals (n=3). The skin defect operation was performed after
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Figure 1. In vivo skin incision on the nude mouse back (a)
10mm skin incision extending to the muscular layer (b) the
healed wound.

Figure 2

10mm

Figure 2. In vivo 10x10mm skin defect extending to the muscular layer on the nude mouse abdomen.

PDT in one group (n=3), and the operation was performed
prior to PDT in another group (n=3). In a group of PDT before skin defect, resection was immediately performed after
a laser exposure. In a group of PDT after skin defect, the
photosensitizer was immediately. In each group, the area of
wound defect was measured by the median maximum and
minimum length (mm) at 2, 4, 7, 9 and 14 days and the mice
were sacrificed at 14 days after PDT. Incised specimens
were histologically examined by the conventional hematoxylin-eosin stain.
Statistical analysis
Data are expressed as mean ± standard deviation (SD).
Statistical significance was determined by two-way multirepeated ANOVA, one-way factorial ANOVA and multiple
comparison tests by Scheffeʼs test using the statistical package StatView (Abacus Concepts Inc., Berkeley, CA). Furthermore, the Mann–Whitney U-test was used for evaluation of percentages of stained cells. A P value less than 0.05
was considered statistically significant.
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Results
(Protocol 1) Skin cut at 0, 3, 7 days after PDT (n=3, each)
Seven days after cutting, the wounds were macroscopically healed in all groups. Figure 3 shows the histological
findings of the wounds. There were no remarkably differences in regenerating epithelium or the number of fibroblasts.
(Protocol 2) Skin defect before or after PDT
Figure 4 shows the macroscopic changes in the skin defects. Wounds were similarly healed at 14 days in all groups.
However, up to day 7, the defect size was larger in groups
exposed to PDT before or after skin defect in comparison
with groups with no PDT exposure.
Figure 3
Control group (No PDT)

Group of 0 day after PDT

Figure 5 shows the histological findings of skin defect at
14 days. Compared to control (no PDT), there were no remarkable differences of regenerating epithelium or number
of fibroblasts in the groups that underwent PDT before or
Figure
5 defect.
after
skin
Control group

Skin defect after PDT

Skin defect before PDT

Figure 5. Histological findings at day 14 after skin resection.
Comparison among groups with 1) no PDT (n=3), 2) resection
after PDT (n=3), and 3) resection before PDT (n=3), respectively.
(x4).

Discussion

Group of 7 days after PDT

Group of 3 days after PDT

Figure 3. Histological findings at day 7 after skin incision. Comparison among groups with 1) no PDT (n=3), 2) incision just after
PDT (n=3), 3) incision at day 3 after PDT (n=3) and 4) incision at
day 7 after PDT (n=3), respectively. (x4).
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Figure 4. Changes of 10x10mm skin defect with or without PDT.
Comparison among groups with 1) no PDT (n=3), 2) skin resection after PDT (n=3) and 3) skin resection before PDT (n=3), respectively.

In the present study, we compared the inﬂuence of PDT
using talaporfin sodium on wound healing. Previous studies
showed that the main effect of PDT is apoptosis of cultured
cells with DNA fragmentation or chromatin condensation.7)
Increased laser or drug concentration in PDT induced cell
damage in normal cells based on the MTT assay.7) Damage
of normal tissues was macroscopically observed in normal
bile duct tissue after PDT with porfimer sodium in our series.4) PDT induces cell damage such as apoptosis or necrosis by direct cytotoxicity of singlet oxygen or induced inﬂammation by immunological cells, as well as vascular
shutdown effects in surrounding microvessels.9) Other investigators also reported normal tissue damage after PDT
using porfimer sodium.10) Normal cell and tissue damage
resulting from PDT using talaporfin sodium might be milder than that observed with PDT using porfimer sodium.11), 12)
At this stage, we have applied PDT using talaporfin sodium
in clinical trials and related experiments and, therefore,
concerns about normal tissue damage surrounding cancerous cells seem to be relieved for future trials.13) In the future,
we plan to use PDT in the neoadjuvant setting before operation in bile duct carcinomas, and therefore the inﬂuence of
PDT on wound healing due to injury of normal tissue raises
concerns.
Photochemical reactions depend on the level of oxygen in
tumor tissues.14) PDT induces severe tumor tissue hypoxia
immediately, and this is linked to the induction of photochemical reactions.15) Vascular endothelial growth factor
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(VEGF) secretion is induced in cells under hypoxic conditions and other stresses.16) In our preliminary study7), 11), expression of VEGF was used as an index of tumor tissue oxygenation and the observed overexpression of VEGF after
PDT was likely due to hypoxia induced by photochemical
reactions. VEGF expression within the PDT-treated lesions
may inﬂuence surrounding normal tissue. In the present in
vivo study, we examined wound healing in mice undergoing
a combination of skin resection and PDT. In examination of
the skin incisions in model 1, wound healing was fast and no
changes among the groups were observed. Thus, this model
was not adequate to examine the inﬂuences of PDT for
wound healing. In the second model, wound healing was
delayed up to 7 days in groups that were exposed to PDT
before or after skin resection in comparison with the groups
with no PDT exposure. Based on these results, PDT might
delay healing, as previously reported.8),17),19) Accumulation
of the photosensitizer might be immediately metabolized in
normal cells within a couple of hours, and the laser irradiation might not strongly damage surrounding normal skin.12)
Other reports also showed less damage to normal tissues by
PDT using talaporfin sodium.12),20) Under this basic theory,
however, tissue injury by a photochemical reaction with an
inﬂammation might be remained and the very small amount
of photosensitizer might be retained in the normal tissue.
Possibility of these inﬂuences could not be denied. VEGF
might be expressed as a result of vascular shutdown effect
by PDT using talaporfin sidium.21) Damage injury of surrounding microvasculatures around a skin defect is caused
by the PDT effect as well. Thus, impairments of angiogenesis associated with wound healing were supposed to be delayed wound healing by day 7. In the present study, differences of the conventional histological findings between
groups were not observed. It should be necessary to examine the histological findings at day 7 and additional histochemical examinations for evaluations of microvessel or
elastic fiber stains.22,23) In the present model, the interval between PDT procedures and an operation of skin defect was
quite short and, therefore, it should be necessary to clarify
the adequate interval between treatments to avoid inﬂuences by PDT by considering the future clinical applications.
However, at day 14, wounds were completely healed in all
groups and PDT did not delay healing. Thus, PDT using talaporfin sodium might not have a remarkable effect on
wound healing. Likewise, the order of PDT, either before or
after skin resection, did have any effect on healing. Regardless of delayed healing by day 7, the final healing was similar between groups. Definite reasons was not fully explained
and, however, the inﬂammatory findings were observed for
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one week after porfimer-sodium PDT by our previous experiences.4) After this acute phase, inﬂammation in the radiated parts immediately dissipated. Inﬂammatory changes
by PDT were mild in comparison with other laser treatments. It is necessary to study the further examination the
mechanism of healing during between day 7 and 14. Another limitation of this study was a method of measuring
area of skin defect. More accurate are measurement of skin
defect should be examined by an image analysis to evaluate
the wound healing effects.
In conclusion, we examined the inﬂuence of PDT using
talaporfin sodium on wound healing in normal tissues in an
in vivo mouse model. One centimeter skin incisions and defects before or after PDT were made and wound healing was
examined. In both models, complete wound healing was not
significantly different in groups with or without PDT exposure. PDT using talaporfin sodium is considered safe for
wound healing in normal tissues, and therefore, neoadjuvant treatment before surgery can be considered. Future
studies regarding PDT for an anastomosis model in digestive organs is necessary before a clinical trial is conducted.

References
1. Firczuk M, Winiarska M, Szokalska A, Jodlowska M, Swiech M, Bojarczuk K, Salwa P, Nowis D: Approaches to improve photodynamic
therapy of cancer. Front Biosci. 2011;16:208-224.
2. Pizova K, Tomankova K, Daskova A, Binder S, Bajgar R, Kolarova H:
Photodynamic therapy for enhancing antitumour immunity. Biomed
Pap Med Fac Univ Palacky Olomouc Czech Repub. 2012;156:93-102.
3. Kushibiki T, Hirasawa T, Okawa S, Ishihara M: Responses of cancer
cells induced by photodynamic therapy. J Healthc Eng. 2013;4:87-108.
4. Nanashima A, Yamaguchi H, Shibasaki S, Ide N, Sawai T, Tsuji T,
Hidaka S, Sumida Y, Nakagoe T, Nagayasu T: Adjuvant photodynamic therapy for bile duct carcinoma after surgery: a preliminary study. J
Gastroenterol. 2004;39:1095-1101.
5. Saito H, Takada T, Miyazaki M, Miyakawa S, Tsukada K, Nagino M,
Kondo S, Furuse J, Tsuyuguchi T, Kimura F, Yoshitomi H, Nozawa S,
Yoshida M, Wada K, Amano H, Miura F; Japanese Association of Biliary Surgery; Japanese Society of Hepato-Biliary-Pancreatic Surgery;
Japan Society of Clinical Oncology: Radiation therapy and photodynamic therapy for biliary tract and ampullary carcinomas. J Hepatobiliary Pancreat Surg. 2008;15:63-68.
6. Usuda J, Ichinose S, Ishizumi T, Hayashi H, Ohtani K, Maehara S,
Ono S, Honda H, Kajiwara N, Uchida O, Tsutsui H, Ohira T, Kato H,
Ikeda N: Outcome of photodynamic therapy using NPe6 for bronchogenic carcinomas in central airways &gt;1.0 cm in diameter. Clin Cancer Res. 2010;16:2198-2204.

77

Atsushi Nanashima et al.: Wound healing after PDT
7. Nonaka T, Nanashima A, Nonaka M, Uehara M, Isomoto H, Nonaka

15. Henderson B W, Fingar V H: Relationship of tumor hypoxia and re-

Y, Nagayasu T: Advantages of laserphyrin compared with photofrin in

sponse to photodynamic treatment in an experimental mouse tumor.

photodynamic therapy for bile duct carcinoma. J Hepatobiliary Pancreat Sci. 2011;18:592-600.
8. Peplow PV, Chung TY, Baxter GD: Photodynamic modulation of
wound healing: a review of human and animal studies. Photomed Laser Surg. 2012;30:118-148.
9. Dolmans DE, Fukumura D, Jain RK: Photodynamic therapy for cancer. Nature Reviews Cancer 3, 380-387, 2003.
10. Tochner ZA, Pass HI, Smith PD, DeLaney TF, Sprague M, DeLuca

Cancer Res 1987; 47: 3110-3114.
16. Shweiki D, Itin A, Soffer D, Keshet E: Vascular endothelial growth
factor induced by hypoxia may mediate hypoxia-initiated angiogenesis. Nature 1992; 359: 843-845.
17. Kübler A, Finley RK 3rd, Born IA, Mang TS: Effect of photodynamic
therapy on the healing of a rat skin ﬂap and its implication for head and
neck reconstructive surgery. Lasers Surg Med. 1996;18:397-405.
18. Belmont MJ, Marabelle N, Mang TS, Hall R, Wax MK: Effect of pho-

AM, Harrington F, Thomas GF, Terrill R, Bacher JD: Intrathoracic

todynamic therapy on revascularization of fasciocutaneous ﬂaps. Lar-

photodynamic therapy: a canine normal tissue tolerance study and

yngoscope. 2000;110:942-945.

early clinical experience. Lasers Surg Med. 1994;14:118-123.
11. Nonaka Y, Nanashima A, Nonaka T, Uehara M, Isomoto H, Abo T,
Nagayasu T: Synergic effect of photodynamic therapy using talaporfin
sodium with conventional anticancer chemotherapy for the treatment
of bile duct carcinoma. J Surg Res. 2013;181:234-241.
12. Horimatsu T, Muto M, Yoda Y, Yano T, Ezoe Y, Miyamoto S, Chiba T:

19. Sitnik TM, Henderson BW: The effect of ﬂuence rate on tumor and
normal tissue responses to photodynamic therapy. Photochem Photobiol. 1998;67:462-466.
20. Gomer CJ, Ferrario A: Tissue distribution and photosensitizing properties of mono-L-aspartyl chlorin e6 in a mouse tumor model. Cancer
Res. 1990;50:3985-3990.

Tissue damage in the canine normal esophagus by photoactivation

21. Moy WJ, Patel SJ, Lertsakdadet BS, Arora RP, Nielsen KM, Kelly

with talaporfin sodium (laserphyrin): a preclinical study. PLoS One.

KM, Choi B: Preclinical in vivo evaluation of NPe6-mediated photo-

2012 (E-Pub).
13. Nanashima A, Abo T, Nonaka T, Nonaka Y, Morisaki T, Uehara R,

dynamic therapy on normal vasculature. Lasers Surg Med.
2012;44:158-162

Ohnita K, Fukuda D, Murakami G, Tou K, Kunizaki M, Hidaka S,

22. Liapakis IE, Anagnostoulis S, Karayiannakis AJ, Korkolis DP, Lam-

Tsuchiya T, Takeshita H, Nakao K, Nagayasu T: Photodynamic thera-

bropoulou M, Anastakis D, Simopoulos C: Exogenously-administered

py using talaporfin sodium (Laserphyrin®) for bile duct carcinoma: a

leptin increases early incisional wound angiogenesis in an experimen-

preliminary clinical trial. Anticancer Res. 2012;32:4931-4938.

tal animal model. In Vivo. 2007;21:797-801.

14. Moan J, Sommer S: Oxygen dependence of the photosensitizing effect

23. Kamino H, Tam S, Roses D, Toussaint S: Elastic fiber pattern in re-

of hematoporphyrin derivative in NHIK 3025 cells. Cancer Res 1985;

gressing melanoma: a histochemical and immunohistochemical study.

45: 1608-1610.

J Cutan Pathol. 2010;37:723-729.

