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Photodynamic Therapy(PDT) is a minimally invasive cancer treatment that has been approved in many
countries. It’s indications include skin cancer, precancerous skin lesions, esophagus cancer, stomach
cancer, lung cancer, head and neck cancer, bladder cancer and gynecological cancer, etc. It can even be

used to treat several types of non-cancerous ophthalmic diseasest!"]. There are two steps in PDT:
firstly patients are given photosensitizers locally or systematically, after a period of time the
photosensitizers will selectively stay in the tumor cells, while those in the normal cells will be
completely metabolized; then light in wavelengths that are consistent with the photosensitizers’
absorption spectrum will be shined locally on the tumor sites. With the light being absorbed, the
molecules of the photosensitizers will then be transformed into ROS(reactive oxygen species), of which
the main component is singlet oxygen. ROS can destroy tumor tissues in many ways, the mechanisms
of which include the following: (1) Damaging and killing tumor cells directly and selectively, causing
necrosis and apoptosis of the tumor cells; (2) Damaging tumor’s blood vessels, leading to insufficient
oxygen and nutrition supply to the tumor; (3) Reacting with patients’ immune systems, it can either

stimulate or suppress immune response[m].
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Light source, photosensitizers and molecular oxygen are the three key elements of PDT, among which
photosensitizers are the core. Hence it’s essential to explore and find out safe and effective
photosensitizers for PDT to be better applied for clinical use. Through observing the differences in
curative effects of PDT on S180 sarcoma in mice with Duteroporphyrin, Photosoft and 5-ALA, the
objective of this research is to study the similarities and differences in the anti-tumor mechanisms of
the three types of photosensitizers mentioned above, providing experimental proof for PDT clinical
application.
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Materials and methods
1. Materials
1) Experimental animals and tumor inoculation

40 Kunming mice, of which half were male and the other half were female, all 4~6 weeks old,
weighing 18~22g. The mice were purchased from the Experimental Animal Center of Southern
Medical University and the male and the female were kept in separate cages. The subcutaneous S180
tumour cells for mice were provided by Key Laboratory of Clinical Biotechnology of Southern Medical
University.
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2) Reagents

Duteroporphyrin, batch number 071129, provided by Shanghai Fudan-Zhangjiang Bio-Pharmaceutical
Co., Ltd.; 5-ALA, batch number 101001, provided by Shanghai Fudan-zhangjiang Bio-Pharmaceutical
Company; Photosoft (NGPDT), batch number 2010316, provided by THE CHO GROUP. FITC
Annexin V/PI Apoptosis Detection Kit, production of BD company in America. 1640 culture media and
fetal bovine serum, both were productions of Hyclone Company. Ethanol, xylene, eosin, haematoxylin
and sodium sulfide, productions of Guangdong Guanghua Chemical Co., Ltd.
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3) Instruments

Photodynamic therapy apparatus in the wavelength of 630nm, production of Guangxi Guilin Xingda
Co., Ltd. THE CHO GROUP dual-frequency photodynamic therapy apparatus in the wavelengths of
660~795 nm. FACS Calibur flow cytometry, production of BD Company in America. Optical



Microscope, production of a Japanese Company OLYMPUS.
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2. Methods
1) Tumor cell culture and establishment of ascitic tumor model

S180 fibrosarcoma cells for mice were resurrected and cultured in vitro. S180 Cells that were in good
state were tested and trypan blue staining showed that viable cells were >95%, the cell count was 1x10’
cells/ml. Kunming mice that were 4~6 weeks old were injected with 0.2 ml of S180 cell suspension
intraperitoneally(2x10° cells), the growth of ascites was observed.
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2) Establishment of subcutaneous solid tumor model

Ascites was drawn from ascitic type tumor-bearing mice that had been implanted with S180 tumor cells
for 7~10 days. The ascites was then diluted with stroke-physiological saline solution into cell
suspension in concentration of 1x107 cells/ml and put on ice for later use. The hair of the Kunming
mice’s rumps was removed with 8% concentrated sodium sulfide solution. The Kunming mice were
anesthetized by intraperitoneal injection of 1% concentrated pentobarbital sodium solution(60mg/kg),
then 0.2ml (2x10° cells) of mixed S180 cell suspension were injected subcutaneously to each of the
mice’s bilateral ramps. Observation on the growth of the mice’s subcutaneous tumors was made, after
5~7d the tumors grew to 5~7cm by diameter, and the mice were then given PDT.
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3) Grouping and treatment application

40 Kunming mice with well grown tumors were randomly divided into four groups: (A) the
Duteroporphyrin group (10mg/kg), (B) Photosoft group (20mg/kg), (C) 5-ALA group (100mg/kg) and
(D) blank control group. The mice in Group A and Group B were given PDT 8~10h after tail vein
injection of photosensitizers, while the mice in Group C were given PDT 3h after tail vein injection of
photosensitizers. Lasers in the wavelength of 630nm were applied to Group A and C while Group B
was applied with THE CHO GROUP duel-frequency PDT apparatus. All mice had were anesthetized
by injection of 1% concentrated pentobarbital sodium solution(60mg/kg) before PDT. The local tumor
sites were irradiated vertically, with the diameter of the laser spots being 1.2~1.5cm, it was made sure
that the whole tumor and 3~5mm of normal tissues around the tumors were covered by the lasers. With
the power density of 150mW/cm? and the energy density being 180J/cm?, the lasers were applied to
Group A-C for 20min. Mice in Group D were not given any treatment.
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4) The observation of tumor changes in appearance and size

Changes in tumor appearance were observed and recorded with photograph every three days both
before and after PDT. The tumors’ long diameters(a) and short diameters(b) were also measured with a

vernier scale for volume calculations and the drawing of tumor growth curves. With the 215 day after
PDT as the end of observation, the inhibition rates were calculated.
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5) Analysis of cell necrosis and apoptosis with FITC Annexin V/PI double staining method and
observation on pathological changes of tumor tissues via HE staining.

5 mice of each treatment group were intentionally killed 24h after treatment, unilateral subcutaneous
tumor tissues were removed and cut into pieces with ophthalmic scissors, the tissues were then filtered
with a 200-mesh cell strainer and made into cell suspension. With the instructions on the staining kit
followed, tumor cell necrosis and apoptosis were tested with flow cytometry technology. The
subcutaneous tumors on the other side of the rumps were cut off, routinely fixed, dehydrated, immersed
with wax, embedded, sectioned, stained with HE and observed with optical microscope.
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3. Statistical processing

The statistics were expressed as mean + and standard deviations( x &= s) and were analyzed with the
software SPSS13.0. Multiple mean comparison was made by analysis of variance and LSD-t test,
(P<0.05), the difference was statistically significant.
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Results
1. Tumor changes in appearance

No obvious difference in tumor appearance of the mice between each group was noted before
treatment. Edema and small skin lesions at the irradiation sites were noticed in all treatment groups 1d
after PDT. Three days after PDT, skin blackening at the irradiation sites of the mice in Group A and B
was noted and some of the mice had eschars, also some red round skin lesions that were consistent with
the shape of the lasers were seen in some mice in these two groups. As for the mice in Group C,
brownish red eschars were seen where the lasers were targeted at. Six days after PDT, black eschars
were noted on the mice in Group A and B, no further growth of tumor was seen in most mice in the two



groups, whereas in Group C, most eschars fell off from the mice and new skin was seen, tumor growth
could still be seen in some mice. Most of the mice’s eschars in Group A and B fell off 15 days after
treatment, skins were fully recovered and fur started to grow back, only a small proportion of the
mice’s eschars haven’t felt off. At the same time most of the mice’s skins in Group C have recovered
and fur started to grow back, yet tumor growth was also noted. 21 days after treatment, most of the
mice’s skins and fur in Group A and B were fully recovered while a small amount of the mice’s eschars
haven’t fallen off. No subcutaneous tumor growth was seen in most mice and only in a small amount of
mice was residual tumor growth noted after the mice had been intentionally killed and skin sliced
through. As for the mice in Group C, after 21 days of treatment, tumor growth could still be seen at and
near the laser irradiation sites in most mice, subcutaneous solid tumors were noted after the mice were
intentionally killed and skins sliced through. As for the mice in the control group, the tumors in which

were growling fast and gradually grew bigger. The mice were intentionally killed on the 215 day of the
experiment, the skins of which were sliced through and the subcutaneous solid tumors were relatively
bigger than those in Group C. Some of the tumors’ middle parts were liquified and necrotized. (Image 1
on Page 64)
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2. Tumor size changes and tumor inhibition rates

The mean volume differences between each group were not statistically significant before the
treatments (P>0.05). Whereas 21 days after the treatments, the mean volume differences between all
treatment groups and the control group were statistically significant (P<0.05), so was the difference
between Group B and Group C (P<0.05). All the treatment groups showed tumor inhibition compared
to the blank control group, among which Group B, which shared similar curative effect as Group A
(p>0.05), showed a better therapeutic effect than Group C (P<0.05). The tumor inhibition rates of
Group A, B and C were respectively 62.5%, 75.4% and 37.2% (Image 2 on Page 65).
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3. Tumor cell necrosis rates and apoptosis rates

Based on the analysis of the mean value of the test results, it’s evident that the differences of proportion
of apoptotic cells and necrotic cells (including early apoptotic, late apoptotic and necrotic cells)
between all treatment groups and the control group were statistically significant (P<0.01). The
difference of early apoptosis rates between all treatment groups and the control group was significant
(P<0.01), so was the difference of early apoptosis rates between Group B and Group C (P<0.05). The
tumor cell apoptosis rates and necrosis rates were significantly higher in all treatment groups than in
the blank control group, whereas normal living cells in the treatment groups were significantly fewer
than those in the control group, indicating all treatment groups had obvious cancer-killing effect.
(Image 3 on Page 65)
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4. Pathological changes of tumor tissues

Under observation with light microscope, small-scale necroses could be seen in the central part of
tumor tissues in the blank control group, the marginal tumor cells were highly proliferative and were
coated with envelope. The tumor cells were big with dark stained nuclei, high nucleus cytoplasm ratio.
Marked nucleus atypia and nuclear fission were noted. Similar results were obtained from tissue
observation between all treatment groups. Tumor capsule, tumor cell living zone, necrosis zone and
homogeneous red stained zone with no cellular structure were noted from the outside in of the tumor
cells. Deposits of erythrocytes in tumor vessels was seen in all treatment groups while angiorrhexis,
extravasation of erythrocytes and thrombosis were noted in some vessels. Abundant neutrophil
infiltration was observed near some necrotic regions. Of all the groups the most obvious tumorous
angiolysis was found in the Duteroporphyrin-PDT group (Image 4 on Page 65).
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Discussion

There are three major types of photosensitizers in clinical use at present:(1) Porphyrins (such as
Hematoporphyrin Derivative and 5-ALA, the precursor compound of Protoporphyrin IX); (2)
Chlorophyll Derivative (such as mTHPC, NPe6); (3) Dye photosensitizers (such as phthalocyanine)

[4] . Among all the most commonly used ones are Porphyrins, as one of their types Photofrin has
already been approved for treating various types of solid tumors. When activated by lasers in the

wavelength of 630nm, the effective depth of Photofrin can be as deep as 5mm!>] while the effective

depth of 5-ALA is 2mml®] when applied topically, which is mainly for treating superficial diseases such
as pre-cancerous skin lesions and skin cancer. The absorption peaks of chlorophyll derivatives are
normally higher than 630nm, mTHPC (with the trade name Foscan), for example, which is activated by
lasers in the wavelength of 652nm, has a deeper effective depth than traditional porphyrin
photosensitizers. However dye photosensitizers can be activated by lasers in wavelengths of

650~850nm, which makes them very promising! despite the lack of present clinical use.
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The Duteroporphyrin and 5-ALA used in this experiment are products of Shanghai Fudan-Zhangjiang
Bio-Pharmaceutical Co., Ltd.. Duteroporphyrin is a new type of porphyrin photosensitizer, compared to
traditional porphyrins such as Photoftin, it’s composition is more stable, and chemical structure better
defined. And 5-ALA is a type of externally used photosensitizer that’s approved for treating
condyloma. Photosoft is a type of Chlorophyll A Derivative Photosensitizer that was developed by
THE CHO GROUP. It has absorption peaks in blue, red and infrared and the PDT apparatus to it uses



double frequency (660~795nm), increasing the effective depth.
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From the observation of tumor appearance changes in the experiment, black eschars were seen in
Duteroporphyrin-PDT group and Photosoft-PDT group after treatments while the eschars observed in
5-ALA-PDT group were thinner and in brownish red color. Skins and fur were fully recovered in all
three treatment groups after the eschars had fallen off, among those Group C was the fastest in skin
repairing. From the tumor growth curves we could see that there was no obvious difference in size of
tumors between the treatment groups and the control group 6 days after the treatments. This was
possibly caused by the edema and eschars caused by PDT, which occurred at the irradiation sites and
thus would increase the measure values of long diameters and short diameters of tumors, from which it
could be deduced that the actual sizes of the tumors were smaller than the measured sizes. Yet at later
period of observation when edema subsided and eschars fell out, the measured values of long diameters
and short diameters of the tumors were closer to truth values. Observation of the tumors’ sizes 21 days
after the treatments indicated that all treatment groups could inhibit tumor growth, of which Group B,
which had similar effect as Group A (P>0.0.5), was obviously more effective than Group C (P<0.05).
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Testing principle of using FITC Annexin V/PI double staining method to test cellular apoptosis and
necrosis: Phosphatidyl serine (PS), for which Annexin V has an affinity, lies within cell membranes in
normal cells. Yet once the cells are apoptosed, PS will rapidly be transferred to the outside of the
membranes, making it exposed to Annexin V. Annexin V will then quickly unite with PS, of which the
reaction is used to test for the exposed PS. However, since cellular necrosis will also cause membrane
damage, which will lead to Annexin V uniting with the necrotized cells, PI is used to distinguish living
cells, viable apoptotic cells, necrotic cells and non-viable apoptotic cells. Necrotic cells and non-viable
apoptotic cells can unite with AnnexinV-FIFC and PI at the same time and show color, while PI can’t
be united with living cells (negative for FITC) or viable apoptotic cells (positive for FITC). Based on
analysis by FCM (flow cytometry), cell histogram consisting of four quadrants was acquired. The left
lower quadrant of the histogram represented normal living cells V(-)PI(-), the right lower quadrant



represented viable apoptotic cells V(+)PI(-), while the right upper quadrant represented non-viable
apoptotic cells and necrotic cells V(+)PI(+) and the left upper quadrant represented cells that were
damaged while being collected V(-)PI(+).
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Based on the analysis of apoptotic and necrotic tumor cells by FCM 24h after treatments, the
proportions of apoptotic and necrotic tumor cells were a lot higher and living cells were obviously
fewer in all treatment groups than in the blank control group, indicating all treatment groups showed
clear effects in killing cancer cells. However the difference in cell apoptosis rates and cell necrosis rates
among the treatment groups were not significant (P>0.05), which is inconsistent with the general
observation results. The mechanisms of PDT killing tumor cells include directly killing tumor cells,
damaging tumor vessels and stimulating patients’ immune systems, these factors may benefit each

other and they are all long-term tumor-controlling mechanisms!’]. The pathological results from this
study showed large-scale tumor cell necroses in all treatment groups 24 hours after PDT treatments.
Congestion of blood vessels, angiorrhexis in some blood vessels which caused extravasation of
erythrocytes, partial vessel thrombosis and abundant neutrophil infiltration near some necrotic regions
were observed. Of all the treatment groups, Duteroporphyrin-PDT group showed the highest damage of
tumor vessels, Photosoft-PDT group ranked next while no much tumor vessel damage was seen in 5-
ALA-PDT group. Different photosensitizers target at different locations of tumors. Many studies have
shown photosensitizers such as Photofrin that were systematically delivered mainly damage tumor
vessels. Whereas 5-ALA, which needs to synthetize protoporphyrin IX (the actual photosensitive

chemical) within tumor cells, damages mainly the cells(®1?]. Blood vessel damage can cause oxygen
and nutrient supply deficiency, which will lead to cell death. To distinguish this and the cell deaths

directly caused by PDT, some authors called it delayed death!!3]. 1t’s possible that the unsatisfactory

anti-tumor response of 5-ALA is relative to it’s incapability of tumor vessel damage[lz]. Some studies
have shown that tumor blood flow was reduced 50%~70% when the 5-ALA inside the tumor cells was
being activated by light, yet no continuous blood flow decrease was noted during 3h post-treatment
observations. Tumor tissues were obtained for immunohistochemical examination 24 hours after
treatment, the result of which showed slightly higher vascular density in 5-ALA-PDT group than in
blank control group[“], indicating the possibility of 5-ALA-PDT inducing angiogenesis. This explains
why despite the insignificant difference in tumor cell apoptosis and necrosis between 5-ALA-PDT and
the other two PDT groups from vitro tests, general observation results revealed 5-ALA-PDT group to



be less effective than the other two treatment groups. All these may be because of tumor recurrence
caused by residual tumor vessels or angiogeneses. The tumor inhibition rates are also connected to the

objects’ immune systems[14]. The influence of immune systems on the therapeutic effect of PDT has

received increasing attention!!3], the mechanism of which is complicated and unclear at present.
Neutrophils are the main effector cells of the inflammatory response caused by PDT, their

accumulation is also the starting step of the anti-tumor immune response caused by PDT!]. The
pathological results in this study also showed abundant neutrophil infiltration at the sites of tumor
necroses.
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AR I L ARG R D R 4, RGN, LAREOR B B e Thee, XK R T AE AR

Wi, S LA AL R RS K H AL 0 o AWFFOREESS SRR, FI6)T 4176 PDT 67 )5 24
h H S BRI IRIE, ol W 7eii, SR MmEaiss, LCanpushas, &5 e ik
B BB IR BEAE R B A KR PR TR . Ho 2 R gs-PDT Al s i, Kk
Photosoft-PDT 41, i 5-ALA-PDT 4L IS5 A B R . A R B 6 BGRIR e 4534 1 32 ZE AL AN
7], ZIUF7ER M, Photofrin S5t 2 Gu4h 24 fa YGBIGRIH 05 1t 32 B0 A 2 IR I8, 1 5-ALA
TEAEGHM N A BB IE A Y BUE I I R IRIX, 353455 1) 32 LA A2 IR A P o000 o I35 2251
ECER AR B 2 E IR R LR, T S Bt T, X T PDT HES R4t AIEH
PR RFEIRTEFOT 11a1 o 5-ALA K RERUAFIR L (R He i 8a o7 RU0nT e 5 LA Re 0 40 g i %
(210 HHFFEEIN, 5-ALA TE RO FE H R i &2 T % 50% ~ 70%, {HHEG /R FReeiail 3
h, MREFRA WL T, G724 h BUNIE A ZUT Rz AR W7 5-ALA-PDT ZH 1) ifi.
B T LU PRI 51 oy, 30K 5-ALA-PDT FIRES| R IV FHAE . UL mT DURE, ARSE 5-ALA-
PDT ZH i A /MG I 40 B8 TR R 5 ARG A E R R R E B X, R g2 45 R 5-
ALA-PDT Hy7 8RR T HZE, FIRERBINIENAAAEE SRR A4, glEMBEE K. M
T B A A 8 5 T RGHIME A 2% 1wy« FIE R G0N PDT J7 LAY H 2552 21 A0
s, FARFNLRIE 2, HETMARZEREB . Hrh, dfkigif g PDT 51 M 2 1% S B ) 3 2

RN AR, PRI AR SR A B PDT 51K TR S BN IR A6 D IR ver o ASHIETEH L
PSR AT W IR JE LA K R P IR

To sum up, this study verified that PDT with Duteroporphyrin, Photosoft and 5-ALA could all inhibit
the growth of S180 sarcoma in mice, and the Photosoft-PDT group, which shared similar therapeutic
effect as the Duteroporphyrin-PDT group, showed better effect than the 5-ALA-PDT group. All
treatment groups showed significant cancer-killing effects early after the treatments, yet there were
some mice that were not cured in all the groups. In order to reach better anti-tumor therapeutic effects,
further studies on treatment parameter optimizations (such as methods of administration and dosages of
different photosensitizers, light dose, time interval between administration of photosensitizers and
irradiation, etc.) and combined applications of different photosensitizers with different mechanisms are



required.

B, AHHFEIE T 2855 Photosoft. 5-ALA K163 /767 #RREAMHI /N 5 S180 fifié i A4

K, A Photosoft-PDT 41t 5-ALA-PDT AR, 52155 H-PDT HRCRM =, 167
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