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The aim of this research was (by using the DNA comet method) to study the level of DNA damage in leukocytes of the whole blood
in tumor-bearing animals after photodynamic therapy (PDT) with the local administration of a photosensitizer.

Materials and Methods. The experiments were performed on 30 non-linear male albino rats. As a model of neoplasia, the rat-renal
carcinoma strain was used. The animals were divided into three groups: intact (n=10), without exposure (n=10) and with PDT exposure
(n=10); each group was then divided into two subgroups according to the initial tumor volume: A — less than 0.3 cm? and B — more-than
0.5cmd.

In the PDT group, 0.3% Photosens (SRC “NIOPIK”, Russia) was injected into the tumor. Then, 6-12 h after the injection, the tumor
area was irradiated with a LED laser beam (A=660£10 nm, P=100 mW/cm?). The PDT sessions were conducted on the 15" and 19" day
after the transplantation.

The antitumor effect was evaluated by the absolute tumor growth rate. The DNA damage was assessed by the DNA comet assay
adapted for this study. The %TDNA — the relative DNA content of the comet tail — was used for quantification.

Results. A direct correlation between the DNA damage and the absolute tumor growth was found (Spearman rank correlation coefficient
r.=0.85; p=0.006). Using the DNA comet method we observed an increased DNA damage in leukocytes of tumor-bearing animals exposed
to PDT in the subgroup with initial tumor volumes <0.3 cm?; whereas no such changes were found in the subgroup with tumors >0.5 cm®.
When PDT was preceded by a Photosens injection, the tumors regressed in 50% of rats regardless of the initial tumor volume. In rats

resistant to PDT, the tumor growth was stimulated in rats with the initial tumors <0.3 cm®.

Conclusion. The level of DNA damage in blood leukocytes, determined with the alkaline version of the DNA comet method after
author’'s modification, can be used to indirectly evaluate the growth rate of a malignant neoplasm and predict the tumor response to
photodynamic therapy combined with a locally-administered photosensitizer.
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Photodynamic therapy (PDT) is used for the
treatment of oncological diseases of the skin [1-3],
esophagus [4, 5], lungs [6-8], nervous system [9, 10],
female reproductive organs [11-13], and the biliary
tract [14], as well as head and neck tumors [15-17]. In
practice, PDT can be used as an independent modality
and in combined therapy or palliative care. However,
there are a number of restrictions, such as insufficient
singlet oxygen generation [18], a small depth of PDT
penetration into a biotissue [19], and skin phototoxicity
[20]; these limitations prevent the PDT from a broader
clinical use.

Local (interstitial) photosensitizers (PS) administered
directly into the tumor tissue, help avoid photodermatosis,
can prevent PS accumulation in organs with high
metabolic activity, allow increasing PS concentration
in the tumor without enhancing skin phototoxicity, and
reduce treatment costs. The PDT technique combined
with the local administration of Russia-made PS into
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a tumor has been under development at the Medical
Research Center of Radiology, Russian Academy of
Medical Sciences since 2000 [21-23].

It is known that the combination of PDT with PS
generates the active forms of oxygen, especially singlet
oxygen, which has cytotoxic and mutagenic effects on
cellular organelles and DNA molecules [24—-26].

Back in 1997, using various tumor cell cultures,
McNair et al. [27] showed that the “alkaline” version of
the DNA comet assay can be used to effectively screen
the cells for DNA damage caused by laser therapy at
different wavelengths. However, this approach found
its use in clinical practice only by Haylett et al. [28] and
Mozaffarieh et al. [29].

In this study, the DNA comet assay is proposed to
evaluate the damage to the leukocytes DNA in animals
with experimental neoplasia after PDT with local
administration of PS.

The aim of the study was, by using the DNA
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comet method, to evaluate the level of DNA damage in
whole blood leukocytes of tumor-bearing animals after
photodynamic therapy with local administration of a
photosensitizer.

In the process of the work, the following issues were
addressed:

to estimate the level of DNA damage in whole
blood leukocytes in rats with a growing tumor of renal
carcinoma;

to evaluate the DNA damage in whole blood
leukocytes of the tumor-bearing rats after photodynamic
therapy with local administration of PS.

Materials and Methods. The experiments were
performed on 30 outbred Sprague Dawley rats (males)
weighing 250425 g at the Department of Biology of the
Nizhny Novgorod State Medical Academy. The animals
were purchased from the Pushchino breeding farm and
were kept under the standard animal house conditions:
they received a full-feed diet (Laboratorkorm, Moscow)
and tap water ad libitum.

The rats were withdrawn from the experiment by
decapitation under anesthesia, all manipulations were
carried out in full accordance with the ethical principles of
the European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (adopted in Strasbourg on 18.03.1986 and
confirmed in Strasbourg on 15.06.2006), as well as in
accordance with the guidelines specified in the Guide
for the Care and Use of Laboratory Animals (National
Research Council, 2011). The work was approved by the
Ethics Committee of the Nizhny Novgorod State Medical
Academy.

Since the photodynamic impact is most effective in
the superficially localized tumors (and no transplantable
strain of rat melanoma was available), we used the
neoplasia model of renal carcinoma (PA) transplanted
by subcutaneous inoculation of the tumor material.
Initially, this solid tumor was produced by injecting
6-methylthiouracil to castrated rats; this original strain
has been stored in the Bank of tumor strains at the
N.N. Blokhin Russian Cancer Research Center, Russian
Academy of Medical Sciences. This tumor grows fast
with a relatively short incubation period, not exceeding
7-10 days; the tumor development is fully completed
within 26 days after transplantation. Carcinoma PA is
characterized by a sufficiently large biomass and a high
degree of successful transplantation [30].

On the 9" day after the tumor transplantation,
when the renal carcinoma reached a controlled size
(0.07—4.20 cm?®), the animals were divided into three
experimental groups: 1) intact — healthy rats (n=10);
2) without exposure — tumor-bearing rats with no
treatment (n=10); 3) PDT — tumor-bearing rats
exposed to PDT (n=10). To reach a greater intragroup
homogeneity, the behavioral characteristics of the rats
determined with the open field test were taken into
consideration [31]. After the animals were grouped, the
tumor growth was monitored for 5 days.
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In studies on PDT [20], tumors of different sizes
showed different responses to PDT. With this in mind,
we introduced an additional sub-division in each of the
3 main groups. Thus, subgroup A included animals with
the initial tumor volumes up to 0.3 cm?® and subgroup
B — with initial tumor volumes greater than 0.5 cm?.

To carry out a photodynamic session, we used a
second generation synthetic PS — hydroxyaluminum
trisulfophthalocyanine (Photosens) (NIOPIK, Russia),
which had an absorption peak within the spectral region
of biotissue transparency (at 676 nm); that allowed
targeting deeper layers of the tumor tissue. The PS
was administered into the tumor tissue, using the local
(interstitial) approach [21-23]. Here, 0.3% solution
of the PS was injected into the tumor at three points.
Then, 6-12 h later, each injection point was irradiated
with a LED laser beam at a wavelength of 660+10 nm
and a radiation power density of 100 mW/cm? (energy
density of 60 J/cm?). Each exposure lasted for
10 min. The radiation parameters were in accordance
with the instruction for PS use. As a light source, a
physiotherapeutic light-emitting diode AFS (Polironik,
Russia) was used. A total of two PDT sessions were
performed on the 15" and 19" day after the tumor
transplantation; that was the period of active growth
of renal carcinoma in rats. The tumor volume was
measured on the 10" and 20" day after transplantation,
i.e. 5 days before the first PDT session and one day
after the second PDT session took place. Anesthetized
animals were withdrawn from the experiment on the 20"
day by decapitation.

The antitumor effect of PDT was assessed by a
coefficient K reflecting the absolute increase in the tumor
volume V, which was calculated by the formula:

_Vi-%. _r d;+d, ’
K= A ’V_6[ 2 ’

where: d, and d, are two mutually perpendicular cross
sections of the tumor (cm); V, is the tumor volume before
exposure (cm?®); V, is the tumor volume on a given day
(cmd) [22].

The range of values K>0 corresponded to continued
tumor growth, values —1<K<0 were viewed as growth
inhibiton and K=-1 indicated a complete tumor
regression. The conclusion about complete regression
of neoplasia was made in the absence of a visible and
palpable focus [22].

The quantification of the DNA damage in whole blood
leukocytes was carried out according to the DNA comet
protocol [32].

Images of DNA comets were photographed mainly
in the central part of the slides, where the comets were
located in the same plane.

The pictures were taken with a digital camera, model
DS-Fi2 (Nikon Corporation, Japan) connected to a direct
microscope Nikon Eclipse Ni-U (Nikon Corporation,
Japan). The obtained images were processed with the
help of the Comet.exe software, developed specifically
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for image analysis (Stepanov [33]). One hundred comets
per slide were viewed and the results were averaged for
each experimental point. To quantify the DNA damage,
we used the term %TDNA, which reflected the relative
DNA content in the comet “tail” and calculated as the %
ratio of the fluorescence signal in the comet “tail” to the
total fluorescence signal in the entire comet [34]. In total,
60 slides were viewed in the experiment.

Since the obtained data did not obey the
normal distribution, the median (Me) and the inter-
percentile range (Me [25%, 75%]) were used for data
presentation; accordingly, the data was processed using
nonparametric statistics methods, specifically the Mann—
Whitney U test and the Spearman rank correlation.
The data was processed using Microsoft Office Excel,
Statistica 8.0 and AtteStat software packages.

Results and Discussion. Parameters of the tumor
growth before and after the photodynamic therapy are
presented in Table 1.

In the tumor-bearing animals not treated with PDT,
no spontaneous regression of carcinoma was detected.
The coefficient of absolute tumor growth in subgroup B

Table 1
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with initially larger volumes of neoplasia was significantly
higher than that in subgroup A with initially smaller
tumors, i.e., 7.57 [3.57; 11.63] and 1.29 [1.20; 1.37]
(p=0.011). At the same time, the level of spontaneous
DNA damage in whole blood leukocytes from subgroup B
(%TDNA) was 2-fold higher than that in subgroup A,
i.e., 5.65 [3.55; 6.95] and 2.45 [2.36; 2.75], respectively
(p=0.044). The relation between the carcinoma growth
and DNA damage in nucleated blood cells was confirmed
by a correlation analysis, namely: a direct relationship
was found between the tumor growth rate and the level of
spontaneous DNA damage (r,=0.85, p=0.006).

We observed and described specific morphological
differences between the comets formed from the
blood cell DNA of intact rats versus tumor-bearing rats
(Figure 1). Thus, the nucleoids of blood cells from intact
rats or rats with initially smaller tumors (subgroup A)
looked as bright symmetrical DNA spheres (Figure 1 (a),
(b)). In contrast, the nucleoids from blood cell of rats with
initially large tumors (subgroup B) were asymmetrical
and formed a short “tail” of damaged DNA fragments
when run in agarose gel (Figure 1 (c)).

Growth of carcinoma of PA rats after photodynamic therapy (PDT) (Me [25%; 75%])

Initial tumor

Tumor volume after transplantation (cm?)

Tumor Coefficient

Grou . %TDNA
: volume (") pay 10 (before PDT)  Day 20 (after PDT) ~ regression (%) of tumor growth ’

No PDT:

subgroup A (n=4) 0.07-0.22 0.15[0.07; 0.22] 0.33[0.14; 0.52] 0 129[1.20;1.37)  2.45[2.36; 2.75]

subgroup B (n=6) 0.52-4.19 1.40[1.02; 2.81] 20.83 [4.68; 35.43] 0 757 [3.57; 11.63]*  5.65[3.55; 6.95]*
PDT:

subgroup A (n=4) 0.07-0.22 0.07 [0.07; 0.15] 0.23[0.0; 16.98] 50 221[-1;78.06]  7.91[5.50; 10.02]*

subgroup B (n=6) 0.52-4.19 1.77 [1.77; 2.57] 12.22[0.0; 33.27] 50 1.92 [-1; 17.26] 4.20 [3.10; 6.0]
Intact (n=10) — — — — — 3.72[2.72; 3.80]

* p<0.05 in comparison with the “no PDT” group with initially small tumors, the Mann—Whitney U test.

Figure 1. Microphotographs of the blood cell nucleoid:

(a) intact rats; %TDNA=3.72 [2.72; 3.80]; x200; (b) rats from the “no PDT” group, subgroup A;
%TDNA=2.45 [2.36; 2.75]; x200; (c) rats from the “no PDT” group, subgroup B; %TDNA=5.65 [3.55;
6.95]; x200
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Table 2

The growth rate of renal carcinoma in rats resistant
to photodynamic effect (PDT) (Me [25%; 75%])

animals without therapy (p=0.021) but did not
change in animals with initially large tumor
volumes (see Table 1).

According to the morphology analysis, the

Group Subgroup Number of rats with zero Coefficient DNA material from blood of tumor-bearing
tumor regression of tumor growth animals exposed to PDT showed marked
A 4 1.28[1.20; 1.37] polymorphism of the resulting DNA comets

No POt B 6 7.56 [3.57; 11.63 (Figure 2).
S0 [3.57; 1163 After PDT sessions, the comets in subgroup
PDT A 2 70.05 [5.41;150.70] A showed a well-defined “tail” consisting of
B 3 17.26 [4.83; 28.79) fluorescent fragments of the damaged DNA

Figure 2. Microphotograph of the blood cell nucleoid after

photodynamic therapy:

(a) in subgroup A; %TDNA=7.91 [5.50; 10.02]; x200; (b) in subgroup B;

%TDNA=4.20 [3.10; 6.00]; x200

When a PDT session was preceded by a local
administration of the Photosens agent, complete
regression of transplanted neoplasia (K=—1) was
observed in 50% of tumor-bearing rats regardless
of initial tumor size (see Table 1). These results
are comparable with those of others who observed
regression of experimental M-1 sarcoma after PDT with
a local administration of Photoditazine [22].

However, when comparing the tumor growth rates
in animals without therapy and after photodynamic
exposure, there were no significant differences between
the rats with initially large and with initially small tumor
sizes. This can be explained by the fact that in animals
that remained resistant to photodynamic action (2 cases
out of 4 in subgroup A and 3 out of 6 in subgroup B),
there was a greater carcinoma growth in the initially
small and a mild growth in the initially large tumors as
compared with tumor-bearing animals without PDT
(Table 2).

Thus, we found an individual response to PDT
(regression of neoplasia or stimulation of its growth)
in rats with transplanted renal carcinoma; this type of
response did not depend on the initial tumor size.

After the photodynamic exposure, the level of
spontaneous DNA damage in leukocytes of rats with
initially small tumors increased 3-fold compared to
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(Figure 2 (a)). However, in subgroup B there
were no such fluorescent “tails”, but only a
halo of damaged DNA around the central focus
(Figure 2 (b)).

Summing up, the following results were
obtained in this study.

A direct correlation between the level of
spontaneous DNA damage and the absolute
coefficient of tumor growth (r,=0.85, p=0.006)
was found.

After PDT sessions, we detected an
increased level of spontaneous DNA damage
in whole blood leukocytes of tumor-bearing
animals with the initial carcinoma volumes
<0.3 cm3 no changes were found in the
group with the initial tumor volumes >0.5 cm?3.
Obviously, the increased level of basal DNA
damage can serve as a predictive parameter for
the PDT induced biological effect.

We found that photodynamic therapy with the
local administration of Photosens led to regression of
carcinoma regardless of the initial tumor size in 50% of
tumor-bearing rats.

In rats resistant to PDT and having tumors of an initial
volume <0.3 cm?, the tumor growth accelerated.

Conclusion. The level of DNA damage in blood
leukocytes detected with the alkaline version of the
DNA comet assay in the author’s modification can
be used to indirectly estimate the growth rate of a
malignant neoplasm and predict the tumor response

to photodynamic therapy combined with a local
administration of a photosensitizer.
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