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Abstract

Cytological studies on lymph nodes of abdominal lymphodissection zone after local intraoperative photodynamic therapy (IOPDT) of gastrointes-
tinal cancers were carried out. As a result of the PDT, the metastatic cells are destroyed, their cytoplasmic membranes and the cytoplasm disap-
pears, leaving behind interphase nuclei ("naked nuclei") (p<0,0001). Cytological confirmation of apoptosis (the presence of apoptotic bodies) in
metastatic lymph nodes after IOPDT sessions on the lymph nodes of the abdominal lymphodissection zone is also presented.
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Peslome
MpoBefeHbl LUTONOrMYECKe UCCIEA0BaHVA MaTepuasa MMMPaTUYECKMX Y3510B 30Hbl aGAOMUHVIHANBHOW NMMbOAMCCEKLMM NOCSe UHTPa-
onepaumnoHHoi potoamHammyeckoin Tepanum (MODAT) npu 310KaYeCTBEHHBIX HOBOOOPa30BaHNAX Key[OYHO-KMLIEYHOro TpaKkTa. YcTa-
HOBJIEHO, YTO B pe3ynbTaTe npoBefeHna O/T KNeTKM MeTacTaTUUeCKMX OMyXoseil pa3pyLlaloTca C NCYE3HOBEHVEM LIMTOMIa3MaTUYeCcKom
MeM6paHb! 11 LIMTOMIa3Mbl, MPU STOM OCTAIOTCA TONbKO MHTepda3Hble Aapa («ronble appa») (p<0,0001). Takxe NpeACTaBNEHO LUTONOrYecKoe
nofTBEPXKAEHME anonTosa (Hanuure anonToTUYECKMX Tenel) B IMMpaTUUYecKux y3nax ¢ Metactasamu nocie Kypcos MOOAT B numdatnue-
CKVIX y3J1aX 30Hbl abJOMUHaNbHOWM NMMGOANCCEKLN.

KnioueBble cnoBa: poToanHaMmmyeckas Tepanus, LUTONaTonorus, nitepdasHole Aapa, anonTos, pagaxiopuiH, poToanTasuH.
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Introduction

A study of lymph nodes of the zone of abdomi-
nal lymph node dissection performed after intra-
operative photodynamic therapy (IOPDT) with the
radahlorin or fotoditazine photosensitizer (PS) to de-
tect apoptosis in case of malignant tumours of the
gastrointestinal tract was described in the previously
published article. Using DNA electrophoresis, it was
proved that apoptosis after PDT is induced in lymph
nodes affected by metastases and does not occur in
intact lymph nodes (p < 0.01). This fact indicates the
selective ability of PDT to cause the death of malig-
nant cells [1].

In this study, cytologic preparations used in the previ-
ous stages to detect metastases were analyzed again un-
der immersion. The purpose of this retrospective study
was to search for cytological manifestations of apoptotic
(apoptotic bodies) and necrotic (cytonecrosis, phago-
cytic infiltration) processes in populations of metastatic
lymph node cells induced by PDT.

Materials and methods

The groups of examined patients and their diagno-
ses, the procedure for PDT sessions and obtaining cyto-
logic preparations from lymph nodes were described in
detail in the previously published article [1].

Cytological examinations were performed on prepa-
rations obtained by imprinting of irradiated and non-
irradiated parts of lymph nodes on glasses.

The preparations were Romanowsky-Giemsa stained
and microscoped under immersion (x1000) in transmit-
ted light. The frequency of ill-defined cells (nuclei) was
found by counting 500-1000 tumour cells and expressed
as a percentage.

Statistical processing of data was performed with
nonparametric techniques (Wilcoxon-Mann-Whitney U
test) using the Statistica 13.3 software package.

Results

The findings of the study of 40 lymph nodes obtained
by the above mentioned method were set forth in the
previous article. Metastatic cells were detected in 23
lymph nodes; no metastatic cells were detected in 17 of
them. Using DNA electrophoresis, apoptosis (apoptotic
ladders) was detected in 17 of 23 lymph nodes affected
by metastases [1].

Now we can confirm that cytological examinations in
imprint smears performed in the same 17 lymph nodes
revealed apoptotic bodies (Fig. 1).

During microscopy under immersion, a sharp con-
trast in the frequency of the so-called «bare nuclei»
(BN) of malignant metastatic cells was found between
irradiated and non-irradiated halves of lymph nodes.
This phenomenon was observed both in squamous
and glandular malignant tumours. In both cases,
the nuclei had clear, even boundaries; the nature of
staining and chromatin structure corresponded to in-
tact cells with a cytoplasm and membrane (Fig. 2a).
The observed «bare nuclei» were both located sepa-
rately (Fig. 2b) and associated in the form of bunches
of grapes, which probably corresponded to the in-
duction of «bare nuclei» simultaneously and imme-
diately after irradiation of metastatic cell complexes
(Fig. 2).

Analyses of the frequency of BN of metastatic cells
in irradiated and non-irradiated lymph nodes with me-
tastases in 15 patients with adenocarcinoma and 19 pa-
tients with squamous cell carcinoma were performed in

Puc. 1. AnonToTM4yecKue TesibLla MeTacTaTUYECKUX KNEeTOoK aje-
HOKapLUMHOMBbI XenyaKa B MMmdbaTM4ecKUx yanax nocne npose-
neHus ceaHca AT

Fig. 1. Apoptotic bodies of metastatic cells in the lymph nodes of
adenocarcinoma of stoma after PDT session
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the STATISTICA programme and presented in bar graphs
(Fig. 3, 4).

Obviously, the effect of IOPDT significantly increases
the number of «bare nuclei» (p<0.0001, Wilcoxon-Mann-
Whitney U test).

Thus, we obtained cytological validation of apoptosis
(the presence of apoptotic bodies) in lymph nodes with
metastases after IOPDT, which we had previously detect-
ed using DNA electrophoresis [1]. Moreover, in our opin-
ion, the most important thing revealed during this study
was the «under the beam» effect manifested in the form
of induction of «bare nuclei» of metastatic cells after PDT.

Cytological evidence of the death of tumour cells by
apoptosis and necrosis allows us to conclude that IOPDT
can increase the ablasticity of surgical interventions and
improve the oncological outcomes of resections for lo-
cally advanced malignant tumours of the gastrointesti-
nal tract.

Discussion

Obviously, the observed PDT-induced «bare nuclei»
could only occur when the cells were damaged in the
cytoplasm (lysosomes, mitochondria, Goldgi complex
and endoplasmic reticulum) and cytoplasmic mem-
brane, but not inside or even on the surface of the cell
nucleus. Nucleus intactness during PDT was observed
in the study of the subcellular localization of Foscan in
the MCF-7 human adenocarcinoma line by M. H. Teiten
et al. [2]. Using confocal microscopy and microspectro-
fluorimetry, the authors showed that this PS slightly ac-
cumulates in lysosomes and mitochondria and is mainly
localized in the Goldgi complex and endoplasmic re-
ticulum, without affecting the nucleus. According to the
study by A. P. Castano et al., the PSs are localized in mi-
tochondria, lysosomes, endoplasmic reticulum, Goldgi

complex and plasmalemma [3]. S. Farrakhova et al. stud-
ied the localization of chlorine e, and its dimethyl ether
in HT29 cells of the human adenocarcinoma and found
that these photosensitizers are mainly distributed in the
plasmalemma and cytoplasm of cells and scarcely accu-
mulate in the area of cell nucleus localization [4].

However, L. S. Fontana et al. obtained ambiguous
results when studying the intracellular localization of
the fotoditazine PS in the 9L/LacZ glioblastoma cell line.
Fluorescence microscopy showed diffuse uptake of the
PS in the whole cell, but it was impossible to say for cer-
tain whether the PS accumulates in the nucleus. The au-
thor himself believes that the false-positive result could
be related to the association of fotoditazin with the
nuclear membrane [5]. L. S. Fontana also faced the phe-
nomenon of induction of «bare nuclei» and gave them
a description that is entirely congruent with the one we
had previously presented [6]. The very first report on the
induction of BN during PDT, which we managed to find
in the PubMed search engine, is given in the Chinese
journal by the researcher Y. T. Zhou et al. [7]. It should
be noted that «bare nuclei» of L. S. Fontana and «bare
nuclei» of Y. T. Zhou were induced by PDT in cell cultures
in vitro.

Despite the fact that L. S. Fontana’s data indicate the
association of the PS with the nucleus, it is obvious that
the presence of radahlorin on the nucleus surface is still
insufficient for its destruction after photoactivation.

The damage radius of the activated PS is relatively
small on a subcellular scale [2, 3, 8, 9]. High reactivity and
a short half-life of the singlet oxygen and hydroxyl radi-
cals directly affect only molecules and structures that are
located close to the area of their production (PS localiza-
tion area). The half-life of singlet oxygen in biosystems is
<40 ns, therefore the radius of action of singlet oxygen is

Puc. 2. Ma3ku-oTnevyaTku MeTactaTM4eCcKUX KneTok B inmdaTtnieckom ysne 9A 30Hbl a6AOMUHANbHON TMMPOAUCCEKLMK O 06NyHEHUA
(a) u nocne 3aBeplueHus (b) ceaHca MHTpPaonepaLMoHHOW GboToAUHAMUYECKOM TepannUU, BbINOHAEMOI annapaTom «Papa-2» B TeHEHUU
20 MUH (OKpalwmnBaHue a3yp-303uHOM nNo PomaHoBcKoMy, yBenuyeHune: x1000)

Fig. 2. Imprint smear of metastatic cells in the lymph node (9A) of the abdominal lymph node dissection zone before (a) and after (b) intra-
operative PDT session carried out using «Fara-2» device for 20 minutes (staining with azur-eosin by Romanovsky, magnification: x1000).
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Puc. 3. PacnpegeneHne nonoBuH numdaTtMyecKux Y3/oB Mo
nokasaTesio «4yactoTa BCTpeYyaeMocTu "ronbix agep"» npu xene-
3UCTOM pake

Fig. 3. Distribution of halves of lymph nodes according to the "fre-
quency of occurrence of "naked nuclei" with glandular cancer

Puc. 4. PacnpeaeneHue nonoBuH TMMbaTUHECKUX Y310B MO NOoKa-
3aTenio «4yacTtoTa BCTpeyaemocTu "ronbix aaep”» Npyu NaoCKoKe-
TOYHOM pake

Fig. 4. Distribution of halves of lymph nodes according to the "fre-
quency of occurrence of "naked nuclei" with squamous cell carcinoma

about 20 nm [2], while the thickness of the nuclear mem-
brane (34-74 nm) is greater by several fold than the pos-
sible damage radius of the photosensitizer. That is why
the nucleus generally holds its shape after PDT.

Conclusion

IOPDT conducted in patients with malignant tumours
of the gastrointestinal tract causes the «under the beam»
effect, which is manifested in the induction of «bare nu-
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