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The effect of laser (384 nm) irradiation of a Lewis lung
carcinoma on the tumor volume and the formation of metastases
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We study the effect of laser irradiation upon implanted Lewis carcinoma. The irradiation of mice with Lewis
carcinoma by a femtosecond pulsed laser with a wavelength of 384 nm was performed. Four groups of animals with
different irradiation schemes were used in the experiments. The tumor volume and the number of lung metastases were
detetermined. The activity of matrix metalloproteinases MMP-2 and MMP-9 in the primary tumor tissue was studied
using zymography in polyacrylamide gel. The significant inhibition of the primary tumor growth and a decrease in the
number of lung metastases were showed. A significant decrease of the MMP-9 level in the tumor was also observed.
The most promising is the irradiation of mice with Lewis carcinoma on the 18th day after cells inoculation. There was
a significant (more than 2-fold) reduction in the tumor volume, number of metastases in lungs, and MMP-9 level.
Laser irradiation with a wavelength of 384 nm may be promising for the treatment of superficial tumors.

Keywords: Lewis carcinoma, femtosecond laser with tunable wavelength, lung metastases, matrix metallo-
proteinases 2/9.

Lasers are widely used in medicine, including the treatment of cancer. The important direction
is the applying of low-intensity (low-level) laser technologies [1—3]. It is known that laser light
with low power density affects the proliferation of stem cells, remodeling cardiomyocytes and
endotelial cells [3, 4], is able to enhance the synthesis of collagen, and stimulates the expression
of proinflammatory cytokines and apoptosis in irradiated cells [5, 6]. The aim of this work was to
study the effect of low-intensity femtosecond laser radiation in the near ultraviolet spectral band
on the rate of tumor growth in mice with transplanted Lewis lung carcinoma, the number of me-
tastases, and the level of collagenases MMP-2 and MMP-9 in tumors, which play a key role in the
metastasis formation.

Materials and methods. Experiments were carried out with female mice C57BL/6 bred in
the vivarium of R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology
of the NAS of Ukraine (40 animals weighing 17—18 g). Inoculation of Lewis lung carcinoma
(3LL) — 500 thousand cells/mouse by intramuscular injection in the right thigh — was carried
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out in conventional manner. We received the institutional Ethics Committee approval on car-
rying out the experiments with animals.

Irradiation was carried out using a femtosecond pulsed tunable laser complex (“Coherent”,
USA). Laser type — chameleon ultra II, with the second harmonic generator. Laser parameters
in the experiment: wavelength — 384 nm; bandwidth — 2 nm; average power density per unit
area — 10 mW /cm?; pulse duration — 140 fs; pulse rate — 80 MHz; the diameter of a laser spot
on the surface of the animal body — 1 ¢m; exposure time — 10 min. Before irradiation, the depi-
lation of the right hind limb of mice with the transplanted tumors was performed. Before the
procedure, mice were administered with the light anesthesia: thiopental sodium (1 mg/ml, 0.2 ml
intraperitoneally).

In preliminary experiments, it was found that, due to the pulsed nature of the irradiation, the
laser beam penetrates to a depth of 0.8 mm with a loss of approximately 70—80 % of the power.

Tumor volume was calculated in three orthogonal dimensions (a, b, ¢) according to the stand-

ard formula: a x b x ¢ x /6.

To study the effect of laser irradiation on
the activity of matrix metalloproteinases MMP-2
and MMP-9 in the primary tumor tissue, zy-
mography in polyacrylamide gel was used [7].

Table 1. Effect of laser irradiation
on tumor tissue volume and number
of metastases in mice with Lewis carcinoma

on the 25th day after transplantation

The animals were sacrificed on the 25th Group Tumor Tfhe r;unsber tffleducti{)n inf
. . . . oI metastases € number o
day after the carcinoma cells inoculation, both | (5mice) | = volume, % .~ group | metastases, %
lungs were placed into Bowen liquid (75 ml of a
saturated picric acid solution, 25 ml of neutral | Control 100 53 0
*
40% formalin, and 5 ml of glacial acetic acid) for I 1628+1398 16 69.81
he fixi d furth . fth b f IT 73.2£17.39 15 71.70
the f1xing and turther counting o t. e numpber o I 1539+ 6.62* 5 9057
metastases. The percentage of primary tumor

growth inhibition was also calculated.

Statistical data processing was carried out
by Student's test. P values <0.05 were consi-
dered as significant.

Notes. Group I — one-time exposure on the 10th day
after transplantation; II — double exposure on the
10th and 18th days; III — one-time exposure on the
18th day. * Difference from the control significant,
P<0.05,M*m(n=>5).

Table 2. Effect of laser irradiation on the activity of MMP-2/9 in tumor tissue
of mice with Lewis carcinoma(25 days after transplantation)

Laser exposure scheme

MMP-2, ug/g
of the tissue

MMP-9, ug/g
of the tissue

Irradiation on the 10th day after cells

transplantation (n = 4) 11.5+5.3% 63+29
Irradiation on the 10th and 18th days after cells

transplantation (n = 3) 6.0+24 6.0+27
Laser exposure on 18th day after cells transplantation

(n =4) 3.0+38 46+4.0*
Control (n =3) 6.5+0.7 9.4+3.1

Notes: n — number of animals, “P < 0.05; M + m.
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Results and discussion. All animals were distributed into groups of 5 mice each: Group I —
single irradiation of the primary tumor on the 10th day after the Lewis lung carcinoma cells trans-
plantation; Group II — double irradiation of the primary tumor on the 10th and 18th days after
the inoculation; Group III — single irradiation of the primary tumor on the 18th day after the
transplantation; Group IV — control (tumor-bearing mice without laser exposure) (Table 1).

It was found that all variants of laser irradiation resulted in the inhibition of primary tumor
growth. The most significant reduction in the tumor volume occurred as a result of the single ir-
radiation on the 18th day after the carcinoma cells inoculation (see Table 1). The number of lung
metastases was also markedly decreased, particularly in the animals of Group III (>90 %).

Laser irradiation on the 10th day after the transplantation causes a considerable increase in
the MMP-2 (matrix metalloproteinases ) activity (Table 2). A significant decrease in the MMP-9
activity in the tumor (more than 2 times) on the 25th day after the inoculation was noted only in
Group III (single irradiation on the 18th day).

The biochemical mechanisms underlying the effects of a laser on a tumor have not been
studied sufficiently. The laser wavelength, 384 nm, coincides with the main lines of the absorption
of magnesium and iron ions that can influence the activity of enzymes containing these metals in
the active sites.

As it was shown, the irradiation with low-energy laser affected the collagen synthesis, the
expression of MMPs and their tissue inhibitors — TIMP (tissue inhibitor of metalloproteina-
ses) [8, 9] that may be associated with the formation of metastases. The effect of a laser on the
proliferation of stem cells was described [3]. Moreover, irradiation of the thymus projection area
with a laser at the 384-nm wavelength resulted in changes of the expression profile of cytokines
and chemokines in the thymus gland, responsible for the maturation, proliferation, and migration
of myeloid cells involved in the formation of innate immunity [5].

Conclusion. The most promising is the irradiation of mice with Lewis carcinoma on the 18th
day after the cells inoculation. In such scheme of treatment, there is a significant (more than
2-fold) reduction in the tumor volume, number of metastases in lungs, and MMP-9 activity in
animal tumor tissue, which may contribute to the suppression of metastasis. The described
method of the laser irradiation with the specified parameters can be recommended for preclinical
trials as an adjuvant at chemotherapy of superficial tumors.
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BIIVIMB JIASEPHOTO OITPOMIHEHHA (384 HM) KAPIITMHOMMU
JIETEHIB JIbIOIC HA PO3MIP [IYXJIMHUW I YTBOPEHHSI METACTA3IB

BuBueHo BILUIUB JIa3ePHOTO OIIPOMiHEHHS Ha IMIIAHTOBaHY KapiuHomy Jlbtoic. Muiieit 3 kapuunomorto JIbioic
OTIPOMIHIOBAN (HEMTOCEKYHIHNM, IMIYJIbCHUM, TepeOyTOBYBAHUM JIa3epOM 3 JMOBKHUHOI0 XBWI 384 HM.
BusHava 06'eM MyXJWHHM, KiJTbKICTh METACTa3iB y JIETEHSIX i PiBEHb MATPUKCHUX MeTajgonporeinas MMP-2 i
MMP-9 y tkanmni mepBunHOi myxauaN. [lokazano sHaune MPUTHIYEHHS POCTY MEPBUHHOI MyXJWHU i 3MEH-
IIEeHHST KIJTbKOCTI MeTacTasiB y JiereHsX. Takosk BiI3HAUEHO NOCTOBipHe 3HUKeHHs piBHA MMP-9 y myxsusi.
BcranoBiieHo, 1110 HalGiTbIIT TTEPCTIEKTHBHUM € OTIPOMIHEHHST MUTIIEH 3 KapiimHoMoio JIbioic Ha 18-i1 genn mics
TpaHcanTanii myxauau. [Ipu nbomy BiabyBaeTbes 3HauHe (GiIbII HIZK y/BIUi) 3MEHIIIEHHS PO3MIpY TyXJINHH,
KITBKOCTI MeTacTasiB y Jerensx i pisast MMP-9.

Kntouosi caoea: xapyunoma Jlvioic, pemmocexynonuii 1asep 3i 3MIHHOI0 YACMOMOI0, MEMACMA3U 8 Je2eHi, MAMm-
puxcHi memanonpomeinasu 2/9.
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BJIMAHUE JIASEPHOTI'O OBJIYVUHEHUA (384 HM) KAPIITMTHOMBI
JIETKNX JIBIOVC HA OBBEM OITYXOJIN 11 OBPASOBAHNE METACTA30OB

V3y4eHo BAMSHME JTa3epPHOT0 00JydYeHrs Ha MMILTAHTHPOBAHHYIO KapuuHomy JIbonc. Mbleil ¢ KapinHOMOit
JIbtonc obaryuanit (heMTOCEKYHIHBIM, UMITYIbCHBIM, TIEPECTPANBAEMBIM JIA3EPOM C JUTHHOI BoHBI 384 HM. Or-
peesisiin 00beM OIyXOJIU, KOJIMYECTBO METACTA30B B JIETKUX U YPOBEHb MATPUKCHBIX MeTaJLIONpoTernHas MMP-2
n MMP-9 B TkaHu epBUUHOIT omyxosu. [lokazaHo 3HaUNTETbHOE MHIMOUPOBAHUE POCTA TIEPBUYHOMN OITYXOJIH 1
YMEHBIIIeHNe KOJTMYeCTBA METACTAa30B B JIETKUX. Takske OTMEUEHO JOCTOBepHOoe cHIrKenue yposusa MMP-9 B
OITYXOJIN. YCTaHOBJIEHO, 4TO HanboJiee epCIeKTUBHBIM SIBJISIETCST 0GIyUeHNE MbITIeH ¢ KapImHOMOH JIbtonc Ha
18-i memb moce TpaHCITAHTAIINY OTyX0Ju. [Ipu aToM TporcxoanT 3HaunTeIbHoe (6oJiee 4eM B 2 pasa) yMeHb-
meHne oGbeMa OIyX0JIH, KOJMYeCTBa METACTA30B B JIETKUX U ypoBHs MMP-9.

Kniouesvie caosa: xapuunoma Jlviouc, pemmocexynonlii iasep ¢ nepecmpausaemolt uacmomoi, Memacmasol 6
JezKue, MampuxcHvle Memaiionpomeunasvt 2,/9.
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