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Among successful approaches to cancer immuno-
therapy, the combination of cytokines application and
adoptive transfer of lymphoid effector cells represents
the most promising one. To stimulate functional activity
of lymphoid cells used for adoptive transfer, some phy-
sical factors may be used [1, 2]. It has been shown [1, 3,
4] that the low-energy laser irradiation possesses im-
munomodulating properties. Laser irradiation in the red
spectral area influences the proliferative activity of pe-
ripheral blood lymphocytes [5]. Laser irradiation has the
protective effect on lymphoid cells [6] and stimulates
cytokine production by lymphocytes [7–10]. Earlier we
have shown that He-Ne laser irradiation stimulates func-
tional activity of innate and adaptive immunity effector
cells both in vitro and in vivo [11]. The present work con-
tinues the study of potential immunomodulating action
of laser irradiation and is aimed on the research of effi-
cacy of the low-energy laser irradiation for treatment of
Lewis lung carcinoma (LLC) by adoptive immunothera-
py in combination with IL-2 administration.

50 male C57/black mice, 12–16 weeks old weighing
20–25 g were obtained from the vivarium of R.E. Ka-
vetsky Institute of Experimental Pathology, Oncology and
Radiobiology NAS of Ukraine (Kyiv, Ukraine). All animal
procedures were carried out according to the rules of
Ethic Committee. LLC cells were routinely passed by
s.c. transplantation (3 · 105 cells in 0.02 ml PBS per an-
imal). The animals were housed in 5 groups: 1) 1st group
(control) — no treatment; 2) 2nd group — animals re-
ceived adoptive immunotherapy; 3) 3rd group — the ani-
mals were treated with LAK irradiated in vitro with He-
Ne laser; 4) 4th group received adoptive immunotherapy
in a combination with laser irradiation of blood — LEB;
5) in 5th group animals were treated with LAK irradiated
in vitro and LEB. The dynamics of tumor growth was
estimated by tumor volume and weight, and metastasis
number per animal was evaluated as well.

The mouse spleens were removed aseptically and
mechanically homohenized, splenocytes were washed,
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resuspended in a 66.7% Percoll solution and centrifu-
gated for 30 min at 550 g.

LAK cells were generated by placing 2 · 107 normal
splenocytes (prepared as described above) into plastic
flasks in 9 ml of cultural medium containing 10% heat-
inactivated FCS, 50 µÌ 2-mercaptoethanol, 20 mM
HEPES and antibiotics [12]. Then cells were incubated
with 4500 U of IL-2 (Sigma, Germany) at 37 °C in 5%
ÑÎ2 athmosphere for 72 h, harwested aseptically and
centrifugated in Percoll density gradient (70, 60, 50, 40%).
Two layers 50–60% and 40–50%) were collected, cells
twice washed in PBS and resuspended an a concen-
tration of 2 · 107 for consequent adoptive transferring.

At the day 10 after LLC transplantation, mice were
injected i.v. with 2 · 107 LAK/mouse [13]. From days 10
till 15 after tumor transplantation, mice were injected
with IL-2 (20 000 U per injection, 1 injection per day for
5 days) [13, 14].

Lymphoid cells (2.5 · 106 in 0.5 ml of PBS) were
irradiated in vitro using helium-neon laser LHN-111
(Polyaron, Lviv, Ukraine) at wave length 633 nm and
the density of 0.5 W/m2 for 15 s quartz kuvette. The
power of the light beam was controlled with the mea-
suring instrument “IMÎ-2” (Polyaron, Lviv, Ukraine).

For laser exposure of blood (LEB) in vivo, helium-
neon laser LG-75 at wave length of 633 nm and emis-
sive power 0.025 W was used. Laser plant was joined
with a monofiber light-guide KP-200 (diameter of
0.4 mm). With the help of collective lens and levelling —
plant the necessary emissive power (5–8 · 10–3 W) was
obtained. The light-guide was introduced through an in-
jection needle that was placed between tail veins. Taking
into account the high penetrating ability of red area laser
irradiation, LEB has been performed through vessel walls
at days 10, 12 and 14 after LLC transplantation.

As we have shown (Table) adoptive immunothera-
py had statistically significant positive effect on the lon-
gevity of LLC-bearing animals (nearly by 20% in com-
parison with control group); this index was moderately
higher in group 3 and nearly unaltered in groups 4 and
5 (see Table). The analysis of tumor growth dynamics
has shown that in group 2 LLC growth was notably in-
hibited at the late stages (starting from day 34th) (see
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Table), and in group 3 — moderately inhibited at earli-
er stages (from day 27th), possibly due to stimulation of
effector cells functional activity.

The combined application of adoptive immunothe-
rapy and LEB accelerated LLC growth (see Table) ap-
proximately at day 27 after LLC transplantation. Ac-
cording to data [3, 11, 15–17], laser irradiation influ-
ences homeostasis of lymphoid cells. It is possible, that
adoptive transfer of LAK, resulting in notable increase
of LAK activity, may lead to immunosuppressive (“level-
ling”) action of LEB, that, in turn, promotes tumor growth.
In any case the obtained results indicated that com-
bined simultaneous application of adoptive immuno-
therapy and LEB is inexpedient.

In 5th group, insignificant inhibition of tumor growth
compared to control group was observed (similarly to
group 3) (Figure, Table).

The research of metastasis in experimental groups
(see Table) has revealed that in group 2 this index is
lower by 50%, and in group 3 — nearly by 60–70%.

It is known, that NK-cells are the main components
of antitumor immunity responsible, in particular, for fast
elimination of malignant cells from bloodstream [32].
Besides, it is established, that the vast majority of
i.v.-transferred lymphoid cells quickly (within 8–16 h)
disappear from bloodstream and are accumulated with-
in the lung due to a high density of homing-receptors
for NK cells [18, 19]. Probably these circumstances also
explain why the highest efficacy of adoptive immuno-
therapy with LAK in clinical practice is reached in treat-
ment of lung malignancies [20].

In 4 and 5 groups of animals where adoptive im-
munotherapy was carried out in combination with LEB,
the variability of metastasis levels was observed along
with the tendency to metastasis stimulation. Probably,
such result is explained by system immunosuppres-
sion, which is caused by mentioned above phenome-
non of a “levelling” effect of a laser irradiation. The com-
parison of splenic indexes of animals from different
groups (expressed as the relation of spleen weight to
body weight) (see Table) has shown that in 2nd and 3rd

groups the splenic indexes didn’t differ from those in
control, but in 5th group, that index was higher, and in
4th group — lower than in control. Those data point on
possible systemic response of lymphoid tissue recorded
also by other authors [21].

In conclusion, our data showed that the low-ener-
gy laser irradiation in red spectral area has opposite
effects if combined with adoptive immunotherapy
in vivo; He-Ne laser irradiation of lymphoid cells in vit-
ro prior to their adoptive transfer decreases the level of
metastasis in LLC-bearing mice.
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Table. Longevity, metastasis rate and splenic indeces in the groups 
of experimental animals 

Group Longevity (days) Medium number of metastases Splenic index 
1 45.0 ± 0.6 7.0  6.5 ± 0.1 
2 54.0 ± 0.8 4.1  6.5 ± 0.1 
3 48.2 ± 0.3 2.0 7.2 ± 0.2 
4 36.4 ± 1.2 9.4  4.5 ± 0.1 
5 41.0 ± 1.1 10.0  8.0 ± 0.1 

 

Figure. Dynamics of tumor growth in the groups of experimental
animals: group 2 (a), group 3 (b), group 4 (c), group 5 (d)
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ÀÊÒÈÂÈÐÎÂÀÍÍÛÕ ÊÈËËÅÐÎÂ È ÈÍÒÅÐËÅÉÊÈÍÀ-2
Ó ÌÛØÅÉ Ñ ÊÀÐÖÈÍÎÌÎÉ ËÜÞÈÑ

Í.Ô. Ãàìàëåÿ, Ë.Ì. Ñêèâêà, À.Ã. Ôåäîð÷óê

Èçó÷åíà ýôôåêòèâíîñòü êîìáèíèðîâàííîãî ïðèìåíåíèÿ ëàçåðíîãî èçëó÷åíèÿ è àäîïòèâíîé èììóíîòåðàïèè ñ
èñïîëüçîâàíèåì êèëëåðíûõ êëåòîê, àêòèâèðîâàííûõ èíòåðëåéêèíîì-2, ïðè ëå÷åíèè êàðöèíîìû Ëüþèñ ó ìûøåé.
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àäîïòèâíûì ïåðåíîñîì ñóùåñòâåííî óñèëèâàåò àíòèáëàñòîìíûé ýôôåêò ëå÷åíèÿ, îñîáåííî íà ýòàïå
ìåòàñòàçèðîâàíèÿ îïóõîëè. Â òî æå âðåìÿ ëàçåðíîå îáëó÷åíèå êðîâè ìûøåé in vivo, ïðîâåäåííîå îäíîâðåìåííî
ñ àäîïòèâíîé èììóíîòåðàïèåé è ââåäåíèåì ÈË-2, íå äàåò ïîëîæèòåëüíûõ ðåçóëüòàòîâ.
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