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the human myeloma cells growth delay without any effect

Percutaneous Exposures of volunteers to polychromatic

light (480-3400 nm) trigger systemic mechanism of

on bortezomib cytotoxicity in vitro
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Background and aim: Polychromatic light is actively used in medicine. However, its oncological safety
and effect against cytotoxic therapy remains poorly studied. Multiple myeloma (MM) develops in the
bone marrow and therefore malignant plasma cells are inaccessible to direct exposure to light. The aim
of our work was to study the influence of polychromatic visible and infra-red light (pVIS + pIR) on growth
and sensitivity of the myeloma cells to the cytotoxic effect of drug bortezomib (BTZ) through systemic
mechanism.

Materials and methods: We explored the effect of volunteers blood sera after their 4-daily irradiations
with pVIS + pIR light (480-3400 nm) on growth and viability of the human myeloma RPMI 8226 cells in
the presence of BTZ at its application in 2 modes: short-term (1 h, 300 nM) and long-term ( 96 h, 5 nM).
Viability and proliferative activity of cells was evaluated by MTT assay.

Results: It was found that photomodified blood sera delayed growth of myeloma RPMI 8226 cells (by 25
% in 48 h and 23 % in 96 h) but had no effect on spontaneous and mitogen-induced proliferation of au-
tologous peripheral blood T- and B-lymphocytes. We also revealed that pVIS + pIR did not change RPMI
8226 cells sensitivity to BTZ.

Conclusion: The results suggest the systemic mechanism of polychromatic light and argue in favor of its

oncological safety during/ after BTZ therapy of MM patients without effect on the drug cytotoxicity.
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Introduction

Low intensity phototherapy, more recently termed photo-
biomodulation (PBM) ¥, has been widely used in medi-
cine since the end of 1960s ?. For the last 20 years, along
with monochromatic or narrow band visible (VIS) and
near infrared (IR) light of lasers and light-emitting diodes,
polychromatic visible light combined with infrared
(pVIS+pIR, 480-3400 nm) has been also actively applied
to modulate immune and inflammatory processes, stimulate
wound healing and increase blood microcirculation *”. Due
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to their properties, both monochromatic and polychromat-
ic lights have been used in clinical oncology to reduce the
frequency and severity of negative side effects of conser-
vative treatment methods being applied. Thus, PBM is an
effective tool for the prevention and treatment of broad
range of complications (mucositis, dermatitis, dysphagia
and blood microcirculation disorders) developed in pa-
tients in response to chemotherapy and radiotherapy. 7'
Despite the positive experience of using PBM in the
field of oncology, the question of its safety for cancer pa-
tients remains undetermined. Less is known about antitu-
mor activity of PBM. The effect of PBM on tumor cells is
actively studied in vitro and in vivo and gives conflicting
results depending on the parameters of the model sys-
tems being used. » Oncological safety of pVIS + pIR radi-
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ation was shown in our experiments on isolated tumor
cells, laboratory animals with tumors and during post-op-
erative immuno-rehabilitation of patients with breast can-
cer. 7 1113 Phototherapy approaches, as well as the prob-
lem of the interaction of light therapy and conservative
approaches in the treatment of cancer patients need addi-
tional researches. There is only isolated data proving that
PBM can enhance certain types of antitumor therapy, in
particular, photodynamic '¥ and radiation therapy. ' To
study the effect of light on the growth of tumor cells, di-
rect local exposure of light to damaged tissues is pre-
dominantly used, whereas the value of the systemic
mechanisms of light action through the circulatory and
lymphatic systems is far from being fully estimated by ex-
perts. 71® Data showing tumor growth reduction ob-
tained in vivo study is potentially connected to the
PBM-activated innate immunity. 3 1920

It is worth emphasizing that in medical practice
when using phototherapeutic devices, only cells of the ir-
radiated area are exposed to direct (local) effect of light,
while cells of the tissues of internal organs, including tu-
mor cells, experience action mediated by systemic mech-
anism through circulation systems. We believe that the
transcutaneously photomodified blood makes a major
contribution to the systemic mechanism of therapeutic ef-
fects of pVIS + pIR, which is the main (if not the only)
case of those organs and tissues which are not accessible
and exposed to the direct light. 22 Such tissues include,
in particular, the hematopoietic tissue of the bone mar-
row and its malignant derivative - multiple myeloma
(MM). MM is a widely spread and incurable hematologic
malignancy with a median survival of 3 to 5 years. Borte-
zomib (Velcade®) is the first FDA approved proteasome
inhibitor for clinical use in the treatment of MM. %

The goal of this work was to study the systemic
mechanisms of influence of pVIS + pIR light (480-3400
nm, 40 mW/cm?), on the myeloma cells, including the ac-
tion of the antitumor drug Bortezomib. For ethical rea-
sons, we did not expose patients with MM to the photo-
therapeutic course. Therefore, the objectives of this study
were to investigate the effect of blood sera of 10 healthy
volunteers after daily (course) irradiations of their body
surface on 1) viability and proliferation of human MM
cells (line RPMI 8226) in vitro 2) effectiveness of the in-
hibitory effect on these cells of the drug Bortezomib
(BTZ) when applied in 2 modes: under conditions of
short-term exposure (1 h, IC50 = 300 nM) and under con-
ditions of prolonged exposure (96 h, IC50 = 5 nM). Both
modes simulate the clinical protocol of drug administra-
tion: intravenous and subcutaneous, respectively. Since
human MM cells are by origin B-lymphocytes, we also
studied the effect of blood sera of irradiated volunteers
on the proliferation of healthy human lymphocytes of au-
tologous blood.

Bioptron light delays myeloma cells growth

2. Material and methods

2. 1. Volunteers and irradiation procedure

Practically healthy 25-50 —years old volunteers (n = 10)
were irradiated for 4 days (low part of the back, 15 cm x
15 cm) using Bioptron-2 phototherapeutic device (Biop-
tron-AG, Switzerland, 480-3400 nm, power density -40
mW/cm? for 5 min, dose- 12 J/cm?). This dose is the most
often used in clinical and experimental settings. Polychro-
matic light of Bioptron apparatus simulates the spectral
content of the terrestrial solar radiation and its power
density in summer day in Central Europe without its mi-
nor spectral component — UV rays. However it has one
peculiarity of laser light: high degree of linear polariza-
tion (95%). The study design was approved by the Ethical
Committee of Institute of Cytology of Russian Academy
of Sciences. The blood samples for the study were drawn
twice: before light therapy (Pre-irrad) and after 4-daily ir-
radiations of volunteers (Post-irrad). After clotting of
blood, serum was separated by centrifugation for 10 min
at 3000 g. Serum samples were frozen at -80°C for subse-
quent analysis.

2. 2. Cell Culture

The human myeloma cell line RPMI 8226 was obtained
from Russian Cell Culture Collection (St-Petersburg, Insti-
tute of Cytology, Russian Academy of Science). Cells were
cultivated in RPMI 1640 medium supplemented with 10%
FBS, 2-mM L-glutamine, penicillin/streptomycine (100 pg/
ml, 100 U/mbD.

In experiments 5% individual volunteer's sera were
used instead of FBS, serum concentration has been estab-
lished in preliminary experiments.

2. 3. Evaluation of viability and proliferative
activity of RPMI 8226 cells

Total index of viability and proliferative activity of cells
was used. It was evaluated by calorimetric MTT (mito-
chondrial dye 3-(4,5-dimethylthiszol-2yD)-2,4 diphen-
yltetrazolium bromide) conversion assay. In brief, RPMI
8226 cells were seeded in 96-well microplate at a density
of 5 -8 x 10* cells/well, which allowed to register simulta-
neously both the logarithmic growth phase of myeloma
cells and the cytotoxic effect of the antitumor drug BTZ.
BTZ (®Velcade, Pierre Fabre, Medicament Production,
France) was dissolved in dimethyl sulfoxide (DMSO) at
appropriate concentration and added to culture medium.
Final DMSO concentration was < 0,01% that did not affect
cell viability. Two modes of cells exposure to BTZ were
used: 1) short-term 1 h exposure (inhibitory concentra-
tion IC50 = 300 nM); 2) long-term 96 h exposure (IC50 =
5 nM). Drug concentration was chosen according to liter-
ature data *¥ and our preliminary data (not shown). RPMI
8226 cells were incubated with or without BTZ for indi-
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cated time in the presence of volunteer’s blood sera.
Then culture media with BTZ was removed and replaced
by drug-free media. 10% MTT dye (5 mg/ml (Sigma, USA)
was added to each well for 3 h. Plates were then centri-
fuged and each well aspirated. The formazan crystals
were solubilized with 50 pl DMSO and the solution opti-
cal density was measured at 540 nm on automated micro-
titer plate reader. Viable cell number was assessed at 24
h, 48 h, and 96 h and expressed as a percentage of the
value of the initial cell level.

2. 4. Proliferative activity of lymphocytes

The proliferative response of peripheral blood lympho-
cytes in whole blood was evaluated by flow cytometry.
Human peripheral blood lymphocytes were cultivated in
wells of microtiter plates. After incubation for 3 days with
phytohaemagglutinin (PHA, 15 pg/ml, Sigma) or with
pokeweed mitogen (PWM, 15 pg/ml, Sigma) the cells were
treated by Triton X-100 (1%, Sigma) and RNAse (1%, Sig-
ma) and stained with ethidium bromide (1%, Sigma). The
level of proliferative activity was calculated as the sum of
cells in the synthetic, post-synthetic phases and in mitosis
(cells in the stages S + G2/M) and expressed in percentage.

2. 5. Statistical analysis

Statistical processing of results was performed using Sta-
tistica.v10 Software. Data are presented as mean+ stan-
dard error of mean (M + SEM). Each experiment with in-
dividual sera was performed in triplicate or more, and
repeated twice. Statistical analysis was performed using
parametric methods for matched pairs (Student t-test).
The results were considered as significant at p <0.05.

3. Results

3. 1. Influence of blood sera of volunteers
irradiated with pVIS + pIR light on the
proliferation of human myeloma RPMI
8226 cells.

First, we compared the influence of blood sera of volun-
teers before and after their percutaneous irradiation with
pVIS + pIR light on the proliferation of RPMI 8226 cells.
The results are shown in Figure 1. It can be seen that af-
ter 24 h of cultivation with blood sera of volunteers prior
to irradiation (Pre-irrad), the cell amount increased on av-
erage to 137 = 8 % of their initial level (100 %). The total
number of myeloma cells continued to increase up to 198
+ 5.4 % and 206 + 12.8 %, at 48 h and 96 h, respectively.
The growth curve indicated a logarithmic character of the
cell growth for the 24 h-48 h with reaching the plateau
by 96 h (Figurel). At the same time, the cultivation of
cells in the presence of blood sera of volunteers after
their 4-daily percutaneous irradiations with pVIS + pIR
light (Post-irrad) led to the reduction in the cell growth in
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all test points (by 13 %, 25 % and 23 %, respectively), this
effect was statistically significant at 48 h and 96 h (p <
0.05 and p < 0.01, respectively, Figure 1).

3. 2. Influence of blood sera of volunteers
irradiated with pVIS + pIR light on the
proliferation of autologous peripheral
blood lymphocytes.

To determine the effect of blood sera of irradiated volun-
teers on the proliferative activity of healthy human lym-
phocytes, the level of spontaneous proliferation of T- and
B- lymphocytes and their proliferative response in the
presence of the corresponding mitogens (PHA and PWM)
have been investigated. Autologous blood of volunteers
was used. The level of spontaneous lymphocyte prolifera-
tion in the presence of variants of sera (Pre-irrad or
Post-irrad) remained unchanged as was the proliferative
response of T-and B-lymphocytes to mitogens (Table 1).
It is significant that there was not even a tendency to de-
crease proliferation of normal lymphocytes, unlike the
transformed ones (RPMI 8220).

3. 3. Influence of blood sera of volunteers
irradiated with pVIS + pIR light on viability
and proliferation of human myeloma cells
RPMI 8226 after a short-term (1 h) BTZ
treatment (300nM).

We next investigated the viability of myeloma RPMI 8226
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Figurel: Dynamics of RPMI 8226 cells growth with
blood sera of volunteers before (Pre-irrad) and
after (Post-irrad) their 4-daily percutaneous
irradiations with pVIS + pIR light. The
percentage of viable cells was evaluated using
MTT assay. Results are shown as a percent of
initial cells amount. Data represent mean+SEM.
A - difference between cells cultivated with Pre
-irrad and Post -irrad serum. The differences are
statistically significant at *p < 0.05, **p < 0.01.
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cells after 1 h short-treatment with BTZ (300 nM). As can
be seen in Figure 2, after 24 h of cultivation viability of
RPMI 822 cells decreased sharply in comparison to con-
trol cells without BTZ (89 % vs. 137 %) irrespective of ir-
radiation factor . The cell viability continued to decrease
in 48h after BTZ treatment, indicating the long-acting
drug cytotoxicity. At this time there was difference in cell
viability between cells incubated with Pre-irrad or Post-
irad sera of volunteers. The RPMI 8226 cells viability in
cultures containing the blood sera of volunteers prior to
exposure to pVIS + pIR was higher than in cultures with
sera after exposure to light (48 h: A =-15 %, p < 0.0D).
The next two days after the toxic effect of BTZ, the ex-
pansion of the surviving cells was gradually restored in
both variants, but the difference in cell viability between
the serum variants (Post-irrad versus Pre-irrad) significant-
ly increased (96 h: A = -26%, p < 0.01).

3. 4. Influence of blood sera of volunteers
irradiated with pVIS + pIR light on viability and
proliferation of human MM cells RPMI 8226
after long- term (96h) BTZ treatment (5 nM)

In case of long-term exposure to the antitumor drug BTZ,
RPMI 8226 cells were incubated for 96 h in the medium
supplemented with 5% sera of volunteers in the presence
of BTZ (5 nM). At the first 24 h of BTZ treatment, cell via-
bility was similar to viability in short- term treatment
mode: it decreased up to the same level: 89 % and 91 %
(Figure 2 and Figure 3). At 24 h cell viability decreased
sharply compared to the control without BTZ and with-
out irradiation (89 % versus 148 %) and continued to de-
crease at 48h (65%) and 96 h (29%) (Figure 3). There
was no difference in the BTZ toxicity between cell cul-
tures supplemented with Pre-irrad or Post-irrad sera of

Table 1: Proliferation of healthy human lymphocytes
cultured with autologous sera before (Pre-irrad)
and after (Post- irrad) 4-daily exposures of
volunteers to pVIS + pIR light.

The number of cells in the synthetic, post-synthetic phase
of the cycle and in mitosis (S+ G2/M),
% of the total number of cells, Mean+ SEM

Pre-irrad Post- irrad
serum serum

Spontaneous
proliferation 0,9 + 0,4 1,1 +0,8
(Norm 0,5-1,5%)
PHA-induced
T-lymphocytes proliferation 6,9 + 3,9 7,5 + 4,4
(Norm 3-10%)
PWM-induced
B-lymphocytes proliferation 32,5 + 15,7 32,9 + 14,3

(Norm 13-60%)

Bioptron light delays myeloma cells growth

volunteers. The amount of viable cells for Pre-irrad and
Post-irrad sera at 24 h was 91 % and 87 % , at 48 h -56 %
and 55 %, at 96 h-29 % and 28 %, respectively. This result
indicated that there was no influence of the irradiation
factor on the effectiveness of the BTZ cellular toxicity.

Discussion

In the present work under experimental conditions we
studied the influence of pVIS + pIR light on MM cells
through systemic mechanism that supposed involvement
of the blood circulation system. For this purpose we in-
vestigated how the sera of volunteers after their percuta-
neous exposures to pVIS + pIR light affected the viability
and proliferation of human myeloma RPMI 8226 cells un-
der influence of proteasome inhibitor BTZ. These are the
results of preliminary research conducted on ten healthy
volunteers. In further studies the usage of in vitro of pho-
tomodified blood from MM patients will be preferred.
Sera isolated from the blood of volunteers after irra-
diation of a small area of their body with pVIS + pIR light
within 4 days delayed the proliferation of human MM
cells but did not affect spontaneous and mitogen-induced
proliferation of normal human blood lymphocytes. Avail-
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Figure2: Influence of blood sera of volunteers before
(Pre-irrad) and after ( Post-irrad) their 4- daily
percutaneous irradiations with pVIS + pIR light
on viability and growth of human myeloma
RPMI 8226 cells treated for short- term (1h)
with 300nM BTZ. The percentage of viable cells
was evaluated using MTT assay. Results are
shown as a percent of initial cells amount.
Control -serum w/o irradiation and w/o BTZ.
Data represent mean+SEM. A - difference
between cells cultivated with Post-irrad and
Pre-irrad sera. The differences are statistically
significant at **p < 0,01
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able scientific data on cellular proliferative potential of ir-
radiation led to a number of speculative conclusions that
irradiation can also stimulate the growth of tumor cells
and promote tumor progression. As summarized in the
review of Zecha, ? the effect of light on cell proliferation
significantly depends on the parameters of irradiation
(wavelength, power density), and also on the cell type.
The light effect can be both stimulating 27 and inhibito-
ry 3V or without effects. 12 323

The majority of studies on tumor cell irradiation are
carried out on models with application of direct in vitro
cell irradiation. Our previous investigations of anti-inflam-
matory, immunomodulating and wound-healing effects of
pVIS + pIR light have shown that when a small area of
the body surface was irradiated, the light-induced chang-
es were developed within a few minutes in all types of
blood cells and in many plasma components of the entire
circulating blood volume. 342122 This is due to the fact
that when penetrating into the skin the dense network of
subepidermal micro-vessels where blood moves at a low
speed and can receive an effective dose of light energy,
pVIS + pIR radiation causes photomodification of blood.
The use of the serum of the irradiated volunteers in cell
cultivation allows us to study the systemic effect of per-
cutaneous irradiation on the cellular model in vitro. This
approach was successfully applied for cultivation of dif-
ferent normal and tumor cells. '*:3%
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Figure3: Influence of blood sera of volunteers before
(Pre-irrad) and after (Post-irrad) their 4- daily
percutaneous irradiations with pVIS + pIR light
on viability and growth of human myeloma
RPMI 8226 cells treated for long-term (96h) with
5nM BTZ. The percentage of viable cells was
evaluated using MTT assay. Results are shown
as a percent of initial cells amount. Control
-serum w/o irradiation and w/o BTZ. Data
represent mean+SEM. No statistically significant
changes were observed.
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Multiple myeloma is a B-cell malignancy which has
features specific to B- lymphocytes. The appearance in
the serum of factors inhibiting the proliferation of myelo-
ma cells could have a similar effect on the behavior of
normal lymphocytes, which would negatively affect the
antitumor immunity. Apparently, the inhibitory effect of
light-mediated factors is realized through other receptors
/ signaling molecules of transformed cells and is not as-
sociated with the ability of normal lymphocytes to mito-
gen- induced activation.

As it was previously published in scientific sources,
normal cells and transformed cells may respond to pho-
totherapy differently. It was observed ' that photothera-
py differently affected normal lymphoblasts and leukemia
cells making the latter more sensitive to subsequent ra-
diotherapy. Unlike normal fibroblasts and epithelial cells,
application of low-level laser therapy in carcinoma cells
led to apoptosis. 3

In present work we found that pVIS + pIR irradia-
tion did not directly affect the myeloma cell sensitivity to
toxic action of BTZ. Proteasome inhibitors show antitu-
mor action against myeloma cells and are considered to
be widely applied for the treatment of MM. Proteasome
dysfunction leads to an apoptosis of actively proliferating
cells. BTZ is highly toxic to all myeloma cell lines, but
sensitivity to chemotherapy in each cell line is different
and depends on the time of its exposure and concentra-
tion. For the myeloma line RPMI 8226 there is evidence
that the inhibitory concentration of IC50 is 5.9 nM for a
continuous 48 h exposure and 208 nM for a short-term
1-h exposure. ¥ According to our data, the concentration
of 1C50 for a long-term (up to 96 h) and short-term (1h)
exposure was very similar to what has been mentioned
above (5 nM and 300 nM, respectively). The mode of
short-term treatment of BTZ reproduces conditions for in-
travenous clinical administration of the drug, at which a
short-term high BTZ concentration in the blood is
reached with its further decrease within an hour. In con-
trast, the long-term effect of the drug with its low con-
centration simulates its subcutaneous bolus injection. 337

Toxic effect of specified drug BTZ on myeloma cells
is certainly much stronger in comparison to the light in-
fluence. Therefore, the systemic effect of light manifests
itself only in the absence of BTZ. Because of this, we
could observe the RPMI 8226 cell growth delay only after
cultivation without BTZ.

Development of systemic effects of light is connect-
ed to the transcutaneous photomodification of blood and
changes in the properties and functions of its compo-
nents in the entire blood volume. The cytokine system is
possible link providing this effect. Multiple myeloma is an
example of an imbalance in the cytokine system with a
changed level of both inflammatory and anti-inflammato-
ry cytokines. However, the progression of MM appears to
be determined not directly by inflammatory phenotypes,

N.V. Kalmykova ez 4l.



ORIGINAL ARTICLES

but rather by the balance between the proliferative - anti-
proliferative potential of the cytokines. ® The level of
some cytokines involved in the pathogenesis of MM can
be regulated by the influence of light.3” It was shown
earlier in our studies, that irradiation of a small body sur-
face area (15 x 15 cm) with pVIS + pIR light at a dose of
12 J/cm?, which was used in this study also, caused mod-
ulation of the cytokine network: a decrease in blood se-
rum the inflammatory cytokine level (IL-6, TNF-a., IL12,
IFN-y) and an increase the anti-inflammatory cytokine
amount (IL10, TGF-B) ¥. Light therapy of patients with
seasonal affective disorder significantly reduced inflam-
matory cytokines IL-1f3, TNF a, IFN —y production and in-
creased anti-iflammatory cytokine IL-10 release in blood. ”
The effect of 780 nm light on the skin cells can regulate
the level of 1L-2 and IL-6 secretion. “-%? The inflammatory
cytokine IL-6 is the main factor of plasma cells differenti-
ation and proliferation and also survival of myeloma
cells. For MM patients IL-6 also becomes a major morbidi-
ty factor.*® The possible lowering of the cytokine con-
centration with protumor activity in the blood after trans-
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