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Abstract

Aim: This study aimed to assess the effect of photodynamic therapy (PDT) on apoptosis of head and neck squamous cell carcinoma
(HNSCC) cells by flow cytometry and evaluating BAX and BCL2 genes expression.

Materials and methods: In this in vitro study, human HNSCC cell line (HN5; NCBI. C196) was used and after cell culture, they were
divided into four groups: controls (group C), cells irradiated by a diode laser with a wavelength of 660 nm, 150 mW power, and 45 J/cm?
energy density (group L), cells treated by methylene blue (group MB), and cells treated using PDT (group MB plus L). The RNA was
then extracted and subjected to quantitative reverse transcription polymerase chain reaction (QRT-PCR) to assess BCL2 and BAX genes
expression. Flow cytometry analysis was performed to assess apoptosis. Data were analysed using ANOVA.

Results: PDT caused significant down-regulation of BCL2 (p<0.001) and significant overexpression of BAX (p<0.05) and PDT induced
apoptosis HNSCC cell line. Changes in expression of these genes were not significant in other groups (p>0.05).

Conclusions: Considering the down-regulation of BCL2 and overexpression of BAX after PDT using a 660-nm diode laser and MB with
3.2 pg/mL concentration and flow cytometry results, it is suggested that this modality can be introduced for induction of apoptosis in
the HNSCC cell line.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is the
most common malignancy of the head and neck region with
relatively low survival rate and response and high resistance
to treatment.!!! It can affect any part of the oral cavity but
the tongue and floor of the mouth are the most commonly
involved sites. The treatment of HNSCC mainly aims at im-
proving the quality of life of patients. The main treatment
modalities for HNSCC include surgery, radiotherapy, and
chemotherapy which have adverse short-term and long-
term effects on oral health, general health, and patients
quality of life.l?! The treatment of choice is surgery in the
initial stages. However, squamous cell carcinoma (SCC) is
often detected in advanced stages and requires a multidis-
ciplinary approach comprising of surgery, radiotherapy and
chemotherapy.l®! Nonetheless, these modalities have ad-
verse consequences such as oral mucositis and aesthetic dis-
turbance after surgery.!*! Thus, attempts are ongoing to find
alternative treatment modalities for management of SCC.

Evidence shows that laser therapy has several advantag-
es for resection of oral mucosal lesions such as excellent
hemostasis, precise incision, and minimal damage to the
adjacent tissues.”) Photodynamic therapy (PDT) is a suc-
cessful clinical modality recently suggested for manage-
ment of cancerous lesions.[®) Successful management of the
HNSCC with PDT in its initial stages has also been report-
ed.”) In PDT, photosensitizers are used locally or systemi-
cally, and selectively accumulate in the target tissue. Next,
the target tissue is irradiated leading to cell damage. Since
only the target tissue is irradiated, deformity and injury of
the adjacent structures is uncommon.!®! PDT uses non-tox-
ic photosensitizers and harmless visible light in combina-
tion with oxygen to create cytotoxic reactive oxygen species
which can eliminate malignant cells by apoptosis, necrosis
or both.’) In superficial skin lesions, the injured tissue is
directly irradiated, while in involvement of internal organs,
the light source is connected to a fiber optic catheter to al-
low the exposure of the target organ.'”) PDT also signifi-
cantly changes the level of oxygen and blood supply of the
tumour and leads to its hypoxia.['!] Diode lasers are com-
monly used as the light source for PDT due to their easy
handling and cost-effectiveness.(!?]

Apoptosis refers to programmed cell death, and defects
in apoptosis can lead to carcinogenesis.!'3 In primary
phases of apoptosis, the permeability of the mitochondrial
outer membrane allows for pro-apoptotic factors such as
cytochrome C to enter the cytosol from the intermembrane
space and induce the apoptotic cascade. This phenomenon
is precisely regulated by the BCL2 family of proteins. [14]
In this family, BAX is an important protein that allows
penetration into mitochondrial outer membrane. On the
other hand, anti-apoptotic members such as BCL2 inhib-
it this process by direct binding to pro-apoptotic proteins.
The pro-apoptotic BAX and anti-apoptotic BCL2 genes are
the best regulators of apoptosis, and the ratio of the protein
products of these two genes determines the rate of apop-

tosis and plays an important role in cell homeostasis and
tumorigenesis.['>) Abnormal expression of BCL2 has been
reported in 50% of human cancers.') Overexpression
of BCL2 oncogene protein has been reported as a strong
anti-apoptotic factor in HNSCC, causing its resistance to
radiotherapy and chemotherapy.l'’) On the other hand,
activation of BAX would enhance the permeability of mito-
chondrial membrane, which is an essential step in response
to cell death and subsequent tumour suppression.!®!

AIM

Considering all the above, this study aimed to assess the
effect of PDT with diode laser on apoptosis and expression
of pro-apoptotic BAX and anti-apoptotic BCL2 gene in
HNSCC cell line.

MATERIALS AND METHODS

Cell cultures and treatments

In this in vitro experimental study, HN-5 head and neck car-
cinoma cell line (NCBI. C196) was obtained from the Pas-
teur Institute of Iran (Iran, Tehran). The cells were cultured
in the Dulbecco’s modified Eagle’s medium along with 10%
fetal bovine serum and incubated at 37°C with 5% CO, and
1-2% humidity for 24 hours.") After culture, the cells were
divided into four groups of controls (C), laser (L), methylene
blue (MB), and PDT (MB plus L). MB (Merck, Germany)
was used as photosensitizer in this study, which was activat-
ed at the wavelength of 660 nm. In order to find the effective
concentration of MB for use in this study, HN-5 cells were
exposed to MB at 0.2, 0.4, 0.8, 1.6, 2, 3.2, 4, and 8 pg/mL
concentrations for 1 hour and their cytotoxicity was eval-
uated in dark conditions. The methyl thiazolyl tetrazolium
(MTT) assay was used to assess the cytotoxicity of the tested
concentrations. Phosphate buffered saline (PBS) was used to
eliminate dead cells and optical density of the solution was
measured by spectrophotometer (Ava Spec 2048, Avantes,
Apeldoorn, Netherlands). The effective concentration of
MB was found to be 3.2 ug/mL by the aforementioned assay,
which did not cause cytotoxicity effects on cells.

Diode laser

Diode laser (Klas DX-61, Konftec, Taiwan) with 660 nm
wavelength, 150 mW power and 45 J/cm? energy density
was used in this study.[?! Each well was irradiated with the
sweeping motion of the laser hand-piece for 2.5 minutes in
a continuous-wave mode and the distance between the laser
hand-piece and the well was 1 mm. Optic Cap B hand-piece
tip was used in this study measuring 0.5 cm? in cross-sec-
tional area. Cells in the L and PDT groups underwent laser
irradiation and were analysed after 24 hours of incubation.
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Flow cytometry

In order to assess apoptosis using flow cytometry, 1 mL of
the single cell suspension of each group (containing 1x10°
cells) was prepared as described. 1 mL of cell suspension
was collected and washed with cold PBS once and sus-
pended in 100 ml of binding buffer. Afterwards, 10 ml of
Annexin V-FITC was added, and the mixture was placed
on ice for 15 min in the dark. Next, 380 ml of 1X binding
buffer and 10 ml of PI were added, incubated on ice for
15 min in the dark, washed with cold PBS once, and sus-
pended with 1 mL of PBS. The apoptosis of the cells was
measured using flow cytometry (Beckman Coulter, Inc.).
The EXPO32 ADC software (Beckman Coulter, Inc.) was
used to analyse the immunofluorescence data and evaluate
the apoptosis rate.

RNA extraction using RNX-Plus

For RNA extraction, after reaching 90% cell confluence in
a plate, the overlaying medium was removed and the cells
were rinsed with PBS. Then, they were detached from the
bottom of the plate using trypsin. After neutralizing the en-
zyme with a medium containing 10% fetal bovine serum,
all contents of the plate were transferred into a microtube
and centrifuged at 12000 rpm for 2-5 minutes. Next, the
supernatant was discarded and 1 mL of ice cold RNX-Plus
(Sinaclone, Iran) was added to the tube containing 2 mL of
homogenized sample and centrifuged for 5 to 10 seconds.
It was then incubated at room temperature for 5 minutes.
200 pL of chloroform (per 1000 mL of RNX-Plus) was add-
ed to the contents of the microtube and manually mixed
for 15 seconds. It was then placed on ice for 5 minutes and
then the microtube was centrifuged at 12000 rpm at 4°C
for 15 minutes.

A colourless layer formed on the top while an off-white
layer formed at the bottom of the microtube. The inter-
face of these two layers contained DNA and protein and
appeared white. The supernatant (aqueous phase) was care-
fully transferred to a 1.5 mL RNase-free microtube and the
same volume of isopropanol was also added to it. The mix-
ture was gently mixed and incubated on ice for 15 minutes.
The microtube was then centrifuged at 12000 rpm at 4°C
for 15 minutes. The supernatant was discarded and 1 mL of
75% ethanol was added to it and shortly mixed. Next, it was
centrifuged at 7500 rpm at 4°C for 8 minutes. The super-
natant was discarded. The microtube was placed at room
temperature to cool down. After drying, the pellet was dis-
solved in 50 pL of diethylprocarbonated (DEPC)-treated
water. For better dissolution, the microtube was incubated
at 55°-60°C for 10 minutes.

Complementary DNA (cDNA) using
peqLAB kit

Complementary DNA (cDNA) was synthesized using a
cDNA synthesis kit (PeqLab Biotechnologie GmbH, Swit-

zerland) according to the manufacturer’s instructions. The
final volume of cDNA synthesis reaction was 20 pL. For
20 uL of cDNA, 1 pg of the total RNA was used. For this pur-
pose, 1 uL of random hexamer (Sinaclone, Iran) and 1 uL of
oligo (dT) primer (Sinaclone, Iran) were used. For reverse
transcription reaction, a mixture of both primers along
with 8 uL of DEPC-treated H,O + RNA (1 pg) was used.
The thermal protocol for cDNA synthesis reaction included
incubation at 65°C for 5 minutes. After complete fixing of
primer on RNA at 65°C, Enzyme Mix was added to initiate
the enzymatic reaction. The Enzyme Mix included 1 pL of
dNTP mix (Sinaclone, Iran), 2 puL of 10X cDNA synthesis
MMLUYV buffer (Sinaclone, Iran) and 0.5 pL of MMLUV
enzyme (Sinaclone, Iran). Around 10 pL of this enzyme
was well mixed with the initial primer/RNA and incubat-
ed at 42°C for 1 hour. The obtained cDNA was stored at
—20°C. The concentration of extracted RNA and cDNA was
measured by NanoDrop spectrophotometer (NanoDrop
2000™; Thermo Fisher Scientific, Waltham, MA, USA). The
optical density of RNA and cDNA at 260 and 280 nm wave-
lengths was measured and the first value was divided by the
second value. Regarding RNA, this value had to be between
1.8 and 2 in order to be acceptable. For cDNA, this value
had to be between 1.6 to 1.8 in order to be acceptable and
ensure optimal purity of the sample. To observe the quality
of extracted RNA and cDNA, RNA and cDNA were run on
agarose gel. For this purpose, 1.5% agarose gel was used.
It was mixed with 10X TBE buffer. Agarose gel was added
to the electrophoresis tank. The voltage of the device was
adjusted at 150 V. The gel was evaluated under UV light.
Good-quality RNA had two distinct bands on agarose gel;
one for 28SrRNA, which is longer and is located on the top
and the other one is 18SrRNA, which is shorter and forms
at the bottom of the gel.

For designing specific primer, primer-free software was
used and for this purpose the number of respective genes
was extracted from the NCBI website. By entering the
number of each gene in the site, its general characteristics
including name and respective sequence were automatical-
ly extracted from the database of website. Data were then
transferred to primer-free software and the primer was
designed taking into account the physical and chemical
parameters such as primer length, PCR product, and melt-
ing temperature. After obtaining the primer in the form
of lyophilized powder from the manufacturer, the primer
solution was prepared in 100 pmol/uL concentration by
adding sterile distilled water to the powder. This solution
was kept at —20°C until use. For final use, the primer was
diluted and entered into the final reaction in 10 pmol/puL
concentration. The primer sequences for BAX and BCL2
are shown in Table 1.

qRT-PCR

Quantitative reverse transcription polymerase chain reac-
tion (QRT-PCR) was performed using Corbett Rotor-Ge(;
ne™ 3000 (Corbett, Australia) and the QuantiFast™ SYBR
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Table 1. Sequence of primers used for BAX and BCL2 genes
expression

Primer Sequence
GAPDH F: TCCTGCACCACCTGCTTAG
R: TCCACAGTCTTCTGGGTGGCAG
BAX F: GGACGAACTGGACAGTAACATGG
R: GCAAAGTAGAAAAGGGCGACAAC
F: TCAACA AGATGTCA
BCL2 GCGTCAACAGGGAGATGTC

R: GCATGCTGGGGCCATATAGT

Green RT-qPCR Kit (Qiagen, Germany). The synthesized
cDNA served as the template for this reaction; 30 uL of
the total RNA was obtained. Considering the capacity of
reverse transcription kit and concentration of NanoDrop
RNA samples, in each vial, 1 ug of the total RNA of each
sample was converted to cDNA. The real time PCR reac-
tion components were 100 ng template, 12.5 pL. MasterMix
(Applied Biosystems, Foster City, CA, USA), 10 pmol for-
ward and reverse primers, and deionized water to increase
the final reaction volume to 25 pL. The temperatures and
timings were adjusted according to the instructions pro-
vided in the kit (Table 2). Pre-denaturation was performed
at 95°C for 10 minutes, 95°C for 20 seconds, 58°C for 20
seconds and 72°C for 20 seconds.

Table 2. qRT-PCR amplification protocol PCR

Cycle Cycle point

Hold Hold @ 95°C, 10 min 0 s
Step 1: Hold @ 95°C, 20 s

Cycling (40

yeling (40, 2 Hold @ 58°C, 20 s

repeats)
Step 3: Hold @ 72°C, 20 s, acquiring to Cycling A
Ramp from 67°C to 95°C

Melting Hold for 90 s on the 1% step

Hold for 5 s on next steps, Melt A

After completion of each cycle, the results were inter-
preted using amplification and melting peak curves. For
this purpose, after each cycle, the melting peak was record-
ed and if it matched the range of the Corbett’s melting tem-
perature of the gene, it was considered positive. Since the
melting temperature is affected by the ionic concentration
of the environment as well, values of 1°C higher and low-
er are also considered acceptable. A negative control was
also considered to assess possible contamination. For this
purpose, QRT-PCR with the same concentrations, tempera-
tures, and timings was performed without a template (no
template sample). Negative result of the reaction ensured
no contamination. On the other hand, in order to ensure
the quality and quantity of the samples, positive controls
were considered in two steps. First, the optical density of

the template was measured by NanoDrop and next, the
expression of the reference gene was evaluated. Template
dilution was also performed for quality control of qRT-
PCR. Next, the CT values of BAX and BCL2 genes as well
as the positive reference housekeeping gene were recorded.
To assess the difference in relative expression of genes in
the study groups, the AACT method was applied. First, the
CT values of BAX and BCL2 genes as well as the reference
housekeeping gene were extracted for each sample and the
two values were subtracted from each other to determine
the ACT. The mean of ACT values was calculated for each
group. The two values were subtracted to determine AACT.
2 squared by -AACT was calculated to assess the difference
in gene expression according to the melting peak curve.
The normally distributed data were analysed and compared
using ANOVA.

RESULTS

ANOVA was applied to compare the 2"22¢T value for the
BCL2 gene expression among the groups. BCL2 showed
significant down-regulation in PDT group (p<0.001). The
difference in the 22T value for the BCL2 gene in PDT
and control groups was 0.0692, which indicated significant
down-regulation of BCL2 in the PDT group (p=0.01). The
mean 24T value for BCL2 gene in MB group was 0.322,
which indicated down-regulation of this gene after treat-
ment with MB. However, this reduction was not significant
(p>0.05). The mean 2"22¢T value for BCL2 gene in laser
group was 0.358, which indicated a reduction in expression
of BCL2 gene in laser group; however, this reduction was
not significant either (p>0.05) (Fig. 1).

Using ANOVA for comparing the 2-24¢T value of BAX
gene among the groups revealed that BAX overexpression
in PDT group compared with the control group (p<0.001).
The mean 2"22¢T value for BAX in PDT group was 49.35,
which indicated its significant overexpression in this group
(p<0.05). The mean 22T value for BAX in MB group was
42.925, which indicated its overexpression; but it was not
statistically significant (p>0.05). The mean 2"22¢T value for
BAX in laser group was 1.582, which indicated its overex-
pression after laser treatment; however, it was not signifi-
cant either (p>0.05).

Based on flow cytometry analysis, cell apoptosis rate of
PDT and also MB group was significantly higher than that
of control group (p<0.05). The cell apoptosis of group L was
higher than that of the control group, but this value wasn't
statistically significant (p>0.05). The flow cytometry results
are illustrated in Fig. 2.

DISCUSSION

Evidence shows that treatment modalities that can cause
down-regulation of BCL2 as an anti-apoptotic protein
and upregulation of BAX as a pro-apoptotic protein can
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Figure 1. Analysis of relative BAX and BCL2 genes expression revealed the significant difference in BAX and BCL2 between PDT (MB
plus L) group in comparison with control group but there are no statistically significant differences between other groups. *** (p<0.001),
“ (p=0.01).

Figure 2. Results of the flow cytometry for evaluation of cell apoptosis rate. Assessment of the apoptosis rate in HN-5 cells in A) control
group, B) MB group, C) Laser group, and D) PDT group.

Folia Medica | 2022 | Vol. 64 | No. 2 225
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be effective against HNSCC. This study assessed the effect
of PDT on HNSCC cell apoptosis and the expression of
pro-apoptotic BAX and anti-apoptotic BCL2 in HNSCC
cell line. The results showed that PDT with diode laser and
MB as a photosensitizer caused down-regulation of BCL2
and overexpression of BAX in HNSCC cell line and also
cell apoptosis based on flow cytometry. This finding indi-
cated that PDT using MB can be used to induce apoptosis
in HNSCC cell line. Reactive oxygen species released in
the process of PDT can potentially induce the initiation of
apoptosis.l?! Results of flow cytometry analysis confirm
that PDT induces apoptosis in the HNSCC cell line. V dos
Santos et al. evaluated BCL2 targeted therapy in HNSCC
and demonstrated that BCL2 inhibitors as anti-tumour
agents can be used for treatment of HNSCC. The natural
BCL2 inhibitors include EGCG, chelerythrine, antimycin
A and gossypol, which have the potential for treatment of
HNSCC.[?2]

Kaomongkolgit et al. evaluated the cytotoxic effects of
alpha-mangostin on HNSCC cell line for assessment of
apoptosis. They assessed the expression of BCL2 and BAX
by real time PCR and western blot for evaluation of apopto-
sis.[?] They also assessed the morphological changes of the
cells and performed single-stranded DNA immunofluores-
cence and DNA fragmentation analysis to evaluate apopto-
sis. The medication they used showed excellent apoptotic
effects on the HNSCC cell line and caused down-regulation
of BCL2 and upregulation of BAX. Their results in assess-
ment of apoptosis were similar to our findings, showing
that medications that induce apoptosis cause down-regu-
lation of BCL2 and upregulation of BAX.

Garg et al. assessed the effect of PDT with erythrosine
on malignant and premalignant oral epithelial cells in vi-
tro, aiming to assess the effect of erythrosine as a photo-
sensitizer for PDT on oral malignancies. They evaluated
the susceptibility of H357 malignant cells and DOK dys-
plastic oral mucosal cell line to PDT with erythrosine pho-
tosensitizer.?*! They showed that high-dose PDT caused
apoptosis and necrotic responses in both DOK and H357
cells. Their results were in line with our findings show-
ing that PDT with a suitable photosensitizer would in-
duce apoptosis and necrosis in cancer cells.>* Kofler et al.
assessed the effect of PDT with MB and 660 nm low-lev-
el diode laser on SCC. They reported that PDT with MB
and diode laser significantly inhibited the growth of SCC
colonies.”! Their results were in accordance with ours and
confirmed the potential of PDT with MB and diode laser
to eliminate SCC cells. Coutinho-Camillo et al. assessed
the expression of BAX, BCL2, and their family in relation
to oral SCC. They indicated that absence of vascular inva-
sion indicated upregulation of BAX.1*! Also, upregulation
of BCL2 had a direct association with tumour formation
at the floor of the mouth. They added that the expression
rate of these two genes in oral SCC can be used as a tu-
mour predictor marker. Since BAX is a tumour suppressor
and a pro-apoptotic factor and BCL2 is a proto-oncogene
and an anti-apoptotic factor, the rate of expression of these

two genes can serve as a marker to predict the treatment
outcome of SCC. In the present study, PDT caused upreg-
ulation of BAX and down-regulation of BCL2.

Induction of apoptosis (but not necrosis) in SCC cell
line is among the most efficient, targeted, controlled treat-
ment strategies for SCC with minimal side effects. Cell
death should be shifted towards apoptosis instead of ne-
crosis in cancer in order to minimize side effects. By doing
so, we can prevent the unwanted death of highly prolifera-
tive normal cells such as the oral mucosal cells. Our results
indicated that PDT can help us achieve this goal. Thus, it
can be recommended as an adjunct to surgery especially
in case of presence of residual tumoural involvement at the
surgical margins or when the involved margins cannot be
completely resected by surgery. Future animal studies fol-
lowed by clinical trials are required to assess the efficacy of
PDT for management of SCC in the clinical setting.

CONCLUSIONS

Considering the down-regulation of BCL2 and overexpres-
sion of BAX after PDT with a 660-nm diode laser and MB
with 3.2 ug/mL concentration, this modality can be effec-
tively used for induction of apoptosis in HNSCC cell line.
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OueHka Bo3gencTeua (poroguHaMmnUyecKon Tepanumm,
onocpenoBaHHON METU/IEHOBbLIM CUHUM,

Ha akcnpeccuto reHoB BCL2 n BAX Ha ypoBHe MPHK
M anonTto3 KNEeTOYHOWN JIMHNN NJIOCKOKNETOUHOIO paKa
rosioBbl 1 WeU

[lagn Kaxanuan!, Mapusam Koonane!, Hena Xaknmmnxa?, Campkar Konaxmoos?

1 Kagpedpa opanvroii meduvurvl, Meduyunckuil paxynvmem, Tezepancxuil ynusepcumem meduyurcxux nayx, Tezepan, Upan
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Pe3tome

Llenb: 3to nccnenosanme ObI0 HAIIPaB/IEHO Ha OLIEHKY BausAHMA dporoguHamudeckoit repamn (OIT) Ha armonTos KIeTOK IIOCKO-
K/eTouHOro paka ronossl 1 mey (HNSCC) ¢ moMolpio IpoTOYHOI UTOMETPUY U OLIeHKY sKcrpeccyy reHos BAX u BCL2.

Matepuanbl U MeToAbl: B atom uccnenoBanum in vitro ucronbsoBamu krerounyo nuanio HNSCC genosexka (HN5; NCBI. C196), u
II0CTIe KY/IbTYBUPOBAHNUA KJIETOK OHY ObI/IM pasfie/ieHbl Ha YeThIpe IPYIIbL: KOHTPOoIbHas (rpynma C), KIeTKM, 06TydeHHbIe JMOHbIM
J1a3epoM C A/IMHOI BOMHBI 660 HM, MOLIHOCTh 150 mW power 1 IIOTHOCTb 9Hepruu 45 J/cm? (rpymma L), kinetku, o6pa6oTanHble
METWIEHOBBIM CHHUM (rpynma MB), n knertku, o6paborannsie ¢ nomoipio PIT (rpynma MB maroc L). 3arem PHK skcTparnposa-
JIU Y1 TIOfiBeprai KOMMYeCTBEHHOI OMMePas3HoOIt IeTHOI peakiyu ¢ obparHoi TpaHckpunuueir (QRT-PCR) mns oleHKy sKcrmpec-
cuu reHoB BCL2 n BAX. AHanu3 npOTOYHON LIUTOMETPUY IIPOBOAVIIN AJIsI OLIEHKM aronTo3a. JJaHHble ObIIM IPOaHATU3UPOBAHbI C
ucnonbzopanreM ANOVA.

Pesynbratbl: O T Bbi3Baja 3HaYMTEIbHOE CHIDKeHMe akcripeccun BCL2 (p<0.001) 1 3HauMTeNbHYIO CBepXaKcnpeccuio BAX (p<0.05),
a OIT mupyumposana anontos kiaeroynoil muHmy HNSCC. B ocTalbHBIX TpYIIaX M3MEHEHMs 9KCIPECCUY 3TUX T€HOB He ObUIn
mocroBepHbIMH (p>0.05).

3akntoyeHue: [Ipyanmas o BHMMaHue nogasnerne BCL2 n ceepxakcnpeccnio BAX nocie ®IT ¢ ucnonb3oBanneM AMOJHOTO 1a3epa
¢ AyMHOM BomHbI 660 HM 11 MB ¢ koHnjeHTpanueit 3.2 pug/mL 1 pe3ynbTaThl IPOTOYHO LIMTOMETPUH, TIPEATIONATAETCH, YTO STOT METOJ,
MOXeT OBITh BBEIEH /L1 MHAYKIMY anonTosa Kietoyoi muany HNSCC.
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