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High Nitric Oxide Adaptation in Isogenic Primary
and Metastatic Head and Neck Cancer Cells
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Abstract. Background/Aim: Nitric oxide (NO) functions
have been studied in many cancer types, but rarely in head
and neck squamous cell carcinoma (HNSCC). This study
aimed to investigate the behavior of HNSCC cells following
exposure to high NO (HNO). Materials and Methods: Two
pairs of isogenic HNSCC cell lines (HNIS/HNI17,
HN30/HN31) were used, and were treated with a NO donor
for 72 h. Cell viability, cell cycle, apoptosis, invasion, and
MMP activity were determined using MTT, flow cytometry,
Matrigel invasion, and gelatinase zymography assays,
respectively. Results: HNO induced HN18 and HN31 cell
cycle progression in S and G,/M phases. Anti-invasion,
MMP-2 inhibition, and apoptosis induction were observed in
certain HNO-adapted cell lines. High NO did not affect
MMP-9 activity in all cell lines. Conclusion: NO enhanced
cell cycle progression and apoptosis but inhibited cell
invasion in HNSCC cells.

There is an incidence of a total of 600,000 cases of head and
neck squamous cell carcinoma (HNSCC) per year worldwide
and the mortality rate is 40-50% (1). HNSCC has broad
etiology, symptoms, treatment, and prognosis. Hypoxia
within the tumor is a common feature that leads to
recurrence (2). Nitric oxide (NO) has an important role in
the response to hypoxia by inducing angiogenesis and
leading to cancer cell survival (3). NO is generated through
the activity of three isoforms of NO synthase (NOS): (i)
neuronal (NOS1 or nNOS), (ii) inducible (NOS2 or iNOS)
and (iii) endothelial (NOS3 or eNOS). NO is a short-lived
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molecule, which affects cellular functions. NO affects
cellular functions in a bimodal fashion with regard to its
concentration. NO behaves as a signal transducer at low
concentration and plays important role in various
physiological processes such as iron homeostasis, blood
flow, and neurotransmitter regulation. In contrast, at high
concentrations, NO may have beneficial effects against
tumors and pathogens (4, 5).

Because NO exhibits mutagenic behavior, long-term
exposure of cells to high NO concentrations, resulting from
iNOS induction during chronic inflammation, may serve an
active role in carcinogenesis (6, 7). A tumor microenvironment
(TME) contains cancer cells, host-derived cells including
endothelial cells and tumor-infiltrating leukocytes. These cells
may express any of the active NOS isoforms, serving as a
source of NO in the tumor microenvironment. Tumor-derived
NO regulates cancer cell proliferation, survival, migration,
invasion and angiogenesis (8). NO regulates behaviors of the
human hepatocellular carcinoma cell line (HepG2) in short
term exposure models. Treatment with a NO donor for 24 h
induces arrest at the Gy/G; phase of the cell cycle and
apoptosis, and inhibition of migration and invasion in a dose-
dependent manner (9). Previous studies, which investigated
property changes of high NO (HNO)-adapted cancer cells
found that adaptation of breast (10), and head and neck cancer
(11) cell lines to HNO results in a faster growth compared to
the parental cells. Moreover, HNO-adapted human lung
adenocarcinoma cell (A549) proliferation was inhibited by
activating antiapoptotic pathways. In addition, slow
progression of HNO-adapted A549 cells through the S phase
will allow time for DNA repair. Immunohistochemical staining
demonstrated that iNOS expression levels were orderly
increased from normal, through precancer, to oral squamous
cell carcinoma (OSCC) (12). Hence, iNOS could play a role
in epithelial transformation and OSCC formation.

According to the recent studies, NO has diverse effects on
several cancer cells; however, its effect on HNSCC remains
unclear (9, 10, 13, 14). The aim of the present study was to
investigate the effects of HNO on HNSCC cell viability, cell
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cycle status, apoptosis, invasion, and matrix metalloproteinases
(MMPs) activity using a short term HNO adaptation model.

Materials and Methods

Cell culture. Two pairs of isogenic HNSCC cell lines, which derived
from primary and metastatic lesions from the same patients were
used in this study (15). HN18 cells were obtained from primary
tongue lesions and HN17 cells were obtained from neck dissections
(T2N2MO stage). HN30 cells were taken from primary pharynx
lesions and HN31 cells were taken from lymph node metastases
(T3NOMO stage). The cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Invitrogen, Grand Island, NY, USA)
with 10% FBS, penicillin (100 U/ml), streptomycin (100 pg/ml),
and antimycotic. The cells were cultured at 37°C and in a 5% CO,
incubator and they were sub-cultured using 0.25% trypsin-EDTA
when confluency reached about 90-100%.

Induction of HNSCC cells towards HNO-adapted cells. HNSCC cell
lines were seeded in 96-well plates (5,000 cells/well) and incubated at
37°C. The cells were treated with the NO donor DEA-NONOate
(Sigma, St Louis, MO, USA) at concentrations 5, 6.5, 7.5, 8.5 and 10
mM for 72 h. Following incubation, the number of viable cells in each
group was determined using the thiazolyl blue tetrazolium bromide
(MTT, Sigma) assay. The medium was removed and 150 pl fresh
medium was added followed by the addition of 2 mg/ml MTT solution
(50 wl/well). The culture plates were incubated at 37°C for 4 h. The
formazan crystals were solubilized in DMSO (200 wl/well). The
absorbance (Abs) of the final solution was measured at 570 nm by a
microplate reader (Tecan Trading, Salzburg, Austria). Cell viability (%)
was calculated using the formula: cell viability (%)=(mean Abs570;cyeq
cells - mean Abs570y,,)/(mean Abs570prentat cells - mean Abs570p 1)
x100. High nitric oxide (HNO)-adapted cells were defined as those
survived treatment that resulted in less than 10% cell viability. HNO-
adapted cells were harvested and grown in complete medium before
using them in subsequent experiments.

Cell cycle analysis by flow cytometry. HNO-adapted or parental
cells (5x105/well in 6-well plates) were synchronized at the G,
phase of the cell cycle by culturing them in serum-free DMEM for
24 h. The G, phase-arrested cells were treated with complete
medium for 24 h. The cells were collected, centrifuged at 200xg for
5 min, and washed with phosphate-buffered saline (PBS) twice. The
pellets of the cells were fixed in 70% ethanol and incubated for 15
min at —20°C and then washed with cold PBS twice, centrifuged at
200 x g for 5 min, and incubated with 10 pg/ul DNase-free RNaseA
(USB Corporation, Cleveland, OH, USA) at 37°C for 30 min to
eliminate the RNA. After washing twice with PBS and centrifuging
at 200 x g for 5 min, the cells were incubated at 4°C in the dark
with 1 mg/ml propidium iodide (Sigma) for 15 min. The number of
cells in each stage of the cell cycle was determined using a flow
cytometer and the CyteExpert Software (Cytoflex®, Beckman
Coulter, Indianapolis, IN, USA). The percentage of cells in the S
phase of the cell cycle was measured and compared between HNO-
adapted and parental cells. Cell cycle analyses were independently
performed three times.

Apoptosis assessment by flow cytometry. HNO-adapted or parental

cells (5%105/well in 6-well plates) were cultured in complete
medium for 24 h and then collected, centrifuged at 200 x g for 5
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min, and washed twice with PBS. The apoptotic cells were assessed
using BD Annexin V FITC Assay (BD Biosciences, CA, USA)
following the manufacturer’s instructions. The number of apoptotic
cells were calculated in a flow cytometer using the CyteExpert
Software (Cytoflex®, Beckman Coulter). The percentage of
apoptotic cells was measured and compared between HNO-adapted
and parental cells. Apoptosis was assessed three times in
independent experiments.

Invasion assay. An invasion assay through Matrigel was performed
using a blind-well Boyden chemotaxis chamber (Neuro Probe,
Gaithersburg, MD, USA) as previously described (16). At first, the
upper surface of the 13 um pore polycarbonate filters (Fisher
Scientific, Ontario, Canada) was coated with Matrigel, a
reconstituted basement membrane gel (Corning, Tewksbury, MA,
USA) and placed between the upper and lower well plates of a
blind-well Boyden chemotaxis chamber. In the lower chamber,
growth medium was used as a source of chemoattractants. HNO-
adapted or parental cells (8x104 cells) were resuspended in DMEM
containing 0.1% BSA and seeded into the upper well of the
chamber. The non-migrating cells on the upper surface of the filter
were removed after incubation at 37°C for 5 h. The cells were
counted under a microscope at 200x magnification at the lower
surface of the filters at 5 randomly selected fields per group. Two
investigators performed the cell counting. The invasion assays were
performed in three independent experiments.

Conditioned medium preparation and zymography. HNO-adapted or
parental cells (2x106 cells) were cultured in 6-well plates and
incubated at 37°C for 24 h. Then, the wells were washed with PBS
and switched to DMEM containing 0.1% BSA for 48 h. Conditioned
medium (CM) was collected and centrifuged at 1,000 x g at 4°C for
10 min. Protein concentration in the CM was measured using the
Protein Assay Kit (Pierce™ BCA, Thermo Fisher Scientific,
Waltham, MA, USA).

MMP-2 and MMP-9 activity in the CM were determined using
gelatin zymography as previously described (17). Briefly, 0.2%
gelatin (bloom 300, Sigma) was added to a 10% acrylamide
separating gel. Equal amounts of total protein from each sample
were mixed with non-reducing sample buffer and added to the gel.
The gels were washed in 2.5% Triton X-100 for 30 min following
electrophoresis, incubated at 37°C overnight in developing buffer,
stained with 0.5% Coomassie blue G250 in a 30% methanol and
10% glacial acetic acid solution for 30 min and destained in the
same solution without Coomassie blue. The gelatin-degrading
enzymes were identified as clear bands against the blue background
of the stained gel. Images of the stained gels were acquired under
illumination using a G:BOX gel documentation system (Syngene,
Frederick, MD, USA). The gelatinolytic bands were quantified
using GeneTools software (Syngene). The experiments were
repeated three times independently.

Statistical analysis. Descriptive and inferential statistical analyses
were carried out in the present study. Results of numerical
measurements are presented as means and standard error of the
mean (SEM). The Student’s #-test (two-tailed, independent) was
used to identify the significance of study parameters on a numerical
scale between two groups. The statistical analysis was performed
with Prism GraphPad 7.0 (GraphPad Software, La Jolla, CA, USA).
The significance level was set at 0.05.
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Table 1. Adaptation of HNSCC cell lines to high nitric oxide (HNO) concentration.

HNSCC cell Cell viability (%) *HNO concentration
lines (mM)
DEA-NONOate concentrations (mM)
0 5 6.5 7.5 8.5 10
HN18 100 15.44 8.45 713 0.22 0.34 6.5
HN17 100 32.69 21.06 14.95 5.55 0.17 8.5
HN30 100 27.94 20.04 13.09 1.09 0.3 8.5
HN31 100 34.78 28.87 12.73 6.68 0.17 8.5

*Cell viability less than 10%.

Results

Adaptation of HNSCC cells to NO. The results showed that
the viability of HN18 cells was decreased to 8.45% at 6.5
mM DEA-NONOate (Table I). At 8.5 mM DEA-NONOate,
the viability of HN17, HN30 and HN31 cells was decreased
to 5.55, 1.09 and 6.68%, respectively. Thus, the HNO-
adaption concentration for HN18 cells was 6.5 mM and the
HNO-adaption concentrations for HN17, HN30 and HN31
cells were 8.5 mM. All HNO-adapted cell lines were
harvested and grown in the growth medium before use in the
subsequent experiments.

Alteration of the cell cycle status of HNO-adapted HNSCC
cell lines. HNO-adapted HN18 and HN31 cells exhibited
significantly increased DNA content in the S phase compared
with the parental cells (p<0.05) (Figures 1A and D).
However, the DNA content during the S phase of HNO-
adapted HN17 and HN30 cells did not change compared
with the parental cells (p>0.05) (Figures 1B and C).

Apoptotic activity in HNO-adapted HNSCC cell lines. The
percentage of apoptotic HNO-adapted HN18, HN17 and
HN30 cells showed no significant difference compared with
the parental cells (p>0.05) (Figures 2A-C). In contrast,
HNO-adapted HN31 cells exhibited significantly increased
apoptotic activity compared with the parental cells (p<0.05)
(Figure 2D).

Reduction of invasiveness activity of HNO-adapted HNSCC
cell lines. All HNO-adapted HNSCC cell lines showed
significantly decreased invasiveness compared with the
parental cells (p<0.05) (Figure 3).

Alteration of MMPs activity in HNO-adapted HNSCC cell
lines. MMP-2 and 9 activity was studied in HNO-adapted
cells and the results are illustrated in Figure 4A. The MMPs
activity in gelatin zymography was converted to an arbitrary
number of intensities. The MMP-9 activity in all HNO-

adapted HNSCC cell lines did not significantly differ
compared with the parental cells (p>0.05) (Figure 4B).
Interestingly, MMP-2 activity was significantly increased in
HNO-adapted HN18 and HN30 cells compared with the
parental cells (p<0.05) (Figure 4C). However, the MMP-2
activity was significantly decreased in HNO-adapted HN31
cells compared with the parental cells (p<0.05).

Discussion

NO is involved in various physiological and pathological
processes. NO could generate differential effects depending on
its concentration, leading to “NO-sensitive’” and “NO-resistant”
tumor cells. At low concentrations, NO promotes tumor
growth. Expression of a tumor suppressor gene, p53 has
commonly been found to be upregulated by high
concentrations of NO and this might lead to tumor growth
arrest. In contrast, “NO-resistant” or “HNO adapted” tumor
cells with mutated p53 support tumor progression (18).
Nevertheless, studies on the effects of NO on HNSCC cells are
rare. Our findings agree with a previous study (11) which
demonstrated that HNSCC cells were adapted to high levels of
NO. However, all our HNSCC cell lines can adapt at relatively
high NO concentration (6.5-8.5 mM DEA-NONOate) in
contrast with the previous study (0.6 mM DEA-NONOate).

Our results suggest that the process of NO adaptation
seems to be universal across HNSCC, irrespective of the
metastatic behavior and tumor stage. HNSCC cell lines in
our study showed comparable results; increasing NO
concentrations resulted in increased cell death. However,
variations in the adaptation of tumor cells in low and high
NO concentrations were demonstrated in the present study.
Stage 2 metastatic HN17 cells exhibited more resistance to
NO compared with the corresponding primary tumor cell line
(HN18). In contrast, there was no difference in NO
resistance between stage 3 metastatic HN31 cells and their
primary cancer cells (HN30).

The mechanism explaining NO adaptation has been
previously reported. Aqil et al. (14) have demonstrated that

2659



ANTICANCER RESEARCH 40: 2657-2665 (2020)

HN18
A Parental HN18 HNO-adapted HN18
. w 100 = G,/M
- —
] " © - S
) o
84 I ‘6 m G
: _:',;;u S8 %) SQT %) 4]
é d oﬁfmuw ) E 8. r 0;““”‘ g 50
2] b c
B 8
@
o
o o 0-
¢ o . R . O Parental cell HNO-adapted cell
B Parental HN17 HNO-adapted HN17 HN17
81 100+ m GJ/M
-ju-j.‘:'it L 1) - S
—g— Q
8 o

GIMOE5 S

Percentage of cells
w
o
L

04
Parental cell HNO-adapted cell
HN30
C g Parental HN30 i - G,/M
s
. G1

G1my 09w
— 1

B34 02 W)

i DM 88 %
p—y

Count
100

Percentage of cells
w
o

Parental cell HNO-adapted cell

HN31

m G,/M
- S
m G

1%
—
o
2

Percentage of cells
3

Parental cell HNO-adapted cell

e =0 100 150
LA (w10%

Figure 1. Cell cycle status of HNO-adapted HNSCC cell lines. The cell cycle distribution of all HNO-adapted and the corresponding parent cells
are shown in the histograms. The percentage of cells in each phase of the cell cycle was calculated in the parental and HNO-adapted HN18 (A),
HNI17 (B), HN30 (C) and HN31 (D) cells. *p<0.05 compared with the parental cells.
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Figure 2. Apoptotic activity in HNO-adapted HNSCC cell lines. The percentage of apoptotic cells in all HNO-adapted and the corresponding parent
cells are shown in the histograms. The percentage of apoptotic cell was calculated in the parental and HNO-adapted HN18 (A), HN17 (B), HN30
(C) and HN31 (D) cells. Bars represent mean+SEM of the percentage of apoptotic cells (n=3). *p<0.05 compared with the parental cells.

2661



ANTICANCER RESEARCH 40: 2657-2665 (2020)

>

HN18

No. of invaded cells

Parental cell HNO-adapted cell

@)

HN30
60-

40-

20+

No. of invaded cells

0-

Parental cell

HNO-adapted cell

W

HN17

Y (=1]
(=] (=]
1 1

No. of invaded cells
(3]
[=]

Parental cell HNO-adapted cell

O

HN31

Y [=1]
(=] (=]
1 1

No. of invaded cells
N
[ ]

WE

Parental cell

HNO-adapted cell

Figure 3. Invasiveness activity of HNO-adapted HNSCC cell lines. Invasion of all HNO-adapted and the corresponding parental cells were evaluated.
The number of invaded cells of the parental and HNO-adapted HN18 (A), HN17 (B), HN30 (C) and HN31 (D) cells were counted under a light
microscope at magnification 200x. Bars represent mean+SEM invaded cell number (n=3). *p<0.05 compared with the parental cells.

modifications in DNA damage and anti-apoptosis signaling
might aid to high NO resistance of tumor cells. This
ultimately affects the cell cycle and tumor cells stay in the S
phase for longer, before proceeding to the G,/M phase (11).
In this study, the stimulatory action of HNO on cell
proliferation was observed as an increase in cell number in
the S and G,/M phases in HNO-adapted HN18 and HN31
cells, but not in HNO-adapted HN17 and HN30 cells.
Probably, up-regulation of genes promoting cell
multiplication and downregulation of genes inhibiting
multiplication might occur in the HNO-adapted cancer cells
(13). Notably, our findings suggest that the effect of high NO
concentrations on cell cycle progression does not depend on
the metastatic properties and disease stage. The results in our
study are not in line with a related study reporting that the
effects of NO on the progression of cell cycle in colon cancer
depended on NO concentrations and disease stages (19).
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The present study also analyzed the effects of high NO on
apoptosis. Related studies in head and neck cancer cells (11)
and lung cancer cells (14, 20) have demonstrated that a
decrease of apoptosis occurred in HNO-adapted cancer cells,
in opposition to our data indicating pro-apoptotic or no
effects of high NO.

The apoptotic effects of NO depend on its production rate,
redox state of cells, and cell type. High levels of NO have
pro-apoptotic effects, whereas low levels of NO can inhibit
apoptotic cell death either by direct or indirect interaction
with molecules of the apoptotic-signaling cascade (21, 22).
In the present study, a significant increase in NO-induced
apoptotic cell death was observed in HN31 cells. In addition,
the number of apoptotic HNO-adapted HN18 and HN30 cells
was relative higher, compared with that of their parental cells
although this did not reach statistical significance. Therefore,
it appears reasonable to suggest that high NO may, at least
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in part, increase susceptibility to apoptosis (23). Our results
are discordant to those of a related study demonstrating
activation of p53 and apoptosis inhibition in a human NO-
adapted lung adenocarcinoma cell line (A549) (14). This
discrepancy may be due to the differences in the duration of
NO exposure and cell types. We exposed HNSCC cell lines
with DEA-NONOate at 6.5-8.5 mM for 72 h whereas the
related report performed long term (65 days) treatment of
A549-adapted cells with 0.6 mM DEA-NONOate. Our
findings could lead to the inference that high levels of NO
play no role or probably some other factors are involved in
the apoptosis of tumor cells.

In this present study, in vitro cell invasion and MMPs
activities were examined to determine the effect of NO
adaptation on the invasion ability of HNSCC cells and found
that 6.5-8.5 mM DEA-NONOate, significantly decreased the
invasion of adapted HNO-HNSCC cell lines through Matrigel.
The results were similar with other studies, in which they
found that the NO suppressed in vitro invasion of
hepatocellular carcinoma cell lines (9) and ovarian cancer cell
lines (24). However, these reports are discordant to another
human study demonstrating that 7- or 14-days treatment with
NO increased significantly the invasion of lung cancer cell
lines (H460 cells) (25). These conflicting results can be
clarified by the observation that the activity of high NO in
cancer cell behaviors depends on the microenvironment, such
as cell types, redox reaction, final intracellular concentration,
and duration of exposure to NO (26).

MMP-2 and MMP-9 play major roles in the metastasis of
cancer cells and, recently, have been studied extensively
(27). Regarding to tumor cell invasion and MMPs activation,
our results show the disparities of MMP-2 and MMP-9
activities in HNO adaptation. MMP-2 and MMP-9 activities
were obviously non-coordinated and were differentially
affected in HNO-adapted HNSCC cell lines. In our study,
gelatinase zymography showed no significance difference in
MMP-9 activities between HNO-adapted cells and their
parental cells. Our findings are different from those of a
related study reporting up-regulation of MMP-9 release in
ovarian cancer cells that were treated with NO (24).
Mechanistically, the inhibition of MMP-9 overexpression
might be explained by the possibility of MMP-9 degradation
in the very high levels of NO in our study (28). Surprisingly,
differential effects of HNO on MMP-2 activities in HNSCC
cell lines were observed in this study. HNO inhibited MMP-
2 activity in HNO-adapted HN 31 cells while an increased
MMP-2 activity was observed in HNO-adapted HN18 and
HN30 cells. Furthermore, there was no significant difference
regarding the MMP-2 activity between HNO-adapted HN 17
cells and their parental cells. This indicated that the cell lines
have different susceptibility to NO donors. The inhibition of
MMP-2 activity by exogenously applied NO donors has been
reported previously in ovarian cancer cells (24). In addition,
it should be noted that neither the expression of MMP-2 nor
that of MMP-9 in HNO-adapted HNSCC cells was correlated
with cell invasion in our studies. However, it has been
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reported that the increase in the levels of MMPs does not
essentially relate to the invasive phenotype (29, 30). Due to
the conflicting results, the tumor invasion activity of NO
needs to be further investigated.

Some limitations of the present study need to be
discussed. First, in this study we carried out short time
stimulation of HNSCC cells with HNO. Nevertheless, our
data show that this was able to produce NO adaptation
because changes in biological activities were observed in
HNO-adapted cells in our experiments. Second, the action of
high NO on cell cycle regulation and apoptosis were not
confirmed by gene expression. Third, in this study, we
investigated the evidence for the roles of NO in particular
focusing on tumor epithelial cells. Although NO is a
multifunctional signaling molecule with potentially high
bioavailability in TME but, the interactions between tumor
and stromal cells such as tumor associated macrophages
were not conducted in the present study (31). Therefore, the
diverse role of NO in tumor and TME needs to be further
investigated in more detail. However, the strong point of this
study was the use isogenic primary and metastatic cancer cell
lines obtained from various tumor stages. According to our
knowledge, no study has been conducted using isogenic
primary and metastatic cancer cell lines in NO adaptation
experiments. The benefit of this model is that it clearly
reveals only the differences that are due to treatments and
not to differences in the biological system, since isogenic
cancer cell lines are used.

Conclusion

We found that DEA-NONOate enhanced cell cycle
progression of primary and metastatic HNSCC cells.
However, the tested isogenic cancer cell lines showed
differential sensitivity to NO donors. High NO induced
apoptosis in HNO-adapted cancer cells. Reduced cell
invasion was observed in HNO-adapted cancer cells.
However, certain NO-adapted cancer cells showed decreased
MMP-2 release or no MMP-9 release. However, considering
this discrepancy, our findings confirm that NO donors may
behave as anti-metastatic and pro-metastatic agents, and their
actions depend on many factors such as the type of cancer
cells, redox reaction, final intracellular concentration, and
duration of exposure to NO.
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