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Curcumin derivative C086 (cur C086) is a potential chemotherapeutic agent for patients with osteosarcoma.
In this study, the effects of cur C086 combined with cisplatin on the biological processes of osteosarcoma cells
were investigated.

In this study, expression of BMIL1 was detected by real-time quantitative reverse transcription polymerase chain
reaction and Western blotting in MG-63 cells treated with cur CO86+cisplatin. Functions of cur CO86+cisplatin
on proliferation ability, apoptosis response, and metastatic potential of MG-63 cells were determined by MTT,
flow cytometry, Hoechst 33258 staining and Transwell assays, respectively. In additionally, expression of P16,
E-cadherin, epidermal growth factor (EGFR), and Notch1 was measured by Western blotting.

Expression of BMIL1 decreased significantly in MG-63 cells treated with cur C086 (20 pM)+cisplatin (1.28 nM).
Treatment with cur C086+cisplatin considerably inhibited growth, migration, and invasion potential in MG-63
cells, whereas apoptosis was obviously upregulated. Moreover, cur CO86+cisplatin suppressed BMIL1 expres-
sion or its potential downstream targets, P16, E-cadherin, EGFR, and Notch1.

The current results demonstrate that combined treatment with cur C086+cisplatin may be an effective form
of chemotherapy for patients with osteosarcoma.
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Background

Osteosarcoma is a malignant bone tumor more common in
children or teenagers than in adults [1]. It develops from mes-
enchymal cells, and is also the most common primary bone
tumor, characterized by rapid cell proliferation, strong meta-
static potential, and resistance to chemotherapy [2]. At present,
surgical excision, radiotherapy or chemotherapy are the main
therapeutic strategies for osteosarcoma [3]. Recently, treat-
ment of osteosarcoma has been improved by performing rad-
ical surgery. In addition, neoadjuvant chemotherapy increases
5-year overall survival from 30% to about 70% to 80% [4-6].
Although the survival rate has risen over the past decades,
it is unsatisfactory and the prognosis for osteosarcoma pa-
tients with metastatic lesions is still poo. Despite the fact that
chemotherapies and targeted drugs are useful against osteo-
sarcoma, they can cause serious side effects [7,8]. Therefore,
the molecular mechanism of osteosarcoma needs to be fur-
ther studied to find better drugs with fewer adverse effects.

An increasing amount of evidence indicates that natural plant in-
gredients from traditional Chinese herbal medicines, such as gin-
senoside, paclitaxel, and curcumin, have therapeutic advantages
and effects on various tumors [9]. Curcumin reportedly is a pow-
erful anticancer agent and can be isolated from ginger, which is
encountered on a daily basis [10,11]. Multiple studies have re-
vealed that curcumin can inhibit proliferation of the cells of var-
ious cancers, such as those of the breast, lung, and stomach, as
well as osteosarcoma in vitro and in vivo [12-14]. Currently, numer-
ous studies have reported the potential mechanisms of curcumin
against osteosarcoma [15]. Previous reports have shown that cur-
cumin repressed proliferation of osteosarcoma cells and inhibit-
ed metastasis of tumor cells through critical signal pathways, for
example Janus kinase 2/signal transducer and activator of tran-
scription 3 and mitogen-activated protein kinase in vivo [16,17].

The multifactorial pathogenesis of osteosarcoma involves ge-
netic and epigenetic alterations of tumor suppressor genes,
oncogenes or growth factors in osteosarcoma development [18].
BMIL1 is a member of the polycomb group family of transcrip-
tional regulators [19]. Studies have indicated that it acts as
an oncogene in development and progression of cancer [20].
Accumulated evidence suggested that the degree of expres-
sion of BMIL1 is related to the occurrence, development, inva-
sion, and prognosis of tumors, as well as other pathological
indicators in osteosarcoma [21,22]. BMIL1 is highly expressed
in osteosarcoma cells, and its overexpression promotes cell
growth and chemotherapeutic resistance to cisplatin in osteo-
sarcoma [23]. Cisplatin is a commonly used chemotherapeutic
drug in patients with osteosarcoma, but it often causes drug
resistance, so the effects of chemotherapy are not ideal [24,25].
However, the exact role played by BMIL1 in osteosarcoma
treated with curcumin and cisplatin is not fully understood.
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C086 [4-(4-hydroxy-3-methoxy-phenyl-methyl)] is a new struc-
tural analog of curcumin. Being artificially synthesized, it has
better properties than natural curcumin, such as solubility and
antitumor effects. [26]. In this study, we intended to investi-
gate the effect of the curcumin derivative C086 combined with
cisplatin on proliferation and invasion of the MG-63 cells, as
well as on expression of BMILI to elucidate molecular mech-
anisms of cur C086 and cisplatin in osteosarcoma.

Material and Methods

Reagents

Cur CO086, cisplatin, and 5-fluorouracil (5-FU) were purchased
from Mclean Corp (Shanghai, China). For in vitro studies,
the concentration of cur C086 dissolved in dimethyl sulfoxide
(DMS0) was 100 pM and the concentration of cisplatin sus-
pended in PBS was 1.28 nM for next experiments. While the
concentration of 5-FU suspended in phosphate-buffered sa-
line (PBS) was 2 pg/mL.

Cell culture

MG-63 cells from ATCC (Manassas, Virginia, United States)
were cultured in Dulbecco’s Modified Eagle Medium (Gibco;
Thermo Fisher Scientific, Inc., United States) containing 10%
fetal bovine serum, 100 pg/mL streptomycin and 100 U/mL
penicillin. These cells were cultured in six-well plates under
humidified conditions with 5% CO, at 37°C. MG-63 cells were
grown as a monolayer and cultured until 80% confluence was
reached for use in further experiments.

QRT-PCR

Total RNA was isolated with an RNA separation Kit (cat. no:
73382, Promega, United States) and quantified with a spec-
trophotometer. Total RNA (400 ng) was used to synthesize
cDNA using a PrimeScript reverse transcription polymerase
chain reaction (RT-PCR) kit, according to reagent instructions
(cat. no: RRO55B, Takara, Japan). A SYBR Green | fluorescent
dye (cat. no: RR420L, Takara, Japan) was used and quantita-
tive PCR was performed on the ABI Prism PCR system. The ex-
perimental steps were as follows: 5 min at 95°C, followed
by 36 cycles at 95°C for 35 s and 55°C for 45 s. All primers
were from Invitrogen Company (Thermo Fisher Scientific, Inc.,
United States). Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as control. The primers sequences used
were as follows:

BMIL1 forward primers 5’-TCATCCTTCTGCTGATGCTG-3’ and
reverse primers 5-GCATCACAGTCATTGCTGCT-3’;

GAPDH, forward primers 5-GGTGAAGGTCGGAGTCAACG-3’ and
reverse primers 5’-CAAAGTTGTCATGGATGAC C-3".
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Fold change in BMIL1 mRNA expression was determined us-
ing the 2724t method. All samples were analyzed in triplicate.

Cell proliferation assay

Growth of MG-63 cells incubated with different concentrations
of cur C086 for various durations was analyzed with MTT as-
says (cat. no: 88417, Sigma-Aldrich, United States). In brief,
MG-63 cells were cultured in 96-well plates (Corning, NY, USA)
at a density of 5x103 cells/well. The cells were treated with cur
€086 (0, 10, 20, 40 and 80 pM) for 48 h, or cur C086 (20 pM)
for 0, 12, 24, 48, and 72 h. MTT dye was added to each well
for at least 4 h. The reaction was stopped by adding DMSO
and absorbance at 570 nm was measured at each time point
using an enzyme immunoassay analyzer. All samples were an-
alyzed in triplicate.

Sensitivity analysis of cur C086

To assess the effect of cur C086 on the sensitivity of MG-63 cells
to chemotherapeutic drugs, a single-drug intervention and an
in vitro cell intervention experiment were designed. The MG-63
cells were treated with cisplatin (1.28 nM), 5-FU (2 pg/mL), cur
€086 (20 pM), cisplatin (1.28 nM)+5-FU (2 pg/mL) or cur C086
(20 uM)+5-FU (2 pg/mL) for 48 h. The results were assessed
through an MTT assay. All samples were evaluated in triplicate.

Synergy of cur C086 and cisplatin detected by MTT

The collaborative experiment was divided into 7 groups: con-
trol, cisplatin (1.28 nM), 5-FU (2 pg/mL), cur C086 (20 pM),
cisplatin (1.28 nM)+5-FU (2 pg/mL), cur C086 (20 pM)+5-FU
(2 pg/mL), and cur C086 (20 pM)+cisplatin (1.28 nM) group.
The cell culture system was the same as the previous cell pro-
liferation experiment. The calculation formula for the coeffi-
cient of drug interaction (CDI) was: CDI=AB/(AxB). In vitro ex-
periments were calculated based on the number of viable cells
(absorbance value). When CDI <1, the two drugs were consid-
ered to have a synergistic effect; when CDI <0.7, the synergis-
tic effect was deemed significant.

Apoptosis assays

Cisplatin (1.28 nM), cur C086 (20 pM), and cur C086
(20 pM)+cisplatin (1.28 nM) were used to treat MG-63 cells for
48 h. The MG-63 (1x10°) cells were collected and washed with
PBS twice. Subsequently, the cells were stained with Hoechst
33258 reagents (cat. no: C1017, Beyotime Biotechnology,
Shanghai, China) and observed under two-photon fluorescence
microscopy (LaVision BioTec, Germany). At the same time, the
treated cells (1.5x10°) were collected and washed with PBS
twice. Annexin-V/PI (5 pL) (cat. no: 556547, BD Biosciences,
United States) was added into the treated cells resuspended
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in PBS for 15 min in the dark. Apoptosis was detected through
flow cytometry (BD Biosciences, United States). All samples
were analyzed in triplicate.

Migration and invasion assay

Nigration and invasion abilities assays were used with a 12-
well Transwell chamber (8-mm pore size; Corning Incorporated)
coated with Matrigel (200 mL per well, thickness: 3 mm; BD
Biosciences) in triplicate. MG-63 cells were incubated with cispl-
atin (1.28 nM), cur C086 (4 pM), and cur C086 (20 pM)+cisplatin
(1.28 nM) for 48 h. The treated cells (1x10°) were resuspend-
ed in a medium without serum, added into the upper cham-
ber and cultured for 48 h, then in a medium with serum add-
ed to the lower chamber. Following incubation, non-migrating
or non-invading cells in the upper chamber were erased with a
cotton swab. Cells attached to the underside of the filter mem-
brane were stained with crystal violet and 5 random fields were
taken from the microscope (Olympus, Tokyo, Japan). Then the
number of migration and invasion cells dyed purple in each
field under microscopy was counted. All samples were inves-
tigated in triplicate.

Western blot analysis

Protein lysates of MG-63 cells treated with cisplatin (1.28 nM),
cur C086 (20 pM) and cur C086 (20 pM)+cisplatin (1.28 nM)
were lysed with a protein lysate buffer (Sigma-Aldrich; Merck
KGaA) and the total protein concentration was quantified with
a BCA Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.).
Ten micrograms of each sample protein was resuspended in a
loading buffer and electrophoresed on 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis. Fractionated proteins
were transferred onto polyvinylidene difluoride membranes
(Invitrogen; Thermo Fisher Scientific, Inc.). The following pri-
mary antibodies were used: Anti-P16 (cat. no: sc-81866, Santa
Cruz Biotechnology, United States), anti-E-cadherin (cat. no:
sc-8426, Santa Cruz Biotechnology, United States), anti-BMIL1
(cat. no: sc-390443, Santa Cruz Biotechnology, United States),
anti-Notch1l (cat. no: sc-376403, Santa Cruz Biotechnology,
United States), anti-epidermal growth factor-2 (EGFR2) (cat.
no: sc-373746, Santa Cruz Biotechnology, United States) and
anti-p-tubulin (cat. no: 2148S, Cell Signaling Technology, United
States). Membranes were incubated with the goat anti-Rab-
bit immunoglobulin G (H+L) secondary antibody, HRP (cat. no:
31460, Thermo Fisher Scientific, United States) at room tem-
perature for 1 h. B-tubulin was adopted as an internal control.
Protein bands were detected by the Odyssey Scanning System
(LI-COR Biosciences, United States). Image) software (National
Institutes of Health, United States) was used for densitometric
analysis. All samples were analyzed in triplicate.
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Figure 1. Expression of BMIL1 was inhibited by curcumin C086 in MG-63 cells. Levels of expression of BMIL1 mRNA (A) and protein
(B, C) were downregulated by treatment with different concentrations of curcumin C086. (D) Curcumin C086 suppressed
proliferation of MG-63 cells, as analyzed in MTT experiments. All data are presented as the mean+SEM. * P<0.05, ** P<0.01

and *** P<0.001.

Statistical analysis

All experimental data analyses were performed in triplicate
and all results were presented as the mean+SEM. Student’s
t-test (two-tailed), one-way analysis of variance (twotailed)
and Tukey’s post-hoc tests were used in the statistical anal-
ysis (SPSS 16; SPSS, Inc., Chicago, Illinois, United States).
Differences in this study were considered statistically signifi-
cant at P<0.05, P<0.01 and P <0.001.

Results

Cur C086 downregulates BMIL1 expression

First, we analyzed expression of BMILI from mRNA and pro-
tein levels in MG-63 cells exposed to cur C086 at different con-
centrations for 48 h (Figure 1A-1C). The inhibitory effects of
cur C086 were also measured via an MTT assay (Figure 1D).
The results demonstrated that BMIL1 expression was signifi-
cantly downregulated by cur C086, and that cur C086 inhibited

proliferation of MG-63 cells in a dose-dependent manner.
The 1C50 values of cur C086 and cisplatin weree 20 yM and
1.28 nM, respectively.

Confirmation of most suitable drug concentration of cur
Cco86

Expression of BMIL1 in MG-63 cells exposed to 20 pM cur
€086 for different durations (Figure 2A, 2B) and effects of cur
€086 on proliferation of MG-63 cells (Figure 2C) were mea-
sured. The results revealed that BMIL1 expression and MG-63
cell proliferation were affected in a time-dependent manner.

Effects of cur CO86+cisplatin on BMIL1 expression

To determine whether BMIL1 expression was significantly af-
fected by cur C086+cisplatin in MG-63 cells, quantitative RT-
PCR and Western blotting were performed (Figure 3). The re-
sults proved that BMIL1 expression was obviously decreased
following treatment with cur C086+cisplatin compared with
the control, cur C086, and cisplatin groups.
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Figure 2. Expression of BMIL1 was downregulated in MG-63 cells incubated with curcumin C086 (20 pM) for 0, 12, 24, 48, and 72 h.
Expression of BMILI mRNA (A) and protein (B) were repressed by curcumin C086. (C, D) Proliferation of MG-63 cells was
inhibited by curcumin C086 (20 uM), as analyzed by MTT assay. Data are expressed as the mean+SEM. * P<0.05, ** P<0.01

and *** P<0.001.

Cur C086 increased chemosensitivity of MG-63 cells

The sensitivity of MG-63 cells to cur C086 combined with
chemotherapeutic drugs was studied in vitro (Figure 4). The re-
sults indicated that cell absorbance was significantly lower in
the combined treatment groups after 48 h compared with the
single-intervention groups. These results suggest that cur C086
intervention may enhance the chemosensitivity of MG-63 cells
to cisplatin or 5-FU.

Synergistic effect of cur C086 and cisplatin on MG-63 cells

MG-63 cells were treated with cur C086 (20 pM) and cispla-
tin (1.28 nM) for 24 and 48 hours. MTT results showed that
cur C086 and cisplatin increased the killing effect on MG-63
cells. Compared to the control group, the inhibition rates in the
cur CO86+cisplatin group were 42.29+3.5% and 46.32+4.1%,
respectively. The CDI values of two different time groups (24
and 48 h) were 0.68 and 0.64, indicating that cur C086 and
cisplatin were remarkably synergistic in inhibiting MG-63 cells.

Cur C086 induced apoptosis in MG-63 cells

To determine the effect of cur C086 on MG-63 cell apoptosis,
cells were treated with cisplatin (1.28 nM), cur C086 (20 uM), and
cur C086 (20 pM)+cisplatin (1.28 nM) for 48 h and analyzed us-
ing flow cytometry (Figure 5A, 5B) and Hoechst 33258 reagents
(Figure 5C, 5D). Annexin V-FITC/PI double staining was used to
detect cells in different phases of apoptosis. The results indicat-
ed that apoptosis of MG-63 cells increased considerably after
cur CO86+cisplatin treatment compared with the other groups.

Cur C086 suppressed migration and invasion of MG-63
cells

Cisplatin (1.28 nM), cur C086 (20 pM), and cur C086
(20 uM)+cisplatin were used to treat MG-63 cells for 48 h,
and Transwell assays were conducted. The assays revealed
that the migration abilities of MG-63 cells decreased signifi-
cantly in the cur C086+cisplatin group compared to in the con-
trol cell group (Figure 6A, 6B). Similarly, the invasive abilities
of MG-63 cells treated with cur CO86+cisplatin obviously de-
clined after 48 h of incubation (Figure 6C, 6D).
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Figure 3. Expression of BMIL1 was analyzed in MG-63 cells treated with curcumin C086 and cisplatin. Expression of BMIL1 mRNA (A)
and protein (B, C) was inhibited by curcumin C086 (20 pM)+cisplatin (1.28 nM). Data are expressed as the mean+SEM.
* P<0.05 and ** P<0.01.
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Figure 4. Curcumin C086 had synergic anticancer effects when combined with cisplatin and 5-FU. Proliferation of MG-63 cells was
inhibited following treatment with curcumin C086 (20 pM) and cisplatin or 5-FU for (A) 24 or (B) 48 h. Data are expressed
as the mean+SEM. * P<0.05.

Cur €086 inhibited expression of P16, E-cadherin, EGFR, E-cadherin proteins were markedly downregulated in the cur

and Notch1 in MG-63 cells C086+cisplatin treatment group in comparison with the sin-
gle-treatment groups (Figure 7A, 7B). Furthermore, EGFR and

Expression of P16, E-cadherin, EGFR, and Notch1 in os- Notch1 inhibition was observed in MG-63 cells treated with

teosarcoma cells treated with C086 and cisplatin was in- cur CO86+cisplatin (Figure 7C, 7D).

vestigated. Experimental results suggested that P16 and
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Figure 5. Treatment of MG-63 cells with curcumin CO86+cisplatin significantly promoted apoptosis. Curcumin C086 (20 pM)+cisplatin
increased apoptosis of MG-63 cells analyzed by flow cytometry (A, B) and Hoechst 33258 reagents (C, D). All images were
acquired under an inverted microscope (200x magnification). Data are expressed as the mean+SEM. * P<0.05 and ** P<0.01.

Discussion Cisplatin is a platinum complex with broad-spectrum antitumor

activity. At high doses, it inhibits synthesis of DNA, and at lower

doses, it inhibits synthesis of RNA and protein in treatment of
ry effects on the growth and metastasis of osteosarcoma cell osteosarcoma [28,29]. In this study, the influence of curcumin
lines, and they induce apoptosis in these cancerous cells [27].

Curcumin and curcumin derivatives exert significant inhibito-
€086 combined with cisplatin on osteosarcoma was evaluated.
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Figure 6. Migration and invasion abilities of MG-63 cells were inhibited by treatment with curcumin C086+cisplatin. (A, B) The effects of
curcumin C086 (20 pM)+cisplatin on MG-63 cell migration potential were measured by Transwell assay. (C, D) The invasiveness
of MG-63 cells incubated with curcumin C086 (20 pM)+cisplatin was evaluated through Transwell assay. Images were obtained
under an inverted microscope with 200x magnification. Data are expressed as the mean+SEM. * P<0.05 and ** P<0.01.

BMIL1 is a significant oncogene that regulates development
and metastasis of cancers. Neoplastic cells exhibit abnormally
high expression of BMIL1, which has been related to malig-
nant biological characteristics of tumor tissues and poor pa-
tient prognosis [30,31]. BMILI has been considered as a molec-
ular marker in various cancers and is an important therapeutic
target that has the potential for clinical transformation [32,33].
In this study, BMIL1 expression in MG-63 cells was clearly in-
hibited by treatment with cur C086 or cisplatin. Expression of
BMIL1 was downregulated by cur C086 doses as low as 20 yM
over different periods of time (12, 24, 48, and 72 h). In addi-
tion, proliferation of MG-63 cells was hindered by cur C086
(20 pM), and combined treatment with cur C086+cisplatin sig-
nificantly downregulated BMIL1 compared with other groups.
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Epithelial to mesenchymal transition (EMT) may increase the
motility of cells and enable them to gain invasive properties,
a process that is mediated by repression of E-cadherin [34,35].
EMT is a critical step in invasion and metastasis of cancers,
and could be used as an indicator of cancer progression or
prognosis, or a treatment target [36]. Invasion and metastasis
of tumor cells are the main causes of death in patients with
cancers including osteosarcoma. Interestingly, we discovered
that cur C086 and cisplatin inhibited the migration and inva-
sion potential of MG-63 cells and increased apoptosis of them.

A recent report showed that BMIL1 silencing resulted in in-
hibition of the invasion and migration potential of lung can-
cer cells [37]. P16 and E-cadherin, being downstream proteins
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Figure 7. Levels of expression of P16, E-cadherin, Notch1 and EGFR in MG-63 cells were analyzed by Western blotting. (A, B) P16 and
E-cadherin proteins were decreased in MG-63 cells treated with cisplatin, curcumin C086, and curcumin CO86+cisplatin.
(€, D) Meanwhile, Notch1 and EGFR proteins were downregulated in MG-63 cells treated with cisplatin, curcumin C086,
and curcumin CO86+cisplatin. Data are expressed as the mean+SEM. * P<0.05 and ** P<0.01.

regulated by BMIL1, are undoubtedly key mediators in epithelial—
mesenchymal transition and tumor invasion [38]. In this study,
expression of P16 and E-cadherin was downregulated in MG-63
cells treated with cur C086 or cisplatin, and the migration and
invasion abilities of the treated MG-63 cells were decreased.
These events may indicate that cur C086 could suppress mi-
gration and invasion of osteosarcoma cells by hindering EMT.

EGFR expression has been detected in osteosarcoma, and be-
cause its activity is associated with tumor proliferation, inva-
sion, and metastasis, EGFR been a significant target in cancer
therapy [39,40]. EGFR is overexpressed in osteosarcoma and
the response to EGFR-targeted agents is inversely correlated
with EMT [41]. Notch signaling plays a role in development
and progression of osteosarcoma [42]. Wang et al. [43] found
that curcumin inhibits hypoxia-induced proliferation and in-
vasion of MG-63 cells through downregulation of Notchl. We
found that expression of EGFR and Notch1 was downregulated

This work is licensed under Creative Common Attribution- 9
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in MG-63 cells treated with cur C086 or cisplatin, and espe-
cially with combined treatment with cur C086 and cisplatin.

Conclusions

Our findings demonstrate that combined treatment with cur C086
and cisplatin inhibits expression of BMIL1, downregulating signal-
ing pathways associated with p16, E-cadherin, EGFR, and Notch-1,
thereby inducing apoptosis in osteosarcoma cells and suppress-
ing tumor cell proliferation. Combined treatment with cur C086,
therefore, have the potential to cure osteosarcoma. However, fur-
ther studies on the molecular mechanism of C086 and cisplatin,
as well as clinical investigations, are required to verify our results.
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