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MicroRNA-451 functions as a tumor suppressor
in thyroid cancer for multiple antitumor

effects via directly targeting MIF
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Abstract: Abnormal expression levels of microRNAs were found in various kinds of cancers, also including thyroid
cancer, suggesting the important roles of miRNAs in cancer carcinogenesis and progression. In this study, we dem-
onstrated for the first time that microRNA-451 was significantly down-regulated in papillary thyroid carcinomas (PTC)
tissues and cell lines. Furthermore, our results showed that microRNA-451 inhibited PTC cell proliferation, migra-
tion and invasion. In addition, migration inhibitory factor (MIF) was identified as a bona fide target of microRNA-451
by computational analysis, followed by Dual-Luciferase report assay, quantitative Real-time PCR and western blot.
Further mechanistic analysis demonstrated that knockdown of MIF could mimic the functions of microRNA-451
in PTC cells, rendering MIF as a functional target of microRNA-451. Taken together, these findings verified that
microRNA-451 was a tumor suppressor for PTC and a favorable factor against PTC progression via directly targeting
MIF. It could be investigated as targeted therapies for PTC.
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Introduction

Thyroid cancer, the most common kind of endo-
crine malignancy, accounts for approximately
93% of all endocrine system cancers [1]. In the
past few decades, the incidence of thyroid can-
cer continues to increase [2]. In 2015, it is esti-
mated that there would be 62,450 new cases
and 1,950 deaths due to thyroid cancer in
United States [3]. Thyroid cancer are mostly
derived from parafollicular cells and follicular
cells, and can be classified into four histologi-
cal types: papillary thyroid carcinomas (PTC),
follicular thyroid carcinoma (FTC), poorly differ-
entiated carcinoma (PDTC) and undifferentiat-
ed anaplastic carcinoma (ATC) [4]. Among these
four groups, PTC is the most common kind of
thyroid cancer and comprises more than 80%
of all thyroid cancer patients [5, 6]. Currently,
the standard therapy treatments for PTC are
surgical resection, radiotherapy and levothyrox-
ine treatment [7]. Due to progresses in thera-
pies, most PTC patients have a good prognosis.
However, for PTC patients with metastasis, the
prognosis is poor to standard treatments [8, 9].

The metastasis of thyroid cancer, which fre-
quently involves bone and lung, is the major
reason of poor prognosis [10]. Therefore, it is
crucial to explore the molecular mechanisms of
metastasis and investigate novel therapies to
prevent metastasis for thyroid cancer patients.

MicroRNAs (miRNAs) are a group of non-coding,
signal-stranded and naturally existing small
RNAs (20-24 nucleotide in length) which nega-
tively regulate expression of a great deal of
genes through binding to the 3’untranslated
regions (3’'UTR) of genes in complementary
base pairing manner and resulting in inhibition
of gene translation [11-13]. A number of reports
have suggested that miRNAs play essential
roles in major physiological and pathological
processes, such as cell differentiation, grow-
th, apoptosis, cycle, angiogenesis, metabolism
and metastasis [12, 14, 15]. Abnormal expres-
sion of miRNAs has been demonstrated to be
associated with cancer carcinogenesis and de-
velopment in many kinds of tumor, also includ-
ing PTC [16, 17]. Recently, half of the human
miRNAs are found to be located at cancer-asso-
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Figure 1. miR-451 expression in PTC tissues and
cell lines. A. miR-451 was down-regulated in PTC tis-
sues compared with matched adjacent normal thy-
roid papillary tissues. B. miR-451 was decreased in
TPC-1 and HTH83 cell lines in comparison to HT-ori3.
*P<0.05 compared with their respective controls.
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Figure 2. miR-451 expression in TPC-1 and HTH83
cells after transfection. A. The level of miR-451 was
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over-expressed by miR-451 mimics. B. miR-451
was down-regulated in TPC-1 and HTH83 cells after
transfection with anti-miR-451.

ciated genomic regions which are often ampli-
fied, deleted, or rearranged in cancers. These
findings verified that miRNAs may function as
tumor suppressors or oncogens in cancer initial
and progression, which indicated that miRNA-
targeting therapeutic strategies are promising
in cancer [18-20]. Therefore, in the future, miR-
NAs might investigate as a target for cancer
therapy.

In the present study, we focused on expression,
functions and molecular mechanisms of miR-
451 in PTC. We found that miR-451 was down-
regulated in PTC tissues and cell lines. In addi-
tion, miR-451 directly targeted the 3'UTR of
macrophage migration inhibitory factor (MIF)
and decreased MIF mRNA and protein expres-
sion, thereby suppressing PTC cells prolifera-
tion, migration and invasion. These findings are
a useful addition to our current understanding
of the mechanism of PTC carcinogenesis and
progression.

Material and methods
Ethics statement and clinical specimens

This consented thyroid cancer patient appro-
ved by the Institutional Review Board of the
Hospital, according to its guidelines for the pro-
tection of human subjects. Informed consent
was obtained from all thyroid cancer patients in
written form, in according with the hospital’s
ethical guidelines.

Eight-six pairs of PTC tissues and correspond-
ing adjacent normal thyroid papillary tissues
were obtained from thyroid cancer patients
who undergo surgery at Yidu Central Hospital of
Weifang from 2011 to 2014. Patients involved
in this study were not received other therapeu-
tic treatments before surgery. All tissues were
immediately snap frozen in liquid nitrogen after
surgery and stored at -80°C refrigerator.

Cell culture and cell transfection

The human PTC cell lines (TPC-1 and HTH83),
normal human thyroid cell line (HT-ori3) and
HEK293T cell line were obtained from American
Type Culture Collection (ATCC; Manassas, VA,
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Figure 3. miR-451 inhibited PTC cells proliferation. MTT assays showed that miR-451 mimics suppressed TPC-1 and
HTH83 cells proliferation, while anti-miR-451 enhanced TPC-1 and HTH83 cells growth. “P<0.05 compared with

their respective controls.

USA). HT-ori3 cell line was cultured in RPMI-
1640 supplemented with 10% fetal bovine
serum (FBS; Gibco, Grand Island, NY), 100 1U/
ml penicillin (Gibco, Grand Island, NY) and 100
ug/ml streptomycin (Gibco, Grand Island, NY).
The other cell lines were maintained in Dul-
becco’s modified Eagle’s medium (DMEM; Gi-
bco, Grand Island, NY) with 10% FBS, 100 IU/
ml penicillin and 100 ug/ml streptomycin. All
cell lines were incubated in a humidified 5%
CO, cell incubator at 37°C.

miR-451 mimics, negative control (NC), anti-
miR-451 inhibitor (anti-miR-451) and anti-NC
inhibitor (anti-NC) were purchased from Gene-
Pharma (Shanghai, China). MIF siRNA and NC
siRNA were obtained from Guangzhou RiboBio
Co., Ltd (Guangzhou, China). Before transfec-
tion, cell culture medium was replaced using
complete medium without antibiotics. Cell tr-
ansfection was performed using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA), following
to the manufacturer’s instructions.

RNA isolation and quantitative real-time PCR
(QRT-PCR)

Total RNA was extracted from human PTC tis-
sues, corresponding adjacent normal thyroid
papillary tissues, PTC cell lines and HT-ori3
using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol.
The RNA purity for each RNA samples was
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determined by using an ultraviolet spectrome-
ter for 0D260, 0D280, and 0D230. M-MLV
Reverse Transcription system (Promega, USA)
was used for reverse transcribed. miR-451
level and MIF mRNA level was detected by gRT-
PCR using SYBR Green PCR master mixture
(Takara, China). U6 and GADPH were used as
internal control for miR-451 and MIF mRNA,
respectively.

MTT assay

Cell proliferation was evaluated using 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; Sigma, St. Louis, MO, USA) as-
say. 3,000 cells were plated into 96-well pla-
tes for overnight incubation. Then, transfection
was performed with Lipofectamine 2000 ac-
cording to the manufacture’s manual. After
transfection 24 h, 48 h, 72 h and 96 h, MTT
assays were conducted. In briefly, 20 pl MTT (5
mg/mL) was added into each well and incubat-
ed at 37°C for 4 h. Cell culture medium was
removed and formazan precipitates were dis-
solved in 150 pl of DMSO. The viability was
assessed by absorbance measurements with a
plate reader at a wavelength of 490 nm. All the
experiments were performed in triplicate.

Cell migration and invasion assay

Cell migration and invasion abilities was evalu-
ated using transwell chambers (24-well insert,
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Figure 4. miR-451 inhibited PTC cells migration and invasion. A. miR-451 mimics inhibited TPC-1 and HTH83 cells
migration and invasion abilities. B. Down-regulation of miR-451 resulted into a significant promotion of cell migra-
tion and invasion in TPC-1 and HTH83 cells. "P<0.05 compared with their respective controls.

Corning, Inc., Corning, NY) with 8 um pore size
polycarbonate membrane. Cell migration and
invasion assays were performed following the
same procedure, with the exception that tran-
swell chamber membranes were coated with
Matrigel (BD Biosciences, San Jose, CA) for
invasion assays. After transfection 48 h, cells
were collected and re-suspended as single-cell
solutions in DMEM medium without FBS. 5x10%
cells in 200 ul medium was plated into the
upper chamber, while 500 ul DMEM medium
supplemented with 20% FBS was added into
the lower chamber as a chemoattractant. After
incubation 24 h at 37°C in a 5% CO, incubator,
cells were fixed, stained with 0.5% crystal violet
and washed with PBS for three times. Cells on
the top of membrane were carefully removed
with a cotton swab. Then, chambers were sub-
jected to an inverted microscope (Olympus
Corporation, Tokyo, Japan) by counting five ran-
dom fields per membrane. All experiments were
repeated at least three times.

Western blot

The effect of miR-451 on MIF protein expres-
sion was assessed using western blot. In the
present study, Primary antibodies, goat anti-
human monoclonal MIF and mouse anti-hum-
an GADPH were purchased from Santa Cruz
Biotech. After transfection 72 h, the protein
was extracted from cells using cold RIPA lysis
buffer (Beyotime Institute of Biotechnology,
China). The concentration of total protein was
measured with Bicinchoninic Acid Protein as-
say kit (BCA; Thermo Fisher Scientific, Inc., Ro-
ckford, IL, USA). In briefly, equal quantities of
protein were separated by 10% SDS-PAGE (Be-
yotime Institute of Biotechnology, China) and
transferred electrically to polyvinylidene difluo-
ride (PVDF; Millipore, USA) membranes. After
blocking with 5% non-fat dry milk in TBST, the
membranes were incubated with primary anti-
bodies for overnight at 4°C. Then, membranes
were washed with TBST for three times and
incubated with corresponding secondary anti-
bodies (Beyotime Institute of Biotechnology,
China). The bands were visualized with ECL so-
lution (Pierce, Rockford, IL, USA). The protein
intensities were quantified with AlphaEaseFC
software. GADPH was used as an internal con-
trol.
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Dual-Luciferase report assay

To explore whether miR-451 directly targeted
3'UTR of MIF, Dual-Luciferase report assays
(Promega, Madison, WI, USA) were performed.
HEK293T cells were seeded into 24-well pla-
tes and cultured until the density reached 70%-
80%. HEK293T cells were transfected with
PGL3-MIF-3'UTR Wt or PGL3-MIF-3'UTR Mut,
and co-transfection with miR-451 mimics or NC
using Lipofectamine 2000 according to the
manufacturer’s instructions. After incubation
48 h, Dual-Luciferase report assays were per-
formed. Firefly activities and renilla luciferase
activities were detected for each well. The renil-
la luciferase activities were used as an internal
control. All the experiments were performed in
triplicate.

Statistical analysis

Data were expressed as mean + S.D., and
compared using SPSS 17 software (SPSS Inc.,
Chicago, IL, USA). Differences were considered
significant at P value less than 0.05.

Results

miR-451 expression level in PTC tissues and
cell lines

To measure miR-451 expression in PTC, we
monitored its expression in PTC tissues and
corresponding adjacent normal thyroid papil-
lary tissues using gRT-PCR. The qRT-PCR analy-
sis showed that miR-451 was obviously down-
regulated in PTC tissues compared with ma-
tched adjacent normal thyroid papillary tissues
(shown in Figure 1A). We then measured miR-
451 expression in PTC cell lines and a normal
human thyroid cell line HT-ori3. We found that
the expression level of miR-451 was decreased
in TPC-1 and HTH83 cell lines in comparison to
HT-ori3 (shown in Figure 1B).

miR-451 expression level in TPC-1 and HTH83
cells after transfection

To further investigate miR-451 roles in PTC,
miR-451 was up-regulated and down-regulated
in PTC cells. After transfection 48 h, qRT-PCR
was performed to measure miR-451 expres-
sion level. As shown in Figure 2A, the level of
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Figure 5. miR-451 directly targeted MIF in vitro. A. The miR-451 binding site in the 3'UTR of MIF and the MIF 3'-
UTR mutant sequence. B. miR-451 significantly decreased the luciferase activity that carried MIF-3'UTR Wt but not
MIF-3’'UTR Mut. C. MIF was significantly down-regulated at mRNA level in TPC-1 and HTH83 cells after transfection
with miR-451 mimics. Meanwhile, anti-miR-451 improved MIF mRNA expression level in TPC-1 and HTH83 cells. D.
miR-451 mimics inhibited MIF protein expression and anti-miR-451 enhanced MIF expression. “P<0.05 compared

with their respective controls.

miR-451 was over-expressed by miR-451 mim-
ics. Meanwhile, miR-451 was down-regulated
in TPC-1 and HTH83 cells after transfection
with anti-miR-451 (shown in Figure 2B).

miR-451 inhibited TPC-1 and HTH83 cells
proliferation

The effect of miR-451 on PTC cells proliferati-
on was evaluated by MTT assay. As shown in
Figure 3, the absorbance at 490 nm was de-
creased in miR-451 mimics-transfected TPC-1
and HTH83 cells compared with NC group. The
absorbance was higher in TPC-1 and HTH83
cells transfected with anti-miR-451 than the
NC inhibitor group. Hence, miR-451 functioned
as a tumor growth suppressor in PTC.

miR-451 inhibited TPC-1 and HTH83 cells
migration and invasion

Transwell chambers were adopted to explore
the effect of altering miR-451 expression in
PTC cells migration and invasion abilities. We
found that miR-451 mimics inhibited TPC-1 and
HTH83 cell migration and invasion abilities
(shown in Figure 4A). Moreover, down-regula-
tion of miR-451 resulted into a significant pro-
motion of cell migration and invasion abilities in
TPC-1 and HTH83 cells (shown in Figure 4B).
Thus, miR-451 inhibited PTC cells migration
and invasion.

miR-451 directly targeted MIF in vitro

miRanda (http://www.microrna.org), TargetSc-
an (http://www. targetscan.org/) and miRDB
(mirdb.org/miRDB/) were used to predict direct
targets of miR-451. In those targets, MIF got
our attention. As shown in Figure 5A, MIF con-
tained a miR-451 seed match at position 102-
108 of the MIF 3'UTR.

To determine whether miR-451 interacted di-
rectly with MIF, Dual-Luciferase report assa-
ys were performed in HEK293T cell lines. As
shown in Figure 5B, co-transfection of miR-451
mimics and the PGL3-MIF-3’UTR Wt leaded to a
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significant down-regulation of luciferase activi-
ty. However, co-transfection of miR-451 mimics
and PGL3-MIF-3’'UTR Mut did not cause a
decrease in luciferase activity.

To explore whether miR-451 targeted MIF, we
measured MIF expression at mRNA and protein
level in TPC-1 and HTH83 cells following trans-
fection with miR-451 mimics and anti-miR-451.
gRT-PCR results showed that MIF was signifi-
cantly down-regulated at mRNA level in TPC-1
and HTH83 cells after transfection with miR-
451 mimics. Meanwhile, anti-miR-451 impr-
oved MIF mRNA expression level in PTC ce-
lls (shown in Figure 5C). Western blot showed
that, compared with control group, miR-451
mimics inhibited MIF protein expression and
anti-miR-451 enhanced MIF expression (shown
in Figure 5D). Taken together, these results
indicated that miR-451 directly targeted MIF.

MIF was involved in miR-451-mediated tumor
suppression functions in TPC-1 and HTH83
cells

MIF siRNA was used to knockdown MIF expres-
sion and measured its functions in PTC cells
proliferation, migration and invasion. After tr-
ansfection with MIF siRNA or NC siRNA, west-
ern blot was performed to measure MIF protein
expression. As shown in Figure 6A, MIF was sig-
nificantly down-regulated in MIF siRNA-trans-
fected TPC-1 and HTH83 cells.

MTT assay revealed that the growth rate of MIF
siRNA-transfected TPC-1 and HTH83 cells was
obviously decreased compared with that of
controls (shown in Figure 6B). Furthermore,
migration and invasion assays showed that MIF
siRNA group markedly inhibited cell migration
and invasion abilities of TPC-1 and HTH83 cells
compared to cells transfected with NC siRNA
(shown in Figure 6C). These results demon-
strated that MIF siRNA could mimic the func-
tions of miR-451 in TPC-1 and HTH83 cells,
rendering MIF as a functional target of miR-451
in PTC.

Int J Clin Exp Med 2016;9(2):1039-1050
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Figure 6. Effects of MIF in TPC-1 and HTH83 cell proliferation, migration and invasion. A. MIF was significantly down-
regulated in MIF siRNA-transfected TPC-1 and HTH83 cells. B. MTT assays showed that growth rate of MIF siRNA-
transfected TPC-1 and HTH83 cells was obviously decreased compared with that of controls. C. Cell migration and
invasion assays revealed that MIF siRNA group markedly inhibited cell migration and invasion abilities of TPC-1 and
HTH83 cells compared to cells transfected with NC siRNA. "P<0.05 compared with their respective controls.

Discussion

In recent years, abnormal expression level of
miRNAs were found in various kinds of cancers,
also including thyroid cancer, suggesting the
important roles of miRNAs in cancer initial and
progression [21, 22]. Hence, miRNAs could be
investigated as a new therapeutic treatment
targets and as a powerful intervention means
in cancers. In the human genome, miR-451 is
located on chromosome 17 at 17q11.2 [23]. It
was reported that miR-451 was down-regulat-
ed in many kind of human cancers, such as
bladder cancer [24], hepatocellular carcinoma
[25], lung cancer [26], osteosarcoma [27], na-
sopharyngeal carcinoma [28], esophageal car-
cinoma [29], glioma [30] and colorectal carci-
noma [31]. However, up to date, miR-451 has
not been studies in PTC. In this study, we found
that miR-451 was down-regulation in PTC tis-
sues and cell lines. It suggested that miR-451
may act as a tumor suppressor in PTC.

miR-451 has been demonstrated as a tumor
suppressor. For example, in bladder cancer, de-
creased expression level of miR-451 was obvi-
ously correlated with histological differentia-
tion degree and TNM stage. Ectopic expressi-
on of miR-451 suppressed bladder cancer cell
growth, migration, invasion and enhanced apo-
ptosis through regulating EMT [24]. In hepato-
cellular carcinoma, reduced miR-451 expres-
sion was associated with advanced clinical sta-
ge, metastasis and worse disease-free or ov-
erall survival. In functional studies, miR-451
decreased hepatocellular carcinoma cell prolif-
eration, migration and invasion in vitro, metas-
tasis in vivo, induced GO/G1 arrest and promot-
ed apoptosis through negative regulation of
c-Myc, ATF2, caspase-3, MMP-9 and IKK-[3 [25,
32-34]. In osteosarcoma, Zhang et al. reported
that low expression of miR-451 was correlated
with metastasis and recurrence. Yuan and his
colleagues found that miR-451 down-regula-
tion more frequently occurred in osteosarcoma
tissues with advanced clinical stage, positive
distant metastasis and poor response to neo-
adjuvant chemotherapy. In addition, enforced
miR-451 expression in osteosarcoma inhibited
cell growth, migration, invasion, tumorigenesis
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and induced apoptosis, G1 cell cycle arrest via
targeting PGE2, CCND1, CXCL16 and LRH-1
[27, 35-37]. These findings suggested that miR-
451 played important functions in these can-
cers, and may function as a potential therapeu-
tic target for these cancers.

In our study, we revealed that miR-451 signifi-
cantly inhibited PTC cells proliferation, migra-
tion and invasion. Since miR-451 contributed
to PTC carcinogenesis and progression, we
next set out to explore the molecular mecha-
nisms contributed to miR-451 functions in PTC.
In this study, MIF was identified as a direct tar-
get of miR-451. Firstly, bioinformatics analysis
indicated that MIF contained a miR-451 seed
match at position 102-108 of the MIF 3'UTR.
Secondly, Dual-Luciferase report assay show-
ed that miR-451 directly targeted MIF 3'UTR.
Thirdly, MIF was down-regulated at mRNA and
protein level after transfection with miR-451
mimics, whereas MIF was up-regulated after
transfection with anti-miR-451. Finally, func-
tions of MIF siRNA in proliferation, migration
and invasion was similar to miR-451 in PTC
cells, rendering MIF was a direct target of miR-
451 in vitro.

MIF, a proinflammatory cytokine first describ-
ed and named in the 1950s, is located on chro-
mosome 22 [38]. The MIF protein is relati-
vely small (12.5 kDa), lacking a conventional
N-terminal leader sequence and is therefore
released from the cell by a leaderless secretion
pathway [39]. An expanding body of evidences
found that MIF is expressed in many kinds of
cells, such as macrophage cells [40], lympho-
cytes [41], neutrophils [42], eosinophils [43],
and so on. In addition, accumulated recent
studies have demonstrated the essential func-
tions of MIF in cancers [44]. Up-regulation of
MIF has been found in various kinds of human
cancer, including breast cancer [45], lung can-
cer [46] and gastric cancer [47]. Moreover,
some work groups reported that MIF expres-
sion was correlated with prognosis in cancers.
For example, in head and neck cancer, high
MIF expression level was correlated with high-
er lymph node metastasis and reduced survival
[48]. In primary nasopharyngeal carcinoma,

Int J Clin Exp Med 2016;9(2):1039-1050
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high expression level of MIF was significantly
associated with increased microvessels, lymph
node metastasis, overall survival, disease-spe-
cific survival and locoregional failure of naso-
pharyngeal carcinoma patients. MIF was also
found up-regulated in thyroid cancer. knock-
down of MIF suppressed thyroid cancer cell
proliferation, colony formation ability, migra-
tion, invasion, and vascular endothelial growth
factor secretion [49]. Therefore, it is worthwhile
to investigate novel targeted therapy against
MIF in thyroid cancer. In this study, we revealed
that miR-451 negatively regulated MIF to inhibit
PTC cell growth and metastasis. It could be
investigated as a targeted therapy for PTC.

In conclusion, miR-451 was down-regulated in
PTC tissues and cell lines. In addition, enforced
miR-451 expression significantly inhibited PTC
cell growth, migration and invasion. Moreover,
MIF was identified as a direct target of miR-451
in PTC. These findings suggested that miR-451
targeted MIF to inhibit PTC growth and metas-
tasis. It could be investigated as targeted ther-
apies for PTC. Future work is needed to address
whether the potential of miR-451 may be fully
realized in PTC therapeutic treatments.
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