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Abstract: MicroRNAs (miRNAs) are kind of small non-coding RNAs that negatively regulate gene expression at post-
transcription level, and those non-coding RNAs appear to play a key role in tumorigenesis. The aim of this study was
to investigate the biological role of miR-96 in papillary thyroid carcinoma (PTC) cell lines. We identified miR-96 to
be up-regulated in PTC specimens in comparison to matched normal tissues by microRNA microarray and RT-qPCR
analysis (P < 0.05). Next, to explore the potential function of miR-96, PTC cell lines K1 and TPC1 were transiently
transfected with miR-96 mimics and inhibitor. Successful transfection being confirmed by RT-gPCR. Ectopic expres-
sion of miR-96 promoted proliferation and colony formation ability, and inhibited apoptosis of K1 and TPC1 cells,
whereas down-regulated expression of miR-96 suppressed those functions when compared with the control cells.
According to a computational prediction, FOXO1 maybe a potential target of miR-96. Luciferase assays revealed
that miR-96 is directly targeted to both binding sites of FOXO1 3’-untranslated region (3’-UTR) and suppressed the
FOXO01 expression, and subsequently inhibited the expression of Bim protein in PTC cells. Moreover, the expression
of FOXO1 had an inverse correlation with expression of miR-96 in PTC specimens by RT-qPCR and western blot anal-
ysis. The data from the present study demonstrated that miR-96 can promote proliferation, and inhibit apoptosis in
PTC cell lines K1 and TPC1, thus miR-96 may play an oncogenic role in PTC by inhibiting the FOXO1 and regulating
AKT/FOX01/Bim pathway, and it may serve as a novel therapeutic target for miRNA-based PTC therapy.
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Introduction comprises up to 80% of all thyroid malignancies

[8]. To date, surgery is the primary mode of

Targeted miRNAs therapy for diseases, includi-
ng viral infection [1], cancer [2, 3], cardiovascu-
lar disease [4] and diabetes [5, 6], has been a
hot area of research. To date, candidate drugs
that targeted miR-122 and miR-34, miR-103/
107 have entered into the clinical research,
indicating that there are broad research pros-
pects and great research value in miRNAs field.

Epidemiologic studies have indicated that the
rates of thyroid cancer are on the rise during
the last 30 years, and Davies and Welch report-
ed that thyroid cancer nearly tripled from 1975
to 2009 primarily as a result of an increase in
papillary thyroid carcinoma (PTC) [7]. PTC is the
most common malignant thyroid cancer, and it

therapy for patients with PTC. Multiple genetic
alterations play a key role in the development
and progression of thyroid cancer, over-expres-
sion of EphB4, EphrinB2 and EGFR [9, 10],
decreased expression of CPSF2 [11], muta-
tions of p53 [12], BRAF, RAS, PTEN, PI3KCA
and TP53 [13], rearrangement of RET/PTC [13]
have been observed in thyroid cancer, the
precise molecular mechanisms remain poorly
understood. Therefore, exploring the mecha-
nisms involved in the development and progres-
sion of thyroid cancers is important to find novel
targets for effective therapeutic strategies.

MiRNAs are small, ~22 nucleotide, non-protein-
coding RNAs that regulate the gene expression
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post-transcriptionally by binding to mRNA 3’
untranslated region (3'UTR), leading to transla-
tional repression or mRNA degradation. MiRNAs
have been revealed to be involved in many
important biological processes, including cell
proliferation, differentiation, apoptosis, cell
cycle, malignant transformation and tumorigen-
esis. Moreover, miRNAs are increasingly recog-
nized as playing important roles in regulating
expression of oncogenes or tumor suppressor
genes.

miR-96 was found to be highly up-regulated
in different kind of tumors, including breast
cancer [14], prostate cancer [15], bladder
cancer [16], hepatocellular carcinoma [17],
similarly, miR-96 was found to be up-regulated
in PTC by microarray analysis in 10 pairs of
thyroid papillary cancer (PTC) specimens and
normal thyroid tissues. However, to date, the
biological function of miR-96 in PTC carcino-
genesis is still unknown.

FOX01, as a member of the forkhead box
transcription factors, regulates transcription of
important regulators of cell cycle and apopto-
sis, functioning as tumor suppression. Previous
evidence has demonstrated that FOXO1 was
regulated by miR-96 in many different tumors,
including breast cancer [18], prostate cancer
[15], Hodgkin lymphomas [19] and bladder
cancer [16]. PIBK/AKT pathway is the main
regulator of FOXO1 transcriptional activity,
meanwhile, the PI3BK pathway is frequently
activated constitutively during thyroid tumori-
genesis [20].

Materials and methods
Patient samples

All patients participating in the study gave their
informed consent and protocols were approved
by Institutional Ethics Committees of Tongji
University (the approval number: SHSY-IEC-
pap-15-08). In the present study, 60 paired
human PTC specimens and matched normal
thyroid tissues were obtained from the
Department of Breast and Thyroid Surgery of
the Shanghai Tenth People’s Hospital. Samples
were immediately snap frozen in liquid nitrogen
and stored at -80°C for future protein and
RNA isolation. The patient samples were his-
tologically confirmed as PTC by experienced
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pathologists. None of the PTC patients had
received any chemotherapy or radiotherapy
prior to surgery.

Cell culture and transfection

The human PTC cell lines TPC1, K1 were
obtained from Chinese Academy of Sciences
in Shanghai, miR-96 mimics, inhibitors and
non-specific miR-negative control (NC) oligos
were purchased from GenePharma (Shanghai,
China). The TPC1 cells were cultured in
RPMI1640 medium (RPMI1640; Gibco, USA)
supplemented with 100 U/ml penicillin and
100 pg/ml streptomycin (Enpromise, Hangzhou,
China), 10% fetal bovine serum (FBS; Gibco) in
a humidified atmosphere at 37°C and 5% CO.,,.
The K1 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco, USA) sup-
plemented with 100 U/ml penicillin and 100
pug/ml  streptomycin  (Enpromise, Hangzhou,
China), 10% fetal bovine serum (FBS; Gibco).

TPC1 and K1 cells were added into each well
of a 6-well plate at the beginning cell number
of 1x10°% and 1.2x10° respectively, and cul-
tured with RPMI1640, DMEM medium without
serum and antibiotics, respectively. Cells were
transfected with 100 nmol/l miR-96 mimics,
inhibitors and their negative control (NC) using
lipofectamine 2000 transfection reagents (Invi-
trogen, USA) according to the manufacturer’s
instructions, when TPC1 and K1 cells density
reached 30-50%. After 6 h of incubation, RPMI
1640 or DMEM medium was replaced by
RPMI1640 or DMEM medium with 10% FBS.
After 48-72 h of incubation, cells at approxi-
mately 90% confluence were harvested for
further analysis.

RNA isolation and reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR)

For detecting the expression levels of miR-96,
miRNAs were extracted from the tissues and
cells using the miRcute microRNA isolation kit
(Tiangen, Beijing, China) according to the man-
ufacturer’s instructions. The primers of miR-96
and U6 were purchased from GenePharma
(Shanghai, China), and U6 was used for
normalization.

Briefly, a total 500 ng RNA was used for the ini-
tial reverse transcription (RT) reaction using the
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PrimeScript™ RT-PCR kit in accordance with
the manufacturer’s instructions (Takara, Tokyo,
Japan). Real-time PCR was performed on
7900HT fast real time-PCR instrument (App-
lied Biosystems, Singapore). The primers were
listed as follow: The primers for miR-96 were
as follows: 5’-GTCGTATCCAGTGCAGGGTCCGAG-
GTATTCGCACTGGATACGACAGCAAA-3’ (specific
stem-loop RT primer); 5-GCCCGCTTTGGCA-
CTAGCACATT-3’ (forward); 5-GTGCAGGGTCCG-
AGGT-3’ (reverse). The primers for U6 were as
follows: 5-GTCGTATCCAGTGCAGGGTCCGAGG-
TGCACTGGATACGACAAAATATGG-3’ (RT primer);
5-TGCGGGTGCTCGCTTCGGCAGC-3' (forward);
and 5-CCAGTGCAGG GTCCGAGGT-3’ (reverse).
The amplification procedure was performed as
follows: 95°C for 5 min, followed by 40 cycles at
95°C for 30 sec, and 65°C for 45 sec. Each
sample was replicated three times without
RT and template control, threshold cycle (CT)
values were analyzed at the end of the PCR.
And then the fold-change of miR-96 levels was
calculated.

For detection of FOXO1 mRNA expression,
total RNA from fresh frozen tissue samples
and TPC1 and K1 cell lines was extracted
using Trizol reagent (Invitrogen) according to
the manufacturer’s instruction. The reverse
transcription reaction was performed using
the PrimeScript RT-PCR kit according to the
manufacturers recommendations (Takara, Tok-
yo, Japan). And reactions were performed in a
total volume of 20 pl using 1 ug total RNA. Real-
time quantitative PCR was performed on a
7900 HT Fast RT-PCR instrument using SYBR-
Green and the following primers: 5-AGGGT-
TAGTGAGCAGGTTACAC-3’ (forward) and 5-TGC-
TGCCAAGTCTGACGAAA-3’ (reverse) for FOX01;
5-CAGAG CCTCGCCTTTGCC-3’ (forward) and
5-GTCGCCCACATAGGA ATC-3’ (reverse) for
B-actin. Primers were designed to produce an
amplicon spanning at least 1 intron. Reactions
were performed in a total volume of 20 pl using
1 ul cDNA. The qRT-PCR conditions consisted
of an initial 95°C for 3 min, and followed by 40
cycles of 95°C for 3 sec and 60°C for 30 sec.
Expression of FOXO1 mRNA was assessed by
evaluating CT values. The CT values of the
FOXO1 expression was normalized to B-actin.
Each sample was run in triplicate. The relative
expression was calculated using the relative
quantification equation (RQ) = 224°t, Meanwhile,
the primer blasting and melting curve was ana-
lyzed to ensure the specificity of amplification.
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Cell proliferation [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT)]
assay

Cell proliferation was determined using the
MTT method. 24 h after transfection, the TPC1
and K1 cells were plated with 200 pl culture
medium in 96-well plates at a density of 500,
1500 cells per well, respectively. Cell viability
was evaluated every 24 h for 5 days following
the manufacturer’s protocol. Briefly, 20 yl MTT
solution (5 mg/ml) (Sigma, USA) was added to
each well. And then plates were incubated at
37°Cfor 4 h. The reaction was stopped by addi-
tion of 150 pl DMSO (Sigma, USA), low speed
shaking (50 rpm) and incubation for 10 min
so that the purple colored precipitates of
formazan were dissolved in DMSO. The optical
density (OD) of each well was measured using
a microplate reader (BioTek) at 490 nm. Each
sample was tested with five replicates.

Plate clone formation assay

24 h after transfection, TPC1 and K1 cells were
seeded in 6-well plates at 500 cells per well,
and were incubated at 37°C for 1 week. The
colonies were washed twice with PBS, fixed
with 95% ethanol for 10 min and stained with
0.1% crystal violet for 20 min, then the plate
was slowly washed three times with water.
When the plate was dried, the number of visible
colonies was counted and representative
colonies were photographed. Each experiment
was performed in triplicate.

Western blot analysis

Protein extraction and western blotting analy-
sis were performed according to standard pro-
cedures. Briefly, cells were seeded into 6-well
plates in a final concentration of 1x10° cells per
well, then transfected as described above.
48-72 h after transfection, the total proteins
were extracted from cell culture using 80 ul
RIPA buffer (Beyotime, Shanghai, China). For
extraction of total protein from 20 pairs of PTC
samples and their matched normal thyroid tis-
sues, 500 ul RIPA buffer was added into about
50 mg fresh tissues after the tissues were
ground. The protein concentrations were quan-
tified using a BCA protein assay kit (Beyotime,
Jiangsu, China). To make protein denaturation,
total protein were mixed with 5x sodium do-
decyl sulfate (SDS) loading buffer (Beyotime,
Jiangsu, China) in boiling water for 15 min.
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30 ug of protein samples were separated by 8%
or 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and transferr-
ed electrophoretically to 0.45 pm nitrocellulose
(NC) membrane (Beyotime, Jiangsu, China).
Then the membrane was blocked with 5%
fat-free milk for 60 min. Membranes were incu-
bated with the primary antibodies for rabbit-
FOX01, rabbit-Bim (1:500, Proteintech, USA)
and mouse-B-actin (1:1000, Cell Signaling
Technology) at 4°C overnight. After the mem-
branes were washed three times (10 min each)
with PBST, the anti-rabbit or anti-mouse sec-
ondary antibodies (1:1000, Epitomics) were
incubated with the membranes for 1 hour at
room temperature. After three washes (10
min each) with PBST, immunoreactive protein
bands were detected with an Odyssey Scanning
system (Li-Cor, Lincoln, NE, USA). The target
bands intensities were calculated and normal-
ized to B-actin in order to determine relative
protein concentration.

Apoptosis assay

Cell apoptosis assay was performed using an
Annexin-V-fluorescein isothiocyanate (FITC) sta-
ining kit (BD Biosciences, San Diego, CA, USA).
24 h after transfected with miR-96 mimics,
inhibitor and NC (100 nmol/I1), the TPC1 and K1
cells were treated with 10 mmol/I 5-fluoro-2,4
(1H, 3H)-pyrimidinedione (5-FU) (Xudonghaipu,
Shanghai) for 36 h. The medium and the tryp-
sinized (without EDTA) cells were collected in a
centrifuge tube, the cells were washed with
PBS and centrifuged at 1200 rpm for 5 min.
Subsequently, cells were double-stained with
fluorescein (FITC)-conjugated Annexin V and
propidium iodide (FITC-Annexin V/PI) according
to manufacturer’s instruction, and then the
rate of cell apoptosis were analyzed by flow
cytometry (BD, Biosciences).

Luciferase reporter gene assay

TPC1 cells were seeded into 48-well plates at a
final density of 3x10* cells per well and cul-
tured until the cells grown to 80% confluence.
Cells were transfected with psiCHECK-2/FOX0O1
3-UTR (40 ng), miR-96 mimics or negative
control (100 nmol/I) using lipofectamine 2000
(Invitrogen), according to the manufacturer’s
instructions. 30 h after transfection, luciferase
assay was performed using the Dual-Luciferase
Reporter assay kit (Promega, USA). Briefly, the
cells were washed three times with PBS and
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detached with a scraper, total protein was
extracted with passive lysis buffer, then 30 pl
of total protein per well were added into 48-well
plates. Renilla luciferase as an internal control
for transfection efficiency. Friefly luciferase
activity was normalized to renilla luciferase
activity for each transfected well. Each assay
was replicated 4 times and results are shown
as average of three independent assays.

Statistical analysis

Statistical analyses were performed with Gra-
phPad Prism version 6.0 (GraphPad, San Diego,
CA, USA) or SPSS 20.0 (IBM, Somers, NY). Data
are presented as the mean + standard error of
the mean (SEM) from at least three indepen-
dent assays. The Student’s t-test (Double-
tailed) or One-way ANOVA was used to draw a
comparison between groups. P value < 0.05
was considered to be statistically significant.

Results

MiR-96 expression is increased in papillary
thyroid carcinoma (PTC) tissues

Extracted miRNA microarray data was normal-
ized using a median normalization method. The
fold change (FC) of miRNAs were calculated
by comparing human PTC specimens with
matched normal thyroid tissues. We identified
158 miRNAs with expression levels that
differed significantly between PTC samples
and their matched normal thyroid tissues. The
detail was described by Li et al [21]. Among
them, we found that the expression of miR-96
was significantly up-regulated in PTC tissues
(FC =5.45, P < 0.01). Then we conducted real-
time PCR to measure miR-96 expression levels
in 10 paired PTC specimens and adjacent nor-
mal thyroid tissues in order to verify the result
of miRNA microarray, the results showed that
the expression level of miR-96 is significantly
increased in PTC tissues compared with their
matched normal thyroid tissues (Figure 1A), (P
< 0.05; P < 0.01; ""P < 0.001; ""P < 0.001).

Expression of FOXO1 is down-regulated in PTC
samples

The gRT-PCR and western blot analysis were
conducted to analyze the expression of FOX01
at the mRNA and protein levels in PTC samples
and their matched normal thyroid tissues,
respectively. As shown in Figure 2A, the expres-
sion of FOXO1 mRNA is significantly lower in 30
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Figure 1. The relative expression of miR-96. A. Relative expression of miR-96
in ten, randomly picked, paired PTC samples (Cancer tissues) and matched
normal thyroid tissues (Normal tissues). The graph represents the 22 values
+ SEM. "P < 0.05; P < 0.01; ™"P < 0.001; ""P < 0.001 (two tailed t test). B.
24 hours after transfected with miR-96 mimics, inhibitor and NC (100 nmol/I),
the relative expression of miR-96 in PTC cell lines K1 and TPC1 was analyzed by
RT-gPCR. The graph represents the 2% values + SEM. "*P < 0.01; **P < 0.001

(two tailed t test). SEM, standard error of the mean.

randomly selected PTC samples compared with
their matched normal thyroid tissues (P <
0.001). And also, FOXO1 protein expression
was observed in 20 cases of PTC samples and
their matched normal thyroid tissues, with vary-
ing band density. We noted a trend of lower
band density in PTC samples compared to
matched bands in normal thyroid tissues.
Figure 2B shows four representative cases of
PTC (C) with matched normal thyroid tissues
(N), depicting decreased FOXO1 protein in PTC
compared to matched normal thyroid tissues
(Figure 2C), ("P < 0.05; **P < 0.01). Therefore, it
was confirmed that the expression of FOXO1 is
significantly decreased in PTC samples.

MiR-96 may regulate the FOXO1 expression by

activating the Akt/FOXO1/Bim pathway in pap-
illary thyroid carcinoma cells

TPC1 and K1 cells were transfected with miR-
96 inhibitor, mimics and NC (100 nmol/l) using
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lipofectamine 2000. As
shown in Figure 1B, the
TPC1 and K1 cells were
successfully  transfected
with the miR-96 inhibitor
and mimics (""P < 0.01; "P
< 0.001). To determine the
effect of miR-96 inhibitor
and mimics on the ex-
pression levels of FOXO1
by gRT-PCR and western
blot analysis. The results
of gRT-PCR showed that
K1 miR-96 inhibitors led to

increased expression of

endogenous FOXO1 mRNA

in TPC1 and K1 cells (Fig-

ure 3A), (""P < 0.01; P <
0.001), similarly, as shown
in Figure 3B, the results

& o of western blot analysis
‘&(\@ indicated that FOXO1 pro-
o° tein expression of TPC1
é‘q' and K1 cells was sign-

ificantly upregulated by
transfection with miR-96
inhibitors (Figure 3C), ("'P
< 0.01; "™P < 0.001).
Additionally, the expression
of FOXO1 in TPC1 and K1
cells was down-regulated
both at mRNA and protein
levels by transfection with
miR-96 mimics. Therefore, it was confirmed
that the miR-96 can effectively reduce the
expression level of FOXO1 gene in PTC cells.

To confirm if the expression changes of miR-96
may alter downstream AKT/FOXO1 signaling in
human PTC cells, we analyzed the expression
changes of Bim protein, a downstream signal-
ing of FOX01 in AKT/FOXO01 pathway, in TPC1
and K1 cells by transfection with miR-96 mim-
ics, inhibitor and NC (100 nmol/I). We found the
expression of Bim protein in TPC1 and K1 cells
was decreased by exogenous up-regulation
of miR-96, in addition, up-regulation of Bim
protein in TPC1 and K1 cells was obtained by
transfection with miR-96 inhibitor. The results
indicated that the activity of FOXO1 maybe
affect the expression of Bim (Figure 3B and
3C), (P < 0.05; "P < 0. 01), thus miR-96 may
regulate the FOXO1 expression by activating
the AKT/FOX01/Bim pathway in PTC cells.

Int J Clin Exp Pathol 2015;8(9):9889-9900
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Figure 2. The expression of FOXO1 is down-regulated in papillary thyroid carcinoma (PTC) samples. A. The relative
expression of FOXO1 mRNA in 30 paired PTC samples (Cancer tissues) and matched normal thyroid tissues (Normal
tissues), the graph represents the 22 values + SEM, “*P < 0.001, (paired t test, two tailed). B. Western blot analy-
sis of FOXO1 protein in four, randomly picked, paired PTC samples (C) and normal thyroid tissues (N), B-actin was
used as a loading control. C. The graph shows the mean + SEM of FOXO1 protein levels relative to their respective
loading controls. Quantitative analysis was conducted by measuring the IDV of protein bands. "P < 0.05; P < 0.01
(paired t test, two tailed). SEM, standard error of the mean; IDV, integrated density value.

Cell proliferation and colony formation ability
of PTC cells were promoted by miR-96

The effect of miR-96 on PTC cells proliferation
was analyzed by MTT assay. TPC1 and K1 cells
were transfected with 200 nmol/I miR-96 mim-
ics, inhibitor and NC. The proliferation ability of
transfected cells was measured and compared
with that of NC at 24, 48, 72, 96 and 120 h
post-transfection. The increased or inhibited
growth rate was calculated as following: inhib-
ited growth rate (%) = (OD value of the control
group-OD value of experimental group)/OD
value of control group x100%; increased growth
rate (%) = (OD value of experimental group-OD
value of the control group)/OD value of control
group x100%. 120 h after transfection, the
increased growth rate of miR-96 mimics
reached 49.91 + 12.07% in TPC1 cells and
25.70 + 4.81% in K1 cells, and the inhibited
growth rate of miR-96 inhibitors reached 19.48
+ 3.68% in TPC1 cells and 19.25 + 2.3% in K1
cells. As shown in Figure 4, up-regulation of
miR-96 significantly promoted the proliferation
of Kland TPC1 cells, conversely, down-regula-
tion of MmiR-96 inhibited the cells proliferation
(""P<0.01; P < 0.001).

The effect of miR-96 on the colony forming abil-
ity of PTC cells was evaluated by performing
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colony formation assay. TPC1 and K1 cells
were transfected with miR-96 inhibitor, mimics
and NC (100 nmol/I). As shown in Figure 5, the
clone formation rate of miR-96 mimics trans-
fected groups (197 + 14.47) were significantly
higher than NC groups (128.3 + 6.33) in TPC1
cells (*P < 0.05), however, miR-96 inhibitor
transfected groups (59.67 + 13.87) were
significantly lower compared with NC groups
(128.3 + 6.33) ("P < 0.05). The similar results
were achieved in K1 cells. These findings indi-
cate that up-regulation of miR-96 may play a
promotive role in thyroid cancer cells in vitro.

MIiR-96 inhibits PTC cells apoptosis in vitro

To investigate the biological significance of
miR-96 in apoptosis of PTC cells in vitro, we
performed apoptosis assay with TPC1 and K1
cells. TPC1 and K1 cells were transfected with
100 nmol/I miR-96 inhibitor, mimics and NC.
24 hours after transfection, the 5-FU (10
mmol/l) was used to induce the cell apoptosis,
the apoptosis were measured by flow cytometry
after treated with 5-FU for 36 hours, the results
demonstrated that up-regulation of miR-96
decreased apoptosis of K1 and TPC1 cells
compared with their respective NC. In contrast,
the percentage of apoptotic cells was promot-
ed by inhibiting the expression of miR-96

Int J Clin Exp Pathol 2015;8(9):9889-9900
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Figure 3. 72 hours after transfected with miR-96 mimics, inhibitor and NC (100 nmol/I), the relative expression of FOXO1and Bim in PTC cell lines K1 and TPC1. A.
The relative expression of FOXO1 mRNA in K1and TPC1 cells, which was analyzed by RT-gPCR. The graph represents the 222 values + SEM, “P < 0.01; ""P < 0.001
(two tailed t test). B. The relative expression of FOXO1 and Bim protein in K1 and TPC1 cells, which analyzed by western blot analysis. B-actin was used as a loading
control. C. The graph shows the mean +SEM of FOXO1 and Bim protein levels relative to their respective loading controls. Quantitative analysis was conducted by
measuring the IDV of protein bands. "P < 0.05; ""P < 0.01 (two tailed t test). NC; negative control; SEM, standard error of the mean; IDV, integrated density value.
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Figure 4. Over-expression of miR-96 promotes proliferation of TPC1 (A) and K1
(B) cells, which was measured by MTT assays. However, inhibition of miR-96
suppressed cell proliferation. The proliferation of TPC1 (A) andK1 (B) cells trans-
fected with miR-96 mimics or inhibitor (100 nmol/l) was examined at various
time points and compared with that of the NC groups. The graph represents OD
490 + SEM nm; P < 0.01; *P < 0.001 (two tailed t test). NC, negative control;
OD, optical density; SEM, standard error of the mean.

Luciferase reporter assays
were performed to mea-
sure whether these sites
could directly mediate the
suppression of FOXO1
expression. The luciferase
activity was analyzed after
co-transfection of psiCHE-
CK-2/FOX01 3'UTR togeth-
er with miR-96 mimics or
NC into TPC1 cells.

As shown in Figure 7B,
when site 1 and site 2 were
both intact, the luciferase
activity was significantly
decreased in miR-96 gr-
oup/site 1 (co-transfection
of psiCHECK-2/FOXO1 3'-
UTR site 1 with miR-96
mimics) compared with the
NC group/site 1 (co-trans-
fection of psiCHECK-2/
FOX01 3-UTR site 1
with mimics NC) (""P <
0.0001), and similar result
was obtained in miR-96
group/site 2 compared
with the NC group/site 2
(""P < 0.01). Meanwhile,
site 1 alone mediated
57.3% reduction of lucifer-
ase activity in miR-96
group compared with the

(Figure 6), (""P < 0.01; "™P < 0.001). These
results indicated that up-regulation of miR-96
inhibited papillary thyroid carcinoma cells
apoptosis in vitro.

FOXO01 is a direct target of miR-96

To verify the possibility of FOXO1 as the target
of miR-96, we performed search on several
online databases, including targetscan, miRan-
da, miR-Base. According to a computational
prediction, there were two potential binding
sites of miR-96 on FOX01 3’UTR (Figure 7A).
Among them, miR-96/site 1 (probability of con-
served targeting, PCT = 0.94) is highly con-
served, while miR-96/site 2 (PCT < 0.1) is not.
We constructed a psiCHECK-2/FOX01 3-UTR
vector, which contained the renilla luciferase
(RL) gene and the 3-UTR region of FOXO1.
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NC group, site 2 alone

mediated 42.7% reduction
of luciferase activity in miR-96 group compared
with the NC group. Suggesting that the site 1
showed more affinity to miR-96 than the site 2
while both sites displayed some synergic effect.
However, the effect of miR-96 was abolished in
miR-96 group/mutant site 1 (co-transfection of
psiCHECK-2/FOX01 3’-UTR mutant site 1 with
miR-96 mimics) (P > 0.05) and miR-96 group/
mutant site 2 (P > 0.05). Taken together, FOX01
may be the direct target of miR-96 in vitro.
Additionally, gPCR and western blot analysis
showed that up-regulation of miR-96 in K1
and TPC1 cells significantly decreased FOXO1
expression at both mRNA and protein levels
when compared with their respective NC, and
the results were reversed when cells transfect-
ed with miR-96 inhibitor (Figure 3). These
results further demonstrate that FOXO1 is a
target of miR-96.

Int J Clin Exp Pathol 2015;8(9):9889-9900



mMiR-96 and FOXO1 in papillary thyroid carcinoma

A miR-96 mimics NC

B 250- @8 miR-96 mimics
* =3 NC

8 200+ B3 miR-96 inhibitor
£

]

1=

<4

=

o

o

3

(&}

TPC1 K1

Figure 5. Over-expression of miR-96 promotes colony formation ability of TPC1
and K1 cells. A. Representative images of crystal violet-stained colonies in the

miR-96 inhibitor

In this study, we examined
the role of miR-96 in carci-
nogenesis of human PTC
cells. MiR-96 mimics and
miR-96 inhibitor were tr-
ansfected into human PTC
cell lines K1 and TPC1, in
order to generate its over-
expression and down-ex-
pression, respectively. The
exogenous up-regulation of
miR-96 significantly pro-
moted proliferation, colony
formation ability of K1 and
TPC1 cells, the apoptosis
of K1 and TPC1 cells
induced by 5-FU was de-
creased. Moreover, reverse
results were obtained by
exogenous down-regulati-
on of miR-96. Suggesting
that the expression of miR-
96 is associated with the
development of human
PTC, and that it may func-
tion as a tumor promoter.
To identify the putative tar-
gets of miR-96 is critical

TPC-1

K1

TPC1 and K1 cells. B. The graph represents mean + SEM of the clone number for understanding these

of TPC1 and K1 cells; P < 0.05 (two tailed t test). NC, negative control; SEM,

standard error of the mean.

Discussion

In recent years, miRNAs have been found to
play an important role in the development of
diverse diseases, including cancer. As reported
in previous studies, several miRNAs have been
found to play an important role in tumorigene-
sis of human PTC due to their over-expression
in tumor tissues, which includes miR-221and
miR-222 [22], miR-146a and miR-146b [23].
According to the results of miRNA microarray
and gRT-PCR, we found that the expression of
mMiR-96 was up-regulated in PTC tissues com-
pared with matched normal thyroid tissues.
Similar findings have been reported in several
other cancer types [14-17, 24]. Furthermore,
up-regulation of miR-96 expression has been
shown to promote cell proliferation and sup-
press cell apoptosis by targeting the FOX01
genes in both LNCaP and DU145 prostate
cancer cells [24].
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functions of miR-96 in tu-
morigenesis. According to
several online databases,
we found that the 3-UTR of FOXO1 contains
two binding sites for miR-96.

Forkhead box protein O1 (FOXO1) has been
shown to play key roles in the regulation of
diverse cellular processes, including cell prolif-
eration, differentiation, cell cycle progression
and apoptosis [20, 25]. In human PTC samples,
we found that the expression of FOXO1 both
at mRNA and protein levels were decreased
in PTC samples compared with the matched
non-tumor thyroid tissues. Consistent with the
previous study reported by Zaballos et al [20].
These data indicate that FOXO1 is a key tumor
suppressor for thyroid malignancies. FOX01, as
a direct target of miR-96, has been reported in
numerous diseases [15, 16, 18, 19]. To confirm
whether FOXO1 is a real target of miR-96, we
constructed the psiCHECK-2/FOXO1 3-UTR
plasmid, which contains the 3-UTR of FOXO1.
Based on the results of luciferase reporter

Int J Clin Exp Pathol 2015;8(9):9889-9900
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Figure 7. FOXO1 is a direct target of miR-96. A. The two binding sites for miR-96
on FOXO1 mRNA 3’-UTR. B. The relative luciferase activity (FL/RL) was measured
in TPC1 cells after co-transfection of the FOXO1 3’-UTR or FOX01 3’-UTR mutant None.
luciferase construct with either miR-96 mimics or NC (100 nmol/l). Significant

decrease of relative Luciferase activity was observed when miR-96 mimics and
vectors containing FOXO1 3’-UTR site 1 or site 2 were co-transfected. Co-trans-
fection with NC and vectors containing binding sites were used as controls. **P <
0.01; "™ P < 0.0001 (two tailed t test). FOXO1, Forkhead box O 1; 3"-UTR, 3’-un-
translated region; FL: firefly luciferase; RL: renilla luciferase; NC, negative control.

assay, we identified FOXO1 as a direct target of
miR-96 in TPC1 cells. Moreover, after transfec-
tion of TPC1 and K1 cells with miR-96 inhibitor,
the expression of FOXO1 mRNA and protein
levels were both increased compared with
the negative control. And conversely, after
transfection of TPC1 and K1 cells with miR-96
mimics, the opposite results can be obtained.
Thus, further suggesting that FOXO1 is a
novel direct target of miR-96. Furthermore,
the expression changes of FOXO1 in TPC1 and
K1 cells maybe alter the activity of Bim, which
is a downstream PI3K/AKT/FOXO1 signaling.
Therefore, miR-96 may contribute to the onco-
genesis of PTC by inhibiting the FOXO1 and
regulating AKT/FOX01/Bim pathway.

In conclusion, we demonstrated that the miR-
96 was upregulated in human PTC samples,
and miR-96 promoted the proliferation, colony
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