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Abstract

Purpose: This study aim to determine the expression of miR-34b-5p in thyroid carcinomas
and to investigate the role of miR34b-5p in the modulation of proteins involved in
angiogenesis of thyroid carcinoma cells.

Methods: The expressions of miR-34b-5p levels in 5 cell lines and 65 tissue samples from
thyroid carcinomas were examined by real-time polymerase chain reaction. An exogenous
miR-34b-5p (mimic) transiently overexpress miR-34b-5p in theses thyroid carcinoma cells.
The effects of miR-34b-5p overexpression on the proteins involved in angiogenesis and cell
cycle regulations (VEGF-A, Bcl-2 and Notchl) were investigated by Western blot,
immunofluorescence, enzyme-linked immunosorbent assay (ELISA) followed by cell cycle
analysis and apoptosis assays.

Results: miR-34b-5p is markedly downregulated in all thyroid carcinoma cell lines and
tissues samples when compared with non-neoplastic immortalised thyroid cell line and non-
neoplastic thyroid tissues, respectively. The expression levels of miR-34b were significantly
associated with T-stages of thyroid carcinomas (p=0.042). Downregulation of VEGF-A, Bcl-
2 and Notch1 proteins in thyroid carcinoma cells were noted in cells that transiently
transfected with miR-34b-5p mimic. In addition, ELISA confirmed the decreased expression
of VEGF in thyroid carcinoma cells after transfection with miR-34b-5p mimic. Furthermore,
miR-34b-5p mimic transfection induces significant accumulation of cells in GO-G1 of the cell
cycle by blocking of their entry into the S transitional phase as well as increasing the total
apoptosis.

Conclusions: miR-34b-5p functions as a potent regulator of angiogenesis, apoptosis and cell
proliferation via modulation of VEGF-A, Bcl-2 and Notchl proteins. It could be a target for
developing treatment strategies of thyroid carcinoma with aggressive clinical behaviour.
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Introduction

Papillary thyroid carcinoma is the most common thyroid cancer, and patients with
cancer have relatively good prognosis [1]. In some instances, papillary thyroid carcinoma
could progress to an aggressive type of thyroid cancer — anaplastic thyroid carcinoma [2].

Angiogenesis is an essential process for growth and metastases of cancer mediated by
vascular endothelial growth factor (VEGF) [3-4]. Thyroid carcinomas are good models to
study angiogenesis of cancer as they are vascular [1]. Angiogenesis has substantial clinical
impacts in the pathogenesis and progression of thyroid cancer mediated by VEGF [5-7].
Angiogenesis is activated in the hypoxic microenvironment of cancer [8]. This angiogenic
switch directly leads to the secretion of angiogenic factors such as VEGF and indirectly
activates proliferating genes such as B-cell lymphoma 2 (Bcl-2) and Notch homolog 1
(Notch1) [9-11].

VEGF-A has been identified to play a significant role as a proangiogenic factor
involved in thyroid cancer [12]. Therapies targeting the VEGF have become a promising tool
in some cancers such as lung and colorectal cancers [13]. However, many cancers are
resistant to these therapies [13-18]. Therefore, recognition of new angiogenesis regulators
could improve the effectiveness of these therapeutic strategies.

The mature miR-34 family is a part of the p53 tumour suppressor network [19-20]. In
thyroid cancer, Yip and colleagues have shown the role of miR-34b in predicting the
aggressiveness of papillary thyroid carcinoma ([21]. Also, negative expression of VEGF,
Notchl and Bcl-2 proteins correlated with the presence of miR-34b-5p [22-26]. Furthermore,
these studies showed that the 3° UTR of VEGF, Notchl and Bcl-2 mRNA contain miR-34b-
5p binding site and they can be regulated by miR-34b-5p. As a potent target for miR-34b-5p,

the expression of VEGF, Notchl and Bcl-2 proteins can be suppressed due to their affinity to



bind miR34b (Fig. 1A). Fig. 1A reveals the sequence matches between miR-34b-5p and the
VEGF, Notchl and Bcl-2 genes.

There is no previous study on the role of miR-34b on VEGF, Notchl1 and Bcl-2 in
thyroid carcinoma. Thus, the aim of this study is to determine the function of miR-34b-5p in
the pathogenesis of thyroid carcinoma. Furthermore, this study also investigated the role of
miR34b-5p in the modulation of angiogenesis initiation process by examining the expression

of VEGF-A, Bcl-2 and Notchl in thyroid carcinoma cells.



Materials and Methods
Human tissue samples

We have collected cancer tissue from 65 patients operated for papillary thyroid
carcinoma. Ethics approval for the use of human tissue samples was obtained from Griffith
University (MED/19/08/HREC). Seven non-neoplastic thyroid tissues from patients
diagnosed with nodular hyperplasia of thyroid were used as controls in this study

(Supplementary fig. S1).

Cell culture

Five thyroid carcinoma cell lines were used in this study. Four of the cancer cell lines
were purchased from the Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmBH-German Collection of microorganisms and cell cultures (DSMZ, Braunschweig,
Germany). They were B-CPAP (from metastasizing human papillary thyroid carcinoma),
8505C (from metastatic human anaplastic thyroid carcinomas in a lymph node with primary
papillary thyroid carcinoma), MB-1(from anaplastic thyroid carcinoma) and BHT-101 (from
metastatic anaplastic thyroid carcinoma in the lymph node). The remaining cancer cell line
was a human papillary thyroid carcinoma cell line (K1) which was obtained from European
Collection of Cell Cultures (ECACC). A non-neoplastic thyroid follicular cell line (Nthy-ori
3-1, from ECACC) was used as a control. The cell lines were authenticated in the standard
protocol (using multiplex polymerase chain reaction of mini-satellite markers for DNA
fingerprinting and identification of short tandem repeats of cell lines and cytogenetics), and
the passage number of these cell lines was less than nine. All the cell lines were maintained
according to the suppliers and were cultured in a humidified incubator in an atmosphere of

5% CO, and 95% air at 37°C



Quantification of miR-34b-5p expression

The miR-34b-5p expression level was quantified by real-time quantitative polymerase
chain reaction (QRT-PCR) using Hs_miR-34b*_2 miScript Primer Assay (Qiagen, Venlo,
Limburg, Netherlands) following the suggested protocol. Samples were normalised using the
housekeeping gene RNU6B RNA (Hs_ RNU6B_2 miScript Primer Assay, Qiagen). Total
RNA from cells and tissue samples was extracted using NucleoSpin® miRNA Kit
(MACHEREY-NAGEL, Duren, Germany) and Qiagen miRNeasy FFPE Kits (Qiagen Pty.
Ltd., Hilden, NRW, Germany), respectively, with a DNase supplementary step. Then, cDNA
was synthesised using miScript Il RT Kit (Qiagen) according to the manufacturer instructions.
Amplification, detection and analysis were performed with an 1Q5 multicolour Real-Time
PCR detection system (BIO-RAD, Hercules, CA, USA).

Real-time PCR amplifications were performed in a 20 ul reaction volume consisting of
10 pl QuantiTect SYBR Green PCR Master Mix (Qiagen), 1 ul miScript Primer Assay
(Qiagen), 1 ul of miScript Universal Primer (Qiagen), and 5 ul of cDNA template at 2 ng/ul
stock and 3 ul RNase- free water. All gRT-PCR reactions were carried out in triplicates with
non-template controls as previously published protocol [27]. Expression of miR-34b-5p was
presented as the ratio between miR-34b-5p and RNU6GB. The 244! method was used to
calculate the fold changes of miRNA in each sample group. Less than 0.5-fold changes were
considered as low expression. Fold changes between 0.5 and 2 were considered as normal

expression whereas fold changes of more than 2 were considered as high expression.

miR-34 mimics transfection



Exogenous miR-34b-5p (mimic) (Syn-hsa-miR-34b-5p) and HiPerFect transfection
reagent were purchased from Qiagen. Mature miR-34b mimic sequence (guide strand) was 5'
UAGGCAGUGUCAUUAGCUGAUUG-3'". Transfection was performed according to our
previously published protocol [28-29]. Briefly, thyroid cancer cells were transfected
immediately after being seeded at a density of 25x10 “ cells / well in 6 well plate with miR-
34b-5p mimics and with a non-targeting control, positive control (miR-1; miR-1 is only
expressed in muscle cells and is not expressed in other cell types. As hsa-miR-1 is not
expressed in thyroid cell lines used in this study, then transfection of this mimic and
subsequent analysis of its target can be used as a positive control experiment) and negative
control siRNA (Qiagen), using the HiperFect transfection reagent (Qiagen) for overexpression
of miR-34b-5p. A final concentration of 5nM, as well as 48-hours incubation period, was

selected for both transfections.

Immunofluorescence

In the immunofluorescence analysis, the cells were transfected as described above
after being cultivated on a glass culture slide (BD Biosciences, San Jose, CA, USA). The cells
were fixed in 4% cold paraformaldehyde/phosphate buffer saline (PBS) for 25 minutes,
permeabilised in 0.4% triton X-100 for 8 minutes. They were blocked in 5% normal goat
serum/PBS (Sigma—Aldrich, St. Louis, MO, USA) for 45 minutes. Then, they were incubated
with antibodies against Bcl-2 (N-19, 1:200; Santa Cruz Biotechnology, Dallas, TX, USA),
VEGF-A (A-20, 1:200 dilution; Santa Cruz Biotechnology), Notchl (H-131, 1:300 dilution;
Santa Cruz Biotechnology) overnight at 4°C. Afterwards, the cells were incubated with Texas
Red-labelled secondary antibody (1:1000 dilution; Life technologies, St. Louis, MO, USA)
for 1 hour at room temperature. As a negative control, all staining was performed without the

primary antibody. After being counterstained with 4',6-diamidino-2-phenylindole (DAPI)



(Sigma—Aldrich), confocal laser scanning microscopic images were captured with an Eclipse
Ti-E microscope (Nikon Instruments, Inc., Melville, NY, USA) using a plan apochromat

60x/1.40 objective and NIS-Elements imaging software platform (Nikon).

Western blot analysis and antibodies

After transfection, the cells were lysed in Cell Lysis Buffer NP40 (50 mM Tris, pH
7.4, 250 mM NaCl, 5 mM EDTA, 50 mM NaF, 1 mM Na3VO04, 1% Nonidet P40 and 0.02%
NaN3) (Invitrogen Carlsbad, CA, USA) supplemented with protease inhibitor cocktail
(Sigma-Aldrich), phenylmethanesulfonyl fluoride solution (PMSF) (Sigma) and phosphatase
inhibitor cocktail (Cell Signaling, Danvers, MA, USA). Then, protein lysates were prepared,
and protein concentration was quantified using the Macherey-Nagel protein assay kit
(MACHEREY-NAGEL GmbH & Co.KG, Diiren, Germany).

Equal quantities of 20 pg protein samples were loaded on 4-15% precast
polyacrylamide gel (Mini-PROTEAN TGX Precast Gel, Bio-Rad) and were transferred onto
polyvinylidene-difluoride membranes (Trans-Blot Turbo Mini PVDF Transfer Packs, Bio-
Rad) using the blotting instrument (Trans-Blot Turbo Transfer Starter System, Bio-Rad).
Blocking was performed with 5% non-fat milk in TBST (Tris buffered saline-Tween 20: 120
mmol/l Tris—=HCI, pH 7.4, 150 mmol/I NaCl, and 0.05% Tween 20) for 1 hour at room
temperature. The membrane was incubated with anti-Bcl-2 (Sc-492), 1:500 dilution; anti-
VEGF-A (Sc-152), 1:200 dilution; anti-Notchl (Sc-9170), 1:200 dilution and anti-B-actin (Sc-
4778), 1:1000 dilution (Santa Cruz Biotechnology) overnight at 4°C. Following the
manufacturer’s protocol, blots were washed six times with TBST, incubated for one and half

hour with horseradish peroxidase (HRP)-conjugated secondary antibody (1:5000 dilution)



(Santa Cruz Biotechnology) at room temperature. The blots were then developed and

visualised as previously published protocol [30]

Enzyme-linked immunosorbent (ELISA) assay

Cells transfected with miR-34b-5p mimic were cultured at a density of 2 x 10°
cells/well in six-well plates. After 48 hours, the media was collected and quantified for
secreted VEGF using a Human VEGF ELISA kit (Life technologies, St. Louis, MO, USA),

according to the manufacturer’s instructions.

Cell cycle analysis

After 48 hours transfection, cells were harvested by trypsinization and centrifugation
at 1500 rpm for 5 minutes. Then, the supernatant media was discarded. After that, the cells
were washed with ice-cold PBS and fixed in 70% ice-cold ethanol at -20 °C for one hour.
Subsequently the cells were centrifuged again at 1500 rpm for 5 minutes and were washed
twice with PBS. These cells were then stained with propidium iodide (PI) (50 mg/ml in PBS),
RNase (50 mg/ml) and Triton X-100 (0.1%) and incubated for 40 minutes at 37°C and
analysed using a FACS Calibur flow cytometer (BD Biosciences). Data were analysed to
calculate the percentage of the cell population in each phase using the FlowJo single-cell

analysis software (FLOWJO, LLC, Ashland, OR, USA).

Apoptosis assay

A membrane permeability/Dead Cell Apoptosis Kit (Invitrogen) was used to measure
the apoptotic cell. Briefly, after 48 hours of transient transfection, cells were trypsinized,
washed twice with ice-cold PBS and resuspended in PBS at a concentration of 25x10 4/ml

cells in a total volume of 1 ml. After that, 1 pl of YO-PRO ®-1 and 1 pl of Pl were added. All



the samples were kept in the dark for 20 minutes at room temperature. Finally, the numbers

of apoptotic cells were analysed using a FACS Calibur flow cytometer (BD Biosciences, San

Jose, CA, USA) and calculated with FlowJo single-cell analysis software (FLOWJO, LLC,

Ashland, OR, USA).

Data analysis

Results were analysed using GraphPad Prism 7.0 (Graph Pad Software, SanDiego,
CA, USA) and were expressed as means = SD (standard deviation). All of the in vitro
experiments were performed at least three times. Statistical comparisons between groups
were conducted using one-way ANOVA. A p value of < 0.05 was considered statistically

significant and individual p-value was shown in the figures.
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Results
miR-34b expression is altered in human thyroid carcinoma tissues and cell lines

To investigate changes in the miR-34b-5p expression level in human thyroid
carcinomas, we examined a series of human thyroid carcinoma tissues, cell lines (K1, B-
CPAP, 8505C, MB-1, BHT-101) and a non-neoplastic immortalised thyroid cell line (Nthy-
ori3-1). miR-34b-5p showed significant downregulation in thyroid carcinoma cells when
compared to the Nthy-ori-3-1cell line (p < 0.05). The lowest level of miR-34b-5p was noted
in carcinoma cell lines derived from more aggressive thyroid carcinoma- anaplastic thyroid
carcinoma (8505C, MB-1 and BHT-101) (Fig. 1B). Notable reduced expression of miR-34b-
5p in cancer tissues was noted when compared to that of non-neoplastic thyroid tissue
samples (Fig. 1C).

On tissue level, 88% (57/65) of the patients with thyroid carcinoma had shown
downregulation of miR-34b expression whereas 7% (5/65) of the patients showed high miR-
34b expression (Table 1). Approximately 5% (3/65) of the patients with thyroid carcinoma
exhibited no change in miR-34b expression when compared to non-neoplastic thyroid tissues.
In addition, miR-34b downregulation was associated with T-stage of the thyroid carcinoma
(Table 1). In thyroid carcinomas of advanced T stages (3 or 4), all had either low or normal
expression whereas, in thyroid carcinomas of earlier T stages (1 or 2), 91.8% had either low
or normal expression (p=0.042).

Given that expression of miR-34b-5p was notably downregulated in thyroid
carcinoma cell lines and tissues (p < 0.05), we chose to restore miR-34b-5p in thyroid

carcinoma cell lines to study its various cellular and biological effects.
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miR-34b-5p regulates markers of cell proliferation

To gain an insight into the mechanism by which miR-34b-5p inhibits Bcl-2 and
Notchl, we identified the miR-34b-5p binding site in the Bcl-2 and Notchl mRNA 3’ UTR
region (Fig. 1A). After a 48 hours transfections, Western blot analysis showed that Bcl-2 and
Notchl protein expressions were markedly reduced in miR-34b-5p transfected cell lines when
compared with miR-1 transfected and untransfected control (Fig. 2 and Fig. 3) (p < 0.05).

Immunofluorescence analysis confirmed the Western blot results. After 48 hours of
transfection, the immunofluorescence analysis of the Bcl-2 and Notch1 revealed that miR-
34b-5p overexpression potently suppresses Bcl-2 and Notchl protein expression in 8505C
(Fig. 4A) and BHT-101 (Fig. 4B) when compared with miR-1 transfected and untransfected
controls (p < 0.05). Fewer immunofluorescence distributions were noted in the nucleus and
cytoplasm for Bcl-2 and in the cytoplasm for Notchl when compared with miR-1 transfected
and untransfected controls (supplementary fig. S2). This finding suggested that Bcl-2 and
Notchl are direct targets of miR-34b-5p, consistent with the data from the Western blot

analysis.

miR-34b-5p downregulates endogenous VEGF-A expression as a hallmark of
angiogenesis in thyroid cancer cell lines

To investigate the hypothesis that miR-34b-5p negatively regulate VEGF-A
expression, the thyroid carcinoma cells were overexpressed with miR-34b-5p mimic (5nM)
for 48 hours, and the VEGF-A protein level was determined afterwards. Western blot
analysis showed a significant reduction in VEGF-A protein expression levels following miR-
34b-5p overexpression when compared to miR-1 transfected and untransfected control groups
(Fig. 2 and Fig. 3) (p < 0.05). Downregulation of VEGF-A by miR-34b-5p mimic in thyroid

carcinoma has been confirmed by immunofluorescence analysis which showed decreased
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expression of VEGF-A protein. A remarkable reduction in the expression of VEGF-A protein
was noted in the thyroid carcinoma cells in 8505C (Fig. 4A) and BHT-101 (Fig. 4B) when
compared with miR-1 transfected and untransfected controls (p < 0.05). Other thyroid
carcinoma cells (K1, B-CPAP and MB-1) showed only slight changes in the expression of
VEGF-A protein when compared with miR-1 transfected and untransfected controls

(supplementary fig. S2).

Overexpression of miR-34b-5p inhibits VEGF expression in thyroid cancer cell lines
supernatant

ELISA results showed that when compared with the non-neoplastic immortalised
thyroid cell line, the expression of VEGF in supernatant fractions of the thyroid carcinoma
cells (KI, B-CPAP, 8505C, MB-1 and BHT-101) transfected with miR-34b-5p was inhibited
by 54%, 72%, 69%,58% and 45%, respectively (Fig. 4C) (P<0.05). The above data revealed
that overexpression of miR-34b-5p resulted in downregulation of Bcl-2, Notchl and VEGF-

A.

miR-34b-5p caused cell cycle arrest in thyroid cancer cells

The concentration of miR-34b-5p was raised to 15 nM. After 48 hours of tranfection,
the cells were studied by flow cytometry. Cell cycle arrest was observed at this time point.
miR-34b-5p showed significant statistical differences in thyroid cancer cell cycle changes
compared to miR-1(15nM) and control groups (P<0.05). Following miR-34b-5p
overexpression, there was a significant increase in the accumulation of cells in GO-G1 phase
as well as cell number reduced in the synthetic or S phase in all selected five thyroid cancer
cell lines, especially in the thyroid carcinoma cells from B-CPAP and BHT-101 (Fig. 5)

(P<0.05).
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In the K1 (papillary thyroid carcinoma) cells, mimic transfection of miR-34b-5p
(15nM) showed a significant arrest in the GO-G1 phase (11.36% + 5.91) and a significant drop
in S phase and G2/M phase after 48 hours’ transfections when compared with miR-1(15nM)
transfected and untransfected groups (P<0.05) (Fig. 5A). After 48 transfections, the
percentage of cells in the GO-G1 phase in the B-CPAP (metastasizing papillary thyroid
carcinoma) cell line transfected with miR-34b-5p (15nM) mimic was also significantly
increased by day 2 of transfection to 35.06% = 18.33 with a significant drop in the S phase
and G2-M phase compared with miR-1(15nM) transfected and control groups (Fig. 5B)
(P<0.05). The introduction of miR-34b-5p (15nM) mimic into the 8505C cell line (anaplastic
thyroid carcinoma from a lymph node with primary papillary thyroid carcinoma) displayed its
anti-growth abilities with a significant accumulation of cells in the GO-G1 phase (20.1% +
9.12). There was also a significant drop in the S phase and G2-M phase, compared with
miR-1(15nM) transfected and control groups (P<0.05) (Fig. 5C). Anaplastic thyroid
carcinoma cells (MB-1 and BHT-101) showed a similar trend with significant arrest in the
GO0-G1 of 20.53 % + 8.74 and 23.83 % + 11.37, respectively, followed by a significant drop in
the S phase and G2/M phase (P<0.05) (Fig. 5D and 5E). Collectively, a significant increase in
the GO-G1 phase along with a reduction of cells in the G2-M phase were noted in the five
different types of thyroid carcinoma cells when compared to miR-1 (15nM) and control

groups.

Expression of miR-34b-5p leads to increased cell death in thyroid cancer cells

As inhibition of growth of cell could also result from apoptosis induced by
overexpression of miR-34b-5p. Herein, we further investigated the miR-34b-5p induced
apoptotic changes of thyroid cancer cells. The increase in the GO-G1 phase induced by miR-

34b-5p mimic suggests that high expression of miR-34b-5p can lead to the induction of cell
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death (Fig. 6). A few late apoptotic cells were observed in the control group. The early
apoptotic rate in thyroid carcinoma cells treated with miR-34b-5p mimic was significantly
different from the control group. However, in the miR-34b-5p-treated group, a large number
of apoptotic cells was found (Fig. 6) (P<0.05).

The early and late apoptosis rates of K1 (primary papillary thyroid carcinoma)
transfected with miR-34b-5p mimic (15 nM) was significantly increased after 2 days of
transfection (9.56 % + 5.14) when compared with transfected with miR-1 (15 nM) and the
control groups (Fig. 6A) (P<0.05).

The percentage of early and late apoptosis events were slightly increased in the B-
CPARP cell line (metastasizing papillary thyroid carcinoma) after 2 days of transfection with
miR-34b-5p mimic, compared with mock transfected and untransfected controls (2.69 % +
1.46) (Fig. 6B). Similar trends were also detected in the 8505C cell line (metastatic
anaplastic thyroid carcinomas from a lymph node with primary papillary thyroid carcinoma)
with a slight increase in early and late apoptosis events after 2 days of transfection when
compared to the mock transfected and untransfected (1.42 % + 0.69) (Fig. 6C). In anaplastic
thyroid carcinoma cells (MB-1 and BHT-101), the early and late apoptotic features were also
noticed to be increased significantly up to (6 % + 3.91) and (4.99% + 3.31) respectively (Fig.

6D and 6E) (P<0.05).
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Discussion

In the present study, we have demonstrated the biological effects and tumour
suppressive effects of miR-34b-5p for the first time in thyroid cancer tissues and cell lines.
Altered expression levels of miR-34b-5p and its correlation with pathological T-stage in
patients with thyroid carcinoma imply its potential regulatory effects in the initiation and
progression of thyroid carcinoma. Our results are in agreement with finding by others in
thyroid cancer tissue [21, 31-32]. In addition, this study has noted multiple cellular effects of
miR-34b-5p by modulating its downstream targets such as Bcl-2 and Notch1 proteins. Thus,
it can be hypothesised that miR-34b-5p suppresses the tumour growth through this
downstream effect in thyroid carcinomas.

Overexpression of VEGF-A often noted in tissues from patients with thyroid
carcinoma and this overexpression correlated with the pathogenesis of thyroid carcinoma [12,
33]. In the current study, VEGF-A protein expression decreased significantly following miR-
34b-5p overexpression. Thus, deregulation of miR-34b-5p has a potent effect on tumour
growth and progression by regulating angiogenesis in thyroid carcinoma cells. Further
functional assays, as well as in-vivo studies, are required to confirm miR-34b-5p’s
angiogenic regulation in thyroid carcinomas.

We noted pro-apoptotic and anti-proliferative effect for miR-34b-5p in cells from the
five thyroid carcinoma cell lines, which is in agreement with previous studies on miR-34b in
other cancers [19, 34-35]. Previous studies have also pointed out the similar roles for miR-
34a and miR-34b, particularly in the suppression of cancer cell cycle, mainly by induction of
GO-G1 cell cycle arrest [19, 36-38]. In this study, miR-34b-5p induced cell cycle arrest at
GO0-G1 in thyroid carcinoma cells. The suppression of cell cycle was more pronounced in the

aggressive type of thyroid carcinoma cell lines. These results imply the potential regulatory
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roles of miR-34b-5p in cancer cell growth and proliferation by targeting various checkpoints
in the cell cycle.

Notchl is a downstream target for miR-34b [20]. In addition, Notch signalling
directly or indirectly implicated in the regulation of genes involved in angiogenesis such as
VEGF-A [39]. Geers et al. found that papillary thyroid carcinoma had a higher number of
Notch1- positive cells in comparison to normal or nodular hyperplastic thyroid [40].
Dysregulation of Notchl prevents differentiation and results in inhibition of apoptosis,
suggesting a potential oncogenic role of Notchl [40, 41-42]. Similarly, this study has noted a
significant downregulation of Notchl protein expression in response to miR-34b-5p
overexpression in thyroid carcinoma cells. Thus, Notchl could be a potential mediator of
miR-34b-5p’s cellular effects in thyroid carcinoma.

In different cancers, enhancement of Bcl-2 expression increases the VEGF expression
[43-45]. VEGF could also act as a survival factor for tumour cells by inducing the Bcl-2
expression and inhibiting apoptosis [46]. In addition, a study on prostate carcinoma revealed
that Bcl-2 could interact with other factor (s) to regulate VEGF expression [43]. Notably,
there was no involvement of these factors in the modulatory role of Bcl-2 in angiogenesis.
Indeed, they found an exact similar expression level of transforming growth factor -1
(TGFB-1) and hypoxia-induced basic fibroblast growth factor (bFGF) in Bcl-2 transfected and
untransfected groups [43, 47-48]. This observation suggests that the effects of Bcl-2 on the
VEGF expression level can be relatively specific.

In concurring with these observations, our results showed similar regulatory effects of
miR-34b-5p on Bcl-2 and VEGF-A proteins, suggesting its potential role in the pathogenesis
of thyroid carcinoma cells by modulating these genetic pathways. The current results

indicated that miR-34b-5p induces cell death in thyroid carcinoma cells. This could be a
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related to miR-34b-5p induced GO-G1 cell cycle arrest directly or due to suppression of Bcl-2
protein as a pro-survival factor [23, 49] or VEGF-A [24].

Regulation of Notchl signalling pathways, as well as downstream effects on Bcl-2 and
VEGF-A further, attributes to the mechanism behind miR-34b-5p induced cell cycle,
apoptotic and angiogenic changes in thyroid carcinoma cells. As miR-34b-5p increases cell
death in different carcinomas, miR-34b-5p induced apoptotic changes might be a common
event in the pathogenesis of cancer [50-52]. Thus, our results further confirm the tumour

suppressor role for miR-34b-5p in thyroid carcinomas.

In conclusion, this study indicates that miR-34b-5p downregulation may play a key
role in the pathogenesis of the growth and proliferation of thyroid carcinoma. In addition,
restoration of miR-34b-5p in thyroid carcinoma cells inhibited the expression of Bcl-2,
VEGF-A and Notchl proteins suggesting its target affinity towards these key regulators in
molecular carcinogenesis. Furthermore, miR-34b-5p potentially functions through
modulation of its downstream targets - Bcl-2, VEGF-A and Notchl. Thus, miR-34b-5p could
be a target in the development of novel molecular therapeutic targets for metastatic thyroid

carcinoma.
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Figure Legends

Fig. 1. Targets interaction sites, expression in thyroid cancer cells and tissues of miR-
34b-5p.

A) Alignment of Bcl-2, Notchl and VEGF-A genes with the miR-34b-5p. The transcript is
positioned and matched with miR-34b-5p between 190-210, 166-184 and 845 — 867 base
pairs of Bcl-2, Notchl and VEGF-A genes, respectively. microRNA.org predicated mirSVR
of -0.2530, -1.357 and -0.1480 for Bcl-2, Notchl and VEGF-A genes, respectively

(http://www.microrna.org/). Genes that have a score of -1.0 or lower, corresponding to the

top 7% of predictions, have more than a 35% probability of having a (Z-transformed) log
expression change of at least -1 (downregulation by at least a standard deviation in terms of
log expression changes) and better than 50% probability of a log expression change of at least
-0.5. Thus, mirSVR scores can be converted to a probability of downregulation, which can be
used as a guide for selecting a meaningful cut-off for reporting target sites. (Betel, et al.,
2010) [53].

B) Expression of miR-34b in thyroid carcinoma cells. The miR-34b-5p decreased
significantly in all thyroid carcinomas (p < 0.05). miR-34b-5p expression was lower in
8505C (anaplastic thyroid carcinoma from a papillary thyroid carcinoma origin) and BHT-
101 (anaplastic thyroid carcinoma metastases in lymph node) than K1 (papillary thyroid
carcinoma), B-CPAP (metastasizing papillary thyroid carcinoma) and MB-1(anaplastic
thyroid carcinoma) when compared with the Nthy-ori 3-1 (non-neoplastic thyroid follicular
cell line) (p < 0.05). RNU6B was used to normalize the mRNA level. An asterisk (*)
indicates p < 0.05, when compared to Nthy-ori-3-1. The quantitative values were expressed
as means = SD of triplicate measurements. They are representative of three separate

experiments.
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C) Expression of miR-34b-5p in cancer and non-neoplastic thyroid tissue samples after

normalization with internal control RNU-6B.
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Fig. 2. miR-34b-5p decreased the expression of Bcl-2, Notchl and VEGF-A in 8505C
and BHT-101 detected by Western blotting. In 8505C (A and C) and BHT-101 (B and D)
cells, expression of Bcl-2, Notchl and VEGF-A were significantly reduced in the miR-34b-
5p mimic transfected groups when compared to miR-1 transfected and control groups. -actin
was used as a sample loading control; y-axis comparison diagrams shows Bcl-2, Notchl and
VEGF-A protein expressions based on signal absorption. Results were representative of
three independent experiments. Results presented as mean + SD; and (*) implies as
probability value p < 0.05 when compared to control. (8505C: anaplastic thyroid carcinoma
from a papillary thyroid carcinoma origin; BHT-101: metastatic anaplastic thyroid carcinoma

in lymph node).
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Fig. 3. miR-34b-5p is also involved in repressing Bcl-2, Notchl and VEGF-A levels in
K1, B-CPAP and MB-1 detected by Western blotting. After 48 hours transfection with
miR-34b-5p mimic, decreased pattern of Bcl-2, Notchl and VEGF-A protein expressions
were also noted in K1, B-CPAP and MB-1 cells when miR-34b-5p mimic transfected group
compared with miR-1 transfected and control groups. B-actin was used as a sample loading
control; y-axis comparison diagrams shows Bcl-2, Notchl and VEGF-A protein expressions
based on signal absorption. Results were representative of three independent experiments.
Results presented as mean = SD; and (*) implies as probability value p < 0.05 when
compared to control. (K1: papillary thyroid carcinoma; B-CPAP: metastasizing papillary

thyroid carcinoma; MB-1: anaplastic thyroid carcinoma).
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Fig. 4. Confirmation of miR-34b-5p mediated alteration of targets proteins (Bcl-2,
Notchl and VEGF-A) in 8505C and BHT-101 cells via immunofluorescence microscopy
and ELISA.

Similar to the Western blot analysis, miR-34b-5p restoration significantly reduced the
expression level of Bcl-2, Notchl and VEGF-A proteins in 8505C (A) and BHT-101 (B) cells
when miR-34b-5p mimic transfected group, miR-1 transfected and control groups were
compared. Immunofluorescence images were captured by a Nikon A1R+ confocal
microscope using 60x objective with immersion oil and Bcl-2, Notchl and VEGF-A are
stained red, and nuclei are stained blue; Scale in the immunofluorescent images shows 5 and
10 um. In Western blotting, B-actin was used as a sample loading control.

(8505C: anaplastic thyroid carcinoma from a papillary thyroid carcinoma origin; BHT-101:
metastatic anaplastic thyroid carcinoma in lymph node). C) Following transfection of K1, B-
CPAP, 8505C, MB-1 and BHT-101 thyroid carcinoma cells with miR-34b-5p mimic for 48
hours, supernatants were collected for quantification of VEGF protein. ELISA assay data
revealed that compared to control cells, VEGF expression levels were inhibited in the
supernatant fractions of thyroid carcinoma cells, transfected with miR-34b-5p. An asterisk
(*) indicate statistically significant differences (p <0.05, Student’s t-test) when compared to

control cells.
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Fig. 5. miR-34b-5p induces the cell cycle arrest in thyroid carcinoma cell lines.
Following transfection of K1, B-CPAP, 8505C, MB-1 and BHT-101 thyroid carcinoma cells
with miR-34b-5p mimic or miR-1 for 48 hours, nuclei of the carcinoma cells were stained
with propidium iodide (PI) solution and analysed for DNA content by flow cytometry. Data
were shown as mean + SD of three independent experiments and represent percentage cells in
different phases of the cell cycle with miR-34b-5p related to miR-1 treatment. Flow
cytometry results indicated the cell number increased in GO-G1 phase and decreased in S
phase when compared with miR-1 transfected and control groups. An asterisk (*) indicate
statistically significant differences (p <0.05, Student’s t-test) when compared to control cells.
(K1: papillary thyroid carcinoma; B-CPAP: metastatic papillary thyroid carcinomain a
lymph node; 8505C: anaplastic thyroid carcinoma from a papillary thyroid carcinoma origin;
MB-1: anaplastic thyroid carcinoma; BHT-101: metastatic anaplastic thyroid carcinoma in a

lymph node).
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Fig. 6. Re-expression of miR-34b-5p enhances apoptosis in thyroid carcinoma cell lines.
Thyroid carcinoma cells transfected with either miR-34b-5p or miR-1 for 48 hours. After 48
hours, cells were subjected to Annexin V/propidium iodide (PI) staining and flow cytometry
analysis. Data were shown as mean = SD of three independent experiments and represent
percent AnnexinV-positive cells with miR-34b-5p related to scramble treatment (miR-1) and
control groups. The percentage of dead cells (Q1; upper left quadrant), live cells (Q4; lower
left quadrant), late apoptosis cells (Q2; PI+/Annexin V+; upper right quadrant) and early
apoptosis cells (Q3; PI-/Annexin V+; lower right quadrant) were indicated. Asterisks
indicate statistically significant differences (* p <0.05, Student’s t-test) when compared to
control cells (K1: papillary thyroid carcinoma; B-CPAP: metastatic papillary thyroid
carcinoma in a lymph node; 8505C: anaplastic thyroid carcinoma from a papillary thyroid
carcinoma origin; MB-1: anaplastic thyroid carcinoma; BHT-101: metastatic anaplastic

thyroid carcinoma in a lymph node).
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Table 1. Expression of miR-34b and its correlation with clinicopathological parameters of
patients with thyroid cancer

Parameters Total No. High Normal Low p values
expression  expression  expression

miR-34b expression 65 (100%) 5 (7.7%) 3 (4.6%) 57 (87.7%) -

Sex

Male 19 (29.2%) 1 (5.3%) 0 (0%) 18 (94.7%)  0.249

Female 46 (70.8%) 4 (8.7%) 3 (6.5%) 39 (84.8%)

Age

< 55 years 47 (72.3%) 2 (4.2%) 3 (6.4%) 42 (89.4%) 0.118

> 55 years 18 (27.7%) 3 (16.7%) 0 (0%) 15 (83.3%)

Size

<40 mm 50 (76.9%) 5 (10.0%) 2 (4.0%) 43 (86.0%)  0.240

> 40 mm 15 (23.1%) 0 (0%) 1 (6.7%) 14 (93.3%)

T-stage

TlorT2 54 (83.1%) 5 (9.2%) 1 (1.9%) 48 (88.9%)  0.042

T3orT4 11 (16.9%) 0 (0%) 2 (18.2%) 9 (81.8%)

Lymph node invasion

Positive 34 (52.3%) 3 (8.8%) 1 (2.9%) 30 (88.3%) 0.576

Negative 31 (47.7%) 2 (6.4%) 2 (6.5%) 27 (87.1%)

Stage

Stage 1 55 (84.6%) 4 (7.3%) 3 (5.4%) 48 (87.3%)  0.581

Stage 2 10 (15.4%) 1 (10.0%) 0 (0%) 9 (90.0%)
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Supplementary fig. S1. Selection of material for detection of miR-34b-5p expression. A.

Papillary thyroid carcinoma tissue was selected with more than 80% of the area occupied by
the carcinoma (haematoxylin and eosin x 15); B. Non-neoplastic thyroid tissue was selected
from a relatively normal area in patients with nodular hyperplasia (haematoxylin and eosin x

15).
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Supplementary fig. S2. K1, B-CPAP and MB-1 cell lines showed only slight changes in

expression of Bcl-2, Notchl and VEGF-A proteins in immunofluorescence microscopy

images when compared with miR-1 transfected and untransfected controls.
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