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The stress-activated protein kinase pathway and the expression of stanniocalcin-1
are regulated by miR-146b-5p in papillary thyroid carcinogenesis
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ABSTRACT
Papillary thyroid cancer (PTC) is the most common type of thyroid cancer. Deciphering the pathophy-
siological mechanisms that contribute to PTC development is essential to the discovery of optimal
diagnostic and therapeutic approaches. MiR-146b-5p has been identified as a cancer-associated
microRNA highly up-regulated in PTC. This study explores the hypothesis that miR-146b-5p contributes
to papillary thyroid carcinogenesis through regulation of cell signaling pathways in a manner that
overcomes the cellular growth suppressive events and provides survival advantage. The effect of miR-
146b-5p inhibition on major cancer related signaling pathways and expression of Stanniocalcin-1 (STC1),
an emerging molecule associated with stress response and carcinogenesis, was tested in cultured
primary thyroid cells using luciferase reporter assays, quantitative real-time PCR, immunofluorescence
staining, and flow cytometry. Our results demonstrated that miR-146b-5p inhibits the JNK/AP1 pathway
activity and down-regulates the expression of STC-1 in thyroid-cultured cells and in thyroid tissue
samples. In the presence of miR-146b-5p, PTC cells were resistant to cell death in response to oxidative
stress. This is a novel report that miR-146b-5p directly targets STC1 and regulates the activity of JNK/AP1
pathway. Considering the importance of the JNK/AP1 pathway and STC1 in mediating many physiolo-
gical and pathological processes like apoptosis, stress response and cellular metabolism, a biological
regulator of these pathways would have a great scientific and clinical significance.
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Introduction

The incidence of thyroid cancer has been increasing worldwide,
largely driven by the increase in papillary thyroid cancer (PTC).1,2

Etiology and risk factors identification as well as proper clinical
management, all depend on our understanding of the pathophy-
siological mechanisms contributing to the initiation and progres-
sion of PTC. Multiple genes and cellular pathways have been
reported to participate in the occurrence and development of
thyroid cancer.3–5 MicroRNAs (miRNAs) have emerged in the
last decade as promising molecular markers due to their distinct
expression in different types of cancer including thyroid cancer.6–9

Through their function in blocking the translation or degrading
the target mRNAs, they are expected to play important roles in
thyroid cancer biogenesis and progression.10–12

MiR-146b-5p has been identified as a cancer-associated
miRNA with oncogenic and tumor-suppressive activity.13–16

These contrasting roles may be explained by the differences of
the targets regulated by miR-146b-5p in different tissues. In
PTC, miR-146b-5p has been reported to be up-regulated and
associated with aggressive tumor behavior.17,18 However, only
a small number of published studies explored the functional
targets of miR-146b-5p and its role in PTC.13,19–22 Our previous
study showed that miR-146b-5p is highly up-regulated in classic
PTC (cPTC).23 The purpose of this study is to identify the
mechanisms by which miR-146b-5p regulates the molecular
events supporting papillary thyroid carcinogenesis.

In the course of investigating the role of miR-146b-5p in PTC,
we found that Stanniocalcin-1 (STC1) is a target of miR-146b-5p.
STC1 is a highly conserved glycoprotein that has a physiologic
role in regulating serum calcium and phosphate in fish and
rats.24,25 A number of studies suggested multiple roles for mam-
malian STC1 in angiogenesis,26 inflammation,27 cellular
metabolism,28 and cancer.29,30 Additional studies demonstrated
that STC1 is involved in the cellular stress response; STC1 expres-
sion was shown to be up-regulated in response to hypoxia31 and
oxidative stress.32 Furthermore, STC1 is regulated by the tumor
suppressors BRCA133 and p53,34 both of which play key roles in
orchestrating DNA repair, growth arrest and apoptosis, in
response to various cellular stresses. There are few publications
on the expression of STC1 in papillary thyroid cancer35 and no
previous publications on its regulation. We demonstrate here that
miR-146b-5p regulates the expression of STC1 and the activation
of the stress kinase JNK/Ap1 pathway in PTC.

Results

MiR-146b-5p reduces the MAPK/JNK/AP1 signaling
pathway activity

In order to understand the functional impact of miR-146b-5p up-
regulation in PTC, we investigated the effect of inhibiting the
expression of miR-146b-5p on signal transduction pathways rele-
vant to carcinogenesis, usingmiR-146b-5p inhibitor and luciferase
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reporter assays. First, we have established primary cultures of
thyroid cells obtained from fresh thyroid tumor samples.
Cultured cells were used from first passage and their identity as
epithelial thyroid cells were confirmed by immunostaining with
cytokeratin and thyroglobulin specific antibodies (Figure 1). MiR-
146b-5p inhibitor was transfected into the cultured thyroid cells as
described in the Methods section. MiR-146-5p expression level
was determined in the transfected and control cells to confirm
successful inhibition (Table 1). MiR-146-5p inhibition increased
significantly the relative luciferase activity of theMAPK/JNK/AP1
pathway inPTC sampleswithhighmiR-146b-5p endogenous level
(Samples 1, 2 and 3; p-value = 0.02). Inhibition of miR-146b-5p
had only minimal effect in samples with low endogenous miR-
146b-5p level (Samples 4 to 8) and insignificant effect on the other
pathways tested (Table 1). We also analyzed the endogenous
MAPK/JNK/AP1 activity in different samples in relation to the
endogenous miR-146b-5p expression level; The samples were all
transfected with the pathway reporters constructs with no miR-
146b-5p inhibitor. The JNK pathway reporter activity in the PTC
samples was compared to the JNK activity in the MNG samples
used as controls. The calculated fold change was then correlated
with themiR-146b-5p expression level in these samples.We found
that in PTC, the endogenousMAPK/JNK/AP1 pathway activity is
inversely correlated with the expression of miR-146b-5p
(R = – 0.91) (Figure 2). Altogether these results demonstrate that
miR-146b-5p has an inhibitory effect on the MAPK/JNK/AP1
pathway.

The JNK/AP1 pathway is activated after mir-146b-5p
inhibition in PTC cultured cells

MiR-146b-5p inhibitor was labeled with fluorescein dye
before transfection as explained in the Methods section.
Immunofluorescence staining with AP1 specific antibody
showed that nuclear AP1 appeared specifically in the cells
that have taken the labeled miR-146b-5p inhibitor;
Treatment with miR-146b-5p inhibitor caused AP1 to appear
in the nuclei of thyroid epithelial cells (cytokeratin positive
cells) (Figure 3). Immunofluorescence stain and immunoblot
experiments showed that p-JNK is expressed in PTC cells
transfected with miR-146b-5p inhibitor while it is not
expressed in the cells transfected with negative control
(Figure 4a,b). No clear effect of miR-146b-5p inhibition on
the expression of p-ERK, p-p38, and NFKB was observed
(Figure S-1). These findings demonstrate that miR-146b-5p
inhibition results in the activation of the JNK/AP1 pathway in
cultured thyroid follicular cells.

JNK pathway activation and miR-146b-5p up-regulation
show a mutually exclusive relation in thyroid tissues

We tested the activation status of the JNK pathway in FFPE
tissue samples from 30 cPTC, 10 NIFTP, and 10 MNG cases
(Diagnostic histopathological classification is explained in the
Materials and Methods section 1), by immunofluorescence

Figure 1. Primary thyroid cancer cells culture and characterization. (a) Thyroid cells forming follicles in the first week of culture. (b)- Thyroid cells confluent growth.
(c) Immunofluorescence staining with the epithelial marker, cytokeratin (green) and the mesenchymal marker, smooth muscle actin (red). (d) Immunofluorescence
staining with p-ERK (green) and thyroglobulin (red) confirming that the cultured cells are thyroid follicular cells. Blue stain is the DAPI nuclear stain.
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staining with p-JNK specific antibody. Cases were considered
positive if non-ambiguous cytoplasmic and/or nuclear stain-
ing was identified in the thyroid follicular tumor cells only. It
was noted that some immune cells infiltrating the tumor are
in some cases positive for p-JNK; The presence of these cells
was not considered as positivity. Representative pictures of
the different histopathological types tested are shown in
Figure 5. Nuclear p-JNK was observed in 8/10 (80%) of
NIFTP, 7/10 (70%) of MNG, and 7/30 (23%) of cPTC cases.
In 23/30 (77%) of cPTC samples, no p-JNK could be detected
in the tumor cells. Correlating the p-JNK status with the level
of miR-146b-5p expression, our results showed that PTCs
with positive p-JNK express significantly lower levels of
miR-146b-5p than PTCs with negative p-JNK (P = .0001)
(Figure 5b). It should be noted here that samples of NIFTP
and MNG which showed positive expression of -JNK in most

of the cases, also expressed a low level of miR-146b-5p as
estimated by real-time PCR (Table 2).

Mir-146b-5p negatively regulates cell death in response
to oxidative stress

Cultured PTC cells transfected with miR-146b-5p inhibitor
were tested in apoptosis assay by flow cytometry. MiR-146b-
5p inhibition without exposure to oxidative stress did not
affect PTC cell death ability. However, inhibition of miR-
146b-5p along with exposure of cultured cancer cells to oxi-
dative stress resulted in increased percentage of dead cells
(Figure 6). These results indicate a negative regulatory effect
of miR-146b-5p on cell death events in response to oxidative
stress in PTC.

Table 1. Changes in signaling pathways activities in thyroid cancer cells in response to miR-146b-5p inhibition.

Pathway (Transcription factor) activity b

miR-146b-5p expression level a p53 NFκB Hypoxia MAPK/ERK MAPK/JNK

Sample (Diagnosis) -/miR-146b-5p inhibitor +/miR-146b-5p inhibitor p53 NFκB HIF1A Elk-1/SRF AP-1

1 (PTC) 10.76 −7.82 1.85 −1.10 −1.57 −1.02 4.14
2 (PTC) 15.99 −47.72 1.24 −6.76 1.50 −1.00 8.98
3 (PTC) 29.05 −43.07 1.41 −1.12 −1.06 −1.32 12.07
p-value c <0.001 0.10 0.08 0.28 0.17 0.02
4 (PTC) 2.12 −5.85 1.10 −1.53 −3.21 −1.26 1.01
5 (PTC) 1.60 −0.63 1.67 −1.67 1.35 1.46 1.92
6 (PTC) 3.78 −1.27 1.69 −1.78 −2.94 −1.61 1.71
7 (PTC) 1.09 −50.00 2.04 −1.39 −1.46 −1.33 1.06
8 (MNG) −1.28 −1.07 1.56 1.27 1.23 −1.11 1.43
p-value d <0.001 0.03 0.45 0.47 0.07 0.14

a: miR-146b-5p level expressed as fold change compared to MNG controls; b: Pathway activity expressed as fold change of the luciferase
activity of cells transfected with miR-146b-5p inhibitor compared to cells transfected with negative control. c: Statistical analysis of the
pathways’ activities of samples with high miR146b-5p level (Samples # 1 to 3) using paired samples Student’s t-test. d: Statistical analysis
of the pathways’ activities of samples with low miR146b-5p level (Samples # 4 to 8) using paired samples Student’s t-test.

Figure 2. Cell signaling pathways endogenous activity in PTCs in relation to miR-146b-5p expression level. The activity of each signaling pathway is calculated by
comparing the normalized luciferase activity in transfected experimental samples (PTC, n = 13) versus control (MNG, n = 3) all without miR-146b-5p inhibitor. Fold
Change = (firefly/renilla ratio of PTC)/(firefly/renilla ratio of MNG). Samples in the luciferase assays were run in quadruplicates. JNK/AP1 is the only pathway that
showed a significant inverse correlation with the level of miR-146b-5p expression (R = −0.91).

414 A. AL-ABDALLAH ET AL.



Figure 3. Immunofluorescence staining showing qualitatively the effect of miR-146b-5p inhibition on AP1 expression in a representative transfected PTC sample. (a)
Representative image showing that the presence of miR-146b-5p inhibitor (green fluorescence) is accompanied by nuclear expression of AP1 (red arrow); in the same
field the absence of the inhibitor (cell indicated by white arrow) has no nuclear AP1. (b) Representative image showing nuclear expression of AP1 (red fluorescence)
in the thyroid epithelial cells (cytokeratin positive – green fluorescence) treated with miR-146b inhibitor, while no nuclear AP1 is detected in the cells transfected
with negative control. Blue stain is the DAPI nuclear stain.

Figure 4. Effect of miR-146b-5p inhibition on the expression of phospho-JNK. (a) Nuclear/cytoplasmic p-JNK (Green) is detected in thyroid cells transfected with miR-
146b-5p inhibitor while control cells are negative. (b) Immunoblot showing protein expression of p- JNK (three isoforms of 46, 54 and 67 kDa) and AP1 (39 kDa) in
thyroid cells transfected with miR-146b-5p inhibitor with less or no expression in cells transfected with negative control.

CANCER BIOLOGY & THERAPY 415



Figure 5. Expression and localization of p-JNK in different thyroid lesions. (a) Immunofluorescence staining of p-JNK (green) is detected in the nuclei of thyroid
follicular cells in NIFTP and in MNG. PTC show positive nuclear p-JNK stain in some cases (picture at the lower left) and negative staining in most of the cases (picture
at lower right). Nuclei are stained blue with DAPI. (b) Bar graph showing that the PTC group with negative p-JNK express a significantly higher level of miR-146b-5p
when compared to the group with positive p-JNK (P = .0001). (c) Bar graph showing that STC1 expression is significantly more downregulated in the PTC group with
negative p-JNK compared to the group with positive p-JNK (P = .01).

Table 2. Expression of STC1 and miR-146b-5p in thyroid tissues.

Mean expression value (ΔCt ± SD) PTC vs. MNG PTC vs. NIFTP

MNG (n = 10) NIFTP (n = 10) PTC $ (n = 20) Fold change p-value* Fold change p-value*

STC1 0.42 ± 1.15 0.53 ± 0.52 2.51 ± 1.38 −4.27 0.0003 −3.95 0.0001
miR-146b-5p 3.78 ± 1.06 3.01 ± 2.87 −0.68 ± 0.47 22.03 <0.0001 12.92 0.0003

$ PTC samples used here are all JNK negative as proved by immunostaining results. *Statistical analysis was done using Student’s t-test.

Figure 6. miR-146b-5p protects PTC cells from cell death in response to oxidative stress (Representative of three independent experiments). (a) Primary thyroid
cancer cells transfected with miR-146b inhibitor showed minimal increased number of dying cells (quadrants B1, B2 and B4; 18%) compared to cells transfected with
negative control (6%). (b) Under oxidative stress conditions, cells transfected with miR-146b inhibitor showed increased number of dying cells (quadrants B1, B2 and
B4; 46%) compared to cells transfected with negative control (9%). Comparing A to B, these results show that in the presence of high endogenous level of miR-146b-
5p, PTC cells are resistant to cell death when exposed to oxidative stress (no significant difference between stress (9%) and no stress (6%) conditions).
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STC1 is a target of miR-146b-5p in PTC

In order to identify the potential miR-146b-5p targets that
might be involved in inhibition of the JNK/AP1 pathway, we
tested the expression of the previously known miR-146b-5p
targets that have JNK related functions, such as interleukin-1
receptor-associated kinase (IRAK1) and TNF receptor-
associated factor 6 (TRAF6).15,21 Screening of the expression
of these targets in transfected thyroid cells by real time PCR
revealed significant increased expression of IRAK1 (4.5 folds
p= 0.045) but not of TRAF6 (1.9 fold, p= 0.197), after miR-
146b-5p inhibition. Screening also revealed STC1 as one of
the molecules with significant gene expression change after
miR-146b-5p inhibition. A search by Target Scan program
identified STC1 as one of the miR-146b-5p targets with seed
location at position 2386-2393 of the STC1 3ʹ untranslated
region. We tested the expression of STC1 in thyroid tissues
and cultured cells by quantitative real time PCR. Our results
showed significant increase in the expression of SCT1 in
thyroid cells transfected with miR-146b-5p inhibitor when
compared to cells with negative control (Table 3). Our results
also showed that STC1 mRNA expression in PTC cases with
high miR-146b-5p level, is significantly down-regulated when
compared to STC1 expression in tissues from MNG and
NIFTP cases with low miR-146b-5p expression (Table 2).
Expression of STC1 was also found to be significantly more
downregulated in PTCs with negative p-JNK compared to
PTCs with positive p-JNK (P= 0.01) (Figure 5c). To test if
the expression of STC1 detected by PCR is due to STC1
expression by thyroid tumor cells specifically, we did immu-
nostaining with STC1 specific antibody. Our preliminary
qualitative results confirmed that STC1 protein is localized
in the cytoplasm and nuclei of the thyroid follicular cells in
MNG, NIFTP and some PTC cases (Figure 7).

Discussion

MiR-146b-5p is associated with a complex network of gene
regulation that could be tissue and stage-dependent, targeting
different mRNA species in different situations. Many studies,
including ours,23 reported the upregulation of miR-146b-5p in
thyroid cancer. However, few only reported on the signal
transduction pathways regulated by miR-146b-5p and their
functional impact in PTC development; These studies have
demonstrated the role of miR-146b-5p in regulating NFκB,
WNT, and TGFβ signaling pathways through targeting of

their adapter molecules, IRAK1, ZNRF3, and SMAD4,
respectively.20–22 In this work, we have demonstrated the role
of miR-146b-5p in regulating the stress-activated protein kinase
pathway and targeting STC1 which is not reported before.

The stress-activated protein kinase/c-Jun N-terminal kinase
(SAPK/JNK) is a subfamily of the mitogen-activated protein
kinase (MAPK) superfamily and has multiple functions in
cancer ranging from cell proliferation to apoptosis depending
on the stimuli and the cell type.36,37 During carcinogenesis,
many stress factors like oncogenic stress, oxidative stress,
hypoxia, cytokines, etc., accumulate and activate the cellular
stress responses. Upon activation by stress stimuli, JNK gets
phosphorylated and is translocated to the nucleus where it
phosphorylates c-jun. This leads to the formation of activator
protein-1 (AP1), a transcription factor that up-regulates the
expression of a wide variety of proteins involved in multiple
cellular mechanisms.38 Our transfection experiments showed
that the relative luciferase activity of the JNK/AP1 pathway
increased significantly after inhibition of miR-146b-5p in PTC
samples with high miR-146b-5p endogenous level (Table 1).
Inhibition of miR-146b-5p had only a minimal effect on the
AP1 activity in other thyroid samples with low miR-146b-5p
endogenous level, and on the activities of other pathways,
which reflects the specific effect of miR-146b-5p on JNK/AP1
pathway. Measurement of the endogenous JNK/AP1 activity in
thyroid cells also showed that its activity is inversely correlated
with the expression of miR-146b-5p in PTC (Figure 2).
Immunofluorescence and immunoblot experiments confirmed
the increased activity of JNK/AP1 after miR-146b-5p inhibition
in cultured PTC cells (Figures 3 and 4). Moreover, our results
showed that the presence of active JNK is associated with lower
miR-146b-5p expression in clinical tissue samples (Figure 5).

AP1 activity can be detected downstream of the mitogen-
activated protein kinases (MAPKs), like ERK, JNK, or p38 path-
ways. Regulation of these pathways involves an immense
network of enzymes, substrates, and regulatory mechanisms
that are beyond the scope of this paper. The luciferase reporter
assays did not show a significant effect of miR-146b-5p inhibi-
tion on the activity of other MAPK related transcription factors
including ELK1, NFκB, and p53 (Table 1). Immunofluorescence
staining of cultured PTC cells showed that ERK, p38, and NFKB
activities are not affected by inhibition of miR-146b-5p (Figure
S1). This can be due to the effect of cell culture environment
affecting the pre-transfection pathways activity in a waymasking
the modulatory effect of miR-146b-5p. Another possibility can
be the lack of proper stimuli to initiate the activity of these
pathways, considering that miR-146b-5p might act as
a promoter and not an initiator in the regulation of these path-
ways. Although we cannot definitely exclude an effect of miR-
146b-5p on ERK and p38 pathways, the increase in AP1 activity
after miR-146b-5p inhibition with no significant changes in
other MAPK related transcription factors (Table 1, Figure S1)
along with the expression pattern of p-JNK in cultured thyroid
cells and PTC tissues, that appeared to be inversely correlated
with miR-146b-5p expression (Figures 3, 4 and 5), indicate that
miR-146b-5p has an inhibitory effect specific for the JNK/AP1
pathway.

Inhibition of AP1 pathway by miR-146b-5p has been
implied in previous studies that investigated miRNA regulation

Table 3. Effect of miR-146b-5p inhibition on the expression of STC1 gene in
thyroid cancer cells.

STC1 expression – ΔCt (SD)

Samples Control +/miR-146b-5p inhibitor Fold Change p-value*

1 1.60 (0.36) −0.93 (1.02) 5.78 0.0003
2 1.29 (0.49) −0.56 (1.04) 3.61
3 −1.92 (1.27) −5.85 (0.40) 15.25
4 2.29 (0.82) −0.56 (0.23) 7.21
5 −0.61 (0.97) −1.93 (0.54) 2.49
6 −0.43 (0.36) −3.22 (0.94) 6.94

Fold change was calculated by comparing expression in cells transfected with
miR-146b-5p inhibitor to that in cells transfected with negative control, using
the 2(-ΔΔCt) formula.

* Statistical analysis was done using paired samples Student’s t-test.
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of the immune response. These studies showed that in immune
cells, miR-146a that has close mature sequence to miR-146b,
targets IRAK1 and TRAF6, which potentially affect several
signaling pathways including the NFkB, p42/p44 MAPK, and
JNK/AP1 pathways.39,40 These studies also suggested that miR-
146b-5p expression is regulated by AP1 and up-regulation of
miR-146b-5p following LPS stimulation could provide
a negative feedback regulation to inhibit the NFkB signaling
in macrophages and monocytes.40,41 On the other hand, studies
in LPS-treated human gingival fibroblasts (HGFs) could not
find similar AP1 dependence. They reported that in HGFs,
miR-146a/b expression was specifically dependent on NFκB
but not ERK or JNK signaling.42 In this study, we showed
that miR-146b-5p affects the expression of IRAK1 but not
that of TRAF6 (Results – Section 5). So although miR-146b-
5p mediated down-regulation of JNK/AP1 pathway activity
might be through targeting IRAK1, this possibility was reduced
by the luciferase results which showed no effect of miR-146b-
5p on the NFκB or ERK signaling activity (Table 1). Worth to
note here, that in our transfection experiments we did not use
any form of immune stimulation similar to the ones used in the
above-mentioned studies. Inhibition of the JNK/AP1 pathway
by miR-146b-5p that we are showing here is not a response to

in vitro immune stimuli but is an endogenous mechanism
characterizing papillary thyroid cancer cells in culture and in
patients’ tissues, which is not reported before.

JNK/AP1 pathway is a key regulator of many cellular events,
including cell death.36–43 JNK/AP1 has pro- or anti-apoptotic
functions, depending on cell type, nature of the death stimulus,
duration of its activation and the activity of other signaling path-
ways. Studies have shown that in response to chronic stress, JNK/
AP1 activates the apoptosis pathway in order to eliminate the
stressed cells. Yet, it is debatable whether JNK is an intrinsic
component of the apoptotic machinery or it only modulates
apoptosis.37,44 Recent studies have demonstrated that the JNK
pathway is an important determinant of the Warburg effect in
tumor cells and provides a mechanistic link between apoptosis
and metabolism.45 It was shown that inhibition of the JNK path-
way promoted the Warburg effect in hepatocellular carcinoma
while enhanced JNK phosphorylation inhibited the Warburg
effect with consequential cell death.46 Our results showed that
miR-146b-5p has a negative regulatory effect on cell death in
PTC cells upon exposure to oxidative stress (Figure 6). Inhibition
of miR-146b-5p without exposure to stress had only a minimal
effect on cell death (Figure 6), which agrees with previously
published findings that activation of the JNK pathway is needed

Figure 7. Immunohistochemistry stain of STC1 in different thyroid lesions. (a) Kidney tissue used as a positive control. (b) MNG, (c) NIFTP, (d, e) PTC, these
cases express low level of miR-146b-5p and show positive STC1 staining in the cytoplasm/nucleus of thyroid follicular cells. (F) PTC sample with high miR-146b-5p
expression showing negative staining of STC1. Scale bar is 20 μM.
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to promote apoptosis but cannot initiate the apoptotic
mechanisms.44–46 We are suggesting here that cancer cells up-
regulate miR-146b-5p to reduce the activity of the JNK/AP1
pathway in order to evade the carcinogenesis related stress
induced cell death. A possibility can be that miR-146b-5p is up-
regulated in PTC in response to the activation of JNK/AP1
pathway by stress stimuli during carcinogenesis, and then acts
in a feedback mechanism to inhibit this pathway and promote
survival.

Stanniocalcin-1 (STC1) is a molecule with multiple biological
functions and with a 3ʹUTR site complementary to miR-146b-
5p. Our results demonstrated that STC1 expression is upregu-
lated in thyroid-cultured cells after miR-146b-5p inhibition
(Table 3). Our results also showed that expression of STC1 in
thyroid tissues has an inverse correlation with the expression of
miR-146b-5p; STC1 mRNA and protein expression in PTC
(high miR-146b-5p level) is significantly downregulated when
compared to STC1 gene expression in MNG and NIFTP (low
miR-146b-5p) (Table 2, Figure 7). These results prove that miR-
146b-5p targets and regulates the expression of STC1 in thyroid
tissues. A recent study reported multiple expression patterns of
STC1 in thyroid tumor cell lines and thyroid tumor tissues that
could not be explained or correlated with the types of cancer.35

Regulation by miR-146b-5p can be the reason for the variable
STC1 expression patterns observed in the above-mentioned
study. Our preliminary results showing high expression of
STC1 in benign cases and lower expression in PTC, suggest
that STC1 functions against malignancy in thyroid cells. Further
investigation of the expression and function of STC1 in thyroid
cancer is needed.

STC1 has been reported previously to be associated with
the activation of the JNK pathway. A recent study in breast
cancer cells showed that phosphorylation of JNK and c-Jun
was increased after STC-1 treatment but not the phosphor-
ylation of ERK and p38.47 Another study showed that STC1
enhances metastatic potential of hepatocellular carcinoma
via JNK signaling.48 Therefore, we can speculate that the
inhibitory effect of miR-146b-5p on JNK activation can be
mediated by, or at least associated with, the inhibition of
STC1 expression in PTC cells. Moreover, it was shown that
STC1 expression reduces cell survival under conditions of
oxidative stress.32 A recent study also reported that STC1
overexpression reduces energy metabolism in hepatocellular
carcinoma leading to a reduction of tumor growth.49

Reduced expression of STC1 and inhibition of JNK/AP1
pathway caused by miR-146b-5p up-regulation in PTC,
possibly constitute a protective mechanism used by cancer
cells to support cellular metabolism and resist death events
in response to cellular stress. The intimate relation of
miRNAs with the cellular stress pathways is revealed in
many studies describing how stress signaling potentially
alters the function of miRNAs and how miRNAs fine-tune
the expression of components of the stress signaling cas-
cades and modulate cellular adaptation to stress.50–54 Since
cellular stress is considered a vector of pathology in many
chronic diseases including cancer, modulation of compo-
nents of the stress response is a promising therapeutic
avenue that can be attained through miRNA manipulation,
and specifically through miR-146b-5p targeting.

Conclusion

The impact of this study is at least two-fold: First, we
showed that miR-146b-5p down-regulates the activation
of JNK/AP1 pathway and protects PTC cells from cell
death in response to oxidative stress. Second, we reported
for the first time that STC1, an emerging stress and carci-
nogenesis-related molecule, is a miR-146b-5p target and
its expression in thyroid cells is controlled by miR-146b-
5p. The ability to modulate the JNK pathway and STC1
expression in cancer cells, advocates miR-146b-5p as one
of the regulators of the stress-induced cell death and
cellular metabolism which offer a novel therapeutic ave-
nue in cancer management.

Materials and methods

Tissue samples

Formalin fixed paraffin embedded (FFPE) thyroid tissues
were obtained from the archives of the histopathology unit
at Kuwait Cancer Control hospital. All cases were microsco-
pically reviewed by two consultant histopathologists (R.H.
A. and N.A.B.) following the WHO classification of endocrine
tumors published in 2017.55 Groups were classified as follows:
Classic PTC (cPTC) includes the conventional infiltrative
PTC composed predominantly of papillae; NIFTP, the non-
invasive follicular neoplasm with PTC nuclear features, clas-
sification was done according to the criteria set by the
Endocrine Pathology Society56 and adopted by the WHO.55

The FFPE samples used in this study were 30 cPTC, 10
NIFTP, and 10 hyperplasia/multinodular goiter (MNG)
cases (used as controls). Fresh thyroid tissues were also
obtained and used for primary cell culture. These were por-
tions of thyroid specimens, of partial or total thyroidectomy,
that could be spared after the routine gross and histopatho-
logical procedures. Taking these specimens did not affect in
any way the quality of the health care provided to the
patients. We are presenting here the results from 16 cases:
13 PTCs and 3 cases of MNG used as controls. Ethical
approval to conduct this study was obtained from the
Kuwait Ministry of Health and from Kuwait University
Health Sciences Center ethics committees. All methods were
performed in accordance with the relevant guidelines and
regulations approved by the ethics committee of Kuwait
Ministry of Health.

Primary thyroid cell culture

Thyroid tissues were transported in transport culture medium
(HBSS solution enriched with 100 U/mL penicillin, 100 μg/mL
streptomycin, and 2.5 μg/mL amphotericin) immediately to our
laboratory. Tissues were digested by incubation in 20 ml of
culture medium enriched with 1.25 mg/ml of Collagenase Type
A and 10 mg/ml of Dispase II at 37°C for 90 min with the
shaker set at around 80 rpm. Dissolved materials were filtered
through a Thermo Scientific Piercer tissue strainer (Sigma) to
remove undigested tissue fragments. Cells were collected by
centrifugation for 5 min at 1200 g. The supernatant was poured
back to the remaining tissue pieces and the procedure was
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repeated several times, until all thyroid tissue was fully dis-
solved. Separated cells were cultured in culture flasks in com-
plete F12 growth medium with 10% fetal calf serum at 37°C
and 5% CO2. The cells were maintained to reach confluence
and media were changed every 3–4 days. Cultured thyroid cells
used to perform the functional tests were obtained from the
first passage (within 1–2 weeks of culture) to avoid possible
overgrowth by fibroblasts. Cells were characterized by immu-
nostaining with cytokeratin specific antibody to confirm that
they are epithelial cells and with thyroglobulin specific antibody
to confirm that they are thyroid follicular cells (Figure 1).

Labeling and transfection of miR-146b-5p inhibitor

The miScript miR-146b-5p Inhibitor (Qiagen) was labelled
with fluorescent dye using the Silencer® fluorescein (FAM™

dye) RNA Labeling Kit (Thermo Fisher- AM1634) following
the manufacture instructions. A mixture containing; 22.5 µL
Nuclease-free Water, 5 µL 10X Labeling Buffer, 15 µL siRNA
at 50 µM and 7.5 µL of FAM™ Labeling Reagent was prepared
and incubated for 1 hr at 37°C in the dark. The labeled siRNA
was precipitated by addition of 5 µL of 5M NaCl, 125 µL cold
100% ethanol and chilling for 30 min at – 20°C. Finally, the
precipitant was pelleted by centrifugation at ≥8,000 x g for 15
min and washed with 175 µL of 70% ethanol. Cultured cells,
at a density of 1 × 106 cells, were transfected using 15 µl of
HiPerFect Transfection Reagent (Qiagen) and 150 ng of
miScript miR-146b-5p Inhibitor (Qiagen) or a negative con-
trol (Qiagen). In all transfection experiments endogenous
miR-146b-5p levels were quantified by real-time PCR before
and after transfection to ensure that transfection of miScript
miR-146b-5p inhibitor strongly reduced the amount of detect-
able endogenous miR-146b-5p.

Luciferase reporter assay

The effect of miR-146b-5p on signaling pathways essential for
carcinogenesis was tested using the Cignal Finder Cancer
Pathway Reporter Array (Qiagen). These reporter assays are
based on dual-luciferase technology. Each reporter consists of
a mixture of a pathway-focused transcription factor-
responsive firefly luciferase construct and a constitutively
expressing Renilla luciferase construct. The pathways tested
here were: MAPK/JNK, MAPK/ERK, NFKB, Hypoxia and p53
with the corresponding transcription factors reporters, AP1,
ELK1/SRF, NFKB, HIF1A and p53 respectively. Cultured cells
were plated at a density of 8 × 104 cells/well in antibiotic free
minimal essential media in 96 well plate containing the tran-
scription factor-responsive reporters, negative control, and
positive control constructs. 1.5 µl HiPerFect Transfection
Reagent (Qiagen) were added to all wells (8 wells for each
pathway); 15 ng of hsa-miR-146b-5p miScript miRNA
Inhibitor (Qiagen) were added in 4 wells and the other 4
wells were kept without the inhibitor to be used as negative
controls. After 48 hours of incubation, the firefly luciferase
activity was stopped by adding 100µl of Dual-Glo® Stop &
Glo® Reagent (Promega). 100µl of the Dual-Glo® Luciferase
Reagent (Promega) containing buffer and substrate were
added and the luminescence was measured by Thermo

Scientific Appliskan Plate Reader. Firefly/Renilla activity
ratios were generated for experimental (with miR-146b-5p
inhibitor) and control (negative control) transfections. The
change in the activity of each signaling pathway is determined
by comparing the normalized luciferase activities of the repor-
ter in experimental versus control transfectants using the
formula, Fold Change = (firefly/renilla ratio of experimental
sample)/(firefly/renilla ratio of control sample). All transfec-
tions were performed in quadruplicate for each of the reporter
assays. Transfection efficiency was estimated by observing
GFP expression (a constitutively expressing GFP construct
containing Monster Green® Fluorescent Protein) in the posi-
tive control wells by fluorescence microscopy.

Reverse transcription and quantitative real-time PCR
amplification

Total RNA from cultured cells and from paraffin-embedded
thyroid tissues was isolated using TRIzol (Ambion) and
miRNeasy FFPE Kit (Qiagen, Hilden, Germany) respectively,
following the manufacturers’ instructions. The yield and qual-
ity of the RNA samples were determined by spectrophotome-
try using 260/280 ratios. Reverse transcription of cDNA was
done using 100 ng of the extracted total RNA and the
miScript II RT Kit (Qiagen) according to the manufacturer’s
instructions. cDNA was mixed with RT2 SYBR Green
Mastermix (Qiagen), and RT2 qPCR Primer Assay specific
primers (STC1 or miR-146b-5p specific) (Qiagen), and ampli-
fication reactions were set in 96-well plates. HPRT was used
as housekeeping gene and PCR reactions were run on an ABI
7500 Fast Block real-time PCR machine. All samples includ-
ing the house keeping genes were run in triplicates and mean
CT value with standard deviation were calculated for each
sample. Expression is calculated using the relative quantifica-
tion method (ΔCt = CT of target normalized to CT of house-
keeping genes). Expression in the test groups are compared to
control group using the formula (ΔΔCT=ΔCT of test group –
ΔCT of control group), and results are finally presented as
fold change (2–ΔΔCT).57

Immunofluorescence and immunohistochemistry stain

Expression and subcellular localization of AP1 and of phos-
phorylated JNK (p-JNK) were tested by indirect immuno-
fluorescence staining and confocal microscopy. Expression
of STC1 was assessed by immunohistochemistry. Staining
was done on FFPE tissue sections or cultured cells grown in
slide dishes and fixed with cold methanol. The antibodies
used were anti-phospho-JNK (Cell signaling), anti-AP1
(Sigma), and anti-STC1 (Santa Cruz). Primary antibodies
were diluted according to manufacturers’ recommendations
and incubated at 4°C overnight. Secondary antibodies labeled
with Alexa Fluor 555 and Alexa Fluor 488 (Invitrogen) or
HRP (Dako), were incubated for one hour at room tempera-
ture. For FFPE tissue sections the nonspecific background was
blocked using blocking solution (Dako) and the staining was
assessed qualitatively and scored as positive or negative.
Positive score is given only when more than 10% of tumor
cells show non-ambiguous staining. Staining of immune cells
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or any infiltrating cells other than the tumor follicular cells
with the anti-p-JNK or anti-STC1 antibodies was not consid-
ered as positivity.

Immunoblotting

20 μg of protein was mixed with loading buffer and rainbow
marker (14,300–220,000 Da, Amersham Pharmacia Biotech
Ltd., U.K.). Electrophoresis was performed using SDS-PAGE
gel (SDS PAGE; 5–14% polyacrylamide gradient gels). Protein
was transferred to PVDF membranes at a stable current of 300
mA overnight at 4°C. The efficiency of transfer was confirmed
by staining the gel with Coomassie blue stain. Blocking was
done for 1 h at room temperature with 10% non-fat dry milk
in TBS-T. The primary antibody diluted in non-fat dry milk
in TBS-T was incubated overnight at 4°C. Membranes were
incubated with the secondary antibody overnight at room
temperature then washed several times. Protein bands were
detected by chemiluminescence using ECL-Plus kit
(Amersham Pharmacia Biotech Ltd.).

Apoptosis assay

Cultured cells were harvested by trypsinization, centrifuged and
washed with cold PBS. The cells were resuspended in 400 µl of
binding buffer (Invitrogen). 2 µl of both Annexin V and
Propidium iodide was added and the cells were incubated on ice
for 20 min. The stained cells were analyzed by flow cytometry.
Oxidative stress was induced by treating the cancer cells with
Paraquat (3 μM) for 24 h before staining and flow cytometry
analysis.

Statistical analysis

The expression level of miR-146b-5p and STC1 gene in PTC,
NIFTP, and MNG groups were compared using student’s
t-test. The difference in gene expression level and cell signal-
ing activity between matched samples (transfected with miR-
146b-5p inhibitor versus controls) was determined using
paired-sample Student’s t-test. In all tests, significance was
considered with a p-value of <0.05.
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