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Abstract
miR-30d has been observed to be significantly down-regulated in human anaplastic thyroid
carcinoma (ATC), and is believed to be an important event in thyroid cell transformation. In this
study, we found that miR-30d has a critical role in modulating sensitivity of ATC cells to
cisplatin, a commonly used chemotherapeutic drug for treatment of this neoplasm. Using a mimic
of miR-30d, we demonstrated that miR-30d could negatively regulate the expression of beclin 1, a
key autophagy gene, leading to suppression of the cisplatin-activated autophagic response that
protects ATC cells from apoptosis. A reporter gene assay demonstrated that the binding sequences
of miR-30d in the beclin 1-3′ UTR was the region required for the inhibition of beclin 1
expression by this miRNA. We further showed that inhibition of the beclin 1-mediated autophagy
by the miR-30d mimic sensitized ATC cells to cisplatin both in vitro (cell culture) and in vivo
(animal xenograft model). These results suggest that dysregulation of miR-30d in ATC cells is
responsible for the insensitivity to cisplatin by promoting autophagic survival. Thus, miR-30d may
be exploited as a potential target for therapeutic intervention in the treatment of ATC.
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1. Introduction
Anaplastic thyroid carcinoma (ATC) is the most aggressive type among thyroid
malignancies. Although ATC represents less than 2% of all thyroid tumors, this neoplasm
causes up to 14%–39% of thyroid cancer-related deaths [1]. The current treatments for
patients with ATC include surgery, radiotherapy and chemotherapy. Nevertheless, these
therapies rarely succeed in improving the prognosis for patients with ATC. One of the
causes for treatment failure is therapeutic resistance. For instance, resistance to
chemotherapy occurs in most patients with ATC [2]. Yet, the underlying molecular
mechanisms of therapeutic resistance remain incompletely understood.

MicroRNAs (miRNAs) are a class of endogenous, 19–25 nucleotides non-coding RNA
molecules that are highly conserved in eukaryotic organisms. miRNAs can bind to the 3′-
untranslated regions (3′-UTR) of the target genes, playing important roles in post-
transcriptional regulation of gene expression through induction mRNA degradation or
translational repression [3]. Because miRNAs have the ability to target numerous mRNAs,
these small RNA molecules operate highly complex regulatory networks and impact the
expression of genes in many pathways that are associated with tumor initiation, development
and progression. [4; 5; 6; 7]. miR-30d is one of the members of the miR-30 family that
locate in human chromosome 8q24.22, and has been reported to be up-regulated in several
types of human cancers [8; 9]. On the other hand, this miRNA is significantly down-
regulated in ATC and chronic lymphocytic leukemia [10; 11; 12], and the down-regulation
of miR-30d was shown to contribute to the development and progression of ATC [13]. Here
we report that the down-regulation of miR-30d in ATC may account for insensitivity of this
type of malignancy to cisplatin, a platinum-containing chemotherapeutic drug commonly
used in treatment of patients with advanced or metastatic ATC, and that the effect of
miR-30d on cisplatin sensitivity is mediated through the beclin 1-regulated autophagy, a
catabolic process of self-digestion of organelles and macromolecules [14]. We found that
miR-30d can negatively regulate the expression of beclin 1, a key autophagy-promoting
gene, and can suppress autophagy and promote apoptosis in the cisplatin-treated tumor cells.
Our study demonstrates that miR-30d is a novel regulator of cisplatin sensitivity in ATC,
and may be exploited as a potential new therapeutic target for reinforcement of the efficacy
of this chemotherapy.

2. Materials and Methods
2.1. Cell lines and cell culture

The human anaplastic thyroid carcinoma cell lines, SW1736 and 8305C, were purchased
from American Type Culture Collection (Manassas, VA). SW1736 cells were cultured in
RPMI 1640 medium supplemented with 10% fetal bovine serum; 8305C cells were cultured
in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum.
Human breast cancer cell line MDA-MB-468, lung cancer cell line H1299, and glioma cell
line T98G were purchased from American Type Culture Collection (Manassas, VA). H1299
cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum;
MDA-MB-468 cells were cultured in Dulbecco’s modied Eagle’s medium supplemented
with 10% fetal bovine serum. T98G cells was maintained in Ham’s F-10/DMEM (10:1)
medium. All of the cell culture media contain 100 U/ml penicillin and 100 mg/ml
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streptomycin. Cells were maintained at 37°C in a humidified atmosphere containing 5%
CO2/95% air.

2.2. Reagents and antibodies
Cisplatin, chloroquine diphosphate, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, Bafilomycin A1 and 3-methyl adenine were purchased from Sigma (St Louis,
MO). Western blot reagents were obtained from Pierce Biotechnology (Rockford, IL). The
antibodies to LC3, β-actin, PARP, caspase-3 and beclin 1 were purchased from Cell
Signaling Technology (Danvers, MA). The mimic and antagomir of miR-30d, and a control
miRNA, were purchased from Invitrogen (Carlsbad, CA). All of the cell culture media and
other reagents were purchased from Invitrogen.

2.3. miRNAs transfection
Cells in exponential phase of growth were plated in 60-mm tissue culture plates at 1 × 106

cells/plate and cultured overnight, and then transfected with a mimic or antagomir of
miR-30d, or a control miRNA (100 nM), using Lipofectamine 2000 and OPTI-MEM I
reduced serum medium (Invitrogen, Carlsbad, CA), according to the manufacturer’s
protocol.

2.4. Plasmid transfection
The pcDNA3.1-FLAG-beclin1 plasmid was synthesized by QIAGEN (Valencia, CA).
Transfection of the plasmid was performed according to the manufacturer’s protocol.
Briefly, cells in exponential phase of growth were plated in six-well cell culture plates at 1 ×
105 cells/well, grown for 24h, and then transfected with the plasmid using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s protocol.

2.5. Western blot analysis
Cells were lysed in M-PER mammalian protein extraction reagent (Pierce Biotechnology,
Rockford, IL) supplemented with a protease inhibitor cocktail (Roche, Indianapolis, IN),
followed by centrifugation at 12 000 × g for 10min. At the end of centrifugation, cell lysates
were collected and protein concentration of the cell lysates were measured. Proteins (10–20
μg) were resolved by SDS–polyacrylamide gel electrophoresis and transferred to PVDF
membranes (Bio-Rad, Hercules, CA). The membranes were then incubated with primary
antibodies in 3% bovine serum albumin/Tris-buffered saline/Tween-20 at 4°C overnight,
followed by incubation with secondary antibodies at room temperature for 1 h. The protein
signals were detected by ECL method.

2.6. Real-time RT-PCR analysis of miRNA
TaqMan® miRNA assays were performed to measure the endogenous mature miRNA
expression. Briefly, miRNAs were converted to cDNA using TaqMan® MicroRNA Reverse
Transcription Kit (Applied Biosystems, Carlsbad, CA), followed by TaqMan® based
quantitate PCR on the Stratagene 3005P Real-Time PCR system using the miRNA-specific
primers from Applied Biosystems. Small nuclear RNA (RNU66) was used as an internal
control. The expression level of miRNA was calculated using MxPro software (Version
4.00, Stratagene).

2.7. Dual luciferase reporter assay
The 1,574 bp fragment of the beclin1 3′-UTR containing the miR-30d targeting sequence
(GTTTACA) was cloned into the psiCHECK™ dual Luciferase reporter plasmid at the 3′
end of the coding sequence of R. reniformis luciferase, as described previously [15]. For the
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reporter assays, cells were cultured to approximately 80% confluence in a 6-well plate, and
then co-transfected with either psiCHECKTM2-WT-BECN-3′-UTR (wild type) or
psiCHECKTM2-MT-BECN-3′-UTR (mutant) vector and the miR-30d mimic for 48 hours.
Firefly and Renilla luciferase activities were measured using the Dual-Luciferase Reporter
Assay system (Promega, Madison, WI), and the Renilla luciferase activity was normalized
to firefly luciferase activity.

2.8. qRT-PCR
Total RNAs were extracted from cells using Trizol Reagent (Invitrogen) according to the
manufacturer’s protocol. qRT-PCR was performed as described previously [15] using the
following primers: the human beclin1: forward: 5′-CAA GAT CCT GGA CCG TGT CA-3′,
reverse: 5′-TGG CAC TTT CTG TGG ACA TCA-3′; the β-actin: forward: 5′-GCC AAC
ACA GTG CTG TCT GG-3′, reverse 5′-GCT CAG GAG GAG CAA TGA TCT TG-3′.
After 40 cycles, data were collected and analyzed using MxPro software (Stratagene, La
Jolla, CA).

2.9. Autophagy assays
Autophagy was measured by using following methods: (1) Western blot analysis of LC3; (2)
microscopic observation of GFP-LC3 puncta. These methods were described previously [16;
17].

2.10. Apoptosis assays
Apoptosis was determined by: (1) flow cytometric analysis of Annexin V and 7-
aminoactinomycin D staining. Briefly, 100 μl Guava Nexin reagent from Millipore
(Bedford, MA) was added to 1×105 cells (in 100 μl) and the cells were incubated with the
reagent for 20 min at room temperature in the dark. At the end of incubation, the cells were
analyzed by a Guava EasyCyte Plus FlowCytometry System (Millipore); (2) Western blot
analysis of the cleaved PARP and caspase-3.

2.11. Cell viability assay
Cellular viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay. Briefly, cells were plated at a density of 5×103 cells/well in 96-well tissue
culture plates and subjected to different treatment. Following a 48h incubation at 37 °C in a
humidified atmosphere containing 5% CO2/95% air, the cells were incubated for another 4 h
with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reagent. The formazan
product was dissolved in dimethyl sulfoxide and read at 570nm on a Victor3 Multi Label
plate reader (PerkinElmer, Boston, MA).

2.12. Animal experiments
SW1736 tumor cells transfected with a miR-30d-lentiviral vector or a control lentiviral
vector were inoculated subcutaneously into 5-week-old BALB/c mice (1×106 cells/mouse).
Twenty days later, the tumor-bearing mice were divided into groups (5 mice/group) and
treated with vehicle or cisplatin (3 mg/kg, q.2d, every other day, i.p.). Tumor volumes were
determined by measuring the length (L) and the width (W) of the tumors and calculating

using the formula: . At the end of the experiment (34 days later), the mice were
euthanized and tumors were surgically dissected. The tumor specimens were either
processed for Western blot analysis or fixed in 4% paraformaldehyde for histopathologic
examination. Animal maintenance and experimental procedures were approved by the
Institutional Animal Care and Use Committee of Soochow University.
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2.13. Statistical analysis
Student t-test was used to analyze the significance of differences. Results with p < 0.05 were
considered statistically significant.

3. Results
3.1. miR-30d acts as a negative regulator of beclin 1 expression

A recent study showed that miR-30d could impair autophagic process by targeting multiple
genes in the autophagy pathway [18]. Consistently, in our study of the roles of miRNAs in
regulation of autophagy, we observed that there were 13 miRNAs showing differential
expressions during activation of autophagy under stressful conditions [15], and among these
miRNAs, the expression of miR-30d had a 19~26% decrease (data not shown).
Nevertheless, the precise mechanism by which miR-30d affects autophagic process remains
unclear. Because the mature sequences are highly conserved between miR-30d and
miR-30a, and miR-30a was discovered by our group to act as a negative regulator of
autophagy through altering the expression of the key autophagy-promoting gene beclin 1
[15], we thus tested whether miR-30d could also target beclin 1 expression. As miR-30a and
miR-30d are predicted to have the same consensus sequences within the 3′UTR of beclin1
(http://pictar.bio.nyu.edu, Figure 1A), we took advantage of the beclin 1 dual luciferase
reporter system that we generated for the study of the role of miR-30a in regulation of beclin
1 expression [15]. As shown in Figure 1B, co-transfection of the human ATC cell lines,
SW1736 and 8305C, with a miR-30d mimic (100 nM) and the reporter gene expression
vector containing the wild-type targeting sequences (psiCHECKTM2-WT-BECN-3′-UTR)
led to a significant reduction of the reporter gene activity, in comparison with the co-
transfection with a control miRNA. By contrast, no reduction of the reporter gene activity
was observed with co-transfection with the reporter gene vector containing the deletion
mutant (psiCHECKTM2-MTBECN-3′-UTR) (Figure 1B). Identical experiments were
performed in T98G glioma, MDA-MB-468 breast caner and H1299 lung cancer cell lines,
and similar results were obtained (data not shown), which further support the role of
miR-30d in regulating beclin 1 expression. These data suggest that similar to miR-30a, the
binding sequences of miR-30d in the beclin 1-3′ UTR is the region required for the
miR-30d-mediated inhibition of beclin 1 expression.

To further demonstrate the effect of miR-30d on beclin 1 expression, we transfected
SW1736 and 8305C cells with a mimic of miR-30d or a control miRNA, and then examined
the expression of beclin 1 in the cells treated with avehicle or cisplatin, a chemotherapeutic
agent commonly used in treatment of solid tumors including ATC and known to induce
autophagy [19; 20]. Figure 1C shows that introduction of the miR-30d mimic decreased the
expression of beclin 1 mRNA in both of the cell lines treated or untreated with cisplatin.
Expression of Beclin 1 protein was also inhibited by the miR-30d mimic (Figure 1D).
Similar effects of miR-30d on beclin 1 mRNA and protein expression were observed in
T98G glioma, MDA-MB-468 breast caner and H1299 lung cancer cell lines (data not
shown), validating the role of miR-30d in regulation of beclin 1 expression. These results
demonstrate that beclin 1 is a putative target for miR-30d, and that miR-30d has a negative
role in the regulation of beclin 1 expression.

3.2. Cisplatin-induced autophagy is blunted by a miR-30d mimic in ATC cells
As miR-30d is frequently down-regulated in ATC and cisplatin treatment activates
autophagy, we next determined whether the down-regulation of miR-30d in ATC likely
plays a role in modulating the efficacy of cisplatin through altering autophagy. We
examined the effect of miR-30d on autophagy in the ATC cells treated with this drug. Figure
2A shows that treatment of SW1736 and 8305C cell lines with cisplatin (30μg/ml) caused a
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robust activation of autophagy, as indicated by the increases in the amount of LC3 II (Figure
2A) and in the number of GFP-LC3 puncta (Figure 2B). At 24 hr after cisplatin treatment,
autophagy activity reached a greatest level (Figure 2A). LC3 II levels were further elevated
in the presence of bafilomycin A1 (Figure 2A), a late-phase autophagy inhibitor that
prevents autophagosome–lysosome fusion and LC3 II degradation, indicating an increase of
autophagic flux in the cisplatin-treated ATC cells. Notably, transfection of SW1736 and
8305C cells with the miR-30d mimic blunted their autophagic response to cisplatin, as
compared to the transfection with a control miRNA (Figure 3). These experiments indicate
that miR-30d can suppress the autophagic response induced by cisplatin treatment.

3.3. The miR-30d mimic can sensitize ATC cells to cisplatin
We previous demonstrated that the cisplatin-induced autophagy was cyto-protective in
ovarian cancer and some other types of cancer cells [17]. Here, we sought to understand how
autophagy activated by cisplatin affects the survival of ATC cells and how suppression of
the cisplatin-activated autophagy by miR-30d affects their sensitivity to this drug. Figure 4A
shows that co-treatment of ATC cell lines with cisplatin and 3-methyl adenine (3-MA) or
chloroquine, the inhibitors of autophagy, caused a greater cytotoxicity in the treated cells, as
compared with the treatment with cisplatin alone. The increased cytotoxicity was
accompanied by enhanced apoptosis, as evidenced by the increases in the levels of the
cleaved PARP, cleaved caspase-3, and Annexin V staining (Figure 4B and Figure 4C).
These results indicate that autophagy has a cyto-protective role in ATC cells subjected to
cisplatin treatment.

Because the cisplatin-activated autophagy could be blunted by the miR-30d mimic (Figure
3), we next tested the effect of miR-30d mimic on sensitivity of ATC cells to cisplatin.
SW3716 and 8305C cells were transfected with a mimic of miR-30d or a control miRNA,
and then were tested for their sensitivity to cisplatin. Figure 5A shows that the cells
transfected with the miR-30d mimic had a significantly greater sensitivity to cisplatin than
the cells transfected with a control miRNA. The miR-30d mimic also significantly
augmented the cisplatin-induced apoptosis in the ATC cells, as shown by the increases in
Annexin V staining and in the amounts of the cleaved caspase-3 and cleaved PARP (Figure
5B and Figure 5C). These results indicate that miR-30d can sensitize ATC cells to cisplatin
by suppressing the drug-induced autophagic response.

3.4. Forced expression of beclin 1 can rescue the down-regulation of autophagy caused by
the miR-30d mimic

To further prove the role of miR-30d in suppressing the beclin 1-mediated autophagy, we
co-transfected SW3716 and 8305C cells with the miR-30d mimic and a beclin 1 expression
plasmid, and then measured the protein levels of beclin 1 and LC3 II. Figure 6A shows that
ectopic expression of beclin 1 rescued the down-regulation of autophagy in the cells
transfected with the miR-30d mimic, as reflected in the level of LC3 II, a marker for
autophagy. Moreover, in the ATC cells transfected with the miR-30d mimic, ectopic
expression of beclin 1 also decreased the cisplatin-induced apoptosis, as evidenced by the
decreases in the amounts of the cleaved PARP and cleaved caspase-3 (Figure 6A), and in
Annexin V staining (Figure 6B). These results confirmed that the effect of miR-30d on
autophagy is mediated through modulating the expression of beclin 1, thereby affecting
cellular sensitivity to cisplatin.

3.5. The miR-30d mimic enhances the antitumor efficacy of cisplatin in an ATC xenograft
mouse model

To determine whether the observed role of miR-30d in modulating the sensitivity of ATC to
cisplatin could be recapitulated in vivo, we evaluated the antitumor efficacy of cisplatin in
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mice inoculated with the SW1736 cells transfected with either a miR-30d-lentiviral plasmid
(SW1736/miR-30d) or a control plasmid (SW1736/control). In these experiments, tumor-
bearing mice were treated with cisplatin i.p., every other day for 2 weeks, and the tumor
volumes were monitored daily. Figure 7A shows that the tumor-inhibitory action of cisplatin
was significantly greater in the mice bearing SW1736/miR-30d tumors, as compared with
that in the mice bearing SW1736/control tumors. In the absence of cisplatin treatment, there
were no differences in the tumor growth between the SW1736/control and SW1736/
miR-30d tumors. Western blot analyses of the tumor specimens showed that the SW1736/
miR-30d xenografts had decreased levels of beclin 1 expression and autophagy (as indicated
by the amount of LC3 II) after cisplatin treatment, as compared with the SW1736/control
xenografts (Fig 7B). TUNEL staining displayed that the numbers of the tumor cells positive
for TUNEL staining were higher in the SW1736/miR-30d tumors than that in the SW1736/
tumors following treatment with cisplatin (Figure 7C). By contrast, immunohistochemistry
staining for Ki67, a marker of cell proliferation, was higher in the SW1736/control tumors
than that in the SW1736/miR-30d tumors (Fig. 7D). These observations provide further
evidence for the role of miR-30d in determining the ATC sensitivity to cisplatin.

4. Discussion
The role of miRNAs in regulation of autophagy, an important cellular process that impacts
cell fate, has been increasingly appreciated in recent years. For example, miR-375 was
shown to inhibit autophagy by suppressing the expression of ATG7 thereby impairing
viability of HCC cells under hypoxic conditions [21]. miR-101 was reported to act as a
potent inhibitor of autophagy by targeting STMN1, RAB5A and ATG4D [22]. We previous
reported that miR-30a suppresses stress-induced autophagy through inhibition of Beclin 1
expression [15]. In the current study, we demonstrate that miR-30d, a member of the miR-30
family, acts similarly to miR-30a in regulating autophagy. We show that miR-30d regulates
autophagy by directly targeting the binding sequences in the beclin 1-3′ UTR, affecting the
expression of this key autophagy-promoting protein (Fig. 1). These results provide a
mechanistic support for the reported involvement of miR-30d in regulation of autophagy
[18].

It has been reported that miR-30d is frequently down-regulated in ATC [10; 11]; yet the
association of the under-expression of this miRNA with the development and progression of
ATC is unclear. To explore the implication of the down-regulation of miR-30d in ATC, we
determined the effects of miR-30d on sensitivity of ATC cells to cisplatin, a platinum
compound known to induce autophagy [19; 20]and widely used for the treatment of many
types of cancers including ATC. Our results showed that miR-30d mimic could blunt the
cisplatin-activated autophagy (Fig. 2 and 3), and sensitize ATC cells to this
chemotherapeutic agent both in vitro (Fig. 5) and in vivo (Fig. 7). Collectively, this study
suggests that the miR-30d under-expression observed in ATC cells may contribute to
cisplatin insensitivity, which is mediated by increased expression of Beclin 1 and induction
of autophagy.

Multiple mechanisms are known to contribute to cisplatin resistance, including increased
repair of DNA damage, decreased intracellular accumulation of the drug, and reduced
apoptosis [23]. Activation of autophagy has recently been appreciated as a new determinant
of resistance to cisplatin [17; 19; 24; 25]. Here, we demonstrate that the miRNA, miR-30d,
plays an important role in modulating cisplatin sensitivity, and the effect of miR-30d on
cisplatin sensitivity is mediated through autophagy regulation. We also show that
suppression of autophagy by the miR-30d mimic enhances sensitivity of ATC cells to
cisplatin and augments apoptosis induced by this drug (Fig. 6 and 7). It appears that there
exists a cross-talk between autophagy and apoptosis in cancer cells subjected to cisplatin
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treatment; however, the precise mechanisms and pathways involved remain to be
investigated. Additionally, miR-30d can affect cancer cell sensitivity to the histone
deacetylase inhibitor, trichostatin A, via down-regulating GRP78 expression [26]; down-
regulation of miR-30d was observed in drug resistant ehrlich ascites tumor cells, which
contributes to the drug-resistant phenotype by targeting Fox gene family-Zeb1/Zeb2 [27].
Thus, miR-30d may act as a modulator of sensitivity to various drugs through different
molecular pathways and mechanisms in addition to autophagy.

It has been known that the members of the miR-30 family show high sequence similarity
and share common target gene(s), regulating a particular cellular process. For instance,
miR-30 family members were reported to regulate mesenchymal-epithelial transition (EMT)
through targeting SMAD2 and TGFBR1 [28] and to regulate hedgehog signaling pathway
through targeting smoothened [29]. Also, it has been shown that both miR-30a and miR-30d
play a role in regulation of adipogenesis by targeting the transcription factor RUNX2 [30].
In this and a previous study [15], we found that miR-30d and miR-30a can target the same
region within the 3′UTR of beclin 1 gene, regulating beclin 1 expression. Thus, our results
are consistent with others’ observations as mentioned above. Although these two miRNAs
share the same target, in the current study we focused on the implication of miR-30d, which
is frequent down-regulated in human anaplastic thyroid carcinoma, in regulating beclin 1
expression and autophagy activity. In addition to in vitro (cell culture) and in vivo (animal)
experiments, we demonstrated the effect of miR-30d mimic on beclin 1 expression using a
reporter gene system (Figure 1), which clearly showed the role of this miRNA in regulating
beclin 1 transcription.

Taken together, our study not only displayed how miR-30d regulates autophagy activity and
impacts sensitivity of ATC cells to cisplatin, but also revealed the potential clinical
implication of the down-regulation of this miRNA in ATC, a thyroid neoplasm that often
responds poorly to therapies. These results suggest that therapeutic targeting of miR-30d
down-regulation may be explored as a novel approach to preventing drug resistance or
reinforcing the efficacy of chemotherapeutic drugs such as cisplatin in ATC.
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Figure 1. miR-30d down-regulates beclin 1 expression by directly targeting its 3′-UTR
(A) Base pairing complement suggested the putative miR-30d binding position at 3′-UTR of
beclin 1. (B) Luciferase reporter assays. Cells were co-transfected with either
psiCHECKTM2-WT-BECN-3′-UTR or psiCHECKTM2-MT-BECN-3′-UTR vector and a
miR-30d mimic or a control RNA. Firefly and Renilla luciferase activities were measured
using the Dual-luciferase Reporter Assay system (Promega), and Renilla luciferase activity
was normalized to firefly luciferase activity. Results shown are the mean ± SD of triplicate
determinations from one of three identical experiments. **P<0.01, t-test. (C and D)
SW1736 and 8305C cells transfected with a mimic of miR-30d (100 nM) or a control RNA
(100 nM) were treated with the indicated concentration of cisplatin (30 μg/ml) for 24 h. At
the end of treatment, (C) beclin 1 mRNA expression was measured by real-time PCR and
calculated by 2−ΔCt method; (D) beclin 1 protein from above cells was detected by Western
blotting, β-actin was used as a loading control. Data shown are the representative of three
identical experiments. *P<0.05 and **P<0.01, t-test.
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Figure 2. Cisplatin induces autophagy in anaplastic thyroid cancer (ATC) cells
(A) SW1736 and 8305C cells were treated with 30 μg/ml of cisplatin for 6h, 12h, 24 h and
48h in the absence or presence of 10 nM of bafilomycin A1. At the end of treatment, cell
lysates were prepared, resolved by SDS–polyacrylamide gel electrophoresis and subjected to
western blot analysis using anti-LC3 or β-actin antibodies, respectively. β-actin was used as
a loading control. Data shown are the representative of three identical experiments. (B)
SW1736 and 8305C cells were transfected with a GFP-LC3 plasmid, followed by treatment
with the indicated concentration of cisplatin for 24 h. At the end of treatment, the cells were
inspected under a fluorescence microscope. Quantitation of the GFP-LC3 puncta was
performed by counting 20 cells for each sample, and average numbers of puncta per cell
were shown. The bars are the mean±s.d. of triplicate determinations; results shown are the
representative of three identical experiments. **P<0.01, t-test, cisplatin versus vehicle.
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Figure 3. MiR-30d mimic blunts autophagy in ATC cells treated with cisplatin
(A) SW1736 and 8305C transfected with a mimic of miR-30d (100 nM) or a control RNA
(100 nM) were treated with the indicated concentration of cisplatin for 24 h in the absence
or presence of 10 nM of bafilomycin A1. At the end of treatment, cell lysates were prepared,
resolved by SDS–polyacrylamide gel electrophoresis and subjected to western blot analysis
of LC3 and β-actin, respectively. β-actin was used as a loading control. Data shown are the
representative of three identical experiments. **P<0.01, t-test. (B) SW1736 and 8305C with
or without a mimic of miR-30d (100 nM) were transfected with a GFP-LC3 plasmid,
followed by treatment with the indicated concentration of cisplatin for 24 h. Quantitation of
GFP-LC3 puncta was performed as described in Figure 1. The bars are the mean±s.d. of
triplicate; results shown are the representative of three identical experiments. **P<0.01, t-
test.
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Figure 4. Inhibition of autophagy by 3- methyl adenine (3-MA) and chloroquine enhances
sensitivity of ATC cells to cisplatin
(A) SW1736 and 8305C cells were treated with the indicated concentrations of cisplatin for
48 h in the presence or absence of 3-MA (2 mM) or chloroquine (2.5 mM). At the end of
treatment, cell viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay; (B, C) SW1736 and 8305C cells were treated with the
indicated concentration of cisplatin for 24 h in the presence or absence of 3-MA (2 mM) or
chloroquine (2.5 mM). Apoptosis was determined by: (B) western blot analysis of cleaved
PARP and cleaved caspase-3. Data shown are the representative of three identical
experiments. **P<0.01, t-test. (C) flow cytometric analysis of Annexin V staining. The bars
are the mean±s.d. of triplicate determinations; results shown are the representative of three
identical experiments. *P<0.05 and **P<0.01, versus control, t-test.
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Figure 5. MiR-30d mimic increases sensitivity of ATC cells to cisplatin
SW1736 and 8305C cells transfected with a mimic of miR-30d (100 nM) or a control RNA
(100 nM) were treated with the indicated concentrations of cisplatin for 48 h. At the end of
treatment, (A) cell viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay. Each point represents mean±s.d. of triplicate
determinations; results shown are the representative of three identical experiments. *P<0.05
and **P<0.01; (B, C) apoptosis was determined by flow cytometric analysis of Annexin V
staining (B) and by western blot analysis of cleaved PARP and cleaved caspase-3 (C). β-
actin was used as a loading control. Data shown are the representative of three identical
experiments. **P<0.01, t-test.
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Figure 6. Forced expression of beclin 1 diminishes the sensitizing effect of miR-30d mimic on
cisplatin-induced apoptosis in ATC cells
SW1736 and 8305C cells with miR-30d mimic were transfected with an empty control
vector or beclin 1-expressing plasmids for 24 h, followed by treatment with the indicated
concentration of cisplatin for another 24 h. At the end of treatment, cell lysates were
prepared and analyzed for protein levels of beclin 1, cleaved PARP, and cleaved caspase-3
by Western blot analysis (A). Data shown are the representative of three identical
experiments. **P<0.01, t-test. Apoptosis was determined by flow cytometric analysis of
Annexin V staining (B). Each point represents mean ± SD of triplicate determinations;
results shown are the representative of three identical experiments. **P < 0.01, t-test.
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Figure 7. Mimic expression of miR-30d enhances the efficiency of cisplatin in augmenting
apoptosis and blocking proliferation of implanted tumor cells
(A) Tumor sizes in mice treated with or without various reagents including 3 mg/kg body
weight cisplatin or 3 mg/kg body weight cisplatin plus lenti-miR-30d or lenti-vector. Tumor
size was measured every two days after cisplatin treatment. Each point represents mean ±
SD; results shown are the representative of 3 identical experiments. *, P < 0.05; **, P <
0.01, t test. (B) Western blot analysis of LC3-I, LC3-II, and beclin 1 in implanted tumors.
Data shown are the representative of three identical experiments. **P<0.01, t-test. (C)
TUNEL staining in paraffin sections of the tumors. (D) Expression of the cell proliferation
marker, Ki67, in paraffin sections of the tumors. Scale bar, 50 μm.

Zhang et al. Page 17

Biochem Pharmacol. Author manuscript; available in PMC 2015 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


