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ORIGINAL ARTICLE
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Abstract- Retinoblastoma is the most common intraocular tumor in children resulting from genetic
alterations and transformation of mature retinal cells. The objective of this study was to investigate the effects
of SD-208, TGF-B-RI kinase inhibitor, on the expression of some miRNAs including a miR-17/92 cluster in
retinoblastoma cells. Prior to initiate this work, the cell proliferation was studied by Methyl Thiazolyl
Tetrazolium (MTT) and bromo-2'-deoxyuridine (BrdU) assays. Then, the expression patterns of four
miRNAs (18a, 20a, 22, and 34a) were investigated in the treated SD-208 (0.0, 1, 2 and 3 uM) and untreated
Y-79 cells. A remarkable inhibition of the cell proliferation was found in Y-79 cells treated with SD-208
versus untreated cells. Also, the expression changes were observed in miRNAs 18a, 20a, 22 and 34a in
response to SD-208 treatment (P<0.05). The findings of the present study suggest that the anti-cancer effect
of SD-208 may be exerted due to the regulation of specific miRNAs, at least in this particular retinoblastoma
cell line. To the best of the researchers’ knowledge, this is the first report demonstrating that the SD-208
could alter the expression of tumor suppressive miRNAs as well as oncomiRs in vitro. In conclusion, the
present data suggest that SD-208 could be an alternative agent in retinoblastoma treatment.
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Introduction

Retinoblastoma (Rb), the most common pediatric
cancer of the eye, exists in sporadic and heritable forms
(1). Two kinds of this cancer, bilateral (15% inheritable)
and unilateral (85% non-heritable) have been reported.
This malignancy occurs as part of a familial cancer
syndrome; however, the main ratio of retinoblastoma
arises with no preceding family history (2).
Retinoblastoma is first cancer confirmed to have a
genetic origin (2,3). Although genetic changes in Rb
gene have been frequently reported in retinoblastoma,
the genetic alteration in other biomolecules and genes
such as MYCN oncogene appears to be important in its
pathogenesis  (4-8). Studies have shown that

inappropriate expression or loss of RB function is
associated with other human cancers (9-13).

Today, it is well known that numerous biomolecules
such as micro RNAs (miRNAs) and long non-coding
RNAs (IncRNAs) are implicated in the regulation of
various human cancer genes (14-19). For instance, these
molecules play a vital role in tumor suppressor networks
such as RB gene (20). The expression profile and
biological significance of miRNAs depend on the target
genes and kind  of (tumor
microenvironment). Many researchers determined that a
specific group of miRNAs is highly expressed in
multiple tumor types and turn on some oncogenes while
overexpression of another group leads to the activation
of some tumor suppressor genes. It is quite
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understandable, therefore, that these molecules could be
used as biomarkers and targets for the cancer diagnosis
and therapy, respectively.

In spite of the fact that the survival rate of
retinoblastoma is about 98%, chemotherapeutic
resistance and various side effects of current therapies
are considered the main challenges for this disease.
Studies have shown that the pretreatment evaluation of
retinoblastoma cases is individualized and directed by
the chosen mode of therapy. The present study, for the
first time, investigated the effect of a TGPRI kinase
inhibitor, SD-208, on the regulation of four miRNAs
18a, 20a, 22 and 34a in retinoblastoma

Materials and Methods

Cell culture

The human retinoblastoma Y-79 cell line was
obtained from National Cell Bank of Iran (NCBI)
affiliated to Pasteur Institute (Tehran, Iran). The cells
were grown in suspension at a concentration of 105-106
cells/ml in RPMI-1640 medium (Gibco; Germany)
containing 10% fetal bovine serum (FBS) (Gibco;
Germany), 2 mM L-glutamine, | mM sodium pyruvate,
and antibiotics (100 U/ml of penicillin and 100 pg/ml of
streptomycin). Cell culture condition designed at 37°C
in a humidified atmosphere of 5% C02-95% air.

SD-208 treatment

The treatment of cells with SD-208 (Sigma-Aldrich,
Belgium) was conducted as previously described (21).
Briefly, SD-208 was dissolved in dimethyl sulfoxide
(DMSO) with a concentration of 20 pM and stored at -
20°C. The Y-79 cells in each experiment were treated
using a different range of SD-208 concentrations (as
explain in the below sections).

MTT assay

The cytotoxicity effect of SD-208 was measured by
the MTT assay as previously described (21,22). Briefly,
Y-79 cells were seeded in 96-well flat-bottom
microtitration plates (SPL Life Sciences; South Korea)
at a density of 4x104 cells/well (200 pl media/well).
After reaching to ~85% confluency, the cells were
treated with various concentrations of SD-208 (0.0, 1, 2,
3 uM). In all in vitro experiments, control cells were
incubated with dimethyl sulfoxide (DMSO) alone (with
a final concentration 0.2%).

BrdU assay
The BrdU assay was performed using BrdU ELISA
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kit as previously described (21). Briefly, the Y-79 cells
were seeded in 96-well flat-bottom microtitration plates
at a density of 4x104 cells/well (100 pl media/well).
Then, the cells were treated with SD-208 (0.0, 1, 2, 3
uM) and the cell apoptosis calculated as previously
described (21).

Total RNA extraction

The isolation of total RNA from cells with a cell
density of 80% confluent was conducted using Trizol®
total RNA isolation reagent (Gibco BRL, Life
Technologies, Gaithersburg, MD, USA) according to the
manufacturer’s instructions. To remove any genomic
contamination, the total RNA was treated with RNase-
free DNase I and stored at -70° C for further tests.

miRNA expression analysis by Real-time q-PCR

Four miRNAs (including miR-18a, 20a, 22, 34a)
genes involving in retinoblastoma were selected from
the Sanger  Center miRNA  Registry  at
http://www.sanger.ac.uk/Software/R fam/mirna/index.sht
ml.

The microRNAs expression was analyzed by real-
time quantitative polymerase chain reactions (qPCR)
using the SYBR Green method by the specific primers
for mature forms of aforementioned micro RNAs as per
the manufacturer’s instructions (Parsgenom, Iran). The
real-time q-PCR carried out by poly (A) tailing method
relying on polyadenylation, followed by cDNA
synthesis using a universal oligo(dT) primer. RNU6B
was used as an endogenous (internal) control, and the
data were normalized to the expression level of this
housekeeping gene.

Our protocol consisted of two steps: reverse
transcription (RT) and real-time PCR. First, RNA was
transcripted to complementary DNA (cDNA) using the
poly-adenylation procedure. Briefly, a 20 pl reaction
including 2 pg total RNA, 2 pl of 10X reaction buffer, 2
pl of 10 mM ATP and 1 unit of Poly (A) polymerase
was incubated at 38 °C for 30 min, followed by enzyme
inactivation at 65 °C for 3 min. After polyadenylation,
the cDNA was synthesized using 2 pg of polyadenylated
RNA (RNA poly A tail) and miR-cDNA Syn specific
primers in a reverse transcription reaction. This reaction
was performed in a volume of 10 pl containing 1 pl of
the polyadenylation reaction product, 1 pl of 0.5 mM
universal RT primer, 1 pl of 10 mMdNTP, 0.5 ul of RT
enzyme in. The reaction was incubated at 42 °C for 60
min and then terminated by heating at 85 °C for 5 min.

Diluted cDNAs then were amplified in a 20pl
reaction containing SYBER Green Mastermix, forward
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and reverse miR-specific primers (each 1 pl) and DEPC-
treated distilled water by 35 cycles of PCR amplification
under the following conditions: denaturing at 95 °C for 1
min, annealing at 60 °C for 1 min, and extension at 72
°C for 1 min. Real-time PCR was performed on a Bio-
Rad CFX96 Real-Time PCR System.

All the reactions were performed in triplicate.
Specificity of primers was verified by observing a single
peak dissociation curve for each run. The threshold
cycle (CT) is defined as the fractional cycle number at
which the fluorescence passes the fixed threshold. CT
values were converted into total copy numbers using a
standard curve. The absence of contamination was
verified using non-template controls.

Statistical analysis

Statistical analysis for multiple comparisons of
differences between treatment groups was performed
with SPSS software. The standard error of means was
computed, and analysis of variance (ANOVA, Tukey
post tests) completed via GraphPad Prism 5.0 software.
Gene expression analysis was performed by 24
method via GraphPad Prism 5.0 software. P<0.05 were
considered as statistically significant.

Results

SD-208 decreases proliferation of and induces
apoptosis in Y-79 cells

To determine the inhibitory effect of SD-208on cell
proliferation in Y-79 cells, the cell growth was analyzed
by performing MTT assay with various conditions. The
data resulted from the present study clearly showed that
SD-208treatment significantly reduces the viability of
Y-79 cells in a dose- and time-dependent manner.
Figurel shows the cell response to different drug
concentrations (0.0, 1, 2, 3 uM) for a time course of 24,
48, and 72 h. The results of cell function assays revealed
a significant change in the cell viability in the treated
versus untreated Y-79 cells (P<0.05), especially at 48h
and 72h.
Moreover, to examine whether SD-208can promote
apoptosis in Y-79 cells, we analyzed apoptotic index
using a BrdU experiment in the SD-208treated cells
compared to controls (Figure 2). The apoptotic findings
revealed a significant change in cell death in the treated
versus control cells (P<0.05) at 48h and 72h.
The obtained results show that the cytotoxicity and
apoptosis effects of SD-208on retinoblastoma cell line
are time and dose-dependent. Besides, its apoptotic
effect like its toxicity seems to follow a time and dose-
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dependent manner.

MTT assay
R 24h
100 m T O 48 h
1 72h
) " B & =
=
= 60
@
=
= 40
(6]
20
0
um‘ea\gd pwso 1 2 3

Concentrations of SD-208 (uM)

Figure 1. Effect of SD-208 on the Y-79 cell viability. Y-79 cells were
treated by 0.0, 1, 2 and 3 pM for different time courses. The cell
toxicity was examined by MTT assay and data was reported as the
percentage change in comparison with the controls. Comparison of the
cell viability of Y-79 cells in different concentrations of SD-208 to
controls was analyzed by one-way ANOVA test. Results were
expressed as mean £SEM from three independent experiments. P<0.05

was considered as statistically significant
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Figure 2. Impact of SD-208 on the Y-79 cell proliferation. The Y-79
cells were treated by 0.0, 1, 2 and 3 uM for different time courses. Cell
apoptosis was examined by BrdU assay and analysis of one-way
ANOVA was used to compare the cell apoptosis. Results were
expressed as mean =SEM from three independent experiments. P<0.05

was considered as statistically significant

SD-208regulates
retinoblastoma

To study the ability of the SD-208as a potential
anticancer agent via changing oncogene/tumor
suppressor miRNAs, the researchers partially evaluated
its effects on some miRNA expression. As Figure 3

miRNA expression in



shows, SD-208could significantly upregulate miR-18a,
22a, and 34a (P<0.05) while downregulating miR-20a
(P<0.05) expression in retinoblastoma cells.
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Figure 3. Effect of SD-208 on miRNA expression. Evaluation of the

ffects of SD-208 on miRNA expression was completed by Real-time

g-PCR. SD-208 could significantly upregulate miR-18a, 22a, and 34a
(P<0.05) while downregulating miR-20a (P<0.05) expression

Discussion

It is well established that TGFp signaling pathway
plays a critical role in the normal and abnormal cellular
processes. In this study, we focused on the involvement
of miRNAs in the anticancerous effect of SD-208. We
found that the kinase inhibitor, SD-208, was able to
inhibit TGF-B-evoked proliferation in retinoblastoma via
regulation of cancer-related miRNAs. A few reports
suggested that SD-208 could not be an effective
chemotherapeutic agent in at least some human cancers
(21,23). Although in a study it was shown that SD-208
could decrease the tumor angiogenesis in athymic nude
mice, it was not able to inhibit mammary tumor growth
and metastasis. Most recently, Akbari et al., reported no
significant reduction in cell proliferation and
angiogenesis in human colon adenocarcinoma cells
treated with SD-208 (21).

In contrast, to work described above, accumulated
data have  demonstrated the  potential  anti-cancer
activities of SD-208 (24-26) in distinct malignancies
such as pancreatic (27,28), glioma (25) and melanoma
(24). Mohammad KS defined SD-208 as promising
novel agents for the treatment of human malignant
glioma and other conditions associated with pathological
TGFpB activity. Also, Uhl M demonstrated that the
targeting of TGF- signaling pathway by SD-208 may
prevent the development of melanoma bone metastases.
However, these reports do not address exactly how SD-
208 regulates miRNA expression and the genes which
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are implicated in the cancer therapy.

Our study identified that miR18a to be modulated by
SD-208. The miR18a overexpression seems to be an
important factor in cancer treatment. Krutilina et al.
reported that miR18a expression suppressed distant
metastasis via the hypoxia-inducible factor 1-alpha
pathway (29). Interestingly, it is well known that
neglected or untreated retinoblastoma cases can
demonstrate extraocular spread, primarily through the
optic nerve (30,31). Based on these observations, it
might be possible that the overexpression of miR18a
could be implicated in repressing the metastatic behavior
of intraocular retinoblastoma. In addition, miR-34 and
miR-22 in our study following real time RT-PCR
validation demonstrated a significant upregulation in
treated Y-79 with SD-208 cells as compared to the
controls. The miR-34 family has three members, miR-34
a,b,c. It has been thought that miR-34a is an important
regulator of tumor suppression. This molecule controls
different aspects of cell cycle processes such as
differentiation and apoptosis; Its differential expression
has been detected in different cancer such as breast,
melanoma, pancreatic, and prostate cancer cell lines
(32). However, the exact molecular mechanisms by
which it acts as an anti-oncogenic activity is not well
known. Various studies demonstrated that miR-34a is
regulated by diverse approaches such as p53-dependent
(33-35) and p53-independent mechanisms (36-38).
TGFp signaling pathway as a molecular target for the
miR-34a could also be another proposed model of
function. More recently, a study suggested the capability
of miR-34a to suppress epithelial-mesenchymal
transition (EMT) in human cancer through TGFpB
signaling pathway (39). In addition, a cross talk between
miR-34a, as a complex network interaction could
interpret the miR-34a-mediated apoptosis in cancer. In
this regard, a study using Y79 cells demonstrated that
the expression of miR-34 was elevated after p53
activation (40). Our results, consistent with previous
studies, recommend that miR-34a-triggered cell
apoptosis in response to the SD-208 might open a new
window for better understanding and application of the
kinase inhibitor-based therapy.

Moreover, miR-20a was significantly downregulated
in treated retinoblastoma cells with SD-208 compared to
controls in this study. miR-20 belongs to the miR-17/92
cluster and acts as an important oncogene in several
cancers such as retinoblastoma (41) and targets genes
important in regulating cell proliferation and cancer
development. Previous studies have reported that this
miRNA is involved in cellular proliferation (42) cell
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cycle (43) and invasion activity (41). As it mentioned,
Y-79 cells do not functionally express TGFBRI, a key
component for TGFp signal transduction. Altogether,
these observations postulate another alternative system
by which miR-20a exerts its normal and abnormal
biological function.

The miR-17-92 cluster comprises six miRNAs: miR-
17, miR-18a, miR-19a, miR-19b, miR-20a , and miR-
92a (44). It has been well characterized that the miR-20a
acts as an oncogene in various malignancies cells by
targeting different cell signaling pathways (44-48).
Evidence that the miRNA exhibits oncogenic effects in
retinoblastoma came from distinct studies (49-53). Our
results in agreement with these studies approved the
miR-20a could potentially act as an oncogene in
retinoblastoma.

The most obvious reason to account for the
mechanism(s) by which SD-208 could regulate the
miRNAs in retinoblastoma could be due to different
scenarios. Studies have reported the absence of TGFBRI
in some cancerous cells such as Y-79 (54) and SW48
cells (55). As mentioned before, SD-208 can block the
biological effects of TGFp cascades by inhibiting of the
kinase activity of TGFBRI. In the present study also, we
analyzed the TGFBRI and TGFBRII mRNA expression
in the cells treated with and without the SD-208. We
could not detect their mRNA in all tested samples (data
not shown). Considering this phenomenon; it would be
useful to explain an appropriate relationship between
SD-208 and miRNA regulation under this circumstance.
Our previous results showed that SD-208 could regulate
miRNA-135Db in colorectal cancer (55). Taken together,
our findings support the notion that SD-208 could
potentially regulate the miRNA expression by indirectly
affecting the TGFp signaling (also we called a non-
canonical pathway).

Acknowledgment

This study financially was supported by Tehran
University of Medical Sciences and Arak University of
Medical Sciences.

References

1. Gurney JG, Ross JA, Wall DA, Bleyer WA, Severson
RK, Robison LL. Infant cancer in the U.S.: histology-
specific incidence and trends, 1973 to 1992. J Pediatr
Hematol/Oncol 1997;19:428-32.

2. Hanahan D, Weinberg RA. The Hallmarks of Cancer.
Cell 2000;100:57-70.

356 Acta Medica Iranica, Vol. 54, No. 6 (2016)

10.

11.

12.

13.

14.

15.

16.

Knudson AG, Jr. Mutation and cancer: statistical study of
retinoblastoma. Proc Natl Acad Sci U S A. 1971;68:820-
3.

Rushlow DE, Mol BM, Kennett JY, Yee S, Pajovic S,
Theriault BL, et al. Characterisation of retinoblastomas
without RB1 mutations: genomic, gene expression, and
clinical studies. Lancet Oncol 2013;14:327-34.

Zhou Y, Zhang X, Klibanski A. Genetic and epigenetic
mutations of tumor suppressive genes in sporadic
pituitary adenoma. Mol Cell Endocrinol 2014;386:16-33.

MacGrogan D, Bookstein R. Tumour suppressor genes in
prostate cancer. Seminars in cancer biology. 1997;8:11-9.
Akbari A, Mobini GR, Maghsoudi R, Akhtari J,
Faghihloo E, Farahnejad Z. Modulation of transforming
growth factor-fp  signaling transducers in colon
adenocarcinoma cells induced by staphylococcal
enterotoxin B. Molr Med Rep 2016;13:909-91.

Sabado Alvarez C. Molecular biology of retinoblastoma.
Clin Transl Oncol 2008;10:389-94.

Felsher DW. Role of MYCN in retinoblastoma. Lancet
Oncol 2013;14:270-1.

Parisi T, Bronson RT, Lees JA. Inactivation of the
retinoblastoma gene yields a mouse model of malignant
colorectal cancer. Oncogene 2015;34:5890-9.

Sahi H, Savola S, Sihto H, Koljonen V, Bohling T,
Knuutila S. RB1 gene in Merkel cell carcinoma:
hypermethylation in all tumors and concurrent
heterozygous deletions in the polyomavirus-negative
subgroup. APMIS 2014;122:1157-66.

Tan HL, Sood A, Rahimi HA, Wang W, Gupta N, Hicks
J, et al. Rb loss is characteristic of prostatic small cell
neuroendocrine carcinoma. Clin Cancer Res 2014;20:890-
903.

Karimi A, Majidzadeh-A K , Madjd Z, Akbari A, Habibi
L, Akrami SM. Effect of Copper Sulfate on Expression of
in HepG2 Cells
(Hepatocellular Carcinoma). Biol Trace Element Res
2015;165:131-4

Toki H, Inoue M, Minowa O, Motegi H, Saiki Y, Wakana
S, et al. Novel retinoblastoma mutation abrogating the
interaction to E2F2/3, but not E2F1, led to selective

thyroid

Endogenous L1 Retrotransposons

suppression  of Cancer  Sci
2014;105:1360-8.

Varghese AM, Zakowski MF, Yu HA, Won HH, Riely
GJ, Krug LM, et al. Small-cell lung cancers in patients

J Thorac

tumors.

who never smoked Oncol
2014;9:892-6.

Deng L, Yang SB, Xu FF, Zhang JH. Long noncoding
RNA CCATI1
progression by functioning as let-7 sponge. J Exp Clin

Cancer Res 2015;34:18.

cigarettes.

promotes hepatocellular carcinoma



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hunten S, Kaller M, Drepper F, Oeljeklaus S, Bonfert T,
Erhard F, et al. p53-regulated networks of protein,
mRNA, miRNA and IncRNA expression revealed by
integrated pSILAC and NGS analyses. Mol Cell
Proteomics 2015;14:2609-29.

Sheikhzade M, Akbari A, Karkhaneh R, Ghassemi F,
Sadeghi AR, Shahrzad Kavakani M, Mobini GR, et al.
Digoxin Inhibits Retinoblastoma through Suppressing a
Non-canonical TGFf Signaling Pathway. BIJMMR
2016;15:1-10.

Jin K, Luo G, Xiao Z, Liu Z, Liu C, Ji S, et al. Noncoding
RNAs as potential biomarkers to predict the outcome in
pancreatic cancer. Drug Des Devel Ther 2015;9:1247-55.
Liang WC, Fu WM, Wong CW, Wang Y, Wang WM, Hu
GX, et al. The LncRNA HI19 promotes epithelial to
mesenchymal transition by functioning as MiRNA
sponges in colorectal cancer. Oncotarget 2015;6:22513-
25.

Liz J, Esteller M. IncRNAs and microRNAs with a role in
cancer  development.  Biochim Acta
2016;1859:169-76.

Mirakholi M, Mahmoudi T, Heidari M. MicroRNAs
horizon in retinoblastoma. Acta Med Iran 2013;51:823-9.
Zhou X, Ye F, Yin C, Zhuang Y, Yue G, Zhang G. The
Interaction Between MiR-141 and IncRNA-HI9 in
Regulating Cell Proliferation and Migration in Gastric
Cancer. Cell Physiol Biochem 2015;36:1440-52.
Mirakholi M, Mahmoudi T, Heidari M. MicroRNAs
horizon in retinoblastoma. Acta Med Iran 2013;51:823-9.
Akbari A, Amanpour S, Muhammadnejad S, Ghahremani
MH, Ghaffari SH, Dehpour AR, et al. Evaluation of
antitumor activity of a TGF-beta receptor I inhibitor (SD-

Biophys

208) on human colon adenocarcinoma. Daru 2014;22:47.
Lin SY, Chang HH, Lai YH, Lin CH, Chen MH, Chang
GC, et al. Digoxin Suppresses Tumor Malignancy
Inhibiting  Multiple
Pathways in Non-Small Cell Lung Cancer. PloS One
2015;10:e0123305.

Ge R, Rajeev V, Ray P, Lattime E, Rittling S, Medicherla
S, et al. Inhibition of growth and metastasis of mouse
inhibitor  of
transforming growth factor-beta type I receptor kinase in
vivo. Clin Cancer Res 2006;12:4315-30.

Mohammad KS, Javelaud D, Fournier PG, Niewolna M,
McKenna CR, Peng XH, et al. TGF-beta-RI kinase
SD-208
progression of melanoma bone metastases. Cancer Res
2011;71:175-84.

Uhl M, Aulwurm S, Wischhusen J, Weiler M, Ma JY,
Almirez R, et al. SD-208, a novel transforming growth

through Src-Related  Signaling

mammary carcinoma by selective

inhibitor reduces the development and

factor beta receptor I kinase inhibitor, inhibits growth and

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

P. Fadakar, et al.

invasiveness and enhances immunogenicity of murine and
human glioma cells in vitro and in vivo. Cancer Res
2004;64:7954-61.

Yin JJ, Selander K, Chirgwin JM, Dallas M, Grubbs BG,
Wieser R, et al. TGF-beta signaling blockade inhibits
PTHrP secretion by breast cancer cells and bone
metastases development. J Clin Invest 1999;103:197-206.
Gaspar NJ, Li L, Kapoun AM, Medicherla S, Reddy M,
Li G, et al. Inhibition of transforming growth factor beta
signaling reduces pancreatic adenocarcinoma growth and
invasiveness. Mol Pharmacol 2007;72:152-61.
Medicherla S, Li L, Ma JY, Kapoun AM, Gaspar NJ, Liu
YW, et al. Antitumor activity of TGF-beta inhibitor is
dependent on the microenvironment. Anticancer Res
2007;27:4149-57.

Krutilina R, Sun W, Sethuraman A, Brown M, Seagroves
TN, Pfeffer LM, et al. MicroRNA-18a inhibits hypoxia-
inducible factor 1-alpha activity and lung metastasis in
basal breast cancers. Breast Cancer Res 2014;16:R78.
Jacquemin C, Karcioglu ZA. Detection of optic nerve
involvement in retinoblastoma with enhanced computed
tomography. Eye 1998;12:179-83.

Magramm [, Abramson DH, Ellsworth RM. Optic nerve
involvement  in
1989;96:217-22.
Lodygin D, Tarasov V, Epanchintsev A, Berking C,

retinoblastoma. ~ Ophthalmology

Knyazeva T, Korner H, et al. Inactivation of miR-34a by
aberrant CpG methylation in multiple types of cancer.
Cell Cycle 2008;7:2591-600.

Kovacs B, Lumayag S, Cowan C, Xu S. MicroRNAs in
early diabetic retinopathy in streptozotocin-induced
diabetic rats. Invest Ophthalmol Vis Sci 2011;52:4402-9.

He L, He X, Lowe SW, Hannon GJ. microRNAs join the
p53 network--another piece in the tumour-suppression
puzzle. Nature Rev Cancer 2007;7:819-22.

Raver-Shapira N, Marciano E, Meiri E, Spector Y,
Rosenfeld N, Moskovits N, et al.
activation of miR-34a contributes to pS53-mediated
apoptosis. Mol Cell 2007;26:731-43.

Christoffersen NR, Shalgi R, Frankel LB, Leucci E, Lees
M, Klausen M, et al. p53-independent upregulation of

Transcriptional

miR-34a during oncogene-induced senescence represses
MYC. Cell Death Differ 2010;17:236-45.

Schirmer U, Doberstein K, Rupp AK, Bretz NP, Wuttig
D, Kiefel H, et al. Role of miR-34a as a suppressor of
LICAM in
2014;5:462-72.
Genovese G, Ergun A, Shukla SA, Campos B, Hanna J,
Ghosh P, et al. microRNA regulatory network inference

endometrial  carcinoma.  Oncotarget

identifies miR-34a as a novel regulator of TGF-beta
signaling in glioblastoma. Cancer Discov 2012;2:736-49.

Acta Medica lIranica, Vol. 54, No. 6 (2016) 357



SD-208and retinoblastoma

43.

44.

45.

46.

47,

48.

49.

50.

51.

52.

Qiao P, Li G, Bi W, Yang L, Yao L, Wu D. microRNA-
34a inhibits epithelial mesenchymal transition in human
cholangiocarcinoma by targeting Smad4 through
transforming growth factor-beta/Smad pathway. BMC
Cancer 2015;15:469.

Dalgard CL, Gonzalez M, deNiro JE, O'Brien JM.
Differential microRNA-34a
suppressor function in retinoblastoma cells.
Ophthalmol Vis Sci 2009;50:4542-51.

Fan X, Liu Y, Jiang J, Ma Z, Wu H, Liu T, et al. miR-20a

promotes proliferation and invasion by targeting APP in

expression and tumor

Invest

human ovarian cancer cells. Acta Biochimt Biophys Sin
2010;42:318-24.

O'Donnell KA, Wentzel EA, Zeller KI, Dang CV,
Mendell JT. c-Myc-regulated microRNAs modulate E2F1
expression. Nature 2005;435:839-43.

Pickering MT, Stadler BM, Kowalik TF. miR-17 and
miR-20a temper an E2F1-induced GI1 checkpoint to
regulate cell cycle progression. Oncogene 2009;28:140-5.
Reddycherla AV, Meinert I, Reinhold A, Reinhold D,
Schraven B, Simeoni L. miR-20a Inhibits TCR-Mediated
Signaling and Cytokine Production in Human Naive
CD4+ T Cells. PloS One 2015;10:¢0125311.

He FC, Meng WW, Qu YH, Zhou MX, He J, Lv P, et al.
Expression of circulating microRNA-20a and let-7a in
esophageal squamous cell carcinoma. World J
Gastroenterol 2015;21:4660-5.

Li X, Zhang Z, Yu M, Li L, Du G, Xiao W, et al.
Involvement of miR-20a in Promoting Gastric Cancer
Progression by Targeting Early Growth Response 2
(EGR2). Int J Mol Sci 2013;14:16226-39.

Xiong Y, Zhang L, Kebebew E. MiR-20a Is Upregulated
in Anaplastic Thyroid Cancer and Targets LIMK1. PloS
One 2014;9:¢96103.

Zhao S, Yao D, Chen J, Ding N, Ren F. MiR-20a
Promotes Cervical Cancer Proliferation and Metastasis in

358 Acta Medica Iranica, Vol. 54, No. 6 (2016)

53.

54.

55.

56.

57.

58.

59.

60.

Vitro and In Vivo. PloS One 2015;10:¢0120905.

Beta M, Venkatesan N, Vasudevan M, Vetrivel U, Khetan
V, Krishnakumar S. Identification and Insilico Analysis
of Retinoblastoma Serum microRNA Profile and Gene
Targets Towards Prediction of Novel Serum Biomarkers.
Bioinform Biol Insights 2013;7:21-34.

Ebi H, Sato T, Sugito N, Hosono Y, Yatabe Y,
Matsuyama Y, et al. Counterbalance between RB
inactivation and miR-17-92 overexpression in reactive
oxygen species and DNA damage induction in lung
cancers. Oncogene 2009;28:3371-9.

Guo J, Miao Y, Xiao B, Huan R, Jiang Z, Meng D, et al.
Differential expression of microRNA species in human
gastric cancer versus non-tumorous tissues. J
Gastroenterol Hepatol 2009;24:652-7.

Sylvestre Y, De Guire V, Querido E, Mukhopadhyay UK,
Bourdeau V, Major F, et al. An E2F/miR-20a
autoregulatory  feedback Biol Chem
2007;282:2135-43.

Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A,

Petrocca F, et al. A microRNA expression signature of

loop. J

human solid tumors defines cancer gene targets. Proc Natl
Acad Sci U S A. 2006;103:2257-61.

Kimchi A, Wang XF, Weinberg RA, Cheifetz S,
Massague J. Absence of TGF-beta receptors and growth
inhibitory responses in retinoblastoma cells. Science
(New York, NY) 1988;240:196-9.

MacKay SL, Yaswen LR, Tarnuzzer RW, Moldawer LL,
Bland KI, Copeland EM, 3rd, et al. Colon cancer cells
that are not growth inhibited by TGF-beta lack functional
type 1 and type II TGF-beta receptors. Ann Surg
1995;221:767-76.

Akbari A, Ghahremani MH, Mobini GR, et al. Down-
regulation of miR-135b in colon adenocarcinoma induced
by a TGF-p receptor I kinase inhibitor (SD-208). Iran J
Basic Med Sci 2015;18:856-61.



