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A novel small-molecule compound diaporine A

inhibits non-small cell lung cancer growth
by regulating miR-99a/mTOR signaling
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MicroRNAs (miRNAs) dysregulation is critically involved in lung cancer. Regulating miRNAs by natural agents may be
a new strategy for cancer treatment. We previously found that a novel small-molecule compound diaporine A (D261), a
natural product of endophytic fungus 3/p-10, had potential anti-cancer activites. In the present study, the inhibitory effect
of D261 on non-small cell lung cancer (NSCLC) growth and its possible mechanisms involving miRNA regulation were
investigated. By cell viability assay, cell proliferation analysis, and clonal growth assay, we proved that D261 effectively
inhibited the proliferation of NSCLC cells (NCI-H460 and A549) in vitro. Administration of D261 (5 mg/kg) to NCI-H460
xenografts bearing mice also inhibited tumor growth and decreased the expression of cell proliferation regulator,
midkine. Moreover, D261 induced cell cycle arrest with a reduced expression of various G,/S transition-related molecules
including cyclin D1, cyclin E1, CDK4, and CDK2, but without influencing apoptosis in NSCLC cells. Intriguingly, D261
modified expressions of some miRNAs and especially upregulated miR-99a, whose direct target was mammalian target
of rapamycin (mTOR). Furthermore, overexpression of miR-99a antagonized the anti-tumor actions of D261 including the
suppression of mTOR pathway activation, cell cycle-related proteins and cell growth. In addition, blocking of miR-99a
expression by transfection of miR-99a inhibitors before D261 treatment counteracted the anti-tumor effects of D261.
These data suggest that miR-99a/mTOR pathway was involved in D261-induced tumor suppression in NSCLC cells. D261

might be a potent anti-cancer agent by upregulating miR-99a expression.

Introduction

Lung cancer is the leading cause of cancer-related deaths
globally, and its overall 5-y survival rate is approximately 15%.
Non-small cell lung cancer (NSCLC) is the most common type,
observed in approximately 85% of lung cancers, making it a major
global public health concern.! Of note, microRNAs (miRNAs)
have been proved to be correlated with various human cancers
and function as oncogenes or tumor suppressors.>? Growing evi-
dence indicates that miRNAs could control cancer initiation and
progression by regulating multiple cellular processes, including
cell differentiation, cell cycle, apoptosis, and metastasis.*” Indeed,
miRNA dysregulation is critically involved in lung cancer. For
instance, miR-15a, miR-16, and miR-34a are frequently deleted
or downregulated in NSCLC,%’ and these miRNAs control cell
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cycle progression by inducing cell cycle arrest in G /G ."* The
miR-195 also functions as tumor suppressor in NSCLC, and the
miR-195/MYB axis is a potential therapeutic target for NSCLC
intervention." In addition, miR-99a is downregulated in various
human lung cancer cells/tissues, which associated with mTOR/
FGFR3 pathway that is crucial for controlling tumor growth.'? In
contrast, miR-21 is overexpressed in human squamous cell lung
carcinoma and associated with poor patient prognosis.”® These
studies suggest that the deregulated miRNAs could be potential
therapeutic targets for lung cancer.

Natural agents have shown a wide variety of anti-tumor effects
by different apoptosis inducing mechanisms. Importantly, several
natural agents were found to inhibit cancer progression by regulat-
ing expressions of miRNAs."!® For example, curcumin, derived
from turmeric, was reported to induce human pancreatic cell
apoptosis partly by upregulation of miR-22 and downregulation
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Figure 1. Chemical structure of diaporine A (D261, molecular weight =
606). The purity was confirmed to be >98% by HPLC.

of miR-199a.” Epigallocatechin gallate (EGCG), a major type
of green tea polyphenols, upregulated miR-16 expression and
mediated apoptosis in HepG2 cells.'® Additionally, resveratrol
was convinced to reduce prostate cancer growth and metastasis
by inhibiting the Akt/miR-21 pathway.” All these support that
regulating miRNA by natural compounds should be a new strat-
egy for cancer treatment.

Metabolites of endophytes support a rich resource for discov-
ering novel lead compounds for treating human diseases. Since
2009, we have screened hundreds of newly identified endophyte-
derived products, and excitingly found some functional biomol-

20-22

ecules with the activities of immunomodulation,?*?? anti-inflam-

mation,?** or anti-cancer. Recently, we identified a novel fungal
metabolic product diaporine A (D261) from the culture broth
of endophytic fungus Diaporthe sp. 3lp-10, which is character-
ized by a semiquinone tetragonal structure with epoxide rings
(structure was shown in Fig. 1). To our knowledge, only two ana-
logs, floccosin and xanthoepocin, were reported since 1980s.2%
They were confirmed to have inhibitory effect on mitochon-
drial reactions or antibiotic activity and with no genotoxicity.
To our surprise, D261 displayed a potent anti-cancer effect by
regulating miR-99a. In the present study, we found that D261
efficiently inhibited the viability, proliferation, and colony form-
ing of NSCLC cell lines in a concentration- and time-depen-
dent manner. D261 caused cell cycle arrest at the G, phase and
downregulated the expression of CCND1, CCNEI1, CDK4, and
CDK2. Moreover, D261 also suppressed the growth of cancer in
vivo. Interestingly, D261 upregulated the expression of miR-99a,
which was downregulated in various human lung cancer cells/tis-
sues. Furthermore, miR-99a/mTOR axis was involved in D261-
induced cell cycle arrest. Therefore, our findings demonstrate
that D261 could be a novel lead compound for NSCLC treat-
ment, whose activity could be explained, at least in part, through
regulating miR-99a/mTOR signaling pathway.

Results
D261 inhibits NSCLC cell growth in vitro

The anti-tumor activities of D261 were determined on some
human tumor cell lines from a diverse set of target organs,
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including cervix (HeLa), liver (HepG2), lung (A549 and NCI-
H460), and breast (MCF-7) cancer cell lines. The cells were
treated with D261 (0.625-20 wM) for 48 h and their viabilities
were tested using the CCK-8 assay. As shown in Figure 2A, D261
showed different cytotoxicity on different cells. Among these five
tested cell lines, NCI-H460 (IC, values, 2.087 M) and A549
(IC,, values, 4.514 uM) exhibited more sensitivity to D261 than
other cells (IC,; values, > 20 wM). These results suggested that
D261 had promising antitumor activity against NSCLC. So we
chose human NSCLC cells for further study.

Subsequently, we found that D261 had dose- and time-depen-
dent inhibitory effects on both NCI-H460 and A549 cells in the
concentration of 0.5, 2, and 8 wM for 24, 48, and 72 h of expo-
sure by cell viability assay (Fig. 2B). The maximum inhibition
rate with use of 8 WM for 72 h exposure was 89.2% (NCI-H460)
and 84.9% (A549), respectively.

To confirm the anti-proliferative activity of D261 on NSCLC
cells, we performed cell proliferation analysis using CFSE stain-
ing and analyzed the proliferation index of each group. Results
showed that D261 decreased the generations and the prolifera-
tion index of cells in a dose-dependent manner (Fig. 2C and D).

We further investigated the effect of D261 on clonogenicity
of NCI-H460 and A549 cells. Compared with DMSO-treated
control cells, D261-treated cells displayed notably fewer clonies,
and the cells incubated with 8 WM of D261 even could not form
any clonies (Fig. 2E and F).

D261 suppresses growth of NCI-H460 xenografts in vivo

In order to prove whether D261 had an inhibitory effect on
NSCLC in vivo, we employed a NCI-H460 xenografts nude
mouse model. Body weight (Fig. 3A) and tumor volume (Fig. 3B)
was measured every 3 d, and tumor weights were determined at
autopsy (Fig. 3C). D261 (5 mg/kg) did not alter the body weight
but markedly suppressed the growth and weights of NCI-H460
tumors. As shown in Figure 3B, the mean volume of NCI-H460
tumors at day 21 in the mice who received D261 (3971 + 609.6
mm?) was significantly decreased compared with control mice
(1792 + 185.4 mm?) (P < 0.05). In addition, the difference of
mean tumor weights between these two groups (1.859 + 0.147 g
D261-treated, 1.340 + 0.086 g control diluent DMSO) was sig-
nificant (P < 0.05) (Fig. 3B). No mouse showed signs of wasting
or other signs of organ toxicity (data not shown).

Midkine (MK), a heparin-binding growth factor, is over-
expressed in a wide range of human carcinomas including
NSCLC.?® It is a promising prognostic/diagnostic marker of can-
cer,” and its blockade is found to contribute to tumor cell prolif-
eration.’™ Thus we explored the effect of D261 on MK expres-
sion, as assessing its anti-proliferation activity in vivo. After three
weeks of therapy with or without D261, tumors were removed
from nude mice and the mRNA level of MK was assessed by
qRT-PCR assay. As shown in Figure 3E, MK was significantly
reduced in tumors from mice who received D261. MK was also
decreased in D261 treated NCI-H460 and A549 cells both in the
RNA and protein levels (Fig. S1).

Taken together, we identified D261 as a potential suppressor
of NSCLC both in vitro and in vivo.
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Figure 2. Growth inhibition of human NSCLC A
cells NCI-H460 and A549 induced by D261. (A
and B) Cancer cells were treated with increas-
ing concentrations of D261 for the indicated
times. Cell viabilities were evaluated by the
CCK-8 assay and denoted as a percentage of
vehicle control at the concurrent time point.
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concentrations (0.5, 2, and 8 wM) of D261
for 48 h. To our surprise, D261 almost had
no influence on apoptosis in these cells. Even up to 8 uM, D261
induced only 5.21 + 0.49% and 5.17 + 0.29% of the NCI-H460
and A549 cells to become apoptotic, respectively (Fig. S2). How-
ever, D261 caused evident cell cycle arrest at G phase. As shown
in Figure 4A and B, proportions of S phase were decreased, while
G, populations were marked accumulated with D261 treatment
in these cells. To further confirm the effect of D261 on cell cycle,
we detected the expressions of several G,/S transition-related mol-
ecules, and found that both RNA levels and protein levels of cyclin
DI, cyclin E1, CDK4 and CDK2 were attenuated by D261 in a
dose-dependent manner (Fig. 4C-D). Therefore, we concluded
that D261 repressed NSCLC growth through blocking G,/S
transition.

D261 upregulates miR-99a expression in NSCLC cells

As accumulating evidence suggests that miRNAs are critically
involved in the pathogenesis, evolution and progression of cancer,
we tried to find out whether miRNAs could be involved in the
response of cells to the treatment with D261. We first screened
among several famous tumor-suppressive or oncogenic microR-
NAs, including miR-15, miR-16, miR-34a, miR-99a, miR-195,
miR-9, miR-124, and miR-21. Real-time PCR was performed to
examined the expression of these miRNAs in NCI-H460 and
A549 cells after treatment with D261 (4 wM) for 48 h. Interest-
ingly, out of the 8 miRNAs screened, 4 miRNAs were found to
be upregulated by D261 in NCI-H460 (Fig. 5A) and 2 miR-
NAs were upregulated in A549 (Fig. 5B). Of note, expression
of miR-99a was the most strongly increased in both of the cell
lines. Further, we observed that D261 could upregulate miR-99a
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Figure 3. D261 suppresses NSCLC growth in vivo. Female BALB/c nude
mice with NCI-H460 xenografts were injected intravenously with D261
or DMSO daily for 3 wk. Body weight of mice (A) and tumor volume (B)
were recorded every 3 d. (C and D) Tumor measurement was made after
mice were sacrificed. (E) Midkine (MK) expression of the tumor tissue was
determined by gRT-PCR. Data are shown as mean = SEM (n = 7). *P < 0.05,
**P < 0.01, compared with DMSO control.

expression in a dose-dependent way but not irregularly (Fig. 5C
and D), which suggested that D261 could indeed regulate miR-
99a expression in NSCLC cells.

MiR-99a/mTOR axis is involved in D261-regulated cell
growth and G /S transition

To elucidate the function of miR-99a in D261-induced
cell arrest, A549 cells were transfected with miR-99a mimics
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Figure 4. D261 arrests NSCLC cell cycle progression. (A and B) NCI-H460 or A549 cells were treated with various concentrations of D261 for 48 h. Cell
cycle was determined by FACS and analyzed by modfit software. (C-E) Effects of D261 on G,/S transition-related molecules were determined by qRT-PCR
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Figure 5. D261 upregulates miR-99a expression in NSCLC cells. NCI-H460
(A) or A549 (B) cells were treated with or without D261 (4 uM) for 48 h,
gRT-PCR was performed to determine the relative expression of the indi-
cated micrRNAs. (C and D) MiR-99a fold changes were detected in cells
treated with increasing doses of D261 for 48 h. Data are shown as mean +
SEM of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001
compared with DMSO control.

(mi-99a) or inhibitors (in-99a) before D261 incubation. Trans-
fection of mi-99a for 48 h caused significant upregulation of
miR-99a expression, while transfection of in-99a caused sig-
nificant downregulation of miR-99a expression, as compared
with negative controls (Fig. 6A). As expected, overexpres-
sion of miR-99a inhibited A549 cell viability, but the inhibi-
tion rate (about 33%) was lower than that treated with D261
alone (about 51%) (Fig. 6B). When the cells were transfected
with in-99a before D261 incubation, their viability (88.67 =
3.87%) was higher than those treated with in-NC and D261
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(51.38 + 6.15%) but still lower than the DMSO control cells
(100 = 3.12%) (Fig. 6B).

Given previous reports showed that mTOR was a direct tar-
get of miR-99a in various cancers,'%*% we tended to evaluate
whether mTOR signaling was involved in D261-induced G,
arrest. The predicted consequential pairing of target region of
mTOR and miR-99a was shown in Figure 6C. As supposed,
overexpression of miR-99a in A549 cells induced a significant
downregulation of mTOR protein and the downstream phos-
phorylation of ribosomal protein S6 kinase 1 (S6K1, also known
as p70S6K). D261 alone could inhibit mTOR and phosphory-
lation of p70S6K, while blocked miR-99a by duplex inhibitors
attenuated the inhibition effect of D261 (Fig. 6D and E). The
similar results were shown in the expression of G,/S transition-
related molecules, including cyclin D1, cyclin E1, CDK4, and
CDK?2 (Fig. 6F and G), which may be due to the alteration of
mTOR pathway. In addition, we determined that expression of
activated mTOR by transfection of pcDNA3-Flag mTOR plas-
mid partially rescued D261-induced inhibition of cell growth
(Fig. S3). All these data suggested that miR-99a/mTOR axis
contributed an important part in the anti-cancer effects of
D261. The mechanism of D261 on the inhibition of NSCLC
cell growth was depicted in Figure 7.

Discussion

Dysregulation of cell cycle progression and aberrant activation
of CDKs is a hallmark of many human cancers. Thus, manipula-
tion of cell cycle progression by means of small-molecule inhibi-
tors has long been suggested as a potential treatment option for
cancers. The current data demonstrated that diaporine A (D261)
efficiently caused cell cycle arrest at the G, phase in NSCLC cells
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without influencing apoptosis. Moreover, we showed
that D261 inhibited several G,/S transition-related
molecules including cyclin D1, cyclin E1, CDK4,
and CDK2, in a dose-dependent manner. These sug-
gested that D261 could be a new candidate cell cycle
inhibitor.

MiR-99a is downregulated in several cancer cell
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in NSCLC cells. As such, we showed that overexpres-
sion of miR-99a antagonized the anti-tumor actions

of D261, while inhibition of miR-99a counteracted | Figure 6. MiR-99a/mTOR s involved in D261-regulated G /S transition and cell growth
the anti-tumor activity. in A549. (A) A549 cells were transfected with miR-99a mimics or inhibitors or their

The signaling pathway of mTOR is frequently acti-
vated in human cancers. mTOR is a serine/threonine

negative control oligonucleotides. MiR-99a expression was determined by qRT-PCR
analysis. (B) A549 cells were transfected with miR-99a mimics or inhibitors or their
negative control oligonucleotides 24 h before treated with or without D261 (4 M)

PfOtCiﬂ kinase that regulates cell proliferation, cell for another 48 h. Cell viability was assessed using CCK-8. (C) Predicted consequential
motility, cell survival, protein synthesis, and tran- | pairing of target region of mTOR and miR-99a with Targetscan database. (D) Effects
scription.” There is strong evidence that mTOR is of miR-99a and D261 on the activations of mTOR signaling pathways. A549 cells were

required for cell cycle progression and inhibition of
mTOR activity by rapamycin arrests cells in the G,

treated as in (B), protein levels of mTOR and phosphorylation of p70S6K were ana-
lyzed by western blot. (E) Expression of cell cycle molecules influenced by miR-99a
and D261 were assayed by western blot. Tubulin or GAPDH was performed as a load-

phase of the cell cycle.®” This effect of mTOR on ing control. Images are representative of three independent experiments. Error bars
cell cycle progression is mediated, at least in part, are mean + SEM of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
by the increased translation of mRNAs encoding Lip, Lipofectamine RNAIMAX; mi-99a, miR-99a mimics; mi-NC, negative control mim-

ics; in-99a, miR-99a inhibitors; in-NC, negative control inhibitors.

positive regulators of cell cycle progression, such as
cyclin D1.#! It is, therefore, a potent target for can-
cer therapy.” Various natural anti-tumor compounds including
EGCG, curcumin, and resveratrol have been reported to inhibit
mTOR.** In this study, we demonstrated that D261 treatment
inhibited mTOR protein expression and impaired phosphory-
lation of its downstream p70S6K, which we believe occurred
through miRNA-99a upregulation.

However, regulation of miR-99a/mTOR contributed only a
part in D261’s anti-tumor actions in NSCLC. As shown in Fig-
ure 6, miR-99a mimics inhibited A549 cell viability, but the inhi-
bition rate was lower than that treated with D261 alone; miR-99a
inhibitors counteracted D261’s inhibition rate, but not to 100%.
These data suggested that there might be other mechanisms
involved in the anti-cancer activity of D261. Further investiga-
tion is needed to explain the regulation of D261 on miR-99a
expression.

In conclusion, we had identified a novel small molecule,
D261, for mediating inhibition of NSCLC growth in vitro and
in vivo. The anti-cancer actions could be explained, in part, by
regulating miR-99a/mTOR signaling.
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Figure 7. Mechanism of D261 on NSCLC cell growth inhibition. D261
upregulates miR-99a which directly targets mTOR, thus inhibits phos-
phorylation of S6K (70KD), then induces down-expression of G,/S tran-
sition molecules cyclin D/CDK4 and cycline E/CDK2, and results in cell
growth inhibition.
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Materials and Methods

Cells and reagents

The human cancer cell lines NCI-H460, A549, Hela,
HepG2, and MCF-7 were all purchased from Cell Bank, China
Academy of Sciences. Cells were maintained in RPMI-1640 (for
NCI-H460 and A549) or DMEM (for the others) medium sup-
plemented with 10% (v/v) heat-inactivated fetal bovine serum
(FBS) and 100 U/mL of penicillin, 100 mg/mL of streptomy-
cin at 37 °C under 5% humidified CO,. Antibodies specific to
B-Tubulin (AP0064), cyclin D1 (BS1741), cyclin E1 (BS1086),
CDK2 (BS1049), CDK4 (MB0027), phospho-p70S6K (BS4769),
p70S6K (BS1566), and mTOR (BS1555) were purchased from
Bioworld Technology. Antibodies specific to GAPDH (G9545),
anti-rabbit IgG (A9169), and anti-mouse IgG (A9044) were from
Sigma. Cell Counting Kit (CCK-8, CK-04) was purchased from
DojinDo Molecular Technologies.

D261 was first isolated from the culture broth of symbiotic
fungus named 3/p-10. The purity of D261 was >98% as deter-
mined by high performance liquid chromatography (HPLC). It
was dissolved in DMSO as a stock solution, stored at -20 °C, and
diluted with medium or saline before each experiment.

Cell viability analysis

Different tumor cells were plated in 96-well plates at a den-
sity of 2 x 10 cells/well in media with 10% FBS. After 6 h, the
media were changed to serum-free media and cultured for 24 h.
Then cells were incubated with various concentrations of D261
or DMSO (as control) for indicated times. Cell viability was
assessed using CCK-8 according to the manufacturer’s protocol.
The average optical density formed in control cells was taken as
100% viability, and the results of treatments were expressed as a
percentage of the control.

Proliferation analysis

A549 or NCI-H460 cells were suspended in PBS containing
0.1% bovine serum albumin and labeled with the vital dye car-
boxyfluorescein diacetate succinimidyl ester (C34554, Invitro-
gen) at a final concentration of 2.5 pM for 10 min at 37 °C. After
labeling, the cells were washed three times with cold RPMI-1640
medium containing 10% FBS and plated in 24-well plates. Cells
were than incubated with different concentrations of D261 for
another 72 h. Mean fluorescence intensity was detected by FACS
Calibur using CellQuest software (BD Biosciences) and prolif-
eration index was analyzed using ModFit Software.

Clonal growth assay

Clonal growth assay was performed using 1 x 10° cells/well for
6-well plate. After the incubation with different concentrations
of D261 for 24 h, the cells were changed for fresh medium every
3 d. Seven to ten days later, visible colonies were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet staining
solution. Colonies of >50 cells were counted and analyzed.

Xenograft mouse model

Female BALB/c nude mice with 4-5 wk were purchased from
Model Animal Genetics Research Center of Nanjing University
(Nanjing, China) and treated in accordance with the Guide for
the Care and Use of Laboratory Animals (National Institutes
of Health, USA) and the related ethical regulations of Nanjing
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University. For the xenografts experiment of NCI-H460, approx-
imately 2 x 10° cells were implanted subcutaneously into mice.
After tumors became palpable, the mice bearing NCI-H460
tumors were randomized into two groups (7 mice per group):
group 1, vehicle control (treated with saline with DMSO); group
2, 5 mg/kg D261 via intraperitoneal injection every day for 3 wk.
The body weight of mice and tumor volume were recorded every
3 d. Tumor volume was measured using a vernier caliper and
calculated using the following formula: volume (mm?) = length
x width x width / 2.

Apoptosis and cell cycle analysis

Cells (2 x 10° cells/well) were cultured in 12-well plates,
synchronized by serum deprivation for 24 h then treated with
DMSO or D261 (0.5, 2, or 8 pM) for 48 h. For apoptosis analy-
sis, cells were harvested and washed twice with PBS, and the
Annexin V/PI Kit (BMF500FI, eBioscience) was used accord-
ing to the manufacturer’s guidelines. For cell cycle analysis, cells
were harvested, washed twice in PBS, and then fixed in 70%
ethanol for 24 h. After the removal of ethanol by centrifuga-
tion, cells were washed twice with PBS, and then incubated with
50 wg/mL propidium iodide containing 100 pwg/mL RNase and
0.2% TritonX-100 for 30 min at room temperature in the dark.
The detection was performed by FACS and analyzed by modfit
software.

RNA isolation and real-time quantitative PCR

Total RNA was extracted using the Trizol reagent (Invitrogen)
according to the manufacturer’s instructions. RNA concentra-
tion was measured with the SmartSpec Plus spectrophotometer
(Bio-Rad). RNA integrity was determined using formaldehyde
denaturalization agarose gel electrophoresis. Real-time quantita-
tive PCR was performed as described previously.** The primers
used are shown in Table 1.

Western blot

Cells were treated with or without D261 for 48 h, harvested,
lysed, and blotted as described previously.® For detecting mTOR,
electrophoresis was performed with 8% gel and for others with
10% gel. Protein bands were scanned and quantified using Image
J software.

Transfection of miR-99a mimics or inhibitors

MiR-99a mimics (mi-99a), miR-99a inhibitors (in-99a)
and their negative controls (mi-NC or in-NC) were obtained
from Genepharma. MiR-99a mimics (50 nM) and inhibitors
(100 nM), as well as the negative controls, were transfected using
Lipofectamine RNAIMAX according to the manufacturer’s
instructions (13778075, Invitrogen). MiR-99a expression was
determined 48 h after transfection by real-time PCR. For miR-
99a functional examination, cells were transfected with miR-99a
mimics or inhibitors for 24 h and then incubated with D261 for
another 48 h.

Statistical analysis

All data are expressed as the mean + SEM unless otherwise
indicated. Differences between groups were compared by analy-
sis of variance followed by the post hoc Tukey test to correct for
multiple comparisons. P < 0.05 was taken to indicate statistical
significance. All calculations were performed using the Prism 5

software (GraphPad).
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Table 1. MicroRNA and mRNA primer information

Gene Forward primer (5'-3") Reverse primer (5'-3')
B-actin TCTGGCACCA CACCTTCTA AGGCATACAG GGACAGCAC
CCND1 GCTGCGAAGT GGAAACCATC CCTCCTTCTG CACACATTTG AA
CCNE1 ACTCAACGTG CAAGCCTCG GCTCAAGAAA GTGCTGATCC C
CDK2 CCAGGAGTTA CTTCTATGCCTA TTCATCCAGG GGAGGTACAA C
CDK4 CATGTAGACC AGGACCTAAG G AACTGGCGCA TCAGATCCTA G
CDK6 GCCTTGCCCG CATCTATAGT AGCCAACACT CCAGAGATCC
URP TGGTGTCGTG GAGTCG
U6 CTCGCTTCGG CAGCACA AACGCTTCAC GAATTTGCGT
has-mir-15a ACACTCCAGC TGGGTAGCAG CACATAATG CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGCACA AACC
has-mir-16 ACACTCCAGC TGGGTAGCAG CACGTAAAT CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGCGCC AATA
has-mir-99a ACACTCCAGC TGGGAACCCG TAGATCCGA CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGCACA AGAT
has-mir-124 ACACTCCAGC TGGGCGTGTT CACAGCGGA CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGATCA AGGT
hsa-mir-195 ACACTCCAGC TGGGTAGCAG CACAGAAAT CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGGCCA ATAT
hsa-miR-34a ACACTCCAGC TGGGTGGCAG TGTCTTAGCT CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGACAA CCAG
hsa-miR-9 ACACTCCAGC TGGGTCTTTG GTTATCTAGCT CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGTCAT ACAG
hsa-miR-21 ACACTCCAGC TGGGTAGCTT ATCAGACTGA CTCAACTGGT GTCGTGGAGT CGGCAATTCA GTTGAGTCAA CATC
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