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ABSTRACT

Objective: To confirm feasibility of Cyclin D1 gene as a new target for cancer gene therapy and to verify the
effectiveness of shRNA expression vector-mediated gene silencing.

Methods: A RNA interference DNA template targeting Cyclin D1 gene was designed and synthesized. By ligation,
the fragment was inserted into Pgenesil-1-U6 to constract the recombinant plasmid Pgenesil-shRNA- Cyclin D1. The
identified recombinant plasmid was transfected into ACHN cells with lipofactamine. Cyclin DI mRNA and protein
expression was analyzed by RT-PCR and western-blotting. MTT method was used for observing cell proliferation and
drawing growth curve. The cell cycle and ratios of apoptotic cell were assessed by flow cytometric detection. The
ability of invasion of cell migration was detected by Transwell chamber invasive models.

Results: The plasmid was constructed successfully. After interference, The expression rate of Cyclin DI mRNA
decreased to 0.10+0.04 in Cyclin D1-shRNA(experimental) group and were significantly lower than Pgenesil-NC
(negative) group (0.92+0.03) and ACHN (blank control) group(0.94+0.04)(P<0.05). As well, the expression rate of
Cyclin D1 protein was decreased evidently in experimental group. The results of flow cytometric detection showed
that, including early and late apoptotic cells, the apoptotic ratio of experimental group increased to (37.26+0.60)%
significantly, while, the negative group and blank control group were only (4.62+£0.40)% and (5.95+1.20)%,
respectively. The cell growth curves indicated that the proliferation of experimental group cells was inhibited
significantly(P<0.05) and Transwell results suggested that the abilities of invasion cells transfected with
Pgenesil-CyclinD1-shRNA decreased conspicuously(P<0.05).

Conclusion: The shRNA can inhibit Cyclin D1 expression, specifically and persistently. The down-regulation of
Cyclin D1 expression can inhibit the proliferation and induce the apoptosis of renal cell adenocarcinoma cell line
ACHN.
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INTRODUCTION conversion from G1 phase to S phase™. The current

research found that abnormal expression of CyclinD1
appeared in many human M and was

In mammalian cell cycle, regulating division tumors'™,

and differentiation takes place in the G1 phase and
abnormal expression of cycle proteins in G1 phase are
likely to cause disorder of cell cycle!'. CyclinD1 is
the basic and important regulator in cell cycle
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associated with tumor grade, clinical stage, and even
metastasis, which have a direct impact on the
prognosis of patients™®. In the study, we silenced
the CyclinD1 gene by RNA interference!”'" in order
to observe apoptosis in renal cell carcinoma ACHN
cells, and also to provide the basis that CyclinD1
works as one of metastasis related genes.
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MATERIALS AND METHODS
Cell Line and Materials

The human renal carcinoma ACHN cells line
were purchased from the typical species preservation
center of Wuhan University. Pgenesil-1-U6 plasmid
was purchased from Genesil Biotech Company. Trizol,
Lipofectamine2000, and primers of GAPDH and
CyclinD1 were provided by Invitrogen. Fetal bovine
serum and MEM medium were purchased from
GIBCO Company. RT-PCR reagent kits and related
products were from the Promega Corporation.
CyclinD1 rabbit anti-human polyclonal antibody and
goat anti-rabbit IgG were Santa Cruz Co’s products.
Restriction endonucleases and T4 ligase were
JINGME BIOTECH company’s products. Matrigel
artificial rubber was products from BD Co and
Transwell chambers were from Costar Company.

shRNA Design

The CyclinD1 gene sequence was obtained from
human gene pool (GenBank accession NO. NM-
053056). We determined the interfere site with
software of Dharmacon. Target sequence: TGAACA
AGCTCAAGTGGAA(643 -661). After blast analysis,
no homology was found.

Construct and Identification Recombinant Vector
Pgenesil-CyclinD1-shRNA

CyclinD1 shRNA template was designed with

BamHI and HindllI restriction sites at the end. After
annealing, two single-strand shRNA DNA template
(Genesil Co) became DNA double-strands, and then
were connected by pGenesil-1-U6 empty vector which
was digested by BamHI and HindIIl. We named the
product Pgenesil-CyclinD1-shRNA and identified it
by enzyme cut and sequence. ShRNA template’s sense
strand: 5'-GATCCTGAAAAGCTCAAGTGGAATTC
AAGACGTTCCACTTGAGCTTGTTCATTTTTTGC

GACA-3'. Antisense strand: 3'-GACTTGTTCGAG
TTCACCTTAAGTTCTGCAAGTAATCAACAAGTA

AAAGCTGTTCGA-5". Pgenesil-CyclinD1-shRNA
for unrelated sequences worked as a negative control
and was named Pgenesil-NC.

Cell Culture and Construction of Stable Trans-
fective Cell Lines

ACHN cell culture used MEM medium
containing 10% fetal calf serum and were placed in
incubator with 5% CO2 at 37°C. ACHN cells were
passaged to 24-well plate (1x10° cells each well) at 24
hours before transfection. Pgenesil-NC and Pgenesil-
CyclinD1-shRNA were transfected into ACHN cells.
After 48 h, we singled out the monoclonal cells
transfected successfully by limited dilution and
cultured them in 96-well plates.

RT-PCR and Western-blotting
Cells in 6-well plates were collected and RNA

was extracted. We got the cDNA by reverse trans-
cription (Table 1).

Table 1. The primer and in the study

Upstream primer Downstream primer Fragment
CyclinD1 cDNA  5’CCCACTCCTACGATACGC 3’ 5’TCGTCCTGAAACTCCGTT3’ 332bp
GAPDH cDNA 5’CCACCCATGGCAAATTCCATGGCA3 5’TCTAGACGGCGAGTCAGG TCCACG3’ 600bp

Amplification reaction program: After initial
denaturation for 5 min at 94°C. Denaturation for 45s
at 94°C, annealing for 1min at 50°C, extension for 90s
at 72°C. Finally, experienced 32 times cycle, a
extension was allowed for 10 min at 72°C. The
products were analyzed with sequence and electro-
phoresis, meanwhile, the scanned images were
analyzed quantitatively. Western blotting was used to
analysed expression of CyclinD1 proteins. Added
lysis buffer, cells were centrifuged for 5 min at 4°C
under 15000g, and then collected supernatant, in
which protein content was measured BCA method.

The amount of Spg total protein were electrophoresed
in SDS-PAGE and transferred on a nitrocellulose fliter.
After one hour block, the antibodies against Cyclin
D1 and the second antibodies were added respectively.
The immune reaction was visualized with western blot
immunodetection kit.

Detection of Apoptosis by Flow Cytometry
Cells were collected and were centrifuged for

3mins, and then, washed twice with PBS. The density
was adjusted to 10°/ml by Binding buffer. Five ul
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AnnexinV and PI were added into 100ul above cells.
After incubated at room temperature for 15mins, the
compound was mixed with 400ul buffer. Finally,
samples were analyzed with Flow Cytometer.

Detection of Proliferation

Three groups cells(Pgenesil-NC, CyclinD1-
shRNA and ACHN) were seeded in 96-well plates
with the denisty of 1x10° each well. Respectively,
20ul MTT were poured into the well at 1, 21 3% 4t
5" 6™ day. After incubated at 37°C for 4 hours and
added 150pul DMSO and shocked for 10 mins, the 96
well plates were putted on the Bio-Rad to measure
absorbance (A) at 490-band. Take the mean for cell
growth curve mapping.

Invasion Assays

For invasion assays, transwell polycarbonate
filter was coated with 100ul of matrigel at a dilution
of 1: 20 in serum-free medium and air-dried for 24 h.
4x10* cells in 200ul of serum-free medium were
seeded into the upper chamber and 500pl medium
containing 10% of serum were added into the lower
one. After incubation with 5% CO, at 37°C for 36 h
and 48h respectively, membranes were washed with
PBS, fixed by xylene and stained with Trypan blue.
With water rinsed, trans-membrane cells were
observed and counted by microscopic. The
experiment was performed thrice for three different
cell lines.

Statistical Analysis

All the data were presented as x+s and the
differences among the groups were analyzed by
One-Way ANOVA or SNK-q test with SPSS 10.0
statistical software. The criterion for statistical
signaficance was determined at a level of 0.05. In
comparing the differences of CyclinDl mRNA
expression, apoptotic ratio, absorbance value and
quantity of trans-membrane cells among the groups,
we used One-Way ANOVA method. The dates of
CyclinD1 protein among the groups were analyzed by
SNK-q test.

RESULTS
Identification of pGenesil-CyclinD1-shRNA
After enzyme cutting with and sequencing, it was

confirmed that the shRNA for Cyclin D1 gene had be
inserted into vector successfully.

Observation on Cells with Stable Transfection

After stable transfection, there was no significant
loss of fluorescence intensity with contrastive
observation in light microscopy and fluorescence
microscopy.  The floating cells and cells with
pyknosis increased after 48h, furthermore, cells
decreased rate of growth and extended the cycle
(Figure 1).

Analysis of CyclinD1 Expression Inhibition

Results of RT-PCR showed that compared with
negative and blank control groups, expression of
CyclinD1 mRNA in cells transfected pGenesil-
CyclinD1-shRNA  has  decreased  significantly
(P<0.05) (Figure 2). After assays of CyclinD1 protein
with Western blotting, it was found that the level of
CyclinD1 protein in cells stable expression
CyclinD1-shRNA had declined distinctly, while those
of other two control groups had no significant change
(Figure 3). At the same time, in experimental group
cells, expression of target protein were inhibited
permanently after passaged and monoclone several
times (Figure 4,5).

Figure 1. Three groups’ cells observed with optical and
fluorescence microscope (x400) A: Cyclin D1-shRNA

group; B: Pgenesil-NC group; C: ACHN group
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Figure 2. Cyclin D1 mRNA expression detected by RT-PCR(electrophoretogram). A: Cyclin DI mRNA in ACHN cells  B:

Cyclin D1 mRNA in three groups Lanel-4: Repeated wells
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Figure 3. Western-blot analysis of Cyclin D1 protein in three
groups. Lane 1-3: Cyclin D1-shRNA group, Pgenesil-NC
group, ACHN group
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Figure 4. expression of Cyclin D1 protein in monoclonal cell
from cells with stable transfection. Lane 1-4: down-regulated
expression of Cyclin D1 protein at different periods
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Figure 5. After several passages , down-regulated
expression of Cyclin D1 protein can be detected by Western
Blotting in Cyclin D1-shRNA group cells.

Effect of RNA Interference on Apoptosis

Results of FCM analysis showed that early
apoptotic cells accounted for (1.524+0.20)% of total
cells in the negative group and (2.04+0.50)% in
non-transfected group. While early apoptotic rate
reached (19.03+0.30)% in CyclinD1-shRNA group.
By comparison, Late apoptotic ratio in CyclinDI1-

shRNA group cells reached (18.23 + 0.30)% and the
other two ratios of Pgenesil-NC group cells and
ACHN group cells were only (3.10+0.20)% and
(3.914£0.70)%. There was a significant difference
(Figure 6).
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Figure 6. Analysis of apoptotic cells by flow cytometry in
three groups. A: Cyclin D1-shRNA group; B: Pgenesil-NC
group; C: ACHN group

Impact of Cyclin D1 Down-regulated on Cell
Proliferation

With absorbance value as vertical ordinate and
time as abscissa, cell growth curve was drawn (Figure
7). From the figure, the growth curve of cells
transfected with pGenesil-CyclinD1-shRNA  was
found to be flat and has no obvious proliferative phase.
That means RNA interference to CyclinD1 can slower
the proliferation rate of ACHN cells significantly.
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Figure 7. Growth curve of three groups’ cells
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Changes of Cells Invasion

After building chambers for 36h and 48h, the
number of trans-membrane cells in CyclinD1-shRNA
group were far less than the number of negative group
and blank group(P<0.05, Figure 8). Obviously,
CyclinD1 gene silencing decreased the ability of
ACHN cells invasion.

Figure 8. Invasion of three groups’ cells observed by
Tanswell chamber method(x200)

DISCUSSION

The growth of cells relies on the balanced control
by cycle regulatory factors. Any disorder among them
will result in abnormal cells proliferation and
tumorigenesis. CyclinD1 gene is an important
proto-oncogene proposed recently. CyclinD1 protein
always plays an important role in the cell cycle G1-S
conversion. When CyclinDl combined with
cyclin-dependent kinase 4 (CDK4), the complex will
accelerate cells transformation from G1 phase to enter
S phase and shorten the cycle. On normal condition,
the protein of CyclinD1 will be degrad rapidly when
cells enter into S phase. However, when the gene
over-activated, CyclinD1 will be expressed with a
high level and cycle will be disturbed!' """,

Researches on CyclinD1 with RNA interference
technology have been reported currently!''). People
mostly used small fragments like dsSRNA or siRNA to
transfect cells directly. Under this circumstance, the
RNA is susceptible to be decomposed and difficult to
be maintained a long time. Efficiency of
transfection is low and only transient expression can
be detected'”. In our study, plasmids carrying
shRNA were synthesized and then were transfected
with lipofectin. Entering the cells, shRNA were
identified by RNA enzymes and loop was cut out, so
the shRNA formed. Intracellular expression of shRNA
was maintained with high-copy volume and target
gene was silenced persistently. The effect was
superior to that of siRNA in vitro!'>',

At present, CyclinD1 has been proved to be an
important indicator for prognosis of various tumors.
Compared 47 patients with pancreatic cancer, 12
patients with ductal carcinoma and 10 cases with
normal pancreatic tissue, it was found that CyclinD1

expression had a direct impact on cell’s proliferation
and differentiation in human pancreatic cancer. While
size of tumor, ratio of metastasis and one-year
survival rate has no significant correlation with it. Li
YJ considered that CyclinD1 might be used to assess
the prognosis for tumor'”. Having detecting
CyclinD1 expression of astrocytoma grade from II to
IV in situ hybridization and immunohistochemistry,
Sallinen"®! found that CyclinD1 over-expressed in
different grades and the expressional level of grade IV
was the highest. Dimova I collected more than
1000 cases with ovarian tumors including malignant,
low-grade malignant and benign samples, then used
method of fluorescence in situ hybridization to find
that CyclinD1 amplification rate attained 8.46% in
malignant groups and amplification rate of low-grade
malignant tumors was 8.11%, while no amplification
was found in different grades and stages of benign
tumors. Finally, he draws a conclusion that the
amplication of CyclinD1 gene was an early event in
ovarian cancer. People detected CyclinD1 expression
in patients with papillary thyroid cancer and found
that 20 patients among 22 cases with metastasis had
an over-expression of CyclinD1 protein. By contrast,
the ratio was only 8.8% in cases without metastasis.
At the same time, the results of PCR analysis showed
that there was no gene amplification in cases with
CyclinD1 over-expression. Therefore, they speculated
that abnormal expression of CyclinD1 would be used
to predict metastasis and have no relationship with
gene amplification!'®. Through blot hybridization,
Some people!'®?% found that the expression level of
CyclinD1 in cervical cancer group was higher than
that in atypical hyperplasia group and the difference
was significant which explained, for early cervical
cancer, CyclinD1 was a good marker for evaluating
prognosis. After studing nasopharyn- geal carcinoma,
reseachers thought that CyclinD1 expression
depended on cell cycle. In GO/G1 phase, CyclinD1
expression attained the highest level. In S phase and
G2/M phase, expression decreased. When CyclinD1
gene had been knocked out, proliferation of cells were
inhibited significantly and stagnated in S phase. The
same results were found in renal cell carcinoma.
Amplification and polymorphism of CyclinD1 gene
may be involved in tumor’s proliferation, invasion,
grade and stage which can be used as marker for
differentiation in renal cell carcinoma® . These
outcomes showed that over- expression of CyclinD1
was closely related to proliferation and invasion of
tumor and could be looked as an indicator to
determine prognosis of renal cell carcinoma.

In our researches, RNA interference technology
was used. We constructed the CyclinDIshRNA
expression plasmid vector successfully and
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transferred it into ACHN cells. Cells initially were
screened with G418 and then, using the limited
dilution method and under fluorescence microscopy,
we established the ACHN cells stably expressing
shRNA with monoclonal expansion. Breathe through
many times passages and cryopreservation, the cell
lines still remained stable in characters and CyclinD1
mRNA and protein expression significantly decreased.
It is more important that inhibition of CyclinD1
expression caused ACHN cells to slow down the
speed of proliferation, weaken capacity of migration
and induce apoptosis. The observations showed that
floating cells and cells with pyknosis increased and
rate of growth decreased.
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