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ABSTRACT. Parathyroid hormone-related protein (PTHrP) is a 
protein member of the parathyroid hormone family that regulates the 
dynamic balance between blood and bone calcium during lactation. 
However, the mechanism of its regulation is not very clear. In order 
to establish a framework for further functional studies of the PTHrP 
gene in goat mammary gland epithelial cells during the lactation 
period, PTHrP cDNA was isolated from Xinong Saanen dairy goats. 
Its coding sequence is 534 bp in size. We also designed a short hairpin 
RNA (shRNA) to efficiently inhibit PTHrP expression and constructed 
recombinant adenoviruses carrying a template encoding this shRNA 
(AD-PTHrP-322) using the Block-iT shRNA interference system. 
Finally, the inhibition of PTHrP expression by the recombinant 
adenoviruses was confirmed by quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR) and Western blotting. qRT-PCR 
results showed that the expression of PTHrP mRNA in mammary 
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epithelial cells was downregulated by 29.2, 68.1, and 82.6% 24, 48, and 
72 h after the cells were infected with AD-PTHrP-322, respectively. 
Western blotting also showed that the expression of PTHrP was reduced 
in a time-dependent manner. These results suggest that AD-PTHrP-322 
significantly inhibits the expression of PTHrP.
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INTRODUCTION

Parathyroid hormone-related protein (PTHrP) was originally discovered as a tumor 
product that causes humoral hypocalcemia of malignancy (Philbrick et al., 1996). It is also 
widely expressed in fetal and adult tissues and is a key regulator of cellular calcium trans-
port and smooth muscle cell contractility, as well as a crucial factor in cell proliferation, 
development, and differentiation (Kremer et al., 2011). PTHrP is involved in a wide range 
of developmental and physiological processes. It is secreted into the circulation by the lac-
tating mammary gland and it regulates the concentration of serum calcium during lactation 
(VanHouten et al., 2003; Lozano et al., 2009; Hildreth et al., 2010). It stimulates the secre-
tion of calcium, phosphate, and magnesium in milk and it might foster the development of 
the mammary glands (Barlet et al., 1992; Onda et al., 2010). PTHrP is necessary for the 
maintenance of the mammary bud. Loss of PTHrP or its receptor causes the mammary bud 
cell to revert to an epidermal fate. In lactation, it may regulate the mobilization of binding 
of the ligand with the calcium-sensing receptor, the transfer of calcium to the milk, as well 
as placental transfer of calcium (Hens and Wysolmerski, 2005; Hens et al., 2007). This 
evidence suggests that PTHrP plays an important role in regulating the dynamic balance 
between blood calcium and bone calcium during the lactation period. However, the mecha-
nism of the regulation of this gene is not currently understood.

RNA interference (RNAi) is a normal phenomenon in eukaryotic cells that protects 
the cells from viruses and inhibits the expression of specific genes through the action of small 
interfering RNAs (siRNAs) (Gaither and Iourgenko, 2007). RNAi was also recognized as a 
major means of gene regulation and a powerful tool for functional gene analysis in mamma-
lian cells (Barik, 2005; Huai and Ma, 2009). 

In order to understand the mechanism by which PTHrP regulates the concentration 
of serum calcium during lactation, we constructed recombinant adenoviruses carrying the 
template for a small hairpin RNA (shRNA) that efficiently reduces PTHrP expression. The 
sequence of the shRNA was designed based on the sequence of the PTHrP-coding sequence 
(CDS) of goat that we cloned. The shRNA was cloned into the Block-iT shRNA interfer-
ence system to construct recombinant adenovirus vectors, which were co-transfected with 
Lipofectamine 2000 (Invitrogen, USA) into human embryonic kidney (HEK)-293 cells for 
packing and amplifying recombinant adenoviruses. Fourth-generation recombinant adeno-
viruses with high titer were used to infect mammary epithelial cells. PTHrP expression in 
the mammary epithelial cells infected with the recombinant adenoviruses was measured by 
quantitative reverse-transcriptase-polymerase chain reaction (qRT-PCR) and Western blotting, 
both of which confirmed the successful construction of recombinant adenoviruses carrying an 
efficient shRNA targeting goat PTHrP.
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MATERIAL AND METHODS

Cloning of the goat PTHrP gene

Total RNA extracted from goat mammary gland using Trizol reagent (Tektronix, 
China) was used for cDNA first-strand synthesis using the SuperScript II First-Strand Syn-
thesis System (Tiangen Biotech Co., Ltd., China). This cDNA was used as the template for 
qRT-PCR with the following PCR primers to amplify the PTHrP transcript: PTHrP-BglII-F: 
5ꞌ-GAAGATCTGCGAGAGGATACGATGCT-3ꞌ and PTHrP-XhoI-R: 5ꞌ-CCGCTCGAGTGAA
GGTCTCTGCTGAAAAAT-3ꞌ. These primers were designed based on the sequence of the con-
served regions of bovine PTHrP (GenBank accession No. BC149411.1) with the Primer 5.0 
software (Premier, Canada). PCR cycling conditions were 95°C for 30 s, 48°C for 1 min, 72°C 
for 1 min for 35 cycles. Next, the PCR products were purified by agarose gel electrophoresis 
and directly sub-cloned into the pMD-19T vector (TaKaRa, China). The ligated products were 
transformed into TOP10 Escherichia coli competent cells (Tiangen Biotech Co., Ltd.) using 
the calcium chloride method. Positive colonies were selected by blue-white spot screening and 
resistances of ampicillin and plasmid DNA was extracted using the TIANpure Midi Plasmid Kit 
(Tiangen Biotech Co., Ltd.). The recombinant plasmid was screened by BglII/XhoI restriction 
enzyme digestion and further confirmed by sequencing.

Design and synthesis of shRNA sequence targeting goat PTHrP mRNA

Based on the principles of siRNA design and the full-length CDS of the goat PTHrP 
gene, 3 pairs of complementary single-stranded DNA oligonucleotides were designed using an 
online software (http: //www.promega.com/siRNADesigner/program/default.asp). Two pairs 
of oligonucleotides targeted 2 different sites of PTHrP mRNA. The third oligonucleotide pair 
was designed as a negative control. The oligonucleotides were synthesized by the Shanghai 
Biological Engineering Company (China).

Construction of pENTR/CMV-GFP/U6-shRNA

The 3 pairs of single-stranded DNAs were diluted to 10 μM for renaturation. The renatur-
ation conditions were 95°C for 10 min, 90°C for 10 s, and then a gradient step where the tempera-
ture decreased by 5°C every 10 s until it reached 50°C. The 3 resulting double-stranded DNAs with 
sticky ends are referred to as PTHrP-shRNA-322, PTHrT-shRNA-357, and PTHrT-shRNA-NC.

The Block-iT shRNA interference system (including the adenovirus shuttle vector 
pENTR/CMV-GFP/U6 and the adenovirus backbone vector pAD/PL-DEST) was used in this 
study. Plasmid pENTR/CMV-GFP/U6 was double-digested with BamHI and XhoI restriction 
endonucleases (TaKaRa). The linearized large fragment of pENTR/CMV-GFP/U6 was extracted 
from an agarose gel after digestion, and then incubated with PTHrT-shRNA in a 3:1 ratio with T4 
DNA ligase at 4°C overnight. Ligated products were transformed into competent TOP10 E. coli 
cells by the thermal excitation method. Colonies were grown on Luria-Bertani (LB) (0.5% yeast 
extract, 1% tryptone, 1% NaCl, and 1.2% agar) plates containing kanamycin. They were picked 
and propagated for plasmid DNA preparation. Colonies were screened by double-digestion and 
successful cloning was further verified by sequencing. The positive clones are referred to as 
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pENTR/CMV-GFP/U6-322, pENTR/CMV-GFP/U6-357, and pENTR/CMV-GFP/U6-NC.

Identification of the optimal shRNA sequence 

In order to identify the optimal shRNA template with the highest knockdown efficiency, 
pENTR/CMV-GFP/U6-shRNA was transfected alone or co-transfected with pADTrack-CMV-
PTHrP, which can overexpress PTHrP of goat and constructed by our laboratory into HEK-293 
cells at 70-80% confluence with Lipofectamine 2000 (Invitrogen). Then, the transfected HEK-
293 cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS) and incubated at 37°C with 5% CO2. At 24-h post-transfection, 
the GFP expression levels were determined using fluorescence microscopy. At 48 h after trans-
fection, relative PTHrP expression levels were determined by Western blotting. Briefly, the 
transfected cells were centrifuged at 900 g for 5 min. After removing the supernatant, the cells 
were lysed by Radio Immunoprecipitation Assay (Invitrogen), followed by centrifugation, and 
the supernatant was collected to quantify the concentration of total protein by the bicinchoninic 
acid (Thermo Scientific, China) method. An aliquot of the lysate was loaded onto a 10% sodium 
dodecyl sulfate-polyacrylamide gel. Following electrophoresis, the protein was transferred to a 
polyvinyl difluoride membrane (Yeli Bioscience Co., Ltd., China). Next, the polyvinyl difluo-
ride membrane was blocked with 5% skim milk for 2 h at room temperature and then washed 
with Tris-buffered saline-Tween (1 M Tris-HCl, 0.88% NaCl, and 0.05% Tween 20, pH 7.4) 3 
times. The membrane was then co-incubated with a PTHrP rabbit anti-goat polyclonal antibody 
that was made by our laboratory (1:1000 dilution) overnight at 4°C. After the membrane was 
rinsed in Tris-buffered saline-Tween to remove unbound primary antibody, a specific secondary 
antibody (1:5000 horseradish peroxidase-conjugated goat-anti-rabbit IgG; Bioss, China) was 
added and incubated at 37°C for 1 h. Western blots were visualized with the enhanced chemi-
luminescence Western blotting detection reagents (Tiangen Biotech Co., Ltd.). The optimal 
shRNA template thus identified was used for further study.

Construction of pAD/PL-DEST/CMV-GFP/U6-shRNA

A recombination reaction between pENTR/CMV-GFP/U6-shRNA and the adenovi-
rus backbone vector pAD/PL-DEST was performed overnight using LR Clonase (Invitro-
gen) at 25°C. Reaction products were transformed into TOP10 E. coli cells (Tiangen Biotech 
Co., Ltd.). Five microliters of transformed cells was spread onto solid LB medium containing 
ampicillin and incubated at 37°C overnight for selection. Single clones were picked and in-
oculated in LB liquid medium and propagated at 37°C for 10 h. Some of the inoculum was 
streaked on LB-chloramphenicol plates. Clones that could not grow on LB-chloramphenicol 
plates were defined preliminarily as positive clones. We then used agarose gel electrophoresis 
and sequencing to further verify the sequence of the clones. The positive clones are referred to 
as pAD/PL-DEST/CMV-GFP/U6-322 and pAD/PL-DEST/CMV-GFP/U6-NC.

Generation of recombinant adenoviruses carrying the optimal shRNA template 
against goat PTHrP

The recombinant adenoviral plasmid pAD/PL-DEST/CMV-GFP/U6-shRNA-322 was 
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linearized by PacI restriction enzyme digestion (Thermo Scientific) and transfected into HEK-
293 cells at 60-70% confluence with Lipofectamine 2000 to package recombinant adenoviruses. 
At 3 days post-transfection, relative GFP expression levels were determined by fluorescence mi-
croscopy. When about 50% of the cells began to show a cytopathic phenotype, the first generation 
of adenovirus was collected by 3 freeze-thaw cycles using liquid nitrogen, followed by centrifuga-
tion at 900 g for 10 min. The virus-containing supernatant was collected and used to infect HEK-
293 cells for the amplification of the recombinant adenovirus. The infection cycle was repeated 4 
times to generate high titer adenovirus. The titer was determined by 50% tissue culture infective 
dose (TCID50) assays and the recombinant adenoviruses were stored at -80°C as viral stock.

Evaluation of PTHrP gene silencing by recombinant adenoviruses carrying the 
optimal shRNA template against goat PTHrP

PTHrP expression in the transfected mammary epithelial cells was measured by qRT-
PCR and Western blotting. Primary goat mammary epithelial cells isolated from healthy goat 
mammary gland and cultured by our laboratory in advance (5 x 105 cells/well) were seeded 
on 12-well plates in DMEM supplemented with 10% FBS and incubated overnight at 37°C 
with 5% CO2. The medium was replaced before transfection. Mammary epithelial cells were 
transfected at 80-90% confluence, with 200 multiplicity of infection recombinant adenovirus 
carrying anti-goat PTHrP shRNA. The mammary epithelial cells were harvested at 24, 48, and 
72 h post-transfection.

Total RNA was isolated from the mammary epithelial cells and reverse transcribed into 
cDNA. qRT-PCR primers for the goat PTHrP gene were designed based on the PTHrP gene 
sequence (GenBank accession No. JQ409458) with the Primer 5.0 software. β-actin was used 
as the reference gene. The respective forward and reverse primers for β-actin were as follows: 
5ꞌ-ACTGAGGCCATGATTAAG-3ꞌ, 5ꞌ-GCTATCAATCTGTCAATCC-3ꞌ. qRT-PCR was per-
formed with the SYBR Premix Ex TaqTM (Perfect Real-Time) kit (TaKaRa) on the ABI StepOne-
Plus fluorescence quantitative PCR instrument (BIO-RAD, USA). qRT-PCR was performed in a 
20-µL reaction mixture containing 10 µL 2X SYBR Green premix, 0.8 µL 20 pM each primer, 2 
µL template cDNA, and 6.4 µL diethylpyrocarbonate DEPC water. The amplification conditions 
were 95°C for 3 min, and 40 cycles of 95°C for 10 s, 56°C for 20 s, and 72°C for 20 s.

Total protein for Western blotting analysis was extracted from mammary epithelial 
cells as described above. 

Statistical analysis

Every experiment was repeated independently at least 3 times. The significance of dif-
ferences was assessed by one-way analysis of variance using the SPSS 13.0 software (SPSS, 
USA). P < 0.05 was considered to be significant.

RESULTS 

Cloning of the goat PTHrP gene

We successfully cloned the complete CDS of the goat PTHrP gene. It is 534 bp long 
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(Figure 1) and its sequence can be accessed through GenBank (GU573787). The PTHrP 
cDNA sequence is predicted to encode a 177-amino acid protein with a relative molecular 
weight of 20.3 kDa.

Figure 1. cDNA and its deduced predicted protein sequence of the goat PTHrP gene. Nucleotides and amino acids 
are numbered to the left of the sequence. 

shRNA-based targeting of the goat PTHrP mRNA

Six single-stranded oligonucleotide sequences targeting the goat PTHrP mRNA were 
synthesized by Shanghai Biological Engineering Company and they are shown in Table 1. The 
first 2 pairs of oligonucleotides targeted 2 different sites of the PTHrP mRNA whereas the 
remaining pair was a negative control.

Name Sequence (5ꞌ-3ꞌ)

shRNA-322 sense GATCCCTAACAAGGTGGAGACATATTCAAGAGATATGTCTCCACCTTGTTAGTTTTTTC
shRNA-322 antisense TCGAGAAAAAACTAACAAGGTGGAGACATATCTCTTGAATATGTCTCCACCTTGTTAGG
shRNA-357 sense GATCCGAAGACGCCCGGCAAGAAATTCAAGAGATTTCTTGCCGGGCGTCTTCTTTTTTC
shRNA-357 antisense TCGAGAAAAAAGAAGACGCCCGGCAAGAAATCTCTTGAATTTCTTGCCGGGCGTCTTCG
shRNA-NC sense GATCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTTC
shRNA-NC antisense TCGAGAAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAG

Table 1. shRNA sequence targeting PTHrP of goat.

Construction of pENTR/CMV-GFP/U6-shRNA

The pENTR/CMV-GFP/U6 plasmid was double-digested with the BamHI and XhoI 
restriction enzymes. The ~4.6-kb digestion product can be seen in Figure 2A. The recombinant 
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plasmid pENTR/CMV-GFP/U6-shRNA was also double-digested with BamHI and XhoI. The 
circular plasmid was cleaved into a 4.6-kb pENTR/CMV-GFP/U6 DNA fragment and a 59-bp 
PTHrP gene fragment (Figure 2B). Further sequencing tests confirmed the successful cloning 
of pENTR/CMV-GFP/U6-322, pENTR/CMV-GFP/U6-357, and pENTR/CMV-GFP/U6-NC.

Figure 2. A. Agarose gel electrophoresis of pENTR/CMV-GFP/U6 digested by BamHI and XhoI. Lane 1 = pENTR/
CMV-GFP/U6; lane 2 = double-digested products; lane M = marker b. B. Agarose gel electrophoresis of pENTR/
CMV-GFP/U6-shRNA plasmid digested with BamHI and XhoI. Lanes 1 to 3 = pENTR/CMV-GFP/U6-322, -357, 
and -NC, respectively; lane M1 = marker b; lane M2 = 50-bp ladder.

Identification of the optimal shRNA sequence 

The PTHrP expression levels in HEK-293 cells transfected with the plasmids are 
shown by Western blotting in Figure 3. The PTHrP protein could not be detected in untrans-
fected HEK-293 cells by Western blotting. However, it was detected in cells transfected with 
pADTrack-CMV-PTHrP. The Western blotting results indicated that both pENTR/CMV-GFP/
U6-322 and pENTR/CMV-GFP/U6-357 had the ability to knockdown PTHrP gene expres-
sion, with the former showing greater gene knockdown. pENTR/CMV-GFP/U6-NC did not 
have any effect on PTHrP gene expression. These results suggested that pENTR/CMV-GFP/
U6-322 could be used for constructing the recombinant virus and that pENTR/CMV-GFP/U6-
NC could be used as negative control.

Generation of recombinant adenoviruses carrying the optimal anti-goat PTHrP 
shRNA template

The adenovirus backbone vector pAD/PL-DEST and the recombinant plasmid pAD/
PL-DEST/CMV-GFP/U6-shRNA were separated by agarose gel electrophoresis (Figure 4). 
pAD/PL-DEST is about 35 kb and pAD/PL-DEST/CMV-GFP/U6-shRNA is about 40 kb. The 
recombinant plasmid sequences were further verified by sequencing to confirm that we had 
successfully constructed pAD/PL-DEST/CMV-GFP/U6-322 and pAD/PL-DEST/CMV-GFP/
U6-NC (Figure 4).
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Figure 3. Detection of interference efficiency of shRNA in HEK-293 by Western blotting. Lane 1 = blank control; 
lane 2 = transfected by pADTrack-CMV-PTHrP; lane 3 = co-transfected by pENTR/CMV-GFP/U6-322 and 
pADTrack-CMV-PTHrP; lane 4 = co-transfected by pENTR/CMV-GFP/U6-357 and pADTrack-CMV-PTHrP; 
lane 5 = co-transfected by pENTR/CMV-GFP/U6-NC and pADTrack-CMV-PTHrP; lane 6 = transfected by 
pENTR/CMV-GFP/U6-322; lane 7 = transfected by pENTR/CMV-GFP/U6-357; lane 8 = transfected by pENTR/
CMV-GFP/U6-NC. 

pAD/PL-DEST/CMV-GFP/U6-322 and pAD/PL-DEST/CMV-GFP/U6-NC were 
linearized by PacI restriction enzyme digest and were transfected into HEK-293 cells 
for viral packaging. GFP expression levels were determined by fluorescence microscopy. 
At 3 days post-transfection, we saw weak green fluorescence. At 6 days, the relative 
fluorescence was greater and some cells began to show a cytopathic phenotype. On the 
12th day, most of the cells became round and floated in the medium because of decreased 
adhesion (Figure 5). The adenoviruses were collected before the cells ruptured, and then 
retransfected into HEK-293 cells 4 times to generate a high titer of adenovirus. We refer 
to the 4th generation of adenoviruses as AD-PTHrP-322 and AD-PTHrP-NC. The titers of 
the AD-PTHrP-322 and AD-PTHrP-NC adenoviruses reached 2.0 x 109 and 1.3 x 109 
plaque-forming units/mL by TCID50 assays, respectively. We also found that the optimum 
multiplicity of infection of AD-PTHrP-322 was 200 by infecting primary goat mammary 
gland epithelial cells.

pAD/PL-DEST/CMV-GFP/U6-322 silences PTHrP gene expression in mammary 
epithelial cells

Sense and antisense primers to amplify the goat PTHrP transcript by qRT-PCR were 
designed based on the sequence of PTHrP with the Primer 5.0 software (Table 2).

Figure 4. Agarose gel electrophoresis of pAD/PL-DEST/CMV-GFP/U6-shRNA. Lanes 1 and 2 = pAD/PL-DEST/
CMV-GFP/U6-322 and -NC, respectively; lane M = λDNA/Hind.
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The qRT-PCR results showed that PTHrP mRNA expression was downregulated by 
29.2, 68.1, and 82.6% in the mammary epithelial cells 24, 48, and 72 h after infection with 
AD-PTHrP-322, respectively (P < 0.05 compared with expression in untransfected cells) (Fig-
ure 6). The PTHrP mRNA expression levels gradually reduced over time, suggesting that 
pAD/PL-DEST/CMV-GFP/U6-322 had the ability to interfere with PTHrP gene expression.

Figure 5. Expression of GFP in the process of adenovirus package 6 and 12 days under fluorescence microscopy. 
A. 6 days; B. 12 days.

Name Sequences (5ꞌ-3ꞌ) Ta (°C) Length (bp)

PTHrP sence TTACGGCGTCGGTTCTTCCT 56 205
PTHrP antisence GCGTCTTCAGTGGCTGCTCT
β-actin sence TACGGCGTCGGTTCTTCCT 56 142
β-actin antisence CCCTCATCATCAGACCCAAAT

Table 2. Primer sequences used for real-time PCR.

Figure 6. RT-qPCR analysis of PTHrP in the mammary epithelial cells.
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The Western blotting results indicated that AD-PTHrP-322 had better knockdown ef-
ficiency than untransfected cells in primary goat mammary gland epithelial cells. The results 
showed that in the mammary epithelial cells infected with AD-PTHrP-322 for 24, 48, and 72 
h, protein expression of PTHrP was downregulated progressively compared to untransfected 
cells (Figure 7).

These results suggest that AD-PTHrP-322 had ability to interfere with PTHrP gene 
expression both at the mRNA and at the protein level. 

DISCUSSION

RNAi is a form of post-transcriptional gene silencing mediated by siRNAs. It is high-
ly specific, highly efficient, and heritable, and is an effective method for studying gene func-
tion (Xia et al., 2002; Sashital and Doudna, 2010). Recently, many groups have reported the 
use of synthesized oligonucleotides or siRNA-encoding plasmids to induce RNAi in mamma-
lian cells by transfection. However, this approach is still limited in its application, especially 
for achieving long-term gene silencing in vivo (Hao al., 2005). To circumvent this problem, 
lentiviral-delivered RNAi has been developed. For our study, we chose replication-defective 
adenovirus vectors lacking E1 and E3 regions as these viruses can not replicate in mammalian 
cells. The packaging of the virus can be achieved because the HEK-293 cell line can provide 
the virus E1 and E3 components. Here, we designed and built an adenovirus vector encoding 
shRNA that targets the goat PTHrP gene. This shRNA can fold in cells to form a 19-bp hair-
pin loop. This structure can be processed into siRNA by the enzyme Dicer. The siRNA guide 
chain helicase, ATP, and multiple proteins form the RNA-induced silencing complex, which 
can identify and pair with the target mRNA by base pairing. Then, the siRNA binds to and 
digests the 3ꞌ-UTR of the target mRNA to silence gene expression (Kleinhammer et al., 2010).

Over the years, many approaches have been developed for the generation of recombi-
nant adenoviruses. These can be divided into 2 basic categories: direct plasmid construction of 
the recombinant adenovirus genome (Munz and Young, 1991; Miyake et al., 1996; Anderson 
et al., 2000; Gao et al., 2003; McVey et al., 2003) or indirect construction in vivo (Chartier 
et al., 1996; Hardy et al., 1997; He et al., 1998; Nakano et al., 2005; Feng et al., 2008). The 

Figure 7. Analysis of interference efficiency of AD-PTHrP-322 by Western blotting. A. PTHrP. B. β-actin.
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former has been proven to be unfeasible. The latter is limited by several factors, including 
the low efficiency and difficulty of screening homologous recombination, the need for time-
consuming plasmid purification, and frequent contamination by wild-type adenoviruses (An-
derson et al., 2000). In order to increase the efficiency of recombination and screening, the 
Block-iT shRNA interference system was used in this study. It includes an adenovirus shuttle 
vector pENTR/CMV-GFP/U6 and an adenovirus backbone vector pAD/PL-DEST. The former 
contains a kanamycin-resistance gene. The latter contains the ampicillin- and chloromycetin-
resistance genes. Furthermore, pAD/PL-DEST contains a negative selection ccdB gene.

Here, we used a simple and efficient method for the construction and identification 
of recombinant adenoviruses. First, shRNAs were cloned into double-digested pENTR/CMV-
GFP/U6, and then the optimal shRNA was selected. Secondly, pENTR/CMV-GFP/U6-shRNA 
and the adenovirus backbone vector pAD/PL-DEST were genetically restructured by homolo-
gous recombination. Third, the recombinant products were transformed into TOP10 recipient 
cells and selected by negative selection using the ccdB gene and by positive selection using 
ampicillin and chloromycetin. Finally, the recombinant adenoviral plasmid was cleaved with 
PacI and then transfected into HEK-293 cells to package the recombinant adenovirus. 

Since RNAi silences gene expression post-transcriptionally, we used qRT-PCR and 
Western blotting to detect changes in PTHrP mRNA and protein expression. The results 
showed that the expression of PTHrP in mammary epithelial cells was downregulated pro-
gressively after the cells were infected by AD-PTHrP-322 for 24, 48, and 72 h, However, we 
know that this interference effect is only short-term as the shRNA is not integrated into the 
host cell genome (Paddison et al., 2002). A large number of studies have reported that the 
interference effect of siRNA lasts for approximately 1-2 weeks (Du et al., 2006). Xiong and 
Wang (2009) using shRNA to silence the MK gene in BxPC-3 cells, found that interference 
was most efficient 3-5 days postinfection and that the gene expression levels returned to nor-
mal by the 9th day postinfection. The time-point of the most efficient interference was 72 h 
postinfection in our study. In summary, our results suggest that AD-PTHrP-322 significantly 
interferes with expression of PTHrP and that it can be used for further functional studies of 
the PTHrP gene.
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