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Abstract
stone, and Lesch-Nyhan Syndrome (LNS). It has been reported that the expression of HGPRT is decreased or even absent in these

The hypoxanthine-guanine phosphoribosyl transferase (HGPRT) gene mutation is responsible for gouty arthritis, kidney

diseases. Rabbits are an ideal model for studying the pathology of these diseases. Therefore, the development of an HG PR T-knockdown
rabbit model will be highly beneficial in such studies. Stable HGPRT-knockdown transgenic fibroblast lines were generated by
transfecting rabbit fibroblasts with RNA interference (RNA1) plasmids. Polymerase chain reaction (PCR) analyses indicated that the
average positive rate was 83.3%. The mRNA and protein levels of HGPRT in the transgenic fibroblast lines were significantly lower
than that in the control. Transgenic rabbit blastocysts were derived after performing nuclear transfer. The results show that RNAi can be
used to stably knock down expression of the HGPRT in rabbit fibroblasts and further improvements in related technologies will

facilitate the use of this method for the generation of HG PR T-knockdown rabbits.
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The  hypoxanthine-guanine
transferase (HGPRT),
hypoxanthine and guanine

phosphoribosyl
an enzyme that converts
into their respective
5" -mononucleotides, plays an important role in the
metabolic salvage of purines in mammalian systems.
HGPRT deficiency is associated with uric acid
overproduction and a continuum spectrum of
However, there is no
studying HGPRT-

associated diseases. Kuehn ez al.™ produced HPRT-

neurological manifestations.

effective animal model for
deficient mice by using homologous recombination
(HR) in mouse embryonic stem cells (ES), and Engle
et al.”? bred the nonfunctional adenine phosphoribosyl
transferase (APRT ) allele into an HPRT -deficient
mouse and generated HPRT-APRT-deficient mice.
However, these models did not exhibit any anatomical
defects or spontaneous behavioral abnormalities.
These studies indicated that mice are not a suitable
model for studying the behavioral abnormalities
associated with these diseases. However, the
development of other suitable mammalian models for
analyzing the

developmental and pathological

mechanisms of various diseases has been hindered by
the unavailability of germline-competent ES cell lines
of other mammalian species. The recently developed
somatic cell nuclear transfer (SCNT) technology ™
allows the generation of transgenic animals without
gene targeting in ES cells. Rabbits are medium-sized
animals that can be easily bred at a comparatively
lower cost, and they are considered as the preferred
animal model for studying human diseases.
Furthermore, rabbits have been successfully cloned
from freshly isolated cumulus cells (Chesne et dl.,

2002) and adult male fibroblasts (Li et al., 2006)™ 2.
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We have been conducting SCNT experiments on synthesizing 3 pairs of oligonucleotide strands

rabbits for years. Therefore, we were interested in
using SCNT to generate HGPRT-knockdown rabbits
that could serve as a model for studying HGPRT-
associated diseases.

RNA interference (RNAI) is a sequence-specific,
gene-silencing phenomenon that is mediated by
double-stranded RNA €. The introduction of short
hairpin RNA (shRNA) into living cells is a potent
tool for gene-function analysis”. Miyagishi et al.®
shRNA-
expressing vectors in efficient suppression of in vivo

demonstrated the feasibility of using
and in wvitro expression of the target genes. More
recently, this system was found to show a high
efficiency in silencing superoxide dismutasel ¥,
Dnmtls ™, and PRNP " in mammalian cells. In
RNAi methods, the

vector-based shRNA system represents an inexpensive

comparison with  other
and uncomplicated approach for inhibiting persistently
expressing genes 2 7, More significantly, Golding
et al."™used RNAi-based techniques to create a cloned
transgenic goat fetus with dramatically reduced
expression of PrP, and the analysis revealed a
significant ( > 90%) decrease in PrP expression levels
in brain tissues. These results demonstrate that it is
possible to produce the genetically modified models by
SCNT after stable suppression of genes in in vitro
cultured cells.

In the present study, we constructed HGPRT
shRNA-expressing vectors and established stable
shRNA-expressing rabbit fibroblast lines. Our results
indicate that the HGPRT mRNA and protein levels in
the transgenic fibroblast lines were significantly lower
than that in the negative control. The nuclear transfer
(NT)-embryo was developed to the blastocyst stage.
This approach provides a simple alternative to the
traditional knockout method for exploring biological
function. Most importantly, this system suggests the
possibility of generating the expected rabbit-disease
model by using RNAi and SCNT.

1 Materials and methods

1.1 Construction of HGPRT shRNA expression
plasmids

The target sequences of the shRNA-vectors for
the HGPRT gene (GenBank number: EF219063)
corresponded to the sequence sites 378 ~ 398, 519 ~
539, and 594 ~614. The HGPRT shRNA expression
plasmids were generated by designing and chemically

(Oligol ~ Oligo6). of scrambled

sequences (Oligo7 and Oligo8), which had no matches

Another pair

in the rabbit genome, were synthesized as negative
controls. All the oligonucleotides were obtained from
Shanghai Invitrogen Biotech Co. Ltd. (China). These
oligonucleotides  were produce
double-stranded oligonucleotides; the double-stranded

annealed to

nucleotides were subcloned downstream of the U6
promoter in linearized PRNAT-U6.1/Neo (GenScript
Corporation, USA) by using BamH [ and Hind III,
pRNAT-U6.1/Neo shRNA1/2/3 and the negative
control pRNAT-U6.1/Neo shRNA4 were generated.
The recombinants were used to transform into
competent E. coli DH5a. All the inserted sequences
were verified by using restriction enzymes and DNA
sequencing. Oligol, 5" GATCCCGTATAATCCAG-
CAGGTCAGCAATTGATATCCGT TGCTGACCTG-
CTGGATTATATTTTTTCCAAA 3’; Oligo2, 5' AG-
CTTTTGGAAAAAATATAATCCAGCAGGTCAGC-
AACGGATATCAATTGCTGACCTGCTGGATTAT-
ACGG 3'; Oligo3, 5" GATCCCGTCTTTCCAGTT-
AAGGTTGAGATTGATATCCGTCTCAACCTTAA-
CTGGAAAGATTTTTTCCAAA A 3’; Oligo4, 5’ A-
GCTTTTGGAAAAAATCTTTCCAGTTAAGGTTG-
AGACGGATATCAATCTCAACCTTAACTGGAA-
AGACGG 3’; Oligo5, 5 GATCCCGTATACTGC-
TTGACCAAGGAAATTGATATCCGTTTCCTTGG-
TCAAGCAGTATATTTTTTCCAAA 3’; Oligo6,
5" AGCTTTTGGAAAAAATATACTGCTTGACCA-
AGGAAACGGATATCAATTTCCTTGGTCAAGCA-
GTATACGG 3’ ; Oligo7, 5 GATCCCGTTTAAT-
CGAGCAGGTCTGCAATTGATATCCGTTGCAGA-
CCTGCTCGATTAAATTTTTTCCAAA 3’ ; Oligo8,
5" AGCTTTTGGAAAAAATTTAATC GAGCAGGT-
CTGCAACGGATATCAATTGCAGACCTGCTCGA-
TTAAACGG 3'.
1.2 Cell culture and plasmid transfection

The rabbit fibroblasts were cultured in a
DMEM/F12 medium supplemented with 10% fetal
bovine serum (FBS; Hyclone Co., Salt Lake City, UT,
USA) and incubated at 37°C in a humidified incubator
with a 5% CO, atmosphere. Twenty-four hours prior to

the transfection, the fibroblasts from passages 5 to 7
were seeded in a 6 cm culture dishes, and they were
grown overnight to 80% ~90% confluence. All the
recombinant plasmids were linearized by using Sca [ .
We transfected 4 dishes with the recombinants
pRNAT-U6.1/Neo shRNA1/2/3 and the negative
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control pRNAT-U6.1/Neo shRNA4 by

lipofectamine™ 2000 (Invitrogen) according to the

using

manufacturer’s specifications. Six hours after the
transfection, the culture medium was replaced with
fresh medium.When the cells had reached confluence,
the transfected cells were digested with 0.05%
trypsin-EDTA, and the digested cells were transferred
into three 24-well plates. Forty-eight hours later, a
DMEM/F12 medium supplemented with 800 mg/L
(G418 was used to select the integrated clones.Ten days
later, the medium was replaced with a conditioned
medium containing 200 mg/L G418. The conditioned
medium was obtained by using the procedure
described by Li et al ™. The transgenic cell clones
were inspected and then digested with 0.05%
trypsin-EDTA and transferred to a 24-well plate. The
transgenic cells were allowed to reach confluence,
following which they were passaged for further
experiments or frozen in liquid nitrogen.
1.3 PCR of genomic DNA

The total cellular DNA was extracted from the
amplified clones, and the product was used as a PCR
template. The following sequences were used as PCR
primers for HGPRT: 5" TTCTTGGGTAGTTTGCAG-
TT 3" (sense); 5" CTATTTAGAAGGCACAGTCG 3’
(antisense). These sequences are located outside the
silencing target region of HGPRT. The expected size
of the target fragment of the vectors was 250 bp. The
following conditions were used for the PCR cycles:
95°C for 4 min, followed by 35 cycles of 94°C for 30 s,
56°C for 30 s, 72°C for 30 s, and a final extension at
72°C for 7 min. The PCR products were size-fractionated
by 1.2% agarose gel electrophoresis. Meanwhile, the
target fragments were extracted by using the Gel
Extraction Kit and linked with pMDI18-T vectors,
which were then used for DNA sequencing.
1.4 RT-PCR analysis

The cDNA was synthesized by extracting and
reverse transcribing the total cellular RNA by using
Cells-to-cDNA™ [ according to the manufacturer’s
instructions (Ambion). The B-actin gene was selected
as the most stably expressed control gene for
normalization. PCR was performed with primers for
HGPRT [5" AGTGATGATGAACCGGGATA 3'(sense);
5" AGAGGGCTACAATGTGATGG 3’ (antisense)]
and B-actin [5' CACACGGTGCCCATCTACG 3’
(sense); S5’ GCCATCTCCTGCTCGAAGTC 3’

(antisense)]. RT-PCR (ABI PRISM 7300; Perkin

Elmer Applied Biosystems, USA) was performed by
using the SYBR® Green PCR kit in accordance with
the manufacturer’s protocol. The PCR conditions
consisted of 42 cycles at 95°C for 15 min, 94 C for
15s, 58°C for 30 s, and 72°C for 30 s. The standard-
curve method was used to determine the relative
amounts of RNA transcripts for the genes of interest.
In addition, a negative control was established by
performing an RT-PCR procedure with all the
components except for cDNA.
1.5 Western blotting

The proteins were extracted from transgenic
fibroblasts fibroblasts; the
concentrations were determined using a photometer
(Eppendorf, Germany). B-actin was used as an internal
standard to quantify the HGPRT expression in the
transfected cells. The protein extract was separated by
using 12% SDS-PAGE and transferred to a Hybond
polyvinylidene fluoride (PVDF) membrane. The

and normal protein

membrane was blocked by using a Tris-buffer saline
solution (pH 7.6) containing 0.05% Tween-20 (TBS/T)
and 5% milk, and it was incubated with specific
antibodies overnight at 4°C . We used goat antihuman
HGPRT (Santa Cruz, USA) as the primary antibody;
there is a high degree of sequence conservation
between rabbits and humans!'”; therefore, we assumed
that goat antihuman HGPRT could be used for the
detection of rabbit HGPRT. The membrane was
incubated with different
(HRP)-conjugated secondary antibodies for 1 h at

horseradish peroxidase

room temperature, and the immunoreactive proteins
were visualized with the peroxidase-based ECL Plus
detection system (Amersham), according to the
manufacturer’s instructions.
1.6 Nuclear transfer

Oocyte collection and nuclear transfers were
performed as described by Li et al¥. Briefly, adult
Zealand  White
superovulated, and the ovulated oocytes were
recovered by flushing the oviducts with pre-warmed
RD medium (50% RMPI 1640 and 50% DMEM)
supplemented with 10% FBS and 10 mmol/L Hepes
(Hepes balanced RD hRD). The cumulus cells were
removed by a 10 min exposure to an hRD medium

female New rabbits  were

containing 100 U/ml hyaluronidase (Sigma Chemical
Co.) and then pipetted through a suitable pipette. The
oocytes were
supplemented with 7.5 mg/L cytochalasin B for 10 min

incubated in an hRD medium

before enucleation. The metaphase plate was
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visualized under an inverted microscope equipped with
a Spindleview system (Cambridge Research &
Instrumentation Inc., Wobum, MA, USA), and the
plate, along with a small quantity of cytoplasm, was
removed by using a fine needle. The donor cells were
inserted into the perivitelline space of the enucleated
oocytes. The reconstructed couplets were electrofused
by subjecting them to 3 pulses (20 ws; DC, 3.0 kV/cm)
using an Electro Cell Manipulator, and incubated at
38°C in RD medium supplemented with 10% FBS,
2 mmol/L glutanmine, 223 pmol/L sodium pyruvate
and 100 pmol/L MEM non-essential amino acids
(modified RD, mRD). Eighty minutes after fusion, the
fused embryos (NT-embryos) were activated by a
second set of identical electropulses, and incubated in
mRD containing 5 mg/L cycloheximide and 2 mmol/L
6-dimethylaminopurine (Sigma Chemical Co.) for 1 h
at 38°C. After activation, the NT-embryos were
incubated in mRD for 2 h, and transferred to 50 pl of
upgraded B2 medium (Laboratoire C.C.D, Paris,
France) supplemented with 2.5% FBS. A fluorescence
microscope was used to detect green fluorescent
protein (GFP) expression at each stage.

2 Results

2.1 Identification of shRNA-expression plasmids
The recombinant plasmids contain 2 restriction
enzyme sites for EcoR V /Pst I , while the primitive
plasmid contains only 1 site for Ps¢ [ . The digestion of
the plasmids with EcoR V/Pst I resulted in a 6 380 bp
fragment from the primitive plasmid, and 2 661 bp and
3 771 bp fragments from the recombinant plasmids
(Figure 1). The results of DNA sequencing provided
further presence of the
recombinant indicating that all the
shRNA-expression plasmids carried the appropriate

confirmation of the
plasmids,

sequence (Data not shown).
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Fig. 1 Identification of shRNA expression plasmids
by using restriction endonucleases
The digestion of the plasmids with EcoR V/Ps¢ | resulted in a 6 380 bp
fragment from the primitive plasmid, and 2 661 bp and 3 771 bp
fragments from the recombinant plasmids. /: 1 kb DNA marker; 2~ 5:
pRNAT-U6.1/Neo shRNA1/2/3/4; 6: pPRNAT-U6.1/Neo.

2.2 Generation of stable transfectants

G418 selection was used to obtain stable
transfected cell lines from the rabbit fibroblasts
(Figure 2a, c); we observed that a few cells aged and
lost their growing ability after G418 selection.
Well-grown colonies were passaged in a 24-well plate
after reaching up to 80% confluence, and then
transferred to 35-mm culture dishes to facilitate
expansion. The expression of the reporter gene (GFP)
was assessed by visualizing the fluorescence

(Figure 2b, d).
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-
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Fig. 2 Expression of GFP in the fibroblasts after
G418-selection immediately and after stable passaging
(a, b) Resistant cell clones after the G418 selection. (c, d) Stably
amplified cells with GFP expression. (a, ¢) Bright field microscopic

image corresponding to (b) and (d), respectively. Original magnification
40x.

2.3 Identification of transgenic rabbit fibroblast
clones by PCR

In order to obtain further confirmation of the
insert-mediated transgenesis in the rabbit fibroblasts,
we performed a PCR assay of the obtained clones
(Figure 3); the target insert was integrated in the
genome at a high rate of efficiency (Table 1). We
inferred that the transgenes had stably integrated into
the genome of the rabbit fibroblasts.
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Fig. 3 Identification of transgenic rabbit

fibroblast clones by PCR
A specific 250 bp fragment was amplified from all the transgenic rabbit
fibroblast clones. 7: 150 bp DNA marker; 2: pRNAT-U6.1/Neo; 3, 7,
and /71: pRNAT-U6.1/Neo shRNA1/2/3, respectively; 4 ~6: pRNAT-
U6.1/Neo shRNAT transgenic rabbit fibroblast clones; 8~ 10: pRNAT-
U6.1/Neo shRNA2 transgenic rabbit fibroblast clones; /2~ /4: pRNAT-
U6.1/Neo shRNA3 transgenic rabbit fibroblast clones; /5: Normal
fibroblast.
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Table 1 PCR analysis on transgenic fibroblast clones

Type of transgenic Accounts of selectable

Number of positive

Number of negative Positive rate by

fibroblast cell clones cell clones cell clones PCR analysis/%
shRNA1 7 6 1 85.7
shRNA2 8 6 2 75.0
shRNA3 6 6 0 100.0
shRNA4 9 7 2 77.8

Total 30 25 5 83.3

Positive rate of transgenic cell clones determined by PCR identification; sS(RNA1/2/3 was used to test the RNAI effect, and siRNA4 was used

as a control vector.

2.4 RT-PCR and Western blotting

The results of quantitative RT-PCR demonstrated
that the 3 HGPRT shRNA vectors caused 46.8% ,
68.3% , and 63.5% suppression of HGPRT mRNA
expression in comparison with the control, and the
pRNAT-U6.1/Neo shRNA2 was found to be most
efficient in reducing the HGPRT mRNA expression
(Figure 4). The results of Western blot analysis
all the 3 HGPRT shRNAs efficiently
expression of HGPRT expression, in

revealed that
inhibited the

1.2F
1.0}
0.8}
S0.6F
£ 04}

[}
~ 0.2F

uantitative

ve

lnp

0
shRNAT shRNA2 shRNA3 shRNA4 Normal
Sample of cells

Fig. 4 Relative quantitative PCR using the comparative
Ct method for the detection of HGPRT mRNA
levels in transgenic fibroblasts
The relative amount of HG PRT mRNA was determined by using 224
Ct refers to number of cycles required for the intensity of fluorescence to
reach the fluorescence threshold; AACt = (Cugprr—Cigeactin)experimen —( Cotrcorr—
Cgatin)eomo- SNRNA1/2/3 compared with the control (P < 0.01). Sample 4
compared with the control (P > 0.05). Data represent the average of 3
independent experiments (n = 3, paired ¢ test). The bars indicate standard

deviation.

accordance with the results of RT-PCR analysis
(Figure 5).

ku Normal shRNA1shRNA2 shRNA3 shRNA4

40— — B-Actin

Fig. 5 Western blot analysis of HGPRT protein levels
in rabbit fibroblasts after transfection with
shRNA expression plasmids
shRNA1/2/3 exhibit different degrees of reduction in HGPRT expression
in comparison with that of the normal, and shRNA4 exhibits no obvious
difference in comparison with the normal.

2.5 Nuclear transfer

The reconstructed couplets were produced by
using normal fibroblasts and transgenic fibroblasts.
The performance of the normal and transgenic groups
was compared at each preimplantation stage. As
shown in Table 2, a higher percentage of NT-embryos
in the normal group entered cleavage (normal :
transgenic, 87.5% : 79.1%; P > 0.05), and a slightly
higher percentage of NT-embryos in the normal group
developed into blastocysts (normal @ transgenic,
32.5% :27.8% ; P > 0.05). GFP expression was
detected at all the stages (Figure 6).

Table 2 Effect of donor cells on nuclear transfer embryos in vitro development

Donor cell lines NT oocytes

Fused oocytes(%) 2-cell embryos(%) 4-cell embryos(%) 8-cell embryos(%) 16-cell embryos(%) Blastocyts(%)

shRNAI 108 87(80.6) 72(82.8)
shRNA2 97 77(79.4) 60(77.9)
shRNA3 115 95(82.6) 73(76.8)
shRNA4 101 90(89.1) 71(78.9)

Total 421 349(82.9) 276(79.1)*

Normal cell 89 80(89.9) 70 (87.5)°

66(75.9) 60(70.0) 49(56.3) 26(29.9)
53(68.8) 48(62.3) 40(60.0) 22(28.6)
68(71.6) 57(60.0) 45(47.4) 24(25.3)
67(74.4) 61(67.8) 50(55.6) 25(27.8)

254(72.8) 226(64.8) 184(52.7) 97(27.8)
65(81.3) 59(73.8) 49(61.3) 26(32.5)

Chi-square analyses demonstrating the statistical differences between a and b (P > 0.05), ¢ and d (P > 0.05). shRNA1/2/3/4 constituted the

transgenic-cell group, and normal cells were used in the control group.
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Fig. 6 The development of cloned embryos from the transgenic rabbit fibroblast cells in vitro

(a, g) 2-cell NT embryos cultured in wvitro. (b, h) 4-cell NT embryos cultured in wvitro. (c, i) 8-cell NT embryos cultured in vitro. (d, j) 16-cell NT

embryos cultured in vitro. (¢, k) Blastocysts of NT embryos cultured in vitro. (f, ) Hatching of in wvitro-cultured blastocyst. (g~1) Green fluorescent

images showing cGFP expression in NT embryos. (a~ f) Bright field microscopic images corresponding to (g~ 1). Original magnification 400x.

3 Discussion

HR-based gene-knockout or dsRNA-dependent
gene-knockdown methods can be used to determine
the function of a particular gene or generate animal
models for loss-of-function assays of a particular gene.
However, the knockout technologies are extremely
laborious and time consuming. RNAi provides an easy
and inexpensive alternative for the functional analysis
of genes and allows researchers to study the dosage
effect of a particular gene™. Furthermore, it may be
possible to develop RNAI transgenic animals by using
NT. The inheritance of the recombinant genetic
material in the offspring obtained by SCNT is more
stable than that in case of microinjection, and the
positive rate is higher. In addition, this approach is
very useful in studying the issues associated with
sexuality.

In this study, we were able to obtain cell lines
carrying the stably integrated transgene, as evidenced
by PCR identification. Real-time PCR analysis
revealed that the 3 shRNAs induced 46.8%, 68.3%,
and 63.5% suppression, which was in accordance with
the results of Western blotting analysis. These cells
were selected and used in SCNT to produce cloned
rabbit embryos, which
developed into blastocysts.

We constructed shRNA-expressing vectors
targeting HGPRT by using pRNAT-U6.1/Neo, which
contains a U6 promoter, an expression cassette for the
reporter gene (cGFP), and a neomycin-resistance gene.
The shRNA expression is driven by the U6 promoter
of RNA polymerase [ll . ¢<GFP was used to track the
transfection and

transgenic subsequently

integration efficiency, and a

neomycin-resistance gene was used to establish a

stable cell line. This experiment proves that this
method can induce stable and persistent inhibition of
the expression of the target gene in mammalian cells.

In the light of certain adverse effects observed
during the in witro cultivation, transfection, and
G418-selection of rabbit fibroblasts, we chose to use
lipofection-mediated transfection; this method has a
better transfection rate and is more convenient to use
than the electroporation method ™. However, we
observed that some of the positive clones were not
amplified, and the existing cell clones were divided
into 2 categories: fibroblast and irregular clones, a
phenomenon that can be attributed to the negative
effects of the G418 selection and high passaging. The
negative cell clones of PCR identification could be the
result of a failure in integration or a loss of exogenous
gene during selection. These problems need to be
investigated in further studies. In general, we found
that the use of the conditioned medium and fibroblasts
up to the sixth generation were helpful in the
acquirement of stable transfected cell lines. The
non-transgenic cells can be eliminated by exposing
them to low-dosage G418 during the phases of
expansion.

The transgenic cell lines were used as donors for
SCNT, and the NT-embryos were cultured in vitro to
various stages of preimplantation development. The
blastocyst development rate was 27.8% , which was
slightly lower than that of normal group. The possible
explanations are cell degeneration during transfection
or genome disturbances arising from integration of
exogenous genes. Therefore, long-term passage and
embryo
development, in accordance with previous studies™ !,

drug selection are not beneficial to

GFP expression was detected at every embryonic
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stage, and the intensity of GFP expression was found
to increase with the development of the NT-embryo, a
phenomenon that may be attributed to the increase in
cell numbers or the gradual accumulation of ¢ GFP.
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