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Abstract: Objective: We investigated the proper method of constructing HSP27-expressing lentiviral vector and its
effect on contraction-related proteins in the infection model in rat detrusor smooth muscle cells (DSMCs). Method:
Using LV5 shuttle plasmid, cloning was performed at two restriction sites, Notl and BamHI. LV5-3G-HSP27 (invalid
phosphorylated mutant) and LV5-3D-HSP27 (valid phosphorylated mutant) lentiviral vectors were cloned. The re-
combinant vectors were verified by restriction enzyme digestion and sequenced. The two verified vectors were fur-
ther packaged and purified, and used to infect the rat DSMCs. In the meantime, the binding capacity of phosphory-
lated HSP27 to caldesmon (CaD) and tropomyosin (TM) was analyzed by co-immunoprecipitation assay. Result:
Green fluorescent particles were seen in the cells infected by LV5-3G-HSP27 and LV5-3D-HSP27 lentiviral vectors,
indicating that the cells were successfully infected. Co-immunoprecipitation assay showed that the phosphorylated
HSP27 bound to CaD, but not to TM. Conclusion: We successfully built the lentiviral vector expressing phosphory-
lated HSP27, which was packaged and purified to obtain the infectious viral particles. The cells were infected by the
lentiviral vector and the binding capacity of the phosphorylated HSP27 to contraction-related proteins was analyzed.
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Introduction

Heat shock protein 27 (HSP27), named accord-
ing to its molecular weight, is an important pro-
tein involved in drug resistance, cell growth and
apoptosis, tumor occurrence and metastasis
[1, 2]. Its functions may be related to covalent
modification of the protein. Under normal con-
ditions, HSP27 is lowly expressed and exists as
polymer, which is usually inactive. But under
stressful conditions, HSP27 is highly expressed
with a higher phosphorylation level, making
HSP27 active for fulfilling its functions [3].
HSP27 has three phosphorylation sites, ser-
ine-15, -78 and -82. After phosphorylation, the
polymer will become smaller tetramer, which is
the active form [4].

The normal functioning of bladder largely
depends on the contractility of DSMCs, which is
in turn controlled by the integrity of actin skel-
eton. Therefore, stabilizing myofilament struc-

ture is the guarantee for normal contraction of
DSMCs. Various mechanisms can impair the
contraction of DSMCs by affecting the myofila-
ments [5, 6]. In this study, we built the lentiviral
vector expressing phosphorylated HSP27 and
studied its binding capacity to contraction-relat-
ed proteins. We hope to provide new insights
into the treatment of bladder dysfunction.

Materials and methods
Construction of LV5-3G-HSP27 lentiviral vector

DNA endonuclease and DNA ligase were pur-
chased from Fermentas (USA). DNA gel extrac-
tion kit was purchased from Beijing Tiangen
Biotechemical Technology Co., Ltd. The primers
were synthesized by Western Technology. First
3G-HSP27 fragment was obtained by PCR
amplification. To the upstream and downstream
primers of the target gene the homologous
sequences flanking Notl and BamHI on the LV5
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Table 1. Primers for the amplification of 3G-HSP27

B2023-1
B2023-2
B2023-3
B2023-4
B2023-5
B2023-6
B2023-7
B2023-8
B2023-9
B2023-10
B2023-11
B2023-12
B2023-13
B2023-14
B2023-15
B2023-16
B2023-17
B2023-18
B2023-19
B2023-20
B2023-21
B2023-22
B2023-23
B2023-24
B2023-25
B2023-26
B2023-27

AGGGTTCCAAGCTTAAGCGG
GGCGCTCGGTCATGGTGGCGCGGCCGCTTAAGCTTGGAACCC
ACCATGACCGAGCGCCGCGTGCCCTTCTCGCTACTGCGGAGC
AGTCCCGGAACGGCTCCCAGCCGGGGCTCCGCAGTAGCGAGA
GAGCCGTTCCGGGACTGGTACCCTGCCCACAGCCGCCTCTTC
AACCGAGGCACCCCGAAAGCTTGATCGAAGAGGCGGCTGTGG
CGGGGTGCCTCGGTTTCCCGATGAGTGGTCTCAGTGGTTCAG
ATAGCCGGGCCAACCAGCGGAGCTGAACCACTGAGACCACTC
CTGGTTGGCCCGGCTATGTGCGCCCTCTGCCCGCCGCGACCG
GGCCAGGGTCACTGCTGCGGGGCCCTCGGCGGTCGCGGCGGG
AGCAGTGACCCTGGCCAGGCCCGCCTTCGGCCGGGCGCTCAA
CTCTGAGACACCGCTGCTGAGTTGCCGGTTGAGCGCCCGGCC
AGCAGCGGTGTCTCAGAGATCCGACAGACGGCCGATCGCTGG
GAAGTGGTTGACGTCCAGGGACACGCGCCAGCGATCGGCCGT
CCTGGACGTCAACCACTTCGCTCCTGAGGAGCTCACAGTTAA
TCCACCACGCCTTCCTTGGTCTTAACTGTGAGCTCCTCAGGA
AAGGAAGGCGTGGTGGAGATCACTGGCAAGCACGAAGAAAGG
GAGATGTAGCCATGTTCATCCTGCCTTTCTTCGTGCTTGCCA
AGGATGAACATGGCTACATCTCTCGGTGCTTCACCCGGAAAT
GGTCCACACCTGGAGGGAGCGTGTATTTCCGGGTGAAGCACC
CCCTCCAGGTGTGGACCCCACCCTGGTGTCCTCTTCCCTGTC
CCACGGTGAGTGTGCCCTCAGGGGACAGGGAAGAGGACACCA
GGCACACTCACCGTGGAGGCTCCGCTGCCCAAAGCAGTCACA
CGGAATGGTGATCTCCGCTGATTGTGTGACTGCTTTGGGCAG
GCGGAGATCACCATTCCGGTCACTTTCGAGGCCCGTGCCCAA
AGACTGTTCCGACTCTGGGCCTCCAATTTGGGCACGGGCCTC
CCCAGAGTCGGAACAGTCTGGAGCCAAGTAGGGATCCGACAC

with Notl and BamHI at 37°C
for 2 h. The LV5 vector was re-
covered using DNA gel extrac-
tion kit. With ClonExpress®
Entry One Step Cloning Kit, the
amplified fragment was cloned
to the linearized LV5 vector. The
competent cells were prepared
by calcium chloride method and
transfected with the ligation
product. The clones were pick-
ed from the plate, and Plasmid
Mini Preparation Kit was used
to identify the positive clones.
The extracted plasmids were
verified by double restriction
enzyme digestion at 37°C. El-
ectrophoresis was conducted 1
h later. The clones with a target
band of desired size were the
positive clones. After that, 200
ul of the positive clones was
taken and sequenced. The
sequences were aligned with
those of the target genes.
Glycerin bacterial LB medium
was used to obtain sufficient
recombinant plasmids for sub-
sequent experiments.

Construction of LV5-3D-HSP27

B2023-28 ATCAGTAGAGAGTGTCGGATCCCTACTTGG
B1866-1

overexpressing lentiviral vector

AGCAGTGACCCTGGCCAGGCCCGCCTTCGGCCGGGC
B1866-70 CGGAATGGTGATCTCCGCTGATTGTGTGACTGCTTTGG

The 3D-HSP27 overexpressing

plasmid were added, respectively, for subclon-
ing of the vector. The primer sequences are
shown in Table 1. The primers were dissolved
to 50 yM and equal amounts of the primers
were added to the same 1.5 ml centrifuge tube
with proper mixing. Thus the mix (B2023-1 to
B2023-28) was prepared. The first round of
PCR was carried out using the mix under the
following conditions: 95°C for 3 min, 95°C for
30 sec, 55°C for 3 sec, 72°C for 3 sec, 30
cycles, and final extension at 72°C for 5 min.
The second round of PCR was carried out using
B1866-1 and B1866-70, the template being
the products of the first round of PCR. The
same PCR system and conditions were used as
above. After PCR, agarose electrophoresis was
performed, and the gel was cut out to recover
3G-HSP27 fragment. The target gene was clo-
ned to LV5 shuttle plasmid, which was digested
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lentiviral vector was construct-
ed using the same method as
above. The primers for the first round of PCR
(B2022-1 to B2022-28) are shown in Table 2.
The second round of PCR was performed using
B1866-1 and B1866-70, the template being
the products of the first round of PCR. Re-
combinant plasmid was extracted and verified
by double restriction enzyme digestion and
electrophoresis. The sequences were aligned
and analyzed with those of the target gene.

Packaging and purification of LV5-3G-HSP27
and LV5-3D-HSP27 overexpressing lentiviral
vectors

The lentiviral shuttle plasmids and the helper
plasmids were prepared. The four plasmids
were subjected to high-purity endotoxin-free
extraction. The four-plasmid system was used,
comprised of LV5 (shuttle plasmid), PG-pl-
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Table 2. Primers for the amplification of 3D-HSP27

B2022-1
B2022-2
B2022-3
B2022-4
B2022-5
B2022-6
B2022-7
B2022-8
B2022-9
B2022-10
B2022-11
B2022-12
B2022-13
B2022-14
B2022-15
B2022-16
B2022-17
B2022-18
B2022-19
B2022-20
B2022-21
B2022-22
B2022-23
B2022-24
B2022-25
B2022-26
B2022-27
B2022-28

AGGGTTCCAAGCTTAAGCGGCCGCGC
AAGGGCACGCGGCGCTCGGTCATGGTGGCGCGGCCGCTTAAG
CGCCGCGTGCCCTTCTCGCTACTGCGGAGCCCCAGGTGGGAG
TGGGCAGGGTACCAGTCCCGGAACGGCTCCCACCTGGGGCTC
GACTGGTACCCTGCCCACAGCCGCCTCTTCGATCAAGCTTTC
CATCGGGAAACCGAGGCACCCCGAAAGCTTGATCGAAGAGGC
GCCTCGGTTTCCCGATGAGTGGTCTCAGTGGTTCAGCTCCGC
AGGGCGCACATAGCCGGGCCAACCAGCGGAGCTGAACCACTG
CGGCTATGTGCGCCCTCTGCCCGCCGCGACCGCCGAGGGCCC
GGCGGGCCTGGCCAGGGTCACTGCTGCGGGGCCCTCGGCGGT
GGCCAGGCCCGCCTTCAGGCGGGCGCTCAACCGGCAACTCAG
TGTCGGATCTCTGAGACACCGCTGCTGAGTTGCCGGTTGAGC
GGTGTCTCAGAGATCCGACAGACGGCCGATCGCTGGCGCGTG
AGGAGCGAAGTGGTTGACGTCCAGGGACACGCGCCAGCGATC
GTCAACCACTTCGCTCCTGAGGAGCTCACAGTTAAGACCAAG
GTGATCTCCACCACGCCTTCCTTGGTCTTAACTGTGAGCTCC
AGGCGTGGTGGAGATCACTGGCAAGCACGAAGAAAGGCAGGA
CACCGAGAGATGTAGCCATGTTCATCCTGCCTTTCTTCGTGC
CATGGCTACATCTCTCGGTGCTTCACCCGGAAATACACGCTC
AGGGTGGGGTCCACACCTGGAGGGAGCGTGTATTTCCGGGTG
GTGTGGACCCCACCCTGGTGTCCTCTTCCCTGTCCCCTGAGG
GCGGAGCCTCCACGGTGAGTGTGCCCTCAGGGGACAGGGAAG
CCGTGGAGGCTCCGCTGCCCAAAGCAGTCACACAATCAGCGG
GAAAGTGACCGGAATGGTGATCTCCGCTGATTGTGTGACTGC
ATCACCATTCCGGTCACTTTCGAGGCCCGTGCCCAAATTGGA
TCCAGACTGTTCCGACTCTGGGCCTCCAATTTGGGCACGGGC
AGAGTCGGAACAGTCTGGAGCCAAGTAGGGATCCGACACTCT
ATCAGTAGAGAGTGTCGGATCCCTACTT

ature for 20-25 min and was
added dropwise into a 15 cm
culture dish and placed into a
37°C 5% CO, incubator for 4-6 h.
The transfection fluid was dis-
carded and DMEM containing
10% FBS was added. After that,
the cells were further cultured in
the 37°C 5% CO, incubator for
72 h.

The viral supernatant was col-
lected and centrifuged at 4°C at
4000 g for 10 min. The superna-
tant was collected, filtered th-
rough a 0.45 ym sieve and sub-
jected to ultraspeed centrifuga-
tion. The white precipitate at the
bottom of the centrifuge tube
was the viral particles, which
were purified by density gradient
centrifugation method using
cesium chloride. Into the super-
natant 50 ml of PEG8000 (20%
PEG8000, 2.5 M Nacl) was
added and the viral particles
were precipitated on ice for 1 h.
The precipitate was then sus-
pended in 10 ml of 1.10 g/ml
CsCl (20 mM Tris-Hcl as solvent,
pH 8.0) and centrifuged at 4°C
at 7000 rpm for 5 min. The viral
suspension was collected. CsCl
gradient solutions were prepa-

VSVG, PG-P2-REV and PG-P3-RRE. LV5 expre-
ssed green fluorescent protein (GFP); PG-p1-
VSVG, PG-P2-REV and PG-P3-RRE contained
the components needed for viral packaging.
The 293T cells were used as the host cells and
cultured in the 10 cm culture dish until reach-
ing 80-90% confluence, and then they were
inoculated to a 15 cm culture dish. DMEM con-
taining 10% FBS was added and the cells were
placed into a 37°C 5% CO, incubator overnight.
For plasmid transfection, 1.5 ml serum-free
DMEM was added into a sterile 5 ml centrifuge
tube. Then shuttle plasmid and helper plasmid
containing 3G-HSP27 and 3D-HSP27 sequenc-
es (pGag/Pol, pRev and pVSV-G) were added
and mixed well. Another sterile 5 ml centrifuge
tube was added with 1.5 ml of serum-free
DMEM and 300 ul RNAi-Mate successively,
mixed well and stood at room temperature for 5
min before combining the contents of the two
tubes. Then the mixture stood at room temper-
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red and added with 5 ml of viral suspension.
This was followed by centrifugation at 20000
rpm at room temperature for 2 h. The viral layer
with a density of 1.30-1.40 g/ml was collected
into the dialysis bag and viral titer was
determined.

Detection of viral titer: The 293T cells were
inoculated to a 96-well plate at the density of
3x10* cells per well and cultured at 37°C in a
5% CO, incubator for 24 h. The viral particles
(10 ul) were diluted into 4 gradients using
DMEM containing 10% FBS. Into each well 100
pl of diluted viral particles was added and the
blank control group was set up. The cells were
cultured at 37°Cin a 5% CO, incubator for 24 h.
The fluorescent cells were counted under the
fluorescence microscope and viral titer was cal-
culated based on the times of dilution. Viral
titer (BT = TU/ml, transducing units) was calcu-
lated as follows: TU/ul = (P x N/100 x V) x 1/

Int J Clin Exp Pathol 2016;9(12):12399-12406
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Figure 1. Double restriction enzyme digestion and
electrophoresis. Channel 1: Double restriction en-
zyme digestion of LV5-3G-HSP27 recombinant
plasmid (V7931-1) by Notl and BamH]I; Channel 2:
marker (Fermentas SM0331); Channel 3: marker
(Fermentas SM0331).

DF, P = % GFP + cells, N = number of cells dur-
ing transfection, V = volume of diluted viral par-
ticles added into each well (ul), DF = dilution
factor = 1 (undiluted), 10-1 (diluted 1/10) and
10-2 (diluted 1/100).

Transfection of DSMCs with LV5-3G-HSP27
and LV5-3D-HSP27 vectors

Rat DSMCs obtained from primary culture were
used and transfected with the constructed len-
tiviral vectors. Three groups were set up, LV5-
3G-HSP27 homo (titer 1*108 TU/mL), LV5-3D-
HSP27 homo (titer 1*10® TU/mL) and LV5 NC
(negative control) (titer 5*10% TU/mL). Log ph-
ase DSMCs were harvested and resuspended
in serum-free culture medium, with the cell
density adjusted to 2x10%/ml. The cells were
inoculated to a 24-well plate at the density of
5x10% cells per well. The volume of culture
medium added into each well was 250 ul.
Transfection was conducted when the cells
grew to about 70% confluence.

Viral particles were prepared the next day. The
lentiviral vectors were taken out from 4°C, cen-
trifuged for 20 s and diluted by adding the cul-
ture medium based on MOI. To ensure optimal
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Figure 2. Double restriction enzyme digestion and
electrophoresis. Channel 1: Double restriction en-
zyme digestion of LV5-3D-HSP27 recombinant
plasmid (V7931-1) by Notl and BamHI; Channel 2:
marker (Fermentas SM0331); Channel 3: marker
(Fermentas SM0331).

transfection efficiency, minimum amount of the
culture medium was added. The lentiviral vec-
tors were added into the 24-well plate along
with 5 ug/mL polybrene reagent. The cells were
incubated at 37°C in a 5% CO, incubator over-
night. The culture medium was replaced on the
third day. After 24 h, the culture medium con-
taining the lentiviral vectors was replaced by
normal culture medium at 500 ul per well.
Transfection efficiency was determined on the
sixth day. The fluorescent cells were observed
under the inverted fluorescence microscope.

Determination of binding capacity of phos-
phorylated HSP27 to CaD and TM by co-immu-
noprecipitation assay

The binding capacity of the phosphorylated
HSP27 to CaD and TM was determined by co-
immunoprecipitation assay. Six groups were
set up: 1. Normal control group; 2. 3G-HSP27
overexpressing lentiviral vector group (invalid
phosphorylated mutant); 3. 3D-HSP27 overex-
pressing lentiviral vector group (valid phosphor-
ylated mutant); 4. Normal control + 0.1 uM ace-
tylcholine group; 5. 3G-HSP27 overexpressing
lentiviral vector + 0.1 uM acetylcholine group;

Int J Clin Exp Pathol 2016;9(12):12399-12406
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Figure 3. Packaging and purification of LV5-3G-HSP27 and LV5-3D-HSP27 lentiviral vectors.

6. 3D-HSP27 overexpressing lentiviral vector +
0.1 uM acetylcholine group. The purified CaD
and TM antibodies were immobilized to the sur-
face of cured resin. The protein complexes
were separated from the lysate of rat DSMCs.
All lysates were passed through the resin col-
umn and eluted. The eluted proteins were ana-
lyzed by SDS-PAGE and WB so as to determine
the binding capacity of phosphorylated HSP27
to CaD and TM.

Result

Construction of 3G-HSP27 overexpressing
lentiviral vector

The LV5-3G-HSP27 lentiviral vector was veri-
fied by double restriction enzyme digestion and
electrophoresis. The target bands of the clones
were very clear (Figure 1). Moreover, as shown
by DNA sequence alignment, the vector was
successfully constructed.

Construction of 3D-HSP27 overexpressing
lentiviral vector

After double restriction enzyme digestion and
electrophoresis of the LV5-3D-HSP27 lentiviral
vector, the target bands of the clone were very
clear (Figure 2). Combining with DNA sequence
alignment, the vector was successfully constr-
ucted.

Packaging and purification of LV5-3G-HSP27
and LV5-3D-HSP27 lentiviral vectors

LV5-3G-HSP27 and LV5-3D-HSP27 lentiviral
vectors were packaged and purified. Green flu-
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orescent particles were seen in the cells under
the fluorescence microscope (Figure 3). At 72 h
after transfection, the viral titer was 5x108 TU/
mlin LV5 control group and 1x10% TU/ml in LV5-
3G-HSP27 and LV5-3D-HSP27 vector group.

Lentiviral infection of DSMCs

After lentiviral infection, the DSMCs were
observed under the fluorescence microscope.
The cells in LV5 empty vector group, LV5-3G-
HSP27 vector group and LV5-3D-HSP27 vector
group all contained green fluorescent particles,
indicating that the cells were successfully in-
fected by the recombinant lentiviruses (Figure
4A-C).

Binding capacity of phosphorylated HSP27 to
CaD and TM

The binding capacity of the phosphorylated
HSP27 to CaD and TM was determined by co-
immunoprecipitation assay. HSP27 maintained
the binding capacity of CaD all the time no mat-
ter whether it was phosphorylated or not
dephosphorylated and whether it was treated
or not treated with acetylcholine. However,
HSP27 did not bind to TM in any group (Figure
5A and 5B).

Discussion

HSP27 is a heat shock protein discovered in
human cells with molecular weight of 27 KDa.
HSP27 gene contains the heat shock regulato-
ry element and the stress regulatory element in

Int J Clin Exp Pathol 2016;9(12):12399-12406
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Figure 4. A. Infection by LV5 empty vector (100x%); B. Infection by LV5-3G-HSP27 vector (100x); C. Infection by LV5-

3D-HSP27 vector (100x).

the promoter region [7]. Its amino acid sequ-
ence has an N-terminal domain similar to that
in crystal proteins. HSP27 shares many typical
features of HSP subfamily, forming 400-800
KDa oligomers. The dissociation or polymeriza-
tion of the oligomers depends on the biological
functions to be achieved. For example, the
oligomers are synthesized in order to regulate
the intercellular active oxides and to maintain
the glutathione level. The dissociation of oligo-
mers is needed for it to act as the chaperone
[8, 9]. The cellular defense affected by HSP27
may work through the following mechanism
[10-18]. Firstly, the synthesis of HSP is inhibited
so that the number of unfolded proteins in the
eukaryotic cells decreases, thus reducing the

12404

damage to the cells. Secondly, HSP27 can pre-
vent the damage of actin, maintain cytoskele-
ton stability and enhance thermal stability.
Thirdly, HSP27 can facilitate RNA and protein
synthesis after heat shock stress, thus assist-
ing the repair of damage caused by heat shock
stress before cell death. Fourthly, HSP27 helps
maintain the glutathione level, reducing inter-
cellular active oxides and cellular oxidation.
Moreover, HSP27 is involved in the PKB-
activated signaling pathway under stressful
conditions, possibly regulating the cell apopto-
sis. According to the literature report, HSP27
inhibits cell apoptosis by inhibiting the activa-
tion of caspases [17]. In response to high heat
and stimulation from cytochalasin, HSP27 is

Int J Clin Exp Pathol 2016;9(12):12399-12406



HSP27 and CAP

1 2 3 4 5
A — Forward
Reverse
r il iy
.!‘.'v jhﬂﬁ.’.'l'
B— Forward

Reverse

Figure 5. A. Binding capacity of CaD to phosphorylated HSP27; B. Binding

capacity of TM to phosphorylated HSP27.

overexpressed to enhance the stability of
F-actin filaments. Therefore, the damage of
cytoskeleton is prevented, which is conducive
to cell survival [18].

Contractile dysfunction of DSMCs is usually
secondary to urinary tract obstruction, neuro-
genic bladder, diabetic bladder or the use of
some drugs. Contractile dysfunction of DSMCs,
a common disorder in clinical practice, is only
poorly treated by various drugs [19]. Contraction
of DSMCs is the most important function of
bladder. The cytoskeleton or actin of DSMCs
may be irreversibly damaged as a result of per-
sistent urinary tract obstruction, neurologic dis-
eases or chronic metabolic diseases. This will
further contribute to irreversible impairment of
bladder functions or even loss of contractility
[20]. HSP27 is the chaperon responsible for
maintaining cytoskeleton stability of various
smooth muscle cells, including DSMCs. The
expression and phosphorylation level of HSP27
may have changed in reduced contractility
caused by lower urinary tract obstruction and
show close connections with the degree of
obstruction [21-23]. We found that the phos-
phorylated HSP27 bound to CaD but not to TM.
So we believe HSP27 is an important protective
factor in DSMCs, which regulates contractility
by interacting with CaD. Following this idea, the
contractile dysfunction of bladder can be treat-
ed by targeting at the expression or the phos-
phorylation level of HSP27.
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