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Somatostatin (SS) DNA vaccine has been used to improve the growth and lactation of animals, however, 
the immune response is still unsatisfactory, especially in large animals. The present study aimed to 
investigate whether tissue plasminogen activator (tPA) could be applied as signal peptide for enhancing 
the effect of somatostatin DNA vaccine. A novel recombinant plasmid pEGS/2SS-tPA encoding two 
copies of somatostatin genes fused to tPA signal sequence was succesfully constructed and identified in 
MCF-7 cells. Subsequently, thirty female mice randomly were divided into three groups, treating with 
50 μg pEGS/2SS-tPA (group T1), 50 μg pEGS/2SS (group T2), and 50 μg pEGFP-N1 (Control group) at 
weeks 0, 2, 4 and 6. Mating with male mice was performed at 2 weeks post final immunization. Results 
showed that mice both in T1 and T2 groups elicited significantly stronger anti-SS antibody level than that 
in control (p < 0.05), and mice in T1 group induced significantly higher serum GH and PRL concentration 
in comparison with T2 and control groups (p < 0.05). Expectantly, mice in T1 group also showed 
significantly higher average weight gain and offspring weaning weight than that in T2 and control groups, 
respectively (p < 0.05). Overall, these results suggested that novel somatostatin plasmid fused to tPA 
signal peptide obtained stronger immunogenicity, and better potentials of promoting growth and lactation, 
indicating that tPA is an effective signal peptide for enhancing the immune efficacy and performance of 
somatostatin DNA vaccine.

INTRODUCTION

Somatostatin-14 (SS-14) regulates the growth and 
lactation of animals by inhibiting the secretion of 

growth hormone (GH) (Adams et al., 2015; Yang et 
al., 2017) and prolactin (PRL) (Gruszaka et al., 2012). 
Immunization against SS-14 DNA vaccines could improve 
the growth of mice (Liang et al., 2014), rat (Liang et al., 
2008), swine (Han et al., 2014) and lambs (Xue et al., 
2010) and lactation in mice (Bai et al., 2011) by affecting 
the secretion of GH and PRL. Although the use of DNA 
vaccines is one successful strategy comparing protein 
vaccine, synthetic peptide vaccine and genetic engineering 
vaccine for immunization with somatostatin, due to no 
purification of protein antigens and saving cost (Redding 
and Weiner, 2009; Jorritsm et al., 2016), the immunogenicity 
of these somatostatin DNA vaccines was still low, 
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and the effects was also inadequate in improving growth 
and lactation of animals, especially in large animals. 
Therefore, we need to further optimize the somatostatin 
DNA vaccine to improve its immune efficacy.

Tissue-type plasminogen activator (tPA) signal 
peptide is a serine proteinase which could increase humoral 
immune responses of DNA vaccines (Luo et al., 2008). 
Many studies suggested that antigen of DNA vaccine 
secreted influenced effectiveness and magnitudes of the 
immune responses (Liang et al., 2005; Golden et al., 2008; 
Yang et al., 2010; Farshadpour et al., 2015), which may be 
due to that the signal peptide enable recombinant antigen 
of DNA vaccine to be secreted and thus raised access to 
the major histocompatibility complex class II (MHC-II) 
pathway of antigen presentation. The tPA, a secretory 
signal peptide, was usually fused into the 5’-end of 
plasmid DNA expressing various antigens which enhanced 
various antigens’ surface expression and thus improved 
DNA vaccine’s humoral immune response (Goncalves et 
al., 2015; Costa et al., 2011). Hepatitis B surface antigen 
S (HBsAg-S) with 226 residues has been widely applied 
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to improve the immunogenicity of somatostatin DNA 
vaccines because of the somatostatin’s small molecular 
mass and then incomplete antigenicity (Liang et al., 2008; 
Gonzalez et al., 2009; Kotiw et al., 2012; Woo et al., 
2006). Though these somatostatin DNA vaccines fused to 
the HBsAg-S gene can lead to the surface expression, the 
surface expression efficiency of the somatostatin antigens 
may be relatively low, resulting in the weak humoral 
immune responses of somatostatin DNA vaccines.

The objective of this study is to verify this hypothesis 
whether tPA can be used as a signal peptide to enhance 
immune efficacy and performance of somatostatin DNA 
vaccine. The effect of novel somatostatin DNA vaccine 
in promoting mice growth and lactation was evaluated 
by measuring serum somatostatin antibody GH, PRL 
concentration, average weight gains and offspring weaning 
weight.

MATERIALS AND METHODS

Vaccine construction and identification
The recombinant vaccine (pEGS/2SS-tPA) 

was constructed by inserting the sequence of tissue 
plasminogen activator signal peptide (tPA) into previous 
somatostatin DNA vaccine (pEGS/2SS) (Cao et al., 2005). 
The pEGS/2SS-tPA was confirmed to be constructed 
successfully proved by double enzyme digestion and 
sequence comparison.

Human breast cancer cell MCF-7 (purchased 
from China Center for Type Culture Collection) was 
cultivated in incubator at 37°C in 5% CO2 and containing 
Dulbecco’s modified Eagles medium (DMEM, Gibco, 
Shanghai, China) with 15% fetal bovine serum (Gibco, 
Shanghai, China). These cells were then transfected with 
pEGS/2SS-tPA, pEGS/2SS and pEGFP-N1 vector by 
using LipofectamineTM 2000 Kit (Invitrogen, Shanghai, 
China). The pictures of green fluorescent were taken after 
transfection of 24 h and 48 h, respectively. 

On the other hand, MCF-7 was lysed by conventional 
lysis buffer for 30 min on ice, and then the supernatant 
was prepared by centrifuging at 4°C. BCA Protein Assay 
Kit (Sangon Biotech, Shanghai, China) was used to detect 
protein concentration in supernatant. After 5 min for boiling, 
we used the sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) to separate the supernatant 
protein, and then electrophoretically transferred onto 
nitrocellulose polyvinylidene fluoride (PVDF) membrane. 
These samples were blocked in 1% BSA in tris-buffered 
saline (TBS) and then incubated with primary anti-SS 
antibody (Santa Cruz, Shanghai, China, dilutions at 1:300) 
and GAPDH antibody (Boster, Wuhan, China, dilutions 
at 1:1000), followed by incubation with secondary 
antibodies horseradish peroxidase- (HRP) conjugated 

goat anti-rabbit IgG (Boster, Wuhan, China, dilutions at 
1:1000). The densities of bands were scanned by enhanced 
chemiluminescence reagent (Pierce, Rockford, IL, USA).

Real time PCR detection
At 48 h after cell transfection, total RNA from MCF-

7 cells was extracted by TRIZOL (Invitrogen, Shanghai, 
China) and then reverse-transcribed using PrimeScriptTM 
RT reagent Kit (TaKaRa, Dalian, China) according to the 
manufacturer’s instructions. Real-time PCR reactions were 
run using QuantiFast® SYBR® Green PCR Kit (Qiagen, 
204054, Germany) on BIORAD CFX Manager Machine. 
The specific SS, PRL receptor, JAK2, STAT5, DGAT1, 
as well as GAPDH primers (Table I) were designed 
and synthesized by Sangon Biotech (Shanghai, China). 
Samples were prepared according to the manufacturer’s 
instructions. The data were subsequently quantified 
according to the comparative cycle threshold (CT) method 
and relative expression of target genes was obtained by 
calculating 2-ΔΔCT. 

Table I.- Primers used in this study for real time PCR.

Gene
(Size)

Sequence (5' to 3') Accession 
No.

S/2SS
(228bp)

F: CATCCTGCTGCTATGCCTCA KT235604
R: CCGTCCGAAGGTTTGGTACA

PRLR
(225bp)

F: CGTCGCCTTCTAAAACTGGC NM_000949
R: AGAAAGCCCAGCCCAGAAAA

JAK2
(113bp)

F: GTGCCTTTGAAGACCGGGAT AF005216
R: TAGAGGGTCATACCGGCACA

STAT5
(156bp)

F: GGAACTCTTACGCCGACCAA L41142
R: AAACTCACAACACGACCGCT

DGAT1
(276bp)

F: GGAACTCCGAGTCTGTCACC NM_012079
R: CAGCTGCGTTGCCATAGTTG

GAPDH
(259bp)

F: ACAGTCAGCCGCATCTTCTT NM_002046
R: GACAAGCTTCCCGTTCTCAG

Mice immunization
Thirty Kunming mice (6-week-old, female) were 

purchased (Wuhan Institute of Biological Products Co., 
Ltd, Wuhan, China) and fed in the experimental animal 
house of Huazhong Agricultural University which 
following conforming to the National Institutes of Health 
guidelines in care and use of laboratory animals. One 
week after caging, the mice were randomly divided into 
three groups (Groups T1, T2 and control), which were 
respectively intramuscular injected with 50μg pEGS/2SS-
tPA or pEGS/2SS or naked pEGFP-N1 plasmids dissolved 
in 100μl saline solution. The mice were vaccinated total 
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four times with a two week interval. Tail blood at weeks 
0, 2, 4 and 6 was collected in EDTA anticoagulant tube, 
then was centrifuged at 3,000 rpm for 10 min and stored at 
-20°C until analysis. 

Specific SS antibody detection
An indirect ELISA method was used to detect the 

specific SS IgG antibodies. 96-well polystyrene flat-bottom 
plates were coated with 100 ng SS antigen dissolved in 
bicarbonate buffer and incubated overnight at 4°C. Then 
the plates were blocked with 1% BSA in phosphate-
buffered saline (PBS) at 37°C for 1 h. We added 1:200 
dilution of plasma samples dissolved in PBS containing 
0.05% Tween-20 into the plates and then incubated them at 
37°C for 1 h. Meanwhile, standard SS antibody was used as 
positive control for the drawing standard curve. Goat anti-
mouse IgG secondary antibody (1:2000) with horseradish 

peroxidase-conjugated (HRP) labeled (Boster, Wuhan, 
China) in PBST were added to plates and incubated for 1 
h at 37°C. 150 μl tetramethylbenzidine (TMB) substrate 
were added to plates and incubated them at 37°C for 25 
min. The reaction was stopped with 2 M H2SO4 and the 
optical density (OD) absorbance was read at 450 nm 
wavelength filter. According to the standard SS antibody 
concentration and OD450 values, the standard curve was 
drawn. Then SS antibody concentrations of these samples 
were calculated by the SS standard curve and the OD450 
values of examined samples. Results were evaluated using 
the ratio of known positive sample’s OD450 (P) to known 
negative sample’s OD450 (N) (Bai et al., 2011). If the P/N 
ratio is greater than 2.0 and the OD450 value is greater than 
0.2, the sample will be judged to be positive, otherwise it 
will be seen as negative one (Bai et al., 2011).

Fig. 1. Construction of plasmid pEGS/2SS-tPA. The sequence of tissue plasminogen activator signal peptide (tPA) was inserted 
into previous somatostatin DNA vaccine (pEGS/2SS). A, the plasmid profile of pEGS/2SS-tPA; B, The sequencing analysis of 
pEGS/2SS-tPA.

DNA Encoding in Mice 1877
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Fig. 2. Expression and distribution of green fluorescent in MCF-7 cells at 24 h and 48 h after transfection. Scale bar = 200μm.

Serum GH and PRL assay
Serum GH and PRL concentration was detected 

by double antibody sandwich ELISA from purchasing 
commercial kits (Laibio, Shanghai, China). All the 
treatment was simultaneously run for avoiding inter-assay 
variation. The assay sensitivity of GH and PRL were 
respectively ≤ 0.1 ng/ml. The coefficients of variation 
for GH and PRL assays were respectively < 7.46% and < 
11.58%.

Records of weight gain and weaning weight
After the mice were fasted for 12 h, their body weight 

were recorded at weeks 0, 4 and 8 after immunization and 
then their average weight gains, was calculated. At week 2 
after the final immunization, each cage was put one male 
mouse for mating, the successful breeding was checked by 
observing the female mice vaginal suppository in the next 
day. After that, the mice’s pregnancy was observed at any 
time, and offspring birth weight and weaning weight (3 
weeks old) were recorded.

Statistical analysis
Statistically significant (p < 0.05) differences 

between groups in terms of anti-SS antibody, serum GH 
and PRL concentration, average weight gains, offspring 
weaning weight were assessed using one-way ANOVA 
and unpaired Student’s t-test from the SAS 8.1 analytical 
software program. These data were showed as Mean±SD.

RESULTS

Vaccine construction and detection
We engineered a recombinant plasmid pEGS/2SS-

tPA, in which the sequence of tissue plasminogen activator 
signal peptide (tPA) was inserted into previously described 
somatostatin DNA vaccine (pEGS/2SS) (Fig. 1A). The 
fusion gene S/2SS and tPA gene insertion sites, sequence, 
and the direction were correctly detected by restriction 
endonuclease digestion and sequencing methods (Fig. 
1A, B). Intensity of green fluorescence displayed that the 
expression level of target gene was higher at 48 h after 
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transfection (Fig. 2). Additionally, the green fluorescence 
treated with pEGS/2SS-tPA distributed dispersedly in the 
cytoplasm (Fig. 2), which was different from the distribution 
of green fluorescence in pEGFP-N1 transfected cells. 
Result of real-time PCR also showed the highly significant 
increase in the relative expression of SS (Fig. 3). In order 
to evaluate whether the SS fusion protein was secreted by 
pEGS/2SS-tPA transfected cells, samples collected from 
culture supernatants were analyzed by Western blot. Result 
analysis showed that both of the MCF-7 cells transfected 
with pEGS/2SS-tPA and pEGS/2SS plasmid contained 28 
kDa fusion protein bands which was consistent with the 
size of target protein (Fig. 4). The negative control did not 
show specific band (Fig. 4). These results showed that the 
novel recombinant SS vaccine constructed can correctly 
express the fusion protein in transfected MCF-7 cells and 
secreted more SS fusion protein into extracellular space.

Fig. 3. Relative expression of SS mRNA by real-time PCR. 
The Ct value of SS was normalized to that of GAPDH, 
and the SS expression level in cells transfected with 
pEGS/2SS-tPA or pEGS/2SS was calculated relative to 
cells transfected with pEGFP-N1. **P<0.01.

Fig. 4. S/2SS fusion protein detection in cell supernatants 
by Western blot. Lane 1, cells transfected with pEGS/2SS-
tPA; Lane 2, cells transfected with pEGS/2SS; Lane 3, cells 
transfected with negative control pEGFP-N1. GAPDH 
protein was selected as the standardized correction of 
S/2SS fusion protein expression quantity.

mRNA level of lactation-related genes
As the result of SS over-expression, the mRNA levels 

of some genes related to lactation changed in MCF-7 cells. 

Compared with cells transfected with negative vector, the 
relative expression levels of PRLR (PRL receptor), JAK2, 
STAT5 and DGAT1 in cells treated with pEGS/2SS-tPA or 
pEGS/2SS were dramatically decreased (Fig. 5; p < 0.05), 
suggesting SS could regulate expression the lactation 
related genes in vitro. 

Fig. 5. Relative expression of PRLR, JAK2, STAT5a 
and DGAT1 by Real-time PCR. The Ct value of SS was 
normalized to that of GAPDH, and the expression level of 
targets genes in cells transfected with pEGS/2SS-tPA or 
pEGS/2SS was calculated relative to cells transfected with 
pEGFP-N1. *P<0.05.

Table II.- Positive rate and concentration of SS 
antibody in different vaccine groups.

Group Positive rate Antibody concentration (pg/mL)
T1 66.67% 5.45±2.27a
T2 50.00% 4.78±1.94a
C 0.00 -

Values with different lowercases represented significantly different in the 
same column (p < 0.05).

SS antibody response
Specific anti-SS- antibody was detected in T1 and 

T2 groups at week 8 after primary immunization. Anti-
SS antibody concentration in T1 and T2 groups was both 
significantly higher than control group (Table II; p < 0.05). 
Anti-SS antibody concentration in T1 group is higher 
than that in T2 group; however, there was no significantly 
difference. The ratio of positive antibodies in T1 group 
(66.67%) was obviously higher than that one in T2 group 
(50.00%).

Serum GH and PRL concentration
Mice in T1 group showed significantly higher serum 

GH concentration than that in T2 and control at week 8 
after primary immunization (Fig. 6; p < 0.05) and we did 
not find significantly difference between T2 and control. 
The serum PRL concentration of T1 group was extremely 
significantly higher than that of T2 and control groups at 
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week 8 after primary immunization (Fig. 6; p < 0.01), and 
we did not find significantly difference between T2 and 
control.

Fig. 6. Serum GH concentration (ng/mL) and serum PRL 
concentration (ng/mL) in T1, T2 and C groups vaccinated 
with pEGS/2SS-tPA, pEGS/2SS and pEGFP-N1 at 8 week 
after immunization. *P<0.05 and **P<0.01.

Table III.- Average weight gain of mice in different 
vaccine groups (g).

Group Week 4 after vaccinated Week 8 after vaccinated
T1 23.61±1.82a 29.76±2.30a
T2 23.28±1.47a 28.82±2.13a
C 21.64±1.40b 26.14±1.82b

Values with different lowercases represented significantly different in the 
same column (p < 0.05).

Table IV.- Average weaning weight of offspring.

Group Weaning weight (g)
T1 12.20±2.19a
T2 11.02±1.89b
C 9.54±1.87c

Values with different lowercases represented significantly different in the 
same column (p < 0.05).

Effect on the growth performance
The body weight was monitored in the whole 

experimental period. The average weight gains of mice 
in T1 and T2 groups were significantly higher than those 
in control group at week 4 and week 8 after primary 
vaccination (p < 0.05; Table III); however, there is no 
significant difference between T1 and T2 groups. 

Effect on the weaning weight of offspring
Weaning weight of offspring in T1 group was 

significantly higher than those in T2 and control groups (p 
< 0.05; Table IV), and weaning weight of offspring in T2 

group was significantly higher than those in control group 
(p < 0.05; Table IV).

DISCUSSION

Somatostatin immuno-neutralization technology has 
been proved to be a potent strategy in promoting growth 
and lactation of animal (Sun et al., 1990; Yi et al., 1999; 
Liang et al., 2008, 2014; Xue et al., 2010; Bai et al., 2011; 
Han et al., 2014). Although our previous somatostatin DNA 
vaccines fused to HBsAg-S gene were used to enhance 
animal growth and lactation performance, the immune 
effects of these somatostatin DNA vaccines was relatively 
unsatisfactory (Liang et al., 2005; Woo et al., 2006; 
Golden et al., 2008; Farshadpour et al., 2015), which may 
be due to the weak secretion capacity of encoded antigen. 
The tissue plasminogen activator signal sequence (tPA) is a 
specific targeting signal that targets the expressed antigen 
directly to the plasmic reticulum (ER), and therefore 
obviates the need for the antigen to be processed and 
translocated to the cytoplasm (Ciernik et al., 1996; Li et 
al., 1999). The tPA signal peptide has been widely used 
in improving the secreting levels of the expressed antigen 
(Luo et al., 2008; Wang et al., 2011), resulting in stronger 
humoral and cellular immune (Ashok and Rangarajan, 
2002; Liang et al., 2005). Therefore, a novel somatostatin 
DNA vaccine fused to tPA signal peptide was successfully 
constructed and identified the fusion protein expression 
in MCF-7 cells in this study. Compared to pEGS/2SS-
transfected cells, pEGS/2SS-tPA-transfected cells secreted 
more fusion protein, suggesting tPA drived more secretion 
of the recombinant SS protein.

Several studies indicate that the efficiency and 
magnitude of immune responses elicited by DNA vaccines 
are affected by the ability of the expressed antigen to 
be secreted (Watanabe et al., 2003; Liang et al., 2005). 
Subsequently, the immune response and hormone level 
of such novel SS vaccine was evaluated. Compared to 
T2 and control groups, recombinant SS protein fused to 
tPA was able to induce strong SS specific antibodies and 
obtain more positive mice (66.67% vs. 50.00%, 66.67% 
vs. 0.00%), resulting in the higher GH concentration at 
week 8 post immunization. The possible reason is that tPA 
signal peptide could guide a large number of recombinant 
antigens to transport to extracellular which elevated uptake 
by APC, and thus activate the immune system (Midha and 
Bhatnagar, 2009). Based on the higher GH secretion at 
week 8 after immunization, the average weight gain of 
mice in Group T1 and T2 are higher than that in control 
group. 

In this research, the lactation related gene expression 
was detected in MCF-7 cells by Real time PCR. Compared 
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with pEGS-N1 transfected cells, the relative expression 
levels of PRLR, JAK2, STAT5 and DGAT1 in cells treated 
with pEGS/2SS-tPA or pEGS/2SS were dramaticlly 
decreased, suggesting overexpression of SS fusion 
gene are able to decline the expression of PRLR, JAK2, 
STAT5 and DGAT1 genes. PRLR, JAK2 and STAT5 are 
key components in the mammary JAK/STAT signaling 
pathway, which advances milk synthesis. On the surface of 
mammary epithelial cells, binding with PRL, long isoform 
PRLR is activated and undergoes the dimerization and the 
conformational change, followed by JAK2 recruitment 
and STAT5 phosphorylation; and then activated STAT5 
targets the promoter of genes (e.g. β-casein), triggering the 
transcription associated with milk component synthesis 
(Jahn et al., 1997). The down-regulation of PRLR and 
STAT5 is accompanied by a decrease in PRL signaling and 
mammary involution (Campo et al., 2016). Accordingly, 
abundant SS is more likely to play a negative role in lactation 
through hindering JAK/STAT signaling. Bratthauer et al. 
(2008) found that the expression level of PRLR tended to 
be opposite to that of STAT5a in common breast epithelial 
cells. Our result is consistent with Bratthauer’s research. 
The mRNA level of PRLR in pEGS/2SS-tPA transfected 
cells was higher than that in pEGS/2SS transfected cells, 
while the STAT5 level in pEGS/2SS-tPA treated cells 
was relatively lower. Subsequently, we detected that 
immune effect of novel SS DNA vaccine fused to tPA 
signal peptide in promoting mice lactation performance. 
PRL concentration and weaning weight of offspring in 
vaccinated group fused to tPA were significantly greater 
than that in the vaccinated group without tPA and control 
mice. These results indicated that SS DNA vaccine 
with tPA could effectively promote lactation of mice. 
Interestingly, although there was no significant difference 
in the concentration of PRL between the immunized 
group without tPA and control group, weaning weight 
of offspring in the immunized group without tPA was 
significantly greater than that in control mice, which may 
be due to that the testing time was at the descending period 
of prolactin. Previous study showed that after female mice 
were treated with the SS DNA vaccine, the weight of their 
offspring during lactation increased faster compared with 
control group, especially at the first two weeks of lactation 
(Bai et al., 2011). Similarly, results in this experiment also 
displayed an obviously rise in weight gain of offspring 
after SS DNA immunization; however, the significant 
distinction existed until the end of lactation. It might due 
to diverse adjuvant and vectors have an influence on milk 
quality and functioning time of SS DNA vaccine.

In summary, the present report demonstrated that 
novel somatostatin DNA vaccine fused to tPA improved 
immunogenicity, weight gain as well as lactation 

by inducing improving higher secretion capacity of 
recombinant protein. Vaccination of mice with the 
pEGS/2SS-tPA induced higher levels of the specific SS 
antibody, resulting in higher concentration of GH and 
PRL. Moreover, pEGS/2SS-tPA was able to increase the 
weight gain in vaccinated mice and weaning weight in 
offsprings. Therefore, our data indicated that tPA can be 
used as a signal peptide for enhancing effect of SS DNA 
vaccine.
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