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Abstract

Objective: To study the construction and modifications of siRNA with CXCR2 (chemokine receptor
expression 2) and to evaluate its treatment effect in a rabbit animal model infected with syphilis on the
testicle and eye.
Methods: The synthetic CXCR2-siRNA was linked with the pDC316-EGFP-U6 plasmid by ligase, and
then this reconstruction plasmid was modified with cholesterol. After establishment of the animal model
by Treponema pallidum (TP) for rabbits’ testicles and eyes, intervention by the plasmid with CXCR2-
siRNA was utilized and its effects were evaluated.
Results: The recombinant plasmid was detected by agarose gel electrophoresis, and it was the right size
and concentration of 285 ng/μl by UV spectrophotometer. After 28 days of treatment, there was no
difference between the control group and empty plasmid control group in its treatment effect (P>0.05).
However, the effect of the recombinant plasmid was obvious, with a statistical significance (P<0.01).
There were significant differences between the three groups in chancre, testis swelling, orchitis, fur
damage, lymphadenitis and TP in the testis by microscopy. However, there was no difference in the
rabbits’ serum syphilis antibody level by the Treponema pallidum Particle Hemagglutination Assay
(TPHA). EGFP (Enhanced Green Fluorescent Protein) was observed by fluorescence microscopy, and
the cellular ratio with the green fluorescent protein was 10%. There was a high efficiency of transfection
for the recombinant plasmid with CXCR2-siRNA.
Conclusion: The modified recombinant plasmid clearly interfered with the in vivo replication of syphilis.
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Introduction
Chemokine receptor expression 2 (CXCR2) is a member of the
associated G protein receptor super family, with an affinity to
IL-8, and a subfamily member of the chemokines CXC [1,2].
Recent studies show that CXCR2 plays an important role in
syphilis disease progression [3,4]. Associated chemokines are
presented in the skin and mucosal tissue, eye tissue, nerve and
joint tissue. CXCR2 is closely related to the development of
syphilis.

Ribonucleic Acid interference (RNAi) is an ancient and
widespread phenomenon in biological evolution. RNAi is
mediated by siRNA and involves the Dicer enzyme to silence

target genes specifically and efficiently [5-7]. In 2001, it was
first confirmed that RNAi mechanisms exist in mammalian
organisms, which are induced by 21 to 25 nucleotides [6,7].
siRNA can be introduced into mammalian cells via different
transfection techniques, resulting in the inhibited expression of
specific genes [6]. RNAi has become a new effective method
to study drug interventions.

Treponema pallidum subsp. pallidum is the causative agent of
syphilis, which is a sexually transmitted disease that is
characterized by widespread tissue dissemination and chronic
infection [8]. A significantly high incidence of syphilis has
been reported in several countries, including China, and there
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is an urgent need for the development of efficacious
formulations against Treponema pallidum (TP).

Syphilis is most commonly spread through sexual activity. It
may also be transmitted from mother to baby during pregnancy
or at birth, resulting in congenital syphilis. Other human
diseases caused by related Treponema pallidum (TP) include
yaws (subspecies pertenue), pinta (subspecies carateum), and
bejel (subspecies endemicum). The diagnosis is usually made
through a blood test, and the bacteria can also be detected
using dark field microscopy. The Centers for Disease Control
recommends that all pregnant women be tested [8,9].

In 2013, syphilis infected approximately 315,000 people.
During 2010, it caused approximately 113,000 deaths, which
were down from 202,000 in 1990. After decreasing
dramatically with the availability of penicillin in the 1940s, the
rates of infection have increased since the turn of the
millennium in many countries, often in combination with
Human Immunodeficiency Virus (HIV) [3,5,10]. This is
believed to be partly due to increased promiscuity, prostitution,
decreasing use of condoms, and unsafe sexual practices among
men who have sex with men. In 2015, Cuba became the first
country in the world to eliminate the mother-to-child
transmission of syphilis.

CXCR2-siRNA might be a major breakthrough in the field of
formulations with several advantages over traditional
medicine. Animal model studies of TP have not been reported
elsewhere, but our previous finding describes the development
of siRNA intervention TP.

Materials and Methods

Construction of interference vector
Using the software siRNA Target Finder (Ambion, USA), the
primers were designed according to the human CXCR2 gene
sequence from GenBank. The sequence of the CXCR2-siRNA
was as: Sense 5'
GAACAAAUUUACAGAGACAUU3';Antisense 3'
UUCUUGUUUAAAUGUCUCUGU (5'-P) 5'.

Simultaneously, we introduced endonuclease sites in these
primers as: Sense 5’ AAGCTT3’; Antisense 3' GGATCC5'.
The primers were synthesized by Shanghai Biological
Technology Co., Ltd.

Use of vector
The shuttle plasmid pDC316-EGFP-U6, derived from
adenoviral vectors, was purchased from Beijing Benyuan Gene
Technology Co., Ltd and was composed of the human U6
promoter and expressed EGFP. Digestion was performed by
restriction endonuclease BamHI located at 2017 and HindIII
located at 1997.

Enzyme-linked reaction: The system was composed of
CXCR2-siRNA, 2 µl (weight as 200 ng); Vector DN (pDC316-
EGFP-U6), 1 µl (weight as 50 ng); H2O, 2 µl and Ligation

Solution 1.5 µl. These were incubated at 16°C for 10 hours. An
enzyme-linked reaction kit was purchased from TaKaRa.

Transformation into E. coli
After heat shock at 42°C for 90 seconds in a CaCl2 solution,
the competent cells were transformed in to E. coli JM109
Competent Cells (TaKaRa Code No. D9052) following the
instructions and were then painted on plates of LB medium.
The monoclonal colonies that were ampicillin-resistant positive
were selected after 16 hours of culturing at 4°C. According to
the sequencing results of the recombinant plasmid, we verified
that the plasmid contained the purpose gene of CXCR2-siRNA
and named it pDC316-EGFP-U6- CXCR2-siRNA. Then, we
mixed the bacteria with glycerol and stored it at-80°C.

Mass production of recombinant plasmid
The bacteria were cultured with recombinant plasmid at 37°C
for 18 hours. The QIAGEN plasmid plus Giga kit (Germany)
was used to extract a mass production of the plasmid. The
concentration of the plasmid and the residue protein
interference were detected. Gel electrophoresis and gel
recovery were used to remove deoxyribonucleic acid
impurities.

Cholesterol modification
By means of pyrrolidine, as a linking agent, cholesterol was
connected on the SV40 ployA site of the recombinant plasmid,
which was named chol-pDC316-EGFP-U6-CXCR2-siRNA.
Figure 1 shows the structure of this plasmid, and the synthesis
process was performed by Shanghai Advanced Vehicle
Technology L.T.D. Co. (China). The liposomes were also
purchased from this company.

Figure 1. The diagram of the recombinant plasmid gene structure.

Strain source
The strains of Treponema pallidum were from the department
of STD prevention and control, the National Center for
AIDS/STD Control and Prevention, Chinese CDC. These were
puncture fluids from the lymph nodes of sclerolymphadenitis
syphilitica patients who were stored in liquid nitrogen. Fifty-
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eight of the 400 cases with the nichols strain were selected in
this study.

Rabbit sources
Thirty infant male rabbits that were 5 weeks old were
purchased from Beijing BioMerieux, and they were randomly
divided into 3 groups, as the control group, the intervention
group and the infection group. The rabbits were fed in strict
sterile laminar flow sterile animal separate rooms, with a room
temperature of 25°C and an air humidity of 50%.

Animal infection experiment
The mixture stock solution of the lymph puncture was taken
from 58 sclerolymphadenitis syphilitica patients to infect the
rabbits’ eyelids and testis. All of the attack experiments were
conducted only once. Experiment for the eyelid: 0.1 ml of the
TP mixture was dropped in one side of every rabbits’ eye for
the intervention and infection groups, and it was replaced with
PBS for the control group. The other side was a blank control.
The eyelids were closed for 3 seconds after the infection to
ensure effective TP infection. Experiment for the testis: After
shearing the testis hair and applying a stepwise iodine and
alcohol disinfection, 0.2 ml of the TP mixture was dropped into
the rabbits’ bilateral testis for the intervention and infection
groups, and it was replaced with PBS for the control group.

Intervention experiments by the modified
recombinant plasmids
A spectrophotometer was used to calculate the concentration of
the modified recombinant plasmids (chol-pDC316-EGFP-U6-
CXCR2-siRNA) according to the OD value by the formula 1
OD=50 μg/ml. After 72 hours of the TP infection experiment,
the modified recombinant plasmids were injected into each of
the control and intervention rabbit groups, with a 0.1 mg
injection dose. The methods of the intervention were the same
as the methods of infection.

A medical observation was performed from 1 to 7 weeks after
the infection. According to the Draize eye-irritation score
sheet, the extent of loss was assessed. The degree of swelling
of the testis, the migration damage and hard chancre were
observed. In the seventh week, the TP content was detected
within the organization of the eyelid and testis, and the syphilis
antibody levels were detected.

Statistical analysis of data
All of the data are represented as the mean ± SD (x̄ ± s) of
three or more independent experiments. If the data were
homogenous, an analysis of variance, Student-Newman-Keulsa
and Pearson's correlation were used. If the data are not
homogenous, Kruskal-Wallis and Games-Howell tests, as well
as a Spearman’s correlation analysis, were used. All of the
analyses were carried out using the SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA). Values less than 0.05 were considered
to be statistically significant.

This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. The
protocol was approved by the Committee on the Ethics of
Animal Experiments of the Kunming Medical University
(Permit Number: KMUA201409-37285). All of the surgeries
were performed under sodium pentobarbital anesthesia, and all
efforts were made to minimize suffering.

Results

Identification of the recombinant plasmid
The results of the electrophoresis of the recombinant plasmids
by a 3% agarose gel are shown in Figure 2. It was at correct
size (5,257 bp), with a high concentration of supercoiled
plasmid. After sequencing, there were no base mutations or
deletions in the recombinant plasmid pDC316-EGFP-U6-
CXCR2-siRNA.

Figure 2. The result of the electrophoresis of the recombinant
plasmids by a 3% agarose gel.

Determined concentration of the modified
recombinant plasmids
By means of a cholesterol modification, the concentration of
the modified recombinant plasmids was 285 ng/μl by UV
spectrophotometer.

Constitution monitoring of the rabbit experiments
According to the Draize eye-irritation score sheet, every week,
the score of eye injury severity was determined. By 7 weeks of
investigation, the score of the control group showed little
change, from 23 to 37, which indicated that the recombinant
plasmids were under drug safety and did not cause eye
damage. The eye irritation was manageable. Although the
score of the infection group also showed little change, from 78
to 86, they were higher scores. The TP caused significant eye
damage, and its harm did not improve until the drug
intervention. As for the score of the interference group, which
was from 76 to 43, there was a decline in the peak after
interference with the recombinant plasmids. The significant
decreasing trend occurred in the third week. These results
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showed that the recombinant plasmid interfered with the
syphilis in vivo replication. Treatment of primary syphilis was
effective. The scores of three groups are shown in Figure 3. We
investigated the changes in the testicular damage as shown in
Table 1. As described, there were significant differences
between the three groups in chancre, testis swelling, orchitis,
fur damage, lymphadenitis and TP in the testis by microscopy.
However, there was no difference in rabbit’s serum syphilis
antibody level by a Treponema pallidum particle
Hemagglutination Assay (TPHA).

Figure 3. The scores of the three groups.

Table 1. The investigation of testicular damage between the three
groups.

Items of investigation Groups X2 P

Infection
group

Interference
group

Control
group

Chancre Yes 9 3 0 17.5 p<0.01

No 1 7 10

Testis swelling or
Orchitis

Yes 10 4 0 20.36 p<0.01

No 0 6 10

Fur damage Yes 8 2 0 15.6 p<0.01

No 2 8 10

Lymphadenitis Yes 7 3 0 11.1 p<0.01

No 3 7 10

TP in eyelid by
Microscopy

Yes 7 0 0 18.26 p<0.01

No 3 10 10

TP in testis by
Microscopy

Yes 8 0 0 21.82 p<0.01

No 2 10 10

The detected EGFP fluorescence signal after
interference
After interference with the recombinant plasmid, the EGFP
fluorescence signal was tested by means of a 10% formalin-
fixed testicular tissue. The EGFP was located in the plasmid
pDC316-EGFP-U6. By fluorescence microscopy, we observed
an enhanced green fluorescent signal in the tissue. These data

indicated that the recombinant plasmid transfected into the
cells successfully. This result is preformatted in Figure 4.

Figure 4. The EGFP fluorescence signal of the recombinant plasmid
therapeutic in testicular tissue by fluorescence microscopy.

Discussion and Conclusion
In 2013, the syphilis incidence was 64.41 per 100,000, with a
reported 10,757 cases in the Chinese mainland. The average
annual growth rate of the syphilis incidence was 49.2% from
2009 to 2013 [10,11]. In developing countries, the distinctive
feature of syphilis is that high-risk groups have a high
morbidity [11]. Through investigation, the TP positive rate was
30.6%, and it was 31.2% within the MSM population. In some
areas, the pregnant women population showed an 11.3%
positive rate. The syphilis epidemic showed a high trend in the
Chinese mainland, with risk factors. Another serious problem
is that syphilis has complications with other STDs, AIDS and
gynaecologic oncology [12,13]. Our department focuses on
cervical cancer research, and we tried to use a siRNA
interference technique to treat syphilis and cervical cancer. In
this study, we made meaningful results in this study. siRNA is
an intermediate in the process of RNA interference and is
usually a 20 to 25 nucleotide long double-stranded RNA [2,3].
By reference to the human chemokine receptor CXCR2 gene
sequence, we used siRNA to interfere with the testis cells
expressing CXCR2, with the purpose of preventing the
replication and infection of Treponema pallidum. The CXCR2
siRNA was cloned into the shuttle plasmid pDC316-EGFP-U6.
This plasmid has a human U6 promoter, the reporter gene
EGFP and the modified processing site SV40ployA. siRNA is
introduced into cells via a variety of different transfection
techniques [14]. In this study, the recombinant plasmid was
transduced into the rabbits’ cells by packaging with the
liposome after the cholesterol modification. Because of the
larger nuclease in tissue and blood, a siRNA drug might be
rapidly degraded and be a poor treatment. It was important to
maintain the drug stability of the recombinant plasmid. In this
study, by means of the linking agent, pyrrolidine, cholesterol
was linked on the SV40 ployA site of the recombinant plasmid.
The final product was chol-pDC316-EGFP-U6-CXCR2-
siRNA. The recombinant plasmid treatment group had a
statistically significant effect in the rabbits with transplanted
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syphilis. Although penicillin, in the treatment of syphilis, is
effective, this is complex in regard to HIV infection or
complications with cervical cancer [15-17]. In our previous
study, CXCR2 (chemokine receptor expression 2) was highly
expressed in these situations. Thus, the significance of this
study was to explore a variety of drugs for treatment with HIV
or cervical cancer. The animal experiments were preliminary
experiments to evaluate the safety and efficacy of the drugs
and avoid drug-resistant species. The modified recombinant
plasmid interfered with the in vivo syphilis replication process.
There were significant differences between the three groups in
chancre, testis swelling, orchitis, fur damage, lymphadenitis
and TP in the testis by microscopy. The treatment for primary
syphilis was effective. This drug has wide application
treatments for complications of syphilis.
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