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Abstract: Background: Atherosclerosis (AS) is a common complication of systemic lupus erythematosus (SLE). How-
ever, its pathogenic mechanism is not clear. Related clinical and basic research is limited by the lack of a reliable
mouse model. We aimed to establish a reliable and stable mouse model of SLE complicated by AS, similar to that
seen in clinical practice. Methods: Ten-week-old LDLr- female mice were divided into two groups. The model group
was injected intraperitoneally with 0.5 mL of Pristane reagent and the control group with 0.5 mL saline. Both groups
began a high-fat diet at the same time and continued it for 14 weeks after injection. The weights of the two groups of
mice were recorded before injection and before death. Serum lipids, antinuclear antibody (ANA), anti-double-strand-
ed DNA (dsDNA) antibody, and interleukin (IL)-17, IL-23, IL-12, and IL-10 levels were detected, and histopathological
changes in the kidney, spleen, and carotid artery were observed. The rank sum test between groups was used for
statistical analysis, and the analysis of variance was repeated with multiple measurements within each group. Dif-
ferences with P<0.05 were considered statistically significant. SPSS software (IBM, Armonk, NY, USA) was used for
statistical analysis and GraphPad Prism 8.0.2 (GraphPad Software, San Diego, CA, USA) for illustrating the figures.
Results: During the modeling process, hair-shedding was observed in the model mice. After modeling, mice activity
gradually decreased and they presented positive ANA and anti-dsDNA antibodies and white lumps on the surface
of their abdominal organs. The splenomegaly was obvious, the lymph nodes were hyperplastic, the medullary sinus
was irregular, and there was inflammatory cell infiltration in the spleen. The average values of total cholesterol, tri-
glycerides, low-density lipoprotein cholesterol, and immunoglobulin G in the model group were higher than those in
the saline group. Renal pathology revealed inflammation with glomerular epithelial hyperplasia, scattered interstitial
lymphocyte infiltration, and fibrous tissue hyperplasia. Carotid artery histopathology showed thickening of the in-
tima, adhesion of arterial plaque, and cholesterol crystals and calcification in the plaque. The proteinuria proportion
was higher in the model group. In the normal saline group, the blood lipid levels were high, but ANA and anti-dsDNA
antibodies were negative and the mice had no hair loss and presented normal activity. Conclusions: Injection of
LDLr” mice with Pristane successfully induced a model of SLE complicated by AS, which may allow basic research
of this condition in the future.
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not affected by only ordinary hyperlipidemia
and hypertension. Although the survival time of
patients with SLE has been significantly pro-
longed, many long-term and chronic complica-

Introduction

Atherosclerosis (AS) is a common complication
in many patients with systemic lupus erythema-

tosus (SLE). Its incidence has been increasing
and attracting the attention of many scholars.
Some studies have shown that the incidence of
cardiovascular diseases (CVD) in patients with
SLE is higher and one of the long-term causes
of death [1]. A clear cause for SLE has not been
found so far, but patients with SLE and AS are

tions, especially cardiovascular and cerebro-
vascular diseases caused by AS, significantly
affect the prognosis of patients [2-4]. Our previ-
ous studies found that the prevalence of AS in
SLE patients was as high as 12%, and the medi-
an age of onset was 41.09+18.53 years. This
also confirmed that SLE patients not only had a
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high incidence of AS but also had an early onset
trend [5]. Therefore, SLE complicated by AS has
become a hot topic in this field. However, its
pathogenic mechanism is not clear, even
though studies have shown that the imbalance
between T helper 17 (Th17) cells and regula-
tory T (Treg) cells plays an important role in the
early onset of AS in SLE [6, 7]. In addition, cyto-
kines such as interleukin (IL)-23, IL-12, and
IL-10 play a certain role in promoting the patho-
genic process and affecting the immune bal-
ance of the body [8]. Currently, most of the
research on the disease is clinical and basic
research is limited due to the inability to create
a stable and reliable mouse model. Therefore,
this study was dedicated to establishing a long-
term, stable, and reliable mouse model similar
to clinical SLE complicated by AS. This was con-
firmed by observing the clinical manifestations
of the experimental process in mice and detect-
ing the physiological and pathological indica-
tors of the onset of SLE and AS in the mice after
modeling.

Materials and methods

The study was approved by the Ethics
Committee of the Guilin.

Experimental animals

Twenty, 8-week-old SPF grade LDLr- mice were
purchased from Jiangsu lJicui Yaokang Bio-
technology Co., Ltd (Jiangsu province, China)
and raised on ordinary feed until the 10th week
of age.

Reagents

Pristane reagent was purchased from Aladdin
Reagent Co., Ltd. (Shanghai, China). Antinu-
clear antibody (ANA), anti-double-stranded
DNA antibody (anti-dsDNA), IL-17A, IL-23, 1L-10,
and IL-12 kits were purchased from Wuhan
Huamei Bioengineering Co., Ltd. (Hubei prov-
ince, China) under the CUSABIO brand.
Immunohistochemical antibodies were pur-
chased from Origene (Rockville, MD, USA).
Urine protein test paper was purchased from
Unislite Co., Ltd. (China). High-fat feed was pur-
chased from Beijing Keao Xieli Feed Co., Ltd.
(Beijing province, China). Mouse peripheral
blood lymphocyte separation solution was pur-
chased from Beijing Solarbio Technology Co.,
Ltd. (Beijing province, China). Flow cytometric
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intranuclear and intracellular kits, flow cytome-
try antibody BB700 CD4, Bv421 IL-17A, PE
Foxp3, control antibodies, PMA, BFA, and
blocker Fc were purchased from Becton,
Dickinson and Company (Franklin Lakes, NJ,
USA).

Animal grouping and establishment of SLE
complicated by AS model

During the whole experiment, all mice were
kept in the Experimental Animal Center of
Guilin Medical University at SPF grade and with
an ear tag mark. The 8-week-old LDLr”" mice
were fed until they were 10 weeks of age and
were randomly divided into two groups. The 10
LDLr” mice in the model group were injected
intraperitoneally once with 0.5 mL Pristane
solution and the other 10 mice in the control
group were injected intraperitoneally once with
0.5 mL normal saline. On the same day, a high-
fat diet was started and continued for 14
weeks.

Animal model generation and indicator detec-
tion after 14 weeks of modeling

Weight measurement of mice: The body weights
of the two groups of mice were measured and
recorded before injection and at the end of 14
weeks of modeling, and the difference in body
weight of each group before and after was cal-
culated for statistical analysis.

Measurement of proteinuria in mice: Prote-
inuria was measured with protein test paper
every four weeks before and after Pristane and
normal saline injection. According to the chro-
mogenic degree of the reaction area, urine pro-
tein was classified as negative (-), 150 mg/L
(%), 300 mg/L (+), 1000 mg/L (++), 3000 mg/L
(+++), or 25000 mg/L (++++).

Detection of serum lipids (TC, TG, HDL-C, and
LDL-C), IgG, and complement C3 in mice: After
intraperitoneal injection, the mice were fed a
high-fat diet for 14 weeks, weighing approxi-
mately 30 g. They were then anesthetized by
intraperitoneal injection of 400 mg/kg 4%
chloral hydrate and were euthanized by remov-
ing the eyeballs and bleeding, and collecting
blood for experiments. The blood volume was
about 1 ml. After removing the carotid artery,
spleen, and kidney of the mouse, the carcass
was stored in a designated refrigerator in the
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laboratory. The blood was precipitated for at
least 30 min and then centrifuged to collect
the serum. Serum samples were collected and
sent to the Laboratory Department of the
Affiliated Hospital of Guilin Medical College for
the measurement of serum lipids (total choles-
terol (TC), triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C)), immunoglobu-
lin G (IgG), and complement C3.

Measurement of mice ANA and anti-dsDNA
antibody, IL-17, IL-23, I-12, and IL-10 serum lev-
els by ELISA: After modeling the mice, blood
was collected by tail-cutting after anesthesia
with 10 ml/kg of 4% chloral hydrate at 4, 8
and 12 weeks, about 450 ul, and the serum
was stored at -80°C after centrifugation. The
test was carried out according to kit in-
structions: @ All reagents and samples were
brought to room temperature before use. The
sample was centrifuged again after thawing
and before the assay. All samples and stan-
dards were assayed in duplicate. @ All
reagents, working standards, and samples
were prepared as directed in the previous sec-
tions. @ The Assay Layout Sheet was verified
to determine the number of wells to be used
and any remaining wells and the desiccant
were placed back into the pouch and this
was sealed with the ziplock and stored at 4°C.
(@) A volume of 100 pL of the standard and
sample was added per well and these were
covered with the adhesive strip provided. The
cells were incubated for 2 h at 37°C. The stan-
dards and samples assayed were recorded in
the provided plate layout. @ The liquid was
removed from each well without washing. (6)
Then 100 L of biotin-antibody (1x) was added
to each well and these were covered with a
new adhesive strip. The cells were incubated
for 1 hour at 37°C. The mixture was warmed to
room temperature and mixed gently until the
solution appeared uniform. @ Each well was
aspirated and washed by filling each well with
the Wash Buffer (200 uL) using a squirt bottle,
multi-channel pipette, manifold dispenser, or
autowasher, and letting it stand for 2 min; the
process was repeated two times for a total of
three washes. After the last wash, any remain-
ing Wash Buffer was removed by aspirating or
decanting, and the plate was inverted and blot-
ted against clean paper towels. Then 100
uL of horseradish peroxidase-conjugated avi-
din (1x) to each well. The microtiter plate was
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covered with a new adhesive strip and the cells
were incubated for 1 h at 37°C. (9) The aspira-
tion/wash process was repeated five times as
in step (7). 10 Next, 90 uL of TMB substrate
was added to each well and incubated for
15-30 minutes at 37°C protected from light. @
Finally, 50 uL of Stop Solution was added to
each well and the plate was gently tapped to
ensure thorough mixing. @ The optical density
of each well was determined within 5 min using
a microplate reader set to 450 nm.

Histopathological changes of kidney, spleen,
and carotid artery in mice: The Kkidneys,
spleens, and carotid arteries of mice in each
group were fixed in 4% tissue fixative for 72 h,
dehydrated in alcohol, embedded in paraffin,
and sectioned into slices with a thickness of
5 um. The carotid artery and spleen were
stained with hematoxylin-eosin (HE) and the
kidney with HE, periodic acid-Schiff (PAS), and
Masson. Histopathological changes were ob-
served under a light microscope.

Immunohistochemical detection of the carotid
artery in mice: Experimental steps: @ Dewax-
ing; (2) Antigen repair; (3) The slice rack was
took out, placed in 3% H,0, solution, and
inactivated in the incubation box for 10 min at
room temperature; @ The slice rack was rins-
ed 5 times with 1x Tris-buffered saline (TBS),
span dry, wiped clean, 50 uL of 5% serum was
added to it, and it was humidified at room tem-
perature during 20 min for blocking; @ The
excess liquid was absorbed using absorbent
paper (taking care not to dry the film), 50 pL of
diluted primary antibody was added, and the
rack was sealed in a humidified box at room
temperature for 1 h; (6) The rack was rinsed
five times with 1x TBST, 50 uyL of secondary
antibody was added, and the first was incubat-
ed in a humidified box at room temperature for
30 min; (7) The slice rack was rinsed five times
with 1x TBS , dripped with 3,3’ diaminobenzi-
dine color developing solution, and rinsed
quickly after 3 min; (8) The rack was dripped
with one drop of Mayor’s hematoxylin, counter-
stained for 1 min, and washed with TBS solu-
tion or tap water for 5 min; @ Alcohol gradient
and xylene dehydration: the slice rack was
successively soaked in 60%, 80%, 95%, and
100% alcohol for 5 min, then soaked in xylene
() for 5 min, and xylene (IV) for more 5 min.
The film was sealed with neutral gum and
observed under a microscope.
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Detection of the number of CD4*CD25Treg
and CD4*IL17*Th17 cells in peripheral blood
of LDLr”+Pristane mice by flow cytometry:
Intracellular detection: @ Peripheral blood
lymphocyte separation solution was used to
extract mouse peripheral blood mononuclear
cells, and one tube of naked cells (10° cells/
tube) was set aside; (2) 1 L of PMA, BFA, and
Fc blocker was added per 1 mL of cell culture
medium and mixed thoroughly to stimulate the
cells, and cultures were evenly incubated at
4°C for 15 min; (3) Cells were washed, 5 uL of
CD4 specific fluorescent antibody for surface
staining was added, and the cultures were
incubated at 4°C for 30 min; @ Cells were
resuspended, 100 uL/well of Fixation/Per-
meabilization solution was added, and the cul-
tures were incubated at 4°C for 20 min; (5)
Cells were washed twice with 1x BD Perm/
Wash™ buffer 250 uL/time; (6) The fluorescent
antibody group or negative control group plus
5 pL of the corresponding antibody were set
up, diluted to 50 ul with BD Perm/Wash™
Buffer, and incubated at 4°C for 30 min pro-
tected from light; (7) 1x BD Perm/Wash™
Buffer 250 pL/time was used to wash the cells
twice, then these were resuspended in 250 pL
of Staining Buffer, and detected using the
equipment.

Intranuclear detection: @ The single-cell sus-
pension (10° cells) was resuspended with 100
puL of BD Pharmingen™ Stain Buffer, and one
tube of naked cells (10%/tube) was set aside;
@ Five uL of cell surface fluorescent antibody
CD4 was added per tube and incubated for 30
min in the dark at 4°C. Then, 2 mL of stain buf-
fer was added to wash the cells; (3) One mL of
freshly prepared 1x Fix/Perm Buffer working
solution was added, shaken and mixed for 3 s,
and incubated at 2-8°C in the dark for 40-50
min to fix the membrane; (4) One mL of 1x
Perm/Wash™ Buffer was added three times,
the suspension was centrifuged at 350 g for
6 min at 2-8°C, and the supernatant was dis-
carded; (5) Next, 100 uL 1x Perm/Wash™
Buffer was used to resuspend the cells, 5 pL of
the specific intracellular factor antibody Foxp3
or nonspecific control was added to the tube,
this was vortexed for 10 sec for appropriate
mixing, and incubated at 2-8°C in the dark for
40-50 min. @ 2 mL of 1x Perm/Wash™ Buffer
was added and the tube was washed twice,
350 g, centrifuged at 2-8°C for 6 min, and the
supernatant was discarded. @ A total of 350
uL of stain buffer was used to resuspend the
cells and these were detected using the
equipment.
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Statistical analysis

The rank sum test between groups was used
for statistical analysis, and the analysis of vari-
ance was repeated with multiple measure-
ments within each groups. Differences with
P<0.05 were considered statistically signifi-
cant. SPSS software (IBM, Armonk, NY, USA)
was used for statistical analysis and GraphPad
Prism 8.0.2 (GraphPad Software, San Diego,
CA, USA) for illustrating the figures.

Results

Clinical manifestations of mice in the modeling
process

Four weeks after the intraperitoneal injection,
the modeled mice began to lose hair and their
mobility began to slow down, including a
decrease in cage climbing. Most of them lost
their back hair and a few of them their cheek,
head-top, and abdomen hair. In the 14th week
of modeling, the anatomic analysis showed that
a large number of white calcifications were
attached to the abdominal cavity and thoracic
organs of mice. The calcifications in the model
group were more extensive than those in the
control group, and some mice had pleural effu-
sion. In addition, the model group presented
severe splenomegaly, as shown in Figure 1.

Changes in the weight of mice

The body weights of mice in the two groups
were measured before modeling and at the
14th week of modeling, and the weight differ-
ence between the two groups before and after
modeling was calculated, as shown in Table 1.
Rank sum test analysis showed that the weight
difference between the two groups before and
after modeling was statistically significant
(Figure 2).

Proteinuria in mice

Urine protein was measured before the intra-
peritoneal injection and every four weeks after
injection, and the rank sum test between the
two groups had a P<0.05 value, suggesting a
statistically significant difference (Table 2). The
frequency of proteinuria in mice each week
after the intraperitoneal injection of Pristine
was significantly different from that before the
injection, while the control group showed no
statistically significant difference. Figure 3
shows a scatter plot of proteinuria frequency in
mice.
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Figure 1. Clinical manifestations in mice of the model and control groups.

Table 1. Weight differences before and after modeling

Group Weight difference Mean #* standard deviation
Model (Pristane) 85 96 10 48 71 60 77 84 57 52 7.3+1.7
Control (normal saline) 6.2 3.7 34 34 39 57 35 39 39 33 4.1+1.0

Weight difference

]
Control(Normal saline) "
H
P<0.01
) O
Model (Pristane)— ®
o'e o e
1 T 1
0 5 10 15
2220

Figure 2. Weight differences between the two groups
before and after modeling. As shown in the figure,
the weight difference distribution in the model group
was greater than that in the control group. The weight
difference between the two groups was statistically
significant (P<0.01).

Blood lipid (TC, TG, HDL-C, and LDL-C), IgG, and
complement C3 levels in mice are shown in
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Table 2. Follow-up test results of proteinuria in mice

age values of TC, TG, LDL, and

Number of occurrences

IgG in the model group were

Detection time Group

higher than those in the con-

+ + ++ +++ ++++
Before modeling Model (Pristane) 10 0 0 O O 0 trol group, and the average
values of HDL-C and C3 were
Control (normal saline) 10 0 0 0 O 0 lower than those in the control
Modeling 4 weeks Model (Pristane) 0O 34 1 1 1 group.
Control (normalsaline) 9 1 0 0 O 0
Modeling 8 weeks Model (Pristane) 0 22 1 2 3 Detection of I-17, IL-23,
Control (normalsaline) 8 2 0 0 O 0 IL-12, IL_fLO’ ’L_\NA_’ a”‘_’ anti-ds-
Modeling 12 weeks ~ Model (Pristane) 0 0 2 3 2 3 DNA antibodies in mice
Control (normalsaline) 6 3 1 0 O 0 The OD values of serum IL-17,
Modeling 14 weeks Model (Pristane) 0O 01 4 1 4 IL-23, IL-12, IL-10, and ANA
Control (normalsaline) 6 2 2 0 0 O and anti-dsDNA antibodies in

According to the chromogenic degree of the reaction area, urine protein was clas-
sified as negative (-), 150 mg/L (£), 300 mg/L (+), 2000 mg/L (++), 3000 mg/L

(+++), or 25000 mg/L (++++).

SCATTER PLOT OF PROTEINURIA

RECORDS
15 # Detection time W Group A number (-)
X number (£) @ number (++) + number (+++)
10 A
5
X o &
i *
0 = n £ =& = = B

Figure 3. Proteinuria records.

Table 3. Serum lipid, immunoglobulin (Ig)G,
and complement C3 levels

Factor Model Control_(normal
(Pristane) saline)

TG (mmol/l) 3.66+0.94 1.67+0.92"
TC (mmol/1) 20.71+£3.89 16.77+2.39"
HDL-C (mmol/I) 3.32+0.89 3.6310.84
LDL-C (mmol/I) 7.25+1.48 5.10+1.81"
1gG (g/1) 0.33+0.13 0.24+0.06
C3(g/l) 0.14+0.04 0.17+0.07

Note: “means P<0.05 in the comparison between the
two groups. HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TC, total cho-
lesterol; TG, triglycerides.

Table 3. The rank sum test suggested that the
differences in HDL, IgG, and C3 levels in the dif-
ferent groups were not statistically significant
(P+654>0.05), while the differences in TC, TG,
and LDL-C were statistically significant (P<
0.05). Figure 4B and 4A indicate that the aver-
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= number (++++)

B @

number (+)

mice were determined using
an ELISA kit and the concen-
trations were calculated using
a standard curve. The rank
sum test between the groups
indicated that the differences
between the two groups in
the inflammatory factors mea-
sured every 4 weeks were
statistically significant (Table
4). Repeated measurement
analysis of variance showed
that the expression of each
inflammatory factor signifi-
cantly increased with age
after the intraperitoneal injec-
tion of Pristine and was signifi-
cantly higher than that before
the injection (Figure 5).

=

12

HE, Masson, and PAS staining of mouse kid-
neys

The histopathological examination of mouse
kidneys by HE, Masson, and PAS staining
showed that some glomeruli were enlarged,
the number of cells increased, the basement
membrane thickened, and the boundary with
the surroundings unclear. The renal tubular
epithelial cells had proliferated and were
arranged in a disorderly manner. The cavity
was narrow and irregular. The renal intersti-
tium showed edema with inflammatory cell
infiltration, but there was no significant differ-
ence in fibrosis between the two groups (Figure
6).

HE staining of mouse spleens
Histological HE staining of mouse spleens
showed that the model mice had enlarged

splenic white pulp area, enlarged lymph nodes,
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Figure 4. A. 1gG and C3 concentration. B. Blood lipid concentration.
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Table 4. Expression of inflammatory factors after intraperitoneal injection

LoL

Time Factor Model (Pristane) Control (normal saline)
week 4 after intraperitoneal injection IL-17 (pg/ml) 84550.00+£2690.45 65800.00+5238.51*
IL-23 (pg/ml) 5025.45+725.43 3718.18+331.39*
IL-10 (pg/ml) 978.93+77.01 742.62+77.04%
IL-12 (pg/ml) 7971.92+1240.96 6443.08+523.95*
Anti-dsDNA antibody (pg/ml) 8120.50+558.37 1617.78+540.24*
ANA (pg/ml) 19786.55+2513.21 11806.72+1666.78*
week 8 after intraperitoneal injection IL-17 (pg/ml) 92330.00+£2078.00 71740.00+4320.23*
IL-23 (pg/ml) 7439.09+1254.57 4572.73+382.32*
IL-10 (pg/ml) 1292.98+163.80 850.12+83.21*
IL-12 (pg/ml) 11596.54+1618.68 6668.46+529.68*
Anti-dsDNA antibody (pg/ml) 10260.63+736.71 1638.50+540.51*
ANA (pg/ml) 27310.92+2955.25 11774.79+2396.80*
week 12 after intraperitoneal injection IL-17 (pg/ml) 94530.00+1632.21 70800.00+3414.38*
IL-23 (pg/ml) 7581.82+1209.71 5758.184509.35*
IL-10 (pg/ml) 1334.64+149.29 871.43+81.25%
IL-12 (pg/ml) 11878.46+1473.83 6942.31+752.41*
Anti-dsDNA antibody (pg/ml) 10422.57+741.65 1639.59+532.04*
ANA (pg/ml) 27903.36+2791.21 11935.29+1831.41*
week 14 after intraperitoneal injection IL-17 (pg/ml) 94500.00+2118.96 70690.00+5327.37*
1L-23 (pg/ml) 7490.00+1307.48 5872.73+465.40*
IL-10 (pg/ml) 1341.67+159.14 883.10+103.23*
IL-12 (pg/ml) 11841.15+1520.22 6863.08+621.42*
Anti-dsDNA antibody (pg/ml) 10696.84+699.91 1657.58+543.74*
ANA (pg/ml) 28297.48+2711.97 12020.17+1604.33*

Note: * means P<0.01 in the comparison between the two groups. ANA, anti-nuclear antibody; anti-dsDNA, anti-double-stranded DNA antibody;

IL, interleukin.

increased infiltration of lymphocytes and
inflammatory cells, and more irregular sinuses
(Figure 7).

HE staining of mouse carotid arteries

HE staining showed that both the model and
control groups had a thickened carotid artery
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intima with lipid deposits, cholesterol crystals,
and calcification deposits, but these features
were more pronounced in the model group than
in the control group (Figure 8). The immunohis-
tochemistry results indicated that IL17 expres-
sion in the carotid atherosclerotic plaque was
much higher in the model group than in the
control group (Figure 9), while Foxp3 expres-

Int J Clin Exp Med 2021;14(8):2216-2227
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Figure 5. Expression of inflammatory factors after intraperitoneal injection.
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Figure 6. HE, Masson, and PAS staining of mouse kidneys.
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Figure 8. HE staining of mouse carotid arteries.
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control{Normal saline
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10X

Model({Pristane)

Figure 10. Immunohistochemistry showing Foxp3 expression in mouse carotid atherosclerotic plaques.

sion was lower in the model group than in the
control group (Figure 10).

Flow cytometry

The number of CD4*CD25*Treg and CD4*
ILA7*Th47 cells in the peripheral blood of mice
indicated that the expression levels of the
inflammatory factor IL-17A in the peripheral
blood of mice in the model group were higher
than those in the control group, while the levels
of FOXP3 were lower than those in the control
group (Figure 11).

Discussion
Previous studies showed that the main causes

of death in patients with SLE gradually changed
from infection and severe kidney disease in the
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last century to CVD [9]. Patients with SLE were
five to ten times more likely to develop CVD
than their peers [10] and had a more than two
times higher risk of myocardial infarction [11].
Atherosclerosis, the underlying cause of vari-
ous CVDs, is not easily detected at the initial
stage. However, in the follow-up of a prospec-
tive study, 32% of patients with SLE had a ten-
dency to develop carotid atherosclerotic
plaque, while in healthy controls the proportion
was only 4% [12]. Moreover, the fatality rate of
SLE complicated by AS has gradually increased
in recent years [13, 14].

Studies have suggested that LDLr” mice could
be successfully modeled by high-fat feeding
after one intraperitoneal injection of Pristine
reagent [15] , but there is currently no uniform
standard for the construction of this model.
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Figure 11. Flow cytometric diagram of the expression of inflammatory factors in mouse peripheral blood.

The results of this study showed that the con-
trol group, which was fed a high-fat diet alone,
had increased TC, TG, and LDL-C levels,
decreased HDL-C levels, and carotid athero-
sclerosis. These features are also observed in
patients with SLE, who have a more significant
lipid profile that promotes AS [16]. On the other
hand, in addition to presenting hyperlipidemia
and carotid atherosclerosis, the mice in the
model group, which were injected with Pristine
reagent into the abdominal cavity, were positive
for specific ANA and anti-ds-DNA antibodies,
and the inflammatory factors IL-17, IL-23, IL-12,
and IL-10 showed an increasing trend with
time. Previous studies of our research group
suggested that Treg and Th17 cells may be in a
balanced state under normal conditions.
Meanwhile, the balance between these cells is
disturbed in patients with SLE-AS, who present
higher levels of Th17 cells [17]. This was mainly
measured by the expression of IL-17, which is
secreted by Thi17 cells, and Foxp3, which is
secreted by Treg cells. Therefore, Thl17/Treg
imbalance may be one of the causes of the high
incidence of AS in patients with SLE. In addi-
tion, studies have suggested that IL-23, as a
pro-inflammatory factor that forms the 1L-23/
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IL-17 axis with IL-17, induces an inflammatory
response and promotes the formation of ath-
erosclerotic plaques (8). Additionally, 1L-12,
another pro-inflammatory factor, can enhance
the inflammatory effects of IL-23 and IL-17,
thereby inducing the occurrence of SLE compli-
cated by AS. Furthermore, in our study, there
was a large number of calcifications attached
to the abdominal and thoracic organs in the
model group, the splenomegaly was extremely
obvious, the renal tubules were arranged in a
disorderly manner, and the glomeruli were
fibrotic to a certain extent. Flow cytometry sug-
gested that IL-17 expression was higher in the
model group, while Foxp3 expression was
lower, and that there was a Th17/Treg imbal-
ance, in comparison to the control group.

Our results were consistent with the clinical
manifestations of SLE complicated by AS, con-
firming that the modeling was successful. The
establishment of this stable and reliable animal
model can provide an important experimental
and scientific basis for studying the mechanism
of this disease and creating effective preven-
tion and treatment schemes.
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