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Abstract
A strain of Lactobacillus plantarum CQPC02 (LP-CQPC02) isolated from naturally fermented kimchi was utilized in this 
investigation. In order to construct an animal model of lupus nephritis, pristane was used. We then used a kit to identify 
markers in mouse blood and tissues and a quantitative polymerase chain reaction (qPCR) to measure the expression of genes 
associated to nuclear factor kappa-B (NF-κB) in mouse kidney tissue. According to the results of the experiments, oral 
administration of LP-CQPC02 LP-CQPC02 may lessen the lupus nephritis-related rise in urine protein as well as the cytokine 
levels that were rising in the serum and renal tissues, including IL-6, IL-12, tumor necrosis factor alpha, and interferon. 
Additionally, in mice with nephritis, LP-CQPC02 can lower serum creatinine (SCr), blood urea nitrogen (BUN), total cho-
lesterol (TC), triglyceride (TG), and raise total protein (TP) and albumin (ALB) levels. In mice with nephritis, LP-CQPC02 
can also reduce the positive rate of double-stranded deoxyribonucleic acid (dsDNA). Pathological sections were examined, 
and it was shown that LP-CQPC02 can lessen tissue damage such incomplete glomerular morphology and inflammatory 
infiltration brought on by nephritis. In the kidneys of mice with lupus nephritis, LP-CQPC02 can upregulate the expression 
of inhibitor of NF-κB (IκB-α), downregulate the expression of NF-κB, transforming growth factor-β1 (TGF-β1), vascular 
endothelial growth factor (VEGF), intercellular cell adhesion molecule-1 (ICAM-1), and vascular cell adhesion molecule-1 
(VCAM-1). Lactobacillus plantarum CQPC02 has been confirmed to have an intervention effect on nephritis in mice and 
has the potential as a probiotic.
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Introduction

Sichuan kimchi is a traditional Chinese natural fermented 
vegetable. Its production dates back to about two thousand 
years. Its long history of production and consumption has 
made it a staple food in China. The area where kimchi is 
often eaten exceeds 20 million hectares [1]. Sichuan kimchi 
is rich in nutrients, vitamins, and mineral elements. In addi-
tion to being used as a side dish, it can also be used with 
other foods to make delicacies. The geographical environ-
ment of the Sichuan basin and the unique living habits of 
multi-ethnic mixed living gave rise to the natural fermenta-
tion process [2]. Studies have shown that the microorgan-
isms found in naturally fermented kimchi exhibit a variety of 
biological activities including intestinal protection, weight 
loss, anti-inflammatory, and antioxidant effects that can also 
be used in the food industry [3–6]. These microorganisms 
are diverse and have value as a potential source of probiotic 
resources [7].
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Systemic lupus erythematosus, a complicated immuno-
logical illness, is a kind of nephritis that includes lupus. 
Symptoms of glomerulonephritis will appear after the onset 
of lupus nephritis [8]. Lupus nephritis can cause immune 
decline, lymph node hyperplasia, glomerulonephritis, and 
often leads to renal failure, as the kidney tissue will experi-
ence glomerular sclerosis or diffuse hyperplasia, which will 
significantly impair the patient’s metabolism and detoxifica-
tion ability. In severe cases, it can be life-threatening [9]. 
Most lupus nephritis patients show excessive activation of B 
and T cells after the onset of the disease. T cells differentiate 
into helper T cells, which can only play the role of an inter-
mediate process in immunity, but the presence of probiotics 
can make it more important. Many T cells develop into regu-
latory T cells, which can resolve inflammation and directly 
interfere with nephritis [10]. Probiotics’ structural elements 
can also directly stimulate the immune system, which helps 
the body eliminate toxins and lessens inflammation [11]. 
Pristane was effectively employed to build a lupus nephritis 
model in experimental experiments, which was then used to 
investigate the impact of medications and wholesome diets 
on this disease. Pristane has the ability to boost inflamma-
tion and the immune system’s defenses. This increases the 
reactivity of B cells and the generation of a wide range of 
autoantibodies in animals, which leads to lupus nephritis 
[12, 13]. Our study team identified the lactic acid bacte-
ria strain Lactobacillus plantarum CQPC02 from typical 
domestic handmade naturally fermented kimchi. Its survival 
rate in artificial gastric juice with pH 3.0 reached 91.88%, 
and in 0.3% artificial bile salt reached 18.02%. In vitro 
experiments have proved that Lactobacillus plantarum 
CQPC02 (LP-CQPC02) has good resistance and can be well 
colonized in the intestine to play its potential probiotic role 
[14]. Further experiments have also demonstrated that LP-
CQPC02 can regulate intestinal health and thus play a role 
in the inhibition of constipation and weight loss [14, 15]. 
By assessing the levels of markers and inflammation-related 
cytokines in mice’s serum, the impact of LP-CQPC02 on 
lupus nephritis was verified. The effect of LP-CQPC02 was 
further elucidated by pathological examination and tissue 
mRNA expression detection.

Materials and methods

Microbiological strain

Lactobacillus plantarum CQPC02 was isolated and identified 
in common homemade naturally fermented Sichuan kimchi 
in Chongqing, China. The strain was preserved in the China 
General Microbiological Culture Collection Center (Beijing, 
China), with patent preservation number CGMCC No. 14491.

In vivo experiment

A controlled environment with a temperature of 20 ± 1°C 
and a humidity level of 30–40% was used to rear female 
C57BL/J6 mice. The test mice were given regular food and 
unlimited amounts of water. After the mice had become 
used to the diet for seven days, the experiment officially 
began. The normal group, the model group, the drug-posi-
tive (prednisone) control group, the LP-CQPC02 low-con-
centration treatment (LP-CQPC02-L) group, and the LP-
CQPC02 high-concentration treatment (LP-CQPC02-H) 
group were formed from the fifty mice. Mice in the normal 
group were intraperitoneally injected with physiological 
saline solution on the first day after the commencement 
of the experiment, whereas mice in the other groups were 
intraperitoneally injected with 0.5 mL of pristane [16]. 
LP-CQPC02 was cultured after resuscitation, and then the 
cultured lactic acid bacteria were prepared into bacterial 
suspension with a concentration of 1.25×109 and 1.25×108 
CFU/mL with normal saline for use. Prednisone 10 mg/
kg solution was administered daily to the mice in the 
drug-positive control group, and 1.25×108 and 1.25×109 
CFU/mL bacterial suspension were oral gavaged daily 
to the mice in the LP-CQPC02-L  (108 CFU/kg) and LP-
CQPC02-H  (109 CFU/kg) groups. The mice were given 
prednisone and LP-CQPC02 for 12 weeks before being 
slaughtered through cervical dissection and their blood 
and internal organs taken.

Mouse urine protein test

After the experiment started, the mice were housed in met-
abolic cages every two weeks, their urine was collected 
during the first day, and a total protein (TP) kit (Coomassie 
brilliant blue method) was used to determine the amount 
of protein in the mouse urine within 24 h.

Mouse serum and tissue inflammatory cytokine 
determination

The top layer of serum was extracted after collecting 
mouse whole blood from the heart and centrifuged at 1500 
rpm at 4°C for 10 min. Furthermore, 0.1 g of kidney tis-
sue was weighed, 0.9 mL of saline was added, and the 
kidney tissue was homogenized at 4°C. The supernatant 
was collected after centrifugation (4000 rpm, 10 minutes). 
The levels of inflammatory cytokines IL-6, IL-12, tumor 
necrosis factor alpha (TNF-α), and interferon γ (IFN-γ) in 
serum and tissues were analyzed according to the manu-
facturer's instructions [17].
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Determination of the levels of serum creatinine 
(SCr), blood urea nitrogen (BUN), total cholesterol 
(TC), triglyceride (TG), and albumin (ALB) in mouse 
serum

Whole blood was obtained from mice and centrifuged for 
10 minutes at 1500 rpm at 4°C. The upper serum was col-
lected, and the levels of SCr, BUN, TC, TG, and ALB in 
mouse serum were determined following the manufacturer's 
instructions [17].

Anti‑double‑stranded deoxyribonucleic acid 
(dsDNA) antibody assay

During the experiment, blood was obtained from the orbital 
socket every 2 weeks, and mouse serum was utilized to 
quantify anti-dsDNA antibody using a microtiter plate and 
an indirect immunofluorescence test [18].

Immunohistochemistry

Kidney tissues were preserved in 10% formalin after dis-
section. The tissue samples were dehydrated for 48 h before 
being embedded in paraffin, sectioned, and stained with 
hematoxylin-eosin (H&E). Using an optical microscope 
(BX43, Olympus, Tokyo, Japan), histopathological altera-
tions were found [19].

Mouse tissue qPCR detection

The tissue combination was homogenized after 0.9 mL of 
normal saline was added to 0.1 g of mouse kidney tissue. 1.0 
mL of RNAzol was used to extract RNA. The absorbance 
of the extracted RNA was measured at 260 and 280 nm to 
quantify RNA purity and concentration, and the concentra-
tion was adjusted to 1 μg/L. After reverse transcription to 
create cDNA, a reaction system solution of 1 L cDNA, 10 L 
SYBR Green PCR Master Mix, 7 μL sterile distilled water, 

and 1 μL upstream and downstream primer solutions is pre-
pared. 95°C for 60 s; 95°C for 15 s for 40 cycles; 55°C for 
30 s; 72°C for 35 s; 95°C for 30 s were the reaction condi-
tions. The relative expression of the genes was determined 
using the  2−ΔΔCt technique, with glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) serving as an internal reference 
(Table 1) [20].

Statistical analysis

All indicators were tested three times in parallel, and the 
findings were reported as average value standard deviation. 
The index values for each group were then compared using 
one-way ANOVA. When P <0.05, significant differences 
were expected.

Results

Urine protein content of mouse

Over the course of the experiment, the quantity of protein in 
the urine of mice in the normal group did not vary consider-
ably over time, whereas the amount of protein in the urine 
of mice in the other groups increased. The urine of mice 
induced by lupus nephritis was observed, and the foam in 
urine gradually increased, and the foam was characterized 
by small and dense. According to the clinical standard of 
human albuminuria, more than 1.35 g/L was considered as 
albuminuria in mice. Two weeks later, under the action of 
LP-CQPC02-L, LP-CQPC02-H, and prednisone, 7, 5, and 
4 animals developed proteinuria, respectively, while all 
mice in the model group developed proteinuria (Table 2). 
The urine protein concentration of the model group mice 
(11.93±0.66 g/L) was greater after 12 weeks than that of 
the LP-CQPC02 and prednisone-treated animals, as well as 
the normal group mice (Table 3). The protein production in 
the urine of mice treated with high doses of LP-CQPC02 

Table 1  Sequences of primers 
used in this experiment

TGF-β1 transforming growth factor beta 1; VEGF vascular endothelial growth factor; NF-κB nuclear factor 
kappa-B; IκB-α inhibitor of nuclear factor kappa-B alpha; ICAM-1 intercellular cell adhesion molecule-1; 
VCAM-1 vascular cell adhesion molecule-1; GAPDH glyceraldehyde-3-phosphate dehydrogenase

Gene Name Forward sequence Reverse sequence

TGF-β1 5′-GTC AAC TGT GGA GCA ACA CG-3′ 5′-TTC CGT CTC CTT GGT TCA GC-3′
VEGF 5′-AAG CTA CTG CCG TCC GAT T-3′ 5′-GCT TCA TCG TTA CAG CAG -3′
NF-κB 5′-ATG GCA GAC GAT GAT CCC TAC-3′ 5′-CGG AAT CGA AAT CCC CTC TGTT-3′
IκB-α 5′-TGA AGG ACG AGG AGT ACG AGC-3′ 5′-TGC AGG AAC GAG TCT CCG T-3′
ICAM-1 5′-TCC GCT ACC ATC ACC GTG TAT-3′ 5′-TAG CCA GCA CCG TGA ATG TG-3′
VCAM-1 5′-TTG GGA GCC TCA ACG GTA CT-3′ 5′-GCA ATC GTT TTG TAT TCA GGGGA-3′
GAPDH 5′-TGA CCT CAA CTA CAT GGT CTACA-3′ 5′-CTT CCC ATT CTC GGC CTT G-3′
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(LP-CQPC02-H, 7.01±0.49 g/L) and prednisone (6.64±0.91 
g/L) was closest to that of normal mice (0.93±0.07 g/L), 
and the urine protein of LP-CQPC02-H animals was only 
slightly higher than that of prednisone mice.

IL‑6, IL‑12, TNF‑α, and IFN‑γ cytokine levels in mouse 
serum and kidney tissue

The levels of IL-6, IL-12, TNF-α, and IFN-γ cytokines in 
the model group's blood and kidney tissue were consid-
erably greater than those in the other groups (P < 0.05; 
Tables 4 and 5). The levels of IL-6, IL-12, TNF-, and IFN- 
in lupus nephritis mice (model group) fell substantially 

(P < 0.05) following the action of LP-CQPC02 and pred-
nisone, with the animals in the high concentration of LP-
CQPC02 (LP-CQPC02-H) and prednisone dropping more. 
The levels of IL-6, IL-12, TNF-α, and IFN-γ in serum of 
LP-CQPCO2-H and prednisone groups were not signifi-
cantly different (P > 0.05), but significantly lower than 
those of LP-CQPCO2-L group (P < 0.05). In the detection 
of renal cytokines, the levels of IL-12 and IFN-γ in the 
LP-CQPCO2-H group were significantly (P < 0.05) higher 
than those in the prednisone group, while the levels of IL-6 
and TNF-α were not significantly (P > 0.05) different from 
those in the prednisone group. The levels of these cytokines 
in the LP-CQPCO2-H and prednisone groups were lower 
than those in the LP-CQPCO2-L group (P < 0.05).

Mouse serum SCr, BUN, TC, TG, TP, and ALB levels

The normal group's serum SCr, BUN, TC, and TG levels 
were considerably lower than those of the other groups, 
whereas the model group’s serum SCr, BUN, TC, and TG 
levels were the highest (P < 0.05, Table 6). Compared 
with the model group, LP-CQPC02 and prednisone treat-
ment could reduce SCr, BUN, TC and TG levels in mice, 
but still higher than those in normal mice (P < 0.05). The 
levels of SCr, BUN, TC and TG in prednisone group were 
higher than those in LP-CQPC02-L and LP-CQPC02-H 
groups, but the above indexes in prednisone group were 
not significantly (P > 0.05) different from those in LP-
CQPC02-H group, and were only significantly (P < 0.05) 

Table 2  Each group of mice’s urinary protein levels in the second 
week (g/L)

Group Normal Model LP-CQPC02-L LP-CQPC02-
H

Prednisone

Mice 1 0.88 4.34 1.38 2.98 1.11
Mice 2 0.90 4.56 4.77 3.29 1.24
Mice 3 0.94 4.98 5.23 1.25 1.05
Mice 4 0.95 4.98 5.47 3.87 5.23
Mice 5 0.87 4.67 1.36 1.3 4.89
Mice 6 0.84 3.46 5.33 3.4 1.23
Mice 7 0.87 4.94 1.39 3.04 4.83
Mice 8 0.93 5.61 5.64 4.12 1.18
Mice 9 0.86 5.2 5.72 3.12 5.12
Mice 10 0.89 4.61 5.51 1.33 0.98

Table 3  Each group of 
mice’s urinary protein levels 
throughout the experiment (g/L)

a–d The same letters indicate no significant differences, whereas different letters show significant differences 
between the groups at the P<0.05 level. The following tables and figures are the same

Group Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Normal 0.89±0.04b 0.88±0.05c 0.88±0.07d 0.92±0.04d 0.92±0.07d 0.93±0.07d

Model 4.74±0.58a 5.84±0.47a 7.21±0.44a 8.67±0.59a 9.98±0.38a 11.93±0.66a

LP-CQPC02-L 4.16±1.98a 5.25±0.46a 5.89±0.55b 7.22±0.69b 7.68±0.94b 9.24±0.92b

LP-CQPC02-H 2.77±1.08ab 3.76±0.43b 4.73±0.47c 5.31±0.60c 5.79±0.45c 7.01±0.49c

Prednisone 2.69±2.01ab 3.46±0.52b 4.59±0.43c 5.20±0.79c 5.64±0.61c 6.64±0.91c

Table 4  Serum levels of IL-6, 
IL-12, TNF-α, and IFN-γ in 
mice with lupus nephritis

a–d The same letters indicate no significant differences, whereas different letters show significant differences 
between the groups at the P<0.05 level. The following tables and figures are the same. IL-6: interleukin 6; 
IL-12: interleukin 12; TNF-α: tumor necrosis factor alpha; IFN-γ: interferon gamma

Group IL-6 (pg/mL) IL-12 (ng/L) TNF-α (ng/L) IFN-γ (pg/mL)

Normal 10.41±1.07d 2.47±0.42d 152.53±19.20d 112.60±11.11d

Model 93.19±4.37a 14.69±0.95a 795.51±41.13a 645.21±38.40a

LP-CQPC02-L 62.46±6.19b 9.20±0.80b 555.38±44.28b 463.11±44.59b

LP-CQPC02-H 31.17±4.60c 5.12±0.75c 368.90±40.12c 322.81±50.23c

Prednisone 27.52±8.33c 5.05±1.24c 361.57±93.02c 300.82±84.76c
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different from those in LP-CQPC02-L group. At the same 
time, serum TP and ALB levels revealed opposing pat-
terns. Normal group had the highest TP and ALB levels 
(P < 0.05), LP-CQPC02-H and prednisone groups had 
significantly (P < 0.05) higher TP and ALB levels than 
LP-CQPC02-L group, and model group had the lowest TP 
and ALB levels (P < 0.05).

Positive rate of dsDNA in mouse

Autoantibody dsDNA was detected in mice at the sec-
ond, fourth, sixth, seventh, tenth, and twelfth weeks 
following therapy. Beginning on the sixth weekend, 
all mice in the model group were positive, indicating 
that lupus nephritis had been successfully produced. 
Mice in the LP-CQPC02-L group tested positive on 
the eighth weekend, whereas mice in the LP-CQPC02-
H and prednisone groups tested positive on the tenth 

weekend, indicating that LP-CQPC02 and prednisone 
reduced the rate at which mice developed lupus 
nephritis, and their effects were comparable (Table 7).

Histopathological observation of mouse kidney

The renal tissue of the model mice revealed more severe 
damage. A high number of glomeruli were abnormal 
in form, some were ruptured, and there was signifi-
cant inflammatory cell infiltration between the tissues 
(Fig. 1). Mice in the normal group had a complete glo-
merulus and cell structure. Both LP-CQPC02 and pred-
nisone have been shown to diminish renal tissue lesions 
produced by lupus nephritis, as well as kidney damage. 
Simultaneously, high-concentration LP-CQPC02 (LP-
CQPC02-H) and prednisone have a greater impact, and 
both can enhance kidney tissue shape to resemble that of 
the normal group.

Table 5  Renal tissue levels of 
IL-6, IL-12, TNF-α, and IFN-γ 
in mice with lupus nephritis

a–d The same letters indicate no significant differences, whereas different letters show significant differences 
between the groups at the P<0.05 level. The following tables and figures are the same. IL-6: interleukin 6; 
IL-12: interleukin 12; TNF-α: tumor necrosis factor alpha; IFN-γ: interferon gamma

Group IL-6 (pg/g) IL-12 (pg/g) TNF-α (pg/g) TNF-α (pg/g)

Normal 16.72±1.39d 1.42±0.13e 59.07±3.51d 55.38±3.17e

Model 83.58±5.66a 26.88±3.07a 223.31±15.04a 238.14±10.98a

LP-CQPC02-L 57.87±5.29b 18.34±1.61b 176.11±11.51b 197.86±14.00b

LP-CQPC02-H 42.34±6.44c 8.06±0.63c 95.63±5.68c 129.43±7.78c

Prednisone 32.14±7.08c 5.88±0.68d 89.36±11.15c 105.75±7.86d

Table 6  Serum SCr, BUN, TC, TG, TP, and ALB levels in lupus nephritis-infected mice

a–d The same letters indicate no significant differences, whereas different letters show significant differences between the groups at the P<0.05 
level. The following tables and figures are the same. SCr: serum creatinine; BUN: blood urea nitrogen; TC: total cholesterol; TG: triglyceride; 
TP: total protein; ALB: albumin

Group SCr (μmol/L) BUN (mmol/L) TC (mmol/L) TG (mmol/L) TP (g/L) ALB (g/L)

Normal 52.82±4.63d 1.26±0.32d 2.00±0.27d 1.10±0.23d 72.02±5.36a 46.58±3.62a

Model 136.20±14.48a 20.82±1.34a 19.51±1.80a 16.44±1.82a 23.65±2.97d 7.17±0.58d

LP-CQPC02-L 109.66±13.29b 12.95±1.67b 13.28±1.11b 11.35±1.18b 42.37±3.61c 11.63±1.49c

LP-CQPC02-H 80.27±5.98c 8.36±1.35c 8.35±0.48c 7.58±0.32c 57.23±3.15b 25.44±3.50b

Prednisone 72.80±6.41c 6.31±0.91c 6.98±0.85c 6.30±1.09c 59.47±6.22b 27.94±1.77b

Table 7  The proportion of lupus 
nephritis mice in each group 
that tested positive for double-
stranded deoxyribonucleic acid 
(dsDNA)

Group Week 2 Week 4 Week 6 Week 8 Week 10 Week 12

Normal 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%) 0/10 (0%)
Model 7/10 (70%) 9/10 (90%) 10/10 (100%) 10/10 (100%) 10/10 (100%) 10/10 (100%)
LP-CQPC02-L 5/10 (50%) 7/10 (70%) 8/10 (80%) 10/10 (100%) 10/10 (100%) 10/10 (100%)
LP-CQPC02-H 3/10 (30%) 5/10 (50%) 6/10 (60%) 8/10 (80%) 10/10 (100%) 10/10 (100%)
Prednisone 3/10 (30%) 4/10 (40%) 6/10 (60%) 8/10 (80%) 10/10 (100%) 10/10 (100%)
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mRNA expression in mouse kidney tissue

The mRNA expression intensity of NF-κB, TGF-β1, VEGF, 
ICAM-1 and VCAM-1 was the weakest in normal group, 
while the expression of IκB-α was the strongest (P < 0.05). 
The expression of IκB-α was the weakest in the model 
group, while the expression of NF-κB, TGF-β1, VEGF, 
ICAM-1 and VCAM-1 was the strongest (P < 0.05). Com-
pared with the model group, LP-CQPC02 (LP-CQPC02-L 
AND LP-CQPC02-H) and prednisone significantly (P < 
0.05) up-regulated the expression of IκB-α and down-reg-
ulated the expression of NF-κB, TGF-β1, VEGF, ICAM-1 
and VCAM-1 in the kidney tissue of the model group. The 
ability of LP-CQPC02-H and prednisone to regulate the 
above expression was stronger than that of LP-CQPC02-
L (P < 0.05). LP-CQPC02-H and prednisone could make 
the mRNA expression of NF-κB, TGF-β1, VEGF, ICAM-1, 
VCAM-1 weaker than that of LP-CQPC02-L and make the 
expression of IκB-α stronger than that of LP-CQPC02-L (P 
< 0.05) (Fig. 2).

Discussion

Pristane is a medium-length alkyl chain that acts by a 
similar mechanism to an adjuvant, causing inflammation 
and enhancing the immune response. After intraperitoneal 
injection of pristane, pristane oil drops were engulfed by 
mononuclear phagocytes, and T and B lymphocytes prolif-
erated and aggregated to form granuloma. T cells are highly 
activated and B cells are highly reactive, producing a vari-
ety of autoantibodies. It has also been suggested that pris-
tane can induce cell apoptosis through mitochondrial dam-
age pathway, and the nuclear antigen produced initiates the 

autoimmune response. At the same time, pristane induced 
the typical symptoms of lupus nephritis in mice, so pristane 
was used as the inducer to induce lupus nephritis in mice 
to establish the animal model [12]. Therefore, pristane was 
also used in this study to induce lupus nephritis for follow-
up experiments.

Urinary protein is significant in the onset and progression 
of renal disease. One of the most common signs of compli-
cated comprehensive nephropathy is excessive proteinuria. 
Proteinuria is the most common clinical symptom of lupus 
nephritis [21]. The lupus nephritis mice used in this study 
also had proteinuria, and both LP-CQPC02 and prednisone 
may lower the quantity of protein in the urine while simul-
taneously helping to relieve lupus nephritis. The impact of 
LP-CQPC02 increased with increasing concentration.

The byproducts of protein metabolism are the nitrogen-
containing chemical molecules serum creatinine and urea. 
These tiny molecules are filtered from the glomerulus when 
kidney function is normal. The glomerulus’s ability to fil-
ter becomes less effective when the kidney is injured. As a 
result, an indicator for the clinical diagnosis of renal impair-
ment may be established using the rise in blood creatinine 
and urea levels [22].

Hyperlipidemia is brought on by high triglyceride and 
cholesterol levels. The features of hyperkalemia will coex-
ist when renal disease deteriorates to a certain degree. As a 
result, triglycerides and cholesterol can be used as markers 
for kidney damage and functioning [23]. Due to chronic pro-
teinuria, patients with nephrotic syndrome have significantly 
lower serum TP [24]. The most prevalent protein in serum 
is albumin. Albumin is frequently utilized to treat critical 
illnesses, including as kidney disease-related edema and 
the loss of TP and albumin content in cases of renal insuf-
ficiency. Normal renal function can be maintained in part by 

Fig. 1  Portions of a mouse’s 
kidney stained in hematoxylin-
eosin (H&E) and showing lupus 
nephritis. Magnification 40×, 
Olympus BX43 microscope
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maintaining albumin and TP serum content [24]. Prednisone 
and LP-CQPC02 both showed in this trial their capacity to 
prevent lupus nephritis from increasing blood creatinine, 
urea, cholesterol, and triglycerides while decreasing albu-
min and TP levels. Prednisone and LP-CQPC02 may control 
certain renal disease-related signs, which help to safeguard 
the kidneys.

IL-12, a marker of an autoimmune reaction, rises during 
the early stages of lupus nephritis. The presence of many 
autoantibodies is one of the hallmarks of lupus nephritis. 
The direct cellular generation of autoantibodies can be 
encouraged by IL-12. The condition is made worse by the 
increased mass synthesis of this autoantibody caused by 
the rise in IL-12 levels [25]. IFN-γ engages in the whole 
immune-inflammatory process of nephritis as an inflam-
matory mediator. IFN-γ levels have clinically considerably 
raised in glomerulonephritis patients [26]. Nephritis changes 
the way that inflammation-related cytokines behave, and it 
also greatly increases the amount of these cytokines in the 
blood, including IL-6, IL-12, TNF-α, and IFN-γ [27]. In 
this study, inflammatory cytokines IL-6, IL-12, TNF-α, and 
IFN-γ levels considerably rose in mice with lupus nephritis, 
and LP-CQPC02 and prednisone were able to effectively 
suppress this shift.

In order to produce autoreactive antibodies in lupus 
nephritis, immunoglobulin G must undergo mutation (IgG). 
Kidney damage brought on by the significant accumulation 
of IgG, anti-dsDNA antibodies, and immune complexes 
from plasma in the glomerulus. Additionally, it has been 
shown that systemic lupus nephritis is almost exclusively 
associated with large amounts of dsDNA antibodies, and 
these antibodies have been shown to be specific for this con-
dition [28]. Both prednisone and LP-CQPC02 can reduce 
the appearance of dsDNA antibody, protect kidney tissue 
and alleviate nephritis.

The NF-κB signal transduction pathway is involved in a 
variety of pathological processes, so it has become a poten-
tial target for the intervention of drugs or biologically active 
substances [29]. NF-κB is an important transcription factor 
that activates a variety of immune and inflammation-related 
genes, including TNF, IL-1, IL-2, IL-6, IL-8, IL-10, and 
adhesion molecules (ICAM-1, VCAM-1) [30]. NF-κB is 
involved in a variety of physiological and pathological pro-
cesses and the pathogenesis of kidney disease. In nephritis, 
the body's inflammatory response is too strong, leading to 
damage to the kidney's own tissues. During treatment, the 
activity of NF-κB should be inhibited to reduce inflamma-
tory damage [31]. The activity of NF-κB is closely related 

Fig. 2  mRNA expression in a 
mouse model of lupus nephritis’ 
kidney. a–d The same letters 
indicate no significant differ-
ences, whereas different letters 
show significant differences 
between the groups at the 
P<0.05 level. The following 
tables and figures are the same. 
TGF-β1: transforming growth 
factor beta 1; VEGF: vascu-
lar endothelial growth factor; 
NF-κB: nuclear factor kappa-B; 
IκB-α: inhibitor of nuclear 
factor kappa-B alpha; ICAM-
1: intercellular cell adhesion 
molecule-1; VCAM-1: vascular 
cell adhesion molecule-1
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to IκB-α. When the expression of IκB-α is weakened, 
NF-κB is dissociated from IκB-α, and harms cells and tis-
sues; when the expression of IκB-α increases, the dissoci-
ated NF-κB will quickly bind to the newly synthesized IκB, 
which can reduce the activity of NF-κB and protect the 
body [32]. The activation of NF-κB can cause inflammatory 
growth factors including TGF-β1, and TGF-β1 can act as 
a regulatory product to activate NF-κB through a positive 
feedback pathway [33]. The kidney fibrosis is associated 
with TGF-β1, the most significant pro-fibrotic factor in the 
body. TGF-β1 is frequently expressed improperly in renal 
disorders. In the kidney, podocytes and glomerular mesan-
gial cells release TGF-β1 (GMCs). While GMCs express 
immunoglobulins (IgA) that trigger TGF-β1 production, 
podocytes secrete TGF-β1 as a result of prior interactions 
with endothelial cells [34]. Glomerular endothelial cells are 
stimulated by VEGF to release TGF-β1 when kidney injury 
has occurred. After the start of lupus nephritis, abnormal 
expression of TGF-β1 and VEGF is a typical symptom. As 
inflammatory cytokines have an inhibitory impact, regulat-
ing these two expressions can therefore effectively regulate 
lupus nephritis and is effective for IL-6, IL-12, TNF-α, and 
IFN-γ [35].

NF-κB migrates into the nucleus and binds its target 
sequence, regulating the transcriptional activity of related 
genes, such as ICAM-1, VCAM-1, TNF-α, and IL-6. The 
enhancers and promoters of the genes of these factors con-
tain binding sites for NF-κB [30]. Two adhesion molecules 
from the immunoglobulin superfamily are ICAM-1 and 
VCAM-1. ICAM-1 and VCAM-1 bind to receptors on the 
surface of leukocytes to facilitate the adherence of leuko-
cytes to endothelial cells, encouraging following leukocytes 
to engage in trans-endothelial cell transfer. The accumu-
lation of white blood cells blocks the capillaries, and the 
activated white blood cells can release a large amount of 
toxic substances to damage neurons and glial cells, thereby 
aggravating tissue damage and exacerbating nephritis [36]. 
In addition, white blood cells also release some inflamma-
tory mediators and cytokines, aggravate the inflammatory 
response, and attract more white blood cells into the tissues, 
forming a vicious circle [37].

Conclusion

LP-CQPC02 is a newly discovered lactic acid bacteria iso-
lated and identified from natural pickles in Sichuan, China, 
[15] and confirmed its ability to treat lupus nephritis in 
an animal model of the condition. The outcomes of the 
investigation demonstrated that LP-CQPC02 can reduce 
lupus nephritis-related tissue and serum inflammatory 
lesions in mice. Particularly, LP-CQPC02 can control 

TGF-1 expression, which is a defining feature of lupus 
nephritis. There are certain negative effects associated with 
the medications used to treat lupus nephritis in clinical 
settings today. Prednisone was utilized as a drug positive 
control in this study because it has less negative effects 
than other medications. The effect of LP-CQPC02 could 
be close to that of prednisone, and make lupus nephritis 
patients healthier. Lactobacillus plantarum CQPC02 has 
been shown to interfere with nephritis in mice and has the 
potential as a probiotic, but this needs to be further studied 
through human trials.
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