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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the expression of nuclear fac-
tor kappa-light-chain-enhancer of activated B 
cells (NF-κB) in juvenile rats with nephrotic syn-
drome, and to explore its effects on inflammato-
ry changes and renal injury. 

MATERIALS AND METHODS: 24 Sprague-Daw-
ley (SD) rats were randomly divided into the 
normal group (n=12) and model group (n=12). 
Rats in the normal group were intraperitoneally 
injected with normal saline. Meanwhile, rats in 
the model group were given azithromycin hy-
drochloride injection to establish the model of 
nephrotic syndrome. After 24 h of modeling, 
the samples were collected. The expression of 
NF-κB was detected via immunohistochemistry. 
Moreover, the protein expression of NF-κB was 
determined through Western blotting. Quanti-
tative Polymerase Chain Reaction (qPCR) was 
used to measure the messenger ribonucleic acid 
(mRNA) expression levels of interleukin-1 (IL-1) 
and IL-6. Meanwhile, the content of IL-1 and IL-6 
was detected by enzyme-linked immunosorbent 
assay (ELISA). The serum levels of urea nitrogen 
and serum creatinine were measured by an au-
tomatic biochemical analyzer. Furthermore, the 
correlation between NF-κB protein with IL-1 and 
IL-6 were studied via Pearson analysis.

RESULTS: Compared with the normal group, 
rats in the model group exhibited significantly 
increased expression and protein expression of 
NF-κB (p<0.05). Meanwhile, the mRNA expres-
sion levels and content of IL-1 and IL-6 (p<0.05), 
as well as the serum levels of urea nitrogen and 
creatinine (p<0.05) of the model group were 
markedly higher than those of the normal group. 
Furthermore, NF-κB protein was positively cor-
related with IL-1 and IL-6 contents. 

CONCLUSIONS: NF-κB is highly expressed in 
juvenile rats with nephrotic syndrome, which pro-
motes the expressions of inflammatory factors (IL-
1 and IL-6) and aggravates the renal injury.
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Introduction

A nephrotic syndrome is a group of syn-
dromes that are common in clinical practice. The 
main clinical symptoms include hyperlipidemia, 
massive proteinuria, edema and hypoprotein-
emia. According to statistics, the clinical inci-
dence of nephrotic syndrome is relatively high 
in children. Current studies have also manifested 
that the pathogenesis of nephrotic syndrome is 
relatively complex. Meanwhile, there is no ideal 
treatment method in clinical practice. Eventual-
ly, it can result in renal failure at the end stage1,2. 
At present, the main form of nephrotic syn-
drome is the primary nephrotic syndrome. It can 
lead to various pathological reactions, includ-
ing mesangial proliferative glomerulonephritis, 
minimal change nephropathy, membranous ne-
phropathy, focal stage sclerosis and membranop-
roliferative glomerulonephritis. Moreover, mul-
tiple diseases and factors can result in secondary 
nephrotic syndrome, seriously affecting human 
life and health3,4.

Inflammation is an important pathological 
reaction, which is considered to play a leading 
role in the pathogenesis of nephrotic syndrome. 
Scholars5,6 have suggested that inflammatory fac-
tors, such as interleukin-1 (IL-1), IL-6, and IL-
18, play vital roles in the pathological process of 
nephrotic syndrome and are closely associated 
with nephrotic syndrome. Nuclear factor kappa-
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light-chain-enhancer of activated B cells (NF-κB) 
is an important nuclear transcription factor. As a 
central regulator of inflammation, NF-κB plays 
an important regulatory role in the development 
and progression of inflammation. Furthermore, it 
participates in important pathological processes 
of renal diseases at the same time7.

However, the expression and role of NF-κB 
in childhood nephrotic syndrome remain unclear. 
Therefore, this study aimed to explore the ex-
pression of NF-κB in juvenile rats with nephrotic 
syndrome. Moreover, we investigated its role in 
inflammatory changes and renal injury, thereby 
clarifying the role and mechanism of NF-κB in 
nephrotic syndrome.

Materials and Methods

Experimental Animals and Grouping
24 Sprague-Dawley (SD) rats (half male and 

half female) aged 14 days were purchased from 
the Shanghai SLAC Laboratory Animal Co., 
Ltd., [license No. SCXK (Shanghai) 2014-0003] 
(Shanghai, China). All rats were randomly divid-
ed into normal group (n=12) and model group 
(n=12) using a random number table. This work 
was approved by the Animal Ethics Committee of 
Sichuan University Animal Center.

Experimental Reagents and Instruments
Anti-NF-κB antibody (Abcam, Cambridge, 

MA, USA), immunohistochemistry kit (Maxim, 
Fuzhou, China), AceQ quantitative polymerase 
chain reaction (qPCR) SYBR Green Master Mix 
kit (Vazyme, Nanjing, China), HiScript II Q RT 
SμperMix for qPCR (+gDNA Wiper) kit (Va-
zyme, Nanjing, China), enzyme-linked immuno-
sorbent assay (ELISA) kit (Sigma-Aldrich, St. 
Louis, MO, USA), azithromycin (Pfizer, Shang-
hai, China), fluorescence quantitative PCR instru-
ment (ABI 7500, Vernon, CA, USA) and auto-
matic biochemical analyzer.

Methods

Treatment in Each Group
Rats in the model group were first weighed and 

recorded. To prepare the model of childhood ne-
phrotic syndrome, rats in the model group were in-
jected with 6 mg/kg azithromycin via tail vein based 

on body weight. Meanwhile, rats in the normal 
group were fed normally and injected with the same 
amount of normal saline via the tail vein. After 24 h 
of treatment, samples were collected from rats.

Collection of Samples
After successful anesthesia, abdominal aorta 

blood was taken from each rat. Paraformaldehyde 
was perfused into 6 rats in each group. Next, kid-
ney tissues were collected and fixed in 4% para-
formaldehyde at 4°C for 48 h. Subsequently, the 
tissues were prepared into paraffin tissue sections 
for immunohistochemical detection. For the re-
maining 6 rats in each group, kidney tissues were 
directly collected and placed in Eppendorf (EP) 
tubes (Eppendorf, Hamburg, Germany) for West-
ern blotting, ELISA and qPCR, respectively.

Immunohistochemistry
Sections were subjected to conventional dep-

araffinization, water entry and antigen retrieval. 
Then, the sections were rinsed, incubated with 
endogenous peroxidase blocker for 10 min and 
blocked with serum for 20 min. Next, blocking 
buffer was shaken off. The sections were incubat-
ed with anti-NF-κB primary antibody (1:200) at 
4°C overnight, followed by rinsing. Thereafter, 
the sections were incubated with secondary anti-
body for 10 min and streptavidin-peroxidase solu-
tion for 10 min, followed by color development 
with diaminobenzidine (DAB; Sigma-Aldrich, 
St. Louis, MO, USA). The sections were then 
counterstained with hematoxylin and mounted 
with neutral gum. Finally, observation and photo-
graphing were performed.

Western Blotting Assay
Tissues were added with lysis buffer and sub-

jected to ice-bath for 60 min, followed by centrifu-
gation. Then, the proteins were quantified by the bi-
cinchoninic acid (BCA) method (Pierce, Waltham, 
MA, USA), and the concentration of protein was 
calculated. Subsequently, extracted proteins were 
denatured, separated via gel electrophoresis and 
transferred onto membranes. After rinsing and 
blocking with blocking buffer for 1.5 h, the mem-
branes were incubated with anti-NF-κB primary 
antibody (1:1000) and secondary antibody succes-
sively. After that, Tris-Buffered-Saline and Tween 
20 (TBST) was used to remove the secondary an-
tibody, and development was started. Finally, the 
membrane was placed in the chemiluminescent re-
agent for 1 min of reaction, developed in the dark 
and analyzed using a gel imaging system.
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qPCR Assay
Total ribonucleic acid (RNA) was first extract-

ed in tissues. Then, extracted RNA was reverse 
transcribed into cDNA using the reverse transcrip-
tion kit. The reaction system was 20 μL. Reaction 
conditions were as follows: reaction at 51°C for 
2 min, pre-denaturation at 96°C for 10 min, de-
naturation at 96°C for 10 s and annealing at 60°C 
for 30 s, for a total of 40 cycles. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used 
as an internal reference. The relative expression 
level of related messenger RNA (mRNA) was cal-
culated. Primer sequences were shown in Table I.

ELISA
After homogenizing the kidney tissues, the 

levels of inflammatory factors IL-1 and IL-6 in 
kidney tissues were measured according to the in-
structions of the ELISA kit.

Laboratory Detection
The levels of serum urea nitrogen and creati-

nine in rat venous blood were detected using au-
tomatic biochemical analyzer (Beckman Coulter, 
Fullerton, CA, USA). Meanwhile, renal function 
of rats was analyzed.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, USA) 
was used for all statistical analysis. The t-test was 
utilized for data with normal distribution and ho-
mogeneity of variance. The corrected t-test was 
used for data with normal distribution and hetero-
geneity of variance. One-way ANOVA was per-
formed to compare the difference among different 
groups, followed by Post-Hoc Test (Least Signif-
icant Difference). A non-parametric test was used 
for data without normal distribution and homoge-
neity of variance. Rank sum test was applied for 
ranked data. For enumeration data, chi-square test 
was employed. p<0.05 was considered statistical-
ly significant.

Results

NF-κB Expression Detected 
via Immunohistochemistry 

As shown in Figure 1, NF-κB-positive tissues 
were brown. The normal group exhibited signifi-
cantly less and lighter NF-κB-positive tissues, 

Table I. Primer sequences.

Name Primer sequence

IL-1 Forward primer: 5'TCCACCAAGAAGCTGAGCGAG 3'
 Reverse primer: 5'TTCTTTGAGTTCGGTGGGGTC3'
IL-6 Forward primer: 5'TTCTTTGAGTTCGGTGGGGTC3'
 Reverse primer: 5'TGCATATTTGTTTGGGGCAGG3'
GAPDH Forward primer: 5'ACGGCAAGTTCAACGGCACAG 3'
 Reverse primer: 5'GAAGACGCCAGTAGACTCCACGAC3'

Figure 1. NF-κB expression detected via immunohistochemistry (magnification: 40×). 
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while the model group showed more and darker 
NF-κB-positive tissues. NF-κB positive expres-
sion level was shown in Figure 2. The mean op-
tical density of NF-κB positive expression in the 
model group was overtly higher than that of the 
normal group, showing a statistically significant 
difference (p<0.05).

NF-κB Protein Expression Determined 
Through Western Blotting

The protein expression level of NF-κB in the 
normal group was significantly lower than that of 
the model group (Figure 3). The relative protein 
expression level of NF-κB in the model group was 
evidently higher than that of the normal group, 
and the difference was statistically significant 
(p<0.05) (Figure 4).

IL-1 and IL-6 mRNA Expression Levels 
Measured via qPCR

The relative mRNA expression levels of IL-1 
and IL-6 were markedly increased in the model 
group when compared with those of the normal 
group, showing statistically significant differenc-
es (p<0.05) (Figure 5).

IL-1 and IL-6 Content Detected Through 
ELISA

The contents of IL-1 and IL-6 in the model 
group was remarkably higher than the normal 
group, displaying a statistically significant differ-
ence (p<0.05) (Figure 6).

Renal Function Determined Using 
Automatic Biochemical Analyzer 

As shown in Figure 7, the serum levels of urea 
nitrogen and creatinine in the normal group were 
significantly lower than those of the model group, 
and the differences were statistically significant 
(p<0.05).

Figure 3. NF-κB protein expression determined through 
Western blotting.

Figure 2. Average optical density value of NF-κB expression. 
Note: Compared with the normal group, *p<0.05.

Figure 4. Relative protein expression level of NF-κB. 
Note: Compared with the normal group, *p<0.05. 

Figure 5. Relative mRNA expression levels of IL-1 and 
IL-6. Note: Compared with the normal group, *p<0.05.
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Correlation Analyses
According to Figure 8, a positive correlation 

was found between NF-κB protein expression and 
IL-1 content (r=0.766). As shown in Figure 9, the 
protein expression of NF-κB was positively cor-
related with IL-6 content (r=0.674).

Discussion

Nephrotic syndrome is known as a common 
disease of the urinary system in the clinic. It is 
considered to be a systemic immune-inflamma-
tory disorder syndrome, which can lead to var-
ious pathological changes. This can eventually 
result in the loss of glomerular filtration rate and 
a large amount of plasma protein through urine. 
According to statistics, about 35-49.5% of pa-
tients with glomerular diseases suffer from the 

nephrotic syndrome. Meanwhile, the nephrotic 
syndrome is one of the leading causes of death in 
children with kidney diseases8,9. Therefore, clin-
ical and basic research on nephrotic syndrome 
is a hotspot in current research. It is believed 
that inflammation, an important pathological 
reaction, participates in the pathogenesis of ne-
phrotic syndrome10-12. Inflammation can lead to 
a series of pathological damages of glomeruli 
and renal interstitium, and accelerate the devel-
opment and progression of the disease. Eventu-
ally, this results in renal interstitial fibrosis and 
glomerular sclerosis, inducing end-stage renal 
disease and seriously endangering the life and 
health of patients. Studies13-15 have revealed that 

inflammation-induced inflammatory factors, 
such as IL-1, IL-6, IL-18, and tumor necrosis 
factor-alpha (TNF-α), are closely correlated 

Figure 6.  Content of inflammatory factors. Note: Compared 
with the normal group, *p<0.05. Figure 7.  Serum levels of urea nitrogen and creatinine. 

Note: Compared with the normal group, *p<0.05.

Figure 8.  Correlation between NF-κB and IL-1 content. Figure 9.  Relationship between NF-κB and IL-6 content.
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with the development of nephrotic syndrome. 
Furthermore, these factors are highly interde-
pendent. Further researches have proved that in-
flammatory factors including IL-1, IL-6, IL-18, 
and TNF-α can damage renal interstitium and 
kidney cells. Moreover, they promote the release 
of other pro-inflammatory factors as well as the 
infiltration of inflammatory cells. This leads to 
local deposition of extracellular matrix and ac-
celerates glomerular sclerosis and mesangial 
cell proliferation. Hence, inflammatory factors 
(IL-1, IL-6, IL-18, and TNF-α) and inflamma-
tion are closely related to proteinuria and renal 
interstitial injury caused by nephrotic syndrome. 
NF-κB, a nuclear transcription factor, is wide-
ly expressed in renal tubular epithelial cells and 
mesangial cells. It can enter immune cells of the 
kidney by means of the blood circulation system. 
Normally, the expression of NF-κB in the cyto-
plasm of cells is significantly higher than that of 
the nucleus, which is always quiescent16. When 
the body is damaged (for instance, inflammation 
or oxidative stress is detected), NF-κB is acti-
vated. Subsequently, it enters the nucleus from 
the cytoplasm, and binds to specific sites in the 
nucleus to activate multiple downstream signal-
ing pathways. Eventually, this can induce a va-
riety of pathological reactions17,18. Studies have 
shown that NF-κB is closely related to the occur-
rence and development of nephrotic syndrome, 
featured by differential expressions in different 
types of nephrotic syndrome19,20.

In this work, the results found that the expres-
sion level of NF-κB in renal tissues of juvenile rats 
with nephrotic syndrome was significantly higher 
than that of normal rats. This suggested that NF-
κB was involved in the pathogenesis of nephrot-
ic syndrome. Our findings were consistent with 
the previous studies. Meanwhile, the content and 
mRNA expression levels of inflammatory factors 
IL-1 and IL-6 in renal tissues of juvenile rats with 
nephrotic syndrome were higher than those of the 
normal rats. These results indicated that a signif-
icant inflammation was found in kidney tissues 
of rats with nephrotic syndrome. Meanwhile, the 
protein expression and mRNA transcription levels 
of inflammatory factors were markedly elevated. 
Moreover, the protein expression of NF-κB was 
positively correlated with the content of inflam-
matory factors IL-1 and IL-6. These findings im-
plied that NF-κB participated in and directly regu-
lated the expressions of inflammatory factors IL-1 
and IL-6, which could eventually impair the renal 
function of rats with nephrotic syndrome.

Conclusions

We showed that NF-κB is highly expressed in 
juvenile rats with nephrotic syndrome, which can 
promote the expressions of inflammatory factors 
IL-1 and IL-6 and aggravate the renal injury.
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