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Abstract

Objective: Diabetic nephropathy (DN) has become the second common cause for terminal nephropathy.
Serum amyloid A (SAA) is a marker for body inflammation. Previous study showed involvement of SAA
in DN onset and pathogenesis. This study aimed to investigate the regulation of inflammatory factor
TNF-α and extracellular matrix (ECM) FN by SAA, as well as the effects of SAA on renal glomerular
cells in DN patients.
Patients and methods: A total of 188 diabetic patients were divided into pure diabetic, micro-albumin
urea and clinical albumin urea groups. ELISA was used to measure the concentration of SAA and TNF-
α. Pearson correlation was used to analyze the association of SAA or TNF-α with UAER. RNA
interference was used to inhibit SAA expression in glomerular cells, whilst Western blot was performed
to measure the SAA and TNF-α expression in cultured cell supernatant after treated with different
glucose concentrations. ELISA was then used to evaluate FN expression.
Results: Micro-albumin urea and clinical albumin urea groups had significantly higher serum SAA and
TNF-α concentrations (p<0.05 compared with pure diabetic group). Their concentrations were positively
correlated with UAER (r=0.463, and 0.278, p<0.05). After transfection of anti-SAA, renal glomerular
cells showed lower TNF-α and FN levels (p<0.05 compared with control cells cultured under high-
glucose medium).
Conclusions: This study indicated positive correlation between SAA concentration and UAER,
indicating the possible involvement of SAA in the onset/progression of DN, which might be possibly via
mediating the expression levels of TNF-α and FN.
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Introduction
Diabetes is a metabolic disorder caused by insulin secretion
deficiency or other biological injuries, leading to persistently
higher blood glucose concentration in the body [1]. High level
of blood glucose can cause dysfunctions of various tissues/
organs. Currently diabetic nephropathy (DN) has become the
second popular cause for terminal nephropathy. With
progression, the difficulty for treatment of DN is significantly
increased [2]. Therefore, studies on the DN pathogenesis/
progression are of critical importance for retarding and treating
DN.

Serum amyloid A (SAA) is a marker reflecting body
inflammation. It is synthesized by hepatocytes and participates
in body acute response [3]. Previous study indicated that SAA
might participate in the onset and progression of DN [4]. In
DN patients, minor-inflammation status is persistent due to
high blood glucose level, in those with inflammation, SAA is

further maintained at a high level [5]. Such high level of SAA
can stimulate the production of several inflammatory factors by
various immune cells [6]. On the other hand, SAA can also
change body steroid metabolism, further aggravating the injury
to renal vascular endothelial cells [7]. Tumor necrosis factor
(TNF-α) is a type of cellular inflammatory factor produced by
activated macrophage, NK cells and T lymphocytes. In blood
samples of DN patients, TNF-α level was significantly elevated
[8], indicating possible relationship between TNF-α and onset/
progression of DN. Fibronectin (FN) is an important
component of extracellular matrix (ECM). By studying renal
tissues of DN patients, it is found that FN could induce the
aggregation of ECM, leading to development of glomerular
sclerosis [9]. Therefore, this study aimed to investigate the
effect of SAA in DN progression and possible mechanism.
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Materials and Methods

Research subjects
A total of 188 type II diabetic patients (96 males, 92 females,
average age=56.2 ± 10.3 years) were admitted in the affiliated
traditional medicine hospital of southwest medical university
based on type II diabetes diagnostic criteria by WHO [10]. All
included subjected had no acute infectious diseases, malignant
tumors, acute immune disorders or other renal diseases within
one week before recruiting, nor did the usage of drugs that may
affect renal function. Another cohort of 62 healthy adults (31
males and 31 females, average age=52.2 ± 11.5 years) were
recruited as the control group. This study is under supervision
by the affiliated traditional medicine hospital of southwest
medical university ethical committee. All patients have signed
informed consents.

Table 1. Nucleotide sequence for cell transfection.

Name Sequence

anti-SAA Forward: AAUCAGACAAAUACUUCCAUGCUUU

Reverse: UUUUAGUCUGUUUAUGAAGGUACGA

Scramble Forward: UCAGCCAAUCAAGUGCUAUGCACUU

Reverse: UUAGUCGGUUAGUUCACGAUACGUG

Grouping
Urea micro albumin levels were measured in all 188 type II
diabetic patients by model 7060 automatic biochemical
analyzer. Patients were further divided into three groups based
on the urinary albumin exercise rate (UAER), including pure

diabetic group (with UAER ≤ 20 μg/min, N=64), micro-
albumin urea level (20 μg/min ≤ 200 μg/min, N=61) and those
with UAER higher than 200 μg/min were classified into
clinical albumin urea group.

Serum SAA and TNF-α assay
Peripheral blood samples were collected from all subjects.
Serum was separated for analysis of the SAA and TNF-α levels
by ELISA kits. In brief, 100 μL serum samples were added
into pre-coated 96-well plate. 100 μL PBS (pH 7.4) was then
added for 4°C overnight incubation. 2% H2O2-ethanol was
then added to block endogenous peroxidase activity, with
adding 1% BSA solution for blocking non-specific binding
sites. After PBS rinsing, 1:1 000 diluted mouse antibody
targeting SAA or TNF-α was added for 2 h incubation at 37°C.
After washing out excess antibody, 1:200 diluted biotin-
labelled goat anti-mouse secondary antibody was added for
37°C incubation (1.5 h). With excess secondary antibody
washing out, OPD developing buffer was added for 6min
reaction, with addition of 0.2 mM H2SO4. A microplate reader
(Biotek) was used for measuring the SAA and TNF-α contents
[11].

Table 2. RT-PCR primers.

Name Sequence Tm (°C)

SAA-F 5’ GGGGCATACAGCCATAC 3’ 60.5

SAA-R 5’ CGCCAAGGAACGAAA 3’ 59.9

Actin-F 5’GTACCACTG GCATCGTGAT 3’ 60.1

Actin-R 5’ TGTTGGCGTACAGGTCTTTG 3’ 59.7

Table 3. Serum SAA and TNF-α level in diabetic patients.

Group n UAER (μg/min) SAA (mg/L) TNF-α (mg/L)

Control 62 9.82 ± 3.12 2.23 ± 0.61 5.38 ± 0.92

Pure diabetic 64 13.25 ± 4.21 3.15 ± 0.83 15.25 ± 6.23

Minor albumin urea 61 131.23 ± 37.56*# 6.19 ± 2.68*# 25.91 ± 6.82*#

Clinical albumin urea 63 364.52 ± 92.16*#& 9.25 ± 4.33*#& 37.20 ± 8.32*#&

Note: *p<0.01 compared with control group; #p<0.05 compared with pure diabetic group; &p<0.05 compared with minor albumin urea group.

Cell culture
Renal glomerular cell line 4200 was purchased from Cell
Bank, Chinese Academy of Science (China). Cells were
cultured in MCM4201 medium (Sciencell) containing 10%
fetal bovine serum, 500U penicillin, 500U streptomycin
(Hyclone) [12]. Cyro-preserved cells were resuscitated and
digested by trypsin for passage in 6-well plate. Cells were
divided into four groups: control (adding 5.5 mmol/L glucose
and 24.5 mmol/L mannose), high-glucose group (adding 30
mmol/L glucose in the medium), high glucose+siRNA group
(adding 30 mmol/L glucose in the medium) and high glucose

+negative control group (adding 30 mmol/L glucose in the
medium).

RNA interference and cell transfection
mRNA sequence of SAA (Genebank access number:
NM_001664) was used to design sequence for RNA
transfection. Anti-SAA fragment and negative control
sequence were synthesized by chemical methods. All bases in
the sequence were modified by adding methyl group.
Nucleotide sequence was synthesized by Sangon (China) as
shown in Table 1. Liposome INTEREFER in transfection kit
(Polyplus transfection) was used for cell transfection assay.
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RT-PCR
PCR primers were designed based on mRNA sequence of SAA
(Genebank access number: NM_001664), with sequences
shown in Table 2. Relative expression level of SAA mRNA in
all samples was measured using β-actin as the internal
reference. Tissue RNA fast extraction kit (Qiagen) was
employed to extract total RNA from cells. RT-PCR kit
(TianGen) was used for performing RT-PCR assay. Reverse
transcription PCR was firstly performed under 37°C for 2 h.
cDNA produced by reverse transcription was then used as the
template for RT-PCR under the following conditions: 95°C for
5 min, followed by 30 cycles each containing 95°C 1 min,
58°C 30 s and 72°C 1min. PCR products were tested using 1%
agarose gel electrophoresis. A gel imaging analyzer was used
for calculating the relative mRNA expression level of SAA
[13].

Western blot
Cultured cells were separated by centrifugation and were
homogenized in liquid nitrogen. Cell lysis buffer (pre-colded)
was added for lysing cells at 4°C overnight. The mixture was
then centrifuged at 12000 rpm for 10 min to extract the
supernatant for SDS-PAGE analysis. Total proteins were
extracted and separated in SDS-PAGE containing 15%
separation gel and 5% condensing gel. Proteins were then
transferred to PVDF membrane for 37°C blocking for 1 h.
After TBST washing, primary antibody working buffer (for
SAA or TNF-α specific mouse antibody) was added for 4°C
overnight incubation. TBST was used to wash out excess
primary antibody, followed by addition of horseradish
peroxidase (HRP) labeled goat anti-mouse IgG secondary
antibody (1:1000) for 1h room temperature incubation. After
rinsing in TBST, the membrane was developed in DAB
chromogenic substrate for 10 min, with distilled water rinsing
to quench the development. Western Blot images were
captured by computer assisted system for analyzing integrated
gray value of target bands [14].

FN secretion assay in cell culture medium
At 0 h, 12 h, 24 h and 48 h after transfection, cell culture
medium supernatant was collected for detecting FN protein
secretion by ELISA. Primary antibody used was FN specific
mouse antibody. ELISA was performed as described above.
Using culture time as the horizontal axis, and FN concentration
as vertical axis, a curve was plotted to analyze the difference of
FN secretion after transfection.

Statistical analysis
Data statistics was performed by SPSS20.0 software. All data
were presented as mean ± standard error (SE). Analysis of
variance (ANOVA) was used for comparison of the differences
among multiple groups. Pearson correlation was employed for
correlation analysis. A statistical significance was defined
when p<0.05.

Results

Serum SAA and TNF-α concentration in DN patients
All subjects were divided into pure diabetic group, minor
albumin urea group and clinical albumin urea groups based on
24 h UAER. ELISA was used to detect serum SAA and TNF-α
concentrations in all groups and results were shown in Table 3.
Results found significantly elevated serum SAA and TNF-α
level in minor albumin urea and clinical albumin urea groups
compared with control or pure diabetic patients (p<0.05). In
clinical albumin urea patients, serum SAA and TNF-α
concentrations were further significantly higher than minor
albumin urea group (p<0.05). Pearson correlation analysis
found positive correlation of serum SAA or TNF-α levels with
UAER in diabetic patients (r=0.463 and 0.278, respectively,
p<0.05).

RNA interference targeting SAA gene expression
To evaluate the effect of SAA gene expression on glomerular
cells, we transfected in vitro cells using RNA interference
approach to suppress SAA gene expression in glomerular cell
line 4200. RT-PCR tested SAA mRNA expression in renal
glomerular cells after transfection and showed significantly
decreased SAA gene expression in anti-SAA transfected
glomerular cells than that in control group (p<0.01, Figure 1),
indicating successful RNA interference for suppressing SAA
expression.

Figure 1. SAA mRNA expression in renal glomerular cells; *p<0.05
compared with control group.

Effects of SAA expression on renal glomerular cells
under high-glucose culture
To test the effect of SAA expression on renal glomerular cells
under high-glucose condition, we further divided glomerular
cells into four groups: control, high-glucose; high-glucose +
RNA interference; and high glucose+scrambled negative
control group. After 48 h treatment, Western Blot assay was
performed to measure SAA and TNF-α levels in different
groups (Figure 2). Results showed that under high-glucose
culture condition, glomerular cells had elevated SAA level,
plus enhanced TNF-α concentration in supernatant in culture
medium compared with control group, indicating that high-
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glucose treatment can elevate SAA expression in renal
glomerular cells, leading to increased secretion of TNF-α.
Meanwhile, we found that RNA interference targeting SAA
significantly decreased TNF-α expression inside cells (p<0.05).

Figure 2. SAA expression and TNF-α concentration in renal
glomerular cells. A) control group; B) high-glucose group; C) high-
glucose + RNA interference group; D) High-glucose + scrambled
group. *p<0.05 compared with A; #p<0.05 compared with D.

Effects of SAA expression on FN secretion
By testing FN protein secretion in culture renal glomerular
cells under different conditions, we found that those cells
transfected with anti-SAA had no significant difference of FN
secretion compared with control group (p>0.05). However, FN
secretion was significantly down-regulated when compared to
high-glucose or high glucose+scramble negative control group
(p<0.05), indicating that SAA expression inhibition reduced
FN secretion from renal glomerular cells under high-glucose
conditions (Figure 3).

•

Figure 3. FN concentration in glomerular cells after transfection.
*p<0.05 compared with high-glucose group; #p<0.05 compared with
high glucose+negative control group.

Discussion
Previous study showed minor inflammation status in most
diabetic patients, with a high level of SAA [5]. To study the
relationship between high-level SAA expression and the
progression of diabetes, we firstly classified diabetic patients
into pure diabetic group, minor albumin urea and clinical
albumin urea groups, in which serum SAA and TNF-α
concentration was measured. We found significantly higher
SAA and TNF-α level in minor albumin urea and clinical
albumin urea groups compared with control or pure diabetic
groups. Furthermore, correlation analysis found positive
correlation of SAA or TNF-α level with patient UAER.

As an early diagnostic marker for DN, UAER can reflect the
abnormal leakage of proteins from kidney, with normal range
being from 4.28 to 18.14 mg/g. Cr [15]. In DN patients, injury
of renal functions and lesion in renal internal vessels change
the potency of kidney for filtering proteins especially albumin,
leading to leakage of proteins to urea. Therefore, UAER could
be used as a marker evaluating the renal function and severity
of DN [16,17]. This study found positive correlation of serum
SAA or TNF-α level with UAER in diabetic patients,
indicating the close correlation between the expression of these
two proteins and DN severity or renal dysfunction conditions.

Synthesized in hepatocytes, SAA can bind to HDL to facilitate
release of free cholesterol from tissues and increase of blood
levels [18]. Abnormally elevated blood lipid facilitates
activation of coagulation mechanism, thus damaging renal
glomerular cells, enhancing permeability of glomerular basal
membrane, causing more protein leakage. On the other hand, it
also impedes micro-circulation of renal vessels, eventually
causing kidney dysfunction as the result of focal hypoxia [19].

This study also revealed elevated serum TNF-α concentration
in diabetic patients. Meanwhile, in vtiro cell assay also showed
that high-glucose culture elevated the secretion of
inflammatory factors TNF-α and ECM component FN
expression in renal glomerular cells, possibly due to facilitated
oxidation of LDL by SAA, which could elevate the expression
of inflammatory factor and endothelial cell adhesion factor,
eventually leading to proliferation of vascular smooth muscle
cells. In addition, TNF-α up-regulation also aggravates
inflammation, forming a viscous cycle to accelerate the
impaired function of kidney [20-22]. On the other hand, SAA
can directly activate MAPK protein to facilitate enlargement of
renal glomerular cells, and increase ECM protein secretion,
eventually causing sclerosis and fibrosis of renal glomerular
structures.

DN is a common complication of diabetes and also a second
cause for terminal kidney disease. With timely diagnosis and
treatment, such renal dysfunction can be reversed at certain
extents [23]. We further tested the correlation between SAA/
TNF-α and DN progression or renal dysfunction, aiming to
provide some evidences for DN diagnosis and disease
condition evaluation. Meanwhile, we also manipulated SAA
expression level in renal glomerular cells to investigate the
molecular mechanism of SAA in DN.

Conclusion
This study indicated that SAA and TNF-α level could be used
as a marker to evaluate the renal function of DN patients and
disease progression. SAA concentration is probably correlated
with DN occurrence and progression. High-glucose level can
lead to increased secretion of ECM component FN protein and
inflammatory factor TNF-α in glomerular cells, eventually
leading to renal lesions.
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