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Abstract. Type 2 diabetes mellitus (T2DM) and diabetic 
nephropathy (DN) seriously affect the quality of human 
life. 1,25-dihydroxyvitamin D3 (VD3) is known to exert 
anti-inflammatory and immunomodulatory effects. The 
present study investigated the effects of VD3 on Toll-like 
receptor 4 (TLR4) and nuclear factor (NF)-κB p65 expression 
in monocytes from patients with T2DM and investigated the 
underlying mechanisms. Serum from subjects of the control, 
T2DM and DN with uremia groups was isolated, and THP-1 
monocytes were cultured in these sera with or without VD3. 
After treatment with lipopolysaccharide (LPS) and interleukin 
(IL)-15, monocytes and culture supernatants were collected. 
The expression of TLR4, TLR9 and IL-15 mRNA was detected 
using reverse-transcription polymerase chain reaction analysis. 
Furthermore, the protein expression of TLR4, NF-κB p65 and 
inhibitor of NF-κB (IκB) was determined using western blot 
analysis. The levels of IL-6 and monocyte chemotactic protein 
in culture supernatants were detected using ELISAs. The 
impact of LPS, IL-15 and VD3 on the TLR/NF-κB signaling 
pathway in the T2DM and DN uremia groups was also inves-
tigated. In the T2DM and DN uremia groups, LPS and IL-15 
downregulated the expression of IκB and upregulated levels 
of proteins, including TLR4, NF-κB p65, IL-6 and monocyte 
chemoattractant protein 1, as well as TLR4 and IL-15 mRNA. 
There was no significant difference in TLR9 mRNA protein 
expression among the three groups. VD3 partially blocked the 
above effects; However, pre-treatment with VD3 had no signif-
icant effect on TLR4 mRNA expression, protein expression 

of NF-κB p65 and IκB, or the levels of associated inflamma-
tory cytokines. In conclusion, the present study indicated that 
anti‑inflammatory effects of VD3 in inflammatory immune 
responses in T2DM and DN uremia are associated with the 
TLR4/NF-κB p65 signaling pathway.

Introduction

Inflammation and immune response are likely to be closely 
associated with the occurrence and development of type 2 
diabetes mellitus (T2DM) and diabetic nephropathy (DN). 
A study reported that monocytes from T2DM patients had 
a pro‑inflammatory profile with a marked capacity for the 
expression of inflammatory cytokines (1). 1,25-dihydroxy 
vitamin D3 (VD3) is the active metabolite of vitamin D3, 
and its role in the prevention and treatment of diabetes is well 
known. Despite the classical role of regulating the metabolism 
of calcium and phosphorus in the body, VD3 can also regulate 
the differentiation and proliferation of numerous cell types (2); 
furthermore, a previous study demonstrated that vitamin D 
has anti‑inflammatory and immunomodulatory effects (3).

Previous in vitro studies have found that vitamin D3 
and its derivatives can downregulate inflammatory factors 
secreted by monocytes (4) and have a hyperresponsiveness to 
ligands, showing a time- and concentration dependence (5,6). 
The correlation between vitamin D and diabetes mellitus 
(DM), particularly T2DM, has become the focus of current 
research (7).

A large number of in vivo and in vitro studies, as well 
as observational and interventional studies, have gradually 
clarified the association between vitamin D deficiency and the 
Toll-like receptor (TLR)/nuclear factor-κB (NF-κB) signaling 
pathway. Thirteen members in the human TLR family have 
been identified, among which TLR4 has been most thoroughly 
studied. TLR4 is mainly expressed in lymphoid tissues, mono-
cytes and macrophages, as well as T and B lymphocytes (8). 
Devaraj et al (9) and Dasu et al (10) found that the expression 
of TLR4 was increased in peripheral blood mononuclear cells 
(PBMC) from type 1 diabetes mellitus (T1DM) and T2DM 
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patients, and that this increase was correlated with the inflam-
matory response (9,10).

Verma et al (11) found that VD3 can upregulate the levels 
of TLR10 in THP-1 cells, while downregulating the levels 
of TLR2, -4 and -5, which was in accordance with a study 
by Sadeghi et al (12). Gu et al (13) reported that VD3 down-
regulated pulmonary TLR4 expression in asthmatic BALB/c 
mice. In addition, Li et al (14) demonstrated that vitamin D 
had a protective role in diabetes-induced vascular injury and 
reduced TLR4 and NF-κB expression in diabetic rats.

A previous study by our group showed that endotoxins in 
T2DM and DN patients were increased, and monocytes where 
dysfunctional when they grew in an endotoxin-containing 
microenvironment (15-17). As an inflammatory stimu-
lant, lipopolysaccharide (LPS) can activate mononuclear 
macrophages and promote the expression of cytokines, 
and it was used in previous studies as a replacement for 
endotoxin. LPS is a ligand of TLR4, causing inflammatory 
cytokine disorders by producing interleukin (IL)-6, IL-15, 
IL-18 and IL-10 through reaction with TLR4 located on the 
cell surface (15-17). Interleukin-15 (IL-15) is a soluble and 
abundant cytokine, which is most highly expressed in mono-
cytes and macrophages. Alleva et al (18) reported that IL-15 
acts on mononuclear macrophages in an autocrine-like manner 
as a monokine, and that mononuclear macrophages are highly 
sensitive to changes in the levels of IL-15. High concentra-
tions of IL-15 (10-1,000 ng/ml) led to increased production of 
pro‑inflammatory cytokines, including IL‑1, IL‑6 and tumor 
necrosis factor α, by LPS-activated mononuclear macrophages, 
whereas low concentrations of IL-15 (<1.0 ng/ml) selectively 
inhibited the production of pro‑inflammatory cytokines.

A previous study by our group has demonstrated that VD3 
alleviates inflammation, and that this anti‑inflammatory effect 
may be associated with signal transducer and activator of 
transcription 5 (STAT5)-vitamin D receptor (VDR) crosstalk 
in monocytes (19). However, whether the anti‑inflammatory 
effects of VD3 in monocytes from patients with T2DM and 
DN with uremia are associated with the TLR/NF-κB signaling 
pathway has remained elusive.

The present study examined the expression of TLR4 and 
NF-κB in monocytes incubated in serum from patients with 
T2DM or undialyzed DN uremia as well as the effect of VD3 
on these. The inflammatory effects of the above genes in 
T2DM and DN uremia and the possible mechanism for the 
anti‑inflammatory effects of VD3 were also investigated.

Subjects and methods

Patients. From May 2009 to June 2011, 20 subjects (10 males 
and 10 females) were selected from the medical examina-
tion center at the First Affiliated Hospital of Chongqing 
Medical University (Chongqing, China) for the control group. 
The control subjects were volunteers who were physically 
healthy after examination and without a family history of 
diabetes. Simultaneously, patients from the Department 
of Nephrology and Endocrinology of Chonqing Medical 
University were selected to constitute the T2DM group 
(28 cases, including 15 males and 13 females) and the DN 
uremia group (30 cases, including 16 males and 14 females). 
The diagnosis of diabetes was performed according to the 

1999 World Health Organization (WHO) diabetes diagnosis 
and classification standards (20). The serum levels of 25(OH)
VD were 21~29 ng/ml and the levels of glutamic acid decar-
boxylase antibodies (GADA) were <1.0. The inclusion criteria 
were set as fasting blood glucose <7.0 mmol/l and glycosyl-
ated hemoglobin (HbAlc) <6.5%. The diagnosis of DN was 
consistent with the diagnostic criteria of chronic renal failure 
(uremia): Serum creatinine (Scr) ≥707 µmol/l or endogenous 
creatinine clearance <10 ml/min, and patients were in a 
stable state (Table I). The exclusion criteria were as follows: 
Type 1 diabetes mellitus or secondary diabetes mellitus; acute 
infectious diseases; cardiac or hepatic dysfunction; acute 
complications of diabetes or infections in the last 3 months; 
pregnancy or lactation; other connective tissue diseases or 
autoimmune diseases; tumors; cardiovascular or cerebrovas-
cular event; asthma; and intake of drugs affecting the study. 
All selected subjects were unrelated individuals of Chinese 
Han ethnicity.

Informed consent was obtained from the patients and 
was approved by the ethics committee of the First Affiliated 
Hospital of Chongqing Medical University.

Preparation and inactivation of serum, VD3, LPS and 
human recombinant IL‑15. Morning fasting venous blood 
from subjects was collected and analyzed in the labora-
tory of the First Affiliated Hospital of Chongqing Medical 
University, for determination of parameters associated with 
blood, liver and kidney function, as well as blood lipids and 
other blood components. After standing for 30 min at room 
temperature, 2 ml of each blood sample was centrifuged at 
a low temperature at 3,000 g at ‑4˚C for 15 min. The upper 
serum was collected, filtered and sterilized through 0.22‑µm 
microporous membranes, and separately filled into Eppendorf 
tubes to be stored at ‑80˚C for later use. A VD3 stock solution 
(10-4 diluted to 10-5, 10-6, and 10-7 mol/l in the preliminary 
experiment, respectively; Sigma-Aldrich, St. Louis, MO, 
USA) was prepared in 95% ethanol, and filtered and sterilized 
through 0.22‑µm micro‑porous membranes (Millipore Millex 
needle‑type filters; EMD Millipore, Billerica, MA, USA). It 
was stored in Eppendorf tubes at ‑80˚C for further use. An 
LPS stock solution (10 mg/ml; Sigma-Aldrich) was prepared 
in serum-free culture media and stored in Eppendorf tubes at 
‑20˚C. Human recombinant IL‑15 (Peprotech, Rocky Hill, NJ, 
USA) was diluted with phosphate-buffered saline to 50 ng/ml 
and stored in Eppendorf tubes at ‑20˚C.

Grouping and monocyte culture. The THP-1 cell line was 
provided by the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Prior to intervention, THP-1 cells 
in the logarithmic growth phase were selected and, after the 
culture solution was aspirated, the cells were re-suspended in 
RPMI‑1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) culture medium, containing 2% fetal bovine 
serum and benzylpenicillin and streptomycin 100 IU/ml; (GE 
Healthcare Life Sciences, Logan, UT, USA) and counted. Cells 
were incubated in six-well culture plates at 5x105 cells/ml. 
Following culture at 37˚C in a 5.0% CO2 incubator for 24 h, 
serum from individual subjects (three) from the three groups 
were added to the cells at a concentration of 5.0%, with a total 
of three wells used for each experimental condition. Following 
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culture with or without VD3 (10-7 mol/ l) for 48 h, LPS and 
human recombinant IL‑15 were added at final concentrations 
of 1 µg/ml and 100 ng/ml, respectively, followed by incuba-
tion for another 4 h. The concentrations of serum, VD3, LPS 
and human recombinant IL‑15 were optimized in preliminary 
experiments with the conditions used by previous studies as 
guidelines (21,22). Monocytes and supernatants were then 
collected for subsequent analyses.

THP‑1 monocyte cell viability assay. Trypan blue and the 
MTT method were used to detect the influence of serum, LPS, 
human recombinant IL-15 and VD3 on the cell viability. Under 
all experimental conditions, the cell viability was >95%.

Reverse transcription quantitative polymerase chain reac‑
tion analysis (RT‑qPCR). TRIzol (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract total cellular RNA followed 
by determination of purity and content of RNA. The RNA was 
reversely transcribed into cDNA.

According to the mRNA sequences from GenBank, 
primers were synthesized by Takara Biotechnology Co., Ltd. 
(Dalian, China) and β-actin (132 bp) was set as an internal 
reference. The sequences of the primers were as follows: 

TLR4 upstream, 5'-CGGTCCTCAGTGTGCTTGTAGTA-3' 
and downstream, 5'-CATTCCTTACCCAGTCCTCATCC-3', 
with a 162-bp amplified fragment; TLR9 upstream, 
5'-AGATGGAGGGGAGAAGGTCTG-3' and down-
stream, 5'-CAAGGTGAAGTTGAGGGTGCT-3', with a 
112-bp amplified fragment; IL-15 upstream, 5'-GCAAT-
GA AGTGCT T TCTCT TGGA-3'  and downst ream, 
5 ' -T T T TCC TCCAGT TCC TCACAT TC-3 ',  w it h  a 
167-bp amplified fragment; β-actin upstream, 5'-CCAC-
GA A ACTACCT TCA ACTCC-3'  and downst rea m, 
5'-GTGATCTCCTTCTGCATCCTGT-3', with a 132-bp ampli-
fied fragment. The reaction conditions were: Pre‑denaturation 
for 5 min at 94˚C, followed by 35 cycles of denaturation for 
30 sec at 94˚C, annealing for 30 sec at 57˚C, extension for 
30 sec at 72˚C and a final extension step of 5 min at 72˚C.

β-Actin (as the internal reference), together with the target 
genes, were subjected to PCR, and at the end of the reaction, the 
results were analyzed following SDS‑PAGE (1.5%; Biowest, 
Barcelona, Spain) and melting curve analysis was performed 
using CFX Manager (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA). The relative expression of target genes in the samples was 
calculated from the cycle threshold (CT) values according to the 
following equations: ∆CT = CTtarget gene - CTinternal reference; and 

Table I. Patient characteristics at baseline in control, T2DM and DN uremia groups.

Characteristic Control T2DM DN uremia P-value

Male/female 10/10 15/13 16/14 0.845
Age (years) 49±6 52±8 53±7 0.249
Diabetes duration (years)  4.4±1.9 4.5±1.6 
Body mass index (kg/m2) 23.1±1.9 22.4±3.1 23.6±4.2 0.066
HBA1c (%) 5.6±0.5 5.8±0.6 5.7±0.6 0.413
Fasting glucose (mmol/l) 5.5±0.9 5.9±0.8 5.8±0.7 0.182
SBP (mmHg) 134±6 136±9 140±9a,b 0.036
DBP (mmHg) 76±9 76±8 80±10 0.194
TG (mmol/l) 1.6±0.5 1.9±0.7 1.5±0.5 0.394
TC (mmol/l) 4.2±0.6 4.2±0.8 4.6±0.9 0.063
LDL-c (mmol/l) 2.6±0.6 2.2±0.6a 2.6±0.6 0.034
HDL-c (mmol/l) 1.2±0.5 1.1±0.2 1.1±0.5 0.777
BUN (mmol/l) 5.6±0.7 5.7±1.5 17.6±4.3c,d <0.01
SCr (µmol/l) 69.0±9.1 68.1±14.6 740.3±130.4c,d <0.01
WBC (x109/l) 5.9±0.7 5.4±1.4 5.8±1.0 0.183
N (x109/l) 3.0±0.4 2.9±0.6 3.3±0.6 0.051
M (x109/l) 0.3±0.1 0.3±0.1 0.3±0.1 0.873
24 h UALB (mg/l) 17.2±2.6 19.5±5.3 1719.3±373.1c,d <0.01
25 (OH)VD (ng/ml) 45.1±7.2 24.8±2.6c 23.9±2.6c <0.01
GADA 0.3±0.1 0.4±0.1 0.4±0.1 0.188
CRP (mg/l) 1.7±0.7 3.3±1.6c 5.4±2.8c,d <0.01
ET (EU/ml) 0.03±0.01 0.10±0.05c 0.28±0.13c,d <0.01

aP<0.05 vs. healthy subjects (healthy control group); bP<0.05 vs. T2DM group; cP<0.01 vs. healthy subjects (healthy control group); dP<0.01 
vs. T2DM group. Values are expressed as the mean ± standard deviation. T2DM, type 2 diabetes; DN, diabetic nephropathy; BMI, body mass 
index; HBA1c, hemoglobin A1c; TG, triglyceride; TC, total cholesterol; LDL-c, low-density lipoprotein-cholesterol; HDL- c, high-density 
lipoprotein-cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cells; N, neutrophils; M, monocytes; 
BUN, blood urea nitrogen; SCr, serum creatinine; 24 hUALB, 24-h urinary albumin excretion; 25 (OH) VD, 25-hydroxy vitamin D; GADA, 
glutamic acid decarboxylase antibody; CRP, C-reactive protein; ET, endotoxin.
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∆∆CT = (CTtarget gene - CTinternal reference) of the patients - (CTtarget gen

e - CTinternal reference) of the control group. The relative total amount 
of target genes was 2-∆∆CT. The CT value refers to the number of 
cycles required for the fluorescence signal in each reaction tube 
to reach a set threshold. The CT value is negatively correlated 
with the level of target gene mRNA.

Western blot analysis of the protein expression of NF‑κB p65 
and inhibitor of NF‑κB (IκB). Cells were lysed using TRIzol 
lysis buffer on ice and centrifuged at 12,000 g at ‑4˚C for 5 min. 
The protein concentration in the supernatants was detected 
using a Bicinchoninic Acid Assay kit (cat. no. P0012; Beyotime 
Institute of Biotechnology, Haimen, China). The total protein 
(50 µg) was separated by 12% SDS‑PAGE, electrophoretically 
transferred onto polyvinylidene difluoride membranes and 
blocked with Tris-buffered saline containing Tween 20 and 5% 
skimmed milk (Boster Systems, Inc., Pleasanton, CA, USA) 
for 90 min. Membranes were incubated with rabbit anti-human 
NF-κB p65 antibodies (1:400) and mouse anti-human IκB 
antibodies (1:400) (both from Santa Cruz Biotechnology, Inc. 
Dallas, TX, USA) or rabbit anti-mouse β-actin antibodies 
(1:1,500; Beijing 4A Biotechnology) overnight at 4˚C. The 
membranes were then washed and incubated with horseradish 
peroxidase-labeled goat anti-mouse and goat anti-rabbit 
immunoglobulin G (1:1500, Zhongshan Golden Bridge 
Biotechnology, Beijing, China) at room temperature for 2 h. 
The membranes were washed, developed and fixed (BeyoECL 
Plus; cat. no. P0018; Beyotime Institute of Biotechnology), 
followed by capturing and analysis of images using an auto-
mated chemiluminescence imaging system (ChimDoc XRS; 
Bio-Rad Laboratories, Inc.).

Cytokine detection by ELISA. After intervention, the levels 
of IL-6 and monocyte chemoattractant protein 1 (MCP-1) in 
monocyte supernatants were detected by ELISA (BioSource 

Pharm, Inc., New York, NY, USA). The optical density value 
of each well was detected at a wavelength of 450 nm, and IL-6 
and MCP‑1 were expressed in pg/ml. Coefficients of variation 
of the intra-batch and inter-batch analyses were <10%. Each 
sample was measured in triplicate.

Statistical analysis. SPSS 15.0 (SPSS, Inc., Chicago, IL, USA) 
statistical software was used for statistical analysis. Values are 
expressed as the mean ± standard deviation. Paired compari-
sons were performed using a paired t‑test, and multiple 
group comparisons were performed using one-way analysis 
of variance. P<0.05 was considered to indicate a statistically 
significant difference between values.

Results

Patient characteristics. There was no difference in the age, 
gender, body mass index, HBA1c levels, fasting blood glucose, 
diastolic blood pressure, triglyceride levels, total cholesterol, 
high-density lipoprotein, absolute leukocyte and monocyte 
count and GADA among the three groups (P>0.05). However, 
systolic blood pressure, kidney function and high-sensitivity 
C-reactive protein were significantly different between the 
control, T2DM and DN groups (P<0.01; Table I).

Effects of LPS and IL‑15 on the mRNA expression of IL‑15, 
TLR4 and TLR9 in THP‑1 monocytes in each group. After 
treatment with LPS + IL-15 for 4 h, the levels of monocyte 
mRNA in the T2DM and DN uremia groups were signifi-
cantly higher than those in the control group (P=0.046 and 
0.008, respectively); the levels of TLR4 mRNA were also 
significantly higher than those in the control group (P=0.006 
and 0.002, respectively). The levels of IL-15 and TLR4 
mRNA in the DN group were significantly higher than 
those in the T2DM group (P=0.015 and 0.038, respectively). 

Table II. Influence of LPS and IL‑15 on levels of monocyte IL‑15, TLR4 and TLR9 mRNA expression in each group.

Group IL-15 TLR4 TLR9

Control group 0.78±0.36 1.09±0.58 0.63±0.29
T2DM group  1.29±0.63a 3.24±1.09b 0.57±0.23
DN uremia group 1.81±0.65b,c 4.61±1.35b,d 0.54±0.22

aP<0.05; bP<0.01, vs. the control group; cP<0.01, dP<0.05 vs. T2DM group. Values are expressed as the mean ± standard deviation. LPS, 
lipopolysaccharide; IL, interleukin; TLR, Toll-like receptor; T2DM, type 2 diabetes; DN, diabetic nephropathy.

Table III. Influence of 1,25‑dihydroxyvitamin D3 pre‑treatment on IL‑15, TLR4 and TLR9 mRNA expression in monocytes 
treated with lipopolysaccharide and IL-15 in each group.

Group IL-15 TLR4 TLR9

Control group 0.69±0.28 1.00±0.34 0.68±0.28
T2DM group 0.70±0.24 1.18±0.37 0.72±0.25
DN uremia group 0.60±0.28 0.96±0.35 0.65±0.29

Values are expressed as the mean ± standard deviation. IL, interleukin; TLR, Toll-like receptor; T2DM, type 2 diabetes; DN, diabetic nephropathy.
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However, there was no significant difference in the levels of 
TLR9 mRNA among the three groups (P>0.05) (Fig. 1 and 
Table II).

VD3 does not affect IL‑15, TLR4 and TLR9 mRNA expression 
in THP‑1 monocytes treated with LPS and IL‑15. As shown 
in Table III, pre-treatment with VD3 did not affect the mRNA 
levels of IL-15, TLR4 and TLR9 following treatment with LPS 
and IL-15 in each group (P>0.05).

Effects of VD3 on NF‑κB p65 and IκB protein expression 
in LPS + IL‑15‑treated THP‑1 monocytes. After treatment 
with LPS and IL-15, the protein levels of NF-κB p65 in 
THP-1 monocytes from the T2DM and DN uremia groups 
was upregulated, compared with those in the control group 
(P=0.009 and 0.002, respectively), and they were higher in the 
DN uremia group than those in the T2DM group (P=0.016). 
However, IκB protein expression showed an opposite trend to 
that of NF-κB p65 (P<0.05). Of note, pre-treatment with VD3 
blocked LPS + IL-15-induced increases in NF-κB p65 protein 
and decreases in IκB, and after VD3 intervention, NF-κB p65 
and IκB levels in the control, T2DM and DN uremia groups 
showed no significant difference (P>0.05) (Fig. 2 and 
Table IV).

VD3 pre‑treatment on IL‑6 and MCP‑1 expression in mono‑
cyte supernatants after treatment with LPS + IL‑15. As 
shown in Fig. 3, after LPS + IL-15 treatment, the levels of 
IL-6 and MCP-1 in the supernatants of monocytes cultured 
in the presence of serum from patients with DN uremia 
(248.87±54.69 pg/ml and 95.40±16.68 pg/ml, respectively) or 
T2DM (157.55±26.38 pg/ml and 37.07±11.08 pg/ml, respec-
tively) were significantly higher than those in the control 
group (78.33±16.95 and 26.02±8.12 pg/ml; P<0.01) (Fig. 3A 
and B). Furthermore, the levels of IL-6 in the DN group were 
significantly higher than those in the T2DM group (P<0.01) 
(Fig. 3A and B). Of note, pre‑treatment with VD3 significantly 
decreased IL-6 secretion by monocytes compared with that in 
the monocytes treated with LPS + IL-15 only. Following VD3 
pre‑treatment, no significant difference was found in the levels 
of IL-6 and MCP-1 among the T2DM, DN uremia and control 
groups (P>0.05) (Fig. 3C and D).

Figure 1. Influence of lipopolysaccharide and IL‑15 on levels of monocyte 
IL-15, TLR4 and TLR9 mR NA in each group. (A) IL-15 mRNA expres-
sion. (B) TLR4 mRNA expression. (C) TLR9 mRNA expression. Values are 
expressed as the mean ± standard deviation. *P<0.01, **P<0.05 vs. the control 
group; ##P<0.05 vs. the former. IL, interleukin; TLR, Toll-like receptor; 
T2DM, type 2 diabetes; DN, diabetic nephropathy.

 A

 B

 C

Table IV. Western blot detection of NF-κB p65 and IκB protein expression after LPS + IL-15 intervention in the presence or 
absence of VD3.

 NF-κB p65 IκB
 ----------------------------------------------------------------------------- ------------------------------------------------------------------------------
 LPS + IL-15 VD3 LPS + IL-15 VD3
Group intervention pre-treatment intervention pre-treatment

Control group 0.26±0.14 0.36±0.12 0.98±0.19 0.18±0.09
T2DM group 0.38±0.26a 0.31±0.11 0.49±0.17b 0.21±0.13
DN uremia group 0.65±0.13a,c 0.40±0.14 0.24±0.12a,d 0.17±0.08

aP<0.01, bP<0.05 vs. the control group; cP<0.05; dP<0.01 vs. T2DM group. Values are expressed as the mean ± standard deviation. IL, inter-
leukin; TLR, Toll-like receptor; T2DM, type 2 diabetes; DN, diabetic nephropathy; NF-κB, nuclear factor kappa B; IκB, inhibitor of NF-κB; 
LPS, lipopolysaccharide; VD3, 1,25-dihydroxyvitamin D3.
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Discussion

Inflammatory cytokines have been shown to participate in 
each stage of DN, and T2DM monocytes have a pro‑inflam-
matory properties as well as a high potential for the expression 
of inflammatory cytokines (1). Circulating inflammatory 
markers are increased in patients with T1DM or T2DM, 
which may be caused by monocyte/macrophage infiltration 
in the kidneys. Therefore, according to the inflammatory 
immune theory, it is thought that DN is a chronic low-grade 
inflammatory disease characterized by natural immune 
activation (23‑29). In recent years, the anti‑inflammatory and 
immunomodulatory effects of VD3 have received extensive 
attention (30). Substantial studies have shown that VD3 
causes decreases in TLR4 and NF-κB expression (11-14) 
and a reduction in inflammatory cytokines secreted by 
monocytes (3). A previous study by our group showed that 
VD3 alleviates inflammation, which may be associated with 

STAT5-VDR crosstalk in monocytes (14). However, it has 
remained elusive whether the anti‑inflammatory effects of 
VD3 in monocytes from T2DM and DN uremic patients are 
mediated via the TLR4/NF-κB signaling pathway. Based 
on previous studies by our and other groups (19,31-33), the 
present study hypothesized that the anti‑inflammatory effects 
of VD3 on monocytes from T2DM and DN uremic patients 
may be associated with the TLR4/NF-κB signaling pathway 
and performed experiments to verify this hypothesis.

Figure 3. IL-6 levels in the supernatant of VD3- and/or LPS + IL-15-treated 
monocytes. (A) IL-6 levels after LPS and IL-15 intervention; (B) MCP-1 
levels after LPS and IL-15 intervention; (C) IL-6 levels after VD3 pre-treat-
ment; (D) MCP-1 levels after VD3 pre-treatment. Values are expressed as the 
mean ± standard deviation. *P<0.01, **P<0.05 vs. the control group; #P<0.01, 
##P<0.05 vs. the former. VD3, 1,25-dihydroxyvitamin D3; IL, interleukin; 
T2DM, type 2 diabetes; DN, diabetic nephropathy; LPS, lipopolysaccharide; 
MCP-1, monocyte chemoattractant protein-1.

  A

  B

  C
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Figure 2. Western blot analysis of monocyte NF-κB p65 and IκB protein 
expression. (A) Representative blots for NF-κB p65 and IκB protein expres-
sion. Lanes: 1, Control group; 2, T2DM group; 3, DN uremia group. (B) Bar 
graph showing NF-κB p65 and IκB protein expression in THP-1 monocytes 
treated with LPS and IL-15. (C) Bar graph showing NF-κB p65 and IκB 
protein expression in THP-1 monocytes pre-treated with VD3; Values are 
expressed as the mean ± standard deviation. *P<0.01, **P<0.05 vs. the control 
group; #P<0.01, ##P<0.05 vs. the former. VD3, 1,25-dihydroxyvitamin D3; 
IL, interleukin; T2DM, type 2 diabetes; DN, diabetic nephropathy; NF-κB, 
nuclear factor kappa B; IκB, inhibitor of NF-κB; LPS, lipopolysaccharide.
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The present study found that, compared with those in the 
control group, the mRNA expression of IL-15 and TLR4, the 
protein expression of NF-κB p65 and the pro‑inflammatory 
mediators IL-6 and MCP-1 in the supernatant of mono-
cytes incubated with serum from T2DM and DN patients 
were all significantly upregulated following treatment with 
LPS + IL-15. Furthermore, the levels of IL-15 and TLR4 
mRNA, NF-κB p65 protein, and the secretion of IL-6 and 
MCP-1 in the DN uremia group were all higher than those in 
the T2DM group. These results, which were consistent with 
findings of previous studies (9-12), indicated that the sensitivity 
of monocytes treated with serum from T2DM and DN patients 
to LPS and IL-15 was elevated. The mechanisms of this effect 
are likely to include the TLR4/NF-κB signaling pathway, as 
LPS and IL-15 stimulated the expression of TLR4 and NF-κB.

As shown in Tables III and IV, the present study also showed 
that VD3 pre‑treatment for 48 h significantly attenuated the 
effects of LPS + IL-15 stimulation; VD3 was able to block 
the pro‑inflammatory effects of LPS and IL‑15 by inhibiting 
increases in the levels of IL-15, TLR4 mRNA and NF-κB p65 
protein expression as well as the secretion of pro‑inflammatory 
mediators IL‑6 and MCP‑1 in the supernatant. These findings 
are in accordance with the findings of previous studies (9‑11), 
indicating that VD3 is able to alleviate inflammation. However, 
pre-treatment with VD3 followed by LPS + IL-15 had no 
significant effect on the mRNA expression of TLR‑9 in the 
three groups. Therefore, the anti‑inflammatory effects of VD3 
on monocytes cultured in sera of patients with T2DM and DN 
uremia may be associated with the TLR4/NF-κB signaling 
pathway.

The present study had certain limitations, including a 
small sample size. Moreover, the present study only observed 
the anti‑inflammatory effects of VD3 in patients with T2DM 
and DN uremia in vitro, which may not be representative of the 
in vivo micro‑environment. The findings of the present study 
should further validated by expanding the sample size and 
performing animal studies.

In conclusion, the present study preliminarily investigated 
the influence of VD3 and LPS + IL‑15 on TLR4 and NF‑κB 
expression in monocytes incubated with serum from T2DM 
and DN uremic patients, and explored the mechanism of 
action of VD3 against the inflammatory immune response 
of T2DM and DN. The results indicated that VD3 may exert 
its anti‑inflammatory effects via the TLR4/NF‑κB signaling 
pathway. Supplementation of DM and DN patients as well 
as other individuals who are also susceptible to vitamin 
D3 deficiency, with active vitamin D3 may be suitable for 
the prevention and treatment of T2DM and DN. The use of 
vitamin D and its derivatives in the prevention and treatment 
of DM is desirable, as it would reduce the high cost of DM 
treatment, due to vitamin D being inexpensive as well as easy 
to administer. Therefore, future studies by our group will 
perform an in-depth analysis of the abovementioned pathway 
in order to provide novel clues for the prevention and treatment 
for T2DM and DN.
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