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	 Background:	 This study investigated the distribution and features of natural killer T (NKT) cells in the peripheral blood of di-
abetic patients, and their regulatory roles on vascular endothelial cells.

	 Material/Methods:	 Peripheral lymphocytes were isolated from diabetic patients. NKT cell distribution, proportion, and surface and 
intracellular markers were detected with flow cytometry. Peripheral blood-derived NKT cells were isolated and 
co-cultured with human umbilical vein endothelial cells (HUVECs). Proliferation and migration of HUVECs were 
assessed with the CCK-8 assay and the Transwell chamber assay.

	 Results:	 The ratios of CD3-CD56+ NK and CD3+CD56+ NKT cells in the peripheral blood of patients with type II diabetes 
were significantly elevated. The expression levels of NKp30, NKG2D, and NKp44 on the surface were increased 
in the CD3+CD56+ NKT cells, while the expression levels of NKG2A and 158b were significantly downregulated. 
The expression level of granzymes in the peripheral blood-derived NKT cells were not changed in patients with 
type II diabetes, but the expression levels of IFNg and IL-4 were significantly increased. However, after co-cul-
ture with NKT cells derived from the peripheral blood of diabetic patients, the proliferation and migration of 
HUVECs were significantly inhibited, and was restored by treatment with IL-4 antibody. In addition, the IL-4 
stimulus inhibited the proliferation and migration of HUVECs.

	 Conclusions:	 Peripheral blood NKT cells are increased and activated in diabetes. NKT cells inhibit the proliferation and mi-
gration of HUVECs by secreting IL-4, thereby inducing vascular injuries.
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Background

Diabetes is a chronic disease that is commonly seen in clinical 
practice. It is a syndrome of metabolic disorders caused by the 
interaction between genetic and environmental factors [1,2]. 
Epidemiology studies have shown that diabetes has the highest 
incidence of any chronic disease worldwide, and is a huge 
threat to human health [3]. Diabetes is clinically divided into 
types I and II, and the incidence of type II diabetes is relatively 
higher [4]. Type II diabetes is mainly caused by insulin resistance 
and impaired islet function, which can cause glucose metabo-
lism disorders and microvascular diseases, as well as a series 
of complications (such as retinopathy, diabetic feet, and dia-
betic nephropathy) [5,6]. Therefore, it is of great significance 
to investigate the diabetes-induced microvascular diseases to 
improve disease intervention and treatment. Microangiopathy 
mainly refers to the changes and dysfunctions of microvascu-
lature, blood flow, and microvascular-related peripheral envi-
ronment, caused by various factors (such as the matrix and 
neighboring cells) [7,8]. In clinical practice, microvascular dis-
eases are divided into chronic and acute types. Acute micro-
angiopathy is also known as acute systemic microangiopathy, 
such as shock and DIC [9]; however, the most typical diabe-
tes-induced microangiopathy is chronic microangiopathy [10]. 
Numerous studies have found that endothelial cells play key 
roles in the pathogenesis of diabetic microangiopathy, and sig-
nificant changes occur in the cell structure and function [11]. 
In diabetic retinopathy and glomerular lesions, vascular endo-
thelial cells are damaged, which destroy the blood-retinal and 
blood-glomerular barriers, thickens the stroma, and induces 
fibrotic changes, eventually leading to retinal detachment or 
glomerular barrier dysfunction [12,13]. Injuries to vascular en-
dothelial cells contribute to the basis of these complications.

In recent years, the relationship between the immune system 
and diabetes pathogenesis has attracted extensive attention. 
Studies have found that disorders of the immune system are 
closely related to the development of type I diabetes [14]. With 
the influence of certain factors, immune cells can be involved 
in the attack of b-cells in the islets, resulting in decreased in-
sulin secretion and type I diabetes [15]. Abnormal proportion 
of Th1/2 cells has been found in type II diabetes, together with 
increased activity of natural killer T (NKT) cells, suggesting 
the involvement of immune cell abnormalities in the disease 
development [16,17]. The NKT cells belong to the heteroge-
neous T cell group, first reported in mice by Makino et al. in 
1995. Later studies have found that these cells recognize the 
specific sugar lipid molecules presented by the CD1d mole-
cules, as well as the polypeptides presented by non-major his-
tocompatibility complexes. Therefore, NKT cells are also re-
ferred to as CD1d-dependent natural killer-like T cells [18,19]. 
T lymphocyte markers are expressed on the cell surface (CD3 
and TCR), as well as the NK cellular markers (NKp30, NKG2D, 

CD56, and CD161). Therefore, CD3 and CD56 have long been 
used as the markers for NKT cells in related investigations [20]. 
NKT cells have been found to play dual roles in immune regu-
lation, which can enhance or inhibit the immune responses in 
different disease processes [21]. Under the stimulation of an-
tigens, different NKT cells can rapidly secrete cytokines with 
immune-regulating effects, affecting the differentiation of Th1/
Th2 cells, or directly acting on target cells and regulating the 
biological functions [22]. NKT cells also express cell necrosis-
related molecules that can kill tumor cells [23]. Although NKT 
cells are present in peripheral blood, their activities and in-
volvement in the regulation of vascular endothelial cells are 
unclear. In this study, these issues were investigated in vitro 
and in the clinic.

Material and Methods

Study subjects and peripheral blood sample collection

A total of 41 patients with type II diabetes who were admitted to 
our hospital from January 2016 to December 2017 were included 
in this study. Another 30 health normal subjects were recruited 
as controls. A peripheral blood sample (5 ml) was collected from 
each patient and subject. In the blood sample, 2 ml was used 
for the lymphocyte isolation and the identification of NKT cells 
with flow cytometry, and the other 3 ml of peripheral blood 
sample was used for the isolation and purification of NKT cells. 
Inclusion criteria for type II diabetes were as follows: (1) based 
on the WHO criteria (1999), patients meeting the diagnostic 
criteria of the 75 g oral glucose tolerance test; (2) patients di-
agnosed as diabetic, orally administered with blood glucose-
controlling drugs, for more than 1 year; and (3) patients pre-
viously diagnosed as diabetic, using insulin to control blood 
glucose for more than 1 year. Exclusion criteria included other 
endocrine diseases, cardiovascular and basic diseases, malig-
nant tumors, autoimmune diseases, infectious diseases, preg-
nancy, and with heavy smoking at admission. Patients’ clinical 
information and pathological data were collected. Prior writ-
ten and informed consent was obtained from every patient, 
and the study was approved by the local ethics review board.

Culture of human umbilical vein endothelial cells (HUVECs)

HUVECs were purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). The cells were cultured 
with low-glucose DMEM medium (Gibco, Grand Island, NY, 
USA) containing 10% fetal bovine serum (FBS; Gibco). When 
90% confluence was reached, the cells were passaged. HUVECs 
in the logarithmic growth phase were used for the following 
investigations. For the establishment of a high-glucose-induced 
cell model, the cells were cultured with high-glucose DMEM 
medium containing 10% FBS.
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Isolation of peripheral blood mononuclear cells (PBMCs)

We collected 2 ml anticoagulated peripheral blood from healthy 
subjects. PBMCs were isolated with the Ficoll lymphocyte sepa-
ration method, followed by adding 5× volume sterile PBS. After 
centrifugation at 1200 rpm for 6 min, the supernatant was dis-
carded. The cells were re-suspended with PBS for further use.

Preparation of vascular endothelial cell condition medium

HUVECs were cultured with high-glucose DMEM medium con-
taining 10% FBS in a 37°C 5% CO2 incubator for 48 h. The cul-
ture supernatant was collected and mixed with low-glucose 
DMEM medium containing 10% FBS (v: v of 1: 1) for co-culture.

Isolation, purification, and culture of NKT cells

The PBMCs were isolated as detailed above. Peripheral blood 
NKT cells were isolated with the CD3+CD56+ NKT Cell Isolation 
Kit (Miltenyi Biotech Company, Cologne, Germany), according 
to the manufacturer’s instructions. Briefly, the PBMCs were 
added into tube A, followed by adding 10 ml sterile PBS. After 
centrifugation at 250×g for 10 min, the supernatant was dis-
carded. The cells were counted, and re-suspended by 400 µl 
PBS. The cells were incubated with 100 µl biotinylated anti-
CD3+CD56+ NKT cell antibody in the dark at 4°C for 10 min. 
After washing with PBS, 100 µl avidin beads were added to in-
cubate the cells in the dark at 4°C for 15 min. After washing, 
the cells were transferred into the 1.5-ml EP tube and subjected 
to the magnetic bead column for 15 min. The transparent liq-
uid was transferred into a new EP tube, and the NKT cells were 
obtained. The NKT cells were cultured with RPMI 1640 medium 
containing 10% FBS and 100 IU IL-2 in a 37°C 5% CO2 incubator.

Experimental grouping

In the in vitro co-culture experiments, the peripheral blood NKT 
cell culture (NC) group was cultured only with RPMI 1640 me-
dium containing 10% FBS and 100 U/ml IL-2. For the co-culture 
group, the culture supernatant from the high-glucose-induced 
HUVECs was collected as the condition culture medium, which 
was used to co-culture the healthy human peripheral blood 
NKT cells. The condition culture medium contained 100 U/ml 
IL-2, which was replaced every 24 h.

In the cytokine stimulation experiment, the recombinant pro-
tein IL-4 (R&D Systems, MN, USA) was added to the DMEM 
medium (with the final concentration of 0.5 ng/ml), containing 
10% FBS. After co-cultured with HUVECs for 48 h, the HUVECs 
were collected for the following experiments.

Detection of NKT phenotype and function

According to the instructions for use of the fluorescent anti-
bodies, 5 μl fluorescence-labeled antibody was added to in-
cubate the cells at room temperature in the dark for 10 min. 
Flow cytometry was used to detect the NKT cell surface and 
intracellular markers. Mononuclear lymphocytes were circled 
by FSC/SSC, and the CD3+CD56+ cell populations were gated 
for further analysis. Normal human PBMCs or NKT cells were 
activated with 100 U/ml IL-2 for 24 h. After centrifugation 
at 1000 rpm for 5 min, the cells were collected, and the ex-
pression levels of NKG2D, NKP30, NKG2A, CD158b, CD4, CD8, 
TCRva24, IL-4, perforin, granzyme, and Ki-67 were detected.

Assessment of vascular endothelial cell proliferation 
activity

The proliferation activity of the vascular endothelial cells was 
detected with the CCK-8 methods (Beyotime, Haimen, Jiangsu, 
China), according to the manufacturer’s instructions. Briefly, the 
vascular endothelial cells were planted onto the 96-well plate 
at the density of 2×103 cells/well. The 20 µl CCK-8 (5 g/L) was 
added into the wells at 0 h, 24 h, 48 h, and 72 h, respectively. 
On the final day, 150 µl CCK-8 reaction solution was added 
to incubate the cells at 37°C for 2 h. The absorbance at 490 
nm was detected and the proliferation curves were plotted.

Cell cycle was detected with flow cytometry. Totally 1×106 
HUVEC cells were collected from each group. After washing 
with PBS, the cell cycle was detected with the Cell Cycle Assay 
Kit (BD company). The cells were subsequently incubated with 
200 μl solution A at room temperature for 10 min, 150 μl 
solution B at room temperature for 10 min, and then 120 μl 
solution C in the dark for 10 min. The detection data from flow 
cytometry were analyzed by Modfit software.

Detection of migration ability

Transwell assay was used to detect the invasion and metas-
tasis capacity of HUVECs. Briefly, totally 1×105 cells were cul-
tured in the upper Transwell chamber with 200 μl serum-free 
1640 medium. A total of 500 μl of 1640 medium containing 
20% FBS was added into the lower chamber. After 24 h, the 
cells were fixed with 4% formaldehyde at room temperature 
for 10 min. After washing with PBS, the cells in the upper 
chamber were wiped off, and Giemsa staining was then per-
formed. Migrating cells were observed under the light micro-
scope (200×). Five fields were randomly selected, and the cells 
penetrating the membrane were counted. Cell invasion and 
migration capacities were evaluated accordingly.
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Statistical analysis

Data are expressed as mean ±SD. GraphPad Prism 7.0 soft-
ware was used for statistical analysis. One-way ANOVA was 
used for multiple comparisons, while the t test was performed 
for pair-wise comparison. P<0.05 was considered as statisti-
cally significant.

Results

Ratio of CD3+CD56+ NK cells in peripheral blood of 
diabetic patients

The NK cells in the peripheral blood was analyzed with flu-
orescence-labeled CD3 and CD56, and the CD3+CD56+ cells 
were recognized as the NKT cells. Our results showed that, in 
the normal control subjects, the percentage of NKT cells in 
the peripheral blood was 3.5±0.21%, which was significantly 
elevated in the patients with type II diabetes (8.31±0.27%) 
(P<0.05). CD3 and CD56 also represented the screening labels 
for NK cells, and the NK cell percentage was also analyzed. Our 
results showed that the ratio of CD3-CD56+ NK cells in the pe-
ripheral blood of the type II diabetic patients was 19.2±0.38%, 
which was significantly higher than in the normal control sub-
jects (12.4±0.17%) (P<0.05) (Figure 1). Taken together, these 
results suggest that the ratios of NK cells and NKT cells in the 
peripheral blood were significantly increased in the type II 

diabetic patients, indicating activation of the natural immune 
system in the disease.

Phenotype analysis of CD3+CD56+ NKT cells in peripheral 
blood of diabetic patients

NKT cells have been found to have the features of NK cells, 
which also express the activating and inhibiting receptors on 
the NK cell surface. Therefore, the expression and distribution 
of peripheral blood NKT cell surface receptors (NKp30, NKp44, 
NKG2D, NKG2A, and 158b) in peripheral blood of type II diabetic 
patients were analyzed using fluorescent antibodies. Our results 
showed that the NKp30-positive rate in the NKT cells from the 
peripheral blood of diabetic patients (54.9±2.4%) was signifi-
cantly higher than in the normal control subjects (36.1±1.6%) 
(P<0.05). The NKG2D-positive rate in the NKT cells from the 
peripheral blood of diabetic patients (61.2±1.8%) was signifi-
cantly higher than in the normal control subjects (41.9±2.1%) 
(P<0.05). The NKp44-positive rate in the NKT cells from the 
peripheral blood of diabetic patients (18.4±0.78%) was signif-
icantly higher than in the normal control subjects (3.8±0.12%) 
(P<0.05). For the inhibiting receptors, the NKG2A-positive rate 
in the NKT cells from the peripheral blood of diabetic patients 
(42.7±2.5%) was significantly lower than in the normal con-
trol subjects (55.3±1.9%) (P<0.05). The 158b-positive rate in 
the NKT cells from the peripheral blood of diabetic patients 
(33.7±1.2%) was significantly higher than in the normal con-
trol subjects (47.9±2.6%) (P<0.05) (Figure 2). These results 
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Figure 1. �Proportions of NKT and NK cells in peripheral blood from diabetic patients. (A) The NKT and NK cells in the peripheral blood 
of patients with type II diabetes were identified with flow cytometry. (B) Statistical analysis of NKT and NK cells. Compared 
with the normal control group, * P<0.05.
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suggest that the NKT cells in the peripheral blood were up-
regulated in patients with type II diabetes.

CD4+ and CD8+ typing of peripheral blood NKT cells in 
diabetic patients

Based on the expression of CD4 and CD8, the CD3+CD56+ NKT 
cells were divided into CD4+, CD8+, and CD4-CD8- subtypes, 
with different functions. Therefore, the ratio of CD4+CD8+ 
NKT cells in the peripheral blood from the diabetic patients 
showed that, in the peripheral blood from the normal control 
subjects, the CD4+ NKT ratio was 7.95±0.29%, which was sig-
nificantly higher than in the diabetic patients (21.7±0.39%). 
Moreover, the ratio of CD8+ NKT cells in the peripheral blood 
from the diabetic patients (25.3±1.75%) was significantly lower 
than in the normal control subjects (57.3±1.63%) (P<0.05). 

In addition, the ratio of CD4-CD9- NKT cells in the peripheral 
blood from the diabetic patients (51.8±2.1%) was significantly 
higher than in the normal control subjects (35.3±1.3%) (P<0.05) 
(Figure 3). These results suggest that the CD4+ cell proportion 
was elevated in the peripheral blood of the type II diabetic pa-
tients, while the CD8+ cell proportion declined, suggesting the 
changed immune regulatory function of NKT cells.

Detection of NKT intracellular markers in peripheral blood 
of diabetic patients

NKT cells are similar to NK cells, and they can exert direct cell-
killing effects through granzymes and IFNg. Like T cells, NKT 
cells can regulate the immune function through secreting cyto-
kines. It has been reported that NKT cells secret TH2 cytokines 
such as IL-4, participating in the regulation of inflammatory 
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Figure 2. �Surface receptor distribution on NKT cell in diabetes. (A) Expression levels of NKp30, NKG2D, NKp44, NKG2A, and 158b on 
the surface of NKT cells in patients with type II diabetes were analyzed with flow cytometry. (B) Statistical analysis of these 
surface receptor expression levels. Compared with the normal control group, * P<0.05.
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response. Therefore, the expression of these markers in NKT 
cells was detected by flow cytometry. Our results showed that 
the granzyme-positive rate in the NKT cells in the peripheral 

blood of diabetic patients was 82.6±2.5%, the IFNg-positive rate 
was 66.3±1.80%, and the IL-4-positive rate was 45.8±1.76%. In 
contrast, in the normal control subjects, the granzyme-positive 
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rate in NKT cells in peripheral blood was 80.4±2.1% (P>0.05 
compared with diabetic patients), the IFNg-positive rate was 
42.8±0.85% (P<0.05), and the IL-4-positive rate was 25.7±0.58% 
(P<0.05) (Figure 4). These results suggest that the NKT cells in 
the peripheral blood were significantly activated in the diabetic 
patients, with enhanced secretion ability of cytokines.

Effects of peripheral blood NKT cells on biological function 
of endothelial cells

To further study whether endothelial cells play roles in NKT 
cell activation, the peripheral blood-derived NKT cells were 
isolated from diabetic patients, which were co-cultured with 
HUVECs for 48 h, and the biological functions of endothelial 
cells were assessed. Our results from the CCK-8 assay showed 
that, after co-culturing with the peripheral blood-derived NKT 
cells for 24 h, 48 h, and 72 h, the OD490 nm values for the HUVECs 
were significantly lower than in the control groups (P<0.05). 

Moreover, our results from the Transwell assay showed that, 
after the co-culture, the migrating HUVECs were 25.7±1.8, which 
was significantly less than in the normal HUVECs (55.7±2.8) 
(P<0.05) (Figure 5). These results suggest that the peripheral 
blood-derived NKT cells from diabetic patients can significantly 
inhibit the proliferation and migration abilities of vascular en-
dothelial cells.

IL-4 mediates inhibiting effects of NKT cells on 
proliferation and migration of vascular endothelial cells

IL-4 is an inflammation-related cytokine secreted by immune 
cells, which plays an important role in the regulation of cellular 
biological functions. Our previous studies have shown that IL-4 
is highly expressed in NKT cells derived from diabetic patients. 
Therefore, the IL-4 antibody was added to the co-culture sys-
tem of NKT cells and HUVECs for 48 h. Our results from the 
CCK-8 assay and the Transwell test showed that, after adding 
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Figure 5. �Effects of peripheral blood-derived NKT cells on HUVECs. HUVECs were co-cultured with peripheral blood-derived NKT cells. 
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the IL-4 antibody, the proliferation and migration abilities of 
HUVECs were significantly elevated compared with the simple 
co-culture group (P<0.05). To further clarify the role of IL-4, the 
HUVECs were cultured with the complete medium containing 
IL-4. Our results showed that IL-4 inhibited the proliferation 
and migration abilities of HUVECs (Figure 6), showing that 

NKT cells derived from peripheral blood of diabetic patients 
can inhibit the proliferation and migration of vascular endo-
thelial cells via secreting IL-4.

Figure 6. �Involvement of IL-4 in the effects of diabetic peripheral blood-derived NKT cells on HUVECs. (A, B) HUVECs were co-cultured 
with peripheral blood-derived NKT cells treated with IL-4 antibody. The proliferation and migration of HUVECs were detected 
with CCK-8 (A) and the Transwell chamber (B) assays. (C, D) HUVECs were treated with IL-4 stimulus. The proliferation and 
migration of HUVECs were detected with CCK-8 (C) and the Transwell chamber (D) assays. Compared with the normal control 
group, * P<0.05.
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Discussion

In China, the prevalence of diabetes in adults is as high as 
11.6%, of which more than 90% is type II diabetes [24]. An im-
portant cause of the type II diabetes is the insulin resistance, 
which is closely related to lipid disorders and obesity [25]. Many 
studies have found that type II diabetes is associated with 
low-level inflammatory response, with abnormal activation of 
multiple immune cells [26]. In addition, the microvascular en-
dothelial cell lesions are one of the underlying lesions of dia-
betes, based on which the diabetic complications are induced 
(such as retinopathy, diabetic feet, and kidney disease) [27]. 
However, there is little published data on the relationship be-
tween the immune activation and endothelial cell injury in di-
abetes. In this study, our results showed that the number and 
activities of NKT cells in the peripheral blood of the diabetic 
patients were significantly elevated, and these cells can secret 
IL-4 to inhibit the proliferation and migration of vascular endo-
thelial cells, affecting the regulation of endothelial dysfunction.

The natural immune system is the first line of defense against 
microbial infections and tumors [28]. NKT cells have received 
attention in recent years and were shown to play important 
roles in immune regulation and tumor therapy [29]. NKT cells 
are heterogeneous immune cells that have features similar to 
those of NK and T cells. NKT cells express NK cell-activating 
and -inhibiting receptors on the surface [30]. The activities of 
NKG2D, NKp30, NKp44, NKG2A, and 158b are regulated by 
their respective ligands. When the receptor expression is en-
hanced, the NKT cells are activated, which releases perforin 
and granzyme B, killing the target cells [31]. However, the NKT 
cells also have TCR, as do T cells, which is CD1d-limiting [32]. 
Studies have found that, after TCR binds to ligands, the NKT 
cells are activated and secrete many cytokines (such as IFN-g, 
IL-4, and IL-17), participating in the downstream immune cas-
cade and the regulation of Th1/2 type conversion [33]. There 
are functional abnormalities in the immune cells of diabetic 
patients, including the imbalanced Th1/2 ratio, macrophages 
involved in vascular remodeling, and abnormal activation of 
NK cells in types I and II diabetes [34]. However, the activities 
and functions of NKT cells in the pathogenesis of diabetes re-
main unclear. Our study shows that the ratios of CD3+CD56+ 
NKT cells in peripheral blood of type II diabetic patients were 
significantly elevated, and the ratios of CD3-CD56+ NK cells 
were also increased. These results suggest the activated status 
of the natural immune system in patients with type II diabetes.

The expression and distribution of NKT receptors on the cell 
surface were further analyzed. Our results showed that the 
expression levels of the activating receptors NKp30, NKp44, 
and NKG2D were significantly increased on the NKT cell sur-
face in the peripheral blood from diabetic patients, while the 
expression levels of inhibiting receptors NKG2A and 158b 

were significantly downregulated. These results suggest the 
enhanced activities of NKT cells in the type II diabetes. The 
NKT cells were further divided into CD4+, CD8+, and CD4-
CD8- subtypes. Our results showed that the numbers of CD4+ 
and CD4–CD8– NKT cells were significantly increased in the 
peripheral blood of diabetic patients, while the number of 
CD8+ NKT cells significantly declined. Studies have shown that 
CD4+ NKT cells respond to TCR stimulation by producing large 
amounts of IL-4 and IFNg, thus regulating immune responses. 
Our results showed that IL-4 and IFNg were highly expressed 
in the NKT cells in peripheral blood from diabetic patients, 
while no significant changes were observed in the expression 
of granzyme. These results show that the ratio and activity 
of NKT cells in the peripheral blood of diabetic patients were 
significantly increased, mostly the CD4+ and CD4–CD8– sub-
types, with fewer CD8+ subtypes. Moreover, the secretions of 
IL-4 and IFNg were also upregulated.

The vascular endothelium is a natural barrier in the inner wall of 
blood vessels, which has important functions in the protection 
of blood vessels, and in the regulation of blood coagulation sys-
tem, blood pressure, and secretion [35]. Studies have shown that 
damages and dysfunctions of vascular endothelial cells directly 
affect the remodeling and vasoconstriction of blood vessels. 
Vascular endothelial cells can secrete NO, which regulates 
blood vessel vasomotion and thus affects blood pressure [36]. 
Vascular endothelial cells can also secrete cytokines and par-
ticipate in inflammatory regulation of vascular lesions [37]. In 
diabetes, the high-glucose peripheral blood environment can 
induce vascular endothelial cell damage. Under normal cir-
cumstances, vascular endothelial cells can repair themselves 
by proliferating or migrating to the lesions [38]. Whether in-
flammation-related cytokines regulate the biological behavior 
of vascular endothelial cell proliferation and migration is not 
yet clear. In this study, our results showed that IL-4 was highly 
expressed in the peripheral blood-derived NKT cells in patients 
with diabetes. IL-4 is a Th2 differentiation-related cytokine that 
can induce the differentiation of Th cells into Th2 cells. In re-
cent years, IL-4 has been shown to affect and regulate vas-
cular endothelial cells [39]. Kim et al. [40] found that IL-4 can 
inhibit the proliferation of umbilical vein endothelial cells by 
regulating the expression of p53, p21, cyclin D1, and cyclin E. 
Our results showed that, after co-cultured with peripheral 
blood-derived NKT cells from diabetic patients, the prolifera-
tion and migration abilities of HUVECs were significantly in-
hibited. In order to confirm that IL-4 mediated this process, 
the IL-4 antibody was applied, which remarkably restored the 
proliferation and migration abilities of HUVECs. IL-4 recombi-
nant protein was added to culture the HUVECs, showing that 
the proliferation and migration abilities of HUVECs were sig-
nificantly inhibited. These results indicate that the peripheral 
blood-derived NKT cells from diabetic patients inhibit HUVEC 
proliferation and migration via the IL-4 pathway.
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Conclusions

In conclusion, our results show that the proportion and activity 
of NKT cells in the peripheral blood of diabetic patients were 
significantly increased, and their subtypes were significantly 
changed. The NKT cells inhibited the proliferation and migra-
tion abilities of vascular endothelial cells by secreting IL-4, 
and thus participated in the vascular endothelial cell damage.
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