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INTRODUCTION

ABSTRACT

Aims/Introduction: Type 2 diabetes is a worldwide disease that is associated with
increased rates of obesity and reduced physical activity. Obesity-associated insulin resis-
tance in type 2 diabetes is a disorder in the balance between pro-inflammatory and anti-
inflammatory signals. T cell immunoglobulin and mucin domain-containing molecule 3
(Tim-3) has been reported as an important regulatory inflammation molecule, and plays a
pivotal role in several inflammation-related diseases.

Materials and Methods: Peripheral blood mononuclear cells were obtained from
type 2 diabetes patients (n = 31) and healthy donors (n = 18), and Tim-3 expression on
peripheral blood mononuclear cells was evaluated by flow cytometry.

Results: We showed the downregulated expression of Tim-3 on CD14" monocytes
from type 2 diabetes patients. In addition, the upregulated expression of Tim-3 on periph-
eral CD4™ T cells and CD8* T cells was observed in the present study. The correlation
analysis between Tim-3 expression on CD14" monocytes and diabetes duration showed
the longer diabetes duration time, the lower Tim-3 expression on CD14 monocytes.
Conclusions: The present results suggest that Tim-3 might participate in the progres-
sion of type 2 diabetes by its negative regulation on these immune cells, and Tim-3 on
CD14* monocytes serves as a novel biological marker for diabetes duration in type 2
diabetes patients.

balance between pro-inflammatory and anti-inflammatory sig-

Type 2 diabetes, which is largely associated with increased rates  nals’. On one hand, the pro-inflammatory cytokines can

of obesity and reduced physical activity, has become a global
epidemic’. Approximately 3.4 million deaths are attributable to
type 2 diabetes according to an investigation by the World
Health Organization. Type 2 diabetes is characterized by hyper-
glycemia in the context of insulin resistance (IR) with
microvascular and macrovascular complications®. Several studies
have focused on the inflammation issue in type 2 diabetes, as
obesity-associated IR in type 2 diabetes is a disorder in the
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impede insulin signaling in obesity and diabetes, such as tumor
necrosis factor-o, interleukin (IL)-1B and interferon (IFN)-y*7.
On the other hand, anti-inflammatory cytokines, such as IL-10
and IL-4, can help maintain insulin sensitivity®’. In addition,
CD8" and CD4" T cells in adaptive immunity'’, and natural
killer cells'"" and macrophages'” in innate immunity are also
involved in type 2 diabetes-related inflammation. Therefore,
now the key task for researchers is to find new inflammatory
molecules involved in the pathogenesis of type 2 diabetes. In
addition, diabetes duration in type 2 diabetes patients might
affect effective treatment, and most type 2 diabetes patients
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cannot clearly determine the disease onset. Therefore, it is
important to find a novel biological marker for diabetes dura-
tion calculation in type 2 diabetes patients.

T cell immunoglobulin and mucin domain-containing
molecule 3 (Tim-3) is a membrane protein initially identified as
a negative regulator of Thl immunity'>'*. Recently, Tim-3 was
also shown to play important roles in activated T helper 17",
cytotoxic T cell 1'°, macrophages/monocytes'” '®, dendritic
cells” and natural killer cells”. A strong correlation between
Tim-3 expression and some chronic diseases has been recently
confirmed, such as atherosclerosis*** and chronic viral infec-
tion™. Recent data showed that Tim-3 has a potential relation-
ship with type 2 diabetes. Tim-3 is involved in the therapeutic
function in type 1 diabetes®, and its ligand, galectin-9, is
elevated in patients with type 2 diabetes®. Here, we will focus
on the expression of Tim-3 on the peripheral blood mononu-
clear cells in type 2 diabetes patients, and provide a novel
biological marker on CD14" monocytes for diabetes duration in
type 2 diabetes patients.

MATERIALS AND METHODS

Blood samples

Peripheral blood samples obtained from 31 patients with type 2
diabetes at the Endocrinology Department in Qilu Hospital,
Jinan, Shandong, China, were involved for the isolation of
peripheral mononuclear cells. Type 2 diabetes was diagnosed
on the basis of fasting blood glucose >7.0 mmol/L and/or ran-
dom blood glucose >11.1 mmol/L. None of the individuals
used antihypertensive agents or statin agents in the diabetes
duration. Diabetes duration means the timespan from the first
diagnosis to when the blood samples were obtained. Blood
samples of 18 healthy donors were obtained from a clinical lab-
oratory at Qilu Hospital. None of the individuals were positive
for hepatitis B virus, hepatitis V virus or HIV, consumed exces-
sive alcohol, or other special cases before sampling. The study
was approved by the medical ethics committee of Shandong
University, and informed consent was acquired from each par-
ticipant. All the data of the human participants are summarized
in Table 1.

Peripheral blood mononuclear cells isolation and flow
cytometry

Human peripheral blood mononuclear cells were isolated by
centrifuging the whole blood with an EZ-Sep™ (Dakewe, Shen-
zhen, China) lymphocyte separation tube. The peripheral blood
mononuclear cells were stained with anti-human Tim-3-PE
(Biolegend, San Diego, CA, USA), anti-human CD3-APC
(Biolegend), anti-human CD4-FITC (Biolegend), anti-human
CD8-FITC (Biolegend), anti-human CDI14-FITC for 30 min.
At least 10,000 cells were analyzed by a FACSAria II (BD,
Franklin Lakes, NJ, USA), and the respective isotype control
immunoglobulin G was involved as the control. Cells were
gated based on their forward and side scatter properties. The
cells in the Figure la were gated by the strategy in Figure Sla,
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and the cells in Figures 2a and 3a were gated by the strategy in
Figure S1b.

Statistical analysis

All the data were analyzed by GraphPad Prism 5 (GraphPad
Software Inc., San Diego, CA, USA). Unpaired t-test was used
for comparison between groups. Pearson’s correlation analysis
was used to calculate the correlation coefficient. P < 0.05 was
considered a significant difference.

RESULTS

Tim-3 expression is decreased on peripheral CD14*
monocytes in patients with type 2 diabetes

Monocytes and macrophages are a heterogeneous population of
immune cells, and have been proven to function in type 2 dia-
betes development'>*®, We detected the expression of Tim-3
on peripheral CD14" monocytes in both the healthy donors
and the type 2 diabetes patients by flow cytometry. The results
showed that monocytes from type 2 diabetes patients (n = 31,
3043 * 3.58%) express less Tim-3 than that from healthy
donors (n = 18, 50.78 £ 2.36%; Figure la). Tim-3 has been
confirmed to be the key molecule in macrophages M1-M2
polarization®. Just opposite to the M1, the M2 phenotype car-
ries out tissue surveillance and remodeling functions, and is
associated with maintaining insulin sensitivity*®. The aforemen-
tioned results show that the circulating monocytes polarize
toward M1 macrophages and damage the insulin sensitivity.

Tim-3 expression is increased on peripheral CD4" in patients
with type 2 diabetes

Based on the evidence that the circulating CD4" T cells play
important roles in type 2 diabetes®™, we first analyzed the
expression of Tim-3 on peripheral CD4" T cells in both the
healthy donors and the type 2 diabetes patients by flow cytom-
etry. As shown in Figure 2a, the type 2 diabetes patients

Table 1 | Clinical characteristics of participants

Characteristics T2D patients Healthy donors
(n=31) (n=18)
Female, n (%) 18 (58.1) 10 (556)
Age, years (range) 57 (37-75) 52 (30-68)
BMI (kg/m?) 2496 + 065 2234 + 081
HbATc (%) 892 + 031 525+ 098
FPG (mmol/L) 9.80 + 056 418 £ 0.78
Insulin (WlU/mL) 3031 £ 804 1082 £ 509
Diabetes duration (years) 1345 + 166 -
Total lymphocytes (%) 3291 £ 190 3501 £ 230
Total monocytes (%) 525+ 033 499 £ 036
CD4™ T cells (%) 3592 + 235 3395 + 244
CDS8" T cells (%) 3210 £ 145 3426 + 238
CD14" monocytes (%) 7221 £ 237 7386 % 350

Data are expressed as median + standard error of the mean. BMI, body
mass index; FPG, fasting plasma glucose; HbATc, glycated hemoglobin;
T2D, type 2 diabetes.
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Figure 1| T cell immunoglobulin and mucin domain-containing molecule 3 (Tim-3) expression on CD14" T cells in type 2 diabetes patients is
significantly decreased. Peripheral blood mononuclear cells were isolated from healthy donors (n = 18) and patients with type 2 diabetes (n = 31).
(@) Flow cytometry analysis of Tim-3 expression on CD14" T cells (left) and the statistical graph is shown (right) for type 2 diabetes patients

(n = 31, 3043 + 3.58%) and healthy donors (n = 18, 50.78 + 2.36%). (b) Correlation analysis of Tim-3 expression on CD14" T cells and type 2
diabetes patients' fasting plasma glucose (FPG), glycated hemoglobin (HbA10), insulin, body mass index (BMI), age and diabetes duration.

kP < 0001,

(n =31, 17.26 = 1.51%) have a much higher level of Tim-3 on
CD4" T cells than healthy donors (n = 18, 4.69 + 0.45%). This
result shows that Tim-3 expression is increased on peripheral
CD4" T cells in patients with type 2 diabetes. Given that
Tim-3 is a negative regulatory molecule on CD4" T cells,
CD4" T cells of type 2 diabetes patients might stay in a more
suppressed state than healthy controls.

Tim-3 expression is increased on peripheral CD8" in patients
with type 2 diabetes

As obesity-associated CD8" T cells could secrete IFN-y, which
could activate macrophages and induce obesity-related inflam-
mation’, we analyzed the expression of Tim-3 on peripheral

CD8" T cells in both the healthy donors and the type 2 dia-
betes patients flow cytometry. Tim-3 expression on CD8"
T cells from type 2 diabetes patients (n = 31, 11.01 + 1.29%)
was significantly higher than that from healthy donors (n = 18,
3.93 £ 0.51%; Figure 3a). This result showed that CD8" T cells
from type 2 diabetes patients display much more Tim-3 than
that from healthy donors.

Correlation analysis of Tim-3 expression on CD4* T cells CD8"
T cells and type 2 diabetes indicators

As fasting plasma glucose, glycated hemoglobin, insulin, body
mass index, age and diabetes duration are significant indicators
in type 2 diabetes, we correlated Tim-3 expression on CD4"

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 2 | T cell immunoglobulin and mucin domain-containing molecule 3 (Tim-3) expression on CD4™ T cells in type 2 diabetes patients is
significantly increased. Peripheral blood mononuclear cells were isolated from healthy donors (n = 18) and patients with type 2 diabetes (n = 31).
(@) Flow cytometry analysis of Tim-3 expression on CD4™ T cells (left) and the statistical graph are shown (right) of type 2 diabetes patients (n = 31,
1726 £ 151%) and healthy donors (n = 18, 469 + 045%). (b) Correlation analysis of Tim-3 expression on CD4" T cells and type 2 diabetes
patients’ fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), insulin, body mass index (BMI), age and diabetes duration. ***P < 0.001.

and CD8" T cells with these indicators. As Figure 2b shows,
no correlation was found between Tim-3 expression on CD4"
T cells and these indicators. It might be that more complicated
factors affect the expression of Tim-3 on CD4" T cells. An
inverse correlation was found between Tim-3 expression on
CD8" T cells and diabetes duration (P = 0.0378; Figure 3b).
This result was inconsistent with the increased expression of
Tim-3 in Figure 3a. In addition to diabetes duration, there was
no correlation was found between Tim-3 expression on CD8"
T cells and other factors. Maybe the transient high glucose
upregulates the Tim-3 expression on CD8" T cells, and the
long diabetes duration restores CD8" T cells function by down-
regulating the Tim-3 expression.

Correlation analysis of Tim-3 expression on CD14* monocytes
and type 2 diabetes indicators

In the correlation analysis of Tim-3 expression on CD14"
monocytes and type 2 diabetes indicators, the same inverse
correlation with CD8" T cells was found between Tim-3
expression on CDI14" monocytes and diabetes duration
(P = 0.0436; Figure 1b). The other indicators had no associa-
tion with Tim-3 expression on CD14" monocytes. The afore-
mentioned results show that Tim-3 on CDI14" monocytes
could serve as novel biological markers for diabetes duration
in type 2 diabetes patients, which means that the longer the
hyperglycemia time the lower Tim-3 expression on CD14"
monocytes.
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Figure 3 | T cell immunoglobulin and mucin domain-containing molecule 3 (Tim-3) expression on CD8* T cells in type 2 diabetes patients is
significantly increased. Peripheral blood mononuclear cells were isolated from healthy donors (n = 18) and patients with type 2 diabetes (n = 31).
(@) Flow cytometry analysis of Tim-3 expression on CD8" T cells (left) and the statistical graph is shown (right) of type 2 diabetes patients (n = 31,
11.01 + 1.29%) and healthy donors (n = 18, 393 % 0.51%). (b) Correlation analysis of Tim-3 expression on CD8" T cells and type 2 diabetes
patients, fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), insulin, body mass index (BMI), age and diabetes duration. ***P < 0.001.

DISCUSSION

Tim-3, a regulator of immune regulation and immune toler-
ance, is expressed in both innate and adaptive immune cells.
Increased evidence has shown that dysregulation of Tim-3
expression on peripheral CD4" T cells, CD8" T cells and
monocytes is closely related to many autoimmune diseases,
viral infections, and cancer'>'®*. However, it is still unclear
whether Tim-3 is involved in the pathogenesis of type 2 dia-
betes, which is characterized by hyperglycemia in the context of
insulin resistance. In the present case—control study, we com-
pared the Tim-3 expression on various immune cells between
patients with type 2 diabetes and healthy donors. We did not,
however, find significant correlations between Tim-3 expression

on various immune cells and indicators of type 2 diabetes (fast-
ing plasma glucose, glycated hemoglobin, insulin, body mass
index, age and diabetes duration).

As type 2 diabetes is characterized by obesity-associated
chronic low-grade inflammation, accumulating evidence shows
multiple immune cells are involved in the pathogenetic process
of type 2 diabetes. In 2012, Morinaga et al.* reported that cir-
culating immune cells infiltrate the expanding adipose tissue in
response to high-fat feeding. Circulating CD4" T cells fre-
quency consistently correlating positively with increased body
mass index or adiposity in human subjects® indicates that
CD4" T cells might function in type 2 diabetes. Tim-3 is a
negative regulatory molecule on CD4" T cells. Tim-3

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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overexpression on CD4" T cells results in a low level of IL-2
and IFN-y production®. In the present study, augmented Tim-
3 expression observed on CD4" T cells in type 2 diabetes
patients (Figure 2a) showed that CD4" T cells of type 2 dia-
betes patients were in a more suppressed state than healthy
controls. CD8" T cells are the main T cells responsible for the
eradication of altered or foreign cells by secreting perforin and
granzyme” %, Previous reports claimed that CD8" T cells were
involved in the type 2 diabetes-related inflammation. Obesity-
associated CD8" T cells could secrete IFN-y, an important
pro-inflammatory cytokine for macrophage activation and obe-
sity-induced inflammation®. CD8" T cells deletion results in
a relative lack of inflammatory macrophages in obese adipose
tissue and, importantly, systemic insulin sensitivity’>. Tim-3 is a
negative regulator of CD8" T cells function, and Tim-3 block-
ade can restore proliferation and cytokine production of CD8"
T cells®”. Upregulated expression of Tim-3 on CD8" T cells
was observed in our current research (Figure 3a). The results
suggest that CD8" T cells in type 2 diabetes patients show a
dysfunctional state. However, there is no related correlation
between Tim-3 expression on CD4" and CD8" T cells, and
type 2 diabetes indicators except the inverse correlation
between Tim-3 expression on CD8" T cells and diabetes dura-
tion (Figures 2b and 3b). This inverse correlation is inconsistent
with the increased Tim-3 expression on CD8" T cells in type 2
diabetes patients. The exact reason why Tim-3 was upregulated
on CD4" and CD8" T cells of type 2 diabetes patients, the
inverse correlation between Tim-3 expression on CD8" T cells
and diabetes duration, still requires further research.

Compared with CD4" and CD8" T cells, monocytes and
macrophages play a more important role in type 2 diabetes-
related inflammation. Adipose tissue macrophages in type 2
diabetes can be distinguished as the anti-inflammatory pheno-
type and pro-inflammatory phenotype. The anti-inflammatory
phenotypes are referred to as M2-like or alternatively activated
macrophages, and pro-inflammatory phenotypes are referred to
as Ml-like or classically activated macrophages®. M2 macro-
phages carry out tissue surveillance and remodeling functions,
and are associated with maintaining insulin sensitivity””. Tim-3
promotes the macrophages to polarize to the M2 phenotype®®.
The results of the present study showed that type 2 diabetes
patients have a much lower level of Tim-3 on monocytes (Fig-
ure la). This shows that type 2 diabetes patients display chaotic
insulin sensitivity. In the correlation analysis (Figure 1b), the
inverse correlation between Tim-3 expression on CD14" mono-
cytes and diabetes duration was observed (P = 0.0436). This
indicates that the longer the hyperglycemia time, the lower
Tim-3 expression on CD14 monocytes.

In conclusion, the expression of Tim-3 is downregulated on
CD14" monocytes and upregulated on CD4" T cells and CD8"
T cells in type 2 diabetes patients. The correlation analysis
between Tim-3 expression on CD14" monocytes and diabetes
duration showed the longer hyperglycemia time, the lower
Tim-3 expression on CD14 monocytes. Our data suggest that

http://onlinelibrary.wiley.com/journal/jdi

Tim-3 might participate in the progression of type 2 diabetes
by its negative regulation on these immune cells, and Tim-3 on
CD14" monocytes serves as a novel biological marker for dia-
betes duration in type 2 diabetes patients. However, the exact
regulative mechanism of Tim-3 expression on immune cells
and the exact role of Tim-3 in type 2 diabetes still need to be
further elucidated.
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Figure S1| Gated strategy of FCM analysis. (a) Gate strategy of CD14" monocytes (Figure 1a). (b) Gate strategy of CD4" (Fig-
ure 2a) and CD8" (Figure 3a) T cells.
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