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Abstract. Hashimoto's thyroiditis (HT) is characterized by 
dysregulated immune responses and is commonly associated 
with insulin resistance. However, the mechanism of insulin 
resistance in HT remains to be fully elucidated. The aim of 
the present study was to investigate the correlation between 
the percentage of B regulatory lymphocytes (Bregs) and 
insulin resistance in patients with HT but with normal thyroid 
function (type I). A total of 59 patients with type I HT and 38 
healthy volunteers were enrolled in the study. An oral glucose 
tolerance test was performed to measure insulin secretion 
and assess β‑cell functions. Flow cytometry was performed 
to examine the percentages of lymphocyte populations. The 
patients with HT exhibited normal fasting and postprandial 
glucose and fasting insulin secretion, but increased secretion 
of early‑phase and total insulin. The patients with HT also had 
insufficient β‑cell compensation for insulin resistance, indi-
cated by a reduced disposition index, in the fasting state. An 
elevation in the percentage of CD19+CD24+CD27+ Bregs was 
also observed, which correlated positively with insulin secre-
tion and insulin resistance in the fasting state. The patients with 
type I HT had postprandial insulin resistance and insufficient 
β‑cell compensation for fasting insulin resistance. Therefore, 
the increase in CD19+CD24+CD27+ Bregs was closely associ-
ated with fasting insulin secretion. These results provide novel 
insight into the mechanism of insulin resistance in HT.

Introduction

Hashimoto's thyroiditis (HT) is as an autoimmune disorder 
and is often a common cause of hypothyroidism. It accounts 

for ~7.3‑20.5% of all thyroid diseases, and its frequency of 
occurrence is ~7‑fold higher in women, compared with men, 
often during middle age (1,2). Patients with HT, particularly 
clinical hypothyroidism, are particularly susceptible to other 
associated medical conditions, including insulin resistance 
and metabolic syndromes (1‑5).

Insulin resistance and metabolic disorders are common 
complications of HT. Accumulating evidence from previous 
investigations has demonstrated associations between hypo-
thyroidism and disordered glucose and insulin metabolism. 
Increased insulin resistance has been observed in patients diag-
nosed with clinical and subclinical hypothyroidism (4,6‑9). To 
date, reports on the underlying mechanisms of insulin resis-
tance in HT remain inconclusive. Dimitriadis et al reported that 
decreased glucose uptake in muscle and adipose tissues may 
be due to reduced blood flow, resulting in impaired mitochon-
drial oxidation in patients with hypothyroidism (4). However, 
few studies have been performed, which link dysfunctions in 
the immune response with HT and insulin resistance.

Immune dysregulation leading to chronic inflammation 
and autoimmunity has been implicated in insulin resis-
tance and the pathogenesis of diabetes mellitus (DM) (10). 
Immunotherapeutic agents have been introduced to treat type 
1 and type 2 DM. For example, anti‑CD3 antibody therapy, 
which targets the clearance of effector T cells and promotes 
T cell tolerance, has been validated studies in several clinical 
trials to be an effective therapeutic agent in autoimmune 
diseases (11‑13). Rituximab, a monoclonal antibody targeting 
CD20‑expressing B cells, has been used to treat type 1 DM 
through its protective effect on insulin‑secreting βcells (14). 
Additionally, in a study using type 2 DM mouse models, B cell 
depletion by anti‑CD20 antibodies prevented disease onset 
and inhibited insulin resistance by eliminating autoantibody 
production  (15). As dysregulated immune responses and 
autoimmunity are important contributors to HT and insulin 
resistance, the present study aimed to examine the immune 
components shared between the two conditions.

To modulate immune responses and prevent the 
hyperactivation of immune components and incidence of 
autoimmune disorders, including DM, a subset of T cells 
has evolved to function as regulatory cells. These regula-
tory T cells (Tregs) control the scope of inflammation and 
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suppresses autoimmunity, traditionally through the secre-
tion of suppressor cytokines, including interleukin (IL)‑10. 
Furthermore, a CD8+CD28‑ suppressor T cell subset, which 
functions to inhibit the cytotoxic activity of CD8+ cytotoxic 
T lymphocytes, has been defined (16). It is well established 
that the activation of cytotoxic T lymphocytes is among the 
earliest events leading to the destruction of thyrocytes, and 
the development of HT and other autoimmune conditions. 
Whether the newly identified CD8+CD28‑ suppressor T cells 
are involved in the pathophysiologic process remains to be 
fully elucidated. Similarly, the concept of regulatory B cells 
(Bregs) has been suggested with intrinsic immunoregulatory 
properties similar to Tregs  (17,18). Bregs are reported to 
comprise two major populations: CD19+CD24hiCD38hi and 
CD19+CD24+CD27+, which are capable of producing IL‑10 
upon stimulation (19). IL‑10 is an essential anti‑inflammatory 
cytokine, and IL‑10‑producing Bregs are sometimes referred 
to as B10 cells (20). The contribution of Bregs in autoimmune 
thyroiditis was reported in a previous study using mouse 
models (21). However, evidence of the contribution of Bregs 
in a human study of HT is not currently available. Therefore, 
in the present study, the Breg and CD8+CD28‑ suppressor  
T cell populations were examined in patients with HT, and the 
association between HT and insulin resistance was analyzed 
in those patients. In order to eliminate the effect of thyroid 
hormones on insulin signaling and glucose regulation, which 
may confound the results (22), only patients with type I HT 
who had normal thyroid functions and were not on hormone 
treatment were included in the study.

Materials and methods

Ethics statement. All questionnaires and medical procedures 
were approved by the Institutional Review Board of Fudan 
University (Shanghai, China). Written informed consent was 
prospectively obtained from all study participants.

Patients. A total of 59  patients (age range, 18‑60  years), 
diagnosed with type I HT at the Fifth People's Hospital of 
Shanghai, Fudan University between March and November 
2013, were enrolled in the present study and assigned to the 
HT experimental group. An additional 38 healthy age‑ and 
gender‑matched volunteers were recruited to the control group. 
The diagnosis criteria for type I HT were as follows: Normal 
thyroid function and characteristic clinical manifestations 
associated with elevated serum anti‑thyroid peroxidase anti-
bodies (anti‑TPO) or anti‑thyroglobulin antibodies (anti‑Tg) at 
≥60 U/ml (23). The clinical manifestations were detected twice 
for each patient, with a 1‑week interval. The exclusion criteria 
were as follows: Patients with a previous and/or new diagnosis 
of DM, determined by oral glucose tolerance test (OGTT), 
patients with a confirmed diagnosis of hyperthyroidism, and 
those who received anti‑thyroid drugs or thyroid hormone 
replacement therapy. In addition, patients with cardiovascular 
and cerebrovascular diseases, severe liver or kidney dysfunc-
tion, malignant tumors, severe mental disorders, were currently 
taking glucocorticoids, or were pregnant or breastfeeding were 
excluded. The diagnoses of DM, impaired glucose regulation 
and hypertension were made according to the guidelines 
approved by the World Health Organization (24).

Sample collection. Questionnaires containing demographic 
information, medical history of hypertension, weight, height, 
body mass index (BMI), and waist and hip circumferences were 
administered to all study participants. An OGTT was performed 
using fasting blood samples and blood samples collected 30 
and 120 min following drinking 75 g glucose dissolved in 
250‑300 ml water. The levels of plasma glucose, serum lipid, 
C‑peptide and insulin were measured, and thyroid function was 
assessed. The insulin level in the blood at the time points of 0, 30, 
and 120 min were designated as Ins0, Ins30 and Ins120, respec-
tively. In addition, the plasma glucose levels at those time points 
were designated as Glu0, Glu30 and Glu120, with the average 
glucose and insulin levels in the OGTT designated as GluAve 
and InsAve, respectively. The area under the curve (AUC) for 
insulin and glucose (InsAuc and GluAuc, respectively) were 
determined by the insulin secretion curve adjusted for glucose.

Biochemical analyses. The plasma glucose levels were 
measured using a glucose oxidation assay kit (Shanghai 
Institute of Biological Products Co., Ltd. Shanghai, China), 
using a Beckman Glucose Lab Analyzer 2 (Model 6517; 
Beckman Coulter, Inc., Danvers, MA, USA). The serum lipid 
contents, including total cholesterol (TC), triglyceride (TG), 
high‑density lipoprotein cholesterol (HDL‑C) and low‑density 
lipoprotein cholesterol (LDL‑C), were measured using an 
enzymatic colorimetric analyzer (Hitachi 7600 Clinical 
Analyzer; Hitachi, Ltd., Tokyo, Japan). The serum levels of 
C‑peptide and insulin, and the thyroid function indicators total 
triiodothyronine (TT3), total thyroxine (TT4), free triiodothyro-
nine (FT3), free thyroxine (FT4), thyroid stimulating hormone 
(TSH), anti‑Tg and anti‑TPO were measured using specific 
radioimmunoassay kits purchased from Linco Research, Inc. 
(St. Charles, MO, USA) in a Beckman immunoassay analyzer 
(Beckman Coulter, Inc.).

To assess β‑cell function and insulin sensitivity, the 
following parameters were measured: i)  homeostasis 
model assessment of β‑cell function (HOMA‑β) [20 x Ins0 
(µU/ml)]/[Glu0 (mmol/l)‑3.5]; ii)  change in insulin and 
glucose ratio at 30  min OGTT (ΔI30/ΔG30) [Ins30‑Ins0 
(µU/ml)]/[Glu30‑Glu0 (mmol/l) ]; iii) early‑phase insulin secre-
tion (InsAuc30/GluAuc30) [Ins0+Ins30 (pmol/L)]/[Glu0+Glu30 
(mmol/l) ]; iv)  ratio of insulin to glucose AUC values at 
120 min (InsAuc120/GluAuc120) [Ins0+4 x Ins30+3 x Ins120 
(pmol/l)]/[Glu0+4'Glu30+3 x Glu120 (mmol/l)]; v) HOMA of 
insulin resistance (HOMA‑IR) calculated as [Ins0 (µU/ml)
x Glu0 (mmol/l)/22.5]; vi) disposition index (DI) calculated 
as [HOMA‑β/HOMA‑IR]; vi) Matsuda index (ISIM) of insulin 
sensitivity [10,000/((Glu0 (mg/dL) x Ins0 (µU/ml) x GluAve 
(mg/dl) x InsAve (µU/ml))1/2]; vii) DI at 30 min OGTT (DI30) 
[InsAuc30/GluAuc30 x ISIM]; and viii) DI at 120 min OGTT 
(DI120) [InsAuc120/GluAuc120 x ISIM].

Flow cytometry. Venous blood was obtained from the study 
participants by EDTA‑anticoagulation. For examination of 
different lymphocyte populations, two 100‑µL blood aliquots 
were incubated with CD4‑FITC/CD8‑PE‑Cy5/CD28‑PE 
and CD19‑PE‑Cy5/CD24‑PE/CD27‑APC/CD38‑FITC (BD 
Biosciences, San Jose, CA, USA) for 20 min at room tempera-
ture in the absence of light. The stained samples were treated 
with Simultest™ (Beckman Coulter, Inc.) to lyse erythrocytes. 



MOLECULAR MEDICINE REPORTS  15:  4338-4345,  20174340

The samples were washed with PBS twice prior to flow cyto-
metric analysis. The following isotype controls were used: 
IgG1‑FITC, IgG1‑PE‑Cy5, IgG2a‑PE and IgG1‑APC. For 
examination of intracellular IL‑10, 100 µl whole blood was 
cultured in RPMI 1640 supplemented with 10% heat inacti-
vated fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), 25  µg/l phorbol 12‑myristate 
13‑acetate, 1  mg/l ionomycin and 20  µg/l monensin 
(Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany) at a 
density of 2x106 cells/ml. Following incubating for 4‑6 h at 
37˚C and in 5% CO2, CD19‑Cy5 (BD Biosciences) was added 
to the cells for 30 min at room temperature. Subsequently, 
the cells were permeabilized according to the manufacturer's 
protocol (Beckman Coulter, Inc.), followed by incubation with 
the monoclonal antibodies IL‑10‑PE (20 µl, cat. no. JES3‑9D7; 
BD Biosciences) or isotype control IgG2a‑PE (BD Biosciences) 
for 30 min at room temperature. The stained cells were then 
analyzed on a FACSCalibur flow cytometer (BD Biosciences). 
Lymphocytes were collected to measure the percentages of 
CD8+, CD8+CD28‑, CD19+CD24+CD27+, CD19+CD24hiCD38hi 
and CD19+IL‑10+ (B10) cell subpopulations.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation or percentage. Comparison of continuous data 

between groups was performed using either a parametric test, 
such as Student's t‑test and one‑way analysis of variance), or 
a nonparametric test (Mann‑Whitney U or Kruskal‑Wallis 
H tests). The comparison of categorical data between groups 
was performed using a χ2 test. Pearson's correlation analysis 
was used to investigate the association between different 
parameters. P<0.05 (two‑tailed) was considered to indicate a 
statistically significant difference. SPSS version 17.0 (SPSS 
Inc., Chicago, IL, USA) was used to analyze data.

Results and Discussion

Comparison of biochemical parameters between HT and 
control groups. Laboratory measurements were recorded in 
patients with type I HT (HT group; n=59) and healthy volun-
teers (normal group; n=38). The results are summarized in 
Table I. No significant differences were found in the mean 
age (47.2±14.7, vs. 40.6±16.9 years) or female‑to‑male ratio 
between the HT and control groups. Average hip circumfer-
ence was similar between the two groups, however, a marginal 
but significant increase in waist circumference was observed 
in the HT group (P<0.05). Abdominal circumference has 
previously been associated with diabetes and cardiovas-
cular disease, suggesting that those in the HT group may be 

Table I. Comparison of demographic characteristics and laboratory measurements between HT and control groups.

Characteristic	 HT (n=59)	 Control (n=38)	 P‑value

Age (years)	 47.2±14.7	 40.6±16.9	 NS
Gender (female/male) 	 53/6	 34/4	 NS
Waist circumference (cm)	 83.4±9.4	 77.1±8.7	 0.043
Hip circumference (cm)	 94.6±7.3	 93.5±4.1	 NS
SBP (mmHg)	 120.5±8.8	 130.7±22.9	 NS
DBP (mmHg)	 75.5±5.3	 71.2±5.4	 NS
BMI (kg/m2)	 23.3±3.7	 23.7±3.2	 NS
FT3 (pg/ml)	 2.9±0.6	 2.9±0.7	 NS
FT4 (ng/dl)	 1.1±0.3	 1.1±0.1	 NS
TT3 (ng/ml)	 1.1±0.4	 1.4±1.5	 NS
TT4 (µg/dl)	 8.5±3.0	 9.3±1.7	 NS
TSH (µU/ml)	 2.1±1.2	 2.2±1.3	 NS
Anti‑TPO (U/ml)	 790.1±572.3	 30.3±16.6	 <0.001
Anti‑TG (U/ml)	 216.5±29.3	 16.1±9.7	 <0.001
TC (mmol/l)	 4.9±1.3	 4.5±0.9	 NS
TG (mmol/l)	 1.4±0.8	 1.1±0.8	 NS
HDL‑C (mmol/l)	 1.5±0.4	 1.3±0.6	 NS
LDL‑C (mmol/l)	 3.3±1.3	 3.0±0.7	 NS
GADA (%)	 0	 0	 NS
IAA (%)	 0	 0	 NS
ICA (%)	 0	 0	 NS
IGR (%)	 39.1	 30.8	 NS

HT, Hashimoto's thyroiditis; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FT3, free triiodothyronine; 
FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid stimulating hormone; TPO, thyroid peroxidase; TG, triglyc-
eride; TC, total cholesterol; HDL‑C, high‑density lipoprotein cholesterol; LDL‑C, low‑density lipoprotein cholesterol; GADA, glutamic acid 
decarboxylase antibodies; IAA, insulin autoantibodies; ICA, islet cell antibodies; IGR, impaired glucose regulation; NS, not significant.
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predisposed to such risk factors. Biochemical parameters in 
the blood, including those for pancreatic and thyroid func-
tions, were also measured. No significant differences were 
observed in blood pressure, BMI, lipid profiles (TC, TG, 
HLD‑C and LDL‑C), thyroid indicators (TT3, TT4, FT3, FT4 
and TSH) or diabetes‑associated autoantibodies (GADA, IAA 
and ICA) between the two groups. The incidence of impaired 
glucose regulation was also similar between the two groups 
(Table I). Consistent with the diagnosis, the levels of anti‑Tg 
and anti‑TPO, two specific indicators for HT, were signifi-
cantly higher in the HT group, compared with those in the 
control group (P<0.05). The level of C‑peptide at 30 min was 
significantly different between the groups (Fig. 1B). In addi-
tion, OGTT was performed to determine insulin resistance, 
and the results showed markedly elevated insulin levels at 
30 and 120 min following glucose intake in the HT group 
(Fig. 1C).

Comparison of pancreatic β‑cell function and insulin sensi‑
tivity between HT and control groups. As shown in Table II, 
the parameters for HOMA‑β, insulin response (ΔI30/ΔG30), 
and estimated insulin resistance in the fasting state (HOMA‑IR) 
and postprandial state (ISIM) showed no significant differences 
between the HT and control groups. Furthermore, the early‑phase 
DI (DI30) and the total DI (DI120) were similar between the two 
groups. However, the early‑phase and total insulin secretions 
(InsAuc30/GluAuc30 and InsAuc120/GluAuc120, respectively) 
were markedly higher in the HT group, compared with those 
in the control group. In addition, the basal insulin DI, which 
reflected the capacity of β‑cell compensation function for IR 
in the fasting state, was significantly lower in the HT group 
(P<0.05). These results indicated that the patients with type I 
HT had increased insulin secretion in the postprandial state. 
No significant differences were found in the fasting glucose or 
insulin secretion, indicated by plasma C‑peptide and insulin 

Table II. Comparison of β‑cell function and insulin sensitivity between HT and control groups.

Parameter	 HT (n=59)	 Control (n=38)	 P‑value

Secretory capacity of pancreatic β‑cells			 
  HOMA‑β	 132.4±95.7	 187.1±153.6	 NS
  ΔI30/ΔG30	 20.3±18.5	 17.3±13.2	 NS
  InsAuc30/GluAuc30	 45.3±31.2	 32.2±14.1	 0.015
  InsAuc120/GluAuc120	 61.9±38.5	 45.1±22.2	 0.047
β‑cell compensation for IR			 
  DI	 63.0±30.4	 108.6±78.6	 0.002
  DI30	 217.5±161.4	 196.3±89.1	 NS
  DI120	 294.5±197.6	 266.0±107.8	 NS
Insulin sensitivity			 
  HOMA‑IR	 2.5±1.9	 1.8±1.0	 NS
  ISIM	 6.1±4.8	 6.9±3.2	 NS

HT, Hashimoto's thyroiditis; OGTT, oral glucose tolerance test; HOMA‑β, homeostasis model assessment of β‑cell function; ΔI30/ΔG30, 
change in insulin and glucose ratio at 30 min OGTT; InsAuc30/GluAuc30, early‑phase insulin secretion at 30 min; InsAuc120/GluAuc120, 
ratio of insulin to glucose area under curve values at 120 min; DI, disposition index; DI30, DI at 30 min OGTT; DI120, DI at 120 min OGTT; 
HOMA‑IR, homeostasis model assessment of insulin resistance; ISIM Matsuda index; NS, not significant.

Figure 1. Measurements of plasma glucose, C‑peptide and insulin in patients with HT and healthy controls. Oral glucose tolerance tests were administered. 
Blood samples were collected at 0, 30 and 120 min following oral glucose intake, and the concentrations of (A) glucose, (B) C‑peptide and (C) insulin in the 
blood were measured. Data are presented as the mean ± standard deviation. Differences in concentrations were compared between the HT and healthy control 
(normal) groups; **P<0.01; *P<0.05. HT, Hashimoto's thyroiditis.
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differences between the HT and control groups (Fig. 1), however, 
the fasting β‑cell compensation function (indicated by DI) was 
markedly reduced in the HT group (Table I).

Comparison of lymphocyte populations between HT and 
control groups. To analyze lymphocyte populations, periph-
eral blood was obtained from patients in the HT group and 
the healthy controls. The percentages of different lymphocyte 
populations were measured using flow cytometry. No signifi-
cant differences in the overall percentage of CD4+ T cells 
or the CD8+CD28‑ TReg cell subset were observed between 
the HT and control groups (Fig. 2A, upper left and lower 
panels). However, patients in the HT group had an increased 
percentage of CD8+ T cells, compared to the control group 
(P<0.05; Fig. 2A, upper right panel).

To assess the percentages of different B cell subsets, 
cells were stained with specific lineage markers. As shown 
in Fig. 2B, the percentage of the specific Breg cell subset, 
CD19+CD24+CD27+, was significantly higher in the HT group 
(P<0.05) (upper right panel). However, no differences in the 
other regulatory Breg cell subset (CD19+CD24hiCD38hi) or the 
B10 cells were found between the HT and control groups (lower 
panels).

Correlation of CD19+CD24+CD27+ Breg cells with β‑cell 
function and insulin sensitivity. To determine the correlation 
between the enhancement of Bregs with insulin sensitivity, 
the study subjects were divided into CD19+CD24+CD27+ 
Breg enhancer and Breg control groups. A reference range 
for different subsets of peripheral lymphocytes was set as the 

Figure 2. Percentages of lymphocyte populations in patients with HT and healthy controls. Peripheral blood was collected from the HT and control (normal) 
groups and lineage analysis was performed using specific markers and flow cytometry. Percentages of (A) T cell subsets and (B) B cell subsets in the total 
lymphocytes were measured. HT, Hashimoto's thyroiditis.



YANG et al:  B REGULATORY CELLS ARE ASSOCIATED WITH INSULIN RESISTANCE 4343

interquartile range (25‑75th percentile) of the percentages of 
lymphocyte subsets in the control group. According to the 
reference range, all study subjects were divided into two groups: 
Those with a higher percentage of CD19+CD24+CD27+ Breg 
cells, compared with the reference range (>7.4325%; elevated 
group), and those with a percentage of CD19+CD24+CD27+ 
Breg cells within the reference range (≤7.4325%; normal 
group). Pancreatic β‑cell function and insulin sensitivity were 
compared between the two groups. As shown in Fig. 3, HOMA‑β 
and HOMA‑IR were significantly increased in the elevated 
group, indicating that the insulin secretory capacity of β‑cells 
and the insulin resistance in the fasting state were enhanced in 
individuals with an elevated level of CD19+CD24+CD27+ Breg 
cells. However, no differences were observed in the insulin 
secretion index in the postprandial state (InsAuc30/GluAuc30 
and InsAuc120/GluAuc120) between groups.

To invest igate whether the elevated level  of 
CD19+CD24+CD27+ Breg cells was associated with 

alterations in insulin secretion and insulin sensitivity, correla-
tion analysis was performed. The results demonstrated that 
the CD19+CD24+CD27+ Bregs were positively correlated 
with HOMA‑IR (r=0.338; P=0.029) and HOMA‑β (r=0.254; 
P=0.005; Fig. 4).

Insulin resistance is commonly observed in patients with HT 
accompanied with clinical or subclinical hypothyroidism (1). 
Previous investigations to elucidate the mechanism of insulin 
resistance in patients with HT have yielded inconclusive 
results. The present study demonstrated for the first time, to 
the best of our knowledge, the action of insulin in patients with 
type I HT with preserved normal thyroid function. The results 
indicated that these patients had insufficient insulin secretion 
following adjusting insulin resistance (DI) and increased 
insulin secretion in the postprandial state. An elevated level 
of CD19+CD24+CD27+ Bregs was observed in these patients, 
which was positively correlated with insulin secretion and 
insulin resistance in the fasting state. These results revealed a 

Figure 3. Comparison of pancreatic parameters for β‑cell function and insulin sensitivity between individuals with normal and elevated CD19+CD24+CD27+ 
Breg cells. All study subjects were divided according to their percentage of CD19+CD24+CD27+ Breg cells. The parameters for β‑cell function and insulin 
sensitivity were compared between the normal and elevated groups, and the values are shown on the vertical axis. The incidence of subclinical diabetes, in 
which the plasma glucose level reached the diagnostic criteria for diabetes without other clinical symptoms, and the incidence of IGR were calculated separately 
for each group. *P<0.05; **P<0.01. Breg, regulatory B cell; OGTT, oral glucose tolerance test; HOMA‑IR, homeostasis model assessment of insulin resistance; 
HOMA‑β, homeostasis model assessment of β‑cell function; ΔI30/ΔG30, change in insulin and glucose ratio at 30 min OGTT; InsAuc30/GluAuc30; early‑phase 
insulin secretion at 30 min; InsAuc120/GluAuc120, ratio of insulin to glucose area under the curve values at 120 min; DI, disposition index; DI30: disposition 
index at 30 min OGTT; DI120: disposition index at 120 min OGTT; IGR, impaired glucose regulation.

Figure 4. Correlation analysis between CD19+CD24+CD27+ Bregs and indicators of β‑cell function. The correlation coefficient (r) was calculated between 
the percentage of CD19+CD24+CD27+ Bregs and HOMA‑IR (left panel) or HOMA‑β (right panel). Bregs, regulatory B cells; HOMA‑IR, homeostasis model 
assessment of insulin.
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close association between immune dysregulation and insulin 
resistance in type I HT.

The observation of a normal blood glucose level and 
elevated insulin level, described as hyperinsulinemia, indi-
cates the presence of insulin resistance. Insulin resistance 
contributes to the development of various medical conditions, 
including type 2 DM, metabolic syndromes, obesity, hyperten-
sion, dyslipidemia, elevated free fatty acid and a deregulated 
stress responses (25). In the present study, the levels of plasma 
glucose remained normal during OGTT in the HT group. 
However, the early‑phase and total insulin secretion increased 
significantly, compared with the levels in the control group, 
indicating the possibility of postprandial insulin resistance. 
The fasting insulin secretion and insulin resistance levels in 
the HT group were normal, however, fasting β‑cell compen-
sation function was impaired, as indicated by a significant 
reduction in DI. DI reflects the ability of β‑cells to compen-
sate for insulin resistance; a reduced DI indicates impaired 
compensation. When insulin resistance increases, insulin 
secretion consequently increases. However, if the insulin 
secreted from β‑cells is insufficient to compensate for insulin 
resistance, then the DI decreases, indicating impaired β‑cell 
compensation function (26). In the present study, the fasting 
DI was significantly decreased in the HT group, compared 
with that in the control group, suggesting that the patients 
with HT had impaired β‑cell compensation function and that 
insulin levels were not sufficient to compensate for the insulin 
resistance.

Previously, immune components, including CD8+ cyto-
toxic T lymphocytes, proinflammatory T cells, and Tregs, 
have been shown to be important in the pathophysiology of 
autoimmune HT. Notably, the present study found no signifi-
cant differences in CD4+ or CD8+CD28‑ T cells, but found a 
decrease in the overall percentage of CD8+ T cells. However, 
previous studies have shown that the infiltration of proinflam-
matory T cells and overproduction of inflammatory mediators 
are largely present in the liver and muscle tissues of diabetic 
patients, which have been implicated in the development of 
insulin resistance (27,28). Under normal circumstances, the 
activation and proliferation of these proinflammatory T cells 
are strictly regulated by their interplay with Tregs, thus the 
immune balance is carefully maintained.

The present study is the first, to the best of our knowledge, 
to report on the involvement of CD19+CD24+CD27+ Bregs in 
HT and associated insulin resistance. The patients with HT had 
reduced DI, and the elevated CD19+CD24+CD27+ Breg popu-
lation was positively correlated with fasting insulin secretion 
and insulin resistance. Although the regulatory mechanism 
of Bregs remains to be elucidated, studies in diabetic patients 
may provide insight to facilitate understanding of HT. Rather 
than producing the anti‑inflammatory cytokine IL‑10, Bregs in 
diabetic patients upregulate the expression of proinflammatory 
cytokines, including IL‑6 and IL‑8, and promote inflamma-
tion (29,30). In the present study of type I HT, the percentage 
of CD19+CD24+CD27+ Bregs was elevated significantly, 
compared with that in the healthy controls. This increase in 
CD19+CD24+CD27+ Bregs may also increase the expression 
of IL‑6 and IL‑8 in HT, promoting increased autoimmune 
inflammation, and thereby increasing risk of insulin resistance 
and decreased β‑cell function. There may also be a feedback 

mechanism by which the Bregs are activated and proliferate in 
response to the tissue damage caused by infiltrating inflamma-
tory cells. The causal association between Breg dysregulation 
and insulin resistance remains to be elucidated. Further inves-
tigation is required to define the exact role of Bregs in the 
development of HT.

In the patients with type I HT examined in the present 
study, insulin resistance, indicated by increased early‑phase 
and total insulin secretion, but a normal glucose response 
was observed during OGTT. The increase in the percentage 
of CD19+CD24+CD27+ Breg cells was correlated with insulin 
resistance in the fasting state and homeostatic β‑cell func-
tion. However, no significant association was found between 
the postprandial secretion of insulin and alterations in the 
CD19+CD24+CD27+ Breg population. These results indi-
cated potential contributions from other cellular components 
or immune factors acting during the later phases of insulin 
sensitivity, which functioned with Bregs to regulate insulin 
signaling in the postprandial state.

The patients with HT examined in the present study showed 
increased postprandial insulin levels, but normal fasting 
insulin levels. A possible explanation for these differences 
may be due to the primary tissues involved in the action of 
insulin. Fasting insulin resistance is associated with decreased 
glucose uptake and utilization under the regulation of insulin 
in the liver, whereas postprandial insulin resistance is associ-
ated with reduced glucose uptake and utilization in muscle and 
adipose tissues. The required insulin level for glucose uptake 
in muscle or adipose tissues is substantially higher, compared 
with the level required in the liver. Therefore, fasting and 
postprandial insulin levels are increased in compensation in 
individuals with insulin resistance, although the postprandial 
insulin level is increased to a higher degree.

In conclusion, the present study demonstrated an increase 
in postprandial insulin secretion and impaired fasting β‑cell 
compensation function, indicated by reduced DI, in patients 
with type I HT. An increased percentage of CD19+CD24+CD27+ 
Breg cells was found in these patients, which was closely asso-
ciated with β‑cell function and insulin resistance in the fasting 
state. These results may assist in the development of novel 
therapeutic strategies, which target the fundamental immune 
components involved in the pathogenesis of HT.
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