
OR I G I N A L AR T I C L E

The effect of short-term intensive insulin therapy on
inflammatory cytokines in patients with newly
diagnosed type 2 diabetes

Junyu He1 | Peiji Dai1 | Liyi Liu1 | Yanqing Yang2 | Xibo Liu1 |

Yanbing Li1 | Zhihong Liao1

1Department of Endocrinology, The First
Affiliated Hospital, Sun Yat-Sen
University, Guangzhou, China
2Research and Development Department,
RayBiotech, Inc., Guangzhou, China

Correspondence
Zhihong Liao and Yanbing Li,
Department of Endocrinology, The First
Affiliated Hospital, Sun Yat-Sen
University, 58th of Zhongshan Er Road,
Guangzhou 510080, China.
Email: liaozhh@mail.sysu.edu.cn and
liyb@mail.sysu.edu.cn

Funding information
National Key RandD Program of China,
Grant/Award Number: 2018YFC1314100;
Key-Area Research and Development
Program of Guangdong Province, Grant/
Award Number: 2019B020230001

Abstract

Background: Diabetes mellitus was a chronic low-grade inflammatory disease

and had increased circulating inflammatory cytokines and acute phase pro-

teins. We aimed to identify the changes of inflammatory cytokines in newly

diagnosed type 2 diabetic patients after short-term intensive insulin therapy

using continuous subcutaneous insulin infusion (CSII).

Methods: Thirty-three newly diagnosed type 2 diabetic patients were enrolled

between September 2020 to December 2020. Expression of 40 inflammatory

cytokines of the patients were tested with RayBiotech antibody array before

and after 1 week of intensive insulin therapy of CSII. Kyoto Encyclopedia of

Genes and Genomes (KEGG) enrichment analysis was carried out to explore

the signaling pathway involved in the therapy.

Results: Five inflammatory cytokines were downregulated significantly after

1 week of CSII therapy. They were interleukin-6 receptor (IL-6R), regulated upon

activation normal T-cell expressed and secreted (RANTES), intercellular adhesion

molecule-1 (ICAM-1), tissue inhibitor of metalloproteinase-1 (TIMP-1), and

platelet-derived growth factor type BB (PDGF-BB) (p < 0.05 and foldchange

<0.83). Among patients with baseline glycated hemoglobin (HbA1c) < 10%, three

proinflammatory cytokines were decreased significantly after therapy: IL-6R,

RANTES, and ICAM-1. As for the patients with baseline HbA1c ≥ 10%, eight

inflammatory cytokines were inhibited significantly after the treatment, including

ICAM-1, IL-6R, RANTES, TIMP-1, TIMP-2, macrophage inflammatory protein-1

beta (MIP-1β), PDGF-BB, and tumor necrosis factor receptor type II (TNF RII).

No matter which subgroup of baseline HbA1c level was considered, the decreased

cytokines after CSII therapy were significantly involved in TNF signaling path-

way. Nuclear factor-kappa B (NF-κB) signaling pathway was mainly enriched in

patients with baseline HbA1c≥ 10%.
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Conclusions: A panel of 40 inflammatory cytokines, measured by protein

microarray, were evaluated for 1 week of CSII treatment in newly diagnosed

type 2 diabetic patients. After treatment, many proinflammatory cytokines

decreased. In the higher baseline HbA1c subgroup, more proinflammatory

cytokines improved. No matter which subgroup of HbA1c level was consid-

ered, IL-6R, RANTES, and ICAM-1, which were involved in TNF signaling

pathway, decreased significantly after CSII therapy. This was the first report

showing that the cytokines of IL-6R, TIMP-2, PDGF-BB, and TNF RII

decreased after the CSII therapy.
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Highlights

• Many proinflammatory cytokines could be decreased after 1 week of inten-

sive insulin therapy using continuous subcutaneous insulin infusion (CSII).

• This was the first report showing that the cytokines of interleukin-6 receptor

(IL-6R), tissue inhibitor of metalloproteinase-2 (TIMP-2), platelet-derived

growth factor type BB (PDGF-BB), and tumor necrosis factor receptor type

II (TNF RII) decreased after the CSII therapy.

• The circulating levels of IL-6R, regulated upon activation normal T-cell

expressed and secreted (RANTES), and intercellular adhesion molecule-1

(ICAM-1) were decreased after 1 week of intensive insulin therapy using

CSII no matter which subgroup of glycated hemoglobin was considered.

1 | INTRODUCTION

Type 2 diabetes is one of the most common chronic meta-
bolic diseases. It is also a chronic low-grade inflammatory
disease. Diabetic patients had increased circulating
inflammatory cytokines and acute phase proteins, such
as tumor necrosis factor alpha (TNF-α) and C-reactive
protein (CRP), which will lead to systemic metabolic dys-
function.1 It is probably because hyperglycemia-induced
oxidative stress and hyperglycemia could activate the
inflammatory pathway as well.2 Meanwhile, insulin resis-
tance and dyslipidemia of type 2 diabetes could promote
the release of inflammatory cytokines.3 Insulin has an
immunomodulatory effect, which can inhibit the produc-
tion of proinflammatory cytokines and promote the
release of anti-inflammatory cytokines.4 Cytokines medi-
ate signals between immune cells. They are divided
into proinflammatory and anti-inflammatory cytokines,
which promote and inhibit inflammatory responses. For
example, TNF-α, interferon-γ (IFN-γ), interleukin-1β
(IL-1β) and interleukin-6 (IL-6) belongs to proinflammatory
cytokines, while interleukin-4 (IL-4) and interleukin-10

(IL-10) are anti-inflammatory cytokines.5 Besides, insulin
could reduce the lipopolysaccharide-induced increases in
reactive oxygen species (ROS) generation and some impor-
tant mediators of oxidative, nitrosative, and inflammatory
stress, including thiobarbituric acid-reacting substances,
nitrite and nitrate, and plasma-free fatty acids.6

Short-term intensive insulin therapy (STII) has been
used as one of the first-line treatment for newly diag-
nosed type 2 diabetes.7 It could improve glycemic levels,
reserve β-cell dysfunction, and restore the acute insulin
response by reducing glucotoxicity and subsequent β-cell
overload.8,9 After 2 weeks of STII using continuous sub-
cutaneous insulin infusion (CSII) for newly diagnosed
type 2 diabetes, about 50% of patients achieved glucose
remission for 1 year without any followed glucose-
lowering agents, accompanied with insulin sensitivity
and β-cell function remarkably improved.7 Besides, STII
had anti-inflammatory effects in type 2 diabetic patients
by lowering blood glycemic levels, improving insulin resis-
tance, and inhibiting hyperglycemia-induced oxidative
stress.10,11 Long-term intensive insulin therapy could also
improve dyslipidemia, therefore reducing the release of
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proinflammatory cytokines.12 STII therapy using CSII for
2 weeks could decrease the ratio of type 1 T helper/type 2 T
helper cells and increase the proportion of regulatory T cells,
which would alleviate the inflammatory responses.10 It was
found that intensive insulin therapy could decrease and
improve proinflammatory cytokines in patients with severe
trauma, such as TNF-α, IL-1β, IL-6, IFN-γ, and CRP, and it
could increase anti-inflammatory cytokines, such as IL-2,
IL-4, and IL-10.13,14 Another research found that insulin
infusion inhibited monocyte chemoattractant protein
1 (MCP-1) and soluble intercellular adhesion molecule
1 (sICAM-1) in obese nondiabetic patients.15,16 However, the
types of inflammatory cytokines analyzed in CSII treatment

were limited at present, mainly including IL-1, IL-2, IL-4,
IL-6, IL-10, IL-17, IFN-γ, TNF-α, MCP-1, regulated upon
activation normal T-cell expressed and secreted (RANTES),
eotaxin, C-X3-C motif chemokine ligand 1 (CX3CL1),
ICAM-1, macrophage migration inhibitory factor (MIF), tis-
sue inhibitor of metalloproteinase-1 (TIMP-1), and tumor
necrosis factor receptor type I (TNF-RI). The changes of
other cytokines after CSII treatment were not clear. the levels
of cytokines were analyzed by ELISA in previous studies,
which could not detect a large number of proteins simulta-
neously in a strict special clinical condition.

Recently, protein microarrays have become a useful
tool for biological research in tumor, inflammation, and

FIGURE 1 (A–E) Histograms of the concentration of IL-6R (interleukin-6 receptor), RANTES (regulated upon activation normal T-cell

expressed and secreted), ICAM-1 (intercellular adhesion molecule-1), TIMP-1 (tissue inhibitor of metalloproteinase-1), and PDGF-BB

(platelet-derived growth factor type BB) before and after CSII therapy; (F) Heatmap of the concentration distribution of IL-6R, RANTES,

ICAM-1, TIMP-1, and PDGF-BB before and after CSII therapy. *, p < 0.05 **, p < 0.01 ***, p < 0.005 when compared with baseline. CSII,

continuous subcutaneous insulin infusion
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autoimmune diseases. It could analyze a large number of
proteins simultaneously in various biological samples,
such as serum and tissue.17 The Quantibody array, also
known as antibody-based sandwich microarray, is one
type of the protein microarrays, which uses cytokine spe-
cific antibodies for detection.17 It combines the advan-
tages of the high detection sensitivity, specificity of
ELISA, and the high throughput of arrays with only a
small amount of sample volume.18

Here, we use Quantibody human inflammation array
3 (QAH-INF-3, RayBiotech, Peachtree Corners, GA,
USA) to systematically measure the changes of 40 com-
mon inflammatory cytokines in newly diagnosed type
2 diabetic patients after 1 week of intensive insulin ther-
apy using CSII. Bioinformatics analysis was used to study
the possible related mechanism.

2 | METHODS

2.1 | Subjects

The study was from an independent randomized con-
trolled trial (granted by two Chinese research programs,
2018YFC1314100 and 2019B020230001) and has been
registered in the public trials registry. It was approved by
the academic research department of the First Affiliated
Hospital of Sun Yat-sen University ([2019]174-1). Data
and blood samples were collected from patients with
newly diagnosed type 2 diabetes mellitus who came to
our hospital for short-term CSII intensive treatment from
September 2020 to December 2020. The patients who
were enrolled in this study were diagnosed as type 2 dia-
betes mellitus according to the criteria of the World

FIGURE 2 (A–C) For the patients with baseline glycated hemoglobin (HbA1c) < 10%, histograms of the concentration

of ICAM-1 (intercellular adhesion molecule-1), IL-6R (interleukin-6 receptor), and RANTES (regulated upon activation normal T-

cell expressed and secreted) before and after CSII therapy; (D) Heatmap of the concentration distribution of ICAM-1, IL-6R,

and RANTES before and after CSII therapy. **, p < 0.01 versus before STII. CSII, continuous subcutaneous insulin infusion; STII,

short-term intensive insulin therapy
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Health Organization (1999) for no more than 1 year and
have never received any hypoglycemic therapy (oral
hypoglycemic drugs or insulin), aged between 18 and
70 years old, with glycated hemoglobin (HbA1c) ≥ 7.0%
and body mass index between 20 and 35 kg/m2. The
exclusion criteria included (1) patients diagnosed as type
1 diabetes; (2) patients with acute complications of diabetes
or severe microvascular and macrovascular complications;
(3) patients with systemic infection or cancer; (4) patients
with chronic cardiac insufficiency (New York Heart Associ-
ation class II-IV) or renal insufficiency (estimated glomeru-
lar filtration rate [eGFR] <50 ml/min/1.73m2 according to
Chronic Kidney Disease Epidemiology Collaboration for-
mula); (5) patients whose blood pressure was higher than

180/110 mm Hg and could not be controlled within
160/110 mm Hg; (6) patients who took any medicine that
may affect glycemic levels for more than 1 week (glucocorti-
coid, growth hormone, estrogen, progestogen, and antipsy-
chotic drugs); and (7) pregnant or breastfeeding women. In
all, 33 patients were enrolled in the study and informed
consent was obtained from them.

2.2 | Study design and sample collection

All subjects were hospitalized for CSII intensive treat-
ment. After admission, baseline assessments were
carried out and blood samples were collected. Then on

FIGURE 3 (A–H) For the patients with baseline glycated hemoglobin (HbA1c) ≥ 10%, histograms of the concentration of

ICAM-1 (intercellular adhesion molecule-1), IL-6R (interleukin-6 receptor), MIP-1β (macrophage inflammatory protein-1 beta),

PDGF-BB (platelet-derived growth factor type BB), RANTES (regulated upon activation normal T-cell expressed and secreted),

TIMP-1 (tissue inhibitor of metalloproteinase-1), TIMP-2 (tissue inhibitor of metalloproteinase-2), and TNF-RII (tumor necrosis

factor receptor type II) before and after CSII therapy; (I) Heatmap of the concentration distribution of ICAM-1, IL-6R, MIP-1β,
PDGF-BB, RANTES, TIMP-1, TIMP-2, and TNF-RII before and after CSII therapy. *, p < 0.05 **, p < 0.01 ***, p < 0.005 when

compared with naseline. CSII, continuous subcutaneous insulin infusion
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the second day, CSII intensive therapy was administered.
The initial insulin daily dose was 0.4-0.8 IU/Kg/d, half
dose was used as basal insulin for 24 h and the other half
was divided equally before three meals. The insulin infu-
sion regimen was adjusted according to capillary blood
glucose levels, which were tested eight times daily
(fasting in the morning, before and 2 h after three meals,
and 3 AM at night). The strict glycemic target was
4.4-6 mmol/L for pre-meals and 4.4-8 mmol/L for 2 h
postprandial glucose level. When the glycemic target was
reached, the treatment was maintained for another
7 days and usually insulin dosage wasdown-titrated.
Then CSII was discontinued after dinner of the last day
and the blood samples were collected on the next morn-
ing. The blood samples before and after intensive insulin
therapy were centrifuged at 3000 rpm for 10 min and the
supernatant was separated and stored at �80�C.

2.3 | Measurement

Quantibody human inflammation array 3 (QAH-INF-3,
RayBiotech) was used for quantitative measurement of
40 inflammatory cytokines of serum samples before and
after CSII insulin therapy. The 40 inflammatory cytokines
included B lymphocyte chemoattractant (BLC/CXCL13),
eotaxin-1 (CCL11), eotaxin-2 (MPIF2/CCL24), granulocyte
colony stimulating factor, granulocyte-macrophage
colony-stimulating factor, I-309 (TCA-3/CCL1), ICAM-1,
IFN-γ, IL-1α, IL-1β, IL-1 ra, IL-2, IL-4, IL-5, IL-6, IL-6 R,
IL-7, IL-8, interleukin-10 (IL-10), interleukin-11 (IL-11),
interleukin-12 p40 (IL-12 p40), IL-12 p70, IL-13, IL-15, IL-
16, IL-17A, MCP-1, monocytic colony stimulating factor,
monokine induced by gamma interferon, macrophage
inflammatory protein-1 alpha (MIP-1α/CCL3), macro-
phage inflammatory protein-1 beta (MIP-1β/CCL4),

FIGURE 4 KEGG enrichment analysis of inflammatory cytokines before and after CSII therapy in all of the patients (A), the subgroup

of HbA1c < 10% (B), and HbA1c ≥ 10% (C). The enrichment factors were used as the abscissa and the KEGG terms were used as the

ordinate. Count means the number of genes involved in the KEGG pathways. The enriched KEGG pathways with p.adjust value<0.05 were

shown above. CSII, continuous subcutaneous insulin infusion; EGFR, estimated glomerular filtration rate; HIF-1, hypoxia inducible factor;

JAK–STAT, Janus kinase-signal transducer and activator of transcription; KEGG, Kyoto Encyclopedia of Genes and Genomes; NF-kappa,

nuclear factor kappa; TNF, tumor necrosis factor
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macrophage inflammatory protein-1 delta (MIP-1δ/
CCL15), platelet-derived growth factor type BB (PDGF-
BB), RANTES/CCL5, tTIMP-1, TIMP-2, TNF-α, TNF-β,
TNF RI, and TNF RII. The experiment was performed
according to the manufacturers's protocol. First of
all, 100 μL diluted serum were added into the array
and incubated for 2 h at room temperature. After
washing the array for 5 times, 80 μL secondary anti-
body solution was added and incubated for 2 h at
room temperature. After washing the array again,
80 μL detection solution was added and incubated for
1 h at room temperature. Finally, the microarray was
scanned and tested by InnoScan 310 microarray
scanner.

2.4 | Statistical analysis

The data analysis was conducted with SPSS 20.0 software.
Normally distributed continuity variables were expressed as
mean ± SDand compared by Student t-tests or paired sample
t-tests. Nonnormally distributed variables were expressed as
medians (interquartile ranges) and analyzed by Wilcoxon
rank-sum test. The changes of inflammatory cytokines were
considered significant according to p value less than 0.05
and foldchange greater than 1.2 or less than 0.83. Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis was carried out to explore the possible mechanism of
inflammation changes before and after CSII therapy by using
the open source programR (version 3.6.3).

TABLE 2 KEGG pathway analysis of differentially expressed cytokines in CSII therapy

Total HbA1c<10% HbA1c ≥ 10%

Pathway p.adjust Pathway p.adjust Pathway p.adjust

EGFR tyrosine kinase
inhibitor resistance

0.019 Rheumatoid arthritis 0.007 Viral protein interaction with
cytokine and cytokine receptor

4.12E-05

Rheumatoid arthritis 0.019 Viral protein interaction
with cytokine and
cytokine receptor

0.007 Cytokine-cytokine receptor
interaction

0.002

Viral protein interaction
with cytokine and
cytokine receptor

0.019 TNF signaling pathway 0.007 TNF signaling pathway 0.002

HIF-1 signaling pathway 0.019 Influenza A 0.012 Human cytomegalovirus
infection

0.009

TNF signaling pathway 0.019 Lipid and atherosclerosis 0.014 Cytosolic DNA-sensing pathway 0.013

Fluid shear stress and
atherosclerosis

0.024 Human cytomegalovirus
infection

0.014 EGFR tyrosine kinase inhibitor
resistance

0.018

JAK–STAT signaling
pathway

0.027 Cytokine-cytokine
receptor interaction

0.02 Rheumatoid arthritis 0.02

Influenza A 0.027 NF-kappa B signaling pathway 0.02

Kaposi sarcoma-associated
herpesvirus infection

0.031 Toll-like receptor signaling
pathway

0.02

Lipid and atherosclerosis 0.034 HIF-1 signaling pathway 0.02

Human cytomegalovirus
infection

0.034 Fluid shear stress and
atherosclerosis

0.029

JAK–STAT signaling pathway 0.036

Influenza A 0.037

Chemokine signaling pathway 0.041

Kaposi sarcoma-associated
herpesvirus infection

0.041

Lipid and atherosclerosis 0.047

Note: p.adjust<0.05 was considered as significant.
Abbreviations: CSII, continuous subcutaneous insulin infusion; EGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HIF-1, hypoxia
inducible factor; JAK–STAT, Janus kinase-signal transducer and activator of transcription; KEGG, Kyoto Encyclopedia of Genes and Genomes; NF kappa,

nuclear factor kappa; TNF, tumor necrosis factor.
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3 | RESULTS

3.1 | Baseline characteristics

Thirty-three qualified patients were enrolled and received
the CSII therapy. As shown in Table 1, glucose and lipid
profiles were improved after CSII therapy. Fasting plasma
glucose (FPG) decreased from 11.16 ± 2.94 mmol/L to
5.75 ± 1.02 mmol/L after treatment (p < 0.05). HbA1c
dropped from 10.65 ± 2.01% to 9.13 ± 1.84% after treat-
ment (p < 0.05). The triglyceride levels decreased signifi-
cantly (p < 0.05) and high-density lipoprotein cholesterol
levels were increased (p < 0.05). Cholesterol and low-
density lipoprotein cholesterol (LDL-C) levels were also
decreased but without significant difference. When we
divided the patients into different baseline HbA1c
levels, we found that cholesterol levels and LDL-C levels
decreased only in patients with HbA1c < 10%. The
homeostasis model assessment of β-cell function value
was significantly increased after the therapy, which
showed that the functions of islet β cells were greatly
improved.

3.2 | Cytokines after 1-week CSII therapy

We selected the cytokines whose foldchange was ≥ 1.2 or
< 0.83 and p value < 0.05. Among the 40 cytokines,
5 were decreased after insulin therapy: IL-6R, RANTES,
ICAM-1, TIMP-1, and PDGF-BB (Figure 1).

3.3 | Subgroup analysis

The patients were divided into two subgroups: baseline
HbA1c < 10% (n = 15) and HbA1c ≥ 10% (n = 18). In
the subgroup of HbA1c < 10%, the levels of ICAM-1,
IL-6R, and RANTES decreased significantly after treat-
ment (p < 0.05, Figure 2). There were more cytokines
decreased significantly after therapy in patients with
HbA1c ≥ 10%, including ICAM-1, IL-6R, RANTES,
TIMP-1, TIMP-2, MIP-1β, PDGF-BB, and TNF RII
(p < 0.05, Figure 3).

3.4 | Pathway analysis

KEGG enrichment analysis showed that the inflamma-
tion cytokines that decreased after CSII treatment
were mainly involved in the processes of eGFR tyrosine
kinase inhibitor resistance, rheumatoid arthritis, viral
protein interaction with cytokine and cytokine receptor,
hypoxia inducible factor-1, and TNF signaling pathway

(Figure 4A). When the patients were divided into differ-
ent baseline HbA1c levels, we found that the decreased
cytokines were significantly enriched in rheumatoid
arthritis, viral protein interaction with cytokine and cyto-
kine receptor, and TNF signaling pathway in patients
with HbA1c < 10% (Figure 4B). As for patients with
HbA1c ≥ 10%, the differentially expressed cytokines were
associated with the processes of viral protein interaction
with cytokine and cytokine receptor, cytokine-cytokine
receptor interaction, TNF, and nuclear factor-kappa B
(NF-κB) signaling pathway by KEGG enrichment analy-
sis (Figure 4C). The data were shown in Table 2.

4 | DISCUSSION

Type 2 diabetes mellitus is a chronic low-grade inflam-
matory disease in which several proinflammatory cyto-
kines are increased, including TNF-α, IL-1, and CRP.1

Intensive insulin therapy had an anti-inflammatory effect
and could decrease the levels of proinflammatory cyto-
kines.10 However, the current analysis about cytokine
changes after CSII therapy was limited, mainly including
IL-1, IL-6, IL-10, IFN-γ, TNF-α, MCP-1, RANTES,
ICAM-1, and so on. The function of many inflammatory
cytokines in CSII therapy remains unclear. Here Qua-
ntibody human inflammation array was used to evaluate
the levels of inflammatory cytokines in CSII therapy for
the first time, which combines the advantages of the high
detection sensitivity of ELISA and the high throughput of
arrays. The patients were divided into different baseline
HbA1c levels and the levels of inflammatory cytokines
were analyzed in different groups.

The expression of three cytokines, IL-6R, RANTES,
and ICAM-1, decreased after CSII therapy in both sub-
groups. As we know, IL-6 is a proinflammatory cytokine
involved in inflammation, insulin resistance, and β cell
function. IL-6R is the receptor of IL-6, which exists as
transmembrane IL-6 receptor or soluble forms of IL-6R.
It was found that IL-6 level is higher in type 2 diabetic
patients and insulin therapy could decrease IL-6 level in
diabetic patients.3 But it has not been reported before
that IL-6R levels were decreased significantly after 1 week
of intensive insulin therapy in newly diagnosed type 2 dia-
betic patients. RANTES is a proinflammatory chemokine.
As we know, chemokines are important in inflammation
by mediating the arrival of inflammatory cells to the sites
of acute and chronic inflammation.19 They can be divided
into CC and CXC chemokines according to the structure.
CC chemokines include MCP 1–5, RANTES, eotaxins
1–3, and MIP-1α and -β.20 It was found that RANTES
levels of type 2 diabetic patients were higher than normal
people. However, they were decreased after 5 weeks of
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insulin therapy compared with before,21which is incon-
sistent with our result. ICAM-1 is one of the surface gly-
coproteins in the Ig superfamily. ICAM-1 is involved in
the progression of inflammation because it is the key
molecular for leukocyte adhesion to endothelium and
leukocyte migration into tissues, leading to endothelial
cell injury.22 Hyglycemia will lead to the increase of
ICAM-1, whereas insulin intensive therapy can inhibit the
release of ICAM-1.23In type 2 diabetic patients, 2u/h insulin
infusion could reduce sICAM-1 level while controlling blood
glycemic level.15 Intensive insulin therapy could also reduce
the urinary ICAM-1/creatinine ratio.24 It was found that
insulin could inhibit the NF-κB signaling pathway and
increase IκB, which binds to cytoplasmic NF-κB and pre-
vents its translocation to the nucleus, thereby reducing the
expression of proinflammatory cytokines such as IL-6,
ICAM-1, and CRP and leading to ROS generation.25 Insulin
could also suppress activator protein-1 and early growth
response-1, which are proinflammatory transcription factors
as well. The cytokines regulated by these transcription factors
are also inhibited by insulin, such as ICAM-1 and tissue
factor.26

Patients with higher hyperglycemia, baseline
HbA1c ≥ 10%, had more serious inflammation. More
proinflammatory cytokines decreased and improved after
CSII therapy. One explanation was that glucose intake
resulted in an increase in ROS generation by leucocytes
and increased oxidative load, which led to inflammatory
stress.27 Patients with higher glycemic levels are associated
with more serious inflammatory stress. Insulin infusion
could inhibit the ROS generation and had an anti-
inflammatory effect.27 In addition to the above three
cytokines (IL-6R, RANTES, and ICAM-1), we found
that the cytokines of TIMP-1, TIMP-2, MIP-1β, PDGF-
BB, and TNF RII also decreased after treatment in the
subgroup of baseline HbA1c ≥ 10%. As we know,
TIMP-1 is one of the TIMPs, which can inhibit the pro-
teolysis mediated by zinc enzymes, also known as
matrix metalloproteinases.28 It is also involved in vas-
cular stromal fibrosis.29 The chronic inflammation of
type 2 diabetes increased the levels of TIMP-1 and
TIMP-2, leading to increased risk of diabetic
vasculopathy.30 TIMP-1 levels were decreased in dia-
betic patients complicated with hypertension after
1 year of intensive insulin therapy, antiplatelet,
pressure-lowering and lipid-lowering treatment.29 We
found that CSII therapy for 1 week can significantly
reduce TIMP-1 levels in newly diagnosed type 2 dia-
betic patients, especially in patients with
HbA1c ≥ 10%, indicating that short-term intensive
insulin therapy plays an important role in improving
chronic inflammation and preventing vascular lesions.
Interestingly, TIMP-1 can also reduce the apoptosis of

pancreatic islet β cells in type 1 diabetic patients and enhance
the proliferation of β cells, which may be a therapeutic target
for reversing type 1 diabetes.31 So further experiment is needed
on the relationship andmechanism between TIMP-1 and dia-
betes. TIMP-2 is also one type of TIMPs and is closely associ-
ated with acute kidney injury.32 It has been reported that
TIMP-2 was increased in patients with metabolic syndrome
(MetS) and it was even higher in patients with diabetes com-
pared with nondiabetic MetS.33The mechanism is not clear.
We found that intensive insulin therapy reduced TIMP-2
levels in patients with HbA1c≥ 10%, which had not been dis-
covered before. More basic research is warranted to study the
relationship of TIMP-2 and insulin therapy. MIP-1β is a kind
of proinflammatory chemokine, also known as chemokine
CC motif ligand 4 (CCL4). It plays an important role in the
progression of diabetes mellitus, especially diabetic
vasculopathy.34 MIP-1β expression is increased in type 2 dia-
betic patients.35,36 It was also found that low-dose insulin infu-
sion for 4 h inhibited the expression of MIP-1β in monocytes
in patients with type 2 diabetes. But no significant changes
were found in circulating MIP-1β levels.19 We found that sub-
cutaneous intensive insulin therapy for 1 week significantly
reduced circulating MIP-1β levels, possibly because hypergly-
cemia could stimulate the monocytes to secrete more MIP-
1β.34 In addition, circulatingMIP-1β levels would be increased
with the dysfunction of islet β cells, and exogenous insulin
could suppress MIP-1β by reducing glycemic levels and
unloading the β-cells. Circulating MIP-1β levels were nega-
tively correlatedwith proinsulin levels.37 TNF-RII is one of the
receptors of TNF-α, which is closely related to the progression
of diabetes, especially diabetic nephropathy.38 The previ-
ous studies did not find significant reduction in TNF-RII
levels after 14 weeks of insulin therapy in diabetic
patients, probably because of low baseline HbA1c levels
(7%–10%).39 We found that TNF-RII levels were decreased
after CSII therapy only in patients with HbA1c ≥ 10%.
The mechanism of it needs to be further studied. Another
inflammatory cytokine was PDGF-BB, which was also
decreased after therapy. It belongs to PDGF and is closely
related to wound healing.40Circulating PDGF-BB levels
were higher in type 1 diabetic patients compared with
healthy people.41 Low levels of circulating PDGF-BB are
thought to be associated with cardiovascular complica-
tions of type 2 diabetes.42 It could also be used to predict dia-
betic macular edema.43 At present there are few studies of
the relationship between PDGF and diabetes. Our research
demonstrated that CSII therapy could reduce the PDGF-BB
levels in newly diagnosed type 2 diabetic patients and it was
not discovered before.We still needmore research to confirm
it. In a word, more proinflammatory cytokines decreased
after CSII therapy, which indicated that intensive insulin
therapy had a stronger anti-inflammatory effect in patients
with poor glycemic control.
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We also analyzed the signaling pathways related
to these inflammatory cytokines by KEGG enrichment
analysis and provide a direction for subsequent basic
research. We found that no matter which subgroup of
baseline HbA1c level was considered, the differentially
expressed cytokines in CSII therapy were significantly
involved in TNF signaling pathway, which played an
important role in the development of type 2 diabetes
mellitus by inhibiting the insulin signaling pathway
through serine phosphorylation.44 In addition, NF-κB
signaling pathway was mainly enriched in patients with
higher HbA1c level (HbA1c ≥ 10%). It is a typical
proinflammatory signaling pathway because it is involved
in the expression of multiple proinflammatory cytokines
and chemokines.45 It was found that insulin could inhibit
NF-κB signaling pathway by increasing cellular IκB,
which binds to cytoplasmic NF-κB and prevents its trans-
location to the nucleus.25 However, we found that differ-
ent signaling pathways were involved in CSII therapy in
different baseline HbA1c populations and the mechanism
remains unclear, which still needs more basic research.

However, the proinflammatory cytokines, IL-1β, IL-6,
and TNF-α, were decreased after CSII treatment but
without significant difference (p>0.05, data not shown).
It was found that IL-6 levels were decreased in newly
diagnosed type 2 diabetic patients after 4 weeks of inten-
sive insulin therapy with multiple subcutaneous insulin
injection.3 IL-1β and TNF-α levels were also reduced after
2 weeks of intensive insulin therapy by CSII or premixed
30/70 insulin in a previous study.46,47 It might be for the
following reasons. First, the duration of intensive insulin
therapy in our study was short, only 1 week. The insulin
treatment lasted for more than 2 weeks in the previous
study. Second, the hyperglycemic levels of patients
(FPG 14.62 ± 1.68 mmol/L, HbA1c 11.9 ± 2%) in the pre-
vious study might be higher than the patients here (FPG
11.16 ± 2.94 mmol/L, HbA1c 10.65 ± 2.01%).46 Besides,
the limited number of subjects in our study resulted in
relatively large SD of the measured concentrations of
inflammatory cytokines, leading to nonsignificant differ-
ence in statistical analysis.

There were two limitations in the study. First, the num-
ber of subjects was small here. Fortunately, the analysis
results were significant, despite the small sample size. In the
future, more subjects should be included to validate the dif-
ferential expression of these cytokines after STII therapy. Sec-
ond, we used antibody microarray-based technology to test
the expression of inflammatory cytokines. Other methods,
such as ELISA, should be done to verify the changes of these
cytokines, especially for the four newly reported cytokines,
IL-6R, TIMP-2, TNF-RII, and PDGF-BB.

In summary, we found that five proinflammatory cyto-
kines were reduced after only 1 week of CSII therapy in

newly diagnosed type 2 diabetic patients. They were IL-
6R, RANTES, ICAM-1, TIMP-1, and PDGF-BB. In patients
with baseline HbA1c ≥ 10%, the levels of TIMP-2, MIP-1β,
and TNF RII also reduced beside the five cytokines, which
further indicated that intensive insulin therapy has an
anti-inflammatory effect. The worse the hyperglycemia
levels were, the more benefits of anti-inflammatory effect
were obtained. The reduction of IL-6R, TIMP-2, TNF-RII,
and PDGF-BB were reported for the first time. No matter
which subgroup of baseline HbA1c level was considered,
the decreased cytokines after CSII therapy were signifi-
cantly involved in TNF signaling pathway. NF-κB signal-
ing pathway was mainly enriched in patients with
HbA1c ≥ 10%. In the future, more basic research, in vivo
or vitro, is required to study the signaling pathways
involved in these cytokines and their connections with the
micro- or macro-complications for various hypoglycemic
treatments.
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