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Summary

Cytokine-induced inflammation is involved in the pathogenesis of type 2
diabetes mellitus (DM). We investigated plasma concentrations and ex vivo
production of cytokines and chemokines, and intracellular signalling mol-
ecules, mitogen-activated protein kinases (MAPK) in T helper (Th) cells and
monocytes in 94 type 2 diabetic patients with or without nephropathy and 20
healthy controls. Plasma concentrations of inflammatory cytokines tumour
necrosis factor (TNF)-a, interleukin (IL)-6, IL-18 and chemokine CCL2 in
patients with diabetic nephropathy (DN) were significantly higher than
control subjects, while IL-10, CXCL8, CXCL9, CXCL10 and adiponectin con-
centrations of DN were significantly higher than patients without diabetic
nephropathy (NDN) and control subjects (all P < 0·05). Plasma concen-
trations of TNF-a, IL-6, IL-10, IL-18, CCL2, CXCL8, CXCL9, CXCL10
and adiponectin exhibited significant positive correlation with urine
albumin : creatinine ratio in DN patients. The percentage increases of ex vivo
production of IL-6, CXCL8, CXCL10, CCL2 and CCL5 upon TNF-a activa-
tion were significantly higher in both NDN and DN patients than controls (all
P < 0·05). The percentage increases in IL-18-induced phosphorylation of
extracellular signal-regulated kinase (ERK) in Th cells of NDN and DN were
significantly higher than controls (P < 0·05), while the percentage increase
in TNF-a-induced phosphorylation of p38 MAPK in monocytes and
IL-18-induced phosphorylation of p38 MAPK in Th cells and monocytes were
significantly higher in NDN patients than controls. These results confirmed
that the aberrant production of inflammatory cytokines and chemokines and
differential activation of MAPK in different leucocytes are the underlying
immunopathological mechanisms of type 2 DM patients with DN.
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Introduction

Type 2 diabetes mellitus (DM) is an increasingly prevalent
metabolic disease in which the amount of insulin produced
by the pancreas is inadequate to meet body needs. Type
2 DM has also been postulated as a disease of the innate
immune system [1,2]. There is increasing evidence that an
ongoing cytokine-induced inflammatory response is related
closely to the pathogenesis of type 2 DM and the associated
complications such as dyslipidaemia, cardiovascular disease
and renal failure [1,3,4]. Inflammation and fibrosis are
common disease mechanisms involved in many forms of
progressive renal injury [1]. Previous studies have indicated

that the enhanced inflammation in type 2 DM is associated
with elevated levels of the prototypic inflammatory marker
C-reactive protein (CRP) as well as the proinflammatory
cytokines tumour necrosis factor (TNF)-a and interleukin
(IL)-6 [4,5]. Furthermore, insulin resistance, an impaired
biological response to circulating insulin, is a common
pathological mechanism involved in the development and
progression of various metabolic disorders in type 2 DM.
Insulin resistance is observed frequently in obese subjects
and differentiated adipocytes can secrete elevated levels of
TNF-a and IL-6 [6,7]. Diabetic nephropathy (DN) is a
chronic kidney disease that develops as a result of the pro-
gression of DM.
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Adiponectin is an adipocytokine that is secreted exclu-
sively from the adipocytes [8]. It correlates negatively with
insulin resistance [9], fasting serum triglycerides, insulin and
plasma glucose concentrations [9]. Low plasma adiponectin
concentrations have been shown in patients with obesity and
type 2 diabetes [10]. The anti-inflammatory and anti-
atherosclerotic activity of adiponectin is supported by the
reciprocal association between adiponectin and both CRP
and IL-6 in patients with coronary atherosclerosis [11]. Adi-
ponectin concentration has been shown to be elevated sig-
nificantly in patients with renal disease as well as type 1 and
type 2 diabetic patients with impaired renal function com-
pared to healthy control subjects [12–14].

Extracellular signal-regulated kinase (ERK) and p38
mitogen-activated protein kinase (MAPK) have been found
to play important roles in inflammation by inducing the
production of inflammatory cytokine IL-6 and chemokines
CXCL8/IL-8, CCL2/monocyte chemoattractant protein-1
(MCP-1), CXCL9/monokine induced by interferon (IFN)-g
(MIG), CCL5/regulated upon activation normal T cell
expressed and secreted (RANTES) and CXCL10/IFN-g-
inducible protein-10 (IP-10) [15,16]. It has been shown that
diabetic nephropathy is mediated, at least in part, by the
intracellular cell signalling mechanism through the p38
MAPK pathway of macrophages in kidney tissue [3]. Basal
p38 MAPK phosphorylation is increased in skeletal muscle
from type 2 diabetic patients [17]. However, the detailed
dysregulation of various intracellular signal transduction
molecules of lymphocytes in type 2 DM is not well defined.

Based on our previous studies of intracellular signal trans-
duction mechanisms in inflammation, our hypothesis is that
intracellular signalling molecules ERK, p38 MAPK and c-Jun
N-terminal protein kinase (JNK), together with proinflam-
matory cytokines, chemokines and adiponectin, form a
network in orchestrating inflammation in DN. In an attempt
to elucidate further the immunopathogenesis of inflamma-
tion in type 2 DM, we investigated the above intracellular
signalling molecules in Th cells and monocytes, as well as the
release of cytokines, chemokines and adiponectin in type
2 DM patients with or without renal disease.

Materials and methods

DM patients, control subjects and blood samples

Ninety-four Chinese adult patients with type 2 DM were
recruited from the Diabetes Mellitus and Endocrine Centre
of the Prince of Wales Hospital, Hong Kong. DM was diag-
nosed using oral glucose tolerance test according to the
1985 World Health Organization (WHO) criteria: a fasting
plasma glucose concentration �7·0 mmol/l or a 2-h
glucose concentration �11·1 mmol/l [18]. All subjects were
non-smokers and free from infection for 4 weeks preceding
the study. The DM patients were divided further into two
groups: (1) patients with normoalbuminuria and plasma
creatinine < 80 (female) or 105 (male) mmol/l [patients
without diabetic nephropathy (NDN), n = 28] and (2)
patients with albuminuria [fasting urine albumin : creati-
nine ratio (UACR) > 3·5 mg/mmol in two urine samples]
and plasma creatinine �80 (female)/� 105 (male) mmol/l
[patients with diabetic nephropathy (DN), n = 66]. Body
weight, body height, waist and hip circumferences were
measured for the determination of waist : hip ratio (WHR)
and body mass index (BMI). Twenty sex- and age-matched
healthy Chinese volunteers were recruited as control sub-
jects (CTL). Twelve millilitres of venous peripheral ethyl-
enediamine tetraacetic acid (EDTA) blood was collected
from each participant. Aliquots of whole blood were pro-
cessed immediately for ex vivo study and fractionation of
peripheral blood mononuclear cells (PBMC). Plasma were
separated from blood cells by centrifugation (2000 g for
10 min) at 4°C and stored in 300 ml aliquots at -70°C until
analysis. The age, sex, fasting plasma glucose (FPG) and
creatinine concentrations, UACR, BMI and WHR of the
studied subjects are summarized in Table 1. The plasma
creatinine and urine ACR were elevated significantly in the
DN group rather than the NDN group, indicating the pres-
ence of nephropathy in DN patients. The above protocol
was approved by the clinical research ethics committee of
the Chinese University of Hong Kong–New Territories East
Cluster Hospitals, and informed consent was obtained

Table 1. Demographic and clinical information of type 2 diabetes mellitus (DM) patients and control subjects.

CTL NDN DN

Number 20 28 66

Sex (male/female) 12/8 18/10 32/34

Age (years) 46·5 (41·0–51·0) 56·5 (53·0–59·0) 57·0 (54·5–60·5)

FPG (mmol/l) 5·1 (4·9–5·4) 7·5 (5·8–8·4)b 7·7 (6·2–9·0)b

Plasma Cr (mmol/l) 81·0 (71·5–88·0) 88·0 (77·5–100·0) 114·5 (96·0–129·0)b,c

UACR (mg/mmol) < 3·50 2·35 (0·95–3·50) 34·0 (3·7–107·9)c

BMI 23·0 (21·2–24·5) 25·4 (23·0–29·1)a 25·8 (24·3–28·1)b

WHR 0·84 (0·81–0·86) 0·94 (0·88–0·97)b 0·93 (0·89–0·98)b

CTL, control subjects; NDN, patients without diabetic nephropathy; DN, patients with diabetic nephropathy; FPG, fasting plasma glucose; Cr,

creatinine; UACR, urine albumin: creatinine ratio; BMI, body mass index; WHR, waist to hip ratio. Data are expressed as median (interquartile range).
aP < 0·01, bP < 0·001 versus CTL; cP < 0·001 versus NDN.
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from all participants according to the Declaration of
Helsinki.

Measurement for chemokines, cytokines and
adiponectin in plasma

The plasma concentrations of inflammatory cytokines
TNF-a, IL-1b, IL-6, IL-10 and IL-12p70 and chemokines
CXCL8, CCL5, CCL2, CXCL10 and CXCL9 were measured
using the inflammatory cytokine and chemokine cytometric
bead array (CBA) reagent kits from BD Pharmingen (San
Diego, CA, USA), respectively. Samples were analysed on a
multi-fluorescence BD fluorescence activated cell sorter
(FACSCaliburTM) flow cytometer using BD CellQuestTM soft-
ware and BDTM CBA Software. The assay sensitivities of these
five cytokines and five chemokines were 7·2, 2·5, 3·3, 3·7, 1·9,
0·2, 1·0, 2·7, 2·8 and 2·5 ng/l, respectively. The coefficients of
variation for all cytokine and chemokine assays were less
than 10%. Plasma IL-18 and adiponectin concentrations
were measured by enzyme-linked immunosorbent assay
(ELISA) from BioSource Corp (Camarillo, CA, USA) and
R&D Systems, Inc. (Minneapolis, MN, USA), respectively.

Ex vivo production of cytokines and chemokines

The method of Viallard and co-workers (1999) was adopted
[19]. Whole blood was diluted 1 : 1 with culture medium
RPMI-1640 (Gibco Laboratories, NY, USA), and 1 ml ali-
quots were dispensed in each well of a 24-well plate (Nalge
Nunc International, Rochester, NY, USA). The blood culture
was then incubated with or without TNF-a (Peprotech Corp,
London,UK) or IL-18 (R&D Systems) at 150 ng/ml for 24 h at
37°C in a 5% CO2 atmosphere. The cell-free supernatant was
harvested and stored at -70°C for subsequent assays.

Flow cytometric analysis of intracellular
activated MAPK

Activated MAPK in T helper (Th) cells (CD4+) and mono-
cytes in PBMC from patients and controls were assessed by
flow cytometric analysis of intracellular phospho-ERK,
phospho-p38 MAPK and phospho-JNK. Briefly, PBMC were
prepared by centrifuging EDTA venous blood using a Ficoll-
Paque density gradient (Amersham Pharmacia Biotech Ltd,
Uppsala, Sweden). The viability of PBMC was more than
95%, as determined by the trypan blue exclusion method.
PBMC was then fixed by BD CytofixTM Buffer (BD Bio-
sciences) at 37°C for 10 min. Cells were then permeabilized
with BD PhosFlow Perm Buffer III for 30 min on ice, washed
twice with BD PharmingenTM Stain Buffer (BD) and resus-
pended in BD PharmingenTM stain buffer at 1 ¥ 107 cells/ml.
Fluorochrome-conjugated anti-human phospho-ERK,
phospho-p38 MAPK, phospho-JNK antibody or mouse IgG
isotypic antibody (BD Pharmingen) was added to each tube
and incubated at room temperature for 30 min in the dark.

Cells were then washed and resuspended for flow cytometric
analysis using CD4+ and forward-scatter (FSC) together with
side-scatter (SSC) gating for Th cells and monocytes, respec-
tively (BD FACSCalibur flow cytometer). Results were
expressed as mean fluorescence intensity (MFI) for intracel-
lular phospho-p38 MAPK, phospho-ERK and phospho-JNK
of 10 000 cells [20,21].

Statistical analysis

All analyses were performed using statistical software (spss
for Windows, version 14·0, SPSS Inc., Chicago, IL, USA). The
Kruskal–Wallis test was followed, when significance arose, by
Dunn’s test for pairwise comparison of data between groups.
Spearman’s rank correlation test was used to assess the cor-
relations of different parameters. Comparison of basal and
ex vivo culture supernatant concentrations was made with
the Mann–Whitney U-test. Probability (P) values of less than
0·05 were considered significant. Unless specified otherwise,
results are expressed as the median (interquartile range:
IQR).

Results

Plasma cytokines, chemokines and adiponectin

As shown in Table 2, plasma concentrations of inflammatory
cytokines TNF-a, IL-6 and IL-18 and chemokine CCL2 of
DN patients were significantly higher compared to control
subjects (all P < 0·05). Adiponectin, IL-10, CXCL8, CXCL9
and CXCL10 concentrations in DN were significantly higher
compared to the NDN group and control subjects (all
P < 0·05). Plasma concentrations of TNF-a, IL-6, IL-10,
IL-18, CCL2, CXCL8, CXCL9, CXCL10 and adiponectin
exhibited a significantly positive correlation with UACR in
DN patients but not in NDN patients (all P < 0·05, Fig. 1,
Table 3). Plasma concentrations of IL-18 (r = 0·361,
P = 0·000), CXCL9 (r = 0·352, P = 0·001) and CXCL10
(r = 0·381, P = 0·000) exhibited the most significant correla-
tion with UACR (Fig. 1, Table 3).

Ex vivo production of chemokines and cytokines

The above findings prompted us to investigate the immuno-
competence of PBMC in the ex vivo production of inflam-
matory cytokines and chemokines from PBMC in the
patient cohorts. As shown in Table 4, TNF-a and IL-18 sig-
nificantly induced the release of IL-6, IL-10 and chemokines
CXCL8 and CCL2 in NDN and DN groups compared to the
spontaneous production of chemokines/cytokines under
basal conditions (all P < 0·05). IL-18 induced CXCL9 release
and TNF-a induced CXCL10 release significantly in the DN
group (all P < 0·05). IL-18 induced CCL5 release and TNF-a
induced IL-18 release significantly in all groups (all
P < 0·05).

Cytokines and MAPK in diabetic nephropathy
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In the presence of external stimuli, the percentage
increases of ex vivo production of IL-6, CXCL8, CXCL10,
CCL2 and CCL5 after activation by TNF-a were significantly
higher in both DN and NDN patients than controls (all
P < 0·05, Table 4). The percentage increases of IL-18-
induced TNF-a and CXCL8 were increased significantly in
NDN patients compared to controls (all P < 0·01). Signifi-
cantly smaller percentage increases of ex vivo release of TNF-
a-induced CXCL9, IL-18-induced TNF-a and CXCL8 were
found in DN compared to NDN patients (all P < 0·05).

Phosphorylation of intracellular ERK and p38 MAPK
in Th cells and monocytes

To characterize the intracellular activation mechanism for
the release of cytokines and chemokines from PBMC, we
investigated the phosphorylation of intracellular ERK and
p38 MAPK in Th cells and monocytes. As shown in Tables 5
and 6, TNF-a and IL-18 could significantly induce the
phosphorylation of ERK and p38 MAPK in monocytes of
CTL in all DM patients and Th cells in all DM patients,
respectively (P < 0·05). Table 5 shows that the percentage
increase in IL-18-induced phosphorylation of ERK in Th
cells of NDN and DN patients were significantly higher
compared to controls (P < 0·05). The percentage increase
in TNF-a-induced phosphorylation of p38 MAPK in
monocytes and IL-18-induced phosphorylation of p38

Table 2. Plasma concentrations of chemokines, cytokines and adi-

ponectin in type 2 diabetic patients and normal control subjects.

Cytokine/ chemokine Group Concentration (IQR) (pg/ml)

TNF–a CTL UD

NDN UD

DN 1·62 (0·10–2·19)*

IL-1b CTL UD

NDN UD

DN UD

IL-6 CTL UD

NDN 2·25 (1·25–3·25)

DN 2·50 (1·81–3·03)**

IL-10 CTL UD

NDN 1·81 (0·61–2·69)

DN 2·58 (2·03–3·41)***†

IL-12p70 CTL UD

NDN UD

DN UD

IL-18 CTL 191 (132–276)

NDN 199 (154–269)

DN 247 (171–303)*

CXCL8 CTL 2·29 (1·72–2·88)

NDN 3·24 (2·48–4·68)*

DN 4·08 (3·68–6·57)***†

CXCL9 CTL 189 (153–273)

NDN 244 (201–283)

DN 425 (314–653)***††

CXCL10 CTL 345 (264–480)

NDN 331 (282–488)

DN 482 (389–606)***†††

CCL2 CTL 57·4 (37·5–83·5)

NDN 58·7 (54·4–81·8)

DN 71·0 (61·6–88·3)*

CCL5 CTL 2590 (1360–5840)

NDN 2230 (345–5620)

DN 5040 (2030–6880)

Adiponectin CTL 3200 (2200–4940)

NDN 2230 (1500–4290)

DN 5930 (3720–8970)**†††

Results were expressed as median (interquartile range). Kruskal–

Wallis test was used to assess the differences among groups. *P < 0·05,

**P < 0·01, ***P < 0·001 versus CTL; †P < 0·05, ††P < 0·01, †††P <0·001

versus NDN; UD: below detection limit. TNF: tumour necrosis factor;

IL: interleukin; IQR: interquartile range.

Table 3. Correlations between plasma cytokine and chemokine concen-

trations with urine albumin : creatinine ratio in type 2 diabetes mellitus

(DM) patients.

Cytokine Group Spearman’s r P-value

TNF-a NDN n.a. n.a.

DN 0·296 0·046*

NDN + DN n.a. n.a.

IL-6 NDN 0·301 0·163

DN 0·280 0·038*

NDN + DN 0·239 0·038*

IL-10 NDN 0·291 0·149

DN 0·276 0·040*

NDN + DN 0·255 0·016*

IL-18 NDN -0·074 0·786

DN 0·273 0·027*

NDN + DN 0·361 0·000***

Adiponectin NDN -0·333 0·385

DN 0·287 0·048*

NDN + DN 0·256 0·035*

CXCL8 NDN -0·170 0·473

DN 0·278 0·042*

NDN + DN 0·247 0·029*

CXCL9 NDN 0·012 0·9504

DN 0·245 0·049*

NDN + DN 0·352 0·001***

CXCL10 NDN 0·274 0·159

DN 0·318 0·009**

NDN + DN 0·381 0·000***

CCL2 NDN -0·176 0·370

DN 0·271 0·031*

NDN + DN 0·313 0·002**

CCL5 NDN 0·192 0·328

DN 0·125 0·328

NDN + DN 0·274 0·009**

Results are expressed as correlation coefficient r; *P < 0·05,

**P < 0·01, ***P < 0·001. n.a.: Not calculated due to below detection

limit of plasma tumour necrosis factor (TNF)- a concentrations. IL:

interleukin; NDN: diabetic nephropathy; DN: diabetic nephropathy.
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MAPK in Th cells and monocytes were significantly higher
in NDN patients than CTL (all P < 0·05, Table 6). However,
the above percentage changes of phosphorylation of p38
MAPK were significantly lower in DN patients compared to
NDN patients (P < 0·05). The TNF-a- and IL-18-induced
phosphorylations of JNK in Th cells and monocytes were
found to be similar to that of p38 MAPK (data not shown).

Discussion

Inflammation, deranged glucose and lipid metabolism, and
overactivated adipocytes have been implicated in the patho-
genesis of type 2 DM [1]. Hypercytokinaemia and activated
innate immunity may be the common antecedent of both
type 2 diabetes and atherosclerosis [1]. We have reported
previously that elevation of pro-inflammatory cytokines
could play an important immunopathological role in the
chronic inflammation of chronic renal failure patients [22].
In the present study, we showed first that plasma concentra-
tions of inflammatory cytokines TNF-a, IL-6, IL-18 and
chemokine CCL2 in DN patients but not NDN patients were

significantly higher compared to control subjects. Adiponec-
tin, IL-10, CXCL8, CXCL9 and CXCL10 concentrations in
DN were significantly higher compared to the NDN group
and control subjects. Previous studies have also shown the
elevation of inflammatory cytokines and chemokines in type
2 diabetes [1,23,24]. Hyperglycaemia can increase circulating
cytokine concentrations by oxidative mechanisms, and this
effect is more pronounced in subjects with impaired glucose
tolerance [25,26]. Adiponectin has been postulated to have
pathological implications in DN [27]. Elevation of plasma
concentration of adiponectin in DN in the present study
may be due to renal insufficiency and/or increase in synthesis
[14,27]. In our present investigation, the striking findings are
the significant and positive correlations for plasma concen-
trations of TNF-a, IL-6, IL-10, IL-18, CCL2, CXCL8,
CXCL9, CXCL10 and adiponectin with severity of nephr-
opathy in DN group. Moreover, IL-18, CXCL9 and CXCL10
exhibited the most significant correlation with severity of
nephropathy. Results therefore confirmed that the above-
studied panel of inflammatory cytokines, chemokines anda-
diponectin but not IL-1b, IL-12 and CCL5 are involved in
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Fig. 1. Correlations between plasma cytokine and chemokine concentrations with urine albumin : creatinine ratio (UACR) in all type 2 diabetes

mellitus patients [non-diabetic nephropathy (NDN) + diabetic nephropathy (DN)].
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Table 4. Ex vivo production of cytokines and chemokines from tumour necrosis factor (TNF)-a- or interleukin (IL)-18-activated peripheral blood

mononuclear cells (PBMC) of control subjects (CTL), non-diabetic nephropathy (NDN) and diabetic nephropathy (DN) groups.

Cytokine/

chemokine Group

Medium control

(pg/ml)

Post-TNF-a activation

(pg/ml)

Change post-TNF-a
activation (%)

Post-IL-18 activation

(pg/ml)

Change post-IL-18

activation (%)

TNF-a CTL 21·7 (18·0–25·4) n.d. n.d. 20·4 (16·6–22·8) -11·2 [-22·9–(-1·79)]

NDN 19·0 (13·6–24·0) n.d. n.d. 25·1 (22·2–33·2) 49·9 (19·8–97·5)††

DN 22·0 (17·0–28·6) n.d. n.d. 22·8 (17·7–26·2) 1·17 (-21·9–46·6)‡

IL-6 CTL 15·6 (12·0–22·8) 18·2 (12·3–37·5) 9·52 (-19·6–42·0) 17·4 (12·1–25·9) -1·74 (-24·5–69·2)

NDN 16·2 (7·20–22·6) 35·9 (15·9–80·0)* 159 (13·9–467)† 36·0 (21·9–44·1)** 73·1 (-2·04–216)

DN 20·0 (11·7–29·8) 43·8 (28·1–82·3)*** 95·6 (28·8–264)†† 27·3 (18·9–53·4)*** 22·6 (-16·0–134)

IL-10 CTL 17·8 (13·2–20·9) 20·5 (17·9–27·9) 14·4 (-11·3–61·7) 21·8 (15·6–26·2) 15·7 (-3·16–66·1)

NDN 14·0 (11·2–21·5) 19·9 (15·5–30·1)* 31·6 (-30·8–117) 22·8 (19·9–27·4)** 41·0 (8·10–130)

DN 19·6 (15·8–25·0) 28·0 (19·0–38·2)*** 46·3 (3·75–106) 22·2 (17·2–27·2)* 19·9 (-20·1–43·3)

IL-18 CTL 76·3 (11·4–128) 275 (108–348)** 174 (34·2–279) n.d. n.d.

NDN 100 (85·5–221) 300 (200–390)* 161 (68·5–204) n.d. n.d.

DN 109 (44·5–226) 298 (181–570)*** 164 (77·8–343) n.d. n.d.

CXCL8 CTL 27·8 (22·1–33·0) 175 (142–241)*** 675 (474–820) 26·7 (21·3–43·7) 4·20 (-33·8–76·1)

NDN 26·8 (20·4–32·8) 291 (198–371)*** 926 (711–1250)† 47·2 (30·1–76·5)** 139 (19·3–235)††

DN 26·2 (22·6–37·0) 300 (235–420)*** 913 (626–1350)† 36·0 (22·6–51·8)* 26·3 (-13·0–67·9)‡

CXCL9 CTL 27·7 (19·9–37·4) 20·0 (15·1–32·8) -24·8 [-38·0–(-16·3)] 20·3 (13·6–40·9) -35·0 [-47·6–(-21·4)]

NDN 36·4 (31·5–43·7) 41·5 (33·6–56·8) 20·9 (11·8–35·7)††† 27·0 (23·1–38·4) -24·3 [-29·5–(-13·8)]

DN 62·9 (42·6–112) 64·9 (40·0–98·7) 2·00 (-39·6–30·0)‡ 46·2 (28·0–90·7)* -29·5 [-45·9–(-6·78)]

CXCL10 CTL 12·3 (8·15–30·0) 9·75 (6·55–19·1) -34·2 (-60·3–19·9) 12·1 (6·80–22·1) 33·8 (-52·3–236)

NDN 9·80 (7·45–16·10) 12·5 (8·70–39·9) 49·3 (3·92–185)† 10·9 (4·95–22·0) 3·95 (-50·7–83·6)

DN 16·5 (11·9–28·0) 25·3 (15·0–51·6)* 35·1 (-34·8–148)† 18·6 (9·00–48·0) -30·7 (-59·0–284)

CCL2 CTL 9·00 (7·70–12·2) 7·85 (6·30–10·2) -14·6 [-32·7–(-2·13)] 5·40 (4·80–6·30)*** -41·0 [-53·7–(-25·7)]

NDN 10·8 (8·60–14·55) 15·0 (13·5–21·1)* 48·5 (31·7–58·6)††† 5·10 (4·65–6·45)*** -50·4 [-57·0–(-42·9)]

DN 10·8 (8·50–13·0) 13·0 (10·8–16·5)*** 20·9 (0·00–61·9)††† 4·95 (4·50–5·80)*** -50·2 [-58·1–(-42·3)]†

CCL5 CTL 149 (72·6–278) 75·8 (39·9–138) -48·5 [-63·1–(-40·3)] 50·3 (34·3–154)* -55·8 [-71·4–(-46·5)]

NDN 91·8 (66·0–165) 132 (85·9–276) 22·1 (11·2–46·4)††† 48·9 (29·8–104)* -50·3 [-58·8–(-8·21)]

DN 174 (84·0–292) 216 (95·2–363) 5·07 (-37·3–39·9)††† 118 (36·5–248)* -43·1 [-65·0–(-33·1)]

The culture supernatant was derived from whole blood cultured with medium in the absence or presence of TNF-a (150 ng/ml) or IL-18 (150

ng/ml) for 24 hours. Results are expressed as median (IQR). The Kruskal–Wallis test was used to access the differences of production between

TNF-a-treated or IL-18-treated and medium control groups (*P < 0·05, **P < 0·01, ***P < 0·001), percentage change between CTL and patient groups

(†P < 0·05, ††P < 0·01, †††P < 0·001) and percentage change between NDN and DN groups (‡P < 0·05). n.d.: Not done.

Table 5. Basal and ex vivo expression of phospho-extracellular signal-regulated kinase (ERK) in tumour necrosis factor (TNF)-a and interleukin

(IL)-18-activated CD3+/CD4+ T helper cells and monocytes in various groups.

Cell

type Group

Medium

control

(MFI/104

leucocytes)

TNF-a
activation

(MFI/104

leucocytes)

% change

TNF-a
activation

IL-18

activation

(MFI/104

leucocytes)

IL-18

% change

activation

Th cells CTL 35·1 (25·2–48·4) 32·4 (28·2–39·5) 1·11 (-14·7–11·1) 31·2 (25·5–40·3) -11·2 (-15·5–4·54)

NDN 36·2 (27·4–51·3) 39·2 (31·6–49·7) 8·14 (-3·8–35·3) 57·5 (37·8–88·9)* 13·7 (3·11–57·3)†††

DN 37·6 (23·7–53·6) 36·5 (25·6–54·0) 0·82 (-8·1–17·6) 46·1 (32·7–62·1)* 2·96 (-5·3–18·3)†‡‡

Monocytes CTL 64·8 (44·9–99·7) 132 (81·8–188)** 83·0 (19·8–225) 63·6 (41·0–90·2) -6·84 (-27·0–26·5)

NDN 88·2 (65·3–121) 171 (121–245)*** 62·4 (24·8–181) 125 (88·4–159) -2·93 (-12·5–84·4)

DN 94·3 (68·2–160) 198 (140–296)*** 72·7 (29·4–168) 97·2 (72·3–164) 2·10 (-10·0–27·7)

PBMC were incubated with PBS, TNF-a (20 ng/ml) or IL-18 (20 ng/ml) for 15 min. Results of the intracellular phospho-ERK were expressed as

median (IQR). Kruskal–Wallis test was used to access the differences of expression between TNF-a treated or IL-18-treated and medium control groups

(*P < 0·05, **P < 0·01, ***P < 0·001), percentage change between control (CTL) and patient groups (†P < 0·05, †††P < 0·001) and percentage change

between NDN and DN groups (‡‡P < 0·01).
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the nephropathy-related inflammation in type 2 DM
patients, and Th1-related cytokine IL-18 and Th1-related
chemokines CXCL9 and CXCL10 may play a crucial role for
diabetic nephropathy. We observed that the elevated adi-
ponectin exhibited significant and positive correlation with
plasma concentrations of TNF-a, IL-6, CXCL10 and CCL5
in DN patients but not in NDN patients (data not shown). It
suggested that the elevated adiponectin in DN patients may
also be due to an increase in de novo synthesis.

Elevated circulating TNF-a and IL-18, the upstream
cytokines for Th1 immunity, have been shown to be associ-
ated with DN in previous reports [28–30]. In the present
study, IL-18 has been shown to have strong correlation with
severity of DN. Moreover, TNF-a is also a modulator of
glucose metabolism by the direct induction of insulin resis-
tance and down-regulation of insulin receptor signalling
[31]. In order to mimic the local Th1-mediated inflamma-
tory reaction and the responsiveness of PBMC upon activa-
tion in type 2 DM patients, we studied the ex vivo
production of cytokines and chemokines from TNF-a- or
IL-18-activated PBMC. In the presence of external stimuli,
the percentage increases of ex vivo production of TNF-a-
induced IL-6, CXCL8, CXCL10, CCL2 and CCL5 were sig-
nificantly higher in both DN and NDN patients compared to
controls (all P < 0·05). The percentage increases of IL-18
induced TNF-a and CXCL8 were increased significantly in
NDN patients compared to controls (P < 0·01). However,
significantly less percentage increases of TNF-a-induced
CXCL9 and IL-18-induced TNF-a and CXCL8 were found
in DN compared to NDN patients (all P < 0·05). A previous
study has also shown that type 1 DM patients did not express
higher lipopolysaccharide-induced TNF-a, IL-1b and IL-6
levels than controls using whole blood assay [32]. The
elevated TNF-a-induced IL-6, CXCL8, CXCL10, CCL2 and
CCL5 from PBMC indicated further the aberrant produc-
tion of the above inflammatory cytokine, chemokines for
neutrophils (CXCL8), Th1 cells (CXCL10), macrophages

(CCL2) and activated T cells (CCL5) in type 2 DM patients.
In fact, it has been shown that CXCL8 increased in the early
stage of DN, and CCL2 increased in the advanced stage of
type 2 DN [33].

To elucidate further the abnormalities of the activation of
leucocyte subsets in type 2 DM patients, we have investigated
the activation of intracellular signalling molecules in TNF-a-
and IL-18-treated lymphocytes and monocytes. Results indi-
cated that the percentage increases in IL-18-induced phos-
phorylation of ERK in Th cells of NDN and DN patients were
significantly higher compared to controls. As ERK is respon-
sible for cell proliferation, transformation, differentiation
and cytokine production [15,16,34], the increased activation
of ERK in Th cells in type 2 DM patients implies hyperacti-
vation of Th cell-mediated inflammation in type 2 DM.
Moreover, the percentage increases in TNF-induced phos-
phorylation of p38 MAPK in monocytes and IL-18-induced
phosphorylation of p38 MAPK in Th cells and monocytes
were significantly higher in NDN patients compared to CTL.
JNK also showed similar activation patterns upon TNF-a and
IL-18 stimulation. p38 MAPK and JNK are both responsible
for the regulation of stress response and inflammation of the
pathology of chronic inflammation, heart disease, stroke, the
debilitating effects of diabetes mellitus and the side effects of
cancer therapy by the up-regulation of inflammatory cytok-
ines and regulation of apoptosis of different leucocytes, espe-
cially macrophages [35,36]. It has been shown that glucose
could regulate CXCL8 production in aortic endothelial cells
through activation of p38 MAPK pathway in diabetes [37].
Therefore, our results of the hyperactivation of p38 MAPK in
monocytes and Th cells further implied that activated mono-
cytes and Th cells mediated inflammation in type 2 DM
patients. Our study may therefore provide a biochemical basis
for treatment strategy of type 2 DM targeting intracellular
signal transduction [38].

In conclusion, our results revealed that elevated concen-
trations of cytokines and chemokines were correlated with

Table 6. Basal and ex vivo expression of phospho-p38 mitogen-activated protein kinases (MAPK) in tumour necrosis factor (TNF)-a and interleukin

(IL)-18-activated CD3+/CD4+ T helper cells and monocytes in various groups.

Cell

type Group

Medium

control

(MFI/104

leucocytes)

TNF-a
activation

(MFI/104

leucocytes)

% change

TNF-a
activation

IL-18

activation

(MFI/104

leucocytes)

IL-18

% change

activation

Th cells CTL 106 (80·4–130) 124 (83·7–143) 6·9 (1·04–21·5) 112 (74·9–130) -0·36 (-9·69–14·0)

NDN 47·5 (31·1–87·0)†† 56·8 (42·4–98·1) 13·7 (-3·33–43·0) 147 (83·8–176)* 22·4 (21·8–38·8)†††

DN 69·0 (34·2–115) 72·4 (36·0–142) 12·3 (-3·90–20·8) 99·3 (44·8–146)** 5·67 (-3·15–18·2)‡‡‡

CTL 198 (129–273) 324 (199–408)* 46·3 (17·0–67·5) 230 (101–290) 0·42 (-11·2–10·6)

Monocytes NDN 161 (122–235) 327 (150–442)** 93·4 (34·6–198)† 281 (218–364)* 15·4 (0·11–33·3)†

DN 219 (133–324) 373 (236–428)*** 41·6 (20·8–80·3)‡‡ 245 (156–343) 2·01 (-20·6–17·6)‡‡‡

Peripheral blood mononuclear cells were incubated with phosphate-buffered saline, TNF-a (20 ng/ml) or IL-18 (20 ng/ml) for 15 min. Results of

phospho-p38 MAPK were expressed as median (interquartile range). The Kruskal–Wallis test was used to access the differences of basal expression

among groups (††P < 0·01), expression between TNF-a treated or IL-18-treated and medium control groups (*P < 0·05, **P < 0·01, ***P < 0·001),

percentage change between control (CTL) and patient groups (†P < 0·05, †††P < 0·001) and percentage change between NDN and DN groups

(‡‡P < 0·01, ‡‡‡P < 0·001).
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disease severity of DN and illustrated the potential roles of
TNF-a and IL-18 in the exacerbation of inflammatory
reactions. Although the plasma cytokines and chemokines
show relatively low correlations with UACR, the concentra-
tions of cytokines and chemokines and their correlations
with UACR at local inflammatory sites should be much
higher than that of the circulation. Therefore, further study
is required for investigating the expression of inflammatory
cytokines and chemokines and their correlation with disease
severity at the local inflammatory kidney tissue in DN. Nev-
ertheless, the above immunological mechanisms probably
involved the abnormal activation of p38 MAPK, JNK and
ERK in activated lymphocytes and monocytes. The results of
this clinical study may therefore provide a further biochemi-
cal basis for the elucidation of the pathological mechanisms
of diabetic nephropathy and the development of a novel
therapeutic approach (e.g. using inhibitors of signalling
molecules) in the treatment of type 2 DM and its associated
inflammation.
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