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T-cell cytokine production and
endothelial dysfunction in type 2
diabetic patients with nephropathy
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ABSTRACT This study assessed changes in serum levels of cytokines IFNy and IL-10 (biomarkers
of inflammatory changes) and soluble biomarkers sICAM-1 and sE-selectin (biomarkers of endothe-
lial dysfunction) in diabetic patients with and without nephropathy. IFNy and IL-10 were significantly
elevated in patients with diabetic nephropathy (DN) and end-stage renal disease (ESRD) compared
with controls and diabetic patients without DN. IFNy and IL-10 levels were significantly increased after
haemodialysis. sICAM-1 and sE-selectin were significantly higher in diabetic, DN and ESRD groups
compared with controls, and sICAM-1 but not sE-selectin was increased after haemodialysis.

La production de cytokines par les cellules T et du dysfonctionnement endothélial chez les
sujets diabétiques de type 2 atteints de néphropathie

RESUME Cette étude a permis d'évaluer les modifications des taux sériques de cytokines IFNy et
IL-10 (biomarqueurs de modifications de I'état inflammatoire) et de biomarqueurs solubles sICAM-1 et
sE-sélectine (biomarqueurs du dysfonctionnement endothélial) chez des patients diabétiques atteints
et non atteints de néphropathie. Les IFNy et les IL-10 étaient significativement élevés chez ceux qui
présentaient une néphropathie diabétique (ND) et une maladie rénale en phase terminale (MRPT)
par rapport aux témoins et aux patients diabétiques sans ND. Les niveaux d’IFNy et d’IL-10 avaient
augmenté de fagon significative apres 'hnémodialyse. Le taux de sICAM-1 et de sE-sélectine étaient
significativement plus élevés dans les groupes atteints de diabete, de ND et de MRPT par rapport aux
témoins, et ceux de sICAM-1 mais pas de sE-sélectine avaient augmenté apres I'hémodialyse.

'Department of Clinical Chemistry; 2Department of Nephrology, Theodor Bilharz Research Institute, Cairo,
Egypt (Correspondence to L. Kamel: kmlaila@yahoo.com).
Received: 02/12/06; accepted: 28/03/07

Y"Qcibw\cﬁ&w&\w\c@w\M\Mcbﬂ‘éﬂ@\&e&‘



808 La Revue de Santé de la Méditerranée orientale, Vol. 15, N° 4, 2009

Introduction

Diabetic nephropathy (DN) is a leading
cause of chronic renal failure and is a grow-
ing concern given the increasing incidence
of type 2 diabetes. For diabetic patients on
haemodialysis (HD), dysfunction of the
host defences against infection has major
clinical and socioeconomic implications.

The autoimmune nature of diabetes and
the major contribution of lymphocyte T-
cells are well established. However, the
mechanism of this immune dysregulation
is still unclear. T-cells have 2 subsets of
helper cells: T-helper type 1 (Thl) and type
2 (Th2). Thl cells are effectors of cell-
mediated immunity, secreting the cytokine
interferon-gamma (IFNy) that inhibits Th2
cell differentiation. Th2 cells produce cy-
tokine interleukins IL-4 and IL-10, which
inhibit IFNy secretion and cell immunity
[7]. An altered balance of Th1/Th2 may be
associated with the pathogenesis of end-
stage renal disease (ESRD) [2] and with
impaired immunity in HD patients [3]. Both
IFNy and IL-10 play major roles in the
regulation of immune and inflammatory re-
sponses; in a model of chronic renal disease
IL-10 blocked inflammation and improved
renal function [4].

Vascular damage is frequently observed
in patients with chronic renal failure and
under HD, and disturbances in endothelial
function may play a role in vascular com-
plications such as stroke or ischaemic heart
disease. Malyszko et al. found evidence
of endothelial cell injury in renal failure
patients, particularly those on continuous
ambulatory peritoneal dialysis, and a high
degree of hypercoagulation relative to
healthy subjects [5]. This may lead to fibrin
deposition in the vascular wall, thrombus
formation, and the development and pro-
gression of atherosclerosis with its com-
plications. Several markers of endothelial
cell activation—including soluble intercel-

lular adhesion molecule (sSICAM-1), von
Willebrand factor, soluble E-selectin (SE-
selectin), and soluble thrombomodulin—are
providing further evidence of the relation-
ship between endothelial cell activation and
damage to the vasculature in diabetes [6].

The purpose of the present study was to
assess the changes in serum levels of the
pro-inflammatory cytokine IFNy and anti-
inflammatory cytokine IL-10 (as markers
of inflammatory changes) and the soluble
biomarkers sSICAM-1 and sE-selectin (as
markers of endothelial dysfunction) in dia-
betic patients with and without nephropathy.
We also evaluated the effect of renal dialy-
sis on these mediators. Such information is
crucial to determine the optimal approach
to improve the immune response of DN
patients which might reduce the morbidity
and mortality due to infection.

Methods

Patients

The study was carried out on 73 subjects se-

lected from the Nephrology Department and

Dialysis Unit of Theodor Bilharz Research

Institute, Cairo. Subjects were categorized

into groups as follows:

» Diabetic group (n = 17): patients with
type 2 diabetes without renal involve-
ment (normoalbuminuria). The diagno-
sis of type 2 diabetes was established
before they were screened for the study
and they did not require insulin therapy
for glucose control. Diabetes was de-
fined according to the recommendations
of the American Diabetes Association
Expert Committee on the Classification
and Diagnosis of Diabetes [7].

» Diabetic nephropathy (DN) group (n
= 22): patients with type 2 diabetes with
renal involvement. The inclusion criteria
were: lower limb oedema, proteinuria,
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impaired renal function and normal-
sized kidney with increased echogenic-
ity on abdominal ultrasound.

* ESRD group (n = 19): patients with
type 2 diabetes with ESRD before the
start of dialysis sessions. Data for these
patients were collected before and after
10 sessions of HD. Dialysis (4 hours
duration) was done 3 times/week with
haemophan membranes using acetate
solution.

* Control group (n = 15): volunteers re-
cruited from those attending outpatient
clinics for check-ups and who had no
medical disorders in a health examina-
tion.

Data collection
All subjects underwent the following: full
history-taking, thorough clinical examina-
tion, abdominal ultrasonography, fundus
examination and electrocardiography. Ve-
nous blood samples were withdrawn from
the anticubital vein from all subjects in the
morning after 12 hours overnight fasting.
Routine tests were performed immediately
and aliquots were stored at —60 °C for
further estimation of serum levels of IFNy,
IL-10, SICAM-1 and sE-selectin.

The routine laboratory investigations
performed by conventional methods in-
cluded:

* Complete blood count, fasting and post-
prandial blood glucose and routine urine
analysis for all groups and microalbumin
for those with negative protein in the
urine. Normoalbuminuria was defined as
spot urine albumin/creatinine ratio < 30
pug/mg, whereas macroalbuminuria was
defined as spot urine albumin/creatinine
ratio > 300 pg/mg. This ratio is regarded
as one of the best indicators of urinary al-
bumin excretion and is recommended by
the American Diabetes Association [7].

e Liver function tests: serum aminotrans-
ferase, alkaline phosphatase, albumin,
bilirubin and prothrombin concentration.

» Kidney function tests: serum creatinine,
urea, sodium, potassium, calcium and
phosphorus.

* Lipid profile: total cholesterol, high-
density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol
(LDL-C) and triglycerides.

The following special laboratory tests
were carried out:

* Serum IFNy was performed by a
solid-phase sandwich enzyme linked-
immunosorbent assay (ELISA) (Dia-
clone Research, France). The lower
detection limit of the assay is <5 pg/
mL and there is no cross-reactivity with
other human cytokines.

* Serum IL-10 was assayed by a solid-
phase sandwich ELISA (Diaclone Re-
search, France). The lower detection
limit of the assay is <5 pg/mL and it
recognizes both natural and recombinant
human IL-10.

* Serum sICAM-1 was assayed using a
solid-phase sandwich ELISA (Diaclone
Research, France). The lower detection
limit of the assay is <0.1 ng/mL and
there is no cross-reactivity with other
human adhesion molecules

* Soluble sE-selectin was performed with
a quantitative sandwich ELISA (R&D
Systems, MN, United States of Amer-
ica). The minimum detectable dose of
sE-selectin is typically < 0.1 ng/mL and
no significant cross-reactivity is ob-
served with natural human IgG or natu-
ral human P-selectin.

Statistical analysis
Numerical data were expressed as mean and
standard deviation (SD). Multiple inter-
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group comparisons were made using
I-way ANOVA. If a significant change
was found in intergroup comparisons, post
hoc multiple comparison analysis with the
Tukey—Kramer multiple comparison test
was performed. Correlations were com-
puted using the Spearman correlation
coefficient. P values < 0.05 were con-
sidered statistically significant. SPSS,
version 10 for Windows, was used for
data analysis.

Results

Table 1 shows the clinical characteristics
and laboratory data of the four study groups.
Serum creatinine showed a statistically
significant elevation in the ESRD group
compared with the control, diabetic and DN
groups (P <0.001). Fasting blood glucose
levels were significantly higher in diabetic,
DN, and ESRD groups compared with the

control group (P <0.001, P <0.001, P
< 0.05 respectively).

IFNy showed a significant elevation in
both the DN and ESRD groups compared
with the control group (P <0.01) and dia-
betic group (P < 0.05) (Figure 1). IL-10 also
showed a significant elevation in both DN
and ESRD groups versus the control and
diabetic groups (P < 0.001) (Figure 1). Both
IFNy and IL-10 levels were significantly
increased after initiation of HD when com-
pared with their values in the ESRD group
before the start of dialysis (P <0.05 and P
< 0.01 respectively).

We found a significant elevation in
sICAM-1 and sE-selectin in diabetic, DN
and ESRD groups compared with the con-
trol group (P <0.001). Soluble ICAM-1,
but not sE-selectin, showed a statistically
significant increase after HD initiation
when compared with its level in ESRD
before the start of dialysis (P < 0.001)
(Figure 1).

Table 1 Clinical characteristics and laboratory data of the study groups: healthy controls,
patients with diabetes, diabetic nephropathy (DN) and end-stage renal disease (ESRD) before

haemodialysis

Variable Controls Diabetes DN ESRD
(n=15) (n=17) (n =22) (n=19)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
No. of subjects (males/females) 15 (4/11) 17 (7/10) 22 (8/14) 19 (6/13)
Age (years) 39 6 (15.3) 479 (8.9) 55.9 (9.3) 52 8(8.8)
Serum albumin (g/dL) 7 (0.4) 3(0.5) 2.8 (0.5)0d 0 (0.5
Serum creatinine (mg/dL) 0(0.2) 1(0.3) 2.1 (1.0 6 (2.5)th
Serum urea (mg/dL) 28 9 (6.7) 30 6 (11.7) 70.7 (37.9)b¢ 132 6 (45.1)cth
Fasting blood glucose (mg/dL) 94.6 (13.5) 182.1 (57.7)° 149.9 (37.6)° 137.5 (30.0)2f
Postprandial blood glucose
(mg/dL) 120.3 (111.7) 233.6 (74.3)° 2152 (67.6)°  166.6 (23.3)
Serum total cholesterol (mg/dL)  190.3 (29.4) 210.9 (38.9) 2419 (28.7)>¢ 212.3 (28.5)9
Serum triglycerides (mg/dL) 114.4 (23.1) 279.2 (32.4)°  275.7 (28.1)°  163.6 (60.0)>"
Serum HDL-C (mg/dL) 43.5 (7.9) 32.1 (8.0)° 32.9 (8.9)° 30.4 (7.8)°
Serum LDL-C (mg/dL) 80.8 (24.12) 1435 (41.9)° 1478 (42.7°  89.9 (23.7)""

aP < 0.05,°P < 0.01, °P < 0.001 versus control group; °P < 0.05,°P < 0.01,'P < 0.001 versus diabetic group;

9P < 0.05,"P < 0.001 versus DN group.

SD = standard deviation.

HDL-C = high-density lipoprotein cholesterol; LDL-C =

low-density lipoprotein cholesterol.
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Figure 1 Serum levels of biomarkers in the study groups: healthy controls, patients with
diabetes, diabetic nephropathy (DN) and end-stage renal disease (ESRD) before and after
haemodialysis (HD). Top and bottom horizontal lines of the boxplots indicate 25th and 75th
percentiles respectively; lines within the box indicate median values (*P < 0.01, **P < 0.001
versus control group; *P < 0.05, “P < 0.01, **P < 0.001 versus diabetes group ; "P < 0.01,

P < 0.001 versus DN group; °P < 0.05, °°P < 0.01, ®°P < 0.001 versus ESRD group before

haemodialysis)

There was a positive correlation between
the levels of IFNy and IL-10 (» = 0.444, P
<0.01) (Figure 2). Our study showed a
positive correlation between sSICAM-1 and
serum creatinine (» = 0.362, P <0.05). We
also found a positive correlation between
E-selectin and both serum urea (» = 0.330,
P <0.05) and serum creatinine (» =0.309,
P <0.05)

Discussion

DN is a leading cause of ESRD and is a
growing concern given the increasing in-
cidence of type 2 diabetes. The suggested
causes of inflammation in ESRD include
decreased renal function, volume overload,
co-morbidity, factors associated with the di-
alysis procedure and genetic factors [8]. An
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Figure 2 Correlation between serum interleukin-10 (IL-10) and serum interferon-gamma (IFN-
gamma) levels in all 41 patients with diabetic nephropathy (n = 22) and end-stage renal disease

(n =19) (r = 0.444, P < 0.01)

altered balance of Th1/Th2 and endothelial
dysfunction has been associated with ESRD
[9].

In our study, IFNy (reflecting Thl ac-
tivity) and IL-10 (reflecting Th2 activity)
showed significant elevations in both DN
and ESRD groups compared with both the
control group and patients with diabetes.
This agrees with another study on the effects
of renal failure on the Th1/Th2 lymphocyte
profile which showed that the intracellular
content of [FNy, IL-2, IL-4, and IL-10 was
significantly higher in patients with chronic
renal failure [ /0]. Our results also agree with

studies on renal failure patients in whom
spontaneous activation of T-lymphocytes
was detected [/1,12].

Our study revealed that both IFNy
level and IL-10 levels were significantly
increased after initiation of HD when com-
pared with their values in the ESRD group
before the start of dialysis. Daichou et al.
also found that IFNy production by Thl
cells was significantly higher in HD patients
yet, in contrast, they showed that production
of IL-4 and IL-10, which affect humoral
immunity, were significantly lower in HD
patients than in controls. They concluded
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that cellular immunity induced by Th1 and
humoral immunity induced by Th2 are both
decreased in HD patients, but that improved
IL-12 secretion by macrophages activates
natural Killer cells to produce IFNy, which
in turn induces macrophage activity [//].

In contrast to our results, Pupim et al.
found that initiation of maintenance HD
did not significantly influence plasma con-
centrations of IL-10, suggesting that HD is
ineffective in controlling inflammation and
oxidative stress in renal failure [/3]. How-
ever, Brunet et al. demonstrated increased
spontaneous synthesis and secretion of IL-
10 in HD patients, which is evidence of
the well-documented state of activation of
monocytes and lymphocytes in HD patients
due to contact with the dialyser membrane
[14].

Girndt et al. explained the increased
IL-10 levels in HD patients in their study as
due to the fact that in healthy subjects there
is a distinct population of monocytes pro-
ducing exclusively IL-10 when stimulated,
but that these regulating monocytes are
reduced in dialysis patients so that there is
overproduction of pro-inflammatory factors
[75]. Fodor et al. demonstrated higher levels
of [IFNy in CD4+ T-cells of HD patients, ex-
plained by activation of peripheral T-cells
with increased production of Thl cytokines
(IFNy, IL-2) and decreased synthesis of
Th2 cytokines (IL-4, IL-13) [/6]. They
explained the elevated expression of IL-10
in CD4+ and CD8+ (Th2) cells as a counter-
regulatory Th2 activation in response to the
Thl effect.

The results of our study show that both
the pro-inflammatory cytokine IFNy and
the potent anti-inflammatory cytokine IL-
10 were significantly elevated in DN and
ESRD patients as compared to diabetic
patients. We explain this concomitant rise
of both cytokines by the fact that increased
production of IL-10 may represent an auto-

regulatory response to increased production
of pro-inflammatory cytokines by mono-
cytes. We also found a more pronounced
increase of both cytokines after HD sessions
as evidence of the activation of monocytes
and lymphocytes due to contact with the
dialyser membrane.

In our study the levels of the soluble
endothelial markers serum sICAM-1 and
sE-selectin showed a significant increase in
the diabetic, DN and ESRD patient groups
as compared with the control group, which
is in accordance with previous data dem-
onstrating that serum levels of sSICAM-1
and sE-selectin were elevated in diabetic
patients [/7,18] and undialysed patients
with chronic renal failure [5,/9-21]. Our
results contrast, however, with other work-
ers who found a non-significant rise in
serum sE-selectin levels in ESRD patients
[22], and no elevation of sSICAM-1 levels
in type 2 diabetic patients [23,24]. The
discrepancy among studies regarding the
levels of soluble serum endothelial markers
in diabetes could be attributed to differences
in the number of patients studied, their
physical characteristics, the grade of meta-
bolic control, the presence of hypertension
or lipid levels.

Levels of the soluble adhesion molecule
ICAM-1 showed a statistically significant
increase after the start of HD compared with
its level in ESRD patients before the start of
dialysis. Similarly, elevated SICAM-1 levels
in HD patients were previously demonstrat-
ed [719,25-27]. Others found that SICAM-1
levels post-HD were significantly higher
than pre-HD and suggested that SICAM-1 is
shed from the surface of mononuclear cells
(lymphocytes and monocytes) and released
into the circulation stimulated by dialysis
membranes [28]. The significant increase
in ICAM-1 levels in HD patients indicates
that its membrane-adsorptive properties do
not exert a major influence on its clearance.
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In view of the large size of the molecule it
is unlikely that it could be cleared intact
through the membranes used.

On the other hand, no significant el-
evation in E-selectin levels was detected
after initiation of HD compared with ESRD
values before the start of HD. This result
contrasts with previously published data
from patients on continuous ambulatory
peritoneal dialysis or HD [21].

Our study showed a positive correlation
between sICAM-1 and serum creatinine in
DN and ESRD patients (» = 0.362). This
is in accordance with other researchers,
who found that in undialysed patients with
chronic renal failure the levels of serum
sICAM-1 increased with decreasing renal
function [/9,25]. We also found a positive
correlation between E-selectin and both
serum urea (r = 0.330), and serum creati-
nine in DN and ESRD patients (» = 0.309).
Similarly, others have found a linear rela-
tion between serum creatinine and adhesion
molecule levels [29]. These findings suggest
that the kidney may play an important role
in the catabolism of adhesion molecules.

Our results concerning markers of en-
dothelial cell activation could be explained
by the effects of cytokines on the endothe-
lium or by reduced clearance of endothelial
products. However, since renal dysfunction
was the primary abnormality, it is likely that
increases in sSICAM-1 and sE-selectin are
secondary to CRF. This is supported by the
correlation between soluble endothelial cell
markers and creatinine levels, suggesting
that renal clearance may affect circulating
cytokine levels. In dialysed patients, there
was no reduction in the levels of sE-selectin,
which are large enough to be excluded from
dialysis, and the levels of sSICAM-1 were
further increased.

We also found a positive correlation
between the levels of IFNy and IL-10 in
DN and ESRD patients (r = 0.44). IL-

10 is known as the most important anti-
inflammatory cytokine found in the human
immune response and its activity acts as an
inhibitory factor in cytokine synthesis; yet
several studies have suggested 1L-10 has
immunostimulatory properties [30]. Our
results are in accordance with a study that
reported a direct correlation between serum
IL-10 values and those of IFNy in HD
patients, suggesting an immunomodula-
tory role of IL-10 in this setting [37]. We
conclude that the production of IL-10 rep-
resents an autoregulatory response to the in-
creased production of the pro-inflammatory
cytokines by monocytes.

In conclusion, although other pro- and
anti-inflammatory cytokines may be of
importance, our data suggest that the anti-
inflammatory cytokine IL-10 and the pro-
inflammatory cytokines IFNy play impor-
tant roles in the development of T-helper
cell imbalance in renal failure. The reasons
for the increased risk of inflammation in
diabetic ESRD patients appear to be com-
plex, including non-dialysis- as well as
dialysis-related factors. The combination of
an impaired immune response and persistent
immune stimulation are factors in the low-
grade systemic inflammation and altered
cytokine balance that characterize renal
failure and which may result in an increased
risk of vascular disease. Several interrelated
processes are involved in DN, such as oxi-
dative stress, endothelial dysfunction and
vascular calcification, in an environment
of constant low-grade inflammation, with
an altered balance of Th1/Th2 cells as well
as a dysregulated cytokine network. Fur-
ther studies are needed to evaluate whether
general or targeted anticytokine treatment
strategies could be effective in diabetic
patients with ESRD. Also therapies that
improve endothelial dysfunction may prove
important in management of type 2 diabetes
and its costly, morbid complications.
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