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Abstract

The objective of the present study was to evaluate the production of
cytokines, interferon-γ (INF-γ) and interleukin-10 (IL-10), in cultures
of peripheral blood mononuclear cells (PBMC) from type 1 and type
2 diabetic patients and to correlate it with inadequate and adequate
metabolic control. We studied 11 type 1 and 13 type 2 diabetic patients
and 21 healthy individuals divided into two groups (N = 11 and 10)
paired by sex and age with type 1 and type 2 diabetic patients. The
PBMC cultures were stimulated with concanavalin-A to measure
INF-γ and IL-10 supernatant concentration by ELISA. For patients
with inadequate metabolic control, the cultures were performed on the
first day of hospitalization and again after intensive treatment to
achieve adequate control. INF-γ levels in the supernatants of type 1
diabetic patient cultures were higher compared to type 2 diabetic
patients with adequate metabolic control (P < 0.001). Additionally,
INF-γ and IL-10 tended to increase the liberation of PBMC from type
1 and 2 diabetic patients with adequate metabolic control (P = 0.009
and 0.09, respectively). The increased levels of INF-γ and IL-10
released from PBMC of type 1 and 2 diabetic patients with adequate
metabolic control suggest that diabetic control improves the capacity
of activation and maintenance of the immune response, reducing the
susceptibility to infections.
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Introduction

Cytokines are produced in response to
infection with microorganisms or other anti-
gens and are known to be important immune
modulators in host defense against aggres-
sors (1). They also regulate cell functions in

other systems, being implicated in the devel-
opment of chronic complications of diabetes
mellitus, which involve neurological and
vascular processes (2,3). Chronic hypergly-
cemia, more specifically due to the increase
of glycated proteins, can stimulate the pro-
duction of cytokines (2) involved in the acti-
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vation of the immune system. The duration
and metabolic control of diabetes mellitus
seem to be important for the onset and pro-
gression of these complications (4-6). Be-
sides vascular and neurological complica-
tions, a high susceptibility to infection has
been described in diabetic patients (7-14),
which may be caused by several defects of
the immunological defense system.

Impairment of polymorphonuclear leu-
kocyte phagocytosis and reduction in granu-
locyte phagocytic capacity have been re-
ported with the increase of plasma glucose
concentration in diabetic patients, and these
abnormalities are reversed after insulin thera-
py (15-20). The most dramatic defect that
occurs in diabetes mellitus is related to ab-
normalities of T cell function (21,22). The
reason for these alterations in the immune
cellular behavior of diabetic patients is still
undefined, with few studies of lymphocyte
proliferation and none regarding the influ-
ence of metabolic control in diabetic pa-
tients.

Therefore, it seems important to deter-
mine the immune cellular behavior of dia-
betic patients focusing on T cell functional-
ity with the objective to study the mechan-
isms that determine high susceptibility to
infections in these patients. A high frequency
of cutaneous dermatophytosis has been ob-
served (23) in diabetic patients under inad-
equate metabolic control, suggesting that
metabolic control is an important tool in the
defense against these infections. In a previ-
ous study, we observed increased prolifera-
tion capacity of type 1 diabetic T lympho-
cytes (24) and a tendency towards increased
tumor necrosis factor-α and interleukin-6
(IL-6) levels after metabolic control of type
1 and 2 diabetic patients, suggesting that the
control of diabetes improves the capacity of
activation and maintenance of the pro-in-
flammatory immune response (25). On this
basis, in the present investigation we studied
the production of the cytokines interferon-γ
(IFN-γ) and IL-10 in cultures of peripheral

blood mononuclear cells (PBMC) from type
1 and type 2 diabetic patients in order to
correlate it with inadequate and adequate
metabolic control.

Subjects and Methods

Twenty-four diabetic patients were se-
lected from the Outpatient Clinics of the
University Hospital of the Medical School
of Ribeirão Preto, USP, Ribeirão Preto, SP,
Brazil (Table 1). We also studied 21 healthy
individuals paired for sex, age and body
mass index with type 1 and type 2 diabetic
patients. The patients presented inadequate
metabolic control (fasting glucose higher
than 200 mg/dL and glycated hemoglobin
higher than 11%), but did not present any
infectious disease or were using any drugs
that might interfere with the results. The
patients were hospitalized for 2-3 weeks to
obtain adequate metabolic control by using
an intensive protocol with capillary blood
glucose measurements at 7, 11, 17, and 23 h,
and regular administration of insulin injec-
tions until a reduction of at least 100 mg/dL
in mean daily glycemic level was reached. In
addition to the neurological examination,
the presence of microvascular complications
was evaluated by ophthalmologic examina-
tion and urine protein measurement and the
presence of macrovascular complications by
clinical and electrocardiographic evaluation.
BMI was calculated as weight (kg)/height
(m)2. The protocol was approved by the
Ethics Committee of the University Hospital
(FMRP, USP) and the volunteers were care-
fully informed about the nature, purpose and
possible risks of the study before giving
written informed consent to participate.

Blood samples were obtained on the first
and last days of hospitalization. Further blood
samples were obtained for the measurement
of glycated hemoglobin (Labtest Diagnós-
tica, Lagoa Santa, MG, Brazil) (20). PBMC
were isolated by gradient density using
Ficoll-Hypaque® (26). PBMC at the concen-
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tration of 2.5 x 106 cells/mL were cultivated
in triplicate in the presence or absence of
concanavalin-A. After a 72-h culture at 37ºC
in a humid environment with approximately
5% CO2, the supernatant was collected for
cytokine measurements. IL-10 and IFN-γ
were assayed in cell culture supernatants by
ELISA. Monoclonal anti-human IL-10 and
IFN-γ antibody (Pharmingen International,
San Diego, CA, USA) was used as capture
antibody and biotinylated anti-human IL-10
and IFN-γ (Pharmingen) as the detecting
antibody. Binding was determined with per-
oxidase-labeled streptavidin (DAKO, Glos-
trup, Denmark) and O-phenylenediamine-
2HCl/substrate (Sigma, St. Louis, MO,
USA). The intra- and interassay variation
was below 10%. The ELISA detection limits
were 0.07 pg/mL for INF-γ and 0.03 pg/mL
for IL-10.

Data are reported as median, mean and
standard deviation. The GraphPad Prism pro-
gram (San Diego, CA, USA) was used for
statistical analysis. The Kruskal-Wallis test
was used to analyze differences between the
three groups (type 1 and type 2 patients, and
controls), and the Wilcoxon test was used to
compare the diabetic groups before and after
metabolic control. The Spearman test was
used to calculate all correlations. A P value
<0.05 was considered to be significant.

Results

The four groups studied, i.e., type 1 and
type 2 diabetic patients and healthy indi-
viduals, were statistically similar in age, sex
and body mass index (Table 1). The patients
did not present chronic macro- or microvas-
cular or neurological complications. The
metabolic control evaluated by the daily mean
glycemic profile during the hospitalization
period showed a significant improvement
with treatment between the first and last
days of hospitalization in type 1 and type 2
diabetic patients (P = 0.0002 and P = 0.0001,
respectively; Figure 1).

Table 1. Characteristics of type 1 and type 2 diabetic patients and healthy individuals
paired with type 1 and type 2 patients.

Type 1 Type 2 Control Control
diabetic diabetic paired paired
patients patients with type 1 with type 2
(N = 11) (N = 13) (N = 11) (N = 10)

Age (years) 22.7 ± 7.1 49.7 ± 18.2 24.5 ± 7.1 39.5 ± 15.8
Gender (female/male) 6/5 3/10 8/3 2/8
Body mass index (kg/m2) 23.1 ± 3.8 28.5 ± 8 21.4 ± 2.8 24.7 ± 9.1
Glycated hemoglobin (%) 11.7 ± 2 12 ± 2.3 5.7 ± 0.9 5.5 ± 1.6
Duration of diabetes 9.6 ± 5.8 10.2 ± 7 - -
mellitus (years)

Data are reported as mean ± SD.

Figure 1. Daily mean glucose levels of type 1 and type 2 diabetic patients on the first
(sample 1, S1) and last (sample 2, S2) days of hospitalization. There was a significant
reduction in the daily mean blood glucose levels in both type 1 and 2 diabetic groups. The
Student t-test was used. The horizontal lines indicate the mean for each group.

IFN-γ levels were higher in the superna-
tants of stimulated cultures from type 1 dia-
betic patients compared to type 2 diabetic
patients, both with adequate metabolic con-
trol (P < 0.001; Figure 2). Additionally, the
improvement of metabolic control increased
the concentrations of IFN-γ in the stimulated
culture supernatants of type 1 diabetic pa-
tients when compared to type 1 diabetic
patients with inadequate metabolic control
(P = 0.009; Figure 2). However, metabolic
control did not influence the IFN-γ produc-
tion by PBMC of type 2 diabetic patients. In
contrast, IL-10 levels were similar in the
supernatants of cultures from type 1 and 2
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diabetic patients with inadequate and ad-
equate metabolic control compared with their
respective paired control groups. However,
this cytokine showed a nonsignificant in-
crease in the supernatants of type 2 diabetic
patient cultures with adequate metabolic con-
trol compared to the respective normal con-
trol group (P = 0.09; Figure 3).

Discussion

Hyperglycemia is considered to have a
negative influence on immune-competent
cells, a hypothesis supported by the evi-
dence of improvement in the immune-cellu-
lar response of diabetic patients after meta-
bolic control (27). However, the insulinopen-

Figure 2. INF-γ levels in culture supernatants of peripheral blood mononuclear cells from type 1 and 2 diabetic
patients having inadequate (NA) or adequate (A) metabolic control and normal individuals (control 1 (C1) and
control 2 (C2) paired by sex and age with type 1 and 2 diabetic patients, respectively). INF-γ levels were higher in
the A type 1 diabetic group compared to the A type 2 and NA type 1 diabetic groups (P < 0.001 and 0.009,
respectively; Kruskal-Wallis and Wilcoxon tests). The horizontal lines indicate the median for each group.

Figure 3. IL-10 levels in culture supernatants of peripheral blood mononuclear cells (PBMC) from type 1 and 2
diabetic patients having inadequate (NA) or adequate (A) metabolic control and normal individuals (control 1 (C1)
and control 2 (C2) paired by sex and age with type 1 and 2 diabetic patients, respectively). The increase in IL-10
levels in the PBMC culture supernatants of A type 2 diabetic patients compared to C2 was not statistically
significant (P = 0.09; Kruskal-Wallis test). The horizontal lines indicate the median for each group.
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ic state may be the reason for these immuno-
logical defects (28). Current studies (29,30)
suggest an anti-inflammatory effect of insu-
lin even in situations of acute compensation
of hyperglycemic metabolic disturbances.

Plasma levels of cytokines in type 1 dia-
betic patients can be different from those of
non-diabetic patients (31,32), but it is well
known that the plasma concentrations of
cytokines suffer interference from many fac-
tors and can be produced by several types of
cells. Thus, we used PBMC cultures to evalu-
ate cells of the immunological system, fo-
cusing on the susceptibility to infections of
these patients.

IFN-γ is an important cytokine involved
in the immunological defense against intra-
cellular microorganisms which determines a
Th1 pattern of the adaptive immune response.
According to Faresjö et al. (33), IFN-γ levels
are increased in the supernatants of PBMC
cultures from type 1 diabetic patients during
the first month after the diagnosis. In the
present investigation, we studied type 1 dia-
betic patients several years after diagnosis
and we observed increased levels of IFN-γ in
comparison to type 2 diabetic patients. This
suggests that the immunological character-
istics observed in early stages of this type of
diabetes may further persist. Finally, it can-
not be excluded that “hyperglycemic memo-
ry” confounds the relationship between cell
function and concomitant blood glucose con-
centration, i.e., hyperglycemia-induced
changes in gene expression and biological
reactions such as advanced glycation-end
products in long-lived macromolecules may
not be reversed when glycemia returns to
normal, so that poor control is progressively
“imprinted” on the cells (34), resulting in
impairment of cellular immune activity.

Furthermore, metabolic control increased
IFN-γ concentration in the supernatants of
cell cultures from type 1 diabetic patients,
showing that an adequate metabolic control
may positively influence lymphocyte activ-

ity. This increase in lymphocyte activity may
have implications not only in the immuno-
logical defense against infection but also in
the pathological process of type 1 diabetes
mellitus, suggesting that adequate metabolic
control might stimulate the pancreatic injury
in earlier stages of this disease. In contrast,
metabolic control did not influence the pro-
duction of this cytokine in type 2 diabetic
patients despite the lower IFN-γ levels in the
type 2 diabetic groups compared to the nor-
mal paired control group. These data may be
associated with an immunological defect
originating from the chronic disease and the
older age of type 2 diabetic patients.

Traditionally, IL-10 is an anti-inflamma-
tory cytokine that can regulate the Th1 pat-
tern of the cellular immune response, but the
biological activity of this cytokine seems to
be more complex and there is evidence of a
pro-inflammatory effect (35-37). In agree-
ment with Geerlings et al. (38), we did not
find significant differences in PBMC pro-
duction of IL-10 between our diabetic and
normal individuals, but we observed a ten-
dency to an increase in IL-10 levels in type 2
diabetic patients after they obtained adequate
metabolic control.

The increased supernatant levels of IFN-
γ in PBMC cultures from type 1 diabetic
patients with adequate metabolic control sug-
gest a pattern of inflammatory response in
patients with good metabolic control. Addi-
tionally, the tendency to an increase in su-
pernatant IL-10 levels in type 2 diabetic
patients with adequate metabolic control sug-
gests that the control of diabetes improves
the capacity of activation and maintenance
of the immune response, probably diminish-
ing the susceptibility to infections.
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