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Abstract Background: Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a pro-inflammatory cytokine
with growth factor-like properties for monocytes and dendritic cells. Methods: Study subjects were recruited from the
hospital in Hilla city. Healthy controls (n=15) and D.M. patients (n=35) were included in the study. Serum levels of
GM-CSF and Anti-Insulin Antibody (AIA) measured by using ELISA technique. Results: The serum GM-CSF levels were
significantly higher among diabetes subjects as compared with subjects without diabetes and results showed a high
significant in serum AIA and glucose levels in patient as compare with control (p=0.009, P=0.001). The serum GM-CSF
levels were increased in age group (45-54 years) shows the higher percent (42.85%) of patients with diabetes, with
decreased of AIA and GM-CSF level rather than other age groups. Conclusions: There is indirect relationship between
AIA and GM-CSF level and that is mean increased AIA and glucose level reflect the reduced GM-CSF level among the

diabetic patients may be used as biomarker or use GM-CSF as co-therapy with insulin.
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1. Introduction

Granulocyte-macrophage  colony-stimulating  factor
(GM-CSF) is frequently used in preclinical and clinical
protocols to modulate autoimmune responses, bone marrow
transplants, and recovery from immune ablative therapies
[1].

GM-CSF was originally defined as hemopoietic growth
factor. It was involved in regulating the numbers and
function of macrophage lineage populations and have been
shown to contribute to macrophage heterogeneity [2].
However, it can act on macrophage populations and are
implicated in host defense and inflammation [3]. GM-CSF
can generate a population of Granulocyte Monocyte- bone
marrow-derived macrophages (GM-BMM) [4, 5] that have
macrophage and dendritic cell (DC) properties and are often
employed as a model for an immature DC [6, 7].

In the circumstance of immunity and inflammation,
macrophage populations express polarized functions
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depending on their milieu. Mirroring the Thl/Th2
nomenclature, polarized macrophages are often referred to
as M1 (classical activation) and M2 (alternative activation)
cells, respectively [8, 9].

The directed loss of insulin-producing B-cells by cell
mediated autoimmune responses results in insulin
dependent diabetes mellitus (IDDM). The non-obese
diabetic mouse (NOD) develops diabetes spontaneously and
is an important animal model because its pathology
resembles that of human IDDM patients. In these mice, the
destruction of the g -cells is preceded by inflammatory
infiltrates of macrophages and dendritic cells (DC) followed
by T and B cells into the pancreatic islets [10]. Although
female and male NOD mice develop insulitis, females
suffer more invasive and destructive insulitis, leading to a
higher incidence of diabetes as compared with males. The
development of autoimmune diabetes is T cell mediated and
requires the participation of both CD4+ and CD8+ subsets
[11].

Autoreactive T cells recognize antigen in the pancreatic
lymph nodes (pLN) and their efficient activation and
expansion lead to the development of the disease [12].
Initially, the response is limited to a small number of
epitopes within a few proteins but later spreads to other
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determinants, eventually involving T cells of many
specificities [13]. Thus, the presentation of self-islet
antigens to autoreactive cells is one of the critical functions
underlying the outcome of disease. The priming of
autoreactive T cells is carried out by antigen-presenting
cells (APC) including B cells, macrophages, and DC that
are themselves responsive to growth factors such as
granulocyte-monocyte colony-stimulating factor (GM-CSF)
[14]. Judkowski et. al. [1] results indicate that GM-CSF
enhanced disease in male NOD mice by triggering APC
recruitment and high levels of self antigen presentation.
GM-CSF reduces the threshold for induction of pathogenic
B -cell autoreactivity in susceptible mice.

2. Material and Method

Enzyme Linked ImmunoSorbent Assay (ELISA):

The detection GM-CSF and AIA in serum by using
enzyme linked immuno-sorbent assay (ELISA). In present
study the quantitative GM-CSF ELISA kit (Bosterbio/USA)
and AIA ELISA kit (Asculab/Germany) tested by ELISA
system (BioTeck/USA) the basic assay steps as follow:

1. Aliquot 0.1ml per well of the 1000pg/ml, 500pg/ml,
250pg/ml, 125pg/ml, 62.5pg/ml, 31.2pg/ml, 15.6pg/ml
of standard solutions were added into the precoated
96-well plate. Addition of 0.1ml of the sample diluent
buffer into the control well (Zero well). Addition
0.1ml of each properly diluted sample of human serum
to each empty well.

2. Sealing of the plate with the cover and incubation at
37°C for 90 min.

3. Removing of the cover, discard plate content, and
bloting the plate onto paper towels or other absorbent
material.

4. Addition of 0.1ml of biotinylated anti-human GM-CSF
(or ATA) antibody working solution into each well and
incubate the plate at 37°C for 60 min.

5. Washing plate 3 times with 0.01M TBS or 0.01M PBS,
and each time let washing buffer stay in the wells for 1
min. Discard the washing buffer and blot the plate onto
paper towels or other absorbent material.

6. Addition of 0.1ml of prepared ABC working solution
into each well and incubation of the plate at 37°C for
30 min.

7. Washing plate 5 times with 0.01M TBS or 0.01M PBS,
and each time let washing buffer stay in the wells for
1-2 min. Discard the washing buffer and blot the plate
onto paper towels or other absorbent material.

8. Addition of 90ul of prepared TMB color developing
agent into each well and incubate plate at 37°C in dark
for 15-20 min.

9. Addition of 0.1ml of prepared TMB stop solution into
each well. The color changes into yellow immediately.

10. Reading the O.D. absorbance at 450nm in a
microplate reader within 30 min after adding the stop
solution.
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Subjects: Thirty five patients with Diabetes Mellitus
were included in this study during their visiting of Diabetic
Center in Hilla Teaching Hospital. The diagnosis was made
by specialized Physician and to evaluate the positive and
negative result, blood samples were obtained from the
patients and control groups in the morning.

Control group: consisted of 15 healthy volunteers. They
were evaluated to rule out any medical and psychiatric
disorders.

Glucose measurement:

Glucose levels
(Roch/Germany).

Statistical Analysis

was measured by Reflotron plus

All statistical analyses were performed using SPSS 10.0
statistical software (SPSS Inc., Chicago, USA). Descriptive
statistics were shown in either mean +standard deviation
notation or as frequency tables. Relations among the
categorical variables were investigated by LSD. P-values
less than or equal to 0.05 were considered statistically
significant.

Serum Collection

5 ml of blood was obtained from each of patient and
healthy subject by venipuncture, under sterile conditions.
Serum was separated from whole blood by centrifugation at
1000 r.p.m. and was stored at -20°C until use. Lysed cells
were centrifuged at 12000g f or 1 hour at 4°C.

3. Result
GM-CSF and Anti -Insulin Antibody (AIA):

Our data has revealed a significantly decreasing in
GM-CSF concentration (P = 0,02) among diabetic patients
as compare with control, whereas , a significantly(P = 0.009)
anti insulin antibody (AIA) concentration increased (table

1.

Table (1). Concentration in mean £S.D (pg/ml) of Anti insulin antibody
and GM-CSF among diabetic patients and control
Groups Test. Control P. Value
P. Number 35 15
0.02 (S.)
Mean + SD
GM-CSF 118.39+39.46 517.7£172.56
Anti Insulin
+ +
Ab.(AIA) 6.781 +£2.26 2.046 + 0.682 0.009 (H.S.)
G. Level 205 + 68.6 94.9 +31.64 0.001 H.S.

Our investigation revealed the significant effect of the age
interval groups (table 2) in Concentration in mean +S.E of
anti-insulin Ab. and GM-CSF, where Post hoc analysis by
using LSD (4.5, 74.7) especially among 15-24 years and >
65 year old. The highest percentage of age are group (45
-54year) have 42.85%, while other age groups in less
percent.



262 Alaa Tareq Shakir Al-Hassnawi et al.:

Impact of Serum Granulocyte-Macrophage

Colony-Stimulating Factor Levels among Diabetes Patients in Hilla City - Iraq

Table (2). Concentration in mean £S.E (pg/ml) of anti-insulin Ab. And
GM-CSF in different age groups

concentration than type 1. The GM-CSF levels shows that
the female patients infected with type 1 has lower level than

Groups No. (%) | Antiinsulin Ab. | GM-CSF male patients as well as the type 1 patients group have
15-24 | 1(2.85%) 1.97 105.5 decreased GM-CSF level than type 2, although both groups
25-34 | 2(571%) 78 1042 are below the control level.
Agerange | 33-44 | 12(34.28%) 8.09 102.7 Table (5). Anti insulin Ab. and GM-CSF concentration levels among
(year) 45-54 | 15(42.85%) 715 997 gender case study and two type of Diabetes
= . 0 . .
55-64 | 3(8.57%) 528 123.7 Anti
Groups No. (%) Insulin | GM-CSF
> 65 2 (5.71%) 2.58 361 Ab.
LSD ( Test groups and control ) 45 74.7 Male 5(14.28%) 9.79 104.8
IDDM (1 Female 3 (8.57% 6.9 39.8
The table (3) shows that the result of glucose level of W ( 5)
. . . . . 0,
diabetes mellitus patients, beginning from 100 mg/dl up to Type Total | 8(22.85%) | 834 723
350 mg/dl arranged in class interval at 50 mg/dl, the Male | 15(42.85%) | 7.7 100.4
glucose level lying in between 151 -200, 201 -250 mg/dl N“(DZI)DM Female | 12 (34.28%) | 4.2 163.8
1 1 0, 0
have major groups of patlents. at 37.14% and 28.57% Total | 27 (77.15%) | 5.9 1322
respectively, while other groups in less percent. The lowest 1 3 03
G. level is associated with lowest AIA and GM-CSF level LSD (Test groups and control ) 6 ;

in comparison with other groups as well as highly glucose
concentration (> 300 mg/dl) was associated with lower AIA
level in comparison with other groups and control samples.

Table(3). Anti insulin Ab. and GM-CSF concentration levels among
different intervals glucose levels
Groups No. (%) Anti Insulin Ab. | GM-CSF

100-150 | 5 (14.28%) 3.82 51.26
Glucose 151-200 | 13(37.14%) 9.33 127.7
Level 201 -250 | 10(28.57%) 6.28 111.9
me/dl o5 300 | 5(1428%) 8.72 128.2
301-350 | 2(5.71%) 3.17 139.4
LSD (Test groups and control) 4.05 55.8

Among cross-sectional case study, the result (table 4)
shows that 4-7 years duration of disease have higher percent
(40%) and lower percent (8.57%) in 12 years. No
differences in AIA and GM-CSF level among these group
of patients except that the longer duration diabetes patient
(>12 years) shows that highly reduced AIA in controversial
with higher level of GM-CSF in comparison with other
groups.

Table (4). Concentration (pg/ml) of Anti insulin antibody and GM-CSF
among different duration (years) of disease(D.M)

Groups No. (%) Anti Insulin Ab. | GM-CSF
1-3 6 (17.14%) 9.9 774
Duration 4-17 14 (40.0%) 8.11 103.5
(Year) 8—11 | 12(34.28%) 6.32 128.7
>12 38.57%) 2.74 300
LSD ( Test groups ) 3.38 102.5

The result of AIA and GM-CSF level of diabetic patients
according to disease type as shown in table (5), it is show
that no differences in AIA level among both IDDM or type
1 and NIDDM or type 2, but type 2 shows the lowest

4. Discussion

Surendar et al. [15] reported that diabetes subjects have a
wide range of cytokine values. The could be several reasons
for these variations: (1) The diabetes population included
both obese and lean diabetes subjects, and it is well known
that the immune profiles in these two groups are different.
(2) All the diabetes subjects were receiving treatment, and
hence differences in the treatment modalities could also
account for these wide variations. (3) Finally, the duration
of diabetes, and it is well known that the duration of
diabetes can in fact affect the cytokine profile. Our study,
cross-sectional study revealed non significant differences
decreasing in serum GM-CSF levels as compare with
control group where as high increasing significant
differences in serum AIA. This result confirm with our data
differ from many study where the GM-CSF decreasing in
DM subjects, this may be return to the epigenetic factor
especially in some area than other. GM-CSF autocrine
stimulation of myeloid cells is a key regulatory component
in myeloid differentiation and activation responsiveness in
mature monocytes and macrophages and is under strict
temporal regulation. GM-CSF gene expression can be
induced in myeloid cells by cytokines such as IL-6, IL-3,
and IL-1PB, which induce epigenetic control modifications
on its promoter [16]. the most of proinflammatory cytokines
can affected by different kind of stress such as IL-6, and
IL-1B [17], that finally can cause the GM-CSF decreasing
or fluctuating secretion. Furthermore, our data indicate that
decreasing GM-CSF secretion may be able to effects in the
activation/differentiation in APC cells and support that
immunosuppression in DM subjects. From our data we are
suggested that GM-CSF can be use as co-treatment in
diabetic patient, many study confirm this suggestion

Remesa and Ronnemaaa [18] shows the topically
recombinant human GM-CSF healed the ulcers of young
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insulin-dependent diabetic patients suffering from chronic
non healing leg ulcers of necrobiosis lipoidica diabeticorum
were treated by applying macrophage GM-CSF on the ulcer
repetitively during 10 weeks. Decrease in the size of the
ulcers in diabetic patient was indicate the GM-CSF
insufficient as compare with control group. Fang ef al [19]
also revealed that exogenous granulocyte-macrophage
colony-stimulating factor (GM-CSF) is efficacious in the
treatment of chronic wound healing in both animal models
and patients, where, there was a significant reduction (50%)
in GM-CSF production in the wounds of the diabetics
compared with non diabetics. The present study also shows
the highly significant difference between Anti insulin Ab
and GM-CSF, this reversely relationship also insurance of
our suggestion that important of GM-SCF to developed the
diabetic type 1 and type 2 complication Regardless of
causes, where A number of proinflammatory cytokines/
chemokines including TNF, IL-1 and IL-6, MCP-1, and
GM-CSF were well documented to involve in the
pathogenesis of diabetes mellitus [20]. The current data,
however, insure that GM-CSF plays an important role in
increase or decrease anti insulin antibody especially in
IDDM or NIDDM (Table 5). The a normal condition of
cytokines secretion is recruit of macrophage, monocyte and
antigenic presenting cells and lead finally to antibody
secretion, then the cytokines (GM-CSF ) is decreasing. The
significant differences in GM-CSF and AIA in IDDM or
NIDDM in male and female in present study may be
support the hypothesis that the female immune response
more than male or may be related with lean or adipose
tissue where, One hypothesis about the link between obesity
and type II diabetes is that increased inflammation and
cytokine secretion from adipose tissue leads to insulin
resistance, particularly in the liver [21].

The current study conclude that, there is indirect
relationship between AIA and GM-CSF level and that is
mean increased AIA and glucose level reflect the reduced
GM-CSF level among the diabetic patients may be used as
biomarker or use GM-CSF as co-therapy with insulin.
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