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Abstract: There has been a recent explosion of interest in the notion that chronic low-grade inflammation and
activation of the innate immune system are closely involved in the pathogenesis of type 2 diabetes. A major
component of innate immunity is a series of sentinel cells including macrophages. M1 macrophages are polarized in
adipose tissue under the effect of activated CD8+ve T-cells and are proinflammatory, secreting cytokines such as
TNF-α and IL-1β. M1 macrophages express CD11-c +ve which is responsible for insulin resistance. Galectins are a
family of carbohydrate binding proteins that have specific binding affinity for β-galactosides, and they exhibit
evolutionary conservation from fungi to mammals and there is evidence that galectin-9 protein induces apoptosis,
suggesting a role in negative selection of autoreactive T cells. Furthermore, Gal-9 induced apoptosis in activated
CD-8+ve T cells. That is we investigated the relationship of galectin-9 to type 2 diabetes and diabetic nephropathy
as an example to microvascular complications of diabetes. This study included 60 patients: 15 patients were diabetic
without nephropathy (group I), 30 diabetic patients with nephropathy (group ΙΙ) subdivided into 15 patients with
microalbuminuria and 15 patients with macroalbuminuria and 15 as control healthy subjects (group ΙΙΙ). All patients
were subjected to thorough history taking, complete clinical examination, laboratory investigations including: Serum
Galectin-9 level using ELISA technique, fasting serum glucose level and postprandial serum glucose level, HbA1c,
serum creatinine level and BUN level, albumin/creatinine ratio in urine, estimated glomerular filtration rate. Imaging
study of all subjects was done using ultrasonographic examination of kidney. We found that that there 's no
significant difference between the three groups regarding age, weight and sex and studied laboratory parameters
except galectin-9 serum level which showed a mean of 257.55 ± 205.98, 298.45 ± 136.54, and 2287.86 ± 295.52 in
groups I, ΙΙ, and ΙΙΙ respectively. There was no significant difference between group Ι and ΙΙ (p > 0.05), but there
was significantly higher in control group than diabetic patients without nephropathy (p < 0.01), and was
significantly higher in control group than diabetic patients with nephropathy (p < 0.01).
[Abd El Raouf, Y. M; Eissa, A. T; Khalil, H. M and Elbendary, A. S. Role of Galectin-9 (Gal-9) In Pathogenesis
of Type 2 Diabetes Mellitus and Microvascular Complications. J Am Sci 2014;10(12):34-46]. (ISSN: 15451003). http://www.jofamericanscience.org. 4
Key words: Galectin-9, type 2 diabetes mellitus, Diabetic vascular complications.
(i.e., nonclonal) pattern recognition receptors (PRRs)
on and in these cells recognize conserved molecular
structures (pathogen- associated molecular patterns)
that are characteristic of a class of harmful agents. The
most studied PRRs are probably the family of at least
10 toll-like receptors (TLRs) that are present at the
cell surface as transmembrane receptors (Medzhitov,
2001).
TLR-4,
for
example,
recognizes
lipopolysaccharide (LPS) from Gram-negative
bacteria, in conjunction with associated accessory
molecules (CD14, MD-2). Other cell surface PRRs are
macrophage scavenger receptors (Pearson, 1996), the
mannose receptor (Medzhitov et al., 2000), and the
receptor for advanced glycation end products (AGEs)
(Li et al., 1996). There are also intracellular PRRs,
e.g., for double-stranded RNA (present in viruses).
Binding to PRR activates nuclear factor-kB (NF-kB)
signaling pathways that induce immune response
genes, especially those for inflammatory cytokines,
which are the main mediators of inflammation and the
acute-phase response. Secreted and circulating PRRs
such as CRP and mannan-binding lectin function as

1. Introduction
There has been a recent explosion of interest in
the notion that chronic low-grade inflammation and
activation of the innate immune system are closely
involved in the pathogenesis of type 2 diabetes
(Pickup et al., 1997, Pickup et al., 1998). Circulating
markers of inflammation, acute-phase reactants, or
interleukin (IL)-6 (the major cytokine mediator of the
acute-phase response) are strong predictors of the
development of type 2 diabetes (Pradhan et al., 2001,
Barzilay et al., 2001, Vozarova et al., 2002).
The innate or natural immune system is the
body’s rapid first-line defense against environmental
threats such as microbial infection and physical or
chemical injury
(Medzhitov et al., 2000). A major component of
innate immunity is a series of sentinel cells
(classically macrophages (M1and M2), antigenpresenting B-cells, and dendritic cells, but probably
also intestinal epithelial cells, endothelium Kupffer
cells in the liver, adipocytes, and others) that act as
“trouble detectors.” A number of germ line–encoded
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opsonins, binding to microbial cell components and
flagging them for recognition by the complement
system and phagocytes (JOHN et al., 2004).
Macrophages have been segregated into two
broad groups: M1s induced in vitro with granulocytemacrophage colony-stimulating factor (GM-CSF)
secrete proinflammatory cytokines; M2s induced in
vitro with macrophage colony-stimulating factor (MCSF) and IL-4 secrete anti-inflammatory cytokines.
M2 macrophages have been associated with the repair
of injured tissues and the resolu-tion of inflammation
(Gordon et al., 2003). In lean mice, M2-like
macrophages are the predominant resident adipose
tissue macrophages (ATMs). In the expanding adipose
tissue of obesity, the local population shifts from M2like macrophages to M1-like ATMs that express
CD11c and are characterized by the accumulation of
lipids. Greater than 90% of these M1-like cells
originate from recruited monocytes that become
CD11c+ (Nguyen et al., 2007, Prieur et al., 2011).
Conditional ablation of CD11c+ cells in mice with
diet-induced obesity significantly reduced adipose
tissue and skeletal muscle macrophages, decreased
proinflammatory cytokine levels, and increased
insulin sensitivity (Patsouris et al., 2008).
In lean adipose tissue, T-helper type 2 (TH2)
cells produce anti-inflammatory cytokines such as
interleukin (IL)-4, 10, and 13 which promote
alternatively activated M2 macrophage polarization.
M2 polarization is also induced by regulatory T cells
(Tregs) and eosinophils via IL-4. M2 macrophages
secrete other anti-inflammatory signals such as IL10whichmaintain insulin sensitivity within lean
adipose tissue. Conversely, T-helper type 1(TH1)
cytokines such as interferon (IFN)- Ƴ stimulate
M1 macrophage polarization in obese adipose
tissue. Other immune cells are also increased in obese
adipose tissue which contribute to insulin resistance
including mast cells, B cells, and immunoglobulins
(Igs). CD8(+) T cells promote ATM accumulation and
proinflammatory gene expression and are also
increased as well. Macrophages are not homogenously
distributed throughout obese adipose tissue but rather
aggregated around dead adipocytes forming crownlike structures (CLS). M1 macrophages are
proinflammatory, secreting cytokines such as TNF-α
and IL-1β. Macrophages are bone-marrow-derived
myeloid cells hence both M1 and M2 macrophages
express the myeloid cell surface markers F4/80 and
CD11b. However, only the M1 population expresses
the marker CD11c (Payal et al., 2013). Also; research
works have demonstrated that local macrophage
accumulation may herald the development of common
diabetic complications such as atherosclerosis,
nephropathy, neuropathy, and retinopathy. Glomerular
infiltration of macrophages in diabetic kidneys has

been fairly well established by examining diabetic
kidney biopsies from mice and humans (MensahBrown et al., 2005, Sassy-Prigent et al., 2000).
Galectins are β-galactoside binding protein and
involved in various biological processes such as
development, organogenesis, oncogenesis, cell
adhesion, cell cycle regulation and immunity
(Barondes et al., 1994).
Mouse and rat galectin-9 (Gal-9) was identified
(Wada et al., 1997, Wada and Kanwar, 1997).and
its human homologue was independently cloned by
using autoreactive antibodies in Hodgikin’s disease
(Tureci et al., 1997). Galectin-9 exerted apoptotic
potential against thymocytes (Pickup et al., 1998),
suggesting their important roles in the negative
selection of thymocytes. Gal-9 lacking signal peptide
is secreted out by non-classical pathway under
inflammatory state and induced apoptosis in activated
CD8+ T cells (Tsuchiyama et al., 2000, Wang et al.,
2007) and activated T helper 1 (TH1) cells (Zhu et al.,
2005), suggesting a potential mechanism to eliminate
the activated T cells at termination of the immune
response in inflammatory tissues.
In this work we tried to explore the association
of serum galectin-9 level, type 2 diabetes and diabetic
nephropathy as a microvascular complication of
diabetes.
2. Subjects and Methods
Subjects
This study was conducted on 60 patients with
previously documented type 2 diabetes mellitus.
Patients were divided into 3 groups:
Group I: (15) patients with type 2 diabetes mellitus
without nephropathy
Group II: (30) patients with type 2 diabetes mellitus
with recently discovered nephropathy, who were not
on medical treatment for nephropathy and subdivided
into:
A.
Group II (a) (15) Microalbuminuria ACR
30-299 mg/gm.
B.
GroupII (b) (15) Macroalbuminuria ACR ≥
300 mg/gm.
Group III: (15) subjects of normal health as a control
group.
The patients were selected from inpatient wards
and outpatient clinic of Endocrinology Unit, Internal
Medicine Department, Tanta University Hospital, in
the period from June 2013 to November 2013.
Inclusion criteria:
Patients with type 2 diabetes mellitus under
treatment with insulin therapy.
Exclusion criteria:
1. Patients with end stage renal disease.
2. Patients with any inflammatory or
immunological diseases, excluded on clinical bases.
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As seen in table (5), our laboratory data
regarding fasting blood glucose (FBG) in groups I, ΙΙ,
and ΙΙΙ had a mean of 130.93 ± 19.01, 132.13 ± 15.18,
and 82.60 ± 8.85 respectively. There was no
significant difference between group Ι and group ΙΙ
(p1> 0.05), but there was significant difference
between group Ι and group ΙΙΙ (p2 < 0.01), and
between group ΙΙ and group ΙΙΙ (p3 < 0.01).
Regarding two hour postprandial (2hr pp) in
group I, ΙΙ, and ΙΙΙ the mean was 188.73 ± 19.82,
197.20 ± 13.89, and 109.67 ± 7.89 respectively. There
was no significant difference between group Ι and ΙΙ
(p1 > 0.05) but there was significant difference
between group Ι and group ΙΙΙ (p 2 < 0.01), and
between group ΙΙ and group ΙΙΙ (p 3< 0.01).
The mean of HbA1c was 9.07 ± 0.99, 9.08 ±
2.10, and 4.97 ± 0.50 in group I, ΙΙ, and ΙΙΙ
respectively. There was no significant difference
between group Ι and ΙΙ (p 1 > 0.05) but there was
significant difference between group Ι and group ΙΙΙ (p
2 < 0.01), and group ΙΙ and group ΙΙΙ (p 3 < 0.01).
Albumin creatinine ratio (A/C) was shown to
have a mean of 16.06 ± 7.38, 1135.36 ± 1896.98, and
15.20 ± 4.26 in group I, ΙΙ, and ΙΙΙ respectively . There
was significant difference between group Ι and ΙΙ (p 1
< 0.05), between group ΙΙ and group ΙΙΙ (p 3 < 0.01),
but there was no significant difference between group
Ι and group ΙΙΙ (p 2 > 0.05).
For creatinine it was shown that the mean was
0.95 ± 0.26, 2.08 ± 1.65, and 0.68 ± 0.13 in groups I,
ΙΙ, and ΙΙΙ respectively. There was significant
difference between group Ι and ΙΙ (p 1 < 0.05),
between group ΙΙ and group ΙΙΙ (p 3 < 0.01), but there
was no significant difference between group Ι and
group ΙΙΙ (p 2 > 0.05).
The mean of urea was 40.87 ± 15.06, 74.03 ±
53.74, and 29.33 ± 10.67 in groups I, ΙΙ, and ΙΙΙ
respectively. There was significant difference between
group Ι and ΙΙ (p 1 < 0.05), between group ΙΙ and
group ΙΙΙ (p 3 < 0.01), but there was no significant
difference between group Ι and group ΙΙΙ (p 2 > 0.05).
The mean of galectin-9 serum level was 257.55 ±
205.98, 298.45 ± 136.54, and 2287.86 ± 295.52 in
groups I, ΙΙ, and ΙΙΙ respectively. There was no
significant difference between group Ι and ΙΙ (p 1 >
0.05), but there was significant difference between
group Ι and group ΙΙΙ (p 2 < 0.01), and between group
ΙΙ and group ΙΙΙ (p 3< 0.01). (Fig. 1)
Regarding Estimated glomerular filtration rate
(eGFR) it was revealed that the mean was 90.35
±29.89, 61.18 ±37.69, and 127.65 ±16.34 in groups I,
ΙΙ, and ΙΙΙ respectively. There was significant
difference between group Ι and ΙΙ (p 1 < 0.05), and
between group ΙΙ and group ΙΙΙ (p 3 < 0.01), but there
was no significant difference between group Ι and
group ΙΙΙ (p 2 > 0.05).

Methods

All studied groups included were subjected
to:
Thorough history taking, complete clinical
examination, laboratory investigations including
serum galectin-9 level, fasting serum glucose,
postprandial serum glucose, blood urea, serum
creatinine, urinary albumin/ creatinine excretion ratio,
estimated glomerular filtration rate (eGFR), and
estimation of serum galectin-9 level using ELISA kit
for galectin-9 (Uscn Life Science Inc). Also; all
subjects were subjected to ultrasonographic
examination of kidneys to rule-out gross structural
kidney abnormality.
3.Results
This study was conducted on 60 patients with
previously documented type 2 diabetes mellitus.
Patients were divided into 3 groups, group I included
fifteen patients with type 2 diabetes mellitus without
nephropathy, group II: included thirty patients with
type 2 diabetes mellitus with recently discovered
nephropathy, who were not on medical treatment for
nephropathy and subdivided into fifteen patients with
microalbuminuria ACR 30-299 mg/gm & fifteen
patients with macroalbuminuria ACR ≥ 300 mg/gm.
In group III there were fifteen healthy subjects as a
control group.
Demographic data as shown in tables (1,2,3,4, 6),
revealed that out of the fifteen patients in group I (type
2 diabetes mellitus without nephropathy), 4 of them
(26.7 %) were males and 11 patients (73.3 %) were
females with a mean age of 54.40 ±11.37 years and a
mean weight 74.07 ±16.28 kg. Among the thirty
patients in group II (type 2 diabetes mellitus with
nephropathy), 10 (33.3 %) of them were males and 20
(66.7 %) patients were females with a mean age of
52.10 ±10.19 and a mean weight 78.43 ±17.96 kg. The
subdivided groups from group II included: sub group
(A) which included fifteen patients with type 2
diabetes mellitus with microalbuminuria, this
subgroup showed that 4 (26.7 %) of them were males
and 11 (73.3 %) patients were females with a mean
age of 51.33 ± 12.94 and a mean weight 84.80 ± 19.89
kg. In sub group (B) fifteen patients with type 2
diabetes mellitus with macroalbuminuria showed that
6 (40 %) of them were males and 9 (60%) patients
were females with a mean age of 52.87 ± 6.81 and a
mean weight 72.07 ± 13.64 kg. The fifteen subjects of
group III (control group) showed that 12 (80 %)
subjects were male and 3 (20%) subjects were female
with a mean age of 52.87 ± 6.81 and a mean weight
72.07 ± 5.74 kg. Comparison between all studied
groups as regard age, sex and weight showed no
statistically significant values in all analysis.(p>0.05).
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Table (6) shows no statistical significant
difference between the 2 subgroups of group ΙΙ
regarding FPG, PPPG, galectin-9 serum level and
HBA1C (> 0.05), while there was statistical
significant difference between the 2 subgroups
regarding Albumin/ Creatinine ratio with a mean of
145.86 ± 76.3, and 2124.87 ± 2313.04 in subgroup of
microalbuminuria and macroalbuminuria respectively
(p < 0.0). Also; the mean of serum creatinine level
was 1.37 ± 0.80, and 2.79 ± 1.98 in subgroup of
microalbuminuria and macroalbuminuria respectively,
with statistical significant difference (p < 0.0). The
mean of eGFR was 82.93 ± 36.07, and 39.43 ± 25.06
in
subgroup
of
microalbuminuria
and
macroalbuminuria respectively, with statistical
significant difference (p < 0.0).
It is clear from table (7) that there was no
significant correlation between Galectin- 9 and
standard variables including Age, weight, fasting
blood glucose, 2hr postprandial, HbA1c, Albumin
creatinine ratio (ACR), serum creatinine, serum urea
and estimated glomerular filtration rate (eGFR) in
diabetic patients without nephropathy. Fig(2)

Table (8) shows no significant correlation
between Galectin- 9 and standard variables including
Age, weight, fasting blood glucose, 2hrs postprandial,
HbA1c, Albumin creatinine ratio (ACR), serum
creatinine, serum urea and estimated glomerular
filtration rate (eGFR) in diabetic patients with
nephropathy. Fig(3)
In table (9) we can find that there was no
significant correlation between Galectin- 9 and
standard variables including Age, weight, fasting
blood glucose, 2hr postprandial, HbA1c, Albumin
creatinine ratio (ACR), serum creatinine, serum urea
and estimated glomerular filtration rate (eGFR) in
diabetic patients with nephropathy group with
microalbuminurea.
Table (10) indicates that there was no significant
correlation between Galectin- 9 and standard variables
including Age, weight, fasting blood glucose, 2hr
postprandial, HbA1c, Albumin creatinine ratio (ACR),
serum creatinine, serum urea and estimated glomerular
filtration rate (eGFR) in diabetic patients with
nephropathy group with macroalbuminurea.

Table (1): Frequency of gender in each group:
Gender
Frequency
Male
4
Type 2 diabetes mellitus without nephropathy
Female
11
Total
15
Male
10
Type 2 diabetes mellitus with nephropathy
Female
20
Total
30
Male
12
Control group
Female
3
Total
15
Groups

Sub groups
micro-albuminuria:

Macro-albuminuria:

Table (2): Frequency table of gender in each sub group:
Gender
Frequency
Male
4
Female
11
Total
15
Male
6
Female
9
Total
15

Percent
26.7
73.3
100.0
40.0
60.0
100.0

Table (3): Differences between studied groups regarding age and weight:
Mean ± SD
ANOV A test
Type 2 diabetes mellitus without nephropathy
54.40 ±11.37
Age
Type 2 diabetes mellitus with nephropathy
52.10 ±10.19
0.28
Control group
52.87 ± 6.81
Type 2 diabetes mellitus without nephropathy
74.07 ±16.28
Weight Type 2 diabetes mellitus with nephropathy
78.43 ±17.96
0.97
Control group
72.07 ± 5.74
P VALUE > 0.05 non significant (NS)
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Percent
26.7
73.3
100.0
33.3
66.7
100.0
80.0
20.0
100.0

p- value
> 0.05

> 0.05

Journal of American Science 2014;10(12)

http://www.jofamericanscience.org

Table (4): Differences between two subgroups in group 2:
Sub groups
Mean ± SD
t- test
Micro-albuminuria:
51.33 ± 12.94
Age
Macro-albuminuria:
52.87 ± 6.81
0.41
Micro-albuminuria:
84.80 ± 19.89
Weight
2.05
Macro-albuminuria:
72.07 ± 13.64
P VALUE > 0.05 non significant (NS).
Variables

p- value
> 0.05
> 0.05

Table (5): Differences between studied groups regarding all studied variables:
Kruskal Wallis
Tamhane post Hoc pVariables Groups
Mean ± SD
p- value
test
value
Type 2 diabetes mellitus without
130.93 ±19.01
nephropathy
P1= > 0.05
FBS
Type 2 diabetes mellitus with
60.33*
< 0.01 P2= < 0.01
132.13 ±15.18
nephropathy
P3= < 0.01
Control group
82.60 ±8.85
Type 2 diabetes mellitus without
188.73 ±19.82
nephropathy
P1= > 0.05
2HPP
Type 2 diabetes mellitus with
193.87*
< 0.01 P2= < 0.01
197.20 ±13.89
nephropathy
P3= < 0.01
Control group
109.67 ±7.89
Type 2 diabetes mellitus without
9.07 ±0.99
nephropathy
P1= > 0.05
HBA1C Type 2 diabetes mellitus with
37.09*
< 0.01 P2= < 0.01
9.08 ±2.10
nephropathy
P3= < 0.01
Control group
4.97 ±0.50
Type 2 diabetes mellitus without
16.06 ±7.38
nephropathy
P1= < 0.05
A/c ratio Type 2 diabetes mellitus with1135.36
44.41
< 0.01 P2= > 0.05
nephropathy
±1896.98
P3= < 0.01
Control group
15.20 ±4.26
Type 2 diabetes mellitus without
0.95 ±0.26
nephropathy
P1= < 0.05
Creatinine Type 2 diabetes mellitus with
28.08
< 0.01 P2= > 0.05
2.08 ±1.65
nephropathy
P3= < 0.01
Control group
0.68 ±0.13
Type 2 diabetes mellitus without
40.87 ±15.06
nephropathy
P1= < 0.05
Urea
Type 2 diabetes mellitus with
18.65
< 0.01 P2= > 0.05
74.03 ±53.74
nephropathy
P3= < 0.01
Control group
29.33 ±10.67
Type 2 diabetes mellitus without
257.55 ±205.98
nephropathy
P1= > 0.05
Galectin_9 Type 2 diabetes mellitus with
36.01
< 0.01 P2= < 0.01
298.45 ±136.54
nephropathy
P3= < 0.01
Control group
2287.86 ±295.52
Type 2 diabetes mellitus without
90.35 ±29.89
nephropathy
P1= < 0.05
eGFR
Type 2 diabetes mellitus with
26.29
< 0.01 P2= > 0.05
61.18 ±37.69
nephropathy
P3= < 0.01
Control group
127.65 ±16.34
P VALUE > 0.05 non significant (NS).
P1 between Type 2 diabetes mellitus without nephropathy and Type 2 diabetes mellitus with nephropathy.
P2 between Type 2 diabetes mellitus without nephropathy and control group.
P3 between Type 2 diabetes mellitus with nephropathy and control group.
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As shown in table (11) we can find that there was
no significant correlation between Galectin 9 and
standard variables including Age, weight, fasting blood
glucose, 2hr postprandial, HbA1c, serum creatinine,

serum urea and estimated glomerular filtration rate
(eGFR). There's positive correlation between galectin 9
and Albumin creatinine ratio (ACR) in normal healthy
control subjects.

Table (6): Differences between two subgroups in group 2 (Diabetic nephropathy):
Sub groups
Mean ± SD
t- test
p- value
Micro-albuminuria:
51.33 ± 12.94
Age
> 0.05
Macro-albuminuria:
52.87 ± 6.81
0.41
Micro-albuminuria:
84.80 ± 19.89
Weight
2.05
> 0.05
Macro-albuminuria:
72.07 ± 13.64
Micro-albuminuria:
128.87 ± 18.72
FBS
1.19
> 0.05
Macro-albuminuria:
135.40 ± 10.19
Micro-albuminuria:
199.40 ± 15.35
2HPP
0.86
> 0.05
Macro-albuminuria:
195.00 ± 12.42
Micro-albuminuria:
9.50 ± 2.51
HBA1C
1.09
> 0.05
Macro-albuminuria:
8.66 ± 1.57
Micro-albuminuria:
145.86 ± 76.31
A/C ratio
4.67*
< 0.01
Macro-albuminuria:
2124.87 ± 2313.04
Micro-albuminuria:
1.37 ± 0.80
Creatinine
2.62*
< 0.01
Macro-albuminuria:
2.79 ± 1.98
Micro-albuminuria:
53.87 ± 32.83
Urea
2.34*
< 0.05
Macro-albuminuria:
94.20 ± 63.51
Micro-albuminuria:
292.22 ± 115.80
Galectin_9
0.33*
> 0.05
Macro-albuminuria:
304.68 ± 158.51
Micro-albuminuria:
82.93 ± 36.07
3.13*
< 0.01
eGFR
Macro-albuminuria:
39.43 ± 25.06
P VALUE > 0.05 non significant (NS).
Variables

Table (7): Pearson Correlation between Galectin 9 and
all studied variables in Type 2 diabetes mellitus
without nephropathy group:
Galectin_9
R
- 0.271
Age
p- value
> 0.05
R
- 0.261
Weight
p- value
> 0.05
R
0.196
FBS
p- value
> 0.05
R
0.226
2HPP
p- value
> 0.05
R
- 0.184
HBA1C
p- value
> 0.05
R
0.242
A/C ratio
p- value
> 0.05
R
- 0.131
Creatinine
p- value
> 0.05
R
- 0.210
Urea
p- value
> 0.05
R
0.004
eGFR
p- value
> 0.05
P VALUE > 0.05 non significant (NS).

Table (8): Pearson Correlation between Galectin 9 and
all studied variables in Type 2 diabetes mellitus with
nephropathy group:
Galectin 9
R
0.080
Age
p- value
> 0.05
R
0.006
Weight
p- value
> 0.05
R
0.068
FBS
p- value
> 0.05
R
- 0.052
2HPP
p- value
> 0.05
R
- 0.189
HBA1C
p- value
> 0.05
R
0.040
A/C ratio
p- value
> 0.05
R
- 0.020
Creatinine
p- value
> 0.05
R
- 0.023
Urea
p- value
> 0.05
R
0.032
eGFR
p- value
> 0.05
P VALUE > 0.05 non significant (NS).
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Table (9): Pearson Correlation between Galectin 9 and
all studied variables in Type 2 diabetes mellitus with
nephropathy group with microalbuminuria.
Galectin_9
R
- 0.030Age
p- value
> 0.05
R
- 0.258
Weight
p- value
> 0.05
R
0.385
FBS
p- value
> 0.05
R
0.252
2HPP
p- value
> 0.05
R
- 0.046
HBA1C
p- value
> 0.05
R
- 0.004
A/c ratio
p- value
> 0.05
R
- 0.028
Creatinine
p- value
> 0.05
R
0.147
Urea
p- value
> 0.05
R
.031
eGFR
p- value
> 0.05
P VALUE > 0.05 non significant (NS).

galactosides,
and
they
exhibit
evolutionary
conservation from fungi to mammals (Cooper, 2002).
Galectin-9 protein induces apoptosis, suggesting a
role in negative selection of autoreactive T cells.
Furthermore, Gal-9 induced apoptosis in activated CD8
T cells in Wistar Kyoto rats with glomerulonephritis
(Tsuchiyama et al., 2000).
Our study showed that galectin-9 level was not
significantly correlated to all standard variables
including age, weight, fasting blood glucose, 2hr
postprandial, HbA1c, Albumin creatinine ratio (ACR),
serum creatinine, serum urea, estimated glomerular
filtration rate (eGFR) in all studied groups except in the
control group where it was significantly correlated to
Albumin creatinine ratio.
Table (10): Pearson Correlation between Galectin 9
and all studied variables in Type 2 diabetes mellitus
with nephropathy group with macroalbuminuria:
Galectin_9
R
0.247
Age
p- value
> 0.05
R
0.328
Weight
p- value
> 0.05
R
- 0.364
FBS
p- value
> 0.05
R
- 0.317
2HPP
p- value
> 0.05
R
- 0.375
HBA1C
p- value
> 0.05
R
0.030
A/C ratio
p- value
> 0.05
R
- 0.052
Creatinine
p- value
> 0.05
R
- 0.118
Urea
p- value
> 0.05
R
0.125
eGFR
p- value
> 0.05
P VALUE > 0.05 non significant (NS).

4. Discussion
Diabetes mellitus is a metabolic disorder
characterized by hyperglycemia. In type 2 diabetes
insulin resistance, or insufficient insulin secretion, or
both are blamed for pathogenesis of diabetes (The
expert committee on the diagnosis and classification
of diabetes mellitus, 2003).
Diabetic complications are of two types, short
term complications (Acute) and long term
complications (chronic). Short term complications are
like diabetic ketoacidosis, hyperosmolar non ketotic
coma and hypoglycemia. Long term complications
include diabetic microvascular complications such as
retinopathy, nephropathy and neuropathy, which are
leading causes of blindness, end stage renal disease
(ESRD) and various painful neuropathies, respectively.
The other chronic complicatins include the
macrovascular
complications
which
involve
atherosclerosis related diseases, such as coronary artery
disease,
peripheral
vascular
disease
and
cerebrovascular stroke (Kitada et al., 2010) .
Diabetic vascular complications result from
imbalances caused by increases in the toxic effects of
systemic
metabolic
abnormalities
such
as
hyperglycemia, dyslipidemia, and hypertension, and
reductions in the regenerative effect of endogenous
protective factors as insulin, vascular endothelial
growth factor (VEGF), platelet derived growth factor
(PEGF), nitric oxide (NO), and antioxidant enzymes.
Galectins are a family of carbohydrate binding
proteins that have specific binding affinity for β-

Fig (1): Comparison between the studied group
regarding serum galectin-9 level
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Fig (2): Correlation between Galectin-9 and all studied variables in Type 2 diabetes mellitus without nephropathy
group:
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Fig (3): Correlation between Galectin 9 and all studied variables in Type 2 diabetes mellitus with nephropathy
group:
Kurose et al., 2013, had document similar result
to ours regarding the correlation between galectin 9
and HbA1c and blood glucose, as it was documented
that there's no significant correlation between galectin
9 and blood glucose and HbA1c. but, they were
against our findings regarding other variables
including: age, weight, Albumin creatinine ratio
(ACR), serum creatinine, serum urea, Estimated

glomerular filtration rate (eGFR). They found that
Serum Gal-9 levels is significantly and positively
correlated with age, creatinine, urea. and negatively
correlated with eGFR (Kurose et al., 2013).
Our results can be explained on the bases that
there’s no significant difference between the three
groups regarding age, weight and sex. Also we found
that there's no significant difference between group Ι
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(diabetic without nephropathy) and group ΙΙ (diabetic
with nephropathy) regarding the following variables
including fasting blood glucose, 2hrs postprandial,
HbA1c and galectin-9. But there's significant
difference between group ΙΙΙ (control group) and
groups Ι & ΙΙ regarding fasting blood glucose, 2hr
postprandial, HbA1c and galectin-9.
Our finding regarding Albumin creatinine ratio
(ACR), serum creatinine, serum urea and estimated
glomerular filtration rate (eGFR) showed that there's
significant difference between group Ι and ΙΙ, there's
significant difference between group ΙΙ and group ΙΙΙ,
but there's no significant difference between group Ι
and group ΙΙΙ.
Regarding the level of serum galectin-9 in the
three groups we found that galectin-9 level was
significantly increased in control group than other
groups of diabetic patients with or without
nephropathy.
Also, galectin-9 was higher in diabetic patients
with nephropathy than those without nephropathy but
it wasn't significant.
Gal-9 may act as an essential cell-cycle
regulator. The cell cycle is dysregulated in the diabetic
state, and G1-phase arrest is believed to be responsible
for the high glucose induced cellular hypertrophy and
increase in the de novo protein synthesis and
consequential accumulation of extracellular matrix
proteins, as typically seen in diabetic nephropathy
(Wolf, 2002, Wolf and Shankland, 2003).
There is a growing body of evidence that specific
cyclin dependent kinase (CDK) inhibitors, p27Kip1
and p21Cip1, are critically involved in hypertrophy of
mesangial cells that are exposed to high glucose
ambience (Abdel-Wahab et al., 2002, Wolf et al.,
2003) and in experimental types 1 and 2 diabetes and
also in p27Kip1 knockout (Awazu et al., 2003).
The inhibition of TGF (Transforming growth
factor) mediated hypertrophy in cultured mesangial
cells derived from p27Kip1 and p21Cip1 double null
(-/-) mice also support the notion that CDK inhibitors
are critical molecules in cellular hypertrophy
(Monkawa et al., 2003).
High glucose stimulates the expression of TGFβ1 (Awazu et al., 2003).
Induction of expression of TGFβ1 stimulates the
expression of the CDK inhibitors p21Cip1 and
p27Kip1 through transcriptional and posttranslational
mechanisms. Although high glucose mediated
induction of p27Kip1 is to some extent independent of
TGF-β1 pathway (Wolf et al., 2001).
Thus, they concluded that high glucose mediated
podocyte injury associated with G1 phase cell cycle
arrest seems to be another major player in the
pathogenesis of diabetic glomerulopathy.

Although mesangial cells can re-enter the cell
cycle, they fail to progress through G1/S phase
because of the induction of CDK inhibitors. Besides
mesangial cells, recent studies have demonstrated that
podocyte hypertrophy is observed in differentiated
podocyte cell line and Zucker fatty rats (Hoshi et al.,
2002).
Increase in p21Cip1 and p27Kip1 has been
described in podocytes in Zucker fatty rats, which is
also seen in db/db mice in their studies (Mundel and
Shankland 2002).
In type 2 diabetes, a decrease in podocyte
number is well correlated with both microalbuminuria
and progression of diabetic nephropathy (Mundel and
Shankland 2002).
Data from the work of Baba et al., 2005, can be
supportive to our studies as it reported that In db/db
mice, chronic administration of Gal-9 reduced
albuminuria and inhibited glomerular hypertrophy and
accumulation of extracellular matrix (Baba et al.,
2005).
Injection of Gal-9 inhibited both mRNA and
protein expression of type IV collagen and glomerular
expression of TGF-β1 protein (Baba et al., 2005).
In db/db mice, immune histochemistry clearly
indicated that p27Kip and p21Cip1positive cells
predominantly increased in podocytes compared with
nondiabetic db/m mice (Baba et al., 2005).
Although the cell-cycle arrest and cellular
hypertrophy in mesangial cells in diabetic
nephropathy were well documented in the literature,
they postulated that podocytes also are involved in
such process (Baba et al., 2005).
The administration of Gal-9 reduced p27Kip1and p21Cip1-positive cells in glomeruli in db/db mice.
The in vivo data suggested that Gal-9 ameliorated
early diabetic nephropathy via inhibition of TGF-β1 as
well as cell-cycle–dependent pathways (Baba et al.,
2005).
Gal-9 promotes and assists cell-cycle progression
and successful replication in diabetic state, where cellcycle progression is halted despite cell-cycle entry.
Thus, Gal-9 exerts dual action on the cells and
modulates the fate of cells, i.e., apoptosis subsequent
to S-phase arrest or successful progression to G2
phase depending on the status or the nature of the cells
(Baba et al., 2005).
In conclusion, galectin-9 has been found to be
higher in non diabetic healthy subjects than those with
diabetes. Although, galectin-9 was higher in diabetic
patients with nephropathy, but it wasn't statistically
significant.
This may be indicative of possible role of
decreased galectin-9 to pathogenesis of diabetic
nephropathy.
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The findings in our work suggest that galectin-9
may play a role in the development of type 2 diabetes
as reported before galectin 9 level was significantly
higher in healthy control group rather than in those
with type 2 diabetes with or without nephropathy.
So, the possibility of the link between low
galectin-9 level and development of type 2 diabetes is
highly suggested.
Data from previous research work showed
collected evidence in humans and rodents has
validated chronic inflammation as a promising target
for prevention and therapy of insulin resistance, type 2
diabetes, and cardiovascular disease.
Macrophages are bone marrow derived myeloid
cells; hence both M1 and M2 macrophages express the
myeloid cell surface markers F4/80 and CD11b.
However, only the M1 population expresses the
marker CD11c, whereas M2 macrophages are
CD11c(−) (Lumeng et al., 2007).
M1, CD11c(+) recruited macrophages account
for the majority of the increase in adipose tissue
macrophage observed in obese adipose tissue, where
>90% of recruited monocytes become CD11c(+)
adipose tissue macrophage (Nguyen et al., 2007).
Of worth it's to be clarified that M1 macrophages
are proinflammatory, secreting cytokines such as
TNF- and IL-1 , and have high phagocytic and
bactericidal potential (Goerdt et al., 1999).
Also, M1 correlates with insulin resistance as
demonstrated by Patsouris et al.[143] These
investigators deleted CD11c(+) macrophages in mice
using a genetic system in which the primate diphtheria
toxin receptor (DTR) gene is driven by the CD11c
promoter, the intention was to make CD11c(+) cells
expressing DTR on their surface undergo apoptotic
death when the animal was exposed to diphtheria
toxin. In mice fed high fat diet (HFD) for 16 weeks,
diphtheria toxin exposure ablated about half of all
adipose tissue macropahges, while also reducing
myeloid cell content in the liver and skeletal muscle.
Remarkably, only 24–48 hours after diphtheria toxin
administration, glucose tolerance tests completely
normalized in these mice, associated with improved
insulin sensitivity in both liver and skeletal muscle
(Patsouris et al., 2008).
This study illustrated that CD11c(+) macrophage
populations (M1) are responsible for insulin resistance
in obese animals and demonstrated that their
continued presence is required to maintain this state.
As it's known that type 2 diabetes is
characterized by insulin resistance and impaired
insulin secretion due to B-cell dysfunction. There are
also several reports indicating that islets from patients
with type 2 diabetes are infiltrated with macrophages,
and human islets exposed to metabolic stress release
increased levels of cytokines (Elena, 2010).

Thus, chronic innate inflammation due to local
cytokine generation is a potentially important pathway
mediating pancreatic B-cell damage in type 2 diabetes
(Elena, 2010).
It was demonstrated by Elena Galkina (2010)
that there's distinct populations of lymphocytes and
CD11c+CD11b+ cells within the islets and suggest an
importance of the local immune response at the initial
stages of type 2 diabetes development this data
highlights that immune cells already reside within
healthy human islets, and that type 2 diabetes induces
an additional recruitment of various leukocytes into
islets. This, in turn, further exacerbates the local
immune response and islet dysfunction (Galkina,
2010).
CD8+ effector T cells were shown to be involved
in the recruitment and activation of adipose tissue
macrophages and promoted a pro-inflammatory
cascade associated with insulin resistance (Nishimura
et al., 2009).
Depletion of CD8+ T cells results in reduced
macrophage infiltration into visceral adipose tissue,
decreased production of pro-inflammatory mediators,
and increased insulin sensitivity (Nishimura et al.,
2009).
Contrary to studies stating that macrophages are
the first cells to infiltrate the visceral adipose tissue,
Jenny Shu and his colleagues (2012) argued that
infiltration of CD8+ T cells at 4 weeks of high fat diet
(HFD) preceded the accumulation of macrophages
(Shu et al., 2012).
These findings suggested that obesity promoted
the activation of CD8+ T cells, which led to the
recruitment, differentiation and activation of adipose
tissue macrophages (Shu et al., 2012).
Because of its well established role in
inflammation and insulin resistance in animal models,
tumor necrosis factor-α seemed a rational target for
new therapeutic intervention.
However, several approaches to antagonize
tumor necrosis factor-α have had no effect on glucose
levels in patients with type 2 diabetes (Paquot et al.,
2000) and only marginal impact on insulin sensitivity
in non diabetic insulin-resistant patients (Stanley et
al., 2011).
Goldfine et al. (2010) showed in their
randomized trials with small sample size that the antiinflammatory drug salsalate was found to curb insulin
resistance and inflammatory parameters in obese
individuals and to improve glucose control and
triglyceride levels over a 3-month treatment period in
patients with T2D (Goldfine et al., 2010).
The blockade of IL-1R1 by means of a specific
binding protein, IL-1RA, improved insulin sensitivity
and β-cell secretory profile though reducing markers
of systemic inflammation (Larsen et al., 2009).
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The beneficial effects on β-cell secretion
persisted for >3 years after discontinuation of the IL1RA.Subsequent clinical trials showed that this highly
selective immune modulator lowered blood glucose,
although degrees of HbA1c lowering were modest.
Although the magnitude of glucose lowering may be
less, the fact that both salsalate and IL-1β blockade do
indeed lower blood glucose provides strong
supporting evidence for roles of inflammation in
obesity-induced insulin resistance (Larsen et al.,
2009).
In previous studies galectin-9 induced apoptosis
in various cells including thymocytes and activated
CD4 & CD8 T cells.
This increased apoptosis of CD8 looks beneficial
in down regulation of accumulation of macropahges in
adipose tissue and islets of Langerhans hence; its
possible role in the improvement of insulin resistance,
protection against β cell decayand finally prevention
of type 2 diabetes.
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In conclusion
it is clear from this study that galectin-9 level
which is lower in diabetic patients with or without
nephropathy than in healthy individuals could be
related to the development of type 2 diabetes and
diabetic nephropathy as possibly as other micro and
macro vascular complications of diabetes because of
the exacerbated inflammatory process in patients with
lower levels of galectin-9.
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