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Abstract

Background and aim of the work: Genetic and environmental factors may play a role in the etiology
of type ldiabetes (T1D) but a well-accepted view is that autoimmunity is the predominant
effector.The aim of this study is to investigate the profile and the relationships between interleukin
(IL, CXCL) -8 and nitric oxide metabolite (NOx) in T1D and to reveal their possible role in the
development and progression of the disease and its complications.

Material and method:Twenty children with Type 1 diabetes (T1D) were enrolled for the study and
compared to twenty healthy age and gender matched non-diabetic controls.

Results:The data revealed that children with T1D established high glycated hemoglobin (HbAlc %)
values versus the control group (P<0.0001). Significantly higher serum CXCL-8 concentration
(23.54+11.92pg/ml) was detected in T1D children versus the control group(5.69+1.67pg/ml). On the
other hand, serum nitric acid metabolite (NOXx) showed a significant reduction in the T1D children
(2.38+1.14 mmol/l) compared to the control group (4.63+1.2 mmol/l). Correlation analysis showed
positive correlation between CXCL-8 with duration of the diabetes and with HbAlc.

Conclusion: It could be concluded that CXCL-8 and NO may play important roles in the
pathophysiology and progression of T1D with increased possibility to develop premature
atherosclerosis which should be considered in the development of new strategies for monitoring the
disease as well as for developing effective preventive and therapeutic interventions.
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Introduction progressive destruction of the islet beta-cells
Diabetes mellitus is very common in KSA and the final outcome is insulin deficiency
(25-30% of the population), and T1D and hyperglycemia (2, 3, 5). CXCL-8 with
accounts for about 5-10% of all cases of other chemokines stimulates the adhesion of
diabetes (1). The etiology of T1D is not the monocytes to the endothelial cells
clearly known but it is well-accepted to be leading to its dysfunction and subsequent
genetically predisposed as it is closely linked development of atherosclerosis (6, 7).
to HLA-DR3/4 and DQ2/8 antigens and Endothelial dysfunction will lead to decrease
commonly precipitated by virus or food in the activity of the endothelial nitric oxide
factor leading to a progressive chronic synthase (eNOS) with consequent reduction
autoimmune process (2). This process is in the levels of plasma nitric oxide (NO), the
mediated by autoreactive CD4+ and CD8+ T main molecule derived from the endothelium
cells, the formation of antibodies to islet and is involved in vascular homeostasis (8-
autoantigens (AAgs), and the release of high 10). A low level of NO is strongly linked to
amounts of cytokines and chemokines endothelial dysfunction and is considered to
especially interleukin-8  (IL-8)  (2,3). be the earliest sign of atherosclerosis (11,
Interleukin-8 belongs to a chemokine family 12). Nitric oxide has a fast half life, so we
known as CXC chemokines, because the two can measure the nitric oxide metabolite
first cysteines in their molecules are spaced (NOx) which is the sum of nitrite and nitrate
by another amino acid, so it is currently levels and it is used to reflect the bioactivity
known as CXCL8 (CXC ligand 8) (4, 5). of NO and eNOS (11). The aim of this study
CXCLS8 governs the traffic of inflammatory is to investigate the profile and the
and immune cells, playing the major role in relationships  between interleukin  (IL,
the infiltration of the pancreas with CXCL) -8 and nitric oxide metabolite (NOXx)
mononuclear cells which leads to in T1D and to reveal their possible role in
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the development and progression of the
disease and its complications.

Material and Methods: This was a
prospective  controlled  clinical  study
conducted at King Abdul Aziz Specialist
Hospital in Taif, Saudi Arabia from June
2012 to April 2013. Twenty children who
were diagnosed as type ldiabetes (T1D)
were enrolled for the study and another 20
healthy age and gender matched non-diabetic
children served as controls.The study was
conducted after approval of the ethical
committee of the hospital and informed
consents were obtained from the parents of
all the enrolled children.

The children included in this study were then
classified into two groups:

T1D group; they were 11 males and 9
females and their ages ranged between 4 —
14 years with mean age of 9.05 + 3.14 years.
The study included patients under insulin
treatment and those under oral hypoglycemic
medications were excluded. Children with
acute or chronic diabetic complications were
also excluded.

Control group; this group included twenty
apparently healthy children (10 males and 10
females). Their ages ranged between 2 —15
years with a mean age of 9.12 +3.70 years.
They had no family history of diabetes, or
any other autoimmune disease.

Both groups were subjected to the following:
Clinically:

Full medical history was taken and thorough
physical examination was performed for all
the enrolled children.

Laboratory investigations:

Serum concentration of CXCL-8 was
assayed by enzyme-linked immunosorbent
assay (ELISA) technique.

Nitric oxide metabolite (NOx) was measured
using the Griess reaction.

Fasting plasma glucose and fasting glycated
hemoglobin (HbA1c) were assayed.

Statistical analysis: Results were expressed
as mean + standard deviation and the
analyses were performed using SPSS version
15. Means of biochemical concentrations
were compared by Student's ”t” test.
Relationships between different quantitative
parameters were assessed by simple linear
regression analysis ,and Pearson ( r )
correlation coefficients were presented .The
results were considered significant whenever
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p values <0.05 and highly significant when p
values <0.001were observed .

Results

The results are demonstrated in tables 1-3
and figures 1-2. The data in table (1) reveals
that, the diabetic group displayed significant
higher levels of fasting blood glucose and

glycated Hb% versus controls with
P<0.0001. Table (2) shows that serum
CXCL-8 level exhibited a significant

increase while the nitric oxide level showed
a significant decrease in the T1D children
versus the healthy controls.

Table (3) shows established pilot correlation
in a trial to find out the effect of age,
duration of diabetes, fasting blood glucose
and HbAlc on log CXCL-8, and log NO in
T1D children. A positive correlation was
found between duration of diabetes and
HbAlc with log CXCL-8. No correlation
was detected between other parameters.
Figure (1) shows comparison between serum
CXCL-8 in controls and type 1D. Figure (2)
shows comparison between serum NOX in
controls and T1D

Discussion: Type 1diabetes is the most
common metabolic disease of childhood and
it is accepted that autoimmunity is the
predominant effector in the pathophysiology
of the disease in genetically susceptible
patients(2, 13). Though, the disease can
occur at any age, but its onset most often
occurs in childhood (2). In this study the
mean age of the patients was 9.05 +3.14
years. Many authors agreed that the early
onset of the disease with insulin deprivation
increase the risk of development of
complications as diabetic ketoacidosis
(DKA) which may be the 1% presentation in
addition to micro and macrovascular
complications, especially premature
atherosclerosis (14-16). The results of our
study revealed that 4/20 children (20%)
presented initially by DKA.

Several studies revealed that viral infection,
particularly of the upper respiratory tract,
may precipitate T1D through enhancement
of the production of antibodies that trigger
an autoimmune response against the
antigenically similar beta cells (17, 18). In
the current study, all children had past
history of recurrent upper respiratory tract
infections in their infancy and early
childhood and they had one attack at least
within the last few months before the onset
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of the disease. These findings are in
accordance with the study of Beyerlein et al.
(18). However, other viral infections are also
important especially enterovirus infection in
infants previously exposed to cow's milk
before 3 months of age (19).This past history
was not clarified in our study.

Many investigators declared that the pro-
inflammatory  cytokines released from
CD4+T cells play a major role in the
pathogenesis and progression of T1D and
their mediators facilitate the pancreatic
mononuclear-cell infiltration and
acceleration of beta cell destruction (5, 20,
21). The current study verified a significant
increase in serum CXCL-8 levels in diabetic
children versus healthy controls. The same
result was established by Erbagci et al.
(21)and Lo et al. (22). Haskins et al. (23),
found that human CD4+ T cells produce
high amounts of CXCL8 (IL-8), and other
CXC family chemokines in addition to
activation of CD8+ T cells and stimulation
of  macrophages to produce more pro-
inflammatory cytokines and nitrogen free
radicals. Similar results were obtained by
Nomura et al. (24). Hoffman et al. (25),
added that IL-8 sustains the inflammatory
process and associates with tissue damage
and it is secreted in high levels in diabetic
ketoacidosis ~ with  other inflammatory
chemokines.

Recent studies documented the autoimmune
origin of atherosclerosis revealing the
involvement of CD4+ T cells with its
cytokines and chemokines in addition to the
formation of Anti-endothelial cell antibodies
(6, 7, 16, 26, 27). CXCL8 acts as a fast
secretagogue of proteases which help to
generate immunodominant peptides that
attract  autoimmune  cells; including
monocytes chemotactic proteinl (CCL2; CC
ligand2) which is the main chemokine
recruiting monocytes from blood to early
atherosclerotic lesion (6, 7). CXCL-8 and
CCL2 stimulate the adhesion of the
monocytes to the endothelial cells leading to
its dysfunction and subsequent development
of atherosclerosis (7). However, these effects
are preventable, Esparza et al.(28), in their
study showed that immunodepressive and
anti-inflammatory agents, can inhibit the
development of atherosclerosis by inducing
apoptosis of activated CD4 T lymphocytes
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and affecting the cascade of
immunomodulatory cytokines and
chemokines, such as interleukin-6, CXCL8
and CCI2.

Hemoglobin Alc is the product of
irreversible glycation of the beta chain of
hemoglobin by plasma glucose and its level
is increased with hyperglycemia providing
an estimate of plasma glucose levels during
the preceding 1-3 months (29). Hemoglobin
Alc level of 6.5% or higher is considered a
criterion for diabetes diagnosis and predicts
the progression of diabetic microvascular
complications (30). The present study
revealed a significant increase in HbAlc
level in Type 1dibetes children versus the
control group and positive correlation was
found between duration of diabetes and
HbAlc level with CXCL-8, a finding which
reflects the progress of the inflammatory
process and  defective  control  of
hyperglycemia. These results were in
agreement with the recorded by Lo et al.
(23),and the study of Shalitin and Phillip
(31),who found a positive correlation
between HbA1C, pro-inflammatory
chemokines, and angiopathy.

In addition to the effect of the chemokines
and cytokines on the monocytes, these
mediators may affect the nitric oxide (NO)
pathway which is the main molecule derived
from the endothelium and is involved in
vascular homeostasis (9). Several studies
have shown that the reduction in NO and in
its bioactivity is strongly linked to
endothelial dysfunction which reduces the
activity of eNOS and many authors
correlated this to the autoimmune process
and the associated elevation in inflammatory
mediators in addition to formation of anti-
endothelial antibodies (8-10). Balarini et al.
(32), revealed in their study on the
apolipoprotein E knockout mice that the
drugs which restore the bioactivity of NO as
sildenafil improved endothelial dysfunction
and prevented the development of
atherosclerotic plaques.

The findings of our study illustrated
significantly lower NOx levels which reflect
the reduced bioactivity of eNOS and NO in
diabetic children compared to the control
group .This agreed with the study performed
by Kuboki et al., (33) and Correa and Alfieri
(34) and Lo et al., (22), who found that
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diabetic patients have significantly lower
circulating NO level; however, they claimed
low nitric oxide levels to the absence of the
stimulatory effect of insulin on eNOS. Type
ldiabetes is more prevalent in children and
the development of endothelial dysfunction
would eventually progress to premature
atherosclerosis (16). Low nitric oxide plasma
levels is considered by many investigators to
be the earliest sign of atherosclerosis, before
ultrasound or angiogram show evidence of
atherosclerotic plaque formation (16, 34).

This study and other studies have been
verified that the progress of T1D and its
complications are multifactorial but most of
the factors are closely related to the
autoimmune  process including  AAs,
activated T cells with the release of
cytokines, chemokines and other chemical
mediators (2-7, 20-29). However, the loss of
the beta cell mass is not complete and there
is a significant reserve of functioning beta
cells, and it was found that the disease and
most of its complications are preventable and
can be treated or at least, this functional
beta-cell reserve can be preserved by
immunomodulation  (2). Researches to
produce Type 1 diabetes vaccine are
promising and recent studies have shown
that, cytokines and chemokines that induce
enzymes, could be antagonized by
biosynthetic chemokine antagonists and
might become useful in the treatment of
autoimmune diseases including Type 1
diabetes in addition to the researches about
the effect of immunotherapy and gene

therapy to treat the disease and its
complications (2, 35, 36).
Conclusion: It could be concluded that

CXCL-8 and NO may play important roles
in the pathophysiology and progression of
T1D with increased possibility to develop
premature atherosclerosis which should be
considered in the development of new
strategies for monitoring the disease as well
as for developing effective preventive and
therapeutic interventions.

References:

1. Alqurashi KA, Aljabri KS, Bokhari SA
(2011). Prevalence of diabetes mellitus in a
Saudi community. Ann Saudi Med; 31: 19—
23.

2. Van Belle TL, Coppieters KT, von
Herrath MG (2011). Type 1 diabetes:

633

10.

11.

12.

13.

14.

15.

16.

etiology, immunology, and therapeutic
strategies. Physiol Rev; 91:79-118.
Haskins K, Cooke A (2011). CD4 T cells
and their antigens in the pathogenesis of
autoimmune diabetes. Curr Opin Immunol;
23: 739-45.

Bacon K, Baggiolini M, Broxmeyer H,
Horuk R, Lindley I, Mantovani A, et al.,
(2002). "Chemokine/chemokine receptor
nomenclature". J. Interferon Cytokine Res.
22:1067-8.

Charo IF, Ransohoff RM (2006). The
many roles of chemokines and chemokine
receptors in inflammation. N Engl J Med;
354:610-21.

Han S, Donelan W, Wang H, Reeves W,
Yang LJ (2013). Novel autoantigens in
type 1 diabetes Am J Transl Res; 5: 379—
92.

BlasiC (2008).The autoimmune origin of
atherosclerosis. Atherosclerosis;20:17-32.
De Haro-Miralles J, Martinez-Aguilar
E, Florez A, Varela C, Bleda S, Acin F
(2009). Nitric oxide: link  between
endothelial dysfunction and inflammation
in patients with peripheral arterial disease
of the lower limbs. Interact
CardioVascThorac Surg; 9: 107-12.
Barbato JE, Tzeng E (2004). Nitric oxide
and arterial disease. J VascSurg; 40: 187-
93.

Gunnet CA, Lund DD, McDowell AK,
Faraci FM, Heistad DD (2005).
Mechanisms of inducible nitric oxide
synthase-mediated vascular dysfunction.
Avrterioscler Thromb VascBiol; 25: 1617-
22

Lundberg JO, Weitzberg E (2005). NO
generation from nitrite and its role in

vascular control. Arterioscler  Thromb
Vasc Biol; 25: 915-22.
Anderson TJ (2003). Nitric oxide,

atherosclerosis and the clinical relevance of
endothelial dysfunction. Heart Fair Rev; 8:
71-86.

Noble JA, Valdes AM (2011). Genetics of
the HLA region in the prediction of type 1
diabetes. Curr Diab Rep; 11:533-42.

Smith CP, Firth D, Bennett S,
Howard C, Chisholm P (1998).
Ketoacidosis occurring in newly diagnosed
and established diabetic children. Acta
Paediatr; 87:537-41.

Ferdinando G and Michael B (2010).
Oxidative stress and diabetic
complications. Circ Res; 29: 1058-70.
Madsen CR and King GL (2013).
Vascular Complications of Diabetes:
Mechanism of Injury and Protective
Factors. Cell Metabolism; 17: 20-33.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Alqurashi%20KA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aljabri%20KS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bokhari%20SA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Donelan%20W%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reeves%20W%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20LJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20LJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giacco%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brownlee%20M%5Bauth%5D

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Ali Alzahrani et al

Yoon JW, Jun HS. Autoimmune
destruction of pancreatic beta cells
(2005). Am J Ther; 12: 580-91.

Beyerlein A, Wehweck F, Ziegler AG,
Pflueger M (2013). Respiratory Infections
in Early Life and the Development of Islet
Autoimmunity in Children at Increased
Type 1 Diabetes Risk: Evidence From the
BABYDIET Study. JAMA  Pediatr.
2013Jul 1.

Lempainen J, Tauriainen S, Vaarala O,
Mékeld M, Honkanen H, Marttila J, et
al (2012). |Interaction of enterovirus
infection and cow's milk-based formula
nutrition in type 1 diabetes-associated
autoimmunity. Diabetes Metab Res Rev;
28:177-85.

Oling V, Reijonen H, Simell O, Knip M,
llonen J (2012). Autoantigen-specific
memory CD4+ T cells are prevalent early
in progression to Type 1 diabetes. Cell
Immunol; 273:133-9.

Erbagci, A.B.; Tarackioglu, M.;
Coskun,Y ; Silvasli,E. and
Namiduru,E.S (2001). Mediators of

inflammation in children with type 1
diabetes mellitus, cytokines in type 1
diabetic children, Clin. Biochem, 34: 645-
50.

Lo HC, Lin SC, Wang YM( 2004).The
relationship among serum cytokines,
chemokine, nitric oxide, and leptin in
children with type 1 diabetes mellitus.Clin
Biochem; 37: 666-72.

Haskins K, Cooke A (2011). CD4 T cells
and their antigens in the pathogenesis of
autoimmune diabetes. Curr Opin Immunol;
23: 739-45.

Nomura, S.; Shouzu, A.; Omoto, S.;
Nishikawa, M. and Fukuhara,S (2000).
Significance of chemokines and activated
platelets in patients with diabetes. Clin.
Exp. Immunol; 121: 437-43.

Hoffman, W.H.; Burek, C.L.; Waller,
J.L.; Fisher, L.E.; Khichi, M. and
Mellick, L.B (2003). Cytokine response to
diabetic Kketoacidosis and its treatment.
Clin. Immunol.; 108: 175-8.

Ait-Oufella H, Salomon BL, Potteaux S,
Robertson AK, Gourdy P, Zoll J, et al.
(2006). Natural regulatory T cells control
the development of atherosclerosis in mice.
Nat Med;12:178-80.

634

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

Varela C, de Haro J, Bleda S, Esparza
L, de Maturana IL Acin F (2011). Anti-
endothelial cell antibodies are associated
with peripheral arterial disease and markers
of endothelial dysfunction and
inflammation. Interact CardioVasc Thorac
Surg 13: 463-7.

Esparza L, De Haro J, Bleda S, Acin F
(2012).Non-Fas  (CD95/APO1)-mediated
apoptosis of activated T cells inhibits the
development of atherosclerosis. Interact
CardiovascThoracSurg;15: 340-3
International Expert Committee report
on the role of the A1C assay in the
diagnosis of diabetes (2009). Diabetes
Care; 32:1327-34.

Hemoglobin Alc and Mean Glucose in
Patients With Type 1 Diabetes: Analysis
of data from the Juvenile Diabetes
Research Foundation continuous glucose
monitoring randomized trial
(2011).Diabetes Care; 34:540-4.

Shalitin 'S, Phillip M, (2012).Which
factors predict glycemic control in children
diagnosed with type 1 diabetes before 6.5
years of age?.Acta Diabetol; 49:355-62.
Balarini CM, Leal MA, Gomes IB,
Pereira TM, Gava AL, Meyrelles SS,
Vasquez EC (2013).Sildenafil restores
endothelial function in the apolipoprotein E
knockout mouse. J Transl Med; 5:11-3.
Kuboki, K.; Jiang, Z.Y. and Takahara,
N et al (2000). Regulation of endothelial
constitutive nitric oxide synthase gene
expression in endothelial cells and in vivo:
A specific vascular action of insulin.
Circulation; 101:676-81.

Correa RC, Alfieri AB (2003).Plasmatic
nitric oxide, but not von Willebrand Factor,
is an early marker of endothelial damage,
in type 1 diabetes mellitus patients without
microvascular complications. J Diabetes
Complications;17: 264-8.

Ludvigsson J (2012). In light of recent
clinical trial results, what lies next for Type
1 diabetes vaccine research? Expert Rev
Vaccines; 11:263-5.

Phillips B, Trucco M, Giannoukakis N.
Current state of type 1 diabetes
immunotherapy: incremental advances,
huge leaps, or more of the same?. Clin Dev
Immunol; 43:2011-6.


http://www.ncbi.nlm.nih.gov/pubmed?term=Lo%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=15302608
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=15302608
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=15302608
http://icvts.oxfordjournals.org/search?author1=Cesar+Varela&sortspec=date&submit=Submit
http://icvts.oxfordjournals.org/search?author1=Joaquin+de+Haro&sortspec=date&submit=Submit
http://icvts.oxfordjournals.org/search?author1=Silvia+Bleda&sortspec=date&submit=Submit
http://icvts.oxfordjournals.org/search?author1=Leticia+Esparza&sortspec=date&submit=Submit
http://icvts.oxfordjournals.org/search?author1=Ignacio+Lopez+de+Maturana&sortspec=date&submit=Submit
http://icvts.oxfordjournals.org/search?author1=Francisco+Acin&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/22617501
http://www.ncbi.nlm.nih.gov/pubmed/22617501
http://www.ncbi.nlm.nih.gov/pubmed/22617501
http://www.ncbi.nlm.nih.gov/pubmed/21866397
http://www.ncbi.nlm.nih.gov/pubmed/21866397
http://www.ncbi.nlm.nih.gov/pubmed/21866397
http://www.ncbi.nlm.nih.gov/pubmed/21866397
http://www.ncbi.nlm.nih.gov/pubmed/23289368
http://www.ncbi.nlm.nih.gov/pubmed/23289368
http://www.ncbi.nlm.nih.gov/pubmed/23289368
http://www.ncbi.nlm.nih.gov/pubmed/12954155
http://www.ncbi.nlm.nih.gov/pubmed/12954155
http://www.ncbi.nlm.nih.gov/pubmed/12954155
http://www.ncbi.nlm.nih.gov/pubmed/12954155
http://www.ncbi.nlm.nih.gov/pubmed/12954155

Evaluation of The Role of CXCL8 And NOx...

Table (1): Characteristics and the laboratory investigations of the children with T1D and controls

Parameters Controls (n=20) | T1D(n=20) | P-values
Age (years), Mean = SD 9.12+ 3.70 9.05+3.14 N.S.
Gender (M/F) 10/10 11/9
Duration of diabetes (years), Mean = SD 3.5+2.4
History of recurrent chest infection early in childhood 100%
Initial presentation by diabetic ketoacidosis 20%
Fasting blood glucose (mg/dl), Mean + SD 79.66+ 8.87 139.47+ 25.75 | <0.0001
HbAlc (%),Mean + SD 5.56+ 1.22 8.9+ 1.33 <0.0001

Table (2): Mean £SD serum concentrations of CXCL-8 and Nitric oxide metabolite in T1D children and

controls.
Parameters Controls T1D P-
(n=20) (n=20) values
CXCL-8 (pg/ml)
(Mean + SD) 5.69+1.67 23.54+11.92 <0.0001
NOx (mmol/l)
(Mean = SD) 4.63+1.2 2.38+1.14 <0.05

Table (3): Correlation between age, duration of the disease, fasting blood glucose and HbAlc with log CXCL-
8 and log NOx in T1D children by simple linear correlation

Age(years) Duration of the disease | Fasting blood glucose | HbAlc %

R P-values | r P-values r P-values r P-values
Log CXCL-8 | 0.1883 | N.S 0.6271 <0.05 0.1589 N.S 0.5539 | <0.05
Log NOx 0.0891 | N.S 0.5354 <0.05 0.2315 N.S 0.1102 | <0.05
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Figure 1: Comparison between serum CXCL-8 in controls and type 1D
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Figure 2: Comparison between serum NOX in controls and type 1D
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