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over eighteen years [1]. The exact cause of Type 1 Diabetes 
Mellitus (T1DM) is not known, nor is it preventable with current 
knowledge, but it can be treated with daily administration of 
insulin. Patients with this heterogeneous, multi factorial and 
polygenic disease are at increased risk of diabetic complications 
due to impaired blood flow with micro vascular complications, 
such as, retinopathy, neuropathy and nephropathy, and macro 
vascular complications, including cardiovascular, peripheral 
vascular disease and cerebro vascular diseases. This investigation 
primarily concerns patients with T1DM. However, although 
T1DM and T2DM are usually considered quite separately, there 
are some similarities between the two conditions, both of 
these conditions will be considered in building this picture of 
antioxidant responses to oxidative stress in the pathogenesis 
of diabetes [2,3]. Increasingly, T2DM is recognised as a 
proinflammatory state with an increased risk of macro and micro 
vascular disorders, due to oxidative stress. Increased oxidative 
stress is manifested by increased lipid peroxidation and in 
increased DNA damage [4,5], whereas T1DM manifests itself as 
an attack of autoreavtive T-cells against pancreatic beta cells but 
in many ways the two conditions overlap substantially with both 
resulting in the deterioration of glycaemic control [6].

Patients with diabetes often suffer from cardiomyopathy, 
which cannot be explained by impaired cardio perfusion. 
Cardiovascular disease risk is two- to four-times greater in 
individuals with Type 2 Diabetes Mellitus (T2DM), relative to 
individuals without diabetes. Further, diabetes is accompanied 
by increased cellular inflammation, as evidenced by increased 
monocytic superoxide, cytokines and adhesion to endothelium 
[5]. 

The essential beta cell dysfunction can be influenced by many 
factors, including hyperglycemia/glucotoxicity, lipotoxicity, 
autoimmunity, inflammation, adipokines, islet amyloid, incretins 
and insulin resistance that can all influence the function of 
pancreatic beta cells. The resulting hyperglycaemia induces an 
excessive production of reactive oxygen species (ROS) leading to 
chronic oxidative stress (OS) [7]. Studies on islets isolated from 
pancreata of subjects with T2DM showed increased markers of 
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Introduction
The global prevalence of diabetes is about 9% in adults 
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oxidative stress and these correlated with the degree of glucose-
stimulated insulin secretion impairment [8]. Indeed, metabolic 
abnormalities associated with diabetes cause an overproduction 
of superoxide radicals in the mitochondria in large and small 
vessel endothelial cells [9].

Catalases are ubiquitous enzymes that are extremely efficient 
in preventing a cell from oxidative injury. Catalase (CAT) 
decomposes hydrogen peroxide formed by SOD-2 and flavin-
linked oxidases and can be found within peroxisomes in the 
microbodies found in animal cells.

The activity of CAT has been observed in nearly all animal 
cells and organs as well as aerobic micro-organisms[10].In 
erythrocytes, CAT with glutathione peroxidase together exerts, a 
protective function for haemoglobin and enzyme, membrane and 
stroma proteins [11]. 

Although oxygen is essential for human respiration within 
cells [12], cells are highly vulnerable to the effects of oxidation 
and also lie at the root of non-human, obligate anaerobiosis and 
the spontaneous associated mutagenesis. Interestingly, unlike 
eukaryotes, obligate anaerobes produce very little or no CAT and 
are killed in relatively low concentrations of oxygen [13]. 

Molecular oxygen has two unpaired electrons in its outer 
orbital and can be readily reduced to superoxide and hydrogen 
peroxide within cells but aerobic organisms produce Super Oxide 
Dismutase-2 (SOD-2) and CAT to detoxify these free radicals [14]. 

Although hydrogen peroxide is a weak oxidising agent and is 
not a free radical, it is usually included in the general title of ROS. 
Unlike the superoxide ion, it can cross cell membrane boundaries 
and decomposes to form the reactive hydroxyl radical [15]. CAT 
destroys hydrogen peroxide in two steps, using a haem group 
in its structure. Each of the two steps involves the transfer of an 
electron rather than the one step, two-electron transfer reported 
in earlier literature [16]. CAT first binds to a hydrogen peroxide 
molecule and then splits the molecule resulting in an oxygen atom 
binding to the iron atom in the haem group and the other oxygen 
atom being extracted; the rest is released as water. After this a 
second hydrogen peroxide molecule binds to CAT and is similarly 
broken apart, it combines with the previously iron-bound oxygen 
atom, thus releasing water and oxygen gas [17].

It has recently been observed that, at low concentrations, 
hydrogen peroxide acts as a cellular messenger in insulin 
signaling, whereas at high concentrations it is toxic, particularly 
in pancreatic cells, which are catalase poor. Erythrocyte catalase 
is the main regulator of hydrogen peroxide metabolism; any 
inherited or acquired deficiencies in erythrocyte catalase may 
cause increased hydrogen peroxide concentrations with both 
toxic and physiological effects.

Acatelasia is an inherited deficiency of the catalase enzyme 
and Hungarian acatalasemic patients with an increased frequency 
of T2DM, especially in female patients and had an early onset of 
T2DM was observed in these patients [18]. 

The structure of tetrameric haemin-enzyme, CAT, consists of 

four identical tetrahedrally arranged sub-units each containing 4 
ferriprotoporphyrin groups per molecule [19].

Although the detailed mechanisms vary considerably, CAT 
gene expression in microorganisms generally is controlled, 
either by sensors of ROS or by growth phase regulons. There is 
a surprisingly wide range of catalytic efficiencies, despite the 
similar sequences being found in the enzyme. Biomedical and 
physiological characterization of cats have revealed many roles 
in many different organisms [20].

Antioxidant responses to hyperglycemia have shown that, 
although SOD-2 responses did not change between diabetic 
patient complication groups or in normal controls, there was, 
however, a twofold increase in the expression of CAT under 
hyperglycemic conditions suggesting that high glucose flux 
through aldose reeducates inhibits the expression of antioxidant 
enzymes [21]. Polymorphic differences with functional 
impairment of the mnsod gene are associated with an increased 
risk of diabetic nephropathy and that the V allele of the SOD2 
rs4880 polymorphism (SNP) increases the risk of diabetic 
nephropathy in patients with T1DM [22].

A microsatellite polymorphism (D11S2008) of the CAT gene 
region has been identified, closely linked to the CAT gene on 
chromosome 11p13, including a CTAT repeat array [23,24].

   CAT

A)   2 H2O2 →      2H2O + O2

    CAT

B)    ROOH + AH2→      H2O2 + ROH + A

The microsatellite polymorphism studied in the patients with 
T1DM from the D11S2008 CAT gene region has been weakly 
associated with coronary heart disease and blood pressure levels 
in patients with T2DM [23]. 

As this region is considered to be important in eliminating 
oxidative stress in the individuals studied, we have considered it 
as a possible polymorphic ally relevant site for our study of Th1 
inflammatory responses.

The CAT polymorphism studied is proximal to and closely 
linked with the CAT gene on, chromosome 11p13, including 
the CTAT repeat array. Polyacrylamide gel electrophoresis 
was performed for microsatellite analysis using an 8% gel 
concentration and the reverse primer was radio labelled with 32p 

ATP [25].

Methods
Patient cohort

Diabetic Patient Complications: Nephropathy (DN) was 
described in patients with more than 10years of diabetes and 
Proteinuria at least 3X in 12 months. Retinopathy (DR) was 
defined in patients with more than 5 dots or blots per eye, hard or 
soft exudates, new vessels evidence of maculopathy or vitreous 
haemorrhage. Short Duration (SD) patients had been diagnosed 
with diabetes for less than 10 years whereas uncomplicated (DC) 
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patients displayed no complications after 20-year duration of 
T1DM.

Controls: 135 ethnically matched controls were studied. 
Control DNA was obtained from the cord blood of European 
Caucasoid subjects collected sequentially after normal obstetric 
delivery from the Obstetric Department, Derriford Hospital 
(Plymouth, UK). 

Ethics committee approval and patient consent was obtained 
for all studies performed.  

CAT genotype for patients with T1DM: The 86 patients 
with T1DM (37M: 49F) included in this study had a mean age 
of 19.3 years ± 1.43 SEM. These were compared with 81 normal 
controls (43M: 38F). The medical history of the patients was 
recorded but not included in the genetic comparisons as there 
were insufficient numbers in each group. Diabetic controls (DC) 
had an average age of 34.0 years ±2.84 SEM (n=7, 3M: 4F), a mean 
duration of disease of 27.9 years ± 2.46 SEM and did not have 
any diabetic complications for at least 20 years. Patients with 
nephropathy (n=16, 7M: 9F) were on average 47.3 years ± 5.54 
SEM and had been diagnosed for 30.8 years + 2.94 SEM. There 
was also a group of patients that had been diagnosed for a short 
duration (SD) with a mean age of 21.7 years ± 2.60 SEM (n=8, 5M: 
3F). A further 55 patients (21M:24F) had been diagnosed for 18.4 
years ± 1.30 SEM with a mean age of 26.7 years ± 1.13 SEM but 
there were no complications recorded and they were not eligible 
to be included in the DC group being diagnosed for less than 20 
years (table 1).

This is a retrospective study of DNA samples collected from 
patients visiting a diabetes clinic after diagnosis thus no other 
blood results such as hba1c, lipids, insulin, glucose were not 
available. DNA was collected for the control group, taken from 
cord bloods from Derriford Hospital maternity unit.

Genetic studies: Genomic DNA was extracted conventionally 
from whole blood using a ‘salting out’ method. The restriction site 
was found at -9 on the mitochondrial targeting sequence of the 
manganese superoxide dismutase, which is a C to T substitution 
resulting in an amino acid change of alanine to valine.

The CAT polymorphism studied is proximal to and closely 
linked with the CAT gene on chromosome 11p13 including 
the CTAT repeat array. Polyacrylamide gel electrophoresis 
was performed for microsatellite analysis using an 8% gel 
concentration and the reverse primer was radio labelled with 
32pATP [36].

Polymorphism of D11S2008 Locus of the CAT Gene 
Region: Found proximally to and is closely linked to the CAT 
gene on chromosome 11p13 including the CTAT repeat array. 
There is considerable evidence that this locus is in linkage with 
T1DM (11p15) [26].

PAGE was performed for microsatellite analysis using an 8% 
gel concentration and the reverse primer was radio labeled with 
32patp [25]. Each run of samples took several days to complete the 
analysis of the DNA.

Microsatellite analysis: Microsatellites consist of 
repetitive sequences located in satellite DNA, predominantly 
found in heterochromatic DNA at chromosomal telomeres and 
centromeres and orbits the main DNA [27]. They are tandemly 
repeated arrays of up to six nucleotides. 

Microinsertion Polymorphism: Some allelic differences are 
due to the insertion or deletion of 2, 3 or 4bp resulting in alleles 
of differing lengths. These differences can be detected and scored 
by radio labeling the fragments during amplification with PCR 
and running Polyacrylamide Gel Electrophoresis (PAGE) and 
autoradiography.

Autoradiography: Autoradiography imposes a permanent 
image of the distribution of radioactive atoms on a two-
dimensional surface on photographic film, which is used to 
visualize the bands of nucleic acids of varying lengths. 32P emits 
a particle that is able to penetrate water or plastic to a depth of 
6mm and can pass completely through X-ray film. Radioactive 
particles that pass through the film emit photons that are 
captured by silver halide crystals. 32P Radio labeled primers were 
hybridized to the sample to be visualized and run through an 
acrylamide gel using electrophoresis. 

5’End Labelling of Oligonucleotide Primers:The use of 
radioisotopes provides methods that can track and detect nucleic 
acids. T4 Polynucleotide Kinase (PNK) was used to incorporate 
32P from [-32P] ATP to the 5’ ends of oligonucleotides.

Reagents: Ready to go T4 Polynucleotide Kinase (Amersham 
Pharmica Biotech)

[-32P] ATP (Amersham Pharmica Biotech)

Oligonucleotides- primers (Invitrogen, MWG)

Quick precip

5M nacl (Sigma)

Absolute ethanol (Sigma)

70% ethanol

Protocol: The ready to go T4 PNK tubes were reconstituted 
with 25 ls of sterile water. The tube was incubated at room 
temperature for about 5 minutes and then mixed by gently 
pipetting up and down. 5 ls of primers at a concentration of 
10pmol/ l were added to the tube followed by 19  ls of sterile 
water. 1 l of [-32P] ATP was added and the mixture was vortexed 
and spun for 30 seconds. The tube was then placed in a water 
bath at a temperature of 37°C for 30 minutes.

5.5 ls of 5M nacl was added with 2 ls of Quick Precip and 
165 ls of 100% ice-cold ethanol. The mixture was vortexed and 
centrifuged for 3 minutes at a speed of 13,000g.

Following centrifugation the mixture was vortexed again 
before further centrifugation for 30 seconds. The supernatant 
was discarded and 165 ls of 70% ethanol was added and then 
centrifuged for 30 seconds. The supernatant was discarded and 
the tube containing the pellet was left on the bench for about 
5 minutes to allow any residual ethanol to be evaporated. The 
pellet was then reconstituted with 50 ls of sterile water.
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The procedure was repeated using a 30-300bp ladder instead 
of the oligonucleotide.

A BIORAD sequi-gen GT electrophoresis system 
(BIORAD Laboratories, Hempstead UK) was used to perform 
polyacrylamide gel electrophoresis.

The glass sheet and the inner surface of the back plate 
were cleaned thoroughly with a detergent solution followed by 
polishing with Methylated spirits. Repel saline was applied to the 
plates to siliconise the surface and allowed to dry for at least 10 
minutes.

The plastic spacers were fitted to the sides of the plates 
and sealed with Vaseline. The gel cast was assembled and the 
sequasel products were combined with TEMED and APS then 
injected into the cast. The shark tooth combs were positioned in 
the gel in order to form loading wells in the set gel. The ends of 
the gel were sealed with Saran wrap and allowed to polymerize 
for at least one hour at room temperature. 

The gel rig was filled with 1% TBE buffer and a current was 
applied to the gel rig via a power pack with a current of 1600-
2000 volts, maintained at a temperature of 50°C. Six ls of radio 
labeled DNA were mixed with 3 ls of stop solution and loaded into 
the wells in the gel. A 30-300bp radio labeled ladder was loaded 
at the end of each comb.

The electrophoresis time was from 4-6 hours depending on 
the length of the DNA fragments.

The gel was transferred to 3MM filter paper, covered with 
Saran wrap and then dried on a flat bed dryer at 70°C. The dried 
gel was placed inside a Cronex cassette with X-ray film in the 
dark room. The gel was auto radio graphed by being left in the 
cassette at -80°C for 18-24 hours depending on the strength of 
the radioactive signal.

The film was first immersed in the X-ray developer, then the 
stop bath solution and finally the film developed in a liquid fixer.

The resultant signals on the developed film were compared 
with a 30-300bp ladder and scored for genotype.

Results
A significant difference was observed between patients and 

normal controls. Diabetic patients had a higher percentage of 
heterozygous copies (54%; Chi-square=5.87; p=0.01) whereas 
normal controls had a higher homozygous percentage (63%; 
Chi-square=6.5; p=0.01) (table 2). Although any complications 
were recorded in taking the medical history of the patient, this 
was not considered in the statistical comparisons of the patient 
genotypes (table 1).

Power calculation

A power calculation was performed to ensure that the 
optimum sample size of patients was recruited for the study 
to find significant statistical difference in this cohort and the 
optimum number of normal non-pregnant healthy controls was 
also determined by the university’s medical statistician, however 

it is understood that optimum sample size may not always be 
achievable with a this kind of retrospective study, the statistician 
felt confident that our numbers provided sufficient power to be 
confident in our comparisons.

In order to ensure that differences between the patient 
groups were not found by chance, a Bonferroni calculation was 
applied to the data [27].

Hardy-Weinberg distribution

In a non-selected population, the relative frequencies of 
different alleles tend to be constant and are described by a single 
equation. Several factors may distort the gene frequencies in a 
population. A high frequency may indicate the possibility that 
evolutionary forces are in operation and applying selective 
pressure in favour of heterozygotes or homozygotes for mutant 
genes that cause the more common inherited disorders.  (p2+2pq+ 
q2 =1)

The frequency of the alleles and genotypes in patient 
and control groups were compared for significance, using 
contingency tables and chi-squared test with Yates correction 
where appropriate. P values of < 0.05 were considered to be 
significant. We also included odds ratios with 95% confidence 
limits where appropriate.

Discussion
In this investigation, the comparison was only made between 

patients with diabetes and those without as there were fifteen 
possible combinations of allelic combinations in the microsatellite 
investigated thus a much larger group of patients would be 
required to identify significant differences between the many 
patient complication groups. The sample size was considered to 
be adequate to compare these two groups after consultation with 
a statistician, who performed the power calculation. 

It must be noted that previous studies did not find an 
association with CAT and T1DM [28, 29]. CAT has been shown to 
be associated with several other disease conditions. In animal cells 
decreased CAT levels were observed in breast cancer, adenomas 
and leukemia [30].This is the first study to demonstrate a genetic 
difference in this CAT polymorphism and T1DM.

The intracellular beta cell ion environment can be destabilized 
by the generation of ROS so disrupting the normal insulin 
secretory kinetics. There is convincing evidence for the role of 
oxidative stress in human disease pathogenesis. The presence of 
amyloids in beta cells, causing cellular damage, is the partly the 
result of aberrant protein folding in this hostile environment of 
ROS [31, 32, 33]. Aberrant protein folding can be influenced by 
PH, which is influenced by the presence of ROS. Enzyme activity is 
also influenced by the PH, temperature, salts content, activators 
and inhibitors [34].

Although oxygen derivatives are the most important free 
radicals in many disease states, particularly superoxide and the 
hydroxyl radical, hydrogen peroxide also plays a role in oxidative 
damage and CAT is an important protective factor against this 
[35].
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The over-expression of CAT has been shown to preserve 
normal cardiac morphology. CAT over expression protected 
cardiomyocyte contractility in the agouti model of T2DMand 
showed that both T1 and T2DM induce damage at the level 
of individual myocytes, when this damage occurs through 
mechanisms utilizing ROS[36]. Beta cells are damaged by 
oxidative stress as it activates stress induced pathways, resulting 
in defective insulin biosynthesis and secretion thus the different 
expressions of antioxidant genes, such as CAT, could influence 
this damage process, where homozygote CAT genes may be more 
effective in reducing the pathogenesis of diabetes [37].

It was found that the heterozygote groups were more 
significantly likely to be patients diagnosed with diabetes than 
the homozygous group. The CAT antioxidant efficiency of the 
homozygote group may be more enhanced that the heterozygote 
group. The physiological function of bimolecular and their 
integrity is impaired by ROS accumulation. The susceptibility to 
this stress, that can impair the cells function and viability, can be 
determined by their ability to repair the damage to DNA, made 
by the oxidative stress [38]. The defense mechanism that CAT 
provides may be affected by its genotype (ie. CAT heterozygote’s 
are more susceptible) thus revealing a particular phenotype that 
is more likely to develop diabetes (diagram 1).

Microsatellite DNA is in the untranslated region of the gene 
but has increasingly been associated with protein translation and 
expression. They can also regulate or change gene products and 
can eventually lead to phenotype changes [39].

It is known that the epistasis of an allele of one gene affects 
the expression of another and that the phenotype may be altered 
by the combination of different alleles. A trait is determined 
by dominance and is a relationship between alleles. An allele 
can be dominant for only one aspect of the allele’s expression, 
co-ordinate with another allele and recessive with another 
[40]. Whereas, there are different forms of some traits and an 
allele of one gene may affect the expression of another allele, 
even at a different gene at heterozygous gene loci.  The two 
alleles can interact to produce the phenotype [41]. In the case 
of the polymorphism, which was investigated in this study, the 
different alleles may have interacted in such a way as to reduce 
CAT expression or effectiveness. This hypothesis requires much 
further investigation with the new recruitment of patients with 
diabetes and catalase expression studies performed. This was not 
possible with our cohort as we were analyzing retrospective DNA 
samples.

It has been reported that CAT expression increased by 
twofold under hyperglycaemic conditions, suggesting that high 
glucose flux requires greater CAT expression [21]. Thus an allelic 
combination that may infer a less effective gene expression of 
CAT, under oxidative stress and induced by hyperglycaemia, 
may be expected in patients with diabetes mellitus. The relative 
expression of all fifteen different allelic combinations may be 
required to clarify this further. It may be that our results indicate 
that all diabetic complications are similarly affected by the 
heterozygote phenomenon.

This is the first example of a catalase polymorphism being 
associated in patients with diabetes compared to normal controls. 
Recently, human retinal Müller and pigment epithelial cells were 
chronically exposed to normal or high glucose levels and treated 
with a cell-penetrating derivative of the peroxisomal enzyme 
CAT, called CAT-SKL, to reduce oxidative stress with some success 
at reducing the pathophysiology associated with ROS in retinal 
cells. CAT-SKL is a cell-penetrating, peroxisome-targeted, protein 
biologic and is a genetically engineered recombinant derivative 
of CAT containing a cell penetrating peptide at its amino terminus 
and an altered, more efficient peroxisomal targeting signal at its 
carboxy terminus [42]. The enzyme is thought to decelerate cell 
aging [43].

When a genetically engineered derivative of the peroxisomal 
antioxidant enzyme catalase (CAT-SKL), induced by 
intracerebroventricular injection of Aβ25-35 in the mature rat brain, 
it is able to reduce the toxicity of the accumulated beta-amyloid 
in the brain [44]. Free radical mediated oxidative stress have long 
been considered to be involved in the pathogenesis of diabetic 
complications but could they also because protein aberrations 
and some pathology in cells [45]. Free radical using a catalase 
derivative reduce the pathology induced by amyloidosis toxicity 
in other cells, such as, pancreatic beta cells?

It should be noted that the CAT found in various foods, 
in its natural state, is largely broken down by pepsin during 
digestion but recent advances in the preparation of CAT have Figure 1
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Age/years + SEM NA 19.3 + 1.43

Duration of disease/years+SEM NA 20.9 + 1.22

AA 0.0% (0) 0.0% (0)

AB 2.5% (2) 4.7%(4)

AC 4.9% (4) 1.2% (1)

AD 1.2% (1) 2.3% (2)

AE 0.0% (0) 0.0% (0)

BB 2.5% (2) 10.5% (9)

BC 9.9% (8) 19.8% (17)

BD 14.8% (12) 8.1% (7)

BE 2.5% (2) 5.8% (5)

CC 16.0% (13) 15.1% (13)

CD 27.2% (22) 18.6% (16)

CE 6.2% (5) 4.7% (4)

DD 4.9% (4) 8.1% (7)

DE 4.9% (4) 1.2% (1)

EE 2.5% (2) 0.0% (0)
Significant differences reported between patients with diabetes and 
normal healthy controls. Patients with diabetes had a higher percentage 
of heterozygous copies (54%; Chi-square=5.87; p=0.01); normal 
controls had a higher homozygous percentage (63%; Chi-square=6.5; 
p=0.01).
No significant differences were observed between the groups (number 
of cases shown in parentheses)

adapted its structure to be more biologically available, however, 
supplementation of new preparations of CAT may impact lifespan, 
altering the course of degenerative diseases and inhibiting the 
beta cell damage caused by oxidative stress. Experimental diets 
with diabetic models using rats, showed increases in antioxidant 
activity, including catalase and antioxidant protection of 
erythrocytes [46]. Individuals with a family history of T1DM 
receive prophylactic treatment with antioxidants, such as, SOD-2 
and CAT that may reduce the occurrence of the condition. 

Table 3 The frequency of alleles in the microsatellite region of the 
catalase gene in a population of diabetic patients with healthy controls. 
No significant differences were identified between these alleles.
Alleles Healthy Control Diabetic

n= 162 172

A 4.3% (7) 4.1% (7)

B 17.3% (28) 29.7% (51)

C 40.1% (65) 37.2% (64)

D 29.0% (47) 23.2% (40)

E 9.3% (15) 5.8% (10)
Table 1. Demographics of the group of patients with diabetes and 
clinical diagnosis of complications
Demographics and diagnosis of patients with diabetes.

Diagnosis Normal Diabetic DC DN SD<20yrs
No 

complication 

described

Number of 
cases n=; 
M:F

n=43M:38F n=37M:49F n=7;4M:3F n=16;7M:9F n=8;5M:3F n=55;21M:24F

Age/years 
+ SEM

NA 19.3 + 1.43 34.0 + 2.84 47.3 + 5.54 21.7 +2.60 26.7 + 1.13

Duration 
of disease/
years+SEM

NA 20.9 + 1.22 27.9 + 2.46 30.8 + 2.94 10.7 + 0.86 18.4 + 1.30
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