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Role of Proteins Involved in Wound Healing Process                      
The advancement of proteomic and genomic 
techniques made it possible to develop better 
understanding towards the coordinated expression 
and functional association of differentially 
expressed proteins modulating cellular processes, 
initiating signal transduction and regulating gene 
transcription patterns. Using combination of 2D gel 
electrophoresis, mass spectrometry together with 
microarray analysis, several classes of proteins have 
been identified and characterized in corneal 
epithelium and extracellular matrix. These include 
growth factors, chemokines, proteoglycans, glyco-
proteins, basement membrane proteins, interfibrillar 
matrix proteins, matrix metalloproteinases and 
growth factors22-25.

Multiple growth factors are expressed and interact 
with one another to synchronize the healing 

process3. The epidermal growth factor which is a 
low molecular weight polypeptide has been exten-
sively studied26-31. Upon binding to its receptor it 
dimerizes and facilitates the activation of mitogen 
activated proteins which in turn activates the MAPK 
pathway to regulate the process of proliferation 
and differentiation in maintaining corneal transpar-
ency2,29,32. Other growth factors including hepato-
cyte growth factor (HGF), platelets derived growth 
factor (PDGF) keratinocyte growth factor, nerve 
growth factor also stimulate the epithelial growth 
and trigger epithelial cell apoptosis2,33-35. These 
growth factors are released from corneal stroma 
and lacrimal glands have shown a paracrine 
effects2. Recently it has been found that recombi-
nant human Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) accelerated 
corneal epithelial wound healing both in vitro and 
in vivo36.These cytokines and growth factors togeth-

er with adhesion and extracellular matrix proteins 
regulate the complex but organized mechanism of 
wound healing in corneal epithelium.

The adhesion molecules including the components 
of desmosomes, hemidemosomes and gap 
junction molecules play an important role in 
intercellular communications. They provide path-
ways for   signal transduction and tissue homeostasis 
37, 38. Previous studies reported the involvement of 
several proteins like laminin, desmoglein, cadhher-
ins, integrins, vinculin, actin, talin, fibronectin to 
mediates cell to cell and cell to matrix interac-
tions39,40. It has been established that wound healing 
is progressed under the rigid control of adhesion 
molecules. As the wound healing proceeds, the 
previous adhesion junctions are lost with the forma-
tion of provisional focal contacts to cover the 
wounded surface41 and the metabolic activity of 
the individual corneal epithelial cells was increased. 
The hemidesmosome attachment was lost with the 
morphological changes in the basal cells which 
turned into more elongated shape with extended 
lamellipodia at the wound margin. The strength of 
cell-cell adhesion interactions in the migrating 
epithelial sheets must be sufficient to withstand the 
forces generated during the process. As the basal 
cells change their shape and begin to move out 
over the wound bed, the neighboring cells appear 
to be pulled along behind them. As a result the 
entire sheet of cells move and the epithelium 
becomes progressively thinner with cells flatten out 
in an attempt to cover the exposed wound bed. 
The metabolic activity of cell decreases followed by 
proliferation to restratify the tissue after the wound 
edges meet and epithelial integrity is again estab-
lished40.

Integrins plays an important role in maintaining cell 
shape and integrity by mediating the interaction of 
alpha-actinin and talin to the actin filaments of the 
cytoskeleton43-45.These proteins present in the cell 
membrane at sites of cell-cell interaction, serve as 
components of the hemidesmosomes in unwound-
ed epithelia and may be available for rapid 
conscription as epithelial cell migration proceeds17, 
whereas many recent studies have shown an 
important role of beta integrins in mediating epithe-
lial cell migration and differentiation in vitro45-47.
In addition fibronectin, an important component of 
extracellular matrix also plays a key role in the regu-
lation of the adhesion and migration of corneal 
epithelial cells (CEC) 38, 48-51. Upon injury fibronectin 
provides a temporary matrix to which corneal cells 
adhere to and migrate to cover the area of 
defect37,50,51.Fibronectin coupled with vinculin 
whose synthesis has increased dramatically as the 
migration proceeds, interacts to integrin receptors 
in focal contacts and enhances the activation of 
variety of signal transduction pathway17.PARP-1 
gene expression was strongly activated by 
fibronectin through MAPK and P13K signaling path-

way suggesting that PARP-1  may play an important 
role during the highly prolifertativephase52.  Recently 
it has been observed that the migratory effects of 
fibronectin on  adhesion and cellular proliferation 
has mediated by Beta Pix which contribute to the 
regulation of cellular migration and proliferation of 
CEC53. Fibronectin also enhances the movement of 
corneal epithelial cells through the peptide derived 
from the second cell binding domain (PHSRN)51,54.

On the basis of these observation we can wrap up 
that fibronectin-integrin system plays an important 
part in corneal epithelial wound healing by provid-
ing a connective matrix for the attachment and 
migration of corneal epithelial cells and secondly 
by the activation of these cells via natural agents47. 
Knowledge of these processes may lead to the 
development of therapeutic agents used for the 
treatment of various corneal disorders. Recently 
PHSRN eye drops were found to be helpful for the 
management of corneal perforation due to the 
persistent epithelial defects (PED) with quick reepi-
thelialization being followed by full restoration of 
stromal thickness 55.The eye drops containing the 
blend of substance P and IGF-1 are also reported to 
be successful for the management of corneal 
PEDs47.

CONCLUSION

The corneal epithelial wound healing is a complex 
and multistep process required the plethora of 
proteins working together to mediate the renewal 
process. The coordinated expression analysis and 
the functional association of differentially expressed 
proteins will lead to the discovery of specific diag-
nostic biomarkers and new therapeutic targets as 
well. In addition the specific knowledge of corneal 
proteome during regular and pathological condi-
tions may also guide to enhanced molecular classi-
fications of corneal diseases and assist the expan-
sion of latest treatments together with gene therapy 
and the proposal of synthetic corneas for transplan-
tation.
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SHORT COMMUNICATION

ABSTRACT
 

Background: Diabetes and hypertension frequently coexist, leading to additive increases in the risk of 
life-threatening cardiovascular events. Large scale proteomic studies implicate the role of aberrant protein 
expression in these groups’ specifically post translational modifications. Protein S-nitrosylation conveys a 
large part of the ubiquitous effect on cellular signal transduction, accumulating evidence indicates import-
ant roles in normal physiology. Dysregulated S-nitrosylation has been implicated as a cause or consequence 
of a broad range of diseases, including asthma, cystic fibrosis, Parkinson disease, heart failure, and stroke. 
The purpose of study is to identify molecular changes and potential alterations in expression of specific aber-
rant s-nitrosylation in hypertensive and diabetic hypertensive patients. We aimed to identify such blood 
biomarkers and potential drug targets which can provide insight into the underlying molecular mechanisms, 
associated with its pathology.

Methods: Proteome mapping of hypertensive, diabetic hypertensive serum samples was conducted to get 
the expression of aberrant nitrosylated proteins. Serum samples (n=15 from each group) by using sodium 
dodecyl sulphate polyacrylamide gel electrophoresis coupled with immunoblot by using anti S-nitrosylated 
antibody followed by imaging and statistical analysis by Quantity-One software (BioRad).

Results: We have identified in total fifteen nitrosylated protein components with altered expression among 
the studied groups. The 177.8KDa, 119KDa, 74.02KDa, 61.5KDa, 52.3KDa protein, and 24.93KDa proteins are 
showing hyper-nitrosylation in diabetic hypertensive serum samples. However, he 119KDa,  74.02KDa and 
61.5KDa protein components  showed hyper-nitrosylation in hypertensive serum samples as compared to 
normal controls while rest of the proteins component were  found hypo-nitrosylated.

Conclusion: The characterization of aberrantly expressed nitrosylated proteins globally and their association 
with disease associated pathways probably are playing modulatory roles in the pathophysiology of the 
disease, following post-translational modifications.

KEY WORDS: S-nitrosylation; proteomics; Diabetic hypertensive ; Hypertension; Post-translational modifica-
tion. 
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INTRODUCTION 

Hypertension is a major public health problem with 
increased prevalence throughout the world and 
the number of individuals suffering from hyperten-
sion is increasing day by day1. Hypertension is a 
complicated disorder resulting from genetic and 
environmental factors2. According to Pakistan 
national health survey report 2013, high blood 
pressure affects 18 percent of adults over 15 years 
of age and 33 percent of adults above 45 years. 

However, only 50 percent of those affected are 
diagnosed and more than 70 percent of all hyper-
tensive patients in the country are unaware of the 
disease. Patients with undiagnosed hypertension 
may have risk for serious health problem i.e. cardio-
vascular disorders, heart failure, renal problems, 
diabetic complications, strokes etc3. 

Diabetes Mellitus (DM) is a leading cause of morbid-
ity and mortality throughout the world 4. It is a major 
cause of heart disease and stroke among adults 

and is the leading cause of nontraumatic lower-ex-
tremity amputations, blindness, and kidney failure. 
Pakistan ranks at number six in terms of number of 
people with diabetes worldwide. It was estimated 
that in 2000 there were 5.2 million diabetic patients 
and this will rise to 13.9 million by 2020, leading 
Pakistan to 4th most prevalent country 5.

Hypertension is a risk factor for diabetic patients, it is 
reported in over two-third patients with diabetes 
mellitus, and its development is associated with the 
hyperglycemia. The patients of hypertension with 
diabetes are at high risk for cardiovascular diseases. 
People with controlled diabetes have a similar 
cardiovascular risk as to patients without diabetes 
but with hypertension6.
 
Protein S-nitrosylation Nitric oxide is a small highly 
reactive gaseous molecule. It is endogenously 
synthesized, diffusible, lipophilic gas that is 
produced by a group of enzymes known as nitric

oxide synthases (NOS). Its role is to convert the 
amino acid L-arginine to L-citrulline and NO and 
plays a key role as a biological messenger7. It is 
unstable in nature and not only reacts with metal 
ions but also can react with superoxide and molec-
ular oxygen, and form peroxynitrite and dinitrogen 
trioxide N2O3 (or higher oxides like NO2). Moreover, 
adding or removing one electron from the antibo-
nding highest occupied molecular orbital by reduc-
ing or oxidizing chemicals yields nitroxyl anion (NO-) 
and nitrosonium cation (NO+). Collectively, these 
species are referred to as reactive nitrogen species 
(RNS) each having distinct chemical properties 
leading to numerous reactions with biological mole-
cules like lipids, carbohydrates, nucleic acids, and 
proteins.
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Role of Proteins Involved in Wound Healing Process                      
The advancement of proteomic and genomic 
techniques made it possible to develop better 
understanding towards the coordinated expression 
and functional association of differentially 
expressed proteins modulating cellular processes, 
initiating signal transduction and regulating gene 
transcription patterns. Using combination of 2D gel 
electrophoresis, mass spectrometry together with 
microarray analysis, several classes of proteins have 
been identified and characterized in corneal 
epithelium and extracellular matrix. These include 
growth factors, chemokines, proteoglycans, glyco-
proteins, basement membrane proteins, interfibrillar 
matrix proteins, matrix metalloproteinases and 
growth factors22-25.

Multiple growth factors are expressed and interact 
with one another to synchronize the healing 

process3. The epidermal growth factor which is a 
low molecular weight polypeptide has been exten-
sively studied26-31. Upon binding to its receptor it 
dimerizes and facilitates the activation of mitogen 
activated proteins which in turn activates the MAPK 
pathway to regulate the process of proliferation 
and differentiation in maintaining corneal transpar-
ency2,29,32. Other growth factors including hepato-
cyte growth factor (HGF), platelets derived growth 
factor (PDGF) keratinocyte growth factor, nerve 
growth factor also stimulate the epithelial growth 
and trigger epithelial cell apoptosis2,33-35. These 
growth factors are released from corneal stroma 
and lacrimal glands have shown a paracrine 
effects2. Recently it has been found that recombi-
nant human Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) accelerated 
corneal epithelial wound healing both in vitro and 
in vivo36.These cytokines and growth factors togeth-

er with adhesion and extracellular matrix proteins 
regulate the complex but organized mechanism of 
wound healing in corneal epithelium.

The adhesion molecules including the components 
of desmosomes, hemidemosomes and gap 
junction molecules play an important role in 
intercellular communications. They provide path-
ways for   signal transduction and tissue homeostasis 
37, 38. Previous studies reported the involvement of 
several proteins like laminin, desmoglein, cadhher-
ins, integrins, vinculin, actin, talin, fibronectin to 
mediates cell to cell and cell to matrix interac-
tions39,40. It has been established that wound healing 
is progressed under the rigid control of adhesion 
molecules. As the wound healing proceeds, the 
previous adhesion junctions are lost with the forma-
tion of provisional focal contacts to cover the 
wounded surface41 and the metabolic activity of 
the individual corneal epithelial cells was increased. 
The hemidesmosome attachment was lost with the 
morphological changes in the basal cells which 
turned into more elongated shape with extended 
lamellipodia at the wound margin. The strength of 
cell-cell adhesion interactions in the migrating 
epithelial sheets must be sufficient to withstand the 
forces generated during the process. As the basal 
cells change their shape and begin to move out 
over the wound bed, the neighboring cells appear 
to be pulled along behind them. As a result the 
entire sheet of cells move and the epithelium 
becomes progressively thinner with cells flatten out 
in an attempt to cover the exposed wound bed. 
The metabolic activity of cell decreases followed by 
proliferation to restratify the tissue after the wound 
edges meet and epithelial integrity is again estab-
lished40.

Integrins plays an important role in maintaining cell 
shape and integrity by mediating the interaction of 
alpha-actinin and talin to the actin filaments of the 
cytoskeleton43-45.These proteins present in the cell 
membrane at sites of cell-cell interaction, serve as 
components of the hemidesmosomes in unwound-
ed epithelia and may be available for rapid 
conscription as epithelial cell migration proceeds17, 
whereas many recent studies have shown an 
important role of beta integrins in mediating epithe-
lial cell migration and differentiation in vitro45-47.
In addition fibronectin, an important component of 
extracellular matrix also plays a key role in the regu-
lation of the adhesion and migration of corneal 
epithelial cells (CEC) 38, 48-51. Upon injury fibronectin 
provides a temporary matrix to which corneal cells 
adhere to and migrate to cover the area of 
defect37,50,51.Fibronectin coupled with vinculin 
whose synthesis has increased dramatically as the 
migration proceeds, interacts to integrin receptors 
in focal contacts and enhances the activation of 
variety of signal transduction pathway17.PARP-1 
gene expression was strongly activated by 
fibronectin through MAPK and P13K signaling path-

way suggesting that PARP-1  may play an important 
role during the highly prolifertativephase52.  Recently 
it has been observed that the migratory effects of 
fibronectin on  adhesion and cellular proliferation 
has mediated by Beta Pix which contribute to the 
regulation of cellular migration and proliferation of 
CEC53. Fibronectin also enhances the movement of 
corneal epithelial cells through the peptide derived 
from the second cell binding domain (PHSRN)51,54.

On the basis of these observation we can wrap up 
that fibronectin-integrin system plays an important 
part in corneal epithelial wound healing by provid-
ing a connective matrix for the attachment and 
migration of corneal epithelial cells and secondly 
by the activation of these cells via natural agents47. 
Knowledge of these processes may lead to the 
development of therapeutic agents used for the 
treatment of various corneal disorders. Recently 
PHSRN eye drops were found to be helpful for the 
management of corneal perforation due to the 
persistent epithelial defects (PED) with quick reepi-
thelialization being followed by full restoration of 
stromal thickness 55.The eye drops containing the 
blend of substance P and IGF-1 are also reported to 
be successful for the management of corneal 
PEDs47.

CONCLUSION

The corneal epithelial wound healing is a complex 
and multistep process required the plethora of 
proteins working together to mediate the renewal 
process. The coordinated expression analysis and 
the functional association of differentially expressed 
proteins will lead to the discovery of specific diag-
nostic biomarkers and new therapeutic targets as 
well. In addition the specific knowledge of corneal 
proteome during regular and pathological condi-
tions may also guide to enhanced molecular classi-
fications of corneal diseases and assist the expan-
sion of latest treatments together with gene therapy 
and the proposal of synthetic corneas for transplan-
tation.
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INTRODUCTION 

Hypertension is a major public health problem with 
increased prevalence throughout the world and 
the number of individuals suffering from hyperten-
sion is increasing day by day1. Hypertension is a 
complicated disorder resulting from genetic and 
environmental factors2. According to Pakistan 
national health survey report 2013, high blood 
pressure affects 18 percent of adults over 15 years 
of age and 33 percent of adults above 45 years. 

However, only 50 percent of those affected are 
diagnosed and more than 70 percent of all hyper-
tensive patients in the country are unaware of the 
disease. Patients with undiagnosed hypertension 
may have risk for serious health problem i.e. cardio-
vascular disorders, heart failure, renal problems, 
diabetic complications, strokes etc3. 

Diabetes Mellitus (DM) is a leading cause of morbid-
ity and mortality throughout the world 4. It is a major 
cause of heart disease and stroke among adults 

and is the leading cause of nontraumatic lower-ex-
tremity amputations, blindness, and kidney failure. 
Pakistan ranks at number six in terms of number of 
people with diabetes worldwide. It was estimated 
that in 2000 there were 5.2 million diabetic patients 
and this will rise to 13.9 million by 2020, leading 
Pakistan to 4th most prevalent country 5.

Hypertension is a risk factor for diabetic patients, it is 
reported in over two-third patients with diabetes 
mellitus, and its development is associated with the 
hyperglycemia. The patients of hypertension with 
diabetes are at high risk for cardiovascular diseases. 
People with controlled diabetes have a similar 
cardiovascular risk as to patients without diabetes 
but with hypertension6.
 
Protein S-nitrosylation Nitric oxide is a small highly 
reactive gaseous molecule. It is endogenously 
synthesized, diffusible, lipophilic gas that is 
produced by a group of enzymes known as nitric

oxide synthases (NOS). Its role is to convert the 
amino acid L-arginine to L-citrulline and NO and 
plays a key role as a biological messenger7. It is 
unstable in nature and not only reacts with metal 
ions but also can react with superoxide and molec-
ular oxygen, and form peroxynitrite and dinitrogen 
trioxide N2O3 (or higher oxides like NO2). Moreover, 
adding or removing one electron from the antibo-
nding highest occupied molecular orbital by reduc-
ing or oxidizing chemicals yields nitroxyl anion (NO-) 
and nitrosonium cation (NO+). Collectively, these 
species are referred to as reactive nitrogen species 
(RNS) each having distinct chemical properties 
leading to numerous reactions with biological mole-
cules like lipids, carbohydrates, nucleic acids, and 
proteins.

NO synthesis and signaling pathways
(Adapted from J. Pulmonary Circulation.2013 3; (20):30)

Reactive Nitrogen Species are important redox-sig-
naling molecules in the cell that bind covalently to 
target proteins8. There are three important NO-de-
pendent modifications: metal nitrosylation, tyrosine 
nitration, and cysteine S-nitrosylation. The binding of 
nitric oxide to the protein cysteine residue can also 
modify the activity of many proteins, and the reac-
tion is termed as, S-nitrosylation9. S-nitrosylation is a 
supplementary post translational modification 
process, facilitated through nitric oxide and reac-
tive nitrogen species10. 

Protein S-nitrosylation in disease state: In mammali-
an cells, L -Arginine dependent nitric oxide (NO) 
synthases are the major source of endogenous 
NO11. NO is involved in a variety of cellular signal 
transduction pathways, through protein S-nitrosyla-
tion, pointing to the possibility that dysregulated 
S-nitrosylation could contribute to pathophysiologi-
cal characteristic of a wide range of disease states 
12. Hypo- or hyper-S-nitrosylation of protein (which

 result in alterations in protein function) are directly 
concerned with symptomatology of increasing 
number of human diseases, including prominently 
disorders of cardiovascular, musculoskeletal and 
nervous systems 13. 

Dysregulated Snitrosylation has been implicated as 
a cause or consequence of a broad range of 
diseases, including asthma, cystic fibrosis, Parkinson 
disease, heart failure, and stroke, and the role of 
nitrosylases and denitrosylases in governing levels of 
S-nitrosylation under both physiological and patho-
physiological conditions is increasingly appreciated 
14. It is apparent that protein S-nitrosylation is spatial-
ly and temporally regulated, not only by the direct 
interaction or compartmentation of SNO target with 

NO synthases, but also by the enzymes that remove 
SNO from glutathione (e.g.GSNOR) and proteins 
(e.g. thioredoxin ) 15.

METHODS

The present study was aimed to identify the aber-
rant protein s-nitrosylation in hypertensive and 
diabetic hypertensive patients. This section includes 
the analytical procedures carried out in this study. 
Control samples with no known clinical complica-
tions, Diabetic hypertensive and Hypertensive 
samples were collected from different hospitals in 
Karachi following strict inclusion/exclusion criteria.  
Samples were stored at -80°C until used for 
proteomic analysis. Total protein was quantified by 
using Bradford assay. After dilution, the serum 
samples (n=15 from each group) were subjected to 
SDS PAGE (10%) and the protein profile obtained 
thus showed approximately 13 -16 bands of proteins 
ranging from 11 to 350 kDa  in normal, diabetic 
hypertensive and hypertensive subjects. Molecular 
weight determination and semi quantitative analy-
sis was carried out using “Quantity One” (Bio Rad) 
software.After SDS PAGE gel analysis, western blot 
was carried out to find out s-nitrosylated serum 
proteins in diabetic hypertensive and hypertensive 
serum samples, and the gel was analyzed. The 
protein profile we obtained contain 12 -15 bands of 
protein components, ranging from 15kDa to 245kDa 
in Normal, Diabetic hypertensive and Hypertensive 
subjects serum samples. 

RESULT

Figure: 1 Western blot (10% gel) of normotensive, 
hypertensive and diabetic hypertensive serum 
samples analyzed by quantity one software.

We found down regulation of 250kDa and 66kDa, 
protein components in diabetic hypertensive 
subjects by protein profiling on 10% SDS-PAGE. The 
down regulated 66kDa protein probably albumin 
and its down regulation is associated with impaired 
kidney function16. 20kDa protein possibly superox-
ide dismutase (SOD) which is down regulated in 

diabetic hypertensive sample indicate increased 
oxidative stress. As a consequence, SOD serves as 
an anti-oxidant but it’s down regulation shows that 
there is increase oxidative stress in diabetic hyper-
tension. From western blotting we have identified in 
total fifteen nitrosylated protein components with 
altered expression among the studied groups. The 
177.8KDa, 119KDa, 74.02KDa, 61.5KDa, 52.3KDa 
protein, and 24.93KDa proteins are hyper-nitrosylat-
ed in diabetic hypertensive s. The 119KDa, 74.02KDa 
and 61.5KDa proteins are hyper-nitrosylated in 
hypertensive patients as compared to normal 
controls, while the remaining protein components 
were hypo-nitrosylated.

DISCUSSION

Hyperglycemia plays an important role in the 
decreased NO production in type 2 diabetes as 
high glucose inhibits endothelial NOS activity, 
through a protein kinase C–associated mechanism 
17. Moreover, high glucose and/or the associated 
advanced glycosylation end products decreased 
NOS expression. S-nitrosylation also inhibits the activ-
ity of protein kinase C as well as other serine/thre-
onine kinases, including IκB kinase and the insulin 
receptor kinase 18. An impaired NO generation in 
type 2 diabetes may be another feature of insulin 
resistance 19. Regarding hypertension, endothelial 
cells play a major role in arterial relaxation. Endothe-
lial cells release a factor NO by the eNOS that 
causes vascular relaxation 20. The NO is rapidly 
degraded (the half-life of NO is only of few second) 
into superoxide anion by the oxygen derived free 
radical. These superoxide anions thus modify the 
endothelial function and can also act as a vaso-
constrictor. In addition, nitric oxide synthase (NOS), 
and in particular the endothelial isoform of NOS 
(eNOS) is now recognized as an important source of 
superoxide 21. As a result of these reactions, eNOS 
may become a peroxynitrite generator that leads 
to dramatic increase in oxidative stress. A decrease 
in bioavailability of NO and increase in oxidative 
stress are present in hypertension 22. The renin 
enzyme circulates in the blood stream and breaks 
down (hydrolyzes) angiotensinogen secreted from 
the liver into the peptide angiotensin I. Angiotensin I 
is further cleaved in the lungs by endothelial-bound 
angiotensin-converting enzyme (ACE) into angio-
tensin II 23.Ang II levels increase in hypertension 
which leads to increase level of ROS and decrease 
level of NO subsequently decrease the level of 
S-nitrosylation in hypertension. Recent study suggest 
that  Angiotensin II treatment resulted in inactivation 
of thioredoxin reductase and increased S-nitrosyla-
tion, indicating that S-nitrosylation may provide a 
critical mechanism in hypertension associated with 
abnormal vascular reactivity17.

CONCLUSION

We propose that s-nitrosylation is decrease in hyper-

tension and slightly increase in diabetic hyperten-
sion because insulin resistant diabetes mellitus leads 
to increase in NO production which results in 
increased s-nitrosylation. Moreover, angiotensin II 
which has a major role in production of hyperten-
sion is associated with decreased NO or S nitrosyla-
tion and the characterization of aberrantly 
expressed nitrosylated protein components, and 
their association with disease pathways probably is 
a result of their modulatory roles following 
post-translational modifications. Further studies are 
required to completely characterize the proteins 
involved and confirm the present findings.
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Role of Proteins Involved in Wound Healing Process                      
The advancement of proteomic and genomic 
techniques made it possible to develop better 
understanding towards the coordinated expression 
and functional association of differentially 
expressed proteins modulating cellular processes, 
initiating signal transduction and regulating gene 
transcription patterns. Using combination of 2D gel 
electrophoresis, mass spectrometry together with 
microarray analysis, several classes of proteins have 
been identified and characterized in corneal 
epithelium and extracellular matrix. These include 
growth factors, chemokines, proteoglycans, glyco-
proteins, basement membrane proteins, interfibrillar 
matrix proteins, matrix metalloproteinases and 
growth factors22-25.

Multiple growth factors are expressed and interact 
with one another to synchronize the healing 

process3. The epidermal growth factor which is a 
low molecular weight polypeptide has been exten-
sively studied26-31. Upon binding to its receptor it 
dimerizes and facilitates the activation of mitogen 
activated proteins which in turn activates the MAPK 
pathway to regulate the process of proliferation 
and differentiation in maintaining corneal transpar-
ency2,29,32. Other growth factors including hepato-
cyte growth factor (HGF), platelets derived growth 
factor (PDGF) keratinocyte growth factor, nerve 
growth factor also stimulate the epithelial growth 
and trigger epithelial cell apoptosis2,33-35. These 
growth factors are released from corneal stroma 
and lacrimal glands have shown a paracrine 
effects2. Recently it has been found that recombi-
nant human Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) accelerated 
corneal epithelial wound healing both in vitro and 
in vivo36.These cytokines and growth factors togeth-

er with adhesion and extracellular matrix proteins 
regulate the complex but organized mechanism of 
wound healing in corneal epithelium.

The adhesion molecules including the components 
of desmosomes, hemidemosomes and gap 
junction molecules play an important role in 
intercellular communications. They provide path-
ways for   signal transduction and tissue homeostasis 
37, 38. Previous studies reported the involvement of 
several proteins like laminin, desmoglein, cadhher-
ins, integrins, vinculin, actin, talin, fibronectin to 
mediates cell to cell and cell to matrix interac-
tions39,40. It has been established that wound healing 
is progressed under the rigid control of adhesion 
molecules. As the wound healing proceeds, the 
previous adhesion junctions are lost with the forma-
tion of provisional focal contacts to cover the 
wounded surface41 and the metabolic activity of 
the individual corneal epithelial cells was increased. 
The hemidesmosome attachment was lost with the 
morphological changes in the basal cells which 
turned into more elongated shape with extended 
lamellipodia at the wound margin. The strength of 
cell-cell adhesion interactions in the migrating 
epithelial sheets must be sufficient to withstand the 
forces generated during the process. As the basal 
cells change their shape and begin to move out 
over the wound bed, the neighboring cells appear 
to be pulled along behind them. As a result the 
entire sheet of cells move and the epithelium 
becomes progressively thinner with cells flatten out 
in an attempt to cover the exposed wound bed. 
The metabolic activity of cell decreases followed by 
proliferation to restratify the tissue after the wound 
edges meet and epithelial integrity is again estab-
lished40.

Integrins plays an important role in maintaining cell 
shape and integrity by mediating the interaction of 
alpha-actinin and talin to the actin filaments of the 
cytoskeleton43-45.These proteins present in the cell 
membrane at sites of cell-cell interaction, serve as 
components of the hemidesmosomes in unwound-
ed epithelia and may be available for rapid 
conscription as epithelial cell migration proceeds17, 
whereas many recent studies have shown an 
important role of beta integrins in mediating epithe-
lial cell migration and differentiation in vitro45-47.
In addition fibronectin, an important component of 
extracellular matrix also plays a key role in the regu-
lation of the adhesion and migration of corneal 
epithelial cells (CEC) 38, 48-51. Upon injury fibronectin 
provides a temporary matrix to which corneal cells 
adhere to and migrate to cover the area of 
defect37,50,51.Fibronectin coupled with vinculin 
whose synthesis has increased dramatically as the 
migration proceeds, interacts to integrin receptors 
in focal contacts and enhances the activation of 
variety of signal transduction pathway17.PARP-1 
gene expression was strongly activated by 
fibronectin through MAPK and P13K signaling path-

way suggesting that PARP-1  may play an important 
role during the highly prolifertativephase52.  Recently 
it has been observed that the migratory effects of 
fibronectin on  adhesion and cellular proliferation 
has mediated by Beta Pix which contribute to the 
regulation of cellular migration and proliferation of 
CEC53. Fibronectin also enhances the movement of 
corneal epithelial cells through the peptide derived 
from the second cell binding domain (PHSRN)51,54.

On the basis of these observation we can wrap up 
that fibronectin-integrin system plays an important 
part in corneal epithelial wound healing by provid-
ing a connective matrix for the attachment and 
migration of corneal epithelial cells and secondly 
by the activation of these cells via natural agents47. 
Knowledge of these processes may lead to the 
development of therapeutic agents used for the 
treatment of various corneal disorders. Recently 
PHSRN eye drops were found to be helpful for the 
management of corneal perforation due to the 
persistent epithelial defects (PED) with quick reepi-
thelialization being followed by full restoration of 
stromal thickness 55.The eye drops containing the 
blend of substance P and IGF-1 are also reported to 
be successful for the management of corneal 
PEDs47.

CONCLUSION

The corneal epithelial wound healing is a complex 
and multistep process required the plethora of 
proteins working together to mediate the renewal 
process. The coordinated expression analysis and 
the functional association of differentially expressed 
proteins will lead to the discovery of specific diag-
nostic biomarkers and new therapeutic targets as 
well. In addition the specific knowledge of corneal 
proteome during regular and pathological condi-
tions may also guide to enhanced molecular classi-
fications of corneal diseases and assist the expan-
sion of latest treatments together with gene therapy 
and the proposal of synthetic corneas for transplan-
tation.
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Reactive Nitrogen Species are important redox-sig-
naling molecules in the cell that bind covalently to 
target proteins8. There are three important NO-de-
pendent modifications: metal nitrosylation, tyrosine 
nitration, and cysteine S-nitrosylation. The binding of 
nitric oxide to the protein cysteine residue can also 
modify the activity of many proteins, and the reac-
tion is termed as, S-nitrosylation9. S-nitrosylation is a 
supplementary post translational modification 
process, facilitated through nitric oxide and reac-
tive nitrogen species10. 

Protein S-nitrosylation in disease state: In mammali-
an cells, L -Arginine dependent nitric oxide (NO) 
synthases are the major source of endogenous 
NO11. NO is involved in a variety of cellular signal 
transduction pathways, through protein S-nitrosyla-
tion, pointing to the possibility that dysregulated 
S-nitrosylation could contribute to pathophysiologi-
cal characteristic of a wide range of disease states 
12. Hypo- or hyper-S-nitrosylation of protein (which

 result in alterations in protein function) are directly 
concerned with symptomatology of increasing 
number of human diseases, including prominently 
disorders of cardiovascular, musculoskeletal and 
nervous systems 13. 

Dysregulated Snitrosylation has been implicated as 
a cause or consequence of a broad range of 
diseases, including asthma, cystic fibrosis, Parkinson 
disease, heart failure, and stroke, and the role of 
nitrosylases and denitrosylases in governing levels of 
S-nitrosylation under both physiological and patho-
physiological conditions is increasingly appreciated 
14. It is apparent that protein S-nitrosylation is spatial-
ly and temporally regulated, not only by the direct 
interaction or compartmentation of SNO target with 

NO synthases, but also by the enzymes that remove 
SNO from glutathione (e.g.GSNOR) and proteins 
(e.g. thioredoxin ) 15.

METHODS

The present study was aimed to identify the aber-
rant protein s-nitrosylation in hypertensive and 
diabetic hypertensive patients. This section includes 
the analytical procedures carried out in this study. 
Control samples with no known clinical complica-
tions, Diabetic hypertensive and Hypertensive 
samples were collected from different hospitals in 
Karachi following strict inclusion/exclusion criteria.  
Samples were stored at -80°C until used for 
proteomic analysis. Total protein was quantified by 
using Bradford assay. After dilution, the serum 
samples (n=15 from each group) were subjected to 
SDS PAGE (10%) and the protein profile obtained 
thus showed approximately 13 -16 bands of proteins 
ranging from 11 to 350 kDa  in normal, diabetic 
hypertensive and hypertensive subjects. Molecular 
weight determination and semi quantitative analy-
sis was carried out using “Quantity One” (Bio Rad) 
software.After SDS PAGE gel analysis, western blot 
was carried out to find out s-nitrosylated serum 
proteins in diabetic hypertensive and hypertensive 
serum samples, and the gel was analyzed. The 
protein profile we obtained contain 12 -15 bands of 
protein components, ranging from 15kDa to 245kDa 
in Normal, Diabetic hypertensive and Hypertensive 
subjects serum samples. 

RESULT

Figure: 1 Western blot (10% gel) of normotensive, 
hypertensive and diabetic hypertensive serum 
samples analyzed by quantity one software.

We found down regulation of 250kDa and 66kDa, 
protein components in diabetic hypertensive 
subjects by protein profiling on 10% SDS-PAGE. The 
down regulated 66kDa protein probably albumin 
and its down regulation is associated with impaired 
kidney function16. 20kDa protein possibly superox-
ide dismutase (SOD) which is down regulated in 

diabetic hypertensive sample indicate increased 
oxidative stress. As a consequence, SOD serves as 
an anti-oxidant but it’s down regulation shows that 
there is increase oxidative stress in diabetic hyper-
tension. From western blotting we have identified in 
total fifteen nitrosylated protein components with 
altered expression among the studied groups. The 
177.8KDa, 119KDa, 74.02KDa, 61.5KDa, 52.3KDa 
protein, and 24.93KDa proteins are hyper-nitrosylat-
ed in diabetic hypertensive s. The 119KDa, 74.02KDa 
and 61.5KDa proteins are hyper-nitrosylated in 
hypertensive patients as compared to normal 
controls, while the remaining protein components 
were hypo-nitrosylated.

DISCUSSION

Hyperglycemia plays an important role in the 
decreased NO production in type 2 diabetes as 
high glucose inhibits endothelial NOS activity, 
through a protein kinase C–associated mechanism 
17. Moreover, high glucose and/or the associated 
advanced glycosylation end products decreased 
NOS expression. S-nitrosylation also inhibits the activ-
ity of protein kinase C as well as other serine/thre-
onine kinases, including IκB kinase and the insulin 
receptor kinase 18. An impaired NO generation in 
type 2 diabetes may be another feature of insulin 
resistance 19. Regarding hypertension, endothelial 
cells play a major role in arterial relaxation. Endothe-
lial cells release a factor NO by the eNOS that 
causes vascular relaxation 20. The NO is rapidly 
degraded (the half-life of NO is only of few second) 
into superoxide anion by the oxygen derived free 
radical. These superoxide anions thus modify the 
endothelial function and can also act as a vaso-
constrictor. In addition, nitric oxide synthase (NOS), 
and in particular the endothelial isoform of NOS 
(eNOS) is now recognized as an important source of 
superoxide 21. As a result of these reactions, eNOS 
may become a peroxynitrite generator that leads 
to dramatic increase in oxidative stress. A decrease 
in bioavailability of NO and increase in oxidative 
stress are present in hypertension 22. The renin 
enzyme circulates in the blood stream and breaks 
down (hydrolyzes) angiotensinogen secreted from 
the liver into the peptide angiotensin I. Angiotensin I 
is further cleaved in the lungs by endothelial-bound 
angiotensin-converting enzyme (ACE) into angio-
tensin II 23.Ang II levels increase in hypertension 
which leads to increase level of ROS and decrease 
level of NO subsequently decrease the level of 
S-nitrosylation in hypertension. Recent study suggest 
that  Angiotensin II treatment resulted in inactivation 
of thioredoxin reductase and increased S-nitrosyla-
tion, indicating that S-nitrosylation may provide a 
critical mechanism in hypertension associated with 
abnormal vascular reactivity17.

CONCLUSION

We propose that s-nitrosylation is decrease in hyper-

tension and slightly increase in diabetic hyperten-
sion because insulin resistant diabetes mellitus leads 
to increase in NO production which results in 
increased s-nitrosylation. Moreover, angiotensin II 
which has a major role in production of hyperten-
sion is associated with decreased NO or S nitrosyla-
tion and the characterization of aberrantly 
expressed nitrosylated protein components, and 
their association with disease pathways probably is 
a result of their modulatory roles following 
post-translational modifications. Further studies are 
required to completely characterize the proteins 
involved and confirm the present findings.
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Role of Proteins Involved in Wound Healing Process                      
The advancement of proteomic and genomic 
techniques made it possible to develop better 
understanding towards the coordinated expression 
and functional association of differentially 
expressed proteins modulating cellular processes, 
initiating signal transduction and regulating gene 
transcription patterns. Using combination of 2D gel 
electrophoresis, mass spectrometry together with 
microarray analysis, several classes of proteins have 
been identified and characterized in corneal 
epithelium and extracellular matrix. These include 
growth factors, chemokines, proteoglycans, glyco-
proteins, basement membrane proteins, interfibrillar 
matrix proteins, matrix metalloproteinases and 
growth factors22-25.

Multiple growth factors are expressed and interact 
with one another to synchronize the healing 

process3. The epidermal growth factor which is a 
low molecular weight polypeptide has been exten-
sively studied26-31. Upon binding to its receptor it 
dimerizes and facilitates the activation of mitogen 
activated proteins which in turn activates the MAPK 
pathway to regulate the process of proliferation 
and differentiation in maintaining corneal transpar-
ency2,29,32. Other growth factors including hepato-
cyte growth factor (HGF), platelets derived growth 
factor (PDGF) keratinocyte growth factor, nerve 
growth factor also stimulate the epithelial growth 
and trigger epithelial cell apoptosis2,33-35. These 
growth factors are released from corneal stroma 
and lacrimal glands have shown a paracrine 
effects2. Recently it has been found that recombi-
nant human Granulocyte-macrophage 
colony-stimulating factor (GM-CSF) accelerated 
corneal epithelial wound healing both in vitro and 
in vivo36.These cytokines and growth factors togeth-

er with adhesion and extracellular matrix proteins 
regulate the complex but organized mechanism of 
wound healing in corneal epithelium.

The adhesion molecules including the components 
of desmosomes, hemidemosomes and gap 
junction molecules play an important role in 
intercellular communications. They provide path-
ways for   signal transduction and tissue homeostasis 
37, 38. Previous studies reported the involvement of 
several proteins like laminin, desmoglein, cadhher-
ins, integrins, vinculin, actin, talin, fibronectin to 
mediates cell to cell and cell to matrix interac-
tions39,40. It has been established that wound healing 
is progressed under the rigid control of adhesion 
molecules. As the wound healing proceeds, the 
previous adhesion junctions are lost with the forma-
tion of provisional focal contacts to cover the 
wounded surface41 and the metabolic activity of 
the individual corneal epithelial cells was increased. 
The hemidesmosome attachment was lost with the 
morphological changes in the basal cells which 
turned into more elongated shape with extended 
lamellipodia at the wound margin. The strength of 
cell-cell adhesion interactions in the migrating 
epithelial sheets must be sufficient to withstand the 
forces generated during the process. As the basal 
cells change their shape and begin to move out 
over the wound bed, the neighboring cells appear 
to be pulled along behind them. As a result the 
entire sheet of cells move and the epithelium 
becomes progressively thinner with cells flatten out 
in an attempt to cover the exposed wound bed. 
The metabolic activity of cell decreases followed by 
proliferation to restratify the tissue after the wound 
edges meet and epithelial integrity is again estab-
lished40.

Integrins plays an important role in maintaining cell 
shape and integrity by mediating the interaction of 
alpha-actinin and talin to the actin filaments of the 
cytoskeleton43-45.These proteins present in the cell 
membrane at sites of cell-cell interaction, serve as 
components of the hemidesmosomes in unwound-
ed epithelia and may be available for rapid 
conscription as epithelial cell migration proceeds17, 
whereas many recent studies have shown an 
important role of beta integrins in mediating epithe-
lial cell migration and differentiation in vitro45-47.
In addition fibronectin, an important component of 
extracellular matrix also plays a key role in the regu-
lation of the adhesion and migration of corneal 
epithelial cells (CEC) 38, 48-51. Upon injury fibronectin 
provides a temporary matrix to which corneal cells 
adhere to and migrate to cover the area of 
defect37,50,51.Fibronectin coupled with vinculin 
whose synthesis has increased dramatically as the 
migration proceeds, interacts to integrin receptors 
in focal contacts and enhances the activation of 
variety of signal transduction pathway17.PARP-1 
gene expression was strongly activated by 
fibronectin through MAPK and P13K signaling path-

way suggesting that PARP-1  may play an important 
role during the highly prolifertativephase52.  Recently 
it has been observed that the migratory effects of 
fibronectin on  adhesion and cellular proliferation 
has mediated by Beta Pix which contribute to the 
regulation of cellular migration and proliferation of 
CEC53. Fibronectin also enhances the movement of 
corneal epithelial cells through the peptide derived 
from the second cell binding domain (PHSRN)51,54.

On the basis of these observation we can wrap up 
that fibronectin-integrin system plays an important 
part in corneal epithelial wound healing by provid-
ing a connective matrix for the attachment and 
migration of corneal epithelial cells and secondly 
by the activation of these cells via natural agents47. 
Knowledge of these processes may lead to the 
development of therapeutic agents used for the 
treatment of various corneal disorders. Recently 
PHSRN eye drops were found to be helpful for the 
management of corneal perforation due to the 
persistent epithelial defects (PED) with quick reepi-
thelialization being followed by full restoration of 
stromal thickness 55.The eye drops containing the 
blend of substance P and IGF-1 are also reported to 
be successful for the management of corneal 
PEDs47.

CONCLUSION

The corneal epithelial wound healing is a complex 
and multistep process required the plethora of 
proteins working together to mediate the renewal 
process. The coordinated expression analysis and 
the functional association of differentially expressed 
proteins will lead to the discovery of specific diag-
nostic biomarkers and new therapeutic targets as 
well. In addition the specific knowledge of corneal 
proteome during regular and pathological condi-
tions may also guide to enhanced molecular classi-
fications of corneal diseases and assist the expan-
sion of latest treatments together with gene therapy 
and the proposal of synthetic corneas for transplan-
tation.
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Reactive Nitrogen Species are important redox-sig-
naling molecules in the cell that bind covalently to 
target proteins8. There are three important NO-de-
pendent modifications: metal nitrosylation, tyrosine 
nitration, and cysteine S-nitrosylation. The binding of 
nitric oxide to the protein cysteine residue can also 
modify the activity of many proteins, and the reac-
tion is termed as, S-nitrosylation9. S-nitrosylation is a 
supplementary post translational modification 
process, facilitated through nitric oxide and reac-
tive nitrogen species10. 

Protein S-nitrosylation in disease state: In mammali-
an cells, L -Arginine dependent nitric oxide (NO) 
synthases are the major source of endogenous 
NO11. NO is involved in a variety of cellular signal 
transduction pathways, through protein S-nitrosyla-
tion, pointing to the possibility that dysregulated 
S-nitrosylation could contribute to pathophysiologi-
cal characteristic of a wide range of disease states 
12. Hypo- or hyper-S-nitrosylation of protein (which

 result in alterations in protein function) are directly 
concerned with symptomatology of increasing 
number of human diseases, including prominently 
disorders of cardiovascular, musculoskeletal and 
nervous systems 13. 

Dysregulated Snitrosylation has been implicated as 
a cause or consequence of a broad range of 
diseases, including asthma, cystic fibrosis, Parkinson 
disease, heart failure, and stroke, and the role of 
nitrosylases and denitrosylases in governing levels of 
S-nitrosylation under both physiological and patho-
physiological conditions is increasingly appreciated 
14. It is apparent that protein S-nitrosylation is spatial-
ly and temporally regulated, not only by the direct 
interaction or compartmentation of SNO target with 

NO synthases, but also by the enzymes that remove 
SNO from glutathione (e.g.GSNOR) and proteins 
(e.g. thioredoxin ) 15.

METHODS

The present study was aimed to identify the aber-
rant protein s-nitrosylation in hypertensive and 
diabetic hypertensive patients. This section includes 
the analytical procedures carried out in this study. 
Control samples with no known clinical complica-
tions, Diabetic hypertensive and Hypertensive 
samples were collected from different hospitals in 
Karachi following strict inclusion/exclusion criteria.  
Samples were stored at -80°C until used for 
proteomic analysis. Total protein was quantified by 
using Bradford assay. After dilution, the serum 
samples (n=15 from each group) were subjected to 
SDS PAGE (10%) and the protein profile obtained 
thus showed approximately 13 -16 bands of proteins 
ranging from 11 to 350 kDa  in normal, diabetic 
hypertensive and hypertensive subjects. Molecular 
weight determination and semi quantitative analy-
sis was carried out using “Quantity One” (Bio Rad) 
software.After SDS PAGE gel analysis, western blot 
was carried out to find out s-nitrosylated serum 
proteins in diabetic hypertensive and hypertensive 
serum samples, and the gel was analyzed. The 
protein profile we obtained contain 12 -15 bands of 
protein components, ranging from 15kDa to 245kDa 
in Normal, Diabetic hypertensive and Hypertensive 
subjects serum samples. 

RESULT

Figure: 1 Western blot (10% gel) of normotensive, 
hypertensive and diabetic hypertensive serum 
samples analyzed by quantity one software.

We found down regulation of 250kDa and 66kDa, 
protein components in diabetic hypertensive 
subjects by protein profiling on 10% SDS-PAGE. The 
down regulated 66kDa protein probably albumin 
and its down regulation is associated with impaired 
kidney function16. 20kDa protein possibly superox-
ide dismutase (SOD) which is down regulated in 

diabetic hypertensive sample indicate increased 
oxidative stress. As a consequence, SOD serves as 
an anti-oxidant but it’s down regulation shows that 
there is increase oxidative stress in diabetic hyper-
tension. From western blotting we have identified in 
total fifteen nitrosylated protein components with 
altered expression among the studied groups. The 
177.8KDa, 119KDa, 74.02KDa, 61.5KDa, 52.3KDa 
protein, and 24.93KDa proteins are hyper-nitrosylat-
ed in diabetic hypertensive s. The 119KDa, 74.02KDa 
and 61.5KDa proteins are hyper-nitrosylated in 
hypertensive patients as compared to normal 
controls, while the remaining protein components 
were hypo-nitrosylated.

DISCUSSION

Hyperglycemia plays an important role in the 
decreased NO production in type 2 diabetes as 
high glucose inhibits endothelial NOS activity, 
through a protein kinase C–associated mechanism 
17. Moreover, high glucose and/or the associated 
advanced glycosylation end products decreased 
NOS expression. S-nitrosylation also inhibits the activ-
ity of protein kinase C as well as other serine/thre-
onine kinases, including IκB kinase and the insulin 
receptor kinase 18. An impaired NO generation in 
type 2 diabetes may be another feature of insulin 
resistance 19. Regarding hypertension, endothelial 
cells play a major role in arterial relaxation. Endothe-
lial cells release a factor NO by the eNOS that 
causes vascular relaxation 20. The NO is rapidly 
degraded (the half-life of NO is only of few second) 
into superoxide anion by the oxygen derived free 
radical. These superoxide anions thus modify the 
endothelial function and can also act as a vaso-
constrictor. In addition, nitric oxide synthase (NOS), 
and in particular the endothelial isoform of NOS 
(eNOS) is now recognized as an important source of 
superoxide 21. As a result of these reactions, eNOS 
may become a peroxynitrite generator that leads 
to dramatic increase in oxidative stress. A decrease 
in bioavailability of NO and increase in oxidative 
stress are present in hypertension 22. The renin 
enzyme circulates in the blood stream and breaks 
down (hydrolyzes) angiotensinogen secreted from 
the liver into the peptide angiotensin I. Angiotensin I 
is further cleaved in the lungs by endothelial-bound 
angiotensin-converting enzyme (ACE) into angio-
tensin II 23.Ang II levels increase in hypertension 
which leads to increase level of ROS and decrease 
level of NO subsequently decrease the level of 
S-nitrosylation in hypertension. Recent study suggest 
that  Angiotensin II treatment resulted in inactivation 
of thioredoxin reductase and increased S-nitrosyla-
tion, indicating that S-nitrosylation may provide a 
critical mechanism in hypertension associated with 
abnormal vascular reactivity17.

CONCLUSION

We propose that s-nitrosylation is decrease in hyper-

tension and slightly increase in diabetic hyperten-
sion because insulin resistant diabetes mellitus leads 
to increase in NO production which results in 
increased s-nitrosylation. Moreover, angiotensin II 
which has a major role in production of hyperten-
sion is associated with decreased NO or S nitrosyla-
tion and the characterization of aberrantly 
expressed nitrosylated protein components, and 
their association with disease pathways probably is 
a result of their modulatory roles following 
post-translational modifications. Further studies are 
required to completely characterize the proteins 
involved and confirm the present findings.
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