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ABSTRACT Painful Diabetic Neuropathy is a condition that manifests as a painful sensation that affects most of the
patient with diabetes. This condition is caused by prolonging hyperglycaemic condition, which later causing damage
to nerve cell through some classical hyperglycaemic pathway. This will result in the formation of oxidative stress and
AGE/ROS which is responsible for the ischaemic condition that causes the damage to nerve cells. There are transcription
factors that have been studied responsible for Painful Diabetic Neuropathy, such as NF-κB, PAI-1, Nrf2, and TGF-β.
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Introduction

Painful Diabetic Neuropathy (PDN) is one of the micro-vascular
complications that affects most of the patient with uncontrolled
blood sugar, this condition characterized by numbness, burning,
stabbing, pain, or electric shock sensation that worsens at night
in the extremities [1]. This sensation often appears in the dis-
tal part of the extremities which will slowly spread proximally,
this is called "stocking-glove" sign, this appears due to an in-
creasingly severe state of diabetes — this situation affecting a
patient’s quality of life because it interferes with daily activities
[2].

Pathophysiology

Studies have been conducted to understand the pathogenesis of
PDN. Many theories explained the causes of pain in diabetic neu-
ropathy are caused by Reactive Oxygen Species (ROS) which are
produced in a state of chronic hyperglycemia. Oxidative damage
that causes various damage to the vascular starts from classical
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hyperglycemic pathways such as Polyol Pathway, Protein Ki-
nase C Pathway (PKC), a formation of the Advanced Glycation
End Product (AGE Pathway) and Hexosamine Pathway [1–4].

The pathophysiological factors responsible for PDN that
have been studied are Oxidative-Nitrosative stress and Neuro-
Inflammation. Molecular studies found the involvement of
several transcriptional regulators such as NF-κB, Plasminogen
Activator Inhibitor (PAI-1), Nrf2, and Tumor Growth Factor-β
(TGF-β in the pathophysiology of DPN [5].

There are several mechanisms responsible for Painful Dia-
betic Neuropathy. People with uncontrolled blood sugar will
have AGE formation, protein glycation, antioxidant deficits, all
of this resulting in oxidative stress. This oxidative stress affects
Na-K-ATPase activity, causing ischemic in nerve cells [6]. In
diabetic people, there’s an increase in Reactive Oxygen Species
(ROS) and the accumulation of oxidative stress that can cause
damage to nerve cells, hence reducing nerve cells conduction
[5].

1.NF-κB

NF-κβ is a DNA binding protein factor that influences the tran-
scription of various inflammatory molecules such as cytokines,
chemokines, Cell Adhesion Molecules (CAM) and others. The
inflammatory molecule was responsible in the pathophysiology
of diabetes and its complications both macro and microvascu-
lar via the NF-κβ pathway [5]. Uncontrolled blood sugar and
insulin resistance affect the incidence of diabetic vascular com-
plications. Hyperglycemic conditions cause the formation of
AGE and excessive ROS production. The main pathway that
influences the formation of AGEs and ROS: polyol fluxes, activa-
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tion of PKC, accumulation of AGEs and increased hexosamine
flux. Thus, ROS and AGEs cause the initiation of the proinflam-
matory process and endothelial damage through activation of
NF-κβ [4–6].

People with uncontrolled blood sugar and insulin resistance,
trigger conditions such as the formation of AGE / RAGE, the
production of oxidative stress and hypoxia. This condition acti-
vates NF-κβ, where NF-κβ is a protein that activates molecules
that cause inflammation in nerve cells such as iNOS, IL-6, COX-
2, and TNF-α, hence this will contribute to damaged nerve cell
[5,7].

The activation of NF-κβ is essential for cell proliferation and
cell migration. NF-κβ also plays a role in a variety of actions
such as free radicals, stress, cytokines, UV radiation and bacterial
antigens [8].

2.PAI-1
The idea of Plasminogen Activator and PAI-1 is based on the
finding that fibrinolysis disorders in small blood vessels cause is-
chemia in nerve cells, resulting in oxidative stress and symptoms
of painful diabetic neuropathy. This idea arose from research
that has been done to humans. The number of plasminogen
activators decreased 4-6 times in microvascular epineural and
endoneurial sural nerves in patients with diabetic neuropathy
compared to control nerve biopsies. The decreased number of
Plasminogen Activator caused thrombosis and ischemia of the
nerves[8].

PAI-1 is an inhibitor of plasminogen activators, such as tissue-
type plasminogen activator (t-PA) and urokinase-type plasmino-
gen activator (u-PA) and the primary regulator of the fibrinolysis
system. The effects of PAI-1 are significant in the incidence of
thrombosis, including cancer, a fibrotic disease, atherosclerosis,
renal and pulmonary fibrosis, and type 2 DM. Through regula-
tions from T-PA and U-PA, PAI-1 plays a role in the physiological
processes of wound healing and the formation of new tissues
[9]

PAI-1 stimulates the mitosis process in smooth muscle cells
which plays a role in the occurrence of atherosclerosis. The PAI-1
regulation is not only regulated through a hexosamine pathway,
but also the PKC pathway. Therefore, neuropathic diabetic pain
occurs through a similar injury mechanism [2].

3.NRF2
Nuclear Factor-2 Erythroid Related Factor is a transcription fac-
tor that regulates cell resistance to oxidants [2,4]. NRF2 controls
and regulates the production of a series of genes to be responsi-
ble for exposure to the oxidation process [4,10]. Nrf2 together
with NF-κB work together to maintain a state of homeostasis,
but due to excess production from ROS, there is an imbalance
between Nrf2 and NF-κB resulting in nerve cell damage [2].

Activation of Nrf2 increases defence against antioxidants and
prevents oxidation stress. The study shows that NRF2 plays
an essential role in protecting against various types of diabetes
complications such as nephropathy, retinopathy, muscle atrophy,
cardiomyopathy, and neuropathy. Various activators of NRF2
have been tested in diabetic patients for protection against vari-
ous types of diabetes complications If there are deficiencies or
inhibition to Nrf2, an oxidation process will occur which will
cause damage and various abnormalities [11].

4.TGF-β1
The cause of PDN is very complex and involves various patho-
physiology such as hyperglycemia and dyslipidemia which are

responsible for the formation of oxidative stress and the forma-
tion of AGE products. As an inflammatory mediator, TGFβ1
will activate NF-κB. As a result, the genes regulated by TGFβ1
are often associated with oxidation stress and implicated in the
production and maintenance of glutathione [12].

TGFβ1 has an essential function in the process of
macrophages and chemotaxis fibroblasts, suppression of lym-
phocyte function, collagen synthesis, and stimulation of the
extracellular matrix. This process is characterized by increased
TGFβ1 expression in humans with atherosclerosis plaques. Di-
abetic patients often present with acute myocardial infarction
showing a decrease in smooth muscle cells and an increase in
macrophage cells and TGFβ1 in lesions. TGFβ1 could be used
for DPN diagnosis because TGFβ1 appears as a key effector in
diabetic foot neuropathy and showing significant independent
correlations with diabetic neuropathy. However, still, further
studies and research are needed [12,13].

Conclusion

A prolonged hyperglycaemic condition causes painful diabetic
neuropathy (PDN). Hyperglycaemia induces the formation of
AGEs and overproduction of reactive oxygen species (ROS) The
pathophysiology of DNP involves these transcription factors
such as NF-κB, Plasminogen Activator Inhibitor (PAI-1), Nrf2,
and Tumor Growth Factor-β(TGF-β. These transcription factors
are involved in the process of micro-vascular and macro-vascular
complication via a different glycemic pathway. Understanding
the role of these transcription factors will be beneficial for the
future to help the clinicians making a diagnosis and therapy
plan for patients with DPN.

Competing Interests

There were no financial supports or relationships between au-
thors and any organization or professional bodes that could pose
any conflict of interest.

Funding

None.

References

1. Schreiber AK. Diabetic neuropathic pain: Physiopathology
and treatment. World J Diabetes. 2015;6(3):432.

2. Edwards JL, Vincent AM, Cheng HT, Feldman EL. Diabetic
neuropathy: Mechanisms to management. Pharmacol Ther.
2008 Oct;120(1):1–34.

3. Sandireddy R, Yerra VG, Areti A, Komirishetty P, Kumar
A. Neuroinflammation and Oxidative Stress in Diabetic
Neuropathy: Futuristic Strategies Based on These Targets.
Int J Endocrinol. 2014;2014:1–10.

4. Ganesh Yerra V, Negi G, Sharma SS, Kumar A. Potential
therapeutic effects of the simultaneous targeting of the Nrf2
and NF-κB pathways in diabetic neuropathy. Redox Biol.
2013;1(1):394–7.

5. Suryavanshi SV, Kulkarni YA. NF-κβ: A Potential
Target in the Management of Vascular Compli-
cations of Diabetes. Front Pharmacol [Internet].

Tommy Sarongku et al./ International Journal of Medical Reviews and Case Reports (ARTICLE IN PRESS)



2017 Nov 7 [cited 2019 Feb 9];8. Available from:
http://journal.frontiersin.org/article/10.3389/

fphar.2017.00798/full.

6. Sytze van Dam P. Oxidative stress and diabetic neuropathy:
pathophysiological mechanisms and treatment perspectives.
Diabetes Metab Res Rev. 2002 May;18(3):176–84.

7. He Z, King GL. Microvascular complications of diabetes.
Endocrinol Metab Clin North Am. 2004 Mar;33(1):215–38.

8. Figueroa-Romero C, Sadidi M, Feldman EL. Mechanisms of
disease: The oxidative stress theory of diabetic neuropathy.
Rev Endocr Metab Disord. 2008 Dec;9(4):301–14.

9. Yasar Yildiz S, Kuru P, Toksoy Oner E, Agirbasli M. Func-
tional Stability of Plasminogen Activator Inhibitor-1. Sci
World J. 2014;2014:1–11.

10. Ma Q. Role of nrf2 in oxidative stress and toxicity. Annu
Rev Pharmacol Toxicol. 2013;53:401–426.

11. Román-Pintos LM, Villegas-Rivera G, Rodríguez-Carrizalez
AD, Miranda-Díaz AG, Cardona-Muñoz EG. Diabetic
Polyneuropathy in Type 2 Diabetes Mellitus: Inflammation,
Oxidative Stress, and Mitochondrial Function. J Diabetes
Res. 2016;2016:1–16.

12. Ybarra J, Pou JM, Romeo JH, Merce J, Jurado J. Transforming
growth factor beta 1 as a biomarker of diabetic peripheral
neuropathy: cross-sectional study. J Diabetes Complica-
tions. 2010 Sep;24(5):306–12.

13. Zhu Y, Usui HK, Sharma K. Regulation of Transforming
Growth Factor–Beta in Diabetic Nephropathy: Implications
for Treatment. 2008;10.

Tommy Sarongku et al./ International Journal of Medical Reviews and Case Reports (ARTICLE IN PRESS)


	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports
	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports(1)
	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports(2)
	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports(3)
	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports(4)
	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports(5)
	Screenshot_2019-06-02 International Journal of Medical Reviews and Case Reports ICI Journals Ma
	172-1549724070(3)

