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Pain is one of the most debilitating and unpleasant sensory and emotional condition which
present itself in the form of complex phenomena. Safe and effective drug treatment for chronic pain
is still a gigantic challenge in the field of research and quality of life. Recently phosphotidylinositide-3-
kinase (PI3K) and its downstream regulator emerged as appealing targets for the development of new
drugs having immense potential in various major disorders [1]. Researcher’s targeted different PI3K
downstream signaling components both in central and peripheral level of nervous system using
various models of chronic pain. Emphasis must be put on the importance of PI3K and its downstream
molecules such as Akt, proinflammatory cytokines and nitric oxide as a potential target for the
treatment of chronic pain. Researchers are paying serious efforts to identify those molecules which
have high clinical outcome with least chances of side effects. Several compounds have been identified
to successfully target PI3K in experimental models of chronic pain [2]. Additional research is needed
to uncover the importance of PI3K signaling as potential candidate target for the development of new
drugs that warrant in treatment of chronic pain.

As common pain therapy is successful in 20-70% of patients therefore management and treatment of
chronic pain itself is high challenge and became one of the main economic burden on the society [3].In
the last decade, extensive measures have been taken to confront pain mechanism. Different targets
have been proposed with limited success rate in clinical trials to develop effective drugs. However;
still we need a definite and reliable target for achieving gold standard therapy. PI3K is a signal
transducer enzyme capable to modulate a diverse array of functions including pain in biological system
[4]. It is activated as a downstream target tailored to the activation of receptor tyrosine kinase (RTKs)
or G protein coupled receptors (GPCRs). Once it is activated it can stimulate various downstream
signaling targeting Akt, calcium-calmodulin (CaM), glycogen synthase kinase 3B (GSK 3p), extracellular
signal-regulated kinases (ERK) and nitric oxide [5, 6].

Proinflammatory cytokines are small regulatory proteins produced by number of cells which helps in
the promotion and modulation of systemic inflammation and pain. It includes a functionally distinct
group of cytokines such as IL-1B, IL-6, IL-12, IL-18 TNF-a and IFNy. Since pain is an unpleasant
subjective emotional experience been linked with potential tissue injury, hence the expression of such
cytokines can modulate pain [7]. Also it was found that IL-1B and IL-6, are interleukins which works
synergistically with TNF- a in controlling many inflammatory factors including inducible nitric oxide
synthase that has a key role in pain nociception [8, 9]. PI3K is a crucial kinase which targets an
important downstream protein called serine/threonine protein kinase PKB or Akt. Ample evidences
have shown that activation of PI3K/Akt can leads to the phosphorylation of nuclear factor kappa B
(NF-kB) which was activated by IL-land TNF-a [10]. Different isoforms of PI3K are expressed in
leukocytes where they play specific roles such as activation and recruitment of innate cell into the
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inflammatory site and development and differentiation of cytokine and modulation of its function

[11]. Recently it was found that PI3K downstream activation of Akt can leads the production of
inflammatory cytokine as a consequence of NF-kB activation in dendritic cells [12]. In line with the above fact it is also reported
that PI3K can govern the synthesis of IFN-1 by translocation of IRF-7 in predendritic cells in response to TLR activation [13]. Also,
it is reported that PI3K catalytic subunit P110-B is activated by GPCR and p110- y is activated by type-1 cytokine receptor and
TLR which have a crucial role in inflammation [14]. PI3K activation is also found to be required for the synthesis of ROS in humans
and animals [15]. Keeping in view the central role of PI3K in initiating the inflammatory response, it is important to speculate and
overlook the inhibition of this kinase in context of clinically reported pain during various human pathologies. Once
proinflammatory cytokines production is initiated it can induce the activity of various enzymes including nitric oxide synthase
(NOS). NOS activate NO which itself can be found to be an important modulators of pain [16].It might be an important
investigation in development of successful therapeutic agents for pain management. PI3K can activate a diverse group of
intracellular proteins including Akt. Different cellular functions have been attributed to the activation of Akt such as, insulin
signaling, immune response, cell survival and growth [5]. Exploring a unique substrate specifically to address the chronic pain is
still an unmet problem. Class-1 of PI3K can activate Akt (Protein kinase B). The activation of Akt is dependent on the
phosphorylation at position number 308 threonine which leads to partial activation of Akt. Complete activation of Akt is
dependent upon the phosphorylation of serine 473. Different types of chronic pain such as pain initiated by nerve injury, diabetic
neuropathy, spinal cord injury, cancer and tolerance induced hyperalgeisa is associated with PI3K/akt pathway activation [5, 17].

Hence, we cannot ruled out the importance of PI3K and its downstream signaling molecules like Akt, proinflammatory cytokines
and nitric oxide as a potential target in chronic pain management.

COMPETING INTERESTS

The author declares no competing interests.

REFERENCES

1. Stark, A.-K., et al., PI3K inhibitors in inflammation, autoimmunity and cancer. Current opinion in pharmacology, 2015. 23:
p. 82-91.

2. Vanhaesebroeck, B., M.A. Whitehead, and R. Pifieiro, Molecules in medicine mini-review: isoforms of PI3K in biology and
disease. Journal of molecular medicine, 2016. 94(1): p. 5-11.

3. Moore, R.A., et al., Non-prescription (OTC) oral analgesics for acute pain-an overview of Cochrane reviews. The Cochrane
Library, 2013.

4, Pritchard, R.A,, et al., Different phosphoinositide 3-kinase isoforms mediate carrageenan nociception and inflammation.

Pain, 2016. 157(1): p. 137-146.

5. Chen, S.-P., et al., PI3K/Akt pathway: a potential therapeutic target for chronic pain. Current pharmaceutical design, 2017.
23(12): p. 1860-1868.

6. Khan, M.1., et al., Thalidomide attenuates development of morphine dependence in mice by inhibiting PI3K/Akt and nitric
oxide signaling pathways. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 2018. 82: p. 39-48.

7. Schéfers, M., et al., Combined epineurial therapy with neutralizing antibodies to tumor necrosis factor-alpha and
interleukin-1 receptor has an additive effect in reducing neuropathic pain in mice. Neuroscience letters, 2001. 310(2): p.
113-116.

8. Myers, R.R., W.M. Campana, and V.l. Shubayev, The role of neuroinflammation in neuropathic pain: mechanisms and

therapeutic targets. Drug discovery today, 2006. 11(1): p. 8-20.

9. Sharma, M., et al., Discovery of Novel 1, 2, 4-Triazol-5-Ones as Tumor Necrosis Factor-Alpha Inhibitors for the Treatment
of Neuropathic Pain. Chemical biology & drug design, 2012. 80(6): p. 961-970.

10. Lee, LY., et al., Activation of adenosine A 3 receptor suppresses lipopolysaccharide-induced TNF-a production through
inhibition of Pl 3-kinase/Akt and NF-kB activation in murine BV2 microglial cells. Neuroscience letters, 2006. 396(1): p. 1-
6.

11.  Hawkins, P. and L. Stephens, PI3K signalling in inflammation. Biochimica et Biophysica Acta (BBA)-Molecular and Cell
Biology of Lipids, 2015. 1851(6): p. 882-897.

Volume 2, Issue 1, 2021 | https://doi.org/10.12345/bashir.002.01.0001 2



Journal of Bashir Institute of Health Science https://bashir.edu.pk/journal

12.

13.

14.

15.

16.

17.

Koorella, C., et al., Novel regulation of CD80/CD86-induced phosphatidylinositol 3-kinase signaling by NOTCH1 protein in
interleukin-6 and indoleamine 2, 3-dioxygenase production by dendritic cells. Journal of Biological Chemistry, 2014.
289(11): p. 7747-7762.

Guiducci, C., et al., PI3K is critical for the nuclear translocation of IRF-7 and type | IFN production by human plasmacytoid
predendritic cells in response to TLR activation. The Journal of experimental medicine, 2008. 205(2): p. 315-322.

Schmid, M.C,, et al., Receptor tyrosine kinases and TLR/IL1Rs unexpectedly activate myeloid cell PI3ky, a single convergent
point promoting tumor inflammation and progression. Cancer cell, 2011. 19(6): p. 715-727.

Condliffe, A.M., et al., Sequential activation of class IB and class IA PI3K is important for the primed respiratory burst of
human but not murine neutrophils. Blood, 2005. 106(4): p. 1432-1440.

Holguin, A., et al., HIV-1 gp120 stimulates proinflammatory cytokine-mediated pain facilitation via activation of nitric oxide
synthase-I (NNQOS). Pain, 2004. 110(3): p. 517-530.

Liu, Y., et al., Effects of inhibiting the PI3K/Akt/mTOR signaling pathway on the pain of sciatic endometriosis in a rat model.
Canadian journal of physiology and pharmacology, 2019. 97(10): p. 963-970

Publisher’s note: Bashir Institue of Health Sciences remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ @ Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
B sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the

original author(s) and the source, provide a link to the Creative Commons license and indicate if changes were made. The

images or other third-party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019.

Volume 2, Issue 1, 2021 | https://doi.org/10.12345/bashir.002.01.0001 3


http://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

