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(2014)

DM (Neuroanesthasia) Dr. Mittal M (2014-2015)

DM (Neurology). Dr. Sharath (2019-ongoing)




Field of Research: Molecular role of glutamate receptors and immunomodulatory cytokines in glioblastoma

Our laboratory has a decade long interest in analysing the role of glutamatergic signalling and immune modulators
(cytokines) in glioblastoma focusing on fundamental, cellular, molecular and clinical biochemistry. We have
extensively used various glioblastoma experimental models including surgically resected glioblastoma tissues,
glioblastoma patient-derived primary culture and several glioblastoma cell lines to unravel the molecular and signal
transduction pathways with potential therapeutic significance.

NMDA receptors on growth, progression and redox homeostasis in glioblastoma:

Glioblastoma cells secrete glutamate which can act in an autocrine and paracrine manner. My laboratory has
contributed to the understanding of the role of glutamate receptors in growth and progression in glioblastoma. Here,
we have shown that activation of NMDA receptor influences the activity of MMP-2 and proliferation of glioma cells
whereas its inhibitors abrogate both these effect on glioma cells (15). Further, we have highlighted the novel role of
NMDAR in enhancing GBM cell migration and invasion. In the glutamate-rich microenvironment, NMDA induces
overexpression of calcium-permeable NMDAR and AMPAR subunits, and their crosstalk provides a plausible
rationale for increased GBM invasiveness. The observations emphasize the compelling need for in-depth analysis of
glutamate receptor subunit-related pathways and the downstream signaling in GBM (9).

Cancer cells are highly metabolically active and produce high levels of reactive oxygen species (ROS). Drug
resistance in cancer cells is closely related to their redox status. The role of ROS and its impact on cancer cell survival
seems far from elucidation. The mechanisms through which glioblastoma cells overcome aberrant ROS and oxidative
stress in a milieu of hypermetabolic state is still elusive. Our experimental result provides enough evidence in favour
of this novel role of NMDAR in protecting the rapidly dividing tumor cells against both endogenous as well as
exogenous oxidative challenges and thereby regulation of redox homeostasis in glioblastoma. As chemoresistance
in gliomas is associated with elevated levels of GSH and related antioxidant enzymes, our study provides a valid
rationale for the same that entails promotion of tumor growth as well as protection of glioma cells from therapeutically
inflicted oxidative stress through glutamate-mediated activation of NMDAR with consequent increase in antioxidants
in terms of augmented levels of reduced glutathione, glutathione reductase and catalase (7).

Role of AMPA receptors in glioblastoma:

Further study on AMPA type of glutamate receptors suggest that the AMPAR enhances invasion of glioblastoma,
and ERK signaling modulates the differential expression of calcium-permeable AMPAR phenotype that might play a
crucial role in the invasive propensity of glioblastoma cells. Current evidences prompt us to speculate that the ratio
of GluA1, GluA4 (calcium-permeable) to GIuA2 (calcium-impermeable) may be related to the degree of GBM invasive
potential (2). Also, we have shown the role of ERK signalling in adhesion of glioma cells to extracellular matrix (10).

Effect of immunomodulatory cytokines on glutamate receptor subunits in glioblastoma microenvironment:

Additionally, we evaluated whether immunomodulatory cytokines modulate the NMDA and AMPA receptor subunits.
We observed that TNF-a upregulated the expression of calcium permeable subunits of NMDAR and AMPAR. Further
we evaluated the effect of TNF-a on growth of glioblastoma and the possible mechanism. Results of the study suggest
the possible involvement of MEK-ERK1/2 signaling in the invasion of U87MG glioma cells in the TNF-a induced pro-
inflammatory microenvironment and quite notably concomitant overexpression of NF-kB, STAT-6 besides ERK-1 and
ERK-2. This provides cue toward a speculative intricate interplay among such signaling hubs as requisite pro-invasive
effectors of TNF-a-mediated invasion (8). Additionally, we have demonstrated that migration and invasion are
promoted by IL-1B microenvironment in both glioma cell lines (U87MG and U251MG) independent of the genetic
background, while the proliferative effect was observed only in U87MG glioma cells. Thus, IL-18 is an important factor
that can influence glioblastoma cell migration, invasion and proliferation likely via IL-1 receptor activation (14).
Cytokines are secreted by glioblastoma cells and they play key role in activating immune cells and immune response



in tumour microenvironment. Understanding these multidimensional communications between tumour and the cells
in its environment could help in better understanding of glioma biology leading to new avenues for therapy.

Targeting proliferation/migration of glioblastoma:

Glioblastoma are highly heterogeneous and are characterized by genetic and epigenetic variations. We in
collaboration have discovered a novel scaffold molecule against the epigenetic reader BRD2 of bromodomain, pyrano
1,3 oxazine ligand (NS5) by a rational structure-based approach in glioblastoma. NS5 demonstrated anti-proliferative
effect in a dose-dependent manner. Additionally, NS5 significantly attenuated GBM cell migration and BRD2
expression (1). Similarly, our study reported that anaesthetic agents at clinically relevant concentrations have
antimigratory effects on glioblastoma cells (12).

Further, the Nandakumar laboratory is focused and continuing its efforts in working towards innovative and novel
therapeutic approaches targeting glioblastoma.
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S. | Title of Project Pl/Co-PI Funding Source Duration

No.

1 Role of glutamate excitotoxicity and cytokines in Principal DBT, New Delhi Five years
invasion of glioblastoma Investigator

2 Study of AMPA-receptor mediated modulation of | Principal NIMHANS One year
Tumour necrosis factor-alpha receptor expression | Investigator Research grant.
and its implication on invasiveness of glioma cells

3 To explore the interaction between IL-13 receptor Principal SERB, New Three years
pathway, activated glutamate receptors and Investigator Delhi.
angiogenic signaling in glioblastoma

4 The role of prenatal maternal stress and poor Co- Principal | NIMHANS Two years.
nutrition as synergistic factors in pregnancy and Investigator Research grant.
foetal outcomes

5 A study of therapeutic effect of Yoga-based Co- Principal | AYUSH Three years
intervention in patients with Somatoform pain Investigator
disorders
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Member of Asian-Pacific Society for Neurochemistry (APSN): 2014-2016
Life member of Indian Academy of Neuroscience (IAN)

Life member of Society For Free Radical Research-India (SFRR-India)



