
Poster Print Size:
This poster template is 44” high by 30” 
wide but can be used to print any size 
poster with a similar aspect ratio.

Placeholders:
The various elements included in this 
poster are ones we often see in 
medical, research, and scientific 
posters. Feel free to edit, move,  add, 
and delete items, or change the layout 
to suit your needs. Always check with 
your conference organizer for specific 
requirements.

Image Quality:
You can place digital photos or logo art 
in your poster file by selecting the 
Insert, Picture command, or by using 
standard copy & paste. For best results, 
all graphic elements should be at least 
150-200 pixels per inch in their final 
printed size. For instance, a 1600 x 
1200 pixel photo will usually look fine 
up to 8“-10” wide on your printed 
poster.

To preview the print quality of images, 
select a magnification of 100% when 
previewing your poster. This will give 
you a good idea of what it will look like 
in print. If you are laying out a large 
poster and using half-scale dimensions, 
be sure to preview your graphics at 
200% to see them at their final printed 
size.

Please note that graphics from websites 
(such as the logo on your hospital's or 
university's home page) will only be 
72dpi and not suitable for printing.

[This sidebar area does not print.]

Change Color Theme:
This template is designed to use the 
built-in color themes in the newer 
versions of PowerPoint.

To change the color theme, select the 
Design tab, then select the Colors drop-
down list.

The default color theme for this 
template is “Office”, so you can always 
return to that after trying some of the 
alternatives.

Printing Your Poster:
Once your poster file is ready, visit 
www.genigraphics.com to order a 
high-quality, affordable poster print. 
Every order receives a free design 
review and we can deliver as fast as 
next business day within the US and 
Canada. 

Genigraphics® has been producing 
output from PowerPoint® longer than 
anyone in the industry; dating back to 
when we helped Microsoft® design the 
PowerPoint software. 

US and Canada:  1-800-790-4001
Email: info@genigraphics.com

[This sidebar area does not print.]

Targeting Metabolic Vulnerabilities in Glioblastoma: Disrupting 
Glycolysis, Glutaminolysis, and Mitochondrial Function
Jawad A Saad, BS; James Chung, BS; Ahmad Kafri, BS; Julien Rossignol, PhD; Maxwell Verbrugge, MD; Jesse Bakke, PhD 
Central Michigan University College of Medicine

Jawad A. Saad
Central Michigan University College of Medicine 
Saad1ja@cmich.edu
LinkedIn: Scan QR Code

Contact
1. Luan W, Wang Y, Chen X, Shi Y, Wang J, Zhang J, et al. PKM2 promotes glucose metabolism and cell growth in gliomas through a mechanism involving a let7a/c-
Myc/hnRNPA1 feedback loop. Oncotarget. 2015;6:13006–18. doi:10.18632/oncotarget.3514
2. Chowdhury MG, Kapoor S, Muthukumar V, Chatterjee DR, Shard A. Development of novel tetrazole-based pyruvate kinase M2 inhibitors targeting U87MG 
glioblastoma cells. Bioorg Chem. 2025;154:108029. doi:10.1016/j.bioorg.2024.108029
3. Schormann N, Hayden KL, Lee P, Banerjee S, Chattopadhyay D. An overview of structure, function, and regulation of pyruvate kinases. Protein Sci. 2019;28:1771–84. 
doi:10.1002/pro.3691
4. Zhao X, Zhu Y, Hu J, Jiang L, Li L, Jia S, et al. Shikonin inhibits tumor growth in mice by suppressing pyruvate kinase M2-mediated aerobic glycolysis. Sci Rep. 
2018;8:14517. doi:10.1038/s41598-018-31615-y
5. Huang B, Wang Q, Jiang L, Lu S, Li C, Xu C, et al. Shikonin ameliorated mice colitis by inhibiting dimerization and tetramerization of PKM2 in macrophages. Front 
Pharmacol. 2022;13:926945. doi:10.3389/fphar.2022.926945

References

Glioblastoma (GBM) exhibits metabolic reprogramming characterized by 
preferential reliance on aerobic glycolysis (Warburg effect), enhanced 
glutaminolysis, and altered mitochondrial function. This metabolic inflexibility 
increases dependence on glucose and glutamine, creating potential therapeutic 
vulnerabilities. Targeting these pathways has emerged as a strategy to disrupt 
sustained tumor growth and survival.

Introduction

Objective

Methods
Narrative review of 152 peer-reviewed publications (2000–2025)
Databases: PubMed, Embase, Web of Science
Inclusion: Preclinical, translational, and clinical GBM studies
Exclusion: Case reports, non-primary brain tumors
Focus: ketogenic diet (KD), glycolytic inhibitors (PKM2, PDK/DCA), glutaminase 
inhibitors (GLS, GDH), and mitochondrial targets (VDAC1), including effects on 
tumor metabolism and immune microenvironment.

Conclusions

To summarize current metabolic targeting strategies in GBM, including dietary 
modification, glycolysis inhibition, glutaminolysis inhibition, and mitochondrial-
directed therapies.

Metabolic targeting strategies exploiting glycolysis, glutaminolysis, and mitochondrial dysfunction provide compelling preclinical evidence for therapeutic vulnerability 
in GBM. Agents such as DCA and CB-839 demonstrate strong mechanistic rationale for clinical translation. However, well-powered clinical trials are necessary to 
determine whether these approaches improve survival outcomes in GBM patients.

Results

Target Pathway Strategy / Agent Mechanism of Action Preclinical Findings

Glucose Restriction Ketogenic Diet (KD) Induces ketosis (↑β-hydroxybutyrate), ↓ 

glucose availability, ↑ oxidative stress, 

immune modulation

↑ sensitivity to radiation/chemotherapy; 

immune modulation; mixed macrophage 

effects

Glycolysis (PDK) Dichloroacetate (DCA) Inhibits PDK → Reactivates PDH → Forces 

OXPHOS → Reverses Warburg effect

↑ mitochondrial membrane potential; ↑ 

apoptosis; ↓ glycolysis; tumor regression 

in models

Glycolysis (PKM2 inhibition) Shikonin Inhibits PKM2 phosphorylation (Tyr105) 

→ ↓ aerobic glycolysis

↓ glucose consumption; ↓ lactate 

production; ↓ tumor growth in models

Glycolysis (PKM2 activation) DMAMCL, DASA-58, ML265 Force PKM2 tetramerization → Maximal 

glycolytic flux → ↓ anabolic 

intermediates

↓ proliferation; ↓ glycolytic 

intermediates; tumor suppression in 

xenografts

Glutaminolysis (GLS inhibition) CB-839 (Telaglenastat) Allosteric GLS inhibitor → ↓ α-KG, ↓ 

NADPH, ↓ nucleotide synthesis

Strong dose-dependent anti-proliferative 

effects in GBM cell lines

Glutaminolysis (GLS inhibition) BPTES, C968 Stabilize inactive GLS (GAC isoform) ↓ α-KG; ↓ GBM proliferation (variable 

findings for C968)

Glutaminolysis (GDH inhibition) EGCG, R162 Inhibit GDH → ↓ α-KG generation ↓ proliferation and migration in GBM 

xenografts

Mitochondrial Targeting VDAC1 inhibitors (Tf-D-LP4, D-DN-Ter-

Antp), itraconazole

Disrupt metabolite flux; induce 

cytochrome c release; ↓ ATP

↓ ATP (up to 80%); ↑ apoptosis; 45–60% 

tumor reduction in xenografts
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