inhibiting AKT signaling [182-184]. Our findings suggest that CBD induces apoptosis in

NBL cell line by inhibition of Akt protein mediated by PTEN upregulation.

We used Seahorse XFp analysis to investigate the CBD's effect on the
metabolism in SH SY5Y cells. Metabolic activity was assessed by mitochondrial
respiration, which was significantly disrupted after 6 h of treatment with 10 uM CBD.
However, SH SY5Y cells shifted their metabolism towards glycolysis to skip the effects
of CBD on their metabolism, an effect known as Warburg effect [185]. The Warburg
effect is the ability of cancer cells to shift the generation of ATP from oxidative
phosphorylation to glycolysis and can be regulated by the AKT/mTOR pathway [186,
187]. Our data suggested the metabolic dysfunction in CBD-treated cells is through the
AKT-dependent mechanism. In addition, downregulation of MYCN expression has been
shown to be responsible for shutting down glycolysis [188]. Early response of SH SY5Y
by significant reduction of mitochondrial respiration has been noted before with other
neurotoxins [189]. Together, the current study suggests that CBD alters the expression of
several miRNA that target critical signaling pathways implicated in apoptosis, migration

and invasion, and metabolic functions in NBL cells.

2.6. Statistical analysis:

One-way ANOVA with post-hoc Tukey's test was used to compare between three
groups. Student’s t-test was used to compare two groups. In all experiments, data were

shown as mean + S.E.M. and p <0.05 was regarded statistically significant.

53



Figure 2.4. Validation of miRNAs and their potential targets. (A) SHSY 5Y cells
were cultured with either DMSO or 10uM CBD as described in Figure 1 legend. Next,
gPCR was performed for the genes of interest according to Ingenuity Pathway Analysis
map. (B) SH SY5Y cells were treated with either mock, hsa-let-7a-mimic or hsa-let-7a
inhibitor for 24 hours. Next, g°PCR was performed. We validated that hsa-let-7a
transfection was successful as shown in the first panel. The next two panels show the
levels of expression of caspase-3 and GAS7. C) SH SY5Y cells were treated with mock,
hsa-mir-1972 mimic or hsa-mir-1972 inhibitor. Next, g°PCR was performed. First panel
shows validation that hsa-mir-1972 transfection was successful. The next three panels
show the levels of expression of BCL2xL, Sirt-2, and MYCN. D) After transfecting
SHSY 5Y with hsa-let-7a mimic and inhibitor, protein was obtained, and western blot
was done to detect the level of caspase-3. The level of caspase-3 protein was 4.7 folds
higher than the mock control. Significance (p <0.05) for all experiments was determined
using Student’s t-test for A part and one-way ANOVA and post-hoc Tukey's test for B
part.
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Figure 2.5. Effect of CBD on target genes involved in cell migration, invasion,
metabolism and apoptosis. SHSY 5Y cells treated with vehicle or 10uM CBD were
used to perform (A) qPCR or (B) Western Blots for the genes of interest according to
Ingenuity Pathway Analysis map. In Panel A, significance (p <0.05) was determined

using Student’s t —test.
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Figure 2.6. CBD inhibits cell migration, invasion and mitochondrial respiration of
neuroblastoma cells. A) SH SY5Y cells C) IMR-32 cells were cultured with vehicle, 5
UM, or 10 uM CBD and stained with Vybrant CFDA. Live cells were seeded per
floroblock inserts of a 24-well plate. Cells were allowed to migrate for 24-hour. Next,
cells were visualized using Cytation 5 microscope. Panel A and C show data from a
representative experiment while Panel B and D show data from multiple experiments,
respectively. E) SH SY5Y cells were cultured as in Panel A with vehicle, 5 uM, or 10
MM CBD and live cells were seeded in matrigel-coated inserts for 24-well plate. Cells
were allowed to migrate for 24-hour. Then cells were visualized using Cytation 5
microscope. Panel E shows data from a representative experiment while Panel F shows
data from multiple experiments. Significance (p <0.05) for all experiments was done
using one-way ANOVA and post-hoc Tukey's test. Each experiment was repeated three
times.
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Figure 2.7. CBD alters mitochondrial respiration in neuroblastoma cells. SH SY5Y
cells were cultured overnight in a Sea-horse Analyzer plate. The following day, the cells
were treated with either vehicle or 10 uM CBD, washed with Seahorse-specific medium,
and placed in a Seahorse analyzer. (A) Analysis of glycolysis by ECAR determination.
(B) Analysis of mitochondrial respiration by OCR analysis. Significance (p <0.05) for all
experiments was determined using Student’s t-test.
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CHAPTER 3

RESVERATROL TREATMENT IMPROVES LUNG FUNCTION IN A

MOUSE MODEL OF OVALBUMIN-INDUCED ALLERGIC RESPONSE

WHICH IS ASSOCIATED WITH REMODELING OF THE GUT AND

LUNG MICROBIOTA COMPOSITION
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