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• Feline oral squamous cell carcinoma (FOSCC) is a treatment resistant cancer with 
poor patient outcomes.

• Solid tumors like FOSCC can outgrow vascular capacity, leading to areas of hypoxia 
that upregulate angiogenic factors like vascular endothelial growth factor (VEGF).

• VEGF is a biomarker for poor prognosis in human OSCC, but the cancer responds 
poorly to treatment with anti-angiogenic drugs (Salem 2021). 

• VEGF-A is the best studied within the VEGF protein family, but the presence of 
VEGF-D has also been found in FOSCC tissue samples and cell lines (Harris 2019). 

INTRODUCTION

• VEGF-A: Renal epithelial cells and tracheal fibroblasts showed increased mRNA 
expression in response to 72H of hypoxia while SCCF2 cells showed a decrease in 
expression. SCCF1 & SCCF3 cells showed a nominal increase in mean VEGF-A 
expression, but the data was variable, and the results were not statistically significant.

• VEGF-B: SCCF1 cells showed a marked increase in hypoxic expression while renal 
epithelial cells showed a mild decrease in expression. 

• VEGF-C: Tracheal fibroblasts expressed more mRNA in response to hypoxia and in 
larger quantities relative to the other cell lines. SCCF2 cells consistently produced little 
to no VEGF-C mRNA, but there was not a statistically significant change in expression 
in response to hypoxia.

• VEGF-D: SCCF1 had marked upregulation of VEGF-D in hypoxic conditions. This 
supports the findings of Harris 2019.

• Significance: These findings demonstrate how mediators of angiogenesis can be 
variably expressed between patients and could translate to variable and inconsistent 
treatment response. Additionally, stromal cells in the tumor microenvironment could be 
an important source of VEGF-C, even if expression is not apparent in tumor cells.

• Future Research: This study shows that these cells exhibit potentially important 
changes in gene expression after 72H of hypoxia. Future experiments will employ RNA 
sequencing to characterize changes in the transcriptome-wide response of FOSCC 
cells to hypoxia.

CONCLUSION

METHODS

1. Cell Culture & Hypoxic 
Treatment:

Five cell lines were selected 
to represent the FOSCC 
tumor microenvironment. 
Cells were seeded into 6-
well plates (2x105 cells/well) 
and incubated at 37° C and 
5% CO2 for 24H. Plates 
were divided into 
experimental  and control 
groups, then incubated for 
an additional 72H.

2. Reverse Transcription- quantitative PCR:
 
RNA was extracted using a commercial kit. RNA concentration 
was measured with spectrophotometry and used to synthesize 
12.5ng/ul of cDNA. Samples were reverse transcribed for one 
cycle in a thermal cycler at 25° C for 5 minutes, 46° C for 20 
minutes, and 95° C for 1 minute. Primers were designed in 
triplicate for each target sequence using NCBI’S Primer Blast.  
Primers were validated using pooled cell line cDNA with 
positive (feline heart) and negative control samples. Primer 
conditions were optimized, and PCR products were sent for 
sequencing (Psomagen, Inc.). Primer efficiency was 
determined, and mRNA expression was normalized to three 
endogenous reference genes: GAPDH, RPS182, and TUBB2.

RESULTS 

Figure 5. Final primer information and qPCR conditions

Figure 6. Three independent experiments were performed, each consisting of three 
cultures per cell line and condition. Each PCR reaction was then performed in 
technical duplicates. The average relative gene expression values from the three 
independent experiments were used to calculate an overall average and standard 
deviation for each target and experimental condition. To statistically analyze the 
change in gene expression in response to hypoxia, a 2-tailed T test was performed 
for each cell line and target using GraphPad online software (*p<.05). 

Adapted from W. Nasry, 2024

RESULTS 

Figure 4. Non-specific amplification was observed with VEGF-C primer set #8, interpreted as primer 
dimer products. Melt curve analysis showed double peaks at low cDNA concentrations in the standard 
curve (not shown), in no-template control samples (blue lines in 4.1) and in low-expressing SCCF2 
cells (red lines in 4.1, overlapping with blue negative controls). PCR products were electrophoresed 
on a 1% agarose gel (Figure 4.2). CCL94 kidney cells (lane A) yielded a single melt peak and a 
dominant band at the expected product size (135 base pairs). Amplification from SCCF2 samples 
(lanes B and C) resulted in no band (or a faint band) at the expected size, with prominent bands below 
100 bp indicating primer dimer formation. Negative control (lane D) also showed primer dimer 
products and possible contamination. VEGF-C primer set #6 showed far less non-specific 
amplification in SCCF2 cells (Figure 4.3, red lines) and there was no amplification in negative controls.

Figure 2. PCR products were sequenced in 
both directions (see example chromatogram) 
and their identity determined with NCBI 
Nucleotide Blast. Products from two VEGF-C 
primer sets (#6 and #8) were 94-100% 
identical with predicted feline VEGF-C mRNA.  

Figure 3 .Serial dilutions of pooled cell line cDNA was used to create standard curves to evaluate 
reaction efficiencies. In a perfect PCR reaction, the reaction efficiency would be 100%, but efficiencies 
ranging from 90-110% are acceptable. VEGF-C primer set #8 (Figure 3.1), showed poor performance 
(E=257.8%). VEGF-C primer set #6 (Figure 3.2) met the desired efficiency criteria (E=101.7%).

Figure 1. Primers were designed in triplicate using 
NCBI’s Primer-BLAST. Primer pairs were 
considered if the forward and reverse primer had 
similar melting temperatures close to 60° C. 
Primers were prioritized by intron length and 
amplicon size.
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