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The present thesis aimed in deciphering the mechanism of action of erufosine in head and 

neck cancers and delineating novel pathways and molecular targets, which are modulated in 

response to erufosine exposure and might give insight into the implementation of its anti-

neoplastic activity. 

A systematic approach was carried out by determining the cytotoxicity of erufosine in OSCC 

cell lines and subjecting two of them, HN-5 and FaDu, to microarray analysis post erufosine 

treatment in order to investigate the so caused gene modulation in a time and dose dependent 

manner. Analyses were performed by employing bio-informatic tools and pathway 

enrichment analysis. Significant gene modulation and enrichment of various signaling 

pathways were shown to occur in samples, which were treated with erufosine as compared to 

respective controls. Functional validation assays were performed on the deregulated genes 

and pathways, which could explain the anti-neoplastic activity of erufosine  

Cell cycle pathway was one of the several signaling cascades’, which was negatively enriched 

on erufosine treatment in HN-5 cells. Microarray studies revealed a significant down 

regulation of the cyclin and CDK genes viz. CDK2, CDK4, CCNE2, CCND3 and CCNB1 in 

a dose dependent manner. These findings were verified at both mRNA and protein levels in 

HN-5 and SCC-61 cells. Erufosine also caused a G2M block in cell cycle progression in these 

cell lines and inhibited colony formation thus preparing the OSCC cells to undergo apoptosis. 

An expression analysis of cell cycle related genes in patient-derived head and neck tumors 

(HNSC, N=519) using the TCGA database was performed. An increased expression of the 

genes involved in cell cycle progression (Cyclins and Cyclins dependent kinases) was seen. 

Furthermore, the mean expression of all cell cycle genes (N=539) was significantly higher 

compared to the genome average gene expression (p= 10-31). Moreover, the stratification of 

patients based on expression levels (high/low) of CCND1 and CDK6 genes correlated 

significantly with survival differences. Interestingly, pan-cancer analysis of all cell cycle 

genes across 24 tumor types revealed that the median cell cycle expression was among the 

highest in HNSCCs suggesting its highly proliferative nature compared to other tumors. It is 

reported for the first time by this study, that erufosine causes inhibition of tumor growth in-

vivo in a HNSCC xenograft model and caused down regulation of cyclin D1, CDK4 and 

CDK6 in the animal model. These findings collectively show the potential of erufosine to be 

used as a cell cycle inhibitor in HNSCC progression and support the future evaluation of 

erufosine as a therapeutic approach in cancer treatment, alone, or in combination with other 

antineoplastic drugs. 



One of the genes, which were highly modulated by erufosine treatment, was RhoB as revealed 

by microarray analysis in HN-5 and FaDu cells. Verification of this finding by qRT-PCR- 

showed an up to 20-fold upregulation in the cell lines. Using Western blotting, an increase in 

RhoB protein expression, a decrease in pAkt (Ser473 and Thr308) and an increase in PARP 

cleavage was observed. A siRNA mediated knockdown of RhoB was successfully carried out 

in HN-5 cells alone or in combination of knockdown with erufosine treatment.  Combined 

effects from siRNA-mediated RhoB knockdown and erufosine treatment resulted in slightly 

reduced RhoB and pAkt levels compared to erufosine treatment alone.  

Subsequent cell cycle analyses revealed an increased apoptotic induction, but a reduced G2 

cell cycle arrest of the combination. At the functional level, synergistic effects were observed 

using cell migration and colony formation assays. These data show that erufosine can cause 

an upregulation of RhoB expression in OSCC cells. Combining erufosine treatment with 

siRNA-mediated RhoB knockdown did, however, not reveal a role of RhoB in its tumor 

suppressive mode of action. 

Also from data enrichment analysis, a positive enrichment of the endoplasmic reticulum (ER) 

stress related pathway was seen in response to erufosine treatment. These findings were 

verified at the protein level by immunoblotting in HN-5 and SCC-61 cell lines. It was shown 

for the first time that erufosine induces ER stress by upregulating the PERK/eIF2-α/ATF4/ 

CHOP pathway. The exposure to erufosine also caused influx of cytoplasmic Ca2+ and 

increased Corrected Total Cell Fluorescence (CTCF) of calnexin, thus reinforcing the stress 

induced on ER. In parallel, erufosine also caused induction of, mitochondrial stress, as 

treatment with erufosine caused decreased ATP production, membrane depolarization and 

subsequent ROS release in two OSCC cell lines. Furthermore, induction of autophagy and 

apoptosis was observed by functional assays. These results imply that ER and mitochondrial 

targeting by erufosine may represent a new facet of erufosine’s mechanism of action as well 

as a promising new framework in the treatment of patients with head and neck cancer.  

Western blot analysis of erufosine effects’ showed the inhibition of the PI3K/Akt/mTOR 

pathway.in OSCC cell lines. It is known that inhibition of the Akt/mTOR axis takes place in 

OSCC cell lines on erufosine exposure. This was completed by the present study, which 

showed that the inhibition of the PI3K axis, lying upstream of the Akt/mTOR pathway, also 

takes place on erufosine exposure in two, previously unstudied cell lines HN-5 and SCC-61. 

Decreased levels of p85 and p110α subunits of PI3k kinase, of PDK1, p-Akt and p-mTOR 

were seen in both cell lines on erufosine exposure. Erufosine showed to have no, significant 

effect on the total protein levels. The effect of erufosine was compared to that of the PI3K 

inhibitor LY294002 and this comparison showed better efficacy of erufosine in OSCC cell 

lines. It was also shown for the first time that erufosine caused a decrease in the migration 

property as seen by the scratch and the trans-well Boyden chamber assay in OSCC cell lines. 


