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Restructuring the ONYX-015 adenovirus by using spike protein genes from SARS-CoV-2 and 
MERS-CoV: Possible implications in breast cancer treatment  
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To the editor, 

Breast cancer (BC) is the second leading cause of cancer-related 
mortality and the most common malignancy among women [1]. Most 
of the BC subtypes are being associated with mutations in BRCA1 and 
BRCA2; however, p53 mutations are associated with more aggressive 
disease outcomes and poor prognosis [2]. Besides, BC cells are shown to 
express ACE2, TMPRSS2, and DPP-IV [3]. However, most aggressive BC 
cells are known to be associated with the lower expression of ACE2 
along with a concomitant increase in the expression of TMPRSS2 and 
DPP-IV [4–7]. Here, it is interesting that ACE2 is the main receptor for 
the entry of SARS-CoV-2 via binding of viral spike protein (S) and 
TMPRSS2 contribute to the priming of S protein, whereas DPP-IV was 
thought to be a co-receptor for the entry of SARS-CoV-2 and the main 
receptor for MERS-CoV entry [3]. Last two decades witnessed the ONYX- 
015 oncolytic adenovirus therapy mainly for solid tumors. This adeno-
virus virus has a deletion of 827 bp in E1B region of the viral genome and 
also having a point mutation that generates premature stop codon 
through which it prevents expression of truncated form of the E1B55K 
protein. Therefore, these mutations render ONYX-015 incapable of 
blocking the p53 functions and its degradation in p53 (+) cells. Hence, 
in healthy cells where p53 is a functional-wild type and/or its pathway is 
also intact, this infection will trigger the accumulation of p53 in 
nucleoplasm which will evoke growth arrest or apoptosis resulting 
abortion of viral replication. In contrast, tumor cells do not possess 
functional p53, thus ONYX-015 selectively replicates in those tumor 
cells, resulting the selective destruction of tumor cells [8]. 

However, entry of this engineered virus depends upon the expression 
of cell surface Coxsackie-and adenovirus receptor (CAR) by the host cells 
[9,10]. Several oncolytic adenovirus therapies including ONYX-015 
have shown to be effective against breast cancer [11,12]. Although, 
most aggressive malignant cells are shown to down-regulate CAR, 
thereby reducing the efficacy of ONYX-015 therapy [10,13]. Here, we 
hypothesize that restructuring of ONYX-015 by incorporation of spike 
protein coding genes (‘S’) from SARS-CoV-2 and MERS-CoV may 
enhance the entry of ONYX-015 virus into the aggressive BC cells that 
may result in the efficient remission of cancer cells. 

In fact, ‘S’ protein of SARS-CoV-2 is involved into the cellular entry of 
virus through ACE2 receptors after priming by a protease enzyme 
TMPRSS2, whereas ‘S’ protein of MERS-CoV is responsible for its entry 
via DPP-IV receptors [3]. Here, it is noteworthy that DPP-IV is also 
thought to be a co receptor for the entry of SARS-CoV-2. It is pertinent 
that in most of the aggressive breast cancers lower expression of ACE2 
and CAR were observed with the concomitantly increased expression of 
TMPRSS2 and DPP-IV [2,3,10,13]. 

Interestingly, several clinical studies have shown that CAR expres-
sion is higher in low-grade breast cancer [13,14] and it increased 
adenoviral transduction that resultantly improved selective vulnera-
bility of chemotherapy-resistant tumors along with inhibition of 
metastasis [15]. CAR has also been shown to perform tumor suppressor 
functions via inhibition of prosurvival and EMT pathways [16], whereas 
loss of CAR was found to be associated with increase in invasion and 
metastasis [17], but co-administration of paclitaxel with replication- 
incompetent oncolytic adenovirus was shown to be synergistically 
effective [18]. These reports clearly suggest down regulation of CAR in 
aggressive BC, thus ONYX-015 cannot treat such cancer cases efficiently 
due to poor entry in the aggressive BC cells and therefore, we hypoth-
esize to restructure ONYX-015 for efficient therapy of aggressive breast 
cancer. 

To develop more efficient oncolytic therapy including aggressive BC, 
we conceptualize that: 1. low malignant cells will express more ACE2 
and CAR, so the virus can easily enter into these cells, 2. highly malig-
nant cells will over express DPP-IV and TMPRSS2, so viral entry will be 
facilitated by DPP-IV receptors to those cells, 3. whereas in moderate 
malignant cells viral entry will be facilitated by overall more options of 
entry into the cells (besides CAR, ACE2 and DPP-IV) (Fig. 1). Another 
reason for low viral availability to the target was the presence of stroma 
(collagen fibers and CAR-negative fibroblasts) along with the necrotic 
areas within the tumors; diminish the amount of virus available to the 
target cells [19]. Hence, addition of ‘S’ protein genes in ONYX-015 will 
also compensate for the diluting effects of CAR-ve fibroblasts and 
necrotic areas by multiple viral entry points. 

Another limitation of ONYX-015 is the immune response that trig-
gers via recognition of viral antigens causing elimination of the infected 
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cells before the production of sufficient viral copies for infecting the 
neighboring cells. In ONYX-015 there is a deletion of E3B region where 
viral gp19k gene was located which inhibits MHC class I antigen pre-
sentation at the cell surface [20]. In clinical trials of ONYX-015 on solid 
tumor patients, an increase in pro-inflammatory cytokine TNF-α was 
observed through which viral clearance was accelerated. However, anti- 
TNF drug Enbrel was found to be effective to improve the efficacy of 
ONYX-015 [19]. Hence, we hypothesize that ONYX-015 can be 
restructured by using spike (S) protein genes from SARS-CoV-2 and 
MERS-CoV to develop additional entry points besides CAR via ACE2 and 
DPP-IV receptors, respectively. In addition, anti-TNF drug Enbrel along 
with ONYX-015 may be administered to enhance the oncolytic efficacy 
of the restructured virus. 
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Fig. 1. Effects of ONYX-015 and restructured virus on various cell types. This figure shows the therapeutic response of ONYX-015 on normal, cancer and 
aggressive breast cancer cells. Restructuring of ONYX-015 using spike protein genes from SARS-CoV-2 and MERS-CoV may improve the therapeutic response by 
facilitated viral entry. 
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