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Our results demonstrate that at an MOI of 1 and a post-infection 
harvest interval of 72 hours, there is no significant difference in viral 
titers between HSV-1 harvested from HCT116 p53-deficient cells 
and HSV-1 harvested from HCT116 p53 wildtype cells. These 
findings do not support our prediction that HSV-1 growth would be 
enhanced in p53-deficient cells. 

RESULTS

Herpes simplex virus 1 (HSV-1) is a common human virus that can 
cause a variety of pathologies, including oral lesions and invariably 
fatal encephalitis. As there is currently no cure for HSV-1 infection, 
worldwide morbidity and mortality rates remain high. HSV-1 
replication is under intricate control by both viral and cellular factors 
that dictate whether the virus undergoes productive lytic replication 
or enters a state of latency during which there is decreased viral gene 
expression and virus production. The intricate mechanisms that 
determine the fate of the virus are not completely understood. p53, 
the well-known tumor suppressor gene, is involved in various 
cellular responses to stress, such as viral infection. We hypothesized 
that p53 plays a role in the establishment of HSV-1 latency by 
negatively regulating HSV-1 replication through repression of viral 
gene expression via the ATM/ATR damage response pathway 
leading to expression of p53 and regulation of gene expression via 
p53 response elements (RE). Viral yields were determined for HSV-1 
strain KOS grown on HCT116 wild-type (p53 +/+) and HCT116 
p53-deficient (p53 -/-) cells at a multiplicity of infection (MOI) of 1 
and at 72 hours post-infection, with the prediction that the viral titer 
would be higher for the virus derived from the HCT116 p53-
deficient cells. Our results demonstrate that there is no significant 
difference in HSV-1 titer between p53-deficient cells and wildtype 
cells under these conditions. This suggests that p53 does not play a 
vital role in promoting HSV-1 latency overall; rather, p53 may exert 
both positive and negative effects on HSV-1 replication at varying 
points in time without favoring one cycle over another. Future 
research, such as determining viral yield harvested from cells in 
which the levels of p53 have been increased by both overexpression 
and the use of pharmacological agents to stabilize endogenous p53, 
should be conducted to further elucidate these complexities. 

ABSTRACT

BACKGROUND & SIGNIFICANCE

p53 acts as a negative regulator of HSV-1 replication by 
downregulating viral gene expression, thus playing a role in the 
establishment of HSV-1 latency. 

To determine virus yield and replication kinetics in p53-deficient 
HCT116 cells. We postulated that p53 is stabilized via activation of 
the ATR kinase DNA damage response pathway as a consequence of 
the host cell sensing viral dsDNA. We predicted that p53 would 
promote HSV-1 latency via p53RE. Consequently, we expected 
enhanced HSV-1 growth and replication kinetics in cells that lack 
p53 compared to cells that have wildtype levels of p53. 

• HCT116 p53 (+/+) wildtype cells and HCT116 p53 (-/-) knockout 
variant cells were acquired and grown

• At 80-90% confluency, they were each infected with HSV-1 KOS 
strain at a multiplicity of infection (MOI) of 1

• HSV-1 was harvested from each cell line at 72 hours post-
infection and stored at -80 ℃

The harvested HSV-1 was titered on Vero cells. HSV-1 harvested 
from Vero cells was used as a control. We determined the viral titers 
in duplicate from three separate harvests using standard plaque 
assays.

HYPOTHESIS DISCUSSION
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p53 is a tumor suppressor gene commonly mutated in most cancers and 
involved in coordinating many cellular functions. In a normal cell, p53 is 
stabilized in the presence of various stressors, such as DNA damage via 
the ATM/ATR pathway. It achieves stability via phosphorylation and 
auto-ubiquitination of its principle interacting partner known as 
MDM21,2. 

We proposed that the viral dsDNA of HSV-1 activates the ATR kinase 
DNA damage response pathway, which stabilizes p53 and allows for 
repression of viral gene expression and consequently the establishment of 
viral latency. The stabilized p53 binds to p53RE previously identified in 
the HSV-1 genome by Hsieh et al3. The results from this study may 
provide a foundation for understanding how stabilization of p53 in 
response to ATR signaling may repress viral replication and 
counterbalance the ICP0-mediated degradation of p53. 
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There is considerable debate in the literature regarding whether p53 
promotes or represses HSV-1 replication. In the paper by Hsieh et. 
al., it is argued that p53 represses the expression of HSV-1 proteins 
ICP4 and ICP8 via p53RE, suggesting that p53 represses HSV-1 
replication and thereby shifts the virus into latency3. This is further 
supported by Hsieh’s preliminary data showing reduced viral titers 
in the HCT116 p53 (+/+) cells compared to the HCT116 p53 (-/-) 
cells when the cells are infected with supernatant virus at an MOI of 
10. In contrast, Maruzuru et al. suggests that p53 plays both positive 
and negative roles in HSV-1 replication but promotes it overall by 
upregulating ICP27 during early infection and downregulating ICP0 
during later infection. They performed plaque assays on Vero cells 
with HSV-1 harvested from HCT116 p53 (+/+) and HCT116 p53 (-/-
) cells and found that at an MOI of 0.01 and at up to 18 hours post-
infection, viral titers were reduced in the HCT116 p53 (-/-) cells 
compared to the HCT116 p53 (+/+) cells4. Our study measured titers 
under different conditions, with an MOI of 1 and a post-infection 
time of 72 hours prior to harvesting, and found no significant 
difference in viral titers between the different cell lines. The 
discrepancies in our results may support the idea that p53 exerts both 
positive and negative effects on viral replication and that its role 
may change depending upon the MOI, the number of hours post-
infection prior to harvesting, and whether or not the supernatant 
virus, the cell-associated virus, or a combination are used to infect 
the cells.

Overexpression of p53 
• Pretreat p53 (+/+) cells with vehicle (DMSO) or an ATR inhibitor 

to overexpress p53 
• Infect these cells with HSV-1 and determine replication yield and 

kinetics 

Deletion of p53 response elements 
• Delete either p53RE-L, p53RE-S, or both p53RE-L and p53RE-S 

in p53 (+/+) and p53 (-/-) cells 
• Infect these cells with HSV-1 and determine replication yield and 

kinetics

FUTURE PLANS 

HSV-1 infection

Fig. 4. Representative Plaque assay from Harvest 1 Representative 
wells from Harvest 1 are shown. HSV-1 harvested from Vero, 
HCT116 p53 (+/+), and HCT116 p53 (-/-) cells was titered on Vero 
cells using a standard plaque assay.

Fig. 5. Titers of HSV-1 Harvested from HCT116 (+/+) and HCT116 (-/-) Cells 
The titers of HSV-1 from each separate harvest are displayed. Each cell line was 
infected with HSV-1 at a multiplicity of infection (MOI) of 1. The virus was 
harvested 72 hours post-infection. The viral titers were assessed using standard 
plaque assays with Vero cells. HSV-1 harvested from Vero cells was used as a control. 
The error bars represent the 10% variability expected in a typical plaque assay.

OBJECTIVE

Fig. 2. Model for the role of p53 in HSV-1 replication Our model 
illustrates our hypothesis that p53 acts as a negative regulator of HSV-1 
replication via p53RE. 

MATERIALS AND METHODS
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Fig. 1. Homology Model of P53 Sequence-based homology 
model of human P53 created using the Swiss Model server 
(https://swissmodel.expasy.org). 

Fig. 3. HCT116 cell growth and infection Images were taken of both 
HCT116 cell lines before and after HSV-1 infection. 


