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Aims: The purpose of this study is to investigate the role of Grail in stress-induced apoptosis and tumorigenesis in oral 

cancer cells. Subjects and Methods: We analyzed gene expression of Grail in oral cancer cell lines (KB, SAS, SCC-4, and 

SCC-25) treated with 5-azadC or/and trichostatin A (TSA) by RT-PCR. The effects of Grail on the expression of p53 and p21 

were analyzed by real-time polymerase chain reaction and Western blot for KB cells (KB/vector, KB/Grail and KB/shGrail). 
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The effects of Grail on tumorigenesis were through clonogenic analysis in KB cells (KB/vector, KB/Grail and KB/shGrail). 

Results: Treatment with 5-azadC or/and TSA-induced Grail mRNA expression in oral cancer cells. Grail overexpression reduced 

p53 and p21 expression. Conversely, p53 and p21 expressions were increased in KB/shGrail cells. Furthermore, Grail can inhibit 
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Conclusions: The expression of Grail is epigenetically regulated in oral cancer cells. Grail can reduce p53 and p21 expression 

and stress-induced cell death and suppress the colony formation in KB cells.
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be associated with Grail and is capable of mediating T cells 

activation, which in turn inhibits the RhoA GTPase activity 

through increasing the stability of the RhoGDI; RhoA GTPase 

has been shown to regulate the organization of the cytoskeleton 

and IL-2 expression.7 Another study demonstrated that the 

mammalian target of rapamycin (mTOR) pathway mediates 

cell-cycle progression and proliferation of naïve T cell by 

regulating the expression of Grail.8 This evidence implies 

that Grail may play an important role in cell cycle arrest 

and proliferation. Together, these observations demonstrate 

that Grail can exert multiple biological functions besides the 

induction of anergy.

The tumor suppressor p53 has critical checkpoint functions 

that sense DNA damage and inappropriate growth signals, 

and p53 is capable of transcriptionally activating a series of 

genes involved in cell cycle arrest and apoptosis. A number 

INTRODUCTION

Grail is a type I transmembrane protein localized in the 

transferrin-recycling endocytic pathway, and it plays a crucial 

role on the induction of anergy by abrogating the expression of 

cytokines in T cells.1 A recent study has shown that Grail forms 

a ternary complex with Otub-1 and USP8, which regulates T 

cell anergy.2,3�$�
�����"������������������	��������	����	#���

to be associated with Grail. As mentioned above, Otub-1, 

USP8, and Grail constitute a complex, thereby mediating 

T-cell unresponsiveness.4 Moreover, Grail can regulate the 

levels of the co-stimulatory molecule CD40 L on CD4-T cells 

by interacting with CD40 L and by subsequent degradation 

during the induction of anergy. CD151 and CD83 have critical 

roles in CD4 T cell activation. Previous studies have shown 

that Grail can regulate expression of CD151 and CD83 through 

ubiquitin-mediated protein degradation.5-7 Moreover, the Rho 

guanine dissociation inhibitor (RhoGDI) has been shown to 
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as a result of these cellular insults.9 Mutations in the p53 

tumor-suppressor gene occur in more than 50% of diverse 

human cancers types.10,11 The most well-studied function of p53 

is the ability to induce a G1 arrest. In response to DNA damage, 

p53 is activated and turns on the transcription of p21 gene, one 

of the p53 downstream targets.12,13 p21 binds to a number of 

cyclin and cdk complexes and inhibits their kinase activity. 

This allows for the accumulation of hypophosphorylated Rb, 

resulting in the G1 arrest.14-16

In addition, our previously published data showed that 

a novel p53 interacting protein, Grail, formed a negative 

feedback loop. Grail physically and functionally interacted 

with p53 to degrade it and modulate its transactivation 

activity.17 Based on this evidence, Grail may play an important 

role in the tumorigenesis, and thus, the expression levels of 

Grail could be tightly controlled.

Here, we would like to study the epigenetic regulation of 

Grail gene by detecting the mRNA and protein expression 

levels of Grail under the treatment of the DNA methylation 

inhibitor 5-aza-2’-deoxycytidine (5-azadC) and/or the histone 

acetylation inhibitor trichostatin A (TSA) in various oral 

cancer cell lines. At the same time, we examine the effect of 

Grail on stress-induced apoptosis and tumorigenesis using 
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anchor-independent assay, respectively. These results provided 

further understanding about the possible functional role of 

Grail during the course of tumorigenesis.

SUBJECTS AND METHODS

Cell culture
The oral cancer cell lines (KB, SAS, SCC-4, and 
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medium supplemented with 10% fetal bovine serum and 1% 

penicillin-streptomycin (Invitrogen, Carlsbad, CA, USA).

Western blot analysis
Cells were harvested in lysis buffer (50 mM Tris pH 8.0, 

5 mM NaCl, 0.5% NP-40 and 1 × protease inhibitor), 

freeze/thawed three times, and the protein recovered. The 

protein concentration was determined using the Bradford 

method (Bio-Rad, CA, USA). The cell extract was then 

suspended in SDS-PAGE sample buffer, boiled, and loaded 

onto an SDS-polyacrylamide gel. The separated proteins 

were transferred to a nitrocellulose membrane, and the blot 

was probed with the indicated primary antibodies followed 

by a secondary antibody (horseradish peroxidase-conjugated 

anti-mouse or anti-rabbit IgG in phosphate-buffered 

saline (PBS)/Tween 20 with 5% Carnation nonfat milk). 

Proteins were detected using enhanced chemiluminescence 

reagents (GE HealthCare). The primary antibodies used 

for immunoblotting were: monoclonal anti-p53 (pAb421), 

anti-actin (MAb1501; Chemicon, USA), anti-actinin (H-2; 

Santa Cruz Biotechnology, Santa Cruz, CA, USA), polyclonal 

anti-Grail, and anti-p21 (C-19; Santa Cruz).

Virus production, viral transduction, and RNA 
interference

The Grail was cloned into the retroviral plasmid vector, 

pQCXIP (Clontech). The pQCXIP-Grail and pQCXIP-empty 

plasmids were later transfected into GP2-293 cells using 

Fugene 6 (Roche, Basel, Switzerland). Grail retrovirus 

was prepared according to the protocol published on 

the Clontech website (Grail shRNA target sequence: 

5’-gcaggaagcagaggcagttaa-3). The shRNA oligonucleotides 

were cloned into the retroviral shRNA expression vector, 

pSIREN-Retro-Q (Clontech). Retroviruses overexpressing 

Grail shRNA was generated according to the protocol 

published on the Clontech website. Cells were infected with 

the indicated retroviruses in selection medium containing 

2 �g/ml polybrene. Forty-eight hours after infection, cells 

were treated with 8 �g/ml puromycin to select for a pool of 

puromycin-resistant clones.

Fluorescence-activated cell sorting analysis
Analysis was based on the measurement of the DNA content 

of cell nuclei labeled with propidium iodide. To evaluate the 


���� 
�
��� ���#���"� 
����� ����� �������� ��� ���� ���� ����	�����	���

experiments, washed with ice-cold PBS, and incubated with 

propidium iodide (0.05% in PBS, 0.1% Triton X-100, and 0.01% 

RNase) for 15 min at room temperature in the dark. Cells were 
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Biosciences, Franklin Lakes, NJ, USA), and the data were 

analyzed using Cell Quest Pro software (BD Biosciences).

Clonogenic analysis
Cell suspensions (1 × 104) were incubated in an upper layer 

of 0.3% agar (Difco, Detroit, MI, USA) in DMEM with 2% 

FBS. This was overlaid on 0.5% basal agar with 2% FBS. 

Cultures were kept cultured for two weeks, replenishing the 

upper medium layer twice a week, and then stained with 

methylene blue diluted in ethanol. Colonies were counted 

under microscope.

Real-time polymerase chain reaction
Total RNA was isolated using the TRI reagent (Sigma). 

OneStep RT-PCR Kit (Qiagen) was used for RT-PCR, and 

reactions were run on the GeneAmp PCR system 9700 (Applied 

Biosystems). The following primers for RT-PCR:
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Grail forward primer was 5’-CATGGGGCAAGTCC 

TGTGTCCTAA-3’, and its reverse primer was 5’-ACGTGTCC 

TGGCGGGTTCC-3’

p53 forward primer was 5’-CAGTCTGGGACAGCC 

AAGTC-3’ and its reverse primer was 5’-CTTCTGTACGGCGG 

TCTCTC-3’

p21 forward primer was 5’-ATGTCAGAACCGGCTGG-3’ 

and its reverse primer was 5’-TTAGGGCTTCCTCTTGG-3’

GAPDH forward primer was 5’-AGCCAAAAGGG 

TCATCATCTC-3’ and its reverse primer was5’-GTCCACCA 

CCCTGTTGCTGTAG-3’

Statistical analysis
One-way analysis of variance was used to assess the 

difference of means among groups, and Student’s two-tailed 

t-test was used to determine any difference in means between 

any two groups, and P < 0.05 was taken as statistically 
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RESULTS

Epigenetic regulation of grail in oral cancer cells
Clinical data obtained from Affymetrix microarray 

analysis revealed that the expression levels of Grail in tumors 

are lower than those of normal counterparts (http://www.

ncbi.nlm.nih.gov/geo/). As a result of this bioinformatic 

data, we moved sought to analyze the mRNA expression 

pattern of Grail in a panel of oral cancer cell lines. Our 

results demonstrated that the abundance of cellular mRNA 

of Grail was lower in KB and SAS cell lines, but not in 

SCC-4 and SCC-25 cell lines [Figure� {}�� ������ #��	����

revealed the possibility that gene expression of Grail was 

transcriptionally regulated by either promoter methylation 

or histone acetylation. To this end, we addressed whether the 

regulatory mechanisms of Grail included DNA methylation 

and histone acetylation. For this experiment, several human 

oral cancer cell lines, including KB, SAS, SCC-4 and SCC-25, 

were treated with DNA methylation inhibitor (5-azadC) 

or/and histone acetylation inhibitor (TSA). As shown in 

Figure 1a, compared with control group, 5-azadC (1 �M and 

5 �M) or TSA (0.5 �~?����������������	��	#
������	�
����	���

Grail’s expression. In addition, compared with lane 3 or 

lane 4, 5-azadC (5 �M) and TSA (0.5 �M) cotreatment 

failed to enhance Grail expression [Figure 1a]. To further 

characterize the relationship between Grail expression and 

tumorigenesis, we measured the protein levels of Grail in 

the identical conditions. Similar to the observations in 

Figure 1a, treatment with 5-azadC also increased Grail’s 

protein levels but not TSA [Figure 1b]. The data showed 

that 5-azadC and TSA could increase Grail expression in 

these cell lines, suggesting that the expression of Grail was 

epigenetically regulated.

>	�
�����	�� 	�� 	����	#���������&'�	�����
�	��������	�������

our previous study,17 we wanted to determine the correlation 

between Grail, p53, and p21 after treatment with 5-azadC or/

and TSA. As shown in Figure 1c, compared to control group, 
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5-azadC (1 �M and 5 �M). In contract, p53 levels showed 

no difference following treatment with TSA or cotreatment 

with 5-azadC and TSA [Figure 1c]. Interestingly, as shown 

in Figure 1c lower panel, p21 levels were decreased after 

treatment with 5-azadC but not with TSA.

Grail can affect p53 and p21 expression in oral 
cancer cells

We showed in our previous study that Grail is a novel p53 

target gene that can modulate the protein stability and cellular 

function p53.17 However, the regulation loop of Grail-p53 axis 

is undetermined in oral cancer. To this end, we established 

cells stably overexpressing Grail or shRNA-silenced Grail 

in KB cells and investigated its effects on the p53 and p21. 
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reduced p53 protein levels and its downstream target gene p21, 

while p53 mRNA levels remain affected. On the other hand, 

p53 and p21 protein levels are increased in KB/shGrail cells 

compared with controls [Figure 2]. These data demonstrated 

that Grail could exert the same effects on p53 protein levels in 

oral cancer cells.

Grail suppressed the stress-induced apoptosis in KB 
cells

Since Grail can inhibit p53-dependent apoptosis in C2C12 
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stress-induced cell death in oral cancer cell lines. For this 

experiment, a pair of KB (KB/vector and KB/Grail) cell lines 
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various stresses, such as Resveratrol and Etoposide. The 

data revealed that the scale of apoptosis after the treatment 
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in KB/Grail cell line, comparing to its parental line, from 

13% to 2% and 14% to 2%, respectively [Figure 3]. The 

results demonstrated that the apoptosis was repressed by the 

expression of Grail in KB cells.

Grail suppress colony formation
We further determined the roles of Grail in tumorigenesis 

by clonogenic assay in KB/Grail and KB/shGrail cells. This 

clonogenic assay tests the ability of cancer cells to grow 

independently of a solid surface, which is a hallmark of 

tumorigenesis. As expected, the data demonstrated that cells 
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silenced for Grail have more colonies than controls. Conversely, 

Grail overexpression reduced the colony number [Figure 4]. 

The data indicated that Grail could inhibit tumorigenesis in 

oral cancer cells.

DISCUSSION

Based on the mRNA levels of Grail, these results were 

derived from the raw Affymetrix data available in the 

public microarray database and the number of clones in the 

EST database offered by NCBI. Overall, these two lines of 

evidence clearly indicate that the expression levels of Grail in 

a variety of tumors are much lower than those of their normal 

counterparts. Consistent with our data, we revealed that 

mRNA levels of Grail were lower in KB and SAS cell lines. 

However, treatment with 5-azadC or/and TSA upregulated the 

Grail expression in oral cancer cells [Figure 1]. Surprisingly, 

cotreatment with 5-azadC or/and TSA has no synergistic 

effect on Grail mRNA expressions. Therefore, we suggest 

that 5-azadC or/and TSA, which is well known to increase 

the expression of many genes, can positively or negatively 

modulate Grail gene expression via transcriptional regulation.

Many studies have demonstrated that mutated p53 is highly 

expressed in many tumors and possesses oncogenic activity 

that promotes metastasis, invasion, and proliferation.11 The 

turnover of mutant p53 is tightly regulated by Mdm2 as in 

wild-type p53.18 In this study, we demonstrate that Grail 

reduces p53 protein levels in KB cells. It would be interesting 

Figure 1: Epigenetic regulation of grail in oral cancer cells. (a and b) Four lines of oral cancer cells, including KB, SAS, SCC-4, and SCC-25, were treated with 

indicated conditions of 5’-AzadC, trichostatin A, or both combinations. mRNA and protein were analyzed by real-time polymerase chain reaction and Western 

blot. (c) KB cells were treated with indicated conditions of 5’-AzadC, trichostatin A, or both combinations. p53 and p21 proteins were analyzed by Western blot

c

b

a
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to know whether Grail can still interact with mutant p53 and 

affect its tumorigenic function by enhancing its degradation 

in oral cancer cells. Our previous study demonstrated that 

Grail was a p53 target gene. Downregulation of Grail inhibits 

p53-mediated apoptosis. It will be interesting to know whether 

Grail can cooperate with pro-apoptotic proteins (bax, puma, or 

noxa) in p53-induced cell death in KB cells.

Grail has been shown to be involved the regulation of 

cell-cycle progression in naïve T cells through unclear 

mechanisms that might be related to the mTOR pathway.8 

Our results show that Grail can mediate stress-induced 

apoptosis and cell cycle arrest through a p21-dependent 

pathway. This study also demonstrated that KB/Grail cells 

have less p21 protein levels compared to control cells. On 

the other hand, KB/shGrail cells have higher p21 protein 

levels than controls [Figure 2]. Interestingly, there is no 
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cells in normal condition [Figure 3]. Although Grail displays 

no apparent effect on cell cycle distribution, overexpression 
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a direct effect on cell cycle progression in oral cancer cells 

under stress. Interestingly, the determination of whether 

Grail can interact with p21 and regulate its protein stability 

and function will provide more information about how Grail 

controls cancer cell growth and proliferation. Future studies 

will be performed to investigate the possible molecular 

mechanism surrounding this issue.
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Figure 2: Grail can inhibit p53 levels in KB cells. The mRNAs and proteins 

of p53 and p21 were analyzed by real-time polymerase chain reaction and 

Western blot for various indicated KB cells

Figure 3: The anti-apoptotic effects of grail in KB cells. KB/vector 

and KB/Grail stable cell lines were treated with resveratrol (50 �M) or 

etoposide (10 �M) for 24 h. The cells were later harvested, and cell-cycle 
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