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Abstract 

Background and purpose: In mammalian cells, several distinct surveillance systems, named cell cycle 

checkpoints, can interrupt normal cell-cycle progression. The cyclin-dependent kinases are negatively 

regulated by proteins of cyclin-dependent kinases inhibitors comprising INK4 and Cip/Kip families. Histone 

deacetylation induced by histone deacetylases (HDACs) inactivates the INK4 and Cip/Kip families lead to 

cancer induction. HDAC inhibitors (HDACIs) have been indicated to be potent inducers of differentiation, 

growth arrest, and apoptotic induction. Vorinostat (suberoylanilide hydroxamic acid, SAHA), as an HDACI, 

is reported to be useful in various cancers. Previously, we reported the effect of trichostatin A on hepatocellular 

carcinoma and also vorinostat on colon cancer cell lines. The current study was aimed to investigate the effect 

of vorinostat on p16INK4a, p14ARF, p15INK4b, and class I HDACs 1, 2, and 3 gene expression, cell growth 

inhibition, and apoptosis induction in pancreatic cancer AsPC-1 and hepatocellular carcinoma LCL-PI 11 cell 

lines.  

Experimental approach: The AsPC-1 and LCL-PI 11 cell lines were cultured and treated with vorinostat. To 

determine, viability, apoptosis, and the relative expression level of p16INK4a, p14ARF, p15INK4b, class I 

HDACs 1, 2, and 3 genes, MTT assay, cell apoptosis assay, and RT-qPCR were performed, respectively.  

Findings/Results: Vorinostat significantly inhibited cell growth, induced apoptosis, increased p16INK4a, 

p14ARF, p15INK4b, and decreased class I HDACs 1, 2, and 3 gene expression.  

Conclusion and implications: Vorinostat can reactivate the INK4 family through inhibition of class I HDACs 

1, 2, and 3 genes activity. 
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INTRODUCTION 

Pancreatic cancer and hepatocellular 

carcinoma (HCC) are currently considered a 

rapidly progressive disease and a leading cause 

of cancer-related death worldwide (1,2). 

Current evidence on histone deacetylation and 

DNA methylation suggests that these 

epigenetic changes are involved in tumor 

formation and progression (3,4). 

In mammalian cells, several distinct 

surveillance systems, named cell cycle 

checkpoints, can interrupt normal cell-cycle 

progression. Recent in vitro studies have 

indicated an important cross-talk between the 

cell-cycle regulatory system and histone 

acetylation. Transition through the different 

phases of the cell cycle is regulated by a group 

of kinases, the cyclin-dependent kinases 

(Cdks), and their partner, cyclin. Generally, 

progression through the checkpoints involves 

the activation of the Cdks (5). In mammals, the 

Cdk family includes three cell-cycle-related 

subfamilies (Cdk1, Cdk4, and Cdk5) and five 

transcriptional subfamilies (Cdk7, Cdk8, Cdk9, 

Cdk11, and Cdk20) (6).  
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The Cdks are negatively regulated by 

proteins of Cdk inhibitors (CKIs) comprising 

the INK4 and Cip/Kip families. The INK4 

family (p16INK4a, p14ARF, p15INK4b) binds 

and inhibits Cdk 4 and Cdk 6 whereas the 

Cip/Kip family, p21, p27, and p57, inhibits 

cyclin A/Cdk 2, cyclin D/Cdk 4, and cyclin E/ 

Cdk 2 (7). Histone deacetylation induced by 

histone deacetylases (HDACs) inactivates the 

INK4 and Cip/Kip family leads to cancer 

induction (8). INK4 family is involved in the 

inhibition of G1 phase progression and is often 

disrupted in human cancers (9,10). It should be 

noted that histone acetylation and deacetylation 

affect chromatin structure and thereby 

indirectly regulate gene transcription. Histone 

modification consisting of acetylation and 

deacetylation is induced by two groups of 

enzymes, histone acetylases (HATs) and 

HDACs, respectively. They create a non-

permissive chromatin conformation by the 

removal of acetyl groups from histones (11). 

These enzymes are encoded by a family of 18 

genes grouped into classes I-IV based on their 

homology to their respective yeast orthologues. 

Classes, I, II, and IV are referred to as 

“classical” HDACs which include 11 family 

members whereas the 7 class III members are 

called sirtuins (12). The over-expression of 

class I HDACs 1, 2, and 3 have been reported 

in various cancers including prostate cancer 

(13), renal cancer (14), cancer of the stomach, 

colon, esophagus, ovary, breast, pancreas, lung, 

and thyroid (15). Further evaluation has 

indicated that overexpression of HDACs can 

deacetylate CKIs resulting in cancer induction. 

This pathway has been demonstrated in gastric 

cancer (16), pancreatic cancer (17), breast 

cancer (18), and colon cancer (19). HDAC 

inhibitors (HDACIs) have been indicated to be 

potent inducers of differentiation, growth 

arrest, and apoptotic induction. These 

compounds inhibit HDAC activity. They have 

been classified as (1) hydroxamic acids e.g. 

vorinostat (suberoylanilide hydroxamic acid, 

SAHA) and trichostatin A (TSA); (2) short-

chain fatty acids e.g. butyrates; (3) cyclic 

peptides e.g. FR901228 and apicidin; (4) cyclic 

tetrapeptides e.g. trapoxin A; and (5) 

benzamides e.g. MS-27-275 (20). Vorinostat is 

a broad inhibitor of HDAC activity that inhibits 

class I HDACs, HDACs 1, 2, 3, and 8, class II 

HDACs, HDACs 6 and 10, and HDAC11 (21). 

Vorinostat is reported to be useful in colorectal 

cancer, advanced solid tumors, pancreatic 

cancer, lung cancer, melanoma, and multiple 

myeloma (22). Previously, we reported the 

effect of TSA on HCC Hep G2 cell line (23,24) 

and also the effect of vorinostat on colon cancer 

SW48 cell line (25). The current study was 

aimed to investigate the effect of vorinostat on 

p16INK4a, p14ARF, p15INK4b, and class I 

HDACs 1, 2, and 3 expressions, cell growth 

inhibition, and apoptosis induction in 

pancreatic cancer AsPC-1 and hepatocellular 

carcinoma LCL-PI 11 cell lines. 

MATERIALS AND METHODS 

Materials  

Human pancreatic cancer AsPC-1 and 

hepatocellular carcinoma LCL-PI 11 cell lines 

were provided from the National Cell Bank of 

Iran-Pasteur Institute and maintained in 

Dulbecco’s modified eagle’s medium (DMEM) 

supplemented with fetal bovine serum (FBS) 

10% and antibiotics in a humidified atmosphere 

of 5% CO2 at 37 °C. Vorinostat (Sigma, USA) 

was dissolved in DMSO as a 10 mmol/L stock 

solution and diluted in order to different 

concentrations preparation. Total RNA 

extraction kit (TRIZOL reagent), reverse 

transcription-quantitative real-time polymerase 

chain reaction (RT-qPCR) kits 

(qPCRMasterMix Plus for SYBR Green 

I dNTP), and 3‑(4,5‑dimethyl‑2‑thiazolyl)‑

2,5‑diphenyl‑2H‑tetrazolium bromide (MTT) 

were purchased from Sigma (Sigma St. Louis, 

MO, USA). Other compounds including 

materials and kits were purchased as provided 

for our previous works (26,27).  

Cell culture and cell viability 

Human pancreatic cancer AsPC-1 and 

hepatocellular carcinoma LCL-PI 11 cell lines 

were cultured in DMEM supplemented with 

10% FBS and antibiotics at 37 °C in 5% CO2 

overnight. Then both cell lines seeded into 

96-well plates at a density of 5 × 105 cells per 

well. The next day, the culture medium was 

replaced with the medium containing vorinostat 

at 0, 0.5, 1, 2.5, 5, and 10 μM, except the control 
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groups which received DMSO only, at a 

concentration of 0.05 %. After treatment times 

(24 and 48 h), all of the treated and untreated 

cells were assessed by MTT assay according to 

standard protocols to determine cell viability.               

In this regard, the MTT solution was added to 

each well for 4 h at 37 °C, then this solution was 

removed and DMSO was added and shaken for        

10 min to dissolve all of the crystals. Finally,                  

the optical density was detected by a                 

microplate reader at a wavelength of 570 nM. 

Each experiment was repeated three times 

(triplicates). 

 

Cell apoptosis assay 
To assess the apoptotic cells, the AsPC-1 and 

LCL-PI 11 cells were cultured at a density of 5 × 

105 cells/well for 24 h and then treated with 

vorinostat, based on IC50 values indicated in Fig. 

1, for 24 and 48 h, respectively. Subsequently, all 

of the cells were harvested by trypsinization, 

washed with cold phosphate-buffered saline, and 

re-suspended in 100 μL binding buffer, and 

stained with 5 μL of annexin V-FITC (10 mg/mL) 

and 10 μL of propidium iodide (PI, 50 mg/mL) 

for 15 min at room temperature in the dark. Then, 

the samples were analyzed using flow cytometry 

(Becton Dickinson, Heidelberg, Germany). 

 
Fig. 1. in vitro effects of vorinostat on (A) AsPC-1 and (B) LCL-PI 11 cells viability. Values are the means of three 

experiments in triplicate. Results are expressed as mean ± SD, n = 3 independent experiments. **P < 0.01 and ***P < 

0.001 demonstrate significant differences compared with the untreated control group. A1 and B1, after 24 h vorinostat 

treatment; A2 and B2, after 48 h vorinostat treatment; HDAC, histone deacetylase. 
 

 
 

Table 1. The primer sequences of p16INK4a, p14ARF, p15INK4b, and class I histone deacetylases 1, 2, and 3 genes. 

Primers Primer sequences (5' to 3') References 

p14ARF 
Forward: GTGGGTTTTAGTTTGTAGTT 

Reverse: AAACCTTTCCTACCTAATCT 
30 

p15INK4b 
Forward: AAGCTGAGCCCAGGT CTCCTA 

Reverse: CCACCGTTGGCCGTAAACT 
31 

p16INK4a  
Forward: CCCGCTTTCGTAGTTTTCAT 

Reverse: TTATTTGAGCTTTGGTTCTG 
32 

Histone deacetylases 1 
Forward: AACCTGCCTATGCTGATGCT 

Reverse: CAGGCAATTCGTTTGTCAGA 
33 

Histone deacetylases 2 
Forward: GGGAATACTTTCCTGGCACA 

Reverse: ACGGATTGTGTAGCCACCTC 
33 

Histone deacetylases 3 
Forward: TGGCTTCTGCTATGTCAACG 

Reverse: GCACGTGGGTTGGTAGAAGT 
33 

GAPDH 
Forward: TCCCATCACCATCTTCCA 

Reverse: CATCACGCCACAGTTTCC 
34 
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RT-qPCR 
To determine the relative expression level of 

p16INK4a, p14ARF, p15INK4b, and class I 

HDACs 1, 2, and 3 genes, RT-qPCR was done. 

The AsPC-1 and LCL-PI 11 cells were treated 

with vorinostat, based on IC50 values indicated in 

Fig. 1, for 24 and 48 h, respectively. After 

treatment times, RT-qPCR was done as in our 

previous works (28,29). The primer sequences 

have been shown in Table 1. The obtained                

data were standardized using data of the             

housekeeping gene, glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH).  

dehydrogenase (GAPDH). 

Statistical analysis 

The data were analyzed using Graph 

Pad Prism 8.0. Results are expressed 

as mean ± standard deviation (SD), 

n = 3 independent experiments. Statistical 

comparisons between groups were performed 

with one‑way ANOVA and followed by 

Turkey’s post-hot test. A significant difference 

was considered as P < 0.05. 

Fig. 2. The apoptotic effect of vorinostat on (A) AsPC-1 and (B) LCL-PI 11 cell lines. Results were obtained from three 

independent experiments and were expressed as mean ± SD. Vorinostat induced significant apoptosis in both cell lines 

after 24 and 48 h of treatment. Quadrants (Q) 2 and 3, late and primary apoptosis, respectively, were calculated in (C) 

this graph. ***P < 0.001 Indicates significant differences compared with the corresponding control group.  
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RESULTS 

Assessment of cell viability 

The viability was assessed by MTT assay. 

As shown in Fig. 1, vorinostat inhibited cell 

growth in both cell lines significantly.                         

A significant difference was seen between 

treated and control groups (Fig. 1). Based on the 

statistical analysis, a concentration-dependent 

manner was observed in both cell lines at 24 

and 48 h (P < 0.01).  

Cell apoptosis assay 

To determine apoptotic cells, the AsPC-1 

and LCL-PI 11 cells were treated with 

vorinostat, based on IC50 values. After 

treatment times, the cells were stained using 

annexin-V-(FITC) and PI. As shown in Fig. 2, 

vorinostat induced significant apoptosis in both 

cell lines after 24 and 48 h of treatment.  

Determination of gene expression 

The effect of vorinostat on p16INK4a, 

p14ARF, p15INK4b, and class I HDACs 1, 2, 

and 3 gene expression were determined by    

RT-qPCR analysis. The finding demonstrated 

that vorinostat after 24 and 48 h 

increased p16INK4a, p14ARF, p15INK4b, and 

decreased class I HDACs 1, 2, and 3 gene 

expression significantly in both AsPC-1 

and LCL-PI 11 cell lines, Fig 3. Additionally, 

the up-regulation of p16INK4a, p14ARF, 

p15INK4b, and down-regulation of HDACs 1, 

2, and 3 gene expression was more 

significant in LCL-PI 11 cells in comparison 

with AsPC-1 cells.  

Fig. 3. The relative expression level of class I HDAC1, 2, and 3, p16INK4a, p14ARF, p15INK4b genes in the (A) 

AsPC-1 and (B) LCL-PI 11 cell lines. Values are the means of three experiments in triplicate. Results are expressed as  

mean ± SD, n = 3 independent experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 demonstrate significant differences 

compared with the untreated control group. A1 and B1, after 24 h vorinostat treatment; A2 and B2, after 48 h vorinostat 
treatment; HDAC, histone deacetylase. 
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DISCUSSION 

 

The INK4a/ARF locus encodes a family of 

tumor suppressor genes (TSGs) which 

participate in the cell-cycle control pathway 

(35). Enzymatic deacetylation of the 

INK4a/ARF family represents major 

molecular mechanisms controlling gene 

expression. The activity of these enzymes can 

repress INK4 p16INK4a, p14ARF, p15INK4b 

genes expression. The HDAC inhibitor 

vorinostat has shown significant anticancer 

activity against both solid and hematologic 

cancers. This agent inhibits the function of class 

I HDACs which has been proven to cause cell 

growth inhibition, differentiation, and 

apoptosis of various cancer cells (36). In the 

current study, we indicated that vorinostat 

could re-activate p16INK4a, p14ARF, 

p15INK4b gene expression in AsPC-1, and 

LCL-PI 11 cell lines. We did further evaluation 

and found that this compound plays its role 

through inhibition of HDACs 1, 2, and 3 gene 

expression. Besides, our findings demonstrated 

that the up-regulation of p16INK4a, p14ARF, 

p15INK4b, and down-regulation of HDACs 1, 

2, and 3 gene expression were more significant 

in LCL-PI 11 cells in comparison to AsPC-1 

cells. Similarly, other researchers have reported 

that vorinostat reactivates p16INK4a in HCC 

HepG2, Hep3B, and HuH7 (37), p15 in HCC 

HepG2, L02, and Huh7 cells (38). As we 

reported in this study, vorinostat up-regulated 

INK4a/ARF genes through the down-

regulation of HDACs. A similar molecular 

pathway has been shown by other studies. in 

vitro study has been demonstrated that 

vorinostat inhibits HDAC1, 3, and 4 in 

pancreatic cancer (39). Several studies have 

shown that vorinostat plays its role through 

inhibition of class I and II HDACs in cutaneous 

T-cell lymphoma (40), HDACs class I (HDAC2 

and 3) in uterine sarcomas (41), and HDAC1 in 

breast cancer (42). Other members of the 

HDAC family such as TSA use the same 

molecular mechanisms to reactivate cell cycle 

regulatory INK4 and CIP/KIP genes. It has 

been shown that TSA inhibits HDAC activity in 

breast cancer (43). It up-regulates 

p21/Waf1/CIP1 and induces apoptosis in 

prostate cancer by inhibiting HDAC activity 

(44). In cutaneous T-cell lymphoma, TSA 

relaxes the chromatin structure resulting in the 

up-regulation of the tumor suppressor                    

genes expression by inhibition of class I                     

and class II HDACs (45). Additionally, 

HDACIs have been reported to induce growth 

arrest in colon cancer cells through p15, p16, 

and p21 reactivation in colon cancer cells 

HCT116 (46). Similarly, TSA and sodium 

butyrate activate p15 in HaCa T cells, HCT-

116, and HT-29 (47). All reports mentioned 

above are consistent with our findings. In 

addition to the class I HDAC pathway, 

vorinostat plays its role by other classes of 

HADCs. Numerous studies have been reported 

that it inhibits HDAC4 and HDAC5 in human 

cancer cell lines Cal27, A2780, MDA-MB231, 

and Kyse510 (48). In breast cancer,                   

vorinostat inhibits HDAC6 (49). Another 

research has been indicated that this agent 

selectively down-regulates HDAC7 in 

cutaneous T-cell lymphoma with no effect on 

the expression of other class I or class II 

HDACs (50). In summary, we reported                      

that vorinostat up-regulates p16INK4a,                    

p14ARF, p15INK4b through down-regulation 

of HDACs 1, 2, and 3 genes in LCL-PI 11                  

and AsPC-1 cells. Whereas, this pathway, 

HDACs 1, 2, and 3 genes, is not the only 

pathway of vorinostat in these cell lines. 

Therefore, the evaluation of the effect of 

vorinostat on the other HDACs in these cell 

lines is recommended. 

 

CONCLUSION 

 

In conclusion, our results indicated that 

vorinostat, an HDACI, can epigenetically 

down-regulate HDACs 1, 2, and 3 gene 

expression and reactivate the p16INK4a, 

p14ARF, p15INK4b genes in LCL-PI 11 and 

AsPC-1 cells resulting in cell growth inhibition, 

and apoptosis induction. Thus, this result 

suggests a dependence of the p16INK4a, 

p14ARF, p15INK4b genes silencing                   

through histone deacetylation by a mechanism 

that involves the up-regulation of HDACs                     

1, 2, and 3 genes. Therefore, the                         

evaluation of the effect of vorinostat on                        

these enzymes and their proteins is 

recommended. 
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