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Abstract. Hypermethylated in cancer 1 (HIC1) is a putative 
suppressor gene, cooperating with TP53 in the regulation of 
apoptosis. The promoter site of this gene contains CpG islands 
susceptible to methylation. Altered methylation leads to the 
silencing of HIC1. Persistent loss of HIC1 function reflects the 
attenuation of proapoptotic characteristics of TP53 and may 
constitute the background for carcinogenesis. Altered methyla-
tion profiles along with diminished expression of HIC1 were 
documented in a number of solid neoplasms. The aim of this 
study was to evaluate the expression of the HIC1 gene in laryn-
geal carcinoma. RNA was extracted from samples of laryngeal 
cancer and corresponding healthy tissues of 21 patients with 
advanced laryngeal cancer (T3‑T4). The amount of RNA 
(cDNA) was evaluated using reverse transcription-quantitative 
polymerase chain reaction with GADPH as the reference gene. 
Data demonstrated that HIC1 expression was significantly 
reduced in laryngeal cancer tissues. The relative expression of 
HIC1 was found to be ~40% lower in tumor samples compared 
to that in healthy controls. The median tumor/normal tissue 
ratio for HIC1 was 0.615. These results suggest that low HIC1 
expression may be associated with neoplastic transformation 
in the larynx.

Introduction

Laryngeal cancer is the most common malignant neoplasm 
of the head and neck region. In Poland, laryngeal cancer is 
the seventh most common neoplasm in men  (1). Despite 

the advances in diagnostics and therapeutic procedures, 
the majority of laryngeal cancer cases are diagnosed at an 
advanced clinical stage. Between 1991 and 2001, a multi-
center, nationwide study was conducted, which included a total 
of ~13,000 patients diagnosed with cancer of the larynx and 
hypopharynx. More than half of all the cases had a stage T3 
or T4 primary tumor. Cervical lymph node metastases were 
identified in 47.7% of the cases (2). The 5‑year survival rate for 
laryngeal cancer is currently ~50% (1).

Epigenetics was defined by Wu and Morris (3) as changes in 
gene function that are mitotically and/or meiotically heritable 
and that do not entail a change in the DNA sequence. DNA 
methylation along with histone modifications and non‑coding 
RNA dysregulation are the leading epigenetic alterations in 
human cancer (4).

During DNA methylation, a methyl group is added to an 
aromatic ring of cytosine in CpG dinucleotides. Approxi-
mately 70% of total CpG dinucleotides in the human genome 
are methylated. However, certain CpG islands located in the 
promoter region of multiple genes remain physiologically 
unmethylated (5). The methylation of promoter sites results 
in the suppression of gene expression by several mechanisms. 
5‑Methylcytosine may spontaneously become deaminated to 
thymine, leading to the formation of point mutations (5). DNA 
methylation directly prevents the binding of transcriptional 
factors to the promoter (6). The methyl‑CpG‑binding domain 
proteins recognize methylation sites. These proteins bind the 
methylated sequence and block the interaction between RNA 
polymerase and the promoter (6,7). Promoter site methylation 
of the suppressor gene may lead to carcinogenesis.

Environmental factors may lead to epigenetic changes in 
DNA. Chang et al (8) proved the effect of smoking combined 
with alcohol intake on methylation of p15 in the epithelium of 
the upper airways. Van Engeland et al (9) documented the corre-
lation between alcohol consumption and hypermethylation 
of the following genes: Ras association domain-containing 
protein 1 (RASSF1A), O-6-methylguanine-DNA methyltrans-
ferase (O‑MGMT), adenomatous polyposis coli, p16, p14 and 
human MutL homolog. Since alcohol abuse and smoking are 
the main risk factors for the development of laryngeal cancer, 
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it may be hypothesized that abnormal DNA methylation is 
common among patients suffering from this neoplasm.

Hypermethylated in cancer  1 (HIC1) is a potential 
suppressor gene located on chromosome 17 (17p13.3). HIC1 
is known for cooperating with TP53 in the regulation of 
apoptosis. The promoter region of HIC1 abounds in CpG 
dinucleotides and methylation of these CpG islands may lead 
to gene silencing (10). Hypermethylation of HIC1 was docu-
mented in the pathogenesis of several neoplasms. The aim of 
this study was the assessment of HIC1 expression in patients 
with laryngeal cancer.

Materials and methods

Study population and tissue samples. The protocol of this 
study was approved by the Ethics Committee of the Medical 
University of Silesia (Katowice, Poland). The population study 
consisted of 21 men with histologically confirmed laryngeal 
squamous cell carcinoma, treated in the Laryngology Clinic 
of the Medical University of Silesia between 2005 and 2009. 
Written informed consent was obtained from all patients 
regarding the use of their tissue samples for the purpose of this 
study. All the patients were clinically at stage T3‑T4, N0‑N3 
and M0 and underwent total laryngectomy. Paraffin‑embedded 
20‑µm tissue sections were collected from tumor and corre-
sponding healthy tissues.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR) assay. Total RNA from the 
formalin‑fixed paraffin‑embedded (FFPE) tissue samples was 
isolated using the AllPrep DNA/RNA FFPE kit, including 
DNase treatment (Qiagen, Venlo, The Netherlands). The integ-
rity of RNA was assessed using an Agilent RNA 6000 Nano 
kit on Bioanalyzer 2100 (Agilent Technologies, Palo Alto, 
CA, USA). The quantity and quality of RNA were measured 
spectrometrically on the NanoDrop 2000 (NanoDrop prod-
ucts, Wilmington, DE, USA). The total RNA concentration in 
each sample was 50 ng, with RNA integrity number values 
of ~2. RNA was amplified and detected in one‑step RT‑PCR 
on the LightCycler 480 (Roche, Basel, Switzerland) using a 
QuantiFast Probe assay (Qiagen) for the human HIC1 (Entrez 
target gene ID: 3090) duplexed with GAPDH_2_HS (as a 
reference gene) in combination with the QuantiFast Probe 
(amplicon size, 79 bp). All the samples were tested in triplicate. 
The results were normalized and analyzed using the ΔΔcycle 
threshold (Ct) method (11).

Statistical analysis. All data are presented as the arithmetical 
mean ± standard error of the mean (SEM) and the unpaired 
Student's t‑test was used for statistical analysis. Fold change 
(FC) was evaluated in the target gene, or log ratio. FC was 
defined as the difference per gene between the averages of the 
group: Target gene/control. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Relative expression of HIC1 in tumor and healthy tissue 
samples. A competitive RT‑PCR approach with specific RNA 
competitive molecules for HIC1 and GADPH was used to 

evaluate the expression levels of HIC1 in samples obtained from 
21 patients with laryngeal carcinoma (healthy and tumor tissues). 
According to the advanced relative quantification (second 
derivative), the mean Ct detected in tumor samples reached 0.96 
(SEM = 0.57), whereas the mean Ct of healthy tissues amounted 
to 1.56 (SEM = 0.17). The median tumor̸normal tissue ratio for 
HIC1 expression was 0.615. The evaluation revealed that the 
expression of HIC1 in tumors was 38.5% lower compared to 
that in healthy tissues (Fig. 1) (P<0.05).

The inspection of the expression profiles revealed that 
the differences in expression between samples and controls 
(comparisons between pairs of cancerous and healthy tissues 
in each of the 21 patients) were prominent in samples 6, 8, 9, 
11, 12, 13, 14, 15, 18, 19, 20 and 21. The expression profiles of 
the samples are shown in Fig. 2. The FC in HIC1 was 2.54.

Discussion

Little is known regarding the epigenetic background of 
carcinogenesis in the larynx. Improper methylation status of 
the following genes has been identified thus far in laryngeal 
cancer: Retinoic acid receptor β (RARβ), death-associated 
protein kinase (DAPK), cyclin-dependent kinase inhibitor 2A 
(CDKN2A), MGMT, RASSF1A, fragile histidine triad, chro-
modomain‑helicase‑DNA‑binding protein 5, cellular retinol 
binding protein 1 and HIC1 (12‑19). The majority of the studies 
reported certain correlations between the clinical course of the 
disease and the molecular changes identified. Kong et al (14) 
suggested that the hypermethylation of DAPK was associated 
with lymph node involvement. In addition, nodal metastases 
appear to correlate with the methylation profile of MGMT (15). 
According to Smigiel et al (17), CDKN2A hypermethylation is 
reflected by a high grade of histological differentiation of the 
tumor (G3) (17). Olasz et al (18) reported that RARβ2 hyper-
methylation is observed in patients with well‑differentiated 
lesions.

HIC1 encodes the transcriptional factor responsible for 
the propagation of the biological function of p53. HIC1 
contains the C‑domain of five zinc‑finger motifs responsible 
for binding with DNA at the site called the HIC1 responsive 
element (HiRE). The N‑terminal domain BTB/POZ medi-
ates protein‑protein interactions (13). The main task of HIC1 
is to suppress the expression of class  III NAD‑dependent 
histone deacetylase called sirtuin 1 (SIRT1), which causes 

Figure 1. Relative expression of the hypermethylated in cancer 1 gene in 
tumor and healthy tissue samples, normalized to the GAPDH reference gene 
(mean ± standard error).
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deacetylation of the p53 protein; this process attenuates the 
proapoptotic action of p53 (20). SIRT1 also affects apoptosis 
in pathways other than p53. Deacetylation of the Ku70 protein 
leads to the sequestration of B‑cell lymphoma 2‑associated X 
proteins in the cytoplasm (21). In addition, SIRT1 is involved 
in gene silencing during the formation of facultative hetero-
chromatin (22).

The transcriptional activity of HIC1 is due to two struc-
tural domains: BTB/POZ enables the formation of complexes 
between HIC1 and SIRT1, whereas zinc finger motifs recognize 
and bind HiRE sequences in DNA, resulting in the suppression 
of HIC1 gene expression (10,23).

Under physiological conditions, there is a feedback loop 
between HIC1 and p53. HIC1 protects p53 from deacetylation, 
whereas p53 activates the transcription of HIC1  (22,23). 
Chronic silencing of HIC1 causes upregulation of SIRT1, 
persistent deacetylation of p53 and loss of the proapoptotic 
function of this protein. Thus, loss of expression of HIC1 may 
be involved in carcinogenesis (20).

The association between HIC1 and neoplastic transforma-
tion is not limited to the p53‑dependent apoptosis pathway. 
Briones et al (24) recently reported that HIC1 may participate 
in the regulation of neoplastic angiogenesis. The presence of 
the HiRE sequence within the gene encoding the fibroblast 
growth factor‑binding protein 1 (FGF‑BP1) was detected. 
FGF‑BP1 stimulates the differentiation of endothelial cells 
and smooth myocytes during the formation of embryonic 
blood vessels. FGF‑BP1 also participates in neoplastic vascu-
larisation. Increased FGF‑BP1 expression was detected in the 
tissues of several tumors, including cancer of the colon (25).

Silencing of HIC1 may have an epigenetic background, 
since the promoter site of this gene contains CpG dinucleo-
tides susceptible to methylation. Hypermethylation of HIC1 
was detected in the tissues of a number of solid tumors and 
appears to predispose tissues to neoplastic transformation. 
Eguchi et al (26) documented the association between smoking 
and improper methylation at locus 17p13.3 in non‑small‑cell 
lung cancer. The alteration in methylation status occurred more 
frequently among smokers compared to that in non‑smokers.

The incidence of hypermethylation of HIC1 may increase 
along with the histological progression of the tumor. 
Kanai et al (27) proved that the frequency of this epigenetic 
process increased from normal liver tissue, to precancerous 
state, to hepatocellular carcinoma. Similar conclusions may be 
drawn on the basis of the study conducted by Kanai et al (28), 
investigating the role of HIC1 methylation in gastric carcino-
genesis.

The level of HIC1 hypermethylation may correspond 
to the aggressiveness of the tumor and poor prognosis. 
Nicoll et al  (29) proved that the undisturbed expression of 
HIC1 is reflected in the promising outcome and lack of nodal 
involvement in breast cancer (29). Hayashi et al (30) suggested 
that low HIC1 expression may be involved in the malignant 
progression of non‑small‑cell lung cancer. Brieger et al (31) 
analyzed the demethylation of HIC1 in head and neck squa-
mous carcinoma cell lines in vitro and confirmed that the 
demethylation of the tumor suppressor gene HIC1 increases 
the radiosensitivity of head and neck squamous carcinoma 
cells.

HIC1 hypermethylation is the process of binding methyl 
groups to DNA. The present study did not analyze the hyper-
methylation of HIC1 itself, but rather the expression of this 
gene, i.e. the level of the mRNA transcript. Zheng et al (32) 
analyzed the hypermethylation of HIC1 and concluded that the 
hypermethylation did not consistently correlate with the HIC1 
expression level in breast and non‑small‑cell lung cancer.

The study of Stephen et al (33) is the only published study 
suggesting the effect of HIC1 methylation on laryngeal cancer. 
In that study, the methylation status of 38 genes was assessed 
in patients with laryngeal carcinoma. HIC1 was found to 
be methylated in 5 of a total of 79 cases. Stephen et al (33) 
revealed that the hypermethylation of HIC1 may be an inde-
pendent predictor of poor survival in laryngeal carcinoma. 
Patients with laryngeal cancer and HIC1 methylation had a 
median survival time of 1.02 years, as compared to the median 
survival time of 4.40 years of patients without HIC1 methyla-
tion. To the best of our knowledge, the expression of HIC1 in 
laryngeal cancer has not been evaluated to date.

Figure 2. Profiles of expression of the hypermethylated in cancer 1 gene in pairs of cancerous and control samples in each of the investigated patients, normal-
ized to the GAPDH reference gene (mean ± standard error).
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In conclusion, the present study proved that the relative 
expression of the HIC1 putative suppressor gene is dimin-
ished in laryngeal cancer. However, as this difference was 
not distinct in all the cases of laryngeal cancer, this finding 
requires further investigation.
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