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Abstract: Telomeres are transcribed into noncoding telomeric repeat-containing RNAs (TERRA),
which are essential for telomere maintenance. Deregulation of TERRA transcription impairs telomere
metabolism and a role in tumorigenesis has been proposed. Head and neck cancer (HNC) is one of
the most frequent cancers worldwide, with head and neck squamous cell carcinoma (HNSCC) being
the predominant type. Since HNSCC patients are characterized by altered telomere maintenance,
a dysfunction in telomere transcription can be hypothesized. In this prospective study, we compared
TERRA levels in the tumor and matched normal tissue from 23 HNSCC patients. We then classified
patients in two categories according to the level of TERRA expression in the tumor compared to
the normal tissue: (1) lower expression in the tumor, (2) higher or similar expression in tumor.
A significant proportion of patients in the first group died of the disease within less than 34 months
postsurgery, while the majority of patients in the second group were alive and disease-free. Our results
highlight a striking correlation between TERRA expression and tumor aggressiveness in HNSCC
suggesting that TERRA levels may be proposed as a novel molecular prognostic marker for HNSCC.

Keywords: telomere transcription; TERRA; head and neck squamous cell carcinoma

1. Introduction

Telomeres are nucleoprotein structures located at the ends of eukaryotic chromosomes. Telomeres
are essential for the maintenance of genome stability, preventing chromosome ends from being
recognized as double-strand breaks and assuring the proper replication of chromosomes. In vertebrates,
telomeric DNA consists of extended arrays of the hexamer TTAGGG. Telomeric DNA is bound by
a specific multiprotein complex called Shelterin, which ensures proper regulation and protection
of telomeres [1]. Telomeres are transcribed into long, noncoding telomeric repeat-containing RNAs
(TERRA) [2–4]. A large body of evidence supports the hypothesis that TERRA plays a fundamental
role in telomere maintenance and deregulation of TERRA synthesis causes genomic instability and
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telomeric defects [2,5–12], therefore, the study of TERRA expression in pathologies, in which telomere
metabolism is impaired, is particularly relevant. In an early study, the analysis of TERRA levels
in three different human tumor samples (from larynx, colon and B cell lymphoma) suggested that
telomeric transcription is downregulated in advanced tumors [3]. A similar result was obtained by
Sampl and collaborators [13] in human astrocytomas while, in mouse medulloblastoma, TERRA was
overexpressed compared to normal tissues [14].

Head and neck cancer (HNC) is a frequent type of cancer, with more than 500,000 new cases per
year being diagnosed wordwide [15]. In spite of the fact that combined and aggressive therapies are
currently used, including pre- and postoperative chemotherapy, radiotherapy, and more recently also
immunotherapy, there has been no significant improvement in five-year survival over the past 20 years.
Treatment failures occur as locoregional recurrence, distant metastasis, and/or second primary
tumors [16,17]. HNCs include several types of cancer originating from the site, the predominant
type consists of squamous cell carcinomas (95%), while 4.5% are salivary gland adenocarcinomas or
melanomas [18]. Within the HNC family, the head and neck squamous cell carcinoma (HNSCC) is a
particularly aggressive malignant tumor type arising from the epithelial lining of mucosal membranes
of the upper-aerodigestive tract (i.e., pharynx, hypopharynx and larynx) and the oral cavity. HNSCC
is a clinically, pathologically, phenotypically and biologically heterogeneous disease deriving from
multiple cellular and molecular alterations of the squamous epithelium. The main and well-established
risk factors for HNSCC are smoking and alcohol abuse; these habits jointly multiply the risk of cancer,
especially in the mouth and pharynx.

A growing body of evidence pinpoints the involvement of tumor-suppressor genes related
the regulation of DNA replication and cell growth, including E2F, p16 and p53, in the progression
of HNSCC. Notably, several studies suggested that approximately half of HNSCC tumors contain
p53 mutations [19–21]. In addition, it was shown that human papilloma virus (HPV) is involved
in the pathogenesis of a subgroup of HNSCCs. HPV is a risk factor for cancer of the oropharynx,
particularly in tumors that are not associated with p53 mutations or with other risk factor such as
tobacco and alcohol [22,23]. Based on this evidence it has been suggested that oropharyngeal cancer
develops through two different pathways: the first one related to tobacco/alcohol consumption and
p53 mutation, and the second one to HPV infection and genome instability.

A wide heterogeneity in terms of clinical outcome and response to treatment has been described.
Thus, new prognostic and predictive markers are under investigation [24], including microRNAs [25,26].

In HNSCC patients, both cancer cells and cells from the mucosa surrounding the tumor are
characterized by telomere shortening and genomic instability [27–29], supporting the hypothesis that
telomere dysfunction drives genomic instability during the early events in the HNSCC oncogenic
process. High levels of telomerase expression are found in 75–100% of HNSCCs [29–33], with the level
of activity increasing together with the tumor stage [28]. To our knowledge, no information is available
on telomeric transcription status in HNSCC.

In this prospective study, we compared TERRA levels in the tumor of 23 HNSCC patients with
those of the adjacent normal tissue and found a correlation between telomere transcription levels and
tumor aggressiveness.

2. Results

In this prospective study we analyzed TERRA levels in 23 patients affected by HNSCC. For all
patients, we extracted total RNA from tumor tissue and from adjacent normal tissue. For three patients,
RNA was extracted also from metastatic tissue of laterocervical lymphnodes. Total TERRA levels were
measured by slot blot, using a (CCCTAA)5 oligonucleotide as probe [2,4,34]. For each patient, TERRA
level in the tumor was compared to the value from the adjacent normal tissue.

The results are reported in Figure 1. In fourteen patients, TERRA expression values in the tumor
were higher or similar to those of the adjacent normal tissue, while in nine patients TERRA expression
was lower in the tumor sample. In the three metastatic samples, TERRA levels were always lower
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than in the normal tissue independently on the expression in the primary tumor. It is important to
point out that, as described in the Methods section, assignment of patients n. 14, 3 and 34 to the two
classes should be taken with caution because their t-test p-values were close to the 0.05 significance
cut-off value.
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the tumor was significantly lower (p < 0.05) than in the healthy tissue. 
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We were unable to carry out qRT-PCR experiments for all the patients because the amount of tissue 
in most samples was insufficient. The results of the qRT-PCRs confirmed the trend shown by the slot 
blot experiments (Figure 2). In agreement with previous observations [14,34,35], TERRA expression 
varies at different chromosome ends. 
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lower in the tumor compared to normal tissue. Patients are listed according to DFS. DFS was 
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of the head and neck district or to the cut-off of 15 December 2017; according to this definition, 
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Figure 1. Quantification of total Telomeric Repeat-Containing RNA (TERRA) levels by slot blot
hybridization in 23 head and neck squamous cell carcinoma (HNSCC) patients. Tumor samples
(red bars), samples from metastatic tissue (green bars) and samples from adjacent nontumoral tissue
(blue bars). For each patient, the value of the normal tissue has been set to 1. In group (A), the value in
the tumor sample was either similar to the value in the healthy tissue (p > 0.05) (patients 9, 35, 38, 2, 37,
28, 14, 3) or was significantly higher (p < 0.05) (patients 22, 20, 7, 18, 21, 17). In group (B), the value in
the tumor was significantly lower (p < 0.05) than in the healthy tissue.

For five patients, we also performed qRT-PCR (quantitative Real Time-Polymerase Chain Reaction)
to measure TERRA levels from four different telomeres (10q, 15q, XpYp, XqYq) [2,4,34]. We were
unable to carry out qRT-PCR experiments for all the patients because the amount of tissue in most
samples was insufficient. The results of the qRT-PCRs confirmed the trend shown by the slot blot
experiments (Figure 2). In agreement with previous observations [14,34,35], TERRA expression varies
at different chromosome ends.

In Table 1, clinical data of the patients are reported: sex, age, site of the original tumor, tumor
stage according to the pTNM (pathological tumor/node/matastasis) classification, tumor grading,
status of each patient at data cut-off of 15 December 2017, and disease-free survival (DFS) (in months).
In oropharyngeal tumors, an immunological test for human papilloma virus (HPV) was performed
and showed to be negative in all analyzed patients. Patients are grouped in two classes depending
on TERRA expression: (A) higher or similar in the tumor compared to normal tissue; (B) lower in
the tumor compared to normal tissue. Patients are listed according to DFS. DFS was calculated from
the date of sampling to either death, progression, occurrence of a second malignancy of the head
and neck district or to the cut-off of 15 December 2017; according to this definition, patient n. 19
has not been censored at the time of development of a completely different second primary cancer
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(i.e., a Hepatocellular Carcinoma, HCC), while patient n. 35 has been censored when he developed a
second primary tumor in the head and neck district.
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Figure 2. Telomere-specific TERRA levels by qRT-PCR (quantitative Real Time-Polymerase Chain
Reaction) in 5 HNSCC patients. Quantitative RT-PCR experiments were carried out to measure of
TERRA expression from 10q, 15q, XpYp and XqYq telomeres. Tumor samples (red bars) and samples
from adjacent nontumoral tissue (blue bars). For each patient, TERRA expression level in the normal
tissue is set to 1 and used as reference. For each sample, three replicates were amplified. (A) Patients
with higher or similar TERRA levels in tumor compared to normal tissue; (B) Patients with lower
TERRA levels in tumor compared to normal tissue.

Twelve of the fourteen patients in which TERRA was higher or similar in the tumor (Table 1A)
compared to normal tissue were alive and disease-free. One of these patients (n. 35), although alive at
follow-up, 69 months after surgery, underwent surgery for a second primary tongue tumor 33 months
after the first surgery.

Strikingly, seven out of the nine patients in which TERRA level in the tumor was lower than in
the normal tissue (Table 1B) died of the disease within three years after surgery. All three patients
previously operated for a distinct head and neck tumor belonged to this group; of them, two had died
(n. 6 and 26) and one was alive at the date of the last follow-up. Only two of the nine patients in which
TERRA levels in the tumor were lower than in the normal tissue were alive, although one of them
(patient 19) developed a second primary tumor, an hepatocarcinoma.
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Table 1. Clinical and histopathological data of the patients analyzed in this study. (A) Higher or similar expression of TERRA in tumor compared to normal tissue
(n = 14); (B) Lower expression of TERRA in tumor compared to normal tissue (n = 9).

No. Sex/Age Tumor Site Staging (pTNM) Grading HPV Status Date of Sampling Status at 15 December 2017 DFS (Months)

A

9 F/71 Oropharynx T4a, N0, M0 G2 Negative 15 April 2011 Dead of disease on 24 June 2013 26

35 M/67 Oropharynx T3, N0, M0 G2 Negative 1 March 2012 Alive. On 15 December 2014, a second primary tumor (SCC of the tongue staged pT2,
N2, M0, graded G2) was resected 33+

38 M/64 Tongue T2, N0, M0 G2/G3 ND 16 December 2013 Alive, disease-free 48+

2 M/70 Hypopharynx T4a, N2b, M0 G2 ND 10 September 2013 Alive, disease-free 51+

37 M/66 Oropharynx T4a, N0, M0 G1/G2 Negative 26 March 2012 Alive, disease-free 68+

22 M/68 Tongue T3, N0, M0 G2 ND 12 April 2010 Lost at follow-up on 9 May 2016, when was alive and disease-free 72+

28 F/79 Larynx T3, N0, M0 G2/G3 ND 15 July 2011 Alive, disease-free 77+

20 M/59 Larynx T4a, N0, M0 G2 ND 8 February 2011 Alive, disease-free 82+

7 M/55 Larynx T4a, N0, M0 G2 ND 24 January 2011 Alive, disease-free 82+

18 M/79 Hypopharynx T2, N2, M0 G2/G3 ND 17 January 2011 Alive, disease-free 82+

21 M/72 Tongue T3, N1, M0 G2/G3 ND 1 June 2010 Alive, disease-free 90+

17 M/52 Oropharynx T2, N0, M0 G2 Negative 24 May 2010 Alive, disease-free 90+

14 M/59 Larynx T4a, N0, M0 G2 ND 20 July 2009 Alive, disease-free 100+

3 M/52 Pharynx T4a, N0, M0 G3/G3 ND 26 February 2009 Alive, disease-free 105+

B

No. Sex/Age Tumor Site Staging (pTNM) Grading HPV Status Date of Sampling Status at 15 December 2017 DFS (Months)

10 M/65 Cervical esophagus T2, N0, M1 (liver) G2 ND 24 October 2013 Dead of disease on 21 March 2014 4

34 F/77 Hypopharynx T3, N0, M0 G2 ND 26 November 2010 Dead of disease on 6April 2011 4

24 F/71 Oropharynx T4a, N1, M0 G2 Negative 21 February 2011 Dead of disease on 19 November 2011 8

6 M/59 Hypopharynx 1 T4a, N0, M0 G2 ND 20 October 2011 Dead of disease on 10 February 2013 15

26 M/70 Oropharynx 1 T2, N0, M0 G2 Negative 7 July 2011 Dead of disease on 22 October 2013 27

11 M/58 Tongue T3, N1, M0 G2 ND 28 September 2009 Dead of disease on 10 February 2012 28

27 F/63 Tongue T3, N0, M0 G2 ND 11 July 2011 Dead of disease on 18 May 2014 34

19 M/70 Larynx T4a, N2, M0 G2 ND 31 January 2011
Alive, disease-free (for head and neck tumor). On 6 March 2017 a second primary

tumor (hepatocellular carcinoma, HCC) on a chronic HCV (hepatitis C virus) infection
was diagnosed. The HCC was treated by means of RTFA and has not recurred to date.

82+

25 F/62 Larynx 1 T2, N2, M0 G2 ND 19 July 2011 Alive, disease-free 88+
1 All these patients were previously operated for a distinct tumor of the head and neck district; pTNM: pathological tumor node metastasis; HPV: human papilloma virus; DFS: disease-free
survival; M: male; F: female; SSC: squamous cell carcinoma; HCC: hepatocellular carcinoma; ND: No Data.
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In Figure 3, the Kaplan-Meier survival curve clearly shows that the disease-free survival is
significantly lower in patients with low TERRA levels in the tumor (p = 0.000296).

Int. J. Mol. Sci. 2018, 19, x FOR PEER REVIEW  6 of 12 

 

In Figure 3, the Kaplan-Meier survival curve clearly shows that the disease-free survival is 
significantly lower in patients with low TERRA levels in the tumor (p = 0.000296). 

 
Figure 3. Disease free survival of 23 HNSCC patients. The probability of disease free survival, in 
months, in the two classes of patients is shown. Patients with TERRA expression higher or similar in 
the tumor compared to normal tissue (green curve), patients with TERRA expression lower in the 
tumor compared to normal tissue (red curve). The p-value of the log-rank test for the statistical 
significance of the difference between the two curves is shown. 

3. Discussion 

Little is known about the role of TERRA in human tumor development and progression. In two 
studies, lower levels of TERRA expression were observed in samples from different types of tumors 
compared to nontumor cells [3,13]. In particular, in astrocytoma, the extent of TERRA decrease was 
related to the progression [13], while in another study, elevated TERRA levels were observed in 
highly proliferating ovarian cancers [14]. In the same study, TERRA levels seemed to be higher in 
cancer cells than in adjacent non-tumor cells in a mouse medulloblastoma model. These 
observations suggest that telomere transcription is altered in cancer cells although it may play 
different roles in different tumor types.  

In the present work, we evaluated TERRA as a possible prognostic marker in HNSCC patients. 
To date, only clinical predictors of relapse have been identified for surgically resected HNSCC, 
irrespective of their site of origin, i.e., tumor dimensions, the presence of extracapsular spread in the 
case of locoregional lymph node involvement, and the presence of “close” surgical margins. The 
only biomarker of predictive and prognostic value identified so far for HNSCC is the presence of an 
oncogenic HPV infection in tumor cells, but its value is limited to HNSCC originating from the 
oropharyngeal region [36]. Indeed, in these tumors, the association of HPV positivity, T and N stage, 
and smoking habit (number of pack-years) contributes to stratify patients into three risk groups. 
Despite several efforts, no other biological or molecular marker has been validated to date [37]. 

We compared total TERRA levels, as measured by slot-blot hybridization, in HNSCC tumors 
with those in adjacent non-neoplastic tissue. To our knowledge, no data are available in which 
paired human tumors and adjacent normal tissues were compared. This type of comparison allows 

Figure 3. Disease free survival of 23 HNSCC patients. The probability of disease free survival,
in months, in the two classes of patients is shown. Patients with TERRA expression higher or similar
in the tumor compared to normal tissue (green curve), patients with TERRA expression lower in
the tumor compared to normal tissue (red curve). The p-value of the log-rank test for the statistical
significance of the difference between the two curves is shown.

3. Discussion

Little is known about the role of TERRA in human tumor development and progression. In two
studies, lower levels of TERRA expression were observed in samples from different types of tumors
compared to nontumor cells [3,13]. In particular, in astrocytoma, the extent of TERRA decrease was
related to the progression [13], while in another study, elevated TERRA levels were observed in highly
proliferating ovarian cancers [14]. In the same study, TERRA levels seemed to be higher in cancer cells
than in adjacent non-tumor cells in a mouse medulloblastoma model. These observations suggest
that telomere transcription is altered in cancer cells although it may play different roles in different
tumor types.

In the present work, we evaluated TERRA as a possible prognostic marker in HNSCC patients.
To date, only clinical predictors of relapse have been identified for surgically resected HNSCC,
irrespective of their site of origin, i.e., tumor dimensions, the presence of extracapsular spread in
the case of locoregional lymph node involvement, and the presence of “close” surgical margins.
The only biomarker of predictive and prognostic value identified so far for HNSCC is the presence
of an oncogenic HPV infection in tumor cells, but its value is limited to HNSCC originating from
the oropharyngeal region [36]. Indeed, in these tumors, the association of HPV positivity, T and N
stage, and smoking habit (number of pack-years) contributes to stratify patients into three risk groups.
Despite several efforts, no other biological or molecular marker has been validated to date [37].
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We compared total TERRA levels, as measured by slot-blot hybridization, in HNSCC tumors
with those in adjacent non-neoplastic tissue. To our knowledge, no data are available in which paired
human tumors and adjacent normal tissues were compared. This type of comparison allows us to
overcome the variability of TERRA expression among different individuals. In contrast to previous
reports on other types of tumors, we did not observe a unique trend: TERRA expression levels in the
tumor could be higher, similar or lower compared to the normal surrounding tissue. Although we
tested only three lymph node metastases, total TERRA levels were always lower in the metastatic
tissue compared to the normal tissue, independently of the TERRA level in the primary tumor.

Interestingly, patients in which TERRA levels were lower in the tumor had a worse clinical
outcome than patients in the other class: seven out of nine died within 34 months postsurgery.
Conversely, the majority of patients in which TERRA in the tumor was higher or similar compared
to the normal tissue were alive and free of disease at the last follow-up: twelve out of fourteen were
disease-free and one was alive but with recurrent disease. The striking difference in the clinical outcome
of the two groups of patients is underlined by the low p-value of the Kaplan–Meier curves comparison
(p = 0.000296). Furthermore, lower TERRA levels were found in tumor samples from the three patients
where we analyzed a second HNSCC, which are commonly associated with a worse prognosis.

Besides analyzing total TERRA levels in all patients, we measured telomere-specific TERRA
expression by qRT-PCR in a subset of patients. Although the general trend of expression mirrors the
situation observed for total TERRA levels, single telomeres are expressed at different levels, supporting
the idea that each chromosome end is regulated independently [34,35]. Our findings remark the need
of specific studies aimed at determining the functional meaning of chromosome-specific telomere
transcription and their relation to cancer progression.

A possible biological explanation of our findings is that TERRA dysfunction may be related
to genomic instability, leading to the accumulation of oncogenic mutations, and/or to chromatin
remodeling, affecting gene expression.

Our two groups of patients are homogeneous in terms of age (median and range). It is well-known
that telomere length decreases with age, however the correlation between telomere length and TERRA
expression is controversial [34,35]. Due to the limited amount of tissue available, particularly for
normal samples, we were unable to purify DNA and perform genomic analyses, including telomere
length determination. Our results do not allow us to draw conclusions concerning a possible correlation
between TERRA levels and telomere length in HNSCC patients. It will be important in the future to
have access to large enough samples and to investigate these aspects. Since our results are based on
the analysis of a relatively limited number of patients, to confirm and strengthen our findings, a larger
number of HNSCC patients with different tumor stages have to be analyzed. Regarding oropharyngeal
squamous cell carcinoma (SCC), comparing HPV-related and unrelated cases will help to clarify the
role of tobacco- and HPV-mediated oncogenesis on telomere metabolism.

Finally, our results are based on the analysis of a single tumor type. Given the heterogeneous data
published so far, TERRA expression and related parameters need to be evaluated in a large spectrum
of cancer types to fully understand their involvement in the oncogenetic process.

In conclusion, the results of the present work suggest that TERRA levels can potentially represent
a novel potential molecular prognostic marker for HNSCC, useful to develop therapeutic and
follow-up strategies.

4. Materials and Methods

4.1. Patients Recruitment and Methods

Twenty-nine consecutive patients were enrolled in this prospective study, which was approved
by the University of Pavia (22 April 2008) and by I.R.C.C.S. (Istituto di Ricovero e Cura a Carattere
Scientifico) San Matteo University Hospital (23 April 2008 and 29 September 2010, Ethical Committee
determination No. 2/D.G./1004, procedure No. P-20080012978). The main inclusion criterion of the
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study was squamous cell carcinoma of the head and neck (HNSCC) histology. In oropharyngeal cancers,
HPV status was determined according to our validated algorithm [38]. Four patients were excluded
from the present analysis due to the lack of follow-up data and two due to their non-HNSCC histology
other than HNSCC (amenoblastoma of the jaw in one case and salivary gland adenocarcinoma in the
other). Of the 23 evaluable patients, all but one, who presented with a liver metastasis from a SCC of
the cervical esophagus, had a locally advanced disease. All the samples tested for TERRA expression
derived from surgical removal of the primary tumor.

All patients received postoperative adjuvant therapy (either radiotherapy or combined
chemo-radiotherapy), whenever necessary, according to current guidelines.

All patients signed an informed consent according to institutional requirements.
All the samples tested for TERRA expression were obtained at the time of the surgical removal

of the tumor, and stored at −80 ◦C in RNA-Later Solution (Sigma-Aldrich, St. Louis, MO, USA)
immediately after surgery. Samples of the tumor and of the adjacent normal mucosa were provided
separately by the surgeons. In 3 cases, tumor samples from laterocervical lymph node metastases were
also collected.

The survival rate was estimated using the Kaplan–Meier method. DFS was calculated from the
date of sampling to either death, progression, occurrence of a second malignancy of the head and neck
district or the date of the last available follow up (15 December 2017, if not indicated differently in
Table 1). Survival was calculated as full months using the function DATEDIF (Start_Date, End_Date, m)
in Microsoft Excel. The software R was used to draw the Kaplan–Meier curve for survival rate and to
calculate the log-rank test for significance [39].

4.2. RNA Extraction and Purification

Tissue samples were placed in 1 mL of Qiazol reagent (Qiagen, Hilden, Germany) and
mechanically homogenized using a Tissue Ruptor (Qiagen). Total RNA preparation was then carried
out following the manufacturer’s instructions. RNA samples were treated twice with 1 U DNase I
(Promega, Madison, WI, USA) per µg RNA at 37 ◦C for 30 min. Following each DNase treatment after,
the RNA was purified with the RNA Clean and Concentration kit (Zymo Research, Irvine, CA, USA)
according to manufacturer’s instruction.

4.3. Slot Blotting and Hybridization

All samples were diluted in three volumes of denaturation solution (26% formaldehyde, 7% of 20×
SSC and 24% formamide) and incubated at 65 ◦C for 5 min, then, one volume of 20× SSC was added.
For each patient, we blotted on the same filter (Amersham Hybond-N membrane, GE Healthcare,
Little Chalfont, UK) RNA from the tumor and from the adjacent normal tissue, in at least three slots,
with three RNA amounts ranging from 100 and 800 ng. To evaluate the presence of DNA contamination,
the same amounts of RNA were also treated with RNase (RNase A, Sigma, over night at 37 ◦C) and
blotted. This procedure did not allow us to compare TERRA levels in different tumors but only in
the different tissues from the same patient. Total TERRA was detected using a 32P-α[dCTP]-labeled
(CCCTAA)5 probe specific for the UUAGGG-containing strand. Hybridization was performed as
previously described [2,4,34]. Radioactive signals were detected using a phosphorimager (Cyclone,
Packard). When radioactive signal from the TERRA probe was decayed, filters were rehybridized with
a probe for actin that was used as loading control. The 32P-α[dCTP]-labeled actin probe was obtained
by PCR amplification of cDNA prepared from total RNA extracted from HeLa cells using the following
primers: GGAAATCGTGCGTGACATTA and CTTCCTGTAACAACGCATCTC.

4.4. Data Analysis

TERRA and actin signals were quantified using the ImageJ software [40] according to standard
procedures [41]. Signals produced by residual DNA contamination were evaluated quantifying
the signals in RNase-treated samples and subtracting it from the value of the untreated sample.
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For each patient, TERRA signal in the normal tissue was used as reference and the signal in the tumor,
and eventually in the metastasis sample, was normalized accordingly. After normalization with the
actin signal, TERRA signals from the three amounts of RNA were used to calculate the average fold
change value and the standard deviation. The significance of the fold change in the tumor relative to
the normal tissue was evaluated using the two-tail Student’s t-test: the difference between TERRA
expression in tumor tissue and healthy tissue was considered not significant when the p-value was
higher than 0.05. Patients n. 14 and 3 were assigned to the first class (TERRA level similar in tumor
and normal tissue) because the p-value was 0.0514 and 0.0653, respectively. Patients n. 34 was assigned
to the second class because the p-value was 0.0366, therefore the difference between tumor and normal
tissue was considered statistically significant. It must be pointed out that, since the p-values of these
three patients were close to 0.05, their class assignment should be taken with caution because the
experiments could not be repeated due to the limited amount of RNA available.

4.5. Reverse Transcription and qPCR

Real-time quantitative PCR experiments were performed as previously described [2,4,34]. For each
sample, three replicates were amplified. Data were analyzed using the Opticon Monitor 3 software
and Microsoft Excel. For each patient, the relative TERRA expression was calculated according to the
∆∆Ct method [42] using the normal tissue as reference.

Primer sequences used for qRT-PCR were:

• U6-F, GGAACTCGAGTTTGCGTGTCATCCTTGCGC;
• U6-R, GGAATCTAGAACATATACTAAAATTGGAAC;
• 10q-F, CCGTTTGCTGCCCTGAATAA;
• 10q-R, TCTGACGCTGCACTTGAACC;
• 15q-F, CAGCGAGATTCTCCCAAGCTAAG;
• 15q-R, AACCCTAACCACATGAGCAACG;
• XpYp-F, GCAAAGAGTGAAAGAACGAAGCTT;
• XpYp-R, CCCTCTGAAAGTGGACCAATCA;
• XqYq-F, CCCCTTGCCTTGGGAGAA;
• XqYq-R, GAAAGCAAAAGCCCCTCTGA.

5. Conclusions

We found a correlation between TERRA expression and tumor aggressiveness in HNSCC.
In particular, patients with lower TERRA levels in the tumor compared to adjacent healthy tissue
showed a worse clinical outcome than patients with similar or higher levels in the tumor. These results
suggest that TERRA expression may be proposed as a novel molecular prognostic marker for HNSCC.
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Abbreviations

Ct Threshold cycle
DFS Disease-free survival
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
HNC Head and neck cancer
HNSCC Head and neck squamous cell carcinoma
HPV Human papilloma virus
pTNM Pathological tumor node metastasis
qRT-PCR Real-time quantitative polymerase chain reaction
RTFA Radio-frequency thermal ablation
TERRA Telomeric repeat-containing RNA

References

1. Palm, W.; de Lange, T. How shelterin protects mammalian telomeres. Annu. Rev. Genet. 2008, 42, 301–334.
[CrossRef] [PubMed]

2. Azzalin, C.M.; Reichenbach, P.; Khoriauli, L.; Giulotto, E.; Lingner, J. Telomeric repeat containing RNA and
RNA surveillance factors at mammalian chromosome ends. Science 2007, 318, 798–801. [CrossRef] [PubMed]

3. Schoeftner, S.; Blasco, M.A. Developmentally regulated transcription of mammalian telomeres by
DNA-dependent RNA polymerase II. Nat. Cell Biol. 2008, 10, 228–236. [CrossRef] [PubMed]

4. Nergadze, S.G.; Farnung, B.O.; Wischnewski, H.; Khoriauli, L.; Vitelli, V.; Chawla, R.; Giulotto, E.;
Azzalin, C.M. CpG-island promoters drive transcription of human telomeres. RNA 2009, 15, 2186–2194.
[CrossRef] [PubMed]

5. Deng, Z.; Norseen, J.; Wiedmer, A.; Riethman, H.; Lieberman, P.M. TERRA RNA binding to TRF2 facilitates
heterochromatin formation and ORC recruitment at telomeres. Mol. Cell 2009, 35, 403–413. [CrossRef]
[PubMed]

6. Chawla, R.; Redon, S.; Raftopoulou, C.; Wischnewski, H.; Gagos, S.; Azzalin, C.M. Human UPF1 interacts
with TPP1 and telomerase and sustains telomere leading-strand replication. EMBO J. 2011, 30, 4047–4058.
[CrossRef] [PubMed]

7. Arora, R.; Lee, Y.; Wischnewski, H.; Brun, C.M.; Schwarz, T.; Azzalin, C.M. RNaseH1 regulates
TERRA-telomeric DNA hybrids and telomere maintenance in ALT tumour cells. Nat. Commun. 2014,
5, 5220. [CrossRef] [PubMed]

8. Yu, T.-Y.; Kao, Y.; Lin, J.-J. Telomeric transcripts stimulate telomere recombination to suppress senescence in
cells lacking telomerase. Proc. Natl. Acad. Sci. USA 2014, 111, 3377–3382. [CrossRef] [PubMed]

9. Azzalin, C.M.; Lingner, J. Telomere functions grounding on TERRA firma. Trends Cell Biol. 2015, 25, 29–36.
[CrossRef] [PubMed]

10. Rippe, K.; Luke, B. TERRA and the state of the telomere. Nat. Struct. Mol. Biol. 2015, 22, 853–858. [CrossRef]
[PubMed]

11. Beishline, K.; Vladimirova, O.; Tutton, S.; Wang, Z.; Deng, Z.; Lieberman, P.M. CTCF driven TERRA
transcription facilitates completion of telomere DNA replication. Nat. Commun. 2017, 8, 2114. [CrossRef]
[PubMed]

12. Chu, H.-P.; Cifuentes-Rojas, C.; Kesner, B.; Aeby, E.; Lee, H.-G.; Wei, C.; Oh, H.J.; Boukhali, M.; Haas, W.;
Lee, J.T. TERRA RNA Antagonizes ATRX and Protects Telomeres. Cell 2017, 170, 86–101.e16. [CrossRef]
[PubMed]

13. Sampl, S.; Pramhas, S.; Stern, C.; Preusser, M.; Marosi, C.; Holzmann, K. Expression of telomeres
in astrocytoma WHO grade 2 to 4: TERRA level correlates with telomere length, telomerase activity,
and advanced clinical grade. Transl. Oncol. 2012, 5, 56–65. [CrossRef] [PubMed]

14. Deng, Z.; Wang, Z.; Xiang, C.; Molczan, A.; Baubet, V.; Conejo-Garcia, J.; Xu, X.; Lieberman, P.M.; Dahmane, N.
Formation of telomeric repeat-containing RNA (TERRA) foci in highly proliferating mouse cerebellar
neuronal progenitors and medulloblastoma. J. Cell Sci. 2012, 125, 4383–4394. [CrossRef] [PubMed]

http://dx.doi.org/10.1146/annurev.genet.41.110306.130350
http://www.ncbi.nlm.nih.gov/pubmed/18680434
http://dx.doi.org/10.1126/science.1147182
http://www.ncbi.nlm.nih.gov/pubmed/17916692
http://dx.doi.org/10.1038/ncb1685
http://www.ncbi.nlm.nih.gov/pubmed/18157120
http://dx.doi.org/10.1261/rna.1748309
http://www.ncbi.nlm.nih.gov/pubmed/19850908
http://dx.doi.org/10.1016/j.molcel.2009.06.025
http://www.ncbi.nlm.nih.gov/pubmed/19716786
http://dx.doi.org/10.1038/emboj.2011.280
http://www.ncbi.nlm.nih.gov/pubmed/21829167
http://dx.doi.org/10.1038/ncomms6220
http://www.ncbi.nlm.nih.gov/pubmed/25330849
http://dx.doi.org/10.1073/pnas.1307415111
http://www.ncbi.nlm.nih.gov/pubmed/24550456
http://dx.doi.org/10.1016/j.tcb.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/25257515
http://dx.doi.org/10.1038/nsmb.3078
http://www.ncbi.nlm.nih.gov/pubmed/26581519
http://dx.doi.org/10.1038/s41467-017-02212-w
http://www.ncbi.nlm.nih.gov/pubmed/29235471
http://dx.doi.org/10.1016/j.cell.2017.06.017
http://www.ncbi.nlm.nih.gov/pubmed/28666128
http://dx.doi.org/10.1593/tlo.11202
http://www.ncbi.nlm.nih.gov/pubmed/22348177
http://dx.doi.org/10.1242/jcs.108118
http://www.ncbi.nlm.nih.gov/pubmed/22641694


Int. J. Mol. Sci. 2018, 19, 274 11 of 12

15. Chen, Y.-J.; Chang, J.T.-C.; Liao, C.-T.; Wang, H.-M.; Yen, T.-C.; Chiu, C.-C.; Lu, Y.-C.; Li, H.-F.; Cheng, A.-J.
Head and neck cancer in the betel quid chewing area: Recent advances in molecular carcinogenesis.
Cancer Sci. 2008, 99, 1507–1514. [CrossRef] [PubMed]

16. Friedlander, P.L. The use of genetic markers in the clinical care of patients with head and neck cancer.
Arch. Otolaryngol. Head Neck Surg. 2003, 129, 363–366. [CrossRef] [PubMed]

17. Rodrigo, J.P.; Suárez, C.; Ferlito, A.; Devaney, K.O.; Petruzzelli, G.J.; Rinaldo, A. Potential molecular
prognostic markers for lymph node metastasis in head and neck squamous cell carcinoma. Acta Otolaryngol.
2003, 123, 100–105. [CrossRef] [PubMed]

18. Vikram, B.; Strong, E.W.; Shah, J.P.; Spiro, R. Failure at distant sites following multimodality treatment for
advanced head and neck cancer. Head Neck Surg. 1984, 6, 730–733. [CrossRef] [PubMed]

19. Gasco, M.; Crook, T. The p53 network in head and neck cancer. Oral Oncol. 2003, 39, 222–231. [CrossRef]
20. Izzo, J.G.; Papadimitrakopoulou, V.A.; Liu, D.D.; den Hollander, P.L.C.; Babenko, I.M.; Keck, J.;

El-Naggar, A.K.; Shin, D.M.; Lee, J.J.; Hong, W.K.; et al. Cyclin D1 genotype, response to biochemoprevention,
and progression rate to upper aerodigestive tract cancer. J. Natl. Cancer Inst. 2003, 95, 198–205. [CrossRef]
[PubMed]

21. Li, G.; Sturgis, E.M.; Wang, L.-E.; Chamberlain, R.M.; Amos, C.I.; Spitz, M.R.; El-Naggar, A.K.; Hong, W.K.;
Wei, Q. Association of a p73 exon 2 G4C14-to-A4T14 polymorphism with risk of squamous cell carcinoma of
the head and neck. Carcinogenesis 2004, 25, 1911–1916. [CrossRef] [PubMed]

22. Gillison, M.L.; Koch, W.M.; Capone, R.B.; Spafford, M.; Westra, W.H.; Wu, L.; Zahurak, M.L.; Daniel, R.W.;
Viglione, M.; Symer, D.E.; et al. Evidence for a causal association between human papillomavirus and a
subset of head and neck cancers. J. Natl. Cancer Inst. 2000, 92, 709–720. [CrossRef] [PubMed]

23. Gleber-Netto, F.O.; Zhao, M.; Trivedi, S.; Wang, J.; Jasser, S.; McDowell, C.; Kadara, H.; Zhang, J.; Wang, J.;
William, W.N.; et al. Distinct pattern of TP53 mutations in human immunodeficiency virus-related head and
neck squamous cell carcinoma. Cancer 2018, 124, 84–94. [CrossRef] [PubMed]

24. Lothaire, P.; de Azambuja, E.; Dequanter, D.; Lalami, Y.; Sotiriou, C.; Andry, G.; Castro, G.; Awada, A.
Molecular markers of head and neck squamous cell carcinoma: Promising signs in need of prospective
evaluation. Head Neck 2006, 28, 256–269. [CrossRef] [PubMed]

25. Hui, L.; Wu, H.; Yang, N.; Guo, X.; Jang, X. Identification of prognostic microRNA candidates for head and
neck squamous cell carcinoma. Oncol. Rep. 2016, 35, 3321–3330. [CrossRef] [PubMed]

26. Wong, N.; Khwaja, S.S.; Baker, C.M.; Gay, H.A.; Thorstad, W.L.; Daly, M.D.; Lewis, J.S.; Wang, X. Prognostic
microRNA signatures derived from The Cancer Genome Atlas for head and neck squamous cell carcinomas.
Cancer Med. 2016, 5, 1619–1628. [CrossRef] [PubMed]

27. Aida, J.; Izumo, T.; Shimomura, N.; Nakamura, K.-I.; Ishikawa, N.; Matsuura, M.; Poon, S.S.; Fujiwara, M.;
Sawabe, M.; Arai, T.; et al. Telomere lengths in the oral epithelia with and without carcinoma. Eur. J. Cancer
2010, 46, 430–438. [CrossRef] [PubMed]

28. Boscolo-Rizzo, P.; Rampazzo, E.; Perissinotto, E.; Piano, M.A.; Giunco, S.; Baboci, L.; Spinato, G.; Spinato, R.;
Tirelli, G.; Da Mosto, M.C.; et al. Telomere shortening in mucosa surrounding the tumor: Biosensor of
field cancerization and prognostic marker of mucosal failure in head and neck squamous cell carcinoma.
Oral Oncol. 2015, 51, 500–507. [CrossRef] [PubMed]

29. Boscolo-Rizzo, P.; Da Mosto, M.C.; Rampazzo, E.; Giunco, S.; Del Mistro, A.; Menegaldo, A.; Baboci, L.;
Mantovani, M.; Tirelli, G.; de Rossi, A. Telomeres and telomerase in head and neck squamous cell carcinoma:
From pathogenesis to clinical implications. Cancer Metastasis Rev. 2016, 35, 457–474. [CrossRef] [PubMed]

30. Chang, L.Y.; Lin, S.C.; Chang, C.S.; Wong, Y.K.; Hu, Y.C.; Chang, K.W. Telomerase activity and in situ
telomerase RNA expression in oral carcinogenesis. J. Oral Pathol. Med. 1999, 28, 389–396. [CrossRef]
[PubMed]

31. Curran, A.J.; Gullane, P.J.; Irish, J.; Macmillan, C.; Freeman, J.; Kamel-Reid, S. Telomerase activity is
upregulated in laryngeal squamous cell carcinoma. Laryngoscope 2000, 110, 391–396. [CrossRef] [PubMed]

32. Fabricius, E.-M.; Gurr, U.; Wildner, G.-P. Telomerase activity levels in the surgical margin and tumour distant
tissue of the squamous cell carcinoma of the head-and-neck. Anal. Cell. Pathol. 2002, 24, 25–39. [CrossRef]
[PubMed]

33. Meeker, A.K.; Hicks, J.L.; Iacobuzio-Donahue, C.A.; Montgomery, E.A.; Westra, W.H.; Chan, T.Y.;
Ronnett, B.M.; De Marzo, A.M. Telomere length abnormalities occur early in the initiation of epithelial
carcinogenesis. Clin. Cancer Res. 2004, 10, 3317–3326. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1349-7006.2008.00863.x
http://www.ncbi.nlm.nih.gov/pubmed/18754860
http://dx.doi.org/10.1001/archotol.129.3.363
http://www.ncbi.nlm.nih.gov/pubmed/12622551
http://dx.doi.org/10.1080/0036554021000028073
http://www.ncbi.nlm.nih.gov/pubmed/12625582
http://dx.doi.org/10.1002/hed.2890060305
http://www.ncbi.nlm.nih.gov/pubmed/6693289
http://dx.doi.org/10.1016/S1368-8375(02)00163-X
http://dx.doi.org/10.1093/jnci/95.3.198
http://www.ncbi.nlm.nih.gov/pubmed/12569141
http://dx.doi.org/10.1093/carcin/bgh197
http://www.ncbi.nlm.nih.gov/pubmed/15180941
http://dx.doi.org/10.1093/jnci/92.9.709
http://www.ncbi.nlm.nih.gov/pubmed/10793107
http://dx.doi.org/10.1002/cncr.31063
http://www.ncbi.nlm.nih.gov/pubmed/29053175
http://dx.doi.org/10.1002/hed.20326
http://www.ncbi.nlm.nih.gov/pubmed/16284973
http://dx.doi.org/10.3892/or.2016.4698
http://www.ncbi.nlm.nih.gov/pubmed/27035560
http://dx.doi.org/10.1002/cam4.718
http://www.ncbi.nlm.nih.gov/pubmed/27109697
http://dx.doi.org/10.1016/j.ejca.2009.10.018
http://www.ncbi.nlm.nih.gov/pubmed/19910186
http://dx.doi.org/10.1016/j.oraloncology.2015.02.100
http://www.ncbi.nlm.nih.gov/pubmed/25771075
http://dx.doi.org/10.1007/s10555-016-9633-1
http://www.ncbi.nlm.nih.gov/pubmed/27501725
http://dx.doi.org/10.1111/j.1600-0714.1999.tb02109.x
http://www.ncbi.nlm.nih.gov/pubmed/10535361
http://dx.doi.org/10.1097/00005537-200003000-00011
http://www.ncbi.nlm.nih.gov/pubmed/10718425
http://dx.doi.org/10.1155/2002/452527
http://www.ncbi.nlm.nih.gov/pubmed/12122281
http://dx.doi.org/10.1158/1078-0432.CCR-0984-03
http://www.ncbi.nlm.nih.gov/pubmed/15161685


Int. J. Mol. Sci. 2018, 19, 274 12 of 12

34. Smirnova, A.; Gamba, R.; Khoriauli, L.; Vitelli, V.; Nergadze, S.G.; Giulotto, E. TERRA expression levels do
not correlate with telomere length and radiation sensitivity in human cancer cell lines. Front. Oncol. 2013, 3,
115. [CrossRef] [PubMed]

35. Vitelli, V.; Falvo, P.; Khoriauli, L.; Smirnova, A.; Gamba, R.; Santagostino, M.; Nergadze, S.G.; Giulotto, E.
More on the lack of correlation between TERRA expression and telomere length. Front. Oncol. 2013, 3, 245.
[CrossRef] [PubMed]

36. Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tân, P.F.; Westra, W.H.; Chung, C.H.;
Jordan, R.C.; Lu, C.; et al. Human papillomavirus and survival of patients with oropharyngeal cancer.
N. Engl. J. Med. 2010, 363, 24–35. [CrossRef] [PubMed]

37. Licitra, L.; Rossini, C.; Bossi, P.; Locati, L.D. Advances in the changing patterns of aetiology of head and neck
cancers. Curr. Opin. Otolaryngol. Head Neck Surg. 2006, 14, 95–99. [CrossRef] [PubMed]

38. Morbini, P.; Alberizzi, P.; Tinelli, C.; Paglino, C.; Bertino, G.; Comoli, P.; Pedrazzoli, P.; Benazzo, M.
Identification of transcriptionally active HPV infection in formalin-fixed, paraffin-embedded biopsies of
oropharyngeal carcinoma. Hum. Pathol. 2015, 46, 681–689. [CrossRef] [PubMed]

39. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2016.

40. Schneider, C.A.; Rasband, W.S.; Eliceiri, K.W. NIH Image to ImageJ: 25 years of image analysis. Nat. Methods
2012, 9, 671–675. [CrossRef] [PubMed]

41. ImageJ Documentation. Dot Blot Analysis. Available online: http://imagej.nih.gov/ij/docs/examples/dot-
blot/index.html (accessed on 30 April 2009).

42. Livak, K.J.; Schmittgen, T.D. Analysis of relative gene expression data using real-time quantitative PCR and
the 2−∆∆Ct Method. Methods 2001, 25, 402–408. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3389/fonc.2013.00115
http://www.ncbi.nlm.nih.gov/pubmed/23717814
http://dx.doi.org/10.3389/fonc.2013.00245
http://www.ncbi.nlm.nih.gov/pubmed/24066279
http://dx.doi.org/10.1056/NEJMoa0912217
http://www.ncbi.nlm.nih.gov/pubmed/20530316
http://dx.doi.org/10.1097/01.moo.0000193170.23956.5f
http://www.ncbi.nlm.nih.gov/pubmed/16552266
http://dx.doi.org/10.1016/j.humpath.2014.12.014
http://www.ncbi.nlm.nih.gov/pubmed/25708613
http://dx.doi.org/10.1038/nmeth.2089
http://www.ncbi.nlm.nih.gov/pubmed/22930834
http://imagej.nih.gov/ij/docs/examples/dot-blot/index.html
http://imagej.nih.gov/ij/docs/examples/dot-blot/index.html
http://dx.doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Patients Recruitment and Methods 
	RNA Extraction and Purification 
	Slot Blotting and Hybridization 
	Data Analysis 
	Reverse Transcription and qPCR 

	Conclusions 
	References

