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Abstract. Secreted protein, acidic and rich in cysteine 
(SPARC) has been found to be involved in various stages of 
tumor progression such as migration, invasion, extracellular 
matrix deposition and angiogenesis. To obtain an insight into  
the role of SPARC in the progression of laryngeal and  
hypopharyngeal carcinoma, we investigated SPARC transcrip-
tion levels and promoter methylation in carcinoma cell lines 
and primary tumors. Reverse transcription-PCR showed 
that SPARC was silenced in laryngeal and hypopharyngeal 
carcinoma cell lines, in which aberrant promoter methylation 
was detected. Hypermethylation of SPARC was detected in 
56.1% (23/41) of laryngeal carcinoma and 70.0% (7/10) of 
hypopharyngeal carcinoma biopsies, but only in 11.1% (1/9) 
of normal epithelial specimens by a methylation-specific 
PCR assay. Bisulphite genomic sequencing indicated that 
CpG sites in the SPARC promoter were heavily methylated 
in cell lines and primary tumors. Moreover, pharmacological 
demethylation treatment rescued SPARC expression with 
5-aza-2'-deoxycytidine (5-aza-dC) in the laryngeal carci-
noma cell lines. SPARC promoter hypermethylation was 
significantly correlated with lymph node metastasis (p<0.01). 
Our findings suggest that hypermethylation of SPARC is a 
frequent and tumor-specific event in laryngeal and hypopha-
ryngeal carcinomas and may serve as a biomolecular marker 
for diagnosis and prognosis.

Introduction

Epidemiological studies show that head and neck squamous 
cell carcinoma (HNSCC) is the sixth most commonly occur-
ring human neoplasm and includes cancers of the oral cavity, 
larynx, nasal passages, pharynx and salivary glands. HNSCC 
accounts for approximately 10% of the total cancer burden in 
men in Europe (1). In 2008, there were 47,560 estimated new 
cases of head and neck cancers in the US, with 11,260 fatalities 
(2). Although certain independent risk factors for the incidence 
of HNSCC such as alcohol and tobacco exposure or a family 
history of malignancy have been revealed (3,4), complete 
molecular pathogenesis in these human malignancies has yet 
to be adequately elucidated.

Secreted protein, acidic and rich in cysteine (SPARC)has 
generated considerable interest as a tumor-associated protein for 
its diverse actions and complex functions. An enhanced expres-
sion of SPARC is associated with a highly aggressive tumor 
phenotype in melanomas and gliomas, as supported by previous 
functional verification (5-8). However, other studies reported 
that SPARC acts as a tumor suppressor gene (TSG) in pancre-
atic adenocarcinoma, acute myeloid leukemia and ovarian and 
colorectal carcinomas (9-12). Furthermore, recent studies have 
shown that SPARC mediates the interaction between cells and 
the extracellular environment as a matricellular protein and is 
associated with chemotherapy sensitivity (13,14). However, the 
role played by SPARC in the tumorigenesis of various common 
HNSCCs remains to be clarified. The present study aimed to 
investigate the mechanism underlying the abnormal expression 
of SPARC in laryngeal and hypopharyngeal carcinomas, the 
two most common HNSCCs. The clinical significance of aber-
rant promoter methylation was also investigated.

Materials and methods

HNSCC cell lines, primary tumors and matched specimens 
of normal epithelia. Human laryngeal carcinoma cell line 
Hep-2 was maintained in our laboratory. The cancer cell 
lines Tu212 and Tu686 were established from primary hypo-
pharyngeal carcinoma, and primary tongue carcinomas, 
respectively, from the University of Texas, M.D. Anderson 
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Cancer Center (Houston, TX, USA), as previously described 
(15), together with HNSCC cell lines M2E and M4E were 
kindly provided by Dr He Zhu (XiangYa Central Experiment 
Laboratory, Changsha, China). A total of 51 primary tumor 
biopsies of laryngeal and hypopharyngeal carcinoma, 
with 9  samples of normal epithelia from areas adjacent to 
the tumors, were included in the present study. The tumor 
biopsies and matched normal epithelia were obtained at the 
Department of Otolaryngology-Head and Neck Surgery, First 
Affiliated Hospital of Guangxi Medical University (Nanning, 
China), between July 2008 and December 2009. Tissues from 
the patients were immediately frozen in liquid nitrogen and 
stored at -180˚C until required. Diagnoses were established 
according to the World Health Organization classification. 
None of the patients had been administered with preopera-
tive radiation or chemotherapy. Formal written consent was 
obtained from all patients and approval was obtained from the 
local ethics committee.

Semi-quantitative reverse transcription polymerase chain 
reaction (RT-PCR). Total RNA of the cell lines, primary 
tumor biopsies and adjacent normal epithelia were isolated 
with TRIzol reagent (Invitrogen, Carlsbad, CA, USA). First 
strand cDNA was synthesized with M-MLV reverse tran-
scriptase (Promega, Madison, WI, USA) according to the 
manufacturer's instructions. Total RNA (2 µg) was used for 
each reaction. The primer sequences used were previously 
reported (9); forward: 5'-AAGCTCACTGGCATGGCCTT-3' 
and reverse: 5'-CTCTCTTCCTCTTGTGCTCTTG-3' at 61˚C 
for 30 sec and 72˚C for 1 min at 24 cycles (GAPDH). PCR 
was carried out in a total volume of 25 µl. The PCR mixture 
contained 10 pmol of each primer, 100 pmol of deoxy-
nucleoside triphosphate, 1X PCR buffer, 1 unit of ExTaq HS 
polymerase (Takara), and 2 µl of cDNA. The amplified PCR 
products were then identified on 2% agarose gels. Images of 
ethidium bromide-stained agarose gels were acquired using a 
CCD camera (Bio-Rad, Hercules, CA, USA) and semi-quan-
titative analysis was performed using Quantity-One software, 
version 4.4.0 (Bio-Rad).

Sodium bisulphite modification of genomic DNA. High-
molecular weight genomic DNA was extracted from cell lines 
and biopsies using a conventional phenol/chloroform method. 
The sodium bisulphite modification procedure was a slight 
modification of the protocol previously reported (16). Briefly, 
500 ng of genomic DNA was denatured in 0.3 M NaOH for 
15 min at 37˚C, and then mixed with 2 volumes of 2% low 
melting point agarose gels. Agarose/DNA mixtures were 
then pipetted into chilled mineral oil to form agarose beads. 
Aliquots of 200 µl of 5 M bisulphite solution (2.5 M sodium 
metabisulphite and 100 mM hydroquinone; Sigma, St. Louis, 
MO, USA) were added to each tube containing a single bead. 
The bisulphite reaction was then carried out by incubating the 
reaction mixture for 4 h at 50˚C in the dark. Treatments were 
stopped by equilibration against 1 ml of TE buffer followed by 
desulphonation in 500 µl of 0.2 M NaOH. Finally, the beads 
were washed with 1 ml of H2O and directly used for PCRs.

Methylation-specific PCR (MSP). The methylation status of 
the SPARC promoter region was determined by MSP. Primers 

distinguishing unmethylated (U) and methylated (M) alleles 
were designed to amplify the sequence within the CpG island 
around exon 1 of SPARC, as previously described (9). Each 
MSP reaction contained 20 ng of sodium bisulphite-modified 
DNA, 10 pmol of each primer, 100 pmol of deoxynucleoside  
triphosphate, 1X PCR buffer, and 1 unit of ExTaq HS poly- 
merase in a final reaction volume of 25 µl. Cycling conditions  
were as previously described (9). PCR products were sepa-
rated on 2% agarose gels, stained with ethidium bromide and 
visualized under UV illumination. For cases with borderline 
results, PCR analyses were repeated.

5-Aza-2'-deoxycytidine treatment (5-Aza-dC). The human 
laryngeal carcinoma cell line Hep-2 and hypopharyngeal 
carcinoma cell line Tu212 were selected to perform 5-aza-dC 
treatment. Cells were seeded into 6-well plates with a density 
of 2x105 cells/well. Medium containing 0, 5 or 10 µM DNA 
methyltransferase inhibitor 5-aza-dC (Sigma) was added 
24 h later and replaced every 24 h. After 72 h of demethy-
lation treatment, the restoration of SPARC expression was  
examined by RT-PCR, as mentioned above.

Bisulphite genomic sequencing (BGS). Sodium bisulphite-
modified DNA was subjected to PCR with primers designed 
to amplify nucleotides from -29 to +191 bp relative to the tran-
scription start site of the SPARC gene, as previously described 
(9). PCR was carried out in a total volume of 25 µl, containing 
20 ng of sodium bisulphite-modified DNA as a template, 10 
pmol of each primer, 100 pmol of deoxynucleoside triphos-
phate, 1X PCR buffer, and 1 unit of ExTaq HS polymerase 
(Takara). PCR products were then gel-purified and cloned 
using the pMD18-T vector (Takara) and JM109 competent 
E. coli cells. Colonies were grown on agar plates and five 
colonies of each sample were randomly selected. Plasmids 
were then isolated and purified. Sequencing was carried out 
using a BigDye terminator cycle sequencing kit 3.0 (Applied 
Biosystems, Carlsbad, CA, USA) on an ABI 3100 sequencer 
according to the manufacturer's instructions.

Statistical analysis. An independent sample t-test was used to 
compare transcription expression levels between methylated 
tumor tissues and normal epithelia, or between methylated and 
unmethylated tumor tissues. The correlation between numbers 
of methylated samples and clinicopathological characteristics 
was analyzed by the χ2 or Fisher's exact test. P<0.05 was 
considered to be statistically significant.

Results

Expression and methylation status of SPARC in cancer cell 
lines. Initially, transcription levels of SPARC were exam-
ined by RT-PCR in various HNSCC cell lines, including 
laryngeal and hypopharyngeal carcinoma cell lines. SPARC 
expression was undetectable in 100% (5/5) of HNSCC cell 
lines. However, SPARC was expressed at an easily detected 
level in normal epithelial specimens (Fig. 1A). The methy-
lation status of SPARC was investigated by an MSP assay, 
and aberrant promoter methylation was detected in all of the 
cell lines, but not in any of the normal epithelial specimens 
(Fig. 1B).
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Transcription levels and aberrant DNA methylation of SPARC 
in primary tumors of laryngeal and hypopharyngeal carci-
noma. The methylation status of the SPARC promoter was 
detected in 51 primary tumor biopsies. The MSP assay showed 
that SPARC promoter was hypermethylated in 56.1% (23/41) 
of laryngeal carcinoma and 70.0% (7/10) of hypopharyngeal 
carcinoma specimens (Fig.  2A), but only in 11.1% (1/9) of 
samples of normal epithelia (Fig.  2B). In order to evaluate 
whether methylation is involved in the down-regulation of 
SPARC in laryngeal and hypopharyngeal carcinoma, transcrip-
tion levels in methylated tumor, unmethylated tumor and normal 
epithelial tissues were examined. The transcription expression 
levels of SPARC in methylated-tumor tissues were found to be 
significantly lower than those of unmethylated tumor tissues 
(p<0.05, Fig. 2C), but no significant difference was observed 
between primary tumors and normal epithelia. This negative 
result may be attributed either to a smaller number of normal 
epithelial samples as compared to that required for statistical 
analysis or to an enhanced stromal expression of SPARC in 
primary tumors, as previously described (9).

Bisulphite genomic sequence analysis of CpG sites in the 
SPARC promoter region. Bisulphite genomic sequencing 
was used to determine the detailed methylation status of the 
SPARC promoter region -29 to +191 bp relative to the tran-
scription start site of the SPARC gene in 2 carcinoma cell lines, 

3 laryngeal carcinoma cases and 1 hypopharyngeal carcinoma  
case with their matched normal epithelia. The majority of the 
CpG sites were heavily methylated in cancer cell lines and 
primary tumors, but almost all of the CpG sites showed non-
methylation in matched normal epithelia. Fig. 3A shows the 
typical CpG island spanning the SPARC exon 1 and Fig. 3B 
shows representative results of the BGS analysis.

Restoration of SPARC expression following pharmacological 
demethylation treatment. To determine whether SPARC is inac-
tivated by aberrant methylation, laryngeal and hypopharyngeal 
carcinoma cell lines Hep-2 and Tu212 were treated with the 
methyltransferase inhibitor 5-aza-dC and then examined using 
RT-PCR analysis. SPARC expression was restored by pharma-
cological demethylation treatment in the Hep-2 cell line by 5 or 
10 µM 5-aza-dC, but not in the Tu212 cell line (Fig. 4).

Correlation between methylation status and clinicopatho-
logical characteristics in laryngeal and hypopharyngeal 
carcinoma. An analysis of the association of SPARC promoter 
hypermethylation and clinicopathological characteristics of 
laryngeal and hypopharyngeal carcinoma patients revealed no 
significant correlation between aberrant methylation and age, 
location or T stage. However, SPARC promoter hypermethyl-
ation was found to be associated with lymph node metastasis 
(p<0.01) (Table I).

  B

Figure 1. Expression and methylation status of SPARC in HNSCC cell lines. (A) RT-PCR analysis of SPARC transcription expression in HNSCC cell lines. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. (B) The methylation status of the SPARC promoter region was 
determined using MSP analysis in the HNSCC cell lines. Parallel amplification reactions were performed using primers specific for methylated (M) and 
unmethylated (U) sequences by MSP.

  A

  A   C

Figure 2. Methylation status of SPARC in primary tumors and corresponding transcription levels; (A) Representative results of MSP analysis in laryngeal 
and hypopharyngeal carcinoma, including 9 laryngeal and 5 hypopharyngeal carcinoma cases. (B) MSP results of 9 normal epithelial samples are also 
shown. (C) SPARC expression was quantified by semi-quantitative RT-PCR and standardized with GAPDH expression. The histogram shows the ratios of the  
intensities of SPARC and GAPDH signals. The data are shown as mean ± SD; *p<0.05.

  B
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Discussion

In addition to genetic changes, the transcriptional inactivation 
of TSGs in human tumors by promoter hypermethylation has 
been extensively studied. Methylation-associated silencing of 
TSGs in HNSCC has been reported (17-19). However, further 
identification of cancer-related genes is required in order to 
gain a better understanding of the precise molecular mecha-
nism underlying the development of HNSCC.

As a prototypic matricellular protein, SPARC plays 
a significant role in carcinogenesis, tumor progression, 
invasion and metastasis by affecting the cell shape, differ-
entiation, attachment, migration, proliferation and growth 
factor activity. The silencing of SPARC in various HNSCC 
cell lines, including those of laryngeal and hypopharyngeal 
carcinoma, was first observed in the present study (Fig. 1A). 
The MSP assay also indicated that the CpG island of the 
SPARC promoter was frequently methylated in these cell lines 
(Fig.  1B). The methylation status of the SPARC promoter 
in primary tumor biopsies of laryngeal and hypopharyngeal 
carcinoma was investigated. High frequencies of SPARC 
promoter hypermethylation (58.8%, 30/51) were detected in 
primary tumors, but were almost entirely absent from adjacent 
normal epithelia. Notably, aberrant methylation was found 
even in early stage (T1 or T2) cases (50.0%, 8/16). This 
finding may reflect the fact that hypermethylation of SPARC 
is a frequent and tumor-specific early event in laryngeal and 
hypopharyngeal carcinoma. Patients lacking SPARC expres-
sion were associated with a poorer prognosis in a survival 
analysis of colorectal carcinoma (12). In our study, statistical 
analysis showed that SPARC promoter hypermethylation was 
associated with lymph node metastasis (p<0.01). This result 
suggests that SPARC methylation serves as a biomolecular 
marker for the diagnosis and prognosis of laryngeal and hypo-
pharyngeal carcinoma.

As with the MSP assay, a subsequent BGS analysis 
showed that the SPARC promoter was heavily methylated in 
SPARC-silenced cancer cell lines (Fig. 3B). A heavy degree 
of methylation was observed in primary tumor biopsies 
(Fig. 3B), despite the inevitable normal tissue contamination 
in the biopsy samples without micro-dissection. Furthermore, 
we showed that SPARC expression was rescued by 5-aza-dC 
treatment (Fig. 4). Although demethylation treatment failed to 
restore SPARC expression in the Tu212 cell line, our results 
indicated that the epigenetic inactivation of SPARC by aber-
rant promoter methylation is a significant, if not the only, 
mechanism contributing to the loss of SPARC expression in 
laryngeal and hypopharyngeal carcinoma.

The question of whether SPARC is a TSG or an oncogene 
involved in human cancer remains unresolved, and the precise 
role played by SPARC in human cancer has yet to be clari-
fied. An enhanced SPARC expression has been observed in 
oral squamous cell carcinoma and other HNSCC (20,21). On 
the other hand, the inactivation of SPARC by aberrant DNA 
methylation has also been reported in pancreatic, ovarian, 
colon and lung cancers (9,11,12,22). With regards to SPARC 
function, exogenous SPARC inhibits the proliferation, move-
ment and migration of human cancer cell lines (11,23), which 
is consistent with the results of an in vivo study (14). A 
recent study also provided evidence that exogenous SPARC 

  A

  B

Figure 3. Bisulphite genomic sequencing. (A) Locations of the 12 CpG sites 
analyzed and primers used in the SPARC promoter region. Vertical lines 
indicate individual cytosine residues of the CpG sites. Methylation-specific 
PCR and bisulphite genomic sequencing (BGS) regions are shown. (B) BGS 
of the methylation status of SPARC in 2 cancer cell lines, 2 laryngeal car-
cinoma cases and their matched normal epithelia. Five randomly selected 
clones were sequenced for each sample. Open squares are unmethylated 
cytosines, and closed squares are methylated cytosines.

Figure 4. Restoration of SPARC following pharmacological demethylation 
treatment. After 72 h of 5-aza-dC pretreatment, SPARC expression was 
examined using RT-PCR analysis. GAPDH was used as a control for RNA 
quality and loading.

Table I. Correlation between clinicopathological characte-
ristics and SPARC promoter methylation.

	 No.	 Promoter methylation	 p-valuea

Age
  <60	 29	 51.7% (15/29)	 0.237
  ≥60	 22	 68.2% (15/22)	
Location
  Larynx	 41	 56.1% (23/41)	 0.423
  Hypopharynx	 10	 70% (7/10)	
T stage
  T1-2	 16	 50.0% (8/16)	 0.387
  T3-4	 35	 62.9% (22/35)	
N stage
  N0	 21	 28.6% (6/21)	 0.000
  N1-2	 30	 80.0% (24/30)	

Statistically significant values are in bold type; ap-values are from the 
χ2 or Fisher's exact test.
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enhances the apoptosis of colon cancer cells via the caspase 8 
pathway (24).

In conclusion, SPARC is inactivated in laryngeal and 
hypopharyngeal carcinoma by promoter hypermethylation, 
which promotes the expression of these HNSCCs. Studies 
investigating the in-depth mechanism of SPARC are required 
to determine whether its promoter hypermethylation is likely 
to serve as a biomolecular indicator for prognosis, as well as 
whether the selective rescue of SPARC is a promising strategy 
for increasing the efficacy of cancer therapy in laryngeal and 
hypopharyngeal carcinoma patients.
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