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Abstract. Hypopharyngeal carcinoma has one of the highest 
mortality rates of head and neck cancer, therefore, the iden-
tification of markers associated with the pathogenesis and 
development of hypopharyngeal cancer is critical. Down 
syndrome critical region 1 (DSCR1) is associated with carci-
nogenesis and tumor growth in several types of malignancy. 
Activation of the vascular endothelial growth factor (VEGF) 
signaling pathway upregulates DSCR1. The aims of the present 
study were to determine the expression levels of DSCR1 
and VEGF‑C in hypopharyngeal cancer, and investigate the 
association between DSCR1 and angiogenesis in the disease. 
Tissue samples from 94 cases of pathologically confirmed 
hypopharyngeal squamous cell carcinoma were collected. 
The mRNA levels of DSCR1 and VEGF‑C in cancerous and 
paracancerous tissues were examined using semi‑quantitative 
reverse transcription‑polymerase chain reaction. Microvessel 
density (MVD) was counted, according to the number of 
cluster of differentiation 34‑positive cells. Spearman's correla-
tion analysis was utilized to analyze the association between 
DSCR1 and angiogenesis. The relative mRNA expression 
levels of DSCR1 and VEGF‑C, and the MVD were signifi-
cantly increased in the cancerous tissue samples from the 
patients with hypopharyngeal cancer, compared with the 
paracancerous tissue samples from these patients. Higher 
levels of DSCR1 and increased MVD were associated with 
poorly differentiated tumors and lymph node metastasis. The 
mRNA expression levels of DSCR1 were positively correlated 
with the mRNA levels of VEGF‑C in the cancerous tissues. 
The protein expression levels of DSCR1 were also positively 
correlated with MVD in the cancerous tissues. The results 
indicated that DSCR1 is involved in tumor angiogenesis in 

patients with hypopharyngeal cancer, and is closely associated 
with the progression of the disease.

Introduction

Hypopharyngeal carcinoma has one of the lowest 
5‑year‑survival rates of head and neck tumors  (1). Early 
diagnosis of hypopharyngeal cancer is difficult, therefore the 
majority of these tumors are at an advanced stage when they 
are diagnosed. The 5‑year‑survival rates for patients treated 
with radiotherapy is 10‑20%, with surgery is 30‑40%, and 
with a combination of surgery and radiotherapy is 40‑60% (2). 
Despite improved therapeutic strategies in previous years, 
there remains no effective treatment for this type of tumor. 
Thus, it is important to identify markers associated with the 
pathogenesis and development of hypopharyngeal carcinoma 
to enable earlier diagnosis and treatment.

Angiogenesis, the process whereby new capillaries form 
from pre‑existing blood vessels, is key in physiological and 
pathological conditions. Angiogenesis is important in normal 
development and wound healing, and is critical for tumor 
growth, invasion and metastasis (3‑5). Vascular endothelial 
growth factor (VEGF) stimulates tumor angiogenesis (6). Three 
types of VEGF receptor (VEGFR) tyrosine kinases have been 
identified, including VEGFR‑l, VEGFR‑2 (also termed kinase 
insert domain receptor) and VEGFR‑3 (7,8). The VEGF gene 
encodes five polypeptide growth factors, VEGF‑A, ‑B, ‑C, ‑D 
and ‑E. VEGF‑C, also termed VEGF‑related protein, has been 
characterized as a lymphangiogenic and angiogenic growth 
factor  (9). The binding of VEGF‑C to VEGFR results in 
phosphorylation of the receptor. Activation of tyrosine kinases 
stimulates endothelial cell mitosis, promotes tumor vascular 
endothelial cell proliferation and induces tumor angiogenesis. 
VEGF‑C and the VEGFR are expressed in lymphatic endo-
thelial cells and a variety of tumor cells (10). Activation of 
the VEGF‑C/VEGFR signaling pathway stimulates the forma-
tion of blood vessels and enhances cancer cell migratory and 
invasive abilities. Thus, activation of this signaling pathway 
facilitates cancer cell metastasis (8).

Down syndrome critical region 1 (DSCR1), induced 
during cell adaptation to oxidative stress, belongs to a family 
of evolutionarily conserved small proteins. The DSCR1 gene, 
located on human chromosome 21, encodes a protein, which 
binds directly to the calcineurin catalytic A subunit  (11). 
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DSCR1 also has a regulatory role in calcineurin‑mediated 
signaling (11,12). It is expressed at high levels in the brain, 
heart and skeletal muscle  (11,13). DSCR1 has been impli-
cated in several diseases, including Alzheimer's disease, 
Down syndrome, cardiac hypertrophy, gastrointestinal 
abnormalities and immune system deficiencies (11,14‑16). In 
addition to its involvement in endothelial cell migration and 
angiogenesis (17,18), DSCR1 has also been associated with 
carcinogenesis and tumor growth. Epidemiological studies 
have demonstrated that individuals with Down's syndrome 
are at higher risk of leukemia and testicular cancer, compared 
with the general population (19‑21). However, certain studies 
have suggested that DSCR1 exerts a tumor suppressive effect 
in cancer via inhibiting tumor growth (22,23). Therefore, the 
role of Down's syndrome and DSCR1 in cancer development 
remains controversial.

Our previous study demonstrated that the protein expres-
sion levels of DSCR1 were significantly higher in cancerous 
tissues, compared with paracancerous tissues in patients with 
hypopharyngeal cancer (24). DSCR1 was expressed in 94.9% 
of the cancerous tissues and in 35.9% of the paracancerous 
tissues examined. The elevated protein levels of DSCR1 
were positively correlated with poorly differentiated tumors 
and advanced tumor‑lymph node‑metastasis (TNM) stage 
in these patients. Whether DSCR1 is also upregulated at the 
transcriptional level in hypopharyngeal cancer remains to be 
elucidated. Studies have demonstrated that the DSCR1 gene is 
a downstream target of VEGF signaling, whereby activation 
upregulates the expression of DSCR1 (18,25,26). However, 
whether the mRNA levels of DSCR1 positively correlate 
with the mRNA levels of VEGF‑C in hypopharyngeal cancer 
remains to be elucidated. The present study hypothesized that 
the mRNA levels of DSCR1 in hypopharyngeal cancerous 
tissues are increased, and that this elevation in the expression 
of DSCR1 is associated with increased expression levels of 
VEGF‑C. Therefore, the aims of the present study were to 
determine the expression levels of DSCR1 and VEGF‑C in 
hypopharyngeal cancer, and to investigate the association 
between DSCR1 and angiogenesis in this disease.

Patients and methods

Patients. The present study was approved by the Institutional 
Ethics Committee of Qilu Hospital, Shandong University, 
(Jinan, China), and complied with the 1964 Helsinki decla-
ration (27) and its later amendments or comparable ethical 
standards. Written informed consent was obtained by the 
recruited patients or their family members. Between February 
2009 and October 2010, 94 cases of pathologically confirmed 
hypopharyngeal squamous cell carcinoma were examined 
in the Department of Otolaryngology and Head and Neck 
Surgery, Qilu Hospital, Shandong University (Jinan, China). 
The inclusion criteria were as follows: Age >18 years; tumor 
type, primary hypopharynx carcinoma; patients underwent 
surgical treatment; pathological diagnosis of squamous cell 
carcinoma; patients underwent radiotherapy and chemo-
therapy. The patients were divided into two groups, according 
to age (<60 or ≥60 years old). Histological differentiation of the 
cancer was defined as well‑differentiated, moderately differen-
tiated or poorly differentiated. TNM staging was performed, 

according to the 1997 criteria of the Union for International 
Cancer Control (28). The tumors were also classified by their 
mode of growth, as either exogenous or infiltrative. In addition, 
patient smoking histories were recorded.

Tissue specimen collection. All tissue specimens were 
collected from the patients with primary hypopharyngeal 
tumors during surgery. The cancerous tissue was collected 
from the center of the hypopharyngeal tumor. The tissue 
adjacent to the tumor (paracancerous tissue) was collected, 
from a site 10‑20 mm from the margin of the tumor. Following 
removal of the tissue, the specimens were immediately rinsed 
in RNA enzyme‑free saline (Shanghai Sangon Biotechnology 
Co., Shanghai, China), treated with 0.1% diethylpyrocarbonate, 
and the impurities, including blood clots and eschar, were 
carefully removed. The specimens were immediately trans-
ferred to RNA enzyme‑free Eppendorf tubes and preserved in 
liquid nitrogen. The remaining tumor tissue was prepared for 
histological or immunohistochemical examination.

Semi‑quantitative reverse transcription‑polymerase chain 
reaction (RT‑PCR). A total of 65 frozen tissue samples were 
prepared. A total of 100 mg of each tissue specimen was homog-
enized in a tissue homogenizer containing 600 µl guanidium 
thiocyanate denaturing solution. The organic and aqueous 
phases were separated by centrifugation for 5 min at 13,350 x g. 
The RNA‑containing aqueous phase was carefully transferred 
into a fresh centrifuge tube, and the RNA was precipitated by 
addition of an equal volume of cold isopropanol. Subsequently, 
the samples were centrifuged ar 13,350 x g, 4˚C for 20 min to 
pellet RNA. Following washing, RNA was dissolved in RNase 
free water and stored at ‑20˚C. Total RNA from the cancerous 
and paracancerous tissues was extracted using a TRIzol total 
RNA extraction kit (Shanghai Shenggong Biology Engineering 
Technology Service, Ltd., Shanghai, China). First strand 
complementary DNA (cDNA) was reverse transcribed using a 
PrimeScript™ High Fidelity RT‑PCR kit (Takara Biotechnology 
Co., Ltd., Dalian, China). The cDNA of the target genes was 
amplified using PCR master mix purchased from Takara Bio, 
Inc. (Otsu, Japan). The target gene primers (1 µl) were purchased 
from Shanghai Sangon Biotechnology Co. Reverse transcription 
reactions were performed at 30˚C for 15 min, 56˚C for 35 min, 
99˚C for 5 min and 5˚C for 5 min. The conditions used for the 
PCR were as follows: 94˚C for 2 min; 94˚C for 45 sec, 55˚C for 
45 sec, 72˚C for 90 sec for 30 cycles and 72˚C for 5 min. The 
sequences of the primers were as follows: Sense 5'‑TGC​GAC​
CCC​AGT​CAT​AAA​CTA‑3' and antisense 5'‑CCA​TTT​CCT​
CTT​CTT​CCT‑3' for DSCR1; sense 5'‑CTCA​AAA​GTT​ATT​
TTA​ATA​ACAGG‑3' and antisense 5'‑GTT​AGG​ACT​TAT​TCC​
TGT​CATTA‑3' for VEGF‑C; and sense 5'‑ATC​ATG​TTT​GAG​
ACC​TTC​AACA‑3' and antisense 5'‑CAT​CTC​TTG​CTC​GAA​
GTCCA‑3' for β‑actin. The mRNA expression of β‑actin served 
as a housekeeping control. Following amplification, the PCR 
products were resolved by running them on a 2% agarose gel 
(Shanghai Sangon Biotechnology Co.), and the relative mRNA 
expression was calculated using an electrophoresis gel quantita-
tive image analyzer (Kodak, Rochester, NY, USA).

Immunohistochemistry. Immunohistochemistry was 
performed using a PV9000 staining kit (Beijing Zhongpin 
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Jinqiao, Biotechnology Co., Ltd., Beijing, China), according 
to the manufacturer's protocols. Paraffin sections were placed 
in xylene solution for 10‑15 min twice at room temperature. 
Subsequently, sections were dehydrated in a gradient series of 
70‑100% ethanol. Following deparaffinization and hydration, 
tissue sections were incubated for 10 min in 3% hydrogen 
peroxide in methanol and were washed three times with phos-
phate‑buffered saline (PBS). Subsequent to antigen retrieval, 
the slides were again washed three times for 5 min with PBS. 
The slides were then blocked with blocking solution A (normal 
goat serum; Beijing Zhongshan Jinqiao Biological Technology 
Co., Ltd., Beijing, China) for 15 min at room temperature, 
and incubated with specific primary antibodies overnight at 
4˚C. The antibodies used were as follows: Rat monoclonal 
anti‑human cluster of differentiation (CD)34 (QBEnd/10; 1:250; 
cat. no. ZM‑0046; Beijing Zhongshan Jinqiao Biotechnology 
Co., Ltd.) and polyclonal rabbit anti‑human DSCR1 (DCT3; 
1:250; provided by Prof Philip Brandt, Columbia University, 
New York, NY, USA). The slides were then incubated with 
solution B for 20 min at room temperature. Following washing 
with PBS three times for 5 min, the slides were incubated with 
solution C for 20 min at room temperature. The slides were 
stained with Dolichos biflorus agglutinin (Shanghai Chemical 
Reagent Co., Ltd., Shanghai, China) and hematoxylin and 
eosin and dehydrated prior to observation under a light micro-
scope (Olympus CX31; Olympus Corporation, Tokyo, Japan). 
PBS served as the blank control, normal goat serum as the 
negative control and human brain tissue as the positive control. 
Brain tissue was obtained from the pathological tissue library 
of Shandong University (Jinan, China).

Determination of microvessel density (MVD). In the CD34 
antibody‑stained sections, the presence of brown granules in 
the cytoplasm indicated positively stained vascular endothe-
lial cells. Positive cells with a clear background and a distinct 
boundary or basement membrane, including single‑stained 
endothelial cells, were classed as one vessel unit, regardless 
of the formation of the vascular lumen or whether red blood 
cells were present within the lumen. For vessels containing 
lumens over eight red blood cells in size, the muscular layer 
was not counted. The tumor region and the interstitial region 
in all tissue sections were examined, with the exception of 
the surrounding areas, disrupted tissue or areas of tumor 
necrosis. LEICA Qwin 3.31 automatic image software (Leica 
Microsystems GmbH, Wetzlar, Germany) was used to count 
the MVD. The MVD was counted in five randomly‑selected 
separate fields in each section using a light microscope 
(Olympus CX31; Olympus Corporation) at magnification, 
x400. The mean value of the five counts was determined to 
be the MVD.

Calculations of DSCR1‑positive cells. In the DSCR1 
antibody‑stained sections, the presence of brown granules in 
the cytoplasm of the cells was considered to be positive for 
DSCR1. Tumor cells in each field (500) were examined from a 
total of five randomly‑selected separate fields in each section 
at magnification, x400. The positive cells were counted by two 
pathologists using a double‑blind method, and the mean values 
were calculated. Sections containing <10% positively stained 
cells were defined as negative (‑), those with 10‑20% positively 

stained cells were weakly positive (±), those with 20‑40% 
positively stained cells were positive (+), those with 40‑60% 
positively stained cells were medium positive (++) and those 
with >60% positively stained cells were considered strongly 
positive (+++).

Statistical analysis. Data were analyzed using SAS, version 8.2 
statistical software (SAS Institute, Inc., Cary, NC, USA). All 
continuous data are expressed as the mean ± standard devia-
tion. Student's t‑test was used for the comparison between two 
groups. Spearman's correlation analysis was utilized to analyze 
the association between DSCR1 and angiogenesis. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 94 cases of hypopharyngeal 
squamous cell carcinoma were examined in the present study. 
The mean age of the patients was 47 years, 52.13% were 
<60 years, 47.87% were ≥60 years; 94.68% were males and 

Table I. Characteristics of patients with hypopharyngeal 
cancer.

Variable	 Number	 %

Total	 94	 100
Age (years)
  <60	 49	 52.13
  ≥60	 45	 47.87
Gender
  Male	 89	 94.68
  Female	 5	 5.34
Histological differentiation
  Well‑differentiated	 30	 31.91
  Moderately differentiated	 43	 45.74
  Poorly differentiated	 21	 22.34
TNM stage
  I‑II	 8	 8.51
  III‑IV	 86	 91.49
Lymph node metastasis
  Yes	 54	 57.45
  No	 40	 42.55
Growth mode
  Exogenous	 49	 52.13
  Infiltrative	 45	 47.87
Location	
  Piriform fossa	 75	 79.79
  Posterior pharyngeal wall	 15	 15.96
  Postcricoid region	 4	 4.26
Smoking
  Yes	 69	 73.40
  No	 25	 26.60

TNM, tumor‑node‑metastasis.
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5.34% were females (Table I). Based on histological differ-
entiation, there were 30 well‑differentiated cases (31.91%), 
43 moderately differentiated cases (45.74%) and 21 poorly 
differentiated cases (22.34%). A total of eight cases (8.51%) 
were stages I‑II and 86 (91.49%) were stages III‑IV. Lymph 
node metastasis was observed in 54 cases (57.45%). Exogenous 
tumor growth was observed in 49 cases, whereas infiltrative 
growth was observed in 45 cases. The majority of the tumors 
were located at the piriform fossa (79.79%), and the remaining 
were localized to the posterior pharyngeal wall (15.96%) or 
the postcricoid region (4.26%). Of the patients included in the 
present study 69 (73.4%) had a history of smoking (Table I).

mRNA expression levels of DSCR1 and VEGF‑C, and MVD are 
increased in cancerous tissues, compared with paracancerous 
tissue in hypopharyngeal cancer. Cancerous tissue was collected 
from 43 patients and paracancerous tissue was collected from 
21 of these patients. The tissue adjacent to the cancer was 
pathologically confirmed as normal pharyngeal mucosa. In 
patients with hypopharyngeal squamous cell carcinoma, the 
overall mean relative mRNA expression levels of DSCR1 in the 
cancerous tissue were significantly higher than in the paracan-
cerous tissue (0.91±0.10 vs. 0.61±0.08, respectively; P=0.011; 
Fig. 1). In addition, the overall mean relative mRNA expression 
levels of VEGF‑C in the cancerous tissue was significantly 
higher than in the paracancerous tissue (1.21±0.41 vs. 0.56±0.19, 
respectively; P=0.011; Fig. 1). The MVD in the 78 cancerous 
and paracancerous tissue samples from the patients with 
hypopharyngeal squamous cell carcinoma patients were also 
examined. The MVD was significantly higher in the cancerous 
tissues, compared with the paracancerous tissue (17.61±10.59 vs. 
12.59±7.77, respectively; P=0.011; Fig. 2).

Expression levels of DSCR1 correlate with the progression of 
hypopharyngeal cancer. To define the role of DSCR1 in the 
progression of cancer of the laryngopharynx, the expression 
profiles of DSCR1 (Fig. 2) were analyzed, according to tumor 
differentiation and TNM stage. The results indicated that 
higher mRNA expression levels of DSCR1 were associated 
with poor tumor differentiation (P=0.033) and lymph node 
metastasis (P=0.042; Table  II). No statistically significant 
associations were found between the protein levels of DSCR1 
and the different modes of tumor growth or patient smoking 
history (Table II).

MVD is correlated with the progression of hypopharyngeal 
cancer. To determine the association between tumor angio-
genesis or lymphangiogenesis with the clinical characteristics 
of patients with hypopharyngeal squamous cell carcinoma, 
the MVDs in tumor tissues from 94 patients were examined 
(Fig. 2). Compared with patients with a lower intratumoral 
MVD, the tumor tissues in patients with a higher intratumoral 
MVD were poorly differentiated with a higher TNM stage and 
increased lymph node metastasis (all P<0.05; Table III). The 
MVDs were similar in patients with different tumor growth 
modes and in smokers, compared with non‑smokers.

DSCR1 is positively correlated with tumor angiogenesis 
in hypopharyngeal cancer. The mRNA expression levels of 
DSCR1 were positively correlated with the mRNA levels of 
VEGF‑C in the cancerous tissue of patients with hypopharyn-
geal squamous cell carcinoma, (r=0.578; P<0.001). As shown 
in Fig. 3, the MVDs in the cancerous tissue were 10.7±4.44 
(DSCR1, ‑), 13.7±7.45 (DSCR1, ±), 17.9±10.96 (DSCR1, +), 
26.5±10.55 (DSCR1, ++) and 29.1±11.65 (DSCR1, +++). The 

Figure 1. Representative images of the mRNA expression levels of DSCR1 and VEGF‑C in patients with hypopharyngeal cancer. Semi‑quantitative reverse 
transcription‑PCR was performed, and following amplification, the PCR products of (A) DSCR1 and (B) VEGF‑C were resolved on a 2% agarose gel. 
(C) Relative mRNA expression levels were calculated using an electrophoresis gel quantitative image analyzer. mRNA expression of β‑actin was used as a 
housekeeping control. Data are expressed as the mean ± standard deviation (*P<0.05). DSCR1, Down syndrome critical region 1; VEGF, vascular endothelial 
growth factor; PCR, polymerase chain reaction.
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MVDs increased significantly with increasing protein levels 
(P<0.05). A significant correlation was found between the 
protein levels of DSCR1 and MVD in the patients with cancer 
(r=0.689; P<0.001). These results indicated that higher protein 
expression levels of DSCR1 were significantly associated with 
angiogenesis in laryngopharynx cancer.

Discussion

In the present study, the expression levels of DSCR1 in patients 
with hypopharyngeal squamous cell carcinoma were examined. 

The results demonstrated that the relative mRNA expression 
levels of DSCR1 in the cancerous tissues were significantly 
higher than those in the paracancerous tissues. This finding is 
consistent with a previous study, which demonstrated that the 
protein levels of DSCR1 were significantly increased in hypo-
pharyngeal cancer (24). This previous study also indicated that 
elevated protein expression levels of DSCR1 was correlated with 
poor tumor differentiation and advanced TNM stage (28). In the 
present study, elevated mRNA expression levels of DSCR1 were 
also associated with poor tumor differentiation and advanced 
disease stage, which suggested that the upregulation of DSCR1 

Table II. mRNA and protein levels of DSCR1 in patients with hypopharyngeal cancer.

	 DSCR1 mRNA
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cancer tissue (n=43)	 P‑value	 n	 %

Total	 0.91±0.10		  35	 81.40
Histological differentiation		  0.033a

  Well‑differentiated	 0.73±0.11		  8	 18.60
  Moderately‑differentiated	 0.79±0.09		  19	 44.19
  Poorly‑differentiated	 0.93±0.15		  7	 16.28
TNM stage		  0.121
  I‑II	 0.89±0.13		  4	 9.30
  III‑IV	 0.92±0.08		  31	 72.09
Lymph node metastasis		  0.042a

  Yes	 0.93±0.11		  26	 60.47
  No	 0.79±0.07		  9	 20.93
Growth mode		  0.138	‑	‑ 
  Exogenous	 0.90±0.07		‑	‑  
  Infiltrative	 0.89±0.17		  ‑	 ‑

mRNA levels are expressed as the mean ±  standard deviation. DSCR1, Down syndrome critical region 1; TNM, tumor‑node‑metastasis. 
aP<0.05.
 

Figure 2. Representative images of the protein expression levels of DSCR1 and microvessel density in patients with hypopharyngeal cancer. Proteins were 
examined in cancerous and paracancerous tissues. Immunohistochemistry was performed to determine the levels of (A and B) DSCR1 and (C and D) CD34. 
Magnification, x400. DSCR1, Down syndrome critical region 1; CD34, cluster of differentiation 34.
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is important in the pathogenesis and progression of hypopha-
ryngeal cancer. DSCR1 may serve as a useful marker in the 
early diagnosis and monitoring of this type of cancer.

A previous study examining cancer incidence in indi-
viduals with Down's syndrome indicated that the overall risk 
of cancer was similar between the these individuals and the 
general population. However, the individuals with Down's 
syndrome had a significantly higher risk of leukemia, with a 
standardized incidence ratio (SIR) of 10.5, 95% confidence 
interval (CI) of 6.6‑15.8, and testicular cancer (SIR, 4.8; 95% 
CI, 1.8‑10.4) (21). Another study demonstrated that the targeted 
deletion of DSCR1 in mice inhibited the formation of new 
tumor vasculature and suppressed tumorigenesis. Treatment 
with the calcineurin‑specific inhibitor, cyclosporin A attenu-
ated this endothelial defect and promoted tumor growth (29). 
However, Baek  et  al  (22) reported that the incidence of 
cancer was significantly reduced in individuals with Down's 
syndrome, and that the upregulation of DSCR1 inhibited tumor 
growth. Sussan et al (23) also suggested that trisomy reduced 
the numbers of intestinal tumors in a mouse model of Down's 
syndrome. These reports indicate that the role of DSCR1 in 
cancer is controversial, and further investigations are required 
to elucidate the function of DSCR1 in carcinogenesis.

It is well‑known that the expression of VEGF‑C is increased 
in various types of human malignancy (30,31). The levels of 
VEGF‑C in tumor tissues are significantly correlated with 
regional angiogenesis (30,31). Bunone et al (30) demonstrated 

Figure 3. MVD, determined by the number of CD34‑positive cells, in 
cancer tissue is positively correlated with protein levels of DSCR1. Data are 
expressed as the mean ± standard deviation (*P<0.05). ‑, negative; ±, weakly 
positive; +, positive; ++, medium positive; +++, strongly positive; MVD, 
microvessel density; CD34, cluster of differentiation 34; DSCR1, Down 
syndrome critical region 1.

Table III. MVD in patients with hypopharyngeal cancer.

Variable	 Number	 MVD	 P‑value

Total	 94	 17.57±10.61
Age (years)			   0.639
  <60	 49	 17.99±10.49
  ≥60	 45	 17.23±11.34
Gender	 94		  0.588
  Male	 89	 17.64±10.53
  Female	 5	 18.88±9.89
Histological differentiation			   0.037
  Well‑differentiated	 30	 20.48±13.61
  Moderately differentiated	 43	 18.58±10.35
  Poorly differentiated	 21	 16.29±9.98
TNM stage			   0.045
  I‑II	 8	 16.13±9.61
  III‑IV	 76	 18.43±11.61
Lymph node metastasis			   0.031
  Yes	 54	 18.96±11.63
  No	 40	 16.17±9.61
Location			   0.386
  Piriform fossa	 75	 17.20±10.23
  Posterior pharyngeal wall	 15	 18.10±11.13
  Postcricoid region	 4	 18.75±11.88
Smoking			   0.874
  Yes	 69	 17.79±10.21
  No	 25	 17.11±10.79

MDV values are expressed as the mean ± standard deviation. MVD, microvessel density; TNM, tumor‑node‑metastasis.
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that the mRNA and protein expression levels of VEGF‑C were 
upregulated in thyroid carcinoma, and Yonemura et al (31) 
reported that the mRNA and protein expression levels of 
VEGF‑C were also increased in gastric carcinoma. Similarly, 
the present study demonstrated that, in patients with hypo-
pharyngeal cancer, the relative mRNA expression levels of 
VEGF‑C were significantly higher than in the normal tissues 
suggesting that the levels of VEGF‑C are elevated in hypo-
pharyngeal cancer, concordant with previous reports in other 
types of cancer (30,31).

In the present study, a statistically significant positive 
correlation was observed between the mRNA expression 
levels of DSCR1 and VEGF‑C in the cancerous tissue from 
patients with hypopharyngeal cancer. The mRNA expression 
levels of DSCR1 were significantly higher in tissues expressing 
upregulated levels of VEGF‑C. In addition, the MVD in the 
laryngopharynx cancerous tissue was significantly increased, 
compared with that in the paracancerous tissue (P<0.05), 
and the protein expression of DSCR1 in the cancerous tissue 
were significantly correlated with MVD (r=0.689; P<0.001). 
Yao et al  (18) demonstrated that DSCR1 is upregulated in 
endothelial cells upon stimulation with VEGF, TNF‑α and 
A23187 treatment. The upregulation of DSCR1 is suppressed 
by inhibitors of the calcineurin‑nuclear factor of activated T 
cell (NFAT) signaling pathway, inhibition of protein kinase C 
(PKC) and Ca2+ chelation (32). Furthermore, Hesser et al (13) 
conducted a genome‑wide analysis of genes, which are regu-
lated by VEGF in endothelial cells. This analysis identified 
DSCR1 as one of the most frequently induced targets of VEGF. 
The results of our previous and present studies are consistent 
with the report by Yao et al (18). These findings indicated that 
DSCR1 is involved in tumor angiogenesis, and suggested that 
DSCR1 is important in angiogenesis, specifically in hypopha-
ryngeal carcinoma, and may be a promising therapeutic target.

In response to various stimuli, tumor cells secrete a large 
quantity of VEGF via either paracrine or autocrine mecha-
nisms. VEGF binds to VEGFR‑1 and VEGFR‑2, leading to 
the activation of downstream signaling, including phosphati-
dylinositol 3‑kinase/protein kinase B, phospholipase C‑γ, PKC, 
mitogen activated protein kinases and calcineurin (33‑36). 
Abe and Sato  (26) reported that the DSCR1 gene is an 
important downstream target of VEGF in human endothelial 
cells. VEGF enhances calcineurin activity (18). Calcineurin 
is involved in the regulation of a variety of cellular activities, 
including cell maturation, survival, proliferation and func-
tional activities  (18). Calcineurin binds to and activates 
NFAT, which subsequently translocates to the nucleus. NFAT 
promotes the transcription of various target genes by binding 
to the promoter and enhancer regions of these genes (11,15,37). 
Previous studies have demonstrated that the binding of calci-
neurin to DSCR1 enhances the expression of DSCR1, and 
the upregulation of DSCR1 serves as a negative regulator 
of calcineurin activity, resulting in a negative feedback loop 
between DSCR1 and calcineurin A signaling (11,15,37). This 
may represent a potential molecular mechanism underlying 
the association between DSCR1 and angiogenesis.

It has been suggested that exposure of the active site during 
the binding of calcineurin to Ca2+/calmodulin promotes calci-
neurin to bind with DSCR1. In addition to directly inhibiting 
calcineurin activity, mutational studies have demonstrated that 

DSCR1 competes with NFAT in binding to the same anchor 
points on the calcineurin protein. This is one of the molecular 
mechanisms by which DSCR1 inhibits the activity of the calci-
neurin/NFAT signaling pathway (38). DSCR1 also inhibits the 
phosphatase activity of calcineurin (36). As a downstream 
target of the calcineurin/NFAT signaling pathway, DSCR1 
is activated by a series of factors associated with NFAT 
signaling, including VEGF, angiotensin‑II, TNF‑α, thrombin 
and calcium ion carriers (39).

Although the present study demonstrated important 
findings, including the correlation between the mRNA and 
protein levels of DSCR1, angiogenesis and the progression of 
hypopharyngeal squamous cell carcinoma progression, the 
study had certain limitations. For example, the sample size 
was relatively small and patient follow‑up information was 
absent; therefore, evaluation of correlations between patient 
survival times and the expression levels of DSCR1 or VEGF‑C 
were not performed. In addition, the present study did not 
investigate in detailed the molecular mechanism(s) by which 
DSCR1 regulates angiogenesis in hypopharyngeal cancer. 
Further investigations are ongoing to determine the molecular 
signaling pathways involved in DSCR1‑induced tumor angio-
genesis and lymphangiogenesis.

In conclusion, the present study revealed that the mRNA 
expression levels of DSCR1 and VEGF‑C were upregulated 
in cancerous tissue samples from patients with hypopharynx 
cancer. These elevated expression levels were correlated with 
poorly differentiated tumors and advanced TNM stage, and 
the expression levels of DSCR1 were positively correlated 
with angiogenesis in the tumor tissues. DSCR1 is likely to be 
important during the progression of hypopharyngeal cancer 
by regulating tumor angiogenesis and lymphangiogenesis. 
Thus, DSCR1 may be a promising marker for early diagnosis 
and early management of hypopharyngeal cancer.
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