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Abstract

Introduction:

Endostatin is a C-terminal proteolytic fragment of collagen XVIII and, as with angiostatin and
thrombospondin, is known as an antiangiogenic agent. The aim of this study was to assess the level of
serum endostatin in patients with oral squamous cell carcinoma (SCC), and its association with the
clinicopathological characteristics of the tumor.

Materials and Methods:
Using an enzyme-linked immunosorbent assay (ELISA) kit, we investigated the circulating levels of
endostatin in the blood serum of 45 patients with oral SCC and 45 healthy controls.

Results:

The mean level of serum endostatin in patients was significantly lower (68.8485 ng/ml) than in
healthy controls (175.6£73 ng/ml) (P<0.001). Serum endostatin levels were significantly lower in
patients with lymph node metastasis compared with patients without lymph node metastasis
(P<0.001). In addition, serum endostatin level was associated with higher histological grade
(P<0.001). There were no apparent correlations between serum endostatin concentration and
clinicopathological features such as age, gender, and tumor stage (P>0.05).

Conclusion:
Findings of the present study suggest the prognostic and anti-metastatic role of endostatin, and this
may be used as a tool for monitoring tumor progression.
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Introduction

Oral squamous cell carcinoma (SCC) is the
sixth most common malignancy reported in the
world, and has the highest mortality rate due to
malignancies (1). Research is being undertaken
into the early diagnosis and prevention of this
deadly cancer in order to improve outcomes.
Although histopathologic evaluation is the
gold standard for the diagnosis of oral cancers,
other pathological techniques such as an
assessment of abnormally increased levels of
proteins may be useful for optimal diagnosis
and treatment. These markers are currently
being used to predict the biological behavior
and prognosis of oral malignancy.

Interest in endostatin, an anti-tumor molecule
in cancers, has increased over the last two
decades. Endostatin is described as a 22 kDa C-
terminal fragment of collagen XVIII, which is a
vascular and epithelial basement membrane
protein(2,3).Previous studies have demonstrated
various functions of this protein. For example,
endostatin  can cause apoptosis of the
endothelial cells and serves as a suppressor of
endothelial cell migration and tumor growth
(4-6). Indeed, endostatin interferes with tumor
progression by preventing the activity of tumor
growth-stimulating factors (7,8). Furthermore, a
few studies have reported that endostatin
inhibits tumor metastasis by limiting blood
supply, and therefore is considered a potential
anti-tumor marker in malignant tumor treatment
(9,10). To date, many studies have investigated
endostatin levels in different types of cancers
such as soft tissue sarcoma, renal cell
carcinoma, and ovarian carcinoma (11-13). In
addition, the association of endostatin level
with prognosis and aggressiveness of tumors
has been confirmed. It has already been
established that patients with poor prognosis
cancers have higher serum levels of endostatin
(14-16). Investigations into the prognostic
significance of circulating endostatin levels
have demonstrated the association of higher
serum levels of endostatin with progressive and
poorly differentiated colorectal and bladder
cancers (17,18). It is therefore reasonable to
assume that serum endostatin levels can be used
as a biomarker for diagnosing and predicting
the prognosis of cancers. This study was
conducted to investigate the potential role of
serum endostatin levels in head and neck SCC
as well as the correlation between serum
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endostatin levels and various clinical and
pathological features.

Materials and Methods

The medical records of 45 patients (22 men
and 23 women; mean age, 57+16 years) with a
histologically proven diagnosis of oral SCC
were reviewed. Blood samples were obtained
from the archives of the laboratory of
pathology, Khalili Hospital of Shiraz University
of Medical Sciences. Cases with other tumors,
inflammation or infections were excluded from
the study. In the control group, 45 normal
subjects (22 men and 23 women; mean age,
56.6+15 years) with no evidence of
inflammatory or systemic diseases were
enrolled. All volunteers were fully informed
about the study protocol and objectives, and
signed an informed consent form to participate
in the study. Two pathologists confirmed the
diagnosis of oral SCC. Clinical staging of cases
was determined according to the tumor, node,
metastasis (TNM) staging system of the
American Joint Committee on Cancer (AJCC)
(19). The histopathological grade of oral SCC
was determined based on World Health
Organization (WHO) criteria.

Collection of blood samples was performed
with commercially available ethylenediamin-
etetraacetic acid (EDTA) blood collection tubes
(Greiner Bio-One GmbH, Kremsmunster,
Austria) before surgery.

Serum was separated from clotted blood after
centrifugation at 4°C and stored at —70°C for
future assay. Endostatin concentrations were
determined by enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer's
instructions (R&D Systems Inc, Minneapolis,
MNSS 413, USA).When primary radical
surgery was performed, the patients were
treated with combined primary radiotherapy
and chemotherapy.

Statistical analysis

All statistical analyses were performed using
SPSS 19.0 software. Comparisons between
patients and controls and comparisons among
patients were performed using parametric
(Student’s t) and nonparametric (Mann-
Whitney and Kruskal-Wallis) tests,respectively.
Correlation between variables were determined
and p-values less than 0.05 were considered
statistically significant.
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Results

Clinicopathological and demographic data are
summarized in Table 1. All patients had
localized tumor (MO0). The mean serum
endostatin level in patients with SCC (68.8+85
ng/ml) was significantly lower than that in
healthy controls (175.6£73 ng/ml) (P<0.001).
A positive correlation was seen between the
serum levels of endostatin and the histological

grade of tumors (P<0.001). The serum levels
of endostatin were significantly lower in
patients with lymph node metastasis (N°
group) compared with those  without
metastasis (N* group) (P<0.001). There was no
significant  correlation  between  serum
endostatin level and other clinicopathological
variables such as age, gender, and tumor stage

(P>0.05) (Table.1).

Table 1: Clinicopathological profile of 45 oral SCC patients and correlation with endostatin serum levels

Feature No. (%) Mean serum level P-value
(MeanzSD)
Gender Male 20 (45.5) 55.38+14.77
Female 25 (55.5) 58.19+15.61 0.67
Regional lymph node ~ N° 17 (37.8) 72.65+8.92
involvement N* 28 (62.2) 45.46+4.63 0.000
Age <65 20 (45.5) 55.48+15.28
>65 25 (55.5) 58.11+15.23 0.92
Tumor stage I 11 14 (31.1) 53.54+13.65
1", 1v 31 (68.8) 61.8+15.98 0.07
Histological grade Grade I, 1l 22 (49.9) 43.32+2.91
Grade Il IV 23 (51.1) 78.19+4.87 0.000

Discussion

Several studies have demonstrated that
angiogenesis and its inhibitors have a crucial
role in the pathogenesis of malignancies and
can affect tumor progression, invasion, and
eventually lymph node metastasis (20, 21).
Furthermore, several angiogenesis-related
factors such as endostatin, have been
considered as tumor prognostic markers.
Therefore, in this present study we evaluated
the relationship between serum endostatin
levels and clinicopathological characteristics
in oral SCC.

We found statistically significant differences
in endostatin levels between patients and
controls (P<0.001). This finding is consistent
with a previous study which investigated the
prognostic value of plasma endostatin levels in
head and neck SCC, and reported significantly
lower endostatin levels in patients with cancer
versus healthy volunteers (22). In our study,
the serum levels of endostatin were lower in
patients with nodal metastasis (N*group)
compared with patients without nodal
metastasis (N°group).

This finding may represent the anti-
metastatic role of this marker. It is suggested
that the decrement of serum endostatin levels
in patients with lymph node metastasis is
related to lower production of the precursor of
endostatin, collagen XVIII (23).

Our result is also in agreement with a similar
study which investigated the association of
endostatin on tumor growth and lymph node
metastasis in animals implanted with oral
cancer cells, and revealed that endostatin may
inhibit growth and lymph node metastasis in
these cancers (24).

Similarly, another investigation  which
analyzed the immunohistochemical expression
of endostatin in oral SCC showed a lower
expression of endostatin in the tumors of cases
with multiple metastatic lymph nodes compared
with non-metastatic tumors. Therefore, a
reverse correlation between the tissue
expression of endostatin and lymph node
metastasis was suggested (23).

According to the available evidence, the
molecular mechanisms by which endostatin
exerts its inhibitory effect has not yet been fully
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elucidated. VEGF-C expression in a variety of
human cancers and the correlation of this
protein with the rate of lymph node metastasis
have already been demonstrated (25-28).
Hence, higher endostatin levels in patients
without lymph node metastasis may be due to
the endostatin effect on lymph expansion,
which can inhibit lymph angiogenesis by down-
regulating VEGF-C expression in tumor cells
(24). In this regard, Shao et al. reported that
recombinant  endostatin  inhibited  the
proliferation and migration of lymphatic
endothelial cells in vitro (29). Taking these
observations together, it can be proposed that
elevated endostatin levels can suppress tumor
lymph angiogenesis, which subsequently
reduces lymph node metastasis.

In contrast with our findings, however,
Feldman et al. showed increased levels of
plasma endostatin in colorectal patients with
liver metastasis (11). It has been demonstrated
that although endostatin is a potent
antiangiogenic substance in tumor lymph node
involvement, circulating endostatin levels might
not be sufficient to push the angiogenic balance
toward antiangiogenesis (30).

Previous investigations have revealed that the
effect of endostatin on endothelial cells depends
on the length of exposure (31). Moreover, the
concentration of endostatin is important in
terms of the optimal inhibitory effect. Celik et
al. demonstrated that higher and lower dosages
of endostatin had less inhibitory action on
lymph node involvement (32). Another reason
for conflicting findings between studies in
different cancers may be the differences in
angiogenic pathways in distinct types of
tumor (33).

It has already been shown that endostatin
inhibits the activation of matrix metalloprotease
2 and 9, which are closely associated with
metastatic potential and invasion of tumoral cells
(34-36). Therefore, increases in the amount of
endostatin may suppress angiogenesis, lymph
angiogenesis, and progression of tumor by
inhibiting the matrix metalloprotease 2 and 9.

Another finding of the present study is the
association of increased endostatin levels with
higher histological grades of oral SCC. Our
result is consistent with a study that
demonstrated a significant association between
higher plasma levels of endostatin and poorer
tumor grade of oral SCC (22). The association
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of higher serum endostatin levels and poorer
patient prognosis in non-small cell lung cancer,
soft tissue sarcoma, and bladder cancer has also
been demonstrated (11,15,18).

Combining antiangiogenic factors such as
endostatin with chemotherapy is one of the
most effective ways to increase the survival rate
of patients with cancer (37). Therefore, the
therapeutic properties of endostatin as an
antiangiogenic  drug must  be  further
investigated. In addition, future randomized
prospective studies should be conducted with a
larger sample size so that a significant
association between serum endostatin levels
and other clinicopathological variables may be
confirmed.

Conclusion

Based on the findings of this study, the serum
levels of endostatin were significantly lower in
patients with lymph node metastasis. In
addition, there was a positive correlation
between endostatin level and tumor grade.
Therefore, serum levels of endostatin may help
clinicians predict the biological behavior of
oral SCC.

Acknowledgments

The authors thank the Vice-Chancellery of
Shiraz University of Medical Sciences for
supporting this research. This manuscript is
based on the thesis of Ahmad Rahbar for
partial fulfillment of DDS degree. The authors
are grateful Dr. M. Vossoughi from the Dental
Research Development Center of the Dental
School, for the statistical analysis.

References

1. Warnakulasuriya S. Global epidemiology of oral
and oropharyngeal cancer. Oral Oncol. 2009; 45:
309-16.

2. Wang ZH, Zhu ZT, Xiao XY, Sun J. Correlation
of Serum Levels of Endostatin with Tumor Stage in
Gastric Cancer: A Systematic Review and Meta-
Analysis Biomed Res Int. 2015;2015:623939.

3. ZhuwW, CheY , Song X, Luo Y. Endostatin
specifically targets both tumor blood vessels and
lymphatic vessels. Front Med. 2011;5:336-40.

4. O'Reilly MS, Boehm T, ShingY, Fukai N,
Vasios G, Lane WS, et al. Endostatin: an
endogenous inhibitor of angiogenesis and tumor
growth. Cell. 1997;88:277-85.

128 Iranian Journal of Otorhinolaryngology, Vol.30(3), Serial No.98, May 2018


http://www.ncbi.nlm.nih.gov/pubmed/?term=Fukai%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9008168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vasios%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9008168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lane%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=9008168

Endostatin in Oral Squamous Cell Carcinoma

5. Taddei L, Chiarugi P, Brogelli L, Cirri P,
Magnelli L, Raugei G, et al. Inhibitory effect of
full-length  human endostatin on in vitro
angiogenesis. Biochem Biophys Res Commun.
1999; 263:340-5.

6. Dhanabal M, Ramchandran R, Waterman MJF,
Lu H, Knebelmann B, Segal M, et al. Endostatin
induces endothelial cell apoptosis. J Biol Chem.
1999;274:11721-6.

7. Jiang WG, Lu XA, Shang BY, Fu Y, Zhang SH,
Zhou D, et al. Genetically engineered endostatin-
lidamycin fusion proteins effectively inhibit tumor
growth and metastasis. BMC: Cancer. 2013;13:
479.

8. Wan YY, Tian GY, Guo HS, Kang YM, Yao
ZH, Li XL, et al. Endostatin, an angiogenesis
inhibitor, ameliorates bleomycin-induced
pulmonary fibrosis in rats. Respir Res. 2013;14:56.
9. Zhuo W, Luo C, Wang X, Song X, Fu Y, Luo Y.
Endostatin inhibits tumour lymphangiogenesis and
lymphatic metastasis via cell surface nucleolin on
lymphangiogenic endothelial cells. J Pathol.
2010;222:249-60.

10. Bai YJ, Huang LZ, Zhou AY, Zhao M, Yu WZ,
Li XX. Antiangiogenesis effects of endostatin in
retinal neovascularization. J Ocul Pharmacol Ther.
2013;29:619-26.

11. Feldman AL, Alexander HR Jr, Bartlett DL,
Kranda KC, Miller MS, Costouros NG, et al. A
prospective analysis of plasma endostatin levels in
colorectal cancer patients with liver metastases.
Ann Surg Oncol. 2001;8:741-5.

12. Feldman AL, Alexander HR Jr, Yang JC,
Linechan WM, Eyler RA, Miller MS, et al.
Prospective analysis of circulating endostatin levels
in patients with renal cell carcinoma. Cancer.
2002;95:1637-43.

13. Hata K, Dhar DK, Kanasaki H, Nakayama K,
Fujiwaki R, Katabuchi H, et al. Serum endostatin
levels in patients with epithelial ovarian cancer.
Anticancer Res. 2003;23:1907-12.

14. Bono P, Teerenhovi L, Joensuu H. Elevated
serum endostatin is associated with poor outcome
in patients with non-Hodgkin lymphoma. Cancer.
2003;97:2767-75.

15. Suzuki M, lzasa T, Ko E, Baba M, Saitoh Y,
Shibuya K, et al. Serum endostatin correlates with
progression and prognosis of non-small cell lung
cancer. Lung Cancer. 2002;35:29-34.

16. Mo HY, Luo DH, Qiu HZ, Liu H, Chen QY,
Tang LQ. Elevated serum endostatin levels are
associated with poor survival in patients with
advanced-stage nasopharyngeal carcinoma. Clin
Oncol. 2013;25(5):308-17.

17. Kantola T, Véayrynen JP, Klintrup K, Mékeld J,
Karppinen SM, Pihlajaniemi T, et al. Serum
endostatin levels are elevated in colorectal cancer
and correlate with invasion and systemic

inflammatory markers. Br J Cancer. 2014; 111:
1605-13.

18. Szarvas T, Laszl6 V, VomDorp F, Reis H,
Szendréi A, Romics |, et al. Serum endostatin
levels correlate with enhanced extracellular matrix
degradation and poor patients' prognosis in bladder
cancer. Int J Cancer. 2012;130:2922-9.

19. Greene FL, Compton CC, Fritz AG, Shah JP,
Winchester DP. Lip and oral cavity. In: AJCC
cancer staging atlas. 6th ed. New York: Springer;
2006.19-26.

20. Sharma BK, Srinivasan R, Kapil S, Singla B,
Saini N, Chawla YK, et al. Serum levels of
angiogenic and anti-angiogenic factors: their
prognostic  relevance in locally advanced
hepatocellular carcinoma. Mol Cell Biochem.
2013; 383:103-12.

21. O'Byrne KJ, Dalgleish AG, Browning MJ,
Steward WP, Harris AL. The relationship between
angiogenesis and the immune response in
carcinogenesis and the progression of malignant
disease. Eur J Cancer. 2000;36:151-69.

22. Homer JJ, Greenman J, Stafford ND.
Circulating angiogenic cytokines as tumour
markers and prognostic factors in head and neck
squamous cell carcinoma. Clin Otolaryngol Allied
Sci. 2002;27:32-37.

23. Nikitakis NG, Rivera H, Lopes MA, Siavash H,
Reynolds MA, Ord RA, et al.Immunohistochemical
Expression of Angiogenesis-Related Markers in
oral squamous cell carcinomas with multiple
metastatic lymph nodes. Am J Clin Pathol.
2003;119:574-86.

24. Fukumoto S, Morifuji M, Katakura Y, Ohishi
M, Nakamura S. Endostatin inhibits lymph node
metastasis by a down-regulation of the vascular
endothelial growth factor C expression in tumor
cells. Clin Exp Metastasis. 2005;22:31-8.

25. Onogawa S, Kitadai Y, Tanaka S, Kuwai T,
Kimura S, Chayama K, et al. Expression of VEGF-
C and VEGF-D at the invasive edge correlates with
lymph node metastasis and prognosis of patients
with colorectal carcinoma. Cancer Sci. 2004; 95:
32-9.

26. Amioka T, Kitadai Y, Tanaka S, Haruma K,
Yoshihara M, Yasui W, et al. Vascular endothelial
growth factor-C expression predicts lymph node
metastasis of human gastric carcinomas invading
the submucosa. Eu J Cancer. 2002;38:1413-9.

27. Neuchrist C, Erovic BM, Handisurya A,
Fischer MB, Steiner GE, Hollemann D, et al.
Vascular endothelial growth factor C and vascular
endothelial growth factor receptor 3 expression in
squamous cell carcinomas of the head and neck.
Head Neck. 2003;25:464-74.

28. Kitadai Y, Amioka T, Haruma K, Tanaka S,
Yoshihara M, Sumii K, et al. Clinicopathological
significance of vasucular endothelial growth factor

Iranian Journal of Otorhinolaryngology, VVol.30(3), Serial N0.98, May 2018 129


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20XA%5BAuthor%5D&cauthor=true&cauthor_uid=24128285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shang%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=24128285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24128285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=24128285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24128285
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wan%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=23688086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhuo%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20814900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20814900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20814900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20814900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20814900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20814900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bai%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=23545016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20LZ%5BAuthor%5D&cauthor=true&cauthor_uid=23545016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=23545016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23545016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20WZ%5BAuthor%5D&cauthor=true&cauthor_uid=23545016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20XX%5BAuthor%5D&cauthor=true&cauthor_uid=23545016
http://www.ncbi.nlm.nih.gov/pubmed/23545016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feldman%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=11597016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20HR%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=11597016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartlett%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=11597016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kranda%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=11597016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=11597016
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costouros%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=11597016
https://www.ncbi.nlm.nih.gov/pubmed/11597016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mo%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=23290342
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=23290342
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qiu%20HZ%5BAuthor%5D&cauthor=true&cauthor_uid=23290342
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23290342
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20QY%5BAuthor%5D&cauthor=true&cauthor_uid=23290342
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20LQ%5BAuthor%5D&cauthor=true&cauthor_uid=23290342
https://www.ncbi.nlm.nih.gov/pubmed/25137019
https://www.ncbi.nlm.nih.gov/pubmed/25137019
https://www.ncbi.nlm.nih.gov/pubmed/25137019
https://www.ncbi.nlm.nih.gov/pubmed/25137019
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szarvas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21815140
http://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%A1szl%C3%B3%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21815140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vom%20Dorp%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21815140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reis%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21815140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szendr%C3%B6i%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21815140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Romics%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21815140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=23912396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Srinivasan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23912396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kapil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23912396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singla%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23912396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saini%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23912396
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chawla%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=23912396
http://www.ncbi.nlm.nih.gov/pubmed/?term=O'Byrne%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=10741273
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dalgleish%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=10741273
http://www.ncbi.nlm.nih.gov/pubmed/?term=Browning%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=10741273
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steward%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=10741273
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=10741273
http://www.ncbi.nlm.nih.gov/pubmed/?term=Circulating+angiogenic+cytokines+as+tumour+markers+and+prognostic+factors+in+head+and+neck+squamous+cell+carcinoma
http://www.ncbi.nlm.nih.gov/pubmed/?term=Circulating+angiogenic+cytokines+as+tumour+markers+and+prognostic+factors+in+head+and+neck+squamous+cell+carcinoma
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukumoto%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16132576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morifuji%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16132576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katakura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16132576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohishi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16132576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohishi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16132576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16132576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Endostatin+inhibits+lymph+node+metastasis+by+a+down-regulation+of+the+vascular
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuwai%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14720324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14720324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chayama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14720324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haruma%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12091074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshihara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12091074
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yasui%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12091074
http://www.sciencedirect.com/science/journal/09598049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fischer%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=12784238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steiner%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=12784238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hollemann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12784238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11477575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshihara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11477575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sumii%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11477575

(VEGF)-C in human esophageal squamous cell
carcinomas. Int J Cancer. 2001;93:662-6.

29. Shao XJ, Xie FM. Influence of angiogenesis
inhibitors, endostatin and PF-4, on
lymphangiogenesis. Lymphology. 2005;38:1-8.

30. Sund M, Hamano Y, Sugimoto H, Sudhakar A,
Soubasakos M, Yerramalla U, et al. Function of
endogenous inhibitors of angiogenesis as
endothelium specific tumor suppressors. Proc Natl
Acad Sci USA. 2005;102:2934-9.

31. Li C, Harris MB, Venema VJ, Venema RC.
Endostatin induces acute endothelial nitric oxide
and prostacyclin release. Biochem Biophys Res
Commun. 2005;329:873-8.

32. Celik I, Surticii O, Dietz C, Heymach JV, Force
J, Hoschele 1, et al. Therapeutic efficacy of
endostatin exhibits a biphasic dose-response curve.
Cancer Res. 2005;65:11044-50.

33. Tjin Tham Sjin RM, Naspinski J, Birsner AE,
Li C, Chan R, Lo K-M, et al. Endostatin therapy
reveals a U-shaped curve for antitumor activity.
Cancer Gene Ther. 2006;13:619-27.

Mardani M, et al

34. Nyberg P, Heikkilad P, Sorsa T, Luostarinen J,
Heljasvaara R, Stenman UH, et al. Endostatin
inhibits human tongue carcinoma cell invasion and
intravasation and blocks the activation of matrix
metalloprotease-2, -9, and -13. J Biol Chem. 2003;
278: 22404-11.

35. Kim YM, Jang JW, Lee OH, Yeon J, Choi EY,
Kim KW,et al. Endostatin Inhibits endothelial and
tumor cellular invasion by blocking the activation
and catalytic activity of matrix metalloproteinase 2.
Cancer Res. 2000;60:5410-3.

36. Lee SJ, Jang JW, Kim YM, Lee HI, Jeon JY,
Kwon YG, et al. Endostatin binds to the catalytic
domain of matrix metalloproteinase-2. FEBS Lett.
2002;519:147-52.

37. Gao SR, Li LM, Xia HP, Wang GM, Xu HY,
Wang AR. Clinical observation on recombinant
human endostatin combined with chemotherapy for
advanced gastrointestinal cancer. Asian Pac J
Cancer Prev. 2015;16:4037-40.

130 Iranian Journal of Otorhinolaryngology, Vol.30(3), Serial No.98, May 2018


http://www.sciencedirect.com/science/journal/09598049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luostarinen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12690120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heljasvaara%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12690120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stenman%20UH%5BAuthor%5D&cauthor=true&cauthor_uid=12690120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11034081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20EY%5BAuthor%5D&cauthor=true&cauthor_uid=11034081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=11034081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=12023034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeon%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=12023034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=12023034
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=25987082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=25987082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xia%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=25987082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=25987082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=25987082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=25987082
http://www.ncbi.nlm.nih.gov/pubmed/25987082
http://www.ncbi.nlm.nih.gov/pubmed/25987082

