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Abstract
Objective: Esophageal cancer is the 8th most important cancer
in the world which is responsible for about 1.5 million cases
and 1 million morbidity rates per year. One of the most specific
regulators of neovascularization is VEGF. VEGF genes are
mutated in the different type of esophageal cancers which leads to
neovascularization process and tumor metastasis. In this qualitative
research work, for the first time, we investigated the VEGF gene
expression in esophageal cancer patients in IRAN.
Methods: This study was performed on 30 FFPE (formalin fixed
paraffin embedded) (15 specimens were healthy and 15 specimens)
were esophageal cancer tissues which were gathered from different
hospitals and research centers in Zahedan and Kashan in Iran. We
aimed to evaluate the expression of VEGF genes using reverse
transcriptase real-time polymerase chain reaction method. PCR
reactions for VEGF gene as well as internal control (β-actin) was
performed 3 times using 2 -∆∆CT (Livac) method for all specimens.
Then the difference in gene expressions between case and control
groups evaluated using the t-test, in which p ≤ 0.05 was considered
to be significant.
Results: There was a meaningful increase in VEGF gene expression
in the case group. There was not a meaningful difference in gene
expression in male or female in case or control groups (P>0.05).
Conclusion: The results showed that VEGF gene expression in
patients was increased compared to control.
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viruses and carcinogens [1]. Cancer is the third leading cause of death
in Iran and 30000 Iranian lose their lives due to cancer every year.
Hepatocellular carcinoma is a fatal vascular cancer which is known
by activating multiple proliferation paths and different gene mortality
[2]. Esophageal carcinoma (cancerous tumor) is one of the common
malignant tumors in the world [3]. Different types of esophageal
cancer consist of esophageal squamous cell carcinoma (ESCC),
esophageal adenocarcinoma (EAC), and Barrett’s esophageal (BE), a
premalignant disorder that accompanies by chronic acid reflux [4].
EACC is one of the most common malignancies in Iran [5]. Vascular
endothelial growth factor (VEGF), which is one of the most important
specific regulators of the angiogenesis, is a homodimer glycoprotein
with the 34-45 kiloDalton molecular weight [6]. VEGF is a known
angiogenic factor that acts in oxygen deficient states in the malignant
cells. VEGF has subtypes, VEGF-B, VEGF-C, VEGF-D and VEGF-E
[7]. VEGF-A induction is seen in vascular tumors [8]. VEGF gene is
contained in chromosome 6p21.3 and has 8 exons with introns. SNP
is explained in the VEGF gene which affects induction of gene [9].
SNP causes VEGF resistance to treatment, especially VEGF-A, and
It uses for angiogenesis [10,11]. Blood VEGF-A levels are higher in
the cancerous patients [12]. At least 12 isoforms of VEGF-A, and
VEGF-A121, VEGF-A165 are studied [13]. VEGF-A replication is
modified by HIF-1, a protein with alpha and beta subunits. However,
in oxygen deficient states, gene replications, especially VEGF-A
occurs [14]. Angiogenesis response to VEGF and VEGFR-1 activation
is adjusted, and in this process, transverse links between VEGFR-1 and
VEGFR-2 regulates [15,16]. VEGF-C usually induces in multipotential
issues and bonds with VEGFR-3 as well as bonds with VEGFR-2. It
is also connected with VEGFR-2 inefficiently [17]. Figure 1 illustrates
different VEGFRs and their relations. In this Figure 1, VEGFR-2 is the
main receptor and VEGF-A induces angiogenesis [18].
Low flow VEGFR-2 is activated by the Signal pathways including
protein kinase C (PCK), related kinase (ERK), phosphatidylinositol
3-kinase (PI3K) and Mediation eNOS pathways [13]. VEGFR-2
inhibition to repress angiogenesis and tumor growth in preclinical
different models is expressed and downstream Signal pathways
is defined [19,20]. However VEGF Performs phosphorus of
phospholipase C (PLC-Υ), PI3K, PKC, and mitogen-activated protein
kinase (MAPK/ ERK) [13]. VEGF-A is connected to VEGFR-1 and
VEGFR-2. VEGF-B and PIGF are linked to VEGFR-1 and VEGF-C
and VEGF-D both are attached to VEGFR-3 and VEGFR-2 [21].

Materials and Methods

Introduction
Cancer is a disease in which abnormal cells are divided and
multiplied into a malignant tumor and then healthy tissues are
destroyed. Cancer cells fall apart from normal mechanisms of cell
growth and division. The exact cause of this phenomenon is unknown
but probably it is due to genetic factors or external factors such as
*Corresponding author: Dr. Gholamreza Motalleb, Associate Professor,
Department of Biology, Faculty of Science, University of Zabol, P.O. Box
98615-53, Iran, E-mail: reza.motaleb@uoz.ac.ir, rezamotalleb@gmail.com
Received: May 26, 2016 Accepted: November 22, 2016 Published: November
30, 2016

International Publisher of Science,
Technology and Medicine

a SciTechnol journal

15 esophageal cancer cases and 15 normal samples (control) in
paraffin blocks were maintained under -20ºC for 24 hours in order
to have good cutting sections, then cross section cuts were gathered
from samples using microtome. After that, paraffin was separated
using xylene [2].

Extraction of RNA
RNA was extracted using RNeasy® FFPE kit which is the product of
Qiagen Company then extracted RNA was kept in freezer at -80ºC [2].

RNA quality and quantity evaluation
The quality of the extracted RNA was evaluated by uploading
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Figure 1: VEGF receptor Here, we would like to appreciate the official journal of the society for translational oncology (The Oncologist) to grant and permission
to reproduce figure 1 (The three VEGF receptors, two coreceptors, and downstream signaling pathways) [18].

Figure 2: Frequency (%) of men and women were studied in two groups of patients and controls.

the extracted sample on agarose gel 1%; for more reliability, the
concentration and OD of samples were measured using optical
spectroscopy (ScanDrop – analytic Jena) [2].

The synthesis of cDNA

β-actin: FWD: GAAGATCAAGATCATTGCTCC, Tm: 58.4
REV: CTAAGTCATAGTCCGCCTAG, Tm: 57.4

Polymerase chain reaction (PCR)

DNA synthesis is followed by Method of “2–Steps RT–PCR” kit
product of Vivantis Company [22].

The reaction is performed using 2–Steps RT–PCR kit, a product
of Vivantis Company [2].

Designing primers: The design was done using “CLC Main work
bench 5” software and Allele ID 7 software [23].

Real-Time PCR: In order to perform this reaction, we used “Hot
Taq evagreen qPCR master Mix (n.k)”, product of cinnagen Company.
The Real-Time PCR reactions were performed by “Research RG–3000
Corbett “instrument for evaluation of VEGF gene expression and the
internal control gene was the β-actin gene [2].

VEGF: FWD: CTTGCCTTGCTGCTCTA, Tm: 53.92
REV: GAACTTCACCACTTCGT, Tm: 51.32
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Data and statistical analysis: Data analysis plays an importance
role in Real Time–PCR; this can be evaluated by two practical methods
as follow [24]:

fluorescent light intensity suddenly is decreased; then fractures are
created in the melting curve (Figure 12). After that, in the melting
analysis curve, the PCR product peak is formed (Figure 13).

1. Pffafl method [25],
2.∆∆Ct method [26], In order to decrease mistakes and correcting
changes for starting materials in RT-PCR the ∆∆Ct method and
standard method is applied for RNA proliferation. In this study, two
case and control groups were evaluated by t-test using SPSS software
(SPSS, Inc, Chicago, IL).

Results
Sampling and patient data
As illustrated in Figure 2, the sample of this study consists of 11
male patients (% 73.3) and 4 female patient (% 26.6) and the control
group includes 15 people, 8 of them were male (% 53.3) and 7 (% 46.6)
were female.

RNA quality and quantity evaluation
Installing on agarose gel % 1, the quality of extracted RNA was
evaluated. It is worth noting that in this study the extraction was
performed from paraffinized tissues, the quality of the RNA band
wasn’t very good and the band appeared on the agarose gel as a smear
(Figure 3). After RNA extraction, OD 260.280 nm were measured and
the ratio was 1.93 (1.80 to 2.00) for all samples.

Figure 3: RNA extraction results in a 1% agarose gel.

The results of thermal slope
The thermal slope was performed in order to obtain the optimum
temperature for starters of VEGF gene as well as β-actin gene;
after that, every gene was proliferated by its starter gene and the
products were installed on agarose gel % 2 and every gene particle
was observed in its specified size. The optimum temperature for
VEGF gene was 50ºC and for β -actin gene was 57.1ºC accordingly
(Figures 4 and 5).

Standard curvature of Β –actin internal control gene
The reaction efficiency is as follow: for β -actin gene was 100%, for
R2 was % 99 for VEGF gene was % 94 and for R2 was % 96 accordingly
(Figures 6 and 7).

Results of real time-PCR reaction

Figure 4: VEGF gene PCR thermal gradient.

β -actin gene proliferation were obtained as a progression of
reaction curvature in which the x-axis belongs to Cycles number
and y-axis belongs to fluorescent light intensity in which the
progression of the gene was determined in every cycle (Figure 8).
The proliferation of the VEGF gene in every cycle is illustrated in
Figure 9.

Results of melting curvature analysis
Figure 10 shows that there are sudden drops of fluorescence in
73ºC for β -actin gene.
There is a product which is seen under a peak of 77º, this is Tm
product of β-actin gene (Figure 11).

The change of melting curve based on gene’s temperature
The temperature increases the fluorescent light intensity until
the temperature reaches approximately 78º which is related to the
PCR reaction product of the VEGF gene and in this point (78º) the
Volume 5 • Issue 6 • 1000167

Figure 5: β -actin gene PCR thermal gradient.
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Figure 6: β -actin gene Standard curve.

Figure 10: Fluorescence changes in temperature for β -actin gene.

Figure 7: Standard curves of VEGF gene.

Figure 11: The melting curve of β -actin gene.

Figure 8: β -actin gene amplification curve.

Figure 12: Fluorescent light changes depending on the temperature of the
incoming samples for VEGF gene.

Checking the uniqueness of the real time PCR

Figure 9: VEGF gene amplification curve.
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To ensure the amplification of the gene, the samples which
resulted from PCR amplification and two amplified samples of each
gene were randomly chosen and were put on 2% agarose gel for 60
minutes with the voltage of 100. The results obtained from agarose
gel image confirmed the correct amplification of VEGF and β –actin
(Figure 14).
• Page 4 of 7 •

Citation: Farzanfar H, Motalleb G, Maghsoudi H (2016) VEGF Expression Evaluation in Patients with Esophageal Cancer by using Reverse Transcriptase
Real- Time Polymerase Chain Reaction. J Clin Exp Oncol 5:6.

doi: 10.4172/2324-9110.1000167

Figure 13: The melting curve of VEGF gene.

Figure 14: Amplified fragments in the reaction Real Time – PCR.

The statistical results obtained from the analysis
The results showed that the VEGF gene expression in patients
was 4.369 times higher compared with non-patients as shown in
Figure 15.

Discussion
Esophageal cancer is considered to be one of the most important
malignant cancers in terms of prognosis and outcome [28]. Esophageal
cancer is the result of a series of environmental factors such as tobacco
smoke, gastroesophageal reflux, and genetic changes. Molecular
studies have shown there may be genetic abnormalities such as
changes in the expression of p16, p53, VEGF genes and several other
genes in esophageal squamous cell carcinoma and adenocarcinoma of
the esophagus [29]. In another study, Noguchi et al., examined 71
patients with esophageal squamous cell carcinoma and estimated the
expression intensity of VEGF-C gene. They reported that they hadn’t
seen any significant effect on the VEGF-C gene expression and they
studied clinic pathological parameters [30]. In another study, the
participation of VEGF gene in the lung organ’s response to acute
and chronic hypoxia conditions was reported [31]. The stimulation
of VEGF gene under oxygen deficiency conditions plays the vital
role in the development of the malignant cells survival in local tumor
growth and invasion and the extension of invasion [31]. The purpose
of this study was to estimate the VEGF gene expression in patients
suffering from esophageal cancer in order to advance therapy goals.
The difference in the intensity of reported mutations in VEGF gene
Volume 5 • Issue 6 • 1000167

in different regions confirms the fact that the mutation occurrence
in this gene is highly influenced by environmental, geographical
and ethnic factors. However, the test method and the mutation
detection technique are highly important. Since there has never
been a research on VEGF gene in patients suffering from esophageal
cancer using Real Time PCR, the necessity to do this research, using
the mentioned method, is strongly felt. In contrast, Hongxin et al.
[32], investigated the VEGF gene expression in patients suffering
from ESCC cancer using immunohistochemistry (IHS), RT-PCR
and in situ hybridization(ISH) methods. Technological advances,
such as the development of the sensitive Real Time PCR system,
have made the fast and accurate quantitative measurement of small
quantities of mRNA possible [33]. In Real Time PCR method, the
gene copy number is not important and only the decrease or increase
of the gene expression is important. This decrease or increase is
compared to a standard or a reference gene which is considered
as an internal control. This method is both time consuming and
economically affordable [34]. The VEGF gene expression analysis
by Real Time PCR method can be used as a tool to measure this
phenotypic biomarker in the development or nondevelopment of
Coronary artery disease (CAD). The VEGF gene is on chromosome
6 and 14 kb in length and includes 8 exons and 7 introns [35]. In
our study, we used the β-actin gene to normalize the data obtained
from the Real Time PCR. Considering the importance and place of
the standard gene in the statistical analysis of this method, using and
choosing an appropriate standard gene is of significant importance.
Because stability in esophageal is approved, it is more stable
compared to 18s rRNA and GAPDH genes is more reliable for the
normalization of the data and it is suggested for this subject [36]. As
mentioned before, VEGF gene is located in the 6p21.3 chromosome
and it includes 8 separated exons with introns. It has been reported
that single-nucleotide changes in VEGF gene affect the induction of
gene function [9]. As the results of the study shows, the VEGF gene
expression indicates an increase in the patient group compared to the
control group. In this respect, the results obtained from our research
are the same as those of the following researchers. Hata et al. [37],
the relationship of VEGF gene in the stages III and IV of cancer were
found. The present study indicated that the expression intensity of
VEGF gene was increased, so the increase in the expression intensity
of this gene is related to the patients being in stages III and IV of the
cancer. Baatar et al. [38], reported that ulceration of the esophagus
by acid can increase the HIF-1a expression and consequently the
VEGF expression. Nagata et al. [39], described a point based on the
interleukin 10 and concluded that gene expression is significantly
related to the VEGF gene expression and the increase in interleukin
10 stimulates the gene expression of angiogenesis factor. As the
results of the study indicates the VEGF gene expression increase

Figure 15: The Average ΔCt VEGF genes, the two groups.
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pathway, and the VEGF gene expression increase through P13K/AKT
pathway in the way that the phosphoinositide 3-kinase (PI3K/AKT)
pathway regulates the activity of hypoxia-inducible factor (HIF). The
hypoxia-inducible factor (HIF) is a key transcriptional regulator in
response to reduced oxygen levels (hypoxia) [40]. Heterodimer HIF
includes β manufacturer (HIF-1β) and one of α manufacturer (HIF1α, HIF-2α, and HIF-3α) [41]. HIF is regulated through two types of
oxygen sense control. The first witness of regulating the stabilization
of HIF-α is done by hydroxylation in proline 462 and 564 (HIF-α)
in the oxygen-dependent degradation domain (ODD) [42]. In
mixed lighting conditions, hydroxylation from proline by a family
of proline 4-hydroxylase. O2, iron (II), and 2-oxoglutarate lets the
special recognition of HIF-α with Von Hippel–Lindau (VHL) protein
[43,44]. In addition to ODD, HIF-α1 also includes two transcriptional
activation domains (AD), N-terminus NAD and C-terminus CAD.
The second oxygen sensor control is the transcriptional activity of
CAD whose regulation happens through aspergillus of hydroxylase
factor depending on inhibition of oxygen FIH-1 (HIF-1) [45]. The
HIF collection, then, in response to hypoxia ingredients (HRE) joins
in the target gene and activates its own transcription. In addition to
hydroxyproline, other legal pathways, such as phosphatidylinositol
3-kinase (PI3K)/AKT, have been implicated in controlling the
expression of HIF-α protein. It’s the (PI3K)/AKT pathway that is
usually activated in human cancers through losing tumor suppressor
phosphatase and tensin homolog deleted on chromosome 10 (PTEN)
or through the signaling growth factor [40]. High PI3K activity can
also affect the participating interaction of hypothetical repressor
with HIF-1. The more activity is shown by the mechanisms of this
physiological inhibitory effect, the more the literature supports
the relationship between activating HIF-1a through PI3K/AKT
pathway and the VEGF expression which is most likely important
in the development of the tumor [40]. Our results, did not show any
significant difference between the two men and women sexes; this is
in accordance with the researchers of Shimada et al. [46], Shimada et
al. [47] and Shimada et al. [48], in the way that serum VEGF is greatly
related to the tumor size, stage of tumor growth, nodal status, and
distant metastasis but is irrelevant to the patient’s sex or age.

Conclusion
There was a meaningful increase in VEGF gene expression in the
case group. There was not a meaningful difference in gene expression
in male or female groups in case or control groups (P>0.05).

Compliance with Ethical Standards
i. Conflict of Interest: None.
ii. Funding: This work was a self-funded M.Sc. student project
(Mrs. Hadiseh Farzanfar) that was funded, in part, by University of
Zabol, and supported by Payam Noor University (PNU), Tehran,
Islamic Republic of Iran.
iii. Ethical approval: This research was approved by Payam
Noor University (PNU), Tehran, Islamic Republic of Iran (ethical
committee approval No. #3871/1938).
iv. Informed consent: The informed consent from all individuals
participated was obtained in this study.
Acknowledgements
We appreciate of all participants in this study and also we would like to thank
of Payam Noor University (PNU), Tehran, and University of Zabol, Zabol, Islamic
Republic of Iran.

Volume 5 • Issue 6 • 1000167

References
1. Roberts MJ (2014) Grown Men Donʼt Cry: A Personal Journey of Despair and
Hope (4th Edtn), Partridge, Malaysia.
2. Motalleb G, Gholipour N, Samaei NM (2014) Association of the human
astrocyte elevated gene-1 promoter variants with susceptibility to
hepatocellular carcinoma. Med Oncol 31: 916.
3. Daly JM, Fry WA, Little AG, Winchester DP, McKee RF, et al. (2000)
Esophageal cancer: results of an American College of Surgeons Patient Care
Evaluation. J Am Coll Surg 190: 562-572.
4. Kaz AM, Grady WM (2014) Epigenetic biomarkers in esophageal cancer.
Cancer Lett 342: 193-199.
5. Abbaszadegan M, Afsharnezhad S, Rzyyy HR, Nassiri MR, Ghafarzadegan K
(2011) Evaluation of promoter hyper-methylation p16/INK4a in serum, blood,
and tumors of patients with esophageal squamous cell carcinoma. 14: 47-49.
6. Hajian K, kash Yfard M, Davoudi H, Abedi M (2004) Epidemiological study of
patients with esophageal cancer in patients with radiotherapy center Rajaee
Babolsar. J Gorgan Uni Med Sci 1389: 11.
7. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. (2011) Global cancer
statistics. CA Cancer J Clin 61: 69-90.
8. Tanigawa N, Amaya H, Matsumura M, Shimomatsuya T (1997) Correlation
between expression of vascular endothelial growth factor and tumor
vascularity, and patient outcome in human gastric carcinoma. J Clin Oncol
15: 826-32.
9. Watson CJ, Webb NJ, Bottomley MJ, Brenchley PE (2000) Identification of
polymorphisms within the vascular endothelial growth factor (VEGF) gene:
correlation with variation in VEGF protein production. Cytokine 12: 12321235.
10. Senger DR, Perruzzi CA, Feder J, Dvorak HF (1989) A highly conserved
vascular permeability factor secreted by a variety of human and rodent tumor
cell lines. Cancer Res 46: 5629-5632.
11. Connolly DT, Heuvelman DM, Nelson R, Olander JV, Eppley BL, et al. (1989)
Tumor vascular permeability factor stimulates endothelial cell growth and
angiogenesis. J Clin Invest 84: 1470-1478.
12. Kut C, Mac Gabhann F, Popel AS (2007) Where is VEGF in the body? A
metaanalysis of VEGF distribution in cancer. Br J Cancer 97: 978-985.
13. Houck KA, Ferrara N, Winer J, Cachianes G, Li B, et al. (1991) The vascular
endothelial growth factor family: Identification of a fourth molecular species
and characterization of alternative splicing of RNA. Mol Endocrinol 5: 18061814.
14. Pouysségur J, Dayan F, Mazure NM (2006) Hypoxia signalling in cancer and
approaches to enforce tumour regression. Nature 441: 437-443.
15. Carmeliet P, Moons L, Luttun A, Vincenti V, Compernolle V, et al. (2001)
Synergism between vascular endothelial growth factor and placental growth
factor contributes to angiogenesis and plasma extravasation in pathological
conditions. Nat Med 7: 575-583.
16. Autiero M, Waltenberger J, Communi D, Kranz A, Moons L, et al. (2003) Role
of PlGF in the intraand intermolecular cross talk between the VEGF receptors
Flt1 and Flk1. Nat Med 9: 936-943.
17. Kukk E, Lymboussaki A, Taira S, Kaipainen A, Jeltsch M, et al. (1996)
VEGF-C receptor binding and pattern of expression with VEGFR-3 suggests
a role in lymphatic vascular development. Development 122: 3829-3837.
18. Okines AFC, Reynolds AR, Cunningham D (2011) Targeting Angiogenesis in
Esophagogastric Adenocarcinoma. Oncologist 16: 844-858.
19. Ogawa S, Oku A, Sawano A, Yamaguchi S, Yazaki Y, et al. (1998) A
novel type of vascular endothelial growth factor, VEGF-E (NZ-7 VEGF),
preferentially utilizes KDR/Flk-1 receptor and carries a potent mitotic activity
without heparin-binding domain. J Biol Chem 273: 31273-31282.
20. Prewett M, Huber J, Li Y, Santiago A, O’Connor W, et al. (1999) Antivascular
endothelial growth factor receptor (fetal liver kinase 1) monoclonal antibody
inhibits tumor angiogenesis and growth of several mouse and human tumors.
Cancer Res 59: 5209-5218.
21. Partanen TA, Alitalo K, Miettinen M (1999) Lack of lymphatic vascular
specificity of vascular endothelial growth factor receptor 3 in 185 vascular

• Page 6 of 7 •

Citation: Farzanfar H, Motalleb G, Maghsoudi H (2016) VEGF Expression Evaluation in Patients with Esophageal Cancer by using Reverse Transcriptase
Real- Time Polymerase Chain Reaction. J Clin Exp Oncol 5:6.

doi: 10.4172/2324-9110.1000167
tumors. Cancer 86: 2406-2412.
22. Jahantigh M, Salari S, Hedayati M (2013) Detection of infectious bronchitis
virus serotypes by reverse transcription polymerase chain reaction in broiler
chickens. Springer plus 2: 36.
23. Krüttli A, Bouwman A, Akgül G, Della Casa P, Rühli F, et al. (2014) Ancient
DNA Analysis Reveals High Frequency of European Lactase Persistence
Allele (T-13910) in Medieval Central Europe. J PLOS One 9: e86251.
24. Wong ML, Medrano JF (2005) Real-time PCR for mRNA quantitation.
BioTechniques 39: 75-85.
25. Pfaffl MW (2004) Relative quantification. In: Real-time PCR. Taylor & Francis
Group, New York: 63-82.

for VHL-mediated destruction by proline hydroxylation: implications for O2
sensing. Science 292: 464-468.
44. Jaakkola P, Mole DR, Tian YM, Wilson MI, Gielbert J, et al. (2001) Targeting
of HIF-alpha to the von Hippel-Lindau ubiquitylation complex by O2-regulated
prolyl hydroxylation. Science 292: 468-724.
45. Arany Z, Huang LE, Eckner R, Bhattacharya S, Jiang C, et al. (1996) An
essential role for p300/CBP in the cellular response to hypoxia. Proc Natl
Acad Sci USA 93: 12969-12973.
46. Shimada H, Hoshino T, Okazumi S, H Matsubara, Y Funami, et al. (2002)
Expression of angiogenic factors predicts response to chemoradiotherapy
and prognosis of oesophageal squamous cell carcinoma. Br J Cancer 86:
552-557.

26. Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C (T)) Method.
Methods 25: 402-408.
27. Kizys MML, Cardoso MG, Lindsey SC, Michelle Y (2012) Optimizing
nucleic acid extraction from thyroid fine-needle aspiration cells in stained
slides, formalin-fixed/ paraffin-embedded tissues, and long-term. Arq Bras
Endocrinol Metab 56: 618-626.
28. Stathopoulos GP, Tsiaras N (2003) Epidemiology and pathogenesis of
esophageal cancer: Management and its controversial results. Oncol Rep
10: 449-454.
29. Noori Daloii MR, Maheronnaghsh R, Sayyah MK (2011) Molecular genetics
and gene therapy in esophageal cancer. Tehran Univ Med J 69: 331-343.
30. Noguchi T, Takeno S, Shibata T (2002) VEGF-C expression correlates with
histological differentia-tion and metastasis in squamous cell carcinoma of the
esophagus. Oncol Rep 9: 995-999.
31. Tuder RM, Flook BE, Voelkel NF (1995) Increased gene expression for VEGF
and the VEGF receptors KDR/Flk and Flt in lungs exposed to acute or to
chronic hypoxia. Modulation of gene expression by nitric oxide. J Clin Invest
95: 1798-1807.
32. Zhangl H, Zhangl L, Chenl K, Gad D, He F, et al. (2006) Expression of
vascular endothelial growth factor C in human esophageal squamous cell
carcinoma. J Life Sci 4.
33. Lu X, Straaten T, Tiller M, Li X (2011) Evidence for Qualified Quantitative
mRNA Analysis in Formalin-Fixed and Paraffin-Embedded Colorectal
Carcinoma Cells and Tissue. Clin Lab Anal 25: 166-173.
34. Smith CJ, Osborn AM (2009) Advantages and limitations of quantitative PCR
(Q-PCR)-based approaches inmicrobial ecology. FEMS Microbiol Ecol 67:
6-20.
35. Sfar S, Saad H, Mosbah F, Chouchane L (2009) Combined effects of the
angiogenic genes polymorphisms on prostate cancer susceptibility and
aggressiveness. Mol Biol Rep 36: 37-45.
36. Loeb KR, Loeb LA (2000) significance of multiple mutations in cancer.
Carcinog 21: 379-385.
37. Hata K, Watanabe Y, Nakai H, Hata T, Hoshiai H (2011) Expression of the
vascular endothelial growth factor (VEGF) gene in epithelial ovarian cancer:
an approach to anti-VEGF therapy. Anticancer Res 31: 731-737.
38. Baatar D, Jones MK, Tsugawa K, Pai R, Moon WS, et al. (2002) Esophageal
ulceration triggers expression of hypoxia-inducible factor-1 alpha and activates
vascular endothelial growth factor gene: implications for angiogenesis and
ulcer healing. Am J Pathol 161: 1449-1457.
39. Nagata J, Kijima H, Hatanaka H, Tokunaga T, Takagi A, et al. (2002)
Correlation between interleukin 10 and vascular endothelial growth factor
expression in human esophageal cancer. Int J Mol Med 10: 169-172.
40. Shafee N, Kaluz S, Ru N, Stanbridge EJ (2009) PI3K/Akt activity has variable
cell-specific effects on expression of HIF target genes, CA9 and VEGF, in
human cancer cell lines. Cancer Lett 282: 109-115.
41. Smith TG, Robbins PA, Ratcliffe PJ (2008) The human side of hypoxiainducible factor. Br J Haematol 141:325-334.
42. Chan DA, Sutphin PD, Yen SE, Giaccia AJ (2005) Coordinate regulation of
the oxygen-dependent degradation domains of hypoxia-inducible factor 1
alpha. Mol Cell Biol 25: 6415-6426.

Author Affiliations

Top

Department of Biology, Faculty of Sciences, University of Zabol, Zabol, Islamic
Republic of Iran

1

Department of Biology, Payam Noor University (PNU), Tehran, Islamic
Republic of Iran

2

Submit your next manuscript and get advantages of SciTechnol
submissions







80 Journals
21 Day rapid review process
3000 Editorial team
5 Million readers
More than 5000
Quality and quick review processing through Editorial Manager System

Submit your next manuscript at ● www.scitechnol.com/submission

43. Ivan M, Kondo K, Yang H, Kim W, Valiando J, et al. (2001) HIF-alpha targeted

Volume 5 • Issue 6 • 1000167

• Page 7 of 7 •

