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Abstract. Avemar, a derivative of fermented wheat germ 
extract, is a non‑toxic and natural compound that is used as 
a dietary supplement by cancer patients undergoing chemo-
therapy and radiotherapy. Avemar has numerous biological 
activities, and several recent studies have reported that it 
may also have metastatic and anti‑angiogenic effects. In the 
present study, the mechanism of the anti‑angiogenic effect of 
Avemar on human cancer cells was investigated. The human 
cell lines NCI‑N87 (gastric tubular adenocarcinoma), PC3 
(prostate carcinoma), HeLa (endocervical adenocarcinoma) 
and A549 (lung adenocarcinoma) were treated with various 
doses (400, 800, 1,600 and 3,200 µg/ml) of Avemar, and the 
changes in mRNA and protein levels of two important markers 
of angiogenesis, vascular endothelial growth factor (VEGF) 
and cyclooxygenase‑2 (Cox‑2), were assessed by reverse tran-
scription‑quantitative polymerase chain reaction and ELISA. 
VEGF and Cox‑2 protein and mRNA levels were significantly 
lower in Avemar‑treated cells than in untreated cells. The 
data suggest that Avemar may exert an anti‑angiogenic effect 
on cancer cells. Thus, it is suggested to medical doctors as a 
potential agent for the anti‑angiogenic treatment of cancer.

Introduction

Angiogenesis, the physiological formation of new blood vessels 
from pre‑existing ones  (1), serves a central role in human 
physiology during fetal development, wound healing, tissue 
repair following surgery or trauma, menstruation, cancer, and 
various ischemic and inflammatory diseases (2). However, 
unregulated angiogenesis may result in angiogenic diseases, 
including diabetic retinopathy, rheumatoid arthritis, inflam-
matory diseases, or tumor growth and metastasis (3,4). As 
cancer growth is associated with angiogenesis, the inhibition 
of angiogenesis is a promising therapeutic strategy in cancer 

treatment. Furthermore, understanding the mechanisms of 
angiogenesis inhibition well enough to manipulate it may lead 
to numerous therapeutic possibilities.

Avemar (fermented wheat germ extract) is produced 
by the industrial fermentation of wheat germ. Avemar is a 
completely natural and non‑toxic compound that is used 
clinically as a dietary supplement for cancer patients under-
going chemotherapy and radiotherapy (5‑9). It is known to 
have certain biological effects due its major components, 
2‑methoxy‑benzoquinone and 2,6‑dimethoxy‑benzoquinone. 
Additionally, Avemar has been demonstrated to be associated 
with anaerobic glycolysis, the pentose cycle and ribonucleo-
tide reductase enzymes; to exert significant anti‑proliferative 
effects in a broad spectrum of tumor cell lines; and to possess 
the ability to kill tumor cells by inducing apoptosis through 
the caspase‑poly ADP‑ribose polymerase pathway  (5,10). 
Furthermore, Avemar was reported to be an effective adju-
vant agent in cancer treatment for several types of cancer. 
such as breast, colon, lung and prostate cancer (11). However, 
the mechanism of the anti‑angiogenic effect of Avemar 
is unclear. Numerous studies have investigated cytotoxic 
effects of Avemar on nearly all types of cancers that's why 
we did not do any cell viability in this project. Therefore, the 
Avemar concentrations were determined according to the 
literature (11‑14). The main aim of the present study was to 
determine the effects of Avemar on angiogenesis. Therefore, 
the present study focused on molecular target genes associated 
with angiogenesis, vascular endothelial growth factor (VEGF) 
and cyclooxygenase‑2 (Cox‑2), to evaluate the anti‑angiogenic 
effect of Avemar on tumor cells.

Materials and methods

Cell lines and Avemar. The human gastric carcinoma cell line 
NCI‑N87, human prostate cancer cell line PC3, human cervical 
carcinoma cell line HeLa, and human lung adenocarcinoma 
cell line A549 were purchased from ATCC (Manassas, VA, 
USA). All cells were grown in Dulbecco's modified Eagle's 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), supplemented with 10% heat‑inactivated fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 2 mM 
glutamine, and 1% penicillin/streptomycin/neomycin in a 
humidified incubator (5% CO2 in air at 37˚C). Avemar was 
donated by Biropharma USA Inc. (New York, NY, USA). The 
Avemar was stored as dried powder at 4˚C in a bottle until use. 
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Prior to use, it was freshly prepared in sterile water to a final 
concentration of 400 µg/ml. The solution was centrifuged to 
remove indissoluble materials and then filtered with a 0.22‑µm 
filter.

Determination of VEGF and Cox‑2 levels by ELISA. A549, 
PC3 and NCI‑N87 cells release VEGF protein constitutively. 
The augmented release of VEGF protein after 48 h was deter-
mined in response to serum starvation in PC3 and NCI‑N87 
cells, and in response to 1,000 U/ml tumor necrosis factor α 
(TNF‑α) in A549 cells (15). In our previous study, the basal 
VEGF protein levels were determined at 24, 48 and 72 h 
following seeding of HeLa cells (5x103 cells/well) without any 
stimuli (16).

A human VEGF ELISA kit (cat. no., ENZ‑KIT156; 
Enzo Life Sciences, Inc., Farmingdale, NY, USA) was used 
according to the manufacturer's protocols in order to determine 
the possible effects of Avemar on VEGF levels in tumor cells. 
Briefly, 5x103 cells were plated in each well of a 96‑well plate 
and were treated with various concentrations (400, 800, 1,600 
or 3,200 µg/ml) of Avemar for 24 or 48 h. Samples (100 µl) 
were then added to the microplates containing VEGF‑specific 
monoclonal antibodies, and the mixtures were incubated for 
2 h at room temperature. The plates were then washed three 
times to remove any unbound substances. Enzyme‑linked 
polyclonal antibodies specific for VEGF were then added to 
the wells, and the mixtures were incubated for 2 h at room 
temperature, prior to a further wash to remove any unbound 
antibody or enzyme reagent. The substrate solution was 
subsequently added to the wells, and the reaction resulted in 
the development of a blue color, the intensity of which was 
proportionate to the amount of VEGF bound in the initial step. 
Following quenching to cease color development, the intensity 
of the color was measured at 450 nm with a Multiskan GO 
Microplate Spectrophotometer (Thermo Fisher Scientific, 
Inc.) and compared to a standard curve.

The Cox‑2 concentration was measured using a human 
Cox‑2 ELISA kit (cat. no., ADI‑900‑094) provided by Enzo 
Life Sciences, Inc. Samples were prepared by extracting Cox‑2 
from the cells and stock solutions were prepared according 
the manufacturer's protocol. Briefly, the cells were harvested 
and medium was removed. The cells were re‑suspended in 
radioimmunoprecipitation assay (RIPA) buffer (25 mM Tris, 
pH 7.4, 0.15 M KCl, 1% NP‑40, 5 mM EDTA, 0.5% Sodium 
deoxycholate, 0.1% SDS). Samples were prepared by soni-
cating cells in RIPA buffer for 5 cycles of 30 sec, in 1 min 
intervals on ice. Samples were then added the microplate. The 
plate was incubated at 37˚C for 1 h, then washed prior to the 
addition of a labeled antibody. The plate was incubated at 4˚C 
for 30 min, washed, and a substrate solution was added. The 
reaction was stopped and absorbance was measured at 450 nm 
using a Multiskan GO Microplate Spectrophotometer. Protein 
concentrations were calculated with reference to the standard 
curve.

Total RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). All tumor cell lines 
were plated in 6‑well plates (3x106 cells/well) and allowed 
to attach for 24 h. Following the incubation period, cells 
were treated with 400 or 3,200 µg/ml Avemar and the cells 

were incubated for a further 48 h. Subsequently, the medium 
in each well was aspirated, and the cells were washed with 
ice‑cold PBS and immediately lysed in 2‑mercaptoethanol 
in RLT buffer from the RNeasy kit (Qiagen GmbH, Hilden, 
Germany). Further RNA isolation was performed with the 
RNeasy kit as described by the manufacturer. Total isolated 
RNA was then quantified, and 100‑ng samples of total RNA 
were reverse‑transcribed into cDNA using a QuantiTect 
Reverse Transcription kit (Qiagen GmbH), according to the 
manufacturer's protocol, along with random hexamers and 
oligo‑(dT) 16 primers included in the kit. RT was performed at 
42˚C for 30 min. The total volume for each reverse transcrip-
tion reaction was 20 µl. The generated cDNA was then used 
as the template for qPCR in a StepOnePlus™ Real‑Time PCR 
System (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
The qPCR was performed under the following conditions: 
5 min initial denaturation at 94˚C, then 35 cycles of denatur-
ation (30 sec at 94˚C), annealing (45 sec at 58˚C), extension 
(45 sec at 72˚C), and a final extension at 72˚C for 5 min.

The reaction mixtures consisted of SYBR Green I 
(QuantiTect SYBR Green PCR kit; Qiagen GmbH), 300 µM 
forward and reverse primers (final concentrations optimized 
during the assay setup), 100  nM human UPL probe, and 
2.5 µl cDNA template. The sequences of the primer pairs 
are listed in Table I. The expression levels of the tested genes 
were normalized to that of GAPDH and presented as the fold 
change compared with the control group (17). All experiments 
were repeated three times.

Statistical analysis. All values are presented as the mean ± stan-
dard error of mean. Data were analyzed using a one‑way 
analysis of variance (ANOVA) followed by Dunnett's multiple 
comparisons test. Analyses were performed with GraphPad 
InStat v.10.0 software (GraphPad Software, Inc., La Jolla, CA, 
USA). P<0.05 was considered statistically significant.

Results

VEGF is affected by Avemar in tumor cell lines. First, the 
maximum level of VEGF expression was determined in 
A549 cells stimulated by TNF‑α and in PC3 and NCI‑N87 
cells stimulated by serum starvation. Basal VEGF protein 
levels were measured at 12, 24 and 48 h in HeLa cells, and the 
maximum induction of released VEGF protein was observed 
after 48 h without any stimuli (Fig. 1).

To determine the possible effects of Avemar on VEGF 
levels induced by the different stimuli for each cell line, all 
tumor cells were treated with 400, 800, 1,600 and 3,200 µg/ml 
Avemar for 24 and 48 h. In all cell lines, the inhibition of 
induced VEGF levels increased in a dose‑dependent manner 
(Fig. 2). The increase in inhibition, as compared with the 
control group, was statistically significant in the HeLa and 
A549 cells that were treated with 3,200 µg/ml Avemar for 48 h 
(P<0.001). No significant changes in VEGF inhibition were 
observed in the NCI‑N87 and PC3 cells at either time point 
(P>0.05). In A549 and HeLa cells, RT‑qPCR was performed 
to investigate whether the inhibition of VEGF levels occurred 
due to alterations at the transcript level. The results revealed 
consistent alterations in the mRNA (Fig. 3) and protein levels 
of VEGF (P<0.001). As shown in Fig. 3, Avemar treatment 
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(3,200 µg/ml) yielded 3.2‑ and 3.4‑fold decreases in VEGF 
mRNA levels in A549 and HeLa cells, respectively (P<0.001).

Cox‑2 may be responsible for the inhibition by Avemar of 
VEGF induction. It was next assessed whether Cox‑2 was 
responsible for the VEGF inhibition following Avemar treat-
ment in HeLa and A549 cells. Unstimulated HeLa cells and 
TNF‑α‑stimulated A549 cells were treated with 400, 800, 
1,600 and 3,200 µg/ml Avemar for 24 and 48 h, and Cox‑2 
protein levels were measured by ELISA. The inhibition of 
Cox‑2 levels following Avemar treatment in HeLa and A549 
cells increased in a time‑ and dose‑dependent manner (Fig. 4). 
Compared with the control group, the amount of Cox‑2 protein 
decreased by ~60% in HeLa and A549 cells (P<0.001). 
RT‑qPCR was also performed to examine whether Avemar 
treatment was also associated with the inhibition of Cox‑2 at 

the transcript level. RT‑qPCR verified the ELISA results for 
Cox‑2 levels, with Avemar treatment (3,200 µg/ml) yielding 
4.3‑ and 4.6‑fold decreases in Cox‑2 mRNA levels in A549 
and HeLa cells, respectively (Fig. 5).

Discussion

Avemar has been approved as a medical dietary supplement for 
cancer patients by Hungary's National Institute of Food Safety 
and Nutrition. It has been demonstrated to synergistically 
increase the effects of anticancer agents such as 5‑fluorouracil 
(5‑FU) and dacarbazine  (18), and has also been shown to 
reduce the formation of metastases in certain animal models 
and to increase survival rates by inhibiting the proliferation 
of skin grafts (19,20). In addition, the oral use of Avemar in 
patients with advanced colorectal cancer or high‑risk mela-
noma inhibits the formation of tumor metastases and prolongs 
survival following chemotherapy and surgery  (13,14). The 
present study showed that Avemar exerts anti‑angiogenic 
effects by inhibiting VEGF and Cox‑2 gene expression in PC3, 
NCI‑N87, HeLa and A549 cells. These findings highlight the 
anti‑angiogenic effect of Avemar on cancer cell lines, and, to 
the best of our knowledge, this is the first report confirming 
this possible anti‑angiogenic mechanism.

Angiogenesis is an important feature of malignant 
tumors. Newly formed tumor blood vessels provide the 
necessary nutrition for tumor growth as well as a means 
to spread to other organs. VEGF, the most widely accepted 
stimulator of angiogenesis, promotes the formation of new 
vessels by binding to VEGF receptors on the endothelial 
cells surrounding the blood vessels  (21). In recent years, 
drugs that can block the VEGF pathway have become impor-
tant components of cancer treatment. Another key regulator 
of angiogenesis is Cox‑2, and there is a close association 
between the Cox‑2 and VEGF pathways in the regulation 
of angiogenesis (22). Stimulating Cox‑2 induces the activa-
tion and production of VEGF (23). Downregulation of the 
Cox‑2 and VEGF pathways has been associated with the 
anti‑angiogenic activity of polyphenols and polyphenol‑rich 
foods in in vitro and in vivo models of angiogenesis (24‑26). 
Therefore, it was hypothesized that Avemar, which includes 
a number of components, could reduce angiogenic responses 
in tumor cells and that this reduction may be mediated by 
decreases in Cox‑2 and VEGF expression.

Tsujii et al  (27) demonstrated that the overexpression 
of Cox‑2 may lead to dedifferentiation, adhesion to the 

Table I. Primer pairs used for reverse transcription‑quantitative polymerase chain reaction.

	 Primer sequences (5'→3')
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene name	 Forward	 Reverse

Cox‑2	 TCACGCATCAGTTTTTCAAGA	 TCACCGTAAATATGATTTAAGTCCAC
VEGF	 AGGCCAGCACATAGGAGAGA	 TTTCCCTTTCCTCGAACTGA
GAPDH	 TCACCAGGGCTGCTTTTAACCT 	 CACGCCACAGTTTCCCGGAG

Cox‑2, cyclooxygenase 2; VEGF, vascular endothelial growth factor; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase.

Figure 1. VEGF protein levels determined by ELISA. (A) A549 cells were 
incubated with tumor necrosis factor α (1,000 U/ml) and HeLa cells were 
incubated without any stimuli for 48 h. (B) NCI‑N87 and PC3 cells were 
exposed to serum starvation for 48 h. VEGF protein levels were measured 
by ELISA. Each data value indicates the mean ± standard error of the mean 
of eight independent experiments. *P<0.05 and ***P<0.001 vs. control group 
(0 h) determined using a one‑way analysis of variance followed by Dunnett's 
test. VEGF, vascular endothelial growth factor.
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extracellular matrix and inhibition of programmed cell 
death in intestinal cells. Although the precise mechanisms 
by which Cox‑2 promotes tumor cell growth remain to 
be fully elucidated, it has been demonstrated that Cox‑2 
stimulates endothelial cell motility and tube formation 
in Caco‑2 human colorectal cancer and HCA‑7 human 
colonic adenocarcinoma cells by upregulating the produc-
tion of pro‑angiogenic factors, including VEGF. In a study 
performed by Sawaoka et al (28), which utilized an MKN45 
xenograft model, it was demonstrated that the inhibition of 
Cox‑2 by NS‑398 (a selective Cox‑2 inhibitor) suppressed 
the protein levels of VEGF and basic fibroblast growth 
factor, and that the angiogenic and apoptotic indexes were 
significantly associated. Furthermore, in a preclinical study 
by Mueller et al (11), the cytotoxic activity of Avemar was 
screened in a large panel of human tumor cell lines to eval-
uate its potential antitumor properties. The highest activity 
was found in neuroblastoma and ovarian cancer cell lines. 

Figure 2. Avemar inhibits induced VEGF expression in A549 and HeLa cells, but not in NCI‑N87 or PC3 cells. Following VEGF induction, all cells were 
treated with four different doses (400, 800, 1,600 and 3,200 µg/ml) of Avemar and VEGF expression was determined by ELISA. Each data point indicates 
the mean ± standard error of the mean of eight independent experiments. *P<0.05 and ***P<0.001 vs. control group (no Avemar treatment) determined using a 
one‑way analysis of variance followed by Dunnett's test. VEGF, vascular endothelial growth factor.

Figure 3. Avemar decreases the mRNA expression of VEGF in A549 and 
HeLa cells. GAPDH was used as an internal control to normalize the expres-
sion levels. Data are presented as the mean ± standard error of the mean (n=9). 
***P<0.001 vs. control group determined using a one‑way analysis of variance 
followed by Dunnett's test. VEGF, vascular endothelial growth factor.

Figure 4. Avemar diminishes Cox‑2 protein levels in A549 and HeLa cells. 
Cells were treated with the indicated doses of Avemar and Cox‑2 protein levels 
were determined by ELISA. Each data point indicates the mean ± standard 
error of the mean of eight independent experiments. *P<0.05 and ***P<0.001 
vs. control group determined by a one‑way analysis of variance followed by 
Dunnett's test. Cox‑2, cyclooxygenase 2. 

Figure 5. Avemar decreases the mRNA expression of Cox‑2 in A549 and 
HeLa cells. GAPDH was used as an internal control to normalize expression 
levels. Data are presented as the mean ± standard error of the mean (n=9). 
***P<0.001 vs. control group determined by a one‑way analysis of variance 
followed by Dunnett's test. Cox‑2, cyclooxygenase 2.
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The half‑maximal inhibitory concentrations of Avemar were 
0.5 mg/ml in M2 (a gastric cancer cell line) and 0.4 mg/ml 
in A549 (a lung adenocarcinoma cell line). According to this, 
the results of the current study are in agreement with previous 
studies of Avemar that have demonstrated antitumor activity. 
We conclude that Avemar may exert anti‑angiogenic activity 
by reducing VEGF and Cox‑2 in tumor cells. However, 
further studies on how the products of Cox‑2 mediate the 
transcriptional regulation of VEGF are required.

There are several limitations to the present study. First, 
the protein and gene levels of VEGF and Cox‑2 were the only 
direct markers used in the assessment of angiogenesis. The 
extent and activity of other genes related to angiogenesis, 
such as matrix metalloproteinases (MMPs) and interleukins, 
requires further evaluation to better assess angiogenesis. 
The roles of MMP‑2 and MMP‑9 in angiogenesis have 
been explored in a variety of studies  (29‑31). Recently, 
Yang  et  al  (32) demonstrated that Avemar significantly 
decreased the expression of MMP‑2, but not MMP‑1 or 
MMP‑9, in SCC‑4 oral cancer cells. In addition, the authors 
assayed the expression levels of urokinase‑type plasminogen 
activator (uPA), an upstream activator of MMPs, which are 
typically associated with metastasis. The results of RT‑PCR 
indicated that Avemar inhibited MMP‑2 and uPA due to 
altering the transcript levels of these genes (31).

Future investigations are warranted on the combination of 
Avemar with other anticancer drugs, such as 5‑FU and cispl-
atin, which may enhance its in vivo and in vitro anti‑angiogenic 
and anti‑proliferative activities.

In conclusion, the present study indicates that Avemar 
diminishes angiogenic activity in various tumor cell lines. 
This is mediated through decreased Cox‑2 and VEGF levels. 
To the best of our knowledge, this is the first report examining 
the mechanism of the anti‑angiogenic effect of Avemar on 
gastric, prostatic, cervical and lung cancer cells. We hope that 
this study will encourage further studies into the anti‑angio-
genic effects of Avemar alone and in combination with other 
anticancer agents.
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