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Abstract 
Background: AMJ13 is a new breast cancer cell line that has been established from a 70-year-old 
Iraqi woman with a histological diagnosis of infiltrating ductal carcinoma. It is the first for an Iraqi 
population. In breast cancer, angiogenesis provides the tumor tissue, which is rapidly proliferated 
with oxygen and nutrients, removes wastes and increases the opportunity of cancer cells to invade 
other organs. Methods: The AMJ13 breast cancer cell line was represented at three different pas-
sages and incubated for interval times. Microarray panel of 43 different angiogenesis markers was 
used to scan the supernatant for the factors. ELISA was used to quantify some of the important an-
giogenesis factors released in the culture medium and to confirm absence of those who was not 
detected by the antibody array. RT-PCR was used to confirm the gene expression (mRNA) of stu-
died factors. Results: Microarray analysis showed that TIMP1 and two secreted at highest levels 
compared to the rest of the factors with low presence of endostatin. Other non-detectable factors by 
microarray examined by ELISA assay that showed highest expression level of VEGF-A were obtained 
at earliest passage, while the highest levels of FGF-b were obtained at late passage. The VEGF-D 
secretion was shown low concentrations at all studied passages. There is no detectable level of 
EGF protein in different passages and times interval tested. There are no significant differences in 
secretion of sICAM between different passages and incubation periods. Conclusion is that AMJ13 
cell line depends on VEGF-A as main angiogenesis factor to induce micro-vessels supported by low 
levels of VEGF-D for lymphatic vessels formation. AMJ13 cell line depends on FGF as growth factors 
as in late passages it was shifted to depend mainly on FGF completely. All of this process may be 
regulated by TGF-β. TIMP-1 has proangiogentic effect and has feedback talk with TIMP-2. Under-
standing the angiogenesis process for breast cancer can give us better targets for therapy and 
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more effective treatments. 
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1. Introduction 
Angiogenesis is a process of formation of new blood vessels from a pre-existing vasculature [1]. It is important 
in number of physiological and pathological events [2]. In cancer, angiogenesis provides the tumor tissue which 
is rapidly proliferated with oxygen and nutrients and remove wastes [3]. Previous studies demonstrate that the 
tumor growth reaches a steady state at approximately 2 - 3 mm2 in diameter due to insufficient nutrients and 
oxygens and the opportunities of tumor distance metastasis are increased with tumor angiogenesis [3] [4]. It is 
worth mentioning that the tumor cells may start forming new blood vessels by angiogenesis process to continue 
growing and invade surrounding tissue. Extensive laboratory data suggest that angiogenesis plays an essential 
role in breast cancer development, invasion, and metastasis [5]. The new blood vessels increased the opportunity 
of breast cancer cell to enter the blood stream and invade other organs while the tumor that not vascularized still 
have high death rate until they switch a new angiogenesis [3]. Angiogenesis mechanisms depend on regulation 
of biological activity and interactions of two cell main types’ endothelial and mural cells forming the vessels [6]. 
Researchers demonstrated that the tumor cells produce pro-angiogenic factors [7] that induce the endothelial 
cells proliferation to form a new vessel [8]. Angiogenesis process is regulated by the balance between pro- and 
anti-angiogenesis factors [7]. Vascular endothelial growth factors [VEGF] and its receptors are the key signaling 
system that regulates proliferation and migration of endothelial cells forming the basis of any vessel [6]. Hy-
poxia is the main force that initiates angiogenesis and induces VEGF and its receptors via hypoxia inducing 
factor-1α (HIF-1α). In addition, hypoxia considers an important component that up regulates the expression of 
different genes associated with various steps of angiogenesis such as VEGF and FGF [9]. Several oncogenes 
such as K-ras, v-ras, v-yes, fos, and v-raf may induce the up-regulation of angiogenesis factors, cytokines re-
ceptors and proteolytic enzymes [3]. Evidence is accumulating that tumor suppressor genes also play a role in 
the genetic switch of the angiogenesis [10]. Angiogenesis factors can be classified as: 1) soluble growth factors 
such as VEGF, FGF-1 and FGF-2 which cause endothelial cell growth and differentiation; 2) factors which in-
hibit proliferation and induce differentiation like TGF-β and angiogen; 3) extracellular matrix-bound cytokines 
which regulate angiogenesis such as enodstin and angiostatin. Tumor growth and metastasis can be inhibited by 
angiogenesis inhibition which was achieved by anti-angiogenesis factors [11]. AMJ13 is a new breast cancer 
cell line that has been established from an Iraqi breast cancer patient. It is the first for an Iraqi population. The 
AMJ13 cell line was established from the primary tumor of a 70-year-old Iraqi woman with a histological diag-
nosis of infiltrating ductal carcinoma. The cells found to be elongated multipolar epithelial-like cells with a pop-
ulation doubling time of 22 hours. The anchorage-independent growth ability test showed that the cells were 
able to grow in semisolid agarose, confirming their transformed nature. Cytogenetic study of these cells showed 
chromosomal aberrations with many structural and numerical abnormalities, producing chromosomes of un-
known origin called marker chromosomes. Immunocytochemistry showed that the estrogen receptor and the 
progesterone receptor were not expressed, and a weak positive result was found for HER2/neu gene expression. 
The cells were positive for BRCA1 and BRCA2, as well as for vimentin [12]. 

This study aimed to estimate the expression levels of many angiogenesis proteins that are secreted by locally 
established breast cancer cell line (AMJ13), and to detect the most responsible factors for the angiogenesis 
process in Iraqi patients to select correct anti-angiogenesis compound in future. 

2. Materials and Methods 
2.1. Cell Line and Growth Conditions 
The AMJ13 breast cancer cell line was supplied by the Iraqi Center for Cancer and Medical Genetic Research 
(ICCMGR) Experimental Therapy Department, Cell bank Unit. The cells were represented at three different 
passages 18, 37 and 60 and gown at (150,000 cell/ml) concentration on RPMI-1640 medium (US biological, 
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USA) supplemented with 10% FBS (Capricorn, Germany) and antibiotics in a humidified atmosphere of 5% 
CO2. 

2.2. Human Angiogenesis Antibody Array 
The Membrane-Based Antibody Arrays (Semi-Quantitative, Sandwich-Based) were used as a tool for screening 
and comparing expression levels of Angiogenesis cytokines, growth factors and soluble receptors. 

The Arrays utilize the sandwich immunoassay principle, wherein a panel of capture antibodies were printed 
on a nitrocellulose membrane solid support.  

The supernatants were collected from AMJ13 cells grown at passage 37 after 24 hrs to scan the expression of 
several factors related with angiogenesis by Antibody Array. The procedure was according to manufacturer 
protocol, briefly, the samples were incubated for two hrs on the slides. A cocktail of biotinylated Ab were added 
after washing the membranes. They further incubated for 2 hrs and washed and incubated for one hour with 
labled streptavidin. Signal detected using (Epichemi3 Darkroom, UVP, USA) and data analyzed using Labworks 
software (UVP, USA). 

2.3. Quantification of Angiogenesis Factors Release 
To quantify angiogenesis factors release, the culture medium were collected at regular intervals (6, 12, 18, 24, 
30 and 36 hrs), and it frozen until further analysis. Angiogenesis factors concentrations were determined by us-
ing an Enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer.s protocol VEGF-A, 
VEGF-D, FGF-b, EGF (Raybiotech, USA) TGF-β and sICAM (IBL, Germany). The GraphPad prism software 
(GraphPad, San Diego, California, USA) was used to plot the standard curve and calculation the factors concen-
trations. 

2.4. Reverse Transcription-Polymerase Chain Reaction 
2.4.1. RNA Extraction 
Total RNA was extracted from AMJ13 cells by (Automated total RNA extraction kit, Anatolia, Turkey) accord-
ing to the manufacturer’s protocol and was quantified by nanodrop. 

2.4.2. Reverse Transcription-Polymerase Chain Reaction 
The expression of mRNAs encoding different polypeptide isoforms of (VEGF-A, VEGF-D, FGF-b, EGF, TGF-β 
and sICAM) were studied by RT-PCR. Specific primers for the (VEGF-A, VEGF-D, FGF-b, EGF, TGF-β and 
sICAM) genes (design of primers was based on published sequence on National Center for Biotechnology In-
formation (NCBI). The 20 µl RT-PCR reaction contained 0.27 µg of total RNA, specific primer pair, (IDI DNA, 
USA), and components of the OneStep RT-PCR kit (KAPA Biosystem, USA). Specific detection of TGF-β gene 
was achieved with the following primer pairs: forward 5' TGGTGGAAACCCACAACGAA 3' and reverse 5' 
GAGCAACACGGGTTCAGGTA 3' to detect the TGF-β gene and the following primer pairs: forward 5' 
CTTCAAGCCATCCTGTGTGC 3' and reverse 5' TCTCTCCTATGTGCTGGCCT 3' to detect the VEGF-A and 
the following primer pairs: forward 5' CTTCCCCAAGGATTTCAAGATGA 3' and reverse 5' ATGTCTTCA 
AACCTATAAAACAGCA 3' to detect the FGF-b in AMJ13 cells. The PCR amplification conditions used for 
TGF-β, VEGF-A and FGF-b amplification were as follows: 42˚C for 5 min, 95˚C followed by 40 cycles of 43 
sec: 3 sec at 95˚C, 20 sec at 62˚C, and 20 sec at 72˚C. Specific detection of VEGF-D gene was achieved with the 
following primer pairs: forward 5' TCCCATCGGTCCACTAGGTT 3' and reverse 5' CACACAAGGGGGCTT 
GAAGA 3' to detect the VEGF-D gene in AMJ13 cells. The PCR amplification conditions used for VEGF-D 
amplification were as follows: 42˚C for 5 min, 95˚C followed by 40 cycles of 43 sec: 3 sec at 95˚C, 20 sec at 
55.5˚C, and 20 sec at 72˚C. Specific detection of EGF gene was achieved with the following primer pairs: for-
ward 5' CCGCATCTGGGGTCAATCAT 3' and reverse 5' GTGCAGGACCCACACAAGTA 3' to detect the 
EGF gene in AMJ13 cells. The PCR amplification conditions used for TGF-β amplification were as follows: 
42˚C for 5 min, 95˚C followed by 40 cycles of 43 sec: 3 sec at 95˚C, 20 sec at 58.5˚C, and 20 sec at 72˚C. The 
PCR cDNA product was electrophoresed on a 1.4% agarose gels containing ethidium bromide DNA dye, visua-
lized under UV light, and photographed. Specific amplification was determined by the size of the products on 
the gel compared to the 100 - 1000 bp DNA ladder (100 bp DNA ladder, KAPA Biosynthesis, USA). 
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2.5. Statistical Analysis 
Statistical analysis of data was performed by using Statistical Package for Social Science (SPSS) version 17 for 
determination of significant variations by using ANOVA two ways to analysis the data of secretion levels of an-
giogenesis factors. The differences are considered significant when the probability value is (<0.05). 

3. Results 
3.1. Scanning for Angiogenesis Factors by Antibody Array 
The experiment showed that the highest level of expressions for angiogenesis factors were TIMP1 and TIMP2. 
Endostatin factor was secreted in low level comparing to the TIMP1 and TIMP2, while other factors secretions 
were lower than sensitivity level of the kit. The results are shown in (Figures 1(A)-(C). 

 

 

C

  
Figure 1. (A) and (B), the membrane with the positive signals. (C), Secretions levels of angiogenesis factors by AMJ13 cul-
tured at passages 37 after 24 hrs incubation at 37˚C detected by antibody array. 
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3.2. Measuring Angiogenesis Factors by ELISA Assay 
After screening for 43 potential angiogenesis factors and discovered only 3 factors with very high expression, 
we went now for more sensitive assay to confirm presence some of the most important factors for angiogenesis 
and breast cancer growth. The measured angiogenesis factors (VEGF-A, VEGF-D, FGF-b, EGF, TGF-β and 
sICAM) to confirm if they secreted by human breast cancer cell line (AMJ13) during different time intervals.  

The detection of VEGF-A secretion by AMJ13 cell line was significant. It shown to be increased gradually 
from low to high levels through time to reach highest peak at 36hrs in the three passages tested. From the 
(Figure 2), we can notice that early passages (passage 18) were of higher expression when compared to later 
passages (passages 36 and 60). The higher concentration was detected at passage 18 after 36 hrs of culture, 
which was 1982 pg/ml.  

The expression of VEGF-D was very low and higher concentrations was 36 pg/ml at passage 60 after 6 hrs 
and there were no significant differences in secretion levels of the VEGF-D at all interval times and passages 
measured which indicate that this cancer cell line is not depending on VEGF-D as angiogenesis factors. There is 
no evidence on EGF protein secretion by the AMJ13 cells at all passages at different intervals. Soluble Intracel-
lular adhesion molecules were detected and its concentrations were increased gradually. There were no signifi-
cant differences between different passages. The highest secretion levels detected was 1460 pg at passage 60 af-
ter 36 hrs.  

Fibroblast growth factor were secreted significantly from early passages (18 and 36) at early time (6 hrs) and 
maintaining good level of expression at all times tested. Surprisingly, the level of expression were changed at 
passage 60 to show gradual secretion to reach very higher and significant amount especially at 30 and 36 hrs to 
reach 10,959 and 13,355 pg/ml respectively. 

These results may indicates that the breast cancer cells changed to be depend on FGF-b as a growth factor. 
The expression levels of FGF-b ranged from 395 pg at passage 60 after 12 hrs to 13,355 pg at passage 60 after 
36 hrs.  

Transforming growth factor beta (TGF-β) secreted at higher levels as early as 6 hrs of incubation at all three 
studied passages, while it decreased gradually and significantly depending on incubation times (18, 37, and 60). 
The concentrations of secreted TGF-β ranged from 387 pg at passage 37 after 12 hrs to 2358 pg at passage 37 
after 6 hrs (Figure 2). 

 

 
Figure 2. Showing angiogenesis factors concentration secreted by AMJ13 cultured at passages (18, 37 and 60) during (6, 12, 
18, 24, 30 and 36) hrs at 37˚C measured by ELISA. (A)-showing VEGF-D, (B)-showing VEGF-A, (C)-showing TGF-β, 
(D)-showing sICAM, (E)-showing FGF-b. 
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3.3. Reverse Transcriptase Polymerase Chain Reaction RT-PCR 
The results illustrated in Figure 3 showed appearance of sharp bands in 113 bp, 143 bp and 135 bp and the clear 
bends in 165 bp and 228 bp in Figures 3(A)-(D) indicate the expression of VEGF-A, TGF-β, FGF-b, VEGF-D 
and EGF genes in AMJ13 cells.  

4. Discussion 
Studying angiogenesis factors that associated to the breast cancer is of important value to developing targeting 
therapies to block cancer proliferation and invasion and even metastasis. Cancer cells secret many factors that 
activate angiogenesis process to support themselves for nutrients and waste removal [3]. Our experiment is de-
signed to study newly established breast cancer cell line named AMJ13 [12] in regards to its ability to induce 
angiogenesis by screening its secretions during cells propagations in vitro. This cell line is important as it is first 
Iraqi breast cancer model and we need to study cancer cells angiogenesis factors and to know which main factor 
this cancer cells depend on during angiogenesis.  

Using microarray technology we screened for the highest levels factors. Tissue inhibitor of metalloproteinas-
es-1 (TIMP-1) was the highest factor that our AMJ13 cell line produce. It is one of new suggested prognostic 
markers in breast cancer, as a number of studies showed an association between high expression of TIMP-1 
protein and a poor prognosis of breast cancer patients, this surprising association is due to a proteolytic activity 
in cancer cell invasion and metastasis. Tissue inhibitors of metalloproteinases (TIMPs) are a family of endo-
genous inhibitors associated with the family of enzymes degrades the basement membrane (matrix metallopro-
teinase MMP) family. Under normal physiologic conditions, the MMPs and TIMPs exist in an exquisite balance 
and this balance is disrupted during active angiogenesis [5]. However, the recent studies have discovered some 
other biological functions of TIMP-1 such as growth-stimulating functions, as well as anti-apoptotic and pro- 
angiogenetic effects [13]. While the in vitro studies found TIMP-1 did not affect the proliferation of the endo-
thelial cells (ECs) and tumor cells, suggesting that the TIMP-1 was not cytotoxic protein [14].  

The second factor secreted by AMJ13 is the other member of TIMPs family (Tissue inhibitors of metallopro-
teinase-2 TIMP-2) that is associated with angiogenesis, invasion, and metastasis. TIMP-2 found to inhibit angi-
ogenesis in vivo and inhibits endothelial cells proliferation and migration in vitro through MMP-dependent me-
chanisms and MMP-independent mechanisms mediated by endothelial cells proteolysis [15]. This factor may 
play as feedback to control the other angiogenesis factor and for that, its presence was in low quantities in com-
pare to TIMP-1. The role of TIMP-2 was controversial in breast cancer due to the controversial results in which 
high TIMP-2 expression was associated either with experienced low cancer recurrence/progression or with a 
poor prognosis confirming the activating or inhibitory role of TIMP-2 [16]. 

To establish AMJ13 mechanism for angiogenesis we conducted quantitative study for some of the most im-
portant factors that may be associated with angiogenesis and cell growth. We quantitate the secreted VEGF-A 
factor during first 36 h of the cells propagation. We noticed elevated pattern which can link the VEGF-A secre-
tion levels to several changes in the microenvironment such as hypoxic and/or nutrients deficiency in the culture 
medium as a variation in physiological conditions [17] that might stimulate the secretion of angiogenic factors to  

 

 
Figure 3. Agarose Gel electrophoresis of RT-PCR products of (A) Lane one and 2 are VEGF-A, FGF-b with size of 143 bp 
and 135 bp respectively. (B) TGF-β genes with size of 113 bp. Staining with ethidium bromide and visualized under U.V 
light, Lane 3 and 5 DNA ladder (100 - 1000). (C) VEGF-D gene with size of 165 bp (D) EGF with PCR product size of 228 
bp. Lane 1 and 3 DNA ladder (100 - 1000); Lanes 2 VEGF-D Lanes 4 EGF. 
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increase blood supply in response to nutrient deprivation and hypoxia [18]. Saponaro et al. [19] demonstrate that 
the VEGF-A expression in BRCA1-2 carrier breast cancer tissues was higher than that in BRCAX breast cancer 
tissues. This confirms what we have in AMJ13 the cell line under investigation which is BRCA1 positive [12]. 
Furthermore, in both BRCA1-2 carriers and BRCAX the VEGF-A expression was higher than the sporadic 
group. VEGF-A can be stimulated by other conditions as hypoxia and TGF-β1 [20] and Platelet-derived growth 
factor (PDGF) [21]. Moreover, we noticed that VEGF-A levels were higher compared to later passages, which 
was explained by the less need for the factor because culture media is providing sufficient nutrients and less 
need for angiogenesis in vitro.  

The secreted levels of VEGF-D by our AMJ13 breast cancer cells were very low in all times tested. This fac-
tor showed significant variations in 105 breast cancer patients and it may be completely absent in some breast 
tumors, as reported by Nakamura et al. [22]. Formation of lymphatics within tumors is activated by VEGF-D 
Stimulation, which also promotes tumor angiogenesis [23]. We suggest that AMJ13 needs less lymphatic vessels 
which explain the low level of VEGF-D but need higher angiogenesis to deliver nutrients and oxygenation 
which explain the higher levels for VEGF-A. 

Epidermal growth factor is one of the important growth factors and the investigation showed no evidence on 
EGF protein secretion by the grown cells at all passages at different intervals. Many other human negative es-
trogen receptor breast cancer cell lines (BT20 and MDA MB 231 cells) showed low or no expression levels of 
EGF [24]. These data confirm our results, whereas AMJ13 cells are negative estrogen receptor cell line [12]. 
However, not all estrogen receptor positive cell lines express the EGF as there is no EGF mRNA in MCF 7 cells 
[24]. Secretions of EGF was observed in (31%) of primary tumors only [25]. Mori et al. [26] suggested that 
MCF-7 human breast cancer cell line synthesize and secrete a polypeptide immunologically related to human 
EGF into the culture medium. The molecular weight of this poly peptide was similar to that of EGF from human 
urine. However, in enzyme immunoassay system the dose-response curve of MCF-7 EGF did not show good 
parallelism with that of standard human EGF. These data may explain why the results of EGF obtained by 
ELISA differ from that obtained by RT-PCR. 

The obtained results from quantitative ELISA assay showed significant increasing in sICAM concentration 
depending on incubation time and progression of passages. The high expression rate of sICAM-1 in breast can-
cer patients is associated with tumors at advanced stages and with those with the estrogen receptor negative 
phenotype [27] and the level of sICAM-1 in the serum of women with breast cancer was significantly higher 
than that observed in the serum of healthy women. They also found significant differences in sICAM expression 
between women with metastases to the axillary lymph nodes and women with no metastasis [28]. sICAM-1 
concentrations increased in serum of breast cancer patients, and their levels seem to be related to poorer therapy 
response and prognosis [29]. Angiogenesis and neovascularization could be stimulated by sICAM-1 and pro-
mote tumor growth and cell migration [30]. Furthermore, sICAM-I may be involved in the progression of me-
tastasis in certain malignancies [31]. Therefore, sICAM may be considered an important target in breast cancer 
therapy.  

In AMJ13, we can notice shifting in growth factors that regulate cell growth, the increasing of FGF-b secre-
tion levels at the late passage (60) and absence in the EGF secretion can give this impression, whereas FGF-b 
plays an important role in cell proliferation, differentiation and migration [32]. FGF-b is a critical growth factor 
in normal and malignant cell proliferation and tumor-associated angiogenesis and there is a significant correla-
tion between the presence of FGF-b in cancer cells and advanced tumor stage [33].  

We found that TGF-β peaks immediately as highest concentration recorded at all passages tested were as ear-
ly as six hours after plating. The expression of TGF-β by breast cancer cells may be influenced by other factors 
such as estrogen receptor status [34]. Buck and Cornelius [35] demonstrate that the estrogen receptor plays an 
essential role in the expression of TGF-β signaling. TGF-beta expression is upregulated in breast cancer and it 
correlates with poor prognosis [36]. TGF-β binds Anaplastic lymphoma kinase5 (ALK5) receptor on endothelial 
cells resulting in vessel maturation and angiogenic resolution by Smad2/3 activation pathway. Increased expres-
sion of TGF-β correlates with increased microvessel density and with poor prognosis in various tumor types, 
such as breast cancer and non-small cell lung carcinoma [37]. We explain the immediate peak for this factor by 
its regulatory effect on other growth factors. For example, TGF-β regulates the reactive stroma microenviron-
ment associated with most carcinomas, mediates expression of many stromal derived factors important for tumor 
progression, including FGF-2 [36], and stimulates VEGF-A [20]. Our conclusion is that AMJ13 cell line de-
pends on VEGF-A as main angiogenesis factor to induce micro-vessels supported by low levels of VEGF-D for 
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lymphatic vessels formation. AMJ13 cell line depends on FGF as growth factors as in late passages it was shifted 
to depend mainly on FGF completely. All of this process may regulated by TGF-β. TIMP-1 has proangiogenic 
effect and has feedback talk with TIMP-2. Understanding the angiogenesis process for breast cancer can give us 
better targets for therapy and more effective treatments. 
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