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Abstract
Background: Glucose transporting into cells, angiogenesis, and apoptosis are the main factors that inducing 
the progression of many types of cancers including breast cancer. BC progression was seen as a multi-step 
process involving progressive changes from normal to hyperplasia with and without atypia, carcinoma in 
situ, invasive carcinoma, and metastasis.

Aim: Assessment the role of glucose transport-1 (GLUT-1), vascular endothelial growth factor (VEGF), 
and cluster of differentiation factor(CD44) as a glucose transporting into cells, angiogenesis, and apoptotic 
factors in women with BC whom receiving chemotherapy.

Method and Subjects: 120 women with BC included in this study as a patients group as well as 120 
apparently healthy women as control. The women with BC is divided into sub-groups depending on 
chemotherapy treatment status. GLUT-1, VEGF, and CD44 were investigated by ELISA method.

Results: This study suggested that highly significant differences in the mean and standard division of GLUT‑1 
and VEGF in all cases of women with BC compare to control group (P-Value< 0.05). The levels of GLUT‑1 
was highly significant difference between two subgroup have Her‑2 positive and negative (p < 0.001), and 
the levels of VEGF, and CD44 in patients subgroups were significant (p< 0.05).

Conclusion: The following up of the progression and responding to chemotherapy treatment may be more 
easy by estimation the glucose transporting, angiogenesis, and apoptotic markers in women with BC.
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Introduction
The plasma membranes of most mammalian cells, 

except those of the proximal kidney and small intestine, 
have a passively mediated transport system for glucose. 
Facilitative entry of glucose into the cell is controlled 
by GLUTs, structurally related proteins that are encoded 

by a gene family and are expressed in a tissue-specific 
manner(1,2). Most cells contain at least one glucose 
transporter isoform, and many contain more than one. In 
most cell types, GLUTs mediate a net uptake of glucose(3). 
GLUT1 is the most ubiquitously distributed of the 
transporter isoforms. It is found in virtually all tissues of 
the fetus and in many tissues and cell types of the adult(4). 
GLUT1 has a very high affinity for glucose(5). VEGF 
actions are mediated through binding to two receptor 
tyrosine kinases, VEGFR-1 and VEGFR-2. Activation 
of these receptors by VEGF triggers the phosphorylation 
of a multitude of proteins that are active in signal 
transduction cascades(6). VEGF expression is increased 
in the majority of cancers examined to date. The list is 
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extensive and includes hematological malignancies(7); 
colorectal cancers(8); hepatocellular carcinoma(9); lung, 
thyroid, breast, gastrointestinal tract, kidney, and bladder 
cancers; ovary and uterine cervix carcinomas(10). CD44 
is a family of non-kinase, single span trans-membrane 
glycoproteins expressed on embryonic stem cells and in 
various levels on other cell types including connective 
tissues and bone marrow(11,12). CD44 expression is 
also up-regulated in subpopulations of cancer cells and 
is recognized as a molecular marker for cancer stem 
cells (CSC)(13). In Iraq, breast cancer ranks the first 
among the top ten malignant neoplasms affecting the 
community; comprising 19.5% of total (4996 cases) 
and 34.3% of female cancers (4922 cases)(14). During 
2016, 897 women died from that disease which is the 
registered as the first cause of cancer related mortality 
among Iraqi females (23.6%) and the second overall 
among males and females (12.1%) after bronchogenic 
cancer(15). The aim of this study to investigate the role 
of glucose transport-1 (GLUT-1), vascular endothelial 
growth factor (VEGF), and cluster of differentiation 
factor (CD44) as a glucose transporting into cells, 
angiogenesis, and apoptotic factors in Iraqi women with 
BC whom receiving chemotherapy.

Materials and Method
Specimens collection: This study was performed 

during the period from Dec 2018 to May 2019 in 
biochemistry laboratory, collage of medicine, Babylon 
university. One hundred and twenty patients were 
previous diagnosis with BC and receiving chemotherapy 
in oncology center in Merjan Teaching hospital.

Estimation of GLUT-1, VEGF, and CD44 by 
ELISA: GLUT-1, VEGF, and CD44 levels were 
estimated by sandwich ELISA depending on the 
instructions of the manufacture provided with kits 
(Sunlong/China).

Statistical analysis: Statistical analysis for 
assessment of GLUT-1, VEGF, and CD44 in different 
groups was performed by ANOVA test with using SPSS 
software. Significant differences were established at 
p < 0.05.

Results
The receptors status of women with BC included in 

this study is shows in table-1:

Table 1: Estrogen, progesterone, and Her-2 status of 
patients group

Receptors status Number (%) N=120

ER status
P
N

55(46)
65(54)

PR status
P
N

66(55)
54(45)

Her-2 status
P
N

36(30)
84(70)

The levels of GLUT-1, VEGF, and CD44 in all 
patients and control groups are illustrate in table-2:

Table 2: Levels of GLUT-1, VEGF, and CD44 in all patients and control groups

No Parameters Women with BC mean± SD (N=120) Women without BC mean± SD (N=120) P-Value

1 GLUT-1 (ng/ml) 121±9.3 67±5.1 0.0001

2 VEGF (ng/ml) 23.2± 3.8 11.3± 2.7 0.0001 

3 CD44 (ng/ml) 217± 5.9  239.5± 4.1 0.0004

The levels of GLUT-1 was highly significant 
difference between two subgroup have Her-2 positive 
and negative (p< 0.001), and the levels of VEGF, and 
CD44 in patients subgroups were significant (p< 0.05). 

This results of patients whom receiving chemotherapy 
depending on receptors status are illustrate in figure-1 
and table-3:
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Fig. 1: Expression levels of GLUT-1, VEGF, and CD44 (ng/ml) in patients group

Table 3: Levels of GLUT-1, VEGF, and CD44 in patients group depending on receptors status

No Receptor status GLUT-1 Mean± SD VEGF Mean± SD CD44 Mean± SD

1
ER
P
N

119± 2.7 *
114± 1.9

57± 1.9
56± 1.5

215± 7.7
211± 8.8

2
PR
P
N

117± 2.6 *
112± 1.6

55± 1.3
53± 1.2

217± 9.2
214± 6.9

3
Her-2
P
N

119± 2.5 **
111± 1.3

57± 1.5*
51± 1.4

217± 5.6*
210± 7.4

*signifi cant
**highly signifi cant

Discussion
Worldwide, BC is the most common cancer in 

women. The new cases of women with breast cancer in 
2018 were more than 250 000 in the UAS, and breast 
cancer will be diagnosed in 12% of all women in the 
USA over their lifetimes(16). Globally, about 2.1 million 
women were estimated with breast cancer in 2018(17). 
Breast cancer is a heterogeneous disease witch results 
from a series of genetic and epigenetic events that lead 
to dys-regulation of cell growth, circumvention of 
apoptosis, and development of the ability to invade the 
underlining tissue through the basement membrane(18). 
In the present study, we investigated the levels of GLUT-
1, VEGF, and CD44 as glucose transporter system, 
angiogenesis, and apoptotic marker, respectively. The 
results showing highly signifi cant differences in the mean 
and standard division of GLUT-1 and VEGF in all cases 
of women with BC compare to control group. GLUT-1 
is multi-pass protein located in the cell membrane and 

it essential for interring the glucose molecules into cells 
to complete metabolism such as glycolysis to provide 
energy for cancers cells(19). GLUT1 is responsible 
for the low level of basal glucose uptake required to 
sustain respiration in all cells. Expression levels of 
GLUT1 in cell membranes are increased by reduced 
glucose levels and decreased by increased glucose 
levels. The levels of this protein was found to be more 
expressed in women with BC compare to control and 
this increase the supporting hypothesis that say of “the 
cancers cells fed on sugar”. Through the angiogenesis 
process, the cancer cells building a new blood vessels 
and increase the expression of VEGF(20). The results 
suggested that highly expression of VEGF in patients 
group and this increase the probability of building a 
these vessels and promoting the neovascularization and 
in results increase the proliferation of tumors and cancer 
progression. The association between a gradual increase 
in CD44 isoform expression and tumor progression 
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from less malignant stages to more advanced stages 
is another indirect indication of CD44 involvement 
in the malignant process. This concept isperhaps best 
illustrated by a report describing CD44 expression in 
colorectalcancer patients(21).This study suggested that 
the expression of GLUT-1 and VEGF in positive status 
of ER and PR was highly significant in subgroups of 
patients withBC whom receiving chemotherapy and 
the expression of VEGF and CD44 not appear in these 
subgroups. This indicatethat the cells having ER, PR 
were more suitability to incidence of breast cancer more 
than negative status. Other finding was obtaining from 
the results suggested that increasing the proliferation 
and tumor progression were more in women with Her-2 
positive status because it highly expressed of GLUT-1, 
VEGF, and low expression of apoptotic marker, CD44. 
In conclusion, the following up of the progression and 
responding tothe chemotherapy treatment may be more 
easy by estimation the above markers in women with 
BC.

Acknowledgement: We thanks all women 
participated in this study and the staff of oncology center 
in Merjan teaching Hospital.

Ethical Clearance: The Research Ethical 
Committee at scientific research by ethical approval of 
both environmental and health and higher education and 
scientific research ministries in Iraq.

Conflict of Interest: The authors declare that they 
have no conflict of interest.

Funding: Self-funding

References
1.	 James DE. Molecular cloning and characterization 

of an insulin-regulatableglucose transporter. 
Nature. 1989, 333:83–87.

2.	 Gould GW, Bell GI. Facilitative glucose 
transporters: an expanding family.Trends Biochem 
Sci. 1990,15:18–22.

3.	 Werner H. Developmental regulation of rat brain/
Hep G2 glucose transportergene expression. Mol 
Endocrinol. 1989, 3:273–279.

4.	 Sadiq F. The ontogeny of the rabbit brain glucose 
transporter. Endocrinology. 1990,126:2417–2424.

5.	 Simmons RA et al (1994). Glut 1 gene expression 
in growth-retarded juvenile rats.Pediatr Res 35:382.

6.	 Shibuya M. Structure and function of VEGF/

VEGF-receptor system involved in angiogenesis. 
Cell Struct Funct.2001;26:25-35.

7.	 List AF. Vascular endothelial growth factor 
signaling pathway as an emerging target in 
hematologic malignancies. The Oncologist. 
2001;6(5):24-31.

8.	 Poon RT, Fan ST, Wong J. Clinical implications of 
circulating angiogenic factors in cancer patients. J 
ClinOncol. 2001;19:1207-1225.

9.	 Deli G, Jin CH, Mu R, Yang S, Liang Y, Chen D, 
Makuuchi M. Immunohistochemical assessment 
of angiogenesis in hepatocellular carcinoma 
and surrounding cirrhotic liver tissues. World J 
Gastroenterol. 2005;11:960–963.

10.	 Masood R, Cai J, Zheng T. Vascular endothelial 
growth factor (VEGF) is an autocrine growth factor 
for VEGF receptor positive human tumors. Blood, 
2001;98:1904-1913.

11.	 Gronthos S, Franklin DM, Leddy HA, Robey 
PG, Storms RW, Gimble JM. Surface protein 
characterization of human adipose tissue-derived 
stromal cells. J Cell Physiol. 2001;189(1):54–63.

12.	 Domev H, Amit M, Laevsky I, Dar A, Itskovitz-
Eldor J. Efficient engineering of vascularized 
ectopic bone from human embryonic stem cell-
derived mesenchymal stem cells. Tissue Eng Part 
A. 2012;18(21–22):2290–302.

13.	 Yin T, Wang G, He S, Liu Q, Sun J, Wang Y. 
Human cancer cells with stem cell-like phenotype 
exhibit enhanced sensitivity to the cytotoxicity of 
IL-2 and IL-15 activated natural killer cells. Cell 
Immunol. 2016;300:41–5.

14.	 Annual Statistical Report. Planning Directorate, 
Ministry of Health/Environment, Republic of Iraq, 
2016.

15.	 Annual Report. Iraqi Cancer Registry. Iraqi Cancer 
Board, Ministry of Health and Environment, 
Republic of Iraq,2016.

16.	 T. Matsuda and A. Okuyama. Cancer incidence 
rates in the world from the cancer incidence in 
Five Continents XI. Japanese Journal of Clinical 
Oncology. 2018;48(2), 202-203.

17.	 Al-Isawi, AO. Breast Cancer in Western Iraq. 
Clinicopathological Single Institution Study. 
Advances in Breast Cancer Research. 2016; 5, 83-
89.

18.	 Antonio AC, Easton DE.Models of genetic 



Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3  2559

susceptibility to breast cancer. Oncogene.2006; 
25(43):5898.

19.	 Wang D, Kranz-Eble P, De Vivo DC. Mutational 
analysis of GLUT1 (SLC2A1) in Glut-1 deficiency 
syndrome. Human Mutation.2000; 16 (3): 224–31.

20.	 Miller KD, Sweeney CJ, Sledge GW JR. Redefining 

the target: chemotherapeutics as antiangiogenics. J 
Clin Oncol.2001;19:1195-1206.

21.	 Wielenga VJM, Heider K-H, Offerhaus GJA. 
Expression of CD44 variant proteins inhuman 
colorectal cancer is related to tumor progression. 
Cancer Res.1993; 53: 4754–6.


