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ABSTRACT
Objective: The objective of this study was to investigate the effect of Erythropoietin on SCC-25, 
TR146, and FIBS cells lines and measurement of growth factor release, using the ELISA technique.

Materials and Methods: ELISA was performed to see if Erythropoietin (1, 10, 25 units) treatment 
in SCC-25, FIBS, and TR146 cells had any effect on the release of growth factor VEGF and EGF. 
Serum-free was used as a control.

Results: It was found that 10- and 25-unit concentration of Erythropoietin showed the maximum 
release of EGF in SCC-25. The effect on VEGF release was slightly different where 1 unit of 
Erythropoietin showed maximum VEGF release in FIBS and had no effect on the other cell types.

Conclusion: This study has confirmed that 10- and 25-unit concentration of Erythropoietin showed 
the maximum release of EGF in SCC-25. The effect on VEGF release was slightly different where 
1 unit of Erythropoietin showed maximum VEGF release in FIBS.
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INTRODUCTION 
Erythropoietin is a hormone produced by the 

kidney that promotes the formation of red blood cells. 
Erythropoietin is a 34-kDa glycoprotein hormone 
physiologically produced by cells of peritubular 
capillary endothelium of the kidney. The primary 
functions of Erythropoietin are to promote the 
differentiation and development of red blood cell 
production by binding to Erythropoietin Receptors 
resulting in replication and maturation of red blood 
cell.1,2

Erythropoietin promotes erythropoiesis mainly 
by preventing apoptosis of erythroid progenitor cells. 

This is due to upregulation of Bcl-2 and Bcl-XL 
through different intracellular signal transduction 
pathways like Ras/MAP kinase, phosphatidylinositol 
three kinase, and STAT1, 4, 5A, 5B transcription 
factors.3,4,5

Tissue Hypoxia is the primary stimulus of the 
production of Erythropoietin.6 Hypoxia stimulates 
the release of HIF which regulates the expression 
of EPO by binding to a specific region in the DNA 
called Hypoxia Responsive Element (HRE), HRE 
becomes activated. This results in an increased 
expression of various downstream gene targets like 
vascular endothelial growth factor (VEGF) and plate-
let-derived growth factor (PDGF) in vitro. Almost all 
cells respond to hypoxia by an up-regulation of HIF. 
The HIF molecule is a protein heterodimer composed 
of an α and β submit. The degradation rather than 



58

JKCD September 2019, Vol. 9, No. 3Morphological characteristics of cups.....

the production of HIF α is oxygen regulated and 
controls the abundance and function of HIF. In the 
presence of oxygen, HIF α submit is hydroxylated. 
This facilitates the binding of HIF α submit to a 
protein known as the VHL protein. The HIF-VHL 
product is ubiquitinated, and this is degraded by Pro-
teasomes.7,8,9 Erythropoietin acts on the later stages 
of the development of erythroid progenitor cells. 
Primarily Erythropoietin acts on colony-forming 
unit erythroid (CFU – E) to induce these cells to 
proliferate and mature through the normoblasts into 
reticulocytes and mature erythrocytes.10

It has recently been shown that the Erythropoie-
tin function goes beyond erythropoiesis. Erythropoi-
etin and Erythropoietin Receptor have been found 
in non-hemopoietic organs like breast tissue, brain, 
female genital tract tissue and vascular endothelial 
cells.11,12,13,14

Erythropoietin works by binding to specific 
receptor Erythropoietin Receptor. The intracellular 
signaling pathway is established to enable erythroid 
differentiation.6 The Erythropoietin Receptor is 
expressed primarily on erythroid cells between the 
CFU-E and the pronormoblast stage of erythroid cell 
development.15

Erythropoietin and its receptor are found in vari-
ous areas of the brain, including glial cells, neurones, 
cortex, hippocampus, midbrain and brain endothelial 
cells and astrocytes. Hypoxia and ischaemia have 
been recognised as critical driving forces of Eryth-
ropoietin expression in the brain. Erythropoietin 
has neuroprotective properties in vivo and in vitro. 
Brain-derived Erythropoietin can protect neurons 
by direct and indirect mechanism, direct mechanism 
involves inhibition of Hypoxia/ischemia-induced 
apoptosis.16,17 One proposed mechanism for direct 
intervention that Erythropoietin represses apop-
tosis in neurons by either maintaining expression 
of Bcl-2 and Bcl-xl, as it is the case in erythroid 
precursor cells, or by inactivation of Caspases.18,19 
Since hematopoietic and endothelial cell lines share 
common progenitors, it is reasonable to expect that 
cytokines and growth factors usually associated with 
hematopoiesis may also have a role in angiogenesis. 
Studies have shown that the human EA. hy926 en-
dothelial cell line expresses erythropoietin receptor 
and responds to erythropoietin by differentiating 

into vascular structures when seeded on MatrigelTM.

Furthermore, recombinant human Erythropoietin 
(rhu- Erythropoietin) induced a potent angiogenic 
response in the chick embryo chorioallantoic mem-
brane, strongly suggesting that Erythropoietin acts 

directly as a bona fide angiogenic factor.20 Angio-
genesis is mediated mainly by VEGF. In the case 
of Erythropoietin, expression of the VEGF gene 
and increased VEGF production is controlled by 
the transcription factor HIF-1.21 However, recent 
studies provided evidence that Erythropoietin can 
also elicit an angiogenic response in endothelial 
cells in vitro and in vivo, and thus, like VEGF, is 
an effective angiogenic factor.20 Erythropoietin and 
its mRNA were produced in uterus as E2 – depen-
dent manner, when they cultured uterus from ovx 
mouse invitro. When they inject Erythropoietin 
into the ovx mouse – uterine cavity promoted blood 
vessel formation in the uterine endometrium. It is 
suggested that Erythropoietin is an important factor 
for the E2 – dependant cyclical angiogenesis in uter-
us.13 Recently recombinant human erythropoietin 
(rhu- Erythropoietin) has been used to treat patients 
with anaemia associated with chronic renal failure, 
AID’s patients with anaemia due to treatment with 
zidovudine, nonmyeloid malignancies in patients 
treated with chemotherapeutic agents, perioperative 
surgical patients.5 Erythropoietin and Erythropoietin 
Receptor has been studied in a number of diseases. 
The recombinant Erythropoietin is useful to treat 
anemia in cancer patients, particularly as an adjunct 
to chemotherapy.22 The harmful results to Erythro-
poietin related to cancer cell survival, proliferation, 
angiogenesis and promotion of tumour growth is a 
challenge its use in solid tumours.23, 24, 25, 26 Therefore, 
the aim of this study was to investigate the effect of 
Erythropoietin on 3 cell lines in vitro. Measurement 
of growth factor release, using the ELISA technique. 

MATERIALS AND METHODS
The observational laboratory-based study design 

was used to experiment. This study was conducted 
at the Department of Oral Pathology Barts and the 
London Queen Mary School of Medicine and Den-
tistry Queen Mary, the University of London, in the 
year 2004-2005.

Cell Culture
The three cell lines were used for the in vitro 

study for growth factor (EGF, VEGF) release using 
ELISA. 
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Transformed oral Keratinocytes (TR146)
The human oral Keratinocyte cell lines, TR146, 

were derived from a buccal carcinoma [27]. The cells 
were grown in T 75 flask using Dulbecco’s Modified 
Eagle’s Medium (D-MEM) supplemented with 10% 
FBS, 1% penicillin, streptomycin and fungizone in 
5% CO2 and 95% humidity.

Human Gingival Keratinocytes (FIBS)
The FIBS Cell line was derived from a human 

gingival keratinocyte and was obtained from Dr. Su-
priya Kapas, department of Clinical and Diagnostic 
Oral Sciences (CDOS), Barts and the London UK. 
The cells were grown in T75 flask using Dulbecco’s 
Modified Eagle’s Medium (D-MEM) supplemented 
with 10% FBS, 1% Penicillin, Streptomycin and 
fungizone in 5% CO2 and 95% humidity.

Squamous Cell Carcinoma (SCC-25)
The SCC-25 cell line (ATCC, Number CRL-

1628) was derived from a squamous cell carcinoma 
of the tongue [28]. The cells were grown in T75 flasks 
using RM plus medium [D-MEM F:12(1:1), L-Glu-
tamine, 15 Mm Hepes, Gibco, 1% RM plus ready 
mix, 10% FBS, 1% Penicillin and Streptomycin] in 
5% CO2 and 95% humidity. 

Cell Maintenance
Both the cell lines were grown in respective 

media in T75 flasks in 5% CO2 and 95% humidity 
at 37°C. The medium was changed every third day. 

A confluent T75 flask was rinsed in 10-15ml PBS 
(Ca++ and Mg++ free-Dulbecco, phosphate-buffered 
saline) and 3ml of trypsin (Trypsin – EDTA1x, Gib-
co, UK) was added to detach cells from the flasks. 
The flask was then agitated to expedite the cell 
detachment, 6ml of serum medium was then added 
to neutralize trypsin. The cell suspension was then 
harvested into a new T75 flask containing 15ml of 
respective media. For smaller flask or plates, the cell 
suspension was diluted, and an appropriate volume of 
growth media was added accordingly. The medium 
was changed every 3rd day. Cells were incubated at 
37°C in 5% CO2 and 95% humidity.

Erythropoietin Treatment
Concentration of Erythropoietin

50µg of rhu-erythropoietin (45kDa; Santa Cruz 
Biotechnology) was dissolved in 1ml sterile PBS to 

give a stock solution of 600 unit/ml. 

The working solutions of Erythropoietin were 
prepared as follows - 

a.	 1unit/ml = 1.6µl stock-1ml Serum-Free Medium

b.	 10unit/ml = 16.7µl stock-1ml Serum-Free Me-
dium

c.	 25unit/ml = 41.67µl stock-1ml Serum-Free 
Medium

d.	 Serum-free medium alone was used as a control

ELISA for Growth Factor
In practice, growth factor release was measured 

by collecting the culture medium from the treated 
cultures, and supernatants were frozen at -20ºC until 
use. Supernatants were defrosted (mixed on a vortex 
mixer) and growth factor measured using the Elisa 
kit as follows. The effect of Erythropoietin on the 
production of VEGF and EGF by the three cell lines 
was assessed on a commercially available assay kit. 
(DUOSET R and D system). The procedure was as 
follows.

RESULT
The effect of Erythropoietin on growth factor 

release, using the ELISA technique.

Release of VEGF from TR146, FIBS, and 
SCC-25:

Results for VEGF release on TR146 are listed in 
Table 1. Results are illustrated in graphical format 
in figure 1. Erythropoietin had no significant effect 
on VEGF release compared to SF control. Results 
for VEGF release on FIBS are listed in the table1 
figure 1. Erythropoietin had a significant effect on 
increased VEGF release when compared to SF con-
trol. (p<0.05). Results for VEGF release on SCC-25 
are listed in table 1 figure 1. Erythropoietin had no 
significant effect on VEGF release compared to SF 
control. 

Release of EGF from TR146, FIBS, and 
SCC-25:

Results for EGF release on TR146 are listed in 
table 2. Results are illustrated in graphical format 
in figure 2. Erythropoietin had no significant effect 
on EGF release compared to SF control. Results 
for EGF release on FIBS are listed in table 2 figure 
2. Erythropoietin had no significant effect on EGF 
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release compared to SF control. Results for EGF 
release on SCC-25 are listed in table 2 figure 2. In 10 
and 25 units of Erythropoietin had a significant effect 
on EGF release compared to SF control. (p<0.05).

DISCUSSION
This project was designed to investigate the 

in-vitro effect of erythropoietin on cell lines. 
Furthermore, an ELISA was carried out to see if 
Erythropoietin induced growth factor stimulation 
by using supernatant from Erythropoietin treated 
cells. Erythropoietin was used in three different 
concentrations. In a previous study, it was found 
that erythropoietin (epoetin β) could improve can-
cer control and survival of patients irradiated for 
head and neck cancer. They found no advantage for 
locoregional progression-free survival, compared 
with the patients given placebo significantly better 
than those given epoetin β.29 Furthermore, concern 
has been expressed that it may make the tumor more 
aggressive. In light of this, we used SCC-25, TR146 
and FIBS cells to see the effect of erythropoietin on 
growth factor release.

Keratinocytes also produce vascular endothelial 
growth factor VEGF, which promotes endothelial 
cell growth and angiogenesis, and keratinocyte 
derived VEGF is a potent mitogen for dermal en-
dothelial cells.30 VEGF plays an important role in 
the angiogenesis of many solid tumors,31 and eryth-
ropoietin has been shown to upregulate VEGF in 
HUVECS.32 Erythropoietin, however, did not affect 

Table 1: VEGF results after Erythropoietin treatment on TR146, FIBS, and SCC-25 cells.

Treatment TR 146 FIBS SSC-25 Samples
Pg/ml St-dev Pg/ml St-dev Pg/ml St-dev 4

1 Unit 1326.79 277.47 468.43 114.53 17.63 2,67 4
10 unit 1398.48 217.88 325.51 87.16 17.11 1.72 4
25 unit 1487.11 204.90 301.18 60.81 16.99 6.50 4
Serum free 1218.38 126.72 191.62 65.82 9.66 6.58 4

Table 2: EGF results after Erythropoietin treatment on TR146, FIBS, and SCC-25 cells.

Treatment TR 146 FIBS SSC-25 Samples
Pg/ml St-dev Pg/ml St-dev Pg/ml St-dev 4

1 Unit 12.84 3.68 6.11 2.73 10.52 5.98 4
10 unit 11.87 2.16 6.36 1.17 32.24 5.44 4
25 unit 9.25 2.88 20.38 11.98 88.81 6.41 4
Serum free 10.20 5.92 11.14 5.37 10.28 3.50 4
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Figure 1: VEGF releases after Erythropoietin treatment 
on TR146, FIBS, SCC-25 cells.

Figure 2:  EGF releases after Erythropoietin treatment on 
TR146, FIBS, SCC-25 cells.
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TR146 and SCC-25 cells VEGF production, but there 
was a slight increase in a release by FIBs cells after 
1unit/ml Erythropoietin.

Although the tumor cell lines did not increase 
VEGF release after Erythropoietin treatment, there 
was a dose-dependent increase in EGF release by 
SCC25 cells but not TR146. EGF and transforming 
growth factor – β (TGF – β) family provide kerati-
nocyte growth via the proliferation stimulating the 
effect of EGF, and the proliferation is inhibiting the 
effect of TGF – β.33 In a previous study, it had been 
revealed that the overexpression of EGF by hepato-
cytes is associated with the promotion of hepatocel-
lular carcinogenesis.34 These results raise an exciting 
possibility that Erythropoietin also plays an essential 
role in tumor promotion via the release of EGF. 
Whether this is true requires further investigation.

CONCLUSION
The ELISA assay was performed to see if Eryth-

ropoietin (1, 10, 25 units) treatment in SCC-25, 
FIBS, and TR146 cells had any effect on the release 
of growth factor VEGF and EGF. Serum-free medi-
um was used as a control. It was found that 10 and 
25 unit concentration of Erythropoietin showed the 
maximum release of EGF in SCC-25.The effect on 
VEGF release was slightly different where 1 unit of 
Erythropoietin showed maximum VEGF release in 
FIBS and had no effect on the other cell types.
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