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Abstract
Background: Erythropoietin regulates erythropoiesis, express
immune modulatory effects and it is suggested to be linked to
tumorigenesis. We evaluated the effect of erythropoietin on the
proliferation capacity of human peripheral blood mononuclear cells
(PBMC) and colon carcinoma cells, detected its ability to induce
production of inflammatory cytokines and assessed a possible impact
on the cross-talk between immune and cancer cells.

Methods: Non-stimulated human PBMC or cells stimulated
with either mitogen or with HT-29 and RKO colon cancer cells were
incubated for 24 hrs without or with various doses of erythropoietin
and the concentration of TNFα, IL-1β, IL-6, IFNγ, IL-2, IL-10 and IL-1ra
in the supernatants was detected.
Results: EPO caused increased secretion of TNFα, IL-1β, IL6, IFNγ and IL-2 by RKO-stimulated PBMC, as well as IFNγ and IL-2
induced by PMA/ionomycin and TNFα production by non-stimulated
or HT-29 stimulated PBMC. The production of anti-inflammatory
cytokines was not affected by EPO.

Conclusions: The enhancement of inflammatory cytokine
secretion by PBMC incubated with colon cancer cells in the presence
of erythropoietin indicates that the hormone is able to activate the
immune cross-talk between these two types of cells. These findings
enlighten the relationship between immune and colon cancer cells of
certain lines.
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Introduction

Since centuries, medical practice has advanced concomitantly
with newer therapeutic and research discoveries which
improved markedly physicians’ options for treating patients
and to prolong human life. In that sense the short length of time
from the assumption that there is a substance responsible for
regulation of erythropoiesis and creation of human recombinant
erythropoietin was amazing. During the seventies, one of the
authors (MD) had the “privilege” to study various effects of
human urinary erythropoietin which at those times was quite
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difficult to obtain. The history of this vital protein that is actually
a cytokine is masterly detailed in a review by Bunn [1]. With a
remarkably swiftness, researchers came to conclusion that the
erythroid-stimulating hormone, designated as erythropoietin
(EPO) is produced manly, but not solely in the kidney. Eventually,
it has been shown that EPO in the plasma binds to receptors
located on the erythroid progenitors’ surface. Notable EPO
exerts a hypoxia-protective effect in other organs such as brain,
heart, liver, as wells as endothelial cells, a process thoroughly
described in previous reports [1-3]. Studies have shown that
there is a close relationship between EPO and immunity. Based
on encouraging activity of EPO on the immune status of animals
in murine myeloma models, it was forwarded as a treatment
modality in patients with multiple myeloma and altered immune
system observed at the early stages of the disease [4, 5]. It
has been reported that EPO affects CD4 (+) and CD8 (+) cell
proliferation activity proceeding though EPO- receptors located
on their surface [6]. Using human T-lymphocytes activated with
antibodies against human CD2, CD3 and CD28 Todosenko et al.
[7] have obtained a significant increase in IL-2, IL-4 and IL-10
production. Similar effect on IL-2 production has been observed
in whole blood cell cultures from patients under hemodialysis [8].
Incubation of monocytes with EPO resulted in an increase of their
phagocytic ability, as well as a decreased production of IL-6 and
TNF [9]. Later on, an antitumor activity has been attributed to EPO
in addition to its role as a regulator of red blood cell production.
Based on the observation that treatment of anemia in patients
with multiple myeloma resulted in a marked improvement in
quality and longevity of life, Mittelman et al. [10, 11] examined
the effect of EPO on a murine myeloma model and observed that
EPO treated animals showed better survival and lower mortality
compared to untreated mice. Further studies indicated that
the anti-myeloma effect of recombinant EPO in those patients
is at least in part due to an activation of the immune system
expressed by reduced IL-6 to normal levels and normalization
of CD4:CD8 cell ratio [4]. Moreover, it was found that patients
treated with EPO showed increased levels of pro-angiogenetic
cytokines indicating a promoting effect of EPO on the capacity
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of macrophages to produce pro-angiogenetic factors [12]. The
question arises if the stimulating effect of EPO on erythropoiesis
may be expressed also on malignant cells with a consequent
accelerated proliferation. Studies have shown that although
serum EPO levels are increased in patients with colorectal cancer,
its effect on malignant cell proliferation remains uncertain.
Recombinant human erythropoietin exerted an inhibitory effect
on DLD-1 human colon carcinoma cells growth and proliferation
with an increase in their EPO receptors [13]. The aim of the
current study was to evaluate the effect of erythropoietin on
the proliferation of colon cancer cells of two lines and of human
peripheral blood mononuclear cells (PBMC), on its capacity to
affect PBMC to produce inflammatory cytokines and its impact on
the cross-talk between immune and cancer cells.

Materials and Methods

Peripheral blood mononuclear cells (PBMC)
Buffy coats isolated from blood bank donors’ blood were
purchased from Magen David Adom, Blood Services Center
in Israel. The donors gave written informed consent and an
agreement that blood components can be used for medical
research. PBMC were separated by Lymphoprep-1077 (AxisShield PoC AS, Oslo, Norway) gradient centrifugation. The cells
were washed twice in phosphate buffered saline (PBS) and
suspended in RPMI-1640 medium containing 1% penicillin,
streptomycin and nystatin, 10% fetal bovine serum (FBS),
(Biological Industries, Beith Haemek, Israel) and was designated
as complete medium (CM).

Colon cancer cell lines

HT-29 and RKO human colon cancer cell lines were obtained
from American Type Cultural Collection, Rockville, MD. The
cells were maintained in CM containing Mc-Coy’s 5A medium
and Dulbecco modified eagle medium (DMEM) respectively,
supplemented with 10% FBS, 2mM L-glutamine and antibiotics
(penicillin, streptomycin and nystatin-Biological Industries Co,
Beith-Haemek, Israel). The cells were grown in T-75 culture flasks
at 37oC in a humidified atmosphere containing 5% CO2. Both cell
lines adhere to the flasks and were removed using trypsin/EDTA
solution (Biological Industries Co, Beith-Haemek, Israel.

Erythropoietin (EPO)

Recombinant erythropoietin (EPO, Binocrit -Epoietin alpha,
Sandoz GmbH, Kundl, Austria), was acquired at a concentration
of 8000 IU/0.8 ml. Further dilutions were prepared in CM. The
hormone was added to cultures at final concentrations of 0.06
IU/ml, 0.125 IU/ml and 0.5 IU/ml.

Effect of EPO on cell proliferation

The effect of EPO on PBMC and colon cancer cells proliferation
was determined using XTT proliferation assay kit (Biological
Industries, Beith Haemek, Israel). Briefly, 0.1 ml aliquots of PBMC
or colon cancer cells (105/ml of CM) obtained after trypsinization
and suspended in appropriate CM, were added to each one of 96
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well plates and incubated for 24 hrs in absence or presence of
EPO at concentrations as indicated. At the end of the incubation
period the cells were stained according to the manufacturer’s
instructions. The plates were incubated for 2-4 hrs at 37oC in a
humidified incubator containing 5% CO2 and the absorbance was
measured at 450 nm using ELISA reader.

Effect of EPO on cytokine production

2x106 PBMC suspended in 1 ml of CM were incubated in 24
well plated (Nunc, Thermo Fisher Scientific, Paisley PA4 9RF, UK)
without (control) or with EPO at final concentrations as indicated.
EPO was added at the onset of the cultures. The cultures were
incubated without or with 50 ng/ml of lipopolysaccharide (LPS,
E. coli, Sigma) to determine the effect of EPO on TNFα, IL-1β, IL6, IL-1ra and IL-10 and with PMA 1µg/ml and ionomycin 0.5µg/
ml (Sigma, Israel) for IL-2 and IFNγ secretion. In another set of
experiments, HT-29 or RKO cells were collected from the flasks
by typsinization and were suspended in appropriated CM at
4x105/ml. The cells were seeded in 24 well plates by addition of
0.5ml of cell suspension to each well. The plates were incubated
for 60 min at 37oC in a humidified atmosphere containing 5%
CO2. Consequently, 0.5 ml aliquots of PBMC suspended in CM
(4x106/ml) were added to each well. The cells were incubated
without or with EPO at 0.06, 0.125 and 0.5 IU/ml, added at the
onset of cultures. All cultures were maintained for 24 hrs at
37oC in a humidified atmosphere containing 5% CO2. At the end
of the incubation period, the culture media were collected, the
cells were removed by centrifugation at 200g for 10 min and
the supernatants were kept at -70oC until assayed for cytokine
content.

Cytokine content in the supernatants

The concentration of cytokines in the supernatants was
tested using ELISA kits specific for human cytokines (Biosource
International, Camarillo, CA) as detailed in the guide-line
provided by the manufacturer. The detection level of all cytokines
was 30 pg/ml.

Statistical analysis

A linear mixed model with repeated measures and
assumption of compound symmetry (CS) was used to assess the
effect of different concentrations of EPO on cytokine secretion
by non-stimulated or stimulated PBMC. SAS vs. 9.4 were applied
for this analysis. Paired t-test was used to compare between the
level of cytokines produced following incubation with various
concentrations of EPO and that found in control cultures.
Probability values of p<0.05 were considered as significant. The
results are expressed as mean ± SEM.

Results

Effect of EPO on cell proliferation
EPO added at concentrations between 0.06 and 0.5 IU/ml for
24 hrs to either PBMC or colon cancer cells of the two lines had
no effect on cell proliferation as tested by XTT assay (data not
shown).
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Effect of EPO on cytokine secretion by colon cancer
cells
No detectable amounts of any of the cytokines examined could
be found in the supernatants obtained from 24 hrs of cultures
of either HT-29 or RKO cells incubated at the above mentioned
conditions without or with EPO at concentrations between 0.06
and 0.5 IU/ml.

Effect of EPO on IL-1β, IL-6 and IFNγ production (Table
1)

The secretion of TNFα by non-stimulated PBMC was enhanced
upon incubation with EPO at the above mentioned concentrations
(p=0.006), and was higher by 33% and 19% at EPO concentrations

Table 1: Effect of EPO on pro-inflammatory cytokine production by PBMC
Non-stimulated

EPO concentration
0

0.5 IU/ml

0
0.06 IU/ml
0.125 IU/ml
0.5 IU/ml
Repeated measures
EPO concentration
0
0.06 IU/ml
0.125 IU/ml
0.5 IU/ml
Repeated measures

163±8

1154±122

194±6

1114±153

217±9

0.125 IU/ml

EPO concentration

LPS-stimulated

HT-29-induced

RKO-induced

1719±28

1781±20

1759±31

1752±21

TNFα, pg/ml

0.06 IU/ml

Repeated measures

of 0.06 and 0.125 IU/ml (p<0.005). TNFα production by LPSstimulated PBMC and that of IL-1β or IL-6 production by either
non-stimulated or LPS-stimulated PBMC was not affected by 24
hrs of incubation with EPO (p=0.49, p=0.58, p=0.28, respectively).
EPO caused a slight enhancement in TNFα production induced
by HT-29 colon cancer cells (p=0.013) being higher by 2.5% and
4.2% at EPO concentrations of 0.125 and 0.5 IU/ml, respectively
(p<0.05), whereas that induced by RKO cells was not affected
(p=0.176). IL-1β and IL-6 synthesis by PBMC induced by HT-29
cells was not affected upon incubation with EPO (p=0.42 and
p=0.62, respectively). However that induced by RKO cells was
slightly increased (p=0.006 and p<0.001, respectively) and was
higher by 5% at EPO concentration of 0.06IU/ml (p<0.05).

176±9

1097±158

1771±32EPO

1116±133

1792±19

1732±10

1770±22

F3,15=15.19, P=<0.001

F3,15=0.83, P=0.49

F3,15=5.04, P=0.013

F3,15=1.88, P=0.176

0.49±0.12

6.04±0.78

10.27±0.11

10.24±0.19

0.46±0.15

5.69±0.65

10.06±0.25

10.41±0.22

F3,15=0.67, P=0.58

F3,15=1.37, P=0.28

F3,15=1.0, P=0.42

F3,15=6.19, P=0.006

1.52±0.47

22.65±1.06

29.35±0.37

29.15±0.58

1.84±0.73

25.68±1.63

28.68±0.64

29.49±0.6

IL-1β, ng/ml

0.38±0.08

0.38±0.06

IL-6, ng/ml

1.46±0.49

1.30±0.42

F3,15=1.72, P=0.21

6.19±0.59

5.75±0.68

23.58±0.74
22.93±0.92

F3,15= 1.62, P=0.23

9.96±0.23

10.36±0.29

10.73±0.18
10.13±0.21

28.44±0.67
29.49±0.82

F3,15=0.6, P=0.62

30.69±0.47
28.76±0.55

F5,15=9.74, P<0.001

Non-stimulated PBMC or cells stimulated with either LPS or with one of the colon cancer cell lines HT-29 or RKO, were incubated for 24 hrs
without (0) or with EPO at concentrations as indicated. The level of cytokines in the supernatants was tested by ELISA. The results are expressed
as Mean±SEM of 6 experiments. Asterisks represent statistically significant difference from cells incubated without EPO (p<0.05, p<0.01, p<0.001).

Effect of EPO on IL-2 and IFNγ production (Table 2)

While no detectable levels of IL-2 could be found in
supernatants of non-stimulated PBMC incubated for 24 hrs
without or with EPO, the secretion of IL-2 by PMA/ionomycin
stimulated PBMC was increased (p=0.001) and was higher
by 20%, 11% and 8% at 0.06, 0.125 and 0.5 IU/ml of EPO ,
respectively (p<0.05). Upon incubation with EPO, the secretion
of IL-2 induced by HT-29 colon cancer cells was slightly increased
reaching borderline significance (p=0.06), whereas that induced
by RKO was stimulated (p<0.001), and was enhanced by 31%,
20% (p<0.005) and 10.9% (p=0.055), respectively.

IFNγ production by non-stimulated or HT-29 stimulated
PBMC was not affected by EPO (p=0.58 and p=0.39, respectively).
The secretion of IFNγ by PMA/ionomycin stimulated PBMC was
increased (p=0.017) and at 0.06 IU/ml of EPO was higher by
27.5% (p<0.05). While HT-29-induced IFNγ secretion was not
affected following 24 hrs of incubation with EPO (p=0.39), that
induced by RKO cells was stimulated (p<0.001) and increased by
31% and 20% (p<0.015) at 0.06 and 0.125 IU/ml of EPO.
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Table 2: Effect of EPO on IL-2 and IFNγ production by PBMC
IFNγ, ng/ml

EPO concentration

Non-stimulated

PMA-stimulated

HT-29-induced

RKO-induced

0

0.71±0.09

26.50±2.91

8.66±0.25

7.37±0.29

0.64±0.04

28.45±2.00

8.74±0.54

8.85±0.43

0.06 IU/ml
0.125 IU/ml
0.5 IU/ml
Repeated measures
IL-2, ng/ml
0
0.06 IU/ml
0.125 IU/ml
0.5 IU/ml
Repeated measures

0.64±0.04
0.67±0.05

33.80±4.96
26.01±2.48

8.33±0.44
8.99±0.42

9.66±0.17
7.74±0.26

F3,15=1.3, P=0.58

F3,15=4.65, P=0.017

F3,15=1.07, P=0.39

F3,15=17.6, P<0.001

-

18.26±3.78

3.11±0.16

2.74±0.10

-

20.39±3.69

3.34±0.14

-

22.03±3.64
19.70±3.54

F3,15=9.25, P=0.001

3.12±0.16
3.39±0.13

F3,15=3.06, P=0.06

3.59±0.06
3.31±0.15

3.04±0.14†

F3,15=12.34, P=<0.001

Non-stimulated PBMC or cells stimulated with either PMA and ionomycin, or with one of the colon cancer cell lines HT-29 or RKO, were incubated
for 24 hrs without (0) or with EPO at concentrations as indicated. The level of cytokines in the supernatants was tested by ELISA. The results are
expressed as Mean±SEM of 6 experiments. Asterisks represent statistically significant difference from cells incubated without EPO (p<0.05, p<0.01,
†p=0.07).

Effect of EPO on IL-10 and IL-1ra production (Table 3)

There was no significant effect of EPO on IL-10 or IL-1ra
production by non-stimulated or LPS-stimulated PBMC incubated
for 24 hrs with EPO at concentrations as indicated (p=0.51 and
p=0.63, respectively). IL-10 secretion by PBMC stimulated with
either HT-29 or RKO cells was not affected following incubation

Table 3: Effect of EPO on anti-inflammatory cytokine production by PBMC

with EPO at the above mentioned concentrations (p=0.77 or
p=0.23, respectively), nor did IL-1ra production by cells with RKOstimulated PBMC (p=0.28). However, IL-1ra synthesis by PBMC
stimulated with HT-29 cells was slightly increased (p=0.032), and
was higher by 6% and 5% (p<0.05) at EPO concentrations of 0.06
and 0.125 IU/ml, respectively.

IL-10, ng/ml

EPO concentration

Non-stimulated

LPS-stimulated

HT-29-induced

RKO-induced

0

0.20±0.03

1.94±0.09

1.83±0.05

1.87±0.03

0.21±0.04

2.01±0.13

1.84±0.05

1.82±0.04

0.06 IU/ml
0.125 IU/ml
0.5 IU/ml
Repeated measures
IL-1ra, ng/ml
0
0.06 IU/ml
0.125 IU/ml
0.5 IU/ml
Repeated measures

0.21±0.02
0.18±0.02

1.96±0.16
1.86±0.16

1.84±0.07
1.87±0.06

1.85±0.03
1.87±0.04

F3,15=0.8, P=0.51

F3,15=0.58, P=0.63

F 3,15=0.38, P=0.77

F 3,15=1.57, P=0.23

1.64±0.08

1.86±0.04

2.50±0.05

2.61±0.05

1.58±0.06

1.86±0.04

2.62±0.06

2.66±0.10

1.60±0.06
1.56±0.04

F 3,15=0.84, P=0.49

1.94±0.06
1.82±0.04

F 3,15=, 0.88, P=0.47

2.65±0.07
2.54±0.08

F 3,15=3.82, P=0.03

2.75±0.06
2.58±0.07

F 3,15=1.42, P=0.27

Non-stimulated PBMC or cells stimulated with either LPS or with one of the colon cancer cell lines HT-29 or RKO, were incubated for 24 hrs
without (0) or with EPO at concentrations as indicated. The level of cytokines in the supernatants was tested by ELISA. The results are expressed as
Mean±SEM of 6 experiments. Asterisks represent statistically significant difference from cells incubated without EPO (p<0.05).

Citation: Bessler H, Herman-Edelstein MH, Djaldetti M (2018) About The Interconnection Between Erythropoietin, Mononuclears
And Colon Carcinoma Cells. Int J Hematol Blo Dis 3(3). 1-6

Page 4 of 6

About The Interconnection Between Erythropoietin, Mononuclears And
Colon Carcinoma Cells
Discussion
Studies indicate that EPO is involved not only in regulation of
erythropoiesis, but may be implicated in carcinogenesis through
a few ways. Since colorectal cancer cells possess erythropoietin
receptors it is conceivable that EPO may promote cancer cells’
growth and even to stimulate EPO production by malignant cells.
Moreover, it has been reported that in colorectal cancer patients
EPO levels are higher than those in healthy individuals, although
this finding might be associated with hypoxemia caused by anemia
usually present in this condition [14]. Chronic inflammation
may affect erythropoiesis and EPO activity by activation of
proinflammatory cytokines [15]. In our hands EPO did not
affect cell proliferation of PBMC and both types of malignant
colon cells. This observation is in line with those by Neuman et
al. [16] who did not detect any effect of EPO on the number of
polymorphonuclears and monocytes in dialysis patients and by
Patterson et al. [17] who did not obtain any proliferation of tumor
cells from 186 patients with various cancers under the effect of
EPO. The authors concluded that there are not EPO receptors at
least on the tumor cells examined. Similar findings were reported
by investigators working with breast carcinoma models [18],
HCT-116 human colon carcinoma, CT-26 mouse colon carcinoma
[19] and B16F10 melanoma cells [20]. Moreover, recombinant
erythropoietin did not trigger increased proliferation of breast
cancer cells, although they expressed EPO receptors [21]. It is
plausible therefore, that although there are certain hints that EPO
and its receptor correlate with tumor progression [22] there are
doubts as for their activity as tumor promoters.

The reports as for the effect of EPO on the production
of inflammatory cytokine by LPS stimulated cells are rather
inconsistent since it has been found that it may be expressed
as inhibition, stimulation or even as lack of effect [23]. The
results of the present study indicate that EPO incubated with
non-stimulated PBMC caused an increased secretion of TNFα
only and did not have any effect on LPS stimulated cells. On the
other hand, EPO incubated with PBMC stimulated with PMA/
ionomycin induced increased production of IL-2 and IFNγ. These
findings are in accordance with previous reports indicating that
EPO is able to directly stimulate IL-2 production by whole blood
cell cultures [8, 24] and to increase IFNγ secretion by CD4+
cells of patients on hemodialysis [25]. In contrast to our results,
increased level of IL-10 accompanied by a transitory decrease
of TNFα was observed in hemodialyzed patients receiving EPO
for six months [24]. The discrepancy in the results may reflect
difference in the experimental models, i.e. 24 hrs incubation of
PBMC from healthy subjects with EPO studied by us cannot be
compared with the secretion by whole blood cells obtained from
hemodialysis patients treated with EPO for 6 months. Comparable
to our results, Cervelliniet al. [23] did not find any effect of EPO on
IL-6 or TNFα production by cells promoted for cytokine secretion
either by TLR agonists, or by ATP activated inflammasomes. The
authors concluded that the effect of EPO is likely to be indirect.
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In the present study, EPO exerted a stimulatory effect on
cytokine production when added to PBMC co-cultured with cancer
cells. However, the results showed that cytokine production was
both cell and concentration dependent. PBMC stimulated by
RKO cells showed enhanced production of the pro-inflammatory
cytokines IL-1β, IL-6, IL-2, and IFNγ observed predominantly
using lower EPO concentrations. On the other hand, when PBMC
were prompted by HT-29 cells, the effect of EPO on the examined
cytokine production was almost absent except for an increase in
TNFα secretion. As for the anti-inflammatory cytokines surveyed
in the study at the same laboratory settings, only the generation
of IL-10 showed a mild increase, again at the lower doses of EPO.
In short, the results hereby reported demonstrate that while
erythropoietin did not promote PBMC for cytokine production
except for TNFα, co-culture of these cells with RKO colon cancer
cells in the presence of the hormone caused an enhancement of
the inflammatory IL-1β, IL-6, IL-2 and IFNγ cytokine secretion
by the immune cells. These findings enlighten the relationship
between EPO, immune and colon cancer cells of certain lines.
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