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Abstract

Objective: Erythropoietin (EPO) is widely used for treat-
ment of anemia associated with different diseases;
however, its adverse effects limit its use in clinical prac-
tice. Therefore, understanding the effects of EPO at the
molecular and cellular level is crucial to adjust treat-
ment regimes, and to develop non-hematopoietic EPO
derivatives. In this study, we used a proteomics approach
to identify how EPO treatment modifies the cellular
proteome.

Methods: SH-SY5Y neuroblastoma cells were used as the
model system to analyze the effects of EPO treatment at
different time points (24 h and 48 h). Proteomic analysis
revealed changes in 74 proteins after EPO treatment. Fol-
lowing proteomics analysis, Reactome pathway analysis
were carried out to identify the affected cellular pathways.
Results: According to results, EPO alters the levels of 74
protein species (40 were increased, 34 were decreased).
The levels of 35 proteins were changed by 24 h EPO incu-
bation, whereas 17 protein species were altered by 48 h
EPO incubation. Levels of 22 protein species were altered
by both of the incubation periods (24 h and 48 h).
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Degisikliklerin

Conclusion: Overall, our results suggest that EPO mainly
affects protein species in glucose metabolism, protein and
RNA metabolism, cytoskeletal proteins, and mitochon-
drial protein species.
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Ozet

Giris ve Amag: Eritropoetin (EPO) cesitli hastaliklar ile ilis-
kili aneminin tedavisinde yaygin kullanilmaktadir, ancak
yan etkileri nedeniyle klinikteki kullanimi siirhidir. Bu
nedenle, tedavi rejimlerini diizenlemek ve hematopoetik
olmayan EPO derivelerini gelistirmek icin EPO'nun mole-
kiiler ve hiicresel diizeydeki etkilerini anlamak cok 6nem-
lidir. Bu calismada, proteomik yaklasimla EPO tedavisi-
nin hiicresel proteomlar1 nasil etkiledigini tanimlamay1
amacladik.

Yontem ve Geregler: EPO'nun farkli zamanlardaki (24 h
ve 48 h) etkisini analiz etmek icin sistem model olarak
SH-SY5Y noroblastom hiicreleri kullanildi. EPO tedavisin-
den sonra degisiklik izlenen 74 protein proteomik analiz
ile gosterildi. Proteomik analizden sonra yapilan Reaktom
Yolak Analizi ile de etkilenmis olan hiicresel yolaklar
tanimlandi.

Bulgular: EPO 74 protein tiiriiniin diizeyini degistirmistir
(401 artmis, 34'1 azalmis). 24 saatlik EPO inkiibasyonu
sonunda 35 proteinin diizeyi degismis, 48 saatlik EPO
inkiibasyonu sonunda ise 17 proteinin diizeyi degismistir.
22 protein tiirliniin diizeyi ise her iki inkiibasyon siire-
sinde de degismistir (24 h ve 48 h).

Tartisma ve Sonu¢: EPO'nun baslica glukoz metaboliz-
masindaki, protein ve RNA metabolizmasindaki protein
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tiirlerini, hiicre iskeleti proteinlerini ve mitokondrial pro-
tein tiirlerini etkiledigi gosterilmistir.

Anahtar Kelimeler: Eritropoetin; Noron; Proteomikler;
Noroproteksiyon; Ilac tedavisi; Sinyal yolaklari.

Introduction

Erythropoietin (EPO) is a multifunctional cytokine, which
is primarily produced by peritubular cells in the kidney [1].
EPO production is subject to transcriptional regulation,
where hypoxia-inducible transcription factors stimulate
EPO gene expression [2]. The primary function of EPO is
to regulate production of erythrocytes in the bone marrow.
EPO receptor is expressed in various tissues [3, 4], includ-
ing the nervous system, and EPO plays important roles in
neurodevelopment [5, 6] and neuroprotection [7-9].

Recombinant EPO is in clinical use for treatment of
anemia associated with different diseases, including but
not limited to AIDS [10, 11], cancer [12, 13], and renal failure
[14, 15]. However, long-term EPO administration is associ-
ated with several adverse events, including hypertension
[16], cerebral convulsion, hypertensive encephalopathy,
thrombo-embolism, iron deficiency, and influenza-like
syndrome [17]. Given these findings, it is not only nec-
essary to determine the optimal dose and time for EPO
administration, but also to understand how EPO exerts its
effects at the molecular level.

Previous studies on EPO has also benefited from
proteomics to identify the interactions between cellular
proteins and EPO [18], and to determine differentially
regulated protein spots after EPO treatment or withdrawal
[19-23]. However, the question of how EPO alters the neu-
ronal proteome has not been addressed so far. Therefore,
our aim was to use a proteomics approach to identify how
EPO modifies the cellular proteome. We used SH-SY5Y
neuroblastoma cell line as the in vitro model system to
analyze the effects of EPO. Our findings show that EPO
treatment alters the cellular proteome, mainly through
the proteins related to glucose metabolism, mRNA meta-
bolism, and protein metabolism [24, 25].

Materials and methods

Neuronal cell culture

Human neuroblastoma SH-SY5Y cell line was purchased
from Deutsche Sammlung von Mikroorganismen &
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Zellkulturen (DSMZ). SH-SY5Y cells were maintained in
Dulbecco’s Modified Eagle Medium: nutrient mixture F-12
(DMEM:F12) (1:1) (Gibco, Gaithersburg, MD, USA) sup-
plemented with heat-inactivated fetal bovine serum (10%
v/v) and L-glutamine (1% v/v) at 37°C in 5% CO,.

EPO preconditioning

Twenty-four hour prior to treatment, 3x10° SH-SY5Y cells
(Passage #15) were seeded in 75 cm? cell culture flasks
in triplicate. Cells were treated with EPO (1 U/mL final
concentration) for 24 h, 48 h or left untreated. Cells were
maintained in reduced serum medium (OptiMEM, Gibco,
Gaithersburg, MD, USA) during EPO treatment.

Sample preparation for 2DE electrophoresis

At the end of incubation time, sample preparation was
performed according to Proteome Factory’s 2DE sample
preparation protocol for cell culture. Total protein was
isolated from plated SH-SY5Y cells using TriPure Isola-
tion Reagent (Roche Diagnostics, Mannheim, Germany)
according to the manufacturer’s protocol. Urea, ampho-
Iytes and DTT were added to a final concentration of 9 M
urea, 2% ampholytes and 70 mM DTT during thawing of
the protein-pellet (200 pg). After incubation for 30 min
at room temperature and centrifugation for 45 min at
15,000 x g the supernatant was removed and frozen in new
tubes at — 80°C.

Two dimensional gel electrophoresis

Two dimensional gel electrophoresis (2DE) was performed
by Proteome Factory based on the 2D electrophoresis tech-
nique according to Klose and Kobalz [26]. Hundred micro-
gram of protein was applied to vertical rod gels [9 M urea,
4% acrylamide, 0.3% PDA, 5% glycerol, 0.06% TEMED and
4% carrier ampholytes (pH 2-11), 0.02% APS] for isoelec-
tric focusing (IEF) at 8820 Vh in the first dimension. After
focusing, the IEF gels were incubated in equilibration
buffer, containing 125 mM Tris/phosphate (pH 6.8), 40%
glycerol, 65 mM DTT, and 3% standard deviation score
(SDS) for 10 min and subsequently frozen at — 80°C. The
second dimension SDS-PAGE gels (20 cm x 30 cm x 0.1 cm)
were prepared, containing 375 mM Tris-HCl buffer (pH
8.8), 12% acrylamide, 0.2% bisacrylamide, 0.1% SDS,
0.02% APS and 0.03% TEMED. After thawing, the equili-
brated IEF gels were immediately applied to SDS-PAGE
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gels. Electrophoresis was performed using a 140 mA for
5.5 h until the front reached the end of the gel. After 2DE
separation the gels were stained with silver (Fire Silver
staining kit, Proteome Factory).

Gel image analysis

The 2DE gels used for comparison analysis were digi-
tized at a resolution of 150 dpi using a PowerLook 2100XL
scanner with transparency adapter. Two-dimensional
image analysis was performed using the Proteomweaver
software (Definiens AG, Munich, Germany). Protein spots
with different spot intensities were selected according to
two parameters:

— a minimal significant factor which was evaluated as
follow with a replicate quality test: “Based on the
500 highest intensity spot-pairs, an average replicate
deviation of 68.25% was found. The standard devia-
tion of the average intensities for a group with three
gels is 23.67%. The regulation factor between two
such groups has a standard deviation of 35.04%. The
selected confidence level (0.05) results in a trust fac-
tor of 1.96. Exponentiating the standard deviation of
the regulation factors with the trust factor results in a
minimal significant regulation factor of: 1.802. A min-
imal significant factor of 1.802 was therefore applied
for the selection of changed protein spots.

Trypsin-digestion/nanoLC-ESI-MS/MS

Protein identification using nanoLC-ESI-MS/MS was per-
formed by Proteome Factory (Proteome Factory AG, Berlin,
Germany). The HPLC system was coupled to MS detection
via Qstar XL mass spectrometer (ABI, Foster City, CA, USA).
Peptides from enzymatic cleavage were acified with formic
acid and applied to nanoLC-ESI-MS/MS. After trapping
and desalting the peptides on enrichment column (Zorbax
SB C18, 0.3 x5 mm, Agilent) using 1% acetonitrile/0.5%
formic acid solution for 5 min peptides were separated
on Zorbax 300 SB C18, 75 um x 150 mm column (Agilent,
Waldbronn) using an acetonitrile/0.1% formic acid gradi-
ent from 5% to 40% acetonitrile within 40 min. MS over-
view spectra were automatically taken with a tolerance
of £ 50 ppm according to manufacturer’s instrument set-
tings for nanoLC-ESI-MS/MS analyses, peptide fragmenta-
tion and detection was accomplished with an accuracy of
+ 0.5 Da. Proteins were identified using MS/MS ion search
of the Mascot search engine (Matrix Science, London,
England) and nr protein database (National Center for

Biotechnology Information, Bethesda, MD, USA). Ion
charge in search parameters for ions from ESI-MS/MS
data acquisition were set to “1 +, 2 + or 3 +” according
to the instrument’s and method’s common charge state
distribution.

Pathway analysis

Reactome pathway database (access: http://www.reac-
tome.org/) was used to identify which cellular pathways
are affected by EPO treatment. Two time points (24 h and
48 h) were individually analyzed.

Statistical analysis

Mann-Whitney U-test has been used to compare the differ-
ences in spot intensities. p-Values < 0.05 were considered
to be statistically significant.

Results

Differentially regulated protein spots after
EPO treatment

To identify how EPO affects global protein levels in
SH-SY5Y cells, we treated the cells with EPO (1 U/mL)
for 24 h and 48 h. This dose is consistent with previous
studies, which characterized the effects of EPO in vitro
[27, 28]. Proteomic analysis revealed a total of 74 differen-
tially speciated proteins after EPO treatment (Figures 1-3).
The encircled spots are normally the regulated or the
analyzed spots. The pH range is from 3 to 10 and the
molecular weight is from 10 to 150 kDa. Among all differ-
entially speciated proteins, 40 proteins were upregulated,
and 34 proteins were downregulated. Thirty-five proteins
showed differential speciation after 24 h EPO treatment
(Tables 1 and 2), whereas only 17 proteins showed differ-
ential expression after 48 h EPO treatment (Tables 3 and
4). Twenty-two proteins showed differential speciation in
both 24 h and 48 h EPO treatment (Tables 5 and 6).

At 24 h time point, neuroleukin was the most upregu-
lated protein (3.19-fold compared to control), whereas
pyruvate kinase (PK) was the most downregulated protein
(0.19-fold compared to control). At 48 h time point, het-
erogeneous nuclear ribonucleoprotein R isoform 2 was the
most upregulated protein (2.35-fold compared to control),
whereas peroxiredoxin-4 was the most downregulated
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Figure 1: Two-dimensional gel of proteins from control SH-SY5Y cell
cultures without application of EPO.

Protein spots circled in control gel represent alteration in 74 protein
species after EPO preconditioning.

protein (0.32-fold compared to control). The complete list
of differentially speciated proteins is shown in SI Figures.

EPO affects proteins in different cellular
pathways

In the next step, we used Reactome pathway database to
identify the cellular pathways which are most affected by
EPO treatment. The results indicate that EPO treatment
affects proteins in glucose metabolism, protein and mRNA
metabolism, cytoskeletal and mitochondrial proteins
(Figures 4 and 5).

Discussion

Following its introduction to the clinical practice, the use
of recombinant human EPO has increased exponentially
in the past 20 years. EPO treatment is currently used for
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Figure 2: Two-dimensional gel of proteins from 24 h EPO precondi-
tioned SH-SY5Y cell cultures.

Protein spots circled in gel represent altered protein species (18
protein upregulated, 17 protein downregulated).

a broad spectrum of diseases. EPO has a direct effect on
blood pressure [29], which is independent of its hemat-
opoietic effects [16]. In addition, several in vitro, in vivo,
and clinical studies have been carried out to characterize
the hypertensinogenic effects of EPO [30-33].

The choice of SHSY-5Y cells was based on previ-
ous studies, which have demonstrated the expression of
EPO receptor and tissue-protective EPO receptors in this
cell line [34, 35]. In addition, several studies have used
SHSY-5Y cells to analyze the functional effects of EPO [36,
37]. Therefore, we preferred using this cell line as a model
to characterize the effects of EPO on cellular proteome.

Among all differentially speciated proteins after EPO
treatment, PK showed the highest level of downregula-
tion (approximately 80%). PK is one of the key metabolic
enzymes that regulate glycolysis and gluconeogenesis, and
its deficiency is the second leading cause of enzyme-defi-
cient hemolytic anemia [38, 39]. So far, there is no direct
experimental evidence on the interplay between EPO and
PK deficiency. Only a single study has investigated the



DE GRUYTER Ziibeyde Erbayraktar et al.: Proteomic analysis of erythropoietin-induced changes in neuron-like SH-SY5Y cells = 217

] H i
|
!
| |
| -
—
p—
i
|
|
‘ .|
e p ! . oat
20 e & L |
| o 8 ' ' o° '
w s e et W
| ov . ""
| L < R |
GD @
_— |
1 —— = !
—_— - : - - —7

Figure 3: Two-dimensional gel of proteins from 48 h EPO precondi-
tioned SH-SY5Y cell cultures.

Protein spots circled in gel represent altered protein species (eight
protein upregulated, nine protein downregulated).

potential link between EPO and PK, which indicates that
EPO is an effective treatment option for iron overload [40],
a common event in PK deficiency [41, 42].

Stathmin is a small, cytoplasmic protein that is
primarily responsible for regulating the dynamics of
microtubule formation. Stathmin functions as a relay
protein in different signaling pathways (mainly PI3K and
MAPK signaling) [43]. The functional roles of stathmin
in hematopoiesis have been characterized in several
studies. Stathmin speciation increases during chemi-
cally induced and EPO-induced erythroid differentia-
tion. In this study, Glucose-6-phosphate isomerase (GPI)
encodes an enzyme, which functions as a neurotrophic
factor (known as neuroleukin) outside the cell. Neuro-
leukin is essential for survival of skeletal motor neurons
and sensory neurons. In the present study, we have
shown that the highest upregulation following 24 h EPO
treatment was observed in neuroleukin levels. Thus, it is
possible that EPO exerts its neuroprotective effects via
neuroleukin.

Sideroflexin-3 is a member of the sideroflexin protein
family. Sideroflexin-3 is located on the mitochondria, and
functions as an iron transporter to regulate iron homeosta-
sis. In our study, we determined that sideroflexin-3 specia-
tion was the most upregulated protein after EPO treatment
at both time points (24 h and 48 h). Given its role in iron
homeostasis, sideroflexin-3 may function as a mediator of
EPO’s hematopoietic effects.

Table 1: List of spots/protein species sensitive to EPO treatment in SH-SY5Y, detected by 2-DE and identified by peptide MS/MS analysis.

Protein Uniprot Control EPO Relative
accession expression
no. (EPO/control)

Neuroleukin [Homo sapiens] P06744 0.246  0.784 3.186992

WD repeat domain 1 [Homo sapiens] 075083 0.181  0.439 2.425414

40S Ribosomal protein S12 [Homo sapiens] P25398 0.376  0.864 2.297872

DBH protein [Homo sapiens] P09172 0.271 0.605 2.232472

Aralar2 [Homo sapiens] Q9uJso 0.204  0.453 2.220588

Zinc finger protein 207 isoform a [Homo sapiens] 043670 0.136  0.299 2.198529

ATP synthase subunit gamma, mitochondrial isoform H (heart) precursor [Homo sapiens]  P36542 0.172  0.375 2.180233

Growth regulated nuclear 68 protein P17844 0.114  0.241 2.114035

Non-POU domain-containing octamer-binding protein isoform 1 [Homo sapiens] Q15233 0.509 0.994 1.952849

Chain A, crystal structure of human paics, A bifunctional carboxylase and synthetase in P22234 0.352  0.657 1.866477

purine biosynthesis

HnRNP 2H9B [Homo sapiens] P31942 0.132  0.246 1.863636

Clongation factor Tu [Homo sapiens] P49411 0.537  0.999 1.860335

Coiled-coil domain containing 51 [Homo sapiens] Q96ER9 0.114  0.211 1.850877

Prelamin-A/C isoform 2 [Homo sapiens] P02545 0.11  0.203 1.845455

Phosphoserine aminotransferase 1 [Homo sapiens] Q9Y617 0.313  0.577 1.84345

Heterogeneous nuclear ribonucleoprotein A/B isoform a [Homo sapiens] Q99729 0.255  0.468 1.835294

Non-POU domain containing, octamer-binding [Homo sapiens] Q15233 0.199  0.365 1.834171

GMP synthase [glutamine-hydrolyzing] [Homo sapiens] P49915 0.13  0.238 1.830769

Identified protein species from SH-SY5Y samples, 24 h treatment of EPO with upregulated speciation calculated from improved spot density
as percentage changes in spot volume against untreated SH-SY5Y samples.
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Table 2: Identified protein species from SH-SY5Y samples, 24 h treatment of EPO with downregulated speciation calculated from improved
spot density as percentage changes in spot volume against untreated SH-SY5Y samples.

Protein Uniprot Control EPO Relative expression
accession no. (EPO/control)
Pyruvate kinase [Homo sapiens] P14618 0.25 0.047 0.188
Heat shock cognate 71 kDa protein isoform 1 [Homo sapiens] P11142 0.255 0.049 0.192157
Glutathione S-transferase-P1c [Homo sapiens] P09211 0.211 0.045 0.21327
Gamma subunit of CCT chaperonin [Homo sapiens] P49368 0.112 0.024 0.214286
Chaperonin containing TCP1, subunit 5 (epsilon) [Homo sapiens] P48643 0.148 0.033 0.222973
Elongation factor 1-alpha 1 [Homo sapiens] P68104 0.154 0.037 0.24026
MTHSP75 [Homo sapiens] P38646 0.14 0.04 0.285714
L-lactate dehydrogenase A chain isoform 1 [Homo sapiens] P00338 0.083 0.024 0.289157
Heat shock cognate 71 kDa protein isoform 1 [Homo sapiens] P11142 0.079 0.023 0.291139
Polypyrimidine tract-binding protein 1 isoform a [Homo sapiens] P26599 0.098 0.031 0.316327
Glyceraldehyde-3-phosphate dehydrogenase [Homo sapiens] P04406 0.383 0.129 0.336815
Polyadenylate binding protein Il [Homo sapiens] P11940 0.106 0.043 0.40566
Hsp89-alpha-delta-N [Homo sapiens] P07900 0.201 0.084 0.41791
Chain A, human glyoxalase | with benzyl-glutathione inhibitor Q04760 0.256 0.107 0.417969
KH domain-containing, RNA-binding, signal transduction-associated Q07666 0.087 0.038 0.436782
protein 1 [Homo sapiens]
ATP synthase subunit alpha, mitochondrial precursor [Homo sapiens] P25705 0.107 0.047 0.439252
HNRPF protein [Homo sapiens] P52597 0.066 0.035 0.530303

Table 3: Identified protein species from SH-SY5Y samples, 48 h treatment of EPO with upregulated speciation calculated from improved
spot density as percentage changes in spot volume against untreated SH-SY5Y samples.

Protein Uniprot Control EPO Relative expression
accession no. (EPO/control)
Heterogeneous nuclear ribonucleoprotein R isoform 2 [Homo sapiens] Q99729 0.069 0.162 2.347826
CDC10 homolog [Homo sapiens] Q16181 0.166 0.384 2.313253
ATP synthase, H + transporting, mitochondrial F1 complex, alpha P25705 0.424 0.96 2.264151
subunit 1, cardiac muscle [Homo sapiens]
S3 ribosomal protein [Homo sapiens] P23396 0.616 1.0 2.146104
Aconitate hydratase, mitochondrial precursor [Homo sapiens] Q99798 0.093 0.198 2.129032
Aldehyde dehydrogenase [Homo sapiens] P05091 0.191 0.386 2.020942
Heterogeneous nuclear ribonucleoprotein A/B isoform a [Homo sapiens] Q99729 0.149 0.299 2.006711
MLL septin-like fusion protein [Homo sapiens] Q9UHD8 0.118 0.225 1.90678

Table 4: Identified protein species from SH-SY5Y samples, 48 h treatment of EPO with downregulated speciation calculated from improved
spot density as percentage changes in spot volume against untreated SH-SY5Y samples.

Protein Uniprot Control EPO Relative expression
accession no. (EPO/control)
Peroxiredoxin-4 [Homo sapiens] Q13162 0.122 0.039 0.319672
Actin, cytoplasmic 1 [Homo sapiens] P60709 0.291 0.101 0.347079
Prohibitin-2 isoform 2 [Homo sapiens] Q99623 0.157 0.055 0.350318
Cytochrome c oxidase subunit 5A, mitochondrial precursor [Homo P20674 0.307 0.109 0.355049
sapiens]
Keratin 1 [Homo sapiens]/PEA-15 [Homo sapiens] P04264 0.282 0.113 0.400709
Thioredoxin domain-containing protein 12 precursor [Homo sapiens] 095881 0.152 0.066 0.434211
Small nuclear ribonucleoprotein F [Homo sapiens] P62306 0.775 0.375 0.483871
Mutant human thioredoxin and a peptidetarget site in human Nfkb 0.192 0.1 0.520833

Prelamin-A/C isoform 2 [Homo sapiens] P02545 0.157 0.085 0.541401
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Table 5: Identified protein species from SH-SY5Y samples, 24 h as well as 48 h treatment of EPO with upregulated speciation calculated

from improved spot density as percentage changes in spot volume against untreated SH-SY5Y samples.

Protein Uniprot Control EPO EPO EPO/control EPO/control
accession no. 24h  48h 24 h 48 h
Sideroflexin-3 [Homo sapiens] Q9BWM7 0.099 0.344 0.399 3.474747 4.030303
Cyclophilin [Homo sapiens] P23284 0.054  0.15 0.137 2.777778 2.537037
Chain A, human mitochondrial nad(P)-dependent malic enzyme Q16798 0.061 0.157 0.125 2.57377 2.04918
78 kDa gastrin-binding protein [Homo sapiens] P40939 0.505 1.117 1.197 2.211881 2.370297
2-Phosphopyruvate-hydratase alpha-enolase [Homo sapiens] P06733 0.099 0.218 0.156 2.20202 1.575758
Lamin A/C [Homo sapiens] P02545 0.084 0.177 0.159 2.107143 1.892857
ATP: citrate lyase [Homo sapiens] P53396 0.039 0.079 0.085 2.025641 2.179487
RecName: Full=ES1 protein homolog, mitochondrial; AltName: P30042 0.119 0.24 0.24 2.016807 2.016807
Full=Protein GT335; AltName: Full=Protein KNP-I; Flags: Precursor
Laminin-binding protein [Homo sapiens] P08865 0.557 1.055 0.934 1.894075 1.67684
Actin-related protein [Homo sapiens] P61163 0.348 0.657 0.569 1.887931 1.635057
Translation initiation factor elF3 p40 subunit [Homo sapiens] 015372 0.142 0.261 0.263 1.838028 1.852113
PAPS sunthetase [Homo sapiens] 043252 0.143 0.258 0.267 1.804196 1.867133
Aldolase A [Homo sapiens] P04075 0.208 0.373 0.518 1.793269 2.490385
Poly(ADP-ribose) polymerase [Homo sapiens] P09874 0.142 0.232 0.372 1.633803 2.619718

Table 6: Identified protein species from SH-SY5Y samples, 24 h as well as 48 h treatment of EPO with downregulated speciation calculated

from improved spot density as percentage changes in spot volume against untreated SH-SY5Y samples.

Protein Uniprot Control EPO EPO EPO/control EPO/control

accession no. 24 h 48 h 24h 48 h
Actin, alpha skeletal muscle [Homo sapiens] P68133 0.584 0.087 0.108 0.148973 0.184932
Mutant beta-actin (beta’-actin) [Homo sapiens] P60709 0.344 0.063 0.122 0.18314 0.354651
Chaperonin (HSP60) [Homo sapiens] P10809 0.389 0.126 0.168 0.323907 0.431877
Eukaryotic translation elongation factor 1 alpha 1 [Homo sapiens] P68104 0.205 0.067 0.073 0.326829 0.356098
Chain A, structure of rho guanine nucleotide dissociation inhibitor P52565 0.242 0.082 0.094 0.338843 0.38843
Stathmin isoform a [Homo sapiens] P16949 0.63 0.314 0.081 0.498413 0.128571
Acireductone dioxygenase 1 [Homo sapiens] Q9BV57 0.114 0.069 0.039 0.605263 0.342105
Calcium-regulated heat stable protein CRHSP-24 [Homo sapiens] ~ Q9Y2V2 0.122 0.098 0.061 0.803279 0.5
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Figure 4: “Reactome pathway analysis” results from 24 h of EPO preconditioning.

Reactome pathway database identified the cellular pathways which were at most affected by EPO treatment. The results indicated that EPO
treatment affected protein species in glucose metabolism, protein and mRNA metabolism as well as cytoskeletal and mitochondrial protein
species. Each pathway was associated with annotated protein species through colored blocks and Reactome's pathway hierarchy was

shown using statistics.
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Figure 5: “Reactome pathway analysis” results from 48 h of EPO preconditioning.
EPO high-confidence interacting main cellular pathways were analyzed using the Reactome analysis tool for altered protein speciation.
Statistically over-represented interactions of EPO stimulation in hierarchy were demonstrated.
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