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Research Highlights

(1) In this study, we aimed to determine whether cytoglobin could scavenge oxygen free radicals
produced by hypoxia-induced oxidative stress and protect cells.

(2) Cytoglobin and hypoxia-inducible factor-1a expression was strongly upregulated by hypoxia.
Overexpression of cytoglobin is a protective mechanism against hypoxia in SH-SY5Y cells. In
comparison, the expression of hypoxia-inducible factor-1a was nearly undetectable in normal
SH-SY5Y cells.

Abstract

A plasmid for cytoglobin expression, pAcGFP1-C1-cytoglobin, was transfected into SH-SY5Y cells.
Cobalt chloride was used to establish a model of hypoxia. Western blotting indicated that cytoglobin
was overexpressed and there was low expression of hypoxia-inducible factor-1a in SH-SY5Y cells
after transfection. Following cobalt chloride-induced hypoxia, cytoglobin and hypoxia-inducible fac-
tor-1a expression gradually increased in SH-SY5Y cells. Flow cytometry showed that with increas-
ing duration of hypoxia, the proportion of normal cells significantly diminished in the transfected and
non-transfected groups. The proportion of cells in the early stages of apoptosis increased. However,
the proportion of apoptotic cells was significantly lower in the transfected group compared with the
non-transfected group. These results demonstrate that cytoglobin and hypoxia-inducible factor-1a
are strongly up-regulated by hypoxia, and that there is a strong relationship between hypox-

ia-inducible factor-1a and cytoglobin during hypoxic injury.
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INTRODUCTION

Cytoglobin was initially identified as a pro-
tein belonging to the globin family of proteins
by Burmester in 2002™". Cytoglobin differs
from the better-known globins, hemoglobin,
myoglobin and neuroglobin. Cytoglobin is
widely expressed in many different tissues
at different stages and is mainly present in
the cytoplasm or nucleolus?. Cytoglobin is
expressed in retinal tissue, including retinal

2198

ganglion cells, the inner nuclear layer and
the inner and outer plexiform layers. The
specific kinetics of this hexacoordinate glo-
bin is indicative of its role as a temporary
oxygen reservoir, which might provide a
minimal, but continuous supply of intracel-
lular oxygen during ischemic and anoxic
conditions®*. The specific localization of
cytoglobin might be suggestive of an im-
portant role in oxygen homeostasis and
ischemia-induced cell signaling in human
retinas and optic nerves®".
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Cytoglobin expression increases in response to various
stress conditions, including hypoxia, oxidative stress
and fibrotic stimulation®. Cytoglobin is strongly
up-regulated by hypoxia, which suggests that its ex-
pression is induced by hypoxia and that it promotes cell
survival®*!. Fordel et al®® found that cytoglobin mRNA
expression increased in neuroblastoma N2a cells un-
der oxidative stress. Moreover, resistance of cells to
H,0, decreased and cellular necrosis increased after
deletion of the cytoglobin gene. Exposure of SH-SY5Y
cells to paraquat or H,O, results in a concentra-
tion-dependent and time-dependent induction of
apoptotic and necrotic cell death. These findings sug-
gest that cytoglobin protects SH-SY5Y cells against
oxidative stress-induced cell death®®’. Hypoxia elevates
expression of cytoglobin, which can enhance neuronal
tolerance to hypoxia™®.

The discovery of hypoxia-inducible factor-1 and the
subsequent identification of other members of the hy-
poxia-inducible factor-1 family of transcriptional activa-
tors has provided insight into the molecular underpin-
nings of oxygen homeostasis. Hypoxia-inducible fac-
tor-1a expression mainly depends on intracellular oxy-
gen supply, and it is a multifunctional transcription factor
that participates in the response to cell and tissue hy-
poxia®* 4 Numerous studies have shown that ex-
pression of hypoxia-inducible factor-1a is low in brain
tissues with normal oxygen content, but rapidly increases
after acute hypoxia™™". Wystub et al ™ showed that
cytoglobin contains both hypoxia response elements,
which can bind hypoxia-inducible factor-1, suggesting
that cytoglobin expression is regulated by the transcrip-
tion factor.

In this study, we transfected the cytoglobin gene into
SH-SY5Y cells using Lipofectamine 2000 to examine
the expression of cytoglobin and hypoxia-inducible
factor-1a, and the neuroprotective effect of cytoglobin in
SH-SY5Y cells following cobalt chloride-induced
hypoxia.

RESULTS

Generation of stably-transfected SH-SY5Y-
green fluorescent protein (GFP)-cytoglobin cell
lines

Fluorescence microscopy showed GFP expression after
SH-SY5Y-GFP-cytoglobin transfection. Under an excita-
tion wavelength of 488 nm, green fluorescence was
emitted from the SH-SY5Y cells (Figure 1).

Changes in cytoglobin and hypoxia-inducible
factor-1a protein expression in SH-SY5Y cells after
hypoxic injury

Western blotting revealed that expression of cytoglobin
at 0 hours was low in the non-transfected group, while in
the transfected group, the expression of cytoglobin was
upregulated significantly. Compared to the non- trans-
fected group, the expression of cytoglobin increased in
the transfected group in a time-dependent manner (P <
0.01, P < 0.05; Figure 2, Table 1).

Figure 1 Transfected SH-SY5Y-GFP-cytoglobin cells
(fluorescence microscopy, x 100).

SH-SY5Y cells were transfected with pAcGFP1-C1-
cytoglobin using Lipofectamine 2000. The successfully-
transfected cells showed green fluorescence.

GFP: Green fluorescent protein.

& 2
21 kDa e — - Cy0g0bin

B0 o — —— > "

-

Al A2 A3 A4 A5

21 kDa . - —-— P Cytoglobin

43kDa - - C-ocin
B1 B2 B3 B4 B5

Figure 2 Cytoglobin expression in SH-SY5Y cells after
hypoxia (western blot analysis).

(A1-5) After 0, 2, 6, 12 and 24 hours of hypoxia in the
transfected group; (B1-5) after 0, 2, 6, 12 and 24 hours of
hypoxia in the non-transfected group.

Hypoxia-inducible factor-1a expression was almost un-
detectable in the transfected and non-transfected groups.
With increasing duration of hypoxia, the expression of
hypoxia-inducible factor-1a increased significantly in
both groups (P < 0.01, P < 0.05; Figure 3, Table 2).
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Table 1 Relative protein expression of cytoglobin
(absorbance ratio to B-actin) in SH-SY5Y cells after hypoxia

Hypoxia time (hour) Non-transfected group Transfected group

0 0.126+0.041 0.263+0.037
2 0.271+0.060% 0.474+0.057
6 0.492+0.074° 0.572+0.090

12 0.604+0.086"° 0.726+0.067

24 0.760+0.096° 0.918+0.054

Data are presented as mean + SD. The experiment was repeated
six times. Dunnett’s post hoc test was used to compare differences
between groups. ®P < 0.05, °P < 0.01, vs. 0 hours; °P < 0.01, vs.
non-transfected group.
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Figure 3 Hypoxia-inducible factor-1a (HIF-1a)
expression in SH-SY5Y cells after hypoxia (western blot
analysis).

(A1-5) After 0, 2, 6, 12 and 24 hours of hypoxia in the
transfected group; (B1-5) after O, 2, 6, 12 and 24 hours of
hypoxia in the non-transfected group.

Table 2 Relative protein expression of hypoxia-inducible
factor-1a (absorbance ratio to $-actin) in SH-SY5Y cells
after hypoxia

Hypoxia time (hour) Non-transfected group Transfected group

0 0.010+0.005 0.012+0.006
2 0.129+0.041 0.112+0.042
6 0.280+0.066° 0.299+0.049°

12 0.436+0.076" 0.509+0.050°

24 0.611+0.063° 0.644+0.053"

Data are presented as mean + SD. The experiment was repeated
six times. Dunnett’s post hoc test was used to compare differences
between groups. °P < 0.05, p < 0.01, vs. 0, 2 hours.

Cytoglobin overexpression reduced apoptosis of
SH-SY5Y cells induced by hypoxia

Flow cytometry demonstrated that the proportion of cells
in the early stages of apoptosis was significantly de-
creased in transfected cells compared with
non-transfected cells at the various time points of hy-
poxic treatment (P < 0.01). Furthermore, cell viability was
significantly increased. The proportion of non-transfected
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cells continued to decrease, and the proportion of apop-
totic cells steadily rose with increasing duration of hy-
poxia. These results suggest that cytoglobin protects
cells and decreases hypoxia-induced cell death (Figure 4,
Tables 3, 4).

DISCUSSION

PAcGFP1-C1 is composed of a GFP reporter gene, the
SV40 promoter, restriction enzyme sites and the kana-
mycin and neomycin resistance gene. Under the fluo-
rescence microscope, using about 490 nm ultraviolet
excitation, green fluorescence emitted by the GFP re-
porter can be observed. It is easy to construct fusion
proteins with the GFP reporter while maintaining its abil-
ity to emit fluorescence. Cobalt chloride is a chemical
that is widely-used to simulate hypoxia™®. The Fe®' in
heme on the cell surface can be replaced by CO?*, the-
reby impairing oxygen signaling and transport and in-
ducing hypoxia. In this study, we generated SH-SY5Y
cells expressing GFP-cytoglobin, and green fluores-
cence was emitted by these cells under the fluorescence
microscope, which shows that pAcGFP1-Cl-cytoglobin
was successfully transfected into the cells and that the
fusion protein was expressed. Many studies have shown
that cytoglobin is upregulated by hypoxia™™®. The ex-
pression of cytoglobin in mouse brain, liver, heart and
skeletal muscle is dependent on oxygen concentration,
and varies according to tissue and developmental stage.
In this study, cytoglobin expression was low in the
non-transfected group, but high in the transfected group.
With increasing length of hypoxia, cytoglobin expression
steadily increased in both groups. This result is similar to

a previously published study®.

Wystub et al ! demonstrated that the oxygen depen-
dence of cytoglobin expression was mediated by hypox-
ia-inducible factor-1. In the present study, cytoglobin
expression was detectable after hypoxia and gradually
increased in a time-dependent manner. These results
verified that acute hypoxia upregulates cytoglobin and
hypoxia-inducible factor-1 expression, which indicates
that cytoglobin expression increases in hypoxic cells
through the hypoxia-inducible factor-1 pathway.

Flow cytometry results showed that the proportion of
cells in the early stages of apoptosis was remarkably
reduced among cells transfected with cytoglobin, and cell
viability was significantly higher, which suggests that
cytoglobin can protect cells by suppressing hypox-
ia-induced cell death.
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Figure 4 Detection of SH-SY5Y cell apoptosis induced by hypoxia (flow cytometry).

The proportion of non-transfected normal cells significantly decreased with increasing duration of hypoxia, and the proportion of
early apoptotic cells significantly increased. The proportion of transfected normal cells also significantly decreased with
increasing duration of hypoxia, and the proportion of early apoptotic cells significantly increased. The proportion of normal cells
in the transfected group was substantially higher than in the non-transfected group. The proportion of apoptotic cells in the
transfected group was noticeably lower than in the non-transfected group.
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Table 3 Effects of cytoglobin overexpression on the
normal cell ratio (%) in SH-SY5Y cells under hypoxia

Time of hypoxia (hour)

Group
0 6 12 24

Transfected 99.11+0.38 93.27+0.62% 90.49+0.84% 85.55+0.74%
Non- 98.62+0.32 74.17+0.91* 68.47+0.84% 49.29+0.93%
transfected

Data are presented as mean = SD. The experiment was repeated
six times. Dunnett’'s post hoc test was used to compare differences
between groups. 2P < 0.01, vs. 0 hours; °P < 0.01, vs.
non-transfected group.

Table 4 Effects of cytoglobin overexpression on apoptotic
ratio (%) in SH-SY5Y cells under hypoxia

Time of hypoxia (hour)

Group
0 6 12 24
Transfected 0.66+0.27  6.31+0.69% 7.21+0.50% 12.98+0.26%
Non- 1.14+0.16 22.67+0.72% 27.3+0.95% 42.14+1.08%
transfected

Data are presented as mean + SD. The experiment was repeated
six times. Dunnett’s post hoc test was used to compare differences
between groups. 2P < 0.01, vs. 0 hours; °P < 0.01, vs.
non-transfected group.

In summary, our findings indicate that cytoglobin over-
expression reduces cobalt chloride-induced nerve cell
death.

The recombinant cytoglobin gene was effectively trans-

fected into neuronal cells and had a neuroprotective ef-
fect. Moreover, hypoxia-inducible factor-1a protein ex-
pression increased. These results indicate that the oxy-
gen dependence of cytoglobin expression is associated
with hypoxia-inducible factor-1.

MATERIALS AND METHODS

Design
A genetic engineering, in vitro controlled experiment.

Time and setting

This study was performed at the Laboratory of Shengjing
Hospital of China Medical University and the Laboratory
of Department of Ophthalmology, Shenyang No.4
People’s Hospital, China from February 2010 to January
2012.

Materials

SH-SY5Y cells were obtained from the Cancer Institute
of the Chinese Academy of Medical Sciences.
pPAcGFP1-C1-cytoglobin was obtained from Takara Bio-
technology (Dalian) Co., Ltd., Liaoning Province, China.

Methods

SH-SY5Y cell transfection

SH-SY5Y cells were cultured in Dulbecco’s modified
Eagle’s medium (Gibco, Grand Island, NY, USA) sup-
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plemented with 10% fetal bovine serum (Gibco) and in-
cubated at 37°C in 5% CO,. The medium was replaced
every 3 days, and cells were subcultured twice a week.
The day before transfection, cells were seeded into every
well of a 6-well plate at a density of 2 x 10° cells per well.
Approximately 60—-80% confluency was reached on the
day of transfection. Cells in the 6-well plate were washed
twice in serum-free Dulbecco’s modified Eagle’s medium,
and then 1.5 mL serum-free medium was added. Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) was
mixed with pAcGFP1-C1-cytoglobin for 5 hours at 37°C
in 5% CO,. Supernatant was removed, and the medium
was replaced with Dulbecco’s modified Eagle’s medium
containing 20% serum. Cells were incubated in a 5%
CO, incubator for 48 hours at 37°C. Cell transfection was
evaluated using a fluorescence microscope (Motic
[Xiamen] Electric Group Co., Ltd., Xiamen, Fujian Prov-
ince, China).

SH-SY5Y cell hypoxiainduction

After 48 hours, hypoxia was induced. Non-transfected
SH-SY5Y cells were cultured with cobalt chloride (No.
C8661; Sigma, St. Louis, MO, USA) in high-glucose
Dulbecco’s modified Eagle’s medium containing 10%
fetal bovine serum. Transfected cells with Lipofectamine
2000 and pAcGFP1-C1-cytoglobin were incubated with
high-glucose Dulbecco’s modified Eagle’s medium, sup-
plemented with 250 pmol/L cobalt chloride, 400 ug/mL
G418 (stable transfection; Merck KGaA, Darmstadt,
Germany) and 10% fetal bovine serum at 37°C in a 5%
CO, incubator.

Western blot analysis of cytoglobin and hypoxia-
inducible factor-1a protein expression in SH-SY5Y
cells

Cells were examined at 0, 2, 6, 12 and 24 hours of hy-
poxia. Total protein was isolated. Protein concentrations
were determined using the bicinchoninic acid method
according to the manufacturer’s protocol (Beyotime In-
stitute of Biotechnology, Shanghai, China). After elec-
trophoresis, proteins were transferred onto a membrane.
The membrane was then immersed in Tris-buffered sa-
line for 10 minutes, and blocked with 5% nonfat milk for 1
hour, washed twice in Tris-buffered saline (each for 5
minutes), and then probed overnight at 4°C with rabbit
anti-rat cytoglobin and hypoxia-inducible factor-1a po-
lyclonal antibodies (1:1 000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). After two washes in Tris-buffered
saline (each for 5 minutes), membranes were incubated
with horseradish peroxidase-labeled goat anti-rabbit 1IgG
(1:20 000; Beyo-time, Haimen, China) for 2 hours at
room temperature. After two washes in Tween-Tris- buf-
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fered saline and two washes in Tris-buffered saline (each
for 5 minutes), the immunoreactive bands were then
visualized. B-actin was used as the internal control. The
immunoblots were scanned using Chemi Imager 5500
V2.03 software (AIPha InnCh, Miami, FL, USA), and
absorbance values were calculated using FluorChem 2.0
software (Olympus, Tokyo, Japan) and normalized
against B-actin.

Detection of SH-SY5Y cell apoptosis by flow
cytometry

Cells were obtained at 0, 6, 12 and 24 hours of hypoxia.
After the supernatant was removed, cells were washed
twice in PBS and digested in 0.25% trypsin. The diges-
tion was terminated with medium. A single cell suspen-
sion (1 x 10°%mL) was prepared and centrifuged at
800 r/min for 10 minutes. The supernatant was discarded
and the cell pellet was recovered (approximately 50 uL
medium was left to prevent loss of cells). 1 mL
pre-cooled PBS was added, and cells were resuspended
and centrifuged at 800 r/min for 10 minutes. The super-
natant was discarded (approximately 50 uL PBS was left)
and cells were resuspended after adding 195 pL Annexin
V-FITC (Bo Ling Ke Biological Science and Technology
Co., Ltd., Beijing, China). Following addition of 5 uL An-
nexin V-FITC, the cells were incubated at room temper-
ature in the dark for 10 minutes and centrifuged at 800
r/min for 10 minutes. Supernatant was carefully removed,
and about 50 L liquid was left. Cells were resuspended
after addition of 190 pyL Annexin V-FITC conjugate. Cells
were stained with 10 yL Annexin propidium iodinate and
stored in an ice bath in the dark. A fluorescence-activated
cell sorting machine (Becton Dickinson, San Jose, CA,
USA) was used to examine the protective role of cytog-
lobin and hypoxia-inducible factor-1a in SH-SY5Y cells
following cobalt chloride-induced hypoxia.

Statistical analysis

All data were presented as mean + SD. One-way analy-
sis of variance was used to compare differences among
groups using SPSS 13.0 software (SPSS, Chicago, IL,
USA). Dunnett’'s post hoc test was applied to compare
intergroup differences if one-way analysis of variance
revealed a significant difference. A level of P < 0.05 was
considered statistically significant.
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