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Original Article 
Androglobin knockdown inhibits growth of glioma cell 
lines 
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Abstract: Globin family was famous for oxygen supply function of its members such as hemoglobin and myoglobin. 
With the progress of research, several members of this protein family have been proven to play roles in tumors 
including glioma. Androglobin (ADGB) is a recently identified member of globin family with very few studies about 
its function. In the present study, we show that ADGB plays an oncogene role in glioma. Lentiviral vector mediated 
ADGB knockdown inhibited the proliferation of glioma cell lines determined by MTT assay and colony formation as-
say. ADGB knockdown also increased the apoptosis of glioma cell line U251 assessed by flow cytometry. In addition, 
western blot showed that ADGB knockdown altered levels of several proteins related to proliferation, survival or 
apoptosis in U251 cells. These findings suggest ADGB is involved in the progression of glioma in vitro. 
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Introduction

Globins occur in all three kingdoms of life: bac-
teria, Archaea and eukaryotes [1]. They can be 
divided to three types: single-domain globins 
and two types of chimeric globins, flavohemo-
globins and globin-coupled sensors [2]. Except 
for the well-known intracellular oxygen trans-
port role, globins have diverse functions such 
as reaction with nitric oxide, peroxidase activity 
and reaction with free radicals, binding and 
transport of sulfide and oxygen sensing [3]. 
Several members of globin superfamily have 
been identified to play roles in many kinds of 
cancers [4-6] including glioblastoma [7-10].

Androglobin (ADGB) is a recently identified new 
member of globin family, which is expressed in 
heart, brain, lung and testis of mouse, with 
extremely high level in testes [11]. ADGB mRNA 
level does not obviously elevated in experimen-
tal hypoxia treated human testicular germ cell 
tumor (NCCIT), embryonal carcinoma (NTERA-2 
clone D1) and fibrosarcoma (HT1080) derived 
cell lines [11]. It is suggested that ADGB har-
bors other functions rather than oxygen trans-
port. In this study, we propose that ADGB plays 
a role in the progression of glioma. Lentiviral 

vector was used to mediate RNA knockdown of 
ADGB in glioma cell lines. We found ADGB 
knockdown decreased the growth of glioma cell 
lines U87, U251, U373 revealed by MTT assay 
and the colony formation of glioma cell lines 
U87 and U251. ADGB knockdown also 
increased apoptosis in U251. In addition, the 
results from U251 cell line showed that ADGB 
knockdown altered phosphorylation level of 
some proteins such as STAT3, Akt, ERK1/2. 
ADGB knockdown also caused increased level 
of cleaved caspase-3 and decreased level of 
cyclin D1 and Bcl-2.

Materials and methods

Cell culture and reagents

Glioma cell lines U87, U251, U373 (Institute of 
Biochemistry and Cell Biology, Shanghai, China) 
were cultured in DMEM (Dulbeccos Modified 
Eagle Medium, Invitrogen, Carlsbad, USA) sup-
plemented with 10% heat-inactivated fetal 
bovine serum (FBS, Invitrogen) at 37°C with 5% 
CO2 in a humidified atmosphere. SYBR Premix 
Ex Taq (Takara, Dalian, China), was used when 
conducting quantitative real-time PCR. We used 
antibodies to the following proteins in this 
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study: p-STAT3 (Tyr705), STAT3, p-Akt (Ser473), 
Akt, p-ERK1/2 (Thr202/Tyr204), ERK1/2, 
cleaved caspase-3 (Tyr705) (Cell Signaling 
Technology, Beverly, USA), Cyclin D1 (Boster, 
Wuhan, China), Bcl-2 (Bioworld Technology, 
Nanjing, China), GAPDH (Kangchen, Shanghai, 
China).

Lentivirus-mediated shRNA knockdown

Lentiviral shRNA plasmids with or without tar-
geting ADGB sequence were transfected into 
293T cells using Lipofectamine 2000 together 
with the gag/pol packaging vector and the 
VSVG encoding plasmid in order to produce the 
shADGB lentiviruses or the control lentiviruses. 
The shRNA sequence was: 5’-CCGGGCATTTA- 
GCAAGAGAATATGTGTCGCCTGTAAATGCTTTT-3’. 
Lentiviruses were packaged with the help of 
Neuronbiotech Company (Shanghai, China).

Quantitative real-time PCR

The knockdown efficiency of lentiviral shRNA in 
cells was determined by quantitative PCR anal-

ysis. U373 cells in 6-well plate with about 30% 
confluence were trasnsduced with control or 
shADGB lentiviruses (MOI = 10). Four days 
later, RNA was extracted, reverse transcribed 
and analyzed by quantitative real-time PCR. 
Total RNA was extracted using Trizol (Invitrogen), 
according to the manufacturer’s instructions. 
The primer sets for quantitative real-time PCR 
were: ADGB: 5’-AGACCCTCATCAGAAGTGCAG-3’; 
5’-GCTACCAGAGGACAAGACCTACT-3’. GAPDH: 
5’-AAGGTGAAGGTCGGAGTCAAC-3’; 5’- GGGGTC- 
ATTGATGGCAACAATA-3’.

Western blot

Cells were collected and lysed in lysis buffer 
(20 mM Tris-HCl pH 7.5, 2 mM EDTA, 1% NP-40, 
150 mM NaCl, 1 mg/ml SDS, 0.25 mg/ml sodi-
um deoxycholate) supplemented with 1 × 
PMSF, 1 × phosphatase inhibitor and 1 × prote-
ase inhibitor cocktail. Western blot was carried 
out as previously described [12].

MTT assay

To measure the proliferation rate, cells were 
seeded onto 96-well plates in 150 μl of DMEM 
with 10% FBS, at a density of 1500 cells/well. 
Each day for the next five days, 100 μg of MTT 
was added to the corresponding well. After an 
additional 4 h in culture, 150 μl of DMSO was 
added and optical density measured at 490 nm 
in a multiwell spectrophotometer. 

Colony formation assay

Cells were seeded onto 6-well plates at a den-
sity of 300 cells/well in triplicate. After 10 days 
in culture, cells were fixed with methanol and 
stained with 0.5% crystal violet. The colony for-
mation rate was calculated by dividing the num-
ber of colonies by the number of seeded cells. 

Flow cytometry assay

The Annexin V Apoptosis Detection Kit APC 
(eBioscience, San Diego, USA) was used to 
detect and quantify apoptosis by flow cytome-
try. Cells in the log phase of growth were har-
vested according to the manufacturer’s proto-
col and analyzed using a FACS Calibur Flow 
Cytometer. Data were analyzed by FlowJo soft-
ware. Apoptosis Detection was carried out as 
previously described [12].

Figure 1. Lentivirus mediated ADGB knockdown re-
sults in decreased mRNA level in U373. U373 cells in 
6-well plate with about 30% confluence were trasns-
fected with control or shADGB lentiviruses (MOI = 
10). Four days later, RNA was extracted, reverse tran-
scribed and analyzed by quantitative real-time PCR.
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Results

Lentivirus mediated ADGB knockdown results 
in decreased mRNA level in U373 

To test the effectiveness of our shRNA, U373 
cells in 6-well plate with about 30% confluence 

were trasnsduced with control or shADGB lenti-
viruses (MOI = 10). Four days later, RNA was 
extracted, reverse transcribed and analyzed by 
quantitative real-time PCR. ADGB mRNA level 
was changed to less than 50% by the shADGB 
lentiviruses in U373 (Figure 1). Due to the 
unavailability of good quality antibody to ADGB, 

Figure 2. ADGB Knockdown inhibits the growth of glioma cell lines U251, U87, and U373. Proliferation rates of U87, 
U251 and U373 cells trasnsfected with control or shADGB lentiviruses (MOI = 10) were measured by MTT assay 
(n = 5). It was showed that the growth of three glioma cell lines U251 (A), U87 (B), and U373 (C) were all inhibited.

Figure 3. ADGB Knockdown inhibits the colony formation of glioma cell lines U251 and U87. Glioma cells seeded 
onto 6-well plates were transfected with control or shADGB lentiviruses. After 10 days in culture, cells were fixed with 
methanol and stained with 0.5% crystal violet. The image was captured by a normal digital camera. A. Reprsenta-
tive colony formation results of U251 and U87 cells. B. Quantification of colony numbers, Error bars represent SD. 
*, P < 0.05.
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Figure 4. ADGB knockdown induces apoptosis in glioma cell line U251. Apoptosis of U251 cells were analyzed by 
flow cytometry. The number of Annexin V-APC positive apoptotic cells are shown as percentages of total cells. A. 
Histogram of Annexin V-APC positive cells. B. Bar chart of the percentage of Annexin V-APC positive cells. Error bars 
represent SD; n = 3. *, P < 0.05.

Figure 5. ADGB knockdown altered levels of proteins related to prolifera-
tion, survival or apoptosis in U251 cells. A. Western blot showed that ADGB 
knockdown decreased the phosphorylated levels of STAT3 and Akt. B. 
Grayscale ratios of STAT3/GAPDH or Akt/GAPDH revealed that the expres-
sion levels of STAT3 and Akt were not changed in ADGB knockdown group. 
Grayscale ratios of P-STAT3/STAT3 and P-Akt/Akt reveald that the phos-
phorylated levels of STAT3 and Akt were decreased in ADGB knockdown 
group. C. ADGB knockdown also decreased the expression level of Cyclin 
D1, Bcl-2 and increased the expression level of cleaved caspase-3. GAPDH 
was sample loading control.

we did not acquire results to 
show the effectiveness of 
ADGB knockdown at transla-
tional level.

ADGB knockdown inhibited 
the growth of glioma cell lines 
U251, U87, and U373 

Cells seeded onto 96-well pla- 
tes at a density of 1500 cells/
well were transfected with con-
trol or shADGB lentiviruses. 
Each day for the next five days, 
100 μg of MTT was added to 
the corresponding well. After 
an additional 4 h in culture, 
150 μl of DMSO was added and 
optical density measured at 
490 nm in a multiwell spectro-
photometer. The results show- 
ed that growth of three glioma 
cell lines U251, U87, and U373 
were all inhibited upon ADGB 
knockdown (Figure 2).

ADGB knockdown inhibited the 
colony formation of glioma cell 
lines U251 and U87

To test the role of ADGB knock-
down on the colony formation 
of glioma cell lines, glioma cells 
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seeded onto 6-well plates were transfected 
with control or shADGB lentiviruses. After 10 
days in culture, cells were fixed with methanol 
and stained with 0.5% crystal violet. The image 
was captured by a normal digital camera. The 
results showed that ADGB Knockdown reduced 
the colony numbers of U87 and U251 signifi-
cantly (Figure 3).

ADGB knockdown induced apoptosis in glioma 
cell line U251

To detect whether ADGB knockdown induce 
apoptosis of glioma cells, the Annexin V 
Apoptosis Detection Kit APC was used. The pro-
portation of apoptotic cells assessed by flow 
cytometry assay was increased in U251 cell 
line (Figure 4). The percentage of Annexin V 
positive cells in ADGB knockdown group is 
11.63%, while it is only 3.37% in control group.

ADGB knockdown altered levels of proteins re-
lated to proliferation or apoptosis in U251 cells

Western blots showed that ADGB knockdown 
decreased the phosphorylated level of STAT3 
and Akt (Figure 5A, 5B). ADGB knockdown also 
decreased the expression level of Cyclin D1 
and Bcl-2, and increased the level of cleaved 
caspase-3, which is consistent with our above 
results. GAPDH was a sample loading control 
(Figure 5C).

Discussion

The roles of globins in cancers have drew much 
attention of scientists in recent years. The glo-
bins have been found in many kinds of cancers 
such as breast cancer [13], hepatocellular car-
cinoma [6], cervical cancer [14], and glioma [8]. 
Neuroglobin, cytoglobin, and hemoglobin have 
been found to be expressed in glioblastoma 
multiforme cells [4, 7, 8, 10]. 

Previous studies have revealed that globins 
have diverse functions in cancers. Marwan 
Emara and his colleagues concluded that “the 
expression of different hemoglobins may con-
stitute a part of series of active defense mech-
anisms supporting these cells to resist various 
types of treatments including chemotherapy 
and radiotherapy” [7]. Whether ADGB has simi-
lar functions in glioma cells is remain to be 
explored. Cytoglobin was firstly identified as a 
tumor suppressor [15, 16], but further studies 
showed that cytoglobin also harbored onco-
gene functions [17]. Our results suggest that 

ADGB has the oncogene function in glioma cell 
lines.

Signal transducers and activators of transcrip-
tion 3 (STAT3) is a transcription factor essential 
for cell growth, division, movement and apopto-
sis [18]. Our results showed that ADGB knock-
down reduced the STAT3 activity, but the 
expression of its downstream target genes still 
needs further study. PI3K/Akt pathway is one 
of the major signaling pathways that are 
involved in the progression of glioma [19] and 
activation of the Akt pathway is sufficient to 
allow conversion of human anaplastic astrocy-
toma to human glioblastoma multiforme [19, 
20]. Our Preliminary data revealed that ADGB 
knockdown decreased the phosphorylated 
level of Akt, which suggested that ADGB might 
acting through Akt pathway. Blc-2 is a regulator 
of apoptosis, either inducing (pro-apoptotic) it 
or inhibiting it [21]. Cleaved caspase-3 is an 
executioner caspase in the execution-phase of 
cell apoptosis [22]. Our results about the 
changed level of Bcl-2 and cleaved caspase-3 
suggested that ADGB knockdown triggered pro-
grammed cell death, which was consistant with 
the results of flow cytometry assay. In a word, 
ADGB knockdown inhibited the proliferation of 
glioma cells and induced their apoptosis in 
vitro. 
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