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Abstract
Strong 14-3-3 zeta protein expression plays an important role in tumorigenesis, including in the maintenance of cell growth, 
resistance increase, and the prevention of apoptosis. In this study, we focus on two targets: (1) the expression of 14-3-3 zeta 
in the different grades of human astrocytoma (II–IV), (2) suppression of 14-3-3 zeta protein expression in glioblastoma 
derived astrocytes by 14-3-3 zeta shRNA lentiviral particles. The tissues of human astrocytoma were provided from 30 
patients (ten of each grade of astrocytoma). Control tissues were obtained from the peritumoral brain zone of those patients 
with glioblastoma. The protein and mRNA expression levels of each astrocytoma grade were assessed via western blotting 
and RT-PCR, respectively. Results indicated that 14-3-3 zeta was significantly expressed in glioblastoma multiforme (grade 
IV) and 14-3-3 zeta expression levels enhanced according to the increase of astrocytoma malignancy. In the cellular study 
for knock down of the 14-3-3 zeta protein, surgical biopsy of glioblastoma was used to isolate primary astrocyte. Astrocytes 
were transduced with 14-3-3 zeta shRNA or non-targeted shRNA lentiviral particles. Furthermore, reduction of the 14-3-3 
zeta protein expression in the astrocytes evaluated through qRT-PCR and western blot after transduction of 14-3-3 zeta 
shRNA lentiviral particles. Moreover, apoptosis properties, including DNA fragmentation and ratio increase of Bax/Bcl-2 
were observed in astrocytes following reduction of 14-3-3 zeta protein expression. Further observation indicated that the 
mitochondrial pathway through release of cytochorome c and caspase-3 activity was involved in the apoptosis induction. 
Hence, this study demonstrates a key role of the 14-3-3 zeta protein in tumorigenesis but also indicates that 14-3-3 zeta can 
be considered as a target for the astrocytoma treatment specially glioblastoma.
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Introduction

Astrocytomas are the most common brain tumors that are 
classified into four grades based on rate of the malignancy 
including pilocytic astrocytoma (grade I), diffuse astro-
cytoma (grade II), anaplastic astrocytoma (grade III) and 
Glioblastoma multiforme (grade IV) according to WHO’s 
classification in 2016 [1]. Grade 4 astrocytoma, also known 

as glioblastoma multiforme, is the most malignant type of 
primary brain tumor. Clinical therapy of glioblastoma is 
poor in adults and children owing to the failure to transfer 
chemotherapeutic agents across the blood–brain barrier [2]. 
Furthermore, metastasis plays a key role in the recurrence 
and rapid progression of glioblastoma. Also, this type of 
primary brain tumor is resistant to conventional therapies, 
including surgery, chemotherapy, radiotherapy, and multi-
disciplinary treatments [3]. Patients with glioblastomas may 
survive for about 12 months from the time of diagnosis. 
Therefore, new and suitable approaches are necessary for 
understanding the molecular biology of cancer and identify-
ing novel solutions for delivering the tumoricidal agents [4]. 
Recent studies have reported that the protein 14-3-3 plays 
an important role in tumorigenesis [5]. Note that 14-3-3 
proteins are 28–33 kDa acidic polypeptides that are widely 
expressed in eukaryotic cells. The 14-3-3 protein has seven 
isoforms—namely beta, gamma, epsilon, eta, sigma, theta, 
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and zeta—which are expressed by seven specific genes in 
mammals [6]. There are different isoforms of the 14-3-3 
protein in various tissues—for example, in the intestines and 
liver—but the highest level of 14-3-3 proteins is present in 
the brain [5]. This protein family plays important roles in 
intracellular signaling, transcriptional regulation, cellular 
differentiation and proliferation, cytoskeletal organization, 
stress signaling, and apoptosis. The functions of the 14-3-3 
proteins were performed by binding phospho-serine/threo-
nine motifs on the target protein [7, 8]. It has been observed 
that expression of the 14-3-3 proteins increased in some 
human diseases, specifically in some types of cancer. In 
addition, it is possible to increase expression of the 14-3-3 
zeta protein in stomach cancer [9], breast cancer [10], oral 
squamous cell carcinomas [11] and glioblastoma multiforme 
[12]. This indicated that 14-3-3 zeta protein lead to primary 
tumorigenesis in the central nervous system. Overexpression 
of 14-3-3 may reduce tumor cell apoptosis and this function 
is useful for survival and proliferation of tumor cells [13]. 
So, novel therapeutic approaches could be designed to tackle 
glioma treatment via inhibition of the 14-3-3 protein action. 
This would mean triggering apoptosis, inhibiting tumor 
growth, and stopping the formation of new tumors. To evalu-
ate this hypothesis, we designed a method that delivers the 
14-3-3 zeta shRNA lentiviral particles in primary astrocytes 
isolated from human glioblastoma in order to decrease the 
gene expression of 14-3-3 zeta in these cells. This method 
has indicated that cells may act to efficiently suppress 14-3-3 
zeta protein expression through mRNA fragmentation into 
astrocyte cytoplasm [14]. Finally, down-regulation of the 
14-3-3 zeta protein increases the sensitivity to apoptosis in 
the primary astrocytes. Small hairpin RNA (shRNA) has 
therapeutic potential via specific gene silencing [15].

Materials and methods

Experimental protocol

There were three collections of experiments: (1) preparation 
of the human astrocytoma tissue and evaluation of the 14-3-3 
zeta expression in grades II–IV of human astrocytoma. (2) 
Isolation and culture of the astrocytes from human glioblas-
toma tissue (3) transduction of the astrocytes with produced 
lentivirus containing 14-3-3 zeta shRNA and control shRNA 
lentiviral particles and assessment of the 14-3-3 zeta expres-
sion into astrocytes. Cells were classified into three groups: 
Group A, control group (untransduced astrocytes); Group B, 
lentiviral particles containing reporter gene of green fluores-
cence protein (GFP) group (astrocytes were transduced with 
control shRNA lentiviral particles); Group C, 14-3-3 zeta 
shRNA lentiviral particles-transduced astrocytes.

Human astrocytoma tissues preparation

This study was approved by the local ethic committee of 
the Shahid Beheshti University of Medical Sciences, Teh-
ran, Iran before we can start our study. An informed consent 
form was signed by patients for participation in this study. 
All samples were obtained from patients with astrocytoma 
admitted to the Shohada Tajrish Hospital between 2016 and 
2017. Asrocytoma tissues were gathered in the condition of 
tumor-related neurosurgical operation. Primitive therapy of 
these patients was surgery without chemotherapy or radia-
tion treatment. Tissues were from 30 patients (12 females 
and 18 males; median age, 45 years; ten sample of Grade II, 
Grade III and Grade IV, respectively). According to study 
of Lemée et al. [16], glioblastoma peritumoral brain zone 
from 10 patients was obtained as control tissue. Astrocy-
toma tissues were frozen immediately in liquid nitrogen 
(− 180 °C) after surgery. The histopathological diagnosis 
and determination of the malignant grade of the astrocytoma 
tissues were by three neuropathologists separately based on 
the classification criteria of astrocytoma tumors by world 
health organization in 2016 [1]. Histological abnormalities 
were not observed in the pathology report for the control 
brain tissues (glioblastoma peritumoral brain zone). All sam-
ples were assessed by RT-PCR and western blotting.

Isolation and culture of astrocye cells from human 
glioblastoma multiforme tumor

According to results of astrocytoma tissues, we considered 
glioblastoma for the cellular study owing to the highest 
expression levels of 14-3-3 zeta. Sample was provided from 
patients with glioblastoma under surgical resection. Glio-
blastoma multiforme was approved using pathological test. 
The isolation of primary astrocyte from glioblastoma was 
achieved according to a previously explained protocol by 
Hashemi et al. [17, 18]. Sample was digested with 0.05% 
trypsin–EDTA for 10 min at 37 °C water bath. After centrif-
ugation at 180×g for 5 min, cells re-suspended in DMEM/
F12 medium containing 1% (100 U/ml) antibiotic/antimy-
cotic and 2% FBS and incubated in 5%  CO2 at 37 °C. The 
amount of FBS was gradually increased from 2 to 10% in 
culture medium for 2 weeks. Astrocytic antigen of S100-beta 
was evaluated using immunocytochemistry.

Immunocytochemistry

Astrocytes (density of 5 × 104 per well) were seeded in a 
24-well culture plate. After 24 h, three main stages including 
cell fixation with 4% paraformaldehyde in PBS for 20 min, 
permeabilization of the cell membrane with 0.2% triton 
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X-100 for 15 min, blocking with 10% albumin bovine serum 
for 1 h were performed, respectively. The cells were incu-
bated with primary antibody of rabbit anti-S100-beta (1:100; 
cat number: HPA015768, Sigma-Aldrich, USA), rabbit poly-
clonal 14-3-3 zeta primary antibody (1:200; cat number: 
sc-1019, Santa Cruz Biotechnology Inc., USA) overnight at 
4 °C. Cells were incubated with secondary antibody of fluo-
rescein isothiocyanate (FITC)-conjugated goat anti-rabbit 
(1:200; cat number: ab6717, Abcam, USA) for 2 h at room 
temperature in the dark. Each well was washed three times 
with phosphate-buffered saline (PBS) at every stage except 
the blocking stage. Finally, protein expression was evaluated 
using an inverted fluorescence microscopy.

Transduction of astrocytes with lentivirus 
containing 14‑3‑3 zeta shRNA

Astrocytes were seeded with density of 1 × 106 per well on 
a six-well dish and incubated at 37 °C, 5%  CO2 for 24 h. 
Cells were 50% confluent on the day of transduction. Cul-
ture medium of the cell was changed with culture medium 
containing polybrene (5 µg/ml, sc-134220). Two coding 
regions from the human 14-3-3 zeta gene were selected as 
shRNA target sequences. We had two 14-3-3 zeta shRNA-
carrying lentiviral vectors: LV-14-3-3 zeta shRNA1 and 
LV-14-3-3 zeta shRNA2. Control shRNA lentiviral was used 
as a negative control. The shRNA sequences were 14-3-3 
zeta: 5′-AGC CTG CAT GAA GTC TGT AAC TGA GCAAG-3′, 
5′-ACT ACC GTT ACT TGG CTG AGG TTG CCGCT-3′ and 
Control. GFP: 5′-CAC AAG CTG GAG TAC AAC TAC AAC 
AGCCA-3′. Cells were transduced with five multiplicity of 
infection (MOI) LV-14-3-3 zeta shRNA1 and LV-14-3-3 zeta 
shRNA2 particles (TL308321V, Origene, China) or control 
shRNA lentiviral particles (TR30021V, Origene, China) and 
incubated at 37 °C, 5%  CO2 overnight. Then, the culture 
medium replaced with 2 ml of complete medium (without 
polybrene) and the cells were incubated for 24 h. Culture 
Medium changed with fresh medium containing puromy-
cin dihydrochloride (5 µg/ml, sc-108071) and incubated for 
72 h for selection of the stable cells expressing the 14-3-3 
zeta shRNA. Transduction efficiency was observed for GFP 
expression in astrocytes by inverted fluorescent microscope.

Tumoricidal effect of shRNA 14‑3‑3 zeta 
in astrocytes

Tumoricidal property of astrocyte-control shRNA lentiviral 
particles or astrocyte-14-3-3 zeta shRNA lentiviral particles 
was assessed in this stage. Astrocytes were cultured with a 
total seeding density of 4 × 103 in each well of 96-well cell 
culture plate for 7 days. Survival rate of cell was evaluated 
by MTT test after 7 days.

Apoptosis assay

TUNEL staining was achieved according to various groups 
in the experimental design. Astrocyte-control shRNA len-
tiviral particles or astrocyte-14-3-3 zeta shRNA lentiviral 
particles were cultured for 7 days. Following, identification 
of the apoptotic cells was assessed using in situ cell death 
detection kit (Roche, Mannheim, Germany) terminal uri-
dine deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) staining. Test was done according to the manu-
facturer’s protocol. Briefly, cells were fixed by 4% paraform-
aldehyde for 10 min. Later stage, cells were permeabilized 
with 0.2% triton X-100 for 2 min on ice, and finally cells 
incubated with a mixture of TUNEL reaction for 1 h. Cells 
were exposed with 5% ethanol for positive apoptosis con-
trol. Cells were induced only with label solution for nega-
tive apoptosis control. TUNEL-positive cells were observed 
under a fluorescent microscope (Olympus AX-70; Tokyo, 
Japan).

Quantitative real‑time RT‑PCR

Astrocytes (density of 1 × 106 per well) were seeded in a 
six-well culture plate for 7 days. After 7 days, TriPure Iso-
lation Reagent (Roche, Germany) was used to isolate total 
RNA of frozen astrocytoma tissues and cultured cells. For 
first-strand cDNA synthsis, 1 µg of each RNA sample was 
added to reverse transcriptase (Takara, Japan) with Random 
Hexamer, Oligo DT and RNase inhibitor and reaction was 
programmed using a thermal cycler for 5 min at 85 °C and 
15 min at 37 °C. RT-PCR was achieved using SYBR Premix 
Ex Taq II (Tli Plus) (Takara, Japan) according to the manu-
facturer’s instructions through the qRT-PCR detection sys-
tem (Applied Biosystem, one step, RT-RCP Germany). The 
primer sequences of the PCR product for BAX was forward 
primer (F) 5′-CAA ACT GGT GCT CAA GGC -3′ and reverse 
primer (R) 5′-CAC AAA GAT GGT CAC GGT C-3′ and for 
Bcl-2 was (F) 5′-GTA CTT AAA AAA TAC AAC ATC ACA 
G-3′ and (R) 5′-CTT GAT TCT GGT GTT TCC C-3′, for 14-3-3 
zeta was (F) 5′-AGC TGG TTC AGA AGG CCA AA-3′ and (R) 
5′-AAG ATG ACC TAC GGG CTC CT-3′ and for housekeeping 
Hypoxanthine Phosphoribosyltransferase1 (HPRT1) was (F) 
5′-CCT GGC GTC GTG ATT AGT GA-3′ and (R) 5′-AAG ACG 
TTC AGT CC TGT CCA T-3′. All qRT-PCR reactions were 
assessed in triplicate. Gene expression levels were calculated 
according to the ∆∆Ct method.

Western blotting

Astrocytes (density of 1 × 106 per well) were seeded in a 
six-well culture plate for 7 days. Frozen astrocytoma tis-
sues and cultured cells were homogenized with RIPA lysis 
buffer. 20 µl of lysate containing 30 µg protein loaded in 12% 



619Apoptosis (2018) 23:616–625 

1 3

SDS–polyacrylamide gel electrophoresis (PAGE). Stages of 
electroblotting by wet blotting system and blocking of mem-
brane in 5% non-fat milk in TBST for an hour was done 
respectively. Membrane incubated with rabbit polyclonal 
14-3-3 zeta primary antibody (1:200; cat number: sc-1019, 
Santa Cruz Biotechnology Inc., USA), rabbit polyclonal 
β-actin primary antibody (1:200; cat number: sc-10731, 
Santa Cruz Biotechnology Inc., USA), rabbit polyclonal Bax 
primary antibody (1:200; cat number: sc-493, Santa Cruz 
Biotechnology Inc., USA), rabbit polyclonal Bcl-2 primary 
antibody (1:200; cat number: sc-492, Santa Cruz Biotech-
nology Inc., USA) and rabbit polyclonal activated caspase 3 
primary antibody (1:200; cat number: sc-98785, Santa Cruz 
Biotechnology Inc., USA) overnight at 4 °C. After three 
washes with TBS-T, the membrane incubated with HRP con-
jugated anti-goat IgG and HRP-conjugated anti-rabbit IgG 
(1:10,000; cat number: sc-2004, Santa Cruz Biotechnology 
Inc., USA) for 1 h in room temperature in the dark. After 
three washes with TBS, protein was appeared using chemi-
luminescence kit (Amersham Biosciences, Orsay, France) 
on an X-ray film after 10 s exposure.

Primary astrocytes mitochondrial function

Primary astrocytes mitochondrial isolation

The cultured cells were scraped and homogenized by 
homogenizer, and then cell mitochondria were gathered 
by differential centrifugation [19]. The first centrifugation 
was performed at 600×g, 5 min at 4 °C, then the super-
natant was removed and the second centrifugation done 
at 10,000×g, 5 min at 4 °C. After aspirating the superna-
tant, the mitochondrial pellet was combined in the isola-
tion medium and the final centrifugation was performed at 
10,000×g, 5 min 4 °C. The final mitochondrial pellets were 
suspended in respiration buffer (0.32 mM sucrose, 10 mM 
Tris, 20 mM Mops, 50 µM EGTA, 0.5 mM  MgCl2, 0.1 mM 
 KH2PO4 and 5 mM sodium succinate), MMP assay buffer 
(220 mM sucrose, 68 mM d-mannitol, 10 mM KCl, 5 mM 
KH2PO4, 2 mM  MgCl2, 50 µM EGTA, 5 mM sodium suc-
cinate, 10 mM HEPES, 2 µM Rotenone) and swelling buffer 
(70 mM sucrose, 230 mM mannitol, 3 mM HEPES, 2 mM 
Tris–phosphate, 5 mM succinate and 1 µM of rotenone). 
Protein concentrations were determined via the Coomassie 
blue protein-binding protocol.

Measurement of primary astrocytes mitochondrial 
radical oxidative species level

Astrocyte mitochondrial hydrogen peroxide and superoxide 
levels were evaluated using dichloro-dihydro-fluorescein 
diacetate (DCFH-DA) and dihydroethidum (DHE), respec-
tively. Briefly, isolated mitochondria in respiration buffer 

were incubated with DCFH-DA and DHE (final concentra-
tion, 10 µM) for 10 min. Finally, dichlorofluorescin (DCF) 
and DHE fluorescence intensity that produced in the mito-
chondria is proportional to hydrogen peroxide and superox-
ide levels and was measured using a fluorescence spectro-
photometer at an excitation and emission wavelength of 488 
and 540 nm, respectively.

Measurement of primary astrocytes mitochondrial 
membrane potential

The mitochondrial membrane potential (MMP) was assessed 
using the mitochondria-specific cell-permeant cationic fluo-
rescence dye rhodamine 123. rhodamine 123 easily absorbed 
and accumulated in the mitochondrial membrane. A suspen-
sion of mitochondrial fractions was prepared in an MMP 
buffer which contains 220 mM sucrose, 68 mM d-mannitol, 
10 mM KCl, 5 mM  KH2PO4, 2 mM  MgCl2, 50 µM EGTA, 
5 mM sodium succinate, 10 mM HEPES, 2 µM Rotenone 
and was further treated with 10 µM rhodamine 123 for 
60 min. Using a fluorescence spectrophotometer, the fluo-
rescence intensity was read with excitation of 490 nm and 
emission of 520 nm.

Measurement of primary astrocytes mitochondrial 
swelling

In order to estimate the mitochondrial swelling, the mito-
chondrial fractions were suspended in a swelling buffer 
which contains 70 mM sucrose, 5 mM succinate, 2 mM 
Tris-phosphate, 3 mM HEPES, 230 mM mannitol and 1 µM 
rotenone. Changes in light scattering recorded at 540 nm 
[17]. The absorbance was read spectrophotometrically every 
10 min using an ELISA reader (Biotek 5, USA). The inten-
sity of absorbance is reversely proportional to the mitochon-
drial swelling rate.

Determination of cytochrome c release

Cytochrome c release from astrocyte’s mitochondria was 
assessed using a standard ELISA kit (R and D Systems 
Inc. Minneapolis, MN, USA). The 96-well microplate pro-
vided in the kit was precoated with a cytochrome c specific 
monoclonal antibody. Initially, 75 µl of Horseradish peroxi-
dase (HRP) conjugated monoclonal antibody specific for 
cytochrome c and 50 µl of the sample, standard or control 
were added into each well and mixed gently prior to 2 h 
incubation. Then, each well was aspirated once and washed 
four times to remove any residual liquid followed by adding 
100 µl of the substrate solution (Hydrogen peroxidase plus 
Tetramethylbenzidine) into the wells prior to 30 min of incu-
bation. Finally, 100 µl of the stop solution was added and the 
absorbance was read using a microplate reader at 450 nm.
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Statistical analysis

All data are demonstrated as mean ± standard error of the 
mean. All tests are repeated in the three independent experi-
ments. The statistical analysis of data was carried out using 
SPSS 20 statistical software using paired t-test and one-way 
analysis of variance (ANOVA) followed by Tukey’s test. P 
values less than 0.05 were regarded statistically significant 
difference.

Results

The expression levels of 14‑3‑3 zeta detected 
in the human astrocytoma

In this study, the expression levels of 14-3-3 zeta in the dif-
ferent grades of astrocytoma were indicated by western blot-
ting and qRT-PCR. There were same results in the mRNA 
and protein expression levels of 14-3-3 zeta regarding to 
malignancy grades. mRNA and protein expression levels 
of 14-3-3 zeta were increased with the grade malignancy 
increase of astrocytoma. Increased expression of 14-3-3 zeta 
was observed in the glioblastoma (grade IV) than control 
tissue and astrocytoma of low grade (I and II). In next part 
of the study, we selected glioblastoma (grade IV) owing 
to over-expression of 14-3-3 zeta and following protein 
expression of 14-3-3 zeta was controlled through 14-3-3 
zeta shRNA lentiviral particles in the glioblastoma derived 
primary astrocytes (Fig. 1a, b).

Morphology and confirmation of astrocytes isolated 
from human glioblastoma multiforme tumor

Astrocytic cells were isolated and cultured from a sample 
of the human glioblastoma. The cells were observed to be 
of two types: epithelioid (large, with an abundance of cyto-
plasm and interconnecting processes) and fibroblastic (slen-
der, elongated, and spindle-shaped) (Fig. 2a). The immuno-
fluorescence technique demonstrated that the majority of 
cells expressed S100-beta protein, suggesting high purity 
of the astrocyte in the culture (Fig. 2b). Expression of the 
14-3-3 zeta protein was evaluated using immunocytochemis-
try in astrocytes, indicating that the 14-3-3 zeta protein was 
highly expressed in astrocytes isolated from glioblastoma 
(Fig. 2c).

Efficiency of 14‑3‑3 zeta shRNA lentiviral particles 
transduction in astrocytes

Expression level of GFP in the cells was regarded as a 
marker for the transduction efficiency. Transduction effi-
ciency was observed high in astrocytes according to GFP 
expression rate. Moreover, transduction efficiency was 
enhanced through selection of puromicin-resistant astro-
cytes. The results demonstrated that 14-3-3 zeta shRNA 
lentiviral particles transduced to astrocytes, suggesting 
that the astrocytes carried 14-3-3 zeta shRNA. Also, puro-
mycin was added to the culture medium to increase the 
purity of astrocytes transducted to the 14-3-3 zeta shRNA 
lentiviral particles (Fig. 3).

Tumoricidal effect of 14‑3‑3 zeta shRNA 
in astrocytes

In order to test our strategy that 14-3-3 zeta-targeting 
shRNA can be affected astrocytes survival, we transduced 
astrocytes with 14-3-3 zeta shRNA and following this up 
with an MTT analysis. Transduction of the 14-3-3 zeta 
shRNA1 and 14-3-3 zeta shRNA2 into astrocytes led to a 
significant decrease in the survival rate compared to the 
astrocytes containing control shRNA lentiviral particles 
group. However, no significant difference was observed 
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Fig. 1  The mRNA and protein expression of 14-3-3 zeta in astrocy-
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of 14-3-3 zeta through qRT-PCR. b Expression levels of 14-3-3 zeta 
protein via western blot. *P < 0.05, ** P < 0.01, ***P < 0.001, signifi-
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between astrocytes containing control shRNA lentiviral 
particles group and un-transduced astrocytes (control 
group). These results suggest that 14-3-3 zeta shRNA 
inhibited astrocyte viability (Fig. 4).

Protein and mRNA expression levels of 14‑3‑3 zeta

The mRNA and protein expression of 14-3-3 zeta was 
assessed by qRT-PCR and western blot, respectively. 
Suppression of 14-3-3 zeta mRNA and protein expression 
using 14-3-3 zeta shRNA1 and 14-3-3 zeta shRNA2 also 
observed markedly relative to the control in astrocytes. 
However, 14-3-3 zeta shRNA1 was demonstrated signifi-
cant decrease in the 14-3-3 zeta expression. Therefore, 
14-3-3 zeta shRNA1 was selected for subsequent experi-
ments of study. Results have confirmed that shRNA 14-3-3 
zeta can be silenced 14-3-3 zeta protein into astrocyte 
(Fig. 5).

Fig. 2  Morphology and antigens expression of S100-beta and 14-3-3 
zeta in astrocytes derived from human glioblastoma multiforme. 
Astrocytes isolated from human glioblastoma after 5 days culture (a). 

Astrocytes were positive to glial marker of S100-beta (b). Astrocytes 
expressed malignant marker of 14-3-3 zeta (c) (scale bar 150 µm)

Fig. 3  Transduction of the 14-3-3 zeta shRNA lentiviral particles into astrocytes. Transduced astocytes under fluorescent microscope were indi-
cated with expression of GFP. a Astrocyte-control shRNA lentiviral particles, b astrocyte-14-3-3 zeta shRNA lentiviral particles
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Apoptosis induction in astrocytes by 14‑3‑3 zeta 
shRNA1

To confirm the apoptosis induction in astrocytes contain-
ing 14-3-3 zeta shRNA1 or astrocyte-control shRNA len-
tiviral particles, apoptosis was carried out using a TUNEL 
kit. Apoptotic cells were observed in the group of astrocyte 
containing 14-3-3 zeta shRNA1. However, apoptosis was 
not observed in the astrocytes containing control shRNA 
lentiviral particles group. As a result, 14-3-3 zeta shRNA1 
seemed to reduce intracellular 14-3-3 zeta expression fol-
lowing induced apoptosis in the astrocytes (Fig. 6).

Gene and protein expression levels of apoptotic 
markers in astrocytes

To determine the molecular mechanism that underlines the 
apoptosis in astrocytes transduced to 14-3-3 zeta shRNA1 
lentiviral particles, we looked at apoptosis regulator pro-
teins, including Bcl-2, Bax, and caspase 3, that play roles in 
the integration of cellular survival and apoptosis signal on 
the mitochondria function. We hypothesized that the 14-3-3 
zeta protein levels might have increased tumor cell survival 
and that, in turn, 14-3-3 zeta shRNA1 could reduce cell sur-
vival and induce apoptosis. To test this hypothesis, we evalu-
ated the mRNA and protein expression levels of survival 
(Bcl-2) and apoptotic (Bax, caspase3) factors in this family. 
The results indicated that the mRNA and protein expression 
of Bcl-2 reduced but the mRNA and protein expression of 
Bax and protein expression of activated caspase 3 increased 
in the astrocytes containing 14-3-3 zeta shRNA1 group com-
pared to the astrocytes containing control shRNA lentiviral 
particles group (Fig. 7A, B).
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Fig. 5  The mRNA expression and protein of 14-3-3 zeta. Knock 
down effect of 14-3-3 zeta in astrocytes transduced with 14-3-3 zeta 
targeting shRNA lentiviral particles or transduced with non-targeting 
shRNA was evaluated via A qPCR analysis and B bands indicate a 
astrocyte, b astrocyte-control shRNA lentiviral particles, c astro-
cyte-14-3-3 zeta shRNA1, d astrocyte-14-3-3 zeta shRNA2, respec-
tively. *P < 0.05, **P < 0.01, ***P < 0.001, differences versus control

Fig. 6  Observation of apoptotic astrocytes by TUNEL test. Apop-
totic cells were revealed with TUNEL staining and cell was observed 
green. a Positive control, astrocytes were exposed with ethanol 5% for 

5 min and b apoptotic astrocyte were treated to 14-3-3 zeta shRNA1 
(scale bar 300 µm)
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Primary astrocyte mitochondrial function

We hypothesized up-regulation of the 14-3-3 zeta expres-
sion can inhibit stress-induced apoptosis, whereas down-
regulation of 14-3-3 zeta expression seem to induce apop-
tosis through the mitochondrial pathway. To assess the 
mitochondrial apoptotic pathway involved in glioblastoma 
astrocytes transduced to 14-3-3 zeta shRNA1 lentiviral par-
ticles, main indicators of mitochondrial apoptotic pathway 
including ROS production including hydrogen peroxide 
and superoxide anion, inner membrane potential, swelling 
and cytochrome c release of the mitochondrial were inves-
tigated. The main effect of 14-3-3 zeta shRNA1 through 
down-regulation of 14-3-3 zeta expression leads to intracel-
lular stress and following mitochondrial hydrogen peroxide 
and superoxide anion production (Fig. 8a). Conversely, mito-
chondrial hydrogen peroxide and superoxide anion produc-
tion was low in the control groups including astrocytes and 
astrocytes transduced to shRNA control lentiviral particles. 
Mitochondrial membrane potential (MMP) is an index of the 
mitochondrial inner membrane condition. The results of this 
study indicated that 14-3-3 zeta shRNA1 lead to significant 
increase of collapse of the mitochondrial inner membrane 
in astrocytes (Fig. 8b). Mitochondrial swelling is a sign of 
mitochondrial membrane permeability. The main effect 
of 14-3-3 zeta shRNA1 was significant for mitochondrial 
swelling in astrocytes (Fig. 8c). Change of the mitochondrial 
inner membrane potential and swelling leads to Instability 
of mitochondrial membrane and following cytochrome c 
release (Fig. 8d). Furthermore, cytochrome c release can 
trigger cell death signaling cascade including caspases.

Discussion

The main purposes within this study were the expression 
assessment of 14-3-3 zeta in the different grades of human 
astrocytoma ((II–IV), 2) and decrease of 14-3-3 zeta protein 
expression in glioblastoma derived astrocytes by 14-3-3 zeta 
shRNA1 lentiviral particles. To the improve of our knowl-
edge, this is the first study that focused on 14-3-3 zeta pro-
tein in primary astrocytes isolated from glioblastoma and 
apoptotic pathways in this cells following knock down of 
the 14-3-3 zeta protein. However, different studies have been 
used homogenous glioma cell lines that are not suitable for 
brain tumor studies owing to malignant gliomas have a great 
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Fig. 7  The mRNA and proteins expression of anti-apoptotic and 
apoptotic in the astrocytes. A Quantitative analysis of Bax/Bcl-2 ratio 
in the various groups. B Using western blot analysis, apoptotic pro-
teins rate were evaluated in cell culture. The densities of Bax, Bcl-2 
(B1), and activated caspase-3 (B2). Bands indicate a astrocyte, b 
astrocyte-control shRNA lentiviral particles, c astrocyte-14-3-3 zeta 
shRNA1, respectively. ***P < 0.001, differences versus control

▸



624 Apoptosis (2018) 23:616–625

1 3

cellular heterogeneity [20, 21]. We presented that expres-
sion levels of 14-3-3 zeta were significantly correlated with 
grades pathologic whereas, the highest expression level of 
14-3-3 zeta was observed in glioblastoma (grade IV). As 
has been previously reported, we observed 14-3-3 zeta 
protein within glioblastoma derived astrocytes by immu-
nocytochemistry [21]. We were considered peritumoral 
brain zone samples as control samle according to study of 
Lemée et al. [16] that have been reported that peritumoral 
brain zone samples are the most suitable control sample. 
Taken together, 14-3-3 zeta can be considered as a potential 
oncogenesis marker with clinical significance for glioblas-
toma patients (14-3-3 zeta). Oncogenes disrupt the balance 
between cell survival and apoptosis through apoptosis inhi-
bition in cancer cells, which increases the resistance of the 
cancer cells to different treatments [22, 23]. So, a therapeutic 
approach is formed through identification of cellular onco-
genes and apoptosis control in cancer cells. The inhibition 
of 14-3-3 zeta functions could be performed through the use 
of a shRNA approach in order to increase of the sensitivity 
of astrocyte to apoptosis [20]. We hypothesized that 14-3-3 
zeta shRNA1 should increase the sensitivity of astrocytes to 
apoptosis and inhibit the growth and proliferation of astro-
cytes. Our findings indicated that 14-3-3 zeta can suppress 
the 14-3-3 zeta protein and induce apoptosis through the 
mitochondrial apoptotic pathway. It seems that Bax mol-
ecules are bound to 14-3-3 proteins in the cell cytoplasm. 
However, Bax separates from 14-3-3 protein in response to 
14-3-3 down-regulation and transfers to the mithochondria 
periphery, indicating start of the apoptosis induction [24, 
25]. Following down-regulation of 14-3-3 zeta, our observa-
tions revealed change in membrane potential of mitochon-
dria, ROS production, expression increase of the Bax, per-
meability increase of mitochondria membrane, release of 
cytochrome c and activation of the caspase 3. Furthermore, 
DNA fragmentation, increase of the Bax/Bcl2 ratio, and cas-
pase3 activation are apoptosis properties that we observed in 
our study parallel to the study of Cao et al. [20]. However, 
studies indicated that non-target effects problem was medi-
ated by partial sequence complementarity of either the sense 
or antisense siRNA strands to non-target mRNAs, activation 
of the interferon response pathways, immune responses and 
cellular toxicities caused by the nucleotide construct [26].

Conclusion

In conclusion, the results suggest that the up-regulated 
expression of 14-3-3 zeta protein in astrocytoma according 
to malignancy grade. The most malignant form of astrosy-
toma was observed glioblastoma multiforme (grade IV). 
Furthermore, 14-3-3 zeta shRNA can suppresse 14-3-3 
zeta function to sensitize and induce apoptosis in astrocytes 
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isolated from glioblastoma. We also propose that 14-3-3 
zeta protein seem to be a promising marker for astrocytoma 
diagnosis and targets as a novel idea for the treatment of 
astrocytoma in future.
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