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Abstract: Dopaminergic neurons are suggested to be a critical physiopathology substrate for addiction disorders. It 
is not well known whether the clonal mesencephalic dopaminergic cell line MN9D cells can be applied to study mor-
phine addiction. Immunofluorescence staining and reverse transcription-polymerase chain reaction (RT-PCR) were 
used to detect protein and mRNA expression of the μ, κ, and δ-opioid receptors in MN9D cells. Immunofluorescence 
staining of TH was applied to quantify the number of dopaminergic neurons. The results showed that the μ, κ, and 
δ-receptors were all expressed in MN9D cells, and the number of TH-positive cells was significantly greater in the 
MN9D cells than SH-SY5Y cells. The data suggest that MN9D cells can be used as an in vitro models in future stud-
ies to explore the mechanisms of morphine addiction related to dopaminergic neurons.
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Introduction

The mesencephalic dopamine system is one of 
the key brain regions of drug addiction, and it is 
thought to be the final pathway for the reward 
system [1, 2]. And approaches for in vitro stud-
ies are essential to study this disease. Because 
morphine binds to brain opioid receptors [3], it 
is necessary to have the same receptors pres-
ent in a morphine-dependent cell model. At 
present, dopaminergic SH-SY5Y cells, which 
possess mid-level activity of the dopamine-β-
hydroxy enzyme [4], are widely used to study 
the mechanism of dopaminergic addiction at 
the cellular level. Another dopaminergic cell 
line, the MN9D cells, which also exhibit 
dopamine-β-hydroxy enzyme activity [5], are 
harvested from primary, mouse, embryonic 
ventral mesencephalic cells and neuroblasto-
mas. MN9D cells are widely used to study 
Parkinson’s disease (PD) [6, 7]. The previous 
studies have shown that MN9D cells contain 
NURR1 protein, which is closely associated 
with differentiation and survival of dopaminer-
gic neurons [8-10]. Prostaglandin E-2 rapidly 
and markedly activates expression of endoge-
nous NURR1 in MN9D cells to protect the neu-

rons [11]. The present study proved that the μ, 
κ, and δ opioid receptor expression in MN9D 
cells at the protein and RNA levels, suggesting 
that MN9D cells could serve as an ideal cell 
model of morphine dependent and morphine 
addiction. Additionally, there were significantly 
more dopaminergic neurons in the MN9D cell 
population than those in the SH-SY5Y cell popu-
lation, indicating that MN9D cells could be 
more suitable than SH-SY5Y cells for studying 
mechanisms of dopaminergic addiction at the 
cellular level.

Materials and methods

Materials and reagents

MN9D cells were provided by the Institution of 
Neuroscience Research at Capital Medical 
University. The culture medium was DMEM/F12 
(Gibco, Grand Island, USA) containing 10% fetal 
bovine serum. Mouse monoclonal anti-μ, κ, and 
δ receptor antibodies and mouse monoclonal 
anti-tyrosine hydroxylase (TH) antibody were 
purchased from Abcam (Hong Kong, China). 
Dylight 594-goat anti-mouse IgG was pur-
chased from EarthOx Life Sciences (Millbrae, 
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California, USA). The primers for the μ, κ, and δ 
receptors were synthesized by Sangon Biotech 
(Shanghai, China). 

MN9D cell culture

MN9D cells were cultured in Dulbecco’s-
Modified Eagle Media/F12 (DMEM/F12) sup-
plemented with 10% fetal bovine serum and 
1% penicillin/streptomycin. After two to three 
cell passages, the MN9D cells were applied to 
the experiment. The cells were digested, pas-
saged, and seeded at a density of 2 × 105/L in 
six-well plates pre-coated with poly-D-lysine 
and maintained at 37°C in a 5% CO2 incubator. 

Immunofluorescence labeling

MN9D cells were pretreated with 4% parafor-
maldehyde for 30 min, 3% H2O2 in methanol for 
20 min, and 1% bovine serum albumin in phos-
phate-buffered saline for 30 min. The primary 
antibodies specific to the μ, κ, and δ receptors 
were used at 1:150, and the primary antibody 
specific to TH was used at 1:200. Dylight 594-
goat anti-mouse IgG (1:800) was used as the 
secondary antibody for all stains. Cell nuclei 
were stained by DAPI (1:10,000).

RNA extraction and reverse transcription (RT)

(1) Preparation of samples: cell lysates were 
placed at room temperature for 5 min until 
completely dissolved. (2) Extraction of total 
RNA: the total RNA extraction kit (TIANGEN 
BIOTECH CO. LTD) was used to extract total 
RNA. Total RNA was extracted from cell lysates 
during (1-1.5) h according to instruction manu-
al. (3) 0.5 µg total RNA was reversetranscribed 
into first-strand cDNA using 0.5 µL Oligo (dT) 
primer, 2 µL 5× Primescript Buffer, 0.5 µL 
Primescript RT Enzyme Mix I, and 0.5 µL ran-
dom 6-mers in a final volume of 10 µL. The first-
strand cDNA was stored at -80°C until further 
use.

Semi-quantitative RT-polymerase chain reac-
tion (RT-PCR)

(1) Primers were synthesized by Sangon 
Biotech. The primers used were as follows: μ 
recptor: upstream primer: 5’-TCTAATGTATTGTCT- 
GGTTTGCCGTATTG-3’; downstream primer: 
5’-AACTCTTCATGTAAGGTGACTAGGTGCTTC-3’; 
the length of products was 150 bp. κ recptor: 

Upstream primer: 5’-AGTAGAACCAGAAAGG- 
TGGCTGAGTGATTAA-3’; downstream primer: 
5’-TGCCCACAGTTGTTGGAAAGCATTAGAT-3’; the 
length of products was 200 bp. δ recptor: 
Upstream primer: 5’-GGCACATTAGTGATCTAGC- 
TGAGTAGGA-3’; downstream primer: 5’-AGAGT- 
GTTGTCTTTGTTTCTCAAGGGAT-3’; The length of 
products was 200 bp.

(2) For PCR amplification, 2 µL cDNA was com-
bined with 0.4 µL (10 µM) upstream and down-
stream primers of the μ receptor, κ receptor, 
and δ receptor, 10 µL SYBR Premix ExTaq (2×), 
0.4 µL Rox Reference Dye II (50×), and 6.8 µL 
distilled water in a final volume of 20 µL. PCR 
was performed in a DNA thermal cycler 
(Tgradient 48, Biometra) after first denatur-
ation at 95°C for 5 min. Each cycle consisted of 
denaturation at 95°C for 35 s, annealing at 
40°C for 34 s, and extension at 72°C for 60 s. 
The total number of PCR cycles was 35.

(3) For semi-quantitative analysis, 25 µL of PCR 
products were examined by electrophoresis on 
a 2% agarose gel containing 0.5 µL/mg ethid-
ium bromide. Unvitec BTS-20Mas used to pho-
tograph and analyze optical density. 

Cell quantification

The number of TH-positive cells and the total 
cells in the MN9D cell and SH-SY5Y cell popula-
tions was quantified (per 400× field of view) in 
five fields of view, and the rate of TH positive 
cells (%) was calculated. Two independent 
observers, who were blinded to the experimen-
tal conditions, performed quantifications and 
calculated the average ratio of TH-positive 
cells. 

Statistical methods

Statistical analysis was performed using one-
way analysis of variance. Results are presented 
as mean ± standard error of the mean. The 
threshold for statistical significance was 
defined as P < 0.05.

Results

Results of MN9D cell culture

Observed with an inverted microscope, MN9D 
cells had typical morphological characteristics 
of neurons with plentiful cytoplasm, large nuclei 
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and two to three synapses (Figure 1). The round 
cells with short synapses were undifferentiat-

ed, while the polygonal 
cells with different length 
synapse were differentia- 
ted.

Expression of the μ, κ, and 
δ receptors in MN9D cells

The μ, κ, and δ receptor 
proteins were extensively 
expressed in the cytoplasm 

Figure 1. Morphological characteristics of MN9D cells. MN9D cells, large and rich in cytoplasm, rounded or polygo-
nal, presented a normal shape and uniform distribution. Bar = 100 μm in (A); bar = 50 μm in (B).

Figure 2. Protein expressions of opioid receptors in MN9D cells. (A-C) showed the μ, κ, and δ opioid receptor expres-
sion in MN9D cell cytoplasm, respectively. Red: opioid receptors. Blue: DAPI. Bars = 50 μm.

Figure 3. RNA Expressions of the μ, κ, and δ receptor in MN9D cells.

of MN9D cells with immunofluorescence stain-
ing (Figure 2A-C). The κ and δ receptors were 
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strongly expressed, while expression of the µ 
receptor was weaker. 

The mRNA of the three receptors was success-
fully obtained from the MN9D cells. PCR ampli-
fication products of the receptors were sepa-
rated by agarose gel electrophoresis, revealing 
that the μ receptor mRNA was 150 bp, and the 
κ and δ receptor mRNA were both 200 bp 
(Figure 3).

Immunofluorescence of TH in MN9D cells and 
SH-SY5Y cells

TH expression was not homogeneous in both 
MN9D cells and SH-SY5Y cells. TH-positive 
cells of the two cell lines, presenting large and 

polygon cell bodies, had no significant morpho-
logical difference. Compared with SH-SY5Y 
cells, MN9D cells owned significantly more 
TH-positive cells (Figure 4A, 4B). The ratio of TH 
was 20.4% ± 5.8% in MN9D cells and 6.2% ± 
2.6% in SH-SY5Y cells, with significant differ-
ences between the groups (P < 0.05) (Figure 5).

Discussion

Opiate addiction is manifested as compulsive 
drug use [12-14]. In terms of opioid drugs, the 
abuse of morphine has led to more serious 
public health and social issues [15]. The effects 
of morphine on neural plasticity are closely 
related to the mechanisms of addiction [16, 
17]. The mesencephalic dopamine system is 
known to take part in the reward aspect of all 
drugs of dependence, and is considered to be 
the last pathway of this response [2]. Previous 
studies have indicated that long duration of 
morphine addiction can result in pathological 
changes to mesencephalic dopaminergic neu-
rons [18-20]. Cell culture of high quality is 
essential for further studying the mechanisms 
of addiction. Morphine binds to opioid recep-
tors in the brain [3]. Therefore, the expression 
of at least one of the three opioid receptors (μ, 
κ, and δ) is needed to establish an in vitro mor-
phine-dependent model. Using immunofluores-
cence and RT-PCR technology, the present 
study initially determined that the μ, κ, and δ 
opioid receptors were expressed in MN9D cells, 
suggesting that MN9D cells could serve as an 
appropriate morphine-dependent cell model.

Figure 4. TH-positive cells expression in MN9D cells (A) and SH-SY5Y cells (B). Compared with SH-SY5Y cells, TH-
positive cells were significantly more in MN9D cells. Red: TH, Blue: DAPI. Bars = 25 μm.

Figure 5. Expression rate of TH-positive cells in MN9D 
and SH-SY5Y cells. The positive rate was 20.4% ± 
5.8% in MN9D cells, and 6.2% ± 2.6% in SH-SY5Y, 
with significant differences between the groups (*P 
< 0.05).
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The dopaminergic MN9D cell line originates 
from a compound of primary, mouse, embryon-
ic ventral mesencephalic cells and neuroblas-
toma. The cells synthesize, release, and absorb 
dopamine and express TH [21, 22]. The dopa-
mine in MN9D cells does not easily convert to 
norepinephrine; additionally, MN9D cells exhib-
it lower absorption characteristics of catechol-
amine compared with SH-SY5Y cells [23]. 
Therefore, MN9D cells are widely used in the 
cellular level studies of dopamine nerve injury, 
such as the mechanism and therapy studies 
associated with PD [24]. At present, SH-SY5Y 
cells are commonly used to study the mecha-
nism of dopaminergic addiction. SH-SY5Y cells, 
constructed in 1970, are derived from metasta-
ses of a neuroblastoma patient. The SH-SY5Y 
cells express mid-level dopamine-β-hydroxy 
enzyme activity [4]. However, some reports in 
recent years have indicated that there is not 
abundant dopamine or norepinephrine stored 
in the SH-SY5Y cells, and dopamine can effec-
tively convert to norepinephrine. These results 
have illustrated that these cells are more suit-
able for studies related to noradrenergic neu-
rons. According to the origin of MN9D cells and 
the characteristics of higher dopamine levels, 
we speculated that MN9D cells could be more 
suitable for studying the mechanisms of dopa-
minergic addiction at the cellular level. 
Consistent with our hypothesis, MN9D cells 
express the μ, κ, and δ opioid receptors at high 
levels, and have a significantly greater ratio of 
dopaminergic neurons than SH-SY5Y cells. 
Taken together, our data reveal that MN9D 
cells are the ideal cell line for further studying 
the mechanisms of dopaminergic addiction of 
morphine.
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