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Abstract Mycoplasma is the most common con-
taminant and greatly affects host cells. The influence
of mycoplasma on microglia cells remains unknown.
Here, we investigated the influence of mycoplasma
contamination on BV2 cells (a microglia cell line). We
found that mycoplasma contamination increased the
phosphorylation of NF-kB and MAPK signal pathway
and induced the activation of BV2 cells. These
mycoplasma-contaminated BV2 cells exhibited a
transition of cell morphology and slower proliferation,
as well as increased gene expression and protein
secretion of inflammatory factors. Furthermore,
mycoplasma-contaminated BV2 cells had decreased
sensitivity to lipopolysaccharide stimulation. These
findings suggested that mycoplasma contamination
greatly influenced the characteristics and function of
microglia cells. It is important to prevent and exclude
mycoplasma contamination in our research.
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Introduction

Cell culture is a very important and common method
in research. The cultures maybe primary cultures,
which are taken directly from tissue or organs, or
immortalized cell lines, which may be from normal or
cancerous tissues. Unfortunately, cultures can have
contaminants of various kinds, including bacteria
(Chen et al. 2012), fungal (Mirjalili et al. 2005a),
viruses (Uphoff et al. 2015) or other cells (Kniss and
Summerfield 2014). Of the bacteria, mycoplasma is
the most frequent contaminant and because most
antibiotics fail to eradicate them, mycolplasma is a
serious problem in animal cell cultures (Harlin and
Gajewski 2008; Mirjalili et al. 2005; Nikfarjam and
Farzaneh 2012; Drexler and Uphoff 2002).
Mycoplasmas are the smallest and simplest
prokaryotic microorganism that lack cell wall and
are highly polymorphic, they are parasitic microor-
ganism and colonize animals or plants (Razin et al.
1998). Most of mycoplasmas are non-pathogenic
except several types, such as mycoplasma pneumoniae
(He et al. 2016), mycoplasma urealyticum (Shimada
et al. 2014), mycoplasma hominis (Capoccia et al.
2013), mycoplasma gallisepticum (Xiao et al. 2016). It
is difficult to prevent mycoplamsa infection partly
because of lacking successful vaccination strategies
(Lee et al. 2018; Leigh et al. 2018). Unfortunately,
more and more cell lines were found to be contam-
inated by mycoplasma in research laboratories all over

@ Springer


http://orcid.org/0000-0003-4301-9193
http://crossmark.crossref.org/dialog/?doi=10.1007/s10616-019-00311-8&amp;domain=pdf
https://doi.org/10.1007/s10616-019-00311-8

624

Cytotechnology (2019) 71:623-634

the world. It is reported that mycoplasma contamina-
tion changed the characteristics, protein expression
and functions of host cells, which greatly influenced
research work, especially for immune cells (Hoff et al.
2018; Jimbo et al. 2017; Nolan et al. 2016). Thus,
mycoplasma contamination has become a trouble-
some problem (Callaway 2014).

BV2 cell is a murine microglia cell line that is
commonly used in the research of brain inflammation.
BV2 cell activated by lipopolysaccharide (LPS)
stimulation is used as an inflammation research model
in vitro (Ko et al. 2018; Latta et al. 2015). However,
the influence of mycoplasma contamination on BV2
cells remains unknown. In our study which used BV2
cell as a cell model, we noticed that BV2 cells
appeared greatly changes after accidental mycoplasma
contamination. In order to understand the influence of
mycoplasma contamination on BV2 cells, we com-
pared the differences of normal BV2 cells, myco-
plasma-contaminated BV?2 cells and myco-3 (a kind of
mycoplasma scavenger) treated mycoplasma-contam-
inated BV2 cells in morphology, proliferation and
sensitivity to LPS stimulation.

Materials and methods
Cell culture

The immortalized murine microglial cell line BV2 and
human neuroblastoma cell line SH-SYS5Y were
obtained from the Cell Resource Center, Peking Union
Medical College (which is the headquarters of
National Infrastructure of Cell Line Resource, NSTI).
Both cell lines were cultured in dulbecco’s modified
eagle’s medium (DMEM) (Gibco, Grand island, NY,
USA) supplied with 10% fetal bovine serum (FBS)
(Hyclone, South America) at 37 °C with 5% CO2
saturation. Passage was performed every 3 days at a
ratio of 1:3-6 for BV2 and 1:3 for SH-SYS5Y.
Mycoplasma-contaminated BV2 cells were obtained
occasionally from normal BV2 cells which were
cultured in medium containing mycoplasma-contam-
inated fetal bovine serum. To stimulate the activation
of microglia, BV2 cells were digested and seeded at
4 x 10°/well in a six-well plate, 50 ng/ml LPS was
added into the culture medium, 6 h later, the cell
supernatant was filtered with 0.22 pm filter and
collected as BV2 condition medium.
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CCKS assay

The cytotoxic effect of BV2 condition medium on SH-
SY5Y was examined by CCKS assay. Briefly, SH-
SY5Y were seeded at 1.5 x 10%/well in 96-well plate.
Cell culture medium was changed into BV2 condition
medium and incubated for 24 h. Then, 10 pl CCKS8
reagent (KeyGEN BioTECH, Nanjing, China) was
added into each well and incubated for 1-3 h. Optical
density (OD) was measured at 450 nm using a
microplate reader (Thermo scientific, USA). Cell
viability was showed as OD and presented as
mean £ SD. OD of cells cultured in DMEM contain-
ing 10% FBS was regarded as control, cell viability
was calculated according to the following formula:
cell viability = OD (experiment group-background)/
OD (control group-background) x 100%.

Detection and elimination of mycoplasma
contamination

Mycoplasma contamination of BV2 cells was detected
by polymerase chain reaction (PCR) method with PCR
mycoplasma detection kit (KeyGEN BioTECH, Nan-
jing, China) according to manufacturer’s instruction.
Briefly, the cell supernatant of BV2 cells was trans-
fered to a new tube and centrifuged at 13000 rpm for
5 min. Then the cell supernatant was incubated in
100 °C for 15 min and collected as template for the
following PCR detection. For PCR reaction, 5 pl cell
supernatant was mixed with 5 pl 10 x PCR buffer,
4 ul MgCl,, 2 pl dNTP mixture, 1 pl forward primer,
1 pl reverse primer, 1 pl taq polymerase and 31 pl
water. The mixture was undergo PCR reaction under
following conditions: first, pre-denatuation at 95 °C
for 5 min; second, denatuation at 95 °C for 30 s,
annealing at 60 °C for 30 s, and extention at 72 °C for
1 min, for 40 cycles; third, extention at 72 °C for
10 min. The product was loaded on 1.5% agarose gel
containing GeneGreen Nucleic Acid Stain (TianGen
Biotech, Beijing, China) and observed with a G-box
imaging analyzer (Gene company, Hongkong, China).

To remove mycoplasma contamination in cell
culture, mycoplasma scavenger myco-3 (AppliChem,
Darmstadt, Germany) was added into culture medium
with the concentration of 1 pg/ml, medium was
changed 2-3 days, cells were cultured in medium
containing mycoplasma scavenger for 14 days.
Finally, after another 14 days of culture in medium
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without myco-3, cells were collected for the detection
of mycoplasma to ensure totally elimination of
mycoplasma.

Western blot analysis

BV2 cells were seeded in 100 mm Poly-L-ornithine
(Sigma-Aldrich, Shanghai, China) pre-coated dishes,
all cells were washed with PBS and lysed with RIPA
buffer (Beyotime, Beijing, China), the supernatant
was collected and transfered to a new tube, after
quantification with BCA detection kit (Beyotime,
Beijing, China), samples were separated with 10%
SDS-PAGE (Beyotime, Beijing, China), and proteins
were blotted into a PVDF membrane (Millipore,
Germany). Then the PVDF membrane was incubated
with primary antibodies overnight at 4 °C, followed
by incubation of corresponding HRP-conjugated sec-
ondary antibodies for 1 h at room temperature. The
protein expression was colored with ECL substrate
(Millipore, Germany) and detected with a BG-
gdsAUTO710 Mini chemiluminescence imaging sys-
tem (BAYGENE, Beijing, China). The following
primary antibodies were used: rabbit anti-P44/42
MAPK (ERK1/2), anti-phospho-P44/42 MAPK (p-
ERK1/2), anti-JNK, anti-phospho-SAPK/JNK (p-
JNK), anti-NF-kB P65 (P65), anti-phospho-NF-kB
P65 (p-P65), anti-P38 MAPK (P38), anti-phospho-
P38 MAPK (p-P38), mouse anti-B-actin (Cell Signal-
ing Technology, Shanghai, China). Secondary anti-
bodies were peroxidase-conjugated goat anti-rabbit
IgG(H + L), peroxidase-conjugated goat anti-mouse
IgG(H + L) (Zhongshanjinqiao, Beijing, China). The
gray value of all bands was measured by image J
software and the relative expression of respective
protein was normalized to B-actin.

RNA isolation and real-time PCR

Total RNA was extracted by Trizol reagent (Thermo
Fisher Scientific, Carlsbad, CA, USA) according to
manufacturer’s instruction. 1 pg total RNA was
transcripted to cDNA using RevertAid First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific,
Shanghai, China) according to manufacturer’s proto-
col. Quantitative real-time PCR was performed with
SYBR premix Ex Taq (Roche) and detected by a
Lightcycler 480 real-time PCR system (Roche,
mannheim, Germany). GAPDH was used as internal

control gene. Primer information was listed in
Table 1. The PCR amplified under following condi-
tions: denaturing at 95 °C for 10 s, followed by 40
cycles of 95 °C for 5s and 60 °C for 30 s, then
extention at 70 °C for 5 min. Relative expression level
was defined using the 27**°" method and normalized
to GAPDH.

Enzyme-linked immunosorbent assay (ELISA)
analysis

To detect the secretion of inflammatory factors in BV2
cells, the culture medium was replaced 6 h before
collection and centrifuged at 1500 rpm for 5 min at
4 °C; the secretion of Tumor necrosis factor-alpha
(TNF-o) and interleukin 6 (IL-6) were measured by
enzyme-linked immunosorbent assay kits (R&D sys-
tem, minneapolis, USA) according to the manufac-
turer’s instructions.

Statistical analysis

All experiments were conducted in triplicate. Data was
presented as mean £ SD. Differences between groups
were analyzed by one way ANOVA using SPSS 17.0.
P < 0.05 was considered as statistical significance.

Results

Mycoplasma contamination influenced cell
morphology and proliferation of BV2 cells

Normal BV2 cells displayed spindle or round mor-
phology with small cell body, all cells had good
refraction and smooth cell membrane, similar with the
shape of “eyes”, which showed a healthy state. While,
after mycoplasma contamination, “eyes” almost dis-
appeared, some cells retracted and turned round with
crumpled membrane, other cells stretched out slender
branches, all cells showed activated morphology
similar with BV2 cells which were stimulated with
LPS. However, after treated with mycoplasma scav-
enger, all cells returned to a healthy state like normal
BV?2 cells (Fig. 1a).

In order to determine whether cells were contam-
inated with mycoplasma in molecular level, cell
samples were collected and detected by PCR kit, the
primer set allowed detection of various mycoplasma
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Table 1 Primer

Gene Forward Reverse

information
IL-1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
TNF-a ACCCTCACACTCACAAACCAC ACAAGGTACAACCCATCGGC
iNOS TCCCTTCCGAAGTTTCTGGC CTCTCTTGCGGACCATCTCC
COX-2 TGGGGGAAGAAATGTGCCAA AGAAGCGTTTGCGGTACTCA
GAPDH GGAGAGTGTTTCCTCGTCCC ACTGTGCCGTTGAATTTGCC

Marker BV2-N BV2-MC BV2-MRIZ(;Siﬁve Water

ntrol

L

Fig. 1 Cell morphology and proliferative capability of
mycoplasma-contaminated BV2 cells and PCR detection of
mycoplasma. a Cell morphology of BV2-N, BV2-MC, LPS-
treated BV2-N (BV2-N + LPS) and BV2-MR. b PCR detection
of mycoplasma showed that BV2-MC had one specific band at
the position of 502-520 bp, similar with positive control. ¢ BV2-

species appeared in cell culture (including M. fermen-
tans, M. hyorhinis, M. arginini, M. orale, M. salivar-
ium, M. hominis, M. pulmonis, M. arthritidis, M.
neurolyticum, M. Hyponeumoniae, M. Capricolum
and so on). We found that BV2 cells with obvious
morphology transition (mycoplasma-contaminated
BV2 cells, BV2-MC) showed one specific band at
the position of 502-520 bp similar with positive
control, while normal BV2 cells (BV2-N) showed no
band. Furthermore, after treated with mycoplasma
scavenger, mycoplasma-contaminated BV2 cells (that
is mycoplasma remove, BV2-MR) restored their
normal morphology and there was also no any band
observed after PCR detection, which was similar with
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MC had a decreased proliferative capability compared to BV2-
N. The proliferation of BV2-MC greatly decreased in BV2-MC
but restored after mycoplasma elimination. (BV2-N: normal
BV2 cell, BV2-MC: mycoplasma-contaminated BV2 cell, BV2-
MR: mycoplasma-removed BV2-MC cell) (bar = 50 pm)

BV2-N (Fig. 1b). This result showed that BV2 cell
exhibited a transition of cell morphology after being
contaminated by mycoplasma and this transition could
be reversed by mycoplasma elimination.

To investigate the effect of mycoplasma contam-
ination on cell proliferation, BV2-N, BV2-MC and
BV2-MR were seeded at 200 cells per well in 96-well
plate separately. Cell proliferation was detected by
CCKS8 reagent every day for 6 days. Cell proliferation
rate was calculated according to the following for-
mula: proliferation rate = OD (Day N-background)/
OD (Day O0-background) x 100%, N represented
different time. We found that, all cells grown with
similar proliferation rate at the first 48 h, then the
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growth of BV2-MC began much slower than BV2-N
and BV2-MR from 72 h, no difference was observed
between BV2-N and BV2-MR group (Fig. 1c). This
result indicated that mycoplasma contamination sup-
pressed cell proliferation greatly, but cell restored
proliferative capability after
removement.

mycoplasma

Mycoplasma contamination activated BV2 cells
and increased the production of inflammatory
factors

After mycoplasma contamination, BV2 cell obtained
an activated morphology. To determine whether
mycoplasma contamination activated BV2 cells, total
RNA of BV2-N, BV2-MC and BV2-MR were
extracted and cell supernatant were collected. Semi-
quantitative PCR was used to detect the expression of
inflammatory genes: Interleukin 18 (IL-1pB), IL-6,
TNF-a, Cox2 and iNOS, the secretion of IL-6 and
TNF-o were measured by ELISA analysis. We didn’t
detect mRNA expression of inflammatory factors in
BV2-N and BV2-MR. In contrast, high expression of
IL-1, IL-6, TNF-a, Cox2 and iNOS were observed in
BV2-MC cells (Fig. 2a). This result was consistent
with the secretion of IL-6 and TNF-a, no production of
IL-6 was detected in BV2-N and BV2-MR, while the
concentration of IL-6 in the cell supernatant of BV2-
MC was 45.17 £ 2.29 pg/ml. There were very low

Fig. 2 Mycoplasma a

@]
contamination increased the ,% ,@

gene expression and protein

secretion of inflammatory

factors. a There were strong IL-1B8
expression of IL-1f, IL-6,

TNF-a, Cox2 and iNOS in

BV2-MC by semi- IL-6
quantitative RT-PCR
detection. b, ¢ ELISA
analysis showed that
secretion of IL-6 and TNF-a
increased significantly after

TNF-a

secretion of TNF-o in BV2-N and BV2-MR, that were
9.80 £ 1.11 pg/ml and 8.63 £ 1.41 pg/ml, after
mycoplasma contamination, secretion of TNF-a
greatly increased and reached to 59.30 £ 1.81 pg/ml
(Fig. 2b). These results showed that mycoplasma
contamination could activate BV2 cell and promote
gene expression as well as protein secretion of
inflammatory factors. However, this effect was
reversible, BV2-MC cells could return back to non-
activated state after mycoplasma elimination.

Mycoplasma contamination increased
the activation of NF-kB and MAPK signal
pathway in BV2 cells

Both of NF-kB and MAPK signal pathway play
important role in inflammatory reaction (Oh et al.
2013; Zhao et al. 2018). It was reported that NF-kB
and MAPK modulated the gene expression of pro-
inflammatory cytokines such as IL-13, TNF-o and IL-
6 (Jaimes et al. 2017; Li et al. 2018; Wang et al. 2018).
The influence of mycoplasma contamination on NF-
kB and MAPK signal pathway is still unclear. Here,
we detected the activation of NF-kB P65 (an important
molecular in NF-kB signal pathway) and ERK1/2,
JNK as well as P38 (three subgroups of MAPK signal
pathway) in BV2-N, BV2-MC and BV2-MR.
The result showed that there was slightly activation
of NF-kB p-P65, p-ERK1/2, p-JNK as well as p-P38 in
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BV2-N and BV2-MR, while the activation increased
significantly in BV2-MC, similar with activated BV2-
N which was treated with LPS (Fig. 3). Obviously,
mycoplasma contamination could increase the activa-
tion of NF-kB and MAPK signal pathway, and
promoted the transition of BV2-N from resting state
to activated state.

Mycoplasma contamination decreased
the sensitivity of BV2 cells to LPS stimulation

Mycoplasma contamination influences functions of
many cells, whether it influences the function of BV2
cells remains unknown. Since activated BV2 cells
were usually used as inflammatory cell model. We
examined the response of BV2-MC to LPS. BV2-N,
BV2-MC and BV2-MR were treated with 50 ng/ml

p-P38 | —

20

LPS, 6 h later, total RNA and cell supernatant were
collected. After quantitative real time PCR detection,
we found that the expression of IL-1p, IL-6, TNF-o,
Cox2 and iNOS increased after treated with LPS in
BV2-N, BV2-MC and BV2-MR. However, compared
to BV2-N, the fold change of gene expression in BV2-
MC was much lower, there were 4413.19 + 154.47
and 445.40 £+ 14.39 for IL-1B, 1201.26 + 199.89
and 314.87 £+ 58.67 for IL-6, 12.29 4+ 0.88 and
6.07 + 0.93 for TNF-a, 123.12 £ 3.00 and 26.32 +
2.09 for Cox2,429.77 4 25.34 and 219.46 4+ 5.51 for
iNOS in LPS-treated BV2-N and BV2-MC (Fig. 4a).
The secretion of inflammatory factors in LPS-treated
BV2-N and BV2-MC were 1316.51 + 29.95 pg/ml
and 533.51 £ 21.03 pg/ml for IL-6, 1543.61 £
34.33 pg/ml and 719.86 + 32.59 pg/ml for TNF-a,
both were much lower in BV2-MC than BV2-N
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Fig. 3 The phosphorylation of NF-kB and MAPK signal
pathway in BV2-N, BV2-MC, BV2-MR, BV2-N + LPS
(determined by western blot and normalized to [-actin).
Mycoplasma contamination promoted the activation of NF-kB
and MAPK signal pathway. The phosphorylation of NF-kB P65,
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ERK, JNK and P38 were greatly increased in BV2-MC, which
was similar with LPS treated BV2-N (BV2-N + LPS). (BV2-N:
normal BV2 cell, BV2-MC: mycoplasma-contaminated BV2
cell, BV2-MR: mycoplasma-removed BV2-MC cell).
(*P < 0.05)
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Fig. 4 Gene expression and protein secretion of inflammatory
factors in BV2-N, BV2-MC and BV2-MR after 50 ng/ml LPS
stimulation. a Gene expression of IL-1f, IL-6, TNF-a, Cox2 and
iNOS was much lower in LPS-treated BV2-MC than BV2-N and
BV2-MR. b the production of IL-6 and TNF-a in the supernatant

(Fig. 4b). Furthermore, consistent with previous
results, there was no difference between BV2-N and
BV2-MR. This meant that BV2-MC had decreased

of LPS-treated BV2-MC was much less than BV2-N and BV2-
MR. (BV2-N: normal BV2 cell, BV2-MC: mycoplasma-
contaminated BV2 cell, BV2-MR: mycoplasma-removed
BV2-MC cell). (*P < 0.05)

sensitivity to LPS stimulation and this was reversible
after mycoplasma elimination.

To investigate the influence of LPS concentration
on the decreased sensitivity of BV2-MC cells to LPS
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stimulation. BV2-N and BV2-MC cells were treated
with LPS at different concentration of 0 ng/ml, 50 ng/
ml, 500 ng/ml and 5 pg/ml for 6 h. Total RNA and
cell supernatant were collected. Different with BV2-N
cells, no difference was observed in gene expression of
inflammatory factors in BV2-MC as the concentration
of LPS increased (Fig. 5a). This result was consistent
with protein secretion of IL-6 and TNF-a by ELISA
detection, the amount of IL-6 and TNF-a in cell

supernatant of BV2-N was improved as the concen-
tration of LPS increased. However, the increased LPS
concentration had few effect on the secretion of IL-6
and TNF-a (Fig. 5b). Both these results indicated that
mycoplasma contamination made BV2 cells “blunt”
and reduced the sensitivity of BV2 cells to LPS, thus
changed the function of BV2 cells.
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Fig. 5 Gene expression and secretion of inflammatory factors
in LPS-treated BV2-N and LPS-treated BV2-MC at different
concentration (0 ng/ml, 50 ng/ml, 500 ng/ml and 5 pg/ml).
Increased gene expression (a) and protein secretion (b) of
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inflammatory factors in BV2-N was observed as the concentra-
tion of LPS increased, but no difference was observed in BV2-
MC (BV2-N: normal BV2 cell, BV2-MC: mycoplasma-
contaminated BV2 cell)
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Mycoplasma contamination decreased
the cytotoxic effect of BV2 cells

Microglia cell is a kind of immune cell which is
important in central nervous system. However, over-
activated microglia cells can secret large amount of
inflammatory factors which are toxic to surrounding
cells (Block and Hong 2005). To further determine the
influence of mycoplasma contamination on the acti-
vation and protein secretion of BV2 cells after LPS
exposure, we detected the cytotoxic effect of activated
BV2-MC on the survival of SH-SYS5Y cells. SH-
SY5Y were cultured in the condition medium of 0 ng/
ml, 50 ng/ml, 500 ng/ml and 5 pg/ml LPS-treated
BV2-N, BV2-MC, BV2-MR. 24 h later, decreased
cell viability was observed in all groups. Compared
with BV2-N and BV2-MR group, cell viability in
BV2-MC group was much higher, that meant less
cytotoxicity. There was no difference between BV2-N
and BV2-MR group. Moreover, the increase of LPS
concentration had no influence on the cytotoxic effect
of LPS-treated BV2-MC (Fig. 6), it was most prob-
ably that BV2-MC had decreased sensitivity to LPS
and secreted less inflammatory factors. This was
consistent with the changes of gene expression and

1204
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Fig. 6 Cytotoxic effect of the supernatant from LPS-treated
BV2-N, BV2-MC and BV2-MR on SH-SYS5Y. There was less
cytotoxity in supernatant from LPS-treated BV2-MC than BV2-
N and BV2-MR. As the concentration of LPS increased, the
cytotoxic effect of the supernatant from LPS-treated BV2-N and
BV2-MR increased, no changes was detected on the cytotoxicity
of supernatant from LPS-treated BV2-MC. (BV2-N: normal
BV2 cell, BV2-MC: mycoplasma-contaminated BV2 cell, BV2-
MR: mycoplasma-removed BV2-MC cell). (*P < 0.05)

protein secretion. (The effect of LPS on SH-SYSY was
excluded by culturing SH-SY5Y in medium with O ng/
ml, 50 ng/ml, 500 ng/ml and 5 pg/ml LPS, no changes
of cell viability was observed by CCKS8 detection (this
data was not show)).

Discussion

Mycoplasma contamination is a common problem in
cell culture and affects many aspects of cell physiol-
ogy (Kagemann et al. 2005a; Yu et al. 2016). In this
study, we found that mycoplasma contamination could
increase the phosphorylation of NF-kB and MAPK
signal pathway and induce the activation of BV2 cells.
These activated BV2 cells exhibited a transition of cell
morphology and slower proliferation, as well as
increased gene expression and protein secretion of
inflammatory factors. However, though mycoplasma
contamination could activate BV2 cells, it greatly
decreased the sensitivity of BV2 cells to LPS stimu-
lation, which confirmed by lower gene expression and
protein secretion of inflammatory factors, and lower
cytotoxic effect in BV2-MC than BV2-N as well. All
these results meant that mycoplasma contamination
greatly affected the cell state and suppressed the
immune function of BV2 microglia cells. Thus,
prevention and detection of mycoplasma contamina-
tion are important in our research, because it greatly
interferes experiment results and perverts our
judgement.

It is reported that mycoplasma may influence many
aspects of host cells, including metabolism, physio-
logical function. Yu et al. found that mycoplasma
contamination caused significant metabolic changes in
PANC-1 cells (a pancreatic cancer cell line), 23
metabolites that involved in arginine, purine metabo-
lism and energy supply were identified (Yu et al.
2016). Kagemann et al. observed that there was
decreased arginase activity in hyorhinis infected
murine keratinocytes, probably because that hyorhinis
infection affected L-arginine metabolism and the
synthesis of NO (Kagemann et al. 2005a). All these
observations indicated that mycoplasma contamina-
tion had great effect on cell metabolism. Furthermore,
mycoplasma contamination can influence the applica-
tion of experiment methods. In 1999, Denecke found
that mycoplasma-contaminated cells could reduce the
tetrazolium when performed a tetrazolium based MTT
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assay in a cell cytotoxicity assay (Denecke et al. 1999).
Moreover, it is well known that mycoplasma can
produce ribonuclease, and siRNA (small interfering
RNA) transfection is a common used method in gene
knockdown. However, RNA oligonucleotides were
degraded immediately after transfection in myco-
plasma-contaminated cells (Hernandez et al. 2012).
The effect of mycoplasma on experiment methods
may cause great influence in our study, which may
interfere the objectivity of the results, mislead our
decision and analysis, and affect reproducibility of the
result, all of these cause waste of time and money.
Microglia cell is a kind of neuroglia cell and mainly
resides in brain. It is the most abundant and best
studied macrophage cell in the central nervous system
and plays important role in inflammatory reaction in
brain (Perry and Teeling 2013; Sohrabji and Williams
2013). It is reported that, contamination of myco-
plasma changes the psychological function of immune
cells (Bai et al. 2013; Damte et al. 2015; Fang et al.
2016; Hwang et al. 2011; Kandasamy et al. 2011).
Damte et al. found that the expression of inflammatory
factors in mouse alveolar macrophages greatly
increased after exposed to intact mycoplasma hyop-
neumoniae protein (Damte et al. 2015). Nolan et al.
detected the response of mycoplasma-contaminated
human monocytes and macrophages to LPS stimula-
tion and found that, cells had lower response to LPS
after mycoplasma contamination, followed by reduced
secretion of inflammatory factors such as IL-1f3, IL-6,
TNF-0, Cox2 and iNOS, and impaired phagocytic
function, which meant that contamination of myco-
plasma inhibited the function of macrophages (Nolan
et al. 2016). Zindcker observed that mycoplasma
contamination inhibited the immune-suppression
function of mesenchymal stromal cells in vivo and
decreased the proliferation of lymphocytes in mixed
lymphocyte reaction (Zinocker et al. 2011). Some-
times, mycoplasma contamination may induce apop-
tosis of immune cells. It is reported that mycoplasma
hyopneumoniae-derived lipid-associated membrane
proteins could increase the activation of caspase-3
and secretion of NO, which induced the apoptosis of
porcine alveolar macrophages (Bai et al. 2013).
Whatever, these results showed that mycoplasma
was a “pathogenic” factor for most cell, it could
cause immune cell “sick” or die, and sequently
reduced the response of immune cells to other stimulus
and inhibited their functions. Consistent with previous

@ Springer

reports, mycoplasma was a “bad factor” in our study,
we also found that, BV2 cells were activated after
mycoplasma contamination, but had lower sensitivity
to LPS stimulation, as well as decreased cytotoxicity.
However, different with LPS stimulation, activation of
BV2 cells by mycoplasma contamination was rever-
sible. It meant that, after mycoplasma elimination,
microglia cell could restore its characteristics such as
morphology, proliferation and immune function, it
was further confirmed by the decreased p-P65, p-P38,
p-JNK and p-ERK1/2 after removal of mycoplasma in
BV2-MC, which also indicated that there may exist
different mechanisms between activation by myco-
plasma and LPS.

Lots of laboratories are contaminated by myco-
plasma with different levels. It is difficult to discover it
because different cells have different responses to
mycoplasma. Whether the experiment results are
influenced remains unknown. All these remind us that
it is important to detect and prevent mycoplasma
contamination to ensure the accuracy and reliability of
our experiment data.
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