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Interaction and mechanisms of GRP78 and
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Abstract: Objective: To study the interaction between glucose-regulated protein 78 (GRP78) and heat shock pro-
tein 70 (HSP70) in lipopolysaccharide (LPS) treated mouse microglial cells, and explore its mechanism. Methods:
mouse microglia (BV2) was the research object, bacterial lipopolysaccharide (LPS) infected BV2 cells were used to
observe the active status which were stimulated by LPS. We analyzed TLR2, TLR4 expression level of the infected
cells. We also investigated LPS stimulated BV2 cell. Expression level of IL-13, TNF-&, IFN-B and other cytokines were
observed. When GRP78 and HSP70 were injected into BV2 LPS-stimulated cells, changes of nitric oxide synthase
(iNOS) and reactive oxygen species (ROS) were observed. Results: Immunofluorescence staining showed that sur-
face of normal BV2 cell appeared red fluorescent particles, with some activation state. After LPS, GRP, HSP70 pro-
tein and LPS treatment, microglia activation state had different degrees of incensement. Expression results of TLR2
and TLR4 showed that after LPS stimulated TLR2 expression showed significant difference (P>0.05) compared with
the normal cells, while expression of GRP78 and HSP70 injected LPS stimulated TLR2 showed significant differ-
ence compared with the normal group and the LPS-treated group with significant difference (P<0.05); expression of
TLR4 in LPS stimulated group, GRP78 + LPS group and HSP70 + LPS group showed statistical difference (P<0.05)
compared with the normal cells. ELISA results showed that the IL-1p had significant difference between five experi-
mental groups (P<0.05), while it was increased significantly in HSP70 + LPS treatment group, and LPS treatment
group was followed; TNF-a in normal cells group showed statistical significance (P<0.05) compared with the rest
four experimental groups; IFN-B in normal cells and LPS-treated group showed statistical significance compared
with GRP78 + LPS group and HSP70 + LPS group (P<0.05), but there was no difference when compared with LPS
stimulated neurons. Expression of iNOS, compared with the five experimental groups, had significant difference
(P<0.05), while HSP70 + LPS treatment group showed the most obvious incensement. The results of ROS had sig-
nificant difference (P<0.05) compared with the results of five experimental groups, while HSP70 + LPS treatment
group also showed the most obvious incensement. Conclusion: LPS stimulation can cause microglial activation in
mice. Through TLR4 pathway, IL-13, TNF-a and other cytokines can be secreted extensively, leading iNOS and reac-
tive oxygen species (ROS) increased. Meanwhile, GRP78 protein may play a more important role in the inhibition of
LPS-stimulated microglia inflammation and other stress.
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Introduction and development of central nervous system
diseases [2]. Microglia activation and its related
inflammation, immune response play an impor-
tant role in the development of many neurolo-

Microglia is one of the main organism immune
effector cells, widely distributed in the central

nervous system, accounting for about 20% of gical diseases, in which the inflammatory re-
the total number of glial cells [1]. Although ceptor signaling pathway plays an important
research shows that early activated microglia role [3, 4].

has a protective and repair effect on neurons,

excessive activation of microglia is able to Heat shock proteins (HSP), also known as
produce inflammatory substances, causing stress proteins, are a kind of evolutionarily

neuronal damage and inducing the occurrence highly-conserved proteins, highly expressed
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when HSP genes are activated by some
stressors, such as the environment, high tem-
perature, ischemia, infection, trauma, drugs
and other conditions [5], playing an important
role in preventing the body from being damaged
by stress factors; HSP can improve the stress
ability of cells to resist the influence of various
damaging factors, playing a role in protecting
cells [6]. Glucose-regulated protein 78 (GRP78),
also known as immunoglobulin heavy chain
binding protein, is a member of the HSP70
family. As a stress protein, GRP78 is highly
expressed under stress to maintain a stable
environment within cells, which can extend cell
survival in the stimulation of a variety of harmful
factors [7-9].

Gram-negative bacteria lipopolysaccharide
(LPS) is an important structural component of
the bacterial cell wall, which is also an impor-
tant aspect of the pathogenic mechanisms; it is
an important microglia activator, commonly
used in the construction and research of experi-
mental models [10]. Previous report showed
that LPS stimulated signal transduction path
for microglia cells had been inveatigated [11],
but the influence and role of LPS pathogenesis
of heat shock proteins and signal transduction
pathways had not been studied. This was the
starting point of article, and we explored the
role and significance of heat shock protein
GRP78 and HSP70 family members in LPS
stimulated mice microglia cells.

Materials and methods

After GRP78 and HSP70 were injected,
activation status of LPS-stimulated BV2 cells

After GRP78 and HSP70 were injected, acti-
vation status of LPS-stimulated BV2 cells was
detected by immunofluorescence stainingThe
cells were divided into 4 groups: normal group;
LPS-treated group; GRP78 + LPS group; HSP70
+ LPS group; 3 samples per group. In the plates,
the prepared cell climbing film was immersed
and washed with PBS, then fixed with 4%
paraformaldehyde; after washing, 6% normal
goat serum was dropped in cell climbing film
to close it at room temperature for 60 min. Pri-
mary antibody incubation: a sufficient amount
of diluted antibody (primary antibody: rabbit
CD11b, namely OX-42; antibody concentration:
1:500) was dropped on each film, and then the
film was put into the wet box and incubated at
4°C overnight; secondary antibody incubation:
diluted fluorescent secondary antibody was
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dropped (secondary antibody: goat anti-rabbit
Alexa Fluor 647; second antibody concentr-
ation: 1:1000), ansd then cell climbing film
was incubated in wet box at 37 °C for 60 min;
Nucleus counterstaining: after dark DAPI in-
cubation for 5 min, nuclear staining of speci-
mens was performed. Then films were mounted
and image acquisition was performed with a
laser scanning confocal microscope.

After GRP78 and HSP70 were injected into
LPS-stimulated BV2 cells, the expression of
TLR2 and TLR4

QRT-PCR was used to detect the expression of
TLR2 and TLR4 after GRP78 and HSP70 were
injected into LPS-stimulated BV2 cells. The
cells were divided into 4 groups: 1-control BV2
group; 2LPS-treated BV2 group; 3 -GRP78 +
LPS treatment group; 4-HSP70 + LPS treatment
group. Based on the amplified gene, specific
primers were designed (Table 1), and were
detected using SYBR Green | fluorescent dye
method.

Total RNA was extracted using TRIzol method;
the RNA precipitate was dissolved in an ap-
propriate amount (20-50 ul) of RNase-free
water, stored at -70°C. Reverse transcription
system was prepared as follows: 2 x RT bu-
ffer 10 ul, 6N random primer (100 pmol/ul) 1
ul, RT-mix 1 ul, template (RNA) 5 ul, DEPC water
3 ul; reaction parameters were: 25°C 10 min,
42°C 50 min, 85°C 5 min. Fluorescence quan-
titative detection system was: 2 x PCR buffer
25 ul, Primers (25 pmol/ul) 1 ul x 2, SYBR green
I 0.5 ul, template (cDNA) 2 ul, DEPC water 20.5
ul; reaction parameters were: 94°C 4 min; 94°C
20s,60°C 30 s, 72°C 30 s, 35 cycles; signal
was detected at 72°C.

After GRP78 and HSP70 were injected into
LPS-stimulated BV2 cells, the expression of
IL-18, TNF- and IFN-3

Double antibody sandwich ELISA assay was
used to detect IL-13, TNF-a and IFN-[3. Standard
curve of culture supernatant was prepared. The
cells were divided into five groups: 1-blank
group; 2-control group (LPS-treated group);
3-GRP78 + LPS treatment group; 4-HSP70 +
LPS treatment group; 5-direct LPS stimula-
tion group. Prepare the desired reagents and
working standards. 50 ul of standard and
sample was added, ensuring continuous sam-
pling, without break. Loading process was
completed within 15 minutes (standard con-
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Table 1. Primers and sequences in QRT-PCR detection

Primers Sequences Length
TIr2 Upstream mTIr2F TTCACCACTGCCCGTAGATG 148 bp
ID: 24088 Downstream mTIr2R GGTACAGTCGTCGAACTCTACCTC
Tird Upstream mTIrdF CAGCAGGTGGAATTGTATCGC 173 bp
ID: 21898 Downstream mTIrdR CAGGTCCAAGTTGCCGTTTC
Internal reference Upstream m actin f GAGACCTTCAACACCCCAGC 263 bp
Downstream m actin r ATGTCACGCACGATTTCCC

C

Figure 1. The red phosphor particles were the activated microglia, while blue phosphor particles were the nuclei. A.
Control group; B. LPS group; C. GRP78 + LPS group; D. HSP70 + LPS group.

centrations were 500 pg/ml, 200 pg/ml, 80
pg/ml, 32 pg/ml, 12.8 pg/ml, 5.12 pg/ml, 2.05
pg/ml). 50 ul detection antibody was added
into each well. Closure plate membrane was
used to seal plate, and cells were incubated at
room temperature for 2 hours. After washing,
100 ul horseradish peroxidase-labeled strep-
tavidin-biotin was added into each well. After
re-washing, 100 ul chromogenic substrate
TMB was added to each well, and cells were
incubated darkly at room temperature for
10-30 minutes. Then 100 ul of stop solution
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was added to each well; within 30 minutes, OD
values at 450 nm were measured by a mi-
croplate reader.

After GRP78 and HSP70 were injected into
LPS-stimulated BV2 cells, the expression of
iNOS

Western blot was used to detect the expression
of iINOS after GRP78 and HSP70 were injected
into LPS-stimulated BV2 cells. The cells were
divided into five groups: 1-blank group; 2-control
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antibody (GAPDH) was diluted
to a final concentration of

1:3000; then sample was
incubated with it warmly for
1.5 hours or incubated at 4°C
overnight. Secondary anti-
body was diluted by blocking
solution to a certain con-
centration (1:3000), and then
sample was incubated with it
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completion of the experiment,
film scanning was performed,
and the gray value of target
band was analyzed by UVP
gel image processing system
Labworks4.6 software.

After GRP78 and HSP70
were injected into LPS-

|
4

Figure 2. TLR2 and TLR4 expression in GRP78 and HSP70 protein sepa-

stimulated BV2 cells, the
changes of reactive oxygen
species (ROS) were detected

rately injected LPS stimulated BV2 cells. 1: control group BV2; 2: LPS-treated

group; 3: GRP78 + LPS-treated group; 4: HSP70 + LPS treated group. Note:
*represents the difference between the two groups with statistical signifi-

cance (P<0.05).

group (LPS-treated group); 3-GRP78 + LPS
treatment group; 4-HSP70 + LPS treatment
group; 5-direct LPS stimulation group. Protein
concentrations were determined using the BCA
method. Then samples were subjected to SDS-
PAGE and WB detection: according to pro-
cedures of vertical electrophoresis, glue tank
was assembled; 10% separating gel and 4%
stacking gel were formulated. The sample was
mixed with 5 x SDS sample buffer at a ratio
of 4:1; after mixing, the mixture was put in
boiling water for 5 min to denature the pro-
teins. After enough electrophoretic liquid was
added, sample containing the same amount
of protein was loaded and subjected to elec-
trophoresis. Film transfer apparatus was as-
sembled, meanwhile the electrophoretic liquid
was replaced with the transfer liquid. The
current was adjusted to a constant current of
200 mA; transfer was performed for about 1
hour. After film transfer, fim was washed in
TBST for 1 minute, and then blocked with
blocking solution. The corresponding antibody
was diluted in blocking buffer to a certain
concentration (1:500); the internal reference

9068

Flow cytometry was used to
detect the changes of reactive
oxygen species (ROS) after
protein GRP78 and HSP70
were injected into LPS-stimulated BV2 cells.
The cells were divided into five groups: 1-blank
group; 2-control group (LPS-treated group);
3-GRP78 + LPS treatment group; 4-HSP70 +
LPS treatment group; 5-direct LPS stimulation
group. Cells in logarithmic growth phase were
collected and cell concentration was adjusted
to 1 x 105/mL; then cells were seeded in 6-well
plates and cultured until adherent. Cells were
treated according to experimental groups
before loading fluorescent probe: DCFH-DA was
added in the medium; working concentration of
DCFH-DA was 60nM, and then the cells were
incubated at 37°C for 40 min. Cells were
collected: Cells were trypsinized (0.25% trypsin,
2-3 min); the culture medium was added to
terminate the digestion; cell suspension was
prepared; after 5-10 minutes of 1000 g
centrifugation, the cells were collected, washed
with PBS, re-centrifuged and collected; then
the cells were re-suspended in PBS and
detected by flow cytometry. Wavelength setting:
optimum excitation wavelength 500,485 (500
+ 15 nm), the optimum emission wavelength
525 (530 + 20 nm). It can also be detected in
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analysis of variance and t

| test. P<0.05 was considered
statistically significant.

Results

Activated state of GRP78 and

HSP70 injected LPS stimu-
lated BV2 cells separately

Immunofluorescence staining

| showed that surface of nor-
mal BV2 cell appear red fluo-
rescent particles, with some
activation state. After LPS,
GRP, HSP70 protein and LPS
treatment, microglia activa-
tion state had different de-
grees of incensement, with
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= the enhancing red fluorescent
particles, as shown in Figure
1A-D.

TLR2 and TLR4 expression
in GRP78 and HSP70 protein
injected LPS stimulated BV2

1

Figure 3. GRP78 and HSP70 protein injected LPS stimulated BV2 cells, and
changes of cytokine. 1: control group BV2; 2: LPS-treated group; 3: GRP78 +
LPS-treated group; 4: HSP70 + LPS treated group; 5: LPS directly stimulated
neurons group. Note: *represents the difference between the two groups
with statistical significance (P<0.05). The figure marked the differences be-
tween the control group and the rest of the group only. Other differences

between the groups were describted in the text.

1 2 3 4 5

Figure 4. iINOS and internal reference grayscale
images.

accordance with FITC fluorescence detection
conditions.
Statistical analysis

SPSS17.0 was used for statistical analysis;
quantitative variables were analyzed using
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|
1
cells
200 4
o0 l Expression results of TLR2
o , . : : and TLR4 showed that after
2 3 4 5

LPS stimulated TLR2 expres-
sion showed significant differ-
ence (P>0.05) compared with
the normal cells, while expres-
sion of GRP78 and HSP70
injected LPS stimulated TLR2
showed significant difference
compared with the normal
group and the LPS-treated
group with significant difference (P<0.05);
expression of TLR4 in LPS stimulated group,
GRP78 + LPS group and HSP70 + LPS group
showed statistical difference (P<0.05) com-
pared with the normal cells, as shown in Figure
2.

Changes of cytokines

ELISA results showed that the IL-1p3 had signifi-
cant difference between five experimental
groups (P<0.05), while it was increased signifi-
cantly in HSP70 + LPS treatment group, and
LPS treatment group was followed; TNF-a in
normal cells group showed statistical signifi-
cance (P<0.05) compared with the rest four

Int J Clin Exp Med 2017;10(6):9065-9072
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Table 2. iINOS and internal reference value changes for each gradation

Lanes Lane 1 Lane 3 Lane 4 Lane 5
Grayscale value iNOS 110.78 178.82 318.92 250.8
GAPDH 521.17 519.86 503.76 493.11

iNOS/GAPDH 0.21256 0.33731 0.343977 0.633079 0.508609

Note: 1: BV2 control group; 2: LPS-treated group; 3: GRP78 + LPS-treated group; 4: HSP70 + LPS treated group; 5: LPS directly

stimulated neurons group.

ROS
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Figure 5. Changes of reactive oxygen species (ROS) between experimental
groups. 1: BV2 control group; 2: LPS-treated group; 3: GRP78 + LPS-treated
group; 4: HSP70 + LPS treated group; 5: LPS directly stimulated neurons

group.

experimental groups; IFN-B in normal cells
and LPS-treated group showed statistical sig-
nificance compared with GRP78 + LPS group
and HSP70 + LPS group (P<0.05), but there
was no difference when compared with LPS
stimulated neurons, as shown in Figure 3.

GRP78 and HSP70 protein injected LPS stimu-
lated BV2 cells, and expression of iNOS

Expression of iINOS in five experimental groups
had significant difference (t = 5.538, P<0.05),
while the HSP70 + LPS treatment group in-
creased the most significantly, as shown in
Figure 4 and Table 2.

GRP78 and HSP70 protein injected LPS stimu-
lated BV2 cells, and changes of ROS

Samilarily, ROS in the five experimental groups
showed significant difference (P<0.05). Be-
tween any two experimental groups there were
statistical difference. HSP70 + LPS treatment
group increased most significantly, and LPS-
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treated group was followed,
as shown in Figure 5.

Discussion

The current study concluded

that, LPS activating microglia

is an extremely complex pro-

cess of signal transduction; in

the signaling pathway acti-

vated by LPS, Toll-like recep-

tor (TLR) is the main par-

ticipant [12]. Toll-like receptor

is an evolutionarily highly-

—— conserved type | transmem-
5 brane protein, consisting of
three components: an extra-
cellular N-terminal, capable
of recognizing extracellular
pathogens and tissue dama-
ge signal; transmembrane
domain; intracellular C-termi-
nal, TIR binding area [13]. TLR as a common
pattern recognition receptor, can combine with
pathogen-associated molecular patterns (such
as LPS), and start the non-specific immune
effector mechanisms of cells. Microglia is the
most important immune cell in the central
nervous system; its most important role is to be
involved in the immune response of central
nervous system as antigen-presenting cells
[14]. Microglia TLR can recognize pathogen-
associated molecular patterns, and consti-
tutively express MHC II; after cell activation, it
can induce high expression of MHC II, ICAM-1
and other immune costimulatory molecules
and adhesion molecules, and activate T cells
[15]. Therefore, microglia plays a very important
role in anti-inflammation and anti-infection in
the nervous system. The results of this study
show that, after acting on mouse microglial
cells, LPS can mediate innate immune response
mechanism to promote the differentiation and
maturation of microglial cells. At the same time,
our findings indicate that, LPS affects micro-
glia primarily through TLR4 pathway; in the

Int J Clin Exp Med 2017;10(6):9065-9072
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experimental results, there is no difference
in TLR2 pathway between normal group and
LPS stimulation group, while there are
differences in TLR4 pathway between normal
group and other experimental groups, indicating
that after LPS stimulation, BV2 works primarily
through TLR4. This result is similar to the
previous result. Hines et al [16] used TLR4
receptor to prevent the LPS-induced microglial
cell activation and inflammatory cytokine re-
lease, stating the importance of TLR4 signal-
ing pathway; Yao et al [17] suggested that
TLR4 receptor mediated the hypoxia-induced
microglia activation and inflammatory cytokine
release. TLR4 accepted the action of bacterial
endotoxin and heat shock proteins and other
damage factors to trigger the generation and
expression of various inflammatory cytokines
by activating downstream NF-kB activity, lead-
ing to inflammation.

In this study, the activated microglia not only
can produce inflammatory cytokines (IL-1,
TNF-a and IFN-B), but also can generate free
radicals such as ROS and iNOS; these free
radicals are capable of causing poisoning state
of nervous system [18]. In mammalian cells,
after activated by TLR signals, NF-kB can
induce the synthesis of ROS and RNS [11].
TLR4 was activated by various ligands, resulting
in the expression of iINOS gene and NO
generation by microglia [19].

At the same time, we also found that that
in BV2 cell response against stress, GRP78
protein played a more important role in sup-
pressing inflammation and other processes
[20-22]. The present experimental results
showed that in the experimental group with
GRP78 protein injection, the secretion levels of
cytokines IL-1B, TNF-a and IFN-B were lower
than those in LPS group and HSP70 protein
injection group; this effect can reduce the
body’s inflammatory reaction, to avoid the
damage to the nerve cells by cytokine tide. On
the other hand, GRP78 protein can significant-
ly reduce the amount of iINOS and ROS, slow-
ing the occurrence and development of in-
flammation.
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