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Abstract: Objective: To determine the relationship between nuclear transcription factor kB (NF-kB) expression in
mitochondria and neuronal cell apoptosis after lipopolysaccharide (LPS)-induced injury. Methods: The effect of drug
administration on PC12 cells was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
and Hoechst 33342 staining. The morphology and function of mitochondria were investigated with electron microscopy
and rhodamine 123, respectively. The activity of adenine nucleotide translocase 1 (ANT1), lipid peroxide, and anti-
peroxidase enzymes was measured by enzyme-linked immunosorbent assay (ELISA). Relative expression levels of
NF-kB were measured by reverse transcription-polymerase chain reaction (RT-PCR) and Western blotting. Results:
Pyrrolidine dithiocarbamate (PDTC, an NF-kB inhibitor) and nerve growth factor (NGF) not only reduced apoptosis but
also had a protective effect on mitochondrial structure and function in a PC12 cell LPS damage model. The subcellular
distribution of NF-kB demonstrated that NGF, diterpene acid atractyloside (ATR, an ANT1 antagonist), and PDTC
alleviated increases in mitochondrial NF-kB after LPS-induced injury. Conclusions: (1) NF-kB is activated in mito-
chondria via uptake of ANT1 during apoptosis following LPS-induced injury in neuronal cells; (2) NGF not only de-
creases the activity of NF-kB but also reduces ANT1 activity, which in turn decreases NF-kB levels in mitochondria and
suppresses mitochondria-mediated apoptosis.
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1 Introduction number of studies have indicated that apoptosis is

associated with several diseases (Sugawara and Chan,

With the rapid growth of pollution, the incidence
of cross infection has gradually increased, particu-
larly in infections caused by Gram-negative bacteria.
Since Kerr et al. (1972) discovered apoptosis, a large
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2003; Carrillo-de Sauvage et al., 2013), and many
important characteristics of apoptosis have been
closely associated with mitochondria. In normal eu-
karyotic cells, nuclear transcription factor kB (NF-xB)
is massively distributed and participates in multiple
biological functions, including inflammation, the
immune response, cell proliferation, and apoptosis.
When NF-kB is activated, it translocates from the
cytoplasm into the nucleus, where it promotes spe-
cific inflammatory gene expression and induces in-
flammatory responses. Inflammatory reactions are
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accompanied by the release of reactive oxygen species
(ROS) (Lu et al., 2014; Wani et al., 2014), which can
damage the mitochondrial membrane. The NF-xB
pathway may also activate the apoptosis pathway, but
to date, relatively little research has addressed the
effects of NF-«xB in the mitochondrial on this pathway.
Clarifying the relationship between NF-kB in mito-
chondrial and the mitochondrial apoptosis pathway
may be helpful for curing infectious diseases.

Many reports have shown that nerve growth
factor (NGF) is an essential neurotrophic substance
for neuronal survival, differentiation, and function;
however, the specific mechanisms by which NGF
fulfills these functions require further research. This
paper examines the role of NGF in protecting neu-
ronal cells against lipopolysaccharide (LPS)-induced
injury and seeks to clarify the mechanism of potential
protective effects. NGF not only aided in the recovery
of PC12 cells from mitochondrial damage due to
LPS-induced injury but also reduced mitochondrial
NF-kB levels by regulating the activity of adenine
nucleotide translocase 1 (ANT1).

2 Materials and methods
2.1 Materials

NGF, LPS, pyrrolidine dithiocarbamate (PDTC),
and diterpene acid atractyloside (ATR) were pur-
chased from Sigma (Sigma-Aldrich, St. Louis,
MO, USA). Rat ADP/ATP translocase 1 (SLC25A4)
enzyme-linked immunosorbent assay (ELISA) kit
was procured from Cusabio (Wuhan, China). 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) was obtained from the Shanghai Bio-
technology Company (Shanghai, China). Dulbecco’s
minimum essential medium (DMEM) and horse se-
rum were purchased from Gibco (Thermo Scientific,
Waltham, MA, USA). Fetal calf serum was obtained
from Evergreen (Hangzhou, China). Anti-NF-kB p65
was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Phenylmethylsulfonyl fluoride (PMSF),
nuclear protein extraction reagent, and a mitochon-
drial isolation kit were procured from Beyotime
(Nanjing, China).

2.2 Cell culture and drug treatments

Well-differentiated PC12 cells were purchased

from the Institute of Cell Biology, Chinese Academy
of Sciences (Shanghai, China), maintained in DMEM,
and supplemented with 5% heat-inactivated fetal calf
serum and 10% heat-inactivated horse serum, which
were changed in DMEM without NGF for 24 h before
experiment. Cultured cells were divided into five
groups: (1) a control group, which was not exposed to
LPS, PDTC, or NGF; (2) an LPS damage group,
which was treated with medium plus LPS; (3) an
LPS+NGF group, which was treated with medium
plus LPS and NGF; (4) an LPS+PDTC group, which
was treated with medium plus LPS and PDTC;
and (5) an LPS+ATR group, which was treated with
medium plus LPS and ATR for 24 h.

2.2.1 MTT absorbance

In all experiments, 10 pl of MTT (5 mg/ml) was
added to a 96-well plate before the end of culture.
Cells were then incubated for an additional 4 h at
37 °C in 5% CO,. The MTT product formazan was
measured on a plate-reader by monitoring absorbance
at 570 nm.

2.2.2 Hoechst 33342 staining

After experiment, to each well was added
Hoechst 33342 (10 pug/ml) staining under dark for
10 min and then the cells were observed and photo-
graphed under a fluorescence microscope.

2.3 Mitochondrial membrane potential measurement

Mitochondrial transmembrane potential (MTP)
was measured using rhodamine 123 staining, as the
uptake of rhodamine 123 into mitochondria has been
shown to be a function of MTP. Media were re-
moved, and cells were subsequently exposed to
rhodamine 123 for 30 min. Fluorescence was
measured at an excitation wavelength of 488 nm and
an emission wavelength of 525 nm. The cells in the
24-well plate were observed under the fluorescence
microscope.

2.4 Electron microscopy

Cells were collected and fixed in 2.5% (0.025 g/ml)
glutaraldehyde overnight at 4 °C. On the following
day, cells were embedded and ultrathin-sliced ac-
cording to standard procedures to study cell apoptosis
and mitochondrial morphology under a transmission
electron microscope.
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2.5 ELISA

The standard curve was set, and we measured the
expression of superoxide dismutase (SOD), malondialde-
lyde (MDA), glutathione peroxidase (GSH-PX), cat-
alase (CAT), and ANTI in each group by ELISA
assay according to manufacturer’s recommendations.

2.6 Reverse transcription-polymerase chain reac-
tion (RT-PCR)

After treatment, cells were collected, and the
relative expression of NF-xkB was assessed using
RT-PCR. The primer sequence for NF-kxB was as
follows: forward, 5'-CTAGCCCCAGGTCCTCCCC
AATC-3"; and reverse, 5'-GGCCCCCAAGTCTTCA
TCAGCATC-3', with a product length of 123 bp. The
primer sequence for GAPDH was as follows: forward,
5'-GGTGGACCTCATGGCCTACAT-3'"; and reverse,
5'-GCCTCTCTCTTGCTCTCAGTATCCT-3', with a
product length of approximately 88 bp.

2.7 Western blot analysis

According to the data (Zamora et al., 2004), nu-
clear and cytoplasmic fractions were isolated using
the nuclear and cytoplasmic extraction reagent Kkits,
respectively. To isolate mitochondria and nuclei, cells
were collected and resuspended at 4 °C in buffer and
were centrifuged at 600g for 10 min at 4 °C. Super-
natants were further centrifuged at 11000g for 10 min,
and the pellet contained the mitochondria-enriched
fraction. Extracts were separated with 12% SDS-PAGE
and transferred onto polyvinylidene fluoride (PVDF)
membranes. Subsequently, membranes were incu-
bated overnight at 4 °C with anti-NF-«xB p65 (1:1000,
v/v). Immunoreactive proteins were visualized using
the enhanced chemiluminescence (ECL).

2.8 Statistical analysis

All experiments were repeated three times. Re-
sults were expressed as the mean+tstandard deviation
(SD). Statistical comparisons were performed using
one-way analysis of variance (ANOVA). A P value of
<0.05 was considered significant.

3 Results
3.1 Effects of NGF and PDTC on PC12 cells

MTT absorbance results indicated that a con-
centration of 100 nmol/L LPS was used for the
damage model in the subsequent experiment. NGF

and PDTC were able to alleviate damage on PCI12
cells after LPS-induced injury (Figs. 1a and 1b).

3.2 Microscopic examination of morphology

The morphology under the microscope was the
same as the results of MTT assay. The nucleus of
normal PC12 cells was blue by Hoechst 33342
staining under the fluorescence microscope (Fig. 1c¢).
However, some cells in LPS group were stained dark
blue (Fig. 1d), which illustrated that the cells’ nucleus
had condensed, and had come into the apoptosis
process. The apoptosis cells were significantly re-
duced in the NGF or PDTC group, which illustrated
that NGF or PDTC could certainly reduce the damage
of LPS on PC12 cells (Figs. le and 1f).

We additionally examined subcellular mor-
phology under the transmission electron microscope.
Normal PC12 cells were intact, and their cell mem-
branes were smooth (Fig. 2a). Mitochondria were
generally linear or granular and had an integral bi-
layer membrane structure (Fig. 2e). However, PC12
cells that had suffered LPS-induced injury were
marked by cavities and strong condensation of het-
erochromatin congregated to the edge of the nuclear
membrane, suggesting that cell apoptosis had oc-
curred (Fig. 2b). Additionally, mitochondrial mem-
branes were damaged, and cristae were characterized
by edema, forming an even larger cavity (Fig. 2f).
Cell morphology was much more integral and clear in
the NGF and PDTC treatment groups than in the LPS
group, and there was little evidence of apoptosis
(Figs. 2c, 2d, 2g, and 2h).

3.3 Activity of peroxide/anti-peroxidase enzyme
and ANT1

Compared with the normal group, levels of SOD
(Fig. 3a), GSH-PX (Fig. 3b), and CAT (Fig. 3c) in the
LPS-induced injury group were significantly lower.
MDA (Fig. 3d) in the LPS group was significantly
higher than that of the control group. However, ac-
tivity in the NGF and PDTC groups was between that
of the control and LPS groups. The above results
demonstrated that NGF and PDTC balanced the ac-
tivity of oxidize and antioxidant enzyme even after
LPS-induced injury.

The ELISA assay indicated that expression of
ANTI in the LPS group was higher than that in the
normal group, while in the NGF and ATR groups,
ANT1 expression was significantly lower than that in
the LPS group.
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Fig. 1 Effects of NGF and PDTC on PC12 cells
(a) NGF alleviated PC12 cells from LPS injury. (b) PDTC alleviated PC12 cells from LPS injury. Data are expressed as
mean+SD (n=6). * P<0.05, vs. the control; * P<0.05, vs. the LPS injury group. (c—f) Cell morphology observation by fluo-
rescence microscope after Hoechst 33342 staining (original magnification x400). (¢) Control: the nucleus of normal PC12
cells was blue by Hoechst 33342 staining under fluorescence microscope; (d) LPS: the cells’ nucleus condensed and had
come into the apoptosis process; (¢) LPS+NGF and (f) LPS+PDTC: the apoptosis cells were significantly reduced in NGF (e)
or PDTC (f) group. * represents apoptotic cell (Note: for interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article)

3.4 MTP observed by rhodamine 123 fluorescence

To further characterize changes in mitochondria
following LPS-induced injury, MTP was monitored
with a microplate reader using the fluorescent dye
rhodamine 123. As shown in Fig. 4b, fluorescence in
the injury group after LPS treatment was progres-
sively lower than that in the normal group. The MTP
also had the same changes as shown in Fig. 4e. The
fluorescence of NGF or PDTC group was interme-
diate between the normal group and the injury group
(Figs. 4c and 4d). The MTP of NGF or PDTC group
also showed the identical result (Fig. 4e), suggesting
that NGF and PDTC could reverse the mitochondrial
membrane potential and maintain mitochondrial
function in PCI2 cells even after LPS-induced

injury.

3.5 Expression of NF-kB (p65)

The RT-PCR assay showed that LPS damage to
PC12 cells led to increased expression of NF-xB.
However, relative expression of NF-kB was lower in
the PDTC and NGF treatment groups (Fig. 5a). This
suggested that these drugs inhibiting the NF-«kB sig-
naling pathway was a possible mechanism.

To further investigate changes in subcellular
protein distribution within cells after LPS-induced
injury, changes in NF-xB (p65) levels in the whole
cell, nucleus, and mitochondria were analyzed in each
group using Western blot. After treatment with LPS
alone, NF-«xB (p65) levels in whole PC12 cells as well
as their nuclei and mitochondria were significantly
higher than those in the normal group (Figs. 5b—5d).
In addition, NF-xB (p65) levels in the NGF and
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Fig. 2 Subcellular morphology observed under transmission electron microscope
(a) The normal group of PC12 cells showed clear intact nucleus. (b) LPS-induced apoptosis: PC12 cells’ nucleonic heter-
ochromatin condensed. (c, d) In the presence of NGF (c) or PDTC (d), PC12 cells maintained relatively normal nuclear
morphology. (¢) Normal mitochondria of PC12 cells. (f) LPS-induced apoptosis: PC12 cells’ mitochondrial membrane
appeared with cavity and its matrix disappeared. (g, h) In the presence of NGF (g) or PDTC (h), PC12 cells maintained

relatively normal mitochondrial morphology
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Fig. 3 Effects of NGF and PDTC on PC12 cells by determining the activity of oxidation and anti-oxidation enzymes
(a) SOD; (b) GSH-PX; (c) CAT; (d) MDA. Con: control; LPS: 100 nmol/L LPS. Data are expressed as meantSD (n=6).
* P<0.05, vs. the control; ¥ P<0.05, vs. the LPS injury group
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Fig. 5 Expression of NF-kB by RT-PCR and Western blotting
(a) The expression of NF-kB by RT-PCR; (b) The expression of NF-kB by Western blotting in whole cell; (¢) The expression
of NF-kB by Western blotting in nucleus; (d) The expression of NF-kB by Western blotting in mitochondria. Con: control.
Data are expressed as mean+SD (7=3). * P<0.05, vs. the control; * P<0.05, vs. the LPS injury group
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PDTC groups were lower in the whole cell, nuclei and
mitochondria than in the injury group. Furthermore,
NF-«kB (p65) levels in the nucleus were lower in the
PDTC group than in the NGF group; NF-xB (p65)
levels in mitochondria were slightly higher in the
PDTC group than in the NGF group.

Finally, changes in NF-xB (p65) protein in the
whole cell, nucleus, and mitochondria in the LPS and
ATR (which is an ANT1 antagonist) groups were
analyzed by Western blotting (Figs. 6b—6d). Results
indicated that NF-xB (p65) levels in whole PC12 cells
as well as their nuclei and mitochondria were signif-
icantly higher in the LPS group than in the normal
group. Whole-cell NF-kB (p65) levels in the ATR
group in whole cells were only slightly different from
those in the LPS group. However, mitochondrial
NF-kB (p65) level was lower than that in the LPS
group, but the level in the nucleus was higher than
that in the LPS group.
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4 Discussion

Central nervous infection with Gram-negative
bacteria is a serious disease with high mortality. LPS,
which is the main component of the outer membrane
of Gram-negative bacteria, stimulates the organism to
produce cell cytokines, such as nitric oxide (NO) and
tumor necrosis factor (TNF), resulting in severe in-
flammatory injury (Que et al., 2016; Xu et al., 2016).
PC12 cells can differentiate into neuron-like cells
after treatment with NGF. These cells can release
neurotransmitters and exhibit properties similar to
neurons, providing a model to study neuronal phar-
macology. In line with references (Ye et al., 2013;
Bayunova et al., 2015), we conducted experiments on
a PC12 cell model of LPS-induced injury to study
infection in the central nervous system (Mao et al.,
2011). MTT results indicated that the injury was
concentration-dependent. Additionally, morphological

(b) Whole cell
1.01 . .
e
0.8
ﬂ¥3 0.61
w
Z 0.4
0.21
Con LPS LPS+ATR

(d) Mitochondria

NF-KB o S

0.41
0.31 1
Q
L 0.2 #
< —
0.14
0.0 . . .
Con LPS LPS+ATR

Fig. 6 Effect of ATR on ANT1 and NF-kB activation in PC12 cells
(a) The effects of ATR, NGF, and PDTC on PC12 cells by determining the activity of ANT1 by ELISA; (b) The effect of ATR
on LPS-induced NF-«B (p65) activation in the whole cells by Western blotting; (c) The effect of ATR on LPS-induced NF-xB
(p65) activation in the nucleus by Western blotting; (d) The effect of ATR on LPS-induced NF-kB (p65) activation in the
mitochondria by Western blotting. Con: control. Data are expressed as mean+SD (n=3). " P<0.05, vs. the control; # P<0.05,

vs. the LPS injury group
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examination of cells also confirmed that LPS induced
neuronal apoptosis.

NF-kB is a central molecule for mediating im-
mune and inflammatory responses; it is also a vital
transcription regulator to induce cell apoptosis while
LPS damages endometrial epithelial cells and myo-
cardial cells (Long et al., 2017; Lyu et al., 2017).
Under normal conditions, NF-kB remains inactive by
combining with its inhibitor (I-xB) to form protein
compounds in the cytoplasm. In response to various
harmful stimuli, such as ischemia and infection, I-kB
proteins phosphorylate and degrade, causing NF-xB
to separate from these compounds, becoming acti-
vated and entering the nucleus to adjust the ex-
pression of inflammation genes (Xu et al., 2009;
Hernandez-Esquivel et al., 2014). PDTC (Hirata et al.,
2007) is a specific NF-kB inhibitor that retards the
activation of NF-«xB signaling in multiple ways.

We found that apoptosis occurred in LPS-damaged
cells. In the PDTC group, there was minimal cell
apoptosis, which indicated that inhibiting activation
of NF-kB could mitigate LPS damage. RT-PCR re-
sults showed that LPS damage could result in NF-kB
increases and that PDTC could decrease the relative
expression of NF-xkB and protect PC12 cells from
LPS damage. This finding confirmed that LPS dam-
age was generated by activation of the NF-xB sig-
naling pathway.

With the excitation of various external and in-
ternal inflammation factors, mitochondria generate
oxidative stress and initiate the mitochondrial apop-
totic pathway and autophagy (Song et al., 2014, 2015).
The activity of specific enzymes can thus serve as a
measure of mitochondrial damage. After oxidation,
fatty acids are decomposed into a series of complex
compounds such as MDA. Accordingly, the level of
MDA was used to express lipid oxidation and mito-
chondrial metabolizing function. SOD also plays a
very important role in the balance between oxidation
and anti-oxidation in the organism (Amigoni et al.,
2013; Ghavami et al., 2014). Here, measures of SOD,
GSH-PX, and CAT activity in each group showed
that anti-peroxidative stress to cells in the NGF and
PDTC groups was lower than that in the normal group
but much higher than that in the LPS damage group.
However, the activity of MDA was in contrast to that
of the antioxidant. The results above suggested that
PC12 cells’ mitochondria were injured and released

oxides in response to LPS-induced damage, and that
injury was repaired by NGF or PDTC.

In response to various types of insult, the multi-
ple conductive ion proteins situated between the ex-
ternal and inner membranes of mitochondria open and
induce further change in the mitochondrial membrane
potential (A@,,) (Cardoso et al., 2013). Normally, the
mitochondrial membrane potential results from an
asymmetrical distribution of electrons on the two
sides of the inner membrane; a decrease in the mito-
chondrial membrane potential is considered to be an
irreversible event in the early stages of apoptosis.
Furthermore, the mitochondrial membrane potential
plays a key role in mitochondrial-dependent apoptosis,
and is much more sensitive than in other types of
apoptosis. Thus, the effect of NF-kB activity on the
mitochondrial apoptotic pathway (Sapsrithong et al.,
2012) after LPS-induced injury should be further
studied through observation of conditions in each
experimental group. In the current study, the mito-
chondrial fluorescence was measured by staining with
rhodamine 123. Results indicated that fluorescence in
the damage group was much lower than that in the
normal group. In addition, the PDTC and NGF groups
were obviously able to mitigate the collapse of the
mitochondrial membrane potential.

Then, we wanted to know the reasons for the
recovery effects of NGF and PDTC in a future ex-
periment. The mitochondrial membrane plays a key
role in mitochondrial-dependent apoptosis (Cheng
et al., 2014). Thus, the effect of NF-xB activity on the
mitochondrial apoptotic pathway after LPS-induced
injury should be further studied through observation
of mitochondrial conditions in each experimental
group. Electron microscopy was additionally used to
examine subcellular structure and mitochondrial
morphology in each group. The results indicated that
PC12 cell morphology was intact in the normal group,
and the mitochondrial membrane was integral.
However, vacuoles appeared in the mitochondria of
PC12 cells in the injury group, and cell apoptosis
occurred. The cells of the PDTC and NGF groups, in
contrast, maintained their normal structure.

The above results suggested that mitochondrial
structure was destroyed by LPS-induced injury; subse-
quently, the mitochondria collapsed, anti-oxidant
activity was reduced, and cells ultimately underwent
apoptosis. Moreover, these changes coincided with
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activation of the NF-xB pathway and exchange of
NF-kB between the nucleus and mitochondria. The
transmission of messages from the mitochondria to
the nucleus is particularly interesting.

Previous studies have reported that NF-xB exists
in mitochondria and plays an important role in cell
growth and apoptosis (Christensen et al., 2013).
Western blot results in our study showed that NF-xB
(p65) exists in the mitochondria of PC12 cells.
Moreover, the expression of NF-kB in whole cells,
nuclei, and mitochondria was obviously higher in the
LPS group than in the normal group and distinctly
lower in the NGF and PDTC groups. The subcellular
distribution of NF-kB coupled with changes in mi-
tochondrial membrane morphology and enzymes
clearly suggested that apoptosis signals were trans-
mitted between the mitochondria and nucleus by
altering the balance of NF-«kB between the mito-
chondria and nucleus. Associations between NF-xB
levels in the mitochondria and nucleus require further
investigation.

Adenine nucleotide translocase (ANT) (Gavalda-
Navarro et al., 2014), a type of transport protein on
the inner mitochondrial membrane, is an essential
protein for maintaining the MTP and regulating en-
ergy generation and consumption. Isomers of ANT
play different roles in the course of apoptosis. As
ANT]1 activity increases, the MTP collapses, leading
to mitochondrial matrix swelling and cell apoptosis
(Mariappan et al., 2010). Recent research has reported
that overexpression of ANTI1 inducts NF-xB-IxB
complexes into mitochondria. The mitochondrial
apoptosis process is activated in HeLa cells in re-
sponse to widespread activation of NF-kB in the mi-
tochondria; however, studies of central nervous sys-
tem infection remain few. ATR is a specific inhibitor
of ANTT that can block the ADP/ATP transfer func-
tion of ANT1 in mitochondria and maintain inactivation
(Zhivotovsky et al., 2009). ELISA results demon-
strated that LPS damage could induce overexpression
of ANTI1; ANTI1 expression was decreased in the
ATR and NGF groups, with slightly higher expres-
sion in the NGF group than in the ATR group. This
result indicated that ANT1 and NF-«B influenced
each other after LPS-induced injury within PC12
cells.

Additional Western blot results showed that the
expression of NF-kB in whole cells, mitochondria, and

nuclei was significantly higher in the LPS-induced
injury group than in the normal group and that the
whole-cell expression of NF-kB (p65) was nearly
identical in the ATR and LPS groups. However, mi-
tochondrial expression of NF-xkB (p65) was signifi-
cantly lower in the ATR group than in the LPS-
induced injury group, approximating the expression
in the normal group. The expression of NF-kB (p65)
in nuclei was higher in the ATR group than in the
LPS-induced injury group. This result implied that
ATR (an ANTI inhibitor) did not decrease total
NF-kB levels after LPS-induced injury, but that it
could block the transmission of NF-kB from the nu-
cleus to the mitochondria by ANT1. The relatively
smaller amount of activated NF-«B in the mitochon-
dria was sufficient to maintain the mitochondrial
membrane and protect PC12 cells from mitochondria-
dependent apoptosis. NGF is the first neurotrophic
factor to be discovered and acts as a kind of neural
cell growth regulating factor: it has an important role
in the regulation of central and peripheral neuronal
development, differentiation, and regeneration. Re-
sults of an MTT cell viability assay and cell mor-
phology showed that NGF significantly rescued PC12
cells from LPS damage. RT-PCR results showed that
relative NF-kB expression levels in NGF group cells
were significantly lower than those in the LPS group
and slightly higher than those in both the normal and
PDTC groups. These findings indicated that the effect
of NGF was correlated with the degree of NF-«xB
activation, but the holding back NF-«B effect was less
than that in the PDTC group. However, another in-
teresting and important issue is why NGF had a
greater recovery effect than PDTC on cellular mor-
phology after LPS-induced injury and how NGF af-
fected cellular vitality, morphology, and various an-
tioxidant enzymes. This present study found that NGF
not only decreased the total quantity of NF-kB in
whole cells but also reduced ANT1 activity, which in
turn decreased expression of NF-kB in the mito-
chondria and restrained mitochondrially mediated
apoptosis. Our results provide the first demonstration
that the mechanism of NGF effects consists of de-
creasing mitochondrial expression of ANT1 and
NF-«B, thus preventing mitochondrial injury. These
findings may deepen a novel discovery that NGF
protects PC12 cells from apoptosis due to LPS-
induced damage.
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5 Conclusions

The current study demonstrates first and fore-
most that the NF-kB pathway is activated after
LPS-induced injury to neuronal cells and that both
PDTC and NGF can repair damage to PC12 cells,
particularly to mitochondrial morphology and func-
tion. Second, using a specific inhibitor of ANTI1
(ATR) and an NF-kB inhibitor (PDTC), we have
demonstrated that ANT1 activity is increased in mi-
tochondria, causing the downstream compound
NF-kB to be separated in the mitochondria; these
changes are the mechanism by which LPS-induced
injury to neuronal cells causes cell apoptosis. Finally,
NGF decreased the activity of not only NF-«B but
also ANTI; this decrease, in turn, reduced NF-xB
levels in the mitochondria and inhibited mitochon-
drially mediated apoptosis.
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