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ABSTRACT

Introduction: Gap junctions are intercellular membrane channels that provide direct
cytoplasmic continuity between adjacent cells. This communication can be affected by changes
in expression of gap junctional subunits called Connexins (Cx). Changes in the expression
and function of connexins are associated with number of brain neurodegenerative diseases.
Neuroinflammation is a hallmark of various central nervous system (CNS) diseases, like multiple
sclerosis, Alzheimer's disease and epilepsy. Neuroinflammation causes change in Connexins
expression. Hippocampus, one of the main brain regions with a wide network of Gap junctions
between different neural cell types, has particular vulnerability to damage and consequent
inflammation. Cx32 — among Connexins— is expressed in hippocampal Olygodandrocytes
and some neural subpopulations. Although multiple lines of evidence indicate that there is an
association between neuroinflammation and the expression of connexin, the direct effect of
neuroinflammation on the expression of connexins has not been well studied. In the present
study, the effect of neuroinflammation induced by the Lipopolysaccharide (LPS) on Cx32 gene
and protein expressions in rat hippocampus is evaluated.

Methods: LPS (2.5ug/rat) was infused into the rat cerebral ventricles for 14 days. Cx32
mRNA and protein levels were measured by Real Time PCR and Western Blot after 1st, 7th
and 14th injection of LPS in the hippocampus.

Results: Significant increase in Cx32 mRNA expression was observed after 7th injection of

Key Words: LPS (P<0.001). However, no significant change was observed in Cx32 protein level.
Connexin32, Conclusion: LPS seems to modify Cx32 GJ communication in the hippocampus at
Hippocampus, transcription level but not at translation or post-translation level. In order to have a full view
LPS, concerning modification of Cx32 GJ communication, effect of LPS on Cx32 channel gating
mRNA. should also be determined.
1. Introduction which directly connect the cytoplasm of adjacent cells,
allowing intercellular movement of small molecular
ap junctions are specialized cell-cell con- weight molecules (up to 1 KDa) including ions, metab-
tacts between eukaryotic cells, composed olites and second messengers (Condorelli et al., 2003;
of aggregates of transmembrane channels, Sohl et al., 2005). Each channel consists of two hemi-
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channels (termed connexons), each of which is com-
posed of six subunit proteins called connexin (Cx) (Sohl
etal., 2005). A total of 21 Cx family members have been
identified in the mammalian genome (Kielian, 2008).
Gap junctions facilitate ionic homeostasis and synchro-
nization of action potential in the nervous system (Sohl
et al., 2000). Alteration in the expression and the func-
tion of connexins are associated with several of brain
pathologies and neurodegenerative diseases, suggesting
that they could contribute to the expansion of brain dam-
ages (Rouach et al., 2002). Some studies have provided
evidence that gap-junctional communication is associ-
ated with the spread of cell death signals, while others
have equally demonstrated neuroprotective effects (Cro-
nin et al., 2008; Froger et al., 2009, 2010). Enhanced gap
junctional coupling is proposed as a possible mechanism
underlying neuronal synchronization (Li et al., 2001).
Gap junction coupling can be regulated at several levels
including alteration in Cx transcription, translation, sta-
bility, post translational processing and channel gating
(Saez et al., 2003; Garg et al., 2005).

Inflammation is a hallmark of various CNS diseases
such as bacterial and viral infections and cerebral isch-
emia (Garg et al., 2005). Brain injuries as well as neuro-
degenerative diseases, are associated with neuroinflam-
mation (Froger et al., 2009). Alterations in Cx expression
have been associated with neuroinflammation (Garg et
al., 2005). However, the direct effects of neuroinflamma-
tion on the gene and protein regulation and expression
of connexins as building blocks of gap junctions has not
been fully characterized.

One of the main brain regions with a wide network
of Gap junctions between different neural cell types is
hippocampus, which has particular vulnerability to dam-
age due to hypoglycemia, ischemia/hypoxia, trauma and
subsequent Neuroinflammation (Sohl et al., 2000; Zei-
nich et al., 2010; Karpuk et al., 2011). Among Cxs, Cx32
— which is generally expressed in Olygodandrocytes
and some neural subpopulations — is well represented
throughout the CNS (Sohl et al., 2000; Bennett et al.,
2004). Cx32 in hippocampus is predominantly expressed
in oligodendrocytes (oligodendrocyte/ oligodendrocyte
or oligodendrocyte/astrocyte GJs) and parvalbumin-pos-
itive inhibitory interneurons of CA1 subfield (Rouach et
al., 2001; Rash et al., 2002). There is no report regarding
changes of this Cx during neuroinflammation.

The bacterial Endotoxin Lipopolysaccharide (LPS) is
a stimulator of microglia and is used extensively as a
model of neuroinflammation (Turrin et al., 2001; Kovacs
et al., 2006).

The present study was undertaken to examine the
changes of Cx32 mRNA and protein expression in rat
hippocampus consequent to acute and chronic intracere-
broventricular (i.c.v) injection of LPS.

2. Methods
2.1. Animals

Male Wistar rats (280-320 g, Institute Pasteur of Iran)
were used in this study. The animals were housed in
standard Plexiglas cages with free access to food (stan-
dard laboratory rodent’s chow) and water. The animal
house temperature was maintained at 23 + 1.0 °C with
a 12-h light/dark cycle (light on from 6.00 a.m.). All
animal experiments were carried out in accordance with
the European Communities Council Directive of 24 No-
vember 1986 (86/609/EEC) in such a way to minimize
the number of animals used and their suffering. Each
animal was tested once.

2.2. Materials

Ketamine (Rotex Medica, Germany), Xylazine
(Chanelle, Ireland), LPS (Escherichia coli serotype
026:B6, Sigma, UK), RNX-Plus Reagent, Agarose,
Acrylamide (CinnaGene, Iran) Quantitect Reverse Tran-
scriptase kit (Qiagen, Germany), Power Syber Green
PCR Master Mix, Rox and dNTP mix (Warrnington,
UK) Page Ruler™ Prestained Protein Ladder and Protein
Loading Buffer Pack (Fermentas, Lithuania), Protease
Inhibitor Cocktail (Roche, Germany), Enhanced Chemi-
luminescence (ECL) Advance Western Blotting Detec-
tion Kit (Amersham, UK). Monoclonal anti-connexin 32,
Monoclonal anti-o-tubulin and anti-mouse IgG peroxi-
dase conjugates (Sigma-Aldrich, USA) were used in this
study. LPS was dissolved in phosphate buffer solution
(PBS) and was prepared freshly on the day of use.

2.3. Stereotaxic Surgery and LPS Injection

The rats were stereotaxically implanted with a cannula
in the left lateral ventricle (Paxinos & Watson, 2007).
The animals were given 7 days recovery after surgery,
before the injection protocol was started. LPS at the dose
of 2.5 pg/rat was infused once daily i.c.v. for 14 days.
For each experimental group, a sham (cannula-implant-
ed non-injected) and a control (cannula-implanted phos-
phate buffer (PBS)-injected) groups were considered.

24. Tissue Collection

To measure changes in Cxs mRNA expression, the hip-
pocampi were dissected 24 h after 1st, 7th and 14th in-
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Figure 1 (A). Amplification plots of the target and reference genes (Cx32, a-Tubulin, GAPDH) in the Real-time PCR assay.
The amplification curves of the both reference genes have crossed the threshold line at the same point. (mCt) Mean threshold
cycle. (mCt GAPDH and a-Tubulin=21.95, mCt Cx32=25.61). (B) Cx32 mRNA level in the hippocampus of the rats after daily
intracerebroventricular injection of LPS. Connexin mRNA level was normalized to a-tubulin and GAPDH mRNA level. Data
are expressed as means + S.E.M (n=5). ** p<0.001 compared to respective control group. (C) Denaturing agarose gel electropho-
resis to evaluate samples for other DNA contamination during RT-PCR reaction and also proves the integrity of the samples

in RNA extraction process.
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jections of LPS. All the animals and their corresponding
controls were decapitated under deep Ether anesthesia
and their brain were removed immediately. The brains
were incubated in chilled artificial cerebrospinal fluid
(ACSF) with pH 7.3 consisted of the following composi-
tion (in mM): 124 NaCl, 4.4 KCl, 2 CaCl2,2 MgCI2, 1.2
KH2PO4, 25 NaHCO3 and 10 Glucose. The hippocam-
pus of the brains were removed and frozen immediately
in liquid nitrogen and stored at -80°C. The rest of the
brains were placed in 10% formalin for at least 3 days at
room temperature and they were then processed, cut into
10um thick slices and qualitatively examined for cannu-
la position using a stereoscopic microscope (Olympus,
Japan). The data of the animals, in which the cannula
was in the false place, were not included in the results.

2.5. Gene Expression Assay

Tissue Preparation: The frozen hippocampus samples
were pulverized completely and mixed with 200 pl of
chilled phosphate buffered saline (137 mM NaCl, 2.7
mM KCl, 4.3 mM Na2HPO4.7H20, and 1.4 mM KH-
2P04), vortexed for 30 sec then spinned and aliquoted
in two micro tubes equally. One of so prepared samples
was used for gene expression study and the second part
for immunoblotting. An appropriate volume of a prote-
ase inhibitor cocktail according to manufacturer’s pro-
posal was added to samples, which were allocated for
immunoblotting.

RNA Extraction: Total cellular RNA was isolated from
the hippocampus by a modification of the guanidine Iso-
thiocyanate Phenol-Chloroform method (Ausubel et al.,
2002) using RNX-PLUS reagent. The RNA was treated
with 10U RNase free DNase I (Roche, Germany) to
avoid any DNA contamination (Fig 1C). The concentra-
tions and purity of the RNAs were determined by spec-
trophotometry (NanoDrop ND-1000, NanoDrop Tech-
nologies, Wilmington, DE, USA). The mean absorbance
ratio at 260/280 nm and 260/230 nm were 1.94 + 0.0 and
1.98 £ 0.1, respectively.

cDNA Synthesis: The reverse transcription reaction
was performed with first strand cDNA synthesis kit
(Roche, Germany) using Oligo-dT primer, AMV reverse
transcriptase and lug total RNA as template, accord-
ing to the manufacturer’s instructions. The concentra-
tion of synthetic cDNA was measured using NanoDrop
ND-1000 Spectrophotometer at 260 and 280 nm. DNA
samples with the A260/A280 ratios higher than 1.5 were
selected for quantitative analysis.

Real Time PCR and Comparative Threshold Cycle
Method: Cx32 was chosen as target gene and a-tubulin
and GAPDH were used as internal reference genes. All
primers (Table 1) were designed using primer express
software v.3.0 (Applied Biosystems, Foster City, CA,
USA). The specificity of the primers for their target
sequences was checked on NCBI website (www.ncbi.
nlm.nih.gov/blast). SYBR Green I real time PCR as-
say was carried out in final reaction volumes of 25 pL
with 12.5 uL of SYBR Green I Master mix (Applied
Biosystems, Warrington, UK), 100nM of forward and
reverse primers and 300ng of cDNA. Thermal cycling
was performed on the ABI 7300 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA)
using the following cycling conditions: 10 min at 95°C
as first denaturation step, followed by 40 cycles at 95°C
for 15 sec and 60°C for 1 min. Each complete amplifi-
cation stage was followed by a dissociation stage at 95
°C for 15 sec, 60 °C for 30 sec and 5 °C for 15 sec. The
extent of gene expression was calculated using compara-
tive threshold cycle. The mean threshold cycle (mCT)
was obtained from duplicate amplifications during the
exponential phase of amplification. Then, mCT of refer-
ence genes were subtracted from mCT value of the target
genes to obtain ACT. AACT values of each sample was
calculated from corresponding CT values where AACT
= [mCT target (control sample) - mCT reference (control
sample)] - [mCT target (test sample) - mCT reference
(test sample)]. The calculated AACT was converted to
ratio using the ratio formula (Ratio = 2 AACT) (Livak
& Schmittgen, 2001). Dissociation curve analysis was
performed for each amplification reaction to detect any
possible primer dimmers or non-specific PCR product
(Ruiz-Ponte et al., 2006). Before using comparative
threshold cycle method, amplification efficiency of each
gene was determined from the standard curve drawn by
plotting the logarithmic input amount of template DNA
versus the corresponding CT values. The corresponding
real time PCR efficiencies were calculated according to
the slope of the standard curve and the following equa-
tion: Efficiency = [10(-1 / Slope)] - 1 (Vaerman et al.,
2004). Data evaluation was carried out using the ABI
PRISM 7300 Sequence Detection System and the SDS
software v.1.2.3 (Applied Biosystems, UK).

2.6. Immunoblotting

The second part of the homogenized hippocampus tis-
sues was removed from—80 °C and centrifuged at 12,000
g, 4 °C for 10 min. The supernatant was collected and
total protein concentration was determined using Bio-
Rad DC protein assay reagents. Samples were dissolved
in protein loading buffer and denatured for 5 min at 95
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Figure 2 (A). Immunoblots of Cx32 (32KDa) and a-tubulin (50KDa) for prepared samples. Each immunoblotting was per-
formed in duplicate to increase the reliability of the measurements. (B) Cx32 protein level in the hippocampus of the rats after
daily intracerebroventricular injection of LPS. Connexin protein level was normalized to a-tubulin protein level. Data are
expressed as means + S.E.M (n=5) compared to respective control group.

°C prior to loading. Equal amounts of protein from each
animal (5 pg per lane for a-tubulin, 10 pg per lane for
Cx32) were resolved by denaturing SDS-Polyacryl-
amide gel electrophoresis (SDS-PAGE), 12% acryl-
amide and transferred to a PVDF membrane (Roche,
Germany) by electroblotting (Mini trans blot electropho-
retic transfer cell, Bio-Rad). The membrane was blocked
in TBST buffer (100 mMTris base, 150 mMNacCl, and
0.2% Tween 20) containing 2% ECL Advance blocking
agent at room temperature for 60 min, rinsed briefly with
TBST buffer and then incubated for 60 min with the fol-
lowing primary antibodies: mouse monoclonal anti-con-
nexin 32 diluted 1:200,000, and mouse monoclonal anti-
o-tubulin diluted 1:200,000. The antibodies were diluted
in blocking buffer. After washing with TBST buffer 4
times (1% for 15 min and 3% for 5 min), the membrane

was incubated with peroxidase conjugated goat anti-
mouse IgG (diluted 1:100,000 and 1:2,000,000 for Cx32
and o-tubulin, respectively) for 1 h, then washed with
TBST buffer 4 times (1x for 15 min and 3x for 5 min)
and reacted with ECL Advance western blotting detec-
tion reagents, for 4 min. An X-ray film (Retina, USA)
was used for 30s to 10min and then developed to visual-
ize the antibody binding (Fig 2A). Bands were quanti-
fied by densitometry using Labworks analyzing software
(Ultra Violet Products, U.K). The relative levels of Cx32
proteins were expressed as ratios (Cx32/a-tubulinx100).

2.7. Statistical Analysis

The data were analyzed by ANOVA with Tukey post
hoc test and presented as mean + S.E.M. In all experi-
ments, P<0.05 was considered statistically significant.
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Table 1. The characteristics of the primers used in the Real Time PCR assay

Gene Sequence GC% Melting Temperature °c Primer Length
Cx32-Forward CGGCATCTGCATTATCCTCAAC 50% 60.4 22
Cx32-Reverse CAGCAGCTTGTTGATCTCATTCTG 46% 60 24
a-Tubulin—Forward CTGGAACCCACAGTTATTGATGAAG 45% 59.8 25
a-Tubulin-Reverse GGCATAGTTATTGGCAGCATCCTTC 45.8% 60 24
GAPDH-Forward AGTCAAGGCTGAGAATGGGAAG 50% 58.5 22
GAPDH-Reverse CATACTCAGCACCAGCATCACC 54.6% 59.2 22

3. Results

3.1. Elevation of Cx32 mRNA Levels in LPS-Treat-
ed Rats

Melting curve analysis for Cx32, GAPDH and
a-tubulin gene fragments revealed unique PCR product
in each reaction. Each peak represented a unique PCR
product in each reaction. Melting temperature of 80.5 °C
for GAPDH, 81.3 °C for a-tubulin and 79.0 °C for Cx32
were obtained. The amplification curves of the both
reference genes (a-tubulin, GAPDH) have crossed the
threshold line at the same point. Mean threshold cycle
of 21.95 for GAPDH and o-tubulin and 25.61 for Cx32
were obtained. (Fig 1A)

mRNA level of Cx32 significantly increased after
7th injection of LPS relative to the control group (n=5,
P<0.001). But no meaningful change was detected after
Ist and 14th injection of LPS in Cx32 mRNA expression
compared to control group (Fig 1B).

3.2. Effect of LPS on Cx32 Protein Expression

Data from immunoblotting of Cx proteins showed
that, there were no significant changes in the levels of
Cx32 protein during acute and chronic injection of LPS
in rat Hippocampus. Although some decreases in Cx32
protein expression was observed after LPS injection
that was not statistically significant compared to control
(n=5, P>0.05) (Fig 2B).

4. Discussion

Our data indicate a significant increase in Cx32 mRNA
expression after chronic injection of LPS. However, no
significant changes were observed in Cx32 protein
abundance during this period. To our knowledge, this is
the first in vivo study on the effect of LPS on hippocam-
pal expression of Cx32 GJs in experimental animals.

Alterations in Cx expression are well recognized fol-
lowing neuroinflammation conditions (Garg et al, 2005).

NEUR<ZSCIENCE

The GJ protein Cx32 is abundantly expressed in mam-
malian brain. Cx32-deficient mice display enhanced in-
trinsic excitability and dysfunction of inhibitory synap-
tic transmission in the neocortex (Suton et al., 2000). In
the hippocampus, Cx32 is expressed predominantly in
oligodendrocytes (Rash et al., 2001) and parvalbumin-
positive inhibitory interneurons of CA1 subfield (Oguro
et al., 2001). The expression of Cx32 GJ protein in-
creases selectively in the CA1 GABAergic interneurons
after global ischemia. Moreover, transgenic Cx32-null
mice exhibit enhanced vulnerability to global ischemia-
induced neuronal death, consistent with the role of Cx32
gap junctions in neuroprotection against ischemia-in-
duced cell death (Oguro et al., 2001). These observations
together with our findings in the present study —up-reg-
ulating of Cx32 mRNA expression after chronic seven
days by LPS central injection — suggest that Cx32 gap
junctions is overexpressed under brain damages as a part
of adaptive processes in order to reduce damages and
protect the hippocampal neurons. However, we could
not detect any changes in hippocampal Cx32 protein ex-
pression during LPS injection period. It can be suggested
that LPS has no effect on regulation of Cx32 expression
at translational level. Our observation might be related to
rapid turnover of Cxs protein (Kielian. 2008). Moreover,
LPS might affect the stability of Cx proteins as reported
by some researchers (Chanson et al., 2005). Indeed, the
half-life of Cx32, the main Cx in the liver, is reduced
during liver inflammation induced by LPS (De Maio et
al., 2000). The lack of correlation between mRNA and
protein level of Cxs observed in our study, is reported
by other researchers as well. For instance, Oguro et al.
(2001) found that global ischemia induces a marked re-
duction in Cx32 mRNA abundance and at the same time
a marked increase in Cx32 protein level in mouse hip-
pocampus.

Intercellular communication through GJs can be regu-
lated at several levels including changes in Cx transcrip-
tion, translation, stability, post translational processing,
insertion/removal from the cell membrane and chan-
nel gating (Kielian. 2008). However, post-translational
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processes are thought to be the major factor in regulat-
ing Cxs levels and functional coupling. Therefore, our
results suggest no functional modulation of Cx32 GJ
coupling by LPS. Nevertheless, effect of LPS on Cx32
channel gating should be determined to further elucidate
effect of LPS on GJC.

In conclusion, the chronic central injection of LPS, up-
regulates Cx32 GlJs in rat hippocampus at mRNA; how-
ever it does not affect the protein level. Evaluation of
the expression changes of these Cxs in other models of
neuroinflammation is required to clarify the role of Cx32
GJs in pathology of CNS inflammation and disease.
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