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Regulation of endoplasmic reticulum (ER) chaperone, ERp29, in traumatized rat
spinal cord was investigated. Compared to the control, ERp29 expression was
down-regulated at the lesion site 1 d after spinal cord injury. However, ERp29
expression gradually increased from 3 d after the injury and peaked remarkably
after 7d. Two ER chaperones (GRP94 and BiP) showed constantly strong
expression levels 1 d after spinal cord injury while the expression levels of the
other two (calnexin and PDI) were unchanged. In the case of ERp72, its expression
level was increased 1 d after the injury and gradually decreased thereafter. This
study suggests that ERp29 expression in the spinal cord after traumatic injury
might be associated with the posttraumatic neural survival, playing a role as a

molecular chaperone.

One of the most important functions of the endoplasmic
reticulum (ER) is to provide the intracellular environment
to facilitate the proper felding and assembiy of newly
synthesized secretory and membrane proteins in which
numerous ER molecular chaperones reside and determine
a protein’s final destination (Gething and Sambrook,
1992; Ma and Hendershot, 2002). Recently, ERp29 cDNA
encoding a 24.5 kDa soluble ER protein (p/ 6.0) was
almost simultaneously isolated from both the enamel
epithelium and hepatoma cells (Demmer et al., 1997,
Mkrtchian et al., 1998). Ilts gene expression was
demonstrated in all mammalian cells studied, particularly
in the secretory tissues such as the enamel epithelium,
testes, lungs and spleen (Hubbard et al., 2000; Shnyder
and Hubbard, 2002). The protein encoded by the ERp29
gene consists of two domains based on NMR structure
data. The N-terminal domain of ERp29 resembles the
thioredoxin module of the protein disulfide isomerase
(PD1), although it does not contain the Cys-X-X-Cys
motifs, which suggests a PDI-like redox function. The C-
terminal domain represents a novel all-helical fold, which
is absent in the human PDI (Liepinsh et al., 2001). The
function of this domain remains unclear, even though its
C-terminal has a KEEL sequence, which is a typical
ER retention sequence for efficient retention of ER
chaperones within that compartment (Munro and
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Pelham, 1987).

As with many ER chaperones that exhibit increased
expression in response to ER stresses or digrupted
protein synthesis in the ER, ERp29 can be induced by a
variety of factors, i.e. the acgumulation of malfolded
proteins in the ER (Mkrichian et al., 1987). Despite the
vast amount of biochemical data on ERp29, its exact
biological function is unclear. For example, ERp29 gene
expression in the thyrocytes was transcriptionally
regulated by thyroid-stimulating hormone (Kwon et al,,
2000), and the ERp29 protein directly attends to
thyroglobulin folding as an ER chaperone (Sargsyan et al.,
2002). Enhanced expression of heat shock protein in
response to spinal cord injury has already been reported
(Gower et al., 1989; Mcintosh and Raghupathi, 1995).
This offers a possibility that this response might enhance
posttraumatic neuronal survival. However, no direct data
demonstrating that the ER chaperone is associated with
spinal cord injury are available. In order to obtain a clue
to ERp29 function, this study examined whether or not
traumatic injury increases the ERp29 expression level
such as and this is the first report showing that the
expression of ER chaperones including ERp29 are
induced after spinal cord injury.

Materials and Methods
Male Sprague-Dawley rats weighing 200-300 g were

anesthetized using a mixture of halothane and a 1:2 flow
ratio of NO,/O, The backs of the animals were shaved
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and the skin was disinfected with a betadine solution. A
midline longitudinal incision was made at the T12 and L2
level to expose the dorsal laminae and the spinous
process under optical microscope. A laminectomy was
performed at the L1 spinal cord level. Using a New York
University (NYU) Impactor, a spinal cord injury was
induced by dropping a 10 mg weight at a height of 20 mm.
The muscle and skin were then sutured in layers.
Subsequent to surgery, the lesioned rats were warmed
and returned to their cages. Their bladders were emptied
daily by manual pressure. In the control (sham-operated)
rats, only a L1 laminectomy was performed.

The spinal cord was dissected and frozen at -80°C.
The cord was then immediately homogenized in a lysis
buffer (10 mM Tris-HCI, 2% SDS, 50 mM DTT, 2 mM
EDTA, 0.02% bromphenol blue, and 6% glycerol, pH 6.8)
and boiled for 1 min. After SDS-polyacrylamide gel elec-
trophoresis, the proteins in the gel were transferred to
an Immun-Blot polyvinylidene difluoride membrane (Bio-
Rad). The remaining binding sites on the membrane
were blocked with 3% skim mik in T-PBS (10 mM
sodium phosphate, 150 mM NacCl, and 0.05% Tween 20,
pH 7.4) for 1 h. The membrane was then incubated with
a 1:1000 dilution of the anti-chaperone antibodies (Gift
from Dr. Paul Kim, University of Cincinnati Medical
School) and a 1:500 dilution of the rabbit anti-ERp29
antibodies in T-PBS including 3% skim milk for 1 h. The
polyclonal anti-ERp29 antibodies were generated by the
synthetic peptides C-DTGYPYGEKQDEFKRLAENSASS-
N’ of the rat ERp29 (AnyGen Co, Kwangju, Korea). After
washing several times with T-PBS, the membrane was
incubated with either 0.1 ug/ml peroxidase-labeled goat
anti-rabbit IgG or anti-mouse IgG in T-PBS for 1 h. The
membrane was thoroughly washed with T-PBS and then
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with PBS (10 mM sodium phosphate, 150 mM NacCl, pH
7.4), followed by chemiluminescent detection using the
ECL Western blotting Kit (Amersham).

The animals were anesthetized using pentothal sodium
(50 mg/kg, i.p.) 1, 3 and 7 days after the traumatic spinal
cord injury. Subsequently, they underwent transcardiac
perfusion fixation with saline followed by 4% phosphate-
buffered paraformaldehyde. The spinal cords were
removed and postfixed in 4% paraformaldehyde overnight
at 4°C. The spinal cord tissues were obtained, post-fixed
in a cold 4% paraformaldehyde solution, and changed
into a 30% sucrose solution at 4°C overnight. Frozen
sections (30 um in thickness, longitudinal section) of
each tissue were prepared and collected in PBS in a 24-
well plate. The sections were immersed for 30 min in 3%
H,O; in order to inactivate endogenous peroxidase. The
sections were incubated for 1 h at room temperature in
ERp29 antibodies (1:200) in 0.1 M PBS, pH 7.4,
containing 0.1% Triton X-100, 1.5% bovine serum albumin
(BSA), and 1:200 normal goat serum (NGS), followed by
incubation for 1 h in 1:200 biotinylated goat anti-rabbit
IgG (Vector) and 1:200 NGS in PBS. The immunoreactions
were visualized by incubation for 1 h at room temperature
in avidin-biotin-peroxidase complex (1:100, ABC Kit,
Vector) in PBS, and for 5-10 min in 0.05% 3,3-
diaminobenzidine (DAB) and 0.01% H,0O, in 0.1 M PBS.
Each sample section was mounted on a gelatin-coated
slide, dehydrated, and coverslipped with a permount for
viewing.

Results

As shown from the result of Western blot analysis (Fig.
1), regulation of the ER chaperones including ERp29
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Fig. 1. Expression of ER chaperones by spinal cord injury. The spinal cord was dissected and frozen at -80°C and immediately homogenized in lyses
buffer. The total lysate was prepared and analyzed by Western blot with a 1:1000 dilution of the anti-chaperone antibodies (GRP94, BiP, Calnexin,
PDI, and ERp72) and a 1:500 dilution of the rabbit anti-ERp29 antibodies with a chemiluminescent detection using an ECL Western blotting Kit
(Amersham). The mouse anti-actin antibodies were used as control. The experiments were performed with duplicate samples and the results were
average of repeated experiments. The control value of each chaperone expression was calculated as 100%.
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Fig. 2. ERp29 immunoreactivities in the spinal cords after traumatic spinal cord injury. Moderate ERp29 immunoreactive cells present in the gray
matter (GM), and not in white matter (WM) in the control rats (A). Distinctive ERp29 immunoreactive cells were not observed in the spinal cord 1 d. (B)
and 3 d (C). After the spinal cord injury. Strong ERp29 immunoreactive cells present in the gray matter (GM) 7 d after the spinal cord injury (D). Scale

bar=100 um.

was tested in injured spinal cord. Both ER chaperones,
GRP94 and BiP, were immediately up-regulated 1d
after spinal cord injury, and this expression level was
maintained for 7 d. In contrast, no obvious differences
in the expression levels were found in the ER
chaperones Calnexin and PDI 7 d after spinal cord
injury. The ERp72 expression level was higher after
1d spinal cord injury, which gradually decreased
thereafter. On the other hand, ERp29 was down-
regulated 1 d after the spinal cord injury compared to
its control, after which its expression gradually increased
for 7d.

To confirm the result of Western blotting shown above,
immunohistochemistry was performed against same
samples using ERp29 antibody. The ERp29
immunoreactivity was moderately observed in the cells
of the gray matter in control rats (Fig. 2A). The number
of ERp29 immunoreactive cells had decreased
significantly in the gray matter 1 and 3 d after the injury
(Fig. 2B and 2C). However, ERp29 immunoreactivity
was detected strongly in the gray matter neurons 7 d
after the injury (Fig. 2D). ERp29 immunoreactive cells
were not observed in the white matter of the control or
experimental rats (Fig. 2A-D).
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Discussion

Previous studies have identified several spinal cord
injury-induced genes and proteins using several methods
such as RT-PCR, Western blotting and immuno-
histochemistry. Gower et al (1989) first demonstrated
that several types of heat shock proteins were induced
following spinal cord injury in rats. Recently, Song et al.
(2001) reported that many genes are associated with
spinal cord injury using a DNA chip in which two heat
shock proteins, HSP70 and heme oxygenase-1, were
found. However, there is a paucity of data showing
involvement of the ER chaperones in mechanical stress,
particularly traumatic spinal cord injury.

ERp29, an ER chaperone, is mainly expressed in the
secretory tissues and is sensitive to ER stresses
(Shnyder and Hubbard, 2002). In addition, when rats
were treated with a hepatotoxic dose of bromobenzene,
ERp29 expression was remarkably up-regulated (Koen
and Hanzlik, 2002). It has been suggested that ERp29
functions as a chaperone for protein maturation and/or
stress-defense in the ER. The Hubbard group
demonstrated that the ERp29 expression pattern was
quite similar to PDI. However, the ratio of ERp29/PDI
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was strikingly different in various cell lines tested, which
suggests that ERp29 has functional roles independent of
PDI (Hubbard et al., 2000).

In general, expression of the ER chaperones showed
a very early response to ER stresses (Melnick et al.,
1994). In this study, the ER chaperones GRP94 and BiP
were strongly expressed 1 d after the spinal cord injury.
In contrast, no obvious difference in the expression
levels was found in calnexin (@ membrane-bound
chaperone) and PDI (a luminal ER foldase) until 7 d after
the spinal cord injury. It is not surprising that ER
chaperones (GRP94 and BiP) were dramatically increased
in expression against spinal cord injury, since ER
chaperones should recognize unfolded proteins that are
over-produced by spinal cord injury. However, the
unchanged expression levels of calnexin and PDI
suggests that ER stress of spinal cord injury does not
induce dramatic increase in ER size, because ER
expansion is a known feature of unfolded protein
accumulation in the ER. In the case of ERp72, although
its expression level increased 1 d after the spinal cord
injury, it gradually decreased thereafter. Compared to the
other ER chaperones, different expression pattern was
shown in ERp29: the down-regulation 1d after the
spinal cord trauma. Its expression level increased
gradually 3 d after the spinal cord injury and peaked at
7 d.

Traumatic injury to the spinal cord triggers several
secondary effects, including oxidative stress and
compromised energy metabolism, which plays an
important role in the biochemical and pathological changes
in the spinal cord (Juurlink and Paterson, 1998). Recently
published reports associated with the ER suggest that
a reduced ERp29 level accompanies LPS-induced
apoptosis and that ERp29 is a ubiquitous resident of the
ER with a distinct role in secretory protein production
(Huang et al., 2002). The ERp29 immunoreactive cells
were lower in the gray matter 1 and 3d after the
traumatic spinal cord injury. This suggests that ERp29
may be down-regulated by oxidative stress in the early
stage of traumatic spinal cord injury. The spinal cord has
a great potential for recovery after injury. In these
experiments, the functional recovery of locomotion was
prominent in the hindlimb (data not shown), and strong
ERp29-immunoreactive cells appeared in the neurons in
the gray matter 7 d after the spinal cord injury.

The results of this study raise the possibility that
ERp29 expression is a response to a spinal cord injury
for posttraumatic neural survival and/or repair. Therefore,
an ERp29 study may provide a useful opportunity for the
pathophysiology of a spinal cord injury. Recently, the
Drosophila ERp29 homologue, windbeute1, which
determines the ventral side of the embryo, was
characterized suggesting that ERp29 may have an
important biological function beyond mammals (Konsolaki
and Schupbach, 1998). Overall, the results suggest that
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ERp29 may be involved in the functional recovery via
secretory protein production after a traumatic spinal cord

injury.
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