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Abstract
Transmembrane protein (TMEM)132A is a 78-kDa glucose-regulated protein (GRP78)-binding protein expressed in the central nervous system of rat and has been 
shown to have a certain pro-survival function in a cultured neuronal cell line. In general, primary afferent neurons in the dorsal root ganglion (DRG) have unique 
characteristics in terms of stress response after the nerve injury; medium to large myelinated A-fiber neurons survive after the sciatic nerve axotomy while small 
unmyelinated C-fiber neurons progressively undergo cell death. We investigated the expression of TMEM132A protein and mRNA by immunohistochemistry and 
in situ hybridization in rat DRG. The number of TMEM132A-positive neurons was compared between control and axotomized rats. TMEM132A was expressed 
in the primary afferent neurons in the DRG in the control rats. Most of TMEM132A positive neurons lacked immunoreactivity of peripherin, a marker for C-fiber 
neurons, indicating that TMEM132A expression was limited to the medium to large myelinated A-fiber neurons that are known to survive even after the axotomy. 
After sciatic nerve axotomy, TMEM132A mRNA expression decreased rapidly. These findings demonstrated that TMEM132A was present in the primary afferent 
neurons and suggest its important role after the nerve injury. 
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Introduction
78-kDa glucose-regulated protein (GRP78) having roles in 

controlling protein folding and regulating unfolded protein responses 
within endoplasmic reticulum (ER) is one of ER stress markers, and 
it is implicated that fluctuation of GRP78 expression is associated 
with many neurodegenerative diseases [1]. We previously identified a 
novel GRP78-binding protein using PCR-selected cDNA subtraction 
to isolate a novel gene enriched in the embryonic and postnatal 
stages of rat brain development [2]. TMEM132A mRNA was found 
to be predominantly expressed in brain [2,3]. It encodes putative 
transmembrane domains and is renamed as transmembrane protein 
132A, TMEM132A. TMEM132A mRNA is present in the E12 rat brain, 
and gradually increases and peaks during postnatal 0-2 weeks and 
decreases with aging. 

The biological functions of TMEM132A have not been deducible 
from its amino acid sequence because it does not encode any known 
structural domains. TMEM132A-overexpression in Neuro2a cells 
partially suppressed serum starvation-induced cell death [2] suggesting 
that TMEM132A might have functional roles for neuronal survival. 
Our recent study on the subcellular localization of TMEM132A 
using cell-surface biotinylation and immunocytochemistry revealed 
that TMEM132A is not only localized in the ER-Golgi apparatus, 
but also present at the cell surface, and its N-terminus is exposed to 
the extracellular space. These results suggest that TMEM132A might 
play a role in the perception of extracellular signals and/or cell-cell 
communication [3].

Adult dorsal root ganglion (DRG) neurons have unique stress 
response against the nerve injury. Neurons with unmyelinated C-fiber 
undergo cell death after the axotomy, while most of myelinated A-fiber 

neurons survive for longer periods [4]. The precise mechanism by 
which A-fiber neurons can survive long after the axotomy remains 
unclear.

In this study, we first characterized the cell expressing TMEM132A 
in rat DRG by in situ hybridization and immunostaining. TMEM132A 
expression was mainly localized in myelinated neurons but decreased 
by the axotomy, implicating biological functions for selective neuronal 
survival by the nerve injury.

Materials and methods
Animal treatment

Experiments were approved by the Kyoto Prefectural University 
of Medicine animal care committee and were in accordance with the 
guidelines of the National Institutes of Health.  Male Sprague-Dawley 
rats (Shimizu Laboratory Supplies CO., Ltd., Japan) weighing 200-250g 
were used for this study.  All of surgical procedure was done under 
general anesthesia with isoflurane (1-3% v/v).  Ten-mm-long segment 
of the left sciatic nerve was exposed at the mid-thigh level and strongly 
ligated and transected.  Fourteen days after the axotomy, animals were 
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perfused with 0.9% NaCl followed by 4% paraformaldehyde (PFA) in 
0.1M phosphate buffer (PB) under terminal anesthesia with isoflurane.  
L4 and L5 DRG tissues were taken, cryoprotected with 20% sucrose for 
24h, frozen and kept at -80ºC until use.  Transverse sections through 
the DRG were cut on a cryostat in 10 μm thickness and mounted onto 
Silane-Prep microscope slides (Sigma, MO, USA).

In situ hybridyzation

Visualization of TMEM132A mRNA was performed using 
digoxigenin (DIG) labeled RNA probe transcribed from rat TMEM 
cDNA subcloned into pGEM-T Easy vector as described previously 
[5].  Sections were washed in 0.1 M phosphate buffered saline (PBS) 
for 15 min at 4°C.  Acetylated in 0.25% acetic anhydride in 0.1M 
triethanolamine for 15 min at room temperature, sections were 
hybridized with riboprobe diluted in hybridization buffer (Sigma, MO, 
USA) at 60°C for 12 h in a humidified chamber.  Sections were washed 
in 5 x SSC for 10 min, 0.2 x SSC for 15 min, and 0.1x SSC for 30 min 
at 60°C and incubated with anti-DIG-AP antibody (1:1000, Roche, 
Switzerland) in DIG buffer 1 (100 mM Tris-HCl pH 7.5, 150 mM NaCl) 
for 12 h at 4°C.  Signals were visualized by incubating with 4.5 μl/ml of 
5-bromo-4-chloro-3-indolyl-phosphate and 3.5 μl/ml of 4-Nitroblue 
tetrazolium chloride in DIG buffer 3 (100 mM Tris-HCl pH 7.5, 100 
mM NaCl, 50 mM MgCl2).  

Immunohistochemistry

Double labeling immunohistochemistry was performed with 
TMEM132A and peripherin, a marker for neurons with unmyelinated 
axon as described previously [6].  Sections were washed and incubated 
with a rabbit anti-TMEM132A polyclonal antibody [7] and mouse 
anti-peripherin (Millipore, 1:200) at 4°C for 3days.  Washed again, 
sections were incubated with anti-rabbit rhodamine and anti-mouse 
FITC overnight at 4°C.

Results and discussion
TMEM132A mRNA was detected as intense digoxigenin staining 

in cell bodies of DRG neurons (Figure1). In control DRG, 50 to 
60% of neurons were positive for TMEM132A mRNA.  Most of the 
TMEM132A mRNA positive neurons had medium to large sized cell 
bodies.  Hybridization without the probe did not show any staining, 
confirming the probe specificity.  We observed similar distribution 
pattern of TMEM132A protein by fluorescent immunohistochemistry 
(Figure 2). Double labeling study revealed approximately 30% of 
TMEM132A expressing neurons was positive for peripherin, specific 

marker for unmyelinated neurons [8], while the remaining 70% lacked 
peripherin signal.

Following the nerve injury, intensity of TMEM132A signals in 
each neurons as well as the number of TMEM132A mRNA-expressing 
neurons in the DRG decreased rapidly (Figure 3, middle column).  
The number of TMEM132A mRNA positive neurons decreased 
significantly two days after the axotomy and continued to decrease at 
least 14 days thereafter (Figure 3, lower column).

In the present investigation, we demonstrated substantial 
expression of TMEM132A in adult primary afferent neurons for 
the first time. In the DRG, TMEM132A is predominantly expressed 
in neuronal cells. This is consistent with our previous study that 
showed neuronal cells-specific expression of TMEM132A mRNA in 
several rat brain regions [2].  TMEM132A expression in DRG showed 
unique distribution profile, with medium to large myelinated neurons 
dominantly expressing it. Myelinated neurons in the DRG are known 
to survive for long after the axotomy, while unmyelinated neurons 
undergo progressive cell death [4]. Together with our previous in 
vitro study showing a pro-survival function of TMEM132A [2] and 
fluctuations of several genes including ER stress-related genes (ATF6 
and GADD153) by transient knock-down of TMEM132A [9], the 
current observation implicates an important role of TMEM132A for 
the selective survival of the myelinated neurons after the nerve injury.

We previously reported that TMEM132A mRNA gradually 
increases at the embryonic stages, peaks during postnatal 0-2 weeks 
and decreases with aging in rat brain [2].  In contrast to the expression 
of TMEM132A during development, to our knowledge it has not been 
reported whether the expression of TMEM132A would change under 
pathophysiological conditions. In the present study, we first demonstrate 

Figure 1. In situ hybridization for TMEM132A mRNA in naive rat DRG. TMEM132A 
mRNA was detected primary afferent neurons in the DRG. Most of TMEM132A-positive 
neurons were medium to large sized neurons. Scale bar=100 µm.

Figure 2. Double labeling immunohistochemistry for TMEM132A and peripherin, a 
marker for C-fiber neuron, in naive rat DRG. Red signals in upper column indicate 
TMEM132A immunoreactivity and green signals in middle column indicate peripherin 
immunoreactivity. Double labeled neurons were indicated as yellow signals in merged 
(lower) column. Most of TMEM132A immunoreactivity did not co-localize with peripherin 
signal. Scale bar=100 µm.
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that the expression of TMEM132A decreased rapidly following the 
sciatic nerve axotomy. TMEM132A was originally identified as a novel 
GRP78-binding protein and predominantly localized in ER. GRP78 is 
one of the ER resident chaperones and regulates protein folding and 
intracellular trafficking of various proteins [10]. GRP78 prevents ER 
stress-induced cell death [11] by modulating ER stress transducers 
such as PERK, IRE, ATF6 and caspase-12 [12-14]. Interestingly, 
our previous study showed that GRP78 regulates the glycosylation 
of TMEM132A by transiently overexpressing GRP78 together with 
TMEM132A [3]. However, more characterization of TMEM132A and 
GRP78 in the DRG as well as their interaction in vivo are required in 
the future study.

We also reported that TMEM132A participates in cAMP-induced 
GFAP mRNA expression through STAT3 signaling pathways in C6 
glioblastoma cells [7], although the precise mechanisms remain to be 
determined. The N-terminus of TMEM132A protein has been shown 
to be exposed to the extracellular space by transient overexpression 
of TMEME132A in cell-lines [3]. Considering these findings, 
TMEM132A might play a role in the perception of extracellular signals 
and/or cell-cell communication in the nervous systems. In preliminary 
experiment, we detected TMEM132A mRNA is weakly expressed in 
primary cultured glial cells, microglias and astrocytes, from rat cerebral 
cortex. In the DRG, TMEM132A was also weakly expressed in GFAP-
positive satellite cells (data not shown). It has also been reported that 
acute spinal cord injury rapidly elevates the phosphoryation of STAT3 
in the DRG [15]. Therefore, a more precise analysis of TMEM132A 
in relation to GRP78 and STAT3 signaling pathways should reveal a 
novel therapeutic approach to central and peripheral nerve injuries and 
neurodegenerative diseases.

In conclusion, we investigated expression of TMEM132A, one of 

the GRP78-binding proteins in the DRG. TMEM132A was expressed 
medium to large primary afferent neurons and decreased after the 
nerve injury. TMEM132A might have some important role in stress 
response after the nerve injury.
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Figure 3. Regulation of TMEM132A mRNA after the sciatic nerve axotomy.
TMEM132A mRNA expression decreased after the axotomy (lower column) compared to 
control (upper column). Scale bar=100 µm. The number of TMEM132A mRNA positive 
neurons decreased 2days after axotomy and continued decreasing up to 14days. N=5 
*p<0.05, **p<0.01 vs. control.
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