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ABSTRACT. Cartilage-derived retinoic acid-sensitive protein (CD-RAP)/melanoma inhibitory activity (MIA), which appears abundantly 
in hypertrophic cartilage at the stage of endochondral ossification, is also detected in cerebrospinal fluid (CSF) following spinal cord 
injury. In this study, the localization of the CD-RAP/MIA molecule in normal tissues of the spine and brain obtained from mice, 
rats, dogs, cattle and horses was examined using immunohistochemistry with a specific antibody. The positive signals of CD-RAP/
MIA were found at nerve cells in the spinal cords of all species and were especially strong at cerebellar Purkinje cells. The results 
suggested that CD-RAP/MIA included in normal cerebrospinal tissues could be a biomarker associated with tissue injuries, as the 
molecules might flow into the CSF.
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Melanoma inhibitory activity (MIA) was identified 
within growth-inhibiting activities purified from the tis-
sue culture supernatant of the human melanoma cell line 
HTZ-19 [1]. MIA is translated as a 131-amino acid precur-
sor molecule and processed into a mature 107-amino acid 
protein after cleavage of a putative secretion signal [1]. It 
plays a role in tumor progression and spread of malignant 
melanoma via mediation of active detachment of cells from 
extracellular matrix (ECM) molecules within their local 
milieu [11]. In a study on the mRNA from bovine chon-
drocytes cultured with retinoic acid (RA), PCR products, 
the expression of which was inhibited by RA treatment, 
corresponded to MIA [4]. MIA, also referred to as carti-
lage-derived retinoic acid-sensitive protein (CD-RAP), is 
detected not only pathologically in malignant melanoma 
but also physiologically in cartilage tissue [4, 10]. CD-
RAP in cartilage appears in association with chondrogen-
esis of endochondral ossification in articular cartilage and 
is related to cartilage development and the phenotype of 
chondrocytes [4]. Interestingly, CD-RAP is also detected 
in cerebrospinal fluid (CSF) following damage or stress to 
the neural structures and would be a potential marker of 
spinal diseases in humans [8].

Aggrecan, which is a well-known proteoglycan in ar-
ticular cartilage, is significantly increased in CSF from pa-
tients with rapidly progressive inflammatory disease of the 
spinal cord, as compared with that from patients showing 
slowly progressive disease [9]. Cartilage oligomeric ma-

trix protein (COMP), which is abundantly distributed in 
cartilage, is a key molecule in the interplay between cells 
and ECM in cartilage [2, 3, 6, 7, 13]. We previously dem-
onstrated the presence of COMP and its mRNA in the cy-
toplasm of tumor cells from mammary gland tumors, mast 
cell tumor and melanoma cells using immunohistochem-
istry and in situ hybridization [14]. The molecules have 
also been found in the spinal cords of mice, rats and dogs 
and detected in the CSF of dog intervertebral disc hernia-
tion (IVDH) cases with suspected spinal cord injury [12]. 
Because of the determination of common molecules such 
as aggrecan, COMP and CD-RAP/MIA, we have hypoth-
esized that some constituent proteins of ECM in the carti-
lage could correspond to those in the cerebrospinal tissues 
and be diagnostic biomarkers of cerebrospinal disease. 
Although the CD-RAP/MIA level increases in the CSF of 
human patients with spinal injury and disease [8], not only 
the localization of CD-RAP/MIA in normal cerebrospinal 
tissues, but also the way it flows into the CSF in injured tis-
sues, has not been yet explained. The aim of this study was 
to reveal the distribution of CD-RAP/MIA in the normal 
mouse, rat, dog, cattle and horse spine and brain, using im-
munohistochemistry with a specific antibody.

Normal spinal cords and brains were obtained from 
healthy mouse, rat, dog, cattle and horse subjects, which 
were all euthanized in accordance with the regulatory 
protocols approved by the animal experiment committee 
of Kagoshima University. The tissues were fixed in 4% 
paraformaldehyde and then embedded in paraffin. Serial 
sections (4 µm thick) were placed on glass slides, and then 
the slides were deparaffinized with xylene and rehydrated 
in ethanol. To stimulate the antigen-antibody reaction, the 
slides were pretreated in citrate buffer (pH 6.0) in a micro-
wave oven for 10 min. Thereafter, the slides were cooled in 
the citrate buffer at room temperature (RT) for more than 
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20 min and washed with phosphate-buffered saline (PBS, 
pH 7.0) three times for 5 min. After the blocking of endog-
enous peroxidase activity with 0.3% H2O2, the slides were 
washed with PBS three times for 5 min and again treated 
with casein buffer (0.01 M PBS containing 0.25% casein) 
at RT for 1 hr. The slides were then incubated with goat 
polyclonal antibody against human MIA (sc-17048, Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, U.S.A.) as the 
primary antibody (diluted 1:200 in casein buffer) overnight 
at 4°C. After rinsing with PBS, secondary horseradish 
peroxidase-labeled rabbit anti-goat IgG antibody (Sigma-
Aldrich, Tokyo, Japan), diluted 1:200, was applied and kept 
for 30 min at RT. After rinsing three times with PBS, the 
color reaction with the substrate (3,3’-diaminobenzidine) 
was evaluated microscopically. The slides were also coun-
terstained with Mayer’s hematoxylin.

As presented in Figs. 1 and 2, immunohistochemistry 
with anti-MIA antibody showed positive signals in the 
spine and cerebellum of all species. No significant signals 
were detected in the cerebrum (data not shown). The posi-
tive signals in the cerebellum were distinctly strong at the 
Purkinje cells, of which not only the cell body but also the 
axon was strongly positive in all species (Fig. 1). Further-
more, the signal intensity in the nerve cells of the molecular 
layer varied among the species (Fig. 1); it was more dis-
tinctly positive in dog specimens than in cattle specimens. 
No positive reaction was seen in the white matter of the 
cerebellum in any animals (data not shown). In the spinal 
cords, positive signals were localized at the cell body, axon 
hillock and dendrites of larger neurons in the gray matter 
(Fig. 2), but there were no positive reactions at the nerve 
cells in the spinal white matter (data not shown). The signal 
intensity differed among the species.

Approximately 20% of the total base sequence of CD-
RAP/MIA at the site of the 5’-end varies greatly among 
the animal species, but the residual 80% of the sequence 
is preserved with higher homology in the different species 
(with 100% amino acid identity in the human, mouse, rat, 
dog, cattle and horse). Polyclonal antibodies recognizing 
the epitopes near the C-terminus of the whole molecule 
could cross-react with the molecules in a wide range of ani-
mal species. The goat polyclonal antibody we used is raised 
against a peptide mapping near the C-terminus of MIA of 
human origin and recommended for immunochemical de-
tection of MIA of the mouse, rat and human. In the same 
manner as the cerebrospinal tissues of the mouse and rat 
in this study, positive signals of CD-RAP/MIA were de-
tected in the spine and cerebellum slides but not in the ce-
rebrum slides of the other animal species. Purkinje cells 
showing distinctly positive signals in the cerebellum play 
a major role in controlling the information sent to the deep 
cerebellar nuclei, and degeneration and death of the cells 
could cause cerebellar dysfunction with a subsequent gait 
disorder in humans [15]. Although no previous papers have 
shown an increased CD-RAP/MIA level in CSF depending 
on the cerebellar diseases, immunohistochemical analysis 
of CD-RAP/MIA in degenerative cerebellar diseases might 
be an interesting study in veterinary clinical cases.

In the gray matter of the normal spinal cord, the larger 
neurons that could be motor or sensory neurons function-
ing as efferent and afferent nerves, respectively, retained 
the molecule in the body, axon hillock and dendrites. 
CD-RAP/MIA concentrations in the CSF were higher as 
a result of damage to the spinal cord in cases of cervical 
myelopathy, lumbar canal stenosis and lumbar disc hernia-
tion in a human clinical study [8]. We previously reported 
that COMP localized in the spinal cord could flow into the 
CSF in association with injury in the area of disc extrusion 
in dog IVDH [12]. Similar to that speculation, we suggest 
that CD-RAP/MIA retained in nerve cells could also flow 
into the CSF following injury to the spinal gray matter, and 
conversely, the increased CD-RAP/MIA level in the CSF 
might also be a predictive marker of spinal cord injury.

CD-RAP/MIA is included in the ECM of hypertrophic 
cartilage and overexpressed during the chondrogenesis 
phase of endochondral ossification. These phenomena are 
related to cartilage development and the phenotype of 
chondrocytes [4]. In a study on the effect of RA in fetal 
bovine chondrocytes, control chondrocytes presented a 
typical rounded shape and synthesized type II, IX, XI and 
III collagens, while RA-treated chondrocytes exhibited a 
fibroblast-like shape and decrease in the synthesis of total 
protein [5]. Since mRNA encoding CD-RAP is downregu-
lated by RA in vitro in a time- and dose-dependent manner 
[4, 5], the RA-dependent differences in CD-RAP mRNA 
levels could provide information relevant to understanding 
the chondrocyte proliferation and cartilage differentiation. 
In our study, CD-RAP/MIA could indeed be preserved in 
the gray matter of the spinal cord and cerebellum in the 
mouse, rat, dog, cattle and horse, but we did not suggest that 
function. To explain the role of the CD-RAP/MIA in ce-
rebrospinal tissues, we should analyze the CD-RAP/MIA 
production in the constituent cells in vitro and the change 
in the distribution in diseased or injured tissues.

This is the first paper demonstrating the presence of CD-
RAP/MIA in cerebrospinal tissues. Based on these data, 
the molecule expressed in the gray matter of both spinal 
cord and cerebellum could be a credible marker for predict-
ing cerebrospinal tissue diseases.
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Fig. 1.	 Immunolocalization of CD-RAP/MIA in the cerebel-
lum of a mouse (a), rat (b), dog (c), cattle (d) and horse (e). 
Purkinje cells show a distinctly positive signal in all species 
(arrowheads), but the signal intensity of the nerve cell body 
and axon in the molecular layer varies among species. M, Mo-
lecular layer; P, Purkinje cell; G, Granular layer. Bar, 50 µm.

Fig. 2.	 Immunolocalization of CD-RAP/MIA in spinal gray 
matter of the mouse (a), rat (b), dog (c), cattle (d) and horse 
(e). The positive signals are localized at the cell body of larger 
neurons in the gray matter of all species. Bar, 50 µm.
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