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ABSTRACT

Objective: The intervertebral disc (IVD) undergoes biochemical and morphologic degenerative changes during the process of aging. Aquaporins
(AQPs) are a family of water channel proteins that facilitate water and small solute movement in tissues and may have a potential role in the aging
degeneration of IVDs. One of the important problems in understanding disc degeneration is to find cellular molecules which contribute to the patho-
genesis of IVDs. XThe aim of this study was to demonstrate the expression of aquaporin 1 and 3 in nucleus pulposus (NP), annulus fibrosus (AF) cells of
rat lumbar intervertebral discs from both young and aged animals using immunohistochemistry.

Material and Methods: Twenty Wistar-albino rats were included in the study. The rats were separated into two groups: 2-month-old rats (n=10) as the
young group, 18-month-old rats (n=10) as the old group. The intervertebral disc tissues obtained from the lumbar spine (L1-L4, 4 discs) were used for
immunohistochemical staining of AQP-1 and 3.

Results: This study demonstrated that AQP-1 and AQP-3 immunoreactivity significantly decreased in NP and AF of aged rats compared to the young rats.

Conclusion: We suggest that AQP-1 and 3 may contribute to the age related degeneration of the intervertebral disc.
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Introduction

The intervertebral disc (IVD) has morphologically three
distinct regions: The central nucleus pulposus (NP), the out-
er annulus fibrosus (AF) and the inferior cartilage endplates
(1). The NP is a highly hydrated gel-like matrix composed of
negatively charged aggregating proteoglycans, randomly
organized collagen fibers and radially oriented elastin fibers.
The surrounding AF consists of a series of concentric lamel-
lae of predominantly type-I collagen fibers (2). Proteoglycans
(PG) in the NP have a high osmotic potential because of large
negative charge, which attracts mainly cations such as Na+,
K+ and Ca2+ and consequently large amount of water in to
extracellular matrix (ECM) of the NP (3).

Intervertebral disc undergoes biochemical and morpho-
logic degenerative changes during the process of aging. The
incidence of degeneration, increases severely with age and is
regarded as a major cause of disc originated low back pain (4).
One of the important problems in understanding disc degen-
eration and regeneration is to determine the cellular signal-
ing molecules contributing the IVD structures. Despite the

multitude of disc disease, disc degeneration is still a puzzle
that is fully disclosed (5).

Degeneration involves all parts of the disc. Although de-
generation of the AF, NP and the cartilaginous endplates
have been shown that alterations of signaling molecules, sub-
sequent changes with aging are not clarified. There is reason
to believe that loss of aquaporins (AQPs) may be the cause
of degeneration. AQPs bi-directional water-permeable trans-
membrane channels and play a vital role for a rapid water
movement (4, 6). The expression patterns of aquaporins in
different tissues such as kidney, eye, brain, the digestive, res-
piratory, genito-urinary tracts, articular cartilage and human
IVD proves their differing properties and their specific cell
membrane transport functions (7-9).

The expression of AQP-1 and 3 were also demonstrated
in different tissues including articular cartilage and human
IVD (2, 10). In a recent study, AQP-1 has been shown to have
important roles in degeneration of IVDs with aging (6). Li et
al. (11) demonstrated that AQP-3 decreased with increasing
age in both skin and NHEK samples. Despite above findings
based on AQP expressions in different systems, little is known
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of the expression pattern of AQP-1 and AQP-3 in older IVDs
of rats. Therefore, the aim of this study was to demonstrate
the expression of AQP-1 and 3 in IVDs in young and aged
animals using immunohistochemistry.

Material and Methods

Animals and surgical procedures

Twenty Wistar albino rats were obtained from Gaziosman-
pasa University Experimental Animal Research Laboratory.
Rats were handled in the laboratory according to institutional
guidelines, as well as the Guide for Care and Use of Labo-
ratory Animals of the National Research Council. All experi-
mental protocols were approved by the by the ethics com-
mittee (HADYEK-013). All rats were observed for several days
to ascertain their health prior to sample collection. Rats were
reared with their dams and they were kept in a temperature-
controlled room (20-23°C) on a 12-hour light/dark cycle, with
food (commercial rat chow) and fresh water available adlibi-
tum. The rats were separated into two equal groups: 2-month-
old rats (n=10) as the young group, 18-month-old rats (n=10)
mature as the old group. These rats were gently killed in our
laboratory with an overdose of phenobarbital, and the lumbar
spine was removed aseptically within 0.5 h. In each group, the
lumbar spine (L1-L4, 4 discs) of rats was used for immunohis-
tochemistry to confirm AQP-1 and 3 expressions in the NP
and AF.

Briefly, the lumbar discs removed from the adjacent verte-
bral body bone and fixed in 10% neutral formalin solution for
2 days, decalcified in 20% EDTA acid for 2 weeks, and embed-
ded in paraffin for immunohistochemistry and histochemistry.
The rat kidney tissue was prepared as positive control.

Immunohistochemistry

Immunohistochemistry was performed according to the
procedure previously described with minor modification (12).
Briefly, 5 pm-thick serial sections were collected on poly-L-
lysine-coated slides (Sigma-Aldrich, St. Louis, MO, USA) and
incubated overnight at 56°C. Tissue sections were deparaffin-
ised in xylene and rehydrated in a graded series of ethanol.
Sections were then treated in a microwave oven in 10 mM
citrate buffer, pH 6.0 for 2 minutes twice and left to cool for
15 min. After three washes in phosphate buffered saline (PBS),
endogenous peroxidase activity was quenched by 3% hydro-
gen peroxide in PBS for 20 min, and the sections were washed
again three times in PBS. The sections were then incubated in
a blocking serum (Ultra V Block, ScyTek Laboratories, Utah,
USA) for 10 min. to block non-specific binding. Subsequently,
sections were incubated overnight at 4°C with rabbit poly-
clonal AQP-1 (cat no: sc-32738, 1: 50, SantaCruz, USA) and
AQP-3 (cat no: ab85903, 1: 200, Abcam, UK). The sections
were then washed three times in PBS and incubated with bi-
otinylated anti-rabbit (BA-1000; 1:400 Dilution; Vector Labora-
tories) secondary antibodies for 45 min. at room temperature.
After three washes with PBS, the antigen—antibody complexes
were detected using a streptavidin—peroxidase complex (TP-
060-HL; LabVision, Fremont, CA, USA) for 15 min, followed by
three rinses with PBS. Bound peroxidase was developed with

3-amino-9-ethylcarbazol (AEC) (ScyTek Laboratories, USA)
chromogen, and sections were counterstained with Mayer’s
hematoxylin (ScyTek Laboratories, Utah, USA) and mounted
with Permount (ScyTek Laboratories, Utah, USA) on glass
slides. For controls, sections were treated with the appropri-
ate isotype of rabbit and mouse IgGs. Photomicrographs were
collected with a Leica microscope (Leica DM2500, Nussloch,
Germany).

Evaluation of immunohistochemistry

Evaluation of the immunohistochemical labeling was per-
formed using H-SCORE analyses as previously described (13).
The intensity of AQP-1 and AQP-3 immunoreactivity was
semi-quantitatively evaluated using the following intensity cat-
egories: 0 (no staining), 1+ (weak but detectable staining), 2+
(moderate or distinct staining), and 3+ (intense staining). For
each tissue, an H-SCORE value was derived by, first, calculating
the sum of the percentages of cells that stained at each inten-
sity category, and then, multiplying that value by the weighted
intensity of the staining using the formula H-SCORE=3Pi(i+ ),
where 'i" represents the intensity scores and ‘Pi’ is the corre-
sponding percentage of the cells. On each slide, five randomly
selected areas were evaluated under a light microscope (40x
objective). The percentage of the cells at each intensity within
these areas was determined by two investigators, at different
times, who were not informed about the type and source of the
tissues. The average score of both observers was used.

Statistical analysis

The multiple comparisons were analyzed with non-para-
metric ANOVA followed by post-hoc tests. Statistical calcula-
tions were performed using SigmaStat for Windows, version
2.0 (Jandel Scientific Corp., San Rafael, CA). Statistical signifi-
cance was defined as p<0.05.

Results

The intervertebral disks from 2-month-old and 18-month-
old rats were stained with hematoxylin and eosin (HE) and
examined by light microscopy (Figure 1A and G). The in-
tervertebral disk structure is complete and composed with
the laminated annulus fibrosus (AF) and the central nucleus
pulposus (NP) in 2-month-old rats (Figure 1A). However, the
laminated structure of AF was deteriorated and the demarca-
tion between NP and the AF was disappeared in some regions
of IVDs of 18-month-old rats. Additionally, NP structure was
constant and no degeneration was observed in NP (Figure
1G). The definition of the degree of degenerative changes
based on histological appearances in older IVDs of rat was
determined as previously published (1).

Immunohistochemistry was used to show the localization
of AQP-1 and AQP-3 in 2-month-old and 18-month-old rats
as depicted in Figure 1B-F and H-L. In the 2-month-old rats,
AQP-1 and AQP-3 were mainly localized in the NP and the in-
ner segment of the AF (Figure 1 B, C, E, F). The NP of IVD and
the inner segment of AF showed stronger immunoreactivity
however, the outer part of the AF showed weak immunostain-
ing for AQ1 and AQ3 (Figure1B-F). The intensity of AQP-1



Balkan Med J Tas et al.
2012; 29: 349-53 Aquaporin Expression in Intervertebral Disc with Aging 351

Figure 1. Hematoxylin and eosin (HE) staining of intervertebral discs of 2-month-old (A) and 18-month-old rats (G). A: Note the clear
demarcation between annulus fibrosus (AF) and nucleus pulposus (NP). AF shows the laminated structure. G: The presence of slits
and chondrocyte clusters (arrow) is appeared in 18-month-old rats. The distinction between the AF and NP is started to lost in some
region of IVD. Immunohistochemical staining shows the expression of AQP-1 and AQP-3 in the IVD of 2-month-old (B-C and E-F) and
18-month-old (H-l and K-L) rats. No significant staining was observed in the negative controls (C, |, inserts). B: Positive immunostai-
ning of AQP-1 is demonstrated in chondrocytes (arrows) of AF in 2-month-old rats. C: NP shows strong AQP-3 immunoreactivity in
2-month-old rats. D: Collecting tubules (CT) of rat kidney are immunopositive for AQP-3. E: Chondrocytes (arrow) and endothelium
(double arrow) of blood vessels are strongly immunpositive for AQP-3. F: AQP-3 is highly expressed in NP of IVD in 2-month-old
rats. H: AQP-1 is weakly expressed in AF (arrow) and moderately expressed in NP of 18-month-old rats. I: Chondrocytes (arrow) ex-
hibit weak to moderate immunoreactivity in AF. J: AQP-1 expression is seen in the basal membranes of kidney glomerule as positive
control. K and L: AQP-3 is moderately expressed in NP and weakly expressed in AF (arrow) of 18-month-old rats. Scale bars: 50 pm
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and AQP-3 was found to be the similar in different region of
IVD in the 2-month-old rats. As a negative control for specific-
ity of detection, omission of primary anti-AQP-1 and AQP-3
antibodies and their substitution by rabbit IgG (Figure 1C and
I, insets) resulted in negative staining. As a positive control,
rat kidney tissues were used (Figure 1D and J). AQP-3 was
detected in the basolateral membrane of the kidney collect-
ing ducts (Figure 1D) and AQP-1 was found to localize in the
glomerular membranes (Figure 1J).

H-SCORE analysis revealed that the staining intensity and
the number of cells positively stained for AQP-1 and AQP-3
in IVD significantly decreased in 18-month-old rats (Figure 2).
In older animals, weak to moderate immunostaining was ob-
served in AF and NP (Figure 1H-l and K-L).

Discussion

In this study, the expression of AQP-1 and AQP-3 signifi-
cantly decreased from 2-month-old to 18-month-old rats in
the IVD. Our data provided evidence of early and late expres-
sion of AQP-1 and AQP-3 in the IVD of rat. Although many
studies showed the expression pattern of AQP-1 and AQP-3
in human VD, according to our knowledge, this study is the
first to compare the distribution of AQP-3 in the young and
old IVD of rats using immunohistochemistry.

Intervertebral disc is a highly specialized and organized tis-
sue that is normally well integrated with its adjacent tissues but
it is continually changing because of development, aging, and
some disorder (14). Intervertebral discs go through age-linked
degenerative changes that contain decreasing nutrition of the
central disc that further compromises cell function and may
cause cell death (15). Progressive changes in intervertebral
disc histology with aging include an increased number and
extent of fissures and tears, the presence of granular material,
and neovascularization from the outer aspect of the annulus
inwards. Loss of demarcation between the annulus and the
nucleus also increasingly occurs with aging (14). In accordance
with above-mentioned studies, we have also noticed some of
those changes in the IVD of 18-month old rats. Especially, the
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Figure 2. H-SCORE of the AQP-1 and AQP-3 immunostai-
ning intensities in 2-month-old and 18-month-old rats. The
data are represented as the means*SEM. Star: p<0.05,
2-month-old vs. 18-month-old day for AQP-1 and AQP-3
expression

demarcation between AF and NP was partly disappeared and
the fissures in the AF were detected in older IVD of rats.

It has been reported that with aging, the proteoglycans
significantly decreases in the nucleus pulposus, which is be-
lieved to be a critical factor in intervertebral disc degenera-
tion (4, 16). Proteoglycans attract fluid, which works to reduce
mechanical stresses in the solid matrix of the nucleus and
provide a hydrostatic pressure to the annulus fibrosus, whose
fibrous nature accommodates this stress (16, 17). Subsequent
decrease in the load bearing capability of the disc as the pro-
teoglycan content decreases, the osmotic pressure of the disc
falls and the disc is less able to maintain hydration under load.
All of these changes, which were detected with aging, could
also affect the protein distribution of AQPs in the IVD. There-
fore, we were interested in whether the expression of AQPs
changed with old IVDs of rats.

AQP-1 is permeable to water and O2, which inhibits quick
volume deformation under osmotic stress and accelerates
02 diffusion across the plasma membrane (6). AQP-1 may be
important for cell volume regulation, the flow of matrix and
metabolic water across the membrane in chondrocytes. Im-
munohistochemical staining demonstrated AQP-1 localization
in articular chondrocytes, synoviocytes, and synovial capillary
vascular endothelial cells. The presence of AQP-1 in chondro-
cytes supports a role for AQP-1-mediated water transport
across the synovial micro vessels and the plasma membrane of
chondrocytes in load-bearing joints (18). AQP-3 is also highly
expressed in many of the human tissues such as kidney, tra-
cheal and bronchial and epithelium, choroid plexus, articular
chondrocytes, subchondral osteoblasts and synovium. AQP-3
has been proposed to transport water and small solutes such
as glycerol and urea (9). Expression of AQP-1 and 3 demon-
strate in equine articular chondrocytes using by immunohisto-
chemistry, western blotting and quantitative flow cytometry
(10). As it is obvious from above studies, AQP-1 and 3 were
extensively studied in many systems. However, according to
our knowledge this study is the first demonstrating the de-
creased production of AQP-3 in older IVDs of rats. This could
be an important observation because it indicates a potential
therapeutic target in the management of degenerative dis-
ease of the intervertebral disc.

A lots of study were demonstrated the number and func-
tion of AQPs in different tissues with aging (11, 19, 20). The
gene expression and protein level changing of AQ4 in the
cochlea and inferior colliculus (21), AQP2-3 in kidney (19,
20), and AQP5 in parotid glands (22) were demonstrated in
previous studies. In addition to these studies, Wang and Zhu
also demonstrated changes of AQP-1 expression with aging in
IVDs of rabbits (6). Although all of these studies show the role
of AQPs with aging, AQP-1 expression together with AQP-
3 in older IVDs of rat gives additional information about the
possible roles of AQP-3 in IVDs of rats.

The localization of AQP-1 and AQP-3 was demonstrated
in the NP and inner AF of IVD using by immunohistochemistry
(2). However, the authors found lacked expression of AQP-1
and very low AQP-3 expression in the outer AF. Our results
showed similar results; interestingly we also detected the ex-
pression of AQP-1 and AQP-3 in the outer layer AF. This can
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be explained with antibody specificity, different protocols or
tissues since our experiments were performed with different
antibodies.

Conclusion

In the present study, we examined the expression of
AQP-1 and AQP-3 in 2-month-old and 18-month-old IVDs of
rats. AQP-1 and AQP-3 might have significant roles for the
development of the age-related IVD degeneration. Further
functional studies need to clarify the main role of AQP-1 and
AQP-3 in IVD pathogenesis. Ongoing experiments within our
research group are focused on examining the other AQPs and
their roles within the intervertebral discs using cell culture and
Western blotting.
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