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Abstract

Purpose Intervertebral disc degeneration is considered to

be a major feature of low back pain. Furthermore, oxidative

stress has been shown to be an important factor in degenera-

tive diseases such as osteoarthritis and is considered a cause of

intervertebral disc degeneration. The purpose of this study

was to clarify the correlation between oxidative stress

and intervertebral disc degeneration using Broad complex-

Tramtrack-Bric-a-brac and cap‘n’collar homology 1 deficient

(Bach 1-/-) mice which highly express heme oxygenase-1

(HO-1). HO-1 protects cells from oxidative stress.

Methods Caudal discs of 12-week-old and 1-year-old

mice were evaluated as age-related models. Each group

and period, 5 mice (a total of 20 mice, a total of 20 discs)

were evaluated as age-related model. C9–C10 caudal discs

in 12-week-old Bach 1-/- and wild-type mice were

punctured using a 29-gauge needle as annulus puncture

model. Each group and period, 5 mice (a total of 60 mice, a

total of 60 discs) were evaluated. The progress of disc

degeneration was evaluated at pre-puncture, 1, 2, 4, 8 and

12 weeks post-puncture. Radiographic, histologic and

immunohistologic analysis were performed to compare

between Bach 1-/- and wild-type mice.

Results In the age-related model, there were no signifi-

cant differences between Bach 1-/- and wild-type mice

radiologically and histologically. However, in the annulus

puncture model, histological scoring revealed significant

difference at 8 and 12 weeks post-puncture. The number of

HO-1 positive cells was significantly greater in Bach 1-/-

mice at every period. The apoptosis rate was significantly

lower at 1 and 2 weeks post-puncture in Bach 1-/- mice.

Conclusions Oxidative stress prevention may avoid the

degenerative process of the intervertebral disc after punc-

ture, reducing the number of apoptosis cells. High HO-1

expression may also inhibit oxidative stress and delay the

process of intervertebral disc degeneration.

Keywords Intervertebral disc � Oxidative stress �
Heme oxygenase-1 � Intervertebral disc degeneration

Introduction

The intervertebral disc is one the most important structures

for stabilizing the spinal column [1]. But several degen-

erative factors cause it to easily lose its function [2, 3].

Intervertebral disc degeneration is now thought to be an

important trigger of low back pain [2]. Some of the main

culprits of intervertebral disc degeneration include aging,

smoking, mechanical stress, and genetic components [4, 5].

Oxidative stress has been shown to be an important

underlying factor of these degenerative causes, such as

inflammation and aging in living organisms [6, 7]. How-

ever, the precise pathogenesis of intervertebral disc

degeneration is unclear, and its prevention and treatment

remain impracticable. Recent basic studies about oxidative

stress have focused on heme oxygenase-1 (HO-1), Broad

complex-Tramtrack-Bric-a-brac and cap‘n’collar homol-

ogy 1 (Bach 1) [8, 9].

HO-1 is a stress-responsive enzyme that makes free

hemes, which in turn produce some products. Gas carbon

monoxide and iron are produced by HO-1. They induce

expression of heavy-chain ferritin and biliverdin, which are
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then converted to bilirubin by biliverdin reductase. The

main biologic function of HO-1 is to avoid the accumula-

tion of harmful free hemes. The effect of HO-1 is to protect

against many diseases and to stabilize homeostasis [8].

In addition, expression of HO-1 is strongly induced in

animal cells by various chemical stimulants such as cyto-

kines, heavy metals, heat shock and oxidants that induce

inflammatory damage [10, 11]. HO-1 is the rate-limiting

enzyme in heme degradation, generating ferrous iron,

carbon monoxide and biliverdin, which is rapidly reduced

to bilirubin. Bilirubin, carbon monoxide and biliverdin

have antioxidant and anti-inflammatory activities in vivo

[12]. Thus, HO-1 is an antioxidant defense enzyme that

converts toxic hemes into antioxidants and is essential for

many animals to cope with various aspects of cellular stress

and to regulate cellular iron metabolism [13]. In clinical

conditions, the level of HO-1 expression has been associ-

ated with resistance to tissue injury [14, 15].

The expression of HO-1, which protects cells from

various insults including oxidative stress, is highly upreg-

ulated in Bach 1-/- mice. Bach 1 is a transcriptional

repressor of the HO-1 genes, and Bach 1-/- mice express

high levels of HO-1 mRNA and protein in various organs

[12, 16]. Especially in meniscus, inhibition of Bach-1

induced HO-1 suggested that meniscal degeneration could

be prevented [17]. This result suggested that the degener-

ation of hypovascular tissue such as intervertebral disc can

be prevented by induced HO-1.

The Bach1-/- mice were fertile and appeared grossly

normal in size and morphology. HO-1 mRNA was

expressed at much higher levels in thymus, heart, lung and

liver in the Bach1-/- mice as compared with organs from

the wild-type or heterozygous mutant mice. The differen-

tial levels varied among the tissues. There were [tenfold

differences in the thymus and heart between the mutant and

wild-type animals, whereas there were smaller but signif-

icant differences in the liver and lung [12]. The purpose of

this study was to clarify the correlation between oxidative

stress and intervertebral disc degeneration and the effect of

HO-1 by investigating the process of intervertebral disc

degeneration in Bach 1-/- mice.

Materials and methods

Experimental animals

The experimental animals were Bach 1-/- C57BL/6J mice

and wild-type C57BL/6J mice. A total of 70 mice were used

in this study. In total, 60 mice were 12 weeks old and 10 mice

were 1 year old. The ethics committee which reviewed

animal experiments at the Hiroshima University School of

Medicine (Hiroshima City, Japan) approved this study.

Study 1: Age-related model

In this study, a total of 20 mice were used (5 mice each

group, each period). One disc per one mouse was analyzed

in this study. To confirm the effect of oxidative stress to a

natural course of degeneration of the intervertebral disc,

12-week-old and 1-year-old Bach 1-/- and wild-type

mice were used without any additional procedures. After an

intraperitoneal anesthetic injection of 2,2,2-tribromoetha-

nol (125 mg/kg), lateral radiographs of the tail were taken

under sedation, using microfocus lFX-1000 (40 kV,

100 mA, 15 s at 1.59 magnification; Fuji film, Tokyo,

Japan).

The lengths of the C9–C10 disc and adjacent vertebral

bodies were measured and the disc height index (DHI),

based on the method of Lu et al. [18] with a slight modi-

fication, was calculated (Fig. 1a). The intervertebral disc

height was calculated by averaging the measurements

obtained from the anterior, middle, and posterior portions

of the intervertebral disc and dividing that by the average

of adjacent vertebral body heights. After taking radio-

graphs, the mice were killed and C9–C10 caudal discs were

harvested and sectioned for histological evaluation. The

tissues were fixed in 4 % paraformaldehyde in phosphate-

buffered saline (pH 7.4), decalcified in EDTA for 2 weeks,

paraffin-embedded, and sectioned to a 5-lm thickness. The

sections were stained with hematoxylin and eosin for

cellular constituents and Safranin O for proteoglycans.

Sections were evaluated for histologic changes in the

intervertebral disc and end plate regions using a semi-

quantitative grading scheme (Table 1) which was used for

evaluation of intervertebral disc degeneration by aging

[19]. This grading scheme is for evaluation of the inter-

vertebral disc (range from 0 to 22 points, where 0 means no

degeneration and 22 means most degeneration) and the end

plate (range from 0 to 18 points, where 0 means no

degeneration and 18 means most degenerated), and allows

for broad evaluation of the whole intervertebral disc,

including the annulus fibrosus and nucleus pulposus

regions. The scoring was assessed by two independent

observers. To confirm that 1-year-old mice were affected

by aging, sections were stained with CML and the number

of CML positive cells was counted in the center of the

intervertebral disc at 4009 magnification. Immunohisto-

chemistry at 12-week-old and 1-year-old Bach 1-/- and

wild-type mice was examined for HO-1 expression.

Study 2: Annulus needle puncture model

In this study, a total of 60 mice were used (5 mice each

group, each period). One disc per one mouse was used and

analyzed in this study. After an intraperitoneal anesthetic

injection of 2,2,2-tribromoethanol (125 mg/kg), C9–C10
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caudal discs of 12-week-old Bach 1-/- and wild-type

murine tails were punctured using a 29-gauge needle at a

controlled depth following the previous method [20]. The

progress of the disc degeneration was evaluated by radio-

graphic analysis of disc height at pre-operation and at 1, 2,

4, 8 and 12 weeks post-puncture. After radiographs were

taken, the mice were killed and C9–C10 caudal discs were

harvested. To assess the condition of degeneration, DHI

was calculated from radiographs, and changes of the DHI

were expressed as %DHI (postoperative DHI/preoperative

DHI) from radiographs. Sagittal sections were stained with

hematoxylin and eosin and Safranin O. Intervertebral disc

degeneration was investigated using another semiquanti-

tative grading scheme (Table 2) [21]. This grading scheme

is used for evaluation of intervertebral disc injury model

including puncture model. In this grading scheme, the

cellularity and morphology of the AF and NP as well as the

border between the two structures were assessed. Grades

ranged from 5 to 15, with a normal disc receiving one point

from each category and disc representative of severe

degeneration scoring 3 points from each category. The

scoring was assessed by two independent observers.

Immunohistochemistry at 1, 2, 4, 8 and 12 weeks post-

puncture was examined for HO-1 expression. The number
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Fig. 1 On lateral radiographs, the vertebral body height and interver-

tebral disc height were measured. Disc height index (DHI) was

calculated by averaging the height of the anterior, middle, and posterior

portions of the intervertebral disc and dividing that by the average of

adjacent vertebral body heights (a). DHI = 2 9 (D ? E ? F)/

(A ? B ? C ? G ? H ? I). Change of DHI of age-related model

(b). At the age of 1 year, the DHI significantly decreased compared with

that at 12 weeks. No significant difference was observed between Bach

1-/- mice and wild-type mice in both periods

Table 1 Grading for age-related model in Bach1-/- and wild-type mouse

Criteria (range) Bach 1-/- Wild type

12 week 1 year 12 week 1 year

Intervertebral disc region

Cells (0–6) 1.0 ± 0.0 1.0 ± 0.7 1.0 ± 0.0 1.4 ± 0.5

Mucous degeneration (0–4) 0.2 ± 0.4 1.6 ± 0.5 0.0 ± 0.0 1.2 ± 0.4

Cell death (0–4) 0.4 ± 0.5 1.0 ± 0.0 0.4 ± 0.5 1.2 ± 0.4

Tear and cleft formation (0–4) 0.0 ± 0.0 1.0 ± 0.0 0.0 ± 0.0 0.8 ± 0.4

Granular changes (0–4) 0.0 ± 0.0 1.0 ± 0.0 0.0 ± 0.0 1.2 ± 0.4

Endplate

Cells (0–4) 1.0 ± 0.7 1.6 ± 0.5 1.2 ± 0.4 1.4 ± 0.5

Cartilage disorganization (0–4) 1.0 ± 0.0 1.6 ± 0.5 1.0 ± 0.0 2.0 ± 0.7

Cartilage cracks (0–4) 0.0 ± 0.0 1.6 ± 0.5 0.0 ± 0.0 1.6 ± 0.5

Microfracture (0–2) 0.0 ± 0.0 1.0 ± 0.0 0.0 ± 0.0 1.0 ± 0.0

New bone formation (0–2) 0.2 ± 0.4 1.0 ± 0.0 0.4 ± 0.5 1.0 ± 0.0

Bony sclerosis (0–2) 0.0 ± 0.0 1.0 ± 0.0 0.0 ± 0.0 1.0 ± 0.0

N = 5
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of HO-1 positive cells was counted in the center of the

intervertebral disc at 4009 magnification. Each measure-

ment included 5 discs (a total of 50 were used).

The number of apoptotic cells induced by oxidative

stress was scored in each TUNEL-stained section (prepared

using an in situ Apoptosis Detection Kit, Trevigen, USA)

under a light microscope, and the apoptosis rate was

determined by dividing the number of apoptotic cells by

the total number of cells in the same section. Each mea-

surement included 6 discs (a total of 60 discs were used).

In order to confirm that increased vascularization may

provide heme into the disc, immunohistochemistry was

examined for CD31 expression.

Statistical analysis

Values are presented as the means ± SDs. A Mann–

Whitney U test was used to assess the significance of dif-

ferences between the two groups at each time point, and

analysis of variance (ANOVA) and Tukey–Kramer was

used as a post- hoc test to assess the chronological changes

in each group. All the statistical tests were performed using

the Statview program package (version 5.0, SAS Institute

Inc., Cary, NC, USA). Significance was considered as a

probability value \0.05.

Results

Age-related model

Radiographs of murine tails showed bone growth and

retained the height of intervertebral disc between 12-week-

old and 1-year-old mice. The DHI of 1-year-old mice were

significantly less compared with that of 12-week-old mice,

but no significant differences were observed between Bach

1-/- mice and wild-type mice at each time point

(Fig. 1b).

Histological changes were observed with aging. At

12 weeks, many notochordal cells were uniformly spread

in the nucleus pulposus and there were well-organized

lamellar components in annulus fibrosus. The cells and

structure of the endplate were also well organized. At

1 year, notochordal cells gathered at the center of the

Table 2 Histological grading scheme for intervertebral degeneration model

I. Cellularity of the annulus fibrosus

Grade

Fibroblasts comprise more than 75 % of cells

Neither fibroblasts nor chondrocytes comprise more than 75 % of cells

Chondrocytes comprise more than 75 % of cells

II. Morphology of the annulus fibrosus

Grade

Well-organized collagen lamellae without ruptures or serpentine

Inward bulging, ruptured or serpentine fibers in less than one-third of the anulus

Inward bulging, ruptured or serpentine fibers in more than one-third of the anulus

III. Border between the annulus fibrosus and nucleus pulposus

Grade

Normal, without any interruption

Minimal interruption

Moderate or severe interruption

IV. Cellularity of the nucleus pulposus

Grade

Normal cellularity with stellar-shaped nuclear cells evenly distributed throughout the nucleus

Slight decrease in the no. of cells with some clustering

Moderate or severe decrease ([50 %) in the number of cells with all the remaining cells clustered and separated by dense area of

proteoglycans

V. Morphology of the nucleus pulposus

Grade

Round, comprising at least half of the disc area in midsagittal sections

Round or irregularly shaped, comprising less than one quarter to half of the disc area in midsagittal sections

Irregularly shaped, comprising less than one quarter of the disc area in midsagittal sections

The scale is based on 5 categories of degenerative change, with scores ranging from 5 points (1 in each category) for a normal disc to 15 points

(3 in each category) for a severely degenerated disc

Eur Spine J (2012) 21:1748–1757 1751

123



nucleus pulposus, and the extracellular matrix area is

spread around the nucleus pulposus. Cracks, microfrac-

tures, and other degenerative components increase in the

endplate (Fig. 2). The histological score also progressed

significantly, but no significant differences were observed

between Bach 1-/- and wild-type mice at each time point

(Table 1). Immunohistochemistry for CML showed sig-

nificant difference of numbers of CML-positive cells in the

nucleus pulposus between Bach 1-/- and wild-type mice

at each point (Fig. 3a–d). With aging, CML positive cells

were significantly increased in wild-type mice (Fig. 3e),

but not in Bach 1-/- mice. Immunohistochemistry

showed no HO-1 positive cells in the nucleus pulposus in

both groups and both period (Fig. 4).

Annulus needle puncture model

Radiographs of murine tails showed that the punctured disc

decreased its height compared with the pre-puncture or

control disc (Fig. 5a–f). The %DHI decreased signifi-

cantly at 1 week compared with pre-operation and con-

tinued to decrease until 12 weeks post-puncture, but no

significant differences were observed between Bach 1-/-

and wild-type mice (Fig. 5g). The histological progression

of degeneration is shown in Fig. 8. At pre-operation,

almost no degenerative process can be observed (Fig. 6a, d,

g, j). After puncture, the notochordal cells of the nucleus

pulposus progressively decreased, and chondrocytes

increased. The border of the nucleus pulposus and annulus

fibrosus became interrupted. In wild-type mouse, the

extracellular matrix in the nucleus pulposus had almost

disappeared at 8 weeks after puncture (Fig. 6h, i, k, l), but

the extracellular matrix remained at the same time point in

Bach 1-/- mice (Fig. 6b, c, e, f). Statistical difference

was observed at 8 and 12 weeks after puncture (Fig. 7).

Immunohistochemistry revealed expression of HO-1 in

the nucleus pulposus of Bach 1-/- mice, and there were

fewer HO-1 positive cells in the center of the intervertebral

disc of wild-type mice (Fig. 8a–d). At every period after

puncture, the numbers of HO-1 positive cells in the center

of the intervertebral disc of Bach 1-/- mice were signif-

icantly greater than in wild-type mice (Fig. 8e).

The proportion of apoptosis cells per total nucleus pul-

posus cells increased after puncture. The cells whose nuclei

are stained with blue are normal cells, and the cells whose

nuclei are stained with brown are apoptosis cells (Fig. 9a–d).

And the proportion of apoptosis cells significantly increased

in wild-type mice in the early periods (Fig. 9e). At 1 and

2 weeks after puncture, the proportion of apoptosis cells was

significantly lower in Bach 1-/- mice than in wild-type

mice. At 4–12 weeks after puncture, there was no significant

difference in the proportion of apoptosis cells between Bach

1-/- and wild-type mice.

After puncture, CD31 positive cells were observed in the

nucleus pulposus of Bach 1-/- and wild-type mice at each

period (Fig. 10a–d). The number of CD31-positive cells

showed no significant difference between Bach 1-/- and

wild-type mice (Fig. 10e).

Discussion

The present study showed that high expression of HO-1 in

Bach 1-/- mice after annulus puncture had favorable

effects on intervertebral disc degeneration.

In the present study, the degenerative changes with age

showed no significant difference between Bach 1-/- and

wild- type mice. However, in annulus puncture model, the

histological score of Bach 1-/- mice was lower than that

of wild-type mice at 8 and 12 weeks after puncture. The

extracellular matrix gradually decreased after puncture. In

wild-type mice, scar-like fibrous tissue increased in the

nucleus pulposus after puncture.

Radiologically, the disc height decreased gradually with

age. By 1 week after annulus puncture, the height of the

disc had decreased. Previous studies have reported that

the disc height decreases rapidly after annulus puncture and

the degree of degenerative process changes according to

the diameter of the needles [22]. In the present study, the

disc height between Bach 1-/- mice and wild-type mice

after puncture did not show any significant difference, and

there seemed to be little relationship between the histo-

logical degree of degeneration and disc height. However,

both aging and annulus puncture caused the DHI and

%DHI to decrease significantly, so the results suggest that a

decrease of DHI and %DHI proves the existence of disc

Bach 1-/- Wild Type

1Y old

12 W old

A

B

C

D

Fig. 2 Histological changes of the age-related model. Overview of

histological changes in the intervertebral discs of 12-week-old mice

(a, c). The notochordal cells were uniformly spread in the nucleus

pulposus, and the notochordal cells gathered at the center of the

nucleus pulposus at 1 year (b, d). Scale bar = 200 lm (a–d)
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degeneration but do not accurately reflect the degree of disc

degeneration. Previous studies using rats, rabbits and other

large animals have reported that histological progression of

degeneration in intervertebral discs depends on needle size,

and disc height shows the same tendency [22]. However,

no studies using mice have declared that there is strong

correlation between histological degeneration and disc

height after annulus puncture, despite a decrease in disc

height being statistically significant after puncture.

According to these results, the disc height measurement

may be useful to judge whether degeneration exists or not,

but it may not accurately reflect the degree of degeneration.

Previous studies have shown that degeneration of the

intervertebral disc progressively increases after puncture

[20, 22], and the results of this current study have followed

previous results. However, the histological score of Bach

1-/- mice was significantly lower than that of wild-type

mice at 8 and 12 weeks after puncture. The mechanism of

the difference can be explained by the fact that progress of

intervertebral disc degeneration in Bach 1-/- mice is

repressed as a result of oxidative stress prevention by HO-

1. HO-1 protects the cells in the intervertebral disc from

oxidative stress, causing cell damage to be reduced, which

enables the cells to avoid apoptosis. Oxidative stress has

been reported to have a bearing on intervertebral disc

Bach 1-/- Wild Type

1Y old

12 W old

A

B

C

D

0

10

20

30

40

50

60 WT

Bach 1-/-

N
um

be
r 

of
 C

M
L 

po
si

tiv
e 

1Y old12 W old

*

p<0.01*
p<0.05* *

E * *

* *

ce
lls

Fig. 3 Distribution of CML in the center of the intervertebral disc.

Typical examples showing immunofluorescence of CML (green) and

nucleus (blue) in sagittal sections of intervertebral discs from Bach

1-/- (a, b) and wild-type (c, d) mice. Scale bar = 40 lm. The

number of CML positive cells in the center of the intervertebral disc

in one visual field of 9400 (e). The CML-positive cells increased in

wild-type mice, but in Bach 1-/- mice, CML positive cells were less

than that in 12-week- and 1-year-old wild-type mice. CML-positive

cells significantly increased in wild-type mice, but in Bach 1-/-

mice, the CML-positive cells were small in number

Bach 1-/- Wild Type

1Y old

12 W old

A

B

C

D

Fig. 4 Distribution of HO-1 protein in the center of the intervertebral

disc. Typical examples showing immunofluorescence of HO-1

(green) and nucleus (blue) in sagittal sections of intervertebral discs

from Bach 1-/- (a, b) and wild-type (c, d) mice. Scale bar = 40 lm
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Fig. 5 Lateral radiographs of annulus needle puncture model. The

disc height of punctured intervertebral disc (C9/10) decreased at

1 week (b, e) to 12 weeks (c, f) compared with pre-operation

(a, d) and control (C8/9). Change of % disc height index (%DHI) of

the annulus needle puncture model (g). A significant decrease of

%DHI was observed compared with the %DHI of the control disc

(C8–C9). In the control intervertebral discs and punctured interver-

tebral disc, no significant difference was observed between Bach

1-/- mice and wild-type mice at every period
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degeneration, secondary injury after spinal cord injury and

other inflammatory joint diseases [6, 7, 19, 23, 24], but this

study is of particular significance, because it has shown that

inhibiting oxidative stress can repress the process of

intervertebral disc degeneration.

In the preoperative intervertebral disc, HO-1 positive

cells were found at very low levels. After puncture,

expression of HO-1 was observed in both groups. But in

Bach 1-/- mice, HO-1 expression was significantly

higher than in wild-type mice. This result suggests that the

intervertebral disc, which is hypovascular tissue in normal

condition, is vascularized after puncture, and heme is dri-

ven into the intervertebral disc. HO-1 may confer protec-

tion from oxidative stress by metabolizing heme to form

biliverdin and bilirubin, which are the antioxidants [12].

The reason why HO-1 positive cells were not observed

before puncture and age-related model was suspected that

heme, the material of HO-1, does not exist in the nucleus

pulposus of non-punctured discs because of their hypo-

vascularity. After puncture, increased vascularization

might provide heme into nucleus pulposus and HO-1

expression was promoted. Discs of mice showed mild

degenerative changes with normal aging, and therefore the

aging model was inadequate to examine the influence of

oxidative stress because in normal discs without heme

show little expression of HO-1 and little antioxidant pro-

tection. With aging, human discs actually show micro-

fractures, tears and vessel ingrowth which can also be

observed in punctured discs of mice. In the puncture

model, vessel ingrowth might introduce heme into discs

and HO-1 might protect cells in the nucleus pulposus from

degeneration.

There are some limitations of this study that should be

taken into consideration. The nucleus pulposus of mice are

populated with notochordal cells which are not observed in

human intervertebral disc. However, the animal interver-

tebral disc degeneration model has been commonly used in

many basic studies [25]. Another limitation is that the

degenerative induction in this study is not physiologic,

because the intervertebral discs of the mouse are not
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Fig. 6 Histological changes of the annulus needle puncture model.

Overview of histological changes in the intervertebral discs by pre-

operative Hematoxylin and eosin staining, 8 and 12 weeks after

puncture in Bach 1-/- mice (a–f) and wild-type mice (g–l). The

histological changes are clear in both groups, and less degenerative

change can be observed in Bach 1-/- mice at 8 and 12 weeks after

puncture. Scale bar = 200 lm (a–c, g–i) and Scale bar = 40 lm

(d–f, j–l)
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Fig. 7 Changes in the histological score of the punctured disc. The

histological score increased from pre-operation to 12 weeks after

puncture. The histological score of Bach 1-/- mice at 8 and

12 weeks after puncture was significantly lower than that of wild-type

mice (p \ 0.01)
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Fig. 8 Distribution of HO-1 protein in the center of the intervertebral

disc. Typical examples showing immunofluorescence of HO-1

(green) and nucleus (blue) in sagittal sections of intervertebral discs

from Bach 1-/- (a, b) and wild-type (c, d) mice. Scale

bar = 40 lm. The number of HO-1 positive cells in the center of

the intervertebral disc in one visual field of 9400 (e). From 1 week to

12 weeks, the number of HO-1 positive cells in Bach 1-/- mice was

significantly greater than that of wild-type mice at any period of time
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Fig. 9 Detection of apoptosis cells. TUNEL-stained sections at 1 and

2 weeks after puncture (a–d). Apoptosis cells were stained brown and

non-apoptosis cells were stained blue. The number of apoptosis

cells increased after puncture in wild-type mice more than in

Bach 1-/- mice. Scale bar = 40 lm. The apoptosis rate of Bach

1-/- mice was significantly lower than that of wild-type mice at

1 week (p \ 0.01) and 2 weeks (p \ 0.05) (e). No significant

difference was observed from 4 to 12 weeks after puncture between

Bach 1-/- mice and wild-type mice
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Fig. 10 Distribution of CD31 in the center of the intervertebral disc

at 1 and 4 weeks after puncture. Typical examples showing immu-

nofluorescence of CD31 (red) and nucleus (blue) in sagittal sections

of intervertebral discs from Bach 1-/- (a, b) and wild-type

(c, d) mice. Scale bar = 40 lm. The number of CD31 positive cells

in the center of the intervertebral disc in one visual field of 9400 (e).

From 1 to 12 weeks, the number of CD31-positive cells in Bach

1-/- mice did not change significantly, and no significant difference

was observed between Bach 1-/- mice and wild-type mice
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affected with weight bearing. However, surgical injury is a

simple and technically easy method of inducing interver-

tebral disc degeneration. This method is frequently used in

many studies [20, 26] and can lead to intervertebral disc

degeneration [25].

Mice have been used as models in the study of inter-

vertebral disc degeneration, in particular the mechanics of

the intervertebral disc in relation to human intervertebral

disc degeneration [27, 28]. Previous studies have shown

that annulus injury could induce significant and progressive

biochemical and molecular changes in the murine inter-

vertebral disc [20]. These studies have implied that the

process of intervertebral disc degeneration induced by

annulus puncture shares some similarities with human

intervertebral disc degeneration.

Apoptosis is considered to be an important component

of intervertebral disc degeneration. Several studies have

reported the relationship between apoptosis and interver-

tebral disc degeneration [4]. In this study, the apoptosis rate

was lower in the early period of post-puncture in Bach

1-/- mice. However, histological degeneration was sig-

nificantly different between the two groups later, at 8 and

12 weeks after puncture. This result may suggest that the

repression of apoptosis in the early periods affects histo-

logical progression of degeneration and finally results in an

intervertebral disc less affected by degeneration. The

repression of apoptosis in Bach 1-/- mice appears in early

period because the progression of intervertebral disc

degeneration after puncture can be observed in early period

and it caused the production of extracellular matrix grad-

ually, and the histological differences appears after some

time course. This relationship between apoptosis and disc

degeneration has been reported in previous study [29]. To

protect cells from apoptosis is one way to repress the

progression of intervertebral disc degeneration. Indeed, the

results of this study have followed and consolidated those

of previous studies.

Conclusion

The results of this study suggest that HO-1 modulates

intervertebral disc degeneration after puncture. The exact

mechanism of modulation is not yet clear, but we do know

that prevention of oxidative stress can repress the degen-

erative process of the intervertebral disc, reducing the

number of apoptosis cells. And high HO-1 expression can

inhibit oxidative stress and modulate the process of inter-

vertebral disc degeneration.
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