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ABsTrAcT

The article presents the study results of surgical intervertebral disc (LIV-LV) material during degenera-
tive process. Areas of pulpal core and fibrous ring were analyzed by methods of laser confocal microscopy 
with markers of aggrecan and collagens of I, II, X, XI alpha-2 types.

Clinical surgical intervertebral disc material was obtained from 7 patients aged 26 to 57 years during 
scheduled spinal surgeries. Areas of pulpal core and fibrous ring were analyzed. Intervertebral disc tissue 
fragments were fixed with 4% solution of paraformaldehyde. Studied extracellular matrix proteins were de-
tected by immunohistochemical analysis. The panel of primary antibodies composed the following: mouse 
antibodies to collagen I [COL-1] (ab90395), rabbit to collagen II (ab34712), mouse to collagen X [COL-10] 
(ab49945), rabbit to collagen XI alpha-2 (ab196613) and rabbit antibodies to aggrecan [EPR14664] 
(ab186414). Analyzed specimens were incubated with secondary antibodies to rabbit (ab150080) and mouse 
(ab150080) IgG, conjugated with fluorescent dye Alexa Fluor® 594, in accordance with species of the used 
primary antibodies. Analyzed intervertebral disc tissues were stained with Hoechst 33342 dye.

It is established that aggrecan, which occupies the volume of 2.56×105 µm3 per 1×106 µm3 of the ana-
lyzed tissue, prevails in the extracellular matrix of intervertebral disc. The volume of analyzed areas of 
type I collagen, occupied by its respective fluorescent signal, amounted to 5.27×104 µm3 per 1×106 µm3 of 
the tissue. Type II collagen was determined by coloration, which was less intense than that of aggrecan, 
but more intense, than I type collagen: the analyzed volume was 1.21×105 µm3 per 1×106 µm3. The volume 
of fluorescent signal of type X collagen in the studied Z-stacks amounted to 6.09×103 µm3 per 1×106 µm3 
of intervertebral disc tissue, whereas the fluorescent signal from XI alpha-2 type collagen to 3.40×103 µm3 
per 1×106 µm3 of the tissue, which is lower than distribution of type I, II and X collagens.

Therefore, the data on the heterogenicity of three-dimensional structures of intervertebral disc, as well as 
on the spatial distribution of aggrecan and type I, II, X and XI-alpha 2 collagens in intercellular matrix dur-
ing degenerative changes were obtained. Z-stack intervertebral disc analysis method enables the study of 
structural components of intercellular matrix in 3D format followed by reconstruction of obtained images 
both for scientific researches and practical purposes.
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mediate problem in neurosurgery, spinal surgery, 
traumatology and orthopedics [Konovalov N et al., 
2014; Byvaltsev V et al., 2015]. The necessity to 
develop efficient methods of treatment and pre-
vention predetermines the relevance for detailed 
description of molecular mechanisms, analysis of 
structural units in extracellular matrix of an inter-
vertebral disc affected by degenerative changes. 

introduction

Degenerative-dystrophic spine disorders and 
their surgical treatment currently constitute an im-
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Structural integrity of intervertebral disc tissues is 
maintained by components of intercellular matrix 
– collagens produced by chondrocytes, which con-
stitute a group of key cytochemical biomarkers of 
intervertebral disc pathology [Eyre D, Muir H, 
1976; Eyre D et al., 2002; Roughley P, 2004]. 

The aim of present study was to investigate the 
range of extracellular matrix components in interverte-
bral disc (aggrecan and collagens) and specific fea-
tures of their 3D organization during its degeneration.

Material and MethodS

Clinical surgical intervertebral disc (LIV-LV) 
material was obtained during scheduled spinal sur-
geries. The material from 7 patients aged 26 to 57 
was studied. Areas of pulpal core and fibrous ring 
were analyzed. Intervertebral disc tissue fragments 
were fixed with 4% solution of paraformaldehyde 
(Sigma-Aldrich, USA) at +4°С for 24 hours. Spec-
imens were further treated for 1 hour in blocking 
buffer – Hanks solution (Pan Eco, Russia) with ad-
dition of 0.25% of triton X100 (Amresco, USA) 
and 1% albumin (Amresco, USA). At the next step, 
the specimens were incubated with primary anti-
bodies at +4°С for 14 hours. The panel of antibod-
ies (Abcam, USA) composed the following: mouse 
antibodies to collagen I [COL-1] (ab90395) 
(1:200), rabbit to collagen II (ab34712), mouse to 
collagen X [COL-10] (ab49945) (1:200), rabbit to 
collagen XI alpha-2 (ab196613) (1:200) and rabbit 
antibodies to aggrecan [EPR14664] (ab186414) 
(1:200). Analyzed specimens were incubated for 2 
hours with secondary antibodies (Abcam, USA) at 
+24°С to rabbit (ab150080) and mouse (ab150080) 
IgG, conjugated with fluorescent dye AlexaFluor® 
594 (Life Sciences, USA) in accordance with spe-
cies of the used primary antibodies. Analyzed in-
tervertebral disc tissues were dyed with Hoechst 
33342 (Life Sciences, USA) for 20 minutes. Tissue 
fragments thus prepared for immunohistochemical 
analysis were mounted to specimen glass and cast 
in PROLONG gold (Life Sciences, USA). Pre-
pared specimens were scanned with laser confocal 
microscope LSM-710 (CarlZeiss, Germany). The 
study was approved by Ethics Committee of FSBSI 
Irkutsk Scientific Center of Surgery and Trauma-
tology (Protocol No 10 dated 31.08.2015).

The obtained Z-stacks (optical sections) were 
analyzed with Imaris 7.2.3 (Bitplane AG, Switzer-

land) software package, which enables 3D recon-
struction of morphological images and quantita-
tive evaluation of the analyzed anatomic struc-
tures. The software was used to calculate the vol-
umes occupied by fluorescent signal for each type 
of the studied intercellular matrix components in 
1×106 µm3 of intervertebral disc tissue.

Statistical analysis of the obtained data was 
performed in Statistica 10 software package using 
nonparametric methods. Quantitative data are pre-
sented as median and quartile range.

reSultS and diScuSSion

Figure 1 presents the range of studied collagen 
types and aggrecan in tissues of degenerated inter-
vertebral disc – volume of analyzed intervertebral 
disc areas occupied by the respective fluorescent 
signal (µm3) per 1×106 µm3 of the tissue.

Aggrecan: Aggrecan, which occupies the vol-
ume of 2.56×105 (2.38×105; 3.07×105) µm3 per 
1×106 µm3 of the analyzed tissue, prevails in the ex-
tracellular matrix of intervertebral disc. The men-
tioned proteoglycan is known to be the main com-
ponent of pulpal core [Roughley P et al., 2006]. 
Areas of parallel-oriented thin-filament structures 
or thicker structures with dense filament bundles 
and thickness of 0.2-0.4 µm were determined. In 
certain observations, areas with low quantities of 
aggrecan were found among filamentous aggrecan 
structures. Meanwhile, aggrecan was distributed ei-
ther by diffuse localization or it was detected in the 
form of small (0.35-1.5 µm) lumps, which amounted 

Figure 1. Range of collagens and aggrecan in analyzed 
tissues of degenerated intervertebral disc: volume of 
analyzed intervertebral disc areas occupied by the 
fluorescent signal per 1×106 µm3 of tissue
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up to 25% of the analyzed intervertebral disc tissue 
volume. Cytoplasm in 80% of the cells didn’t per-
ceive the dye typical for this marker. Zones of ab-
sence of this proteoglycan in matrix were identified 
only in 5% of observations. However, these zones 
contained individual groups of cells with intense 
synthesis of aggrecan (Fig. 2).

Type I collagen: Type I collagen was character-
ized by less intense coloration than aggrecan: vol-
ume of analyzed intervertebral disc areas occupied 
by fluorescent signal amounted to 5.27×104 

It should be noted that large quantities of active 
cells synthesizing type I and II collagens were ob-
served in the studied areas of Z-stacks with low 
content of these proteins, which apparently reflects 
the course of different phases of intervertebral disc 
tissue remodeling process targeted at local restora-
tion of intercellular matrix.

Type X collagen: Type X collagen was also 
characterized by less intense staining than aggre-
can, and occurred mainly in the cytoplasm of cells 
within the analyzed samples of intervertebral disc 
tissue. The volume of fluorescent signal produced 
by type X collagen in Z-stacks amounted to 
6.09×103 (4.15×103; 6.87×103) µm3 per 1×106 µm3 
of intervertebral disc tissue. This protein is known 
to be absent under normal conditions, and its struc-
tural characteristics is typical for degenerative in-
tervertebral disc process, which corresponds to 
obtained data [Boos N et al., 1997] (Fig. 3C). It is 
known that the production of type X collagen is 
predominantly typical for cartilage tissue hyper-
trophy process. It has been shown that when chon-
drocytes lose the ability to produce II, VI, IX, XI 
type collagen and proteoglycans, they activate 
synthesis of type X collagen [Boos N et al., 1997].

Collagen type XI alpha-2: Collagen type XI 
alpha-2 was identified in intervertebral disc of one 
patient within the entire observation series. The 
volume occupied by the fluorescent signal of type 
XI alpha-2 collagen in Z-stacks of analyzed inter-
vertebral disc areas amounted to 3.40×103 

Figure 2. Specific features of aggrecan structure in in-
tervertebral disc tissue during its degeneration

(1.29×104; 2.30×105) µm3 per 1×106 µm3 of the tis-
sue. Zones with parallel or multidirectional orien-
tation of thin-filament organized structures were 
identified. Areas with diffuse or lump-shaped dis-
tribution of dye were found in 70% of analyzed Z-
stacks in comparison with aggrecan. Zones with 
low content of type I collagen were found, which 
amounted to 40% of Z-stacks compared to similar 
aggrecan distribution zones (Fig. 3A).

Type II collagen: Type II collagen was also 
identified by coloration, which was less intense 
than that of aggrecan, but more intense than type I 
collagen: volume of intervertebral disc areas oc-
cupied by fluorescent signal amounted to 1.21×105 
(1.05×105; 1.60×105) µm3 per 1×106 µm3 of inter-
vertebral disc tissue. In terms of type I collagen 
distribution the analyzed zones were identified as 
zones of similar thin-filament structure, but having 
more multidirectional orientation. Areas of Z-
stacks with diffuse or lump-shaped dye distribu-
tions were also identified (Fig. 3B). 

Figure 3. Distribution of collagens in intercellular ma-
trix of intervertebral disc during its degeneration
Spatial structure of collagen I (A) and II (B); synthesis 
of collagen X (C) and XI alpha-2 (D) by chondrocytes
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(3.27×103; 1.00×104) µm3 per 1×106 µm3 of tissue, 
which is lower than distribution of I, II and X type 
collagens. Collagen of XI alpha-2 type was pre-
dominantly non-identifiable in the main mass of 
disc tissue, and was determined mainly in diffusely 
colored zones of extracellular matrix, containing 
cell aggregations (Fig. 3D).

concluSion

Present study was aimed to confirm heteroge-
nicity of 3D structures of intervertebral disc, as 
well as spatial distribution of aggrecan and colla-
gens of I, II, X and XI types in intercellular matrix 
under the conditions developed destructive degen-
erative processes of intervertebral disc. It has been 

established that aggrecan is characterized by dif-
fuse spatial distribution compared to collagens. 
Type II collagen was characterized by less intense 
coloration, than that of aggrecan, but more intense 
than type I collagen. The volume of fluorescent 
signal of type X and XI alpha-2 collagen was lower 
than that of type I, II collagens, whereby these pro-
teins were mainly localized inside the cells. 

Therefore, analysis of Z-stacks of the interver-
tebral disc using laser confocal microscopy allows 
to objectively evaluate 3D analysis of structural 
components in intercellular matrix of interverte-
bral disc followed by reconstruction of the ob-
tained images, which may be used in developing 
prospective diagnostic or treatment technologies. 

Acknowledgement: The study was performed using the facilities of the United Ultramicroanalysis Center, 
Limnological Institute, Siberian Branch of the Russian Academy of Sciences (http://www.lin.irk.ru/copp/
rus/). The authors are very grateful to Dr. Ye.V. Likhoshway and Chief Specialist A.P. Lopatin for their 
help with microscopic procedures.

The study was supported by the grant from the Russian Science Foundation (Project No 15-15-30037).

R E F E R E N C E S
5. Konovalov NA, Nazarenko AG, Asyutin DS, 

Starchenko VM, Martynova MA. [Efficacy of 
intraoperative cone-beam o-arm computed to-
mography and modern navigation system in 
the spine and spinal cord surgery] [Published 
in Russian]. Voprosy neĭrokhirurgii imeni 
N.N.Burdenko. 2014; 3: 45-54.

6. Roughley P, Martens D, Rantakokko J, Alini 
M, Mwale F, Antoniou J. The involvement of 
aggrecan polymorphism in degeneration of 
human intervertebral disc and articular carti-
lage. Eur Cell Mater. 2006; 11: 1-7.

7. Roughley PJ. Biology of intervertebral disc 
aging and degeneration: involvement of the 
extracellular matrix. Spine (Phila Pa 1976). 
2004; 29(23): 2691-2699.

1. Boos N, Nerlich AG, Wiest I, von der Mark K, 
AebiM. Immunoloc-alization of type X colla-
gen in human lumbar intervertebral discs dur-
ing ageing and degeneration. Histochem Cell 
Biol. 1997; 108(6): 471-480.

2. Byvaltsev VA, Kalinin AA, Belykh EG, Soro-
kovikov VA, Shepelev VV. [Optimization of 
treatment results of patients with segmental in-
stability of the lumbar spine while using mini-
mally invasive technique of fusion] [Published 
in Russian]. Voprosy neĭrokhirurgii imeni 
N.N.Burdenko. 2015; 3: 45-54.

3. Eyre DR, Matsui Y, Wu JJ. Collagen polymor-
phisms of the intervertebral disc. Biochem Soc 
Trans. 2002; 30(Pt 6): 844-848.

4. Eyre DR, Muir H. Types I and II collagens in 
intervertebral disc. Interchanging radial distri-
butions in annulus fibrosus. Biochem J. 1976; 
157(1): 267-270.


