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Abstract. Cytokines are the main cause of intervertebral disc
degeneration. Kartogenin (KGN) is found to protect chondro-
cytes from cytokines. To explore whether KGN can slow down
the degeneration on intervertebral discs following exposure to
interleukin-1p (IL-1f3) and tumor necrosis factor-a. (TNF-a), the
expression of type II collagen (Col IT) and aggrecan were detected
by immunofluorescence, immunohistochemistry and tissue
staining. An in vitro model of disc degeneration using human
nucleus pulposus cells (hNPCs) and ex vivo culture of mouse
intervertebral discs organs under the actions of inflammatory
cytokines were used, and the expression of Col II and aggrecan in
hNPCs were detected by semi-quantitative western blot analysis,
and the mRNA expression of the genes than encode Col IT and
aggrecan were detected by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). The results indicated that
the expression of Col II and aggrecan was reduced in the degen-
eration models. However, the protein expressions of Col II and
aggrecan were significantly elevated in hNPCs and the mouse
intervertebral discs following addition of KGN. RT-qPCR results
revealed that the mRNA expression of Col IT and aggrecan was
increased in hNPCs and mouse intervertebral discs following
treatment with KGN. Thus, KGN effectively increased the expres-
sion of Col IT and aggrecan in hNPCs and slowed the degeneration
of intervertebral discs stimulated by IL-1p and TNF-a.

Introduction

Lower back pain affects 70-85% of the American popula-
tion daily (1), resulting in annual government spending of
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>$100 billion on health care (2). This pain may have disco-
genic, neurogenic and ormyogenic causes, among others (3).
The degeneration of intervertebral discs is a major cause of
lower back pain as a result of the upregulated expression of
inflammatory cytokines (4-7). Therefore, inflammatory cyto-
kines have received increasing attention from researchers;
specifically, interleukin-1 (IL-1p) and tumor necrosis
factor-a (TNF-a) are used to establish models of interverte-
bral disc degeneration (8).

The degeneration of intervertebral discs is often
accompanied by the downregulated expression of
type II collagen (Col IT) and aggrecan (9). Col II and aggrecan
are predominantly secreted by nucleus pulposus cells (NPCs),
and are used as phenotypic markers for NPCs. The down-
regulated expression of Col II and aggrecan reduces the elastic
modulus of intervertebral discs (10). Water loss and height
reduction cause the degeneration of intervertebral discs to
occur (10,11).

Several studies have discussed the treatment of inter-
vertebral disc degeneration (12); these approaches include
stem cell transplantation, growth hormone injection and
physiotherapy (13). However, only a few of these methods
are widely accepted given the presence of wounds and poor
biosafety (14). No safe and effective drug has been identified
as an effective treatment for intervertebral disc degeneration.
Kartogenin (KGN) is a recently discovered low-molecular
weight molecule that induces the differentiation of bone
marrow mesenchymal stem cells (MSCs) into chondrocytes
via the core binding factor § (CBF)-runt related transcrip-
tion factor 1 (RUNXI) pathway (15). KGN also promotes the
expression of Col II and aggrecan in chondrocytes (16). KGN
may be useful for treating osteoarthritis. Recently, KGN was
reported to effectively repair articular cartilage damage (17).
However, its use for the treatment of the degeneration of
intervertebral discs has not been reported. In the present study,
KGN was used to address the difficulty of treating degenera-
tion in the intervertebral discs.

Materials and methods

Experimental subjects. Human NPCs (hNPCs) were purchased
from ScienCell Research Laboratories, Inc. (San Diego, CA,
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USA; cat. no. 4800). Laboratory animals used in the present
study were 6-week-old male B6 mice provided by the Model
Animal Research Center of Nanjing University (Nanjing,
China), which has a certificate of conformity (201500796). The
present study followed the Ethics Codes for Laboratory Animals
was approved by the Ethics Committee of the First Affiliated
Hospital of Nanjing Medical University (Nanjing, China).

Culture of hNPCs and the organ culture of mouse interverte-
bral discs. The hNPCs were passaged when 80% of the dish
was covered. The first three generations of these cells were
used for the experiments. For the organ culture of mouse inter-
vertebral discs, mice under carbon dioxide anesthesia were
sacrificed by cervical dislocation, and soaked in 75% alcohol
for 5 min before sterile operation on a clean bench. Segments
were removed from the lumbar spines of the mice with
back-cuts. The intervertebral discs L2-3 and L.3-4 (including
the upper and lower endplates) were dissected and cultured
on a 6-well plate, with 4 ml culture medium added to each
plate. The hNPCs and mouse intervertebral discs were
cultured in an incubator containing 5% CO, and at 37°C, with
the medium changed every other day. The culture media for
the hNPCs is the special media purchased from ScienCell
Research Laboratories (cat. no. 4801). The culture media for
the mouse intervertebral discs contained 10% fetal bovine
serum (Hyclone; GE Healthcare Life Sciences, Logan, UT,
USA), 1% double-antibiotic (streptomycin + penicillin; Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), and
1:1 Dulbecco's modified Eagle's medium (DMEM)/F12
(Hyclone; GE Healthcare Life Sciences) in the volume frac-
tion.

Treatment groups. The hNPCs were divided into the following
treatments groups: Group 1, blank control; group 2, treatment
with inflammatory cytokines 10 ng/ml IL-1f and 25 ng/ml
TNF-a (both from PeproTech, Inc., Rocky Hill, NJ, USA);
group 3, treated with 10 ng/ml IL-1f, 25 ng/ml TNF-a and
100 nmol/ml KGN [dissolved in dimethyl sulfoxide (DMSO);
Selleck Chemicals, Houston, TX, USA]J; group 4, treated with
10 ng/ml IL-1f, 25 ng/ml TNF-a and 1 pmol/ml KGN. All
hNPCs were cultured for 24 and 48 h. The mouse interver-
tebral disc organ cultures were grouped as follows: Group 1,
blank control; group 2, treatment with inflammatory cyto-
kines 10 ng/ml IL-1f, 50 ng/ml TNF-a; group 3, treated with
10 ng/ml IL-1B, 25 ng/ml TNF-a and 100 nmol/ml KGN;
group 4, treated with 10 ng/ml IL-1f, 25 ng/ml TNF-a and
1 pmol/ml KGN. The mouse intervertebral discs were cultured
for 3 and 10 days. Each group of hNPCs or mouse interverte-
bral discs received equal amounts of the culture medium with
DMSO (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).

Immunofluorescence, histology and immunohistochemistry.
For the immunofluorescence assays, hNPCs were cultured in
a 24-well plate, rinsed three times with phosphate-buffered
saline (PBS; 3 min for each rinse), and fixed for 30 min with
4% paraformaldehyde at room temperature (RT). The excess
paraformaldehyde was discarded, cells were rinsed with PBS
and incubated with 0.5% Triton X-100 (Sigma-Aldrich; Merck
KGaA) for 15 min at RT to permeablize the membranes.
The cells were blocked with goat serum (Beyotime Institute
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of Biotechnology, Haimen, China) for 1 h at RT and rinsed
with PBS before the primary antibodies [anti-Collagen III
(ab34712) and anti-aggrecan (ab36861); diluted 1:100; Abcam,
Cambridge, UK] was applied for incubation at 4°C over-
night. Following rinsing with PBS, the secondary antibodies
[Cy3-conjugated anti-rabbitlgG (A0516) and Alexa Fluor
488-labeled goat anti-rabbit IgG (A0423); diluted by 1:100;
Beyotime Institute of Biotechnology] was applied and the cells
were incubated for 1 h in the dark at RT. Finally, the cells
were rinsed with PBS, and the nuclei were counterstained with
DAPI for 15 min at RT. The stained cells were imaged using a
fluorescence microscope.

For cell histology and immunohistochemistry, inter-
vertebral discs and the two endplates were fixed with
10% paraformaldehyde for 24 h at RT, dehydrated with a
graded ethanol series (50% ethanol for 1 h; 50% ethanol for
1 h; 70% ethanol for 1 h; 80% ethanol for 1 h; 90% ethanol
for 1 h; 95% ethanol for 1 h; No.l anhydrous ethanol for 1 h;
No.2 anhydrous alcohol for 1 h; anhydrous ethanol: xylene
1:1 for 1 h), and embedded in paraffin after decalcification
with 12.5% ethylenediaminetetraacetic acid (pH 7.4) at RT
for 28 days. The 5 ym-thick paraffin sections were dewaxed,
dehydrated, and stained with Alcian blue at RT for 15 min, as
well as hematoxylin (at RT for 10 min) and eosin (at RT for
1 min) (H&E). In the results, the cells were considered positive
when the intervertebral discs were stained blue, and negative
when they were colorless.

For the Col IT immunohistochemistry, the paraffin sections
were de-waxed, dehydrated, and incubated overnight at 4°C
with anti-Col II (ab34712; diluted by 1:200; Abcam). After
the primary antibody was removed, the secondary antibody
(Q-11401MP; diluted by 1:100; Thermo Fisher Scientific, Inc.)
was added for 1 h at room temperature. The sections were
washed three times with PBS, with 3 min for each rinse. The
stained cells were developed with diaminobenzidine at RT
for 5 min, counterstained with hematoxylin at RT for 10 min,
and mounted with a conventional medium when they became
transparent after dehydration. The results revealed that the
brownish yellow cells were Col II-positive, whereas the color-
less cells were negative.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was respectively
extracted from hNPCs and the nucleus pulposus tissues of the
intervertebral discs of 3- and 10-day-old cultures with an RNA
extraction kit (Bioteke Corporation, Beijing, China). Following
quantification, the RNA was reverse transcribed into first
strand ¢cDNA with an iScript ¢cDNA kit (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) with a 10 ul reaction
volume. qPCR was determined using SYBR-Green PCR
Master Mix (ABI, Foster City, CA, USA). The samples were
treated with recombinant DNase I (DNA-free DNA removal
kit; Ambion, Austin, TX, USA) to remove possible DNA
contamination. B-actin was used as an internal control. The
PCR cycling conditions were as follows: Initial pre-denatur-
ation of 95°C for 1 min, denaturation for 15 sec, annealing of
55-65°C for 20 sec and extension of 72°C for 30 sec. A total of
50 cycles were performed. For RT-qPCR the following primers
were used: p-actin promoter forward (human),
5'-CATGTACGTTGCTATCCAGGC-3' and reverse,
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Figure 1. Col II and aggrecan expression were elevated by KGN in hNPCs. Expression of Col II and aggrecan in hNPCs after 24 and 48 h by immunofluo-
rescence. (A) Col 11, 24 h; (B) Col 11, 48 h; (C) aggrecan, 24 h; and (D) aggrecan, 48 h. The expression of Col II and aggrecan were significantly inhibited in
the group under inflammatory cytokines alone. However, the expression of Col I and aggrecan were elevated by KGN (original magnification, x200). Col II,
type II collagen; KGN, kartogenin; hNPC, human nucleus pulposus cells; IL-1f, interleukin-18; TNF-a, tumor necrosis factor-a; C, control; I+T, IL-1$ + TNF-a;
I+T+KL, IL-1f + TNF-a + low concentration of KGN; I+T+KH, IL-18 + TNF-a + high concentration of KGN.

5-CTCCTTAATGTCACGCACGAT-3"; Col2al promoter
forward (human), 5“TGGACGATCAGGCGAAACC-3' and
reverse, 5'-GCTGCGGATGCTCTCAATCT-3"; aggrecan
promoter forward (human), 5'"TCAACTGCTGCAGAC
CAGGAGGT-3" and reverse, 5'-CCGATCCACTGGTAG
TCTTGGGCA-3'; RUNX2 promoter forward (human),
5'-CCGCCTCAGTGATTTAGGGC-3' and reverse, 5'-GGG
TCTGTAATCTGACTCTGTCC-3'; B-actinpromoter forward
(mouse), 5-AACAGTCCGCCTAGAAGCAC-3' and reverse,
5'-CGTTGACATCCGTAAAGACC-3'; Col2al promoter
forward (mouse), 5'-CAGGATGCCCGAAAATTAGGG-3'
and reverse, 5'-~ACCACGATCACCTCTGGGT-3"; aggrecan
promoter forward (mouse), 5'-GTGGAGCCGTGTTTCC
AAG-3' and reverse, 5-AGATGCTGTTGACTCGAACCT-3
RUNX2 promoter forward (mouse), 5'-GACTGTGGTTAC
CGTCATGGC-3' and reverse, 5" ACTTGGTTTTTCATA
ACAGCGGA-3'". Based on the Cq value and relative standard
curve of the PCR product, the amount of RNA template
contained in each specimen was determined and compared
with the amount of -actin. The specific value of the amount of
RNA template to that of 3-actin was adopted as the final statis-
tical data. The results were processed using the
AACq method (18).

Western blot analysis. The hNPCs after 24 and 48 h, and NP
cultures of mouse intervertebral discs after 3 and 10 days, for
the different treatment groups, were lysed (RIPA; Beyotime
Institute of Biotechnology) and centrifuged at 500 x g for
15 min. Following the quantification of the supernatant
(BCA method), cell proteins (30 pg per lane) were isolated
by 5 and 6% polyacrylamide gel electrophoresis at 110 V and
electrophoretically transferred onto PVDF membranes. The
membranes were blocked for 2 h with 5% bovine serum albumin
reagent (Beyotime Institute of Biotechnology) and incubated
overnight at 4°C with the primary antibodies (ab34712 and
ab36861, diluted by 1:1,000; Abcam) before incubation for
120 min at room temperature with the secondary antibody
(goat anti-rabbit antibody IgG; Q-11401MP; 1:5,000; Thermo
Fisher Scientific, Inc.) and development for further analysis.

Statistical analysis. SPSS 19.0 statistical software (SPSS, Inc.,
Chicago, IL, USA) was used for all statistical analysis. The
measurements were presented as mean + standard deviation,
and the data between groups were analyzed using one-way
analysis of variance (ANOVA) followed by a Bonferroni's
posthoc test for multiple comparisons. P<0.05 was considered
to indicate a statistically significant difference.
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Figure 2. KGN promoted the expression of Col II and aggrecan in mouse intervertebral discs. (A) Immunohistochemisty of Col II and (B) aggrecan staining
in paraffin sections of mouse intervertebral discs (at 3 and 10 days). Col II expression in the group treated with KGN was higher than that in the group under
inflammatory cytokines. The group under inflammatory cytokines had a collapsed nucleus pulposus, thereby indicating the extracellular matrix loss in the
intervertebral disc. However, the group with KGN did not exhibit such a phenomenon, with less loss of the extracellular matrix from the nucleus pulposus tis-
sues in the intervertebral discs (original magnification, x40). Col 11, type II collagen; KGN, kartogenin; IL-1, interleukin-13; TNF-a, tumor necrosis factor-a;
C, control; I+T, IL-18 + TNF-o; I+T+KL, IL-18 + TNF-o + low concentration of KGN; I+T+KH, IL-1f3 + TNF-a + high concentration of KGN.
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Figure 3. KGN promoted the release of Col Il and aggrecan. (A) Western blot analysis of Col II and aggrecan expression in hNPCs (at 24 and 48 h). (B) Expression
of Col II and aggrecan in the nucleus pulposus of mouse intervertebral discs by western blot analysis (at 3 and 10 days). The expression of Col II and aggrecan
in the groups with KGN (especially at a high concentration) were higher than those in the group under inflammatory cytokines but did not reach the levels of
the blank control group. (C) Densitometry of western blot analysis showed KGN improved the expression of Col II and aggrecan in hNPCs and intervertebral
discs. Data presented as mean + standard deviation of three independent experiments performed in triplicate (n=3). ‘P<0.05 and “P<0.01. Col II, type 1T
collagen; KGN, kartogenin; hNPC, human nucleus pulposus cells; IL-18, interleukin-1p; TNF-a, tumor necrosis factor-a; C, control; I+T, IL-1f + TNF-a;
I+T+KL, IL-18 + TNF-a + low concentration of KGN; I+T+KH, IL-1p + TNF-a + high concentration of KGN.

Results

Effects of KGN on Col II and aggrecan secretion.
Immunohistochemistry and semi-quantitative western blot
analysis were performed to observe variations of Col II in
the intervertebral disc cultures. As shown by the immuno-
fluorescence of Col II in hNPCs (Fig. 1A and B), the Col II
expression was highest in the blank control group. However, the
expression of Col II was inhibited by adding IL-1f3 and TNF-a.

Col II expression was significantly elevated by the addition of
KGN, particularly at a high concentration. To observe varia-
tions in the secretion of aggrecan by hNPCs, the expression of
aggrecan in hNPCs was determined by immunofluorescence.
As Fig. 1 shows, the aggrecan expression in the group under
inflammatory cytokines was significantly inhibited within 24
and 48 h (Fig. 1C and D). However, by adding KGN, the expres-
sion was elevated, particularly in the group treated with a high
concentration of KGN.
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Figure 4. KGN increased the mRNA expression of Col II and aggrecan. Reverse transcription-quantitative polymerase chain reaction of genes associated
with Col II and aggrecan in (A) human nucleus pulposus cells and (B) mouse intervertebral discs. The inflammatory cytokines significantly inhibited the
expression of genes associated with Col II and aggrecan. Their expression was elevated by adding KGN; although their expression levels did not reach that
of the blank control group, the difference was still statistically significant compared with the group under inflammatory cytokines ("P<0.05 and “P<0.001).
Col I, type II collagen; col2al, collagen type II a 1 chain; AGC1, aggrecan; KGN, kartogenin; IL-1f, interleukin-13; TNF-a, tumor necrosis factor-a; C, con-
trol; I+T, IL-1B + TNF-a; I+T+KL, IL-1 + TNF-a + low concentration of KGN; I+T+KH, IL-1p + TNF-a + high concentration of KGN.

Similarly, from the immunohistochemistry analysis of
paraffin sections of the 3 and 10 day-old cultures of inter-
vertebral discs (Fig. 2A and B) demonstrated that Col II
expression in the group treated with inflammatory cytokines
was markedly reduced compared with the blank control
group. However, its expression was markedly increased by
treatment with KGN.

In Fig. 2C and D, the paraffin sections of coronary regions of
the mouse intervertebral discs were stained with H&E + Alcian
blue. Aggrecan expression was inhibited by inflammatory cyto-
kines (Fig. 2C and D) compared with the control group, but was
obviously increased by adding KGN, particularly at the high
concentration. In Fig. 3A-C, western blot analysis showed that
the aggrecan expression in hNPCs and mouse intervertebral

discs was increased by adding KGN, especially at a high concen-
tration, and reduced by inflammatory cytokines.

The Col II expression in hNPCs and mouse interverte-
bral discs was further determined by western blot analysis.
Results of the western blot analyses for the hNPCs and mouse
intervertebral discs in Fig. 3A-C demonstrated that Col II
expression in the group treated with inflammatory cytokines
was significantly reduced compared with the control group.
However, its expression was increased by varying degrees
by the addition of KGN, particularly at the high concentra-
tion (Fig. 3A-C).

Effects of KGN on aggrecan and Col Il gene expression. The
Col II and aggrecan mRNA expression in hNPCs and mouse
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Figure 5. RUNX2 expression was elevated by KGN. RUNX2 expression in human nucleus pulposus cells and mouse intervertebral discs were inhibited by
inflammatory cytokines. However, it was elevated after the treatment of KGN, especially at a high concentration ("P<0.05 and “P<0.001). RUNX2, runt related
transcription factor 2; KGN, kartogenin; IL-1f3, interleukin-13; TNF-o., tumor necrosis factor-a; C, control; I+T, IL-1p + TNF-a; I+T+KL, IL-1f3 + TNF-0. + low

concentration of KGN; I+T+KH, IL-1$ + TNF-a + high concentration of KGN.
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Figure 6. IL-1p and TNF-a improved the degeneration of NP cells and
discs by interrupt the expression of RUNX2. KGN effectively promoted the
expression of RUNX2, thus increased the Col II and aggrecan, and rivaled
to the degeneration of disc induced by cytokines. KGN effectively delayed
the degeneration of intervertebral disc. IL-1f, interleukin-13; TNF-a, tumor
necrosis factor-a; KGN, kartogenin; Col II, type II collagen; NP, nucleus
pulposus; RUNX2, runt related transcription factor 2.

NPCs was determined to identify whether KGN can increase the
gene expression of Col II and aggrecan (Fig. 4A-H). In Fig. 4,
the mRNA expression of Col IT and aggrecan was reduced in the
groups treated with inflammatory cytokines compared with the
control group. However, their expression was increased following
treatment with KGN, particularly at the high concentration.

Effects of KGN on the gene expression of RUNX2. To inves-
tigate the mechanism of KGN in secretion of Col II and
aggrecan expression, RUNX2 mRNA expression in NPCs was
determined. The expression of RUNX2 mRNA was reduced
by the cytokines; whereas, it was significantly increased by
co-treatment with the KGN and the cytokines, compared with
cytokine treatment alone (Fig. 5).

IL-1f and TNF-a inhibited the secretion of Col II and
aggrecan in NPCs and suppressed RUNX2 expression, which

is the critical transcription factor required for Col II and
aggrecan gene expression. KGN effectively increased the
expression of RUNX?2 and reversed the degeneration of NPCs
induced by IL-1p and TNF-a (Fig. 6).

Discussion

The current study aimed to determine whether KGN can slow the
degeneration of intervertebral discs. In degenerative intervertebral
discs, the expression of several other members of the IL family
is elevated, including IL-1, IL-2, IL-6, IL-8, IL-12 and IL-17.
In addition, upregulated expression of interferon v, nitric oxide
(NO) and prostaglandin E, (PGE,) released TNF-a, inducible
NO, and PG, respectively, as detected in degenerative interver-
tebral discs. The expression of IL-1f and TNF-a is considered
particularly important in intervertebral disc degeneration (19).
IL-1p promotes the release of matrix metalloproteinase, which
can degrade Col II and aggrecan (20), and affect the metabolism
of cartilage matrix (21). TNF-a is associated with NPC apop-
tosis, disc protrusion and nerve root irritation (22).

Models have been established for the degeneration in inter-
vertebral discs, such as the disc puncture model and the annulus
fibrosus cutting model for animals standing upright. However,
these models do not fully simulate the degeneration of interver-
tebral discs (23). In this study, a novel model for the degeneration
in intervertebral discs was adopted. The in vitro organ culture of
intervertebral discs effectively simulated the slow degeneration
of intervertebral discs; a single intervertebral disc with the upper
and lower endplates was dissected from mice and maintained in
a culture medium containing IL-1p and TNF-a (24).

Johnson et al (16) used high-throughput screening and iden-
tified that KGN has a low molecular weight (<1,000), as well as a
simple structure, specific targets, and fewer side effects, thereby
making it superior to macromolecular polypeptide drugs. KGN
binds to fibroin A, thus disrupting it's binding to CBFp. Genes



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 41: 749-756, 2018

of the Runt domain protein family are collectively referred to as
'RUNXX'". The transcription factor of the RUNXX family can
bind to CBF, thus producing heterodimers and conferring a
stronger ability to bind to DNA. CBFf can bind to RUNXI, 2
and 3 and activate the transcription of Col IT and aggrecan (15,17).
Takeda et al (25) reported that RUNX?2 may promote the matu-
ration of chondrocytes. The expression of RUNX2 is initially
high in chondrocytes and the hypertrophic zone, thus inducing
the hypertrophy of chondrocytes (26). Therefore, the expression
of Col II and aggrecan are sustained in hypertrophic chondro-
cytes. Additionally, KGN may also induce the Col II secretion in
dermal fibroblasts via the Smad4/5 pathway (27).

Notably, KGN may facilitate MSC differentiation into
chondrocytes, maintain chondrocyte functions and promote the
secretion of chondrocyte-associated proteins. Kang et al (17)
recently reported that injection of KGN into the articular cavity
regulates the regeneration of chondrocytes and promotes the
expression of Col IT and aggrecan. Xu et al (28) reported that
KGN may effectively repair articular cartilage damage and
elevate the expression of Col II and aggrecan. NPCs are carti-
lage-like cells with features similar to those of chondrocytes.
Therefore, KGN may slow the degeneration of these cells.

Previous studies suggested that the degeneration of NPCs is
a major cause of intervertebral disc degeneration. The increase
or reduction of Col II and aggrecan secreted by NPCs may
lead to the degeneration of intervertebral discs. Degeneration
models using hNPCs and mouse intervertebral discs exposed
to inflammatory cytokines have been established in the
current study. The expression of Col II and aggrecan were
evaluated using immunofluorescence, immunohistochemistry
and western blot analysis. Particularly at high concentration
used, KGN increased the expression of Col II and aggrecan to
varying degrees. The mRNA expression of Col IT and aggrecan
was also altered by the inflammatory cytokines.

In addition, KGN treatment increased RUNX2 mRNA
levels, which is the key transcription factor required for Col II
and aggrecan expression in NPCs (15,17).

The intervertebral disc is a specialized tissue that is rela-
tively closed in vivo; all substances are slowly transported via
small blood vessels in the two endplates and annulus fibrosus.
However, the transport of drugs to the intervertebral discs
following injection via the abdominal cavity of mice is extremely
difficult (29). None of the in vivo mouse models of intervertebral
disc degeneration can effectively simulate the slow degeneration
of normal intervertebral discs. Thus, a limitation of the present
study is that the effects of KGN on the degeneration of interverte-
bral discs under inflammatory cytokines may not be possible by
direct injection in vivo. In addition, the ex vivo model used in the
present study did not involve the two endplates, although KGN
has the ability to regulate the two endplates. Unfortunately, the
intervertebral disc has a special form. Specific in vivo biological
reactions occur between the endplates and nucleus pulposus,
and between the annulus fibrosus and nucleus pulposus. Studies
confined to chondrocytes or NPCs cannot effectively simulate
the presence of a nucleus pulposus with high permeability,
low pH and hypoxemia in vivo. The present study used ex vivo
organ cultures, where the end plates are retained following
removal of the upper and lower vertebrae, thus effectively simu-
lating the in vivo state of NPCs and the slow degeneration of
intervertebral discs.
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In conclusion, combined with previous studies on the
effects of KGN on hNPCs, a potential method has been devel-
oped to slow the degeneration of intervertebral discs. However,
a safe or effective drug has not yet been identified to eliminate
intervertebral disc degeneration. To the best of our knowledge,
the present study is the first to report that KGN can effectively
slow the degeneration of intervertebral discs exposed to inflam-
matory cytokines. Therefore, in addition to being a safe and
effective drug for treating osteoarthritis, KGN presents a novel
approach to eliminate degeneration in intervertebral discs and
produces new possibilities for investigating intervertebral disc
degeneration under the actions of inflammatory cytokines.
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