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Abstract
Diabetes can cause intervertebral disc degeneration by accelerating apoptosis and senescence of nucleus pulposus mesen-
chymal stem cells (NPMSCs). The aim of this study was to determine the effect of umbilical cord mesenchymal stem cells 
(UCMSCs) conditioned medium on high glucose (HG) induced degradation of NPMSCs produced extracellular matrix. 
NPMSCs were isolated from the inner intervertebral disc tissue using type XI collagenase digestion. According to Annexin 
V/propidium iodide (PI) flow cytometry analysis; HG leads to an increase in the rate of NPMSCs apoptosis. HG injury 
also resulted in a marked decrease in the percentage of cells in G0/G1 phase and an increase in cells in S and G2/M phases, 
indicating that HG induces cell cycle arrest of NPMSCs. Treatment with MSC-CM abolished the effect of HG on cell 
senescence. HG also significantly inhibited collagen II and aggrecan expression in NPMSCs. After MSC-CM treatment, the 
expression of these two extracellular matrix components was restored. Exposure to HG resulted in phosphorylation of p38 
MAPK, while the levels of total p38 MAPK were not affected. When treated with MSC-CM, phosphorylated p38 MAPK 
levels of NPMSCs were lower than those without CM treatment. Our data also showed that p38 MAPK inhibitor SB203580 
can attenuated phosphorylation of p38 MAPK and resumed the collagen II and aggrecan expression in NPMSCs. In sum-
mary, this study demonstrated that MSC-CM has the potential to alleviate HG induced extracellular matrix degradation via 
the p38 MAPK pathway.

Keywords  Umbilical cord mesenchymal stem cells · Conditioned medium · Nucleus pulposus mesenchymal stem cells · 
Hyperglycemia · Extracellular matrix

Introduction

Intervertebral disc degeneration (IDD), a major cause of low 
back pain, is characterized by a progressive decrease of the 
proteoglycan content within the nucleus pulposus (NP). This 
results in disc dehydration and loss of its morpho-functional 

and biomechanical properties. The NP has been shown to be 
closely associated with chronic inflammation and diabetes 
mellitus, which can seriously affect patients’ quality of life 
quality, particularly those in the elderly population [1, 2]. 
Diabetes can cause IDD by accelerating the apoptosis and 
senescence of NPMSCs. All forms of diabetes are character-
ized by hyperglycemia. Hyperglycemia is associated with 
ischemic injury that preferentially affects organs with non-
redundant end capillary circulation [3, 4]. Accordingly, any 
injury to the capillary bed adjacent to the endplate could 
also contribute to disc degeneration by reducing the nutri-
ent supply to the endplate and disc [5]. Besides reducing 
disc nutrient supply, diabetes can also lead to a reduction in 
disc glycosaminoglycan and water content, and these degen-
erative changes correlate with increased vertebral endplate 
thickness, decreased endplate porosity and with higher levels 
of the advanced glycation end-product (AGE), pentosidine 
[6, 7].
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Degeneration is characterized by increased degradation 
of the normal NP cell matrix by locally produced matrix 
metalloproteinases (MMPs) and a disintegrin and metal-
loproteinase with thrombospondin motifs (ADAMTS). In 
addition, the nature of the matrix produced in the degenerate 
NP differs from that in normal NPs, switching from type II 
collagen to type I collagen and changes in the synthesis of 
the proteoglycans from aggrecan to versican, biglycan, and 
decorin [1, 8]. Sixteen weeks after injecting streptozotocin 
(STZ), proteoglycan and collagen II levels in the extracel-
lular matrix (ECM) of NPMSCs in a diabetic rat model were 
decreased compared with the control group. The resultant 
changes within the ECM have a number of consequences, 
resulting in loss of structural integrity, decreased hydration, 
and a reduced ability to withstand load [9].

In recent years, cell-based regenerative medicine, such 
as the use of mesenchymal stem cells (MSCs) or platelet-
rich plasma (PRP), offer a promising approach to treat IDD. 
Hu et al. used bone marrow MSCs (BMMSCs) to inhibit 
interleukin-1 beta (IL-1β) induced degenerative effects 
in NPMSCs by a paracrine mechanism [10]. Cunha et al. 
assessed systemic transplantation of allogeneic BM-MSCs 
intravenously into a rat NP lesion model 24 h after injury, 
and achieved successful NP tissue regeneration [11]. Further 
studies suggest that cell therapies administered at an early 
stage of injury/disease onset may have greater chances of 
mitigating matrix loss, possibly through promotion of MSC 
activity by the inflammatory microenvironment associated 
with the injury itself [12]. Moreover, adipose mesenchy-
mal stromal cell (ADSC) treatment resulted in a signifi-
cant increase of aggrecan tissue levels in the degenerated 
disc, potentially being a new cell-based treatment of IDD 
[13]. In a clinical trial, chronic back pain patients treated 
with allogeneic BMMSCs displayed a quick and significant 
improvement in algofunctional indices versus controls [14]. 
Molecularly, researchers found that tromal cell-derived fac-
tor-1 (SDF-1)/CXC receptor 4 (CXCR4) signaling played a 
crucial role in MSC-based therapy for degenerated NPMSCs 
[15]. Yang et al. reported that BMMSC therapy promoted 
TGF-β1 expression in the NP, leading to anti-inflammatory 
effects via the inhibition of nuclear factor-kappa B (NF-κB), 
and the amelioration of disc degradation due to increased 
expression of collagen II and aggrecan in the degenerative 
intervertebral disc [16].

However, current research in stem cell-based therapy is 
mainly focused on inflammatory injury of the NP. The aim 
of this study was to determine the effect of MSCs on high 
glucose (HG) induced degradation of nucleus pulposus mes-
enchymal stem cells (NPMSCs) ECM and elucidate the pos-
sible mechanism of MSC conditioned medium (MSC-CM) 
to alleviate HG injury of NPMSCs. Previous studies have 
revealed that exosomes derived from hUCMSC plays a posi-
tive role in the repair of tissue damage [17], so we separated 

exosomes from MSC-CM (hUCMSC-EXO) and analyzed 
its microRNA (miRNA) components. Mitogen-activated 
protein kinase (MAPK) signaling pathway has also been 
demonstrated to be key mediators of IDD [18], and we also 
investigated whether MAPK pathway is implicated during 
MSC-CM treatment.

Materials and methods

Sample collection and ethical approval

Human umbilical cords were obtained from normal preg-
nancies in the Department of Obstetrics of Qilu Hospital. 
Intervertebral disc tissue samples were obtained from five 
males and four females aged 14–20 years (mean 16.2 years) 
who underwent deformity correction surgery for idiopathic 
scoliosis (IS) at Qilu hospital patients. These patients had no 
degenerative disc disease. The use of human umbilical cords 
and intervertebral disc samples was approved by the Eth-
ics Committee of Shandong University, Qilu hospital, and 
written informed consent was obtained from all participants.

Culture of human umbilical cord mesenchymal stem 
cells (hUCMSCs) and preparation of conditioned 
medium

Culture of human umbilical cord mesenchymal stem cells 
(hUCMSC) was carried out in accordance with our pub-
lished papers [19]. Briefly, hUCMSCs were cultured in Dul-
becco’s modified Eagle’s medium (DMEM)/F-12 (Gibco; 
Thermo Fisher Scientific Inc., Waltham, MA, USA) sup-
plemented with 10% fetal bovine serum (FBS; Gibco), 100 
U/mL penicillin (Gibco) and 100 g/mL streptomycin (Gibco) 
in a fully humidified atmosphere with 5% CO2 and 21% O2 
at 37 °C. The UCMSCs used throughout this study were 
between passages (P) 3 and 6. UCMSCs were deemed con-
fluent when they reached 70–80% confluency and fresh full 
medium was replaced 24 h before harvesting. After 24 h, 
the medium was collected and centrifuged at 1000 g for 
20 min with 0.1 μm pore filter to remove detached MSCs 
and cellular debris. This medium constituted the MSC-CM 
that NPMSCs would be subsequently treated with. MSC-CM 
was stored at − 80 °C until use.

hUCMSC‑EXO microRNA array analysis

For exosome collection, MSC-CM was ultra centrifuged 
with 100,000g for 10 h at 4 °C. Two microgram aliquots of 
total RNA was isolated from hUCMSC-EXO using TRI-
zol reagent (Life Technologies). cDNAs were synthesized 
according to the manufacturer’s protocol (Exiqon, Ved-
baek, Denmark) and Enzyme mix (Exiqon). Array analyses 
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were performed using microRNA PCR arrays (SYBR 
Green master mix) (Exiqon) on an ABI PRISM7900 sys-
tem (Applied Biosystems, Rockford, IL, USA); n = 3.

Isolation of NPMSCs

Intervertebral disc tissue was dissected into the inner and 
outer annulus fibrosus and the NP. The NP was then iso-
lated for subsequent use. The NPMSCs were isolated by 
incubating the diced tissue overnight at 37 °C in 0.8 mg/
mL type XI collagenase (Sigma-Aldrich) containing 1.67 
U/mL DNase (Sigma-Aldrich). The tissue debris and 
cells obtained after digestion were centrifuged at 120 g 
for 10 min. The cell pellet was re-suspended and grown 
in DMEM/F-12 (Gibco) supplemented with 10% FBS in a 
fully humidified atmosphere with 5% CO2 and 21% O2 at 
37°C. The cells were passaged twice before use.

Cell phenotyping of hUCMSCs and NPMSCs

Flow cytometry was performed to characterize UCM-
SCs and NPMSCs. The following cell surface epitopes 
were detected with anti-human CD24, CD29, CD45, 
CD73, CD90, and CD105 (BD Pharmingen, San Diego, 
CA, USA) compared with corresponding isotype con-
trol antibodies. 1 × 106 cells were stained with 10 µL of 
each specific fluorescence labeled antibodies in 100 µL of 
phosphate buffered saline (PBS) for 15 min at room tem-
perature. Flow cytometry was performed with the Guava 
easyCyte 6HT (EMD Millipore, Billerica, MA, USA), and 
the data examined with Guava Incyte software (2.8 ver-
sion, EMD Millipore).

Immunofluorescence analysis of brachyury T 
in NPMSCs

To evaluate the expression of NPMSCs marker brachyury 
T, NPMSCs were cultured in six-well plates at 3 × 105 cells/
well. After 24 h, cells were fixed in 4% paraformaldehyde 
and permeabilized with 0.2% triton (Sigma) for 10 min at 
room temperature, and subsequently incubated with 5% 
goat serum (CWBIO, Beijing, China) in PBS for 30 min 
to blocked the nonspecific binding. Anti-Brachyury T 
(ab209665, Abcam, dilution 1:1000) was added and allowed 
to bind for 1 h at 37 °C. Alexa Fluor 488-conjugated Goat 
Anti-Rabbit (Proteintech Group, USA, dilution 1:200) were 
added for 30 min at room temperature, and then counter-
stained with DAPI solution (KeyGEN, Nanjing, China) to 
label cell nuclei and imaged using an inverted microscope 
(IX71; Olympus Corporation; Tokyo, Japan).

High glucose treatment and treatment 
with hUCMSC‑CM

NPMSCs were cultured to 70–80% confluency and exposed 
to 35 mmol/L glucose for 72 h to induce high glucose injury. 
NPMSCs were randomly divided into the following three 
groups: (1) normal control group with normal 5.5 mmol/L 
glucose plus 29.5  mmol/L D-mannitol to nullify the 
osmotic stress caused by high concentration of solute in the 
culture medium is not the cause for the observed cellular 
stress (Ctrl); (2) high glucose group (HG) incubated with 
35 mmol/L glucose for 72 h; and (3) rescue group (Res) 
with addition of 20% MSC-CM and 80% normal medium 
following high glucose treatment for 48 h. (4) normal con-
trol group with p38 MAPK inhibitor (10 μM SB203580, 
Sigma-Aldrich) (SB). (5) p38 MAPK inhibitor (10 μM 
SB203580) was added to the medium 1 h before the addi-
tion of 35 mmol/L high glucose (HG + SB).

Apoptosis and cell cycle stage detection by flow 
cytometry

Apoptosis was examined by flow cytometry with annexin V/
propidium iodide double staining (BD Biosciences, Franklin 
Lakes, NJ, USA). The cell cycle stage was also evaluated by 
flow cytometry with propidium iodide (PI) staining (Beyo-
time, Shanghai, China), according to the manufacturer’s 
instructions. The analyses were performed using fluores-
cence-activated cell sorting system as described above.

Real‑time PCR (qPCR)

Total RNA was obtained from each group of NPMSCs using 
Trizol (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocol. qRT-PCR was carried out to ana-
lyze the expression levels of ECM genes (including colla-
gen I and II, fibronectin (FN), integrin and aggrecan). Total 
RNA was reverse-transcribed to cDNA using the Omniscript 
cDNA Synthesis Kit (Qiagen, Hamburg, Germany) accord-
ing to the manufacturer’s instructions and stored at − 80 °C 
until use. qRT-PCR was conducted using an ABI 7500 PCR 
system and SYBR green I dye (Toyobo, Osaka, Japan). The 
primers used are listed in Table 1. All reagents and prim-
ers were obtained from Bioasi Co., Ltd. (Shanghai, China). 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
used as an internal control. The expression of each gene was 
determined using the 2−ΔΔCT method. The qPCR conditions 
were as follows: 95 °C for 4 min, 94 °C for 15 s then 60 °C 
for 1 min, for a total of 40 cycles.

Data was analyzed using Sequence Detection Software 
1.4 (Applied Biosystems, Foster City, CA, USA). Data are 
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reported as the mean ± SD of at least three independent 
experiments. mRNA expression is presented as fold differ-
ence with respect to untreated control groups.

Immunocytochemical analysis of ECM

For immunocytochemical analysis, NPMSCs were cultured 
in six-well plates at 3 × 105 cells/well in 2 mL of culture 
medium. After treatment, cells were fixed in 4% para-
formaldehyde for 24 h and washed using 0.01 M PBS (pH 
7.2–7.4). Nonspecific binding was blocked with 5% goat 
serum (CWBIO, Beijing, China) in PBS for 30 min. Endog-
enous peroxidase was blocked with 0.3% hydrogen peroxide 
in absolute methanol for 30 min. Anti-aggrecan (ab3778, 
Abcam, dilution 1:40) or anti-collagen II (ab34712, Abcam, 
dilution 1:100) antibodies were added and allowed to bind 
for 1 h at 37 °C. Peroxidase-conjugated secondary anti-
bodies (CWBIO, dilution 1:200) were added for 30 min at 
room temperature. The cells were then washed three times 
in PBS before incubation with DAB chromogen (CWBIO) 
for 10 min at room temperature, and then counterstained 
with haematoxylin.

Western blot analysis

Western blots were performed to analyze cellular protein 
levels. After treatment, cells were washed twice with ice-
cold PBS before lysis in radioimmunoprecipitation assay 
(RIPA) buffer (50 mM Tris–HCl (pH 8.0), 150 mM NaCl, 
1% Nonidet P-40, 0.5% deoxycholate and 0.1% SDS) con-
taining protease and phosphatase inhibitors (Roche Diag-
nostics GmbH, Mannheim, Germany). Total protein con-
centration in cell lysates was determined using a Bradford 
assay kit (BioRad, Hercules, CA, USA) according to the 

manufacturer’s instructions. Protein extracts (3  μg/μL) 
were run in a 7% SDS-polyacrylamide gel by electropho-
resis and transferred onto Immobilon-P membranes (EMD, 
Millipore). Membranes were blocked with 5% skim milk 
in Tris-buffered saline–Tween 20 [20 mM Tris–HCl (pH 
7.6), 137 mM NaCl and 0.1% Tween 20 (vol/vol)] at room 
temperature for 1 h. The membranes were next incubated 
with primary antibodies anti-Bcl-2 (ab32124, dilution 
1:1000), Anti-Bax (ab53154, dilution 1:800), anti-p38 
MAPK (total, ab32142, dilution 1:10000), Anti-p38 (phos-
pho T180 + Y182, ab4822, dilution 1:1000), Anti-Collagen 
II (ab34712, dilution 1:5000), Anti-Aggrecan (ab3778, dilu-
tion 1:100), and anti-GAPDH (ab8245, dilution 1:10000) 
(all obtained from Abcam) in blocking buffer at 4 °C over-
night. After incubation with HRP-conjugated secondary 
antibodies (CWBIO), immunoreactive bands were detected 
by an enhanced chemical luminescence (ECL, Beyotime) 
and quantified using C-Digit (Model:3600, Image Studio 
Digits Ver 4.0, Licor, Lincoln, NE).

Statistical analysis

Data was analyzed using SPSS software version 17.0 (SPSS 
Inc., Chicago, IL, USA). Quantitative data are described as 
mean ± SD. Data were compared by ANOVA or Student’s t 
test. A P value of less than 0.05 was considered statistically 
significant.

Results

Characterization of hUCMSCs and hUCMSC‑EXO 
microRNAs array analysis

The adherent cells isolated from the umbilical cord formed 
spindle-shaped cells (Fig. 1a) and flow cytometric analy-
sis revealed that the cells expressed a set of MSC mark-
ers, including stromal markers (CD29, CD73, CD90, and 
CD105). Furthermore, they did not express CD24 and 
hematopoietic marker CD45 (Fig. 1d). The results of induced 
differentiation are listed in our published papers [19]. We 
used gradient ultracentrifugation to extract exosomes from 
the MSC-CM (Fig. 1b, c). The miRNAs array results indi-
cated that at least 100 kinds of miRNAs existed in hUCM-
SCs-EXO. The top 10 miRNAs with the highst abundance 
and its related references were listed in Table 2. We used two 
databases (mirBase and TargetScan) to predict and analyze 
the potential target genes of these miRNAs. These results 
prove that these microRNAs had a relationship with oncol-
ogy, inflammation, and cell proliferation, and could partici-
pate in regulation of the NPMSCs repair.

Table 1   Primers for qRT-PCR

Gene name Primer sequence Product 
length 
(bp)

GAPDH F 5-CTC​TGC​TCC​TCC​TGT​TCG​AC 121
R 5-GCG​CCC​AAT​ACG​ACC​AAA​TC

Col-I F 5-ATC​AAC​CGG​AGG​AAT​TTC​CGTG​ 126
R 5-GAG​TGG​TCA​CTC​AGC​ATC​TCA​

Col-II F 5-TGC​ATG​AGG​GCG​CGGTA​ 195
R 5-GGT​CCT​GGT​TGC​CGG​ACA​T

Fibronectin F 5-ACA​AGC​ATG​TCT​CTC​TGC​CA 160
R 5-TCA​GGA​AAC​TCC​CAG​GGT​GA

Integrin F 5-CAA​ACA​AGC​CTA​ACG​TCC​GC 183
R 5-CCA​CAA​TTT​GGC​CCT​GCT​TG

Aggrecan F 5-CTT​CCG​CTG​GTC​AGA​TGG​AC 189
R 5-CGT​TTG​TAG​GTG​GTG​GCT​GT
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Biological characteristics of NPMSCs

Adherent cells from NP tissue with fibroblast morphology 
were observed as early as 48 h using the collagenase diges-
tion method. The cells formed a monolayer of homogene-
ous bipolar spindle-like cells with a whirlpool-like array 
within 2 weeks. After several passages, adherent cells from 
the NP could form a monolayer of typical fibroblastic cells 
(Fig. 2a–d). These cells expressed CD24, CD73, CD90, and 
CD105. But they did not express CD29 and CD45 (Fig. 2e). In 
addition, Brachyury T was also detected in the nucleus region 
of these NP cells (Fig. 2f).

Protective effect of hMSC‑CM on apoptosis and cell 
cycle of NPMSCs exposed to high glucose

According to annexin V/PI flow cytometry analysis (Fig. 3a, 
b), HG leads to an increase in the rate of NPMSCs apoptosis. 
The percent of cell apoptosis in the control, HG and hMSC-
CM treated group was 10.99% ± 0.58%, 21.6% ± 1.84%, 
and 12.87% ± 0.62%, respectively. Living cells were 
84.37% ± 2.83%, 65.95% ± 3.25%, and 79.70% ± 4.04%, 
respectively. Compared with the HG group, cells treated 
with hMSC-CM had a reduction in HG induced apoptosis 
and an increased proportion of living cells (P<0.05). As 

Fig. 1   Characterization of human umbilical cord mesenchymal stem 
cells (hUCMSCs). a Representative image of H&E staining of hUC-
MSCs (200× magnification); b The exosomes deposited at the bot-
tom of the test tube after ultracentrifugation; c TEM showed the mor-

phology of hUCMSCs derived exosomes, which were 30–200 nm in 
diameter, as shown by the arrowhead. d Flow cytometry analysis for 
hUCMSC surface marker expression
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shown in Fig. 3c, d, HG injury also resulted in a markedly 
decrease in the percentage of cell population in the G0/G1 
phase and a slight, but not significant increase of cells in 
the S and G2/M phase, suggesting that HG induces cell 
cycle arrest of NPMSCs at the G1/S transition. This effect 
of HG was abolished with hMSC-CM treatment (P < 0.05). 
Our study also demonstrates that hMSC-CM could protect 
NPMSCs from injury by modulating apoptosis and mitosis 
by increasing Bcl-2 expression and reducing Bax expres-
sion. SB203580, an inhibitor of p38 MAPK, has a similar 
effect (Fig. 4).

Influence of HG on ECM mRNA expression

We also investigated the effect of HG on the expression of 
ECM mRNA expression in cultured NPMSCs. After HG 
treatment for 72 h, we performed qPCR assays. Treatment 
with HG significantly inhibited collagen II and aggrecan 
mRNA expression in NPMSCs (P < 0.05, Fig. 5a). Notably, 
HG exerted no marked effect on the expression of collagen 
I, FN and integrin mRNA.

Based on the qPCR data, the expression of collagen II 
and aggrecan was examined by immunocytochemistry and 

western blot. NPMSCs in the HG group maintained their 
morphology compared with the control group. However, 
HG reduced collagen II and aggrecan protein expression. 
After hMSCs-CM treatment, the expression of these two 
ECM components was restored (P < 0.05, Fig. 5b–d).

MAPK activation and effect of p38 MAPK inhibitor

Exposure to a high concentration of glucose resulted in 
phosphorylation of p38 MAPK, without altering total p38 
MAPK expression. When treated with hMSCs-CM, phos-
phorylated p38 MAPK levels of NPMSCs were signifi-
cantly reduced but did not return to control levels (Fig. 6). 
SB203580, an inhibitor of p38 MAPK, alleviated HG-
induced phosphorylation of p38 (Fig. 6). The addition of 
SB20358 restored the expression of collagen II and aggre-
can on NPMSCs in HG group (Fig. 5b–d). SB203580 also 
relieved HG induced apoptosis (Fig. 3a, b) and cell cycle 
arrest in NPMSCs (Fig. 3c, d).

Table 2   The microRNAs derived from hUC-MSCs-EXO (n = 3)

a We used two algorithms, namely miRBase (http://www.mirba​se.org/), and TargetScan (http://www.targe​tscan​.org/) to predict the corresponding 
downstream target genes of the miRNAs

MicroRNAs ∆Ct (mean ± SD) Some target genes predicta Published reference

miR-221-3p/222-3p 21.50 ± 2.41 Cyclin-dependent kinase inhibitor 1B (CDKN1B); 
gamma-aminobutyric acid (GABA); A receptor, 
alpha 1 (GABRA1)

eukaryotic translation initiation factor 5A2 
(EIF5A2)

Breast cancer [41]; Cartilage degradation [42]; 
Acute myocardial infarction [43]

miR-574-3p 22.47 ± 2.15 Clarin 3(CLRN3); serpin peptidase inhibitor 
(SERPINI2); solute carrier family 6 (SLC6A3)

Osteosarcoma [44]; Vascular repair [45]

let-7a-5p 22.66 ± 2.27 High mobility group AT-hook 2 (HMGA2); AT 
rich interactive domain 3B (ADID3B)

Colorectal carcinoma [46]; Cell proliferation [47]

miR-23a-3p 22.66 ± 2.62 Peptidylprolyl isomerase F (PPIF); plakophilin 4 
(PKP4)

Insulin resistance [48]; Pancreatic β-Cells [49]

miR-146a-5p 24.46 ± 1.85 Immunoglobulin superfamily, member 1(IGSF1); 
interleukin-1 receptor-associated kinase 1 
(IRAK1); TNF receptor-associated factor 6 
(TRAF6)

Oesophageal squamous cell carcinoma [50]; 
Angiogenesis [51]

miR-320a 24.99 ± 1.73 TP53 regulated inhibitor of apoptosis 1 
(TRIAP1); nucleic acid binding protein 1 
(NABP1)

Chondrocyte degradation [52]; Ovarian develop-
ment [53]; Cell proliferation and migration [54]

miR-193b-3p 25.16 ± 1.96 Interleukin 17 receptor D (IL17RD); Fli-1 
proto-oncogene (FLI1); solute carrier family 39 
member 5 (SLC39A5)

Transforming growth factor-β signaling [55]; 
Radio-resistance [56]

miR-125a-5p 25.28 ± 2.84 DNA-damage regulated autophagy modulator 2 
(DRAM2); glucosaminyl (N-acetyl) transferase 
1, core 2 (GCNT1)

Cell migration [57]; Lung tumorigenesis [58]

miR-21-5p 25.39 ± 1.75 Zinc finger protein 367 (ZNF367); interleukin 
12A (IL12A); Fas ligand (FASLG)

Type 1 Diabetes [59]; Macrophages [60].

UniSp6 (U6) 23.3 ± 2.11 N/A N/A

http://www.mirbase.org/
http://www.targetscan.org/
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Discussion

In this study, we successfully isolated, cultured and expanded 
NPMSCs from the intervertebral disc using an enzymolysis 
method. NPMSCs were demonstrated to express collagen 
II and aggrecan proteins. hUCMSCs could be induced into 
osteoblasts and adipocytes under suitable conditions. We 
obtained NPMSCs and UCMSCs in line with other literature 
reports to determine the effects of HG concentrations on 
cell viability [20, 21]. Annexin V/PI double staining showed 
that the there was significantly more NPMSCs undergoing 
apoptosis in HG conditions.

Diabetes mellitus is considered to be an important eti-
ologic factor for IDD, resulting in degenerative disc dis-
eases. HG conditions are known to accelerate autophagy in 
NPMSCs [22]. Diabetes results in accumulation of AGEs 
in the spine and associated spinal pathology via increased 
catabolism. AGEs increase reactive-oxygen-species (ROS) 
and inflammation, and are one of the causes for the early 
development of diabetes mellitus [21]. It is known that ROS 
mediated mitochondrial dysfunction plays a critical role in 
HG-induced NPMSCs injury and negatively regulates the 

expression of type II collagen and aggrecan [23]. The accu-
mulation of AGEs and their interaction with their receptor 
in the NP might result in the down-regulation of aggrecan 
leading to disc degeneration [21]. Our experimental results 
showed that the NPMSCs treated with HG increased not 
only apoptosis, but also increased the number of cells stuck 
in the S and G2/M phases. The expression of collagen II and 
aggrecan decreased significantly in NPMSCs as well.

Our study demonstrates that MSC-CM could protect 
NPMSCs from HG injury by adjusting apoptosis and mitosis 
by increasing Bcl-2 expression and reducing Bax expres-
sion. The Bcl-2 family of proteins includes the anti-apoptotic 
protein, Bcl-2, and pro-apoptotic protein, Bax. These two 
proteins are usually considered as biomarkers for the intrin-
sic pathway [24]. Bax promotes caspase activity; however, 
Bcl-2 is considered to be involved in caspase inhibition 
and thus in inhibition of apoptosis. Therefore, the Bcl-2: 
Bax ratio may be used to estimate cell sensitivity to apop-
tosis [25]. hUCMSCs are one of a few stem cell types to be 
applied in clinical practice as therapeutic agents for immu-
nomodulation and ischemic tissue repair [26]. In addition to 
their multi-potent differentiation potential, a strong paracrine 

Fig. 2   Characterization of nucleus pulposus mesenchymal stem cells. 
a–c Representative images of NPMSCs at different stages of growth 
(all 100 × magnification). d Representative H&E staining of NPM-
SCs (200 × magnification). e Flow cytometry analysis for NPMSCs 

surface marker expression. f Immunofluorescence analysis of NPM-
SCs marker brachyury T. The green fluorescence signal represents the 
expression of brachyury T, and the blue fluorescence is DAPI stained 
the nucleus location (200 × magnification)
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Fig. 3   Mesenchymal stem cell conditioned medium (MSC-CM) or 
p38 MAPK inhibitor (SB203580) treatment decreases apoptosis and 
regulated the cell cycle of nucleus pulposus (NP) cells. a, b Apop-

tosis examined by Annexin V/PI double staining flow cytometry. 
c, d Cell cycle distribution of NPMSCs. Data are represented as 
mean ± SD, n = 9. *P < 0.05 vs. Ctrl group; #P < 0.05 vs. HG group

Fig. 4   Apoptosis-related protein expression by western blot in high 
glucose (HG) injury and mesenchymal stem cell conditioned medium 
(MSC-CM) treatment. MSC-CM increased Bcl-2 expression and 
reduced Bax expressions to protect high glucose damaged NPMSCs. 

MAPK p38 inhibitor (SB203580) also could increase Bcl-2 expres-
sion and reduce Bax expression. Data are represented as mean ± SD, 
n = 9. *P < 0.05 vs. Ctrl group; #P < 0.05 vs. HG group
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capacity has been proposed as the principal mechanism that 
contributes to tissue repair [26–28]. A number of cytokines 
were identified in MSC-CM, including vascular endothe-
lial growth factor—A (VEGF-A), fibroblast growth factor 
2 (FGF-2), hepatocyte growth factor (HGF), transforming 
growth factor β1 (TGF-β1), and granulocyte-colony stimu-
lating factor (G-CSF) [27–29]. Our miRNAs array results 
and bioinformatics analysis predicted that miR-221-3p, let-
7a-5p, and miR-21-5p derived from hUCMSCs-EXO may be 
closely related to extracellular matrix synthesis of NPMSCs. 
The trophic activity of MSCs may play a role in damage 
repair by affecting anti-apoptotic, proliferation, and migra-
tion pathways, along with a contribution to ECM deposi-
tion [27, 29]. Our current results indicated that the Bcl-2 
expression levels in the MSC-CM treated group were nota-
bly higher than those in the HG group, while Bax expression 
significantly decreased.

Apart from cytokine secretion, MSCs also secrete small 
biological membrane vesicles known as exosomes for tis-
sue regeneration [30]. hUCMSCs exosomes could repair 
CCl4 or cisplatin-induced liver damage by ameliorating 

Fig. 5   Effect of high glucose 
(HG) and mesenchymal stem 
cell conditioned medium 
(MSC-CM) on the expression 
of extracellular matrix (ECM) 
proteins in NPMSCs. a mRNA 
expression of collagen (Col)-I, 
Col-II, fibronectin (FN), integ-
rin and aggrecan is presented as 
the fold difference with respect 
to the control group. Data are 
represented as mean ± SD, n = 9; 
Immunohistochemical staining 
(b) and west blot analysis (b, 
d) of Col-II and aggrecan in 
NPMSCs. All images are at 
200 × magnification. Data are 
represented as mean ± SD, n = 9. 
*P < 0.05, **P < 0.01 vs. Ctrl 
group; #P < 0.05, ##P < 0.01 vs. 
HG group

Fig. 6   Effect of HG and MSC-CM on the expression of phosphoryl-
ated p38 in NPMSCs. High glucose increased phosphorylation of p38 
MAPK, whereas MSCs-CM and MAPK p38 inhibitor (SB203580) 
could reverse this trend. Data are represented as mean ± SD, n = 9. 
*P < 0.05 vs. Ctrl group; #P < 0.05, ##P < 0.01 vs. HG group
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oxidative stress and cell apoptosis, inhibiting EMT and 
promoting cell proliferation [31, 32]. Moreover, hUC-
MSC exosomes are able to improve cardiac systolic func-
tion, reduce cardiac fibrosis and protect myocardial cells 
from apoptosis [33]. In this study, the ability of MSC-
CM to protect NPMSCs against HG induced injury may 
be derived from the abundant cytokines and exosomes 
released. MSCs are able to secrete cytokines that either 
antagonize the apoptotic pathway or enhance survival, 
such as Bcl-2, survivin, and Akt [34, 35]. The predomi-
nantly expressed Bcl-2 protein prevents the release of 
caspase activators; thus, cells are less likely to respond 
to apoptotic signaling [36]. Moreover, hUCMSCs may 
regulate cell growth and apoptosis by exosomal shuttle of 
RNA [37]. For example, three specific miRNAs (miR-21, 
miR-146a, and miR-181) present in hUCMSC exosomes 
have regulatory functions on inflammation [38].

Degradation and loss of ECM proteins (e.g., aggrecan 
and collagen II) are a hallmark of IDD. HG also leads to 
ECM degeneration in intervertebral disc tissues. AGEs 
were found to significantly suppress the expression of 
aggrecan [6, 39]. In addition, following MSCs-CM treat-
ment, there was up-regulation of collagen II and aggre-
can. Previous studies showed that inflammation could also 
induce ECM degradation in the NP through MAPK path-
ways [40]. In the present study, phosphorylated-p38 was 
significantly upregulated following HG treatment, whereas 
MSC-CM was able to reverse this trend in NPMSCs. Our 
data also showed that MSC-CM also up-regulated the 
expression of collagen II and aggrecan significantly.

In summary, this study showed that MSC-CM has 
potential to alleviate HG induced apoptosis and ECM 
degradation, and the MAPK pathways play an important 
role in this process. Additional studies in animal models 
are required to really appreciate the long-term safety and 
efficacy of regenerative medicine approaches in IDD.
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