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Abstract. The current study evaluated 5  patients with 
ankylosing spondylitis (AS). Patients received intravenous 
transfusions of umbilical cord mesenchymal stem cells 
(uMSCs). All therapeutic and adverse responses were assessed 
and recorded during uMSC therapy. No severe adverse reac-
tions were observed in any of the patients, although a slight 
transient fever was observed in 3 patients within 2‑6 h of 
intravenous administration of uMSCs. Following treat-
ment, the Bath Ankylosing Spondylitis Disease Activity and 
Bath Ankylosing Spondylitis Metrology Indices decreased, 
however the Bath Ankylosing Spondylitis Functional Index 
increased. The erythrocyte sedimentation rate in 3 patients 
was reduced and C‑reactive protein levels in 1 patient were 
markedly reduced. The symptoms of AS were alleviated in all 
patients. The present study indicates that intravenous transfu-
sion of uMSCs is safe and well tolerated by patients and that 
it effectively alleviates disease activity and clinical symptoms. 
In the future, a larger cohort of patients with AS should be 
recruited to enable the systemic evaluation of uMSC therapy.

Introduction

Ankylosing spondylitis (AS) is a chronic, progressive inflam-
matory disease, primarily affecting the sacroiliac joints and the 
axial skeleton (spine) and less frequently, the peripheral joints 
and other extra‑articular organs including the eyes, skin and 
cardiovascular system (1). At present, the pathogenesis of AS 

remains unclear. It has been determined that the number of 
cluster of differentiation (CD) 27+ B cells is decreased while the 
number of CD86+ and CD27‑CD95+ B cell subsets is increased 
in patients with AS (2,3). Furthermore, the percentage of circu-
lating CD4+CD28‑ and CD8+ CD28‑ T cells are increased in 
patients with AS compared with healthy people (4,5). A biased 
balance between Th17 and Regulatory T cells (Treg) has 
also been observed in patients with AS, with increased Th17 
and reduced Treg levels in patients with AS (6,7). Previous 
studies have demonstrated that the concentration of serum 
and intra‑articular proinflammatory cytokines, such as tumor 
necrosis factor (TNF)‑α, may reflect disease activity, indicating 
that inhibiting TNF‑α may alleviate the symptoms of AS (8‑10).

As well as traditional therapeutics including non‑steroidal 
anti‑inflammatory drugs (NSAID) and salazosulfadimidine 
(SSZ), a number of novel strategies have been developed to 
target different pathways implicated in the pathogenesis of 
AS (11). Cyclooxygenase‑2 inhibitors, including celecoxib, 
rofecoxib and pamidronate and anti‑TNF‑α therapy have been 
applied as first line‑treatments of AS (12‑14). Hematopoietic 
stem cell transplantation has also been clinically used to treat 
severe autoimmune diseases, such as AS (15).

Mesenchymal stem cells (MSCs) are adult stem cells that 
exhibit potent immune modulated activity. MSCs are able to 
inhibit B cell differentiation, T cell activation and proliferation, 
and induce the generation of regulatory T (Treg) cells (16,17). 
Additionally, MSCs suppress T helper (Th)17 cell generation 
and interleukin (IL)‑17 secretion (18). Previous studies have 
determined the treatment efficiency of MSCs for various types 
of autoimmune diseases and diabetes (19‑21). Considering the 
effects of MSCs on the regulation of T and B cell activity, it 
has been suggested that administration of MSCs may provide 
therapeutic effects in patients with AS. In the current study 
(Clinical Trials.gov Identifier: NCT01420432), the therapeutic 
and adverse effects of umbilical cord MSC (uMSC) transplan-
tation were evaluated in patients with AS.

Patients and methods

Patients. From July 2009 to October 2012, 5  AS patients 
(4 males and 1 female) aged 17‑44 years were enrolled from 
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the Department of Hematology and Cellular Therapy of the 
Second Hospital of Shandong University (Jinan, China). All 
patients met the diagnostic criteria according to the modified 
New York criteria for AS (22). All patients were treated with 
non‑steroidal anti‑inflammatory drugs (NSAIDs), methotrexate 
(MTX), salazosulfadimidine (SSZ), hydroxychloroquine or low 
dose steroids, and the doses of these drugs remained unchanged 
for 4 weeks prior to beginning the study. Patients with one 
or more of the following conditions were excluded from the 
current study: i) Organ failure, ii) psychosis, iii) severe infec-
tious diseases including tuberculosis (TB), acquired immune 
deficiency syndrome (AIDS), iv) pregnancy, and v) allergies 
to medium components for MSC culture and human albumin. 
The present study was approved by the Ethics Committee of the 
Second Hospital of Shandong University and written informed 
consent was obtained from each patient.

uMSC culture, expansion and treatment. Umbilical cords were 
obtained from healthy puerperae (aged 25‑30) in the obstetrical 
department of the Second Hospital of Shandong University. 
The donors had no family history of cancer or genetic diseases. 
Sera were assessed to exclude hepatitis B, hepatitis C, human 
immunodeficiency virus, Epstein Barr virus, cytomegalovirus, 
and syphilis infection. The Ethics Committee of the Second 
Hospital of Shandong University approved the study and 
informed consents were obtained from these donors. MSCs 
were isolated from umbilical cord tissue and expanded under 
the standard of the Good Manufacturing Practice (GMP) labo-
ratory of the Second Hospital of Shandong University using a 
previously described method (23). Briefly, the umbilical cord 
was cut into small sections (1 mm3) following two washes with 
phosphate‑buffered saline (PBS). The pieces were digested with 
collagenase for 1 h and trypsin‑EDTA (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) for 30 min. The tissue was 
then filtered and cells were cultured in Dulbecco's modified 
Eagle's medium/nutrient mixture F‑12 (DMEM/F12; Gibco; 
Thermo Fisher Scientific, Inc.), fixed with 10% defined fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific Inc.; cat 
no. 10100147), L‑glutamine (Gibco; Thermo Fisher Scientific 
Inc.; cat no. 25030081), epidermal growth factor (Invitrogen, 
Thermo Fisher Scientific, Inc.; cat no. PHG0311), basic fibro-
blast growth factor (Invitrogen, Thermo Fisher Scientific, 
Inc.; cat no. 13256029) and penicillin‑streptomycin solution 
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA; 
cat no. SV30010) in a humidified atmosphere with 5% CO2 at 
37˚C for 72 h. After 3‑5 days, non‑adherent cells were removed 
and the medium was replenished. When the density of the cells 
reached 80%, they were digested with trypsin‑EDTA at room 
temperature and passaged into three new cell culture dishes. The 
whole process was performed in a GMP laboratory. The total 
number of uMSCs used for each transfusion was 1.2‑3.5x106/kg 
according to the number of cells and each patient was adminis-
tered with uMSCs1‑3 times via intravenous infusion.

uMSCs differentiation assay. To assess the differentiation 
pluripotency of uMSCs, uMSCs were differentiated into 
adipocytes, osteocytes and chondrocytes using a StemPro 
Adipogenesis or Osteogenesis differentiation kit according to 
the manufacturer's protocol (Gibco; Thermo Fisher Scientific, 
Inc.). Briefly, the cells (1x104  cells/cm2) were seeded and 

cultured at 37˚C in an atmosphere containing 5% CO2 for 
21 days, separately, to induce differentiation into adipocytes 
and osteoblasts. Following culture, cells were fixed with 
4% formaldehyde at room temperature for 30 min and stained 
with oil red O (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany; cat no. O1391) and Alizarin red (Sigma‑Aldrich, 
Merck KGaA; cat no. A5533) for 2 h at room temperature, 
respectively, and assessed under an inverted microscope 
(Nikon Corp., Tokyo, Japan). uMSCs were incubated in 
DMEM complete culture media at 1.6x107 cells/ml to induce 
differentiation into chondrocytes. They were subsequently 
seeded (8 x104 cells/well) in a 6‑well plate within the StemPro 
Chondrogenesis Differentiation kit (Gibco; cat no. A1007101; 
Thermo Fisher Scientific, Inc.) for 14  days at 37˚C in an 
atmosphere containing 5% CO2, fixed with 4% formaldehyde 
at room temperature for 30  min and stained with Alcian 
blue (Sigma‑Aldrich; Merck KGaA; cat no. B8438) for 2 h at 
room temperature. Cells were subsequently assessed under 
an inverted microscope (Nikon Corp.). The whole process 
was performed in the GMP lab. The viability of MSCs was 
assessed using 0.4% trypan blue staining. A total of 5 µl cells 
were mixed with 5 µl 0.4% trypan blue solution and added 
to the cell count plate for light microscopy (Nikon Corp.). 
Suspension cells in the cultured supernatant and shaded cells 
under trypan blue were sterilized. To determine the immuno-
phenotypes of MSCs, 1x106 cells/tube were washed twice with 
PBS containing 0.5% FBS and resuspended in 100 µl PBS. 
Cell suspensions were incubated for 20 min in the dark at room 
temperature with 20 µl of the following antibodies: Fluorescein 
isothiocyanate (FITC) fluorescence‑labeled mouse anti‑human 
CD34, human‑leukocyte antigen‑antigen D related (HLA‑DR), 
FITC‑anti‑CD105, FITC‑anti‑CD90, PerCP‑anti‑CD45, 
PerCP-anti-CD14, phycoerythrin (PE) fluorescence‑labeled 
mouse anti‑human CD166, PE-anti-CD11b and PE‑anti‑CD73 
antibody (all ready to use; BD Biosciences, Franklin Lakes, 
NJ, USA; cat nos. 560942, 555560, 561443, 561969, 561865, 
562692, 559263, 557321 and 561254, respectively). Cells were 
subsequently washed with PBS and resuspended in 500 µl 
PBS. Finally, the single‑cell suspension was assessed using 
a BD FACScalibur™ analyzer (BD Biosciences) for direct 
detection. The results were assessed using FlowJo 7.6 (BD 
Biosciences).

Routine microbiological tests. A total of 100  µl of cell 
culture supernatant was removed to test for endotoxin 
(Tachypleus Amebocyte Lysate For Endotoxin Detection; 
Chinese Horseshoe Crab Reagent Manufactory Co., Ltd., 
Xiamen, China), according to the manufacturer's protocol. 
Briefly, the supernatant was used to coat a blood agarose plate 
and incubated at 37˚C for 48 h. Plates were then assessed 
with the naked eye for colony formation. A total of 1 ml of 
cell culture supernatant was used to test for mycoplasma 
(Mycoplasma Detection kit; ExCell Bio, Shanghai, China; cat 
no. MB000‑1392), according to the manufacturer's protocol.

Endpoints. Patients were examined prior to MSC infusion 
to evaluate the severity of AS using the erythrocyte sedi-
mentation rate (ESR), C‑reactive protein (CRP) levels and 
the Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI) (24). Physical function was assessed using the Bath 
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Ankylosing Spondylitis Functional Index (BASFI) (25) and 
mobility was assessed using the Bath Ankylosing Spondylitis 
Metrology Index (BASMI)  (26), occiput to wall distance 
(to evaluate the reduction level of the range of the cervical 
spine motion), Schober's test (27) (to evaluate the degree of 
the lumber spine motion) and Patrick's test (28) (Gaenslen test, 
to check the abnormality of articulatio coxae and articulatio 
genus). The primary efficacy endpoint was to achieve 20% 
improvement according to the assessment of Spondyloarthritis 
International Society response criteria (ASAS20). ASAS20 is 
defined as at least three domains with improvements of >20% 
from the following four domains: Patient's global assess-
ment of disease activity (PaGA), total back pain [on a Visual 
Analogue Scale (VAS)], functionality (assessed via BASFI, on 
a VAS scale) and inflammation (mean of BASDAI scores for 
questions 5 and 6), with no deterioration (defined as a wors-
ening of ≥20% and a net worsening of ≥10 U) in the remaining 
domain (29). The secondary efficacy endpoints were ESR, 
CRP levels, Schober's test, and Patrick's test. ESR and CRP 
levels reduced to the normal range; Schober's and Patrick's 
test results changing from positive to negative were taken as 
confirmation of efficacy in the present study. Thalidomide, 
SSZ and/or NASID had been administered to all the patients 
for at least 4 weeks prior to uMSC transfusion. The dose of SSZ 
was 0.5‑1 g, administered three times a day (tid). Thalidomide, 
an anti‑TNF‑α drug, was administered at a dose of 100 mg 
once per day. NSAIDs, such as 75 mg/day diclofenac sodium 
(Beijing Novartis Pharma, Ltd., Beijing, China) and 60 mg/day 
Loxoprofen Sodium (Daiichi‑Sankyo, Tokyo, Japan), were 
administered. The safety assessment included all the patients 
who received uMSC infusions during the study. Any adverse 
events associated with uMSC transfusions were recorded and 
their severity was assessed by the investigator. The adverse 
events caused by underlying diseases were excluded from the 
safety evaluation.

Statistical analysis. Data are expressed as the mean ± standard 
deviation. The unpaired Student's t test was used to compare 
differences between groups. SPSS 20.0 software (IBM Corp., 
Armonk, NY, USA) was used for statistical analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

Bio‑characteristics of uMSCs. uMSCs were observed to be 
spindle shaped and adhered to the plastic flask (Fig. 1A). The 
immunophenotype of the uMSCs was detected using flow 
cytometry prior to infusion, with fluorescence‑labeled mono-
clonal antibodies CD34, HLA‑DR, CD105, CD90, CD45, 
CD14, CD116, CD11b and CD73. The results indicated that 
uMSCs were positive for CD73, CD90, CD105 and CD166, 
and negative for CD34, CD14, CD11b, CD45 and HLA‑DR 
(Fig. 1B). Trypan blue staining revealed that the viability of 
expanded MSCs was >95%. The supernatant of the culture 
media was determined to be free from pathogenic micro-
organisms as it was cultured in both aerobic and anaerobic 
conditions. Routine microbiological tests were also performed 
prior to cell transplantation, including tests for endotoxin, 
aerobic and anaerobic bacteria, fungus and mycoplasma. 
Any contaminated cell preparation was eliminated upon 

identification. In addition, concentrations of alanine amino-
transferase and endotoxins in the supernatants of each cell 
preparation were strictly controlled to remain below 40 IU/l 
and 5 endotoxin units, respectively. To assess the differentia-
tion pluripotency of uMSCs, differentiation of these cells into 
adipocytes, osteocytes and chondrocytes was induced. These 
differentiations were confirmed by staining with Oil red O, 
Alizarin red and Alcian blue, respectively (Fig. 2A‑C, respec-
tively). Taken together, these results indicate that uMSCs were 
separated and cultured successfully.

Clinical outcomes
Case 1. The patient was male, 34 years old and had suffered 
with lower back pain for 20 years. The bilateral articulatio 
coxae were alternately painful with morning stiffness for 
~20 min each day. Physical examinations determined that 
the Schober's test was positive, Patrick's test was positive, 
occiput to wall distance was 5 cm and thoracic mobility was 
3 cm. As a result, BASDAI, BASMI and BASFI scores were 
2.95, 4.3 and 7, respectively. Computed tomography indicated 
that the bilateral sacroiliac articular surface was jagged and 
revealed sacroiliitis of AS. Laboratory examinations included 
assessments of ESR, CRP levels and HLA‑B27, in which ESR 
was 10 mm/h, CRP was 0.6 mg/l and HLA‑B27 was posi-
tive. The patient was therefore diagnosed with AS, according 
to the modified New York criteria for AS. The patient was 
infused with 8 IU uMSCs (1 IU=1x107 uMSCs) initially and 
administered SSZ (orally; 1,500 mg/day), thalidomide (orally, 
100 mg daily) and diclofenac sodium (orally, 75 mg daily) 
continuously. The patient was then discharged the next day. 
Following 3 months, the patient received a second infusion 
of uMSCs at a dose of 7 IU. Lower back pain was relieved. 
The physical examination demonstrated that Schober's test 
was negative, Patrick's test of the right side was positive, but 
the left side was negative, occiput to wall distance was 2.5 cm 
and thoracic mobility was 3 cm. BASDAI, BASMI and BASFI 
scores were 0.6, 6 and 6, respectively. The laboratory examina-
tion determined that CRP was 1 mg/l and ESR was 22 mm/h. 
Following 6 months, the patient felt that back pain had almost 
disappeared and returned for examination. The ESR was 
7 mm/h, CRP levels were 0.5 ng/l and BASDAI, BASMI and 
BASFI scores were 0.5, 6 and 6, respectively. Schober's test 
and Patrick's test were both negative, and the occipital to wall 
distance was 2.5 cm. After 1 year, the patient had stopped all 
medication and remained in a stable physical condition.

Case 2. The patient was male, 20 years old, with a 2‑year 
history of bilateral knee joint pain and lower back pain. The 
physical examination demonstrated that Schober's test was 
positive, the bilateral Patrick sign was positive; occiput to wall 
distance was 3 cm and thoracic mobility was 3 cm. BASDAI, 
BASMI and BASFI scores were 4.9, 5 and 57, respectively. CT 
indicated a change of the bilateral hip joint in accordance with 
AS. Laboratory examinations determined that HLA‑B27 was 
positive, ESR was 53 mm/h and CRP levels were 7.8 mg/l. The 
patient was diagnosed with AS, according to the modified New 
York criteria for AS. The patient received an infusion of 6 IU 
uMSCs. Treatment was continued, using 1 g SSZ three times 
per day, 100 mg thalidomide nightly and 60 mg Loxoprofen 
tid. After 3 months, the patient felt that knee joint and lower 
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back pain were relieved and returned for examination. The 
physical examination indicated that Schober's test was posi-
tive, bilateral Patrick's test was negative, occiput to wall 
distance was 2 cm and Thoracic mobility was 3 cm. BASDAI, 
BASMI and BASFI scores were 1.35, 5 and 9, respectively. 
The laboratory examination determined that CRP levels 
were 0.3 mg/l and ESR was 3 mm/h. After 6 months, lower 
back pain had almost disappeared and laboratory examina-
tions were completed, with an ESR of 5 mm/h, CRP levels 
of 0.4 ng/l and BASDAI, BASMI and BASFI scores of 1.3, 8 
and 8, respectively. Bilateral Patrick's test was negative, but 
Schober's test was positive. The occipital to wall distance was 
2 cm. One year later, the patient's physical condition remained 
stable and treatment was ceased.

Case 3. The patient was female, 41 years old, with a 20‑year 
history of lumbosacral joint and left knee joint pain. Physical 
examinations revealed that Schober's test was negative, the 
bilateral Patrick's test was positive, occiput to wall distance 
was 0 cm and thoracic mobility was 3 cm. As a result, BASDAI, 
BASMI and BASFI scores were 5.2, 10 and 37, respectively. 
CT indicated left sacroilac articular chondritis and bilateral 
femoral head necrosis II degree. Laboratory examinations 

demonstrated that HLA‑B27 was positive, ESR was 20 mm/h 
and CRP levels were 5 mg/l. The patient was diagnosed with 
AS, according to the modified New York criteria for AS. The 
patient received an infusion of 6.1 IU uMSCs. Treatment was 
continued, with 1 g SSZ tid, 100 mg thalidomide quaque nocte 
(qn) and 75 mg diclofenac sodium qn. Following 3 months, 
lower back pain was relieved and the patient returned for a 
second uMSC infusion at a dose of 6 IU. At this point, the 
physical examination revealed that Schober's test was negative, 
left Patrick's test was positive, right Patrick's test was negative, 
occiput to wall distance was 0 cm and thoracic mobility was 
3 cm. BASDAI, BASMI and BASFI scores were 2.85, 5 and 
34.5, respectively. The laboratory examination demonstrated 
that CRP levels were 0.3 mg/l and ESR was 7 mm/h. After 
6 months, the patient felt occasional lower back pain and 
returned for examination. The results indicated that Schober's 
test and Patrick's test were negative, occiput to wall distance 
was 0 cm and thoracic mobility was 3 cm. BASDAI, BASMI 
and BASFI scores were 2.55, 6 and 30.2, respectively. The 
laboratory examination demonstrated that CRP was 0.3 ng/l 
and ESR was 4 mm/h. One year later, the patient stopped 
taking all medications, and the physical condition of the 
patient remained stable.

Figure 1. Characteristics of the uMSCs. (A) Image of uMSCs at a magnification of x200. Scale bar=100 µm. (B) Identification of uMSC immunophenotypes. 
The surface molecules of uMSCs were detected using flow cytometry. The cultured umbilical cord‑derived cells consisted of a homogenous mesenchymal 
population that were positive for CD73, CD90, CD105 and CD166, and were negative for CD11b, CD14, CD34, CD45 and HLA‑DR. uMSC, umbilical mesen-
chymal stem cells; CD, cluster of differentiation; HLA‑DR, human leukocyte antigen‑antigen D related; FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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  B
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Case 4. The patient was male, 44 years old, with a history 
of lumbosacral joint pain and sternum pain for ~5  years. 
Physical examination demonstrated that Schober's test and 
the bilateral Patrick's test was positive. As a result, BASDAI, 
BASMI and BASFI scores were 5.48, 2 and 52, respectively. 
CT indicated that the bilateral sacroiliac articular surface 
was jagged and the articular space was narrower, indicating 
sacroiliitis of AS. Laboratory examination demonstrated that 
HLA‑B27 was positive, ESR was 26 mm/h and CRP levels 
were 3.7 mg/l. The patient was diagnosed with AS, according 
to the modified New York criteria for AS and received an infu-
sion of 9.2 IU uMSCs. Treatment was continued with 0.5 g 
SSZ tid and 100 mg thalidomide qn. Following 3 months, the 
patient returned for examination. The physical examination 
demonstrated that Schober's test and bilateral Patrick's test 
were positive. BASDAI, BASMI and BASFI scores were 0.6, 
4 and 5, respectively. The laboratory examinations indicated 
that CRP levels were 0.9 mg/l and ESR was 12 mm/h. This 
patient did now participate in the 6‑month follow up due to 
personal reasons. One year later, the patient's physical condi-
tion remained stable and treatment was ceased.

Case 5. The patient was male, 17 years old, with a history of 
lower back pain and alternate bilateral knee and hip joints 
pain. Pain was more serious in the morning, with a short 
period of morning stiffness, meaning that the patient was 
unable to attend physical education classes. Physical examina-
tion demonstrated that Schober's test was positive and bilateral 
Patrick's test was negative. BASDAI, BASMI and BASFI 
scores were 4.9, 5 and 57, respectively and CT indicated right 
sacroiliitis of AS. Laboratory examinations indicated that 
HLA‑B27 was positive, ESR was 22 mm/h and CRP levels 
were 18.7 mg/l. The patient was diagnosed with AS, according 
to the modified New York criteria for AS. The patient received 
an infusion of 5.4  IU uMSCs. Treatment was continued 
with 0.25 g SSZ tid and 75 mg diclofenac sodium qd. After 
3 months, the patient felt that low back pain and knee joint 
pain was relieved and returned for a second infusion of uMSCs 
at a dose of 6 IU. The physical examination demonstrated that 
Schober's test and left Patrick's test were negative and that 
right Patrick's test was positive. Occiput to wall distance was 
0 cm and thoracic mobility was 3 cm. BASDAI, BASMI and 
BASFI scores were 4, 10 and 0, respectively. The laboratory 
examination indicated that CRP levels were 2.1 mg/l and ESR 
was 12 mm/h. Following 6 months, the patient received a third 
infusion of uMSCs at a dose of 6 IU. The physical examination 
demonstrated that Schober's test and bilateral Patrick's test 

were negative. Occiput to wall distance was 0 cm and thoracic 
mobility was 3 cm. BASDAI, BASMI and BASFI scores were 
13, 10 and 0, respectively. The laboratory examination indi-
cated that CRP levels were 1.2 mg/l and ESR was 10 mm/h. 
The patient was able to partake in physical education classes 
and undergo exercise. One year later, the patient stopped 
taking all medications and physical condition remained stable.

Analysis of results. The ESR in 3 of the patients was mark-
edly reduced (Fig. 3). CRP levels were reduced in 1 patient 
and remained stable and were within normal limits (≤10 mg/l) 
in the other 4  patients (Fig.  4). The marked decline of 
BASDAI and BASFI scores indicated a marked improvement 
in patients' spinal functions and symptoms. The increase in 
BASMI scores indicated an improvement in spinal movement 

Figure 4. CRP levels in each patient prior and following treatment. CRP 
levels were reduced in 1 patient was reduced, whereas CRP levels in the other 
4 patients remained stable and within normal limits. CRP, C‑reactive protein.

Figure 3. ESR in each patient prior to and following treatment. ESR in 
3 patients decreased markedly. ESR, erythrocyte sedimentation rate.

Figure 2. Umbilical cord mesenchymal stem cells differentiation assay. (A) Oil red O staining for adipocytes; (B) Alizarin red staining for osteocytes and 
(C) Alcian blue staining for chondrocytes. Magnification, x200. Scale bar=50 µm.

  A   B   C

https://www.spandidos-publications.com/10.3892/etm.2017.4687
https://www.spandidos-publications.com/10.3892/etm.2017.4687


LI et al:  MESENCHYMAL STEM CELLS ALLEVIATE ANKYLOSING SPONDYLITIS 1543

of patients following treatment. The specific results were as 
follows: i) Changes in BASDAI prior to and following treat-
ment: There was a significant reduction in BASDAI in patients 
following 3 months treatment, compared with the results prior 
to treatment (P<0.05; Table I; Fig. 5). There was also a signifi-
cant decrease in BASDAI in patients after 6 months treatment, 
compared with the results prior to treatment (P<0.05; Table II; 
Fig.  5). There was no significant difference observed in 
BASDAI in patients between 3 and 6 months following treat-
ment. ii) Changes in BASFI prior to and following treatment: 

There were no significant differences in BASFI in patients 
observed prior to and following 3 or 6 months of treatment 
(both P>0.05; Tables I and II). iii) Changes in BASMI prior to 
and following treatment: There were no significant differences 
in BASMI observed in patients prior to and following 3 and 
6 months of treatment (P>0.05; Tables I and II). No significant 
differences were observed in the BASMI in patients following 
6 months treatment.

Safety evaluation. Following infusion of uMSCs, 60% of 
patients (3/5) presented with a fever (body temperature, 
38.5‑39˚C). One patient had a temperature of 39˚C and was 
administered 5 mg dexamethasone (Qilu Pharmaceutical Co., 
Ltd., Shandong, China) via intravenous injection and 25 mg 
promethazine hydrochloride (Qilu Pharmaceutical Co., Ltd.) 
via intramuscular injection. The body temperature of this 
patient then returned to normal. The temperature of the other 
two patients remained normal and they did not require any 
treatment. There were no other adverse reactions associated 
with uMSC infusion during and following the transplantation. 
These results indicate that uMSC infusion is safe for patients 
with AS.

Discussion

AS is an autoimmune disease that leads to progressive 
ankylosis of the vertebrae and ossification of paravertebral 
ligaments (30). The exact pathogenesis of AS remains unclear, 
however a number of molecules are involved in the pathogenic 
process. TNF‑α serves an important role in pathogenesis, 
activating inflammation and destroying the target tissue. 
Furthermore, IL‑17 secretion from induced by IL‑23 serves 
an important role (31). It has been demonstrated that levels 

Figure 5. BASDAI scores prior to and following treatment. BASDAI scores 
were significantly reduced 3 and 6 months following treatment, compared 
with controls. No significant differences in BASDAI scores were observed 
in patients between 3 and 6 months of treatment. BASDAI, Bath Ankylosing 
Spondylitis Disease Activity Index. *P<0.05.

Table I. Comparison of BASDAI, BASFI and BASMI prior to and following 3 months of treatment.

Index	 Before treatment (n=5)	 Following treatment (n=5)	 t	 P‑values

BASDAI	 4.686±0.999	 1.880±1.499	 4.205	 0.014a

BASFI	 42.000±21.213	 10.900±13.585	 2.568	 0.062
BASMI	 5.260±2.922	 6.000±2.345	‑ 0.45	 0.676

aP<0.05, paired t-test. BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; 
BASMI, Bath Ankylosing Spondylitis Metrology Index.

Table II. Comparison of BASDAI, BASFI and BASMI prior to and following 6 months of treatment.

Index	 Prior to treatment (n=4)	 Following treatment (n=4)	 t	 P‑value

BASDAI	 4.488±1.035	 1.413±0.847	 10.054	 0.002
BASFI	 39.5002±23.269	 11.050±13.211	 1.987	 0.141
BASMI	 6.075±2.637	 7.500±1.914	‑ 0.735	 0.514

The patient described in case 4 did not participate in physical detection 6 months following treatment due to personal reasons, and so no data 
for case 4 are applicable in Table II. BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis 
Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index.
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of IL‑17 and IL‑23 in the serum of such patients is increased 
compared with the healthy population  (32). In addition, 
CD4+CD25+CD127low Treg cells serve a role in AS. It has been 
determined that the ratio of Treg in patients with active AS 
is lower than in healthy controls (33). B cell subsets are also 
abnormal in patients with AS (34). A previous study indicated 
that there are various types of autoantibodies in patients with 
AS, suggesting that autoantibodies are potentially associated 
with the pathogenesis of AS (35).

As MSCs serve an important role in immunomodula-
tion, they are used to treat autoimmune diseases including 
systemic lupus erythematous, multiple sclerosis and acute 
graft‑verse‑host disease following allogeneic hematopoietic 
stem cell transplantation  (36). It has been demonstrated 
that MSCs may favor the emergence of Th2 phenotype 
T cells with a potent reduction in the Th1/Th17 cell‑related 
cytokines TNF‑a and IL‑17 (37‑39). MSCs are also able to 
suppress the activity of human Th17 cells, inhibit the differen-
tiation of native CD4+ T cells into Th17 cells and significantly 
suppress cytokine production, leading to the upregulation of 
Tregs (40,41). One proposed mechanism is that MSCs induce 
the production of IL‑10 by plasmacytoid dendritic cells, which 
in turn may induce Tregs (42,43). Due to their multi‑differ-
entiation capacity, MSCs may induce the synthesis of 
proteoglycans and restore disc structure and may also suppress 
B cell function (44). In vitro studies have demonstrated that 
MSCs may prevent B cells from activating, proliferating 
and differentiating into immunoglobulin (Ig)‑producing 
cells (45,46). Furthermore, MSCs may be a potential treatment 
for cardiovascular diseases, including ischemic heart disease 
and peripheral artery disease (47). MSCs may differentiate 
into insulin‑producing cells and thus may be beneficial in the 
treatment of type 1 diabetes mellitus, which leads to pancreas 
β cell destruction and attenuates insulin production (48). MSC 
therapy may also be considered as an effective treatment of 
hepatic diseases such as hepatic fibrosis (49). Transplantation 
of MSCs is a novel method of treatment for osteoarthritis, 
osteonecrosis and bone regeneration (50‑52). MSCs are able 
to differentiate into neurons and therefore may be used for 
to treat neurodegenerative diseases including Alzheimer's 
disease, amylotrophic lateral sclerosis, Parkinson's disease and 
retinal diseases (53,54).

MSCs may be derived from both bone marrow and umbil-
ical cord. However, the collection of MSCs from the bone 
marrow (BM) is invasive and the amount of MSCs in the BM 
is low (55). The yield of BM‑MSCs also significantly decreases 
with donor age and the rate of BM‑MSC regeneration is mark-
edly low  (56). uMSCs may be harvested without invasive 
procedures and the percentage of MSCs in the umbilical cord 
blood is higher than in the bone marrow (57,58). Furthermore, 
compared with BM‑MSC, there are fewer ethical issues asso-
ciated with uMSCs. Therefore, in the present study, patients 
with AS underwent transfusion with uMSCs.

In the current study, patients were treated with thalido-
mide, SSZ and NSAIDs for at least 4 weeks prior to MSC 
transfusion. However, there were no marked improvements in 
the symptoms of patients during this period. ESR, CRP levels 
and BASFI scores were determined 1 day prior to transfusion 
to ensure that any changes in the aforementioned indexes were 
caused by uMSC transfusion. All patients experienced pain 

relief and the scores assessing AS activity and severity were 
decreased following uMSC infusion. A number of patients 
were able to perform certain exercises following treatment, 
whereas these activities had been limited prior to uMSC 
transfusion. Physical examinations demonstrated that the 
majority of patients exhibited less marked symptoms of AS. 
ESR and CRP levels returned to and remained within normal 
ranges, suggesting that AS activity was reduced, inflam-
mation was inhibited and the disease was not progressing. 
BASDAI and BASFI scores markedly decreased, indicating 
improved function of articulation and alleviated symptoms. 
However, the improvement in BASMI was not significant 
at any point, indicating that spine mobility only improved 
slightly. The results of the present study indicate that uMSC 
transplantation is both feasible and safe and induces limited 
side effects.

There were a number of limitations of the present study. 
The number of patients with AS included was very low, due to 
the low morbidity of AS (~0.18% in Asia). One patient failed 
to complete examinations due to personal reasons thus incom-
plete information was collected, limiting statistical analysis. 
Levels of IL‑17, TNF‑α, Ig and Treg was not measured, there-
fore no comparisons were completed regarding the changes 
that occurred following transfusion of uMSCs. The current 
study also did not include a control group that did not receive 
an infusion, which would have allowed a comparison. All the 
aforementioned limitations should be noted and future studies 
should aim to ameliorate these limitations.
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