
Supplementary Materials 

Methods 

Isolation and culture of mouse bone marrow mesenchymal stem cells (mBM-

MSCs) 

 Four- to six-week-old wild-type C57BL/6N or B6.129S7-Ifngr1tm1Agt/J mice (The 

Jackson Laboratory, Bar Harbor, ME, USA) were sacrificed by cervical dislocation and 

then soaked in 75% alcohol for 3 to 5 minutes. The mouse lower limb long bones (the 

femur and tibia) were separated and removed under aseptic conditions and then 

transferred to a sterile plate containing physiological saline to facilitate the removal of 

residual muscle and connective tissue attached to the bone surface. Bone marrow cells 

were collected by flushing with a 1-ml sterile syringe containing complete medium 

(DMEM/F12 containing 10% FBS) to prepare a single-cell suspension. The single-cell 

suspension was cultured for 24 hours in a cell incubator at 37oC. Then, the supernatant 

fluid was discarded and replaced with an appropriate amount of medium to continue 

the culture for 7 to 10 d, during which time the medium was changed every 2 d. The 

cells were passaged when the cell density was approximately 80%. The wild-type 

mBM-MSCs (WT-MSCs) and Ifngr1tm1Agt/J mBM-MSCs (IFN-γR-/- MSCs) used in this 

study were from passage 4 to passage 6. This study was approved by the Animal Ethics 

Committee of the Chinese Military Liberation Army Military Medical University 

(DONGWULUNSHEN (2017) NO. 035). 

Induction and assessment of CIA 

 The CIA mouse model was utilized according to a previous protocol 1. Briefly, 

native chick type II collagen (CII; Chondrex, MD Biosciences, USA) emulsified with 

an equal volume of Freund’s complete adjuvant (CFA; Chondrex, MD Biosciences, 

USA) was injected subcutaneously at the base of the tail with 0.1 ml of emulsion 

containing 100 μg of CII of Male DBA/1J mice (7-8 weeks old, Vital River Laboratory 

Animal Technology, Beijing, China). At 21 days after the primary immunization, the 

mice were given a booster injection of 100 μg of CII in incomplete Freund’s Adjuvant 

(IFA; Chondrex, MD Biosciences, USA). The mice were analyzed by three independent, 
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blinded examiners every other day and evaluated according to a scoring system for 

subjective evaluation of arthritis severity 1. 

MSC and T cell co-culture 

To selectively knock out IFN-γR with CRISPR/Cas9, human MSCs were treated 

according to the manufacturer’s instructions of the CRISPR/Cas9 Gene Knockout Kit 

(Origene, MD, USA). Mouse IFN-γR-/- MSCs were collected from the bone marrow of 

Ifngr1tm1Agt/J mice (The Jackson Laboratory, Bar Harbor, ME, USA). The MSCs were 

seeded in 24-well plates at a density of 5,000/cm2. The cells were licensed for 24 h 

without or with IFN-γ at a concentration of 20 ng/ml in MSC culture medium. 

Peripheral blood mononuclear cells (PBMCs) prepared from healthy individuals or 

mice by Ficoll density gradient centrifugation were resuspended in RPMI 1640 

complete medium (10% heat-inactivated serum, 100 U/ml penicillin/streptomycin, L-

glutamine, and 10 mM HEPES). One million PBMCs were added to each well and 

stimulated with anti-CD3/CD28 (BD Biosciences, NJ, USA) or 5 mg/L 

phytohemagglutinin (PHA; Sigma-Aldrich, St. Louis, MO). For a carboxyfluorescein 

succinimidyl ester (CFSE) proliferation assay, cells were incubated for 3 d according 

to the manufacturer’s instructions for CFSE staining (BD Biosciences). For 

intracellular cytokine staining, cells were incubated with brefeldin A (Sigma-Aldrich, 

Merck KGaA, Germany) at a concentration of 10 mg/ml for 12-14 h and subsequently 

subjected to the intracellular flow cytometry staining procedures of the BD 

Cytofix/Cytoperm Kit with PE-conjugated anti-CD3 and FITC-conjugated anti-IFN-γ 

antibodies (BD Biosciences, NJ, USA). 

Histopathological evaluation 

Limb samples fixed in 4% paraformaldehyde were decalcified with 15% EDTA. 

The decalcified limbs were subsequently processed and embedded in paraffin according 

to standard histological procedures. Serial 5-μm-thick sections were prepared, stained 

with hematoxylin and eosin (H&E) and then assessed microscopically for the extent of 

inflammation and joint destruction according to the following scale: 0, normal synovial 

tissue; 1, synovial hypertrophy and cell infiltrates; 2, pannus and cartilage erosion; 3, 

major erosion of the cartilage and subchondral bone; and 4, loss of joint integrity and 
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ankylosis. The assessment was performed by 2 examiners, and the average score was 

used as the final value. Sections were stained with safranin O and fast green for precise 

evaluation of cartilage destruction. 

Radiological evaluation 

 At the end of experiments (day 50), the hind paws of mice were imaged via CT 

40 small animal computed tomography (CT) (SCANO MEDICAL, Switzerland) and 

Bruker BioSpec 7T/20cm system magnetic resonance imaging (MRI) (Bruker, 

Germany) instruments. Radiographic scoring criteria were assessed according to the 

method reported previously 2 on the following scale: 0, no bone damage; 1, tissue 

swelling and edema; 2, joint erosion; and 3, bone erosion and osteophyte formation. 

Laboratory tests 

The serum levels of anti-cyclic citrullinated peptide antibody (anti-CCP) and RF 

were determined by indirect immunofluorescence using kits purchased from 

Euroimmun (Lübeck, Germany). The percentages of peripheral blood Tregs and Th17 

cells were analyzed by flow cytometry (NovoCyteTM, ACEA Biosciences, San Diego, 

CA USA). Monoclonal antibodies against CD4, CD25, Foxp3 and IL-17A were 

purchased from BD Biosciences. Flow cytometry data were analyzed with 

NovoExpress software (ACEA Biosciences, San Diego, CA USA). 

Source and preparation of MSCs 

The allogeneic freshly cultured umbilical cord-derived human MSCs were all prepared 

from umbilical cord obtained from healthy full-term women aged 24, who underwent a 

physical examination and laboratory testing, including infectious disease testing, such 

as routine blood test, liver function and renal function tests, urinalysis and routine stool 

examination, T-spot test for tuberculosis, toxoplasma test, treponema pallidum 

antibody test, mycoplasma and chlamydia test, HIV test, and virus test including 

hepatitis virus, herpes simplex virus, cytomegalovirus, rubella virus, Epstein-Barr virus 

and human papillomavirus, and no abnormalities were found. A 10-15 cm fresh cord 

was obtained immediately after caesarean section at the Gynaecology Department of 

Third Affiliated Hospital, Third Military Medical University, after approval was 
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obtained from the Institutional Ethics Committee. The samples were transferred to a 

class 10 000 cGMP-compliant clean room facility located at Daping Hospital of Third 

Military Medical University. After vessel removal, every 3-5 cm cord was cut into 

pieces (1-3 mm in diameter) with scissors and cultured in UltraCULTURE (Lonza, 

Walkersville, MD USA) (ULtroser G (Life Sciences, Port Washington, NY, USA), 2 

mM L-glutamine) in a 25 cm2 cell culture flask (Corning, China). The adherent cells 

were detached enzymatically, re-plated into a cell culture flask and incubated at 37°C 

in a humidified atmosphere containing 5% CO2 to yield 500 to 900 million MSCs, 

which were cryopreserved at 5×106 cells/mL to generate a master cell bank (MCB). 

These MSCs were limited to no more than 5 population doublings, had greater than 90% 

viability, were characterized according to spindle-shaped morphology, were positive 

(>95% expression) for CD29, CD44, CD90 and CD105 and negative (<5% expression) 

for CD34, CD45, and HLA-DR and were able to differentiate into adipogenic, 

osteogenic and chondrogenic lineages. The MSCs also tested negative for sterility, 

endotoxin, chlamydia and mycoplasma. We have proposed that non-cryopreserved, 

actively growing mesenchymal stromal cells would provide the best therapeutic effect 

unhindered by cryo-injury 3. Therefore, the MSCs for use in the phase I trial were 

thawed from the MCB and propagated in culture (for a period of 5 to 10 days) on a 

weekly basis to constitute a single batch. These cells were collected enzymatically, 

washed, counted and prepared for patient infusion. Patients received 1×106 cells/kg of 

body weight in 50 mL of 1% albumin in physiological saline as treatment. The final 

MSC product underwent an assessment of morphology and growth, showing greater 

than 90% viability with Trypan Blue staining and sterility through an endotoxin 

measurement of less than 2 EU. Based on Trypan Blue staining, the viability of the final 

cell product for the 15 MSC doses administered ranged from 90-95% (mean 93%). 
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Fig. S1 Study design. Sixty-three rheumatoid arthritis (RA) patients were enrolled and 

randomly allocated into two groups. All randomized patients received the assigned 

treatment. MSCT, mesenchymal stem cells transplantation. 
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Fig. S2 IFN-γ levels in the serum of CIA mice in the (A) negative control (NC) group, 

PBS group, and wild-type MSC (WT-MSC) group. *P<0.05 versus the NC group at 

each time point; &P<0.05 versus the PBS group by one-way ANOVA. (B) Wild-type 

MSC (WT-MSC) group and IFN-γR-/- MSC group. *P<0.05 versus the WT-MSC group 

by one-way ANOVA. The error bars indicate the S.D. 

 

 

Table S1. Safety Data from Months 0 to 12. 

Variable 

MSCs 

(N=30) 
MSCs+IFN-γ 

(N=30) 
Adverse events — no. 3 5 

Patients with adverse events — no. of patients (%) 3 (10.0) 5 (16.7) 
Patients with serious adverse events — no. (%) 0 0 

Patients with serious infection — no. (%) 0 0 

Discontinuation of study drug because of adverse 
event — no. (%) 

0  0  

Confirmed cancer — no. 0 0 

Death — no. 0 0 
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Table S2. Laboratory Data between MSCs and MSCs+IFN-γ group. 

Variable Month 0 Month 1 Month 12 

 MSCs 

(N=30) 

MSCs+IFN-γ 

(N=30) 

MSCs 

(N=30) 

MSCs+IFN-γ 

(N=30) 

MSCs 

(N=30) 

MSCs+IFN-γ 

(N=30) 

Absolute lymphocyte 

count (SEM), /mm3 
1733 (271) 1928 (236) 1301 (291) 1495 (312) 2040 (251) 1821 (211) 

White blood cell 

(SEM), 109/L 
4.78 (1.45) 5.23 (1.73) 4.88 (1.79) 5.12 (1.95) 5.31 (1.43) 5.51 (1.63) 

Hemoglobin (SEM), 

g/L 
103.27 (17.39) 104.12 (14.51) 104.51 (19.62) 105.38 (18.73) 103.89 (18.21) 104.96 (18.35) 

Platelet (SEM) , 109/L 231.21 (59.55) 235.82 (68.21) 253.23 (63.29) 241.73 (70.12) 238.55 (63.21) 250.12 (62.33) 

Total protein (SEM), 

g/L 
71.57 (5.13) 72.37 (4.55) 72.19 (4.91) 72.93 (4.59) 71.28 (4.33) 71.61 (3.96) 

Albumin (SEM) , g/L 31.58 (5.18) 33.47 (4.27) 32.82 (5.13) 33.24 (4.39) 32.77 (4.87) 32.69 (4.33) 

Globulin (SEM) , g/L 31.21 (4.23) 32.02 (4.61) 31.52 (3.86) 32.73 (4.69) 30.85 (3.91) 32.15 (4.26) 

Cholesterol (SEM), 

mmol/L 
4.12 (1.48) 4.18 (1.53) 4.29 (1.27) 4.31 (1.28) 4.17 (1.35) 4.24 (1.35) 

Triglyceride (SEM), 

mmol/L 
1.38 (0.74) 1.45 (0.79) 1.41 (0.65) 1.44 (0.73) 1.38 (0.81) 1.41 (0.84) 

Creatinine (SEM), 

umol/L 
43.57 (14.68) 44.32 (11.69) 44.81 (13.73) 45.18 (13.91) 43.83 (14.15) 44.24 (13.22) 

Urea (SEM), mmol/L 4.15 (1.24) 4.22 (1.39) 4.22 (1.41) 4.29 (1.33) 4.28 (1.29) 4.31 (1.29) 

Fasting blood glucose 

(SEM), mmol/L 
4.68 (0.77) 4.72 (0.83) 4.71 (0.92) 4.78 (0.84) 4.78 (0.97) 4.75 (0.88) 
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