
SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2830/-/DC1 

Contents of Supplementary Material: 
 
                  Listing of MSB-DM003 Study Participating Investigators 
                  Supplementary Description of Investigational Product 
                  Supplementary Table 1.  Complete Inclusion/Exclusion Criteria 
                  Supplementary Figure 1. Flow Diagram of Subject Disposition 
                  Supplementary Figure 2.  Subjects at Target HbA1c  <7.0% at Week 12 
                  Supplementary Information on Immune System Responses over Time 
 
 
Listing of MSB-DM003 Study Participating Investigators: 
 
M. Dao, O.DeValle, V. Fonseca, D. Grainger, E. Heurich, J. Hoekstra, E. Klein, W. Litchfield, P. 
Martin, G. Poss, J. Pullman, J. Rosenstock, R. Saavedra, J. Skyler, S. Spangenthal, A. Testori, A. White, 
J. Wood. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2830/-/DC1 

Supplementary Description of Investigation Product: Description of Mesenchymal Precursor Cell 
(MPC) Product Derivation, Manufacturing and Characterization 
 
Derivation  
The investigational product used in this study is allogeneic MPCs, which are a STRO-3 
immunoselected, culture-expanded, immature subfraction of adult bone marrow–derived mononuclear 
cells.  
 
The MPC product (rexlemestrocel-L) is allogeneic, derived from bone marrow aspirates acquired by a 
contract manufacturing organization (CMO), Lonza Inc., through contractual agreements with a licensed 
physician and in accordance with US FDA 21 CFR Part 1271 Human Cells, Tissues, and Cellular and 
Tissue Based Products (HCT/Ps), including Good Tissue Practices (GTPs). The donors were healthy 
volunteers, aged 18-45 years. Prospective bone marrow donors must have previously been enrolled for 
at least 6 months in the research bone marrow donation program and successfully provided a donation 
cell count of >20 million cells/mL.  Additionally, the selected bone donors were required to complete a 
Clinical Bone Marrow Donor Program application, sign an informed consent document including 
Authorization for HIV Testing, complete responses to a medical health questionnaire and undergo 
infectious disease testing (see below), complete blood count (CBC), a comprehensive metabolic profile 
(CMP), ABO/Rh and HLA typing and testing for a predefined panel of transmissible infectious diseases. 
Donors also completed a physical assessment performed by a program physician to determine eligibility. 
The donors received nominal financial compensation for their time and effort. Each patient received 
MPC cells that were derived from a single donor.  A total of two different donors were used in this 
study.   
 

Bone Marrow Donor Infectious Disease Testing 
Agent / Disease Tests Specifications 

HIV-1, HIV-2 Antibody HIV-1, HIV-2 Nonreactive 
HIV-1 HIV-1 nucleic acid test (NAT) Negative 
HBV Hepatitis B surface Antigen (HBsAg) Nonreactive 
HBV Antibody Hepatitis B core (total) Nonreactive 
HBV HBV NAT Negative 
HCV Antibody HCV Nonreactive 
HCV HCV NAT Negative 
WNV (West Nile Virus) WNV NAT Negative 
Syphilis  Treponemal specific antibody assay Nonreactive 
Trypanosoma cruzi                    Enzyme immunoassay                             Nonreactive 
HTLV Types I & II Antibody HTLV I/II Nonreactive 
CMV (Cytomegalovirus) Antibody CMV Total Nonreactive 
EBV (Epstein-Barr Virus) Antibody EBV VCA IgM Nonreactive 
Human transmissible spongiform 
Encephalopathy (TSE), including 
Creutzfeldt-Jakob disease (CJD) 

Health questionnaire No exposure 

Communicable disease risks 
associated with xenotransplantation 

Health questionnaire No exposure 
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Comparison of MPC and MSC 
Both the MPC product and traditional mesenchymal stem cells (MSC) are adult, bone-marrow derived 
mesenchymal lineage cells. However, the MPC product is immunoselected, in contrast to traditional 
MSC processing that involves plastic adherence.  Stro-1 bright expression defines the MPC population, 
which contains all multipotent CFU-F in the bone marrow and in other tissues (1, 2).  The Stro-3 
monoclonal antibody (mAb) selectively binds to Stro-1 bright MPCs and enables efficient isolation of 
these cells from other mononuclear cell types.  As a result, immunoselected MPCs are an enriched Stro-
1/Stro-3 positive population of mesenchymal lineage precursors in contrast to the more heterogeneous 
MSC which are isolated based on adherence and which contain few Stro-1 positive cells.   
 
Because all Stro-3 immunoselected cells are in G0 phase when freshly isolated, it is possible to quantify 
and minimize the number of population doublings during the process of culture expansion.  In contrast, 
traditional plastic-adherent MSCs are contaminated by other mononuclear cells, such as monocytes, and 
must undergo multiple population doublings to yield an homogeneous MSC culture.  
Both MSC and MPC demonstrate extensive proliferation and retain the capacity for differentiation into 
cells of the bone, fat and cartilage lineages in vitro. MPC are considered to be a more primitive 
subpopulation of MSCs with extended self-renewal and more potent production of growth factors 
relative to MSCs (3, 6). 
 
In head to head comparisons of Stro-3 immunoselected MPCs and density-gradient selected MSCs from 
the same human donor, Psaltis et al showed that MPCs had greater residual population doubling 
capacity, and secreted higher levels of paracrine factors necessary for imparting anti-apoptotic effects on 
target cells, pro-angiogenic effects, and possibly immunomodulatory effects (3).  
 
Cell Selection, Processing, Cryopreservation, Characterization  
 
Master Cell Bank 
Using immunoselection, STRO-3 cells are isolated from healthy bone marrow and set up in culture in 
Alpha MEM with 10% fetal bovine serum (FBS).  At confluence, the cells are trypsinized and set up in 
new cell factories.  At the end of passage 2, cells are harvested and cryopreserved in 10% DMSO and 
Profreeze.  As part of the qualification program for clinical use, each donor master cell bank (MCB) is 
expanded and then an in vivo tumor formation potential assay is conducted. This involves subcutaneous 
injection of 1 x107 viable cells into 30 nude (nu/nu) athymic mice. A positive control fibrosarcoma cell 
line is used. The cells must be “non-tumorgenic” in order to be considered suitable for clinical use.  
Further, the MCBs must demonstrate a normal karyotype to be qualified for clinical use. Process testing 
is also conducted for sterility, endotoxins, adventitious agents and mycoplasma.  
 
MPC Clinical Product 
One vial of the Master Cell Bank is thawed and expanded in culture in Alpha MEM with 10% FBS.  
Cells are grown to confluency, passaged two times and then harvested.  The MPC are cryopreserved in 
Profreeze and 4% DMSO.  Individual vials of the MPCs are thawed and assayed for safety (sterility, 
identity, and potency).  Studies conducted by the sponsor have established the retained characterization 
and biological activity in cryopreserved cells. 
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Qualification for Clinical Use 
 
Identity 
The final product is defined as MPCs if there are positive test results for the STRO-1, CC9, and STRO-4 
cell markers, which are classified as identity tests.  The MPC final product is also tested for numerous 
cellular contaminants, including cells with the markers HLA Class II, CD45, CD80, CD86, and CD31.  
The MPC final product must have negative to minimally positive test results for each of these five 
markers (also known as an impurity profile) in order to be released for clinical use.  Cell viability 
(>70%) and recovery of cells (>80%) are also part of the release criteria. 
 

Potency 
Mixed lymphocyte culture (MLC) systems were used to assess the immunological properties of human 
and ovine MPCs and their ability to inhibit an alloimmune response.  Human MPCs, immunoselected by 
STRO-3 or by other monoclonal antibodies specific for the MPC population and subsequently culture-
expanded, were shown to inhibit T-cell proliferation when added as the third party in MLC.  
Additionally, in the presence or absence of interferon-gamma, which upregulates human leukocyte 
antigen (HLA) surface expression, immunoselected and culture-expanded MPCs do not induce T-cell 
proliferation in two-way MLCs. 
 
MPC product potency is based on several different functional assays that are relevant for product 
specific manufacturing process and indication. 
 
Additional Studies Performed on MPCs 
The MPC technology uses a process that ensures that all MPC products are passage 5. The sponsor 
carried out extended ex vivo serial passaging of MPCs in cell culture to establish that the earlier passage 
(P5) at which these cells are used clinically, consistently demonstrate healthy, robust, but controlled 
increase in cell numbers and still meet all release criterion for identity, purity and potency.  To date, 
MPCs have not demonstrated uncontrolled growth that would suggest they were capable of becoming 
tumorigenic.  
 
In addition to passages, the number of population doublings is relevant. For MPC culture expansion 
there are <20 population doublings. High numbers of population doublings (i.e. >50) are associated with 
increased risk of instability which may pose a safety risk. 
 
MPCs, like MSC, lack HLA class II surface antigens and costimulatory molecule (CD86, CD80). 
Human MSCs have a nonimmunogenic phenotype and represent a potentially advantageous cell type for 
transplantation into an allogeneic host without the need for HLA matching or immunosuppression (4). 
Adult human MSCs are reported to express intermediate levels of HLA class I antigens but do not 
express HLA class II antigens on the cell surface (5). The nonimmunogenic phenotype of MSCs is also 
reflected by the absence of CD40, CD80, and CD86 co-stimulatory molecules. Human allogeneic MPCs 
are similar to MSCs in that they not only express low level  HLA class II surface antigens and lack co-
stimulatory molecules (CD86, CD80), but also exert in vitro immunomodulatory effects on T-
lymphocyte activation and function. 
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Preparation and Administration 
Cryopreserved products were shipped to sites in the vapor phase of liquid nitrogen in temperature 
monitored shipping dewars at ≤-140°C, and cells were thawed and infused according to study 
procedures outlined in the study product handling manual provided by the sponsor to all investigators 
and site personnel. At the time of administration the cryopreserved product was thawed in a digital, 
temperature controlled water bath and suspended in 100 ml normal saline immediately prior to 
intravenous infusion with filtration. The MPC product or matching saline placebo was infused over a 
period of 45 minutes into a forearm vein. 
 

References 
1. Simmons PJ, Torok-Storb B. Identification of stromal cell precursors in human bone marrow by 

a novel monoclonal antibody, STRO-1. Blood 1991;78:55-62. 
2. Gronthos S, Fitter S, Diamond P, Simmons P, Itescu S, Zannettino ACW. A novel monoclonal 

antibody (STRO-3) identifies an isoform of tissue non-specific alkaline phosphatase expressed 
by multipotential bone marrow stromal stem cells. Stem Cells Dev 2007;16:1-11. 

3. Psaltis  PJ,  Paton S,  See F, et al.  Enrichment for STRO-1 expression enhances the 
cardiovascular paracrine activity of human bone marrow-derived mesenchymal cell populations. 
J Cell Physiol 2010; 223:530-40. 

4. Le Blanc K. Mesenchymal stromal cells: Tissue repair and immune modulation. Cytotherapy. 
2006;8(6):559-61. Review. 

5. Aggarwal S, Pittenger MF. Human mesenchymal stem cells modulate allogeneic immune cell 
responses. Blood 2005; 105:1815-1822. 

6. See F, Seki T, Psaltis PJ, et al.  Therapeutic effects of human STRO-3-selected mesenchymal 
precursor cells and their soluble factors in experimental myocardial ischemia.  J Cell Mol Med 
2011; 10:2117-29. 

 

 

 

 

 

 

 

 

 

 

 

 



SUPPLEMENTARY DATA 
 

©2015 American Diabetes Association. Published online at http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2830/-/DC1 

Supplementary Table 1. Complete Inclusion/Exclusion Criteria 
 

Inclusion 
Criteria 

1. Male and female subjects who are ≥ 18 and ≤ 80 years old
2. All female subjects of childbearing potential must have a negative serum pregnancy test at 
screening and a negative urine pregnancy test prior to randomization. Postmenopausal women with 
amenorrhea for at least 2 years will be eligible if they are > 50 years of age. Postmenopausal women 
with amenorrhea for at least 2 years who are ≤ 50 years must also have a documented serum follicle 
stimulating hormone levels > 35mUI/mL. 
3. Female subjects of childbearing potential must be surgically sterile (bilateral tubal ligation, 
hysterectomy, bilateral oophorectomy) for at least 6 months prior to randomization or use 1 of the 
following birth control methods during the entire course of the study as specified:  
 Intrauterine device in place for at least 3 months before the first dose of study drug and 
throughout the study; 
 Barrier method (condom, diaphragm) with spermicide for at least 14 days before the first dose 
of study drug and throughout the study; 
 Surgical sterilization of the male partner (vasectomy for at least 6 months before first dose of 
study drug);  
 Hormonal contraceptives with a barrier method for at least 3 months before the first dose of 
study drug and throughout the study  
4. Subjects diagnosed with type 2 diabetes at least one year prior to Screening and receiving a 
stable, therapeutic dose of metformin alone or metformin plus one other approved oral anti-diabetic 
agent (except thiazolidinediones)  for at least 3 months prior to Screening.  
 The metformin dose should be  > 1500 mg/day for at least 3 months prior to Screening or the 
highest tolerated dose >1000 mg/day documented in the subject’s history. If the subject is receiving a 
second oral agent, it should be a stable therapeutic dose, as per prescribing information. 
5. HbA1c  > 7.0% and  < 10.5% at Screening 
6. C-peptide > 0.8 ng/mL at Screening 
7. Body mass index (BMI) > 22 and  < 45 kg/m2 at Screening   
8. Body weight < 150 kg at Screening 
9. Ability and willingness to give written informed consent and to comply with the requirements 
of the study for its duration 
10. Male and female subjects who are ≥ 18 and ≤ 80 years old 
11. All female subjects of childbearing potential must have a negative serum pregnancy test at 
screening and a negative urine pregnancy test prior to randomization. Postmenopausal women with 
amenorrhea for at least 2 years will be eligible if they are > 50 years of age. Postmenopausal women 
with amenorrhea for at least 2 years who are ≤ 50 years must also have a documented serum follicle 
stimulating hormone levels > 35mUI/mL. 
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Exclusion 
Criteria 
 

General exclusion criteria: 
1. Women who are pregnant, intending to become pregnant during the study period or 
currently lactating  
2. Potentially unreliable patients and those judged by the Investigator to be unsuitable for the 
study 
3. History of active substance abuse (including alcohol) within the past 2 years.  Current alcohol 
abuse is defined as daily consumption of >3 alcoholic beverages. 
4. Current cigarette smoking > 10 cigarettes per day 
Diabetes-related: 
5. Diagnosis of or history of: 
 Type 1 diabetes mellitus, diabetes resulting from pancreatic injury, or secondary forms of 
diabetes, e.g., acromegaly and Cushing’s Syndrome 
6. Acute metabolic diabetic complications such as ketoacidosis or hyperosmolar coma within 6 
months prior to Screening 
7. Severe hypoglycemia (defined as requiring third party assistance) or repeated and/or frequent 
hypoglycemia episodes (> 2 episodes/week) within one month prior to Screening  
8. Patients receiving treatment for  type 2 diabetes with: 
 Diet and exercise alone 
 Insulin therapy within 6 months of Screening except if used transiently for < 7 days for 
intercurrent illness 
 Any thiazoledinedione or injectable anti-diabetic medication within 3 months of  
Screening 
9. Known hypersensitivity or any contraindications or warnings to receiving metformin 
according to local prescribing information 
Related to concomitant conditions or medical history: 
10. Current NYHA Class III or IV heart failure  
11. Myocardial infarction or stroke within 6 months prior to Screening 
12. History of bariatric surgery including any gastrointestinal surgery for type 2 diabetes (e.g. 
gastric sleeve) 
13. Any concurrent medical condition/disorder or clinically symptomatic cardiovascular, 
gastrointestinal (including pancreatitis), renal, hematological, pulmonary, acute or chronic infectious 
disease, active retinal disease, or other disorder which in the Investigator’s opinion would interfere with 
the subject's ability to complete the trial, would require administration of treatment that could affect the 
interpretation of the safety and efficacy variables or would preclude safe involvement in the study.  
14. Significant weight loss or weight gain > 10% within 12 weeks prior to Screening  
15. Diagnosed and/or treated malignancy (except for treated basal cell or squamous small cell 
carcinoma or the skin with no evidence of recurrence)  
16. Oxygen saturation (pulse oximetry) at Screening < 97% on room air 
Related to past or current medication use: 
17. Chronic oral or parenteral (does not include inhaled or topical) corticosteroid treatment for > 
7 consecutive days within 4 weeks prior to Screening 
18. Treatment with any prescription (e.g. orlistat, sibutramine, phentermine) or herbal or over-
the-counter weight lowering agents within 12 weeks prior to Screening 
19. Treatment with anti-hypertensive or lipid-modifying medications which are not on a stable 
dose for at least 8 weeks prior to Screening 
20. Treatment with thyroid hormones which are not on a stable dose for at least 8 weeks prior to 
Screening 
21. Use of any investigational drug within 30 days or 5 half-lives (whichever is longer) prior to 
Screening unless local health authority guidelines mandate a longer period. 
Related to laboratory or clinical abnormalities: 
22. Any of the following laboratory abnormalities at Screening: 
 Fasting plasma glucose >270 mg/dL 
 ALT and/or AST > 3 times the upper limit of the normal range 
 Fasting triglycerides > 5.6 mmol/L (> 500 mg/dL) 
 Serum creatinine levels > 1.5 mg/dl [132.6 moles/L] for males and > 1.4 mg/dL [123.8 
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moles/L] for females  [exclusion criteria related to metformin] 
 Albumin-to-creatinine ratio (uACR) from a spot urine sample > 300 mg/g 
 PT/INR > 2.0 
 Subject serum is positive for HIV-1 or HIV-2 antibody 
 Subject serum is positive for Hepatitis B surface antigen 
 Subject serum is positive for Hepatitis C antibody 
23. Values of systolic blood pressure (SBP) ≥ 170 and/or diastolic blood pressure (DBP) ≥ 110 
mmHg at Screening 
24. Any ECG or clinical laboratory abnormality which precludes safe involvement in the study in 
the opinion of the Investigator 
 
Related to MPC therapy: 
25. Known hypersensitivity to bovine  or murine proteins or DMSO 
26. Presence of ≥ 20% anti-HLA antibody flow PRA Class I and/or Class II  and/or having 
antibody specificities to donor HLA antigens 
27. Prior participation in any stem cell study 
 

 
Supplementary Figure 1. Flow Diagram of Subject Disposition 
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Supplementary Figure 2. Subjects at Target HbA1c  <7.0% at Week 12 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Supplementary Information on Immune System Responses over Time 
 
The HLA inclusion criteria in this study were %PRA  <20% and no antibodies directed against the MPC 
donor HLA (DSA negative). The results of the immune system responses over time are provided in the 
two tables below. Supplemental Table 2 displays the number and percent of subjects who had a positive 
anti-HLA antibody response (defined as an HLA Class I or II PRA >5% from baseline through Week 
12). No trends in changes in anti-HLA antibody response were noted across treatment groups or over the 
course of 12 weeks. Importantly, no subjects developed DSA. Most subjects were negative for Class I 
and Class II at all visits and therefore, had no measurable antibody titers. 
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Supplementary Table 2. Subjects with Positive Anti-HLA Antibody Responses as Defined by Flow 
Cytometry Class I and Class II Panel Reactive Antibodies (>5%) from Baseline through Week 12 
 

Visit 
Placebo 
(N=16) 

0.3×106 MPC/kg
(N=15) 

1.0×106 MPC/kg 
(N=15) 

2.0×106 MPC/kg
(N=15) 

PRA (%) - Flow Class 
I 

n (%) n (%) n (%) n (%) 

Baseline [Pre-
infusion] 

0 (0.0) 4 (26.7) 4 (26.7) 3 (20.0) 

Week 1 0 (0.0) 3 (20.0) 3 (20.0) 2 (13.3) 
Week 4 2 (12.5) 3 (20.0) 2 (13.3) 2 (13.3) 
Week 8 0 (0.0) 3 (20.0) 2 (13.3) 2 (13.3) 
Week 12 0 (0.0) 3 (20.0) 2 (13.3) 2 (13.3) 

PRA (%) - Flow Class 
II 

    

Baseline [Pre-
infusion] 

0 (0.0) 4 (26.7) 0 (0.0) 2 (13.3) 

Week 1 0 (0.0) 2 (13.3) 1 (6.7) 0 (0.0) 
Week 4 0 (0.0) 4 (26.7) 0 (0.0) 0 (0.0) 
Week 8 0 (0.0) 3 (20.0) 0 (0.0) 0 (0.0) 
Week 12 0 (0.0) 4 (26.7) 0 (0.0) 0 (0.0) 

 
Based on the Flow Class I results, all subjects in the active treatment groups who tested negative for 
anti-HLA antibodies at baseline remained negative during the 12-week study period. Of the 11 subjects 
in the active treatment groups who tested positive for anti-HLA antibodies at baseline, 4 tested negative 
at the end of the 12-week primary study period. In the placebo group, 2 subjects who tested negative for 
anti-HLA antibodies at baseline tested positive at Week 4; however, these subjects tested negative again 
at Week 8 and Week 12.  Based on the Flow Class II results, 1 subject in an active treatment group who 
tested negative at baseline tested positive at Week 1; however, this subject tested negative from Week 4 
through the remainder of the 12-week study period. Of the 6 subjects in the active treatment groups who 
tested positive at baseline, 4 tested negative at Week 1, 1 tested negative at Week 4, 2 tested negative at 
Week 8, and 2 tested negative at Week 12. All subjects in the placebo group tested negative for Class II 
at all time points. 
 
Supplementary Table 3. displays the number of subjects who had a protocol-defined 10% increase in 
PRA response (defined in the protocol as sensitization) at all post-infusion visits through Week 12. At 
Week 4, one subject in the 1.0×106 MPC/kg dose group had a flow class I increase in PRA 10% which 
was sustained through Week 12. One subject in the placebo group had an isolated flow class I increase 
in PRA 10% at Week 1. One subject in the 1.0×106 MPC/kg dose group had an isolated flow class II 
increase in PRA 10% at  Week 1. No trends in changes in PRA response were noted across dose 
groups or as the study progressed to the Week 12 endpoint. Increases in PRA response were not 
associated with any reported adverse event in any subject. 
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Supplementary Table 3. Subjects with an Increase 10% from Baseline in %Panel Reactive 
Antibody through Week 12 
 

Visit All 
Placebo 
(N=16) 

0.3×106 MPC/kg
(N=15) 

1.0×106 MPC/kg 
(N=15) 

2.0×106 MPC/kg
(N=15) 

Flow Class I n (%) n (%) n (%) n (%) 
Any post-infusion visit 1 (6.3) 0 (0.0) 1 (6.7) 0 (0.0) 
     Week 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
     Week 4 1 (6.3) 0 (0.0) 1 (6.7) 0 (0.0) 
     Week 8 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0) 
     Week 12 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0) 
Flow Class II     
Any post-infusion visit 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0) 
     Week 1 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0) 
     Week 4 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
     Week 8 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
     Week 12 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

 


