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Abstract
Endometrial Regenerative Cells (ERC) are a population of mesenchymal-like stem cells having
pluripotent differentiation activity and ability to induce neoangiogenesis. In vitro and animal studies
suggest ERC are immune privileged and in certain situations actively suppress ongoing immune
responses. In this paper we describe the production of clinical grade ERC and initial safety
experiences in 4 patients with multiple sclerosis treated intravenously and intrathecally. The case
with the longest follow up, of more than one year, revealed no immunological reactions or
treatment associated adverse effects. These preliminary data suggest feasibility of clinical ERC
administration and support further studies with this novel stem cell type.

Introduction
Endometrial Regenerative Cells (ERC) are a population of
plastic adherent, mesenchymal-like stem cells that are
possess in vitro pluripotency, and in vivo therapeutic
activity in models of limb ischemia and infarcts [1-4].
Phenotypically ERC appear to share some markers with
mesenchymal stem cells such as CD90 and CD105 but are
unique in that they express hTERT and OCT-4 [1,2].
Immunological characterization of ERC revealed hypoimmunogenicity when used as stimulators in mixed lymphocyte reaction, as well as active suppression of

proliferating T cells in vitro. In vivo ERC appear to induce
therapeutic effects in immune competent xenogeneic
recipients [4]. Thus theoretically ERC may be useful as an
allogeneic "off-the-shelf" therapy.
The use of allogeneic cells as a therapeutic approach in
immune competent recipients has previously been performed with bone marrow derived mesenchymal stem
cells (MSC) which are known to inhibit ongoing mixed
lymphocyte reaction (MLR) [5], induce generation of T
regulatory cells [6], and suppress autoimmunity in vivo in
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conditions such as collagen induced arthritis [7] and
experimental allergic encephalomyelitis [8]. In animal
models, acceleration of wound healing [9], or post-infarct
recovery [10], has been accomplished by administration
of allogeneic mesenchymal cells.
Allogeneic MSC therapy is a clinical reality. For example,
cord blood derived MSC have also demonstrated benefit
in a patients with critical limb ischemia caused by
Buerger's Disease [11]. Allogeneic bone marrow derived
MSC have been used by academic investigators for treatment of diseases such as graft versus host (GVHD) [1217], osteogenesis imperfecta [18], Hurler syndrome, metachromatic leukodystrophy [19], and acceleration of
hematopoietic stem cell engraftment [20-22] with clinical
benefit. The company Osiris Therapeutics has successfully
completed Phase I safety studies using allogeneic MSCs
and has currently ongoing Phase II and Phase III trials for
Type I Diabetes, Crohn's Disease, and Graft Versus Host
Disease using allogeneic bone marrow derived MSC [23].
Intravenous administration of allogeneic MSCs by Osiris
was also reported to induce a statistically significant
improvement of cardiac function of MI patients in a double-blind study [24]. Other companies have entered clinical trials using allogeneic MSC-based products. Athersys is
currently in Phase I trials using its MultiStem™ technology, which involves ex vivo expanded multipotent adult
progenitor cells (MAPC) for post-infarct heart repair [25].
Angioblast Systems has recently announced initiation of
Phase II trials using Mesenchymal Precursor Cells™ for
stimulation of cardiac angiogenesis [26]. Neuronyx is currently performing Phase I clinical trials using allogeneic
human adult bone marrow-derived somatic cells (hABMSC) for post infarct healing [27].
Given the general clinical safety profile of MSC from other
sources, we conducted initial studies to determine the
safety profile of ERC. We have previously demonstrated
karyotypical stability up to 68 doublings [1], as well as
lack of tumor formation ability or tumor acceleration in
animal models [4]. In this short report we detail expansion, quality control, and initial safety data from patients
treated under compassionate use in a physician-initiated
setting. A detailed description of the therapeutic effects
and rationale for use in the indications described will be
provided in subsequent publications.

Methods
Patients
Four patients were treated as part of a compassionate use,
physician initiated program. All patients have been
accepted by an independent medical review board deeming that the patients have failed all standard treatment
options. Additionally, local IRB approval for the general
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protocols and procedures is in place. All patients were not
allergic to penicillin or ciprofloxacin.
Donors
Donors were selected after rigorous testing according to
federal regulation 21 CFR1271 regarding allogeneic cell
products. Specifically, healthy, non-smoking, female volunteers between 18–30 years of age signed informed consent form for providing menstrual blood sample. The
volunteers underwent a standard medical history and
physical examination, as well as evaluation for malignancy, diabetes, heart disease, in addition to CBC and
metabolic panel. Only donors negative for HIV-1, HIV-2,
HTLV-II, hepatitis B surface antigen, hepatitis B core antigen, hepatitis C, VDRL, papilloma virus and trypanosome
cruzi were allowed to participate in this study.
Collection
Before the collection procedure a "collection tube" was
prepared in a class 100 Biological Safety Cabinet located
in a Class 10,000 Clean Room. To prepare the collection
tube, 0.2 ml amphotericin B (Sigma-Aldrich, St Louis,
MO), 0.2 ml penicillin/streptomycin (Sigma) and 0.1 ml
EDTA-Na2 (Sigma) were added to a 50 ml conical tube
containing 30 ml of GMP-grade phosphate buffered
saline (PBS). Collection of 5 ml of menstrual blood was
performed according to a modification of our published
procedure [1]. Collection was performed by the donor. A
sterile Diva cup was inserted into the vagina and left in
place for 30–60 minutes. After removal, the contents of
the Diva cup were decanted into the collection tube. The
collection tube was then taken to the clean room where it
was centrifuged at 600 g for 10 minutes. The collection
tube was then transported to the Biological Safety Cabinet
where the supernatant was removed, and the tube was
topped up to 50 ml with PBS in the Biological Safety Cabinet and cells were washed by centrifugation at 600 g for
10 minutes at room temperature. The cell pellet was
washed 3 times with 50 ml of PBS, and mononuclear cells
were collected by Ficoll-Paque (Fisher Scientific, Portsmouth NH) density gradient. Mononuclear cells were
washed 3 times in PBS and resuspended in 5 ml complete
DMEM-low glucose medium (GibcoBRL, Grand Island,
NY) supplemented with 10% Fetal Bovine Serum selected
lots having endotoxin level < = 10 EU/ml, and hemoglobin level < = 25 mg/dl clinical grade ciprofloxacin (5
mg/mL, Bayer A.G., Germany) and 4 mM L-glutamine
(cDMEM). The serum lot used was sequestered and one
lot was used for all experiments. The resulting cells were
mononuclear cells substantially free of erythrocytes and
polymorphonuclear leukocytes as assessed by visual morphology microscopically. Viability of the cells was
assessed using a Guava EasyCyte Mini flow cytometer,
Viacount reagents, Cytosoft Software version 4.2.1, Guava
Technologies, inc. Hayward, CA (Guava flow cytometer).
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Only samples with > 90% viability were selected for culture.
Expansion
Cells were plated in a T-75 flask containing 15 ml of
cDMEM and cultured for 24 hours at 37°C at 5% CO2 in
a fully humidified atmosphere. This allows the ERC precursors to adhere. Non-adherent cells were washed off
using cDMEM by gentle rinsing of the flask. Adherent cells
were subsequently detached by washing the cells with PBS
and addition of 0.05% trypsin containing EDTA (Gibco,
Grand Island, NY, USA) for 2 minutes at 37°C at 5% CO2
in a fully humidified atmosphere. Cells were centrifuged,
washed and plated in T-175 flask in 30 ml of cDMEM.
This results in approximately 10,000 ERC per initiating T175 flask. The flask was then cultured for 5 days which
yields approximately 1 million cells in the T-175 flask
(passage 1). Subsequently cells were passaged at approximately 200,000 cells in a T-175 flask. At passage 3–4,
approximately 100–200 million cells were harvested.
Characterization and release criteria
Cells aliquots from each donor batch have met the following release criteria: (i) negative for bacterial and mycoplasma contamination; (ii) endotoxin levels < 1.65 EU/
ml; (iii) morphology consistent with adherent, fibroblastic-like shape; (iv) CD90 and CD105 positive (> 90%)
and CD45 and CD34 negative (< 5%) by flow cytometry;
(v) Cell viability > 95% by trypan blue staining and Guava
flow cytometer. In addition, karyotypic normality of the
cells was also assessed by an independent laboratory for
each batch.
Administration
Intravenous administration was performed by intravenous injection using USP-grade saline and autologous
heat inactivated serum (50%). Administration time was
10 minutes approximately 1 million cells/ml were
injected. For intrathecal injection, 6 million ERC's cells in
USP-grade clinical normal saline (Baxter) and autologous
heat inactivated serum (50%) were drawn in a 10 ml
syringe. The syringe was attached to the lumbar puncture
needle. In order to ensure the needle was still in the CSF,

the plunger was drawn back to aspirate a small volume of
CSF. The volume of 6 ml was injected slowly with the
patient repeatedly asked if there was pain during the injection process. At no time was there resistance in the procedure. Once the cell solution has been injected into the CSF
the plunger of the syringe was kept fully depressed and the
syringe and lumbar puncture needle removed together.
The injection site and general condition of the patient was
monitored for 30 minutes after the first and each subsequent administration at the hospital to look for a possible
allergic reaction.
Case reports
The patients were treated as part of a compassionate use,
physician initiated program. Since patients received other
medical interventions and therapies in addition to ERC,
only safety parameters will be discussed in this report.
Summarized details of the patients and treatments are
provided in Table 1. Overall safety evaluations performed
are depicted in Table 2.
Patient 1: Multiple Sclerosis (AA) Intravenous and
Intrathecal
This 47-year-old patient was diagnosed with multiple sclerosis in November 2000. Due to severe pain in the left arm
and right leg refractory to medication, as well as fatigue
and impaired mobility, the patient sought non-conventional treatment options in December 2006. The patient
presented in July of 2007. After being explained the experimental nature of the proposed procedure, informed consent was obtained. Administration of 3 million ERC was
performed intravenously on days 1, 3, and 4; on day 2 she
received an intrathecal injection with ERC's. No adverse
reactions were noted at the time of administration. On
July 24, 2008, the patient returned for a follow-up examination and requested additional ERC treatment. This
opportunity was used to perform a physical exam, chest xray, complete blood count, serum biochemistry, CEA,
alpha-fetoprotein, fecal occult blood. All of these tests
generated no evidence of abnormality. The physical exam
emphasized the injection site, which revealed no inflammation, masses or abnormalities. Telephone interview

Table 1: Summary of Patients Treated

Patient

Condition

Route

Total Injected

Follow Up

Notable Events

AA

MS

IV & IT

16 million

12 months

None

PW

MS

IT

30 million

2 months

None

RH

MS

IT

30 million

2 months

None

JU

MS

IT

30 million

5 months

None
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Table 2: Safety Parameters

Patient

Physical Exam

CBC/Biochem Panel

Fecal Occult Blood

Chest X-Ray

PSA, CEA, alpha fetoprotein

AA

X

X

X

X

X

PW

X

X

X

X

X

RH

X

X

ND

X

X

JU

X

X

ND

ND

X

with the patient on December 2008 revealed no notable
events or abnormities.
Patient 2: Multiple Sclerosis: (PW) Intrathecal
According to his neurologist, this 39-year-old patient first
started noting signs of fatigue in 1995, with staggering gait
and cognitive decline. The patient had never experienced
any relapse remitting type of presentation. The patient
presented in May 2008, requesting experimental stem cell
therapy. After being explained the nature of the procedure
and possible adverse effects, the patient signed an
informed consent form. Administration of 5 intrathecal
injections of 6 million ERC was performed on days 1, 3,
6, 8, and 10. Examination of the injection area was made
prior to subsequent injections and release of the patient.
No inflammatory lesions or abnormalities were observed.
Importantly, physical and neurological examination did
not reveal abnormalities, or inflammatory lesions at injection site. Complete blood counts and serum biochemistry
was unremarkable as of July 22, 2008. Telephone interview with the patient on December 2008 revealed no
notable events or abnormities.
Patient 3: Multiple Sclerosis: (RH) Intrathecal
This 53-year-old male patient was diagnosed with Relapsing-remitting MS in 2005. In May 2008, the patient was
treated with five intrathecal infusions of 6 million ERC.
All infusions were performed within a 9-day period and
were very well tolerated without any significant side
effects. During the infusions we observed no adverse or
side effects. No local or systemic effects were noted. After
each infusion the patient was observed for 15 to 20 minutes to look for a possible allergic reaction, but no such
reaction was noted. In September 2008, the patient underwent a panel of post-treatment medical evaluation tests,
including CBC, stool culture, basic metabolic panel, liver
function panel, CEA and PSA. All tests revealed no abnormalities. Telephone interview with the patient on December 2008 revealed no notable events or abnormities.
Patient 4 Multiple Sclerosis (JU) Intrathecal
This 36-year-old male patient was diagnosed with Relapsing-remitting MS in September of 1993. His presenting

symptoms in January of 1993 were noticeable tingling
and burning sensation in the right leg, followed by lower
body paralysis lasting almost three weeks. In 2007 he was
treated with Tysabri (Natalizumab, Biogen Idec) for 6
months without success. The patient's condition deteriorated significantly and he was immobilized most of the
time with severe pain in the coccygeal area, significantly
impacted balance and coordination, very low energy level,
heat sensitivity, bowel and bladder function difficulties,
and substantial fatigue and depression. Although the pain
was treated well with Carbamazepine, the patient was on
full disability in 2007 and the first half of 2008. In June of
2008, the patient was treated with five intrathecal infusions of 6 million ERC. All infusions were performed
within a 9-day period and were very well tolerated without any significant side effects. The only noted side effect
was mild self-limiting headache, a common side effect of
lumbar puncture (Reference Feron). After each infusion
the patient was observed for 15 to 20 minutes to look for
a possible allergic reaction, but no such reaction was
noted. In August 2008, the patient underwent a physical
examination and several post-treatment evaluation tests,
including CBC, basic metabolic panel, liver function
panel, CEA and PSA. All tests revealed no abnormalities.
PA and lateral chest X-ray views revealed normal findings
with a minimal patchy lingular atelectasis. Telephone
interview with the patient on December 2008 revealed no
notable events or abnormities.

Discussion
In this study we demonstrated for the first time feasibility
of administration of ERC-based cell therapy in four
patients with MS. This "off-the-shelf" allogeneic ERC therapy could conceptually have several positive aspects such
as: a) ease of administration; b) ability to use optimized
cells; and c) administration of multiple doses. The most
clinically advanced form of stem cell therapy, hematopoietic stem cells, either extracted from bone marrow by iliac
crest puncture, or by G-CSF mobilization, has demonstrated varying degrees of efficacy in conditions such as
heart failure [28,29], liver failure [30,31], peripheral
artery disease [32-35], and spinal cord injury [36-38]. The
effects of bone marrow stem cell-based treatments appear
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to be primarily due to trophic support through secretion
of various growth factors [39,40], stimulation of angiogenesis [41], and possibly fusion/transdifferentiation [4244], although this latter possibility is quite controversial
[45]. Unfortunately, autologous approaches are limited
by the considerable inter-individual heterogeneity in the
stem cell activity. For example, older patients are known
to have reduced bone marrow stem cell regenerative activity, as well as lower angiogenic potential, as compared to
younger people [46]. Additionally, patients with cardiovascular risk factors have severely compromised regenerative potential compared to age-matched controls [47].
Accordingly, an "off-the-shelf", standardized stem cell
population would be a much more attractive treatment
alternative for a variety of immunomodulatory and regenerative indications.
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Conclusion
We describe the first clinical use of allogeneic ERC. With
the caveat of a small sample size and limited number of
injections, it appears that ERC may be administered intravenously and intrathecally without immediate immunological reactions or ectopic tissue formation. Although in
this study we report on safety of the cells, we should note
that disease progression did not occur in the patients
treated as reported by their neurologists, based on radiological and functional assessment. We suggest further clinical investigation of ERC is warranted.

Consent
Written informed consent was obtained from the patients
for publication of these case reports.
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The concept of "off-the-shelf" stem cell therapies has been
clinically performed in trials using bone marrow derived
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from the endometrium, we suggested that these cells
might be able to support the angiogenesis in the model of
critical limb ischemia [4]. Our preliminary results demonstrate superior angiogenic potential of ERC compared to
bone marrow derived MSC, and our published data
showed superior growth factor production as compared to
placental MSC [1]. Additionally, it has been reported that
ERC and ERC-like cells are capable of differentiating into
9 different tissues including cardiac, hepatic, pancreatic,
bone, adipose, cartilage, endothelial, neural, and pulmonary tissues [1,2]. In contrast, freshly isolated bone marrow derived MSC do not appear to possess such
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vivo cardiac repair using a menstrual blood derived cell
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ERC possess various characteristics similar to MSC including ability to immune modulate [4] and induce Treg production [48]. MSC have been previously demonstrated to
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