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ABSTRACT

Introduction. Bone marrow is a good source of stem cells with different capabilities of regeneration and differentiation,
including haemopoietic stem cells (HSCs), mesenchymal stem cells (MSCs), endothelial stem/progenitor cells (EPCs).
MSCs administration has been applied to clinical trials to treat COPD.

Methods. Describing the procedure of stem cell separation from bone marrow (BM) fluid obtained from BM aspiration in
28 COPD patients and the characteristics of bone marrow derived stem cells of COPD patients.

Results. During and after the procedures, no severe adverse events or death occurred. The average bone marrow fluid
volume was 323.46 + 41.13 (ml). The average nucleated cells count was 4.66 * 2.02 (x109 cells), with MSCs count of 1.02 +
0.85 (x10¢ cells). The dose of MSCs for intravenous infusion was 19.15 + 15.85 (x103/kg). The viable rate of MSCs after sepa-
ration was 88.92%.

Conclusions. The procedure of stem cell separation from BM fluid obtaining from BM aspiration is simple, safe and tolera-
ble in COPD patients. Viable rate of MSCs was high and MSCs dose was thousands of cells for each kilogram weight.

KEYWORDS: Bone marrow derived stem cell; Stem cell separation; COPD.

RESUME

Introduction. La moelle osseuse est une bonne source de cellules souches avec différentes capacités de régénération et de
différenciation, y compris les cellules souches hémopoiétiques (CSH), les cellules souches mésenchymateuses (MSC), les
cellules souches / progénitrices endothéliales (EPC). L'administration de MSC a été appliquée aux essais cliniques pour
traiter la BPCO.

Meéthodes. Décrire la procédure de séparation des cellules souches du fluide de moelle osseuse (BM) obtenu a partir d'une
aspiration BM chez 28 patients atteints de MPOC et les caractéristiques des cellules souches dérivées de la moelle osseuse
de patients atteints de MPOC.

Résultats. Pendant et apres les procédures, aucun événement indésirable grave ou déces n'est survenu. Le volume moyen
de liquide médullaire était de 323,46 + 41,13 (ml). Le nombre moyen de cellules nucléées était de 4,66 + 2,02 (x109 cellules),
avec un nombre de MSC de 1,02 + 0,85 (x106 cellules). La dose de CSM pour perfusion intraveineuse était de 19,15 + 15,85
(x103 / kg). Le taux viable de MSC apreés séparation était de 88,92%.

Conclusions. La procédure de séparation des cellules souches du fluide BM obtenu a partir de l'aspiration BM est simple,
stre et tolérable chez les patients BPCO. Le taux viable de MSC était élevé et la dose de MSC était de milliers de cellules
pour chaque kilogramme de poids.

MOTS CLES: Cellule souche dérivée de la moelle osseuse; Séparation des cellules souches; BPCO.
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SEPARATION OF AUTOLOGOUS BONE MARROW STEM CELLS IN COPD PATIENTS

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
common disease which is the 4th leading cause of
death in the world [1]. In 12 nations and territories in
the Asia - Pacific region, the rate of moderate to
severe cases of COPD accounted for 6.3% of the
population over 30 year-old, with the lowest rate of
3.5% in Hong Kong and Singapore and highest rate
of 6.7% in Vietnam [2].

The management of COPD includes comprehensive
measures including pharmacological and non-
pharmacological treatment, to reduce symptoms and
risk of exacerbations [1]. However, these treatments
do not prevent systemic inflammation and disease
progression, as a result, COPD remains a serious
burden all over the world.

Bone marrow is a good source of stem cells with
different  capabilities of regeneration and
differentiation, including haemopoietic stem cells
(HSCs), mesenchymal stem cells (MSCs), endothelial
stem/ progenitor cells (EPCs). MSCs are stromal cells
which can regenerate and differentiate into a
number of cell types. In addition, preclinical trials in
vitro or in vivo showed anti-inflammatory and
immunomodulatory effects and lung tissue repair of
MSCs [3-6].

Base on that finding, MSCs administration has been
applied in clinical trials to treat COPD. This
treatment for COPD may be helpful to the patients,
improving their quality of life [7]. Additionally,
several previous studies showed the safety of stem
cell therapy in chronic lung diseases [7]. In this
paper, we describe the practical procedure of stem
cells isolation from BM fluid obtained from BM
aspirations for COPD treatment.

METHODS

Patients

Including 28 COPD patients, aged from 40 to 80
years old at the Respiratory Centre, Bach Mai
hospital, with a Forced Expiratory Volume in 1
second (FEV1) < 60%, with at least 2 exacerbations or
1 hospitalised exacerbation in the previous year, and
volunteered to participate in the study from August
2018 to August 2020.

Patients with any of the following conditions will
not be permitted to participate in the study

eHaving pulmonary diseases other than COPD,
deficiency of al - antitrypsin enzyme.

«Weight < 40kg.

oCurrently having viral/ bacterial infection,
Hospitalized exacerbations in the last 4 weeks.
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«Currently smoking or recently quit smoking in the
last 6 months.

-Breastfeeding, pregnant or intending to be preg-
nant.

-Unstable chronic conditions.

-Any other diseases, at the discretion of the research-
er, that might put the patients at risk during the re-
search or can affect the efficiency analysis and safety
if the disease progresses during the study.

-Has a history or is being diagnosed with cancer,
hyperplasia disorders.

.Using TNF - inhibitors in the last 3 months, using
immunosuppressants in the last 8 weeks.

-Allergies to anesthetic agents which can not be tol-
erated during stimulation tests.

Bone marrow aspiration under spinal anaesthesia
The patient was placed in lateral decubitus position
with the back parallel with the side of the operating
table.

Thighs were flexed up, and neck was flexed forward
(fetal position).

After preparing the back with an antiseptic three
times, the patient was given spinal anasthesia with
bupivacain and fentanyl.

After completed spinal anaesthesia, the patient was
placed in prone position, ready for BM aspiration.
The aspiration site was prepared with povidone-
iodine, scrubbed, and draped so that the only aspira-
tion site was exposed.

BM aspiration was done by 2 hematologists, all aspi-
rates were pooled in plastic bags containing heparin.
250ml - 300ml of bone marrow fluid was aspirated
from bilateral posterior iliac crests of patients.
The whole procedure lasted about 40 minutes.

FIGURE 1. Bone marrow aspiration under spinal anaes-
thesia

A. Spinal anaesthesia. B. Aspiration site sterilization with pov-
idone-iodine. C. Aspiration needles pushed into the cancellous
bone of the iliac crest. D. bone marrow suction. E. bone marrow
fluid pooled in a plastic bag with anticoagulant solution.
F. Completed procedure.
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Stem cells isolation

The bone marrow fluid was then processed by the
Sepax 2 system with SmartRedux protocol automati-
cally using CS-490.1 kit to produce 82ml of fluid con-
taining stem cells at the Cellular laboratory of the
Hematology and Blood Transfusion Center, Bach
Mai Hospital. This automatic system operated in a
functionally-closed and sterile environment with a
single-use kit. It took approximately 1 hour to com-
plete this automatic process.
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FIGURE 2. Process of stem cells isolation by Sepax II
system.
A. Sepax II system. B. CS-490.1 kit. C. Cell separation protocol.

The quality of stem cells was assessed by complete
cells count test, flow cytometry to assess the surface
marker expression of CD34, MSC panel and viable
percentage as well as bacterial and fungal cultures.
The qualified stem cells were approved with the
number of nucleated cells not smaller than 3x108 and
viable rate not smaller than 75%.

Stem cells infusion

The stem cells fluid was divided in half, 40ml was
infused to the patients intravenously via a peripheral
vein after extraction, the other 40ml was freezed
down and cryopreserved in liquid Nitrogen at -196
degree Celsius and the rest of 2 ml fluid was used for
laboratory tests. The infusion rate was 100ml per
hour.

After the stem cells infusion, the patients were moni-
tored in hospital for 7 days, followed by a discharge,
and a monthly check-up in 1 year. In this paper, we
focus on the procedure of stem cell separation and
the 1st infusion.
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Research ethnics

All patients participating in the study were given
appropriate information about aims, methods, bene-
fits and risks of the study, signed the Consent forms
to voluntarily participate in the study and have the
right to withdraw at any time.

The research has been approved by Bach Mai Hospi-
tal Ethnics Committees with the certificate 86/
HDDD signed 12 October 2016 and Ethnics Commis-
sion of Biomedical Research of the Ministry of
Health in Vietnam with the certificate 61/CN-
HDDD signed 27 July 2018.

RESULTS

Characteristics of patients

TABLE 1  General characteristics of studied patients

Demographic characteristics Results
Age, mean (SD) 65.1 (7.7)
Gender, Male, 1 (%) 28 (100%)

History of smoking pack-year, mean (SD) 23.6 (11.4)

Clinical characteristics

COPD group D, n (%) 28 (100%)

BMI, mean (SD) 21.3 (2.0
mMRC 22, n (%) 20 (71.4%)
CAT 210, n (%) 26 (92.9%)
6MWT, mean (SD) 363.3 (91.9)
Medical history and comorbidities

Hypertension, n (%) 5(17.9%)
Diabetes, 1 (%) 2 (7.1%)
Dyslipidemia, 1 (%) 22 (78.6%)
Appendectomy, 1 (%) 1(3,6%)
Resection of 2/3 stomach due to gastric 13,6%

ulcer, n (%)

(3,6%)
Inguinal hernia operation, 7 (%) 1(3,6%)
Stomachace, 1 (%) 2(7.1%)
Knee osteoarthritis, 1 (%) 2 (7.1%)
Pulmonary function test
FEV1 (L), mean (SD) 0.86 (0.31)
FEV1%, mean (SD) 34.3 (10.5)
GOLD stage III (30% £ FEV1<49%), n (%) 17 (60.7)
GOLD stage IV (FEV1<30%), n (%) 11 (39.3)
Inflammatory biomarker
CRP (mg/dL), mean (SD) 0.29 (0.3)

6MWT: 6 minutes walk test; BMI: body mass index; CAT:
COPD Assessment Test; COPD: chronic obstructive
pulmonary disease; CRP: C-reactive protein; FEV1: Forced
expiratory volume in one second; mMRC: modified Medical
Research Council; SD: standard deviation.
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Table 1 shows patients’ characteristics.

TABLE 2 Characteristics of BM derived stem
cells of COPD patients

Volume of bone marrow fluid (mL), 323.46 (4113)

mean (SD)
Nucleated cells count (109), mean (SD) 4.66 (2.02)
Percentage of CD34 cells/ CD45+ cells 0.98 (0.60)

(%), mean (SD)
CD34 cells count (cells/ pl), mean (SD) 384.75 (346.38)

Absolute CD34 cells count (10¢), mean

31.47 (27.25
Percentage of viable CD34 cells (%),

77.23 (18.37
mean (SD) ( )
MSCs count (cells/ ul), mean (SD) 12.39 (10.38)
Absolute MSCs count (109), mean (SD) 1.02 (0.85)
MSCs/kg weight (103/kg), mean (SD) 19.15 (15.85)

3 0,
Percentage of viable MSCs (%), mean 88.92 (11.10)
(SD)
P f 1 11
ercentage of MSCs among nuclear cells 0.06 (0.11)

(%), mean (SD)

Bacterial culture negative, n (%) 28 (100%)

Fungal culture negative, n (%) 28 (100%)

MSCs: mesenchymal stem cells; SD: standard deviation.

Among 28 patients enrolled in the study, 100% were
male, average age was at the sixth decade of life.
100% of patients were categorized at GOLD D class
according to GOLD 2016. All patients had airway
obstruction classified of severe and very severe level.
No patient had serious risks to general health at the
time of research.

Characteristics of stem cells
All 28 patients had bone marrow aspiration with the

mean volume of 323.46 + 41.13 (ml). The average
total nucleated cells count was 4.66 + 2.02 (x109),
with MSCs count of 1.02 + 0.85 (x10¢). The dose of
MSCs for intravenous infusion was 19.15 + 15.85
(x103/kg).

The viable rate of MSCs at the time of cell separation
was quite high of 88.92% (Table 2). Bacterial culture
and fungal culture of stem cell fluid were all nega-
tive.
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Safety outcomes

TABLE3  Adverse events during and after bone

marrow aspiration

Adverse events during bone marrow aspiration

Hypotension*, n (%) 6 (21.4)
Bradycardia*, n (%) 2(7.1)
Both hypotension and bradycardia*, 1(3.6)
n (%)

Death, 1 (%) 0 (0)

Adverse events after bone marrow aspiration and stem
cells infusion

Pain at the aspiration site, n (%) 21 (67.9)
Pain VAS

VAS1,n (%) 5(17.9)
VAS 2,1 (%) 11 (39.3)
VAS 3, n (%) 2(7.1)
VAS 4,1 (%) 3 (10.7)
Bruise at the aspiration site, 1 (%) 1(3.6)
Fever, n (%) 1(3.6)
Cardiovascular events, 1 (%) 0 (0)
Death, 1 (%) 0 (0)

*: patients recovered promptly by fluid infusion and/or atropin/
epinephrin administration; VAS: visual analog scale.

Autologous BM stem cells infusions were well toler-
ated. No death was observed. During aspiration pro-
cedures, adverse events were seen in 9 patients in-
cluding hypotension, bradycardia or both. After the
infusion, there was no serious adverse event (Table
3).

DISCUSSIONS

In recent years, several researches on stem cell thera-
py for chronic lung diseases have been conducted on
animal models and human, using stem cells from
bone marrow and adipose tissue [7]. Safety is the first
concern of this therapeutic intervention. During and
in short-term monitoring after the procedures, no
serious adverse event or death was noted. However,
several mild or transient AEs were found (Table 3), in
which hypotension and bradycardia seemed to relate
to spinal anesthesia agents, and patients recovered
promptly by fluid infusion and/or atropin/
epinephrin administration.

Until now, 2 clinical trials using autologous BM stem
cells treatment for COPD had been published, they
also reported no adverse effects related to the
therapy [8, 9].
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In general populations, BM aspiration is considered
a safe procedure [10], while patients in this study
were elderly and had severe/very severe COPD.
Therefore, risks of adverse effects of BM aspirations
for these patients was such a concern, especially
when patients were in prone position and the BM
fluid volume was quite high.

Currently, no international guidelines for stem cell
therapy have been published. The standardized pro-
cedure, the optimal dose of cell in each infusion, the
number of infusions, how frequent to infuse, etc. has
not been established. In the protocol of cell therapy
for the treatment of chronic obstructive pulmonary
disease applying in Brazil, patients were given gran-
ulocyte colony stimulating factor (G-CSF) subcutane-
ously for three consecutive days before the bone
marrow harvesting procedure [9, 11].

In addition, in other studies using cell therapy for
COPD, extensive cell culture procedures were ap-
plied to expand the number of stem cells, that may
alternate cells” function beside the concern of muta-
tions and potential carcinogenic risks [12, 13]. More-
over, cell expansion would be expensive. A simple,
automatic and short-duration procedure like we de-
scribed above may be beneficial and cost-effective.

In previous clinical trials of Weiss et al [14], Stolk et al
[8] and Ribeiro-Paes et al [9], the dose of BM-MSCs
was as high as 106 cells/kg after cells expansion.
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In this study, the average dose of MSCs was 19.15 +
15.85 (103 cells/kg). As MSCs account for only
0.001% to 0.01% of the BM cells, it required to har-
vest a large amount of BM fluid and extensive cul-
ture to obtain an adequate cells dose for therapeutic
treatment [15]. The dose of cells using in this study
might not be optimal. However, patients would be
followed in a longer time to evaluate the safety as
well as the efficacy of stem cells therapy.

CONCLUSION

The procedure of stem cell separation from BM fluid
obtained from BM aspiration is simple, safe and tol-
erable in COPD patients. The viable rate of MSCs
was high and the dose of MSCs was thousands of
cells for each kilogram weight. Establishing the safe-
ty of this procedure may allow further trials of BM
derived stem cells therapy in clinical practice.
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