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Background and Objectives: Chronic obstructive pulmonary disease (COPD) is character-
ized by the destruction of alveolar walls, chronic inflammation and persistent respiratory
symptoms. There is no curative clinical treatment for COPD. In this context, cell-based therapy
is a promising therapeutic alternative for COPD. Thus, in this open, controlled and randomized
Phase I Clinical Trial, we aimed to assess the safety of the infusion of autologous bone marrow
mononuclear cells (BMMC), adipose-derived mesenchymal stromal cells (ADSC) and, espe-
cially, the safety of concomitant infusion (co-infusion) of BMMC and ADSC as a new
therapeutic alternative for COPD. The rationale for co-infusion of BMMC and ADSC is
based on the hypothesis of an additive or synergistic therapeutic effect resulting from this
association.

Methods: To achieve the proposed objectives, twenty patients with moderate-to-severe
COPD were randomly divided into four groups: control group — patients receiving conven-
tional treatment; BMMC group — patients receiving only BMMC; ADSC group — patients
receiving only ADSC, and co-infusion group — patients receiving the concomitant infusion of
BMMC and ADSC. Patients were assessed for pulmonary function, biochemical profile, and
quality of life over a 12 months follow-up.

Results: No adverse events were detected immediately after the infusion of BMMC, ADSC
or co-infusion. In the 12-month follow-up, no causal relationship was established between
adverse events and cell therapy procedures. Regarding the efficacy, the BMMC group
showed an increase in forced expiratory volume (FEV1) and diffusing capacity for carbon
monoxide (DLCO). Co-infusion group showed a DLCO, and gas exchange improvement and
a better quality of life.

Conclusion: The results obtained allow us to conclude that cell-based therapy with co-
infusion of BMMC and ADSC is a safe procedure and a promising therapeutic for COPD.
However, additional studies with a greater number of patients are needed before randomized
and controlled Phase III clinical trials can be implemented.

Keywords: COPD, cell therapy, stem cells, mesenchymal stem cells, concomitant infusion,

co-infusion

Introduction

Chronic obstructive pulmonary disease (COPD) is a common, preventable, and
treatable disease characterized by persistent respiratory symptoms and airflow
limitation due to airway and/or alveolar abnormalities. These abnormalities are
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usually progressive and associated with an enhanced
chronic inflammatory response in the airways and lung,
generally caused by exposure to noxious particles and
gases.'! From the epidemiological viewpoint, COPD repre-
sents a serious public health problem and a major thera-
peutic challenge for pulmonologists and general
practitioners.”

Despite significant advances in new therapeutic and
rehabilitation approaches, there is, to date, no curative
clinical treatment for COPD/emphysema. In this scenario,
cell-based therapies with bone marrow mononuclear cells
(BMMC) or mesenchymal stromal/stem cells (MSC) are
for COPD. Thus,

a number of studies with cell-based therapies in preclinical

promising therapeutic approaches

experimental models of COPD have been published, as
widely discussed in several comprehensive and consistent
reviews.” >

Cell-based therapy in animal models supported the
development of clinical trials for COPD/emphysema.
The first clinical trial was published by Ribeiro-Paes et -

al.>> In this pioneering study, a pool of BMMC-

hematopoietic stem cells was infused immediately after
bone marrow aspiration from the iliac crest. No directly
related adverse events were recorded during a follow-up
of 12 months (Clinical NCT 01110252).
Complementing this study, Stessuk et al* have performed

Trials

a 3-year clinical follow-up of the same patients.

Moreover, in 2013, Weiss et al**

reported a placebo-
controlled randomized trial, sponsored by Osiris
Therapeutics Inc. (Columbia, MD, USA). In this study,
62 patients received repeated MSC infusions and a 2-year
follow-up (Clinical Trials NCT 00683722). Stolk et al*
reported an interesting Phase I, prospective, open-label
study for autologous MSC infusion in patients with
severe emphysema (ClinicalTrials NCT 01306513).
Next, Oliveira et al*® have published an innovative
Phase I, prospective, patient-blinded, randomized, pla-
(ClinicalTrials NCT
04018729) in which one-way endobronchial valve inser-
tion (EBV) was associated with the infusion of MSC.
Recently, Le Thi Bich et al*’ have published a pilot
clinical study using allogenic, umbilical cord-derived

cebo-controlled clinical trial
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mesenchymal cells (US-MSC) to treat patients with mod-
erate and severe COPD and, next, another group of
researchers from Vietnam?® published a Phase I/II study
(ClinicalTrials NCT04433104) to evaluate the safety and
efficacy of UC-MSC in patients with moderate-to-severe
COPD.

Morphological regeneration of the lung parenchyma in
preclinical animal models and improvement of pulmonary
function parameters in response to BMMC or MSC-based
therapy in patients with COPD has been attributed to
a local paracrine effect that results from the modulation
of the inflammatory response and release of cytokines that

. 11,14,16,17,19,20,29-40
regeneration.” - 0

can stimulate tissue
However, there is no previous report in the literature on
the use of concomitant infusion (co-infusion) of BMMC
and ADSC as a therapeutic alternative in COPD.
Therefore, it is important to evaluate the safety of the
procedure, as well as the potential efficacy resulting from
the association of these two cell types and possibly other
associations such as BMMC and umbilical cord stromal
cells (UC-MSC).

Based on these findings and considering the properties
and mechanisms of action inherent to BMMC and MSC,
we hypothesized that the concomitant infusion (co-
infusion) of BMMC and MSC would result in an additive
or synergistic effect of neoangiogenesis stimulation and
a decrease in the inflammatory process, which could
improve lung function or, at least, delay disease progres-
sion. Thus, the goal of this study was to test the safety of
the procedure as a primary endpoint, and secondarily, the
efficacy resulting from the co-infusion of BMMC and

MSC in patients with moderate-to-severe COPD.

Methods
Study Design and Sampling

This was a randomized, open-controlled Phase I clinical
trial with twenty patients enrolled at the pulmonology
outpatient clinic of Faculdade de Medicina ABC (ABC
Medical School — Brazil) and Instituto Chico Anysio (Rio
de Janeiro — Brazil). The sample consisted of 20 patients
with Grade 3-COPD according to the GOLD criterion."
The detailed protocol for randomization and masking is
described in Supplementary Data S1.

The study protocol was conducted in accordance with
the Declaration of Helsinki, approved by the National
Commission of Ethics in Research (CONEP — Brazil)
registered with code CAAE 303490140.0000.0082 and

with NCT
02412332. Patients who fit the inclusion criteria were

registered at ClinicalTrials.gov code
invited to participate in the study and sign the Informed
Consent Form (ICF). The inclusion and follow-up of
patients in the study occurred from 07/10/2015 to 06/12/
2017, and it should be noted that, due to the inclusion and
exclusion criteria adopted, to select the 20 patients
included in the study, it was necessary to perform

a clinical and laboratory evaluation of 140 patients.

Patients Inclusion and Exclusion Criteria
The inclusion criteria were: age 40 < 70 years, optimized
treatment for COPD grade 3, forced expiratory volume in
the first second (FEV1) 30% < 50% of predicted, and
smoking cessation for at least six months.

The exclusion criteria were: absence of emphysema on
chest tomography; active pulmonary or extrapulmonary
infection or history of infection <3 months ago; previous
history of coronary disease and/or severe ventricular dys-
function (ejection fraction < 55%); presence of pulmonary
hypertension; domiciliary oxygen therapy, advanced renal
failure (serum creatinine greater than 1.5 mg/dL) and liver
failure CHILD B or C; immunosuppressive or infectious
diseases detected; patients with known malignancies or
collagen diseases; psycho-social problems, drug and/or
alcohol abuse and not obedient to the established medical
protocol; no family acceptance; pregnancy or at risk of
pregnancy.

Randomization and Masking

Twenty patients with grade 3 COPD according to the GOLD
criterion were allocated to four groups with five individuals
in each group. In order to avoid selection bias, the study
participants underwent a random allocation process per-
formed by independent researchers who did not participate
in the study. The detailed protocol for randomization and
masking is described in Supplementary Data S1.

Clinical Study Groups

The patients were divided into 4 distinct groups defined
by randomized draw (with 5 individuals in each group):
control Group — patients maintained conventional clinical
treatment for COPD; BMMC Group — patients received
a pool of bone marrow mononuclear cell (BMMC);
ADSC Group — patients received infusion of adipose-
derived mesenchymal stromal/stem cells (ADSC) and in
the co-infusion Group — patients received concomitant
infusion (co-infusion) of ADSC and BMMC (Figure 1).
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Figure | Schematic representation of sample selection and experimental design.

The infusion of BMMC, ADSC and the co-infusion was
performed using the middle brachial vein. The total num-
ber of cells per infusion was 1 x 10®, and in patients who
received the co-infusion, 5 x 107 of each cell type was
infused. None of the patients were in use of noninvasive
mechanical ventilation. All the patients were currently in
use of optimized Long Acting Muscarinic Antagonist
(LAMA) + Long Acting B2 Adrenergic Agonists
(LABA) and inhaled corticosteroids. Only two patients
were in a pulmonary rehabilitation program.

The primary outcome of this study was the safety
assessment of the intervention procedures, from collection
to 12-month follow-up after cell infusion. Therefore, the
parameters evaluated were cardiopulmonary tests, dys-
pnea, liver and kidney function, tumor activity markers,
and hematological alterations in the peripheral blood.
These and other parameters evaluated over the 12-month

follow-up of patients are detailed in Supplementary
Table 1.

Isolation of Bone Marrow Mononuclear
Cells (BMMC)

BMMC collections were performed according to Thomas
and Storb*! with minor modifications, under sedation and
local anesthesia, with punctures in the posterior iliac crest;
the marrow was aspirated using 20-mL syringes hepari-
nized with 250 U/mL heparin (Liquemin; Hoffmann
LaRoche, GrenzachWyhlen, Germany), totaling 120 mL.
The separation of mononuclear cells was performed by
automated processing using the SEPAX 2 S-100 Cell
(GE-Healthcare-Chicago-Illinois,
USA) in a closed system, using the disposable kit
SEPAX CS900, Ficoll-Paque, USA Premium reagent
(1.077 g/mL, GE Healthcare), and washing solution

Processing ~ System
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composed of human albumin (Alburex 20 — CSL Behring
Pennsylvania, USA) diluted to 5% in saline solution
(Beker, Sdo Paulo, Brazil). At the end of automated pro-
cessing, a 0.5 mL sample of the buffy coat was separated
for cell counting, viability tests, flow cytometry immuno-
and blood described by

phenotyping, culture, as

Aktas et al.*?

Isolation and Proliferation of

Adipose-Derived Mesenchymal Stromal
Cells (ADSC)

The method of obtaining adipose tissue was liposuction by
a plastic surgeon. The isolation and proliferation ADSC
were performed in the laboratory under GMP conditions,
according to the procedure described by Zuk et al.*®

The adipose tissue was extensively washed with
DPBS (Gibco, New York, USA) until complete removal
of the blood present in the material. A 0.075% collage-
nase solution was added. The enzyme digested product
was centrifuged (400g for 10 minutes) and the pellet
obtained was resuspended in low glucose DMEM
(Gibco, New York, USA) plus 10% fetal bovine serum
(HyClone, Utah, USA), Normocin (InvivoGen, Toulouse,
France) and antibiotic-antimycotic (Gibco, New York,
USA). The cells were seeded in culture flasks for initial
cultivation and kept in a controlled environment at 37°
C and 5% CO,. The culture medium was changed every
3—4 days until reaching 80% confluence, with trypsiniza-
tion and cell counting at each passage until reaching
a cell concentration of 1 x 10% cells, in a maximum of
3 passages. Samples of cultured cells were tested to
negative microbiological control, viability, cell dosage,
characterization by flow cytometry, cell differentiation
in vitro and cytogenetic analysis as Quality Control
Tests before delivery for administration to the patients.

Phenotype Characterization and Viability
of BMMC and ADSC

Immunophenotyping of ADSC and BMMC was performed
by flow cytometry analysis in a FACSCalibur 4-color
cytometer (Becton Dickinson, NJ, USA). Samples of the
ADSC population were evaluated, from isolation to third
or fourth passage using the monoclonal antibodies cluster
of differentiation CD73, CD90, CD34, CD45 (Becton
Dickinson), CD105, HLA-DR, CDI19 (Biolegend, San
Diego, CA, USA), and CDI11b (Exbio, Vestec, Czech
Republic). The BMMCs were evaluated using the same

equipment (FACSCalibur) and the markers CD34 and
CD45 (Becton Dickinson). Cell counting and viability
were measured by trypan blue exclusion assay using
a Neubauer chamber.

Cellular Differentiation and Cytogenetic
Analysis of ADSC

Cellular differentiation into osteogenic, chondrogenic and
adipogenic lineages was induced in vitro using specific
kits StemPro (Gibco, New York, USA), according to the
manufacturer’s instructions. Osteogenic differentiation
was confirmed by Alizarin Red staining, chondrogenic
differentiation with Alcian Blue and adipogenic differen-
tiation with Oil Red O. All dyes were from Sigma Aldrich,
St. Louis, MO, USA. Cytogenetic analysis was performed
from the second or third passage, by G-banding technique,
1.** Only cultured cells that

showed normal results after evaluation of at least 20 meta-

as described by Borgonovo et a

phases per fixed material were used.

Laboratory and Pulmonary Function Tests
Laboratory tests and lung function exams were performed
following the methodologies standardized by the FMABC
(Brazil). Clinical parameters were evaluated pre-procedure
and during the clinical follow-up of patients. The patients
underwent hematology, biochemistry, serology, kidney and
liver function, tumor marker evaluation, and radiological
exams. The control and treated groups were evaluated
periodically for 12 months (Supplementary Table 1).

Pulmonary Function Tests

Whole body spirometry and plethysmography were per-
formed with constant volume and variable pressure on
a Medgraphics Plethysmography (Elite Series Corporation
Washington, DC, USA). Evaluated parameters were as fol-
lows: total lung capacity (TLC); forced vital capacity
(FVC); FEV,; FEV/FVC ratio; residual volume (RV);
RV/TLC; airway resistance (Raw); diffusion lung capacity
for carbon monoxide (DLCO); alveolar volume (AV);
DLCO/VA; and inspiratory capacity (IC). Results have
been evaluated using the reference for the Brazilian
population.*

Cardiopulmonary Test

An incremental test (Cardiopulmonary Testing) was per-
formed on a treadmill coupled to an electrocardiograph
(Micromed, Sao Paulo, Brazil), with an initial speed of
3.0 km/h, inclination of 1% and increment of 0.5 km/h
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every minute. The parameter used was oxygen consump-
tion at the peak of exercise (VO, peak).

Six-Minute Walk Test (6MWT)

The 6MWT was conducted according to the guidelines
proposed by the American Thoracic Society— ATS
Statement: Guidelines for the Six-Minute Walk Test as

described by Sciurba et al.*®

Quality of Life Measure

The quality of life questionnaire (QLQ) was measured by
the Saint George’s Respiratory Questionnaire (SGRQ) that
is specific and widely used for obstructive respiratory
diseases and was initially validated in Brazil in 2000.*
At every visit were asked to complete a QLQ SGRQ, this
questionnaire provides score to evaluate three domains:
symptoms, physical activity, and the psychosocial impact
of the respiratory disease, aiming at better detection of
clinical improvements. The responses were evaluated for
the total questionnaire and for each of its domains con-
sidering that a 4% reduction or a 10% reduction in each
domain between visits was a significant improvement. The
patient progression in terms of QL was calculated rela-
tively to the preceding evaluation score, as described
above for the 6MWT.

Statistical Analysis

Qualitative characteristics were described by scores and
presented as the median and 25-75% of the score range
limits. Data were also shown by values relative to their
basal ones before treatment: variation (Delta-A%) of pul-
monary function, gas exchange, 6SMWT, QLQ and cardio-
pulmonary test evaluated over 12 months follow-up for
each group, compared to the baseline data. Quantitative
characteristics are described by medians and their respec-
tive confidence intervals (95% CI). When applicable, Stata
11.0 (Stata Corp., College Station, TX, USA) was used for
analysis. The data obtained after application of the SGRQ
were analyzed using either the overall score or the scores
at each questionnaire domain.

Results

Based on the inclusion and exclusion criteria adopted in
this study, it was necessary to evaluate a large number of
patients. For the composition of a sample of 20 patients,
a total of 140 patients who volunteered for this study were
evaluated clinically and by laboratory tests (Figure 1;
Supplementary Table 1). Hypothesis tests or error bars

were not included in the figures due to the size of the
studied sample. As this was an initial study with only five
participants per group, estimation confidence intervals or
error bars were not estimated so as not to induce readers to
inadequately extrapolate the results. In addition, one of the
hypothesis tests was not performed due to the risk of
finding false results in type I or even type II error.

The results of phenotypic characterization of the
ADSC of each patient presented high viability levels
(mean 96.22 + 1.97) with high concentrations (>97%) for
the CD73/CD90 (99.40% =+ 0.38), CD73/CD105 (98.48%
+ 1.08), and CD90/CD105 (98.55% =+ 0.97) markers.
A low proportion of hematopoietic stem cell markers
was observed by the occurrence (<2%) of cells labeled
by CD34 (1.13% + 0.48), CD45 (1.62% =+ 1.08), CD11b
(0.07% £ 0.05), CD19 (0.02 + 0.03), and HLA-DR (0.03 +
0.04). These results were repeatedly obtained in all cul-
tures of the 10 patients receiving ADSC infusion alone or
in co-infusion with the BMMC pool. BMMC showed
a mean viability of 97.56% + 1.22, with a mean mono-
nuclear cell concentration of 33.39% + 13.85 and a mean
cell concentration of 1.16% + 0.70 for CD34 and CDA45
positive markers (Figure 2A; Supplementary Figure 1;
Supplementary Table 2). After isolation of the BMMC
pool by the automated method, as described in material

and methods, a 0.5 mL sample was taken for analysis of
different parameters. The results indicated cell viability
above 97% and the proportion of mononuclear cells ran-
ged from 10.92% to 53.53% (Supplementary Table 3).
Furthermore, all samples from the BMMC pool had nega-

tive results for microbiological tests.

As additional criteria for the analysis and validation of
ADSC, differentiation tests were performed. Osteogenic,
adipogenic and chondrogenic differentiation were obtained
(Figure 2B) for all cell culture samples in all groups that
received ADSC (alone or with co-infusion), confirming the
specificity criteria for validating the mesenchymal nature
of cells isolated from adipose tissue of patients in the
ADSC-treated groups, as proposed by the International
Society for Cellular Therapy — ISCT.*® Again, in addition
to these results of validation and characterization of the
ADSC, cytogenetic analysis was performed using the
G-banding technique as one of the criteria for verifying
any possible effect of the genetic instability on the cells
kept in cultivation, until the third passage. No numerical or
structural chromosomal aberrations were detected in all
metaphases analyzed, according to the images of the kar-
yotypes presented in Figure 2C.
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Figure 2 Cytogenetic analysis of ADSC maintained in culture until the third passage and characterization by immunophenotyping and differentiation of the ADSC and Co-

infusion (ADSC and BMMC) groups.

Notes: (A) Expression of surface markers detected using flow cytometry analysis of cultured ADSCs from |0 patients who received ADSCs alone or in co-infusion; (B)
Differentiation of ADSCs into adipocytes, chondrocytes and osteocytes from patients of both the ADSC and co-infusion groups. Data from 10 patients who received BMMC
infusion (5 patients) or co-infusion (5 patients). (C) Cytogenetic analysis from |0 patients who received ADSCs alone (5 patients) and those who received the co-infusion of

BMMCs and ADSCs (5 patients).

Patients did not have any complications during the
collection of bone marrow and adipose tissue. Only local
discrete pain and hematoma were noted as side effects.
ADSC and BMMC infusions, isolated or co-infusion, were
not associated with any side effects or complications.
During the 12-month follow-up period, patients were eval-
uated clinically and in the laboratory for different para-
meters in the first 7 days, and after 1, 3, 6, 9 and 12
months (Supplementary Table 1). During the follow-up

period, no noteworthy clinical complications were
detected in relation to liver, kidney and blood count, as
well as significant changes in biochemical parameters.
Clinical data showed no changes in mMRC (in other

words, no changes in dyspnea). Inflammatory markers

such as IL-6, IL-1 did not show any changes among the
groups. There was a decrease in TNF-a levels in the co-
infusion group (p = 0.045) after 6 months.

Complaints of the patients were restricted to pulmon-
ary function. Signs and symptoms indicative of COPD
exacerbation were eventually observed in all groups (con-
trol and treatment).

The BMMC group was the only one that showed an
increase in FEV1 over 12 months of follow-up (Figure 3A,
Supplementary Table 4). The control and co-infusion

groups maintained values similar to baseline data, with
a more expressive decrease of FEV1 for the ADSC
group. In Figure 3B, which shows the result of FEV1/
FVC (%), showed

it can verify that all groups
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DLCO, diffusion lung capacity for carbon monoxide; pCO, partial pressure of CO.

a pronounced decrease in FEV/FVC (%) in the period
from 0 to 3 months. The BMMC group, however, showed
improvement in lung function for this parameter in the
interval between 3 and 12 months (Figure 3B,
Supplementary Table 5). With regard to TLC (Figure 3C,

Supplementary Tables 6 and 13) all groups maintained
similar values in relation to baseline data (time 0), with
a small increase in TLC for the BMMC group. For RV, the
control, BMMC, and co-infusion groups maintained values
between 180 and 200%, remaining close to baseline data
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(Figure 3D, Supplementary Tables 7 and 13). The BMMC
group showed a slight increase (190-200) in relation to the

baseline value. In the DLCO analysis (Figure 3E,
Supplementary Tables 9 and 13) it appears that the

BMMC group showed continuous improvement over 12
months of follow-up, which was more expressive in the
period from 0 to 3 months. There was also a significant
improvement in the co-infusion group over 12 months of
follow-up. Regarding the results for pCO,(Figure 3F,
Supplementary Table 11) it can verify that the different

groups showed little variation relatively to the baseline
data, remaining for 12 months of follow-up in the range
of 35 to 39 mmHg. The BMMC group showed a decrease
below 35 mmHg at the end of 3 months of follow-up,
returning to the normal baseline value of 35 mmHg at the
end of 12 months (Figure 2F and Supplementary
Table 11).

Control group presented an increase in TLC only after
the first 3 months of follow-up. RV increased in this group
between 6 and 12 months, as well as RV/TLC; there was
no difference in the other groups. IC decreased in the
control patients in the first 3 months (which showed an
increase in hyperinflation when associated with an
increase in TLC, RV and TLC/RV). Raw was higher after
6 months of follow-up in the control group and remained
stable. These data allowed the inference that the control
group showed a worsening of lung capacity due to
increased hyperinflation and increased airway resistance
in the first few months (Supplementary Tables 6 and 8).

In summary, the control group had increased pulmon-
ary hyperinflation and alveolar exchange. The BMMC
group showed increased FEV, without alteration of TLC
and IC, and increased DLCO and VA. The ADSC group
showed decreased hyperinflation due to increased IC and
VA. In the co-infusion group, there was decreased hyper-
inflation and TLC, with increased IC and alveolar
exchange (Supplementary Tables 4, 6, 9, 11 and 13). The

co-infusion group showed more evident results up to 6
months of follow-up. Despite this group showing an appar-
ent increase in Raw, this group had the lowest Raw (151 +
23%) at the beginning of the study (Figure 3F;
Supplementary Table 10).

However, the BMMC group had decreased pCO, after
6 months that suggested an improvement in gas exchange
increased DLCO and VA.
Cardiopulmonary tests showed increased VO,pcqi in the

when associated with

BMMC group during the follow-up and an improvement

in the first 6 months in the co-infusion group (Table 1;
Supplementary Tables 9, 11 and 13).

Regarding the scintigraphy data, there was no variation
between the groups and no difference in the regeneration of
lung injured areas in any of the treatments data
(Supplementary Table 12). Concerning the thorax CT

scans, no changes were observed during the follow-up in
all groups, eg, no changes in emphysema or nodule growth,
although software was not used to analyze the results.

The 6MWT did not differ during the 12-month follow-
up in any group, considering the general criteria for signifi-
cance (distance > 50 meters). The quality of life derived
from the SGRQ application decreased 46.7% in the control
group throughout the 12-month follow-up, indicating the
considerable clinical worsening of COPD status. Analysis
of the symptom’s domain taken from the SGRQ confirmed
that the ADSC and co-infusion groups showed improved
symptoms 3-months post-treatment. The co-infusion group
had symptom improvement gradually through the 6- and
9-month visits; a significant increase of 10% over baseline
at the 12-month visit. In the SGRQ disease-impact domain,
the same pattern was observed in all groups, but for the 12-
month visit, the co-infusion group showed a more signifi-
cant improvement (Figure 4 and Table 1).

During the 12-month follow-up of the patients, signs
and symptoms indicative of COPD exacerbation were
eventually observed in all groups, which may be consid-
ered as an adverse event (AE), but the exacerbations were
more intense and frequent in the control group. It is
noteworthy that the co-infusion group had fewer episodes
of exacerbation compared to the other groups.

Discussion
In the context of regenerative and translational medicine in
lung diseases and, particularly in COPD/emphysema, cell-
based therapy is impacted by a complex tissue structure,
with many cell types inserted in an extracellular matrix
network.'®?**? In this context, the lung represents a major
challenge for tissue engineering and regenerative medicine
(TERM). Currently, approximately 21 studies are regis-
tered on the ClinicalTrials.gov website®® for “Cell
Therapy or Stem Cells/COPD” and, to date, only seven
papers have been published reporting results on cell-based
clinical trials in COPD.>**"?® This study presented a cell-
based therapy in COPD using, for the first time in the
literature, a co-infusion of BMMCs and ADSC.

Despite the limitations of this Phase I clinical study,
such as the small sample size of each group, the objective
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Table | Different Pulmonary Function Parameters Over 12 Months in Relation to Baseline Data Before Treatment for the Control,

BMMC, ADSC and Co-Infusion Groups

Characteristics Control BMMC ADSC Co-Infusion
Age (years) 59.80 + 2.86 60.80 + 5.40 63.20 + 2.59 65.80 + 3.60
Sex (Female/Male) 4/1 4/1 4/1 32

Body mass index at enrolment 26.05 + 5.13 2444 + 1.73 26.04 + 2.00 2468 + 1.14
Oxygen saturation 94.40 £ 24| 93.00 + 2.24 9320+ 1.10 93.80 + 2.59
Pulse rate, per minute 7520 £ 10.21 94.20 + 8.14 82.80 + 4.09 86.80 + 7.20
sBP, mm Hg 131.60 + 14.24 134.00 = 19.49 122.00 + 23.87 128.00  15.17
dBP, mmHg 77.00 + 9.75 74.00 + 21.91 80.00 + 7.07 78.00 + 11.40
mMRC 2 (2-2) 2 (1-3) 3 (34 2.5 (1-3)
SGRQ 34+ 12 28+8 3515 36+ 14

6 MWT (m) 388.60 + 85.52 410.40 £ 39.40 379.00 + 101.09 406.25+18.01
Plethysmography

FVC (L) 221 + 0.67 1.82 £ 0.74 2.19 £ 054 2.54 + 1.03
FEV, (L) I.11 £0.35 1.03 £ 0.47 0.90 +0.13 1.01 £0.16
FEV, (% predicted) 41.80 £ 7.95 39.60 + 6.99 38.76 = 5.74 39.40 + 6.35
FEV\/FVC (%) 66.20 + 13.48 64.56 + 10.83 63.56 + 15.09 52.00 + 10.98
TLC 6.18 + 0.85 5.58 £ 1.59 5.88 + 1.36 8.36 + 2.00
TLC (%) 127.60 £ 11.10 121.60 = 15.16 89.69 + 51.79 142.50 + 21.98
RV (%) 215.60 + 46.63 210.00 + 26.30 I51.11 + 85.64 233.00 + 49.30
RVITLC (%) 195.80 + 33.80 186.60 + 23.32 156.83 + 91.69 183.25 + 42.85
Raw (%) 164.00 + 47.81 194.50 + 80.14 150.18 £ 97.39 151.00 + 23.45
IC (%) 7710 77+ 16 7117 80+22

VA (%) 64.1+32.8 67.2+14.2 67.8%12 84+20.6
DLCO (%) 47.60 £ 26.99 35.92 + 2692 37.48 + 36.29 35.60 = 11.15
DL/VA (%) 58.80 + 26.38 57.75 + 33.89 54.11 + 46.11 40.00 + 11.07
Blood gas analysis

pO, (mmHg) 75.267.63 68.96+16.89 71.48+3.14 72.3%10

pCO, (mmHg) 35.86+2.45 36.22+4.1 374345 37.1£3.9
Cardiopulmonary test

VO,pear(L/min) 14+4.6 16.7£7.6 11.1£6.2 13.8+1.8

Abbreviations: sBP, systolic blood pressure; dBP, diastolic blood pressure; mMRC, dyspnea scale; SGRQ, St. George’s Respiratory Questionnaire; 6 MWT (m), 6 Minute
Walk Test; FVC, forced vital capacity; FEV), forced expiratory volume in one second; TLC, total lung capacity; RV, residual volume; Raw, resistance of the airways; DLCO,
diffusion lung capacity for carbon monoxide; AV, alveolar volume; DL/VA specific diffusing capacity; IC, inspiratory capacity; pO,, oxygen partial pressure; pCO,, partial
pressure of carbon dioxide; VOypeai, OXygen consumption at peak.

of assessing safety has been fully achieved, especially

regarding the safety of the co-infusion of BMMC and
ADSC. As the first objective of this clinical trial was to
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Figure 4 Saint George Hospital Respiratory Disease Questionnaire (SGRQ).

Abbreviations: BMMC, bone marrow mononuclear cells; ADSC, adipose-derived mesenchymal stromal cells.

test the safety (Phase I) of the procedure, it should be
emphasized that no adverse effects were reported in all

groups in the period immediately following infusion or
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during the follow-up of the patients for 12 months. This
finding is consistent and confirms all previous cell-based
clinical trials in COPD.>**"%®

In accordance with the characterization standards
recommended by the International Society of Cell
Therapy (ISCT),*® the cells from 10 patients who received
ADSCs presented a high degree of purity, including the
presence above 97% of markers characteristic of MSCs in
all samples, as observed in the cytometry analysis. The
ADSCs showed osteogenic, chondrogenic and adipogenic
differentiation.

In addition, the cells were analyzed by the G-banding
technique to verify any possible effect of genetic instabil-
ity on the cells kept in cultivation, until the third passage.
No numerical or structural chromosomal aberrations were
detected in all metaphases analyzed, according to the
karyotype images. Several reports in the literature have
shown cytotoxic and genotoxic effects on long-time cell
culture of mesenchymal stromal cells.”'>* According to
these results, our research group adopted, as a criterion for
quality and safety control, the proliferation and infusion of
ADSC until the third or, exceptionally, until the fourth
passage.

Plethysmography showed that the control group wor-
sened lung function due to increased RV/TLC and Raw
and decreased IC during 12-month follow-up. These
results indicate a worsening in relation to gas exchange
and pulmonary hyperinflation, which was not observed
in the other groups. These data suggest a beneficial effect
of cell-based therapy in gas exchange and hyperinflation,
in the BMMC, ADSC and co-infusion groups. Ruppel
et al (2012)°* showed that RV and RV/TLC were more
sensitive than TLC to the degree of airway obstruction.
Recently, there was an interest in IC as a marker of
hyperinflation. Casanova et al (2005)** used the IC/
TLC ratio as an indicator of hyperinflation and related
it to survival in COPD patients. The worsening of hyper-
inflation may also have impacted the quality of life
(QLQ SGRQ) of patients in the control group, unlike
the BMMC, ADSC and co-infusion groups.

Interestingly, the ADSC group had a more effective IC
and VA improvement. VA refers to TLC without anatomi-
cal dead space.” In other words, an increase in VA could
imply an increase in pulmonary capacity. In this case, this
may be due to decreased lung compliance. These results
could justify the quality of life improvement in these
patients, although VA alone should not be used as
a marker of pulmonary capacity. TLC is the best marker.

The BMMC group showed the best results in this
study. This group revealed a slight increase in FEV, better
diffusion capacity in the first 3 months (described as
DLCO/VA) and worsening in IC after 3 months. It is
important to highlight the better gas exchange in the
BMMC group, in addition to the improvement of the
diffusion capacity. Moreover, this group had improved
oxygen consumption and decreased pCO2 retention,
implying that BMMCs could be related to improvement
of alveolar gas exchange.

The co-infusion group obtained the best quality of life
and an augmentation of pulmonary capacity, as demon-
strated by VO,, IC stability and DLCO. Notably, they had
the best improvement of symptoms during treatment.
Unfortunately, scintigraphy results did not confirm these
findings.

In summary, this study showed that control patients
had the worst follow-up results compared to treated
groups. The BMMC group had the most desired responses
in alveolar gas exchange and the co-infusion group
showed a better quality of life with increased alveolar
gas exchange.

COPD/emphysema is a multifactorial disease resulting
from the interaction of environmental and genetic factors;
thus, the clinical course of disease may vary depending on
the particular conditions of each patient. This study was
designed to primarily evaluate the safety and secondarily
the efficacy of the procedure, especially the co-infusion of
BMMC and ADSC. No adverse effects resulting from the
infusion of BMMC, ADSC or the co-infusion of BMMC
and ADSC have been detected. Thus, it can be stated that
the first endpoint of this Phase I clinical trial has been fully
achieved.

Interesting results were also obtained regarding lung
function after infusion of BMMC and ADSC. Therefore,
it was not possible to confirm in a thorough manner the
hypothesis that the co-infusion resulted in an additive or
synergistic therapeutic effect in COPD. Additional stu-
dies, with a larger number of patients, will be needed to
evaluate this hypothesis more accurately. However, it
should be emphasized that from the results obtained in
this clinical study, new approaches open up for research
in cell-based therapies in COPD, resulting from the asso-
ciation of BMMC and ADSC, as well as the association
of other mesenchymal stromal/stem cells. In this context,
considering the good safety and efficacy results with
infusion of UC-MSC?"* in patients with COPD, this
study opens the perspective of clinical trials with
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concomitant infusion of new cellular associations such as
BMMC and UC-MSC or ADSC and UC-MS.

Despite the limited number of clinical trials regard-
ing COPD, there are some encouraging results. In the
study reported by Stessuk et al,”> one of the patients
maintained a table FEV, after a 30-month follow-up.
Le Thi Bich et al?’ reported a clinical trial using
UC-MSC,
a significantly reduced mMRC score, as well as the

allogenic where the authors report
number of exacerbations in patients with moderate-to-
severe COPD. The clinical protocol conducted by
Stolk et al*> shows increased expression of CD31, an
endothelial marker, which could indicate the occur-
rence of angiogenesis, resulting in a protective effect
or repair of the lung parenchyma. This hypothesis is
coherent and corroborates previous results in vitro and
in vivo experimental models of a possible angiogenesis
effect that would act in the improvement of lung func-
tion through a paracrine mechanism of BM-MSC and/
or ADSC.”'*!> These results expose the interesting
perspective ie the association of MSC and factors that
stimulate the release of cytokines may represent a new
therapeutic approach to improve lung function in
patients with COPD. Nevertheless, notwithstanding
some advances and promising results, there are many
doubts, divergences, and issues to be further investi-
gated and more precisely defined. Among the issues to
be better defined are the number of cells, the time of
administration (acute or chronic phase), route of
administration (intratracheal, intrabronchial or venous),
homing and engraftment, source of cells, culture con-
ditions (quality of the cells), and standardization of
13.14.19.21,33.40.56-62 Thyug  pew studies and
with
methods must be performed to obtain a dataset that

protocols.
well-designed randomized trials standardized
consistently supports moving to Phase III randomized,
placebo-controlled clinical trials. In this context, it
would be important to establish large national and/or

international randomized, multicenter collaborative
studies.
Conclusion

In this Phase I clinical trial, we evaluated and described
for the first time in the literature the concomitant infusion
of BMMC and ADSC for the treatment of COPD. The
results obtained reinforce previous studies that cell-based
therapy with BMMC and ADSC is a safe procedure. In
addition, no adverse events were detected resulting from

the concomitant infusion of BMMC and ADSC confirming
that it is also a safe procedure. The small number of
patients in each group impacted the results and did not
allow more consistent conclusions regarding efficacy
resulting from the concomitant infusion of BMMC and
ADSC and did not allow to validate the hypothesis that
guided the development of this clinical trial, according to
which the association of BMMC and ADSC could result in
an additive or synergistic therapeutic effect. In this regard,
additional studies with a larger number of patients are
needed before Phase III clinical trials are implemented.
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