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ABSTRACT
AIM: We aimed to identify the improving effects of umbilical cord tissue-derived (UCTD) MSCs on the 
symptoms of COPD in our phase 1.2 clinical study.
MATERIAL METHODS: Our study consisted of fi ve patients with COPD. Respiratory function tests, SGRQ 
symptom, activity and impact scores and 6-minute walk test (6MWT) were examined before UCTD MSC 
treatment. All the patients were administered a total of 4 doses of UCTD MSCs by intravenous infusion 
at two-week intervals. All the tests were repeated three months after the treatment for evaluation of the 
response to MSCs treatment.
RESULTS: The mean age of fi ve male patients was 56. The mean pretreatment FEV1/FVC ratios were 66.9 
%. Pretreatment mean SGRQ symptom, activity and impact scores of the patients were 78.2, 83.8 and 58.02 
respectively. The mean walking distance of the patients was 307 meters before MSCs treatment. The mean 
FEV1/FVC value of raised to 69.58 % after the treatment. The mean SGRQ symptom, activity and impact 
scores were noted as 39.8, 60.98 and 45.18 respectively. The mean walking distance of the patients raised 
to 362 meters after the treatment.
CONCLUSIONS: Our results showed that four doses of MSC treatment considerably alleviated the severity of 
symptoms of COPD (Tab. 2, Fig. 7, Ref. 25). Text in PDF www.elis.sk.
KEY WORDS: disease progression, mesenchymal stromal cells, chronic obstructive pulmonary disease, 
umbilical cord tissue.
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Introduction

Infl ammation and emphysematous destruction is commonly ac-
companied with COPD. It is estimated that COPD affects 174.5 mil-
lion people in the world and carries a high morbidity and mortality 
risk. There is no therapy that can regenerate destroyed alveoli (1‒3). 

MSCs are multipotent, non-hematopoietic progenitors and are 
able to differentiate into many different cell lineages. Additionally, 
they have the capacity for self-renewal. Many authors reported that 
MSCs can be readily harvested from several tissues and expanded 
with high effi ciency and displays strong immunosuppressive im-
munomodulatory and neuroprotective properties (4). The benefi t 
of MSCs has been shown in many pulmonary conditions such as: 
asthma, COPD, emphysema and acute respiratory distress syn-
drome in many preclinical studies (5‒7). However, further clini-

cal studies focused on the effi cacy of MSCs on the treatment of 
COPD are needed (8‒10).

Our clinical study was aimed to investigate the effects of 
MSCs derived from umbilical cord-derived on the treatment of 
fi ve patients with COPD and to review similar studies in literature. 

Material and methods

Our early phase clinical study was designed as an open-label, 
single-armed and early phase (1/2) study carried out in LIV hos-
pital in Istanbul and included 5 cases suffering from COPD. The 
study protocol was approved by the decision on 22nd July 2015 
and 2015‒13/01 number of ethics committee of clinical research 
of Bahcesehir University. Informed consent form including the 
knowledge about the risks of the study was obtained from all the 
patients. The diagnosis of COPD was confi rmed with the criteria of 
Global Initiative for Chronic Obstructive Lung Disease (GOLD). 
Pulmonary function tests were performed by the same technician 
using the Jaeger MasterScreenPneumo V452I device (Care Fusion, 
Hochberg, Germany). The best test result of the 3 consecutive mea-
surements was recorded. Forced expiratory volume in 1 second, 
forced vital capacity (FVC), and percentage of FVC expelled in 
the fi rst second of forced expiration were evaluated according to 
the American Thoracic Society guidelines. 

The St. George’s Respiratory Questionnaire (SGRQ) symp-
tom, activity and impact scores were used to quantify the impact 
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of COPD on symptoms of the patients. Before MSCs treatment, a 
six-minute walk test was used for identifying the functional status 
of our patients. The results of the six-minute walk tests were also 
used to evaluate the response to treatment after MSCs treatment. 

Patients with coexisting diseases such as: extrapulmonary 
infection, psychosocial problems, active smoking, drug/alcohol 
abuse, cancer, immunosuppressive disease, pregnancy, active hepa-
titis, active renal disease, and serious cardiopulmonary diseases 
were excluded from the study. 

After the pretreatment measurements, all the patients were 
administered a total of 4 doses of umbilical cord tissue-derived 
(UCTD) MSCs (1‒2x106BM-MSCs/kg) by intravenous infusion 
at two-week intervals. Respiratory function tests, SGRQ scores, 
and six-minute walking tests were repeated and recorded in all 
patients three months after the treatment. Umbilical cord tissue-
derived MSCs, which were manufactured under cGMP (current 
Good Manufacturing Practice) conditions (LivMedCellIstanbul, 
Turkey) were used in this study. Cell preparation steps were per-
formed according to cGMP requirements as described previously 
(11, 12). The cells were characterized by identifying the potential 
for differentiation using a fl ow cytometer and immunohistochemi-
cal analysis, cell aging, cell cycle, annexin V/PI and telomerase 
enzyme activity at the third passage. The quality control and qual-
ity assurance for the production of these cells were conducted in 
accordance with the standards of the Turkey Pharmaceuticals and 
Medical Devices Agency (TMMDA) (13).

Results

All the patients were male and the mean age of the patients 
was 56 (range from 48 to 73) years. The mean FEV1/FVC value 
of fi ve patients was 66.9 % before MSCs treatment. The mean 
FEV1/FVC value of raised to 69.58 % after treatment. Pre and 
post-treatment respiratory function results were detailed in Table 1. 

Pretreatment mean SGRQ symptom, activity and impact scores 
of the patients were 78.2, 83.8 and 58.02 respectively. We ob-
served signifi cant improvements in SGRQ symptom activity and 

impact scores of the patients after treatment. Post-treatment mean 
SGRQ symptom, activity and impact scores were noted as 39.8, 
60.98 and 45.18 respectively. According to the results of the six-
minute walk test, the mean walking distance of the patients was 
307 meters before MSCs treatment whereas, after the treatment, 
the mean walking distance of the patients raised to 362 meters. 
Pre and post-treatment SGRQ and six-minute walk test results 
were detailed in Table 2. 

Age and Gender FEV1 (ml) FVC (ml) FEV1/FVC (%)
48 y, male  3.10/3.12 4.49/4.22 69/74
51 y, male  1.02/1.27 1.55/1.82
68 y, male  3.44/3.65 4.99/5.05 69/73
40 y, male  0.56/0.60 0.87/0.98 64.5/60.9
73 y, male  1.05/1.20 1.60/1.70 66/71

Tab. 1. The results of the pre and posttreatment pulmonary function 
tests of the cases.

SGRQ scores Symptom Activity Impact Six-minute 
walking (meter)

48y, male  91/62 79/48  61/58  355/390
51y, male  64/23 94/63  78/46  266/290
68y, male  68/43 66/40  31/12  374/536
40y, male  97/56 92/79  54/50  280/312
73y, male  71/15 88/75  66/60

Tab. 2. Pre and posttreatment SGRQ scores and six-minute walking 
test results of the cases.

Fig. 1. Comparisons of pre and post-treatment FEV1 values of the cases.

Fig. 2. Comparisons of pre and post-treatment FVC values of the cases.

Fig. 4. Comparisons of pre and post-treatment SGRQ symptom scores 
of the cases.

Fig. 3. Comparisons of pre and post-treatment FEV1/FVC values of 
the cases.
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Comparisons of pretreatment and posttreatment FEV1, FVC 
and FEV1/FVC values of the cases were shown in Figures1, 2 and 
3 respectively. Comparisons of pretreatment and posttreatment 
SGRQ symptom, activity and impact scores of the cases were 
shown in Figures 4, 5 and 6. Comparisons of the six-minute walk 
test results of the cases was shown in Figure7. 

Discussion

Recent studies focused on the new therapeutic agents, which 
may prevent oxidative damage and anti-protease activities (3, 8, 
10, 14). Dennis et al. reported that MSCs are multipotent cells that 
play a pivotal role in various stages of lung development and lung 
homeostasis and potentially lung regeneration. MSCs have also 
anti-infl ammatory and paracrine properties and are promising as 
a cell-based treatment strategy for the repair of damaged alveolar 
tissue in emphysema (2, 8, 14, 15). Previous studies showed that 
intravenous infused MCSs could migrate to the site of injury to 
repair the damaged tissue. However, the mechanism for MSC mi-

gration is still unclear. It seems to be related with the chemotaxis 
migration due to hypoxia (16, 17).

One of the striking features of mesenchymal stem cells is their 
activity on different components of the immune response such as 
macrophages. MSCs are multipotent fi broblast-like cells and have 
in vivo functions such as: contribution to tissue maintenance and 
regeneration and modulation of immune responses. Intact mac-
rophage activation and function are essential for the resolution 
of infl ammation, subsequent regenerative procedures and return-
ing to hemostasis, particularly in COPD. M1 and M2b subtypes 
exhibit a weak phagocytic activity whereas M2a has a stronger 
phagocytic activity. In the presence of MSCs, yeast ingestion by 
M1 and M2b increases while it decreases for M2a macrophages. 
It has been reported that MSCs promote macrophage polarization 
toward M2b macrophages. Peng et al. also showed that intravenous 
human umbilical cord blood MSCs could reduce infl ammatory 
response by stimulating M1/M2 subtype conversion in macro-
phages of mice (14, 15).

Systematic review and meta-analysis about preclinical stud-
ies focused on the therapeutic effects of stem cell administration 
in patients with COPD defi ned the mechanisms of MSCs role in 
preclinical COPD treatment as attenuating airway infl ammation as 
well as stimulating lung tissue repair (18). In the lights of preclini-
cal fi ndings, a multicenter clinical trial of MSC administration in 
the treatment of patients with COPD had been carried out, but the 
results in human studies were reported as less promising compared 
to the fi ndings of preclinical studies (18). Few human studies that 
investigated the role of MSCs in the treatment of patients with 
COPD reported short- term safety, but displayed no convincing 
clinical benefi ts. The lack of benefi cial effects on clinical outcomes 
could be attributed to factors such as: source of MSC, administra-
tion route, dosage and dose intervals (15).

Bone marrow (BM) is a main source for the isolation of mul-
tipotent MSCs, harvesting procedure is highly invasive and the 
number, differentiation potential and maximal life span of MSCs 
obtained from BM decline with increasing age (19). Thus, alterna-
tive MSCs sources were subjected to intensive research. Currently, 
the umbilical cord MSCs include cells derived from the total um-
bilical cord or its different sections (21). Umbilical cord tissue-
derived (UCTD) MSCs were used in this Phase 1, 2 clinical study.

Improvements in the respiratory function tests, SGRQ symp-
tom activity, and impact scores were used to evaluate the outcomes 
of UCTD MSC treatment in our patients with COPD. Spirometry is 
defi ned as the gold standard for the diagnosis of COPD and consists 
of 1) forced vital capacity (FVC), 2) forced expiratory volume in 
one second (FEV1) and 3) FEV1/FVC ratio. A diagnosis of COPD 
is confi rmed by spirometry, when the FEV1/FVC ratio is < 0.70 
(22). FEV1/FVC ratios of our patients were considerably lower 
than 0.70 before treatment. After four doses of MSCs treatment, 
FEV1/FVC ratios of the patients raised to normal levels.

High scores of SGQR indicate a bad performance status (23). 
According to the results of SGRQ, symptom, activity and impact 
scores of our patients with COPD were considerably higher before 
MSCs treatment. Pre-treatment values of these scores were con-
sistent with the severe symptoms of COPD in our patients. After 

Fig. 5. Comparisons of pre and post-treatment SGRQ activity scores 
of the cases.

Fig. 6. Comparisons of pre and post treatment SGRQ activity scores 
of the cases.

Fig. 7. Pre and post-treatment six-minute walking test results of the 
cases.
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MSCs treatment, a decrease in the values of symptoms, activity 
and impact scores of our patients was evident.

The presence of factors such as: reduced exercise capacity and 
quality of life are closely related to the mortality in patients with 
COPD. An assessment of functional capacity is very important in 
terms of fully understanding of pathogenesis. An objective evalua-
tion of functional exercise capacity is carried out by using various 
methods. The 6-minute walk test (6MWT) is widely used to assess 
the functional status of patients with COPD. One of the indications 
for the 6MWT is the evaluation of the response to medical inter-
ventions in patients with COPD (24‒26). We preferred 6MWT for 
the assessment of functional exercise capacity in patients before 
treatment. According to the results of 6MWT, functional exercise 
capacities of our patients were signifi cantly lower before MSCs 
treatment. Improvements in the results of 6MWT in our patients 
showed us that MSCs treatment was considerably effective in 
terms of the correction of a reduced functional exercise capacity.

Conclusions

Our phase 1/2 clinical study showed that a total of 4 doses of 
umbilical cord tissue-derived (UCTD) MSC treatment might be 
helpful for alleviating the severity of symptoms in patients with 
COPD. Additionally, respiratory function tests, SGRQ symptom, 
activity and impact scores, and 6 MWT are effective tools for the 
pretreatment evaluation of the severity of symptoms in patients 
with COPD. They are also effective for the evaluation of the re-
sponse to MSC treatment. Of course, further prospective clinical 
research is required to identify the optimal source of MSCs, best 
route to administer MSCs, optimal dose, and intervals in treatment 
of patients with COPD.
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