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ABSTRACT 

 

Acute respiratory distress syndrome (ARDS) is a systemic inflammation resulting from immune 

system overactivity. ARDS is also a fatal complication of COVID-19. Mesenchymal stem cells 

(MSCs) have immune modulatory properties. This study evaluated the safety and efficacy of three 

times transplantation of umbilical cord-derived MSCs (UC-MSCs) in terms of specific 

immunological and clinical changes in mild-to-moderate COVID-19-induced ARDS patients. 

In this single-center, open-label, phase 1 clinical trial, 20 patients diagnosed with COVID-19 and 

mild-to-moderate ARDS were included and were divided into two groups: a control group receiving 

standard care and an intervention group receiving UC-MSC in addition to standard care. Three 

consecutive intravenous transplants of UC-MSC (1×106 cells/kg body weight per each transplant) 

were performed in the intervention group on days 1, 3, and 5. The biological assay was investigated 

four times (days 0, 5, 10, and 17). 

UC-MSCs improved the patients' clinical and paraclinical parameters, including leukocytosis, 

lymphopenia, thrombocytopenia, and liver enzyme abnormalities, compared to the control group. 

They also decreased pro-inflammatory lymphocytes (TH1 and TH17)  and increased anti-

inflammatory T lymphocytes. Cell therapy also reduced the mean fluorescence intensity (MFI) in 

overactivated CD8+ T cells. 
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These findings show that three UC-MSC injections could regulate a hyperactivated immune 

system in COVID-19-induced ARDS patients by decreasing the inflammatory T lymphocyte subset 

and can improve the patient's hematological condition and liver function. However, more studies 

are needed in this area. 

 

Keywords: Acute respiratory distress syndrome; Immunological biomarkers; Inflammation; Lymphopenia; 

Mesenchymal stem cells 

 
INTRODUCTION 

 

Severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2 or COVID-19) is the most significant 

medical challenge today. It was first identified in 

Wuhan, China, in late 2019 and quickly spread 

worldwide.1 SARS-CoV-2 is an enveloped positive-

sense single-stranded RNA virus that exploits the 

endocytosis process with the help of angiotensin-

converting enzyme 2 (ACE2) receptors, expressed on 

pulmonary epithelial cells to enter pulmonary epithelial 

cells. The virus can affect all organ systems, including 

the immune system.2,3 It has been proven that immune 

system dysfunction is closely related to the severity of 

COVID-19. Lymphopenia,4 thrombocytopenia, changes 

in the number and function of specific immune cells, and 

cytokine storm are among common observations in 

acute COVID-19. Several of these symptoms have also 

been described in infections with viruses such as 

SARS-CoV and MERS-CoV.5-8 Acute respiratory 

distress syndrome (ARDS) is another deadly 

complication of COVID-19 that causes generalized 

inflammatory destructive lung damage.9 It has also been 

proven that ARDS is one of the leading causes of 

COVID-19 patient admissions to the intensive care unit 

(ICU).10 Unfortunately, despite global efforts, there is 

still no specific treatment for the disease, and the number 

of patients continues to increase. In this regard, finding 

new treatment strategies with anti-inflammatory and 

immunomodulatory properties can pave the way for the 

patient's treatment. 

Mesenchymal stem cells (MSCs) comprise a small 

population of cells in the bone marrow with self-renewal 

and differentiation capabilities.11 Therapeutic properties 

of these cells and their derivatives (eg, exosomes 12 are 

demonstrated in many diseases, including amyotrophic 

lateral sclerosi,1 rheumatoid arthritis,14 graft-versus-host 

disease (GVHD),15 diabetes16 systemic lupus 

erythematosus,17 ARDS.18-20 Furthermore, several 

clinical trials have been registered aiming to use MSCs 

in COVID-19, many of which are underway, and only a 

few results have been published.21,22  

MSCs have anti-inflammatory and 

immunomodulatory properties and are ACE2-

negative9,11 and their effect on many clinical and 

immunological parameters of COVID-19-induced 

ARDS has been demonstrated9,20 According to the 

available information, this trial aims to examine the 

impacts of UC-MSCs on specific clinical and 

immunological parameters of COVID-19-induced 

ARDS patients. 

 

MATERIALS AND METHODS 

 

Study Design 

This clinical trial was designed as a single-center, 

open-label, phase 1 clinical trial conducted at Imam 

Reza Hospital, Mashhad University of Medical 

Sciences, Mashhad, Iran, from July 2020 to May 2021. 

A total of 20 COVID-19 patients with mild-to-moderate  

ARDS (according to the WHO classification guideline 

for ARDS: SPO2/FIO2 between 120 and 315),23 were 

admitted to the ICU. All participants signed an informed 

consent form before entering the study. They were also 

divided into two groups: the control group receiving 

standard care and the intervention group receiving 

standard care plus three intravenous injections of UC-

MSCs on days 1, 3, and 5 (1×106cells/kg body weight 

per transplant). Standard care included the accepted 

treatment protocols of that time (ie, complementary 

treatments, dexamethasone, remdesivir, and antibiotics 

when necessary.  

The exact time of the disease onset was unknown due 

to the delay in performing PCR. However, in all patients, 

the intervention was started at least one week after the 

onset of symptoms.  

Having an age range between 18 to 75 years, signing 

the informed consent form, being positive for COVID-

19, suffering from ARDS (non-severe), need for 

supplemental oxygen, not having severe underlying 
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diseases or other concurrent viral infections, and full 

patient participation from the beginning to the end of the 

study are among the most important criteria for patients 

to enter and exit the study. 

For more detailed about the inclusion and exclusion 

criteria of patients, please refer to our previous article.24 

 

UC-MSC Processing and Transplantation 

Allogenic UC-MSCs were isolated and cultured 

from the umbilical cords of 10 healthy mothers. 

Characterization (using flowcytometry, special 

differentiation and staining methods  for osteogenic 

and  adipogenic differentiation), transplantation, and cell 

quality control before each infusion were performed 

according to our previous protocol.24 Three times 

intravenous injections (1×106 cells/kg body weight per 

injection) through the peripheral veins were performed 

for patients at 3 different time points (days 1, 3, and 5). 

Also, patients received standard treatments based on 

their special conditions in all phases of the study. A 

grade B cleanroom with GMP requirements was used for 

all the above steps. 

 

Clinical Evaluation and Follow-up 

Paraclinical parameters, including complete blood 

cell count (CBC), liver enzymes (alanine 

aminotransferase and aspartate aminotransferase) and 

bilirubin levels, were examined on days 0, 5, 10, and 17. 

Blood (15 mL) was collected from each patient where 5 

mL whole blood was used for CBC and 5 mL for flow 

cytometry. Blood was collected in EDTA tubes to 

determine the CBC and was analyzed by Sysmex KX-

21N hematology analyzer. The remaining 5mL of the 

serum samples were used to check the other parameters 

(bilirubin and liver enzymes). 

 

Flow Cytometry 

For flow cytometric analysis, the peripheral blood 

mononuclear cells were isolated using Ficoll density 

gradient centrifugation (Ficoll-Paque PREMIUM; GE 

Healthcare Bio-Sciences, Uppsala, Sweden). 

Mononuclear cells were diluted in an equal volume of 

phosphate-buffered saline (PBS), and were washed and 

centrifuged several times. The cell precipitate is then 

resuspended in 1 mL of RPMI culture medium (Gibco, 

USA) to which a cell activation cocktail with brefeldin 

A (2 μL of PMA and ionomycin solution [Sigma-

Aldrich, USA]; final concentration of 50 ng/ml PMA 

and 1 μg/mL ionomycin) was added for cytokine 

stimulation. The homogeneous suspension was 

incubated for 4-6 hours in a 37°C incubator with 

standard conditions. Then 100 μL of cell suspension in 

flow cytometry tubes was used to determine the CD4+ 

and CD8+ T cell populations by flow cytometry (BD 

Biosciences FACSCalibur, USA) according to the 

manufacturer’s protocols. Cell surface antibodies 

included anti-CD3 conjugated with peridinin-

chlorophyll-protein (PerCP/cy5.5) and CD25. 

Fluorescein isothiocyanate (FITC) was conjugated with 

both CD4 and CD8a, and allophycocyanin (APC) was 

conjugated with CD127. Intracellular phycoerythrin 

antibodies were also used for interferon (IFN)-γ, 

interleukin (IL)-17, and FOXP3 (forkhead box P3) 

staining (all antibodies were from BioLigands, USA). 

Each counting cycle consisted of approximately 10 000 

cells. FlowJo software version 7.6 (Treestar, Ashland, 

OR, USA) was used to analyze the flow cytometry 

results. Also, the mean fluorescence intensity (MFI) of 

CD4+ and CD8+ T cells were analyzed. 

 

Statistical Analysis 

Normality of distribution was checked by the 

Shapiro-Wilk test. To test the effect of time on the 

normally distributed data, generalized linear model and 

repeated measures analysis of variance (RM ANOVA) 

were applied. Paired t-test or Wilcoxon signed-rank test 

were used to compare the medians of two related groups. 

All statistical results were reported as mean±SEM. 

Statistical IBM SPSS package version 23.0 was used to 

analyze the data, and p<0.05 was considered significant. 

 

RESULTS 

 

Patient Characterization 

This study consisted of 10 patients in the control 

group (4 women and 6 men; mean age, 61.3±5.34) and 

10 patients in the intervention group (3 women and 7 

men; mean age, 62.00±2). Diabetes, mild anemia, and 

hypertension were among the underlying diseases in 

both groups, but none of them were serious. Also, at the 

baseline, all patients were diagnosed with moderate-to-

severe COVID-19 or mild-to-moderate ARDS based on 

a clinician's diagnosis. 

One death was reported in the control group on the 

day 13 and 2 deaths in the intervention group on days 6 

and 17. Aggravation of ARDS from moderate to severe 

was the main reason for patients' death in the 

intervention group, and pulmonary embolism was the 
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cause of death in the control group. Also, in this regard 

safety results are mentioned in our previous article. 

Briefly, no serious side effect was observed in any of the 

patients after cell transplantation.24  

One out of the 10 patients in the intervention group 

left the study before receiving the complete course of 

injections, and was replaced by another patient. 

Therefore, the results are related to the patients who 

completed the protocol. 

 

Specific Hematological Parameters of Patients 

Table 1 summarizes the specific hematological 

changes of patients in the two groups during the study 

period. 

 
Table 1. Changes in  patients' specific hematological parameters in comparison with the control group during the 

study. 

Parameters Before Injection p 5th day p 10th day p 17th day p 

WBC                 

(cells/ µL) 

C: 10675±566.8 

 

IV:11860±634.5 

 

0.14 10412±435.65 

 

IV:10460±552.06 

0.23 C:8750±176.27 

 

IV:7580±393.50 

0.08 C:8812±447.78 

 

IV:5462±248.95 

<0.001* 

RBC  

(106 cells/µL) 

C: 5.16 ± 0.13 

IV: 5.22 ± 0.13 

0.17 C: 5.54 ± 0.09 

IV:5.52 ± 0.1 

0.34 C: 4.79 ± 0.14 

IV:4.81 ± 0.09 

0.38 C: 4.57 ± 0.14 

IV:5.32 ± 0.5 

0.004* 

Hb (g/dL) C: 12.82 ± 0.53 

IV:13.54 ± 0.73 

0.18 C: 13.9 ± 0.44 

IV:14.6 ± 0.62 

0.15 C: 12.85 ± 0.37 

13.17 ± 0.49 

0.31 C: 12.4 ± 0.39 

IV:12.72 ± 0.41 

0.32 

HCT (%) C: 40.02 ± 1.26 

IV:38.96 ± 1.19 

0.44 C: 42.82 ± 1.83 

IV:43.08 ± 1.64 

0.38 C: 37.88 ± 1.47 

IV:38.93 ± 0.77 

0.22 C: 36.75 ± 1.45 

IV:36.55 ± 0.65 

 

0.46 

Lymphocytes 

(%) 

C: 5.2 ± 0.35 

IV: 5.57 ± 0.28 

0.16 C: 5.55 ± 0.28 

IV:8.02 ± 0.23 

 

0.002* C: 5.82 ± 0.19 

IV:15.36 ± 0.54 

 

0.004* C: 6.04 ± 0.3 

IV:21.84 ± 1.02 

 

0.005* 

Neutrophils 

(%) 

C: 92.81 ± 0.8 

IV: 93.48 ± 0.81 

0.11 C: 93.55 ± 0.83 

IV:82.12 ± 1.72 

 

0.003* C: 91.77 ± 0.46 

IV:77.22 ± 1.34 

 

0.004* C: 90.66 ± 0.88 

IV:69.34 ± 1.41 

 

0.004* 

Platelets  

(×103/µL) 

C: 257.77±4023 

IV:189.44±1219 

0.04* C: 208.666±3454 

IV:207.555±1403 

0.14 C: 165.000±2424 

IV:232.111±1449 

0.002* C: 115.666±11439 

IV:242.777±11698 

0.003* 

*Significant difference compared to the control group  

C, control group; IV, intervention group; WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; HCT, hemathocrit;  

 
Leukocyte Counts 

At the beginning of the study, WBC counts in both 

groups were higher than normal (Table 1), and in the 

course of treatment (day 17), a significant decrease was 

observed in both groups (p<0.001), which was also 

significantly different between groups(p<0.001). The 

trend of this decline was also more rapid after the first 

injection in the intervention group compared with the 

control group. 

 

Erythrocyte, Hemoglobin, and Hematocrit Levels 

RBC count in each group showed an increase with 

no statistical significance during the first 5 days of the 

study. However, the number decreased significantly in 

both groups during the rest of the study (until day 17); 

this decrease was greater in the control group compared 

with the intervention group. Similar patterns were 

observed for hemoglobin and hematocrit levels as well: 

an initial increase was followed by a consequent 

decrease with no statistical significance. 

 

Lymphocyte, Neutrophil and Platelet Levels 

The lymphocyte percentage increased significantly 

in both groups during the treatment period. Furthermore, 

a significant increase in the number of lymphocytes in 

the intervention group compared to the control group 

was observed on days 5, 10 and 17. 
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The pattern of change in the neutrophil counts was 

completely different compared to the pattern of change 

in lymphocytes: the percentage of neutrophils decreased 

in both groups during the study period, whose rate was 

significantly higher in the intervention group compared 

to the control group on days 5, 10 and 17. 

Platelet counts were significantly lower in the 

intervention group compared with the control group at 

the onset of the study. This number decreased 

significantly in the control group but increased in the 

intervention group. On the other hand, a significant 

difference was observed between the intervention and 

control groups on days 10 and 17. 

 

Results of Liver Factors 

Alanine aminotransferase (ALT) levels increased 

during the first 5 days in both groups. Following that 

period, a significant decrease in the enzyme was 

observed in both groups (p<0.001). No significant 

difference was observed between groups during the 

study. ALT levels later returned to normal; ALT levels 

were not significantly different from the beginning of 

the study.  

Aspartate aminotransferase (AST) levels also showed 

a significant decrease from the beginning to the end of  

the study in both the intervention (p=0.004) and the 

control (p<0.001) groups. No significant difference was 

observed in bilirubin levels in either group (Figure 1A-D). 

 

 

 

A 

B 
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Figure 1. A-D Liver factors' change in COVID-19-induced ARDS patients during a 17-day follow-up period. 

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, Bill: Bilirubin, ARDS: Acute respiratory distress 

syndrome 

T lymphocyte Analysis 

CD3+ T lymphocyte 

Figure 2A displays the flow cytometry graph of 

patients in each group. Also, as shown in Figure 2B, at 

the onset of the study, there was no significant difference 

in CD3+ T lymphocytes percentage between the control 

and intervention groups. At the same time, as the disease 

progressed to day 5, this percentage decreased 

significantly in the control group, and increased in the 

intervention group. Also, there was a significant 

difference between these two groups at that time. 

On the 10th day, compared to the beginning of the 

study, non-significant increase in the control group but 

significant increase in the intervention group (p<0.0001) 

were observed. The difference between the two groups 

was also significant.  

On the 17th day, a significant decrease in control 

group and an increase in intervention group was 

observed. Please refer to Table.2 for more details. 

 

 

 

C 

D 
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CD4+/IFN-γ+ T Lymphocytes (TH1) 

Initially, there was no significant difference between 

the percentages of CD4+ T cells between groups.  

On the day 5, we saw a significant increase in in 

controls and a non-significant decreased in the 

intervention group. There was still no difference 

between the groups at this stage. 

 

 

 

Figure 2. A) A flow cytometry graphs of CD3+ T lymphocytes of a patient from each group. B) T lymphocyte percentage changes 

in the groups. 

*Significant difference compared to the control group (p<0.05) 

A 

B 
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On day 10 a decreasing trend was observed in both 

group which was not significant in control group but was 

significant in intervention group (p<0.0001) compared 

with the beginning of the study. The difference between 

groups was also significant at this stage. 

On day 17, a significant decrease was observed in 

both the control (p=0.006) and intervention groups 

(p<0.0001) (Figure 3). Please refer to Table 2 for more 

details 

 

  

 
 

Figure 3. A) Flow cytometry of CD4+IFN-γ+ T lymphocytes of a patient from each group. B) Diagram of CD4+IFN-γ+ T 

lymphocyte percentage changes in the two groups. 

*Significant difference compared to the control group (p<0.05) 

A 

B 
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T CD8+/IFN-γ+ Lymphocytes (Cytotoxic T 

Lymphocytes) 

At the beginning of the study, the percentage of 

CD8+ T cells were 15.56±2.4 in the control group and 

18.6±4.9 in the intervention group, with no significant 

change on day 5. A significant difference was observed 

between the two groups at this time (p=0.002).  

We observed a significant increase in this percentage 

compared to baseline on days 10 (p=0.0001) and 17 

(p<0.0001).  

Also, in the control group on the tenth day, there was 

a non-significant increase, while on the 17th day, a 

significant increase compared to the onset of the study 

was observed. Besides, on the fifth, tenth and 

seventeenth days, a significant difference was observed 

in the intervention group compared to the control group, 

respectively. Figure 4A is a typical representative 

flowcytometric graph of T CD8+/IFN-γ+ lymphocytes 

from a patient of each group. Also, all these data are 

summarized in Figure 4B. Please refer to Table 2 for 

more details. 

TH17 Lymphocytes 

As shown in Figure 5, the primary percentage of the 

TH17 cells in the control group had not significant 

difference compared to the intervention group. On the 

fifth day this percentage decreased non-significantly in 

both groups  with an insignificant difference between 

this two groups at this time .In the control group on the 

tenth and seventh days compared to the study'-onset 

non-significant difference was observed. Also, In the 

intervention group on the tenth (p=0.012) and seventh 

days (p=0.008) compared to the beginning of the study 

significant difference was observed. The differences 

between this two groups on the tenth  and seventh days  

was also statistically significant. Figure 5A is a typical 

representative flowcytometric graph of TH17 

lymphocytes from a patient of each group. Also, all these 

data are summarized in Figure 5B. Please refer to Table 

2 for more details. 

 

 
 

A 
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Figure 4. A) Flow cytometry graphs of T CD8+/IFN-γ+ lymphocytes of a representative patient from each group. B) Diagram 

of CD8+/IFN-γ+ T lymphocyte percentage changes in the two groups. 

*Significant difference compared to the control group (p<0.05) 

 

 

 

B 

A 
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Figure 5. A) Flow cytometry graph of TH17 lymphocytes of a representative patient from each group. B) Diagram of TH17 

lymphocyte percentage changes in the two study groups. 

*Significant difference compared to the control group (p<0.05) 

 
T-reg Lymphocytes 

T-reg percentage at the beginning of the study was 

(2.79±0.11) in control and (2.48±0.08) in the 

intervention group, which shows a statistically 

significant difference (p=0.028). On the fifth day of the 

disease, this percentage in the control group 

significantly decreased (p=0.06) while in the 

intervention group significantly increased (p=0.0001). 

Also, on the tenth day compared to the first day of the 

study, it decreased significantly in the control group and 

increased significantly in the intervention group. On the 

seventh day, significant decrease in the control group 

(p=0.03) and significant increase in the intervention 

group (p=0.0001) was observed. Also, on the fifth, tenth 

and seventeenth days, a significant difference was 

observed between the two intervention and control 

groups and T-reg percentage in the intervention group 

compared to the control group showed a significant 

increase. Figure 6A is a typical representative 

flowcytometric graph of TH17 lymphocytes from a 

patient of each group. Also, all these data are 

summarized in Figure 6B. Please refer to Table 2 for 

more details. 

CD4+ and CD8+ MFI Analysing 

As shown in this Figure  7 , mean floerence intensity 

(MFI) of CD8+ T cells at the end of the study 

significantly decreased in intervention group (Figure 

7B) compared to the control group (Figure7A) , which 

indicates the decrease in their overa ctivity at the end of 

the study. 

Also, there was no significant difference between the 

two groups based on their final MFI of total CD4+T 

lymphocytes at this time (Figure 7C and D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B 
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Figure.6. A) A typical representative flowcytometeric graph of T-reg lymphocytes from a patient of each group. B) Diagram of 

T-reg lymphocytes' percentage in two groups during the study. 

*Significant difference compared to the control group (p<0.05) 

 

 

 

B 

A 
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Figure.7. MFI analysing. A) Final CD8+ MFI of control group. B) Final CD8+ MFI of intervention group. C) Final total CD4+ 

MFI of control group. D) Final total CD4+ MFI of intervention group. Both CD4 and CD8 were stained by fluorescein 

isothiocyanate (FITC) , read in the FL-1 channel. (Dott line: unstained control, Solid line: a marker of interest). 

 

Table 2. Changes in  patients' T-lymphocytes percentage in comparison with the control group during the study. 

Parameters Before Injection p  5th day p  10th day p  17th day p  

% TCD3+ C: 32.15±5.6 

IV: 30.92±7.6 

 

0.16 27.28±5.12 

IV: 39.94±6.5 

0.002* C: 29.07±7.3 

IV: 54.4±10.1 

0.002* C: 25.66±6.4 

IV: 65.2±15.6 

<0.0001* 

% TH1 C: 47.36±5.63 

IV: 50.74±11.2 

0.18 C: 52.25±10.3 

IV: 48.55±8 

0.59 C: 45.75±8.7 

IV: 38.6±8.5 

0.01* C: 43.19±6.9 

IV: 33.51±5.3 

 

0.03* 

% CTL C: 15.56±2.4  

IV: 18.6±4.9 

0.002* C: 15.7 ± 3.1 

IV: 20.05±5.1 

0.002* C: 16.2±2.7 

IV: 23.06±4.7 

0.004* C: 17.14±3.5 

IV: 23.59±5.1 

 

0.003* 

% TH17 C: 7.14±0.89 

IV: 7.28±0.65 

0.4 C: 6.98±0.78 

IV: 6.6±0.73 

 

0.08 C: 7.21±0.9 

IV: 6.01±0.09 

0.004* C: 7.07±0.15 

IV: 5.34 ±0.27 

 

0.004* 

% T-reg C: 2.79 ± 0.11 

IV: 2.48 ± 0.08 

0.028* C: 2.68 ± 0.07 

IV: 4.82 ± 0.16 

0.14 C: 2.65±0.05 

IV: 6.11 ± 0.06 

0.002* C: 1.59±0.03 

IV: 6.43 ± 0.1 

<0.0001* 

* Significant difference compared to the control group

A 
B 

C D 
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DISCUSSION 

 

This study examined the clinical and immunological 

changes following  3 UC-MSC injections in ARDS 

patients infected with the SARS-COV-2.Since the 

therapeutic effects of MSCs won’t last for an entire 

lifetime25 in this study, multiple injections (3 times, every 

other day) were used to increase the therapeutic 

efficacy.No serious side effects were observed during the 

study and injections were well tolerated in all patients.  

Positive results were observed in several parameters, 

includingdecreased total WBC and neutrophil counts 

(Table 1) in the intervention group after the first injection 

and in both groups after 10 days. This decrease was 

greater in the intervention group compared with the 

control group and these results were similar to the results 

from the studies  by Hashemian et al,26 and Liang et al.27  

Furthermore, ASTlevels were decreased on the  

5th day with no significant decrease in ALT and 

bilirubin levels 17 days. New coronavirus strains has 

been shown to impair liver function and cause elevated 

liver enzymes28 Systemic inflammation and the direct 

attack of thevirus are two hypotheses for liver 

malfunction in COVID-19 patients. The results of 

several studies show that MSC-transplantation can 

improve the liver function in COVID-19 patients.29,30 In 

accordance with our results, in a study by Meng et al. on 

18 patients with COVID-19 following 3 doses of  

UC-MSC injections, a significant decrease in liver 

enzymes was observed.29 Anti-inflammatory and 

immunomodulatory features of MSCs lead to the 

improvement of liver damages.31 

Another advantageous change in both groups 

following the treatment process progression was a 

significant increase in the number of lymphocytes with a 

greater increase in the intervention group   (21.84±1.02) 

compared with the control group (6.04±0.3) on day 17. 

This increase indicates an improvement in the immune 

function after cell transplantation. Significant increase in 

peripheral T lymphocyte percentages in the intervention 

group following cell injection and a significant decrease 

in the control group following disease progression (Figure 

3) indicate the stimulatory role of MSCs in improving the 

immune function.  

These results were consistent with previous cell 

therapy studies in this field.27,32,33 For instance, in a study 

of Liang et al., an increase in T lymphocytes percentages 

(CD3+, CD4+, CD8+) was observed along with the 

improvement in the patient's clinical condition.27 

Besides, the percentage of IFN-γ secreted by TH1 

lymphocytes significantly decreased in both groups at 

the end of the study (Figure 4).  

MSC therapy can reduce the release of 

proinflammatory cytokines (eg, IFN-γ, IL-6, IL-8, IL-

17) from activated immune cells  due to their 

immunomodulatory properties.34 In particular, it has 

been proven that MSC can reduce the secretion of IFN-

γ by TH1 cells.35 Additionally, in the present study this 

decreasing trend was observed following the progress of 

treatment for TH17 lymphocytes in both groups (Figure 

6). However, at the end of the study, this decrease was 

significant in the intervention group and statistically 

insignificant in the control group. On the other hand, 

increasing the percentage of regulatory T cells (T-reg) 

(Figure 6) and cytotoxic (CD8) T lymphocytes (Figure 

4) and their over-activity compared to CD4+ T 

lymphocytes (Figure 7) based on their MFI, which is 

common in viral infection36 was another outcome of cell 

therapy, which is consistent with other studies.37  

Nowadays, COVID-19 disease is not only known as an 

infectious lung disease, but is also defined as an 

inflammatory disorder capable of causing ARDS and 

multiorgan failure through the abundance of ACE2 on 

various cells like hepatocytes, cardiomyocytes, alveolar 

cells and renal cells.38 Also, like other respiratory viruses, 

SARS-CoV-2 dramatically triggers the host immunity, 

causing dysfunction in the host immune system. Indeed, 

many alterations such as lymphopenia,4 thrombocytopenia, 

changes in the number and function of specific cells of  

the defense system, as well as the cytokine storm are 

common observations in severe COVID-19, some of which 

have already been observed in infections with viruses like 

SARS-CoV and MERS-CoV.5-7  

MSC therapy also has crucial role in regulating the 

impaired immune system by various mechanisms. By 

secreting soluble factors like nitric oxide (NO), IL-10, 

and prostaglandin E2 (PGE2).39 MSCs can interact with 

the injured tissue leading to an increase in Treg 

population and inhibition of TH1 and TH17 

proliferation.40 Protection of endothelial cells against 

oxidative stress and inflammation is another regulatory 

mechanism of MSC therapy.41 Furthermore, by shifting 

the inflammatory T cell subsets to the regulatory subsets, 

MSC can increase the level of IL-10, which plays an 

eminent immune-regulatory role in COVID-19 

patients.42 Promising results of MSC therapy for 

COVID-19 patients in several recent clinical trials,22,43 

corroborate their immunoregulatory role. 

http://ijaai.tums.ac.ir/


MSCs-therapy in COVID-19-induced ARDS Patients 

701/ Iran J Allergy Asthma Immunol                     Vol. 21, No. 6, December 2022 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

The limitations of the present study include the short 

follow-up period and small sample size, which was due 

to the lack of enough beds in the ICU at the onset of the 

disease peak. However, shorter follow-ups have been 

reported in some studies.21,32 Also having a control 

group in the study design, using fresh cells instead of 

frozen, and the use of UC-MSCs instead of bone marrow 

or adipose stem cells, which is a less invasive method 

are the advantageous of the present study. 

To sum up, our results reveal that UC-MSC 

treatment can improve specific clinical and 

immunological parameters of COVID-19–induced 

ARDS patients. In particular, MSC therapy could 

improve liver function, leukocytosis, lymphopenia, 

neutrophilia and thrombocytopenia in COVID-19 

patients. Furthermore, it could regulate impaired 

immune system through decreasing the inflammatory T 

cell subsets (TH1, TH17), decreasing the MFI of 

overactivated CD8+ T cells, and increasing the CTL and 

Treg population. Nevertheless, larger studies are 

definitely needed to confirm these results. 
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