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ABSTRACT

The pathogenesis of acute respiratory distress syndrome (ARDS) includes neutrophilic alveolitis, alteration of alveolar epithelium and endothe-
lium, formation of hyaline membranes and microvascular thrombosis, which results in an acute hypoxemic respiratory failure. ARDS results in 
major structural and cellular changes in organs and organ systems. It causes liver dysfunction in critical patients through paracrine action of 
cytokines and other pro-inflammatory mediators as well as hypoxemia, oxidative stress, toxins and hypoperfusion. 

Coronavirus disease 2019 (COVID-19)-associated ARDS affects liver through the development of systemic inflammatory response syndrome 
and hypoxia as well as cytokine storm. Liver injury manifests itself as increased plasma levels of hepatic transaminases and cholestatic liver 
enzymes. Stem cell therapy is one of the promising modern methods for treating ARDS-induced liver failure. 

Many studies showed the ability of multipotent mesenchymal stromal cells (MMSCs) to differentiate into functional hepatocyte-like cells, which 
were then successfully used for liver regeneration. MMSCs were proven to be able to prevent the apoptosis of hepatocytes, as well as have 
anti-fibrotic and anti-inflammatory activity which allows their successful use in the treatment of ARDS-induced liver injury. 
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Coronavirus disease 2019 (COVID-19), caused by the Severe Acute 
Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2), directed the at-
tention of the scientists to the research of effective methods for the treat-
ment of its complications. Patients with the severe form of COVID-19 
most commonly develop acute respiratory distress syndrome (ARDS). 
Said pathology also can be caused by polytrauma, sepsis, influenza 
virus infection etc. ARDS is a symptom complex of acute respiratory 
failure, which is characterised by a severe hypoxemia, non-cardiogenic 
pulmonary oedema, diffuse alveolar damage and pulmonary cellular 
infiltration. ARDS is also associated with microvascular thrombosis, 
increased endothelial and alveolar epithelial permeability, decreased 
alveolar clearance and the formation of hyaline membranes. The diffuse 
pulmonary damage occurs during the first acute phase. Afterwards it 
either resolves or progresses and results in interstitial fibrosis [1-4].

Liver injury is the most common ARDS complication [5]. In severe 
cases, it results in liver failure, which is characterised by jaundice, asci-
tes, liver encephalopathy and hypocoagulation [6]. Nowadays the only 
existing method of liver failure treatment is liver transplantation. Never-
theless, the lack of donor organs, high mortality during waiting time and 
post-surgery complications limit the use of this method [7].

Finding the optimal treatment methods of ARDS-caused liver im-
pairment is a highly relevant task of modern biomedical research, es-

pecially considering a long-term COVID-19 pandemic. Special attention 
is given to cellular therapy methods that use multipotent mesenchymal 
stromal cells (MMSCs). MMSCs are adult stem cells, which take part in 
the renewal and regeneration of organism tissues and have the ability 
to differentiate into a variety of somatic cell lines. The main abilities 
of MMSCs are symmetric and asymmetric division, high proliferative 
potential, adhesion, fibroblast-like morphology and easily induced  
adipogenic, chondrogenic and osteogenic differentiation [8-12].  
According to the International Society for Cellular Therapy criteria 
MMSCs are immunophenotyped with the use of flow cytometry by 
measuring the presence of positive cluster of differentiation (CD)105, 
CD90 and CD73 markers and the absence of CD45, CD34, CD14, 
CD11b, CD79α or CD19 haematopoietic markers and human leukocyte 
antigens (HLA) class ІІ [13].

Numerous preclinical researches and clinical trials have demon-
strated the safety and the efficacy as well as immunomodulatory, anti-
inflammatory, anti-fibrotic and regenerative impact of MMSCs-based 
therapy [8-12; 14-21].

The purpose of this article is to review the modern scientific data 
on the developmental mechanisms of ARDS and ARDS-associated liver 
injury and the use of cellular therapy methods, specifically MMSCs, for 
the successful treatment of ARDS-caused liver failure.
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ACUTE RESPIRATORY DISTRESS SYNDROME
ARDS is a severe respiratory failure caused by a non-cardiogenic 

pulmonary oedema [1, 22]. ARDS pathogenesis includes diffuse alveolar 
damage (DAD) which consists of alveolar epithelial injury, neutrophilic 
infiltration, alveolar macrophage activation, cytokines and chemokines 
production, plasma extravasation, procoagulant activity and fibrin de-
position, hyaline membranes formation, myofibroblast proliferation and 
intraalveolar fibrosis [5; 22].

ARDS mortality ranges from 35 % to 46 % [23] and is most com-
monly caused by the progressive multiple organ failure as opposed to 
refractory hypoxemia. ARDS is considered as a pulmonary manifestation 
of multiple organ dysfunctions. The severity of non-pulmonary ARDS-
associated multiple organ failure increased with the rise of hypoxemia 
level [24].

The main causes of ARDS can be divided into two pathophysiological 
categories: the direct pulmonary pathogenesis (bacterial and viral pneu-
monia, inhalation trauma, aspirational pneumonitis and thoracic trauma 
including pulmonary parenchymal trauma) and indirect extrapulmonary 
pathogenesis (extrathoracic sepsis, trauma, shock, burns, blood transfu-
sion, pancreatitis and multiorgan transplantation) [25-30].

One of the main factors causing a severe blood and tissue oxyge-
nation impairment during DAD is the formation of protein-rich oedema 
of the breathing pathways because of the damage of alveolar-capillary 
membrane. DAD can occur not only as a result of a direct lung injury (e.g., 
pneumonia) but can also be a pulmonary manifestation of a variety of 
systemic immunoregulatory disorders such as sepsis. Thus, ARDS patho-
genesis is linked to the changes of local and systemic immunity and im-
mune responses. The liver plays an important role in these processes [5].

ARDS-ASSOCIATED LIVER INJURY
The liver plays a major role in the regulation of metabolic homeosta-

sis. It takes part in the synthesis and processing of lipids, carbohydrates, 
proteins and bile acids. Thus, the impairment of liver function influences 
other organs through the disruption of their energy supply [31].

The liver plays a key role in toxin and drug metabolism, systemic 
inflammatory response regulation and immune protection. It eliminates 
endotoxins, circulating bacteria, intravascular coagulation products and 
bioactive molecules. It synthetises acute phase proteins (APPs), comple-
ment components, pro-inflammatory cytokines and chemokines as well 
as eicosanoids. The liver contains a major number of residential immune 
cells. The normal functioning of this organ is essential for the protection 
of lungs and their post-injury renewal [5].

The hepatobiliary system has the ability to inactivate and detoxicate 
proinflammatory cytokines, vasoactive mediators and eicosanoids in sys-
temic circulation, thus protecting the lungs and other organs from being 
injured. The elevated levels of cytokines such as interleukin (IL)-8, IL-1β, 
epithelial neutrophil activating peptide (ENA-78), tumor necrosis factor al-
pha (TNF-α), monocyte chemoattractant protein-1 (MCP-1), macrophage 
inflammatory protein-1α (MIP-1α) and eicosanoids such as thromboxane 
and leukotrienes have a direct cytotoxic effect on alveolar epithelial and 
endothelial cells and are able to activate local innate immune response 
and increase thrombocyte aggregation in the lungs. All of them promote 
the development of DAD [32, 33].

Liver-produced APPs have anti-bacterial and phagocytic activities, 
antioxidant effect, anti-proteolytic action as well as the ability to control 
haemostasis. But at the same time, they along with hepatic pro-inflam-
matory mediators are able to cause pulmonary oedema, alveolar epithelial 
and endothelial damage, oxidative stress, neutrophils entering lungs, the 
elevation of pulmonary pro-inflammatory mediator levels, alveolar mac-
rophage activation and coagulation stimulation [5]. 

Hepatocellular injury results in the loss of clearing function of the 
li-ver, the dysfunction of immune response, the occurrence of such  
systemic complications as coagulopathy, increased infection risk, hypo-
glycaemia, increased inflammatory response, encephalopathy and the 
impairment of extra-hepatic organs, specifically lungs [34].

Acute lung injury impairs liver function through hypoxemia, systemic 
inflammatory response activation and cardiovascular changes [35-37].

The local inflammation of the alveolar space in patients with ARDS 
results in acute phase response in the liver which does not depend on 
bacterial dissemination but occurs as a result of pro-inflammatory signal 
molecules (IL-1, IL-6 and TNF-α), produced by pulmonary immunocytes. 
Such cytokines leave the lungs to join systemic circulation and influence 
the liver expression of such acute-phase proteins as C-reactive protein, 
α-1 antitrypsin, serum amyloid A protein etc., which in their turn are able 
to return to the lungs and cause a pulmonary inflammation as a result of 
alveolar macrophage activation [32, 38, 39].

Bacteria in lungs and liver can influence immune system cells directly 
through the activation of Toll-like receptors (TLRs) and indirectly through 
their metabolites and signal molecules such as pathogen-associated mo-
lecular patterns (PAMP). Activated alveolar macrophages and Kupffer 
cells release pro-inflammatory cytokines, which promote the initiation 
and progression of lung and liver injury and the activation of systemic 
inflammatory process [40-42].

Liver dysfunction manifests itself as the elevation of liver enzyme 
levels (gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), 
aspartate transaminase (AST), and alanine transaminase (ALT)) and bili-
rubin in blood plasma, the decrease of albumin and coagulation factors 
plasma levels and the increase of prothrombin time (PT) [43, 44]. 

As a result of liver dysfunction, the ability of liver to remove bacteria 
and their products as well as the inflammation mediators such as PAMP 
and cytokines from the bloodstream decreases which leads to the eleva-
tion of the blood levels of these molecules. Such pro-inflammatory mo-
lecules are able to cause or increase lung injury through TLR-4-mediated 
activation of intravascular and alveolar macrophages [45-50].

Hyperbilirubinemia negatively influences the lungs, causing the de-
crease of surface-active abilities of alveolar surfactant. High bilirubin le-
vels also result in oxidative stress, apoptosis and inflammatory response, 
which increases ARDS development. Hyperbilirubinemia is used as ARDS 
biomarker and is one of mortality markers in patients with ARDS [51]. 
The liver produces a range of hormones, specifically insulin-like growth 
factor, angiotensinogen and thrombopoietin that influence ARDS deve-
lopment [52-54].

The link between liver and lungs, mediated by APPs, is important 
for the integration of systemic and pulmonary responses, regulation of 
immune response for the normalisation of homeostasis and post-injury 
organism renewal. Disbalance of that link is an important factor in the 
initiation and progression of ARDS and the occurrence of multi-organ 
failure [42; 55].

LIVER INJURY CAUSED BY COVID-19-ASSOCIATED ARDS
ARDS is the leading cause of death of patients with COVID-19 [56]. 

Research conducted in Jinyintan Hospital (Wuhan, PRC) discovered 
that 67–85 % critically ill patients with SARS-CoV-2 infection develop 
ARDS. The mortality of ARDS patients was 61.5 % total [57]. Research 
conducted in Wuhan Central Hospital discovered that COVID-19 patients 
with moderate and severe ARDS had the mortality of 70 % [58].

COVID-19 patients often have associated liver injury. Liver is the 
second most injured organ in COVID-19 patients after lungs [59-62]. 
Hepatocytes can be damaged because of direct cytotoxicity caused by 
SARS-CoV-2 virus replication in liver, because of systemic inflamma-
tory response syndrome (SIRS), cytokine storm that occurs during se-
vere COVID-19, or as a result of hypoxic changes caused by respiratory 
disorders [63-68]. 

COVID-19-associated liver injury is characterised by a moderate 
form of microvesicular steatosis, Kupffer cell activation, lobular and 
portal inflammation, apoptotic and necrotic foci and the elevation of 
ALT and AST plasma levels [63, 64, 69-72]. In numerous instances, 
two separate phases of liver injury were observed: the initial increase of 
transaminase (ALT and AST) levels, followed by elevation of cholestatic 
liver enzymes (ALP and GGT) levels [73].
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According to Chen et al. who examined 99 Wuhan patients, 43.4 % 
of them had elevated ALT, AST and lactate dehydrogenase levels [74]. 
Guan et al. who examined 1099 Chinese COVID-19 patients discovered 
the elevated AST and ALT levels in 18.2 % and 19.8 % of patients with 
mild form and 39.4 % and 28.1 % of patients with severe form of CO-

VID-19 [75]. Wang et al. have established that ALT and AST levels of 
COVID-19 intensive care patients were much higher than those of non-
intensive case patients, which proves that liver injury occurs more often 
in patients with the severe form of COVID-19 than in those with the mild 
form [76]. Xie et al. conducted a research of liver injury in COVID-19 
patients without any liver comorbidities. They discovered that 31.6 %, 
35.4 % and 5.1 % of said patients had elevated levels of ALT, AST and 
bilirubin, respectively [77].

According to the data obtained from 5700 New York patients, 58.4 % 
of them had the level of AST>40 U/l, 39 %, level of ALT >60 U/l and 2.1 % 
of them were diagnosed with acute liver injury as a result of AST or ALT 
levels being increased by 15 or more times [78].

Wang et al. after reviewing clinical data of 228 COVID-19 patients 
who had no previous chronic liver diseases, discovered that 29.4 % of 
those patients had elevated ALT, AST, ALP, GGT and total bilirubin levels 
upon administration and 56.3 % of them exhibited liver function impair-
ment during hospitalisation [79].

According to numerous systemic meta-analyses and literature re-
views 14.8–53 % of COVID-19 patients have elevated ALS and AST, 35 % 
of them have elevated total bilirubin level, 6.1 % have elevated ALP level 
and 21.1 % have elevated GGT level [65, 80-84].

COVID-19 associated ARDS is able to cause hypoxic hepatitis. More 
than 90 % hypoxic hepatitis cases are caused by cardiac failure, respira-
tory failure and sepsis. Acute respiratory failure, ischemia, hypovolemia 
and shock lead to liver tissue hypoxia, dying of hepatocytes and centri-
lobular necrosis [85-87]. Ischemic-hypoxic liver injury is associated with 
metabolic acidosis, hypercalcemia, changing of mitochondrial membrane 
permeability and high plasma concentration of aminotransferases [88]. 
As a result of hypoxemia and hypercapnia during ARDS, right ventricle 
dysfunction occurs, caused by a high pulmonary vascular resistance. It 
leads to the elevation of central venous pressure, which in its turn causes 
blood stasis in liver and congestive hepatopathy [85-87, 89-91].

THE CORRECTION OF LIVER FUNCTION WITH 
THE USE OF STEM CELLS
Stem cell therapy is a modern method of liver diseases treatment. 

It uses hematopoietic, induced pluripotent and multipotent mesenchy-
mal stem cells (MMSCs). All of these cells are able to differentiate into 
hepatocyte-like cells [92-98]. Stem cells are proven to have tropism to 
the regions of inflammations in the recipient organism, thus after being 
intravenously injected they have the ability to migrate and accumulate 
in the areas of injuries or pathological changes [99]. Among different 
stem cell types, perinatal MMSCs have numerous advantages for clini-
cal use. Comparing to embryonic and adult stem cells, MMSCs derived 
from perinatal tissues have higher availability, efficiency, multipotency, 
regenerative potential and a lower risk of infection [100]. 

Unlike embryonic or induced pluripotent stem cells, MMSCs derived 
from perinatal tissues have repressed oncogenes, which makes them 
non-oncogenic. Unlike adult stem cells, perinatal MMSCs are less immu-
nogenic as a result of their low antigen major histocompatibility complex 
(MHC) I and low or absent antigen MHC ІI expression which makes them 
protected from being attacked by recipients’ natural killer cells during al-
logeneic transplantation [101]. MMSCs derived from umbilical cord and 
amnion produce numerous cytokines i.e., interleukins, growth factors, 
prostaglandin E2, leukaemia inhibitory factor. By using biologically ac-
tive secretome substances with angiogenic, anti-apoptotic, antioxidant 
and mitogenic effects, MMSCs stimulate the regeneration of injured tis-
sues and organs [102].

MMSCs can be isolated from numerous human organs and tissues, 
e.g., bone marrow, umbilical cord and cord blood, adipose tissue etc 

[103, 104]. They have the ability to differentiate into different cell lines, 
i.e., chondroblasts, osteoblasts and adipocytes [105, 106].

MMSCs can also be differentiated into hepatocytes, which can be 
further used for liver regeneration. In order to cause the differentiation, 
MMSCs are inducted with the hepatocyte growth factor (HGF), epidermal 
growth factor, oncostatin M, leukaemia inhibitory factor, dexametha-
sone, insulin-transferrin-selenium or nicotinamide. The differentiation of 
MMSCs into hepatocytes can be stimulated by the extracellular matrix 
of the liver. Co-culturing of MMSCs with liver cells can also induce their 
differentiation into hepatocyte-like cells [93-97].

MMSCs are proven to have anti-fibrotic activity. They prevent trans-
differentiation of hepatic stellate cells (Ito cells) into fibrogenic myofi-
broblasts, which produce extracellular matrix proteins (EMP) and cause 
liver fibrosis. MMSCs are able to secrete such factors as transforming 
growth factor beta-3 (TGF-β3), TNF-α, IL-10, HGF and nerve growth fac-
tor (NGF), which lower collagen synthesis by inducing Ito cell apoptosis. 
Conditioned medium of MMSCs, added to Ito cells, is able to inhibit their 
proliferation [107]. MMSCs produce matrix metalloproteinases (MMP)-9 
and MMP-13 that are able to disintegrate EMP. MMSCs are also able to 
prevent liver fibrosis through the decrease of pro-fibrotic F4/80+ macro-
phages infiltration [108-109].

It is known that MMSCs are able to inhibit inflammatory processes 
in the liver through the modulation of production of pro-inflammatory 
cytokines and other pro-inflammatory molecules by liver immuno-
cytes thus acting as hepatoprotectors. MMSCs lower the number of  
CD4+T-lymphocytes, Gr-1+neutrophiles, CD11b+ F4/80+macrophages, 
inhibit the expression of proinflammatory TNF-α, interferon gamma 
(IFN-γ), IL-4 and Fas ligand (FasL) cytokines by CD4+ lymphocytes and 
Kupffer cells, and increase the production of immunosuppressive and 
hepatoprotective IL-10 [110-112].

The use of MMSCs had a hepatoprotective effect on the murine liver 
injury inducted by Concanavalin A, which manifested itself as a decrease 
of serum transaminases levels, alleviation of hepatocyte necrosis and a 
decrease of pro-inflammatory and pro-apoptotic cytokines TNF-α and 
IFN-γ production by liver immunocytes [111, 113].

Zhang Y et al., discovered that the systematic injection of MMSCs, 
derived from human umbilical cord, has an inhibitory effect on hepato-
cellular apoptosis, stimulates liver regeneration and the compensation 
of its function and increases the survival of rats with acute liver failure, 
caused by D-galactosamine and lipopolysaccharide [7].

CLINICAL EFFECTIVENESS OF CELL THERAPY 
IN PATIENTS WITH LIVER INJURY
Numerous clinical researches conducted on patients with acute and 

chronic liver injuries have proven the effectiveness and safety of MMSC-
based therapy [14-21; 114-117]. 

Shi et al. [115] and Zhang et al. [117] used the intravenous adminis-
tration of allogeneic MMSCs, obtained from umbilical cord, for the treat-
ment of patients with liver failure caused by chronic hepatitis B. Both of 
the researches showed the restoration of liver function (i.e., increased 
levels of serum albumin, cholinesterase, prothrombin activity and de-
crease of total bilirubin and ALT levels), improved survival of treated pa-
tients compared to control groups and the absence of adverse reactions 
to MMSCs. 

Xu et al. used the injection of autologous bone marrow-derived 
MMSCs into hepatic artery as a treatment method of liver cirrhosis, as-
sociated with chronic hepatitis B. Their research showed the decrease of 
IL-6, IL-17 and TNF-α levels [19].

Li et al. administered umbilical cord-derived MMSCs into hepatic ar-
tery for the treatment of patients with liver failure caused by hepatitis B, 
which resulted in the normalisation of serum albumin, ALT, AST, total and 
direct bilirubin levels and prothrombin time of the treated patients [116].

Lin et al. in their randomised controlled trial administered allogeneic 
bone marrow-derived MMSCs to patients with liver failure caused by 
hepatitis B, which led to a decrease of serum bilirubin level [21].
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Amin et al. have performed an intrasplenic autologous transplanta-
tion of bone marrow-derived MMSCs to the patients with liver cirrhosis 
caused by hepatitis C. The result was a normalisation of liver function, 
i.e., the decrease of total bilirubin, AST and ALT levels and prothrombin 
time and the increase of albumin serum level [14]. El-Ansary et al. con-
ducted phase II clinical trial during which patients with liver cirrhosis 
caused by hepatitis C were intravenously given non-differentiated au-
tologous bone marrow-derived MMSCs as well as MMSCs, differentia-  
ted into hepatocyte-like cells. The result was the elevation of serum pro-
thrombin and albumin and the lowering of bilirubin levels [114].

Salama et al. established the positive influence of autologous bone 
marrow-derived MMSCs, injected intravenously, on the course of liver 
cirrhosis associated with hepatitis C [17].

Jang et al. performed the injection of autologous bone marrow-
derived MMSCs into hepatic artery for the treatment of alcoholic liver 
cirrhosis. They observed the decrease of fibrosis markers such as trans-
forming growth factor beta-1, collagen 1 and smooth muscle alpha-actin 
as well as positive histological liver changes [16]. The ability of bone 
marrow-derived MMSCs to reduce the formation of liver fibrosis was 
also proven in a phase II randomised trial conducted by Suk et al [20].

The therapy of ARDS and its complication is getting more relevant because of COVID-19 pandemic. The analysis of modern scientific data shows 
that the most common ARDS complication is liver injury. One of the newest methods of liver failure treatment is cell therapy. Stem cells have a 
major regenerative, anti-inflammatory and immunomodulatory potential. Adding cellular therapy methods to treatment protocols of patients with 
liver failure caused by ARDS will increase their quality of life and optimise health outcomes. 

CONCLUSION

The review has been conducted as part of the state-funded research work «Investigation of the regenerative potential of cellular therapy agents 
in acute respiratory distress syndrome» (2021-2023, state registration number 0121U100159)
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мезенхімальних стромальних клітин
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Редько О. С., Довгалюк А. І., Довбуш А. В., Небесна З. М., Якубишина Л. В., Криницька І. Я.

Тернопільський національний медичний університет імені І. Я. Горбачевського МОЗ України

РЕЗЮМЕ

Патогенез гострого респіраторного дистрес-синдрому (ГРДС) включає в себе нейтрофільний альвеоліт, ураження альвеолярного 
епітелію та ендотелію, формування гіалінових мембран та мікроваскулярних тромбів, унаслідок чого виникає гостра гіпоксемічна 
дихальна недостатність. ГРДС спричиняє значні структурно-клітинні зміни органів та систем. Зокрема він зумовлює дисфункцію 
печінки у важко хворих пацієнтів шляхом паракринної дії цитокінів та інших запальних медіаторів, гіпоксемії, оксидативного стресу, 
токсичних сполук і гіпоперфузії. 

При COVID-19-асоційованому ГРДС печінка уражається як унаслідок синдрому системної запальної відповіді, гіпоксії, так і унаслідок 
цитокінового шторму. При цьому у хворих спостерігається підвищення рівнів печінкових трансаміназ та холестатичних печінкових 
ферментів у плазмі крові. 

Терапія з використанням мультипотентних мезенхімальних стромальних клітин (ММСК) є одним із перспективних новітніх методів 
лікування печінкової недостатності, викликаної ГРДС. У багатьох дослідженнях ММСК були диференційовані у функціонуючі гепато-
цитоподібні клітини, що згодом були успішно застосовані для регенерації печінки. Виявлено, що ММСК проявляють антиапоптотичну 
дію на гепатоцити, володіють антифібротичною та протизапальною активністю, що дозволяє успішно використовувати їх у терапії 
ГРДС-зумовленого ураження печінки.
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