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Abstract
BACKGROUND 
Accumulating evidence has shown that adipose tissue-derived mesenchymal stem 
cells (ADSCs) are an effective therapeutic approach for managing coronavirus 
disease 2019 (COVID-19); however, further elucidation is required to determine 
their underlying immunomodulatory effect on the mRNA expression of T helper 
cell-related transcription factors (TFs) and cytokine release in peripheral blood 
mononuclear cells (PBMCs).

AIM 
To investigate the impact of ADSCs on the mRNA expression of TFs and cytokine 
release in PBMCs from colorectal cancer (CRC) patients with severe COVID-19 
(CRC+ patients).

METHODS 
PBMCs from CRC+ patients (PBMCs-C+) and age-matched CRC patients (PBMCs-
C) were stimulated and cultured in the presence/absence of ADSCs. The mRNA 
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levels of T-box TF TBX21 (T-bet), GATA binding protein 3 (GATA-3), RAR-related orphan receptor C (RORC), and 
forkhead box P3 (FoxP3) in the PBMCs were determined by reverse transcriptase-polymerase chain reaction. 
Culture supernatants were evaluated for levels of interferon gamma (IFN-γ), interleukin 4 (IL-4), IL-17A, and 
transforming growth factor beta 1 (TGF-β1) using an enzyme-linked immunosorbent assay.

RESULTS 
Compared with PBMCs-C, PBMCs-C+ exhibited higher mRNA levels of T-bet and RORC, and increased levels of 
IFN-γ and IL-17A. Additionally, a significant decrease in FoxP3 mRNA and TGF-β1, as well as an increase in T-
bet/GATA-3, RORC/FoxP3, IFN-γ/IL-4, and IL-17A/TGF-β1 ratios were observed in PBMCs-C+. Furthermore, 
ADSCs significantly induced a functional regulatory T cell (Treg) subset, as evidenced by an increase in FoxP3 
mRNA and TGF-β1 release levels. This was accompanied by a significant decrease in the mRNA levels of T-bet and 
RORC, release of IFN-γ and IL-17A, and T-bet/GATA-3, RORC/FoxP3, IFN-γ/IL-4, and IL-17A/TGF-β1 ratios, 
compared with the PBMCs-C+ alone.

CONCLUSION 
The present in vitro studies showed that ADSCs contributed to the immunosuppressive effects on PBMCs-C+, 
favoring Treg responses. Thus, ADSC-based cell therapy could be a beneficial approach for patients with severe 
COVID-19 who fail to respond to conventional therapies.
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Core Tip: In patients with colorectal cancer (CRC) who develop severe coronavirus disease 2019, peripheral blood 
mononuclear cells display a severe pro-inflammatory phenotype and corresponding functional cytokine profile upon 
deliberate in vitro stimulation. Adipose tissue-derived mesenchymal stem cells (ADSCs) can significantly induce a 
regulatory T cell-biased immunosuppressive response while concurrently restraining exaggerated T helper 1 (Th1)-
predominant and Th17 pro-inflammatory responses. These results indicate the protective immunomodulatory activity of 
proactive ADSC therapy by manipulating Th cell polarization to create an anti-inflammatory environment against severe 
acute respiratory syndrome coronavirus 2-induced severe hyperinflammatory responses.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic is fueled by the highly infectious severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)[1,2]. The clinical manifestations of COVID-19 range from asymptomatic to severe/critical 
illness and death. The disease is often characterized by uncontrolled hyperactivation of the immune system, progressive 
lymphocyte dysfunction/depletion, cytokine/chemokine burst, acute respiratory distress syndrome (ARDS), and 
multiple organ dysfunction[3]. As of November 19, 2023, over 772 million confirmed cases and 6 million deaths have been 
reported worldwide, with the numbers steadily rising[4]. However, no specific drugs are currently available for the trea-
tment of severe/critical COVID-19 patients. Thus, the development of safe and effective therapeutic strategies for treating 
SARS-CoV-2 infection and preventing cytokine release syndrome are urgently needed to mitigate lung injuries and 
complex complications.

Mesenchymal stem cells (MSCs) constitute a multipotent mesoderm-derived progenitor cell population sourced from 
various tissues, including the bone marrow, umbilical cord (UC), and adipose tissues[5]. These cell populations exert 
extensive biological functions, including cell differentiation in multiple cell lines, tissue regeneration and repair, and 
broad immunomodulatory properties through cell-cell contact and paracrine effects[6]. Clinical trials are currently 
exploring the use of systemically infused MSCs as a cutting-edge and popular therapeutic approach for COVID-19 in 
contemporary medical research. As of November 2023, over 100 MSC-based clinical trials from phase I to III have already 
been registered in the www.clinicaltrials.gov/database. These trials, conducted following the initial therapeutic app-
lication of MSC for severe COVID-19 in Beijing, China, from January to February 2020, are either completed or currently 
ongoing[7]. The current clinical data, gathered from completed or ongoing trials, strongly support MSCs as a promising 
therapeutic approach for the treatment of severe/critical COVID-19, by attenuating the hyperactivation of the immune 
system and inflammatory cytokine burst[8,9]. Notably, universal or personalized adipose tissue-derived ADSCs can be 
obtained from multiple harvest sites in a single donor through minimally invasive procedures. This characteristic has 
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positioned them as well-known candidates for MSC-based therapies for many years[10,11].
Colorectal cancer (CRC) is the third most common cancer worldwide[12] and the fourth leading cancer in China, with 

an increasing burden[13]. The management and treatment of patients with CRC had become challenging following the 
relaxation of COVID-19 restrictions in China due to the impact of SARS-CoV-2 infection. The interaction between MSCs 
and immune cells in COVID-19 patients has been considered a crucial mechanism through which MSCs improve severe 
COVID-19 outcomes by maintaining immune homeostasis[14]. ADSCs were employed in our experiments.

This study investigated the immunomodulatory effects of ADSCs on the mRNA expression of T helper (Th) cell-related 
transcription factors (TFs) and their related cytokine release in peripheral blood mononuclear cells (PBMCs) isolated from 
CRC patients with severe COVID-19 (CRC+ patients) in vitro.

MATERIALS AND METHODS
Study population
The 20 novo CRC patients included in this study were admitted to Tianjin Medical University Cancer Hospital (Tianjin, 
China) from December 2022 to February 2023. Of the 20 patients with stage I–II CRC, 10 sex/age-matched patients were 
simultaneously diagnosed with CRC and severe COVID-19 caused by SARS-CoV-2. Severe COVID-19 was defined based 
on the guidelines for the diagnosis and treatment of new coronavirus pneumonia (version 9) issued by the National 
Health Commission of China on March 15, 2022. The inclusion criteria were based on the detection of SARS-CoV-2 by 
TaqMan quantitative polymerase chain reaction (qPCR) assays in oropharyngeal swab samples. The strains circulating 
during this period belonged to the Omicron sublineage. Patients (1) aged > 18 years; (2) who were definitively diagnosed 
with CRC; and (3) who underwent collection of peripheral blood samples prior to receiving standard treatments were 
evaluated. Table 1 shows the baseline characteristics of all study participants. This study was approved by the Research 
Ethics Committee of Tianjin Medical University Cancer Hospital and was conducted in accordance with the Declaration 
of Helsinki. Informed consent was obtained from all patients.

Isolation, expansion, and characterization of ADSC
Abdominal subcutaneous adipose tissues were obtained from healthy donors who underwent abdominal liposuction. 
ADSCs were extracted from adipose tissues and cultured using a previously described standard method[15]. Cell surface 
markers [cluster of differentiation 14 (CD14), CD34, CD45, human leukocyte antigen-DR (HLA-DR), CD29, CD73, CD90, 
and CD105) (BD Pharmingen, Franklin Lakes, NJ, United States) were assessed using flow cytometry. Moreover, their 
multilineage differentiation potential into tissue-specific osteoblasts, chondrocytes, and adipocytes was induced using 
adipogenic and osteogenic differentiation medium (Sigma-Aldrich, St. Louis, MO, United States) and chondrogenic 
differentiation medium (Cyagen Co., Ltd., Guangzhou, China) in vitro[16]. After 2 wk, Oil red O staining was carried out 
to visualize the adipogenesis of ADSC under an inverted microscope. Approximately 3 wk later, Alizarin Red staining 
was employed to evaluate the formation of calcium deposits. After 4 wk, Alcian Blue staining was performed to quantify 
the glycosaminoglycans secreted by chondrocytes. All ADSCs for in vitro use were derived from passage 3.

Sample collection
Approximately 8 mL peripheral blood was collected into heparin tubes. Standard density gradient centrifugation on 
Ficoll-Paque Premium (density = 1.077) (GE Healthcare Bio-Sciences, Uppsala, Sweden) was performed as previously 
described to isolate PBMCs-C+ and PBMCs-C from CRC+ patients and CRC patients, respectively. PBMCs were 
resuspended in a freezing medium containing 90% fetal bovine serum (Gibco, Waltham, MA, United States) and 10% 
dimethyl sulfoxide (Sigma-Aldrich). Aliquots of PBMCs at a density of 5 × 106 cells/mL were cryopreserved in liquid 
nitrogen until use. One day prior to the experiment, PBMCs were thawed and incubated overnight at 37 °C with 5% 
carbon dioxide (CO2) to deplete adherent monocytes.

PBMCs and ADSC co-culture
ADSCs were seeded in 12-well culture plates and allowed to attach for 24 h at 37 °C under 5% CO2. To assess for TF 
expression and cytokine release, 1 × 106/mL PBMCs were seeded into 12-well culture plates and stimulated with 10 μg/
mL phytohaemagglutinin (PHA) (Sigma-Aldrich) and 100 U/mL IL-2 (Sihuan bio-pharmaceutical Co., Ltd., Beijing, 
China) and cultured in the presence/absence of adherent 1 × 105/mL ADSCs. PBMCs and supernatants from co-cultures 
were harvested after 5 d for subsequent examination using TaqMan qPCR or enzyme-linked immunosorbent assay 
(ELISA).

Gene expression examination with RT-PCR analysis
Total RNA was extracted from each PBMC sample using TRIzol reagent (Invitrogen, Carlsbad, CA, United States). After 
digestion with DNase and sample clean-up, the RNA samples were reverse transcribed into cDNA using the PrimeScript 
RT Reagent Kit (Applied Biosystems, Foster City, CA, United States) according to the manufacturer’s protocols. RNA 
samples without reverse transcription were used as templates for PCR to exclude possible genomic DNA contamination. 
PCR was performed using the ABI 7500 Real-Time PCR System (Applied Biosystems). The sequences of primers and 
FAM-labeled probes used were as follows: T-box TF TBX21 (T-bet) forward, 5′-CTTGGTGTGGACTGAGATTGC-3,’ 
reverse, 5’-ACTGGAAGGATAGGGGGACA-3’ and probe, 5’-FAM-ATTCAGGACTGGGCGAAGGAGACTCT-TAMRA-
3’; GATA binding protein 3 (GATA-3) forward, 5′-AGACCACCACAACCACACTCT-3,’ reverse, 5’-GATGCCT-
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Table 1 Characteristic features of study populations

Feature CRC patients CRC+ patients

Number 10 10

Age, median (range) 62.4 (50-73) 65.2 (51-75)

Sex, male:female 5:5 5:5

TNM stage

        I 6 6

        II 4 4

Degree of differentiation

        High 1 1

        Moderately 9 9

CRC: Colorectal cancer; CRC+: Colorectal cancer with severe coronavirus disease 2019.

TCCTTCTTCATAGTCA-3’ and probe 5’-FAM-ATGCCAATGGGGACCCTGTCT GC-TAMRA-3’; RAR-related orphan 
receptor C (RORC) forward, 5′-CCAGCTCCAGCTGTCTTCTACC-3,’ reverse, 5’-ACATCTGCTTCCTTCTCCACAAC-3’ 
and probe 5’-FAM-AAGCAGAAGT CGCTCGCACTGGTCA-TAMRA-3’; forkhead box P3 (FoxP3) forward, 5′-
AAGGAAAGGAGGAT GGACG-3,’ reverse, 5’-CAGGCAAGACAGTGGAAACC-3’ and probe 5’-FAM-AAACTGGTGG-
GAGGCAGAGGTGGT-TAMRA-3’; β-actin forward, 5′- CTGGAACGGTGAAGGTGACA-3,’ reverse, 5’-CACCTCCCCT-
GTGTGGACTT-3’ and probe 5’-FAM-AGCGAGCATCCCCCAAAGTTCACA-TAMRA-3’. The PCR cycling conditions 
consisted of an initial hot-start step of 95 °C for 5 min, followed by a 40-cycle program comprising a denaturation phase at 
95 °C for 5 s and annealing/extension at 60 °C for 30 s. All PCR assays were performed in duplicate, and data analysis 
was carried out using the comparative cycle threshold (Ct) method. The relative gene expression was determined using 
the 2-ΔCt method, which involved the calculation of ΔCt as the difference between the Ct of the target molecule and the Ct 
of β-actin[16].

ELISA
The Th1 [interferon gamma (IFN-γ)], Th2 [interleukin 4 (IL-4)], Th17 (IL-17A), and regulatory T cell (Treg) [transforming 
growth factor beta 1 (TGF-β1)] cytokine concentrations in the cell culture supernatants were determined by performing 
ELISA using ELISA kits (R & D Systems, Minneapolis, MN, United States).

Statistical analyses
Statistical analyses were performed using SPSS software (version 16.0; SPSS Inc., Chicago, IL, United States). All values 
are expressed as the means ± SD. The statistical significance of comparisons between the two groups was analyzed using 
the Student’s t-test. P < 0.05 was considered statistically significant.

RESULTS
Identification of ADSCs
ADSCs showed an elongated fibroblastic morphology during the early passage. In accordance with the criteria set by the 
International Society for Cellular Therapy, the cell surface markers CD14 (a monocyte marker), CD34 (a hematopoietic 
stem cell and hematopoietic progenitor cell marker), CD45 (a pan-leukocyte marker), and HLA-DR (a molecule of major 
histocompatibility complex class II) demonstrated expression levels of 1.44%, 0.60%, 0.73%, and 1.11%, respectively. 
Meanwhile, the MSC markers CD29 (integrin β1), CD73 (ecto-5’-nucleotidase), CD90 (Thy-1), and CD105 (endoglin) 
showed expression levels of 99.45%, 98.49%, 99.60%, and 99.88%, respectively (Figure 1). As shown in Figure 2, ADSC 
exhibited multilineage differentiation potential toward osteoblasts, chondrocytes, and adipocytes.

Comparison of TF profile between the PBMCs-C+ and PBMCs-C groups
To simulate the in vitro activation of T lymphocytes in infected tissues in vivo, we initially assessed the expression of the 
studied TFs (T-bet, GATA-3, RORC, and FoxP3) associated with Th1, Th2, Th17, and Tregs in PBMCs-C+ and PBMCs-C 
stimulated with PHA/IL-2. Significantly higher levels of T-bet and RORC mRNA were observed in the PBMCs-C+ group 
than in the PBMCs-C (P < 0.05 and P < 0.01, respectively). Conversely, lower levels of FoxP3 mRNA were observed in the 
PBMCs-C+ group than in the PBMCs-C group (P < 0.01). No significant difference was found in the GATA-3 mRNA levels 
between the PBMCs-C+ and PBMCs-C groups (Figure 3A). Compared with PBMCs-C cells, significantly higher T-bet/
GATA-3 (Th1 vs Th2) and RORC/FoxP3 (Th17 vs Tregs) ratios were observed in PBMCs-C+ cells (P < 0.05 and P < 0.01, 
respectively; Figure 3B).
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Figure 1 Results of flow cytometry analysis of selected cell surface markers.

Figure 2 Adipose tissue-derived mesenchymal stem cell morphology and multilineage differentiation (20 ×). A: Adipose tissue-derived 
mesenchymal stem cell (ADSC) morphology; B: ADSC differentiated into osteoblasts by Alizarin red staining; C: ADSC differentiated to chondrocytes by Alcian blue 
staining; D: ADSC differentiated to adipocytes by Oil red O staining.

Comparison of cytokine secretion profile in cell culture supernatants between the PBMCs-C+ and PBMCs-C groups
Cell culture supernatants obtained from the PBMCs-C+ group exhibited significantly elevated levels of Th1- and Th17-
type cytokines (IFN-γ and IL-17A) but significantly reduced levels of the Treg tolerance cytokine TGF-β1, compared with 
the PBMCs-C group (P < 0.01). Although the levels were slightly increased, no statistical difference was found in Th2-
type cytokine IL-4 levels between the PBMCs-C+ and PBMCs-C groups (P > 0.05; Figure 3C). Moreover, the IFN-γ/IL-4 
(Th1 vs Th2) and Th17A/TGF-β1 (Th17 vs Tregs) ratios in the PBMCs-C+ group were significantly increased compared 
with those in the PBMCs-C group (P < 0.01; Figure 3D).

Comparison of TF profile between the PBMCs-C+/ADSC and PBMCs-C+ group
To determine the immunomodulatory effects of ADSC on PBMCs isolated from CRC patients with severe COVID-19, 
activated PBMCs-C+ were added to the ADSC monolayer at a 10:1 ratio and co-cultured for 5 d. A slight upregulation of 
GATA-3 mRNA levels and significant upregulation of FoxP3 mRNA levels were observed in the PBMCs-C+/ADSC group 
compared with that in the PBMCs-C+ cultured alone group (P < 0.05 and P < 0.01, respectively). By contrast, the T-bet and 
RORC mRNA levels were significantly downregulated in the PBMCs-C+/ADSC group (P < 0.01; Figure 3E). Moreover, 
the T-bet/GATA-3 and RORC/FoxP3 ratios significantly decreased in the PBMCs-C+/ADSC group (P < 0.01; Figure 3F).

Comparison of cytokine secretion profile in cell culture supernatants between the PBMCs-C+/ADSC and PBMCs-C+ 
group
The levels of IFN-γ and IL-17A in the cell culture supernatants from the PBMCs-C+/ADSC group were significantly 
decreased (P < 0.01), while the TGF-β1 levels were significantly increased compared with those from the PBMCs-C+ 
cultured alone group (P < 0.01). The IL-4 release levels slightly increased in the co-cultured samples; however, this trend 
was not significant (P > 0.05; Figure 3G). ADSCs significantly inhibited the IFN-γ/IL-4 and Th17/Treg ratios (P < 0.01; 
Figure 3H).
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Figure 3 Comparisons. A: Comparison of transcription factors profile between peripheral blood mononuclear cells (PBMCs) isolated from colorectal cancer (CRC) 
patients with severe coronavirus disease 2019 and age-matched CRC patients (PBMCs-C); B: Comparison of T-box TF TBX21 (T-bet)/GATA binding protein 3 
(GATA-3) and RAR-related orphan receptor C (RORC)/forkhead box P3 (FoxP3) ratio between PBMCs from CRC+ patients (PBMCs-C+) and PBMCs-C; C: 
Comparison of cytokines secretion profile in cell culture supernatants obtained from PBMCs-C+ and PBMCs-C; D: Comparison of interferon gamma (IFN-
γ)/interleukin 4 (IL-4) and IL-17A/transforming growth factor beta one (TGF-β1) ratios between PBMCs-C+ and PBMCs-C; E: Comparison of transcription factors 
profile between PBMCs-C+/adipose tissue-derived mesenchymal stem cells (ADSCs) and PBMCs-C+; F: Comparison of T-bet/GATA-3 and RORC/FoxP3 ratio 
between PBMCs-C+/ADSCs and PBMCs-C+; G: Comparison of cytokine secretion profile in cell culture supernatants obtained from PBMCs-C+/ADSCs and PBMCs-
C+; H: Comparison of IFN-γ/IL-4 and IL-17A/TGF-β1 ratios PBMCs-C+/ADSCs and PBMCs-C+. aP < 0.05, bP < 0.01 via Student's t-test.

DISCUSSION
To date, numerous clinical trials have contributed to a growing body of evidence and consensus affirming the safety, effi-
cacy, and tolerability of cell-based therapy, particularly MSCs from diverse sources, for the treatment of severe COVID-
19. This collective evidence supports the notion that MSC infusion promptly mitigates the cytokine release syndrome 
resulting in ARDS by exerting a differential impact on pro- and anti-inflammatory cytokines, potentially enhancing 
recovery and survival[17,18]. The present study characterized the related TFs and cytokine profiles produced from 
PBMCs-C+ co-cultured with or without additional ADSCs. Two important observations were made. First, during CRC 
concurrent with severe COVID-19, PBMCs, with deliberate in vitro stimulation, displayed severe pro-inflammatory 
phenotype accompanied by a correlated functional cytokine profile. Second, ADSCs significantly induced a Treg-biased 
immunosuppressive response and restrained excessive Th1 and Th17 pro-inflammatory responses. These findings 
underscore the protective immunomodulatory activity of proactive ADSC therapy by manipulating Th cell polarization 
to sustain an anti-inflammatory environment, countering the severe hyperinflammatory responses induced by SARS-
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CoV-2.
Achieving an immunologically balanced homeostasis between Th1/Th2 and Th17/Tregs is crucial for maintaining 

normal immunological functions within the body. Conversely, imbalances in the differentiation of these T cell subsets are 
associated with various diseases such as cancer, autoimmune diseases, infectious diseases, and allograft rejection[19-22]. 
Numerous studies have highlighted that the imbalance of T cell subsets and the subsequent excessive release of cytokines 
contribute to both local and systemic cytokine storms, leading to immunopathological complications such as ARDS in 
patients with severe COVID-19[23,24]. In the present study, we evaluated the gene expression of TFs (T-bet, GATA-3, 
RORC, and FoxP3) associated with Th1, Th2, Th17, and Tregs in PHA/IL-2-activated PBMCs-C+ and the corresponding 
cytokines secreted by each Th cell profile in the cell culture supernatants. The results indicated a significant shift toward 
amplified Th1 and Th17 immunity. Specifically, we observed a significant upregulation in the production of T-bet (Th1) 
and RORC (Th17) mRNA and a significant downregulation in the production of FoxP3 (Tregs) mRNA in PBMCs-C+. 
Furthermore, we detected a significant increase in the secretion of pro-inflammatory Th1 and Th17 type cytokines (IFN-γ 
and IL-17A), and a significant decrease in the secretion of Tregs tolerance cytokine (TGF-β1) in the cell culture 
supernatants from the PBMCs-C+ group. Various studies related to COVID-19 and cytokine storms have reflected the 
known Th subset bias and distinctive cytokine profiles that correlate with the severity of the disease, thus influencing the 
course and outcome of COVID-19[25-27]. Our results agree with those of a recent study, which reported the transcrip-
tional activity and functional phenotype of T cells and the relationship between pro- and anti-inflammatory cytokines and 
the clinical parameters of COVID-19 severity. The authors reported increased Th1 and Th17 transcriptional activity and a 
subsequent increase in the systemic concentration of proinflammatory cytokines in patients with severe COVID-19. 
Notably, the study identified IFN-γ, IL-17, IL-12, and IL-23 as crucial markers of COVID-19[28]. Chen et al[29] strongly 
suggested that COVID-19 plasma exosomes are a risk factor for intensifying COVID-19 by stimulating the proinflam-
matory response of peripheral blood immune cells[29]. Furthermore, our study demonstrated that the polarization of 
cellular immune response toward Th1 and Th17 was evident through an increase in T-bet/GATA-3 and RORC/FoxP3 
mRNA ratio as well as IFN-γ/IL-4 and IL-17A/TGF-β1 ratio. These data suggest an uncontrolled and deleterious inflam-
matory status in severely ill COVID-19 patients, at least partially favoring Th1 and Th17 cellular and pro-inflammatory 
phenotypes. This phenomenon is accompanied by an increase in Th1- and Th17-type cytokine cascade, contributing to 
lung damage and ARDS.

Although the precise therapeutic mechanisms of MSCs require further investigation, MSC-based therapy has been 
explored for various diseases, including graft vs host disease, autoimmune diseases, pulmonary diseases, and allograft 
rejection. This approach has shown promise in attenuating inflammatory responses, reducing ischemic injuries, 
maintaining self-tolerance, and promoting immunomodulatory effects, and tissue repair and regeneration[30,31]. 
Ongoing clinical trials are actively assessing the safety and efficacy of MSCs in cellular immunotherapy[32,33]. Given 
their potent abilities, we directly treated the activated PBMCs-C+ group with ADSCs to investigate whether proactive 
ADSC therapy could suppress overly active Th cells during a cytokine storm in patients with COVID-19. Remarkably, our 
data demonstrated the significance of Th1/Th2 and Th17/Tregs ratios, as these ratios indicate the superiority of one Th 
cell subset over others. In the present study, the presence of ADSCs resulted in the downregulation of T-bet and RORC 
mRNA expression, along with the upregulation of GATA-3 and FoxP3 mRNA expression. This led to a reversal in T-bet/
GATA-3 and RORC/FoxP3 ratios in co-cultures compared with activated PBMCs-C+ cultured alone. Similarly, these 
changes in TFs were accompanied by an increase in Tregs tolerance cytokine TGF-β1 release and a decrease in Th1- and 
Th17-type cytokine IFN-γ and IL-17A release. Recent studies have demonstrated that MSCs from the microenvironment 
can exhibit two functionally distinct phenotypes. The MSC1 phenotype displays pro-inflammatory properties when the 
immune system is under-activated. By contrast, the MSC2 phenotype exhibits anti-inflammatory properties to prevent a 
massive inflammatory cascade and self-attack during immune system overactivation[34,35]. Preconditioned ADSCs with 
pro-inflammatory factors increased the release of relevant bioactive factors, enhancing their efficacy to manipulate the 
microenvironment toward a favorable polarization of Tregs along with an increased TGF-β1 release[36,37]. Therefore, 
systemic MSC administration in COVID-19 patients may expose MSCs to a deleterious inflammatory environment upon 
entering the circulation, and the subsequent interaction between MSC and pro-inflammatory factors may lead to MSC 
activation. Our results are consistent with those of recent clinical trials evaluating the safety and efficacy of UC-derived 
MSC (UC-MSC) transplantations in patients with mild-to-moderate COVID-19-induced ARDS. These trials demonstrated 
that UC-MSC therapy could safely downregulate disease progression by decreasing the activation and expansion of Th1 
and Th17 cells, along with an increase in the expression of anti-inflammatory T lymphocytes[38,39]. In summary, our 
findings suggest that ADSC can be activated when exposed to a highly inflammatory environment in vitro. They directly 
influence Th cell differentiation in favor of Tregs induction, intervening in the Th effector cell activation to restore the 
immunological balance through an immunological “braking” mechanism. Additionally, ADSCs induce Tregs tolerance 
cytokine production and inhibit Th1- and Th17-type cytokine release, thereby attenuating the progression of cytokine 
storms and tissue damage.

Our study had several limitations. First, our data collection was restricted to patients admitted from December 2022 to 
February 2023, due to the COVID-19 restrictions. However, despite this limitation, we presented preliminary evidence 
suggesting an association between severe COVID-19 and widespread inflammatory damage. Second, only a small sample 
size and early-stage patients with CRC and SARS-CoV-2 infection were investigated. The study did not encompass the 
assessments of patients with advanced disease stages, warranting confirmation by conducting large-scale studies. 
Notably, Guo et al[40] demonstrated that MSCs and MSC-secreted exosomes could exert beneficial effects on CRC by 
modulating immune responses and inducing anti-tumor responses. Thus, as a potential therapeutic agent, further clinical 
investigations are warranted to examine the promising effects of ADSC therapy on advanced stages of CRC and COVID-
19.
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CONCLUSION
In the context of countering the cytokine storm, the intervention involving ADSCs, as a living immunomodulatory agent, 
is a promising therapeutic approach. This strategy can promote an anti-inflammatory environment by restraining 
excessive inflammation reactions and driving Treg-biased tolerance immune responses. Consequently, ADSCs hold 
promise as a viable alternative treatment option for preventing the progression of severe COVID-19 progression.

ARTICLE HIGHLIGHTS
Research background
Mesenchymal stem cells have emerged as viable and ideal therapeutic agents demonstrating efficacy in immunomodu-
lation, antiviral activity, and tissue regeneration/repair after injury, as evidenced by preclinical studies and clinical trials. 
The ongoing coronavirus disease 2019 (COVID-19) pandemic, fueled by the highly infectious severe acute respiratory 
syndrome coronavirus 2, has prompted the exploration of potential treatments. Accumulating evidence supports the 
effectiveness of adipose tissue-derived mesenchymal stem cells (ADSCs) as an effective therapeutic approach for 
managing COVID-19. However, the underlying immunomodulatory effects on the mRNA expression of Th cell-related 
transcription factors (TFs) as well as cytokine release in peripheral blood mononuclear cells (PBMCs) need to be elu-
cidated further.

Research motivation
This study investigated the effect of ADSC therapy on the mRNA expression of TFs and cytokine release in colorectal 
cancer (CRC) patients with severe COVID-19 (CRC+ patients).

Research objectives
This study investigated the immunomodulatory effect of ADSCs in CRC+ patients.

Research methods
PBMCs from CRC+ patients (PBMCs-C+) and age-matched CRC patients (PBMCs-C) were stimulated and cultured in the 
presence/absence of ADSC. The mRNA levels of T-box TF TBX21 (T-bet), GATA binding protein 3 (GATA-3), RAR-
related orphan receptor C (RORC), and forkhead box P3 (FoxP3) in the PBMCs were determined by real-time reverse 
transcriptase-polymerase chain reaction; the culture supernatants were examined to measure the levels of interferon 
gamma (IFN-γ), interleukin 4 (IL-4), IL-17A, and transforming growth factor beta one (TGF-β1) using an enzyme-linked 
immunosorbent assay.

Research results
Compared with the PBMCs-C group, the mRNA levels of TFs (T-bet and RORC) and the release of cytokines (IFN-γ and 
IL-17A) were higher in the PBMCs-C+ group. Additionally, a significant decrease in FoxP3 mRNA and TGF-β1 Levels, 
coupled with an increase in T-bet/GATA-3, RORC/FoxP3, IFN-γ/IL-4, and IL-17A/TGF-β1 ratios were observed in the 
PBMCs-C+ group. Further analysis revealed that ADSC therapy significantly induced functional regulatory T cell (Treg) 
subsets, as evidenced by an increase in the levels of FoxP3 mRNA and TGF-β1, and a decrease in the mRNA levels of TFs 
(T-bet and RORC), release of cytokines (IFN-γ and IL-17A), and T-bet/GATA-3, RORC/FoxP3, IFN-γ/IL-4, and IL-17A/
TGF-β1 ratios, compared with the PBMCs-C+ alone group.

Research conclusions
ADSCs contributed to the immunosuppressive effects on PBMCs-C+.

Research perspectives
Our study demonstrated that ADSC intervention, as a living immunomodulatory agent, is a promising therapeutic 
approach to create an anti-inflammatory environment by mitigating excessive inflammatory reactions and promoting 
Treg-biased tolerance immune responses. Thus, ADSCs are expected to be a viable alternative treatment option for 
preventing severe COVID-19 progression.
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