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A B S T R A C T   

Almost from all organs, both mesenchymal stromal cells and fibroblasts can be isolated. Mesenchymal stromal 
cells (MSCs) are the most preferred cellular therapeutic agents with the regenerative potential, and fibroblasts 
are one of the most abundant cell types with the ability to maintain homeostasis. Because of the promising 
properties of MSCs, they have been well studied and their differentiation potentials, immunomodulatory po
tentials, gene expression profiles are identified. It has been observed that fibroblasts and mesenchymal stromal 
cells have similar morphology, gene expression patterns, surface markers, proliferation, differentiation, and 
immunomodulatory capacities. Thus, it is hard to distinguish these two cell types. Epigenetic signatures, i.e., 
methylation patterns of cells, are the only usable promising difference between them. Such significant similarities 
show that these two cells may be related to each other.   

1. Introduction 

In the 1960s, a small subpopulation in the non-hematopoietic cells of 
bone marrow has been identified with the rapid adherence and 
fibroblast-like morphology and they are called firstly as “stromal stem 
cells” (Friedenstein et al., 1966; Owen and Friedenstein, 2007). These 
cells with self-renewal, multilineage potential have been called 
“mesenchymal stem cells” by Caplan in 1991 (Caplan, 1991). Then, at 
the early of the 2000s, “mesenchymal stromal cells” started to be used 
instead of “mesenchymal stem cells” (Dominici et al., 2006). Mesen
chymal stromal cells can be obtained from many other sources than bone 
marrow such as Wharton’s Jelly (Sarugaser et al., 2005), peripheral 
blood (Li et al., 2015), umbilical cord blood (Secco et al., 2008), men
strual blood (Hida et al., 2008), dental pulp (Jo et al., 2007), adipose 
tissue (Zannettino et al., 2008), amnion (Hauser et al., 2010), heart 
(Oldershaw et al., 2019), etc. Each MSC population can have different 
gene expressions according to their sources. However; the minimum 
criteria that MSCs must meet have been determined regardless of source: 
(i) under standard conditions, MSCs must be adherent; (ii) MSCs must 

express CD105, CD73 and CD90 whereas do not express CD14, CD19, 
CD34, CD45, and CD79α; (iii) MSCs can differentiate into three cell 
lineages: osteogenic, adipogenic, chondrogenic (Dominici et al., 2006). 
Characteristics of MSCs are not limited to differentiation; they also have 
self-renewal property, and cross-talking with other cells by their secre
tions resulting in immunomodulation or angiogenesis properties (Ichim 
et al., 2018; Soundararajan and Kannan, 2018). Starting from the end of 
the 1990s, MSCs have been used for lots of clinical studies as a cellular 
pharmaceutical with both animal models and humans (Galipeau and 
Sensébé, 2018). MSCs are mostly used for autoimmune diseases, car
diovascular diseases, and neurodegenerative diseases (Ullah et al., 
2015). 

Friendenstein likened clonogenic stromal cells to fibroblasts because 
of the adherence and colony-forming potentials (Friedenstein, 2015). 
Fibroblasts constitute the majority of the cell of connective tissue and 
they are found in almost all organs. They produce extracellular matrix 
components such as collagen fibers; therefore, they have a role in tissue 
maintenance and repair. Fibroblasts can be isolated from several tissue 
types (Denu et al., 2016; Desjardins-Park et al., 2018). According to the 
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source of the fibroblasts, gene expressions and produced extracellular 
matrix component types can change (Fries et al., 1994). Although it was 
thought that fibroblasts are nearly terminally differentiated cells and 
they can differentiate only into myoblasts for wound healing in the past, 
it is now known that they differentiate into different cell types such as 
adipose, osteoblast, or chondroblast (Blasi et al., 2011). Since fibroblasts 
have such characteristics, they have been used for clinical studies mostly 
for wound healing treatments (Buechler and Turley, 2018; Ichim et al., 
2018). 

According to the literature, there are several standard features of 
MSCs and fibroblasts to show fibroblasts as an alternative of MSCs. 
Because of such similarity, it is quite difficult to distinguish these cells. 
In this review, two cell types are compared in detail. 

2. Comparison of proliferation capacities 

Because the telomeres are shortening with each cell division, cells 
can divide in a limited number, approximately 50 doublings, until they 
reach the senescence (Kim and Hong, 2014; Signer and Morrison, 2013; 
Watts, 2011). It has been reported that besides the morphologic simi
larities of MSCs and fibroblasts, they also have similar proliferation 
capacities (Alt et al., 2011; Blasi et al., 2011). Different studies have 
found various proliferation capacities for MSCs and fibroblasts, 40− 50 
doublings and approximately 75 doublings, respectively, according to 
Ning et al. (2003) and 34 doublings and 52 doublings, respectively, 
according to Lysy et al. (2007). Sources of cells, experimental 

conditions, and source age can affect the proliferation capacities of the 
cells that give rise to different doubling numbers (Soundararajan and 
Kannan, 2018). 

The presence of telomerase activity can increase population dou
blings; however, mesenchymal stromal cells have very few or no 
detectable telomerase activity, which is related with not only prolifer
ation capacity but also differentiation capacity, like fibroblasts (Laroye 
et al., 2019; Simonsen et al., 2002; Steinert et al., 2000; Trachana et al., 
2017; Zimmermann et al., 2003). Similarly, according to our unpub
lished data, both adipose tissue derived mesenchymal stromal cells 
(AT-MSCs) and fibroblasts do not have detectable levels of telomerase 
activity (data not shown). 

3. Comparison of differentiation capacities 

Several studies have been used the differentiation capacity of the 
MSCs because of being multipotent cells. According to the International 
Society for Cellular Therapy, one of the three minimum MSC criteria is 
the ability to differentiate into chondrocyte, adipocytes, and osteoblasts 
in vitro (Dominici et al., 2006). Besides, there are in vitro studies to 
show that, at the presence of the appropriate conditions and inductors, 
MSCs can differentiate into neural cells (Wilkins et al., 2009), pancreatic 
island cells (Tang et al., 2012), hepatocytes (Stock et al., 2014), mela
nocytes (Seifrtová et al., 2012), cardiomyoblasts (Choi et al., 2010), 
myocytes (Bartsch et al., 2005), etc. 

Differentiation capacity of the fibroblast has been shown with 

Fig. 1. (A) Morphologies of mesenchymal stromal cell and human dermal fibroblast. (B) Ostegenic, adipogenic and myogenic differentiation of WJ-MSC and 
fibroblast. Alizarin Red (AR) staining has been used for osteogenic, Oil Red O (ORO) staining has been used for adipogenic, and Myoblast Determination Protein 1 
(MyoD) and Desmin (Des) IF stainings have been used for myogenic differentiation. (C) Flow cytometry data of WJ-MSC, AT-MSC, and fibroblast for MSC markers. 
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several in vitro studies for adipogenic, chondrogenic, and osteogenic 
(Blasi et al., 2011; Brohem et al., 2013) lineages, which are also essential 
criteria for MSCs, and for hepatocytes (Lysy et al., 2007), corneal 
epithelial cells (Katikireddy et al., 2014), neural cells (Chen et al., 2007), 
pancreatic island cells (Bi et al., 2010), muscle cells (Sabatini et al., 

2005), epidermal cells (Crigler et al., 2007) when there are appropriate 
conditions and stimulations. Even though the mentioned studies showed 
the fibroblast differentiation capacities, some of them suggest that the 
differentiation is due to a heterogeneous population containing pre
cursor cells (Chen et al., 2007). To show heterogeneous population of 

Fig. 2. Immunocytochemistry (ICC) and immunofluorescence (IF) staining of MSC and fibroblast for some markers.  
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the fibroblasts, there are several clonal analyses (Bi et al., 2010; Chen 
et al., 2007). Differentiation assays were performed for the 
single-clone-derived cell populations in order to see whether all fibro
blasts have differentiation capacity. For example, for the mouse dermis, 
it has been found that not all fibroblasts but precursor fibroblasts can 
differentiate into arrector pilli muscle, reticular cells, dermal papilla, 
and adipocytes (Lynch and Watt, 2018). So, there are also controversial 
results for the differentiation capacity of the fibroblast. 

In addition, according to our unpublished data, fibroblast osteo
genic, adipogenic, and myogenic differentiation has been observed; 
however, any clonal analysis was not performed (Fig. 1B). 

4. Comparison of surface markers 

The global opinion on mesenchymal stromal cell surface markers has 
been declared by The International Society for Cellular Therapy, and a 
standard has been created. According to this criterion, MSCs should 
highly express (≥ 95 %) CD105, CD73, and CD90 markers and should 
not express (≤ 2 %) CD45, CD34, CD14 or CD11b, CD79α or CD19, and 
Human Leukocyte Antigen-DR isotype (HLA-DR) (Dominici et al., 
2006). On the other hand, studies showed that all fibroblasts express 
CD44, CD90, CD105, fibroblast surface protein (FSP), collagen (COLL), 
vimentin (VIM), alpha-smooth muscle actin (αSMA) and do not express 
CD14 and CD34, CD19 and HLA-DR (Alt et al., 2011; Denu et al., 2016; 
Sudo et al., 2007). We checked the fibroblast expression for MSC surface 
markers and found that fibroblasts express essential surface markers of 
both Wharton’s Jelly derived mesenchymal stromal cells (WJ-MSC) and 
adipose tissue derived mesenchymal stromal cells (unpublished data, 
Fig. 1C). 

CD105 as a marker is a controversial topic. Although CD105 
expression, which is related to proliferation and colony-forming, is 
specified as a criterion, studies have been carried out showing that there 
is CD105-negative MSC subpopulation (Anderson et al., 2013; Pham 
et al., 2019). However, CD105+ cells shown higher immunomodulation 
properties (Pham et al., 2019). Also, fibroblasts have CD105 expression 
at high levels and when expressions of MSC and fibroblast compared, it 
is found that they both have high expression levels; however, different 
colony forming potentials (Alt et al., 2011). Besides, markers of 

collagen, vimentin, FSP, heat shock protein 47 (HSP47), αSMA have 
been defined as fibroblast surface markers; however, their expressions 
have also been found in MSCs (Alt et al., 2011; Denu et al., 2016). 

In order to distinguish MSCs and fibroblasts from each other, it is 
required to have specifically expressed markers. Even the CD44 has been 
used to identify fibroblasts in induced pluripotent cultures (Quintanilla 
et al., 2014), MSCs can express CD44 also (L. Ramos et al., 2016) 
(Fig. 2). A candidate marker can be Stage-Specific Embryonic Antigen-4 
(SSEA4), which is a stemness marker, its expression positive at MSCs and 
negative at fibroblasts, according to some studies (Gang et al., 2007; 
Halfon et al., 2011). However, both SSEA4+ and SSEA4− subpopulations 
have been observed in the limbal fibroblast population (Katikireddy 
et al., 2014). Also, in some pathological cases such as idiopathic pul
monary fibrosis and oral submucous fibrosis, fibroblasts express SSEA4 
and show both MSC and fibroblast characteristics (Xia et al., 2014; Yu 
et al., 2016). According to Halfon et al., other introduced identification 
markers can be CD166, CD146, CD106, CD9, integrin α1, insulin-like 
growth factor 2 (IGF2) because their expression levels are different for 
MSCs and fibroblast. As the expression phenomenon is not stable not 
only for cell types and subtypes but also for a cell lineage, instead of 
specifically positive-negative markers, it is required to compare 
expression levels of markers. For example, CD166, CD106, IGF2, and 
integrin alpha have higher expression levels at MSCs, but CD9 has lower 
expression than fibroblasts. However, these expressions can change with 
the passaging (Cappellesso-Fleury et al., 2010; Halfon et al., 2011). 

5. Comparison of gene expressions and epigenetic patterns 

One of the discriminating identification methods is gene expression 
profiling of cell types. Expression patterns of specific genes may be used 
as a selective tool to differentiate or identify similar cells (Abdolhosseini 
et al., 2019). Gene expressions of mesenchymal stromal cells and fi
broblasts have been investigated by looking at various numbers of genes. 
According to these studies, MSCs and fibroblasts have very similar gene 
profiles with some differences (Bae et al., 2009; Brendel et al., 2004; 
Brohem et al., 2013). According to Brendel et al. (2004), the differences 
arise from expressions of development and stromal cell function-related 
genes; according to Bae et al. (2009), the differences are based on 

Fig. 3. Comparison of some markers for WJ-MSC, AT-MSC and fibroblast by RT-PCR. Average ΔCt values have been shown.  
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transmembrane genes and tumor-associated genes, and according to 
Brohem et al. (2013), 20 differently expressed genes exist, but the dif
ference of 16 of 20 is statistically significant and expression levels 
changes according to sources of MSCs. Also, we performed RT-PCR for 
MSC and fibroblast for some marker genes and we also performed 
immunocytochemistry (ICC) and immunofluorescence (IF) stainings to 
compare cells. Both cell types showed similar positive and negative re
sults (unpublished data, Fig. 2). According to our RT-PCR results, there 
were expression differences for the cell types; however, such variations 
also observed between different sources of mesenchymal stromal cells 
(unpublished data, Fig. 3). 

Another important point to identify the difference between MSCs and 
fibroblasts is epigenetic pattern differences because even the gene pro
files are similar, differences can be obtained by considering epigenetic 
patterns. Several studies compared fibroblast and mesenchymal stromal 
cell methylation patterns and show some signature patterns with certain 
similarities. Koch et al. (2011) have found differences containing 
hyper-methylated 766 CpG sites and hypo-methylated 752 CpG sites at 
fibroblasts that give rise to the inability to differentiate. According to de 
Almeida et al. (2016), it is possible to use epigenetic signatures of cells to 
identify a score to distinguish from fibroblasts and different MSC sources 
because it has been found that there are 346 different CpG sites at MSCs 
and 152 different CpG sites at fibroblasts. 

Replicative senescence can be moderated by methylation modifica
tions; therefore, methylation patterns can change with aging. Hyper- 
methylation increases in MSCs with passaging or aging; on the con
trary, total methylation decreases in fibroblasts with passaging or aging 
(Koch et al., 2011; Schellenberg et al., 2011). 

6. Comparison of immunomodulation properties 

One of the characteristic features of the mesenchymal stromal cells is 
immunomodulation capacity. Firstly, MSCs have major histocompati
bility complex class I (MHC class I) expression which results in not being 
recognized from the natural killer (NK) cells, but no MHC class II 
expression which results in not being recognized by alloreactive CD4 + T 
cells (Cappellesso-Fleury et al., 2010; Li and Hua, 2017; Regmi et al., 
2019; Ryan et al., 2005). Like other surface markers, MHC class protein 
expression can be affected by some unknown conditions. Some studies 
showed that MSCs have high MHC class I expressions that cause no 
immune stimulation effect (Jacobs et al., 2013), whereas others indi
cated that MSCs have low MHC class I expression levels, but they still do 
not cause immune stimulation effect because of alternative pathways 
(Marti et al., 2011; Salami et al., 2018). 

Secondly, mesenchymal stromal cells have effects on T-lymphocytes, 
they can alleviate CD4+ and CD8 + T cell proliferation via producing 
cytokines, suppress cytotoxic T-cell production, and induce regulatory T 
cell proliferation not only by cell-to-cell contact but also by chemical 
induction (Duffy et al., 2011; Jiang and Xu, 2020; Karaöz et al., 2017; 
Marti et al., 2011; Nicola et al., 2002; Tan et al., 2017). MSCs also have 
effects on B lymphocytes; they can inhibit B-cell differentiation into 
plasma cells and dendritic cells by suppressing their antigen production 
(Jiang and Xu, 2020; Li and Hua, 2017; Marti et al., 2011). A study by 
Traggiai et al. (2008) contrary showed that MSCs can induce B-cell 
differentiation into plasma cells and dendritic cells. In addition, MSCs 
can activate macrophages by changing their immunophenotype by 
increasing expressions of some surface markers such as CD206 (Denu 
et al., 2016) to enhance tissue regeneration in the inflammatory site 
(Chaturvedi et al., 2014; Jiang and Xu, 2020; Liu et al., 2015). Other
wise, by secreting some anti-inflammatory cytokines or soluble media
tors, MSCs can inhibit macrophage and monocyte activation and 
expansion (Djouad et al., 2007; Nauta et al., 2006; Spaggiari et al., 
2009). These features of MSCs have made inroads into use in clinical 
applications such as Graft versus Host Disease (GvHD) (Bozkurt et al., 
2019; Elgaz et al., 2019; Sato et al., 2010). 

On the other hand, fibroblasts, which have a lot of similarities with 

MSCs, also share similar immunomodulation properties with MSCs. 
They can suppress T-cell proliferation and alter macrophage immuno
phenotype (Denu et al., 2016; Ichim et al., 2018). Both foreskin and 
dermal fibroblasts can suppress T-cell proliferation to a similar extent to 
MSCs. Also, MHC class II does not be expressed by fibroblasts that give 
advantage to not recognized by T cells (Cappellesso-Fleury et al., 2010). 
If fibroblasts or MSCs are induced by using IFN gamma, both start to 
express the MHC class II antigen (Hematti, 2012). 

Like MSCs, fibroblasts also can alter the immunophenotype of mac
rophages by increasing their CD206 expression (Denu et al., 2016). Even 
though there are opposite views about the mediators of immunomodu
lation mechanisms of fibroblasts, dependent or independent from solu
ble immunomodulatory mediators, such as indolamine 2,3-deoxygenase 
(IDO), nitric oxide (NO), prostaglandin 2 (PGE2), etc. (Cappellesso-
Fleury et al., 2010; Jacobs et al., 2013; Wada et al., 2011), it has been 
known that interferon-alpha is one of the major immunomodulator 
mediators expressing by both fibroblasts and MSCs (Wada et al., 2011). 
Thus, fibroblasts and MSCs can use similar mechanisms for immuno
modulation and that makes fibroblast as an alternative source for 
regenerative medicine. 

Fibroblasts do not merely have immunosuppressant features, but 
also some subtypes of fibroblast can induce immune response for some 
pathological cases. For example, for arthritis, there are two subtypes of 
fibroblasts; one is FAP (Fibroblast Activation Protein)-α-1+ THY+

(Thymus Cell Antigen 1) fibroblasts which have immune effector fea
tures and the other one FAP-α-1+ THY− fibroblasts which cause 
destruction in the tissue (Croft et al., 2019). 

7. Clinical uses of mesenchymal stromal cells and fibroblasts 

Mesenchymal stromal cells are one of the promising regenerative 
medicine tools because of their differentiation capacity, regenerative, 
immunomodulatory, angiogenic, anti-apoptotic, and anti-inflammatory 
features (Fitzsimmons et al., 2018; Zhao et al., 2015). There are over 
1200 MSC-based clinical studies for an extensive range of diseases such 
as Lupus nephritis, diabetic nephropathy, diabetes mellitus type I, epi
lepsy, chronic renal failure, osteogenesis, Multiple Sclerosis, and even 
today’s pandemic disease Covid-19, etc. (ClinicalTrials.gov, 2020). 

Because of the immunomodulatory feature of mesenchymal stromal 
cells, they have been used for immunity-related diseases such as graft- 
versus-host disease (GvHD), Diabetes Mellitus, Multiple Sclerosis, 
Lupus, etc. For instance, GvHD is a severe disease that can occur after 
bone marrow transplantation due to donor T cell immune attack (Zhao 
et al., 2015). Therefore, the immune system has been tried to modulate 
with MSCs. Sánchez-Guijo et al. (2014) injected allogeneic bone 
marrow-derived mesenchymal stromal cells (BM-MSC; 1.1 × 106 cells/ 
kg) expanded with platelet lysate to 25 patients as a second-line treat
ment. After 60 days after the first intravenous injection of four 
sequential injections, 11 patients had complete responses whereas 6 has 
partial responses. Even the response rate was 71 %, the survival rate was 
44 % after 12 mounts. They also did not observe any response rate 
differences between GvHD grade II, III, and IV. However, Introna et al. 
(2014) found that GvHD grade II had a higher rate of complete response, 
and also children had a higher rate of complete response. They also 
injected allogeneic BM-MSCs (1.5 × 106 cells/kg) intravenously and 
sequentially to 40 patients. They observed that 30 % of 40 patients are 
completely recovered, whereas 40 % of patients were alive. Both groups 
did not observe any acute toxicity; however, MSCs suppress the immune 
system, and patients may die due to infections (Introna et al., 2014; 
Sánchez-Guijo et al., 2014). 

Both immunomodulatory effects and the differentiation capacity of 
MSCs can be useful for Diabetes Mellitus (DM). Because DM is an 
autoimmune disease, the immunomodulatory effect can reduce immune 
attacks to protect β-cells, and the differentiation feature can be used for 
producing insulin-secreting cells (ISC) (Dave et al., 2013). Hu et al. 
(2016) conducted a double-blinded randomized study to test whether 
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WJ-MSC can be used for type II DM therapy. 31 of the 61 patients using 
oral hypoglycemic drug and insulin therapy had WJ-MSC infusions 
twice, whereas the other 30 patients had regular saline infusions. After 
36-mount follow up, they concluded that WJ-MSC injections eventuate 
improvement of β-cell function, reduction of requirement of insulin or 
other hypoglycemic drugs, and no incidents of complications. They also 
did not report an adverse effect. Dave et al. (2013) differentiate 
AT-MSCs into ISCs for the treatment of insulin-dependent DM. They 
injected autologous AT-MSC derived ISCs along with autologous bone 
marrow-derived hematopoietic stem cells (HSC) to 10 patients. They 
concluded that all the patients had reduced the requirement of insulin, 
and they have a stable decline in blood sugar levels. 

Other conditions in which MSC transplantation has been tried are 
neurological diseases such as Frederich’s Ataxia, Parkinson’s Disease, 
Alzheimer Disease, Cerebral Palsy, Duchenne Muscular Dystrophy, 
Hypoxic-Ischemic Encephalopathy, Degenerative Disc Disease, etc. not 
only with the immunomodulatory feature but also their paracrine effects 
(Dong et al., 2018). Huang et al. (2018) conducted a randomized study 
with 54 cerebral palsy (CP) patients. Half of the patients had intravenous 
umbilical cord-derived mesenchymal stromal cell (UC-MSC; 5 × 107 

cells/dose) injections 4 times with normal rehabilitation, while the 
control group patients have 0.9 % normal saline injections with normal 
rehabilitation. Patients were evaluated at 3, 6, 9, 12, and 24 months and 
the study group had functional improvement at all time points. Besides 
the paracrine effect of MSCs, differentiation capacity had also been used 
by Chen et al. (2013). They differentiate BM-MSCs into neural stem 
cell-like cells (NSCs) and transplant 1− 6 × 107 NSCs into subarachnoid 
cavity. After a 6-month follow up, they found that NSC transplants cause 
an improvement in motor functions; however, there was no significant 
change in language quotients. Similarly, other studies like Boruczkowski 
and Zdolińska-Malinowska (2019); Gu et al. (2020) and Okur et al. 
(2018) observed improvements of their motor and comprehensive 
function, quality of life, and self-sufficiency levels. 

In other respects, in recent years, not only mesenchymal stromal cells 
are being used for clinical purposes but also their exosomes (Lou et al., 
2017) and mitochondria (Caicedo et al., 2017) are being used. MSC 
mitochondria are being used to improve oocyte quality (Labarta et al., 
2019) and to restore ischemic myocardial tissue (McCully et al., 2016) 
and also can be used for mitochondrial diseases (Caicedo et al., 2017). 
When mesenchymal stromal cell mitochondria have been injected into 
ischemic myocardial tissue, healthy MSC mitochondria have taken the 
place of damaged mitochondria and have rescued the cellular function 
without an immune response (McCully et al., 2016). By maintaining cell 
homeostasis, MSCs have regenerative potential via mitochondrial 
transfer (Paliwal et al., 2018). Another MSC-derived acellular thera
peutic tool is exosomes because of their no tumor formation risk and no 
immune reaction potential (Lou et al., 2017). Exosomes are small 
extracellular vesicles that contain small portions of cytoplasm contain
ing functional proteins, phospholipids, RNA and small DNA molecules. 
Thus, they can also help to maintain cellular homeostasis (Maumus 
et al., 2013; Qiu et al., 2019). There are clinical trials which have been 
used allogeneic MSC derived exosome were used for cerebrovascular 
disorders, healing of macular holes and Diabetes Mellitus type I (Yin 
et al., 2019). 

Mesenchymal stromal cells are used according to their promising 
features. Similarly, fibroblasts can also be considered as a therapeutic 
tool because of their similarities with MSCs such as immunomodulatory 
properties. Fibroblasts are the connective tissue cells that can be ob
tained from each organ and they can produce collagen fibers to maintain 
the extracellular matrix. Therefore, they have been used for clinical 
studies of mostly dermal diseases, wound healing, inflammation sup
pression (Ichim et al., 2018). For the burn healing studies, fetal fibro
blasts with collagen scaffolds were used as grafts and accelerated 
healing has been observed (Momeni et al., 2019). Fibroblasts and ker
atinocytes have also been tried with collagen scaffolds for the wide 
range full-thickness burn treatments and reduction of mortality rates 

have been observed by Boyce et al. (2017). Martínez et al. (2016) 
showed that the wound healing rate of chronic leg ulcers can be 
increased by using hairy punch grafts. Autologous fibroblasts have been 
used as filler material for the nasojugal groove to correct wrinkles (Moon 
et al., 2018) and with keratinocytes have been used for neck wrinkles 
(Wang et al., 2018). For the gingival recession studies, collagen scaffolds 
with autologous fibroblast could not promote a statistically significant 
change (Milinkovic et al., 2015). However, promising results have been 
obtained for Recessive Dystrophic Epidermolysis Bullosa (RDEB) by 
Moravvej et al. (2018) by using allogeneic fibroblasts. They compare 2 
different fibroblast applications, i.e. injections of allogeneic fibroblasts 

Table 1 
Summary table for comparison of MSC and fibroblast characteristics.  

Feature MSC Fibroblast 

Proliferation 
capacity  

• 40− 50 doublings (Ning 
et al., 2003)  

• 34 doublings (Lysy et al., 
2007)  

• 75 doublings (Ning et al., 
2003)  

• 52 doublings (Lysy et al., 
2007) 

Telomerase activity • No or non-detectable ac
tivity (Simonsen et al., 
2002; Steinert et al., 
2000; Trachana et al., 
2017; Zimmermann et al., 
2003)  

• No activity (Simonsen 
et al., 2002; Steinert et al., 
2000; Trachana et al., 
2017; Zimmermann et al., 
2003) 

Differentiation 
capacity  

• Adipocyte (Dominici 
et al., 2006)  

• Osteoblast (Dominici 
et al., 2006)  

• Chondrocyte (Dominici 
et al., 2006)  

• Neural cell (Wilkins et al., 
2009)  

• Pancreatic island cell 
(Tang et al., 2012)  

• Hepatocyte (Stock et al., 
2014)  

• Melanocyte (Seifrtová 
et al., 2012)  

• Cardiomyoblast (Choi 
et al., 2010)  

• Myocyte (Bartsch et al., 
2005)  

• Adipocyte (Brohem et al., 
2013; Lorenz et al., 2008)  

• Osteoblast (Brohem et al., 
2013; Lorenz et al., 2008)  

• Chondrocyte (Brohem 
et al., 2013;)  

• Hepatocyte (Lysy et al., 
2007)  

• Corneal epithelial cell 
(Katikireddy et al., 2014)  

• Neural cell (Chen et al., 
2007)  

• Pancreatic island cell (Bi 
et al., 2010)  

• Muscle cell (Sabatini 
et al., 2005)  

• Epidermal cell (Crigler 
et al., 2007) 

Immunomodulation  • Have MHC Class I 
expression but no MHC 
class II expression under 
normal conditions 
(Cappellesso-Fleury et al., 
2010; Li and Hua, 2017; 
Regmi et al., 2019; Ryan 
et al., 2005)  

• Can suppress T cell 
proliferation (Duffy et al., 
2011; Jiang and Xu, 2020; 
Karaöz et al., 2017; Marti 
et al., 2011; Nicola et al., 
2002; Tan et al., 2017) 
and B cell proliferation 
(Jiang and Xu, 2020; Li 
and Hua, 2017; Marti 
et al., 2011)  

• Can alter macrophage 
immunophenotype (Denu 
et al., 2016; Ichim et al., 
2018)  

• Do not express MHC Class 
II (Cappellesso-Fleury 
et al., 2010)  

• Can change 
immunophenotype of 
macrophages (Denu et al., 
2016; Ichim et al., 2018)  

• Can suppress T cell 
proliferation (Denu et al., 
2016; Ichim et al., 2018)  

• Can cause tissue damage 
(Croft et al., 2019) 

Clinical Use  • Can be used for very wide 
range of autoimmune 
diseases and neurological 
diseases (Ichim et al., 
2018)  

• Their mitochondria 
(Caicedo et al., 2017) and 
exosomes (Lou et al., 
2017) also can be used for 
clinical purposes  

• Can be used for dermal 
diseases, wound healing, 
inflammation suppression 
(Ichim et al., 2018)  
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and fibroblast seeded amniotic membrane scaffolds (FAMS) for the 
RDEB wounds. 3 wounds were treated with each application and 1 
wound was used as a control. Both applications cause a significant 
decrease in wound area than the control wound. When the applications 
were compared, it is concluded that fibroblasts resulted in a significant 
decrease compared with the results of FAMS. Similarly, Venugopal et al. 
(2013) conducted a randomized vehicle-controlled study with alloge
neic fibroblasts. Both fibroblasts and only-vehicle injection cause rapid 
wound healing independently from collagen type VII expressions. 

To sum up, mesenchymal stromal cells are mostly used for their 
“stem cell” properties; however, fibroblasts are mostly used because of 
their origin; nevertheless, fibroblasts are useful tools as MSCs. 

8. Conclusion 

In this review, MSCs and fibroblasts have been compared according 
to their promising features for clinical uses (Table 1, Fig. 4). Firstly, even 
the contradictory results of studies, it is concluded that MSCs and fi
broblasts have similar proliferation capacities. Also, in recent years it 
has been showed that fibroblasts also have differentiation capacity as 
MSCs and can differentiate into several cell types such as osteoblasts, 
chondrocytes, adipocytes, hepatocytes, neuron-like cells, etc. No sig
nificant difference was found even in surface markers, one of the most 
useful description elements. The only difference between surface 
markers is their expression levels like other gene expression patterns. 
Even between subtypes of cell-lines, slightly different gene expression 
patterns can be observed. Similarly, immunomodulation properties have 
been observed for both cell types. Since each cell have specific epige
netic patterns, even they have similar gene expression patterns, like 
fingerprints, they can be identified. MSCs and fibroblasts may have 
similar properties; however, scientists prefer MSCs more for clinical 
studies. 
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