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Abstract:  Regenerative medicine uses MSC as a tool to promote tissue regeneration. A major action of MSC to repair pathological 

degeneration is secreting paracrine secretory factors to reduce inflammation and accelerating tissue regeneration. MSC from different origins 

produce different significant trophic factors. Using MSC that fits to the need is a strategy for regenerative therapy. Here, we investigated 

paracrine bFGF TGF-β and IGF, as significant secretory factors, in MSC derived from human amniotic fluid (AF-MSC), Wharton’s jelly 

(WJ-MSC) and endometrium. The work quantified the levels of bFGF TGF-β and IGF gene transcriptions using quantitated real time RT-

PCR and the secretory levels of trophic factors using ELISA assay. Our results indicated that bFGF was a significant trophic factor secreted 

by AF-MSC, whereas, TGF-β was a significant factor in WJ-MSC.  AF-MSC secreted bFGF at 3 times over to control human fibroblasts. 

Secreting of IGF binding protein was found at a low level in AF-MSC, WJ-MSC and EM-MSC as compared to the secreting of control 

human fibroblast. Moreover, we found that WJ-MSC at late culture had a high level mRNA transcribed in bFGF TGF-β and IGF genes. They 

showed 2 times of bFGF and TGF-β genes expression and 7 times of IGF-1 gene expression higher than control. However, our study in allelic 

expression of IGF-2 imprinted gene analysis indicated epigenetic imbalance in WJ-MSC at late cultured passage. We conclude that an optimal 

MSC type for treatment in different pathologic diseases should be provided regarding a dissimilar significant trophic factor of each MSC 

origin. We also suggested that MSC in late cultured might great offer in regenerative medicine as cell-free therapy. 
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1. INTRODUCTION 

Mesenchymal stem cells (MSC) are multipotent progenitor cells. They can be found in almost human tissues and present throughout human 

development as in amniotic fluid mesenchymal stem cells (AF-MSCs) from fetus, umbilical cord MSC from newborn and bone marrow MSC 

from adult tissues. MSC have promising tool to promote tissue regeneration. They can migrate into injured tissues and differentiate into specific 

cell types for tissue repair and regeneration. Moreover, MSC secrete paracrine components to reduce inflammation and promote regeneration 

of endogenous resident stem cells. However, MSC from different origin have a difference of significant in paracrine secretory components 

[1,2]. The different secrotome secretion from MSC makes a different effect in tissue regeneration. For example, MSCs derived from human 

amniotic fluid have been reported to express a wide range of secretory growth factors at a high level [3]. Yoon et al., 2010 [3] showed a 

releasing of IL-4, an anti-inflammatory cytokine, in AF-MSC, whereas, it cannot found to secrete by other MSC type [3]. Wharton’s jelly of 

umbilical cord is a non-invasive source raising a high quality of MSC. WJ-MSCs expressed various supportive molecules for tissue 

regeneration [2]. Human endometrium is a dynamic tissue, which undergoes about 400 cycles of regeneration in woman’s reproductive years, 

secreting many cytokines and paracrine factors support embryo implantation and development [4]. Most study general focused on the uses of 

a specific type of MSC to treat interested diseases, without a studying for which MSC is the best for each therapy.  

Three growth factors, which have high effect to tissue regeneration, include transforming growth factor-beta (TGF-β), basis fibroblast 

growth factor (bFGF) and insulin-like growth factor (IGF). TGF-β associates to regulate cell growth, differentiation, motility and contribute 

extracellular matrix. TGF-β is a major trophic factor in maintaining self-tolerance of immunoreaction [5]. Shull et al.,1992 [6] described that 
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TGF-β1 knockout animal presented a widespread autoimmunity. TGF-β is required in articular cartilage formation for treatment of cartilage 

injury and degeneration [7]. However, using high TGF-β secreting cell should be in awareness. TGF-β has opposing function depending on 

timing of treatment. bFGF is another major factor impacting in many clinical practice. bFGF has been shown to upregulate in cell growth, 

angiogenesis and survival. bFGF is distinguish in treatment of wound healing, neurite extension, and neuron and neuronal function [8]. IGF 

factor has paracrine effect to enhance proliferation of MSC with lower apoptosis [9]. Previous reports demonstrated that IGF has critical role 

to accelerate regeneration and remodeling of nerve, skeletal muscle and motor neuron [10-11]. IGF-1 activates VEGF to promote angiogenesis, 

promote muscle cell proliferation and recovery in regenerative skeleton muscle [10]. Moreover, IGF has also autocrine and paracrine action to 

steroidogenesis [12,13].  

With this above information, different major component secreted from different type of MSC should be considered for deciding on type of 

MSC for therapeutic uses. Using suitable type of MSC for each specific disease is a particular regenerative therapy strategy. 

To explore paracrine bFGF, TGF-β and IGF secreted by AF-MSCs from fetal amniotic fluid, WJ-MSC from a new born tissue origin and 

EM-MSCs from adult endometrial tissue, we investigate transcription levels of bFGF, TGF-β and IGF genes in these three MSCs types and 

also quantified for bFGF, TGF-β and IGFBP-3 protein secretion in their cell culture medium. 

 

2. MATERIALS AND METHODS 

2.1 Ethics statement 

Human mesenchymal stem cells derived from amniotic fluid, endometrium and Wharton’s Jelly were obtained from Stem Cell Research 

and Development Unit, Department of Obstetrics & Gynecology, Faculty of Medicine Siriraj Hospital, Mahidol University. The procedure for 

tissue manipulation was approved by The Institutional Review Board in accordance with the requirements of the ethics committee approval by 

Ethics Committee of Siriraj hospital, Mahidol University, Thailand. 

 

2.2 Cell culture 

For human MSC preparation, five clonal AF-MSC lines derived from a “starter cell method” as presented in Phermthai et al., 2010, 2011 

[14,15] were obtained at the subculture passage 4. The AF-MSC were repeated subculture to passage 7 under a medium containing α--MEM 

(Gibco) supplemented with 10% ES-FBS (Millipore, Billerica, MA), 1% l-glutamine (Sigma), 1% penicillin/streptomycin (Sigma-Aldrich), 

18% Chang B (Irvine Scientific), and 2% serum supplemented with Chang C (Irvine Scientific) and used in experiment. For WJ-MSC, five 

stem cell lines were expanded under medium containing α-MEM (Gibco), 2mM l-glutamine (Sigma), 1% penicillin/streptomycin (Sigma-

Aldrich) and 10% ES-FBS (Millipore). The cell lines at early passage (P7) and late passage (P14-18) were used in experiment.   Human 

foreskin fibroblasts (HF) from a commercial source were used as control cells. For human EM-MSC, five endometrial stem cell lines, which 

were prepared as presented in previous reports [16] were cultured to passage 5 under culture medium containing DMEM (Gibco, Invitrogen, 

CA), 2% antibiotic antimycotic solution (200 IU/mL penicillin G sodium, 200 mg/mL streptomycin sulfate, and 0.5 mg/mL amphotericin B; 

Gibco) and 10% FBS in embryonic stem cell grade (ES-FBS, Millipore) at 37°C in humidified air with 5% CO2 and use in experiment.   

 

2.3 Cell sample and Condition medium preparations   

For cell preparation, cell samples were seeded at a density of 7,000 cell/cm2 in T75 tissue culture flask and cultured under their own culture 

medium until reach a cell density of approximately 80% confluence. At the day of harvest, cells were twice washed with PBS and media was 

shifted to fresh basal medium.  The culture of AF-MSC and WJ-MSC were shifted to α-MEM basal medium (Gibco) in a presence of 1% FBS, 

whereas, EM-MSC and HF was replaced to DMEM (Gibco) basal medium in a presence of 1% FBS. The cells were incubated at 37°C in 

humidified air with 5% CO2 for 24 h. The culture medium was collected and prepared for conditioned medium for protein analysis using 

ELISA. The conditioned media were centrifuged and a 0.22 μM filtered to get rid of cell debris and were then stored at  70˚C until use. The 

cells were harvested for quantitative real time RT-PCR analysis. 

 

2.4 RNA preparation and quantitative real-time RT-PCR 

 Cell samples were isolated for total RNA using TRIzol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions. 

Genomic DNA contamination was eliminating using DNase I (Fermentas, Carlsbad, CA). The purity and quantity of the isolated RNA were 

determined using Micro UV-Vis Fluorescence Spectrophotometer (Malcom ES.2; Malcom.co.Ltd). The total RNA from individual samples 

was reverse-transcribed to cDNA using a RevertAid First-Strand cDNA Synthesis Kit (Fermentas, EU). The cDNA was applied for gene 

expression experiment. 

The relative expressions of three genes including, bFGF, IGF and TGF-β was determined using quantitative real time RT-PCR. The analysis 

was assessed using as an endogenous control and SYBR Green-based quantitative RT-PCR. Beta-Actin (ACTB) was used as the housekeeping 

control gene. The PCR conditions included initial denaturation at 94°C for 5 min and 35 cycles of DNA denaturing at 94°C for 45 sec, annealing 

at a primer specific temperature for 1 min and an extension at 72°C for 1 min, after which the reaction was extended at 72°C for 10 min. The 

primers used in experiment were listed in table 1. 
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Table 1: Primer sequences and restriction enzymes information 

Genes Primer sequences (5’  3’) 
Annealing 

temp. (C) 

PCR 

product 

size (bp) 

SNP 

database 

No. 

Restriction 

enzyme 

Human/mouse 

bFGF 

F: 5’-GCA GAA GAG AGA GGA GTT GTG TC-3’ 

R: 5’- ACT GCC CAG TTC GTT TCA GT-3’ 
60 202 - - 

Human IGF1 
F: 5’-AAG ATG CAC ACC ATG TCC TCC-3’ 

R: 5’-AGC CTC CTT AGA TCA CAG CTC C-3’ 
57 248 - - 

Human TGFβ 
F: 5’-GGG ACT ATC CAC CTG CAA GA-3’ 

R: 5’-CCT CCT TGG CGT AGT AGT CG-3’ 
58 239 - - 

Human/mouse 

β-actin 

F: 5’-ATG TGG CCG AGG ACT TTG ATT-3’ 

R: 5’-AGT GGG GTG GCT TTT AGG ATG-3’ 
58 107 - - 

H19 
F: 5’- TTGCACTGGTTGGAGTTGTG -3’ 

R: 5’- GCGTAATGGAATGCTTGAAGGCTGCTC -3’ 
58 215 

rs283970

4 
RsaI 

IGF2 
F: 5’-CACGCCAAACACTGAATGTC-3’ 

R: 5’-ATTGGGATTGCAAGCGTTAC-3’ 
55 151 rs2585 AluI 

 

2.5 Enzyme-linked immunosorbent assay  

Condition medium were determined for the levels of accumulated bFGF, IGFBP-3 and TGF-β protein concentrations released by the AF-

MSC, EM-MSC, WJ-MSC, and HF using enzyme-linked immunoassay (ELISA) kits. The conditioned medium was measured for 

concentrations using sandwich ELISA kits for bFGF (cat No. DFB50; R&D Systems, Inc., Minneapolis, MN), TGF-β (cat No. ab100647; 

Abcam, MA) and IGFBP-3 (cat No. DGB300; R&D Systems, Inc., Minneapolis, MN). Assays were performed according to following 

manufacturer's instructions. Condition medium of human foreskin fibroblast (HF) was used as control. Two independent repetitions in duplicate 

were made per sample. 

 

2.6 Allelic expression analysis 

For allelic expression analysis, primers were designed to amplify segments of the IGF2 and H19 genes containing single-nucleotide 

polymorphisms (SNPs). Each primer contained a restriction site for a specific restriction enzyme. The primers and the enzymes used for IGF2 

and H19 allelic expression analysis are listed in Table 1. Genomic DNA and cDNA were obtained from ten WJ-MSC lines at late-cultured 

passage (P14) and then subjected to PCR for 35 cycles with the following conditions: 94oC for 30 s, specific melting temperature for 30 s and 

extended in 72oC for 45 s.  PCR product was determined for 2 parental allele’s heterogeneity with a digestion in the specific restriction enzymes 

using restriction fragment length polymorphism analysis. Gel electrophoresis was performed on 10% polyacrylamide gels. 

 

2.7 Statistical analysis 

For statistical analysis, transcription levels of bFGF, TGF-β, IGF genes and protein translation levels of bFGF, TGF-β and IGFBP-3 genes 

of different studied cell types were assessed using Student’s t test. A P<0.05 was considered significant (*). 

3. RESULTS  

The cell culture was performed and MSC was collected at subculture passage 7 or the last passage before getting into cell senescence. AF-

MSC morphology presented in a short and small fibroblastic cell type. WJ-MSC and EM-MSC showed a long spindle shape in fibroblastic 

cell type (Figure 1A). The population doubling time (PDT), as presenting a character of cell proliferation, were observed throughout the culture 

from P4 to P7 (Figure 1B).  At passage 7, PDT was observed and showed at 1.3±0.12 days in AF-MSC and at 1.6±0.27 days in WJ-MSC. We 

found that most EM-MSC lines cannot prolong subculture over than passage 6 and the cells got to enlarge cell size. The PDT of EM-MSC was 

at 2.6±1.19 days in passage 6. Phenotypic surface markers of MSC were analyzed and presented in Table 2. 
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Figure 1. Mesenchymal stem cell morphology and characteristics 

(A) Morphologic appearances of MSC from amniotic fluid (AF-MSC), Wharton’s Jelly (WJ-MSC) and endometrium (EM-MSC) were 

observed via inverted microscope.  Phase-contrast images of MSC are shown at passage 5 of culture with a 10x magnification. During cell 

culture P4-P6, MSC was seeding and cultured in a suitable manner depending on each MSC types, low cell seeding in AF-MSC and WJ-

MSC culture and high cell seeding in EM-MSC and HF. (B) Proliferation curves of AF-MSC, WJ-MSC and EM-MSC were presented in 

terms of population doubling times (days) of each MSC type in subsequently subculture passages from 4 to 7. 

 

Table 2.  Phenotypic antigenic markers of AF-MSC, WJ-MSC and EM-MSC using flow cytometry analysis 

Cell surface  

markers 

AF-MSC (n=5) 

(mean ± SD) 

WJ-MSC (n=5) 

(mean ± SD) 

EM-MSC (n=5) 

(mean ± SD) 

CD29 93.56 ± 9.67 97.76 ± 1.53 96.13 ± 6.22 

CD34 1.68 ± 1.98 0.70 ± 0.33 0.61 ± 0.51 

CD45 1.49 ± 1.08 0.38 ± 0.26 0.82 ± 0.77 

CD73 97.56 ± 4.40 97.68 ± 3.42 98.51 ± 2.25 

CD90 86.27 ± 7.30 99.71 ± 0.51 78.34 ± 18.07 

CD105 91.84 ± 10.79 99.78 ± 0.39 99.82 ± 0.12 

 

Human foreskin fibroblast (HF) was used as controls cells to investigate for gene transcription and protein expression levels of paracrine 

bFGF, TGF-β and IGF secretory growth factors regarding their effectiveness to be used as feeder cell to facilitating paracrine bFGF ad TGF-

β for supporting ESCs/iPSCs culture. It presented secretory bFGF protein at a concentration of 16.5 pg/mL and TGF-β protein at a concentration 

of 6,805.6 pg/mL in conditioned medium of human fibroblast culture. 

The transcription levels of bFGF, TGF-β and IGF genes were investigated in MSCs derived from amniotic fluid, Wharton’s jelly in 

umbilical cord and endometrial tissues. For bFGF gene expression, we found that the highest level of bFGF gene expression in WJ-MSC. 

bFGF gene transcription was found in WJ-MSC as 2 times over than the expression in AF-MSC, EM-MSC and control HF (Figure 2A). For 

transcription of TGF-β gene, expressions found in AF-MSC and EM-MSC were significant lower (p-value <0.05) than HF control. WJ-MSC 

showed a level of TGF-β expression at 2 times less than HF control. The AF-MSC and EM-MSC showed a similar level of TGF-β expression. 

WJ-MSC showed 2 times TGF-β overexpressed as compared to AF-MSC and EM-MSC (Figure 2A). For IGF1 gene expression, AF-MSC, 

WJ-MSC and EM-MSC showed a comparable IGF1 gene expression level and also similar to the expression level found in control human 

fibroblast (Figure 2A). 

We also studied bFGF, TGF-β and IGF genes expression in AF-MSC, WJ-MSC and EM-MSC at late cultured passages. We found that 

WJ-MSC at high repeated subculture passage had overexpression of bFGF, TGF-β and IGF genes as compared to WJ-MSCs in early subculture 

passage, whereas, the overexpression was not found in AF-MSC and EM-MSC in late culture. bFGF gene expression in WJ-MSC at late 

passage (P14-17) showed a highly significant 5-times higher than the expression in HF and a significant higher (p-value <0.05) than WJ-MSCs 

at early passage (Figure 2A). WJ-MSC at late passage had a comparable expression level of TGF-β to HF control. It also showed a 6 times 

overexpression of IGF to early passage WJ-MSCs. 

Although, the mRNA of bFGF gene was transcribed at high in WJ-MSC, we found that the highest presence of bFGF protein was secreted 

by AF-MSC. The result showed that bFGF protein was found in AF-MSC condition medium at a concentration of 59.9 pg/mL, which was a 3 
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times over than in control HF (a concentration of 16.5 pg/mL), and over than the presence in WJ-MSC (a concentration of 39.4 pg/mL). bFGF 

protein was prominently expressed in AF-MSC (Figure 2B). For paracrine TGF-β detected in condition medium, we found that all cell studied 

secreted TGF-β at a high level.  The highest concentration of TGF-β was observed in condition medium of WJ-MSC at a concentration of 

9,527.8 pg/mL.  AF-MSCs secrete TGF-β protein (7,361.1 pg/mL) in a similar level to control HF (6,805.6 pg/mL) (Figure 2B).  Both analysis 

of bFGF and TGF-β protein secretion, EM-MSC was not analyzed, owing to their low quality of cell proliferation and getting senescence in 

very early cultures passage resulting to fluctuating results in ELISA assessment. For investigation for the action of IGF1, we examined on 

Insulin-like growth factor binding protein type 3 (IGFBP-3), which is prolonging the half-life and paracrine regulators of IGF action. The result 

showed that AF-MSC, WJ-MSC and EM-MSC secrete a same level of IGFBP-3 at the concentrations of 93.1 pg/mL, 70.9 pg/mL and 93.5 

pg/mL, in respectively. The IGFBP-3 found in condition medium of AF-MSCs and WJ-MSCs was significant lower than (P-value<0.05) than 

those found in condition medium of control HF (151.8 pg/mL) (Figure 2B).  

 

 
Figure 2. Trophic factors secreting from different type MSC 

MSC form different origins facilitate significant paracrine growth factors. Levels of bFGF, TGF-β and IGF gene expression in MSC were 

performed using real-time RT-PCR (A). The trophic factors secreted into condition medium were quantified using ELISA and presented in 

mean±SD and plotted in graph (B). P-value <0.05 was considered to be statistically significant difference. The different alphabet (a,b,c) in bar 

graph indicates statistical significant difference in each other. 

 

Regarding high expression of bFGF, TGF-β and IGF1 found in late cultured passage WJ-MSC, epigenetic analysis was investigated via 

the action of gene imprinting. Epigenetic alteration in late passages of WJ-MSC was examined for allelic expression on ICR of IGF2 and H19 

genes at domain 11p15.5. For allelic expression analysis, the presence of SNPs in the IGF2 and H19 genes was analyzed in ten late-cultured 

passage WJ-MSC lines. These polymorphisms were used to distinguish the maternal and paternal alleles. For IGF2, we found five WJ-MSC 

lines to carry SNPs. The WJ-MSC lines comprising SNPs were used for allelic expression analysis. At the early-cultured passage (P4), we 

found that three from five WJ-MSC lines exhibited expression in mono-allelic pattern and two from five lines showed a bi-allelic expression 

pattern. At the late-cultured passage (P14), we found that one of three cell lines in a typical genetic imprinting, with monoallelic expression, 

became biallelic expression pattern for IGF2 (Figure 3).  For H19, six WJ-MSC lines carried SNPs. The WJ-MSC lines comprising SNPs were 

allelic expression analyzed. We found that all six WJ-MSC lines exhibited a typical genetic imprinting pattern in mono-allelic expression in 

both of the early-cultured passage (P4) and late-cultured passage (P14) (Figure 3). 

 

 
Figure 3. Allelic expression patterns of imprinted IGF2 and H19 genes in the early- and late-cultured passage WJ-MSC 

WJ-MSC at late passage of cultured was determined for the bias of parental allele expression in cell lines carrying SNPs in IGF2 and H19 

using a biallelic expression analysis. The cell lines presented the heterogeneous alleles on IGF2 and H19 at the site of the SNP were used. The 

cDNA lane shows PCR product before restriction enzyme digestion. Expression of IGF2 was observed in monoalleclic and biallelic patterns, 

indicating the loss of gene imprinting during in vitro cell culture, whereas, H19 was found a typical expression in monoallelic pattern.   
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4. DISCUSSION  

MSC are promising tools for regenerative medicine due to its two actions in migration to injured tissues to differentiate to be specific cells 

and secreting cytokines or paracrine to accelerate endogenous stem cells to repair, remodel and regenerate tissues. MSC secrete various 

paracrine growth factors including bFGF, TGF-β and IGF. However, MSC from different origins are prior to secrete a distinctive profile of 

cytokines. Attempting to address the most suitable type of MSC to fit the needs in specific disease for therapeutic uses, we explore bFGF, 

TGF-β and IGF production and secretion in MSC in a fetal MSC; AF-MSC, newborn MSC; WJ-MSC and adult MSC; EM-MSC to find 

suitable MSC type. Human HF and MEF were used as control cells. Our results indicated that AF-MSC and WJ-MSC secreted bFGF and 

TGF-β at a high level. AF-MSCs had significance in expression of soluble bFGF protein, whereas, a significant soluble TGF-β protein was 

found in WJ-MSC. EM-MSC secreted a comparable IGF-binding protein 3 (IGFBP-3) concentrations to AF-MSC and WJ-MSC. We also 

found that transcriptions of bFGF, TGF-β and IGF genes in WJ-MSC were elevated when cultured for long-period. The expression of bFGF, 

TGF-β and IGF genes in late-cultured WJ-MSC (P14) presented 2-times higher than in early passage (P 6-7). IGF gene expression in late-

passage WJ-MSC showed 7-times higher than in early passage.  

Although, WJ-MSC at late-cultured passage can secret a high level of paracrine trophic factors, our results in allelic gene analysis indicated 

that aberrant allelic gene imprinting pattern, as the loss of parent specific imprinting of the IGF2 gene, was observed in 2 of five WJ-MSC lines 

at late cultures. Genomic imprinting is a key mechanism in epigenetic control system, which acts via the expression of parent-of-origin-specific 

manner and has a role in cell development [17]. Aberrance of IGF2 imprinted gene expression has been reported in association with various 

disease, such as cancer [18,19]. Martinez-Quetglas et al., 2016 presented that overexpression of IGF2 gene was found in a large proportion of 

hepatocellular carcinoma [19]. Our finding in imbalance allelic expression of imprinted genes in late-passage MSC is consistent to the finding 

by previous works [20,21]. Phermthai et al., 2013 [21] exhibited loss of imprinting of IGF2 in MSC culture in long term. With our present 

result, we suggest that late cultured WJ-MSC transcribed high levels of paracrine bFGF, TGF-β and IGF should not be used for transplantation 

in cell based therapy. However, it may be applied to use as supportive feeder cell for stem cell culture due to its high level of paracrine trophic 

factors. Late cultured passage WJ-MSC might be a good source for production of micro-vesicular and exosomal components for regenerative 

medicine. 

In a character of paracrine action, bFGF and TGF-β are important paracrine signals to support a stemness, self-renewal, pluripotency, 

adhesion molecules and extracellular matrices for a pluripotent cell growth in an in vitro. bFGF and TGF-β secreted by fibroblast feeder cells 

facilitate cell attachment and prevent spontaneous differentiation for human ESCs/iPSCs [22,23]. Widely used fibroblast feeder cells are 

primary human foreskin fibroblasts (HF) from infant foreskin [24].  

In aspect of using MSC for regenerative medicine, there are attempting to provide ideal cell source for different pathological situation. 

MSC isolated from different origins showed similar morphology, multipotent cell surface markers, but it can secrete different amount and 

types of significant growth factors and showed incomparable effective in medical treatment. For example, secretory factors from MSC, which 

secretes IGF as a major trophic factor, may act to steroidogenesis, whereas, the secrotomic factors from MSC, which secretes TGF-β as a major 

trophic factor, may prohibit steroidogenesis [13,25]. Furthermore, using MSC in unsuitable sources may result to adverse effects in medical 

treatment. For example, TGF-β inhibit the proliferation of transformed cell and acts as a tumor suppressor during early stages of tumorigenesis, 

but it suppresses the immune system by inhibiting NK-cell activity and dendritic cell maturation in advance stages of malignancies [5]. The 

treatment with MSC releasing a high concentration TGF-β should be considered in this case.  Using ideal MSC can advantage to outcome of 

cell-based therapy. For example, the in vivo study of Kehl et al., 2019 [2], which examined induction of vascularization with trophic factors 

released from human WJ-MSC, bone marrow-MSC and adipose-MSC and demonstrated that WJ-MSC is the most potent human MSC source 

for inflammation-mediated angiogenesis induction.  They described that trophic factors secreted from WJ-MSC composed with complete 

network proteins relating to angiogenic function, whereas, secretory factors from adipose-MSC lacked a central angiogenic proteins. This work 

was consistent to the finding by Hsieh et al., 2013, who presented that WJ-MSC had more potential action for treatment of myocardial infarction 

as compared to bone marrow-MSC [26]. 

bFGF has been known a major role to accelerate cell growth, proliferation and neuron function. Our finding presented that bFGF secreting 

was superior in MSC derived from amniotic fluid. It is consistent to a previous presence, which found a high level of bFGF in AF-MSC [27]. 

This is compromising of bFGF function to tissue origin of AF-MSC, which is in stage of fetal growth and enlargement of amniotic sac. TGF-

β has been known as a major regulator of cartilage homeostasis and important to produce chondrocyte and repair pathologic osteoarthritis 

cartilage. Several studies presented that TGF-β can be secreted from various MSC types. The work by Kamprom et al., 2016 [1] revealed a 

high expression of TGF-β in WJ-MSC. In this study, our study indicated that the highest level of TGF-β was found in WJ-MSC originating in 

umbilical cord. Providing of growth factor secretory levels in various MSC are very useful to select ideal MSC source for treatment in specific 

pathological issue. It is an important strategy to achieve in cell therapy and regenerative medicine.   

 

CONCLUSIONS 

In conclusion, our study provided information of significant trophic factor in MSC. We demonstrate that bFGF was a significant trophic 

factor of AF-MSC and TGF-β was a significant trophic factor of WJ-MSC. IGFBP-3 was secreted in a comparable level among AF-MSC, WJ-

MSC and EM-MSC. Furthermore, we displayed that late-cultured WJ-MSC secrete significant higher levels of bFGF, TGF-β and IGF, but 

they often carried epigenetic alteration. We suggest that MSC at late-passage should not be used in cell-based therapy, but it might be used for 

cell source for cell-free tools in regenerative medicine. 

 

ACKNOWLEDGEMENT 

This work was funded by the Faculty of Medicine Siriraj Hospital. The authors are grateful to Mr. Peter Andrew Mcguin for expert 

manuscript editing. The authors have no conflicting financial interests. 

http://www.ijcrt.org/


www.ijcrt.org                                                                          © 2020 IJCRT | Volume 8, Issue 3 March 2020 | ISSN: 2320-2882 

IJCRT2003200 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 1444 
 

 

REFERENCES 

[1] Kamprom, W., Kheolamai, P., U-Pratya, Y., Supokawej, A., Wattanapanitch, M., Laowtammathron, C., and Issaragrisil, S. 2016. Effects 

of mesenchymal stem cell-derived cytokines on the functional properties of endothelial progenitor cells. European journal of cell biology, 

95(3-5): 153-163.  

[2] Kehl, D., Generali, M., Mallone, A., Heller, M.,  Uldry, A.C.,  Cheng, P., Gantenbein, B., Hoerstrup, S.P., and Weber, B. 2019. Proteomic 

analysis of human mesenchymal stromal cell secretomes: a systematic comparison of the angiogenic potential. NPJ Regenerative 

medicine, 4(1): 1-13. 

[3] Yoon, B. S., Moon, J. H., Jun, E. K., Kim, J., Maeng, I., Kim, J. S., Lee, J. H., Baik, C. S., Kim, A., Cho, K.S., Lee, J. H., Lee, H. 

H.,Whang K. Y., and You, S. 2010. Secretory profiles and wound healing effects of human amniotic fluid–derived mesenchymal stem 

cells. Stem cells and development, 19(6): 887-902.  

[4] Guzeloglu-Kayisli, O., Kayisli, U. A., and Taylor, H. S. 2009. The role of growth factors and cytokines during implantation: endocrine 

and paracrine interactions. In Seminars in reproductive medicine, 27(1):62–79. 

[5] Haque, S., & Morris, J. C. 2017. Transforming growth factor-β: A therapeutic target for cancer. Human vaccines & immunotherapeutics, 

13(8): 1741-1750. 

[6] Shull, M. M., Ormsby, I., Kier, A. B., Pawlowski, S., Diebold, R. J., Yin, M., Allen, R., Sidman, C., Proetzel, G., Calvin, D., Annunziata, 

N., and Doetschman T. 1992. Targeted disruption of the mouse transforming growth factor-β1 gene results in multifocal inflammatory 

disease. Nature, 359(6397): 693-699. 

[7] Yang, Y., Zhang, D., and Bai, Y. 2017. Effect of TGF-β/Smads signaling in patients with osteoarthritis and osteoarthritis rat model. Int J 

Clin Exp Med, 10(8): 12172-12178. 

[8] Abbott, N. J., Rönnbäck, L., and Hansson, E. 2006. Astrocyte–endothelial interactions at the blood–brain barrier. Nature reviews 

neuroscience, 7(1): 41. 

[9] Zhao, L., Hu, C., Zhang, P., Jiang, H., and Chen, J. 2019. Preconditioning strategies for improving the survival rate and paracrine ability 

of mesenchymal stem cells in acute kidney injury. Journal of cellular and molecular medicine, 23(2): 720-730. 

[10] Rabinovsky, E. D. 2004. The multifunctional role of IGF-1 in peripheral nerve regeneration. Neurological research, 26(2): 204-210. 

[11] Tonkin, J., Temmerman, L., Sampson, R. D., Gallego-Colon, E., Barberi, L., Bilbao, D., Schneider, D. M., Musarò, A., and Rosenthal, 

N. 2015. Monocyte/macrophage-derived IGF-1 orchestrates murine skeletal muscle regeneration and modulates autocrine polarization. 

Molecular therapy, 23(7): 1189-1200. 

[12] Apa, R., Miceli, F., Pierro, E., Minici, F., Navarra, P., Caruso, A., Napolitano, M., Mancuso, S., and Lanzone, A. 1999. Paracrine 

regulation of insulin-like growth factor I (IGF-I) and IGF-II on prostaglandins F2α and E2 synthesis by human corpus luteum in vitro: a 

possible balance of luteotropic and luteolytic effects. The Journal of Clinical Endocrinology & Metabolism, 84(7): 2507-2512. 

[13] Bijna, M., Karthiayini, K., Sreekumar, T. R., Beena, V., Safeer, M. S., and Raj, S. 2019. Expression profile of insulin-like growth factor-

1 (IGF-1) and insulin-like growth factor receptor-1 (IGFR-1) gene and the localisation of IGF-1 protein in granulosa cells of malabari 

goats. 

[14] Phermthai, T., Odglun, Y., Julavijitphong, S., Titapant, V., Chuenwattana, P., Vantanasiri, C., and Pattanapanyasat, K. 2010. A novel 

method to derive amniotic fluid stem cells for therapeutic purposes. BMC cell biology, 11(1): 79. 

[15] Phermthai, T., Odglun, Y., Chuenwattana, P., Julavijitphong, S., Titapant, V., and Vantanasiri, C. 2011. Successful derivation and 

characteristics of xeno-free mesenchymal stem cell lines from human amniotic fluid generated under allogenic cord blood serum 

supplementation. Tissue Engineering and Regenerative Medicine, 8(2): 216-223. 

[16] Phermthai, T., Pokathikorn, P., Wichitwiengrat, S., Thongbopit, S., Tungprasertpol, K., and Julavijitphong, S. 2017. P53 mutation and 

epigenetic imprinted IGF2/H19 gene analysis in mesenchymal stem cells derived from amniotic fluid, amnion, endometrium, and 

Wharton's Jelly. Stem cells and development, 26(18): 1344-1354. 

[17] Fedoriw, A., Mugford, J., and Magnuson, T. 2012. Genomic imprinting and epigenetic control of development. Cold Spring Harbor 

perspectives in biology, 4(7): a008136. 

[18] Kasprzak, A., and Adamek, A. 2019. Insulin-Like Growth Factor 2 (IGF2) Signaling in Colorectal Cancer—From Basic Research to 

Potential Clinical Applications. International Journal of Molecular Sciences, 20(19); 4915. 

[19] Martinez-Quetglas, I., Pinyol, R., Dauch, D., Torrecilla, S., Tovar, V., Moeini, A., Alsinet, C., Portela, A.,Rodriguez-Carunchio, L., Solé, 

M., Lujambio, A., Villanueva, A., Thung, S., Esteller, M., Zender, L., and Llovet J. M. 2016. IGF2 is up-regulated by epigenetic 

mechanisms in hepatocellular carcinomas and is an actionable oncogene product in experimental models. Gastroenterology, 151(6): 1192-

1205. 

[20] Li, Z., Liu, C., Xie, Z., Song, P., Zhao, R. C., Guo, L., Liu, Z., and Wu, Y. 2011. Epigenetic dysregulation in mesenchymal stem cell 

aging and spontaneous differentiation. PloS one, 6(6): e20526.   

[21] Phermthai, T., Suksompong, S., Tirawanchai, N., Issaragrisil, S., Julavijitphong, S., Wichitwiengrat, S., Silpsorn, D., and Pokathikorn, P. 

2013. Epigenetic analysis and suitability of amniotic fluid stem cells for research and therapeutic purposes. Stem cells and development, 

22(9): 1319-1328. 

[22] Park, Y., Kim, J. H., Lee, S. J., Choi, I. Y., Park, S. J., Lee, S. R., Sung, H. J., Yoo, Y. D., Geum, D. H., Choi, C. W., Kim, S. H., and 

Kim, B. S. 2011. Human feeder cells can support the undifferentiated growth of human and mouse embryonic stem cells using their own 

basic fibroblast growth factors. Stem cells and development, 20(11): 1901-1910. 

[23] Park, K. S. 2011. Tgf-Beta family signaling in embryonic stem cells. International journal of stem cells, 4(1); 18. 

http://www.ijcrt.org/


www.ijcrt.org                                                                          © 2020 IJCRT | Volume 8, Issue 3 March 2020 | ISSN: 2320-2882 

IJCRT2003200 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 1445 
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