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Abstract

To evaluate the involvement of platelet-derived growth factor (PDGF) isoforms 

(PDGF-ΑΑ,  PDGF-AB, and PDGF-BB) on endometrial tissue remodeling during the peri-menstrual 

period, we investigated the effects of PDGF on the proliferation, motility, invasiveness, and 

contractivity of cultured human endometrial stromal cells (ESC) using a modified 

methylthiazoletetrazolium assay, 5-bromo-2’-deoxyuridine incorporation assay, in vitro wound repair 

assay, chemotactic migration assay, Transwell invasion assay, and collagen gel contraction assay.  

All three isoforms of PDGF significantly enhanced the cell proliferation, DNA synthesis, 

and in vitro wound repair of ESC. Chemotactic migration assay, Transwell invasion assay, and 

collagen gel contraction assay demonstrated that the PDGF isoforms significantly stimulated both the 

motility of ESC and the collagen gel contractivity of ESC. PDGF-BB showed the strongest effects on 

these cellular functions of ESC.  

The present study suggested that PDGF isoforms may promote endometrial tissue repair by 

enhancing the proliferation and expansion of ESC, stimulating ESC migration, and stimulating the 

contraction of the collagen gel matrix by ESC. By regulating ESC function during the peri-menstrual 

period, PDGF may be help to protect the endometrium from extensive fibrosis and scarring.  
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Introduction 

The human uterine endometrium is a dynamic organ that undergoes cyclic phases of 

remarkable periodic growth, remodeling, and breakdown. Unlike most normal adult tissues, the 

functional layer of the uterine endometrium undergoes cyclic growth and tissue remodeling 

throughout the reproductive years. The remodeling of endometrial tissue, which depends on the 

menstrual cycle, is thought to be regulated by ovarian steroids as well as by various cytokines, 

neuropeptides, and growth factors, which are produced locally and secreted in an endocrine, 

paracrine, as well as autocrine manners (1, 2).  

The tissue remodeling events that occur during menstruation share features in common with 

events of tissue injury and repair in other tissues, which may occur after injury or in association with 

various pathologies (2). However, there are important differences between tissues, and a range of 

features from different models are likely to apply to endometrial repair. There are also aspects of 

wound healing in other adult tissues that appear not to apply to the endometrium, such as the

development of granulation tissue, which occurs during the healing of most cutaneous wounds, and 

the formation of blood clots as mediators for the initiation of repair. In addition, most wounds heal 

with scarring, and this is not generally seen in the case of cyclic endometrial repair in women.  

PDGF is a member of a family of 30-kDa dimeric growth factors composed of four different 

polypeptide chains encoded by four different genes (3). The four PDGF chains assemble into 

disulphide-bonded dimers via homo- or heterodimerization; so far, five different dimeric isoforms 

have been described: PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC, and PDGF-DD (4). PDGF has
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been found to be produced by a number of cell types, including platelets, macrophages, endothelial 

cells, and smooth muscle cells (5-7), and has been shown to have several important roles in cellular 

proliferation, angiogenesis, inflammation, and tissue injury and its repair (8-10). PDGF plays an 

essential role in regulating cell growth and differentiation through its interaction with specific cell 

surface receptors in target tissues (11). There exist two types of PDGF receptors, denoted α and β,

which differ in ligand-binding specificity: the α-receptor binds three different isoforms (PDGF-AA, 

PDGF-AB, and PDGF-BB) with high and comparable affinities, whereas the β-receptor binds only 

PDGF-BB with a similarly high affinity (12). The latter receptor type binds PDGF-AB with about a

10-fold lower affinity and appears not to recognize PDGF-AA (11). The ratio of PDGF-α receptor to 

PDGF-β receptor differs according to cell type (13). The production of PDGF has been reported in 

the human cyclic endometrium (14, 15); however, the roles of PDGF in endometrial tissue 

remodeling are largely unknown.  

 In the present study, we investigated the effects of PDGF isoforms on the proliferation, 

motility, invasiveness, and gel contractivity of cultured human endometrial stromal cells (ESC) using 

well-established in vitro models. We also discuss herein the role of PDGF isoforms on endometrial 

tissue remodeling during the menstrual cycle.  
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Materials and Methods 

ESC isolation procedure and cell culture conditions

Normal endometrial specimens were obtained from 14 premenopausal patients (aged 35-42 

years) who had undergone hysterectomies for intramural or subserousal leiomyomas. All of the 

specimens were diagnosed as being from the late secretory phase on the basis of the standard 

histologic criteria. This study was approved by the institutional review board (IRB) of Oita 

University, and written informed consent was obtained from all patients. Normal ESC were separated

from epithelial glands by digesting the tissue fragments with collagenase, as previously described 

(16). Briefly, the tissue was minced into 2- to 3-mm pieces and incubated with collagenase (200 

U/ml) (Gibco-BRL, Gaithersburg, MD, USA) in Dulbecco's modified Eagle's medium (DMEM) 

(Gibco-BRL) with stirring for 30 min at 37˚C. The suspension was filtered through a 150-µm wire 

sieve to remove mucus and undigested tissue. The filtrate was then passed through an 80-µm wire 

sieve, which allowed the stromal cells to pass through while the intact glands were retained. After the

cells were washed three times in serum-free DMEM, they were transferred to culture flasks (Corning, 

New York, NY, USA) at a density of 106 cells/ml in DMEM supplemented with 10% heat-inactivated 

fetal bovine serum (FBS) (Gibco-BRL), streptomycin (100 U/ml) (Gibco-BRL), and penicillin (100 

U/ml) (Gibco-BRL). The culture medium was replaced every 4 days. After 3 passages (15 to 20 days 

after isolation) using standard methods of trypsinization, the cells were shown to be more than 99% 

pure, as analyzed by immunocytochemical staining with antibodies to vimentin (V9, Dako, 

Copenhagen, Denmark), cytokeratin (Dako), factor VIII (Dako), and leukocyte common antigen
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(2B11+PD7/26, Dako), were used for the experiments. The ratios of leukocyte common 

antigen-positive cells were less than 0.5%. The cultures were incubated at 37˚C in an atmosphere of 

5% CO2 in air at 100% humidity. Cells isolated separately from each individual patient were used for 

the following experiments. Each experiment was performed in triplicate and repeated at least four 

times with the cells from at least four separate patients. The following experiments were performed 

without the addition of estrogen to the culture media; however, the concentration of estradiol in FBS 

was 22.43 pg/ml according to the manufacturer’s information. The culture media also contains the 

phenol red that has been known to have estrogenic effects.  

Modified methylthiazoletetrazolium (MTT) assay

The effects of PDGF isoforms on the cell proliferation of ESC were determined in 96-well 

plates by a modified MTT assay using WST-1 (Roche Diagnostics GmbH, Penzberg, Germany) 

according to the manufacturer’s protocols. 5x104 cells of ESC in DMEM supplemented with 0.1% 

bovine serum albumin (BSA) (Sigma-Aldrich, St. Louis, MI, USA) was distributed into each well of 

a 96-well flat-bottomed microplate (Corning) and incubated overnight. The medium was then 

removed and the cells were incubated for 48 h with 200 µl of experimental medium (DMEM + 0.1% 

BSA) containing various concentrations of PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 ng/ml) 

(R&D Systems, Minneapolis, MN, USA). Thereafter, 20 µl of WST-1 dye was added to each well 

and further incubated for 4 h. Cell proliferation was evaluated by measuring the absorbance at 540 

nm.  
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5-bromo-2’-deoxyuridine (BrdU) incorporation assay

The effects of PDGF isoforms on the DNA synthesis of ESC were determined by BrdU 

incorporation using Cell proliferation ELISA (Roche Diagnostics GmbH). 1x104 cells of ESC in 

DMEM supplemented with 0.1% BSA was distributed into each well of a 96-well flat-bottomed 

microplate and incubated overnight. The medium was then removed and the cells were incubated for

48 h with 100 µl of experimental medium containing various concentrations of PDGF-AA, 

PDGF-AB, or PDGF-BB (0.1-10 ng/ml). Thereafter, 10 µl of BrdU (10 mM) was added to each well 

and further incubated for 2 h. BrdU incorporation was then evaluated by measuring the absorbance at 

450 nm according to the manufacturer’s protocols. 

In vitro wound repair assay

In vitro wound repair assays were performed as previously described (17). Cells were grown

to confluence in 6-well plates (Corning). Before being assayed, the cells were challenged overnight 

with serum-free medium. The monolayer was lesioned using a 2-mm cell scraper without damaging

the dish surface. Immediately post-lesion, areas for evaluation were chosen and parallel samples 

were incubated in DMEM + 0.1% BSA for 24 h with PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 

ng/ml). The incubation time was determined by background experiments. The cells were then fixed 

with 3% paraformaldehyde and stained with Giemsa solution. Areas with lesions were photographed, 

and the wound repair was assessed by calculating the area in square micrometers between the lesion 
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edges with the public domain Image program 1.61 developed at National Institutes of Health 

(Bethesda, MD, USA).  

Chemotactic migration assay

The chemotactic activity of ESC was determined by chemotactic migration assay, as 

previously described (18). Specifically, 2x105 ESC were cultured in DMEM supplemented with 0.1% 

BSA on Transwell inserts with an 8-µm pore-size polycarbonate membrane (6.5 mm; Corning) with 

PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 ng/ml) in the lower chamber. The incubation time was 

determined by background experiments. After 4 h, the number of cells appearing by Giemsa staining 

on the undersurface of the polycarbonate membranes was scored visually in 6 random, 

non-overlapping fields at 200x magnification using a light microscope.  

Transwell invasion assay

The invasive properties of ESC were determined by transwell invasion assay, as previously 

described (19, 20). In brief, polycarbonate membranes with 8-µm pores at the bottom of Transwells 

(6.5 mm; Corning) were coated with a thin layer of growth factor-reduced Matrigel (Becton

Dickinson Labware, Bedford, MA, USA), such that the cells were forced to degrade the matrigel 

barrier before they migrated to the undersurface of the polycarbonate membranes. Specifically, 2x105

ESC were cultured in DMEM supplemented with 10% FBS on Matrigel-coated Transwell inserts 

with PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 ng/ml). After 48 h, the number of cells appearing 
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by Giemsa staining on the undersurface of the polycarbonate membranes was scored visually in 6 

random, non-overlapping fields at 200x magnification using a light microscope. The incubation time 

was determined by background experiments.

Collagen gel contraction assay

 Cellular collagen gel contraction assays were performed as previously described (21). A 

sterile solution of acid-soluble collagen type I purified from porcine tendons (Cellmatrix type I-A; 

Nitta Gelatin Inc., Osaka, Japan) was prepared according to the manufacturer’s instructions. ESC 

were embedded in the collagen gel and cultured three-dimensionally. Briefly, ESC were suspended in 

the collagen solution (3.0 x 105 cells/ml). The collagen/cell mixture (2 ml/plate) was dispensed into 

35-mm culture plates (Corning) coated with 0.2% BSA; the mixture was allowed to polymerize at 

37˚C for 30 min. Immediately after polymerization, 1 ml of culture medium with PDGF-AA, 

PDGF-AB, or PDGF-BB (final concentration: 0.1-10 ng/ml) was added to each plate. After 

incubation for 48 h, the collagen gels were photographed and the area of the gel surface was 

measured with the image analysis program. The incubation time was determined by background 

experiments.

Statistical analysis

Data are presented as the means ± SD and were analyzed by the Bonferroni/Dunn test with

StatView 4.5 (Abacus Concepts, Berkeley, CA, USA). P < 0.05 was accepted as statistically 
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significant.
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Results

 The effects of PDGF isoforms on the cell proliferation of ESC were assessed by modified 

MTT assay. As shown in Figure 1, the cell number of viable ESC was significantly increased by 

addition of increasing amounts of PDGF isoforms. Although it was not statistically significant, 

PDGF-BB tended to show the strongest effect among the three isoforms [p<0.0005 vs. PDGF-AA 

(10 ng/ml)-stimulated group, but not significant vs. PDGF-AB (10 ng/ml)-stimulated group].  

To further assess the effects of PDGF isoforms on the cell proliferation, DNA synthesis of 

ESC after PDGF treatment was evaluated by BrdU incorporation assay. As shown in Figure 2, DNA 

synthesis of ESC was significantly increased by the addition of increasing amounts of PDGF 

isoforms. PDGF-BB showed the strongest effect among the three isoforms [p<0.0001 vs. PDGF-AA 

(10 ng/ml)-stimulated group and PDGF-AB (10 ng/ml)-stimulated group]. 

The effects of PDGF isoforms on the motility of ESC were assessed by in vitro wound 

repair assay. After 24 h, 19.7 ± 0.3% of the wounded area was repaired by ESC under untreated 

conditions. As shown in Figure 3, wound repair of ESC was significantly enhanced by the addition 

of increasing amounts of PDGF isoforms. PDGF-BB showed the strongest effect among the three 

isoforms [p<0.0001 vs. PDGF-AA (10 ng/ml)-stimulated group and PDGF-AB (10 ng/ml)-stimulated 

group].

Next, the effects of PDGF isoforms on the chemotactic activity of ESC were assessed by 

chemotactic migration assay. After 4 h, 54.0 ± 2.0 ESC per 6 fields had migrated after 4 h under 

untreated conditions. As shown in Figure 4, PDGF isoforms significantly stimulated the chemotactic 
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migration of ESC. PDGF-ΒΒ showed the strongest effect among the three isoforms [p<0.0001 vs. 

PDGF-AA (10 ng/ml)-stimulated group and PDGF-AB (10 ng/ml)-stimulated group]. 

The effects of the three PDGF isoforms on the invasive properties of ESC were investigated 

by in vitro invasion assay. After 48 h, 88.7 ± 4.1 ESC per 6 fields had invaded the Matrigel barrier 

under untreated conditions. As shown in Figure 5, each PDGF isoforms significantly enhanced the 

invasion of ESC in dose-dependent manners. PDGF-ΒΒ showed the strongest effect among the three 

isoforms [p<0.0001 vs. PDGF-AA (10 ng/ml)-stimulated group and PDGF-AB (10 ng/ml)-stimulated 

group].

Finally, the effects of the three PDGF isoforms on the collagen gel contraction of ESC were 

evaluated. In the presence of FBS, untreated ESC showed significant collagen gel contractivity (59.4 

± 0.9% contraction after 48 h vs. 0 h controls). As shown in Figure 6, the areas of the gel surface 

after 48 h were significantly reduced in the presence of the PDGF isoforms in dose-dependent 

manners (24.6%, 37.5%, and 38.4% reduction of the gel surface area vs. untreated controls at a 

concentration of 10 ng/ml of PDGF-AA, PDGF-AB, and PDGF-BB, respectively). Although it was 

not statistically significant, it appeared that the PDGF-BB showed the strongest effect on the 

collagen gel contractivity of ESC among the three isoforms [p<0.0001 vs. PDGF-AA (10 

ng/ml)-stimulated group, but not significant vs. PDGF-AB (10 ng/ml)-stimulated group].  
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Discussion  

During the secretory phase, the endometrium undergoes changes, including differentiation 

of its epithelium into secretory glands and the transformation of its stromal mesenchyme into 

predecidual cells. During the late secretory phase of the cycle, widespread degeneration is observed 

in the basal lamina supporting the decidualized endometrial cells and the endothelium of blood 

vessels (22). There is very rapid but incomplete degeneration of the functionalis layer, exposing open 

blood vessels and glands. Endometrial destruction is a consequence of the activity of 

matrix-degrading enzymes on the extracellular matrix, (i.e., both fibrillar matrix and basal lamina),

with the resultant loss of blood vessel integrity and shedding of most of the functional layer after 

steroid hormone support is withdrawn at the end of each menstrual cycle (2). The menstrual bleeding 

stops at the time the tissue destruction has ceased. When substantial endometrial tissue loss occurs 

during menstruation, ESC ingrowth, extracellular matrix deposition, and angiogenesis, often in 

concert with tissue contraction, reestablish organ integrity. Regeneration begins in areas in which the

mouths of the basal glands are free from overlying degenerated tissue, and there is simultaneous and 

progressive epithelial outgrowth from these glands, and ingrowth from the intact peripheral surface 

membrane bordering the denuded basalis (2). The stromal tissue begins to grow only when the 

endometrial wound is completely re-epithelialized. These events are thought to occur under the 

influence of increasing estrogen concentrations, which are probably locally regulated by a number of 

growth factors and other regulatory factors (2).  

PDGF has been indicated to have several important roles in cellular proliferation, 



15 

angiogenesis, inflammation, and tissue injury and its repair (8-10). In the human endometrium, it has 

been demonstrated that PDGF can induce cell proliferation of ESC (15, 23, 24), decidual cells (25),

endometrial epithelial cells (26), and smooth muscle cells of spiral arteries (27). PDGF has been 

suggested to be produced by ESC (15) and macrophages (6) in the cyclic endometrium. Therefore, it 

is considered to be one of the most significant factors mediating endometrial cell dynamics by 

autocrine and paracrine mechanisms. However, the roles of PDGF in the endometrium other than its 

mitogenic properties are largely unknown. In the present study, we evaluated the effects of PDGF 

isoforms with respect to endometrial tissue remodeling during the menstrual cycle. PDGF isoforms 

significantly stimulated the proliferation of ESC, which is consistent with previous reports (15, 23, 

24). We found that three isoforms of PDGF significantly enhanced the in vitro wound healing of ESC. 

On the other hand, PDGF significantly stimulated the chemotaxis, invasion, and collagen gel 

contraction of ESC. These findings are consistent with reported properties of PDGF on other cell 

types (28-34). Since estrogen has been demonstrated to upregulate the PDGF production in other cell 

types (35), it is also suggested that estrogen might modulate the cellular function of ESC partially 

mediated by the enhanced production of PDGF by these cells.  

 The concentrations of PDGF isoforms (0.1-10 ng/ml) in the present study were chosen 

according to the in vitro studies reported previously (15, 23, 25, 26). To our knowledge, there has 

been no report that evaluated the endometrial tissue concentrations of PDGF. However, Morita et al. 

(27) reported that the serum PDGF levels of pregnant women were 2-3 ng/ml. Taking these findings 

together, the PDGF concentrations employed in this study were considered to be physiological.
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 Fibroplasia is one of the essential components of tissue repair when substantial endometrial 

tissue has been shed during menstruation. Since scarless repair is one of the characteristics of 

endometrial remodeling, PDGF may control the motility of ESC during the peri-menstrual period in 

order to avoid excessive fibroplasia. Our present findings suggest that PDGF may contribute to tissue 

remodeling during peri-menstruation by regulating the process of endometrial wound healing after 

menstrual shedding.  

Another important event during endometrial wound healing is the contraction of connective 

tissue, which is carried out by fibroblastic cells. ESC appear to be responsible for wound contraction; 

however, the signals that stimulate contraction in the endometrium are largely unknown. Collagen 

gel contraction by fibroblasts has been ascribed to the contraction of actin filaments, which generate 

the cumulative traction force exerted by fibroblasts on collagen fibrils (36). In vitro collagen gel 

contraction is considered to be equivalent to the wound contraction process in vivo (37). In the 

presence of serum, the degree of collagen gel contraction was found to be influenced by cell 

spreading, cell movement, and reorganization of the collagen gel (37, 38). Because of the similarities

between the in vitro system and contracting wound tissue, Bell et al. (37) have proposed that 

fibroblast-contracted collagen gel represents a tissue-equivalent construct (37). In the present study, 

we demonstrated that PDGF isoforms could stimulate ESC to contract the collagen gel matrix. These 

results are similar to those of previous reports that examined the effects of PDGF on other cell types 

(28, 30, 34). The contractile activity of ESC may favor expulsion of the endometrium during 

menstruation, reduce the size of the endometrial wound defect for eventual wound closure, and 
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reduce the amount of fibroplasia and angiogenesis necessary for the reestablishment of organ

integrity. Furthermore, PDGF-induced collagen gel contraction by ESC was considered to be 

distinguishable from PDGF-induced enhancement of the motility of ESC.  

Taking these findings into account, it appears that PDGF isoforms promote endometrial 

tissue repair through at least three distinct processes. First, PDGF stimulates the cell proliferation of 

ESC. Second, PDGF stimulates the chemotactic migration and invasion of ESC. During the

endometrial wound healing process, such mesenchymal cell ingrowth in vivo can help to repopulate 

the space created by tissue loss. However, excessive ESC ingrowth during the peri-menstrual period 

can result in the invasion of a physiologically functional space. Third, PDGF stimulates the 

ESC-driven contraction of the collagen gel matrix, as demonstrated in this report. During

endometrial wound repair after menstrual shedding, tissue contraction can help in reducing the 

amount of fibroplasia needed to reestablish organ integrity.  

Interestingly, PDGF-BB showed the strongest effects on the cellular functions of ESC. 

Although we have not examined the expression of receptors for PDGF in ESC, it has been reported 

that PDGF-β receptor is predominantly expressed in ESC (15). PDGF-β receptor binds only 

PDGF-BB with high affinity (12). Recently, it has been shown that human uterine tissue expresses 

significant amounts of PDGF-BB (14). Although the effects of exogenous PDGF treatment on the 

endogenous PDGF expression and the corresponding receptors expression in ESC are not yet 

elucidated, these findings may be the underlying mechanisms of our present observations.  

In summary, we demonstrated that all three relevant PDGF isoforms enhanced the 

proliferation, in vitro wound repair of ESC and stimulate chemotactic migration and invasion of 
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these cells. In addition, these cytokines were also found to stimulate the contractivity of ESC. The 

present results therefore suggested that PDGF may be involved in the cyclic tissue remodeling of the 

endometrium and may protect the endometrium from extensive fibrosis and scarring by regulating 

these differential ESC functions. PDGF may thus play a number of important roles in endometrial 

tissue remodeling during the peri-menstrual period.  
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Figure legends 

Figure 1. The effect of PDGF isoforms on the cell proliferation of ESC as assessed by WST-1 assay. 

5x104 cells of ESC were distributed into each well of a 96-well flat-bottomed microplate and 

incubated overnight. The medium was then removed and the cells were incubated for 48 h with 200 

µl of experimental medium containing various concentrations of PDGF-AA, PDGF-AB, or 

PDGF-BB (0.1-10 ng/ml). Thereafter, 20 µl of WST-1 dye was added to each well and further 

incubated for 4 h. Cell proliferation was evaluated by measuring the absorbance at 540 nm.

Representative results are shown. *p<0.001, **p<0.0001 vs. untreated controls (Bonferroni/Dunn 

test). 

Figure 2. The effect of PDGF isoforms on the DNA synthesis of ESC as assessed by BrdU 

incorporation assay. 1x104 cells of ESC in DMEM supplemented with 0.1% BSA was distributed into 

each well of a 96-well flat-bottomed microplate and incubated overnight. The medium was then 

removed and the cells were incubated for 48 h with 100 µl of experimental medium containing 

various concentrations of PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 ng/ml). Thereafter, 10 µl of 

BrdU (10 mM) was added to each well and further incubated for 2 h. BrdU incorporation was then 

evaluated by measuring the absorbance at 450 nm. Representative results are shown. *p<0.0005, 

**p<0.0001 vs. untreated controls (Bonferroni/Dunn test). 

Figure 3. The effects of PDGF isoforms on the in vitro wound repair of ESC. ESC grown to 
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confluence in 6-well plates were challenged overnight with serum-free medium. The monolayer was 

lesioned using a 2-mm cell scraper without damaging the dish surface. Immediately post-lesion, 

areas for evaluation were chosen and parallel samples were incubated in DMEM + 0.1% BSA for 24 

h with PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 ng/ml). The cells were then fixed with 3% 

paraformaldehyde and stained with Giemsa solution. Areas with lesions were photographed (A) and 

the wound repair was assessed by calculating the area in square micrometers between the lesion 

edges with the image analysis program (B). Representative results are shown. *p<0.0001 vs. 

untreated controls (Bonferroni/Dunn test).

Figure 4. The effects of PDGF isoforms on the chemotaxis of ESC as assessed by chemotactic 

migration assay. 2x105 ESC were cultured in DMEM supplemented with 0.1% BSA on Transwell 

inserts with an 8-µm pore-size polycarbonate membrane (6.5 mm) with PDGF-AA, PDGF-AB, or 

PDGF-BB (0.1-10 ng/ml) in the lower chamber. After 4 h, the number of cells appearing by Giemsa 

staining on the undersurface of the polycarbonate membranes was scored visually in 6 random, 

non-overlapping fields at 200x magnification using a light microscope. Representative results are 

shown. *p<0.01, **p<0.0001 vs. untreated controls (Bonferroni/Dunn test). 

Figure 5. The effects of PDGF isoforms on the invasion of ESC as assessed by transwell invasion 

assay. 2x105 ESC were cultured in DMEM supplemented with 10% FBS on Matrigel-coated 8-µm

pore-size Transwell inserts (6.5 mm) with PDGF-AA, PDGF-AB, or PDGF-BB (0.1-10 ng/ml). After 



27 

48 h, the number of cells appearing by Giemsa staining on the undersurface of the polycarbonate 

membranes was scored visually in 6 random, non-overlapping fields at 200x magnification using a

light microscope. Representative results are shown. *p<0.001, **p<0.0001 vs. untreated controls 

(Bonferroni/Dunn test). 

Figure 6. The effects of PDGF isoforms on the collagen gel contractivity of ESC as assessed by 

cellular collagen gel contraction assay. ESC were suspended in the sterile solution of acid-soluble 

collagen type I (3.0 x 105 cells/ml). The collagen/cell mixture (2 ml/plate) was dispensed into 35-mm 

culture plates coated with 0.2% BSA; the mixture was allowed to polymerize at 37˚C for 30 min. 

Immediately after polymerization, 1 ml of culture medium with PDGF-AA, PDGF-AB, or PDGF-BB 

(final concentration: 0.1-10 ng/ml) was added to each plate. Accordingly, ESC were embedded in the 

collagen gel and cultured three-dimensionally. After incubation for 48 h, the collagen gels were 

photographed (A) and the collagen gel contractivity was assessed by measuring the gel surface area 

with the image analysis program (B). Representative results are shown. *p<0.0025, **p<0.0001 vs. 

untreated controls (Bonferroni/Dunn test). 



Figure 1

(B
)

*

0

(C
)

0

**

(A
)

A
bs

or
ba

nc
e 

(A
45

0 
nm

–A
60

0 
nm

)

0
100

PDGF-AA (ng/ml)
0.1 1

1.5

0.5

1

1.5

0.5

1

100
PDGF-AB (ng/ml)

0.1 1

100
PDGF-BB (ng/ml)

0.1 1

1.5

0.5

1

*
***

**

**
**

**

A
bs

or
ba

nc
e 

(A
45

0 
nm

–A
60

0 
nm

)

A
bs

or
ba

nc
e 

(A
45

0 
nm

–A
60

0 
nm

)



Figure 2

(B
)

*

0

(C
)

0

**

(A
)

A
bs

or
ba

nc
e 

(A
45

0 
nm

–A
69

0 
nm

)

0
100

PDGF-AA (ng/ml)
0.1 1 100

PDGF-AB (ng/ml)
0.1 1

100
PDGF-BB (ng/ml)

0.1 1

* **

** **

**

**

**

A
bs

or
ba

nc
e 

(A
45

0 
nm

–A
69

0 
nm

)

A
bs

or
ba

nc
e 

(A
45

0 
nm

–A
69

0 
nm

)

0.1

0.2

0.3

0.4

0.1

0.2

0.3

0.4

0.1

0.2

0.3



Control 24 h

PDGF-ΑΒ (10 ng/ml) 24 h

PDGF-ΑΑ (10 ng/ml) 24 h

PDGF-ΒΒ (10 ng/ml) 24 h

Control 0 h

Figure 3A



Figure 3B

(B
)

0

(C
)

0

(A
)

R
ep

ai
re

d 
ar

ea
 (m

m
2 )

0
100

PDGF-AA (ng/ml)
0.1 1 100

PDGF-AB (ng/ml)
0.1 1

100
PDGF-BB (ng/ml)

0.1 1

*

R
ep

ai
re

d 
ar

ea
 (m

m
2 )

R
ep

ai
re

d 
ar

ea
 (m

m
2 ) *

0.5

1

1.5

*
*

*

0.6

1.2

1.8

0.8

1.6

2.4

*
*

*

*



Figure 4

(B
)

0

(C
)

0

**

(A
)

C
he

m
ot

ax
is

 (c
el

ls
/6

 H
PF

)

0
100

PDGF-AA (ng/ml)
0.1 1 100

PDGF-AB (ng/ml)
0.1 1

100
PDGF-BB (ng/ml)

0.1 1

*
**

**

C
he

m
ot

ax
is

 (c
el

ls
/6

 H
PF

)

C
he

m
ot

ax
is

 (c
el

ls
/6

 H
PF

)

100

200

300

50

100

150

30

60

90

*

**

**



Figure 5

(B
)

0

(C
)

0

**

(A
)

In
va

si
on

 (c
el

ls
/6

 H
PF

)

0
100

PDGF-AA (ng/ml)
0.1 1 100

PDGF-AB (ng/ml)
0.1 1

100
PDGF-BB (ng/ml)

0.1 1

*

** **

In
va

si
on

 (c
el

ls
/6

 H
PF

)

In
va

si
on

 (c
el

ls
/6

 H
PF

)

100

200

300

50

100

150

200

40

80

120

160

**
**

*
**



Control

PDGF-ΑΒ (10 ng/ml)

PDGF-ΑΑ (10 ng/ml)

PDGF-ΒΒ (10 ng/ml)

Figure 6A



Figure 6B

(B
)

*

0

(C
)

0

(A
)

G
el

 su
rf

ac
e 

ar
ea

 (m
m

2 )

0
100

PDGF-AA (ng/ml)
0.1 1 100

PDGF-AB (ng/ml)
0.1 1

100
PDGF-BB (ng/ml)

0.1 1

*

**
**

**

G
el

 su
rf

ac
e 

ar
ea

 (m
m

2 )

G
el

 su
rf

ac
e 

ar
ea

 (m
m

2 )

200

400

600

200

400

600

200

400

600 **

**


