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Abstract

:

Featured Application


The amnion, obtained at parturition, is an ethical and abundant source of mesenchymal stromal cells with stem cell-like properties useful for application to dentistry, The exact knowledge of the interaction of amnion-derived stromal cells with titanium surfaces will bring forth the production of dental implants with optimized and long-term characteristics of osteoinduction and osseointegration.




Abstract


Human amnion-derived mesenchymal stromal cells (hAMSCs) are used increasingly in regenerative medicine applications, including dentistry. The aim of this study was to evaluate if hAMSCs from aged and pathological mothers could be affected in their phenotype and functional behavior. hAMSCs were isolated from placentas of women aged younger than 40 years (Group 1, n = 7), older than 40 years (Group 2, n = 6), and with pre-eclampsia (Group 3, n = 5). Cell yield and viability were assessed at isolation (p0). Cell proliferation was evaluated from p0 to p5. Passage 2 was used to determine the phenotype, the differentiation capacity, and the adhesion to machined and sandblasted titanium disks. hAMSCs recovered from Group 3 were fewer than in Group 1. Viability and doubling time were not different among the three groups. Percentages of CD29+ cells were significantly lower in Group 3, while percentages of CD73+ cells were significantly lower in Groups 2 and 3 as compared with Group 1. hAMSCs from Group 2 showed a significant lower differentiation capacity towards chondrogenic and osteogenic lineages. hAMSCs from Group 3 adhered less to titanium surfaces. In conclusion, pathology can affect hAMSCs in phenotype and functional behavior and may alter bone regeneration capacities.
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1. Introduction


Regenerative medicine in dentistry is applied in biotooth/bioroot engineering, regeneration of periodontal defects, and dentin-pulp regeneration strategies [1] by using a combination of scaffold, growth factors, and stem cells [2]. Within such context, polymers and commercially pure titanium membranes are used for dental implants and orthopedic surgery as scaffolds for engendering endogenous cells’ proliferation and migration, however they are bioinert materials that do not stimulate bone formation (i.e., they are not osteoinductive) and do not directly bond to bone [3]. This is why titanium surfaces, most commonly used in dental implants, have been engineered to determine the appropriate scaffold properties (e.g., porosity, surface geometry, and mechanical strength) in order to support the necessary cell activity to promote bone regrowth by the host cells [4].



Among the cell types used for bone regenerative purposes, stem cells are considered more than a promising strategy to achieve the regeneration of large alveolar bone defects, particularly to provide stable and accelerated bone formation as well as enhanced osseointegration in dental implant treatments. Mesenchymal stem cells (MSCs) have been identified as a significant cell source for regenerative medicine due to their self-renewal, easy growth in vitro that allows them to expand, their differentiation capacities, and immunomodulatory properties [5]. Although MSCs are classically derived from the bone marrow (BM), other sources are, among the others, many tissues in the orofacial region, the adipose tissue, and the placental tissue. The application of MSCs derived from the amniotic membrane is increasingly recognized as a therapeutic option for the purposes of regenerative medicine and tissue engineering, because of the easiness of their acquisition, reduced donor damage, multipotency, low immune response, and acceptable ethical issue [6]. Human amniotic mesenchymal stromal cells (hAMSCs) have stem cell-like properties and are able to differentiate into cells derivable from each of the three germ layers, including osteogenic, chondrogenic, and adipogenic lineages [7,8,9,10,11]. Similar to BM-MSCs, hAMSCs express typical mesenchymal antigens such as CD29, CD73, and CD105 and lack hematopoietic markers CD34, CD45, and CD14. The application of hAMSCs to tissue engineering and cell replacement studies has shown their therapeutic potential in different clinical fields, including dentistry, orthopedics, skin reconstruction, as well as in liver, cardiac, and respiratory diseases [12,13,14].



A limit in using MSCs derived from the classical source, i.e., the BM, is their dependence on donors [15]. The number of BM-MSCs declines with age, as well as their fitness, explored as an increase in reactive oxygen species and oxidative stress, is reduced with ageing [16]. Another study demonstrated an age-dependent reduction in the proliferation and differentiative capacity towards the osteoblast lineage in BM-MSCs [17]. Also, the disease state may affect the collection of sufficient healthy autologous BM for transplantation, as well as their functionality [18,19,20].



Since no studies have been carried out to reveal if hAMSCs features can be modified by age and pathology, we have undertaken a study to ascertain whether mother’s age and pre-eclampsia (PE) can affect the functional behavior of hAMSCs. We have chosen PE since it is a relatively common pregnancy disorder that may threaten the survival of both mother and baby [21]. Some evidence highlighted that PE is a systemic vascular disorder whose hallmark is a disturbed angiogenic balance [22]. Our findings show that hAMSCs are affected by age and PE, in particular PE affects their adhesion to titanium surfaces, implying that PE hAMSCs may be not osteoconductive when used in combination with titanium-based dental implants.




2. Materials and Methods


2.1. hAMSC Isolation


Human placentas from Group 1 (<40 years of maternal age), Group 2 (more than 40 years of maternal age), and Group 3 (pre-eclamptic) pregnancies were collected and processed immediately [23]. Pre-eclamptic placentas were selected according to the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy and the American College of Obstetricians and Gynecologists and Task Force on Hypertension in Pregnancy [24]: hypertension ≥140/90 mmHg on ≥2 occasions at least 4 h apart in a woman who was normotensive before the 20th week of gestation with proteinuria ≥300 mg/24 h. Women belonging to the three Groups were Caucasian, were nonsmokers and had not consumed alcohol, had no diabetes or other comorbidities, and had not received prenatal medications. Delivery through Caesarean section was performed in: n = 6 Group 1 (86%), n = 2 Group 2 (33%), and n = 1 Group 3 (20%). In all cases enrolled, the third stage of labor was physiological and the delivery of placenta occurred within 20 min.



Human amniotic mesenchymal stromal cells were isolated, as previously described [25], from a piece of amniotic membrane (AM) of 5 cm2. The yield is then the number of cells retrieved for each specimen. The viability of retrieved cells was evaluated by the trypan blue exclusion test.



Informed consent was obtained from all women for being included in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Ospedali Riuniti of Foggia (Project identification code 68/19).




2.2. hAMSC Growth and Phenotype Analysis


Freshly isolated (p0) hAMSCs were subcultured until passage 5 (p5) by plating at a density of 1 × 105/cm2 in Advanced DMEM (Gibco, Life Technologies Limited, Paisley, UK) supplemented with 10% (v/v) fetal bovine serum (FBS), 55 μM β-mercaptoethanol, 1% di L-glutamine, 1% penicillin/streptomycin (Invitrogen, Milan, Italy), and 10 ng/mL epidermal growth factor (EGF; Sigma). Every time cells reached 80% of confluence, cells were detached with trypsin-ethylendiaminetetracetic acid (EDTA) (Invitrogen, Thermo Fisher Scientific, Monza, Italy), washed, counted with a Bürker chamber, and replated in a new T25 plastic flask at a density of 5 × 105 in order to calculate their growth curve. Doubling time was calculated, inserting times and cell counts on the website http://www.doubling-time.com/compute.php.



For phenotypic analysis, cells were then stained with fluorochrome-conjugated monoclonal antibodies against hematopoietic (CD14, CD34, CD45) or mesenchymal (CD29, CD73, CD105) markers, as previously published [25]. All antibodies were purchased from Invitrogen, ThermoFisher Scientific (Waltham, MA, USA), and were conjugated with fluorescein isothiocyanate (FITC), except the antibody against CD73 that required an additive incubation with secondary antibody (FITC goat anti-mouse; Sigma-Aldrich, Milan, Italy) for 30 min at 4 °C. At least, 1 × 106 cells were finally analyzed using the Amnis Flowsight IS100 (Merck KGaA, Darmstadt, Germany). Negative controls included FITC-conjugated isotype antibodies (IgG1 kappa, Invitrogen), FITC-conjugated goat anti-mouse in the absence of the primary antibody for CD73 analysis, no antibody, or unconjugated goat anti-mouse antibody.



Analysis of positive cells was obtained with the IDEAS 6.0 Software (Amnis, EMD Millipore, Seattle, WA, USA). Cells in best focus, i.e., those with higher Gradient root mean square (RMS) values, were chosen. Brightfield scatter plots obtained by plotting Area (a parameter relative to cellular dimension) on x-axis vs. Aspect Ratio (a parameter reflecting the ratio of the cell Minor Axis divided by the Major Axis) on y-axis were generated to identify single cells events, i.e., those with an intermediate Area value and a high Aspect Ratio. The intensity of Ch02 (FITC fluorescence channel) vs. normalized frequency was used to calculate the statistics Count and Percent Gated on 10,000 single-cell events for sample.



At p0 and p2, before phenotypic analysis, cells images were taken using the inverted microscope (Leica DMRB, Leica Microsystems, Wetzlar and Mannheim, Germany) and captured by the digital camera Leica DFC450 C.




2.3. Differentiation of hAMSCs


2.3.1. Osteogenic Differentiation


In order to induce osteogenesis, hAMSCs at p2 were harvested and plated on cell culture plate at the number of 5 × 104 in a 6 well plate for each well. Cells were then induced for four weeks with osteogenic medium: DMEM high glucose supplemented with 2% FBS, 1% antibiotic solution, 50 μg/mL ascorbate-2-phosphate, 10−8 M dexamethasone, 10−2 M β-glicerophosphate. The presence of calcium deposits in induced cultures was determined by Alizarin Red (Sigma-Aldrich) staining, as previously published [26].




2.3.2. Chondrogenic Differentiation


In order to evaluate the chondrogenetic potential, hAMSCs at p2 were harvested and plated on cell culture plate at a number of 5 × 104 in a 6 well plate for each well. Cells were then maintained for four weeks in chondrogenic induction medium: DMEM low glucose supplemented with 1% FBS, 1% antibiotic solution, 6.25 μg/mL insulin, 10 ng/mL TGF-β3, 50 nM ascobate-2-phosphate. The presence of proteoglycans in induced cultures was determined by Safranin O (Sigma) staining, as previously published [26].



All cultures were observed at the inverted microscope (Leica DMRB) and captured by the digital camera Leica DFC450 C.



Images were taken from each culture condition in double, considering 10X fields. In order to perform analysis of differentiation into the two mesenchymal lineages, jpeg image files of samples were accessed in Photoshop 7.0 (Adobe, San Jose, CA, USA). Each image was divided into three parts, and each of them was first analyzed for the total number of pixels by accessing Image > Histogram. Then, the same part was accessed in Select > Color range and analyzed for number of pixels corresponding to stained cells, and subsequently by Image > Histogram. The pixel ratio for each image was calculated by dividing the stained number of pixels by the total number of pixels. For each culture condition, hAMSCs from three donors for each Group were used.





2.4. Adhesion to Titanium Disks


Titanium disks were 6 mm diameter and 2.5 mm in height and were prepared from grade 4 unalloyed ISO 5832/2 titanium rods (EOS Implant SRLS, Bari, Italy). Disks had two different titanium surfaces, machined (smooth) or sandblasted. Sandblasted titanium disks were prepared by sandblasting with 100 mesh ultrapure Al2O3. The roughness of the sandblasted surface was quantified using a rugosimeter (Talysurf CCI 3000, Taylor Hobson, Milan, Italy) giving a mean surface roughness (Sa) value of 1.5 μm. The surface profile of sandblasted disks was determined using the software Talymap 3D (Taylor Hobson, Milan, Italy).



hAMSCs were labeled with chloromethylbenzamido (CellTracker CM-Dil; Invitrogen), as previously published [25]. Briefly, cells grown at confluence in a T25 flask were washed with phosphate-buffered saline (PBS) and then incubated with the dye working solution (0.0025 ng/μL in DMSO) for 30 min at 37 °C. After labelling, cells were washed twice with PBS, then detached and plated 1.5 × 105 for each disk. Disks were placed into a 48 well plate and incubated at 37 °C 5% CO2 for 3, 6, 24, 48, and 72 h. At each time point, fluorescence (excitation 553 nm; emission 570 nm) was evaluated at the FilterMax F5 Multi-Mode Microplate Reader (Molecular Devices, Beckman Coulter, Brea, CA, USA). In order to avoid interference of titanium opacity in the path towards the instrument detector, the “top reading” modality was used. The fluorescence was read by well scan method (well scan setting: fill; points per well: 52; density: 8; point spacing: 0.8 mm) using the SoftMax Pro 6.3 (Molecular Devices, Sunnyvale, CA, USA). Fluorescence obtained from unstained cells was subtracted from that obtained with stained cells. The resulting fluorescence was expressed in arbitrary units (A.U.).




2.5. Statistical Analysis


Due to low numbers of donors in the three Groups, Kruskall–Wallis with Dunn’s post hoc test was used for parameters such as mother’s age, gestational age, child’s weight, yield, viability, doubling time, phenotypic, and differentiation analysis. For adhesion to titanium disks, where three experiments were carried out, comparisons between groups were made using ANOVA and Tukey’s post hoc test. Data were analyzed by using Prism 5 (Graph-Pad Software, Inc., La Jolla, CA, USA). Differences were considered significant at 95% level of confidence (P < 0.05).





3. Results


3.1. Characteristics of Donors


Clinical characteristics of pregnancies for placentas studied are presented in Table 1. Women belonging to Group 3 (pre-eclamptic) had a gestational age significantly shorter than the expectants in Group 2 (mother’s age > 40 years). Also, the child’s weight was lower in group 3 as compared with the other Groups, although not significantly.




3.2. Age and Pathology Affect Hamsc Yield, Viability, and Cell Proliferation


The number of cells isolated from each AM and the percentage of viable cells was not different between Group 2 and Group 1 (Figure 1A,B). Group 3 yielded significantly fewer cells than Group 1, although they were similarly viable (Figure 1A,B). In general and for all hAMSC populations, cell proliferation declined beyond passage two, but was slower for Groups 2 and 3. In the Group 1, in the exponential growth phase, hAMSCs presented a median doubling time of 16.3 days, calculated over five passages. The doubling time was longer for Groups 2 and 3 (medians of 21.4 and 22.1 days, respectively) as compared with Group 1, but not significantly (Figure 1C).




3.3. hAMSC Marker Expression is Modified by Age and Pathology


At isolation and during passaging, hAMSCs were characterized by a spindle-shape, elongated morphology and adherence to plastic, and could be kept in culture until passage 5 without any change in morphology. Figure S1 shows that the morphology and size of hAMSCs belonging to the three Groups at p0 and p2 were very similar.



An imaging-based flow cytometry apparatus was used to gate cells in best focus, select single cells, and determine the fluorescence intensity on the selected population of cell markers identifying mesenchymal stem cells (CD29, CD73, and CD105). Figure 2 shows representative panels of the analysis carried out on the Group 1 at p2. In Panel C, ten cells for each condition are shown as different channels: brightfield, FITC fluorescence, and side scatter. The same analysis was done with hAMSCs obtained from Groups 2 and 3 (not shown).



Using this strategy, we obtained that CD29 was expressed at lower levels of Group 3 in comparison with cells obtained from Group 1 (Figure 3A). No significant changes were found for CD105 (Figure 3B). On the other hand, CD73 expression was significantly decreased in Groups 2 and 3 both compared with Group 1 (Figure 3C).



The same cytofluorimetric strategy was used for hematopoietic markers (not shown). From the isolation to the p2, the expression of CD14, CD34, and CD45 was negligible for all the hAMSCs from the three Groups, as expected for mesenchymal stem cells (Table 2). These results reproduce well those we have found in an earlier work on hAMSCs obtained from another cohort of women (n = 3), in which we showed at p0 and p2 negligible to null expression of hematopietic markers, high expression of CD29 (p0 range: 66–86%; p2 range: 95–99%) and CD73 (p0 range: 88–91%; p2 range: 88–99%), and lower expression of CD105 (p0 range: 30–66%; p2 range: 40–76%) [25].




3.4. Differentiation Capacity of hAMSCs


The differentiation of hAMSCs was tested by evaluating their capacity to give rise to osteogenic and chondrogenic lineages upon culture in specific differentiation media. The analysis of differentiation was carried out on p2 and after 4 weeks of induction, and evidenced by cytochemistry techniques. Staining with Alizarin Red showed that Group 1 hAMSCs presented a clear and robust differentiation towards the osteogenic lineage. hAMSCs induced in the chondrocytic medium were characterized by the formation of typical cellular aggregates that stained with Saphranin O (Figure 4A).



hAMSCs from Group 2 denoted osteogenic differentiation capacity, and also showed differentiation towards the chrondrogenic lineage, as shown by the positive staining of cell aggregates, although these differentiation capacities appeared to be lower than those for Group 1 (Figure 4A).



Similar results were obtained with hAMSCs belonging to Group 3, i.e., the differentiation towards osteogenic and chondrogenic lineages was observed by morphological changes and positive staining for calcium deposits and proteoglycans, respectively, with lower stainings in comparison with Group 1 (Figure 4A).



Image analysis determined that hAMSCs from Group 2 were characterized by a lower differentiation capacity towards osteogenic and chrondrogenic lineages in comparison with Group 1, while Group 3 hAMSCs showed a nonsignificant tendency to lower differentiation capacities (Figure 4B).




3.5. Pre-Eclampsia Affects hAMSCs Adhesion


The strong induction of osteogenic differentiation prompted us to evaluate the adhesion of hAMSCs onto titanium surfaces that could be used in dentistry for osteoinduction. Since cell responses in terms of adhesion and growth can vary accordingly with different rugosity of titanium [27], two different surfaces were evaluated. In Figure 5A, a three-dimensional view of sandblasted disk surface profile is shown. CM-DiL-labelled hAMSCs from Group 1 adhered to either machined (smooth) or sandblasted disks with no statistically significant differences (Figure 5B). There was also an increase in the signal associated with cells, however only with the sandblasted disks it was possible to observe a significant increase in cell-associated fluorescence over time. hAMSCs from Group 2 showed similar fluorescence intensity associated with cells to that of hAMSCs from Group 1, with both titanium surfaces (Figure 5B). The sandblasted surface allowed an increase in cell-associated fluorescence of Group 2 hAMSCs with time, but with no statistically significant differences. On the other hand, Group 3 hAMSCs adhered considerably less in comparison with cells from Groups 1 and 2 (Figure 5B).



This difference reached statistical significance when comparing Group 3 hAMSCs with the corresponding hAMSCs from the other two Groups, at all times and with both types of disks (Table 3). However, the P-values were more significant when PE hAMSCs were compared with normal hAMSCs.





4. Discussion


As MSCs age, their properties gradually become compromised, including the properties of multilineage differentiation, homing, immune modulation, and wound healing [28,29,30]. Although it is well known that the number and function of BM-MSCs are affected by bone pathology, such as osteoarthritis or osteoporosis [31], no similar studies have been carried out on hAMSCs. In the present study, we have isolated hAMSCs obtained from aged and pre-eclamptic pregnant women accordingly, to established protocols for non-aged hAMSCs [8,9,32,33]. To the best of our knowledge, this is the first time that a comparison of such sources of hAMSCs has been carried out concerning various phenotypic and functional parameters.



Although the yield of hAMSCs from PE donors was lower than that for non-aged and aged women, also these donors gave sufficient numbers of hAMSCs to be expanded and cultured up to passage 5. If, however, we think that the advantage to comply on these ethical sources of MSCs is to yield a higher number of cells and avoid passaging that could lead to karyotypic abnormalities, this is a setback with pathological hAMSCs. Since the gestational age is similar between Group 1 and Group 2, and is even lower in Group 3, how could maternal factors influence the functional behavior of hAMSCs in terms of yield, viability, proliferation, and differentiation? It has been demonstrated that MSCs age in different organs [34], and that the increase in reactive oxygen species and epigenetic changes may underlie these alterations [31,35,36], that may well be at work also in aged placentas. Interestingly, Alrefaei et al. [37] determined by an immunohistochemistry study on MSCs in AM and Warthon’s jelly of the umbilical cord, that CD105 and CD29 expression showed an inverse correlation with age, with the least expression in women aged older than 40 years. As concerning pre-eclampsia, this pathological condition is thought to be due to inadequate placental cytotrophoblast invasion, followed by widespread maternal endothelial dysfunction, which leads to placental hypoperfusion and ischemia [38,39,40]. The only report, to the best of our knowledge, that is concerned about the effects of PE on amniotic cells is the one by Pianta and colleagues [41], who found that surface marker profile of PE-hAMSCs was similar to that of normal hAMSCs, although the expression of co-stimulatory and immunomodulatory molecules was quantitatively different, perhaps as a response to the inflammatory infiltrates that have been detected in the amniotic membranes of pre-eclamptic placentas. Therefore, it is conceivable that alterations in the maternal and placental environment due to ageing and pathology may lead to a dysfunctional behavior (perhaps linked to heightened senescence) in cells belonging to the amniotic membrane, a hypothesis that has to be confirmed with further experiments.



MSCs are characterized by a unique set of membrane molecules involved in adhesion and migration. CD29, which is also known as integrin β1, is highly expressed not only in MSCs but also in macrophages and plays an important role in cell migration [42,43]. CD29 was found to be essential in the trafficking of BM-MSCs to the infarcted myocardium [44]. It is also the principal receptor for binding extracellular matrix (ECM) components, such as laminin, fibronectin, and collagens, and is involved in cell attachment [45]. It has been previously shown that integrin β1 is required for osteoblastic differentiation on microscale titanium substrates [46]. Slight but significant variations in α3, α4 subunits, and αV expression, as well as β1 and β5 subunits have been observed in the interaction of nanostructured titanium surfaces and MSCs, when studied in terms of focal adhesion and differentiation [47]. Thus, the expression of integrins may condition the spreading and adhesion of MSCs onto titanium surfaces and be in turn affected by attachment to the titanium. Our data strongly indicate that CD29 is implied in adhesion to titanium disks, since PE hAMSCs showed a reduction in both its expression and adhesion, while these features were not affected in hAMSCs obtained from non-aged and aged donors. On the other hand, our data also showed that CD73 (ecto-5′-nucleotidase) was decreased in hAMSCs obtained from aged and PE women. CD73 has been implicated in cell–cell and cell–matrix interactions [48]. However, hAMSCs obtained from aged women did not display a reduction in adhesion to titanium, suggesting that CD73 is not essential for, or contributes at a lower extent, to the adhesion of these cells to titanium. Nevertheless, an interesting relationship between CD29 and CD73 in MSCs has been found. Ode et al. [49] have demonstrated that a mechanical loading of MSCs embedded in fibrin led to a reduced surface expression of CD73 and CD29, but not of CD105, and also to a decrease in the migratory response after loading, possibly via FAK/Src family kinase signaling. Despite the fact that CD29 and CD73 seem to be independently regulated by mechanical loading, nevertheless these results are interesting for a better understanding of the interaction of MSCs with the matrix, and thus their role should be further investigated in the context of adhesion to titanium implants.



Titanium surfaces are increasingly used as the substrate for improving adhesion, osseointegration, and host response in terms of avoiding bacterial contamination [27,50]. Surface roughness has been demonstrated to be an essential parameter to promote osteoblastic differentiation and maturation of MSCs in dental implants made by titanium [4]. In particular, enhanced differentiation and maturation of MSCs towards the osteoblast lineage was shown on sandblasted rough surfaces as compared with smooth surfaces [51,52,53]. The canonical Wnt signaling is involved in early osteoblast differentiation, Ca2+-dependent Wnt5a signaling, as well as Dkk2, BMPs, and integrins, regulates osteoblast differentiation of MSCs on hydrophilic surfaces with hierarchical roughness [4,51]. However, hAMSCs obtained from non-aged and nonpathological pregnancies adhered, survived (and likely initiated to proliferate) similarly on smooth and sandblasted disks. This might be due to the microroughness or other properties of titanium surfaces used in this study, which should be optimized. It has been prospected that increased bone response is obtained when surfaces are modified for their microtopography, surface chemistry, hydrophilicity, and nanoroughness [54].



All in all, our data point out that hAMSCs obtained from aged women can have lower differentiative capacities, but they adhere to the substrate used in osteoinduction and osseointegration as cells from non-aged donors do. On the other hand, PE hAMSCs are not only obtainable with low yield, but also adhere less onto titanium surfaces.




5. Conclusions


In this study, we demonstrated that hAMSCs obtained from pre-eclamptic women are affected in their yield and phenotype as compared with non-aged and nonpathological donors. In particular, a reduced expression of CD29 (a β1 integrin) is accompanied by a detrimental behavior in cell adhesion to titanium surfaces. This study suggests for the first time that amnion as a source of MSCs for osteoinduction and possibly osseointegration of titanium dental implants depends on the presence of pathology.
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Figure 1. Yield, viability and doubling time of human amnion-derived mesenchymal stromal cells (hAMSCs). (A) The yield refers to the same area of amniotic membrane (5 cm2) for each group. (B) The viability refers to the percentage of cells which have excluded the trypan blue (TB). (C) The doubling time refers to cells grown from p0 to p5. In (A) * P < 0.05 of Group 3 vs. Group 1. Results are shown as individual values and median as a straight line, within each Group (Group 1, n = 7; Group 2, n = 6; Group 3, n = 5). 
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Figure 2. Strategy of flow cytometric analysis for hAMSC phenotypic markers. Cells in best focus, i.e., those with higher Gradient root mean square (RMS) values, were identified (A) to draw brightfield scatter plots, (B) obtained by plotting Area vs. Aspect Ratio, to identify single cells events (identified by a square region). In (C), ten cells for condition are shown, five on the first four columns and five more on the last four columns, as different channels: Ch01 and Ch09 (brightfield); Ch02 (FITC fluorescence); Ch06 (side scatter). The intensity of Ch02 vs. normalized frequency (D) was used to calculate the statistics Count and Percent Gated on 10,000 single-cell events for sample. Ctrl = cells incubated in the absence of antibody. The analysis for p2 hAMSCs of Group 1 is depicted. FITC: fluorescein isothiocyanate. 
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Figure 3. Mesenchymal marker expression in hAMSCs from all Groups. hAMSCs were evaluated for CD29 (A), CD105 (B), CD73 (C) markers at isolation (p0) and p2 by flow cytometry. Results are expressed as mean ± SD of triplicates for each isolate (Group 1, n = 7; Group 2, n = 6; Group 3, n = 5). * P < 0.05; ** P < 0.01. 
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Figure 4. Differentiation of hAMSCs obtained from Group 1, Group 2, and Group 3. Panel (A) shows p2 cells that were induced either in basal medium (a, b) or in differentiation medium of osteogenesis (c) or chondrogenesis (d). Representative panels of three different hAMSC isolates for each Group are shown. Magnification: 10×. Panel (B) illustrates the pixel ratio of hAMSCs of the three donors for each Group grown in different conditions. b.m. stands for basal medium (conditions a and b in Panel A). * P < 0.05; ** P < 0.01. 
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Figure 5. Adhesion of hAMSCs to titanium disks. Panel (A) shows a surface view of the sandblasted disk, obtained by the rugosimeter software. Panel (B) illustrates the results obtained when CM-DiL-labelled cells (p2) obtained from Group 1 (<40), Group 2 (>40), or Group 3 (PE) were seeded on machined (smooth) or sandblasted titanium disks, and associated fluorescence was assessed at 3, 6, 24, 48, and 72 h. ND: not determined. Results are expressed as mean ± SD of three experiments carried out each in triplicate for each isolate. * P < 0.05; ** P < 0.01. 
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Table 1. Characteristics of pregnancies considered in this study.
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	Study Group
	Mother’s Age

(years)
	Gestational Age

(weeks)
	Newborn Sex
	Child Weight (gr)





	Group 1

<40 years

(n = 7)
	28.7 ± 6.7
	39.6 ± 1.1
	M =4

F = 3
	3327 ± 468



	Group 2

>40 years

(n = 6)
	41.8 ± 2.0 **
	40.3 ± 0.9
	M = 3

F = 3
	3375 ± 185



	Group 3

Pre-eclampsia

(n = 5)
	30.6 ± 2.4 *
	37.3 ± 2.2 *
	M = 3

F = 2
	2740 ± 439







Data are shown as mean ± S.D. ** P < 0.01 mother’s age Group 2 vs. Groups 1; * P < 0.05 mother’s age Group 3 vs. Group 2; * P < 0.05 gestational age Group 3 vs. Group 2.
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