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TITOLO  

AMNIOTIC MESENCHYMAL CELL RELEASED FACTORS AS THERAPEUTIC TOOL FOR TRAUMATIC 

BRAIN INJURY 

BACKGROUND 

The severity and long-term consequences of brain damage in traumatic brain injured (TBI) patients 

urgently call for neuroprotective/neuroreparative strategies. In this context mesenchymal stromal cells 

(MSC) hold great promise because of their involvement in multiple protection and repair mechanisms. 

The pleiotropic action of MSC include the secretion of neurotrophic factors1–3, promotion of angiogenesis4–

6, neurogenesis and synaptic plasticity7–9, and modulation of immune responses10–12. Mounting evidence 

shows that infused MSC predominantly act by paracrine effects by releasing bioactive factors13–18, thus 

suggesting the potential for a cell-free approach with MSC-secretome in the conditioned medium (CM). 

Whether the release of MSC bioactive factors is influenced/stimulated by the injured environment  and, 

more generally, whether or not an in vitro or in vivo challenging stimulus to the MSC is needed to induce 

or enhance the release of their bioactive factors is still an open question.  

Data investigating MSC/CM immunomodulatory properties in basal conditions or after a challenging 

stimulus suggest that MSC obtained from different sources may behave differently. MSC derived from the 

human amniotic membrane (hAMSC) inhibit T-cell proliferation19 and the maturation and function of 

monocyte-derived dendritic cells in vitro20 and in vivo21. Interestingly, similar effects were observed in 

vitro when hAMSC were used in non-contact, transwell settings22, or when the CM obtained from the 

culture of hAMSC was used23,24. At variance, BM-MSC and their CM exert immunomodulatory potential 

only if the cells are cultured in the presence of activating conditions24,25. This raises an interesting and 

advantageous point to hAMSC since MSC immunomodulatory effects constitute a key underlying 

mechanism of their therapeutic potential in acute brain injury. 

 

AIMS 

In the first part of the project, we assess the efficacy of hAMSC in in vivo and in vitro models of acute 

brain injury, to evaluate whether the effects of hAMSC, via the secretome, are dependent on hAMSC 

exposure to the injured environment, and to gain insight on the features of the in vitro protective 

secretome.  

 

METHODS 

hAMSC isolation and culture. Human term placentas, obtained after written informed consent, were 

processed as previously described26.  

Production of conditioned medium (CM). hAMSC are cultured in neurobasal medium supplemented with 

B27 (NB/B27, B27 1:50, L-glutamine 1:100, penicillin 100U/ml, streptomycin 100µg/ml) for 5 days. The 

supernatants are collected, centrifuged, filtered as previously described23.  

Traumatic brain injury (TBI). C57BL/6J male mice were anesthetized with isoflurane inhalation 

(induction: 3%, maintenance: 1.5%) in an N2O/O2 (70%/30%) mixture and placed in a stereotaxic 

frame. Rectal temperature was maintained at 37°C. Mice were then subjected to craniectomy followed by 

induction of controlled cortical impact brain injury over the left parieto-temporal cortex (AP=-2.5mm, L=-

2.5mm), at impactor velocity of 5m/s and deformation depth of 1mm as previously described12. Sham-

operated mice received identical procedure without brain injury. 



Cell transplantation. Twenty-four hours after surgery, hAMSC (passage 2-3) or PBS were administered 

intracerebroventricularly (icv) or intravenously (iv). Icv administration: 150,000 hAMSC delivered in 5µl 

of PBS stereotactically infused in the contralateral ventricle (AP=0mm, L=-1mm, V=-3mm) in 

anesthetized mice6. Iv administration: 106 hAMSC delivered in 200µl of PBS with 1µg heparin through the 

tail vein in awake mice. Control mice received the same volume of PBS or PBS/heparin for icv or iv, 

respectively. 

Behavioral tests. Sensorimotor deficits were evaluated by neuroscore and beam walk tests at 1d (before 

hAMSC infusion, baseline) and weekly up to 4w as previously described6,12. Neuroscore ranges from 12 

(normal) to 0 (severely impaired). Beam walk: number of foot-faults of a trained mouse walking twice on 

an elevated and narrow wooden beam (5mm wide and 100cm length) normalized on the baseline value. 

Values lower than 1 indicate improvement. 

Organotypic cortical brain culture. Organotypic cortical brain slices were obtained from prefrontal cortex 

of C57BL/6 mouse pups (P1-3)27. Slices were cultured in culture medium (MEM-Glutamax 25%, basal 

medium eagle 25%, horse serum 25%, glucose 0.6%, Penicillin 100U/ml, Streptomicin 100µg/mL; 

pH=7.2) for two days and then in NB/B27 up to 1 week.  

In vitro acute brain injury. Cortical slices were subjected to oxygen-glucose deprivation (OGD), an in vitro 

model of brain ischemia28 (hypoxic chamber: [O2]=0.1%, [CO2]=5%, [N2]=95%; DMEM without 

glucose). After a 2h OGD period, cortical slices were returned to a normoxic incubator and medium was 

replaced with NB/B27. Control cortical slices (CTRL, not exposed to ischemic injury) were maintained in 

normoxic incubator with NB/B27. 

Post-injury treatments. One hour after OGD, cortical slices were washed with PBS and subjected to: 1) no 

treatment: the medium was replaced with fresh NB/B27; 2) hAMSC treatment: the inserts containing the 

cortical slices were transferred into a 6-well plate containing hAMSC (600,000 hAMSC/well plated the day 

before OGD) and 1ml of fresh NB/B27 was added to each well; 3) CM treatment: the medium was 

replaced with CM diluted in NB/B27. For dose response experiments, different concentrations of CM (from 

1% to 100%) were tested. CM at 50% was used for all the following experiments. 

CM heating. Heating (80°C for 30min) was used to achieve protein denaturation.  

CM fractionation. Sequential size-exclusion/gel-filtration chromatography (Vivaspin2 column, Sartorius 

Stedim; PD MiniTrapG-10, GE Healthcare Life Sciences) was used to obtain and collect different CM sub-

fractions potentially enriched in soluble factors on the basis of molar mass distribution range.  

Evaluation of cell death. Twenty-four or 48h after injury, the inserts with cortical slices were incubated 

with NB/B27 containing propidium iodide (PI) 2µM (Sigma Aldrich). After a 30min incubation, images 

were captured at 4x magnification using an Olympus IX71 microscope with TRITC filter. Images were 

analyzed with Fiji software 29: the integrated mean fluorescence intensity was quantified and normalized 

over the slice area (in mm2) calculated before injury. The cell mortality of all groups is expressed as 

percentage mortality of OGD group (representing 100% mortality). 

Immunofluorescence analysis. Slices were fixed in 4% paraformaldehyde, dehydrated and frozen. Free 

floating whole cortical slices were incubated with primary antibody rabbit anti-BDNF (1:200, sc-546, 

Santa CruzBiotechnology) and mouse anti-MAP2 primary antibody (#MAB3418 Chemicon International) 

followed by fluoro-conjugated secondary antibody.  

Gene expression analysis. Forty-eight hours after injury, slices were collected and total RNA was 

extracted using miRNeasy mini kit (Qiagen). Samples were treated with DNase (Life Technologies) and 

reverse-transcribed with random hexamer primers using Multi-Scribe Reverse Transcriptase (Life 

Technologies). Real-time reverse transcription PCR was performed according to the manufacturer’s 

instructions. Expression of the following genes was analyzed: MAP2, CD31, GFAP, CD11b, Ym1, TNFα, 

BDNF andVEGF; β-Actin, RPL27 and B2M were used as housekeeping reference genes and relative gene 

expression levels were determined according to the manufacturer’s ∆∆Ct method. Data are expressed as 

log2 of fold change compared to CTRL group. Primers were designed to match selectively mouse 

sequences using Primer3 (http://bioinfo.ut.ee/primer3-0.4.0/) based on GenBank accession numbers. 

 

  



RESULTS 

Icv- or iv-delivered hAMSC protect mice from TBI

In vivo experiments were performed according to experimental design in figure 1A. 

PBS either icv or iv 24h after TBI showed comparable behavioral impairments at neuroscore and beam 

walk tests at all times, so the data from the two groups were pooled and considered as TBI PBS (Fig.1B

C). Neuroscore indicated a significant improvement of sensorimotor f

hAMSC, respectively. From 2w on, hAMSC either icv or iv produced similar significant improvement 

(Fig.1B). The beam walk test also indicated an earlier effect of icv hAMSC, with similar effects of icv or iv 

at 5w (Fig.1C). 

 

hAMSC and CM treatments protect cortical slices from acute brain injury

To investigate whether the effects of 

injured environment, brain cortical slices were injured by OGD, then exposed to hAMSC in a transwell 

system or to the CM (Fig.2A). hAMSC or CM did not affect cell viability in 

OGD (CTRL, Fig.2B-D). After OGD exposure, PI incorporation in cortical slices massively increased. 

Treatment (1h post OGD) with either hAMSC or CM significantly reduced PI incorporation compared to 

OGD at 24h (Fig.2C) and at 48h (Fig.2D).

The CM effect is dose-dependent

OGD-injured cortical slices were treated with 

assessed at 48h (Fig.2E). The CM dose

concentrations exerting protection and the latter showing maximal efficacy (56% reduction versus OGD). 

Since the effect was maximal with 50% CM, this dose was selected for all subsequent experiments.

 

Fig.1. hAMSC protect sensorimotor function in TBI mice. 
infused intracerebroventricularly (icv) or intravenously (iv) 24h after TBI or sham injury. 
Sensorimotor deficits were assessed weekly. B
lasting improvement of sensorimotor deficits, measured by neuroscore (B) or beam walk (C) tests. 
Data are mean±SD, n=12, Two
*p<0.05, **p<0.01, ***p<0.001 TBI PBS vs. TBI hAMSC icv; °p<0.05, °°°p<0.001 TBI PBS vs. TBI 
hAMSC iv. 

delivered hAMSC protect mice from TBI 

In vivo experiments were performed according to experimental design in figure 1A. 

or iv 24h after TBI showed comparable behavioral impairments at neuroscore and beam 

walk tests at all times, so the data from the two groups were pooled and considered as TBI PBS (Fig.1B

C). Neuroscore indicated a significant improvement of sensorimotor function 1w and 2w after icv and iv 

hAMSC, respectively. From 2w on, hAMSC either icv or iv produced similar significant improvement 

(Fig.1B). The beam walk test also indicated an earlier effect of icv hAMSC, with similar effects of icv or iv 

hAMSC and CM treatments protect cortical slices from acute brain injury 

investigate whether the effects of hAMSC, through the secretome depend on hAMSC exposure to the 

cortical slices were injured by OGD, then exposed to hAMSC in a transwell 

hAMSC or CM did not affect cell viability in cortical slices not

D). After OGD exposure, PI incorporation in cortical slices massively increased. 

Treatment (1h post OGD) with either hAMSC or CM significantly reduced PI incorporation compared to 

OGD at 24h (Fig.2C) and at 48h (Fig.2D). 

dependent 

injured cortical slices were treated with six CM doses, from 1 to 100%, and PI incorporation 

at 48h (Fig.2E). The CM dose-response curve displayed a hormetic effect, with 10 and 50% CM 

tection and the latter showing maximal efficacy (56% reduction versus OGD). 

maximal with 50% CM, this dose was selected for all subsequent experiments.

AMSC protect sensorimotor function in TBI mice. A) Experimental design. hAMSC were 
infused intracerebroventricularly (icv) or intravenously (iv) 24h after TBI or sham injury. 
Sensorimotor deficits were assessed weekly. B-C) hAMSC delivered either icv or iv induced early, 
lasting improvement of sensorimotor deficits, measured by neuroscore (B) or beam walk (C) tests. 

mean±SD, n=12, Two-way ANOVA for RM p<0.0001, followed by Tukey’s post
0.001 TBI PBS vs. TBI hAMSC icv; °p<0.05, °°°p<0.001 TBI PBS vs. TBI 

In vivo experiments were performed according to experimental design in figure 1A. TBI mice receiving 

or iv 24h after TBI showed comparable behavioral impairments at neuroscore and beam 

walk tests at all times, so the data from the two groups were pooled and considered as TBI PBS (Fig.1B-

unction 1w and 2w after icv and iv 

hAMSC, respectively. From 2w on, hAMSC either icv or iv produced similar significant improvement 

(Fig.1B). The beam walk test also indicated an earlier effect of icv hAMSC, with similar effects of icv or iv 

 

 

hAMSC, through the secretome depend on hAMSC exposure to the 

cortical slices were injured by OGD, then exposed to hAMSC in a transwell 

cortical slices not exposed to 

D). After OGD exposure, PI incorporation in cortical slices massively increased. 

Treatment (1h post OGD) with either hAMSC or CM significantly reduced PI incorporation compared to 

and PI incorporation was 

response curve displayed a hormetic effect, with 10 and 50% CM 

tection and the latter showing maximal efficacy (56% reduction versus OGD). 

maximal with 50% CM, this dose was selected for all subsequent experiments. 

Experimental design. hAMSC were 
infused intracerebroventricularly (icv) or intravenously (iv) 24h after TBI or sham injury. 

delivered either icv or iv induced early, 
lasting improvement of sensorimotor deficits, measured by neuroscore (B) or beam walk (C) tests. 

way ANOVA for RM p<0.0001, followed by Tukey’s post-hoc test. 
0.001 TBI PBS vs. TBI hAMSC icv; °p<0.05, °°°p<0.001 TBI PBS vs. TBI 



Fig.2 hAMSC and CM treatments protect cortical slices after injury.

Cortical slices were prepared from the prefrontal cortex of mouse pups and cultured one week before 

injury. Acute brain injury was modeled by 2h oxygen

injury, cortical slices were cultured 

with their CM in a transwell system. Cortical slice mortality was evaluated by propidium iodide (PI) 

incorporation at 24h and 48h. B) Representative images of PI incorporation at 48h in the dif

experimental conditions. C-D) Quantification of PI incorporation 24h (C) and 48h (D) after OGD shows 

similar protection after hAMSC or CM. E) Quantification of CM dose

at 48h post-OGD; there was hormetic effect wi

Data are mean+SD, n=18-20, One way ANOVA p<0.0001, followed by Tukey’s post

hAMSC and CM treatments protect cortical slices after injury. A) Experimental design. 

Cortical slices were prepared from the prefrontal cortex of mouse pups and cultured one week before 

injury. Acute brain injury was modeled by 2h oxygen-glucose deprivation (OGD). One hour post 

injury, cortical slices were cultured in control medium (no treatment), or co-cultured with hAMSC or 

with their CM in a transwell system. Cortical slice mortality was evaluated by propidium iodide (PI) 

incorporation at 24h and 48h. B) Representative images of PI incorporation at 48h in the dif

D) Quantification of PI incorporation 24h (C) and 48h (D) after OGD shows 

similar protection after hAMSC or CM. E) Quantification of CM dose-response effect by PI incorporation 

OGD; there was hormetic effect with maximum reduction in PI incorporation at 50% CM. 

20, One way ANOVA p<0.0001, followed by Tukey’s post
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hAMSC and CM treatments modify the gene expression of brain cell population markers

OGD reduced the expression of the neuronal marker MAP2. Both hAMSC and CM significantly attenuated 

this injury (Fig.3A). OGD did not affect the expression of the endothelial mar

hAMSC strongly up-regulated CD31 compared to OGD (Fig.3B). GFAP expression was not affected by 

OGD or treatments (Fig.3C). OGD did not affect the expression of the microglial marker CD11b. Both 

hAMSC and CM up-regulated of CD11b compa

hAMSC and CM induce protective microenvironmental changes

To describe the inflammatory effects possibly associated with the increase in CD11b after hAMSC or CM, 

we assessed the mRNA expression of the M2 marker Ym1 and the M1 marker TN

affected by OGD, but was significantly up

TNFα and neither hAMSC nor CM changed this effect (Fig.3F). 

Next we assessed the possible induction of BDNF and VEGF, two trophic factors i

vascular remodeling. OGD down-regulated BDNF and VEGF. Both hAMSC and CM up

(Fig.3G) while only CM, and not hAMSC, significantly up

Fig.3. hAMSC and CM treatments after OGD modify mRNA expression of brain population 

markers and induce protective microenvironmental changes.

CM effects on cortical gene expression 48h after OGD of (A) the neuronal marker MAP2 (microtubul

associated protein-2), (B) the endothelial marker CD31 (also known as platelet endothelial cell 

adhesion molecule, PECAM-1), (C) the microglial marker CD11b (cluster of differentiation molecule 

11b), (D) the astrocytic marker GFAP (astrocytic glial fibri

microglial M2 polarization), (F) TNFα (tumor necrosis factor α, marker of microglial M1 polarization), 

(G) BDNF (brain derived neurotrophic factor) and (H) VEGF (vascular endothelial growth factor). Data 

are expressed as log2 of the fold change from the CTRL group. Data are mean±SD, n=6

ANOVA p<0.001, followed by Tukey’s post

**p<0.01, ***p<0.001 compared to OGD; ##p<0.01 compared to OGD hAMSC.
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Protective mediators are temperature

Heat-treated CM (80°C, 30min) reduced PI incorporation 48h after OGD to a similar extent to unheated 

CM (CM=-45%, CM-heated=-43% versus OGD, 

are not proteins with secondary structures. We then fractionated CM with 2kDa cut

ultrafiltration (Fig.4A). CM fraction <2kDa, but not >2kDa, induced a protect
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The effects of total CM and CM FrA2 on cortical brain slices were analysed by immunofluorescence.  

Compared to CTRL cortical slices, OGD drastically reduced MAP2 and BDNF staining (Fig.5A-B). Both CM 

and CM FrA2 mitigated neuronal loss and boosted BDNF production by neuronal and non-neuronal cells in 

cortical slices (Fig.5C-D).  

 

 

 
 

  

Fig.5. BDNF production increases after treatment with CM and FrA2. Confocal microscopy 48h 

after injury of CTRL (A), OGD (B), OGD CM (C), OGD CM FrA2 (D) cortical slices. Both CM and CM 

FrA2 increased the production of BDNF (red) expressed by neuronal (yellow in the merge right panel) 

and non-neuronal (red in the merge right panel) populations. Bar = 20 µm. 



CONCLUSIONS  

We have demonstrated that soluble factors released by hAMSC protect the brain after acute injury both in 

vivo and in vitro. Protective mediators are released by hAMSC in unstimulated conditions, as shown by 

the comparable efficacy of CM and hAMSC. Moreover, by sequential size exclusion and gel filtration 

chromatography we have shown that protective molecules have small molecular weight (<2kDa) 

identifying a sub-fraction (FrA2) enriched for bioactive effectors. 

We previously reported that brain (icv) infusion of human MSC from cord blood3 and bone marrow6,12 

induced long-term functional and structural protection in TBI. The protective effects however were not 

related to the presence of cells in the contusion tissue3 suggesting a paracrine action of MSC30,31. 

Accordingly, here we show long-term protection on sensorimotor function by hAMSC given either 

centrally (icv) or iv to TBI mice.  

Whether infused cells need to sense the injured environment to exert their beneficial functions is 

debated. We used organotypic cortical brain slices subjected to OGD to mimic ischemic injury as a critical 

component of focal TBI. Injured cortical slices were exposed to hAMSC in a transwell system (thus 

preventing direct cell-cell contact and allowing only a paracrine effect), or to the CM collected after 

culture in unstimulated conditions. Both treatments induced comparable protection after acute brain 

injury, indicating that cross-talk between hAMSC and damaged tissue is not vital for the release of 

bioactive factors. This was corroborated by gene expression analysis exploring the involvement of the 

different brain cell populations in the protection. CM and hAMSC had similar rescue effects on the MAP2 

neuronal marker together with significant up-regulation of the neurotrophin BDNF. CM had a distinct 

effect over hAMSC on vascular-related genes with an increase of CD31 expression and a rescue effect on 

the OGD down-regulated growth factor VEGF. We also observed a strong inflammatory effect with both 

hAMSC and CM, characterized by up-regulation of the CD11b microglia marker, with an increase of the 

Ym1 M2 protective marker and no change in the M1 pro-inflammatory marker TNFα.  

The data support the potential for a cell-free therapeutic strategy for acute brain injury and pose the 

challenge of identifying the protective bioactive factors in the secretome. Here by sequential size-

exclusion and gel-filtration chromatography we obtained enriched fractions, and showed that FrA2, rich in 

small molecules provided more protection against injury than total CM as supported by the further 

reduction of PI incorporation. 

 

FUTURE PLANS 

In the next months the project will be aimed at: 

- to assess the FrA2 effect on cortical gene expression in order to investigate if this sub-fraction 

recapitulates the effects exerted by total CM 

- to assess the specificity of the hAMSC derived CM comparing its effects with the effects of the CM 

derived from other sources (i.e. fibroblasts) 

- to analyze the CM FrA2 composition by peptidomics and metabolomic analysis 

- to assess the efficacy of total CM and CM FrA2 in the in vivo model of TBI 

 

  



REFERENCES 

1. Li, Y. et al. Human marrow stromal cell therapy for stroke in rat: neurotrophins and functional 

recovery. Neurology 59, 514–523 (2002). 

2. Wakabayashi, K. et al. Transplantation of human mesenchymal stem cells promotes functional 

improvement and increased expression of neurotrophic factors in a rat focal cerebral ischemia model. 

J. Neurosci. Res. 88, 1017–1025 (2010). 

3. Zanier, E. R. et al. Human umbilical cord blood mesenchymal stem cells protect mice brain after 

trauma. Crit. Care Med. 39, 2501–2510 (2011). 

4. Zacharek, A. et al. Angiopoietin1/Tie2 and VEGF/Flk1 induced by MSC treatment amplifies 

angiogenesis and vascular stabilization after stroke. J. Cereb. Blood Flow Metab. Off. J. Int. Soc. 

Cereb. Blood Flow Metab. 27, 1684–1691 (2007). 

5. Menge, T. et al. Mesenchymal stem cells regulate blood-brain barrier integrity through TIMP3 release 

after traumatic brain injury. Sci. Transl. Med. 4, 161ra150 (2012). 

6. Pischiutta, F. et al. Immunosuppression does not affect human bone marrow mesenchymal stromal 

cell efficacy after transplantation in traumatized mice brain. Neuropharmacology 79C, 119–126 

(2014). 

7. Yoo, S.-W. et al. Mesenchymal stem cells promote proliferation of endogenous neural stem cells and 

survival of newborn cells in a rat stroke model. Exp. Mol. Med. 40, 387–397 (2008). 

8. Bao, X. et al. Transplantation of human bone marrow-derived mesenchymal stem cells promotes 

behavioral recovery and endogenous neurogenesis after cerebral ischemia in rats. Brain Res. 1367, 

103–113 (2011). 

9. Gutiérrez-Fernández, M. et al. Effects of intravenous administration of allogenic bone marrow- and 

adipose tissue-derived mesenchymal stem cells on functional recovery and brain repair markers in 

experimental ischemic stroke. Stem Cell Res. Ther. 4, 11 (2013). 

10. Ohtaki, H. et al. Stem/progenitor cells from bone marrow decrease neuronal death in global ischemia 

by modulation of inflammatory/immune responses. Proc. Natl. Acad. Sci. U. S. A. 105, 14638–14643 

(2008). 

11. Zhang, R. et al. Anti-inflammatory and immunomodulatory mechanisms of mesenchymal stem cell 

transplantation in experimental traumatic brain injury. J. Neuroinflammation 10, 106 (2013). 

12. Zanier, E. R. et al. Bone marrow mesenchymal stromal cells drive protective M2 microglia 

polarization after brain trauma. Neurother. J. Am. Soc. Exp. Neurother. 11, 679–695 (2014). 

13. Gnecchi, M. et al. Paracrine action accounts for marked protection of ischemic heart by Akt-modified 

mesenchymal stem cells. Nat. Med. 11, 367–368 (2005). 

14. Gnecchi, M., Zhang, Z., Ni, A. & Dzau, V. J. Paracrine mechanisms in adult stem cell signaling and 

therapy. Circ. Res. 103, 1204–1219 (2008). 

15. Caplan, A. I. & Dennis, J. E. Mesenchymal stem cells as trophic mediators. J. Cell. Biochem. 98, 

1076–1084 (2006). 

16. de Girolamo, L. et al. Mesenchymal stem/stromal cells: a new cells as drugs’’ paradigm. Efficacy and 

critical aspects in cell therapy. Curr. Pharm. Des. 19, 2459–2473 (2013). 

17. Teixeira, F. G., Carvalho, M. M., Sousa, N. & Salgado, A. J. Mesenchymal stem cells secretome: a 

new paradigm for central nervous system regeneration? Cell. Mol. Life Sci. CMLS 70, 3871–3882 

(2013). 

18. Drago, D. et al. The stem cell secretome and its role in brain repair. Biochimie 95, 2271–2285 

(2013). 

19. Magatti, M. et al. Human amnion mesenchyme harbors cells with allogeneic T-cell suppression and 

stimulation capabilities. Stem Cells Dayt. Ohio 26, 182–192 (2008). 

20. Magatti, M. et al. Amniotic mesenchymal tissue cells inhibit dendritic cell differentiation of peripheral 

blood and amnion resident monocytes. Cell Transplant. 18, 899–914 (2009). 

21. Parolini, O. et al. Therapeutic effect of human amniotic membrane-derived cells on experimental 

arthritis and other inflammatory disorders. Arthritis Rheumatol. Hoboken NJ 66, 327–339 (2014). 

22. Magatti, M. et al. Human amniotic membrane-derived mesenchymal and epithelial cells exert 

different effects on monocyte-derived dendritic cell differentiation and function. Cell Transplant. 

(2014). doi:10.3727/096368914X684033 

23. Pianta, S. et al. Amniotic membrane mesenchymal cells-derived factors skew T cell polarization 

toward treg and downregulate Th1 and th17 cells subsets. Stem Cell Rev. 11, 394–407 (2015). 



24. Rossi, D., Pianta, S., Magatti, M., Sedlmayr, P. & Parolini, O. Characterization of the conditioned 

medium from amniotic membrane cells: prostaglandins as key effectors of its immunomodulatory 

activity. PloS One 7, e46956 (2012). 

25. Groh, M. E., Maitra, B., Szekely, E. & Koç, O. N. Human mesenchymal stem cells require monocyte-

mediated activation to suppress alloreactive T cells. Exp. Hematol. 33, 928–934 (2005). 

26. Magatti M, Pianta S, Silini A & Parolini O. in Mesenchymal Stem Cells: Methods and Protocols 

(Massimiliano Gnecchi, 2015). 

27. Dossi, E. et al. Functional regeneration of the ex-vivo reconstructed mesocorticolimbic dopaminergic 

system. Cereb. Cortex N. Y. N 1991 23, 2905–2922 (2013). 

28. Gesuete, R. et al. Glial cells drive preconditioning-induced blood-brain barrier protection. Stroke J. 

Cereb. Circ. 42, 1445–1453 (2011). 

29. Schindelin, J. et al. Fiji: an open-source platform for biological-image analysis. Nat. Methods 9, 676–

682 (2012). 

30. Liang, X., Ding, Y., Zhang, Y., Tse, H.-F. & Lian, Q. Paracrine mechanisms of mesenchymal stem cell-

based therapy: current status and perspectives. Cell Transplant. 23, 1045–1059 (2014). 

31. Acosta, S. A., Tajiri, N., Hoover, J., Kaneko, Y. & Borlongan, C. V. Intravenous Bone Marrow Stem 

Cell Grafts Preferentially Migrate to Spleen and Abrogate Chronic Inflammation in Stroke. Stroke J. 

Cereb. Circ. 46, 2616–2627 (2015). 

 


