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The effect of cerebrospinal fluid-derived exosomes on neural differentiation
of adipose mesenchymal stem cells in alginate hydrogel scaffold
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Abstract. Nowadays, researchers have made extensive efforts to find new treatments for nerve damage. Meanwhile, the
role of exosomes in cell-cell communication is considered to be a new mechanism. Exosomes can act as suitable
differentiating agents. The aim of this study was to investigate the differentiating effect of cerebrospina fluid-derived
exosomes on adipose mesenchymal stem cells in alginate hydrogel. Exosomes were extracted from the cerebrospinal
fluid by ultracentrifugation and were then identified by atomic force microscopy (AFM), SEM and DLS technique. In
addition, Adipose Mesenchymal Stem cellsin alginate hydrogel were treated with different concentrations of exosomes.
Cell survival was assessed by MTT and Acridine Orange/Ethidium Bromide methods. Cell differentiation was processed
by immunocytochemistry and Real-Time PCR. Examinations confirmed the presence of exosomes with an approximate size
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of 70 nm. Cell survival results indicate that he ability of cells to survive and proliferate during 14 days. Also, the
expression of MAP2 proteins (microtubule-associated protein 2) and Nestin (intermediate filament protein) was
confirmed by immunocytochemistry. The results of Real Time - PCR showed that during the seventh and fourteenth
days the expression level of MAP2 gene increased and the expression of Nestin gene showed a significant decrease
compared to the control group. This study showed that exosomes extracted from cerebrospinal fluid can cause neuronal
differentiation of Adipose mesenchymal stem cellsin alginate hydrogel scaffolds.

Key words. extracellular vesicles, hydrogel, immunocytochemistry, tissue engineering, ultracentrifugation
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Figure 1. Scanning electron microscopy (SEM) image. Exosomes range from 40 to 100 nm in size, as their sphericity

can be seen in the picture.
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Figure 2. Exosome size analysis by DLS. The particle diameter
observed at 70 nm.
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Figure 3. Atomic force microscope image. A. 2D images. B. 3D images. The images show that the isolated exosomes

have an appearance of optimal size and spherical shape.
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Figure 4. Phase contrast microscopy image. A. Adipose mesenchymal stem cells were observed as fibroblast-like and
spindle-shaped during the first week of culture. B. After the third passage, fibroblast-like and spindle-shaped
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Figure 5. A. Alginate hydrogel beads prepared by drip method in culture medium. B, C. Cells in the hydrogel seven
days after culture. Scale 100 ym and 20 um by phase contrast microscopy, respectively.
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Figure 6. A sample of fluorescent microscope images of alginate hydrogel scaffolds with Adipose mesenchymal stem

cells on the fourteenth day after culture, stained with acridine orange / ethidium bromide. Arrows indicate cells with cell
death. A. Scale 100 ym. B. Scale 20 pm.

272/YVY


http://dx.doi.org/10.52547/nbr.8.4.265
https://dorl.net/dor/20.1001.1.24236330.1400.8.4.4.9
https://system.khu.ac.ir/nbr/article-1-3473-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30 ]

[ DOR: 20.1001.1.24236330.1400.8.4.4.9 ]

[ DOI: 10.52547/nbr.8.4.265 ]

Nova Biologica Reperta 8(4): 265-278 (2022)

(OVF ) YPOYYA F ol A ol o i pole 1o (s (slaazily

[+ F:1 I A
comntrol

oD (&57m

”
Il

No treatment

i
i i

20 pg/ml 40 pg/ml

#1day = 7day # 14 day

5 9,5wa) pojeiST dale g0 b e g Slujl slass,ans 5o ons ools cusS oyz (ceriilie ol sla sk o (ol ;o MTT s b -V IS

(ol o gme P<efe o) mhaw jsmaa) NF 9V Y sbogg, b (i Lo

Figure 7. MTT test results in assessing the survival of Adipose mesenchymal stem cells cultured in alginate hydrogels
and treated with two exosome concentrations on days 1, 7 and 14. (*** issignificant at the level of p <0.001).
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Figure 8. Immunofluorescent staining for Nestin and MAP2 markers in differentiated fat mesenchymal stem cells on
aginate hydrogels. A, B and C were scaffolds without treatment, treatment with concentration of 20 and treatment with

concentration of 40 pg/ml exosome on the seventh day, respectively, and D, E and F were scaffolds without treatment,
concentration of 20 and concentration of 40 pug / ml Exosome on the fourteenth day, respectively.
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Figure 9. Comparison of the mean percentage of Nestin and MAP2 positive cells on the seventh and fourteenth days.
Increasing the concentration of exosomes decreased the percentage of Nestin positive cells on the seventh and
fourteenth days. An increase in the percentage of MAP2 positive cells was observed in the treated group with a
concentration of 20 pg/ml on the seventh day. Also, thisincrease in the percentage of MAP2 positive cellsis seenin the

treated group with a concentration of 40 on the seventh and fourteenth day, which are significantly different from the
control group. (* significant at the level of p <0.05. *** significant at the level of p <0.001).
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5 ool gl boead ol Spso 4 ax bl gl e alii MAP2 5 Nestin gl SiLis s 4 51
Mo yd d s ¥ S59 doyo b s O jgo dr a9 S5g,8 Jle yo cries (Khosravizadeh et d., 2014) ailacsls
Bozzaet) s)ls oras ploi cuz ;o e o 8hee V G5y ol o pll Sludll a0 59y » o5 lasdllas YO F
ol el YOO F Jls 0 6,50 oldlas mbs @, 2014 o> ol sl she a5 Slo3ll J5g,000 a5 ol sols
‘_g‘J.: wl.«.a GO dw Jaw t_éla.i)” J)j)du.(b as ols uL«-MJ Connd |) (emas ))LN ..blngo Siloads 4.]5.»...5.:‘ Q—| 090 styo
7 usb )| 00 \..\:? L§°L.¢';-.’ 6L‘°J9J““" (smas J.;Lo; 9 s )‘ J..ol: G’L"’ e A0 W‘)S‘ GO g0 oS Jat.zn L
1oy ole o Gl e RIBl g wS e el Sl g &5 08 aie G (pl )0 (sedgtimsie]

275/YYH


http://dx.doi.org/10.52547/nbr.8.4.265
https://dorl.net/dor/20.1001.1.24236330.1400.8.4.4.9
https://system.khu.ac.ir/nbr/article-1-3473-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30 ]

[ DOR: 20.1001.1.24236330.1400.8.4.4.9 ]

[ DOI: 10.52547/nbr.8.4.265 ]

Cheravi et al.The effect of cerebrospinal fluid of exosomes of on neura differentiation

! 45 o (asiie g WSS B (cwyp 3590 Shge (orae
Jotes ) JBE 9 (e sladobe g5k 5 Lo lapgse3S]
ool B ol 0 erdyimsiay] Sldlhe S s
srae ook glske > GFAP 5 MAP2 (L, nl3
4 |, mir-9 lpg;e] a5 Wl Lafine uizes w3
LIRS JRPUPEIC R PN PROKC PRI
sk 5 nled )0 oot 8 bole a5 95800 HESL ples
(Yuanetd., 2021) s ,ls sobss slo Jolw

CSF aloz 5l oy lule Shigims L alay 0 a5 (slaslllas ;o
s M el was el Wl S3 s a s
Gl el oald osalive g g (LS (S mle slapgiesST
Cligime LS5 )0 oo Ui 3re a5 sl ] 51 Sl baesls
Jols LMIRNA gyl & g oo alox o] 51 0l CSF wbo
o puslyp o MIr-125 mir-124 mir-9 Lethal-7 (let-7)
Jlo o Koo adss o uzen (Yagi €t d., 2017)s 5 oLl
G Ui i b el lapgssl a5 s ol ol Y10
Ngdeo 7 ol ool sbdshe o 59,8 4 by
.(Farinazzo & d., 2015)

s pled 59y 2 pgieFT 23U L bl )0 a5 glasllae )
sy » PCI2 lajsho 5l it slapgipst b s ol
R sy 3yee e Sy D & (perdilie ool sla sl
NSE neuron-specific s MAP2 _cac slo S )l oLy g 285
2led )0 dapgieST oplaS o sols las g .0 saalin ENOlase
2w,y ple o (Takeda & Xu, 2015) o)l i wae
L LopgjsiST a5 sl ouds (st )] Sligime g bapgioist s,
S s ol s g sm U Jsber b 4 Uty Ji
Luo et d., ) oS obn! b slocys,s 9 Sigds (omae pled g
o plowl as ol glosle (55, 5 &5 i 50 .(2018
Sle el Ban Jslo & bapgjes8T JUisl aS™ ool ools lis ol
IR (omas pled Koo B)b 1 g 0ad goln slaobe iS5
Ol LopgieiSl & Conl oud (lpie fagh cnl jo a3
223 o malS gy s MRNA &l 9o 2 o |; Nestin
.(Cui ¢t d., 2012)

05,5 4 Cummd o2 59, 50 NESUN () Ly yol> Goios 5o
a Camd (Jy CBla gl (e gl Voclale b Lo
95 % Oezed el 03,8 lag )l (Gae S ¥e il
S 9y 4 o )l 28 05 Gl Ol el
5505 L bag e wlg o Nestin by rals aes o oyl
Wl ,8b cov 9,9 aass slop) e ol g 4k Sl
Gom Al o il G s (Sl il 5 pg3955] Lasss

e nled (S e b slopsisiST SO Sen 5 552

ase pled 5l e 39, 00, GFAP 3 MAP2 Nestin
b Nestin o5 ol (Razavi et d., 2015) REXPPIA
Oype ol o3k lashe o (i S p @S
oaiaslis Wiy go o oliee 4 NESIN oly (Jy 9,5 oo
OFon Ol oRlBl sl peae 4l Gladsle el
a5l G ladshe ol has anld el djie 4, Nestin
Ol eras pled Wl g0y ol (See Lo iy slasbe
(Berna & Arranz, 2018) sl awsls 1, Nestin

onolonMbe}Io@Twa@@bj)a
g,y 5l eolatul b ool J59,0u 5l oo aisle slacs ls
5SS g b CoblB clS e 90T Wlgi se (6,05 o kb
ST Gam 90 CllS Ay Ced Wiz o ol ail | e Jole
3ol Wl e Egoge pl il 005 lay ralS b sl
izl L 5 Sl S50 3 ook 53,5 lymnSl azl,d
WD gre Bk (pl )0 adl (e Gl eredS 0)lS )
Sl ange cdile 5l ladsle e gl 4 oltws lp
A oold lis yuisres 0gd oolaiwl (S Moy V) S
sl Gl Sl Jig,0ue 50 ool eSSl (sla ok
SlapgioS| jpax 5l GioS (al o wizmes Wies 655
pled Jole S laie 4 £l gxe molo 5l ond Sl
o ooliinl pgje 3T (e Lamre a4y Cunnd

S e mle oras GlapgisSl e b ) S
I b xegilb Voo B Ye o5lil b plotisle ebo (ghne
30 g pol> adlas (Stuendl et dl., 2016) wiwn o5
Voo BYe o3lasl b 51,3 lapgjessT ol lis mmlbo cpl wub
aS Cawl ool plas sl Gldlas s 08 S g tegils
MRNA a5y aiile (o5ie slodsse sl bapgiess]
arg oype yioy LMIRNA ol cnl 5l aisd oo sl
Giorgi Silveiraet ) as,lo 1, o5 ole pebas i 1) ociws
6‘)" ) ).:.A S Sl ool gﬁM Cypired (al, 2020
Sl 4 MIRNA I 8 ase apgse5T a5 ol 512018
Wl oo 52939551 GLMIRNA L35 (pl oy o a5 4 2yl o0
258 (soeiilie ol sladobe pled 5 2S5 Sl

Al o cege 8 lapgieiST a5 cowl ool cols ol
ol sl okw 5l oo zldaul slapgiesSl .aijls 554,98

276/YY#


http://dx.doi.org/10.52547/nbr.8.4.265
https://dorl.net/dor/20.1001.1.24236330.1400.8.4.4.9
https://system.khu.ac.ir/nbr/article-1-3473-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30 ]

[ DOR: 20.1001.1.24236330.1400.8.4.4.9 ]

[ DOI: 10.52547/nbr.8.4.265 ]

Nova Biologica Reperta 8(4): 265-278 (2022)

REFERENCES

Bernal, A. & Arranz, L. 2018. Nestin-expressing
progenitor cells: function, identity and therapeutic
implications. Cellular and Molecular Life Sciences
75: 2177-2195.

Billiet, T., Gevaert, E., De Schryver, T., Cornelissen, M.
& Dubruel, P. 2014. The 3D printing of gelatin
methacrylamide cell-laden tissue-engineered constructs
with high cell viahility. Biomaterials 35: 49-62.

Bozza, A., Coates, E.E., Incitti, T., Ferlin, K.M.,
Messina, A., Menna, E., Bozzi, Y., Fisher, J.P. &
Casarosa, S. 2014. Neura differentiation of
pluripotent cells in 3D alginate-based cultures.
Biomaterials 35: 4636-4645.

Capeling, M.M., Czerwinski, M., Huang, S., Tsai,
Y.H., Wu, A, Nagy, M.S., Juliar, B., Sundaram,
N., Song, Y., Han, W.M., Takayama, S., Alsberg,
E., Garcia, A.J., Helmrath, M., Putnam, AJ. &
Spence, J.R. 2019. Nonadhesive alginate hydrogels
support growth of pluripotent stem cell-derived
intestinal organoids. Stem Cell Reports 12: 381-39%4.

Cavo, M., Fato, M., Penuela, L., Beltrame, F., Raiteri, R.
& Scaglione, S. 2016. Microenvironment complexity and
matrix gtiffness regulate breast cancer cdll activity ina3D
invitro model. Scientific Reports 6: 1-13.

Cui, Y., Xiao, Z., Han, J., Sun, J., Ding, W., Zhao, Y.,
Chen, B., Li, X. & Dai, J. 2012. MiR-125b
orchestrates cell proliferation, differentiation and
migration in neural stem/progenitor cells by targeting
nestin. BMC Neuroscience 116: 1-13.

Farinazzo, A., Turano, E., Marconi, S., Bistaffa, E.,
Bazzoli, E. & Bonetti, B. 2015. Murine adipose-
derived mesenchymal stromal cell vesicles: in vitro
clues for neuroprotective and neuroregenerative
approaches. Cytotherapy 17: 571-578.

Farivar, S., Mohamadzade, Z., Shiari, R. & Fahimzad, A.
2015. Neurd differentiation of human umbilica cord
mesenchymal stem cells by cerebrospina fluid. Iranian
Journa of Child Neurology 9: 87-93.

Forcales, S.V. 2015. Potential of adipose-derived stem
cells in muscular regenerative therapies. Frontiers in
Aging Neuroscience 7: 1-12.

Giorgi Silveira, R., Perello Ferrua, C., do Amaral,
C.C., Fernandez Garcia, T., de Souza, K.B. &
Nedel, F. 2020. MicroRNAs expressed in neuronal
differentiation and their associated pathways:
Systematic review and bioinformatics analysis. Brain
Research Bulletin 157: 140-148.

Gu, X., Ding, F. & Williams, DF. 2014. Neural tissue
engineering options for periphera nerve regeneration.
Biomaterials 35: 6143-6156.

Guha, D., Lorenz, D.R., Misra, V., Chettimada, S.,
Morgello, S. & Gabuzda, D. 2019. Proteomic
analysis of cerebrospinal fluid extracellular vesicles
reveals synaptic injury, inflammation, and stress
response markers in HIV patients with cognitive
impairment. Journal of Neuroinflammation 16: 1-19.

Hamzah, R.N., Alghazali, K.M., Biris, A.S. & Griffin, R.J.
2021. Exosome tracesbility and cell source dependence on
composition and Cel-Cdl Cross Tak. Internationa
Journal of Molecular Sciences 22; 1-17 (5346).

OF+ ) YFO-YYA F olads h als o ey psle 15 g sloazily

i gy Jlslang,s a3l e 4 MAP2 (5 (L
Voo chile b jled 0g)F 4 G S5 09 olhe g, 0
Gl Fe CBIE b s 058 4 s g bl slis
O ol a5 ad eols flad puzen Cwl gyld g Dol
Syl ali8l was o> 55, .0 MAP2

Spg;esST adlas cpl 5l esnl Cawd & @l wll
weas plod 4 B b e mbe 5l ead g5l
sl DLl J3g,0em 00 )7 sertilie ol lashe
Ly ras sl lon Oloyo @ bgrye OMSGs 4 4z L I
S ol ol ol depgieSl sla S 4 axg
bssbon ol Gloys Cuzr 50 o) 5 (5 (Bl dops)es]
oy yrbw Slbllae Ll) cnl 5o o 0yl 392y @
3,10 & yg00 MalS S Lng‘_,’_;lﬁ)‘)l

&l Sl

S50 gm Olador 5 e sboaclus 5 5K 5l Colys o
Sz g o5 Sgedee ool ST oSl (g5l (5SS (50,8
D98 0 (6wl Wdges Lyl oy 285 Badow ol plaxl

277IYVY


http://dx.doi.org/10.52547/nbr.8.4.265
https://dorl.net/dor/20.1001.1.24236330.1400.8.4.4.9
https://system.khu.ac.ir/nbr/article-1-3473-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30 ]

[ DOR: 20.1001.1.24236330.1400.8.4.4.9 ]

[ DOI: 10.52547/nbr.8.4.265 ]

Cheravi et al.The effect of cerebrospinal fluid of exosomes of on neura differentiation

Jin, Q., Wu, P., Zhou, X., Qian, H. & Xu, W. 2021.
Extracellular vesicles. novel roles in neurological
disorders. Stem Cells International 2021: 1-16.

Khosravizadeh, Z., Razavi, S., Bahramian, H. &
Kazemi, M. 2014. The beneficiad effect of
encapsulated human adipose-derived stem cells in
alginate hydrogel on neural differentiation. Journal of
Biomedical Materials Research - Part B Applied
Biomaterials 102: 749-755.

Lin, H.R, Heish, C.W, Liu, C.H, Muduli, S., Li, H.F,,
Higuchi, A., Kumar, S.S., Alarfaj, A.A., Munusamy,
M.A., Hsu, S.T., Chen, D.C., Benelli, G., Murugan,
K., Cheng, N.C., Wang, H.C. & Wu, G.J. 2017.
Purification and differentiation of human adipose-
derived stem cells by membrane filtration and membrane
migration methods. Scientific Reports 7: 1-13.

Lizarraga-Valderrama, L.R. & Sheridan, G.K. 2021.
Extracellular vesicles and intercellular communication
in the central nervous system. FEBS Letters 595:
1391-1410.

Luo, L., Hu, D.H, Yin, J.Q. & Xu, R.X. 2018. Molecular
mechanisms of transdifferentiation of adipose-derived
gem cdls into neura cells Current stetus and
perspectives. Stem Cells International 8: 1-14.

Martins, T.S., Catita, J., Rosa, .M., Da Cruz e Silva,
O.A.B. & Henriques, AG. 2018. Exosome isolation
from distinct biofluids using precipitation and
column-based approaches. PLoS ONE 13: 1-16.

Mathew, B., Mansuri, M.S., Williams, K.R. & Nairn,
AC. 2021. Exosomes as emerging biomarker tools in
neurodegenerative and neuropsychiatric disorders—a
proteomics perspective. Brain Sciences 11: 1-18.

Rajmohan, D. & Bellmer, D. 2019. Characterization of
spirulina-alginate beads formed using ionic gelation.
International Journal of Food Science 219: 1-7.

Razavi, S., Jahromi, M., Amirpour, N. &
Khosravizadeh, Z. 2014. Effect of sertraline on
proliferation and neurogenic differentiation of human
adipose-derived stem cells. Advanced Biomedical
Research 3: 97-102.

Razavi, S., Khosravizadeh, Z., Bahramian, H. &
Kazemi, M. 2015. Time-dependent effect of
encapsulating aginate hydrogel on neurogenic
potential. Cell Journal 17: 304-311.

Scioli, M.G., Bielli, A., Gentile, P., Mazzaglia, D.,
Cervelli, V. & Orlandi, A. 2014. The biomolecular
basis of adipogenic differentiation of adipose-derived
stem cells. International Journal of Molecular
Sciences 15: 6517-6526.

srae pled  (£56 ire mle glapsieisT Bl Sen 5 55,2

Stuendl, A., Kunadt, M., Kruse, N., Bartels, C.,
Moebius, W., Danzer, K.M., Mollenhauer, B. &
Schneider, A. 2016. Induction of a-synuclein
aggregate formation by CSF exosomes from patients
with parkinson’s disease and dementia with Lewy
bodies. Brain 139: 481-494.

Takeda, Y.S. & Xu, Q. 2015. Neuronal differentiation of
human mesenchymal stem cells using exosomes
derived from differentiating neurona cells. PL0S
ONE 10: 1-15

Upadhyay, R.K. 2017. Role of biologica scaffolds,
hydro gels and stem cells in tissue regeneration
therapy. Advances in Tissue Engineering &
Regenerative Medicine 2: 1-15.

Waller, R., Wyles, M., Heath, P.R., Kazoka, M.,
Wollff, H., Shaw, P.J. & Kirby, J. 2018. Small RNA
sequencing of sporadic amyotrophic lateral sclerosis
cerebrospina fluid reveals differentially expressed
miRNAS related to neural and glia activity. Frontiers
in Neuroscience 11: 1-13.

Yagi, Y., Ohkubo, T., Kawaji, H., Machida, A.,
Miyata, H., Goda, S., Roy, S., Hayashizaki, Y.,
Suzuki, H. & Yokota, T. 2017. Next-generation
sequencing-based small RNA  profiling  of
cerebrospinal fluid exosomes. Neuroscience Letters
636: 48-57.

Yang, X., Lu, Z.,, Wu, H., Li, W., Zheng, L. & Zhao, J.
2018. Collagen-alginate as bioink for three-
dimensional (3D) cell printing based cartilage tissue
engineering. Materials Science and Engineering C 83:
195-201.

Yuan, P., Ding, L., Chen, H., Wang, Y., Li, C., Zhao,
S., Yang, X., Ma, Y., Zhu, J., Qi, X.,, Zhang, Y.,
Xia, X. & Zheng, J.C. 2021. Neura stem cell-
derived exosomes regulate neural stem cell
differentiation through miR-9-hesl axis. Frontiers in
Cell and Developmental Biology 9: 1-17.

Zhou, J., Ghoroghi, S., Benito-martin, A., Wu, H.,
Unachukwu, U.J., Einbond, L.S., Guariglia, S.,
Peinado, H. & Redenti, S. 2016. Characterization of
induced pluripotent stem cell microvesicle genesis,
morphology and pluripotent content.  Nature
Publishing Group 6: 1-10.

Zlotogorski, A., Dan, H., Gavriel, D. & Tuula, C.
2015. Morphological and molecular features of oral
fluid - derived exosomes/|: ora cancer patients
versus hedlthy individuals. Journal of Cancer
Research and Clinical Oncology 5: 1-10.

*kkk*k

How to cite this article:

Cheravi, M., Baharara, J., Yaghmaei, P., Hayati Roudbar, N. 2022. The effect of cerebrospina fluid-derived
exosomes on neural differentiation of adipose mesenchymal stem cells in alginate hydrogel scaffold. Nova Biologica

Reperta 8: 265-278. (In Persian).

ol @3k ladsbs as bl p (S8 i mlbe 5 Eie slapgisiS) F1 AT Ly (65b09) STl conalot vz ke wp 8952

YEO-YVA N oo pole 1o (g sloaidly A_JLJ)J] Jia0ee Canals jo o>

278/YYA


http://dx.doi.org/10.52547/nbr.8.4.265
https://dorl.net/dor/20.1001.1.24236330.1400.8.4.4.9
https://system.khu.ac.ir/nbr/article-1-3473-fa.html
http://www.tcpdf.org

