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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.
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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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Figure 9. The diagrams above show a comparison of changes in gene expression on the seventh and fourteenth daysin
exosome-treated hydrogel scaffolds. (*significant at the level of p <0.05. *** significant at the level of p <0.001).
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