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A B S T R A C T

Background: Hematopoietic stem cell expansion relies on direct cell-cell interactions medi-

ated by adhesion molecules, integrins, and cytokines. Unrestricted somatic stem cells have

emerged as novel stromal cells supporting hematopoietic stem cell expansion in co-culture

conditions via secretion of hematopoiesis-related cytokines and the expression of adhesion

molecules. Previous research showed fibrin increased hematopoiesis-related gene expres-

sion in these cells. This study focused on the adhesive characteristics of unrestricted

somatic stem cells on 3D fibrin scaffolds.

Methods: Unrestricted somatic stem cells were isolated from umbilical cord blood and char-

acterized using flow cytometry and multilineage differentiation assays. Scanning electron

microscopy and DAPI staining were employed to analyze cell attachment to fibrin. Viability

on fibrin was assessed through MTT assays. Quantitative polymerase chain reaction was

conducted to evaluate the expression of intercellular adhesion molecule 1 (ICAM-1), integ-

rin subunit av (ITGAV), and integrin subunit b3 (ITGB3) in cells cultured on 3D fibrin

scaffolds.

Results: Cells were positive for CD73, CD105, and CD166 but negative for CD45. Alizarin red

and Oil red O stains confirmed calcium deposition and lipid vacuoles. MTT assays revealed

that fibrin positively impacts viability. ITGAV expression was significantly increased in

cells cultured on fibrin compared to those cultured on plastic tissue culture plates (Control

Group). Furthermore, ITGB3 expression showed no significant change in both groups, while

ICAM-1 expression was downregulated in cells cultured on fibrin.
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Conclusions: Our study revealed that fibrin has a positive impact on the expression of ITGAV,

which plays a crucial role in direct cell-cell interactions affecting hematopoietic stem cell

expansion.

� 2025 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 According to the European Society for Blood and Marrow Trans-

3 plantation, hematopoietic stem cell transplantation (HSCT) is a

4 potentially curative therapy for several life-threatening diseases

5 including, solid tumors, immune disorders and hematological

6 malignancies with acute myeloid leukemia being the most fre-

7 quent indication for allogeneic HSCT, followed by acute lympho-

8 blastic leukemia in Europe.1Although an HLA-matched sibling is

9 the preferred donor, only approximately 30% of patients who

10 could benefit from HSCT have such a donor available. One of the

11 available options for tackling this issue is the manipulation of

12 umbilical cord blood (UCB) -hematopoietic stem cells (HSCs) due

13 to less stringent requirements for HLA matching.2 However,

14 despite all the advantageous aspects of UCB, its primary draw-

15 back is the low yield of HSCs in comparison to bone marrow

16 (BM) or peripheral blood-mobilized HSCs. Consequently, this

17 leads to complications including delayed hematological recov-

18 ery, higher graft failure rates, and risk of infection.3

19 Great efforts have been dedicated to overcoming this limita-

20 tion by expanding the number of HSCs both in vivo and in vitro.

21 One of the applied methods is co-culture protocols developed

22 for the expansion of UCB-HSC.4 Mesenchymal stem cells (MSC),

23 one of the cord blood cells used in co-culture, functions as a

24 support for HSCs.5 Different studies demonstrate that MSCs in

25 NOD/SCID mice induce engraftment of UCB-derived CD34+

26 cells.6,7 In addition to MSCs, another UCB-derived cell termed

27 unrestricted somatic stem cell (USSC) can also promote the

28 expansion of HSCs.8 This rare CD45-negative population grows

29 adherently and can be expanded to 1015 cells without losing plu-

30 ripotency.9 Hashemi et al. used MSCs and USSCs as feeder

31 layers to increase the population of UCB-CD34+ cells for bone

32 marrow transplantation.10 Another study also reported that

33 USSCs significantly supported the proliferation of HSCs in the

34 bone marrow of NOD/SCID mice and showed no sign of tumori-

35 genicity.11 The possible underlying reason for the positive influ-

36 ence of USSCs on HSC proliferation is the production of

37 hematopoiesis-supporting cytokines. Compared to MSCs, these

38 cells produce significantly more hematopoiesis-related cyto-

39 kines such as stem cell factor (SCF) thus making them a better

40 candidate for stroma-driven in vitro expansion of UCB-HSCs.8

41 It is worth noting that the interaction of the HSCs with their

42 micro-environmental constituents is another contributing factor

43 to their expansion. For instance, the interaction of stromal

44 cell�derived factor 1 (SDF�1) with CXCR4, a G�protein�coupled

45 receptor, considerably affects HSC proliferation, survival, and dif-

46 ferentiation.12 Furthermore, direct cell-cell interactionsmediated

47 via various types of adhesion molecules play a crucial role in the

48 fate of HSCs by affecting different mechanisms involved in self-

49 renewal, differentiation, migration, quiescence, and apoptosis.

50Some of the most important adhesion molecules involved in

51HSC homing are integrins, selectins, N-Cadherin, notch recep-

52tors, CD44, esam1, cytohesin1, serum response factor (Srf), inter-

53cellular adhesion molecule 1 (ICAM-1), erythropoietin-producing

54hepatocellular (Eph) and ephrins as well as the SDF-1a/CXCR4

55axis.13 Integrin-avb3 plays a fundamental role in the mainte-

56nance of HSCs through interaction with thrombopoietin, a cru-

57cial cytokine for the activation of dormant HSCs.14 Of note,

58ICAM-1 is essential for maintaining HSC quiescence and repopu-

59lation capacity in the niche, and in studies ICAM-1 deletion led

60to failure in the retention of HSCs in the bone marrow and

61changed the expression profile of stroma cell-derived factors.15

62Three-dimensional culture systems are growing rapidly

63worldwide due to their ability to mimic tissue-like structures

64more efficiently compared to monolayer cultures particularly

65in cancer and stem cell research.16 A study conducted by

66Kumbhar et al. demonstrated that the inhabitability of UCB-

67MSCs was improved using 3D scaffold-based cultures through

68proper adhesion and proliferation.17 Furthermore, enhance-

69ment of the development and regulation of cellular signaling

70in stem cells using 3D cell platforms has also been reported.18

71Multiple studies acknowledge that 3D microenvironments

72can promote cell viability and direct cell adhesion,19 prolifera-

73tion,20 differentiation,21 andmigration22 via the regulated pre-

74sentation of mechanical and biochemical cues. Among the

75most widely used scaffolds, fibrin gel is superior in various

76aspects, such as high seeding efficiency and uniform cell dis-

77tribution. Additionally, it can be harvested from the patient’s

78own blood and used as an autologous scaffold excluding the

79potential risk of unintended reaction or infection.23

80Previous research24 highlighted the favorable impact of

81fibrin on the increased expression of hematopoiesis-related

82genes in USSCs. In alignment with these findings, the present

83study focused on the expression of several adhesionmolecule

84genes - ICAM-1, integrin subunit av (ITGAV), and integrin sub-

85unit b3 (ITGB3) - in USSCs cultured on a 3D fibrin scaffold.

86This emphasis arises from the crucial role of direct cell-cell

87interactions in HSC expansion. Together, these studies pro-

88vide a new perspective for further investigations into whether

89USSCs as stroma cells can effectively support HSC expansion

90in co-culture conditions on a 3D fibrin scaffold.

91Materials andmethods

92Isolation and expansion of unrestricted somatic stem cells

93from umbilical cord blood

94The procedures for the collection of human UCB units were

95performed after the informed consent of the mothers, in

96accordance with the Ethics Committee of the Tarbiat Modares
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97 University (IR.MODARES.REC.1399.026). Experiments were

98 performed with eight cord blood units. USSCs were isolated

99 and cultivated according to the standardized protocol pub-

100 lished by Kogler et al.9 The mononuclear cell fraction was first

101 separated from UCB using a hydroxyethyl starch buffer (Santa

102 Cruz Biotechnology, Santa Cruz, CA; sc-215159) followed by

103 centrifugation (400 g for 25 min) on a Ficoll density gradient

104 (Panbiotech, Germany; density 1.077 g/cm3; P04-60225). As a

105 result, the solution inside the tube was divided into four dis-

106 tinct parts, serum, a layer of mononuclear cells, Ficoll, and

107 red blood cells (RBCs). The separated mononuclear cells were

108 plated out at 5-7£106 cells/mL in T25 culture flasks with Dul-

109 becco’s modified Eagle’s medium (DMEM) - low glucose

110 (Gibco, 31600-083) supplemented with 30% fetal bovine serum

111 (FBS) (Gibco; 10270106), 10�7 M dexamethasone (SigmaAl-

112 drich; D4902), 2 mM glutamine (Sigma; G8540), 100 U/mL

113 streptomycin (Gibco; 122-15140), and 100 mg/mL penicillin

114 (Gibco). The cells were incubated at 37°C with 5% CO2 in a fully

115 humidified atmosphere. The culture medium was changed to

116 DMEM supplemented with 10% FBS without dexamethasone

117 after the appearance of adherent USSC colonies. The cells

118 were split when confluency reached 80% by detaching the

119 cells with 0.25% trypsin and re-plating them in a ratio of 1:3

120 under the previously described medium conditions.

121 Monoclonal antibodies for the immunophenotyping of

122 unrestricted somatic stem cells

123 The immunophenotype of the USSC cultures in the 3th pas-

124 sage (5 mL for 106 cells) was investigated using the Attune NxT

125 Flow cytometer. The following monoclonal antibodies were

126 used: CD73-FITC (Biolegend, 344015), CD105-PE (Biolegend,

127 USA; 323205), CD166-PE (Biolegend, USA; 343903), and CD45-

128 FITC (Biolegend, USA; 304006).

129 Differentiation of unrestricted somatic stem cells into

130 adipocytes and osteoblasts

131 The differentiation protocol was based on the Kogler proto-

132 col.9 In the first stage, USSCs at the 3th passage were planted

133 into six-well plates at a density of 5 x l03 cells/well. For osteo-

134 blasts to be induced, after reaching 80% confluency, the cul-

135 ture medium was replaced with osteogenic induction

136 medium supplemented with 10% FBS (Gibco), 10 mM

137 b�glycerol phosphate (Sigma Aldrich; 50020), 10�7 M dexa-

138 methasone (D2915), and 50 mg/mL ascorbic acid biphosphate

139 (Sigma Aldrich; A8960). After 21 days of osteogenic stimula-

140 tion, USSCs were fixed in 4% paraformaldehyde and stained

141 with Alizarin Red (Sigma Aldrich; A5533) as an indication of

142 osteoblast-typical calcification and functional competency of

143 the differentiated cells. For induction of adipogenic differenti-

144 ation, the same method was applied with the difference that

145 the medium consisted of DMEM, 10% FBS, 250 nM dexametha-

146 sone, 60 nM insulin, 0.5 mM isobutyl� methylxanthine, and

147 0.2 mM indomethacin (all from Sigma�Aldrich) in order to

148 stimulate adipogenesis. Moreover, for the detection of lipid

149 vacuoles, Oil Red O staining was used on the 21st day. The

150 images were captured via an inverted microscope using a

151 200x magnification.

152Fibrin preparation

153Utilizing a 3D scaffold for HSC expansion can mimic the bone

154marrow microenvironment, providing sufficient surface area

155for cell adhesion, as well as increased porosity to allow cell

156migration and nutrient exchange.25 In contrast, 2D expansion

157strategies significantly reduce HSC proliferation.26 Fabrication

158of fibrin gel was performed according to the method described

159by Soleimannejad et al.27 The fibrinogen solution was pre-

160pared by dissolving 1.5 mg of fibrinogen (Sigma Aldrich;

161F3879) in 0.5 mL DMEM and transferred to a 24-well culture

162dish. Next, 50 mL of FBS and 15 mL of a thrombin solution

163(120 U/mL in 1 M sodium buffer; Sigma, USA; 1.12374) were

164added to the fibrinogen solution (3 mg/mL). To allow for the

165formation of a 3D network structure, the plate was incubated

166at 37°C for 1 hour.

167Assessment of cell attachment

168Scanning electron microscopy

169To investigate the fibrin scaffold microstructure and cell-

170seeded fibrin gels, scanning electron microscopy (SEM)

171was used. After 12 hours of incubation, the specimen

172preparation for SEM analysis was according to the follow-

173ing procedure: in the first stage, the seeded cells on fibrin

174were fixed in 3% glutaraldehyde for 45 minutes at room

175temperature and rinsed twice in sterile phosphate-buff-

176ered saline (PBS). In the next step, the sample was kept at

1774°C in PBS overnight and then dehydrated through a

178graded ethanol series solution (25%, 50%, 70%, 80%, 90%,

179and 100%). In the end, the prepared sample was dried and

180examined by SEM (XL30, Philips, Holland) under 1000x

181magnification.

18240,6-diamidino-2-phenylindole (DAPI) staining

183USSCs were fixed in 4% paraformaldehyde for 20 minutes at 4°

184C. After paraformaldehyde removal, cells were incubated with

185DAPI (Sigma) for 30 minutes at room temperature in the dark.

186After three washes using PBS, the DAPI-stained nuclei were

187observed using a fluorescence microscope (Nikon TE-2000)

188under 100x magnification.

189Assessment of cell viability by 3-(4,5-dimethylthiazol-2-yl)-

1902,5-diphenyltetrazolium bromide (MTT) assay

191In Both the Control Group (without fibrin) and the Experi-

192mental Group (with fibrin), USSCs were seeded at a con-

193centration of 1£105 cells per well in a 48-well plate and

194were incubated (37°C and 5% CO2) for 1, 3, and 5 days.

195After the incubation period, 10 mL of the MTT labeling

196reagent (final concentration 0.5 mg/mL; 475989) was added

197to each well. Thereafter, the MTT solution was removed,

198and prepared DMSO was added to sufficiently dissolve the

199formazan crystals. In the final stage, the absorbance for

200each well was measured at 570 nm optical density using

201an enzyme-linked immunosorbent assay (ELISA) reader

202(BIOTEK, ELX800, Germany).
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203 Gene expression analysis of unrestricted somatic stem cells by

204 quantitative polymerase chain reaction

205 Quantitative polymerase chain reaction (qPCR) was per-

206 formed to evaluate the expression of the ICAM, ITGAV, and

207 ITGb3 genes. USSCs in both Control and Experimental Groups

208 were seeded at a density of 2£104 cells per well into 24-well

209 plates for 48 hours. Samples were then harvested and total

210 RNAs were extracted using Trizol (Invitrogen: 15596018)

211 according to the manufacturer’s instructions. Subsequently,

212 complementary DNA (cDNA) was synthesized using the

213 cDNA Synthesis Kit (SMOBIO: RP1000) and qPCR was per-

214 formed in an ABI StepOne PCR system (Applied Biosystems)

215 over 40 cycles via SYBR Green Master Mix high ROX (Ampli-

216 qon, A325402). The primer sequences used for the qPCR are

217 listed in (Table 1). The PCR products were run on 2% agarose

218 gel electrophoresis and stained with ethidium bromide. HPRT

219 was used as the housekeeping gene. Of note, all reactions

220 were conducted in triplicate. Finally, relative gene expres-

221 sions were analyzed using the 2�DDCt method.

222 Statistical analysis

223 Data were analyzed using Graph Pad Prism� software version

224 9.0 (GraphPad Software, USA). All data are presented as

225 means § standard deviation (SD). For the MTT assay, data

226 were analyzed using two-way repeated-measures ANOVA to

227evaluate the effect of fibrin on cell viability over the specified

228days. For qPCR, the normality of the data was assessed using

229the Shapiro-Wilk test, which confirmed that the data followed

230a Gaussian distribution. Statistical analysis was then per-

231formed using two-way repeated-measures ANOVA. Data are

232normalized to the HPRT gene.

233Results

234Characterization of unrestricted somatic stem cells

235In this study, USSCs were identified as adherent, spindle�-

236shaped cells as the arrows indicate in Figure 1a. This figure

237shows USSCs cultured on plastic tissue culture plates (Control

238Group) for three days, with confluency levels of approxi-

239mately 30%. Figure 1b shows the same cells on Day 8 with

240confluency levels reaching around 80%. Isolated USSCs at the

2413th passage were analyzed using flow cytometry to assess cell

242surface markers. The results show a cell surface expression

243profile of CD73 (97.9%), CD105 (97.2%), and CD166 (93.8%), with

244negativity (0.2%) for CD45 markers (Figure 2). The percentages

245provided came directly from the acquisition for total cells.

246USSCs have the potential to differentiate into both osteogenic

247and adipogenic lineages as confirmed by positive staining.

248Specifically Figure 3a demonstrates differentiation toward

249osteogenesis, as indicated by Alizarin Red staining for cal-

250cium deposits, while Figure 3b shows differentiation toward

251adipogenesis, highlighted by Oil Red O staining for lipid vacu-

252ole, which are indicated by arrows in Figure 3.

253Evaluation of cell attachment

254As shown in Figure 4a, the images obtained by SEM analy-

255sis clearly show fibrin fibers with USSCs properly attached.

256In addition, Figure 4b demonstrates cells without fibrin

257networks. Fluorescence tracked DAPI-labeled USSCs

Table 1 – Primer sequences used for quantitative poly-
merase chain reaction.

Homo sapiens Primer Sequence

ICAM1 ICAM1/F GAAGGTGTATGAACTGAGCAATG

ICAM1/R TGGCAGCGTAGGGTAAGG

ITGAV ITGAV/F TCCGAAACAATGAAGCCTTAG

ITGAV/R GCACACTGAAACGAAGACC

ITGB3 ITGB3/F AACCGTTACTGCCGTGAC

ITGB3/R GGACACTCTGGCTCTTCTAC

Figure 1 –Morphological characteristics of unrestricted somatic stem cells (USSCs). (a) Spindle-shaped morphology of USSCs

under an optical microscope on Day 3 with approximately 30% confluency. (b) USSCs at 80% confluency on Day 8. Both images

(a) and (b) are from the Control Group (magnification 100x, scale bar = 50 mm).
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258 cultured on the fibrin scaffold are shown in Figure 4c. The

259 blue color corresponds to viable nuclei, with more blue

260 spots indicating a higher number of viable cells attached

261 to fibrin. The light microscopy image in Figure 4d also

262 shows USSCs attached to fibrin, representing the Study

263 Group. Altogether, these three sets of data confirm the

264 adhesion of cells to fibrin.

265Evaluation of USSCs viability cultured on fibrin

266Based on the results obtained from MTT assay, the prolifera-

267tion of USSCs cultured on fibrin (Figure 5b) significantly

268increased compared to those cultured on plastic tissue cul-

269ture plates (Control) on Day 1 (p-value = 0.0051), Day 3 (p-

270value = 0.0068), and Day 5 (p-value <0.0001).

Figure 2 – Immunophenotypes of unrestricted somatic stem cells (USSCs). USSCs were positive for CD73, CD105, and CD166 but

negative for CD45.

Figure 3 –Multilineage differentiation potential of unrestricted somatic stem cells (USSCs). (a) After osteogenic induction, min-

eralized calcium nodules were detected using Alizarin Red staining (magnification 200x) (b) After adipogenic induction, lipid

droplets were visualized by Oil Red O staining (magnification 200x).
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Figure 4 –Cell attachment on fibrin. (a) Scanning electron microscopy (SEM) image of unrestricted somatic stem cells (USSCs)

with fibrin. (b) SEM image of USSCs without fibrin. (c) Viable nuclei (blue) were shown using DAPI staining under a fluores-

cence microscopy. (d) Light microscopy image of USSCs attached to fibrin (scale bar = 50 mm).

Figure 5 –Effect of fibrin on unrestricted somatic stem cell

(USSC) viability. TheMTT assay result showed that fibrin has

a positive effect on the proliferation of USSCs cultured on

fibrin scaffolds at Day 1, 3, and 5 of continuous culture

compared to those cultured on plastic tissue culture plates

(Control Group). **p-value = 0.0051, **p-value = 0.0068 and
****p-value < 0.0001 compared to control group.

Figure 6 –Effect of fibrin on expression levels of ICAM, ITGAV,

and ITGB3 in unrestricted somatic stem cells (USSCs). Quan-

titative polymerase chain reaction analysis revealed a signif-

icant increase in themRNA expression levels of ITGAV in the

fibrin group. Notably, fibrin did not exert an effect on the

mRNA expression of ITGB3 in USSCs. The expression level of

ICAMwas significantly decreased compared to those

cultured on plastic tissue culture plate. Data are presented

as means § standard deviation (SD). NS, not significant;
****p-value < 0.0001 compared to Control Group (n = 3).
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271 Expression of genes related to adhesion in unrestricted somatic

272 stem cells cultured with fibrin

273 As shown in Figure 6, the expression of ITGAV was signifi-

274 cantly higher in USSC cultured on fibrin compared to that cul-

275 tured on plastic tissue culture plates (Control Group; p-value

276 <0.0001). There was little difference in the expression of

277 ITGB3 between the two groups (p-value = 0.2278). In contrast,

278 the expression of ICAM-1 was downregulated in USSCs cul-

279 tured on fibrin compared to those cultured on plastic tissue

280 culture plates (p-value <0.0001). Information regarding the

281 mean, SD and p-values for both groups is shown in Table S1.

282 Discussion

283 UCB-HSCs have many beneficial aspects, including noninva-

284 sive collection, greater capacity of expansion, and remarkable

285 tolerance in respect to HLA matching in transplantation thus

286 making them a potential therapeutic candidate for hemato-

287 logical disorders. Nevertheless, their insufficient amount may

288 lead to complications such as delayed engraftment.12 There-

289 fore, finding a viable solution for the expansion of HSCs

290 seems to be a promising area for future development. USSCs

291 are potential candidates for stroma-driven in vitro expansion

292 of CD34+ cells from UCB to improve reconstitution and

293 engraftment since they produce considerable amounts of

294 functional hematopoiesis-supporting cytokines and are supe-

295 rior to MSCs in supporting the expansion of the UCB-HSCs.8

296 Moreover, in a recent study by Chan et al., USSCs promoted a

297 significant enhancement of CD34+ cell homing to the bone

298 marrow and spleen.28 According to USSCs pluripotency and

299 their expansion capacity into large quantities, they may serve

300 as a global allogeneic stem cell source for various therapeutic

301 options including transplantation, cellular therapy for tissue

302 repair, and tissue regeneration.9 Therefore, in vitro expansion

303 of USSCs may hold the key to tackling the issue of an inade-

304 quate number of HSCs for these treatments.

305 The HSC fate decision is controlled through direct cell-cell

306 interactions - mediated via different types of adhesion mole-

307 cules, - cell-ECM interactions - mediated mostly via integrins,

308 - or through soluble mediators like cytokines.13 In other

309 words, HSC adhesion to the substrate is assumed to be part of

310 the natural process taking place in the HSC niche that regu-

311 lates cell proliferation and differentiation.29 There is also evi-

312 dence that cell adhesion is a known indicator of cell

313 expansion.30,31 Integrins are one of the most important clas-

314 ses of the various types of adhesion molecules involved in the

315 interaction of HSCs with their microenvironment.13 A study

316 conducted in 2003, revealed that MSCs express various integ-

317 rins, including ITGAV, and ITGB3 as well as ICAM-1, suggest-

318 ing a possible in vivo role for these cells in both hematopoietic

319 and immune function.32 Due to the ability of crosstalk

320 between integrins and growth factor receptors through char-

321 acteristic bidirectional signaling mechanisms, they can sup-

322 port cell proliferation and migration.33 Specifically, avb1

323 (VLA-5) along with a4b1 (VLA-4) and aLb2 (LFA-1) play a cru-

324 cial role in HSC adhesion to endothelial cells and their subse-

325 quent trans-endothelial migration toward the SDF-1a

326 (CXCL12)-expressing stromal cells.34 Wierenga et al.35

327reported a significant reduction in HSCs homing to bone mar-

328row following the blocking of their avb1 integrins before

329transplantation.

330In a study conducted on different types of 3D biomaterial

331scaffolds, fibrin achieved the highest overall growth rate of

332CD34+ HSCs, highest numbers of engraftment and multiline-

333age differentiation, hence making it the most suitable option

334for in vitro expansion of UC-HSCs.36 Furthermore, another

335study revealed that seeding cytotoxic stem cells in fibrin scaf-

336folds considerably elevated the initial retention and signifi-

337cantly prolonged the persistence and efficacy of the cells in

338the post-surgical brain cancer glioblastoma resection cavity.37

339Moreover, fibrin also contributes to an increase in the expres-

340sion of cytokines related to HSC proliferation, survival, and

341differentiation such as SCF and TPO.24

342As expected, in this study the ITGAV expression was nota-

343bly increased in USSCs cultured on fibrin compared to those

344cultured on plastic tissue culture plates which illustrates the

345positive impact of the fibrin scaffold on ITGAV levels. This

346result is in line with the findings of a previous study which

347highlighted the positive potential of fibrin on higher expres-

348sions of hematopoiesis genes such as SCF and TPO in USSCs

349cultured on fibrin.24 Previous studies show that integrin aIIbb3

350(CD41/CD61) probably plays a part in cell adhesion and cell

351surface-mediated signaling.38 Nonetheless, in contrast to its

352counterpart, USSCs cultured on fibrin displayed no significant

353changes in the ITGBb3 gene expression in this study. Surpris-

354ingly, there was a decreasing trend observed in ICAM1 expres-

355sion. Referring to previously published data,24 USSCs seeded

356on fibrin showed decreased levels of Interleukin 6 (IL-6), which

357might be the underlying reason for the diminished ICAM1

358expression. Importantly, this reduction in mRNA level of IL-6

359was not attributable to the effect of fibrin and depended on

360atmospheric conditions (21% oxygen). Adjusting atmospheric

361conditions to 5% oxygen might result in the observation of

362positive effects on IL-6 expression. Considering multiple stud-

363ies indicating that ICAM1 expression can be induced by IL-6,

364which can even promote its gene expression in endothelial

365cells and human osteosarcoma cells,39,40 the lower amounts

366of IL-6 in USSCs may contribute to the reduction in ICAM1. It

367can be concluded that improving the expression status of

368both genes is achievable through alterations in oxygen condi-

369tions.

370Conclusions

371This is the first time that the adhesive characteristics of

372USSCs on 3D fibrin scaffolds was studied. Taking together the

373findings of our previous and current study, in can be con-

374cluded that the fibrin scaffold demonstrates the potential to

375enhance the expression of various molecules such as SCF,

376TPO and ITGAV in USSCs. Therefore, in future studies, the co-

377culture of USSCs with HSCs on fibrin scaffolds looks promis-

378ing due to the promoting effect of fibrin on the expressions of

379the aforementioned factors by USSCs. It is worth noting that

380according to previously mentioned studies, these adhesive

381and hematopoiesis factors play a fundamental role in HSC

382expansion and regulation in the bone marrow niche.
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