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					Abstract

					Background: Transplantation of cryopreserved follicles can be regarded as a promising strate-gy for preserving fertility in cancer patients under chemotherapy and radiotherapy by reducing the risk of cancer recurrence. The present study aimed to evaluate whether fibrin hydrogel supplemented with platelet lysate (PL) could be applied to enhance follicular survival, growth, and angiogenesis in cryopreserved preantral follicle grafts. Materials and Methods: Preantral follicles were extracted from 15 four-week-old NMRI mice, cryopreserved by cryotop method, and encapsulated in fibrin-platelet lysate for subsequent heterotopic (subcutaneous) auto-trans-plantation into the neck. Transplants were assessed in three groups including fresh follicles in fi-brin-15%PL, cryopreserved follicles in fibrin-15%PL, and cryopreserved follicles in fibrin-0% PL. Two weeks after transplantation, histological, and immunohistochemistry (CD31) analysis were applied to evaluate follicle morphology, survival rate, and vascular formation, respective-ly. Results: Based on the results, fibrin-15% PL significantly increased neovascularization and survival rate (SR) both in cryopreserved (SR=66.96%) and fresh follicle (SR=90.8%) grafts, compared to PL-less fibrin cryopreserved transplants (SR=28.46%). The grafts supplemented with PL included a significantly higher percentage of preantral and antral follicles. Also, no sig-nificant difference was observed in the percentage of preantral follicles between cryopreserved and fresh grafts of fibrin-15% PL. However, a significantly lower (P=0.03) percentage of folli-cles (23.37%) increased to the antral stage in cryopreserved grafts of fibrin-15%PL, compared to fresh grafts (35.01%). Conclusion: The findings demonstrated that fibrin-PL matrix could be a promising strategy to improve cryopreserved follicle transplantation and preserve fertility in cancer patients at the risk of ovarian failure. [GMJ.2020;9:e1558] DOI:10.31661/gmj.v9i0.1558 
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				Introduction

				Recent advances in cancer treatment have markedly improved survival rates in many cancers, although chemotherapeutic regimens and radiation therapy may induce loss of ovarian function and infertility in pre-menopausal patients. In particular, alky-lating agents, platinum-based drugs, and ion-izing irradiation to the pelvis are known to cause gonadotoxicity [1, 2]. During the last 20 years, several options for fertility preservation have been proposed, although the choice of best technique depends on the patient’s age, gender, relationship status, cancer type, and future reproductive goals. The established procedures for preserving fertility include oo-cyte, embryo cryopreservation, and ovarian transplantation. However, some experimental options were reported in development such as ovarian cryopreservation and transplanta-tion, oocyte in vitro maturation, and in vitro growth of primordial follicles, some of which were proven to be successful [3]. Among the established approaches, cryopreservation and transplantation of ovarian tissue have become a widely used procedure for restoring ovar-ian function and fertility in cancer patients. However, there remains a significant risk of the presence of malignant cells in cryopre-served tissues, which may cause a recurrence of the primary disease [2]. In this regard, re-implanting ovarian tissue in these patients is not recommended since some types of can-cer include leukemia and breast cancer may lead to metastasis to the ovaries [4]. Isolation and transplantation of follicles can reduce the risk of reseeding malignant cells because the surrounding basement membrane in ovarian follicles separates them from stroma tissues, nerves, and blood vessels [1]. The ovary con-tains follicles at multiple stages of develop-ment include primordial, primary, secondary, preantral, antral, and pre-ovulatory follicles [5]. In mammals, a large number of follicles are available in the primordial and preantral developmental stage. Preantral follicles, as re-ported by Itoh et al., can be a potential source of genetic material and their oocytes can be implemented in reproducing animal, as well as conserving species at the risk of extinction 

			

		

		
			
				and transgenesis [6]. Further, culture systems for isolated preantral follicles have been suc-cessfully established in mice, bovine, porcine, caprine, as well as in human [6-11]. Although several reports have already documented the successful implantation of primordial and pre-antral follicles [2, 4, 7], no approach has been widely implemented in this regard. Compared to the transplantation of cryopreserved ovary, cryopreservation and implantation of isolat-ed follicles is less complicated, which may be related to the tissues associated with the complex structure of ovarian and harboring compact stroma, as well as different types of cells which make the cryopreservation pro-cess complicated [5, 12]. Thus, a biocompat-ible and biodegradable scaffold is required to maintain the three-dimensional structure of isolated follicles and provide support for their development [1]. Providing an environment for cell differentiation and proliferation, ves-sel recruitment, cell invasion, and according-ly, follicle survival and growth is considered as the main advantage of this approach [1, 4]. Fibrin has been utilized as a cell-embedding material for tissue engineering of cartilage and bone [13], transplantation of mesenchy-mal cells [14], human keratinocytes [15], limbal stem cells [16], inducible pluripotent stem cells (iPS) [17]. Bone marrow-derived mononuclear cell (BMNC) [18], and recently ovarian follicles [1]. This matrix was proven to be biodegradable and biocompatible [12], which may provide sufficient diffusion ca-pacity for proliferative cells [13]. Successful transplantation depends on neovasculariza-tion, although a delay in vascularization may result in creating ischemia and loss of grafted follicles [12]. Platelet concentrates (PC) [19] including platelet lysate (PL), prepared by freeze-thawing the PC, could support prolif-eration, wound healing, tissue, and vascular regeneration [20, 21]. Various growth fac-tors which platelets store in their α-granules including vascular endothelial growth factor (VEGF), insulin-like growth factor (IGF), platelet-derived growth factors (PDGF) and basic fibroblast growth factor (bFGF) are involved in vasculogenesis and survival of endothelial cells [12, 20]. In a recent study, four fibrin-PL formulations containing differ-

			

		

	
		
			
				ent concentrations of PL were investigated, and the formulation with 15% PL promoted follicular survival and growth [12]. By con-sidering the research mentioned above, the present study aimed to evaluate the effect of biodegradable fibrin scaffold supplemented with 15% PL on the survival and growth of cryopreserved ovarian follicle grafts. To this end, the preantral follicles encapsulated in the biomaterial scaffold (fibrin+15% PL) were transplanted into mice following vitrification and thawing. Then, the grafted follicles were assessed for cell survival, maturation, oocyte generation, and vasculogenesis to evaluate their ability to preserve fertility and extend transplantation-based options.

				Materials and Methods

				Experimental Design

				In the present study, follicular growth and survival were evaluated after vitrification and thawing in Naval Medical Research In-stitute (NMRI) mice (n=15). The guidelines for animal welfare were approved by the local Ethics Committee at Royan Institute (approv-al code: k/90/004). Four-week-old female NMRI mice from the Pasteur Institute (Teh-ran, Iran) were used in the present study. Also, the mice were housed in pairs in the rooms maintained at 20-25 ˚C, 50% humidity, and with a 12-h light/12-h dark cycle. Left ovary of each mouse was excised to isolate preantral follicles. Further, a total of 336 follicles were encapsulated in fibrin hydrogel containing 15% PL and evaluated in 15 independent ex-periments following cryopreservation and au-to-transplantation. Accordingly, the obtained results from implantation of cryopreserved follicles were compared to the fresh follicles encapsulated in the same biomaterial matrix (n=320), as well as to the grafts of cryopre-served follicles in PL-less fibrin (n=311). In the next stage, the encapsulated follicles were transplanted under the cervical fascia in the same mouse. Then, the encapsulated folli-cles which were not grafted were assessed by viability test to measure follicular viability before transplantation. After 14 days of auto-transplantation, the transplants were analyzed for follicular survival and growth. Finally, the 

			

		

		
			
				process of angiogenesis was evaluated by im-munohistochemistry.

				Ovariectomy Procedure

				First, the NMRI mice were anesthetized by intraperitoneal injection of ketamine (96 mg/kg, Sigma, Germany) and xylazine (256 mg/kg, 2% Alfasan Sigma, Germany). Then, each mouse was ovariectomized through a single dorsal transverse skin incision, allowing suf-ficient access to the left abdomen. In addition, the ovarian bursa containing the ovary was excised and placed in 200 µL alpha-minimal essential medium (α –MEM, Gibco-Invit-rogen, Germany) containing 10% fetal bo-vine serum (FBS, Sigma Aldrich, USA). The MEM+10% FBS droplets were previously covered by mineral oil and incubated for 24 h in the CO2 incubator. Further, the surround-ing tissues were rinsed and removed by us-ing surgical scissors. Finally, the peritoneum was closed with an interrupted stitch of the absorbable suture. 

				Isolation of Preantral Follicles from Mouse Ovaries

				The preantral follicles were mechanically iso-lated as previously described by Cortvrindt et al. [Cortvrindt, 1996 #6]. Briefly, the follicles in the α-MEM+10% FBS medium were col-lected using a 29-gauge needle attached to a 1 ml syringe under a stereo-microscope. The circular preantral follicles including 2 to 3 layers of granulosa cells and a central oocyte were considered to be morphologically nor-mal for subsequent experiments. In the next step, follicles diameters were measured along two axes with a micrometer in the eyepiece of an inverted microscope (Olympus, CKX41, Japan). Finally, the diameter was estimated as the average of vertical and horizontal meas-urements.

				Preparation of PC

				First, 350-400 ml of human umbilical cord blood was centrifuged for 22 min at 300 g (37 ˚C) to obtain platelet-rich plasma (PRP). After initial centrifugation, the harvested PRP was re-centrifuged at room temperature at approx-imately 300 g for 30 min to obtain PC [19]. The number of platelets in each sample was 

			

		

	
		
			
				estimated by multiplying the blood or plasma volume by the platelet count. The samples of approximately 109 platelets/ml were selected and stored at ˗70 ˚C until required. In order to obtain platelet-released growth factors, the frozen PC was thawed and centrifuged for 30 min at 3000 g at 4 ˚C to remove the platelet debris.

				Vitrification and Thawing 

				The follicles that were already placed in the α-MEM+10% FBS were vitrified with a slight modification according to the pro-tocol described by Hasegawa et al.[22]. Then, the isolated preantral follicles (100-130 µm) were suspended in an equilibrium solution containing 7.5% ethylene glycol and 7.5% dimethyl sulfoxide in α-MEM medium (PH=7.5) including 20% FBS for 3 min at the room temperature. The follicles were instantly transferred to the vitrification solution including 15% dimethyl sulfoxide, 15% ethylene glycol, and 0.5 M sucrose in α-MEM+ 20% FBS medium for 1 min at the room temperature. Also, 3-6 follicles were loaded on a Cryotop® SC (Kitazato, Japan) in a low volume (<0.1 µl) of the vitrification solution, and plunged immediately in liquid nitrogen. For warming, the cryotops were di-rectly transferred from liquid nitrogen into the α-MEM medium composed of 20% FBS, 6 µg/ml penicillin, 5 µg/ml streptomycin and 1.0 M sucrose at 37 ˚C for 1min. Then, the fol-licles detached from the cryotop were placed in 0.5 M sucrose solution in α-MEM medium supplemented with 10% FBS, 6 µg/ml peni-cillin, and 5 µg/ml streptomycin for 3-7 min. Subsequently, they were re-suspended in α-MEM+ 10% FBS medium supplemented with the antibiotics as described earlier in this section (2×5 min). The follicles were incubated in the final medium for 1 h to restore the initial morphology. 

				Encapsulation of Follicles in PL-Fibrin Hy-drogel

				First, thrombin and fibrinogen were obtained from the Cell Science Research Center of Royan Institute (Tehran, Iran). Then, fibrin glue/hydrogel was prepared as previous-ly described by Luyckx et al. [1], but with 

			

		

		
			
				a slight modification. Also, a droplet of 8.5 µL thrombin (4 IU/ml) and 2.5 µL PL were placed on a petri dish, and 21 follicles (vit-rification-thawed) were carefully suspended in the thrombin droplet. Further, 4.25 µL of fibrinogen (25 mg/ml) solution was added to this droplet (2:1) and incubated in a CO2 in-cubator at 37 ˚C for 5 min. The hydrogel was ready for implantation to the host mother after 2 min (Figure-1A). 

				Viability Testing 

				After vitrification and thawing, follicular vi-ability was assessed to determine any delete-rious effect of follicle isolation process and freeze-thawing on the quality of prenatal fol-licles. To this end, dead and live cells were identified using methylene blue (Sigma, Ger-many) staining. The follicles were cultured in the α-MEM supplemented with 10 mIU/ml Follicular Stimulation Hormone (FSH, Merk, Germany), 1 mIU/ml Luteinizing Hormone (LH, Merk, Germany), 1% Insulin Transfer-rin Selenium (ITS, Gibco, UK) and 5% FBS (PH=7.2-7.4) for 24 hours. Then, a droplet of 100 µL culture suspension containing folli-cles was placed on a petri dish, and 40 µL of methylene blue was added to the droplet. Fur-ther, the follicles were incubated with the dye at 37 ˚C for 5 min so that methylene blue can be easily penetrated cells. Finally, the dead follicles were stained blue, and the live ones were not stained. 

				Auto-Transplantation Procedure

				To graft the fibrin hydrogels supplemented with 15% PL and containing preantral fol-licles, the mice hair on the neck region was removed using a chemical depilator. Each mouse was anesthetized using the same protocol as for the ovariectomy procedure. Through a single dorsal transverse incision, a subcutaneous pocket was created in the pos-terior area of the neck. The fibrin hydrogels were gently placed into the pocket, and the skin was closed with polyethylene suture 6 (Ethicon, USA). Then, the mice were recov-ered and housed under standard conditions. After two weeks, the mice were euthanized by CO2 asphyxiation, and the follicles were fixed in bouin’s fixative. 

			

		

	
		
			
				Histological Analysis

				In order to evaluate the grafted follicles, histological analysis was accomplished on grafted fibrin-encapsulated follicles. After fixation in bouin’s fixative, the grafts were dehydrated, embedded in paraffin, and cut into 6 µm serial sections. Then, every fourth section was stained with hematoxylin-eosin (Merck, Darmstadt, Germany) for histolog-ical analysis. Also, the other sections were kept for immunohistochemical analysis. The morphologically normal follicles were count-ed based on the method described by Israeali et al. [23]. The quality of follicular cells was evaluated based on membrane integrity, ob-servation of pyknotic bodies, oocyte integrity, and cellular density [1]. Further, the follicles were classified according to the stage as pri-mordial, primary, preantral, and antral under a light microscope at 40× and 100× magni-fication. Furthermore, the primordial follicles were distinguished by oocytes lacking a zona pellucida, and surrounded by one layer of granulosa cells, primary follicles by a layer of cuboidal granulosa cells, preantral by two or more layers of granulosa cells lacking antrum, and the antral follicles by the presence of an antral cavity. Then, the oocytes were screened for signs of atresia including contraction and clumping related to the chromatin, eosino-philia of ooplasm, and membrane damage and wrinkle formation [12, 24]. Based on the described criteria, the grafted follicles were classified as normal and degenerated. The percentage of normal follicles in the histolog-ical slices was reported as the survival rate in the result section. 

				Immunohistochemistry

				The endothelial cells were assessed by CD31 immunostaining to analyze angiogenesis in the grafted follicles. The CD31 platelet mark-er or endothelial cell adhesion (PECAM-1) is a 130-kD membrane glycoprotein, which is expressed on platelets and most leukocytes. Initially, the slides were deparaffinized with xylol solution (2×10 min) and rehydrated in graded series of ethanol (100, 90, 70, and 50%) and deionized water (3 min each). In or-der to retrieve the antigens, the sections were incubated in a solution including 1% calcium 

			

		

		
			
				chloride and 0.5% trypsin for 20 min at 37 ˚C and 10 min at the room temperature. The slides were washed in PBS buffer containing 0.05% Tween 20 (2×10 min) and incubat-ed for 1 h (37 ˚C) with goat serum to block nonspecific binding sites before adding rat-anti-mouse CD31 antibody. The slides were subsequently washed with PBS-Tween 0.05% for 2×5 min followed by incubation for 2 h at the room temperature with rat anti-mouse CD31 antibody (1:250 dilution). After wash-ing with PBS-Tween 0.05% (3×15 min), the slides were incubated for 1 h at 37 ˚C with rabbit anti-rat antibody (1:200 dilution). Then, they were thoroughly washed in PBS-Tween 0.05% (2×7 min) and the cell nuclei were stained with DAPI reagent for 1 h. In the next procedure, the slides were mounted with DPX neutral mounting medium (Prosan, Merelbeke, Belgium) and observed under the fluorescent microscope. The total vessel sur-face area was measured using ImageJ 1.52h, free image processing software (ImageJ, Na-tional Institute of Health, Bethesda, Mary-land, USA). 

				Statistical Analysis

				The data, expressed as mean ± standard error of mean (SEM), were analyzed by ANOVA. Tukey’s Honest Significant Differences Post hoc test was used for checking the homoge-neity of variances, and Dunnett Post Hoc was used for heterogeneity. The analysis was con-ducted by GraphPad Prism version 5 (Graph-Pad Software, CA, USA). The probability of P≤0.05 was considered as statistically signif-icant. 

				Results

				Follicle Viability Following Vitrification and Thawing

				A total of 149 preantral follicles were as-sessed for viability following cryotop vitrifi-cation. The live/dead viability assay was per-formed by using methylene blue staining 24 h after follicular culture (Figure-1B), among which 91.28% (136/149) were live follicles, and 8.72% (13/149) were damaged or dead follicles. 

			

		

	
		
			
				Evaluation and Histological Analysis of Fol-licles After Transplantation

				Fifteen NMRI mice were successfully ova-riectomized, and the isolated preantral folli-cles were auto-transplanted after encapsula-tion. Then, all of the grafts were retrieved 14 days after implantation surgery, while a vas-cular network surrounding the graft was mac-roscopically visible. In line with the results of the previous study, the grafts containing PL led to higher levels of branching vascular sup-port, compared to the grafts without PL (Fig-ure-2) [12]. According to the pre-described histological criteria, a survival rate of 90.8% was obtained following the transplantation of fresh follicles encapsulated in fibrin-15% PL. However, the implantation of cryopreserved follicles encapsulated in the same matrix led to a survival rate of 66.96%. In other words, a significant decrease (P=0.005) was observed in the survival rate of follicles after vitrifica-tion and thawing. Besides, using a PL-less fi-brin scaffold for transplanting cryopreserved follicles resulted in lowering the survival rate significantly (28.46%), compared to vitrified fibrin+15% PL and fresh fibrin-15%PL groups (P<0.001, Figure-3). The results confirmed the significant effect of PL to improve the pro-cedure of follicle transplantation, ischemia re-duction, and follicle loss. Further, the follicles were morphologically examined in both cry-opreserved and non-cryopreserved tissues. As shown in Figure-4, multiple growing follicles in preantral and antral stages were observed 

			

		

		
			
				in the grafts from all recipient mice. Further-more, preantral follicles were morphologically distinguished by observing the rounded struc-tures containing an intact oocyte surrounded by two or more layers of granulosa cells (Fig-ure-4). Additionally, antral follicles were re-ported as spherical structures containing a flu-id-filled antral cavity surrounded by multiple layers of granulosa cells and few theca cells. In addition, the oocyte in these cells contained a large nucleus, which was surrounded by an intact zona pellucida (Figure-4C, D and E). Meanwhile, some sections included atretic follicles distinguished by observing clumped chromatin, membrane damage, and eosin-ophilia of ooplasm (Figure-4F) [12, 24]. As shown in Figures-5A and B, no significant difference was observed in the percentage of preantral follicles between fresh and cryo-preserved groups in fibrin-15%PL, although the percentage of antral follicles in cryopre-served fibrin-15%PL grafts was 66.7% low-er than fresh fibrin-15%PL grafts (P=0.03). Further, the percentage of antral follicles in the cryopreserved fibrin-0%PL group (6.9%) was significantly lower than that of fresh fi-brin-15%PL (P<0.001) and cryopreserved fi-brin-15% PL groups (P=0.002). However, no significant difference was reported between the percentage of preantral follicles in vitri-fied PL-less fibrin and vitrified fibrin-15% PL grafts, while 61% less preantral follicles were observed in follicle grafts encapsulated in PL-less fibrin scaffold (P=0.02), compared to the 

			

		

		
			
				Figure 1. A: Fibrin scaffold seeded with isolated preantral follicles. B: Live/dead assay of encapsulated follicles in fibrin hydrogel.
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				Figure 2. After two weeks of auto-transplantation, angiogenesis was directed toward the graft. The arrows are pointing to the branching graft capillaries around and through the graft.
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				Figure 3. The survival rate of grafted vitrified and fresh follicles encapsulated in fibrin hydrogel with or without platelet lysate (PL). Each vertical bar represents the mean ±SD. **P=0.05, ***P<0.005.
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				fresh fibrin-15% PL group. 

				Evaluation of Revascularization

				Neovascularization inside the fibrin hydro-gel was evaluated by CD31 immunostaining. As shown in Figure-6, CD31-positive cells were visualized around and inside the fibrin hydrogel in both cryopreserved and non-cry-

			

		

		
			
				opreserved groups of fibrin-15% PL. Table-1 shows the calculated vessel area (µm2) and the ratio of vessel surface area/ total surface area (µm2) in all graft types using ImageJ software. As observed, the percentage of ves-sel surface area in the grafts incorporating PL was considerably higher, compared to PL-less grafts.

			

		

	
		
			
				Figure 4. Hematoxylin-eosin staining of histological sections of murine ovarian follicles auto-grafted in fibrin-PL into the subcutaneous layer of 14-week mice. Normal preantral (white arrows) and antral follicles (black arrows) were observed in vitrified fibrin-15% PL (B, G, H), vitrified PL-less fibrin (D, F), and fresh fibrin-15%PL (A, C, E) grafts after two weeks of transplantation. Follicle atresia was seen in some sections (I). 
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				Figure 5. The percentage of preantral (A) and antral (B) follicles found in fresh follicles+ 15%PL, vitrified follicles+ 15%PL, and vitrified follicles -0%PL grafts. Each vertical bar represents the mean ±SD. *P˂0.02, **P=0.002, ***P<0.001.
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				Figure 6. Immunostaining for vascularization of the developing follicle transplants, two weeks after auto-transplantation. Histological slices were stained with antibody against mouse CD31 (PECAM) and DAPI. A: Fluorescence microscopy of immunostained histological sections of fresh fibrin-15% PL follicle grafts. B: Fluorescence microscopy of immunostained histological sections of vitrified fibrin-15% PL follicle grafts. C: Fluorescence microscopy of immunostained histological sections of vitrified fibrin-0% PL follicle grafts. 
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				Discussion

				The emerging cryopreservation procedures have become a promising approach toward the preservation of fertility among young women receiving chemotherapy and whole-body irradiation [25]. The present study aimed to evaluate a strategy for transplanting cryo-preserved ovarian follicles encapsulated with-in fibrin scaffold supplemented with 15% PL. This approach may represent a step toward the development of fertility-preserving op-tions among cancer patients by reducing the risk of reseeding malignant cells. Cryopre-serving preantral follicles, as an alternative to mature oocyte cryopreservation, has some ad-vantages such as greater availability in the ovary, more effective permeation of cryopro-tectant agents through follicular suspension, less sensitivity to toxic effects of cryoprotect-

			

		

		
			
				ants and cryoinjury, and their presence in go-nads at all ages, as well as enabling their re-trieval from pre-pubertal individuals. Also, cryopreservation of mature oocyte may in-duce zona pellucida hardening, which may result in inhibiting fertilization. Unlike the pieces of cryopreserved ovarian tissue, freeze-thawed follicles yield better survival due to faster vascularization, which were successful-ly grafted through suspension in fibrin clot [2, 26], alginate [2, 4, 27], and collagen [2], or a combination of these biomaterials [28]. Fibrin scaffold, as a substrate for cell proliferation, has been widely employed for a variety of tis-sue engineering applications both in vitro and in vivo [29, 30]. This biomaterial controls the release of growth factors and generates a con-tinuous path for cellular infiltration between host and graft [31]. Biodegradability of fibrin matrices is a critical parameter for the spatio-

			

		

	
		
			
				Table 1. Evaluation of Vessel Formation Around and Inside the Follicle Grafts After Two Weeks of Auto-Transplantation. 

				
					Graft type

				

				
					Total surface area of vessels (µm2)

				

				
					Total surface area of analyzed section (µm2)

				

				
					Vessel surface area/ total surface area (%)

				

				
					Fresh follicles+ fibrin-15%PL

				

				
					102905.3

				

				
					384353.7

				

				
					26.774

				

				
					Vitrified follicles+ fibrin-15%PL

				

				
					81972.79

				

				
					384353.7

				

				
					21.327

				

				
					Vitrified follicles+ fibrin-0%PL

				

				
					68628.83

				

				
					384353.7

				

				
					17.856

				

			

		

		
			
				temporal control of tissue regeneration [32]. Several studies have examined fibrin scaffold as a cell-embedding material for transplanting follicles [1, 33] and ovarian tissues [31]. Re-cent reports have shown that the transplanta-tion of isolated follicles in a scaffold could be an alternative to cortical fragment transplan-tation in cancer patients at the risk of ovarian metastasis [34]. Luyckx et al. reported the ap-plication of fibrin scaffold for transplanting isolated preantral follicles in mice and con-cluded that fibrin could be a promising matrix for constructing an artificial ovary [1]. In an-other study, Xu et al. demonstrated the effect of fibrin hydrogel on the survival and growth of individually-cultured primary and second-ary follicles isolated from rhesus macaque and found that the percentage of growing pri-mary follicles cultured in fibrin was signifi-cantly higher than that of alginate matrix. Fur-ther, anti-Müllerian hormone and VEGF con-centrations, which are positively correlated with follicular growth and oocyte maturation, were significantly higher in primary follicles cultured in fibrin than those in alginate [33]. Furthermore, fibrin was evaluated in combi-nation with other biomaterials for delivering follicles and ovarian tissues. However, few studies reported the use of fibrin–alginate (FA) 3-dimensional (3D) scaffold for in vitro culture of ovarian follicles. The findings indi-cated that FA could promote follicular surviv-al, maturation, and meiotically competent oo-cytes [2, 28, 35-37]. Additionally, fibrin ma-trices conjugated with various bioactive growth factors could promote tissue morpho-genesis and maturation [32]. Based on the re-sults in the present study, a significant de-crease was reported in survival rate after au-to-transplantation of cryopreserved preantral follicles, compared to the amount in non-cry-

			

		

		
			
				opreserved control, which is consistent with some other studies [25, 38], since the impacts of exposure to cryoprotectants may lead to partial or total loss of follicle-granulosa con-junction, delay in follicle development, and increase in DNA breaks [38]. However, PL increased follicle survival rate and growth in the antral stage significantly, compared to PL-less follicle grafts. PCs including PL, PRP, platelet-rich fibrin, or growth factors alone were confirmed to enhance proliferation, cell survival, and tissue regeneration in cell thera-py and tissue engineering [19, 39, 40]. In a recent study, the ability of PDGF-coated de-cellularized meniscus scaffold for integrative heal meniscus tears, as the most common knee injury, was examined. Based on the re-sults, the implantation of PDGF treated scaf-fold led to a significant increase in the expres-sion of PDGF receptor β (PDGFRβ), migra-tion of endogenous meniscus cells to the de-fect area, and cell proliferation [41]. In addi-tion, Vaquero et al. investigated the effect of PRP scaffold on intra-cerebral transplantation of bone marrow stromal cell (BMSCs) as a promising strategy for the treatment of intrac-erebral hemorrhage. The results indicated that PRP-encapsulated BMSC transplants im-proved neurologic functions, activation of en-dogenous neurogenesis, and integration of donor cells in the injured tissue significantly. It is worth noting that PRP could increase the biological activity and viability of BMSCs and improve functional recovery in this type of cell therapy [19]. Also, PCs and the growth factors secreted by platelets increased the vas-cularization in cell transplantation [42, 43]. The CD31 immunostaining results in the present study revealed a considerable increase in angiogenesis in PL containing grafts, com-pared to the PL-less transplants. Recently, 

			

		

	
		
			
				Samberg et al. assessed the effect of polyeth-ylene glycol modified (PEGylated) PRP hy-drogel on angiogenic potential of adipose-de-rived stem cells (ASCs) in vitro and in vivo. In this study, the incubation of ASCs with PRP involving high concentrations of platelet for 14 days resulted in increasing ASC prolif-eration and expression of vascular gene and protein. Further, in vivo studies on injured rat skin revealed that wound treatment using PRP-ASC hydrogel increased neovasculari-zation within eight days, compared to that of the control [42]. In another study, the angio-genic effect of human PL (HPL) was evaluat-ed in inflamed dental pulp-derived stem cells (iDPSCs). Based on the results, the treatment of iDPSCs with 20% HPL could significantly increase the cell viability of the expression of angiogenic genes (ANGPT1, EREG, FGF2, FIGF, VEGF-A, IGF-1, JAG1, NPR2, PLDXC1, and STAB1), adhesion molecules, cytokine-producing genes, and growth factors (FGF-2, MCP-1, PDGF-BB, HGF, and VEGF-A) [43]. In the current study, the cryo-preservation of preantral follicles was accom-plished using a cryotop device, which was successfully applied for oocyte [44, 45], em-bryos [45, 46] and follicles [47] vitrification. In addition, the cryopreservation process could be affected by the type of cryo-device, which enables loading of the least amount of fluid, and accelerates temperature drop throughout the vitrification process [48]. Ac-cording to Desai et al., different types of cryo-devices can affect antral cavity develop-ment, follicular in vitro development, and oo-cyte maturation [48]. The cryotop technology, as an advanced minimal volume approach, led to more successful births following the cryopreservation of blastocysts and human oocytes, unlike other vitrification techniques [48]. This method was reported as a simple and reliable technique by providing consist-ent results and minimal variations between operators [44]. It is worth noting that the closed system of the cryotop employed in this study can prevent from establishing direct contact between the sample and liquid nitro-gen, unlike open systems. Thus, it can elimi-nate the potential risks of cross-contamination during vitrification and storage [48].Further, 

			

		

		
			
				the present methylene blue staining results in-dicated a survival rate of 91.28% after vitrifi-cation and warming by demonstrating the success of cryopreservation process. The finding is in line with the report of Taghavi et al., in which a survival rate of 97.56% was obtained after vitrification by the cryotop technology [49]. In another study, Lin et al. reported that 82±5% of the primordial folli-cles were morphologically normal after 5-min equilibration and vitrification in a sucrose-free solution using the cryotop method [50]. Hence, the type of vitrification method may ultimately influence follicle viability, matura-tion, and accordingly, the outcome of trans-plantation. 

				Conclusion

				In the present study, the results demonstrated that auto-transplantation of isolated preantral follicles encapsulated in fibrin-PL scaffold following cryopreservation could be consid-ered as a promising candidate for fertility preservation. Also, the developed biodegrada-ble scaffold could significantly improve local vascularization, increase follicle survival, and promote its growth to the antral stage. Fur-ther, the PL reduced ischemia and follicle loss in the process of transplantation significant-ly. Furthermore, the findings raised the prob-ability that improving angiogenesis and cell survival in grafted cryopreserved follicles by means of the fibrin-PL scaffold can be regard-ed as an alternative to restore fertility in pre-menstrual cancer patients receiving chemo- or radiotherapy. However, longer-term implan-tation in future studies is required to evaluate the influence of the developed scaffold on sur-vival rate and follicular growth. 

				Conflict of Interest

				The authors declare that there are no conflicts of interest. 

				Acknowledgment

				We are grateful for the funding support provid-ed by Royan Institute (grant no. 90000083).

			

		

	
		
			
				
					References

				

			

		

		
			
				Luyckx V, Dolmans M-M, Vanacker J, Legat C, Moya CF, Donnez J, et al. A new step toward the artificial ovary: survival and proliferation of isolated murine follicles after autologous transplantation in a fibrin scaffold. Fertil Steril. 2014;101(4):1149-56. 

				Kniazeva E, Hardy A, Boukaidi S, Woodruff T, Jeruss J, Shea L. Primordial follicle transplantation within designer biomaterial grafts produce live births in a mouse infertility model. Sci Rep. 2015;5:17709. 

				Oktay K. Fertility preservation in cancer patients. LWW; 2017.

				Vanacker J, Luyckx V, Dolmans M-M, Des Rieux A, Jaeger J, Van Langendonckt A et al. Transplantation of an alginate–matrigel matrix containing isolated ovarian cells: first step in developing a biodegradable scaffold to transplant isolated preantral follicles and ovarian cells. Biomaterials. 2012;33(26):6079-85. 

				Xu M, Banc A, Woodruff TK, Shea LD. Secondary follicle growth and oocyte maturation by culture in alginate hydrogel following cryopreservation of the ovary or individual follicles. Biotechnol Bioeng. 2009;103(2):378-86. 

				Itoh T, Kacchi M, Abe H, Sendai Y, Hoshi H. Growth, antrum formation, and estradiol production of bovine preantral follicles cultured in a serum-free medium. Biol Reprod. 2002;67(4):1099-105. 

				Liu J, Van der Elst J, Van den Broecke R, Dhont M. Live offspring by in vitro fertilization of oocytes from cryopreserved primordial mouse follicles after sequential in vivo transplantation and in vitro maturation. Biol Reprod. 2001;64(1):171-8. 

				Eppig JJ. Maintenance of meiotic arrest and the induction of oocyte maturation in mouse oocyte-granulosa cell complexes developed in vitro from preantral follicles. Biol Reprod. 1991;45(6):824-30. 

				Magalhães D, Duarte A, Araújo V, Brito I, Soares T, Lima I et al. In vitro production of a caprine embryo from a preantral follicle cultured in media supplemented with growth hormone. Theriogenology. 2011;75(1):182-8. 

				Abir R, Franks S, Mobberley MA, Moore PA, Margara RA, Winston RM. Mechanical isolation and in vitro growth of preantral and small antral human follicles. Fertil Steril. 1997;68(4):682-8. 

				Wu J, Emery BR, Carrell DT. In vitro growth, maturation, fertilization, and embryonic development of oocytes from porcine preantral follicles. Biol Reprod. 2001;64(1):375-81. 

				Rajabzadeh AR, Eimani H, Koochesfahani HM, Shahvardi A-H, Fathi R. Morphological study of isolated ovarian preantral follicles using fibrin gel plus platelet lysate after subcutaneous transplantation. Cell J. 2015;17(1):145. 

				Perka C, Schultz O, Spitzer R-S, Lindenhayn K, Burmester G-R, Sittinger M. Segmental bone repair by tissue-engineered periosteal cell transplants with bioresorbable fleece and fibrin scaffolds in rabbits. Biomaterials. 2000;21(11):1145-53. 

				Bensaıd W, Triffitt J, Blanchat C, Oudina K, Sedel L, Petite H. A biodegradable fibrin scaffold for mesenchymal stem cell transplantation. Biomaterials. 2003;24(14):2497-502. 

				Ronfard V, Rives J-M, Neveux Y, Carsin H, Barrandon Y. Long-term regeneration of human epidermis on third degree burns transplanted with autologous cultured epithelium grown on a fibrin matrix1, 2. Transplantation. 2000;70(11):1588-98. 

				Rama P, Bonini S, Lambiase A, Golisano O, Paterna P, De Luca M, et al. Autologous fibrin-cultured limbal stem cells permanently restore the corneal surface of patients with total limbal stem cell deficiency1. Transplantation. 2001;72(9):1478-85. 

				Chen S-J, Chang C-M, Tsai S-K, Chang Y-L, Chou S-J, Huang S-S et al. Functional improvement of focal cerebral ischemia injury by subdural transplantation of induced pluripotent stem cells with fibrin glue. Stem Cells Dev. 2010;19(11):1757-67. 

				Zhang G, Hu Q, Braunlin EA, Suggs LJ, Zhang J. Enhancing efficacy of stem cell transplantation to the heart with a PEGylated fibrin biomatrix. Tissue Eng Part A. 2008;14(6):1025-36. 

				Vaquero J, Otero L, Bonilla C, Aguayo C, Rico MA, Rodriguez A, et al. Cell therapy with bone marrow stromal cells after intracerebral hemorrhage: impact of platelet-rich plasma scaffolds. Cytotherapy. 2013;15(1):33-43. 

				Burnouf T, Strunk D, Koh MB, Schallmoser K. Human platelet lysate: replacing fetal 

			

		

	
		
			
				bovine serum as a gold standard for human cell propagation? Biomaterials. 2016;76:371-87. 

				Liu B, Tan X-Y, Liu Y-P, Xu X-F, Li L, Xu H-Y, et al. The adjuvant use of stromal vascular fraction and platelet-rich fibrin for autologous adipose tissue transplantation. Tissue Eng Part C Methods. 2012;19(1):1-14. 

				Hasegawa A, Mochida N, Ogasawara T, Koyama K. Pup birth from mouse oocytes in preantral follicles derived from vitrified and warmed ovaries followed by in vitro growth, in vitro maturation, and in vitro fertilization. Fertil Steril. 2006;86(4):1182-92. 

				Israely T, Dafni H, Granot D, Nevo N, Tsafriri A, Neeman M. Vascular remodeling and angiogenesis in ectopic ovarian transplants: a crucial role of pericytes and vascular smooth muscle cells in maintenance of ovarian grafts. Biol Rep. 2003;68(6):2055-64. 

				Gumus E, Kaloglu C, Sari I, Yilmaz M, Cetin A. Effects of vitrification and transplantation on follicular development and expression of EphrinB1 and PDGFA in mouse ovaries. Cryobiology. 2018;80:101-13. 

				Demirci B, Lornage J, Salle B, Frappart L, Franck M, Guerin JF. Follicular viability and morphology of sheep ovaries after exposure to cryoprotectant and cryopreservation with different freezing protocols. Fertil Steril. 2001;75(4):754-62. 

				Chiti MC, Dolmans M-M, Mortiaux L, Zhuge F, Ouni E, Shahri PAK, et al. A novel fibrin-based artificial ovary prototype resembling human ovarian tissue in terms of architecture and rigidity. J Assist Reprod Genet. 2018;35(1):41-8. 

				Rios PD, Kniazeva E, Lee HC, Xiao S, Oakes RS, Saito E, et al. Retrievable hydrogels for ovarian follicle transplantation and oocyte collection. Biotechnol Bioeng. 2018; 115(8):2075-2086

				Shikanov A, Xu M, Woodruff TK, Shea LD. A method for ovarian follicle encapsulation and culture in a proteolytically degradable 3 dimensional system. J Vis Exp. 2011(49). 

				Johnson PJ, Parker SR, Sakiyama-Elbert SE. Fibrin-based tissue engineering scaffolds enhance neural fiber sprouting and delay the accumulation of reactive astrocytes at the lesion in a subacute model of spinal cord injury. J Biomed Mater Res A. 2010;92(1):152-63. 

				Kolehmainen K, Willerth SM. Preparation 

			

		

		
			
				of 3D fibrin scaffolds for stem cell culture applications. J Vis Exp. 2012(61). 

				Shikanov A, Zhang Z, Xu M, Smith RM, Rajan A, Woodruff TK, et al. Fibrin encapsulation and vascular endothelial growth factor delivery promotes ovarian graft survival in mice. Tissue Eng Part A. 2011;17(23-24):3095-104. 

				Park CH, Oh J-H, Jung H-M, Choi Y, Rahman SU, Kim S, et al. Effects of the incorporation of ε-aminocaproic acid/chitosan particles to fibrin on cementoblast differentiation and cementum regeneration. Acta Biomater. 2017;61:134-43. 

				Xu J, Lawson M, Yeoman R, Molskness T, Ting A, Stouffer R, et al. Fibrin promotes development and function of macaque primary follicles during encapsulated three-dimensional culture. Hum Reprod. 2013;28(8):2187-200. 

				Grynberg M, Poulain M, Sebag-Peyrelevade S, le Parco S, Fanchin R, Frydman N. Ovarian tissue and follicle transplantation as an option for fertility preservation. Fertil Steril. 2012;97(6):1260-8. 

				Sadr SZ, Fatehi R, Maroufizadeh S, Amorim CA, Ebrahimi B. Utilizing Fibrin-Alginate and Matrigel-Alginate for Mouse Follicle Development in Three-Dimensional Culture Systems. Biopreserv Biobank. 2018;16(2):120-7. 

				Shikanov A, Xu M, Woodruff TK, Shea LD. Interpenetrating fibrin–alginate matrices for in vitro ovarian follicle development. Biomaterials. 2009;30(29):5476-85. 

				Brito I, Silva G, Sales A, Lobo C, Rodrigues G, Sousa R, et al. Fibrin–alginate hydrogel supports steroidogenesis, in vitro maturation of oocytes and parthenotes production from caprine preantral follicles cultured in group. Reprod Domest Anim. 2016;51(6):997-1009. 

				Trapphoff T, El Hajj N, Zechner U, Haaf T, Eichenlaub-Ritter U. DNA integrity, growth pattern, spindle formation, chromosomal constitution and imprinting patterns of mouse oocytes from vitrified pre-antral follicles. Hum Reprod. 2010;25(12):3025-42. 

				Gassling V, Douglas T, Warnke PH, Açil Y, Wiltfang J, Becker ST. Platelet-rich fibrin membranes as scaffolds for periosteal tissue engineering. Clin Oral Implants Res. 2010;21(5):543-9. 

				Sykes J, Kuiper J, Richardson J, Wright K, Kuiper N. Impact of human platelet lysate on the expansion and chondrogenic capacity of cultured human chondrocytes 

			

		

	
		
			
				for cartilage cell therapy. Osteoarthr. Cartil. 2018;26:S103. 

				Lee KI, Olmer M, Baek J, D’Lima DD, Lotz MK. Platelet-derived growth factor-coated decellularized meniscus scaffold for integrative healing of meniscus tears. Acta Biomater. 2018;126-134 

				Samberg M, Stone II R, Natesan S, Kowalczewski A, Becerra S, Wrice N, et al. Platelet Rich Plasma Hydrogels Promote in vitro and in vivo Angiogenic Potential of Adipose-Derived Stem Cells. Acta biomater. 2019;87:76-87

				Bindal P, Gnanasegaran N, Bindal U, Haque N, Ramasamy TS, Chai WL, et al. Angiogenic effect of platelet-rich concentrates on dental pulp stem cells in inflamed microenvironment. Clin Oral Investig. 2019;28:1-11. 

				Kuwayama M. Highly efficient vitrification for cryopreservation of human oocytes and embryos: the Cryotop method. Theriogenology. 2007;67(1):73-80. 

				Castelló D, Cobo A, Mestres E, Garcia M, Vanrell I, Remohí JA et al. Pre-clinical validation of a closed surface system (Cryotop SC) for the vitrification of oocytes and embryos in the mouse model. Cryobiology. 2018;81:107-16. 

				Bottrel M, Ortiz I, Pereira B, Díaz-Jiménez M, Hidalgo M, Consuegra C et al. Cryopreservation of donkey embryos by the cryotop method: Effect of developmental stage, embryo quality, diameter and age of embryos. Theriogenology. 2018. 

			

		

		
			
				Rajabi Z, Yazdekhasti H, Mugahi SMHN, Abbasi M, Kazemnejad S, Shirazi A, et al. Mouse preantral follicle growth in 3D co-culture system using human menstrual blood mesenchymal stem cell. Reprod Biol. 2018;18(1):122-31. 

				Desai N, AbdelHafez F, Ali MY, Sayed EH, Abu-Alhassan AM, Falcone T, et al. Mouse ovarian follicle cryopreservation using vitrification or slow programmed cooling: Assessment of in vitro development, maturation, ultra-structure and meiotic spindle organization. J Obstet Gynaecol Res. 2011;37(1):1-12. 

				Taghavi SA, Valojerdi MR, Moghadam MF, Ebrahimi B. Vitrification of mouse preantral follicles versus slow freezing: Morphological and apoptosis evaluation. Animal Sci. J. 2015;86(1):37-44. 

				Bao R-M, Yamasaka E, Moniruzzaman M, Hamawaki A, Yoshikawa M, Miyano T. Development of vitrified bovine secondary and primordial follicles in xenografts. Theriogenology. 2010;74(5):817-27. 

			

		

	OEBPS/image/38.png
47.

48.

49.

50.





OEBPS/image/37.png
41.

42.

43.

45.

46.





OEBPS/toc.xhtml

		
			
			


		
		
		PageList


			
						1


						2


						3


						4


						5


						6


						7


						8


						9


						10


						11


						12


						13


						14


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/33.png





OEBPS/image/4.png





OEBPS/image/28.png





OEBPS/image/36.png
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.





OEBPS/image/Image1064.jpg
< @ s i

% S°|21]|0} |esjueald

% S3I21110} [enuy





OEBPS/image/3.png





OEBPS/image/Orginal.jpg
=

(O RIGINAL
LARTICLE





OEBPS/image/35.png
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.





OEBPS/image/Image1032.png





OEBPS/image/Image1057.jpg
r
=2
52
33






OEBPS/image/6.png





OEBPS/image/Image1041.png





OEBPS/image/18.png





OEBPS/image/34.png
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.





OEBPS/image/Image1071.png





OEBPS/image/Image1049.png
*k

*hk

*kk

% obejuaosiad |eAlInINg





OEBPS/image/1.png
GMJ.2020;9:e1558

O RIGINAL WWW.gmj.ir
BRARTICLE

Received 2019-04-04

Revised  2019-05-10
Accepted 2019-06-15

Fibrin Scaffold Incorporating Platelet Lysate
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Abstract

Background: Transplantation of cryopreserved follicles can be regarded as a promising strate-
gy for preserving fertility in cancer patients under chemotherapy and radiotherapy by reducing
the risk of cancer recurrence. The present study aimed to evaluate whether fibrin hydrogel
supplemented with platelet lysate (PL) could be applied to enhance follicular survival, growth.
and angiogenesis in cryopreserved preantral follicle grafts. Materials and Methods: Preantral
follicles were extracted from 15 four-week-old NMRI mice. cryopreserved by cryotop method.
and encapsulated in fibrin-platelet lysate for subsequent heterotopic (subcutaneous) auto-trans-
plantation into the neck. Transplants were assessed in three groups including fresh follicles in fi-
brin-15%PL. cryopreserved follicles in fibrin-15%PL. and cryopreserved follicles in fibrin-0%
PL. Two weeks after transplantation. histological. and immunohistochemistry (CD31) analysis
were applied to evaluate follicle morphology. survival rate. and vascular formation. respective-
ly. Results: Based on the results, fibrin-15% PL significantly increased neovascularization and
survival rate (SR) both in cryopreserved (SR=66.96%) and fresh follicle (SR=90.8%) grafts.
compared to PL-less fibrin cryopreserved transplants (SR=28.46%). The grafts supplemented
with PL included a significantly higher percentage of preantral and antral follicles. Also. no sig-
nificant difference was observed in the percentage of preantral follicles between cryopreserved
and fresh grafts of fibrin-15% PL. However. a significantly lower (P=0.03) percentage of folli-
cles (23.37%) increased to the antral stage in cryopreserved grafts of fibrin-15%PL. compared
to fresh grafts (35.01%). Conclusion: The findings demonstrated that fibrin-PL matrix could be
a promising strategy to improve cryopreserved follicle transplantation and preserve fertility in
cancer patients at the risk of ovarian failure. [GMJ.2020;9:e1558] DOI:10.31661/qmj.v9i0.1558
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