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Abstract: Ovarian tissue cryopreservation (OTC) is currently the exclusive choice for preserving
fertility in both young girls before reaching puberty and young women who require immediate
chemotherapy. Ovarian tissue transplantation has proven to be effective in restoring hormonal cycles
and fertility. However, in certain cancer cases, there is a potential risk of inadvertently reintroducing
malignant cells when transplanting cryopreserved ovarian tissue. Therefore, the use of an artificial
ovary as an innovative and complementary approach allows for the development of isolated follicles,
facilitates oocyte maturation and ovulation, and can partially restore endocrine function. This paper
presents a comprehensive overview of techniques used to preserve fertility in natural ovarian tissues,
including slow freezing, vitrification and hydrogel encapsulation methods. Additionally, it reviews
fertility preservation techniques for artificial ovarian tissues, such as strategies involving
hydrogel-encapsulated follicle, scaffolding for constructing ovarian microtissues, and 3D printing
engineering. Lastly, this article explores current challenges and difficulties encountered in preserving
ovarian tissue fertility, while also anticipating future trends in development, making it a valuable
reference for the implementation of ovarian tissue fertility preservation.

Keywords: fertility preservation; ovarian tissue; cryopreservation; follicular development;
artificial ovaries
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Figure 2 Structure of the ovary and follicular development.
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Table 1 Advantages, limitations and application strategies of biomaterials in artificial ovaries
Type of biomaterial Advantages Limitations Strategies References
Natural
Alginate Has good biocompatibility, Not readily degradable,  Alginate solution forms a gel in ~ [43]
biodegradability, may disrupt spindle the presence of Ca>*. The
nontoxicity and nonimmunity  assemble during oocyte  hardness of alginate can be
meiosis regulated by altering its
composition or concentration
Silk fibroin High mechanical strength, Lack of biological The kinetics of RSF hydrogel [44]
(SF) enzymatically degradable, functions gelation can be modified by
biocompatibility, and stability adjusting pH, temperature, and
protein concentration
Fibrin protein Good biologically activity, good Rapid degradability, low Increasing the concentration of  [45]
biocompatibility, enriched elastic modulus, risk of  fibrinogen and thrombin or
bio-factors, easy crosslinking  pathogen contamination, incorporating other natural or
with different angiogenic and immunoreaction synthetic polymers can regulate
factors degradability and stiffness
Gelatin Good physical and chemical Lack of structural Enhanced structural stability can [46]
properties, good integrity, rapid be achieved through
biocompatibility, no toxicity, dissolution and melting  cross-linking, modification, or
biodegradability utilization as a material for 3D
printing
Collagen High biocompatibility, high Lack of mechanical Significantly enhancing the [47]
water content, strength and mechanical and biological
low immunogenicity, structural stability, stability of collagen hydrogels by
high flexibility and tensile opacity, rapid crosslinking collagen with other
strength, degradation rate, high materials like chitosan, alginate,
good biodegradability, porosity shrinkage or fibrin
and permeability
Agarose Good biological safety and Unitary structural Altering agarose into diverse [48]
degradability, reversible composition, unable to  forms through physical,
temperature-sensitive gelling adapt to complex biological, and chemical
biological environments modifications
(54h)
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(R 1)
Type of biomaterial Advantages Limitations Strategies References
Acellular ovarian  No toxicity, excellent Decellularization Improved decellularization [49]
matrix biocompatibility, approach has some protocols, improved mechanical
provides structural support for  limitations properties, and a controlled
cell growth, allows cellular degradation rate
migration, and serves as a
repository of several growth
factors
Hyaluronic acid ~ Good biocompatibility, Rapid degradation and ~ Better mechanical properties and [50]
(HA) biodegradability, high solubility in water, more stable by combining with
remarkable biological activity, poor mechanical other biomaterials
water-retention, and properties and lack of
non-immunogenic properties pores
Chitosan (CS) Good biocompatibility, Poor mechanical Forms hydrogels by [51]
cytocompatibility, no properties, rapid cross-linking with enzymes and
immunogenicity, excellent degradation, limited changes viscoelasticity by
biodegradability, antibacterial, solubility in at adjusting the concentration of
antioxidant and physiological pH, and each component
anti-inflammatory bioactivities low stability
Plasma clots High biocompatibility and rich  Easily degradable and Finding alternative natural [42]
in growth factors inconsistent composition materials or combining with
lead to greater follicle other materials for more stable
loss performance
Synthetic
Polyethylene Harmless to follicles, Inert nature and low Altering the composition of PEG [52]
glycol (PEG) biocompatible and can be cellular interaction hydrogel by incorporating
produced in large uniform natural polymers like fibrin or
quantities and have a long shelf crosslinking it with
life ECM-derived peptides
Poly-e-caprolacto High biocompatibility, Hydrophobic surface Enhancing bioactivity through [53]
ne strength, and good mechanical impairs cell adhesion, approaches like combining with
(PCL) properties, non-toxic, slow low cell affinity, and other biomaterials (e.g., gelatin),
degradation rate slow degradation rate copolymerization, surface
functionalization, or blend
formulation
Polypropylene High porosity, no toxicity, Degradable by Achieving crosslinking with [54]
(PP) chemical inertness, satisfactory ultraviolet (UV) rays and biomaterials or bioactive
biocompatibility high thermal expansion  molecules
and biostability
Polyglycolide acid Good biocompatibility, Easily degradable, weak Changing performance through  [54-55]
(PGA) biodegradability, no toxicity, performance for cell innovative production processes
and low solubility in organic adhesion and
solvents, high malleability proliferation
SFX-1 Easy encapsulation and Low mechanical Extending follicle culture by [56]

retrieval of follicles,
thermo-sensitivity, good
degradability, low toxicity, and
pH sensitivity

strength, low
degradability

incorporating defined
extracellular components and
recombinant growth factors into
SFX-1

http://journals.im.ac.cn/cjben
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WURIEE R R AR IMEFR IR

H T DN 55 B LA S5 P DL SRR SR )
B ZEE K /N T 200 pm AO4RME, SRS
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PR AR AL EOR , B T AR DN SR 4,
7 B0 L B AL S B TR A BRI B R HE
IR A S . HeP I & T —Fh AR TR —
L hit S8 b (polydimethylsiloxane, PDMS)f{ii
B E (B 5), T BRI SE A DR e 7
Mred et , 2% BEREh VR R Ahse il
P LR BT, 0.5% M I It 2 AR Ry A A AU A o
L, LUE R AR O S AT 2, K o ST 27
PR TR RE IR 9 d J5 A BLOP S0P K F 52
Ui, Aziz OB T IR R SR A
FESEHTOPIEL , B SR I L 0 d e A Y R G K
BERCER, SRR TR P AT R, S REIE
R R SRR I S SR SR M JE SR W By A

3.1.2

A

5

—
[V5)

Bl 5 HRARGHWEGEINEMBALRS

AR 2R 0 W B BRI B 0 A A 00 o Tt e
E RO AR EE, O 1A &8
HA A 1B IR0 R B R B, TR SN 3R R 42
i 22 BRI s 57 0] REAE LR A BAE TR 45 R 7 A=
N RS O S MRS
B A8, Xiao %P F Solo-MFP Al
Duet-MFP filiit 4 R Gt S B 5 /N BLOW S0 2

SR RIAOP RO A T 28 d H & IR .
Babaliari Z5Z5AR T UM 4 2 4 fo i/ 40 i L 8%
F%, AR RO AAR 2 rh i el 2 B B 75 1 )
BT, AR B R, dun] DA% RS
FUE TRV B BRIEY . HAh, -G rr L
O T A R AH DG Y AR ) 2 PR, AL DR Y 7 B
H R HLAE S 5 1 &k B B . HeP VR R it (e
& BRI A A A O LA 41, X R AR AR B 3R
SRR T . T i DN A F A DAL HAA

. Flow-focusing
\':{ junction (FFJ)
B

Figure 5 Microfluidic fabrication of biomimetic ovarian microtissue”. A: A schematic top view of the
microchannel system. B: The corresponding real image (top view) of the flow-focusing junction. C: Image of
the extraction channel at its entrance. D: Image of the extraction channel at its end. The symbol q represents the

flow rate of the aqueous core flow of sodium alginate.
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3.2 ZEMEINAMEATLINE

FEN TH SR, DRy N AT LAIE 4=
KA, DISCEL AT o Jail o st 14 1
RS B LA I RE A7 TS FIAE K o A ik
RARMRIREAT Fe 1/ B9 52 45 #) H1 8 40 Af 3 7/
RE RRE SR R B R B i TGk 58 A
AP SR 25 [0 A o SRR . At &
110 4F, HRIRBE & A R BT 3D 48
S L AT IR —F T H,

3.2.1 Bi#mAEsZ e
M 40 B9 3E % (decellularized extracellular

matrix, dECM) & 1£ 23 B 5 | 2 52 HE SO i) 48
L, ORER IR RGNSy . TS A 14
ST E A AL S5 Ay, AR LA A T
T E R AR, OB —FMRA RIS AE
Yy BE 1 RHS) Laronda Z£1942015 45 & YO A4
TR NS AN M SR, IR IR B e A
B CHE EAEE T DR  ri i N TR SR 1A
AN SR R AT DA A M I ] LAWK & 30
BTN EIRE, JEshE B R, Pl
JBR 20 R VA — 2 SR PR, KA SDS X
THM R A A A PR E R . Lin 5 TH
Triton X-100 {0 SDS 4% T b2 FREFAE], i
AT DNase I BAbFRIF38 0 T VRAEL, 175540
ROPRH T, RS YIE % o ARAT RO E P L
2 it S 2R T DA S RN BRI S AOR 20 i A K el
SR A NI I RE . Wu B AP . Tk
7/ pr o] XA E EERY R o = i A i RAE RS
FRE]-80 °CJa k& B IR, Rk 3 KIS TEB4liK
RS 6 h, SRJGMHH 2% SDC/4% Triton X-100
il 1% SDS #4743, FFECAiNA DNase i,
ARAT R 1% 51 55 10 4 i S R /) BRI 240 it N
R AFE - NRE ST = NARIE ¥ XN
SN RS RO R AT 0 A WA (B R
MEVNRIANIG, TR N, WA
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N NG SR i

H 7 D1 55 20 25 FH % I8 4 B vk A 4 i 3
Tk AREE L A RES A TR E
e Jo i ) B0 20 L S BE AR, IR T LA AR T AL
IR AR J 58 . BUA RS R ], dECM R 3Z
ZRIRE D Y AE AR A1 35 5% sl b N T B B2 AT A7
1), (B BT B, THG S A0 fbat FE
IR AR o
322 AIXZE

% 8 FW G NI E AL 30—150 um, e 3
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(o VA U 0 1385 HARFL R R,
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ERLRAYI RS oy i
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Zheng U BE HRIR Y dECM A 880K
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