
Supplementary Table 1: Overview of in vivo studies using biomaterial scaffolds for artificial ovary reconstruction: 

summary of studies that evaluated biomaterial-based scaffolds in in vivo contexts (animal models or xenografts) for 

ovarian tissue engineering or artificial ovary development.

The table compares scaffold composition, applications, and biological outcomes across studies, emphasizing graft 

location, follicular stages involved, and combinations with other materials.

Biomaterials include fibrin, PEG, alginate, composite hydrogels, Wharton’s jelly, decellularized ECM, and 3D-printed 

gelatin scaffolds. These approaches primarily aimed to restore endocrine and reproductive function, test 

biocompatibility, and support follicle survival and vascularization in mice and other species.

Biomat
erial 
Class

Material Applications Advantages Disadvantages Future 
Perspective

s

Follicl
e 

Stage

Grafting 
Location

Species Conjunctions 
with Other 
Materials

Refere
nces 

Gel-like 
scaffol

d 
matrice

s

Fibrin Follicle encapsulation 
and transplantation(xenog
rafts/allografts)

Biocompatible
, low immune 
response, 
supports 
survival & 
growth

Limited stability 
unless combined 
with other 
polymers

Optimize 
blends/cros
slinking for 
more 
durable 
grafts

Primor
dial & 
preant
ral

Kidney capsule, 
abdominal 
cavity, ovarian 
bursa

Mice, 
human 
follicles 
xenogr
afted

Often with 
ALG; also HA

(1); 
(2); 
(3); (4)

PEG-VS 
(PEG 
hydrogel
)

Hydrogel encapsulation of 
ovarian follicles with in 
vivo function restoration

Tunable 
mechanics; 
supports 
vascularizatio
n and 
endocrine 
function

Needs optimization 
for long-term 
mechanical 
integrity

Improve 
composite 
designs & 
bioactivity 
for clinical 
translation

Primor
dial, 
primar
y, 
preant
ral

Abdominal/peri
toneal pockets, 
ovarian bursa

Mice With other 
hydrogels/EC
M cues

(5) 

Plasma 
clots

Autologous clot as carrier 
for isolated follicles and 
ovarian 
cells xenografted/autograf
ted

Autologous, 
supports 
adhesion, 
early vascular 
invasion

Fast degradation; 
composition not 
standardized

Stabilize 
clots or 
blend with 
fibrin/ALG 
for 
longevity

Primor
dial

Peritoneal 
pocket, ovarian 
bursa, 
intraovarian

Mice, 
human 
follicles 
xenogr
afted

Standalone/au
tologous

(6) 

Alginate 
(ALG)

Beads carrying isolated 
follicles + ovarian cells for 
transplantation

Supports 
capillary 
ingrowth; 
versatile

Needs 
reinforcement/bio
degradation tuning

Composite 
ALG 
matrices for 
safer 
retrieval 
and 
function

Primor
dial & 
preant
ral

Peritoneal/subc
utaneous 
pockets, 
abdominal 
cavity

Mice Matrigel, 
PLGA, fibrin

(7); (8) 

Wharton
’s 
Jelly/Alg
inate 
(dWJ/Al
g)

Xenotransplant of human 
follicles 
into ovariectomized mice; 
short-term endocrine & 
histology readouts

Collagen/GAG
s/growth 
factor-rich; 
supports GC 
proliferation

Short-term; 
inflammation 
noted; variability

Long-term 
endocrine 
studies; 
optimize 
ratios and 
biosafety

Primor
dial & 
preant
ral

(xenotransplant 
into NMRI 
mice; 
peritoneal 
region)

Mice, 
human 
follicles 
xenogr
afted

With ALG (9) 

Natural 
ECM-

derived 
scaffol

ds

Decellul
arized 
ovarian 
ECM

Xenotransplant-ready 
matrices; endocrine 
support

High 
biocompatibili
ty; tissue-
specific cues

Process 
standardization/sc
aling

Standardize
d decell 
protocols; 
human 
validation

Cortica
l ECM 
(follicl
e 
niche-
derive
d)

Proposed 
heterotopic/ort
hotopic

Mice, 
porcine 
follicles 
xenogr
afted

- (10); 
(11)

3D 
printed 
scaffol

ds

Micropo
rous 
gelatin 
(3D 
printed)

Bioprosthetic ovary 
restores ovarian function 
and fertility in sterilized 
mice

Biocompatible
; robust in vivo 
evidence of 
endocrine and 
reproductive 
function

Scaling to human 
size/grade

Clinical-
grade 
biomaterial 
+ topology 
optimizatio
n

Primor
dial & 
preant
ral

Orthotopic sites Mice - (12)

Supplementary Table 2: Overview of in vitro studies using biomaterial scaffolds for follicle culture and artificial ovary 

modeling: summary of in vitro studies exploring biomaterials and engineered scaffolds to support folliculogenesis and 

oocyte maturation outside the body.
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The table reports the biomaterial class, follicle stages cultured, key advantages and limitations, and species employed.

Tested materials include fibrin, alginate, hyaluronan-based hydrogels, collagen, decellularized ovarian ECM, and 

electrospun PCL scaffolds.

These studies provide insight into how ECM-mimicking materials can sustain three-dimensional follicle structure, 

growth, and hormone production, representing essential steps toward a fully functional artificial ovary.

Biomaterial 
Class

Material Applications Advantages Disadvantages Future 
Perspectives

Follicle 
Stage

Species Conjunctions 
with Other 
Materials

References

Gel-like 
scaffold 
matrices

Fibrin / 
Fibrin-
Alginate 
(FA-IPN)

3D follicle 
culture; 
improved 
caprine/mous
e preantral 
growth; 
steroidogenesi
s

ECM-like 
matrix; 
dynamic 
mechanics 
(with IPN); 
supports 
growth & 
E2/P4

Pure fibrin less 
stable; IPN 
design 
complexity

Tuned 
degradability/
crosslinking 
for human 
follicles

From 
Primor
dial to 
antral

Caprine
, mouse

With ALG; 
with HA

(13); (14); 
(15)

Alginate 
(ALG)

In vitro 
encapsulation 
of isolated 
ovarian cells 
and preantral 
follicles to 
assess cell 
viability and 
ECM support; 
followed by in 
vivo pilot 
grafts for 
biocompatibili
ty

Biocompatib
le; mimics 
ovarian 
ECM; 
supports 3D 
cell 
organization

Limited stability; 
Matrigel 
variability; short 
culture period

Develop fully 
defined, 
synthetic ECM 
analogues for 
extended in 
vitro culture 
and 
translational 
use

Preantr
al & 
antral

Mice With Matrigel (7) 

Hyaluron
an (HA) 
tyramine-
linked 
hydrogel

3D culture of 
preantral 
mouse 
follicles; MII 
oocytes obtain
ed; 
vitrification 
protocol 
compatible

ECM-like; 
tunable 
viscoelasticit
y; in-gel 
ovulation/m
aturation

Mainly mouse 
validation; long 
culture times

Extend to 
human 
follicles; 
growth-factor 
integration

From 
Preantr
al to 
antral

Mouse Enzymatic 
crosslinking in-
gel

(16); (17)

Collagen Widely used 
for follicle 
encapsulation/
culture; (often 
as pre-culture 
before 
grafting)

Highly 
biocompatib
le; promotes 
adhesion & 
remodeling

Rapid 
degradation 
(needs 
reinforcement 
for implants)

Collagen-
based 
composites for 
stability

Preantr
al & 
antral

Mice - (18) 

Natural 
ECM-derived 

scaffolds

Decellular
ized 
ovarian 
ECM

In vitro 
folliculogenesi
s and tissue 
culture on 
ovary-specific 
ECM

Tissue-
matched 
cues; 
supports 
survival, 
proliferation
, 
steroidogen
esis

Low 
standardization 
for scale-up

Scalable decell 
& GMP 
matrices

Cortical 
ECM 
(follicle 
niche-
derived
)

Mice, 
porcine
, 
bovine, 
human

- (19); (20); 
(21); (22)

Electrospun 
fiber 

scaffolds

Electrosp
un PCL 
(patterne
d/rando
m)

Long-term in 
vitro follicle 
culture (ovine, 
porcine, 
mouse); 
bioinspired 3D 
support

Highly 
biocompatib
le; scalable; 
topologicall
y tunable

Equipment/certif
ication costs; 
translation to 
implants pending

Toward 
transplantable 
AO; integrate 
cues/angiogen
ic factors

From 
Preantr
al to 
early 
antral, 
antral 

Ovine, 
porcine

With 
gonadotropins
, GFs, OSE co-
culture

(23–25); (26); 
(27)
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