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ITETE This study aims to review the biological materials and strategies employed in the tissue
engineering of female reproductive organs and tissues.
[VETEEE In this study, articles were searched using the keywords “infertility”, “tissue engineering”,
“female reproductive organs”, “vagina”, “uterus”, “ovary” and “follicle” independently in Web of Science,
PubMed, Scopus, ScienceDirect and Google scholar databases. Finally 82 articles were selected and
reviewed.
[EE® Tissue engineering using biological materials, stem cells, and molecular factors for the
construction of artificial uterus, vaginal reconstruction, growth and maturation of ovarian follicles in
laboratory conditions, in addition to providing a platform for basic science studies in this field, has
provided practical and therapeutic solutions for the female reproductive system disorders and infertility.
[@TEITERT The physiological function of female reproductive system can be affected by congenital and

Keywords: acquired disorders, resulting in infertility. Tissue engineering approaches, as functional therapeutic
Female reproductive solutions, have greatly contributed to this field through the use of biological materials, cells and growth
organs, Infertility, factors. Therefore, tissue engineering-based therapies can open a window of hope in women suffering
Tissue engineering i from these disorders.
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Extended Abstract

Introduction

ertility is a key element in society and in-

dividual health. The World Health Organi-

zation (WHO) has considered infertility as

a global public health problem, which is

seen in 8-12% of couples at reproductive
age. Female infertility may be due to problems in men-
strual cycles and ovulation, structural abnormalities of
the reproductive system, infection, implantation failures,
uterine fibroids, polycystic ovaries, endometriosis, and
immunological disorders. It has been reported that vagi-
nal aplasia, the congenital absence of a normal vagina,
can be caused by various disorders, including Miillerian
duct anomalies, abnormal endocrine gland function, adre-
nal hyperplasia, and other gender abnormalities. Acquired
disorders such as cancer and trauma may also cause dam-
age to the vagina [3]. Currently, there are few treatment
options for women who are faced with the problems of
chemotherapy threatening follicles [4]. Recently, tissue
engineering using biological materials, stem cells and
molecular factors has been proposed as an alternative
method for the reconstruction of female reproductive tis-
sues. Studies have showed that reproductive medicine
has made significant progress in the past decades due to
the development of assisted reproductive technologies
(ARTs), which have greatly helped women with infertility
[7]. This study aims to review the biological materials and
strategies employed in the tissue engineering of female
reproductive organs and tissues.

Methods

In this study, articles were searched using the keywords

LEINNT3

“infertility”, “tissue engineering”, “female reproductive
organs”, “vagina”, “uterus”, “ovary” and “follicle” by
two authors in Web of Science, PubMed, Scopus, Sci-
ence Direct and Google Scholar databases. After exclud-
ing case reports, letters to the editor, abstract articles and
articles with unclear methodology and analysis, finally 82

articles were selected and reviewed.

Results
Ovarian tissue engineering

To restore ovarian function, various hormonal treat-
ments or ARTs, including ovarian tissue freezing, auto-
graft and xenograft, laboratory maturation, oocyte fer-
tilization, and the creation of potential artificial ovaries
have been reported in recent studies [7, 8]. To create a
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so-called artificial ovary using biomaterials, it is neces-
sary to evaluate in vitro and in vivo conditions. The used
biomaterials should have the ability to support the growth
of follicles and ovarian stromal cells and the ability to be
connected in a 3-dimensional structure. Natural biomate-
rials have properties similar to the extracellular matrix of
human tissues and have intrinsic bioactivity, while syn-
thetic polymers have poor biocompatibility and lose their
mechanical properties and produce toxic products during
degradation.. However, synthetic polymers can be used
as hydrogel scaffolds [5, 9]. Collagen-based biomaterials
such as collagen hydrogels, decellularized extracellular
matrix, and bioengineering techniques, including colla-
gen-based 3D printing, have facilitated the reproductive
tissue engineering [10]. In one study, somatic cells and
ovarian follicles were cultured on 3D gelatin scaffolds.
The results showed an increase in the adhesion of follicles
and an increase in the survival of eggs [16].

Silicon is one of the most abundant chemical elements
on earth, and due to its unique chemical and physical
properties, materials based on silicon and its oxides (e.g.,
silica) are used in various industries [17]. Silica is a hy-
drophilic polymer, biocompatible, mechanically strong,
thermally stable and resistant to microbes. Also, the pore
size of this polymer can be controlled. Agarose along with
its derivatives and compounds are also used in tissue en-
gineering and regenerative medicine such as neurogen-
esis, angiogenesis, spermatogenesis, cartilage formation,
bone regeneration, wound healing and artificial pancreas
production [19]. It has been reported that it is challeng-
ing to control the degradation rate of alginate hydrogel
to match follicle growth, and the stiffness of the polymer
can have a negative effect on further follicle growth [24].

Fibrin is a non-globular fibrous protein that polymerizes
a network to trap cells in the blood coagulation process.
Fibrinogen is a 340-kDa soluble protein that is polym-
erized to fibrin in the presence of calcium by thrombin,
which is an active enzyme [26]. Fibrin is a biocompatible
and biodegradable material that can provide cells with an
extracellular matrix similar to natural tissue and improve
their interaction with scaffolds, their adhesion and prolif-
eration.

Polyethylene glycol is a non-toxic, hydrophilic and bio-
logically neutral substance. It is a synthetic biocompatible
polymer approved by the US Food and Drug Administra-
tion (FDA) and has been widely used in tissue engineer-
ing and regenerative medicine. Polyethylene glycol is
used to modify proteins and glycoproteins in combination
with soluble fibrinogen. The polyethylene glycol/fibrino-
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gen hydrogel can provide a structure for the culture of dif-
ferent cells and prevent the biodegradation of materials.

In tissue engineering, decellularized extracellular matrix
has a significant potential to increase the regeneration of
different organs such as liver, kidney and heart. It is also
widely used for reproductive tissue engineering to main-
tain the structure and function of the reproductive tissues.
Recently, emerging studies have been conducted on the
application of 3D printing in reproductive medicine. For
example, one study used a 3D gelatin scaffold (Bioink)
and created a bioprosthetic ovary after separating the fol-
licle. The results showed that the follicles can survive, be-
come vascular and even maintain ovarian function (ovu-
lation) and fertility after transplantation [25].

The human amniotic membrane has many features that
make it a promising protective layer. This membrane has
been potentially used in many tissue engineering studies.
It is known that the amniotic basement membrane, even
in its decellularized form, is surrounded by basement
membrane and stroma rich in collagen and glycosamino-
glycans. In addition, this membrane is able to multiply
and support different types of epithelial and stromal cells
[53].

Uterine tissue engineering

Allogeneic uterine transplantation has been introduced
as a potential treatment for infertility [55]. The first live
birth from a transplanted uterus was reported in 2014
by Bernstrom et al [56]. Although this transplantation
is a promising approach, it faces significant limitations,
including the shortage of organ donors and the need for
long-term immunosuppressive therapy [57]. One of the
first efforts in the regeneration of uterine tissue is the
grafting of artificial materials, including polytetrafiuo-
roethylene, polyether urethane, poly (4-methylpentene),
polyacrylate, polyamide derivatives, polyanhydride, po-
lybenzoxazole, and poly (L-lactide) in a rat model [59]. In
one study, basic fibroblast growth factor was loaded into
collagen scaffolds and then transplanted into a rat whose
uterine horn was severely damaged. The presence of fi-
broblast growth factor in the scaffold improved the vas-
cularization process of endometrial and myometrial cells
and pregnancy occurred in rats [64]. An alternative op-
tion for uterine tissue reconstruction is 3D printing of the
uterus, which is gradually being used to create a scaffold
in tissue engineering. The 3D printing method is a prom-
ising approach for uterine tissue engineering, because it
has the potential to reproduce uterine structures, including
vessels, completely without the need for tissue decellular-
ization [72]. Another method is microfluidic technique. In

a study using microfluidic technique, an artificial uterus
consisting of 3 layers was prepared, the first layer was
made of polydimethylsiloxane, the second layer of a po-
rous polycarbonate membrane covered with gelatin and
endometrial cells, and the third layer of polydimethylsi-
loxane. The results showed that the artificial uterus cre-
ated by this method in rats was effective for up to § days
[75].

Conclusion

Tissue engineering approaches as new alternative treat-
ment methods, by integrating biological materials, cells
and factors, have brought new hope in the treatment of
functional defects of female reproductive organs/tissues.
These strategies try to correct the abnormalities of the
reproductive organs by accurately simulating the micro-
environment of the reproductive organs. Also, the use of
these strategies provides the possibility of evaluating the
effects of biological and chemical factors such as hor-
mones, growth factors and drugs to solve congenital and
acquired disorders.

Ethical Considerations
Compliance with ethical guidelines

There were no ethical considerations to be considered
in this research.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

Conceptualization, study design and initial draft prepa-
ration: Ali Talebi, Tayebeh Sadat Tabataba'i and Zahra
Khosravizadeh; Data collection and analysis: Majid Sale-
hi, Morteza Alizadeh and Zahra Nikoozad; Critical revi-
sion: Tayebeh Sadat Tabataba'i and Ali Talebi.

Conflicts of interest

The authors declared no conflict of interest.

Tabataba'i T S, et al. Tissue Engineering in Female Reproductive System Disorders. J Guil Uni Med Sci. 2023; 33(1):14-31.

Spring 2024. Vol 33. Num 1



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1

° /{V &)
Yo los T'¥ 09 NPT Lo %‘d“/l(/‘%b ’Lé'

L)

CrossMark

‘ 390 Vo

G390 Ao SG 1 (U5 Jhoandgi 50wd SYWR yloyd 45 Sl cwaigeo Jamily

Al Je* @ Toslpde oiipe 0 0T odlo diome @ Tol5eS5 1pag @ Tedljsg e 1ng 0} Slblb cilsls 4l

IS ST 5k oS0 a5l o s g .Y
ORI e S5 oSl o Sy 00SLalS s 25 pgle 0S¥

Olyl 09,0l g ald  Sbspale olSils o ST 5 0802 (dly qwiiges 09,5 . F

Ol 0090l 09,80 (S5spole oA o5 )93l 5 iz Ceadlw Sl 3550 0

Oyl 9,0l cag Ll S sapale olSitils o S5y 0uSiisls £

Use your device to scan
and esd eariceonine [®[ELTT Tabataba'i T S, Khosravizadeh Z, Nikoozad Z, Salehi M, Alizadeh M, Talebi A. [The Potential of Tissue Engineering in
Treatment of Female Reproductive System Disorders: A review (Persian)]. Journal of Guilan University of Medical Sciences. 2024;
33(1):14-31. https://doi.org/10.32598/JGUMS.33.1.2082.1

https://doi.org/10.32598/JGUMS.33.1.2082.1

'y § : Vo) g0 F el 0 b

LR : VPeY 01050 YO 1 by 7o 6

VFo¥ 02059,8 1Y 5Ll 4oy 6
(oMo ey 5 5030 U0y dy L S5 iy ot oy 4 Sl 3l i 9 55 by

el 03,5 3ol izt (559, 120 yuizmad g Wiy o gy (aolis ol LTy

e adei (slacdly/ laplasl cdly cwoigee 4o sodiooliiw] glacg 5l sl o g ) Slgo 5| S 5950 a8l cdalllas oyl 5| B [EXE

Infertility Tissue Engineering Female Reproductive glao3lgands” 5 oslaxu by w¥lis 929z dalllae oyl jo [EVIETY
Sl (o Jitue jobay code (o2 gcunz by, 43 Jaluwo Kiighs 98 dawgi Follicle 4 Organs Vagina Uterus Ovary
%) 19 ;.alz.‘b‘ allis AY sCA..n_l.QJ Sgad fl:u‘ )"S...:‘ Jf,f, u“-‘-.’.L“’j]‘?’j su\as,}l% ‘L)"’”S"‘J sdﬁ‘é u......n'L-: ‘;‘LE)UO‘

Oy kil e sBgiuan p>) Sl sl (Jige (510,936 g (slits (slaghus ams Slgn 5l ookl by Sl wige
6l 5l i ol 5o by pole lalllas (gl (6 y5ummr 53,5 ool 51 odle IS tbosl Lyl y 18 ez glo JoSalod Eoly g o,

el 00 )57 8] (69,06 9 )5 (e adgs slaplasl YD (6ly Sloys 9 50,18

£ o £3
a5 8,8 1,8 soliyole alis g olusST OWMS ;30 Cou Wiy go Uy il olSiwd S3glsnsed slos Shos IPIERE .lbb)‘s.}*t;
W Jgkew ¢ gy 3 Olgo 3l ooliiwl 815 3150, Ko gloys sl ISaly lgie g Cdly  guwdige (Slad s, S9id o0 (539,L0 41 ke Jie adgs slaplasl
Ohler ) el iy, Wil ool qusign 2 (siee Slagleys Calplis sl 03,5 0505 (il dy oo5 SaS ady SlojgiSi g 1 qwdkiges 459,k 0L
A8 LSl M. caél
e ]
1J 9o oy 93

o o
S yy 00SCEls g0l iy pale olSitils wg 0L 1 LS
+AA (Y¥) YYYA0-0F :odli
alitalebi@shmu.ac.ir :asbb |,
Copyright © 2024 The Author(s);

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
http://orcid.org/0000-0003-2067-6326
http://orcid.org/0000-0003-4214-6502
http://orcid.org/0000-0001-6283-8181
http://orcid.org/0000-0002-5736-4353
http://orcid.org/0000-0003-1068-1965
http://orcid.org/0000-0003-2077-3900
mailto:alitalebi@shmu.ac.ir
https://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://crossmark.crossref.org/dialog/?doi=10.32598/JGUMS.33.1.2082.1
http://journal.gums.ac.ir/page/115/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

° / V &)
Wby

Mg (S a8 Cod Gl §) S Slalllas (25l ea8lg o

drwgd dlawly 4y A2BAT glaams o g B cd,iy Jie

OB 69,6 s B2yl (al 4s 9 4l (659,b SaS slas 9l
IV] el 00,5 Gble oS

Wy,
Soslaands” sl oslatul b wYlie (g9 gunz cdnlllas oyl 4o
Infertility <Tissue Engineering Female Reproduc-
Ly Follicle 4 tive Organs Vagina Uterus Ovary
Jis j5boas sole (Gozrgtunar g, 4y s Siaghy ¥
Tsacly T gsSd S8 s il SO slackily 43
alie AY woles o 5 o plowl * SISl J565 ¢ 8 ialusglsg
YR g )5 51 s o] ySeian] SV ol gawy 59 9 o]
oS SWie 5 0auSy SVl o p &s adli «69)90 )5S
Ll goad aalllas 5 o)l Gasedual Juloo 5 (oulidd by,
A B)S ailly 2w 50 (Sly) 5 Sl S j90

sl
OIS S8l owipe

Oldosid Sl 5 Shos 2L 5L slabs,

SLs90s98 (izped 9 ClS oy (Lol Joe daylansss
G (e et () slte Sy e )0 gtz
Gloy99 (53lwalj] § eSS 0,33 «SosS udgs ayloess
39550 E97% €8l 5l g BG5S 1S 90010 Slas unlar |
A 5545 jbolen LS oo gel B (0939 9 39l 9
Jebs 4 il oo ) (huliS olSss Sy3elg 525 (sl Shas
O S Adioed (5l (5015 0k sl g calizes  GlusST WS
WS ol 098 (I 5 )0kl 4 y2eie Wlgi os 45 39
[0] sl 4l 9 4yl Jalge 51 22U ilgs o o3l  usiST

o yd sond Jesd 5l Slo o sl g ) luslis ploil g Dy 925

;‘5>|):? L ‘SL.;LJ shflxl 3T L 5 O:.&laﬁ L @JJS%.:\)
Ot cr il b Jas o MB35 md by (S
A C)j‘j L.’. ~) ‘O‘M ‘511...'9 é)S-Lo.G blds 6|)J é)‘yo
F a5 SU5 50 Gyl pleye sl (il slasl il
P09 9 PO Tl y 10 iy o0 gy S W398 (slocs slow
loilay st 8,Kkae Sl gl sl Ay dnnsgs
Slozmil alex 3l 55,k oS (slgs slid b calises (Sigey92

2. Science Direct
3. Scopus

4. Pubmed

5. Web of Science
5. Google Scholar

Y o losds Y'Y 0590 NF-Y L

.

LVRUTY

ol 0,8 g dsal> Cdlw o GulS jaie S (5951
Jie Sy Glgis a |y pptl Qe ety Glosle
Qo VY EA jo a8 cuslaid 3 1o o Jloz seges Cullags
75 () yudan 53 S9d 00 035 (5)9)b (r 50 Slogs;
U] (55 o cilien (slotsior 1 it il 60,00
P B 2Ly, 5 selainl ES L Esly 5,35 oo
S S s 50 EMStin e 4y sl (5800 (335 (559,16 09 o0
Sl s (5L L (gloags il o ) lIS S 5 S ucls
Mo g0 (Slopgyaed gAY CMSte Cigie ¢ Jio
Ol 45 w8l Sysalgigeal S 5 502 slagadl oSSl
D] sl ansls lussTl S Lacs ailgs oo e

OSee (5 69,k b Jasd o ST sl Lo (izeen
(3525508 olckadl cpsglld loalg) & Slae S 51 4k e
o> I Wad (S o2 050> )55 (pgigpd
Skl hiney slacde (njald abl (agS s o
5 ools ayl ohiudl o g IS Sass WS § 36 o
s o5 iy P &5 ou 8 I¥] el 33 em
3 ealisee SIS 5l (L56 Wlg 20 W5 (laj 53 (oo 33l
G090 30 (b b 8 Sles Jlga (5)loxe WS aler
A3 iz O o omal ple 5 JUyoT 3 e
ez g Consl (e 3 Log 5 9 ol jus aiile SluiST VLS
I¥T s 3ls cpols s 31 sl

e b a5 JU5 glp o5 sloans ol >y

Wit o JoSdsd saisSayays g 009 axlge  loyod conds
a5 S Seloil Wi g chess il ozl LF] o1 5924
o st cal (S Lol sl (650,L yils F5L sl
o JoSdg8 cuiS S8 by cdly  gudigee a0 ol38l 1) Jo5
ol Jo 4 Sl S e (Siigloried alyd 0

S s sty Slga 3 oobiiud by Cly askiqo e
o glgie 4 (Y ojled pgad) (JiSge slasgish 5 ol
odd zykae ()5 ks glacdly (g3l (sl 23Sl b,
Jbtage o Sl Al 55 Coeal Pl IS o
OB sy Wl sadobiasl gy olge el sl
SlaFiy by oollad (S8l (1Sl e epdyillas]
4 b caboll WSl (rizred il canlbio (Sl
Al S5 by I 0)50 Sl grabo LSl 4y SIS ol
(ol Stz jolio 4 0¥ L5 ol byl ¢l
iz sl (03l g ol sl leS § 2SS WO yrlee
[7] ol acsls

1. World Health Organization (WHO)

62950 o 3 13 (Lol olSkusd CAME] ylo,d 13 il gutiage Jauudliy 31 Ko 9 Sl oisbo duudo



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
https://www.who.int/
https://pubmed.ncbi.nlm.nih.gov/
https://www.scopus.com/home.uri
https://www.sciencedirect.com/
https://scholar.google.com/?hl=fa
https://wos-journal.info/

Y o lous Y'Y 0590 NF+Y 5Les

gA
Yepbor

3>L3

Olge & egludl oy 0 uig £95 (00 S (OIS
Gy ($0,3)l5” 3l b (512 9150 quiiges (612 Slosl g
asile (NS (e (G Olge sl 00,5 oS (S,
SLSESS g oud i sl ECMYDIS (sla 500
O g e im ¥ Gy alez o) (gwidige
IVe] cados S Juguns 1y (Lo a3 sl  cwiige

O 531y Shge slasSdgd ) Son L5 calllan S 50
bl 4z ST uols CuiS 59, YV BV o 4y 9 030,5 dlguunsS
039 Sz 3l mg L JoSIg8 Gl oo il 5 (ST b
9 JIuT sl sSls o 1) Sass 55T e iSam 5 5l Lo
DN 55,5 soalie 1, 1590685 (sla Johu (b 8,5 (yuiceosd

Mg (oS ad) o Jolo sl O Sen 5 52> 15

Sy (eSS slaeSgd o I, e ol 5 (19090
Olye 4 ) g5 P sladigyies 50 ol jgare ol
315 o)Lt b5 L)) s, dalllas a3 ¥ kS s Sy
HE j9boas Wi oo (NS S )8 a9 (S s
Esb 9 3092 b5 aculignd Jlas 5l JoSlsd o) 0 (495

Dyl s oy b o

7. Extracellular Matrix

.

<<

Al
Sy

9

Sl qwaiga ;0 (60,8les IS)1LY pyguad

53 09dlly segras slagylaess sl puired g B Slass L2
TN Y] cadoads sy o (sloams

sE9an Oldass K dlowl (sl oubioslisuwl gl ) dlge

3 eslazl b eorme PMlasl 4 laass S ol ()
ool (50908 9 Fos dailyd 0 (Sl 4 5l g Slge
o JoSlsd ud ) 5l Coles  olley auly sudioslazul g j olge
Vbl S o Jlasl ollss g claases glog ! (sla Jabus o
(S35 S0 LS s 15,8 im0
a5 Coul gy Olgo (sl Shg 5l (SHlSKo plSoxinl yiils 4
ol Jl> 0 a5 (g0lge oS 05 laess cdly 5l aslgs oo
Sgi g0 00linl (e ol (slaphasl (lusly (S5 dta; 50
igieS Y5 il dloxr 3l omrbs slayerly Jolt
b wile (mgras slassse b Sudgyellin sl ¢ pd
Sy el e s S (53 L SIS e

Foko T Sl alte polyd (anb S Sge
S o wijls S8 Jdcay; g aiils Sludl glacal
Ply> Wil (ghend ()l (Somas ool 45
Y gamo cu 53 Job 10 9 didd oo Cuws I 895 SSSG
Olpiss (spgmae (sloyerdy el (al b S 0 s o
a aolol o [ .81 5,5 oolitasl  J59,0u8 (glacam ls lgie 4
Eaae hess Sl (gl odioalitwl ) olge o>y
ol 00 0L

G295 o 3 13U (Liody? olSkurd CAME] ylo,d 13 il puntiage Jsnwidlis 3] Sod 9 Sl sl duudo



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

° / V &)
Wby

3
I

(0 5 09790 (stleonsd polic (p S0lsl8 5l (S HsSalew
@ s pain (Soid g aileard (ol GRS Jdo 4y 5 e
(s JEo 1) o SloonaST 9 (y9Sins g1 (S0 Sl
youdy S Sk IVV] o o0y ooliaasl ilises golio o
el (5l e 598 (SeilSla yLi 318 o s wansgs]
yoely ¢l 38lis ol (raizres Cosliing S il 50 polie
Sl rlons (1S5 il 595 80 lgs ol sl 508" B
B gl e (e Al (Shaess slasSlsd (0,5 dgus
4 peie b JsSJgd JolSS 5 a5l Cules Ly o5 ol a3,
T3 V] 550 il s 5

Gousle o ez glools o ol glaslias
JUE! (slpanas (5 3Luso0lol (s 52255l Sl o bns
slasSdgd ol s gulis (bl il cutS” LB (90590
9 ile 083 (uales 2 (e Sl ple 3 odddgunS
VAL w50, dais 1, g il e 5 0, Slos g Joboo JisLoo

Sy 5T 9 dgnol g 9lia 5,8

Slitie b olpen 5T wilols olis Slalllas (puizmon
S5 5l qusige 00,28 jobay o] LSS
1By it JoSiS alya el (@l iheye wiile (3Ll
B4 (egian pul S odgi 9 035 9900 clgPinsl (s3lwsly
S50 0 9035 (sl J5SIgh calllne ;5o [14] wig) oo
0dls ClS (ganl ¥ D j90 4y g 00didlgunS dasl Sy llen
slodsSdsd sl Slil g ol 5l (S gl (2l b
Ive] sg laesss

ol lagliass jl e slasSlsh walllae Sy 4o
oSeile o 59, ¥ o 4y alalsl cas Lyld
0 ile 4o adeslectS slacSess Wil duas Sluyl
oS yile cdlol jo a5l (AKaLejl eyl yo b3l
Slodshes @l Cunpyls plsie 4y Sge o sl U5k
g 9 Ohess sl ol iS5l g odlail laess
b ploxl 2e8 el fuasly L aliidg e ondplodl Spedg 2o
S8 Nl oSS, ge e dile Jladcany; Jals 31 [Y1]
5l " ol sy slaysS g By e JLligail s,
Ozt sl 0 (o3 ST SaS'L 525 J9SIoh dmusgs
oolil by )T (gl 9 05 1 JIylo s JoSdod il aliio jglony
Lvy] cad oot b3, b3l )

9. Luteinizing Hormone (LH)
10. Vascular Endothelial Growth Factor (VEGF)
11. Fibroblast Growth Factors (FGF)
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8. Poly (lactic-co-glycolic acid) (PLGA)
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13. Food and Drug Administration (FDA)
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12. Bone Morphogenetic Protein 4 (BMP4)
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19. Sodium Lauryl Ester Sulfate
20. Sodium Do-Decyl Sulfate (SDS)
21. 3D Printing
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14. Heparin-Binding Peptide (HBP)

15. Placental Growth Factor 2 (RRR)

16. Laminin-Derived Peptide (AG73)

17. Basement Membrane Binder (BMP)

18. Decellularized Extracellular Matrix (dECM)
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22. Polycaprolactone (PCL)
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23. Keratinocyte Growth Factor (KGF) .
24. Epiderma Growth Factor (EGF)

25. Transforming Growth Factor (TGF)

26. Hepatocyte Growth Factor (HGF)
27. Fibroblast Growth Factor (FGF)
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28. Induced Pluripotent Stem Cells (iPSCs)
29. Mayer-Rokitansky-Kuster-Hauser Syndrom
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31. Good Manufacturing Practice (GMP)
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30. Poly(L-Lactide-co-e-Caprolactone) (PLCL)
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