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Abstract

Cell Population Human Amniotic Fluid
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Amniotic fluid (AF) holds many important roles in the development of the fetus such as supporting fetal growth as
well as protecting it from distress or infection. The fluid can also function as a vital source of fetal cells to be used in
prenatal assessment of the fetus. Should it not be used or requested to be used by the patient, it will be discarded.
There are numerous reports in the literature on the various cells present in amniotic fluid; as the population of cells
is heterogeneous with a diverse range of cells, to include differentiated and undifferentiated cells.

Although AF cells were reported to have limited proliferative capacity and are terminally differentiated cells,
telomerase activity was detected in both cultured and uncultured human AF cells from 14 weeks’ gestation,
suggesting that cells with high proliferative capacity exist in AF. Populations of stem cells in AF are based on their
potency, either multipotent or pluripotent. There are 2 types of multipotent AF cells discovered; the amniotic fluid
c-Kit+, Lin- (AFKL) cells and amniotic fluid mesenchymal stem cells (AF-MSCs). AFKL are multipotent AF cells
having multilineage hematopoetic potential in vitro and express CD4. Furthermore, expression of Oct4 (critical
marker for pluripotency) was also discovered, indicating the presence of a pluripotent subpopulation of cells in AF-
stem cells. Most importantly, the discovery of stem cells in AF, specifically Amniotic Fluid Stem Cells (AFSC), has
elevated the potential of AF as AFSC signify a novel class of pluripotent stem cells with intermediate characteristics
of ES cells and adult stem cells.

AFSC are easy to maintain in the laboratory, the proliferation and differentiation of AFSC is both safer and more
ethical to use in clinical applications as they are non-tumorigenic and relatively accessible, being acquired using a
minimally invasive procedure. Furthermore, AFSC would be an ideal candidate for autologous transplantation as
they lack the MHC Class Il antigen and are therefore non-immunogenic. These advantages present an interesting
application for AFSC in future in vitro and in vivo studies.

In this review, we have summarized some of the important aspects of AF and AFSC and provided an update on
those cells present in AF, together with its future potential for prenatal assessment. Consequently, amniotic fluid
represents a very valuable tool that has the potential to save lives and reduce human suffering, particularly through
regenerative medicine.
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Opwwun

Ypar opumbiH WWHIAH (YOLL) Hb 9XMIAH X3BNWUIN 03Xb YPTUAT
ragHbl MeXaHvWK ramTan OOMoH Yp3BCMIIC Xamraanax,
3XUMH X3BMNWUNH AynaaHbir X3BUAH XAMX3I3HA Xadranax,
YPrUMH  OYNuMH, SICHbI XODKNMUIAT  O3MXWK 4eneeTait
XOONexX OpYWH, yparT Xyyunteperduir xyprax 6Gamgar
XYWH xonboockIr WaxanT dapantaac Xxamraanax, Xoon
6GonoBcpyynax 3pXT3H CUCTEMMUIAH XODKIUAT  A3MXKMX
yyxan yypryir rynuatragar.? YOLW Hb ypruiiH 2 pgaxb
[A0MN00 XOHOroOC 3AXAMK YPrvH yyLumr GONoH AascarHbl
LUMHISHWUIM ypcranbiH yp AYHraac axangar Gereea?2 9Ha
Hb yp xeBpenuiiH 8 GoroH 10 gaxb egpuiiH gapaaraap
aaXmaap HOM3rAdH HUANANKASM* TyHranar CypraH Lwapran
©HIeTAl LUMHI3H toMm.®

YOL-H nxaHx xysunr 98-99% yc, 1-2%-uiir xatyy 6oauc
yypar, [foKo3, 3H3UM, [aaBap, [4aBC, aMuH H3ranyysn
MeH YPruiH ambapanblH axunnaraaHbl GyTaargaxyyHyya
aryynargaHa*s.

Knunukt YOLL Hb ypruiiH acuiiH ax cypsamk 6onox 6ereeq
YPrUAH TFEHETUKUIAH LUMHXUATIS, XUPIMCHUA TIANTUNH
XyrauaaHg, ypruviH XyBcuir TogopXonHob.

1919 oHg Henkel M., nonurmapoaMMMOHTON ©BYTOHA
SMYMIITI3HMIA  30pMNTOOP  aMHWOLEeHTe3  XWMIH7,1966
oHp Steele MW, Breg WR Hap YOLL-3ac ac ecreseprneH
YPTYIAH XPOMOCOMbIH OypAnuir TOO4OPXOMICOH GanHal8.
1970-naf OHbl 3X3H YeaC OfloH YNC OPOH MpeHaran
OHOLUMITTOOHbI MHBA3WB aprbir  H3BTPYYJIAX 30pPUITOop
YOLW-Hbl  maTepuang  LUMTOTEHETUMKUMH  LUMHXWUIT33
XWUIAA3r GONCOH Hb XMP3MCHUI TI3NTUAH 3XHUIA capyyaas
XPOMOCOMbIH GOMOH yAaMLUMbIH SMF3rYAH OHOLLUMITOOHbI
NPaKTUKT HIBTOPY A3NXMA AaxuHaa MX33X3H Typlunara
XYPUMTIYYIk339. OX3H yenas 9H3 axwunbapaac 3apum
YIC OPOH TaTranaaar 6aviB. Y4up Hb XXNPIMCHUN TINTUIH
15-22 [OMOO XOHOIT X3T aBWaH XAHaNTaH AOP X3BIMWINH
ragHaac xaTraH 33X aBax 93H3 axunbapblH yen uyc
anpjant, xanaeap, 3ynoant 33par XyHApanyy4 TOXMoNaaor.
Tyxann6an aMmH1oUeHTe3bIH axunbapbiH yeq 6ara 33pruiiH
uyc rooxunT 10%, XMP3MCIH IMIrTanH ymai arwumx 0.5-
1.0%-g, 3yn6ant 1-2%-4 Toxmongzor 6anHa® oM

OHee uarT onoH opHbl cyanaauvg YOLW pax ypruiH
3CYYOMIH ONIOH TePNUIT 0K UINPYYIIC3H Hb ypar opyMblH
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LUMHFBHUAT WYY COHUPXONTOW CydanraaHbl matepuan
6onroxoa Xyproxaa.

Ypar opYMbIH LUMHI3H A3X 3CUIH Gynar

YOLU-HA onoH TepnuitH ainrapaaryn, sinrapcaH 6onoH 6ue
rynucaH acyyn 6anx 6ereen xespen (aKTogepm, Me3oaepm,
3HO0OEPM), YPIUIAH 3CYYA Hb ONOH TOPNUIAH 3CUIAH Bynrnir
yycragar, 3512

AKnpamcHUIM TIaNTUINH Xyrauaa Hamargax Tycam YOLLU-Hun
SCYYA ONWPOXbIH 33paru3d ambApax YadBapTan acyys
HaracHa.’> %' XapuH XupamMcHUin yeqd aM ypar Taax Oyn
Toxvongong YOLU-Ha onoH TepnuiH ac Gangar 60noxbir
cypamkas. Yuup Hb yTpasHui acyyn YOLU-Ho opcoH
60M0XbIr TOrTOOX33. *16:17

Ypar opUMbIH LUMHI3HWIA SCYYAUAT Mopdbonory ByTuaap Hb
3 X3B WNHX GoNroH aHrunaar.'®

1. Ypar opuMbIH WKNHIAHMI 3¢ (YOLLD)
2. Onutenuopg ac (33)
3. ®ubpobnact ac (©I)

3oxuonooc yHwwmxan YOLU-HWiA ronmox 3cuviH Tanaap
cyonaaung siH3 OypuH caHambIr O3BLUYYIICOH OaviHa.
OnoHx cynnaaygblHxaap 60-70%-n YOLW3-yya
nasamranngar 6on 20-30% Hb 33-yya, 10%-uir ®©3
933MA3r 333,19 2021

3apum cypanraaHg YOLW-Ho 33-yyg pasamravinad ®3
LueeBTep Ganaar rax ToMAOdrnaxaa.’+??2 ®3J Hb anuTenu
6onoH aHpgoTenu yycax OGONOMXKTOW, XypAaH YpPXuX
YafBapTan ac tom.202324

YOLWD3 Hb yprunH xanbc 60noH nxcuiH Tpodobnacraac,
O3 ypruiH xanbc, LWIACHMIA 3amaac, 3 ypruH apbCHbI
pnbpobnact GonoH xonbox 3A433C Tyc Tyc YycH3.52528
XKupamcHuin apT yen mesogepm GOMOH 3HAOAEPMMIH
acyyn QAasamramngar 060n  KUPAMCHUIA  XOXyy yen
3KTOAEPMUIH acyyd WnyyTan Ganpar GaiiHa.?’-262° 2010
oHbl cypanraaHz YOLU-HW MX3HX Hb YPruiH LU33CHI3C
Tortaor yyupaac YOLU gotop ypruiiH 6eepHuii yyaan acyya
6ac ronnox écto raxas. YOLU-HA XUPSMCHUA TIANTUIAH
17 [onoo xoHOrMMH Tercreneep 6eepHU Mapkep Nxacaar
GainHa. '3 30
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Amniotic fluid cells

AF cells of mesenchymal origin

(b)
Spindle-shaped fibroblast-like cells Stromal cells

© (d)

Figure 1. Morphological characteristics of AF cells. (a) Amniotic fluid cells from amniocentesis sample. (b) The colony
appearance of epithelial type at 10-15 days after initiation of the primary culture and the expansion of epithelial
cell population at passage 3. (c, d) Mesenchymal-type cells in the primary culture at 10-15 days and after culturing
to elongated spindle-shaped or flat “stromal” cell populations at passage 3. (Copyright Jurate Savickiene et al55.
Hindawi Publishing Corporation Stem Cells International Volume 2015, Article ID 319238, 15 pages http://dx.doi.
0rg/10.1155/2015/319238)
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YOLU pax yyaan acyya

YOLU potop Gaviraa acyya Hb YPXMUIAH Xsidraapnargmarnt
YyagBapTtan Gereep 3U3CnaH snrapcaH acyya Ganpar.s's?
Yunp Hb: XKUpaMCHUIA T33NTUIAH'* JONO0 XOHOrOOC 3XM3H
YOLU-HWIn ecreBepneceH GOMOH ecreBeprieeryin acyyasq
TenomMepasblH hepMeHT naaBxkaar.®® TyyHaac ragHa Oct4
NMOPUNOTEHT MapKep Mnapaar 6ereen 3HIXyY 3C Hb OMNOH
3C 6ONOH XyBMPY YaZax OHLrov YaJanmxTai oM.

Oct4 mapkep WMapCaH 3CYYA33C ONOH 3CUWH A34 Gynar
acyya yycu 6onHo.3 Llaawma YOU-HA Gaitraa yyaan acuinH
oynryya 6on onoH Yagamktan GonoxbIr TOrTooXaa.38:36:37
YyHa:

1. Ypar opumblH WwuHraHuii c-Kit+ , Lin- ac (YOLLUKI3)

2. Ypar OpuYMbIH LUMHIOHUA ME3EeHXMWUAH Yy4anm ac
(YOLUMYQ3) X0€p X3IBLUMHXWAH NIHOPUMNOTEHT 3CUIAT
cyanaH TOrToOCoH GanHa.

YOLLKJ13 Hb ONOH LyrambIH VY435 3CUIT YYCrax YagamKTam
acvnH ragapryy Assp CD45+ mapkep unapxuingar.®®
XapuH YOWMYS Hb Me3eHXMUH LwyrambiH 3¢ GOMoH
XenKaer MynsTMnoTeHT ac toM.3® YOLL-HA nx xamxaaraap
aryynargax esepmel, ac Gereeg 100% ecresepnergex
YyagBaptan. XXupamcHuin ayHa 6GonoH OypaH xyrauaat
XUP3MCHUIA TypLL ecreBepnex 60mHo.%°4° Ocreseprnexnee
uinacaap basnar opyvHA Tapuxaac ragHa [oolunyynax
AaBxaprarymrasp MeH TYYHYNOH aMbTHbl  WAMA3CTYIA
OpPUMHA, Ypryyrik 6omnHo. 4!

YOUW-Huin c-Kit+, Lin- ac Hb ¢pmbpobnact TecT 3apyyn
XanbapuiitH  Mopdornorn  GYTaUTIN  YPXKINUAH — eHaep
YagamxTan.*4* Heree Tamaac ypar OpYMblH LUMHIAHWNA
yyaan ac (YOWY3)-yyannH esepmel, Gynar acyyd Hb
YOLU-HA 3eBx6H 1%-uir 33nax 6a XMP3IMCHUIN XOE€paaxb
3 capa papxnaa COHronTbiH apraap snraH aBy GonHo.
[apxnaa coHronTbIH apra c-Kit Unapxmmnan He yy4an 9CUnH
XYYMH 3yWnuiH peuentop Gereeq aH3 Hb 3amMOpuoreHes,
KapLMHOreHes, remaToreHe3ninH yep yycaoar. 133

YOLUMY3-UiH YYHTSN aguiryi Har LWWHX Hb XMP3MCHUIA
2 paxb 3 capg wmnapd 19-20 OONOO XOHOMT aaxmaap
Garacpar.'s%0%

YOLWY3-yya Hb cwmbpobnacTt TecT acuiH xonbL, Gerees
3yyBaH, 6eepeHxuii mopdonormton. YOLWYS-yya Hb
9X3H lWartaHa cyn (aaxum) ypxwx 6Gainraag ecresep
XWNC3H Tanbang 7 XOHOrMiH Aapaa Haangaag 36 uarvminH
Japaaraap xypaaH ypxuk axanHa. YOWY3-yya Hb knoH
YYCrax YaBap canTtam, eepuiiree LLMHIYMAX, XPOMOCOMbIH
TEeNoMepbIH YpTbIr angaxrymrasp 250 gaxuH XyBaargax
YyagBapTan.®4#

YOLLUY3 Hb xaBapbIH 3¢ 60K XyBUPaxryin MeH AapxnaaHsbl
Yagamxktanm OGonoxbir XynraHa [33p XWIC3H TypLumnT
cypanraaraap. YOLIY3-yyouinH esepmel, Gynar acyyn
6onox dubpobnact ac (SSEA-4), mMe3eHXMUNH yy4an
acunH ragapryy Assp (CD90, CD73, CD105) mapkepyyn,
mMeH agre3mB monekynyyn (CD29, CD44) 6onoH aHTureH
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ununardy MHC | (major histocompatibility complex I) aHrmiH
MONeKyrn 33par reHUVH WITrarY mapkep yypar aryyngar
60M0XbIr HOTOMK33.%551:54

Yynuiar - Tynxyyp Oct4, Sox, Nanog wmonekynaap
TopgopxonnoH YOWY3-yya nmiopunoTeHT yyAan  ac
Gonoxbir 6atamkaa.'®3 YOLU gaxb Octd aepar acyyd Hb
KMOH YYCTax[33 caiiH, Mall WA3BXTAW XyBaargaar, 3CWIH
VPXKIIAH LMKIUH A MapKepbIr UNapxXuinnaar.+

YOLY3 Hb xeBpenuiiH yyaan ac (XYJ)-UiH HarsH agunaap
XOBPenNunH 3 xanbCcaH Aaxb 3f, IPXTIHT YyCrax YyagpapTan.
lon a4 xonbGorgon Hb xaBApblH 3C 6GOMOH XyBMpax
YadBapryn yypaac TypwwnT cyaanraaHg ObuoaHaraaxbiH
€c 3yIH eHaep a4y XonGorgonTon 60MoXbIr TOrTO0Xa3.35:36.37

YOLLU-Hu# acyyauinH 6uonoruiH a4 xonéorgon

- YOW-Hui snrapcaH 60r0H 60ONOBCOPCOH acyya Hb
3ANNH UHXEHEPYNANUNIAH OHLIFON 3X YYCBap oM.+

- beep wumxyynaH cyynraxag awwrnax 60nHo.*

- YOWY3-yyA Hb XOBpenuiH 3CUAH 3aBCPbIH LUNHX
YaHapblr aryyncaH 6OaiiHa.’'#¢ ©epeep xan6an
YOLY3 Hb xeBpenuitH ac (X3)-93c anraatan.

- OMHAONM 3yiH MpaKkTVK, TYypWUNTaHL aluurnaxag
GroaHaraaxblH € 3yiiH XyBbZ, 36p4nn rapraxryii. Ypar
GOrnoH 3ax3f ceper Heneeryn.3s: 3947

- YOLUY3-uir uaaluva 3AuiiH HeXeH TermKung, alumrnax
OONMOMXTOW.

- TeHwAH wnTrory mapkep yypar aryyngar. YyHunr
[apxaH TysiaprblH apraap unapxunngar.'348

- YOWY3-yya Hb yp AYHTAM nporpammynargax
6onomkTon. ©BYWH, eBepmeL, yyaan acyyauir Gyn
Gonroxoa awwurmnax 6onHo.* YOLIY3-yya Hb Geep,
Mereepc, YYLUTu, ICHbI F3X MAT anra GOncoH acyyannr
HEXeX GONOMXKTOW ydpaac HeXeH TerbkMx aHaraax
yxaaHg ay xonborgonToin. 85051

- YOWY3 Hb XxypoaH ypxux 4agBapTaW, cawiH
Aanrapaaryl 9C y4ypaac reH 3MYWNIa3HA alumrnax
6onomxTon. 525354
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