
Advance Access publication April 22, 2004

Isolation of human multipotent mesenchymal stem
cells from second-trimester amniotic ¯uid using a novel
two-stage culture protocol

Ming-Song Tsai1,3,4, Jia-Ling Lee1, Yu-Jen Chang2 and Shiaw-Min Hwang2

1Prenatal Diagnosis Center, Department of Obstetrics and Gynecology, Cathay General Hospital, Taipei, 2Bioresource Collection and

Research Center, Food Industry Research and Development Institute, Hsinchu and 3Department of Obstetrics and Gynecology,

College of Medicine, Taipei Medical University, Taiwan

4To whom correspondence should be addressed at: Prenatal Diagnosis Center, Department of Obstetrics and Gynceology, Cathay

General Hospital, 280 Jen-Ai Road, Section 4, Taipei, 106, Taiwan. E-mail: mstsai@ms1.cgh.org.tw

BACKGROUND: The aim of this study was to isolate mesenchymal stem cells (MSCs) from amniotic ¯uid

obtained by second-trimester amniocentesis. METHODS: A novel two-stage culture protocol for culturing MSCs

was developed. Flow cytometry, RT±PCR and immunocytochemistry were used to analyse the phenotypic

characteristics of the cultured MSCs. Von Kossa, Oil Red O and TuJ-1 stainings were used to assess the

differentiation potentials of MSCs. RESULTS: Amniotic ¯uid-derived MSCs (AFMSCs) were successfully isolated,

cultured and enriched without interfering with the routine process of fetal karyotyping. Flow cytometry analyses

showed that they were positive for SH2, SH3, SH4, CD29, CD44 and HLA-ABC (MHC class I), low positive

for CD90 and CD105, but negative for CD10, CD11b, CD14, CD34, CD117, HLA-DR, DP, DQ (MHC class II)

and EMA. Importantly, a subpopulation of Oct-4-positive cells was detectable in our cultured AFMSCs.

Under speci®c culture conditions, AFMSCs could be induced to differentiate into adipocytes, osteocytes and

neuronal cells. CONCLUSIONS: We demonstrate that human multipotent MSCs are present in second-trimester

amniotic ¯uid. Considering the great potential of cellular therapy using fetal stem cells and the feasibility of

intrauterine fetal tissue engineering, amniotic ¯uid may provide an excellent alternative source for investigation of

human MSCs.
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Introduction

Human mesenchymal stem cells (MSCs) are thought to be

multipotent cells that have the potential to differentiate into

multiple lineages including bone, cartilage, muscle, tendon,

ligament fat and a variety of other connective tissues (Pittenger

et al., 1999; Minguell et al., 2001). Morphologically, MSCs in

their undifferentiated state are spindle shaped and resemble

®broblasts. MSCs have been identi®ed mostly in adult bone

marrow, while recent reports have shown that MSCs are also

present in both adult and fetal peripheral blood, fetal liver, fetal

spleen, placenta and in term umbilical cord blood (Campagnoli

et al., 2001; Hu et al., 2003; Romanov et al., 2003).

To date, little is known about whether MSCs are present in

human amniotic ¯uid or not, despite culturing of amniotic ¯uid

cells being a well-established routine procedure in cytogenetic

laboratories. Multiple approaches have been used to character-

ize and classify the cell types of amniotic ¯uid, yet many

questions concerning the nature and in vivo origin of these cells

have not been entirely resolved (Prusa and HengstschlaÈger,

2002). Recently, some reports mentioned that amniotic ¯uid

contained a variety of human stem cells, which were shed from

embryonic and extra-embryonic tissues during the process of

fetal development and growth. Human amniotic ¯uid epithelial

cells could transform into neurons, astrocytes and oligodenro-

cytes, and the cells might be a possible candidate for

transplantation therapy of neurodegenerative diseases

(Kakishita et al., 2003). Amniotic ¯uid is an attractive source

of MSCs for therapeutic transplantation (In `t Anker et al.,

2003). Furthermore, Oct-4-expressing cells were present in

human amniotic ¯uid, and it was proposed that human amniotic

¯uid might be a new source for pluripotent stem cells without

raising any ethical concerns associated with human embryonic

stem cell research (Prusa et al., 2003).

In this study, we show that human MSCs can be isolated

from second-trimester amniotic ¯uid without interfering with

the process of fetal karyotyping using a novel two-stage culture

protocol. The cells isolated by this culture method have the

capacity to differentiate into multiple cell types in vitro.
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Materials and methods

Culture of MSC from amniotic ¯uid

Twenty amniotic ¯uid samples (20 ml) were obtained by amniocen-

tesis performed between 16 and 20 weeks of gestation for fetal

karyotyping. We developed a novel two-stage culture protocol for

isolating MSCs from amniotic ¯uid. For culturing amniocytes (®rst

stage), four primary in situ cultures were set up in 35 mm tissue

culture-grade dishes using Chang medium (Irvine Scienti®c, Santa

Ana, CA). Microscopic analysis of Giemsa-stained chromosome

banding was performed, and the rules for metaphase selection and

colony de®nition were based on the basic requirements for prenatal

cytogenetic diagnosis in amniocytes (Moertel et al., 1992). For

culturing MSCs (second stage), non-adhering amniotic ¯uid cells in

the supernatant medium were collected on the ®fth day after the

primary amniocytes culture and kept until completion of fetal

chromosome analysis. The cells then were centrifuged and plated in

5 ml of a-modi®ed minimum essential medium (a-MEM; Gibco-

BRL) supplemented with 20% fetal bovine serum (FBS; Hyclone,

Logan, UT) and 4 ng/ml basic ®broblast growth factor (bFGF; R&D

systems, Minneapolis, MN) in a 25 cm2 ¯ask and incubated at 37°C

with 5% humidi®ed CO2 for MSC culture. This protocol has been

approved by the Institutional Review Board (IRB) of Cathay General

Hospital and each patient signed a written informed consent.

Differentiation assay for MSCs

Amniotic ¯uid-derived mesenchymal stem cells (AFMSCs) were

cultured to con¯uence and shifted to osteogenic medium (a-MEM

supplemented with 10% FBS, 0.1 mmol/l dexamethason, 10 mmol/l b-

glycerol phosphate, 50 mmol/l ascorbate) and adipogenic medium (a-

MEM supplemented with 10% FBS, 1 mmol/l dexamethasone, 5 mg/ml

insulin, 0.5 mmol/l isobutylmethylxanthine and 60 mmol/l indometha-

cin) for 3 weeks. The differentiation potential for osteogenesis was

assessed by the mineralization of calcium accumulation by von Kossa

staining. For adipogenic differentiation, intracellular lipid droplets

could be observed under the microscope and con®rmed by Oil Red O

staining. For differentiation of neural cells, AFMSCs were incubated

with a-MEM supplemented with 20% FBS, 1 mmol/l b-mercap-

toethanol, 5 ng/ml bFGF (Sigma, St Louis) for 24 h, and then treated

with serum depletion for 5 h. Immunocytochemical stain with neuron-

speci®c class III b-tubulin (TuJ-1) was used to assess the capacity of

neuronal differentiation.

Flow cytometry analysis

The speci®c surface antigens of AFMSCs in the cultures of passage 4±

8 were characterized by ¯ow cytometry analyses. The cells in culture

were trypsinzed and stained with ¯uorescein isothiocyanate (FITC)- or

phycoerythrin (PE)-conjugated antibodies against CD10, CD11b,

CD34, CD90, HLA-A,B,C, HLA-DR,DP,DQ (BD PharMingen);

CD14, CD29, CD44, CD105, CD117 (Eurolone); and SH2, SH3,

SH4 (American Type Culture Collection, Manassas, VA). Thereafter,

the cells were analysed using a Becton Dickinson ¯ow cytometer

(Becton Dickinson, San Jose, CA).

RT±PCR procedure

Total RNA was extrated from the cultured cells by using Tri Reagent

(MRC Inc., Cincinnati, OH) according to the manufacturer's

instructions. RT±PCR is performed using the OneStep RT±PCR kit

(QIAGEN Inc., Valencia, CA) using speci®c DNA primers as follows:

Oct-4 (247 bp) sense, 5¢-CGTGAAGCTGGAGAAGGAGAAGCTG-

3¢, and antisense, 5¢-CAAGGGCCGCAGCTTACACATGTTC-3¢;
and b-actin (396 bp) sense, 5¢-TGGCACCACACCTTCTAC-

AATGAGC-3¢, and antisense, 5¢- GCACAGCTTCTCCTTAA-

TGTCACGC-3¢. RT±PCR was performed initially at 50°C for

30 min and 95°C for 15 min for reverse transcription, then followed

by 35 cycles, with each cycle consisting of denaturion at 94°C for

Figure 1. Amniotic ¯uid-derived mesenchymal stem cells and their multilineage differentiation staining. (a) The appearance and growth of
MSC-like cell colonies on the ®fth day of culturing. (b) The ®broblastic-like AFMSC colonies grew to con¯uence in the ®rst-passage culture.
(c) Adipogenic differentiation was demonstrated by Oil Red O staining. (d) Osteogenic differentiation was demonstrated by von Kossa
staining.
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1 min, annealing at 57°C for 1 min, elongation at 72°C for 1 min, and

the ®nal extension at 72°C for 10 min. The ampli®ed DNA fragments

were visualized through 2% agarose gel electrophoreses, stained and

photographed under UV light. NTERA-2 c1.D1 cells (ATCC CRL-

1973, a pluripotent human testicular embryonic carcinoma cell line)

and MRC-5 cells (human diploid lung ®broblast, ATCC CCL-171)

were used as positive and negative control for Oct-4 RT±PCR

expression analysis, respectively.

Immunocytochemical analyses

For immuno¯uorescence analyses of cellular Oct-4 expression, the

cultured AFMSCs, MRC-5 cells (negative control) and NTERA-2

c1.D1 cells (positive control) were washed, ®xed, and incubated with

1:100 mouse anti-human Oct-4 monoclonal antibody (Santa Cruz

Biotechnology, Santa Cruz, CA) overnight at 4°C. Thereafter, the cells

were washed and incubated with a secondary antibody of FITC-

conjugated horse anti-mouse IgG (Vector Laboratories, Burlingame,

CA) at room temperature for 1 h. Cell nuclei were counterstained with

1 mg/ml 4¢,6-diamino-2-phenylindole (DAPI; Molecular Probes,

Eugene, OR) in phosphate-buffered saline (PBS) for 5 min and

mounted in VECTASHIELD mounting medium (Vector

Laboratories). For cellular neuron-speci®c class III b-tubulin analyses,

the induced AFMSCs were washed, ®xed, and incubated with 1:400

mouse anti-human b-tubulin III monoclonal antibody (Sigma, St

Louis, MO) overnight at 4°C. Thereafter, the cells were washed,

incubated with a secondary antibody of FITC-conjugated horse anti-

mouse IgG (Vector Laboratories) at room temperature for 1 h and

mounted in VECTASHIELD mounting medium (Vector

Laboratories).

Results

Appearance of AFMSCs in culture

The colonies of MSC-like cells began to appear in the culture

¯ask 5 days after plating the non-adhering amniotic ¯uid cells

from primary amniocyte culture (Figure 1a). After 2 weeks

culture, the cells were washed with PBS, treated with 0.05%

trypsin-EDTA, and passed into a new 25 cm2 ¯ask for the ®rst-

passage culture. Then, when these cells grew to 90% con¯u-

ence of the culture (3±7 days) (Figure 1b), they were reseeded

into a 75 cm2 ¯ask for the second-passage culture. The third and

subsequent passages were carried on in 75 cm2 ¯asks under the

same condition at a split ratio 1:4. Currently, the twelfth-

passage culture has been completed in our laboratory and their

chromosome analyses remain as a normal karyotype of either

46,XX or 46,XY. We have succeeded in culturing the MSC-

like cells from every tested amniotic ¯uid sample (n = 20).

Figure 2. AFMSCs differentiate into neurons. (a) AFMSCs at the ®fth-passage culture before neuronal induction. (b) The cytoplasm of the
cells retracts toward the nucleus and forms a rounded cell body after 6 h of pre-treatment. (c) An apparent neuron-like cell with a long axon-
like process was observed after 4 h of serum-free induction. (d) Typical neuron-like cell with multiple neurites after 4.5 h of serum-free
induction. (e) A neuron-like cell before staining. (f) Positive immuno¯uorescence stain of TuJ1, a marker for neuronal differentiation.
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Differentiation potential of AFMSCs

To evaluate the differentiation potential of AFMSCs, cells at

the third to ®fth passage were induced to form adipocytes,

osteocytes and neuronal cells. Adipogenic differentiation was

apparent after 1 week of incubation with adipogenic induction

medium. Between the culture periods of 2±3 weeks, almost all

cells contained numerous Oil Red O-positive lipid droplets

(Figure 1c). Similarly, after culturing AFMSCs with osteo-

genic induction medium for 14 days, most of the cells became

alkaline phosphatase positive and showed the aggregates or

nodules of calcium mineralization in the culture by von Kossa

staining (Figure 1d). To induce neural differentiation,

AFMSCs were incubated in a serum-containing medium for

24 h, and then treated with serum depletion for 5 h. Initially,

cytoplasm in some of the AFMSCs retracted toward the

nucleus and began to form a rounded cell body within several

hours of pre-treatment (Figure 2b and c). After incubation in

serum-free conditions, the morphological changes increased

progressively and then the neurite outgrowth was observed at

2±3 h (Figure 2d). At 5 h (Figure 2e), the induced cells

exhibited a positive immuno¯uorescence stain for neuron-

speci®c class III b-tubulin (Figure 2f). Yet, non-treated control

cultures did not show any of the above differentiations.

Phenotypic characterization of AFMSCs

Figure 3 shows the cell surface antigenic characteristics of the

cultured AFMSCs at passage 4±8 by ¯ow cytometry. The

analyses revealed that the expression of surface antigens, such

as SH2 (passage 8), SH3, SH4, CD29, CD44 and HLA-A,B,C

(MHC class I) was strongly positive; SH2 (passage 4), CD90

and CD105 were low positive, but CD10, CD11b, CD14,

CD34, CD117, HLA-DR,DP,DQ (MHC class II) and EMA

were negative. Further characterization studies were performed

using RT±PCR and immunocytochemical staining for the

detection of Oct-4 expression, which is a transcription factor

expressed in undifferentiated embryonic stem cells. In addition

to Oct-4 mRNA expression detected in all 20 independent

cases of AFMSCs (Figure 4), Oct-4 protein expression was also

noted in a subpopulation of our cultured AFMSCs (Figure 5D).

Discussion

In this study, we demonstrated that multipotent MSCs are

present in human amniotic ¯uid and we developed a novel two-

stage culture method to isolate, culture and enrich MSCs from

second-trimester amniotic ¯uid obtained by routine amniocen-

tesis for prenatal diagnosis. There are at least four major

advantages of this culture protocol for fetal MSCs. First, it does

Figure 3. Phenotypic characteristics of AFMSCs. Flow cytometry analyses revealed that their expression of surface antigens such as SH2
(passage 8), SH3, SH4, CD29, CD44 and HLA-A,B,C was strongly positive; SH2 (passage 4), CD90 and CD105 were low positive, but
CD10, CD11b, CD14, CD34, CD117, HLA-DR,DP,DQ and EMA were negative.
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not interfere with the normal culture process for fetal

karyotyping. Secondly, it does not raise any ethical issues

that are associated with human embryonic stem cell research.

Thirdly, it provides an unprecedented and abundant source for

research on human MSCs. Fourthly, it opens a new avenue for

autologous intrauterine fetal gene and cellular therapies

without inducing tissue rejection.

Our results are consistent with the recent report (In `t Anker

et al., 2003) which demonstrated that MSCs could be isolated

and expanded from 2 ml of second-trimester amniotic ¯uid,

which was collected transcervically from terminations of

pregnancy and showed multilineage potential for differenti-

ation into adipocytes and osteocytes. However, there are

several disadvantages in collecting amniotic ¯uid through the

cervix compared with through the abdomen by routine second-

trimester amniocentesis: ®rst, it might possibly encourage

illegal termination of pregnancy. Secondly, the transcervical

approach could increase the possibility of contamination.

Thirdly, the amount of MSCs isolated from 2 ml of amniotic

¯uid culture is far less than that from our two-stage culture

protocol.

It has long been proposed that stem cells of all three germ

layers (ectoderm, mesoderm and endoderm) can be detected in

human amniotic ¯uid, while very little is known about their

lifespan throughout pregnancy. Under routine culture condi-

tions for fetal karyotyping, amniotic ¯uid cells (AFCs) can be

divided into two major categories: adhering and non- adhering

cells. Furthermore, AFCs can also be classi®ed according to

their morphological aspects and growth characteristics into

three groups: epitheloid E-type cells; amniotic ¯uid-speci®c

AF-type cells; and ®broblastic F-type cells (Milunsky, 1992).

The ®broblastic F-type cells were considered to originate from

mesenchymal tissue and usually appear late during routine

AFC cultivation (Prusa and HengstschlaÈger, 2002). We

propose that the AFMSCs isolated by our two-stage culture

protocol are most likely to be the ®broblastic F-type cells in the

amniotic ¯uid and con®rm that they are mesenchymal in origin.

AFMSCs have phenotypic characteristics similar to those of

MSCs derived from other sources, such as term umbilical cord

blood and ®rst-trimester fetal tissues (blood, liver and bone

Figure 4. AFMSCs express Oct-4 mRNA. RT±PCR analyses
showed that Oct-4 mRNA expression was detectable in our cultured
AFMSCs, and the PCR products of b-actin served as an internal
control (column P, positive control with NTERA-2 c1.D1 cells;
columns 1 and 2, two independent samples of cultured AFMSCs;
column N, negative control with MRC-5 cells).

Figure 5. Immunocytochemical analyses revealed that a subpopulation of Oct-4-expressing cells could be found in the culture of AFMSCs.
(A) Light phase of NTERA-2 c1.D1 cells. (B) Oct-4 immunocytochemical staining of NTERA-2 c1.D1 cells. (C) Light phase of AFMSCs.
(D) Immunocytochemical staining of Oct-4-positive cells in cultured AFMSCs.
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marrow), which are positive for SH2, SH3, SH4, CD29, CD44

and HLA-A,B,C, and negative for CD10, CD11b, CD14,

CD34, CD117, EMA and HLA-DR,DP,DQ (Pittenger et al.,

1999; Colter et al., 2001; Young et al., 2001). Most import-

antly, AFMSCs express Oct-4 mRNA and Oct-4 protein, a

transcription factor expressed in embryonic carcinoma cells,

embryonic stem cells and embryonic germ cells, re¯ecting a

key role in the maintenance of pluripotency of mammalian

stem cells both in vivo and in vitro (Henderson et al., 2002;

Jiang et al., 2002; Cogle et al., 2003). This ®nding con®rms the

recent report (Prusa et al., 2003) which described that there

were Oct-4-expressing cells in human amniotic ¯uid and

suggested that human amniotic ¯uid might contain stem cells

of high potency.

The AFMSCs described here can be expanded rapidly and

they maintain the capacity to differentiate into multiple cell

types in vitro. Aside from the common mesenchymal lineages

(adipocytes and osteocytes), they also have been differentiated

successfully into neuron-like cells. These ®ndings are quite

encouraging and similar to several recent reports, which

described that marrow stromal cells could be differentiated into

multiple mesodermal cell types and neuron-like cells that

expressed neuronal markers, suggesting that MSCs may be

capable of overcoming germ layer commitment (Kopen et al.,

1999; Reyes and Verfaillie, 1999; Hofstetter et al., 2002; Hung

et al., 2002). Whether AFMSCs have the ability to differentiate

into lineages of endoderm in vitro is an issue that is worth

investigating.

An increasing number of reports have shown that MSCs

represented an attractive population for cellular therapy

protocols, such as repairing infarcted myocardium, improving

angiogenesis of stroke and repairing bone damage (Mitka,

2001; Sekiya et al., 2002; Barbash et al., 2003; Chen et al.,

2003; Davani et al., 2003; Korbling and Estrov, 2003).

Traditionally, the main sources of MSCs are isolated from

postnatal origins, including adult bone marrow, umbilical cord

blood, peripheral blood and various mesenchymal tissues

(muscle, bone, cartilage, tendon, vessels and adipose). Current

evidence suggests that aside from being dif®cult to obtain,

adult stem cells have disadvantages of markedly restricted

differentiation potential, decreasing number with age, more

DNA damage and shorter life span compared with pluripotent

stem cells derived from embryos or fetal tissue (Steindler and

Pincus, 2002). Since there are many ethical concerns with

human embryonic stem cells, looking for a feasible way to

obtain fetal pluripotent stem cells has generated a great deal of

interest from researchers. Although MSCs have been isolated

successfully from ®rst-trimester fetal blood, liver, spleen and

bone marrow (Campagnoli et al., 2001; Hu et al., 2003), their

use in research and therapeutics is also encumbered with

ethical considerations and dif®cult access with minute quan-

tities. In contrast, the AFMSCs obtained by our two-stage

culture protocol may be a superior alternative source for MSC

research without the limitations mentioned above. However, it

remains a very interesting issue to be elucidated in the near

future whether AFMSCs have greater therapeutic potential

than that of the current adult MSCs.

In conclusion, we demonstrate that MSCs can be success-

fully isolated and expanded from second-trimester amniotic

¯uid obtained by routine amniocentesis, and they maintain the

capacity to differentiate not only into mesodermal cell types

but also into ectodermal neuron cells in vitro. Considering the

easy access to samples for stem cell culture, the greater

potential of cellular therapy using fetal stem cells and the

feasibility of intrauterine fetal tissue engineering, amniotic

¯uid may provide an excellent alternative source for investi-

gation of human MSCs and their potential therapeutic appli-

cations.
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