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Abstract 

Objectives: Stem cell transplantation has been reported to rescue ovarian function in a pre-
clinical mouse model of chemotherapy-induced premature ovarian failure (POF); however, 
maintaining the survival and self-renewal of transplanted seed cells in ovarian tissues over the 
long-term remains a troublesome issue. In this study we aimed to determine whether the 
CD44+/CD105+ human amniotic fluid cell (HuAFCs) subpopulation represent potential seed 
cells for stem cell transplantation treatments in POF. Materials and methods: The 
CD44+/CD105+ subpopulation were isolated from HuAFCs, cultured in vitro, and injected 
into a cyclophosphamide-induced mouse model of POF. Results: Under continuous subcul-
ture in vitro, CD44+/CD105+ cells proliferated rapidly and expressed high levels of the pro-
liferative markers Ki67 and survivin, as well as high levels of a number of mesenchymal stem 
cell biomarkers. Moreover, when red fluorescence protein (RFP)-transduced 
CD44+/CD105+ HuAFCs were transplanted into the ovaries of POF mice, the cells could be 
detected by fluorescence microscopy up to three weeks after injection. Furthermore, the 
BrdUrd incorporation assay and immunofluorescent staining demonstrated that 
CD44+/CD105+ HuAFCs underwent normal cycles of cell proliferation and self-renewal in 
the ovarian tissues of POF mice over the long-term. Conclusions: The mesenchymal stem cell 
properties and long-term in vivo survival of CD44+/CD105+ HuAFCs make them ideal seed 
cells for stem cell transplantation to treat POF. 

Key words: Mouse premature ovarian failure model; cell transplantation; human amniotic fluid 
cells; mesenchymal stem cell like cells; long-term survival; proliferation. 

Introduction 

Increasing attention is being paid to premature 
ovarian failure (POF), which is one of the most 

threatening diseases to female reproductive health. 
Approximately 1-5% of women worldwide experi-
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ence cessation of their menstrual cycle prior to age 40, 
a condition known as POF [1-8]. Patients with POF 
have a number of typical characteristics [6, 7]: (a) 
primary or secondary amenorrhea; (b) at least inter-
mittent hypoestrogenism; (c) hypergonadotropinism; 
and (d) age under 40 years at the time of onset. In 
some patients with POF, laparoscopy reveals a lack of 
developing follicles and ovarian biopsy shows a net-
work of connective tissue interspersed with fibro-
blasts. The uterus and vaginal mucosa undergo atro-
phy in patients with POF, due to a lack of estrogen 
stimulation from the inactive ovaries [2, 3]. The inci-
dence of POF has increased in recent years. Although 
some treatments are currently available, the condition 
cannot be reversed, and it would be desirable to find 
improved therapeutic strategies for POF. 

Human amniotic fluid cells (HuAFCs) are cur-
rently used for the routine prenatal genetic diagnosis 
of a wide range of foetal abnormalities [9, 10]. How-
ever, amniotic fluid contains multiple types of cells 
derived from the developing foetus. These cells can 
differentiate into a variety of cell types, including 
adipose, muscle, bone and neuronal cells [11, 12]. The 
CD44+/CD105+ subpopulation can be directly sorted 
from human amniotic fluid and cultured for ex vivo 
expansion [13-17]. Previous studies have demon-
strated the ability of CD44+/CD105+ cells to differ-
entiate into ectodermal, endodermal, mesodermal, 
hepatic cells and cardiac muscle cells [14]; therefore, 
the CD44+/CD105+ human amniotic fluid subpopu-
lation can differentiate into all three germ layers. Ad-
ditionally, our previous studies indicated that 
HuAFCs express a variety of growth factors, includ-
ing epidermal growth factor (EGF), basic fibroblast 
growth factor (bFGF), transforming growth factor 

alpha (TGF-), transforming growth factor beta 

(TGF-) and bone morphogenetic protein 4 (BMP-4), 
as well as the stem cell markers Nanog, Oct4 and 
Nestin. More importantly, HuAFCs lack major histo-
compatibility complex class II antigens and express 
only low levels of major histocompatibility complex 
class I antigens [18-21]. Indeed, we have reported that 
dopaminergic neuron-like cells derived from CD44+ 
HuAFCs were ameliorative to behavioural recovery in 
a rat model of Parkinson's disease, and also that 
CD44+/CD105+ HuAFCs could be induced to dif-
ferentiate into pancreatic β-cell-like cells [19-21]. 
HuAFCs cells are more easily accessible than other 
adult stem cells, making them a potential autologous 
donor source for stem cell therapy. Therefore, in this 
study we aimed to determine which subpopulations 
of HuAFCs can survive and proliferate in vitro and in 
vivo, and investigated whether the CD44+/CD105+ 
HuAFC subpopulation have the properties of mes-

enchymal stem cells and represent potential seed cells 
for stem cell transplantation to treat POF.  

Materials and Methods 

Isolation and in vitro expansion of CD44 and 

CD105 phenotype cells by magnetic activated 

cell sorting system 

Human amniotic fluids were obtained by ultra-
sound-guided amniocentesis performed on pregnant 
women for routine prenatal diagnosis purposes at 
gestational ages ranging from 18 th -22th weeks. All of 
the 10 human samples were obtained after approval 
from the Ethical Review Board of the Shanghai First 
Maternity and Infant Hospital (Shanghai, China) and 
after obtaining written informed consent from sub-
jects. CD44+/CD105+ subpopulation cells were iso-
lated from those human amniotic fluid using 4μl of 
the primary monoclonal antibodies (mouse an-
ti-human CD44-FITC, rabbit anti-human CD105-PE, 
eBioscience Inc, San Diego, CA, USA)) stored at 4℃ in 
PBS for 30 min in a volume of 1ml as previously de-
scribed [17-21]. After reaction, the cells were washed 
twice in PBS, and were put the secondary monoclonal 
antibodies (Goat anti-mouse or Goat anti-rabbit cou-
pled to magnetic microbeads, Miltenyi Biotec, Au-
burn, CA), incubated at 10℃ in PBS for 15 min and 
then washed twice in PBS. The subpopulation cells 

were plated at 1×106 cells/ml in DMEM:F12 (1:1) 
(Gibco, Gaithersburg, MD, USA), supplemented with 
10ng/ml basic fibroblast growth factor (bFGF), 
10ng/ml epidermal growth factor (EGF) (all from 
Sigma-Aldrich, St Louis, USA), 10% fetal bovine se-
rum and 2mM L-glutamine (all from Gibco, 
Gaithersburg, MD, USA). All CD44+CD105+ cells were 
cultured in a humidified incubator, at 37℃ with 
5%CO2, until 80% confluent. In this experiment, all 
cells had been cultured on the same conditions until 
passage 4th before making ulterior experiments. 

MTT assay for cell proliferation 

Each group of cells was seeded at 2 × 103 cells per 
well in 96-well plates, and cultured in DMEM:F12 
(1:1) supplemented with 10% fetal bovine serum at 37 
℃ with 5% CO2, until 85% confluence had been 
reached. MTT (Sigma-Aldrich, St Louis, USA) (5 
mg/mL) was added to the maintenance cell medium 
at different time points, and incubated at 37 ℃ for an 
additional 4h. The reaction was terminated with 150 
μL of dimethylsulfoxide (Sigma-Aldrich, St Louis, 
USA) per well, the cells were lysed for 15 min, and the 
plates were gently shaken for 5 min. Absorbance 
values were determined with an ELISA reader (Model 
680; Bio-Rad, Hercules, CA, USA) at 490 nm. 
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RNA extraction and analysis by quantitative 

real-time PCR 

Total RNA from each cell was isolated with Tri-
zol Reagent (Invitrogen, Life Technologies Corpora-
tion, Grand Island, NY, USA), according to the man-
ufacturer’s protocol. The RNA samples were treated 
with DNase I (Sigma-Aldrich, St Louis, USA), quanti-
fied, and reverse-transcribed into cDNA with the Re-
verTra Ace- First Strand cDNA Synthesis Kit 
(TOYOBO, TOYOBO (SHANGHAI) BIOTECH CO., 
LTD., Shanghai, China). Quantitative real-time PCR 
was conducted with a RealPlex4 real-time PCR detec-
tion system from Eppendorf (Germany), with SyBR 
Green RealTime PCR Master Mix (TOYOBO, 
TOYOBO (SHANGHAI) BIOTECH CO., LTD., 
Shanghai, China) as the detection dye. Quantitative 
real-time PCR amplification was performed over 40 
cycles with denaturation at 95 °C for 15 s and an-
nealing at 58 °C for 45 s. Target cDNA was quantified 
with the relative quantification method. A compara-
tive threshold cycle (Ct) was used to determine gene 
expression relative to a control (calibrator), and 
steady-state mRNA levels are reported as an n-fold 
difference relative to the calibrator. For each sample, 
the maker gene Ct values were normalized with the 
formula ΔCt = Ct_genes – Ct_18S RNA. To determine 
relative expression levels, the following formula was 
used: ΔΔCt = ΔCt_all_groups – ΔCt_blankcontrol_ 
group. The values used to plot relative expressions of 
markers were calculated with the expression 2−ΔΔCt. 
The mRNA levels were calibrated on the basis of lev-
els of 18S rRNA. The cDNA of each gene was ampli-
fied with primers as previously described: Ki67-FP: 
TGGGTCTGTTATTGATGAGCC; Ki67-RP: 
TGACTTCCTTCCATTCTGAAGAC; Survivin-FP: 
TTGGTGAATTTTTGAAACTGGA; Survivin-RP: 
CTTTCTCCGCAGTTTCCTCA; 18SrRNA-FP: 
CGTTGATTAAGTCCCTGCCCTT; 18SrRNA-RP: 
TCAAGTTCGACCGTCTTCTCAG. 

Western blotting analysis 

Cells were lysed using a 2 × loading lysis buffer 
(50 mM Tris–HCl, pH 6.8, 2% sodium dodecyl sulfate, 
10% β-mercaptoethanol, 10% glycerol and 0.002% 
bromophenol blue). The total amount of proteins from 
the cultured cells was subjected to 12% SDS-PAGE 
and transferred onto Hybrid-PVDF membrane (Mil-
lipore, Bedford, USA) membranes. After blocking 
with 5% (w/v) non-fat dried milk in TBST 
(Tris-buffered saline containing Tween-20) (25 mM 
Tris/HCl, pH 8.0, 125 mM NaCl and 0.05% 
Tween-20), the PVDF membranes were washed 4 
times (15 min each) with TBST at room temperature 
and incubated with primary antibody (rabbit an-

ti-human Ki67 polyclonal antibody (1:1000; 
Chemicon, Temecula, CA, USA) and rabbit an-
ti-human Survivin polyclonal antibody (1:1000; 
Chemicon, Temecula, CA, USA)). Following extensive 
washing, membranes were incubated with 
HRP-conjugated goat anti-rabbit IgG secondary anti-
body (1:1000; Santa Cruz Technology, Santa Cruz, 
USA) for 1 h. After washing 4 times (15 min each) 
with TBST at room temperature, the immunoreactiv-
ity was visualized by enhanced chemiluminescence 
using ECL kit from Perkin-Elmer Life Science (Nor-
walk, USA). 

Immunofluorescence staining 

The cultured cells were washed 3 times with PBS 
and fixed with 4% paraformaldehyde (Sigma-Aldrich, 
St. Louis, USA) for 30 min. After blocking, the cells 
were incubated first with rabbit anti-human Ki67 
polyclonal antibody (1:200; Chemicon, Temecula, CA, 
USA) and rabbit anti-BrdU polyclonal antibody 
(1:200; Sigma-Aldrich, St Louis, USA) overnight at 4 
°C, and then with FITC-conjugated goat anti-rabbit 
IgG antibody (1:200; Sigma-Aldrich, St Louis, USA) 
and 5 μg/ml DAPI (Sigma-Aldrich, St Louis, USA) at 
room temperature for 30 min. Then the cells were 
thoroughly washed with TBST and viewed through a 
fluorescence microscope (DMI3000; Leica, Allendale, 
NJ, USA). 

The mouse model of premature ovarian failure 

and xenografing experiments 

Hebetic femal C57BL/6 mice (n = 12), between 4 
and 5 weeks of age, obtained from the Shanghia 
Tongji University with Institutional Anminal Care 
and Use Committer approval in accordance with in-
stitutional guidelines. All mice were maintained for 14 
days, 3 to 4 per cage, in a temperature controlled 
coloney room under standard light-dark cycle with 
free access to food and water. The study protocol was 
according the manuscript [4] and had some ameliora-
tions. To build the POF model, mice were adminis-
tered single intraperitoneal injection of 70 mg/kg cy-
clophosphamide (Sigma-Aldrich, St Louis, USA) at 6 
weeks of age. The animals were divided into 2 groups: 
a negative control groups (6 animals of POF model) 
grafted with CD44-/CD105- HuAFCs in right ovarian, 
and an experimental group (6 animals of POF model) 
grafted with CD44+/CD105+ HuAFCs in in right 
ovarian. One weeks after mouse POF model built 
successfully, each experimental model received an 
injection of 10μl of HuAFCs (approximately 1×103 cell 
spheres/μl), which was harbored a red fluorescence 
dye (DiIC18(3), 1'-dioctadecyl-3,3,3',3'- 
tetramethylindocarbocyanine perchlorate) , or PBS. 
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The ulterior experiments of the animals model in both 
groups on 7, 14 and 21 day after transplantation. 

ELISA assay 

The mouse estradiol (E2) and follicle stimulating 
hormone (FSH) ELISA kit (Westang Bio, Shanghai, 
China) was used according to the protocol description 
to determin the level of E2 or FSH in mouse plasma. 
Briefly, 100 μl of mouse E2 or FSH standards at con-
centrations of 0, 50, 300, 1000 and 5000 pg/ml or 0, 5, 
10, 25, 50 and 100 mIU/ml or diluted mouse plasma 
were added to anti-E2 or FSH antibody precoated mi-
crotest wells and incubated for 60 min. After 3 times 
wash, the HRP-conjugated detection antibodies were 
then added followed by addition of the substrate so-
lution. The absorbance was determined at a wave-
length of 450 nm. 

Flow cytometric (FCM) analysis of cell cycle by 

PI staining.  

Each group cells was seeded at 3×105 per well in 
6-well plates and cultrued until 85% confluent. Each 
group cells was washed by PBS on three times, then 
were collected by centifugation (Allegra X-22R, 
Beckman Coulter) at 1000g for 5min. The cell pellets 
were the resuspended in 1mL of PBS, fixed in 70% 
ice-cold ethanol, and ketp in a freezer more than 48h. 
Before flow cytometric analysis, The fixed cells were 
centrifuged, washed twice with PBS, and resuspend-
ed in PI staining solution (Sigma Chemicals) contain-
ing 50μL/mL PI and 250μg/mL RNase A (Sigma 
Chemicals). The cell suspension, which was hidden 
from light, were incubated for 30min at 4℃ and ana-
lyzed using the FACS (FCM-500, Beckman Coulter). A 
total of 10,000 events were acquired for analysis using 
CellQuest software. 

Statistical analysis 

Each experiment was performed as least three 
times, and data are shown as the mean ± standard 
error where applicable; differences were evaluated 
with Student’s t-tests. A p-value of < 0.05 was con-
sidered to be statistically significant. 

Results 

Isolation and enrichment of the 

CD44+/CD105+ subpopulation from human 

amniotic fluid 

Multiple cell types can be isolated from human 
amniotic fluid. Microscopy revealed that various dif-
ferent colonies formed after HuAFCs were cultured 
for 10 days in vitro (Figure 1). Previous studies have 
suggested that the CD44 and CD105-expressing cell 

subpopulation in human amniotic fluid is relatively 
small. Therefore, we used a magnetic activated cell 
sorting system to isolate and enrich this specific sub-
population. The cells were detected by flow cytometry 
(FCM), and CD44+/CD105+ cells represented 1.75% ± 
0.25% of HuAFCs (Figure 1), indicating that 
CD44+/CD105+ cells could be successfully enriched 
from human amniotic fluid using magnetic activated 
cell sorting. Moreover, the CD44+/CD105+ HuAFCs 
had remarkable morphological differences compared 
to the remaining HuAFC subpopulation. 
CD44+/CD105+ HuAFCs had a typical mesenchymal 
morphology; whereas CD44-/CD105- HuAFCs were 
spindle-shaped or polygonal, and retained a cobble-
stone appearance (Figure 1).  

CD44+/CD105+ HuAFCs proliferate rapidly 

and express high levels of mesenchymal stem 

cell biomarkers  

The MTT assay was used to determine the via-
bility of CD44+/CD105+ and CD44-/CD105- 
HuAFCs at the same passage over time in vitro. There 
was no significant difference in the viability of 
CD44+/CD105+ HuAFCs and CD44-/CD105- 
HuAFCs at 24 h after isolation; however, the viability 
of CD44-/CD105- HuAFCs significantly reduced at 2 
d and 5 d compared to CD44+/CD105+ HuAFCs 
(Figure 2), indicating that CD44+/CD105+ HuAFCs 
proliferated more rapidly than CD44-/CD105- 
HuAFCs (Table 1). FCM indicated that 
CD44-/CD105- HuAFCs were arrested in the G2/M 
phase of the cell cycle, with a significantly reduced 
percentage of S phase cells (Table 2); whereas 
CD44+/CD105+ HuAFCs displayed a normal cell 
cycle distribution and underwent cell division (Figure 
2). To confirm that CD44+/CD105+ HuAFCs prolif-
erated in vitro, the expression of proliferation-related 
markers were assayed by quantitative real-time pol-
ymerase chain reaction (qRT-PCR) and Western blot-
ting. The relative expression levels of several im-
portant proliferation-related markers were compared 
using qRT-PCR, and normalized to the internal con-
trol 18S rRNA. Ki67 and survivin mRNA were ex-
pressed at significantly higher levels in 
CD44+/CD105+ HuAFCs than CD44-/CD105- 
HuAFCs (Figure 2). Western blotting confirmed that 
Ki67 and survivin were expressed at significantly 
higher levels in CD44+/CD105+ HuAFCs (1.000 ± 
0.056 and 1.000 ± 0.035) than CD44-/CD105- HuAFCs 
(0.229 ± 0.054 and 0.339 ± 0.049 relative to GAPDH 
levels, respectively; Figure 2).  

In order to evaluate the degree of mesenchymal 
stem cell "stemness" in the CD44+/CD105+ and 
CD44-/CD105- HuAFC subpopulations, we analyzed 
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the expression of several mesenchymal stem cell bi-
omarkers using FCM (Figure 2). Expression of the 
"stemness" markers CD29, CD44, CD73, CD90, CD105 
and CD166 was approximately 60- to 90-fold higher in 
CD44+/CD105+ HuAFCs than CD44-/CD105- 
HuAFCs, suggesting that the CD44+/CD105+ sub-
population possess more of the properties of mesen-
chymal stem cells than the CD44-/CD105- subpopu-
lation. 

Establishment of a mouse model of chemo-

therapy-induced premature ovarian failure  

In order to evaluate whether the mouse POF 
model was established successfully, the plasma E2 and 
FSH levels and ovarian pathology were investigated. 
After injection of cyclophosphamide, the plasma E2 
and FSH levels reduced over time in the POF mouse 
model group, but not in the normal health mouse. 
ELISA assays indicated that the POF mouse models 
lacked hormonal maintenance from the ovaries (Fig-
ure 3). In addition, ovarian pathology revealed that 
the ovaries of the health normal health mouse on-
tained a large number of follicles at all stages of im-
maturity or maturation (Figure 3). In contrast, the 
atrophied ovaries of the POF model mice were mostly 
composed of interstitial cells in a fibrous matrix, with 

a reduced number of follicles at each stage. Addition-
ally, the ovaries of the POF model mice contained an 
increased number of collapsed oocytes (Figure 3).  

 

Table 1. MTT assay determination of the viability of 

HuAFCs in vitro 

Day CD44+/CD105+ HuAFCs (n 
= 3) 

CD44-/CD105- HuAFCs (n 
= 3) 

0 1.67±0.88 1.48±0.68 

1 3.80±2.91 2.56±1.15 

2 13.73±2.54 4.45±2.13 

3 38.73±3.54 15.02±4.69 

4 56.95±6.70 27.44±1.58 

5 65.24±2.39 38.09±1.91 

 

Table 2. Mesenchymal stem cell biomarkers expression of 

HuAFCs determined by FCM 

Cells CD29 
(%) 

CD44 
(%) 

CD73 
(%) 

CD90 
(%) 

CD105 
(%) 

CD166 
(%) 

CD44-/CD1
05- 

0.25±0.
05 

0.15±0.0
5 

1.15±0.
05 

0.25±0.
05 

0.20±0.
11 

0.15±0.
05 

CD44+/CD
105+ 

89.95±0
.55 

83.05±0.
049 

88.70±0
.32 

89.00±1
.42 

65.00±3
.69 

90.45±0
.52 

 
 

 

Figure 1. Isolation and characterisation of the different subpopulations of cells in human amniotic fluid. (A) Multiple cell populations exist 

in human amniotic fluid. (a), (b) and (c) illustrate the morphology of different cell subpopulations in human primary amniotic fluid. Original 

magnification, 200×. (B) Morphology of the CD44+/CD105+ subpopulation isolated from human primary amniotic fluid. Original mag-

nification, 200×. (C) Morphology of the CD44-/CD105- subpopulation isolated from human primary amniotic fluid. Original magnification, 

200×. (D) Isolation of CD44+/CD105+ HuAFCs from amniotic fluid. The cells were detected by FCM; CD44+/CD105+ cells represented 

1.75% ± 0.25% of the HuAFC population. 
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Figure 2. Analysis of the proliferation and survival of CD44+/CD105+ HuAFCs in vitro. (A) MTT assays indicated that the viability of 

CD44-/CD105- HuAFCs significantly reduced at both 2 d and 5 d, compared to CD44+/CD105+ HuAFCs. **P < 0.01 vs. CD44-/CD105- 

HuAFCs; *P < 0.05 vs. CD44-/CD105- HuAFCs; #P > 0.05 vs. CD44-/CD105- HuAFCs; n = 3. (B) qRT-PCR analysis of Ki67 and survivin 

mRNA expression in CD44+/CD105+ and CD44-/CD105- HuAFCs; *P < 0.05 vs. CD44-/CD105- HuAFCs; #P > 0.05 vs. CD44-/CD105- 

HuAFCs; n = 3. (C) Western blotting analysis of Ki67 and survivin protein expression in CD44+/CD105+ and CD44-/CD105- HuAFCs; 

**P < 0.01 vs. CD44+/CD105+ HuAFCs; * P< 0.05 vs. CD44+/CD105+ HuAFCs; #P > 0.05 vs. CD44+/CD105+ HuAFCs; n = 3. (D) Flow 

cytometric cell cycle analysis of CD44+/CD105+ and CD44-/CD105- HuAFCs. The majority of CD44-/CD105- HuAFCs were arrested 

in the G2/M phase with a reduced percentage of S phase cells; **P < 0.01 vs. CD44+/CD105+ HuAFCs; *P < 0.05 vs. CD44+/CD105+ 

HuAFCs; #P > 0.05 vs. CD44+/CD105+ HuAFCs; n = 3. (E) FCM analysis of human mesenchymal stem cell marker expression in 

CD44+/CD105+ and CD44-/CD105- HuAFCs in vitro. Expression of the "stemness" markers was higher in CD44+/CD105+ HuAFCs than 

CD44-/CD105- HuAFCs. 

 
 

CD44+/CD105+ HuAFCs survive and prolifer-

ate in the ovaries of the POF model mice 

Red fluorescent protein (RFP)-expressing 
HuAFCs were injected in vivo and the ovary injection 
tracts were examined after one, two and three weeks 
to confirm the presence of transplanted HuAFCs. As 
anticipated, RFP-positive CD44+/CD105+ HuAFCs 
could be observed along the injection tract after one, 
two and three weeks in the ovaries of mice from the 

POF model (Figure 4), demonstrating that the trans-
planted CD44+/CD105+ HuAFCs could survive 
within the POF mouse ovaries for at least three weeks 
in vivo. and morphological change can be seen after 
that. RFP-positive CD44–/CD105- HuAFCs could not 
be found along the injection tract in the ovaries of 
mice from the POF model, confirming that only 
grafted CD44+/CD105+ HuAFCs survived in vivo.  

In addition, analysis of cell proliferation using 
FCM revealed that the number of CD44+/CD105+ 
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HuAFCs elevated appreciably in vivo from the time of 
the graft to three weeks after transplantation (Figure 
5), whereas RFP-transduced CD44-/CD105- HuAFCs 
could not be detected by FCM. Furthermore, BrdUrd 

incorporation and IF staining revealed that trans-
planted CD44+/CD105+ HuAFCs had a normal cell 
cycle distribution and underwent cell division in vivo 
(Figure 5). 

 
 

 

Figure 3. Establishment of a mouse model of POF. (A, B) Ovarian pathology of the wt group (A) and POF group (B) at 2 weeks after 

injection of cyclophosphamide. The ovaries of the wt group and vehicle group contained a large number of follicles at all stages of im-

maturity or maturation; whereas the atrophied ovaries of the POF model mice were mostly composed of interstitial cells in a fibrous 

matrix, with a reduced number of follicles at each stage and an increased number of collapsed oocytes. Original magnification, 100×. (C, 

D) Plasma E2 levels (C) and FSH levels (D) as determined by ELISA at various time points after the injection of cyclophosphamide; **P < 

0.01 vs. WT; #P > 0.05 vs. WT. 
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Figure 4. HuAFCs survived in vivo in the ovary in a mouse model of POF. Immunofluorescence (IF) demonstrated that Dil, a marker of 

HuAFCs, was expressed at high levels in grafted CD44+/CD105+ HuAFCs transplanted into POF mouse ovaries; the transplanted cells 

survived for at least three weeks in vivo. In addition, BrdUrd incorporation and IF staining indicated that transplanted CD44+/CD105+ 

HuAFCs underwent normal cell division. CD44-/CD105- HuAFCs could not be detected along the injection tract in POF mouse ovaries. 

Original magnification: ×200. 
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Figure 5. HuAFCs proliferated in vivo in the ovary in a mouse model of POF. Immunofluorescent staining and FCM indicated that the 

number of Dil positive (red, a marker of HuAFCs) CD44+/CD105+ HuAFCs increased from the time of the graft up to three weeks after 

transplantation. RFP-transduced CD44-/CD105- HuAFCs could not be detected. **P < 0.01 vs. CD44-/CD105- HuAFCs; *P < 0.05 vs. 

CD44-/CD105- HuAFCs; n = 3. 
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Discussion 

Premature ovarian failure (POF), a condition 
which causes amenorrhoea and hypergonadotropic 
hypoestrogenism before the age of 40, affects 1% of 
women in the general population [1, 2, 7, 8]. The oc-
currence of POF has increased in recent years. As yet, 
POF cannot be reversed and though some treatments 
are currently available, improved treatment strategies 
are urgently required. Regenerative medicine re-
search suggests that stem cells could be used to treat 
various human diseases, due to their self-renewal 
capacity and multiplex differentiation potential. In 
view of this idea, it is possible that suitable stem cells 
could be used to treat POF. In our previous studies, 
we observed that CD44+/CD105+ human amniotic 
fluid cells (HuAFCs) express a variety of growth fac-
tors, lack major histocompatibility complex class II 
antigens and express only low levels of major histo-
compatibility complex class I antigens. Furthermore, 
we previously demonstrated that CD44+/CD105+ 
HuAFCs can be induced to differentiate into somatic 
cells [19-21]. Therefore, we hypothesised that 
CD44+/CD105+ HuAFCs could potentially be used to 
treat POF. Stem cell transplantation has been reported 
to rescue ovarian function in a preclinical mouse 
model of chemotherapy-induced premature ovarian 
failure (POF) [4]. However, maintaining the survival 
and self-renewal of seed cells in ovarian tissues over 
the long-term remains a troublesome issue. In this 
study, we aimed to determine whether the 
CD44+/CD105+ HuAFC subpopulation could sur-
vive and proliferate in vitro and in vivo over the 
long-term.  

CD44+/CD105+ HuAFCs were successfully en-
riched from human amniotic fluids using magnetic 
activated cell sorting. Thereafter, the CD44+/CD105+ 
and CD44-/CD105- HuAFCs were cultured under the 
same conditions, and their “stemness” properties and 
proliferation rates were compared. MTT assays indi-
cated that the viability of CD44-/CD105- HuAFCs 
significantly reduced on day 3 in vitro, in contrast to 
CD44+/CD105+ HuAFCs. BrdUrd incorporation and 
FCM confirmed that CD44+/CD105+ HuAFCs pro-
liferated in vitro, but CD44-/CD105- HuAFCs did not. 
Western blotting and qRT-PCR showed that the levels 
of the proliferation markers Ki67 and survivin were 
significantly higher in CD44+/CD105+ HuAFCs than 
CD44-/CD105- HuAFCs. Furthermore, the expression 
levels of a number of "stemness" markers were higher 
in CD44+/CD105+ HuAFCs than CD44-/CD105- 
HuAFCs. Taken together, these results demonstrated 
that the CD44+/CD105+ subpopulation possesses 
more of the properties of mesenchymal stem cells 

than the CD44-/CD105- subpopulation. Next, the two 
subpopulations of cells were transplanted into the 
ovaries of a mouse model of POF. After three weeks, 
RFP-positive CD44+/CD105+ HuAFCs could be ob-
served along the injection tract in the ovaries of the 
POF mice, however, RFP-positive CD44–/CD105- 
HuAFCs could not be detected, demonstrating that 
transplanted CD44+/CD105+ HuAFCs can survive 
within the POF mouse ovaries for at least three weeks 
in vivo. Additionally, FCM revealed that the number 
of CD44+/CD105+ HuAFCs increased appreciably 
between the time of the graft and three weeks after 
transplantation, while the RFP-transduced 
CD44-/CD105- HuAFCs could not be detected. 
BrdUrd incorporation and FCM confirmed that the 
transplanted CD44+/CD105+ HuAFCs underwent 
normal cell division and proliferation.  

In conclusion, CD44+/CD105+ HuAFCs possess 
the characteristics of mesenchymal stem cells, and can 
survive and proliferate over the long term in the 
ovarian tissues of a mouse model of chemothera-
py-induced POF. 
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