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Abstract

Background: Despite the extensive information available in the literature, cell
surface marker signature of human Amniotic Epithelial Cells (hAECs) remains
controversial. The aim of the present study was to characterize immunopheno-
typic features, proliferative capacity and immunogenicity of hAECs. We also test-
ed whether expression of some cell surface markers is influenced by the type of
trypsin used for tissue digestion.

Methods: Single cell suspensions of amniotic membranes from four human placen-
tas were isolated by enzymatic digestion and expression of CD9, CD10, CD29,
CD34, CD38, CD44, CD45, CD73, CD105, CD133, HLA-I, HLA-DR, HLA-G, SSEA-4,
STRO-1 and OCT-4 was then evaluated by flow cytometry. The differential im-
pact of four trypsin types on the yield and expression of CD105 and HLA-I was al-
so determined. The proliferative capacity of cultured hAECs was assessed and
compared in the presence and absence of Epidermal Growth Factor (EGF). To
test their immunogenicity, hAECs were injected into Balb/c mice and the reactivi-
ty of hyperimmunized sera was examined by immunofluorescence staining.
Results: Nearly all purified cells expressed mesenchymal markers, CD9, CD10,
CD29, and CD73 and the embryonic marker, SSEA-4. A large proportion of the
cells also expressed STRO-1 and OCT-4. The purified cells also expressed HLA-G
and HLA-L. A very small proportion of hAECs expressed CD34, CD38, CD44, CD133
and HLA-DR. The type of trypsin used for enzymatic digestion affected both the
percentage and expression of HLA-I and CD105. hAECs revealed substantial pro-
liferative capacity only when cultured in the medium supplemented with EGF.
These cells were shown to be capable of inducing high amounts of anti-donor an-
tibodies.

Conclusion: Here we provided evidence that hAECs are immunogenic cells with
high level of HLA-I expression. Furthermore, this work highlighted the impact of
isolation procedure on the immunophenotype of hAEC.
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Introduction

Human placenta is composed of three lay-
ers: amnion, chorion, and decidua. Amnion
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is derived from the embryo and suggested to
contain cells with pluripontential capacity '?.
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Amniotic epithelial and stromal cells are the
major cell types of the amnion layer. hAECs,
in particular, consist of flat, cuboidal and co-
lumnar cells in direct contact with amniotic
fluid °.

hAECs can self renew and differentiate into
the three embryonic germ layers. Further-
more, hAECs have a high proliferation capac-
ity, and are positive for such markers as
SSEA-4, a marker specific to pluripotent stem
cells >*°. Due to their differentiation potential,
hAECs have been reported to express organ-
specific molecules when transplanted into or-
gan/tissue of interest ®’. Under certain cir-
cumstances, hAECs could differentiate into
neural cells synthesizing and releasing such
neurotransmitters as acetylcholine, norepi-
nephrine, and dopamine *°.

Amniotic epithelial cells are easily accessi-
ble which makes them advantageous over
other stem cell types. Amnion is normally
discarded at birth; therefore, hAECs could be
prepared through a rather simple and low-cost
procedure which does not raise serious ethical
issues. In contrast, to obtain human adult and
embryonic stem cells one needs to go through
laborious experimental, religious, and ethical
processes. All the aforementioned advantages
suggest hAECs as a useful stem cell source to
be used in future clinical treatments '°. In ad-
dition, hAECs show low immunogenic and
substantial immunomodulatory properties in-
troducing them as promising tools to be used
in regenerative medicine ''. These cells were
shown to neither express Human Leukocyte
Antigen (HLA)-A, B, and C nor induce anti-
HLA humoral immune responses ''.

Despite the extensive information available
in the literature, cell surface marker signature
of hAECs remains controversial so far. Par-
ticularly, expression of HLA-I, HLA-G,
CDI105, CD34 has been the matter of debate
215 Also among the markers with general
consensus on expression status in hAECs,
great variability exists in the percentage of
positive or negative populations. Accordingly,
we sought to determine the immunophenotype
of hAECs and investigate whether expression

of certain markers is affected by the type of
trypsin used for tissue digestion. Moreover,
we explored the proliferative capacity and im-
munogenicity of these cells.

Materials and Methods

Reagents and antibodies

Fluorescein isothiocyanate (FITC) conju-
gated monoclonal antibodies (mAb) against
cytokeratin, CD9, CD34, CD38, HLA-DR,
HLA-G, and phycoerythrin (PE)-conjugated
mAbs against CD29, CD44, CD133, SSEA-4,
CD10, CD73, and HLA-I were all purchased
from BD biosciences (USA). PE-conjugated
anti-CD105 and unconjugated anti-STRO-1
mAb were from R&D System (USA). FITC-
conjugated sheep anti-mouse Ig was obtained
from Avicenna Research Institute (Iran). Pol-
yclonal rabbit anti-human OCT-4, and FITC-
conjugated goat anti-rabbit antibodies were
purchased from Abcam (USA), and Sigma
(USA), respectively. 2, 3-Bis-(2-methoxy- 4-
nitro-5-sulfophenyl)-2H-tetrazolium-5 carbo-
xanilide (XTT) and Phenazine Methosulfate
(PMS) were obtained from Sigma (USA). All
the isotype-matched control antibodies were
from BD Biosciences (USA). Trypsin was
purchased from Gibco (cat no. 27250018 and
15090046), Sigma (cat no. T4799), and Fluka
(cat no. 93613) companies (Germany). DNase
I was purchased from Roche (Germany).

Placental unit and sample selection

Human placentas were obtained from un-
complicated term pregnancies delivered by
elective cesarean from 4 healthy women aged
22 to 32 years. The study was approved by
the ethical committee of Avicenna Research
Institute and Shahid Beheshti University of
Medical Sciences and all participants signed a
written consent form before enrolment in this
study. All women were tested for blood borne
viral infections during pregnancy and checked
to make sure they did not have the evidence
of congenital malformation, genital aberration
or severe diseases. All manipulations were car
ried out under sterile conditions.
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Hematoxylin and eosin staining

A small fragment of placenta unit contain-
ing amniotic membrane was fixed in 10%
formalin solution and embedded in paraffin.
Sections (5 um thick) were cut from the parat-
fin blocks and stained with Hematoxylin and
Eosin (H&E) according to standard methods.

Isolation of hAECs

Placentas were delivered immediately in
the cold chain to the laboratory and placed in
a biological safety cabinet with fetal side up
in a sterile stainless steel dish. Amnion was
mechanically peeled free from underlying
chorion (Figure 1). Remaining residual chori-
on was carefully removed by the slow slip-
ping of a scalpel blade over the membrane.
Isolated amniotic membrane was transferred
to a sterile beaker and washed several times
with cold RPMI-1640 (Sigma, USA) to re-
move blood and cellular debris. Next, blood-
free amnion was divided in 3 to 4 pieces.
Each piece was then transferred into a cell
culture flask (75 cm?) containing 20 m/ 0.05%
trypsin-EDTA and incubated at 37°C in a
shaking water bath for 20 min. In some set-
tings, 20 ug/ml DNase was added to the di-
gestion medium.

placed under a biological safety cabinet with fetal side up.
A) Membranes were extended with left hand; B) Amniotic
membrane was mechanically peeled free from underlying
chorion; C) Amnion was washed several times with ice-cold
isotonic buffer or culture medium to remove blood and cellu-
lar debris

Thereafter, the digest was passed through a
stainless steel mesh (300 um) to separate the
dispersed amniotic epithelial cells from the
undigested tissue. Cells were then suspended
in 30 ml complete medium [(RPMI+10% heat
inactivated Fetal Bovine Serum (FBS)] and
pelleted by centrifugation at 300xg for 10 min.
The supernatant resulting from the first tryp-
sinization was discarded to eliminate red
blood cells. The remaining tissue was subject-
ed to second, third, and fourth trypsinization
steps each for 20 min. The cells obtained in
each enzymatic digestion step were kept on
ice and the dispersed epithelial cells obtained
from all steps were pooled together, poured
over a cell strainer (100 um) (BD Bioscienc-
es, USA), and analyzed by flow cytometry.
Trypan blue dye exclusion test was used to
determine cell viability.

Furthermore, to assess the impact of trypsin
type on the expression of cell surface markers,
each tissue was digested by four types of tryp-
sins and the expression of CD105 and HLA-I
was measured as above.

Proliferation assay

To study their proliferation capacity,
hAECs were cultured in different seed num-
bers ranging from 5000 to 160000 in 96-well
cell culture plates containing 150 u/ 10%
heat-inactivated FBS-supplemented phenol
red-free RPMI. In some wells, Epidermal
Growth Factor (EGF) (Invitrogen, Germany)
at the final concentration of 10 ng/ml/ was
added. Cells were incubated at 37°C in a hu-
midified incubator (5% CO,) and cell prolif-
eration was evaluated using XTT assay im-
mediately after initiation of culture and every
24 hr up to 72 hr. XTT assay was performed
according to the protocol we published re-
cently '%. Briefly, an XTT stock solution
(1 mg/ml) was prepared in pre-warmed phenol
red-RPMI-1640. PMS (Phenazin Methosulf-
ate) stock solution (5 mM in PBS) was mixed
with XTT solution to achieve 0.025 mM
PMS-XTT. Fifty u/ of this mixture was added
to each well and cells were incubated for 2 Ar
in a 37°C incubator with 5% CO,. Next, the
plate was shaken and absorbance of wells was
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measured at 450 nm using a spectrophotome-
ter (BioTek, USA).

Flow cytometry analysis of molecular markers
Immunophenotyping of hAECs was per-
formed by flow cytometry according to our
recently published protocol '*". To this end,
after isolation, hAEC cells were washed in
cold PBS-2% heat-inactivated FBS (stain buf-
fer) and incubated for 30 min in stain buffer
containing manufacturer-recommended con-
centrations of either FITC- or PE-labeled an-
tibodies. All the staining steps were carried
out at 4°C unless otherwise mentioned. In all
tests, the isotype-matched antibodies were
used as negative controls. The expression of
OCT-4 was determined through intracellular
flow cytometry staining. To do so, cells were
washed twice in stain buffer and fixed with
4% formalin for 15 min at room temperature.
Thereafter, cells were incubated in PBS-0/1%
saponin (permeabilization buffer) containing
anti-human OCT-4 (1:1000) for 30 min. Cells
were then washed twice in permeabilization
buffer. Next, FITC-conjugated goat anti-rab-
bit Ig (diluted 1:150 in permeabilization buft-
er) was added and cells were incubated for
another 30 min. Afterwards, the unbound Abs
were washed away and the cells were kept on
ice until analysis. For cell surface STRO-1
staining, cells were incubated sequentially
with unconjugated mouse anti-human STRO-1
and FITC-conjugated sheep anti-mouse anti-
bodies each for 30 min. Thereafter, cells were
washed twice with stain buffer and analyzed
using flow cytometry (Partec, Germany).

Assessment of hAEC immunogenicity

hAECs were isolated as above and cultured
for 24 hr in complete culture medium. There-
after, cells were harvested, washed three times
in Phosphate Buffered Saline (PBS), suspend-
ed in 50 ul of the same buffer and injected
(1x10° cells) subcutaneously into the dorsal
flank of four 8-12 week Balb/c mice (Pasture
institute; Iran). Immunization was repeated
two more times with a one week interval. As
the control group, mice were injected with
PBS. One week after completion of the im-
munization schedule mice were bled by retro-

orbital sinus sampling after induction of anes-
thesia by a mixture of xylazine and ketamine
and sera were collected. Immunoreactivity of
the hyperimmune sera was then tested by im-
munoflourescent staining on the cytospined
hAECs according to the protocol we publish-
ed recently '®,

In brief, cells were fixed with -20 <C ace-
tone 100% for 2 min followed by three 5 min
washing steps with PBS+0.5% Bovine Serum
Albumin (BSA). The cells were incubated for
90 min at room temperature with 1:200 dilu-
tion of hyperimmunized sera. Slides were
washed as above and incubation was contin-
ued for 45 min in the presence of FITC-
conjugated sheep anti-mouse Ig. Afterwards,
nuclei were counterstained with DAPI (Invi-
trogen, USA) and signals were visualized un-
der an epifluorescent microscope (BXS5I
Olympus, Japan). In negative control slides,
primary antibody was substituted by equiva-
lent dilutions of preimmune mice sera.

Statistical analysis

hAECs isolated from four placentas were
analyzed in this study. XTT assay was per-
formed in quadruplicate wells. Where appro-
priate, data were expressed as mean+SD.
Comparative analysis of cell proliferation in
the presence and absence of EGF was per-
formed by Wilcoxon signed-rank test and p-
values less than 0.05 were considered statisti-
cally significant.

Results

H&E staining of placenta sections

To provide an overview of anatomical loca-
tion of the amniotic membrane from which
hAECs were isolated, H&E staining of paraf-
fin-embedded placenta sections was per-
formed. As depicted in figure 2, amniotic
membrane is composed of a single layer of
flattened cuboidal cells resting on a basal lam-
ina. Beneath this layer, a stromal layer com-
posed of amniotic mesenchymal cells is seen.
Figure 2 also shows the intermediate spongy
layer between amniotic and chorionic mem-
branes.
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Figure 2. H&E staining of placenta section. A) Amnion and chorion membranes and intermediate spongy layer are easily distin-

B Human Amniotic Stem Cells 4
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guishable; B) As seen in this close view of the amnion layer, amniotic membrane composed of single layer of flattened cuboidal

cells resting on a basement membrane. Beneath this layer, stromal layer composed of amniotic mesenchymal cells is seen; Upright

light microscope, A) scale bar; S00 um, B) scale bar; 50 um
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Figure 3. Morphological assessment of freshly isolated
hAECs. A) Freshly isolated hAECs was investigated mor-
phologically under invert microscope; B) or after Gimsa
staining. These cells appeared as flat cuboidal cells with
abundant cytoplasm and high cytoplasm/nuclear ratio. Scale
bar; 50 um

Isolation of hAECs

Amniotic epithelial cells were isolated from
the amnion layers obtained from healthy
women. On average, 80-130x10° hAECs with
viability of more than 98% were isolated from
each placenta unit. Upon Giemsa staining,
cells showed relatively dense nuclei, abundant
cytoplasms and high cytoplasm/nuclear ratios
(Figure 3). The purity, as evaluated by cy-
tokeratin expression, was demonstrated to be
more than 98% (Figure 4). Most of the cells
were isolated during the first and second run
of trypsin digestion and extending trypsin-
ization steps to more than four steps, not only
did not alter the final yield, but also decreased
cell viability by about 10%. Trypsins from
different suppliers resulted in different cell
yields (data not shown). Inclusion of DNase
in the digestion medium substantially reduced
the gelatinization of digested tissues which
hindered proper passage of the cells through

cell strainer. Microscopic examinations show-
ed fresh hAECs as large, refractile round cells
with great capacity to adhere to the plastic
surfaces. The cells exhibited adherence to the
plastic surface within the first hours of culture
initiation. The cells were gradually flattened
by extension of culture period and became
more flattened with fibroblastic-like mor-
phology after 48 hr (Figure 5).

Proliferation assay

XTT assay was carried out to explore the
proliferative ability of hAECs. To assess the
dependency of hAEC proliferation on EGF
treatment, this growth factor was added to
some wells. Cell proliferation was determined
with different cell numbers during a 72 hr of
culture period. According to the results,
hAECs cultured for 72 hr in the presence of
EGF revealed substantial proliferative capaci-
ty which increased with cell concentration.
More importantly, deprivation of EGF signif-
icantly halted the proliferation of hAECs
(p<0.01) (Figure 6).

Immunophenotyping of hAECs
Immunophenotype of isolated hAECs was
determined using flow cytometry. The aver-
age results of four independent experiments
and representative results for each examined
marker are shown in figures 4 and 7, respec-
tively. hAECs strongly expressed cytokeratin,
a marker associated with cells from the epi-
thelial origin. Flow cytometry data revealed
that hAECs were a heterogeneous population
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Figure 4. Immunophenotyping of hAECs. The representative results of four independent experiments have been shown. In each

graph, open and filled histograms represent test and isotype-matched control Abs, respectively
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Figure 5. Morphology of isolated hAECs during the culture
period. A) Isolated hAECs were cultured and their morphol-

ogy was monitored immediately after culture; B) and after
48 hr. Scale bar; 50 um

consisting of immunophenotipically mixed
cells. Nearly all purified cells expressed
mesenchymal markers, CD9, CD10, CD29,
and CD73. A large proportion of cells also ex-
pressed STRO-1 and CD105. Interestingly,

embryonic stem cell markers, OCT-4 and
SSEA-4 were expressed by the great majority
of isolated cells. Unlike their anatomically
adjacent trophoblast cells, hAECs expressed
HLA-I on the surface. Non-classical HLA-I,
HLA-G, which is mainly expressed by
placental trophoblasts was also expressed by
hAECs. Isolated cells failed to express the
hematopoietic stem cell marker, CD34. No
expression of CD38, CD44, CDI133, and
HLA-DR was found on the surface of the
cells (Figure 4). More importantly, the per-
centage of cells positive for CD105 and also
its expression level (mean fluorescence inten-
sity; MFI) were considerably affected by the
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Number of hAECs

Figure 6. Proliferative capacity of hAECs. The proliferation
of hAECs, cultured for 72 Ar in the presence (filled triangle)
or absence (filled rectangle) of EGF, was determined using
XTT. Moreover, cell proliferation was investigated immedi-
ately after seeding (0 A7) (filled circle) and every 24 Ar until
72 hr. For simplicity, only the results of proliferation at 0 /r
and after 72 hr are provided in the figure. The comparison
was made between proliferation of hAECs cultured in the
presence and absence of EGF for 72 hr (**: p<0.01)
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number of HLA-I molecules on the cell sur-
face, as judged indirectly by MFI (Figure 8).

Immunogenicity of hAECs

Immunofluorescent staining was used to
assess the immunogenicity of hAECs in Balb/c
mice. According to the results, hAECs were
positively stained with the sera obtained from
hyperimmunized mice, while they showed no
immunoreactivity with the sera of control
group mice (Figure 9).

Discussion

In this study, we described the isolation of
human amniotic epithelial cells and inves-
tigated the morphological, proliferative, and
immunophenotypic properties of this inter-
esting cell type.

JABZDD § &

HLA-T
HLA-G
HLA-DR
CD34
CD38
CD44
CD105
CD133

Figure 7. Stem cell marker expression by hAECs. Data are shown as mean+SD obtained from four independent experiments

type of trypsin. In the case of HLA-I, alt-
hough the percentage of positive cells was not
considerably affected by the type of trypsin,
different trypsins affected differentially the

Like placental trophoblast cells, this cell
population is unique in that they exist only

during nine month period of pregnancy. Of
utmost importance, these cells are capable of
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Figure 8. Effect of trypsin type on percentage and expression of CD105 and HLA-I. Amniotic membranes were digested by four
commercially available trypsins and the percentage and expression level (mean fluorescence intensity; MFI) of CD105 and HLA-I
was determined using flow cytometry. The open and filled histograms represent test and isotype control, respectively

A

Figure 9. Assessment of hAEC immununogenicity. hAEC
were subcutaneously injected into Balb/c mice three times
with a one week interval. A) Immunoreactivity of mice sera
with hAEC was tested by immunofluorescent staining;
B) Nuclei were counterstained with DAPI. In negative rea-
gent control slides, sera from mice injected with PBS was
used as primary antibody. Scale bar; 50 um

differentiating into all three germ cell layers
. Indeed, placenta is largely available as a
discarded tissue following normal or cesarean
delivery. Moreover, as we showed here, large
numbers of stem cells could be achieved with-
out any concern about ethical and religious
issues usually being encountered with embry-
onic stem cells. The advantageous features
mentioned above make amniotic membrane
an easy to access and attractive source for re-
generative medicine.

Here, we isolated hAECs with high purity
and viability. We observed that discarding the
cells obtained from the first step of tissue

digestion, although reduces isolation yield,
would increase cell viability by about 6-10%
and decrease red blood cell contamination. It
is of note that, depending on gestational age,
the extent of blood contamination and the
type of trypsin, the cell yield at the first tryp-
sinization step varied from 20 to 70%.

It is needless to say that in cases where the
majority of hAECs are isolated at the first di-
gestion step, discarding the cells existing in
the supernatant would result in a significant
loss of final yield. Contamination with blood
is the most important factor influencing the
isolation yield due to the presence of serum,
which is known to inactivate trypsin . In this
context, washing of amniotic membrane and
discarding the first step product of digestion
could remove blood contamination which is
considered to be the most important factor
inhibiting the activity of trypsin. On the other
hand, increasing the digestion period, alt-
hough increases cell yield, will reduce cell
viability and also cell purity due to contami-
nation with underlying mesenchymal cells.

We found that more than 98% of purified
cells express cytokeratin, a marker of inter-
mediate filaments that is almost exclusively
expressed in epithelia. The absence of HLA-
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DR on hAEC surface, as we showed here, and
lack of tumorigenecity and immunogenicity *°
are the interesting features for stem cell-based
therapeutic approaches. In spite of this, we
showed that a considerable proportion of this
cell type expresses HLA-I which could poten-
tially induce immune system-based rejection
mechanisms.

There is a great controversy on HLA-I sta-
tus in freshly isolated hAECs. Although ac-
cording to some reports these cells express
low levels of HLA-I immediately after isola-
tion ®*'**, there are some reports indicating
that majority of these cell types express con-
siderable amounts of HLA-I '>'°. Equally im-
portant, in the studies reporting low levels of
HLA-I on the isolated hACEs, the level of
HLA-I expression has been found to be a
function of culture period and after the first
few passages, these cells expressed significant
level of this cell surface antigen ****. We sug-
gest that this discrepancy may arise from the
type and specific activity of trypsin usually
used for cell dissociation. In line with this as-
sumption it has recently been shown that tryp-
sin could alter cell proteome through enzy-
matically cleaving of some cell surface mark-
ers **. We also showed that the utilization of
different trypsin types to digest tissues would
result in different percentages and expression
levels for CD105 and different expression
levels in the case of HLA-I.

Whatever the HLA-I status on hAECs is,
exposure to IFNy promotes cell surface ex-
pression of HLA-I on these cells ", a condi-
tion that might happen in vivo soon after
transplantation. So lack of immunogenicity
seems to stem in part from immunomodula-
tory factors produced by these cells. In line
with the assumption, it has been reported that
hAECs have potent immunomodulatory prop-
erties. hAECs inhibit peripheral blood mono-
nuclear cell proliferative responses to mito-
gen, alloantigen, and recall antigen '*. Viable
hAECs have been shown to have beneficial
effects on secretion of anti-inflammatory fac-
tors. Culture supernatant from hAECs has
profound suppressive effect on neovasculari-

zation and inhibits recruitment of Major His-
tocompatibility Complex (MHC) class II+anti-
gen-presenting cells, macrophages and neu-
trophils and induces apoptosis of T and B
lymphocytes **°. Moreover, expression of
HLA-G in these cells, as we showed here,
could restrain harmful NK cell-mediated cyto-
toxicity.

We observed that hAECs exhibit substan-
tial proliferative capacity only when they are
treated with EGF. In the absence of this
growth factor, their proliferation was consid-
erably diminished to the background level. It
was reported that selection of a suitable
growth medium is a critical step influencing
growth rate of hAECs ".

The substantial proliferation of hAECs
could be attributed to the expression of OCT-
4, an embryonic stem cell marker essential for
the establishment and maintenance of undif-
ferentiated pluripotent stem cells . OCT-4 is
downregulated during embryonic stem cell
differentiation. It has been shown that loss of
OCT-4 at the blastocyst stage results in the
differentiation of inner cell mass to trophecto-
dermal cells *’. Our results revealed expres-
sion of OCT-4 in a high percentage of freshly
isolated hAEC, supporting the pluripotency
capacity of these cells.

According to flow cytometric evaluations,
hAECs were positive for CD9, CD10, CD29,
CD73, SSEA-4, STRO-1 and CD105; howev-
er, they failed to express CD34, CD38, CD44,
and CD133. As with other stem cells "%,
amniotic membrane contained stem cells with
different cell surface markers suggesting het-
erogenicity of hAECs. Whereas chorion is
derived from the trophoblast layer, the amni-
on is derived from the epiblast as early as 8
days after fertilization. Thus, amnion may re-
tain the pluripotent properties of early epiblast
cells *'°.

The overall pattern of molecular marker
expression in hAECs, especially OCT-4 and
SSEA-4, is in line with their embryonic
origin. It is important to note that cell surface
marker expression in hAECs is greatly influ-
enced by cell isolation method, culture condi-
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tion and the number of culture passages. For
instance, freshly isolated hAECs lose CD10
and CD73 expression and gain CD34 at pas-
sage 5 °. These factors may account for the
great variability of hAECs markers which is
mentioned in the literature.

Conclusion

Altogether, surface markers and such fea-
tures as proliferation capacity of hAECs are
among the characteristics that are strongly de-
pendent upon isolation and cell culture condi-
tions. Thus such variables should be taken
into consideration when stem cell properties
of hAECs are to be interpreted.
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