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Objective: The purpose of this study was to determine and characterize
the expression, spreading and location of CD34 -positive cells in normal
human placenta and in placenta in cases of intrauterine growth retarda-
tion (IUGR).

Patients and methods: Fifteen placentas from healthy parturient
women with the normal course of pregnancy and healthy newborn baby,
and ten placentas in cases with TUGR, when the baby’s weight was
lower than it should be for the stage of the pregnancy, were investigated
histologically and immunohistochemically by means of horseradish
immunoperoxidase-labeled monoclonal mouse anti-human CD34 anti-
body.

Results: In normal placenta when a healthy baby was born, CD34*
cells were found throughout the villi in the endothelium of the vascular
tree. Occasionally, extravascular scattered CD34-positive nucleated cells
were found as well. Some CD34-positive cells were present in the blood
vessel lumina. Additionally, weaker CD34-positive immunostaining was
found in sparse cells in cyto- and syncytiotrophoblasts and in some
decidual cells.

In cases with ITUGR, a diminished density of trophoblast villi was
found. Some villi were pathologically changed. In IUGR, also the inten-
sity of CD34 expression was lower than in normal placenta. Meanwhile,
more of decidual cells expressed CD34 immunoreactivity, and usually
the intensity of the expression was higher.

Conclusion: The findings obtained in the present study show that
there is a great number of CD34* cells in human placenta, both in
normal and in IUGR-complicated pregnancies.
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INTRODUCTION

by transplanting autologous, e.g., bone marrow stem
cells to replace their diseased tissues, although it

Stem cells display a capacity for self-renewal and
have the ability to give rise to a great variety of
more specialized progeny (1, 2). Much interest and
efforts has focused on the therapeutic potential of
stem cell technology to treat presently intractable
diseases (3). Some adult stem cells are not lineage-
restricted. It is now believed that these cells are
able to give rise to other cell types in a new loca-
tion, not normally present in their organ of origin.
Some have claimed that since adult stem cells can
be induced to differentiate into multiple cell linea-
ges, embryonic stem cells from blastocysts and abort-
ed fetuses will no longer be needed. The use of
human embryonic stem cells has been accompanied
by political and ethical obstacles. There are no such
problems with adult stem cells, and this raises the
possibility of repairing an individual’s failing organ

there a long way to go before this technology can
be applied to humans. Tissues that can now be en-
gineered with limited success using stem cells com-
prise a diverse range, from epithelial surface as skin,
cornea and mucosal membrane to skeletal tissues.

The two main characteristics of stem cells are
their capability of extensive self-renewal and their
potential to differentiate into at least one, and usual-
ly more, mature cell type (4). Hematopoietic stem
cells (HSC) are capable of differentiation into all
of the mature peripheral blood cell types. Until re-
cently, HSC were thought to reside exclusively in
the bone marrow, with occasional leaks of these cells
into peripheral blood. However, recently cells with
HSC potential have been found to reside in nonhe-
matopoietic organs as well, including muscle. Re-
cent studies have shown that there is a higher than
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expected plasticity of cells derived from the brain,
fat, muscle and skin (5-11).

In the last years, umbilical cord and placental
blood have become clinically relevant as an alterna-
tive source of hematopoietic stem and progenitor
cells for the treatment of malignant and nonmali-
gnant disorders (12). It has been shown (13) that
both term and preterm umbilical cord blood con-
tains a significantly higher number of early and com-
mitted progenitor cells as compared with adult pe-
ripheral blood. It has recently been demonstrated
that umbilical cord blood contains sufficient num-
bers of hematopoietic progenitor cells to engraft
larger size children and adult (14).

A major problem with the use of umbilical/pla-
cental blood is the limited blood volume that can
be collected from a single donor (15). The total
collection volume is about 60 ml, range 17-141 ml
(16). The reported volumes vary widely, usually
ranging from 40 to 200 ml.

Much emphasis is currently being placed on the
environment in which a stem cell is placed - its
niche.

A niche is a subset of tissue cells and extracel-
lular substrates, which in vivo favours the existence
of stem cell in the undifferentiated state. Integrins
hold the cells in place, and in their absence cells
leave the niche through either differentiation or
apoptosis (17). Our immunohistochemical observa-
tions showed that in human placenta there is a vary-
ing number of stem cells. So placenta could serve
as an additional source of such cells.

Although great leaps have been taken in the
world of stem cell research, many questions remain
unanswered. The clinical application of stem cell re-
search has virtually no limits.

The objective of the current study was to analy-
ze the presence of stem cells in human placenta.

PATIENTS AND METHODS

The study was conducted with human placenta. Per-
mission to use human material was obtained from
the local Ethical Committee prior to the study. Fresh
human placentas were obtained immediately follow-
ing spontaneous vaginal deliveries or Caesarean sec-
tions from the Opole Mother and Child Health Cen-
ter, Opole, Poland.

Placenta specimens from 15 healthy parturient
women with a normal course of pregnancy and he-
althy newborn baby and ten in the cases of IUGR
were fixed in 10% neutral formalin, embedded in
paraffin and processed for routine histological and
immunohistochemical analysis.

Immunohistochemistry. The primary antibodies
used were anti-human CD34 Type III monoclonal

mouse IgG, (1:100, Cymbus Biotechnology Ltd,
Charles Ford, UK).

Paraffin sections 5 um thick were mounted on
DAKO capillary slides (TechMate™, DAKO, Glost-
rup, Denmark), deparaffinized in xylene and rehyd-
rated in graded ethanol series and 10 mM phospha-
te-buffered, 0.9 saline, pH 7.4 (PBS). For antigen
retrieval, the slides were placed into Antigen Ret-
rieval Buffer™ (DAKO) and microwaved in 10 mM
citrate buffer, pH 6.0, in a microwave processing
labstation for histology, microMED T/T Mega His-
toprocessing Labstation (Milestone Inc., Atlanta,
USA), for 10 minutes at 98 °C according to the
manufacturer’s program, then cooled at room tem-
perature for 30 minutes, washed in PBS and immu-
nostained automatically at 22 °C using the following
protocol: 1) the primary antibody, diluted with
DAKO ChemMate™ antibody diluent, for 1 hour;
2) secondary antibody containing biotinylated goat
anti-mouse IgG antibodies (DAKO) for 30 minutes;
3) peroxidase block 3 times for 5 minutes; 4) pero-
xidase-conjugated streptavidin for 30 minutes; 5)
HRP Substrate Buffer and 6) substrate solution
containing 3,3 -diaminobenzidine tetrahydrochloride
(ChemMate™ detection kit) for 15 minutes. Betwe-
en each step, the sections were washed with DAKO
ChemMate™ washing buffers three times and dried
with absorbent pads.

Replacement of primary antibody with mouse or
goat IgG diluted to the same concentration as the
primary antibody were used as negative staining con-
trols. After immunostaining, the sections were coun-
terstained with haematoxylin or left without counters-
taining, washed, dehydrated in ethanol series, cleared
in xylene and mounted in a synthetic mounting me-
dium (Mountex, Histolab Products AB, Gothenburg,
Sweden).

Semi-quantitative microscopic assessment of im-
munohistochemical staining was performed under
400 x magnification (high power field). For general
histological evaluation the slides were stained with
haematoxylin and eosin.

RESULTS

In normal placenta we found the immunostaining
for CD34+* in the endothelial cells, and occasionally
in both cyto- and syncytiotrophoblast. In a normal
placenta, when a healthy baby was born, CD34-po-
sitive cells were found throughout all villi in the
endothelium in the vascular tree (Fig. 1). Occasio-
nally scattered extravascular CD34-positive nucleated
cells were found as well (Fig. 2). Additionally, weak
CD34-positive immunostaining was found in some
decidual cells (Fig. 3).
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Fig. 1. Expression of CD34 stem cell marker in the en-
dothelium (arrows) of the capillaries in normal human
placenta. x400

Fig. 2. Solitary CD34-positive cells (arrows) in normal
human placenta. x400

Fig. 3. Decidual cD34™ cells (arrows). Counterstained
with haematoxylin. x400

In IUGR the diameter of the villi was reduced
together with a reduction in the amount of villous
tissue. The degree of vascularization within termi-

Fig. 4. CD34-positive immunostaining (arrows) in ITUGR
placenta. Counterstained with haematoxylin. x400

nal villi was reduced. Increased perivillous fibrin de-
posits were found. The number of cytotrophoblast
cells was reduced in TUGR. In parallel, an increa-
sed number of syncytiotrophoblast nuclei was noted
in the IUGR group. These nuclei showed chroma-
tin clumping. A significant reduction in the vascular
surface density of stem and intermediate/terminal
villi was found in ITUGR. The expression of CD34
immunoreactivity was lower in the capillary endo-
thelial cells of villi as well as in the trophoblast
cells in placentas from ITUGR pregnancies than in
normal pregnancies. Only the decidual cells in the
basal plate in IUGR demonstrated slightly higher
expression of CD34 (Fig. 4).

DISCUSSION

There is currently great excitement and expectation
in the stem cell community (18). This originates
from the discovery that pluripotent stem cells can
be cultivated from human fetal tissue and retain
their ability to give rise to a variety of differen-
tiated cell types. The revelation over the past few
years of a seemingly multipotent population of pre-
cursor cells, distributed through many and perhaps
all tissues of the body, have opened new pilot rese-
arch. The blood vascular system may serve as a con-
duit, carrying a continuous supply of multipotent
cells to sites in the body where they are needed for
repair (19). Conversion of blood stem cells to brain,
epithelium, liver, muscle or myocardium cells shows
the plasticity of adult stem cells.

Within the bone marrow, there is a veritable fac-
tory for the production of blood. The existing para-
digm has been that the most immature cells in the
bone marrow are the HSC which can both self re-
new and differentiate into all of the different types
of hematopoietic cells. Recent data, however, sug-
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gest that there are cells in the marrow with the
ability to differentiate not only into blood cells, but
also into multiple other cell types throughout the
body. The phenotype of all these highly plastic cells
in the marrow is not known (4). Probably some
cells that are already partially committed to hema-
topoiesis may be able to be reprogrammed to dif-
ferentiate into other cell types and also the possibi-
lity that some of the subpopulations of marrow cells
that are enriched for cells with HSC activity may
actually contain cells that are less mature than HSC
and are not yet committed to the hematopoietic li-
neage. Rather, they still maintain the ability to dif-
ferentiate into multiple lineages when exposed to
the appropriate stimuli in vivo and in vitro (20, 21).
Direct injection of the marrow cells into the muscle
was not necessary for the differentiation of marrow
cells into myocytes.

Bone marrow stem cells have been shown to pro-
mote repair of myocardial damage following ische-
my/reperfusion models of myocardial infarction in
mice and rats (22, 23). The same bone marrow sub-
population that is capable of reconstituting the he-
matopoietic system was able to differentiate into car-
diac myocytes, smooth muscle cells and endothelial
cells when injected into myocardium after ischemic
injury (23). CD34* human bone marrow cells sup-
port repair after myocardial infarction. It is likely
that the growth factor administration does induce
some marrow-derived cells to differentiate into myo-
cardial endothelial cells at the site of injury.

Endothelial progenitor cells are defined as CD34+
CD133* Flk-1+ stem cells, which differentiate into
endothelial cells in vitro and could be incorporated
into sites of pathological neovascularization in vivo
(24). Vasculogenesis occurs in limited embryonic si-
tes, although angiogenesis, the formation of new
blood vessels by sprouting from preexisting ones,
occurs in many situations containing embryonic de-
velopment and pathologic conditions (25). Circula-
ting endothelial cells progenitors may contribute to
neoangiogenesis in adult individuals, consistent with
vasculogenesis.

In rodents and primates, the uterine epithelium
(endometrium) is eroded so that maternal blood co-
mes into direct contact with the trophoblast surface
(haemochorial). Primates have a single syncytial layer
plus an underlying trophoblast stem cell layer. Tro-
phoblast stem cells are defined as cells that have
the potential to give rise to all differentiated tro-
phoblast cell subtypes (26). It depends on presence
of signaling specific growth factors. Trophoblast stem
cells may not persist (27). The mammalian placenta
has evolved to take on many roles dealing with in-
trauterine life.

Stem cells have varying degrees of potential, ran-
ging from the totipotency (ability to form the em-
bryo and the trophoblast of the placenta) of the
fertilized oocyte, to the pluripotency (ability to dif-
ferentiate into almost all cells) or to the multipo-
tentiality (capability of producing a limited range of
differentiated cell lineages appropriate to their loca-
tion) of most tissue based stem cells, and lastly to
the unipotentiality (able to generate only one cell
type). Stem cells are known to exist in most organs
of the body, usually only 1-2% or less of the total
cellularity.

Stem cell transplants could be used to treat a
wide variety of pathologies, especially the ones af-
fecting specific cell types such as cardiomyocytes,
dopaminergic neurons, and islet B cells that have
been destroyed. There is evidence that patients with
myocardial infarction recover faster when autologous
hematopoietic stem cells are injected directly into
the heart.

The stem cell technology is yet in its infancy.
The potential benefits of treating diseases by using
stem cells are enormous, but several significant chal-
lenges still face this technology.

It is known that CD34+ can develop into endothe-
lial progenitor cells and trigger angiogenesis. Con-
trolled differentiation of adult or embryonic stem
cells requires the engineering of niches and extra-
cellular signal combinations that would amplify a
particular signaling network and allow a uniform and
selective differentiation.

The relation between stem cells within embryo
and stem cells in extra-embryonic chorion is not
profoundly characterized (28). There is no doubt
that extra-embryonic stem cells are of great experi-
mental and probably clinical importance. The rapid
growth and vascularization of the human placenta
are characteristic of early pregnancy and are ac-
complished in an unusual hypoxic environment.

The findings obtained in the present study show
that there is a great number of CD34-positive cells
in human placenta, both in m\normal and in ITUGR-
complicated pregnancies.
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PLACENTOS CD34* KAMIENINES LASTELES
GIMUS NORMALIAM KUDIKIUI IR VAISIAUS
AUGIMO ATSILIKIMO ATVEJU

Santrauka

Imunohistochemiskai iStyréme CcD34" kamieniniy lasteliy
pasiskirstymg placentoje gimus normaliam kadikiui bei vai-
siaus augimo atsilikimo atvejais. Normalioje placentoje,
gimus sveikam kudikiui, CD34 ekspresija nustatéeme visy
choriono gaureliy kapiliary endoteliocituose. Taip pat ras-
tas nedidelis kiekis pavieniy ekstravaskuliniy CD34 teigia-
my lasteliy. Silpna CD34 ekspresija pasizyméjo ir pavie-
nios cito- bei sincitiotrofoblasto, taip pat kai kurios deci-
dualinés Iastelés.

Vaisiaus augimo atsilikimo atvejais gaureliy tankis su-
mazejes, o kai kurie gaureliai patologiSkai pakite. CD34
ekspresija kapiliary endotelyje silpnesné, taciau deciduali-
nés lastelés daugiausia buvo CD34 teigiamos ir $io anti-
geno ekspresija kiek rySkesné.

Tyrimo rezultatai parode, kad normalioje placentoje ir
net esant vaisiaus augimo atsilikimui nemazai placentos
lasteliy turi CD34 Zymenj.

Raktazodziai: CD34, kamieninés lastelés, placenta



