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Abstract

The fetal adnexa such as umbilical cord, amnion and amniotic fluid have been proposed as ideal sources of different stem cell
lineages. Use of adnexal tissue has many potential advantages, including the noninvasive nature of the isolation procedure, the large
tissue mass from which cells can be harvested with high efficiency and the potential of these cells to differentiate. Moreover, particularly
in human medicine, the harvesting of these tissues is more ethically acceptable making these sources of stem cells very attractive for
regenerative therapies and biotechnological applications. The adnexal tissue cells preserve some of the characteristics of the primitive
embryonic layers from which they originate. Indeed, many studies indicate that these stem cells exhibit some features of embryonic stem
cells as expression of embryonic markers and proliferation capability, without showing immunogenicity. However, the differentiation
potential of these cells, either in vivo or in vitro, is intermediate between the pluripotent embryonic stem cells and the multipotent adult
stem cells. Non-embryonic extra-fetal derived stem cells have opened new perspectives for developmental biology and for regenerative
medicine, not only in humans but also in animals. In this update, we report the state of the art of fetal adnexa-derived stem cells from
domestic animals and analyze their applications and potential uses in veterinary medicine.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

The ability to collect large numbers of cells, in an
inexpensive and noninvasive way without risk to the
donor, and the ability to cryogenically bank and expand
the cells in vitro, are important considerations to facil-
itate stem cell use in veterinary medicine [1].

Multipotent autologous bone marrow-derived mes-
enchymal stem cells (MSCs) are used in regenerative
veterinary medicine for their potential to treat equine
musculoskeletal injuries including tendon [2–6] and
cartilage [7] damages. Bone marrow-derived MSCs
have a more limited potential for in vitro proliferation
(about 32 d for expansion from isolation to implanta-
tion) and target differentiation than embryonic stem
cells. In addition, bone marrow-derived MSCs are re-
ported to be more difficult to extract from the marrow
cavity, show reduced plasticity and growth with in-
creasing donor age and number of in vitro passages
[8–10], and do not appear to improve long-term func-
tional repair [11].

Stem cells derived from the fetal adnexa could over-
come many of the limitations of bone marrow-derived
MSCs and open new possibilities for developmental biol-
ogy and regenerative veterinary medicine. The fetal ad-
nexal tissues of particularly importance as sources of stem
cells are the umbilical cord (for isolation of MSCs from
cord blood and Wharton’s Jelly), amnion and amniotic
fluid. With regard to amnion, it is noteworthy that in
placental mammals the epithelial layer of amnion origi-
nates from the trophectoderm and it is continuous with the
epiblast [12]. It is therefore reasonable to speculate that
some amniotic epithelial cells may escape the specifica-
tion that accompanies gastrulation, and that these cells
may retain some (or all) of the characteristics of epiblastic
cells, such as pluripotency [13].

Moreover, the fact that the placenta is fundamental
for maintaining fetomaternal tolerance during preg-
nancy suggests that cells present in placental tissue may
have immunomodulatory characteristics [14] that could
decrease the risk of the recipient rejecting transplanted
stem cells immunologically.

This review illustrates the advances in isolation and
characterization of fetal adnexa-derived stem cells from
domestic animals and analyzes their impact on stem
cell therapy in veterinary medicine.

2. Definition and sources of stem cells

Stem cells have been isolated from virtually all life
stages, from preimplantation embryos through to adult-
hood. Presently, three types of stem cells have been
described: embryonic stem cells, found in the inner cell
mass (ICM) of the early embryo, extra-embryonic stem
cells isolated from extra-embryonic tissues (amnion,
placenta, umbilical cord matrix) and adult stem cells
[15,16].

The best known stem cell is the zygote. It has the
ability to give rise to an entire living organism and
therefore is considered to be totipotent. Once the blas-
tocyst stage is reached, embryonic stem cells isolated
from the inner cell mass lose the totipotency of the
zygote but are still able to differentiate into the three
germ layers. These embryonic stem cells are considered
to be pluripotent [17]. Based on their self-renewal and
differentiation abilities, embryonic stem cells are hier-
archically higher than other cell types that have more
restricted properties, but it is important to take into
account potential problems in clinical applications
posed by embryonic stem cells because of their high
tumorigenic rate after transplantation [18].

MSCs represent a population of stem cells with
more restricted differentiation potential. They are char-
acterized by three defining properties. Firstly, MSCs
are plastic-adherent when maintained in standard cul-
ture conditions. Secondly, MSCs express the cell sur-
face markers CD105, CD73, and CD90 and lack ex-
pression of CD45, CD34, CD14 or CD11b, CD79 or
CD19, and human leukocyte antigen (HLA)-DR.
Thirdly, MSCs differentiate to osteoblasts, adipocytes,
and chondroblasts in vitro [19]. These cells are consid-
ered to be multipotent [19].

In veterinary medicine, MSCs have been harvested
successfully from a variety of tissues including, but not
limited to, bone marrow [6,20–26], skin [27], adipose
tissue [22,26] and peripheral blood [28,29].

Tissues that contain unique and primitive cells
whose potential is as yet undefined, but which represent
attractive candidates as a resource for stem cell bio-
technology and biomedicine, are gestational tissues and
amniotic fluid. In these context, umbilical cord blood
[22,30–36], umbilical cord tissues [1,37–41], amniotic
tissue and amniotic fluid [42,43] have been isolated and
characterized for the first time in veterinary medicine.
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