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ABSTRACT

Several reports have documented the derivation of pluripo-
tent cells (multipotent germline stem cells) from spermato-
gonial stem cells obtained from the adult mouse testis. These
spermatogonia-derived stem cells express embryonic stem
cell markers and differentiate to the three primary germ
layers, as well as the germline. Data indicate that deriva-
tion may involve reprogramming of endogenous sper-
matogonia in culture. Here, we report the derivation of
human multipotent germline stem cells (hMGSCs) from a
testis biopsy. The cells express distinct markers of pluri-

potency, form embryoid bodies that contain derivatives of
all three germ layers, maintain a normal XY karyotype,
are hypomethylated at the HI19 locus, and express high
levels of telomerase. Teratoma assays indicate the pres-
ence of human cells 8 weeks post-transplantation but
limited teratoma formation. Thus, these data suggest the
potential to derive pluripotent cells from human testis
biopsies but indicate a need for novel strategies to opti-
mize hMGSC culture conditions and reprogramming.
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INTRODUCTION

Pluripotent stem cells are characterized by their ability to pro-
liferate and self-renew extensively, as well as to differentiate
[1-6]. In humans, both human embryonic stem cell (hESC) and
human embryonic germ cell (hEGC) lines were first derived in
the late 1990s [7-10]. Like other pluripotent stem cells, hESCs
and hEGCs are characterized by their ability to differentiate to
the primary germ layers in vitro and in vivo, by expression of
diagnostic cell surface markers, by specific epigenetic and ge-
netic status, and by unique culture requirements [11, 12].
Early in fetal development, just prior to or during gastrula-
tion, mouse germ cells are identified as a cluster of cells that are
termed the primordial germ cells (PGCs) and that reside in the
extraembryonic tissues at the base of the allantois [13]. These
PGCs express specific mRNA and protein markers, such as
tissue nonspecific alkaline phosphatase (TNAP), Oct4, and
Stella, markers that are also expressed in embryonic stem cells
[14-17]. Following establishment of the initial germ cell pop-
ulation, the PGCs expand in number and eventually migrate
from the extraembryonic spaces into the nascent embryonic

gonads, where they are termed gonocytes [13]. In the female, all
of the immature germ cells or gonocytes enter meiosis during
fetal development [18—20]. In contrast, in the male, the imma-
ture germ cells migrate to the basement membrane of the sem-
iniferous tubules, where they differentiate into spermatogonial
stem cells, which will provide the cells for differentiation of
sperm throughout male adult life [21].

Over the years, culture conditions for mouse spermatogonial
stem cells have been established, facilitating the characterization
of these cells and factors involved in self-renewal and differen-
tiation [22]. Nonetheless, several lines of evidence have sug-
gested that the ability to derive pluripotent germ cell lines was
restricted to the earliest stages of development (to PGCs) and
that pluripotency of germ cells was not maintained postnatally
[13, 18, 23-27]. However, recent results from mice have chal-
lenged this assumption [28-30]. The pluripotency of mouse
spermatogonia-derived stem cells termed multipotent germline
stem cells (MGSCs), multipotent adult germline stem cells, or
multipotent adult spermatogonia-derived stem cells has been
demonstrated by several criteria, including the ability to spon-
taneously differentiate into derivatives of the three primary
germ layers and to contribute to chimeras [28-30]. Notably,
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