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Those data were published in Nature Cell Biology.
The open question was whether OSCs purified from humans had a 

similar ability to generate functional ovarian follicles.
To answer that question, researchers at MGH and HMS started 

by modifying Wu’s Ddx4-based purification protocol to improve its 
selectivity for OSCs. The team, which was once again led by Tilly, used 
fluorescence-activated cell sorting (FACS), which is less likely to be 
contaminated by oocytes than Wu’s technique of magnetic bead sorting.

Tilly is director of the Vincent Center for Reproductive Biology 
at MGH, chief of research for the MGH Vincent Department of 
Obstetrics and Gynecology, and professor of obstetrics, gynecology and 
reproductive biology at HMS.

His group isolated DDX4-positive cells from murine ovarian tissue 
as well as from human ovarian tissue derived from whole ovaries of 
reproductive-age women undergoing elective surgery. In vitro, both 
human and murine DDX4-positive cells expressed primitive germline 
markers but not oocyte markers, suggesting the procedure had indeed 
purified OSCs.

To determine whether the OSCs could differentiate into viable 
oocytes, the team cultured the cells on mouse embryo fibroblasts used 
as feeder cells, which supplied a cellular matrix upon which the stem 
cells grew. The human and mouse OSCs spontaneously differentiated 
into oocytes, as assessed by morphology, gene expression patterns and 
progression through meiosis.

The next step was to look at whether the OSCs could generate 
oocytes in vivo. To do so, the team engineered the mouse and human 
OSCs to express GFP, which made it possible to visualize and track 
the cells.

When GFP-express ing 
mouse OSCs were injected into 
the ovaries of mice, primary 
ovarian follicles developed 
that contained GFP-positive 
oocytes .  Moreover,  those 
oocytes led to the development 
of GFP-expressing mouse 
embryos following fertilization.

Finally, GFP-expressing 
human OSCs were injected 
into human ovarian tissue 
a n d  t r a n s p l a n t e d  i n t o 
immunodeficient mice. The 
result was primary ovarian 
follicles that contained GFP-
expressing oocytes. That suggested OSCs might indeed give rise to 
functional oocytes if transplanted into humans.

Results were published in Nature Medicine. The team also included 
researchers from Saitama Medical University.

Tilly and colleagues are now optimizing the conditions for 
production of human oocytes in vitro and have started studies to assess 
whether OSCs in nonhuman primates can generate functional oocytes 
for IVF.

Repowering the  
ovary
By Tracey Baas, Senior Editor

Researchers at Massachusetts General Hospital and Harvard Medical 
School have devised a protocol to identify and isolate a population of 
human germline stem cells that give rise to viable oocytes.1 Although 
reports in the general media focused on using the cells to create a fro-
zen source of potential oocytes, the unreported story is that the oocyte 
precursor cells can be manipulated to provide multiple opportunities 
for actually restoring fertility.

The findings have been exclusively licensed by OvaScience Inc.
OvaScience plans to start a Phase I study this year in which oogonial 

stem cells (OSCs) from a patient seeking in vitro fertilization (IVF) 
will be used to extract mitochondria, a primary source of energy for 
oocytes that decreases with age. The mitochondria will be injected into 
the oocytes of that patient after collection by needle aspiration. The 
expected result is increased egg viability, embryo development and IVF 
success rate (see Figure 1, “OSC platforms for restoring fertility”).

Up until the 1990s, the central dogma of reproductive biology was 
that female mammals have a restricted capacity for generating oocytes 
before birth, and once born the ovaries cannot renew egg cells that die 
because of aging or disease. Consequently, infertility resulting from 
oocyte loss had been considered irreversible.

However, multiple papers now cast doubt on that belief through the 
identification of a population of stem cells that give rise to functional 
oocytes.

First, Antonin Bukovsky and colleagues at The University of 
Tennessee Knoxville published in the American Journal of Reproductive 
Immunology in 1995 that a subpopulation of human germline stem cells, 
now known as OSCs, could be collected from the ovaries of women 
undergoing surgery2 and used to generate what were perceived as 
oocytes in cell culture, based on detection of oocyte markers.3,4

Almost a decade later, Jonathan Tilly and colleagues at Massachusetts 
General Hospital (MGH) and Harvard Medical School (HMS) produced 
multiple datasets that ran counter to the belief that germline stem cells 
disappear from ovaries at birth.5 The team’s mathematical models 
based on oocyte counts, in vivo germ cell proliferation assays and 
transplantation experiments in mice were published in Nature in 2004.

In 2009, Ji Wu and colleagues at Shanghai Jiao Tong University used 
a unique biomarker of murine OSCs—dubbed DEAD box polypeptide 4 
(Ddx4)—to isolate OSCs from adult mouse ovaries. The team used the 
marker to purify OSCs, which were transplanted into ovaries of infertile 
mice to generate functional oocytes capable of producing offspring.6 

“If we are successful in our 
current efforts to eventually 
derive fully functional 
eggs from human OSCs 
entirely outside the body, 
the odds of producing an 
embryo should increase 
substantially because eggs 
would no longer be a limited 
commodity.” 

—Jonathan Tilly, 
Massachusetts General Hospital
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Fine-tuning fertility
The general media picked up on the research and focused almost 
exclusively on the significance of the findings as a way for generating 
eggs. However, Tilly thinks the findings could be much more far 
reaching. Indeed, he told SciBX the ability to isolate OSCs will have 
implications for increasing the success of IVF procedures and may even 
be the first step toward the development of therapeutics that induce 
OSCs to differentiate into oocytes in situ without removing cells from 
the body in the first place.

Typically, IVF starts with a complex hormonal regimen to allow 

retrieval of six to eight oocytes that are collected from the ovaries 
via needle aspiration. The number of retrieved oocytes decreases in 
older women, cancer patients and individuals with genetically early 
menopause.

“If we are successful in our current efforts to eventually derive fully 
functional eggs from human OSCs entirely outside the body, the odds of 
producing an embryo should increase substantially because eggs would 
no longer be a limited commodity,” Tilly said.

The reason, he said, is “most successful IVF procedures require 
multiple cycles of hormone regimens, oocyte collection and embryo 
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Figure 1. OSC platforms for restoring fertility. OvaScience Inc. 
holds an exclusive license to use oocyte precursor cells in multiple 
approaches for increasing or restoring fertility.

the most advanced is expected to enter the clinic through 
Ovascience this year and uses a patient’s oogonial stem cells 
(Oscs) [a] to extract energy-supplying mitochondria [b(1)]. the 
mitochondria are then injected into the same patient’s oocytes to 
increase egg viability, embryo development and in vitro fertilization 
(iVF) success rate [c(1)].

a second approach involves isolating Oscs [a] and using them 
as assays to identify therapeutics that stimulate the transition from 
Osc to oocyte [b(2)]. the goal is targeted enhancement of spon-
taneous generation of oocytes from Oscs in situ without removing 
cells from the body. Jonathan tilly has already used the platform in 
his lab at Massachusetts General Hospital to identify compounds 
that induce exogenous Oscs to become oocytes in mice [c(2)].

a third technique is culturing isolated Oscs in vitro to ultimately 
produce functional eggs for iVF [a]. tilly’s team is collaborating with 
evelyn telfer at The University of Edinburgh to culture Oscs with 
ovarian somatic cells to produce oocytes encased within ovarian 
follicles [b(3)]. the hope is to create functional oocytes for iVF [c(3)] 
through a means that more closely mimics the natural process of 
human oocyte maturation in vivo.

the final approach is the most long term, and would involve 
autologously injecting Oscs, with or without prior ex vivo  
expansion, into human ovaries [b(4)] where endogenous  
ovarian follicular somatic cells would guide their enclosed  
Osc-based oocytes to functional competence, potentially  providing 
oocytes capable of ovulation and fertilization [c(4)].  

the approach will likely require viable ovarian follicles to be  
present in the tissue, which could impede its use in menopausal  
women.
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implantation to result in a successful pregnancy because doctors have 
access to only six to eight oocytes at a time. But one laparoscopic ovarian 
biopsy can potentially supply hundreds of OSCs that can be expanded 
in vitro to essentially unlimited numbers.”

“Although these frozen tissues have been able to supply viable eggs, 
the tissues are considered a finite source bank. The new method provides 
a way to expand that bank in situations where the tissues may supply 
only a low number of viable eggs,” added Kutluk Oktay, professor of 
obstetrics and gynecology, medicine, and cell biology and anatomy and 
director of the Division of Reproductive Medicine and the Institute for 
Fertility Preservation at New York Medical College and Reproductive 
Specialists of New York.

Oktay performed the first frozen ovarian transplant in 1999.
In the longer term, OvaScience is using OSCs as assays to identify 

therapeutics that stimulate the transition from OSC to oocytes. The 
assays, in turn, could be used to identify small molecules that promote 
the spontaneous generation of oocytes in situ.

Bukovsky, professor of reproductive biology associated with the 
Institute of Biotechnology of the Academy of Sciences of the Czech 
Republic, said he is most interested in seeing the work translated from 
ovarian tissue obtained from reproductive-aged women to women with 
ovarian failure who are unable to produce follicle cells or oocytes.

“Tilly’s work supports the existing idea that purified germ cells 
transplanted into mouse ovaries will utilize existing immature follicle 
cells to produce new follicles and that the survival and function of 
oocytes in vivo requires interaction with these immature follicle cells,” he 
said. “It will be very important that the team reproduce the experiments 
using ovarian tissue biopsies obtained from reproductive-aged women 
and from women with premature ovarian failure. I would very much like 
to see the mechanistic details.”

Questions aside, Oktay said the new study is “a game changer because 
it increases the options available for obtaining viable eggs. When it 
comes to fertility restoration, it is all about options.”

Wu, professor of molecular reproduction and stem cell biology at 
the Bio-X Center of Shanghai Jiao Tong University, thinks there are still 
unaddressed technical challenges.

“It is very satisfying to see our protocol optimized and fine-tuned 
to obtain and differentiate human female germline stem cells into 
oocytes, but the team’s culturing conditions will have to be optimized 
to avoid use of animal components, and mouse feeder cells will need 
to be replaced with either human feeder cells or a nonfeeder culturing 
system,” Wu told SciBX.

The findings described in the Nature Medicine paper have been 
patented.
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