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LETTERS TO THE EDITOR

To the editor—Ovarian failure and infer-
tility are routine side effects of anti-can-
cer therapy, due to the extreme
sensitivity of oocytes to the lethal effects
of radiation and chemotherapeutic
drugs1. Recently, we reported that 
ceramide mediates apoptosis of oocytes
exposed to anti-cancer therapies, and
that its metabolite, sphingosine 1-phos-
phate (S1P), prevents this oocyte death
in vivo2. However, pharmacological pro-
tection of the ovaries, if possible, may
not be desirable, as current concepts
suggest that deletion of DNA-damaged
oocytes may serve to maintain genomic
integrity and thus prevent genetic
anomalies in progeny of irradiated
mothers3.

To evaluate whether oocyte protec-
tion by S1P results in long-term preser-
vation of ovarian function and fertility,
mating trials were initiated two months
after irradiation. Intrabursal injection of
S1P into 8-week-old C57BL/6J female
mice, 2 hours before 0.1-Gy ionizing ra-
diation, prevented loss of the primordial
oocyte reserve occurring within 8 weeks
in vehicle-treated irradiated mice2.
Moreover, only 50% of vehicle-treated
irradiated females delivered litters dur-
ing the first mating trial, which dropped

to 12.5% by the fourth trial (Fig. 1a). In
contrast, all S1P-treated irradiated fe-
males initially delivered litters, and after
1 year, 75% remained fertile (P < 0.001
versus vehicle-treated irradiated fe-
males) (Fig. 1a). Litter sizes in the vehi-
cle-treated irradiated group (5.6 ± 0.6
pups per mating) and the irradiated S1P-
treated group (6.1 ± 0.4 pups per mat-
ing) did not significantly differ from
unirradiated controls (6.2 ± 0.2 pups per
litter4). No significant phenotypic, be-
havioral, anatomic, histological, hema-
tological or biochemical abnormalities
were noted in 107 F1 or 363 F2 offspring,
the latter derived by mating F1 males
and females to non-irradiated C57BL/6J
mice, through 18 months of age (data
not shown).

To quantify potential DNA damage in
F0 oocytes protected by S1P, oocytes
were isolated from female mice 8 weeks
after irradiation (0.1 Gy) and induced to
complete the first meiotic division in
vitro5. The oocytes were then scored as
positive for DNA damage if one or more
breaks in a chromosome arm, or illegiti-
mate recombination events between
non-homologous chromosomes, were
detected6. There was a significant (P <
0.01) reduction in the number of

oocytes recovered from mature antral
follicles of vehicle-treated irradiated
(15.1 ± 1.4) versus non-irradiated (28.0 ±
4.5) female mice, and a significant in-
crease in oocytes with DNA damage
(22.2% versus 2.9% in irradiated versus
non-irradiated mice, respectively; P <
0.01). Treatment with S1P restored the
recovery of oocytes from irradiated fe-
males to the normal range (23.1 ± 2.5),
whereas the percentage of these oocytes
manifesting DNA damage (27.6%) was
not significantly different than in
oocytes of vehicle-treated irradiated
mice.

To evaluate if DNA damage is trans-
mitted to subsequent generations, the
frequency of micronuclei was measured
in 1 × 103 polychromatic erythrocytes
from tail blood by fluorescence mi-
croscopy7. As expected, an increase in
micronuclei frequency over non-irradi-
ated controls was observed in F0 vehicle-
and S1P-treated animals receiving 0.1
Gy of radiation (P < 0.01 versus control
for 0.1 Gy + S1P) (Fig. 1b). However, the
frequency of micronuclei in F1 and F2

progeny of S1P-treated irradiated moth-
ers was not different from that in the re-
spective progeny of vehicle-treated
irradiated mothers and, most impor-
tantly, age-matched non-irradiated con-
trols (Fig. 1b).

These studies, which are the first to
use irradiated females to assess transgen-
erational genomic instability8, demon-
strate that S1P-based protection of the
female germ line from radiation is not
associated with discernible propagation
of genomic damage at the anatomical,
histological, biochemical or cytogenetic
level. Moreover, our investigation pro-
vides the first credible prospective evi-
dence that preservation of ovarian
function and fertility post-irradiation
can be safely and effectively achieved in
vivo, using S1P-based strategies.
Whether S1P provides a comparable
level of protection to the ovaries after
chemotherapy in vivo is currently un-
known. However, given the effective-
ness of S1P in blocking anti-cancer
drug-induced apoptosis in oocytes in
vitro2,9, this topic bears further investiga-
tion.

Sphingosine 1-phosphate preserves fertility in 
irradiated female mice without propagating 

genomic damage in offspring
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Fig. 1 S1P preserves fertility without propagating genomic damage. a, Female mice, pre-
treated with vehicle (�, n = 8) or a maximally effective dose2 of 200 nmol/ml (final intrabursal
concentration) S1P (�, n = 8) before irradiation (0.1 Gy), were mated 2 mo later with non-irra-
diated adult wild-type males, and then at successive 2-mo intervals for a total of 4 matings per
female. The ratios provided in parentheses over each bar depict the number of successful preg-
nancies out of the 8 mice per group. b, Frequency of micronuclei in F0, F1 and F2 mice. Tail blood
samples were taken from 16–18-mo-old non-irradiated (�), vehicle-treated and irradiated (�),
or S1P-treated and irradiated (�) F0 mice, 16–18-mo-old F1 mice, or 12–16-mo-old F2 mice.
Samples were smeared onto glass microscope slides coated with acridine orange. 1,000 consec-
utive reticulocytes were then analyzed for micronuclei frequency, as described7. Data represent
the mean ± 95% confidence limit. The Institutional Animal Care and Use Committee of
Memorial Sloan–Kettering Cancer Center approved these experiments.
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To the editor—It is surprising to note
how opinion leaders concerned about
the increasing scarcity of physician-sci-
entists in the United States have failed
to consider what may be the simplest
remedy. The three solutions proposed
in the May issue of Nature Medicine were
the following: 1) give clinical training
to PhDs (ref. 1); 2) encourage into re-
search ‘late blooming’ MD students and
MDs (ref. 2); and 3) increase the propor-
tion of women among physician-scien-
tists3. As these authors suggested, none
of the solutions proposed seemed to
offer an easy fix to the problem. A pos-
sibility only barely mentioned by
Varki and Rosenberg2 is the recruit-
ment of international MDs.
Although a substantial number
of highly qualified foreign physi-
cian-scientists—many of them
already in the US (see graph)—
could easily be attracted and re-
tained to boost translational
research programs, there seems to
be little interest from US policy-
makers and no actual plans to do so.
Conversely, in countries of the
European Union (EU), standardization
of MD curricula has since 1991 allowed
physicians trained at EU-accredited pro-
grams to practice medicine—and work
as physician-scientists, if applicable—in
any of 17 EU countries. The result is a
free exchange between nations that
have a preeminent role in medical re-
search, including the UK, Germany,
France and Italy. What prevents this

possibility in the US?
Major hurdles for international MDs

wishing to work as physician-scientists
in the US are the clinical credentialing
requirements. Although US medical li-
censing authorities recognize the basic
MD degree from accredited foreign
medical schools, there is no formal
recognition of any specialty training ob-
tained abroad except from Canada or
US territories.

Therefore, even extensively trained
foreign MD/PhDs, who wish to come
to or stay in the US and potentially be
recruited into translational research
face two alternatives: either leave be-
hind their cultivated passion for medi-
cine and hard-earned clinical skills and

devote their career to basic research
only, or give up research and regress
for several years to previous phases of
their medical training, in order to ob-
tain full US medical credentials. A for-
eign specialist MD can obtain clinical
privileges comparable to those already
available to her/him in their home
country, but only after passing the
four-step licensure examination for
foreign medical graduates
(ECFMG/USMLE; one year at least) and
after spending a minimum of four
years providing routine medical care as

a resident in a US-accredited pro-
gram. At least five of the most pro-

ductive years in a scientist’s career
are lost in this process, and
‘burn-out’ during residency is
expected to occur to an extent
equal to or greater than that for
US medical graduates, possibly
resulting in an irreversible loss
of commitment to research.

As a solution, interested US in-
stitutions could negotiate with li-

censing authorities to establish new
credentialing requirements to specifi-

cally allow qualified physician-scien-
tists to work at designated aca-
demic or government research institu-
tions. This type of accreditation for for-
eign-trained physician-scientists may
consist of successfully passing the
ECFMG/USMLE plus an exam on their
specialty identical or similar to that ad-
ministered for specialty Board certifica-
tion. An additional requirement could

An international solution to recruiting physician-scientists?

Active foreign scientists at the NIH
n = 2,645

Other degrees
holders

n = 1,848

MDs
n = 419

Source: International Services Branch,
NIH. Aug. 2002

MD/PhDs
n = 378
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