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We proposed four specific aims during the first year:
1. determine whether olfactory ensheathing glia (GEG) stimulates

axonal sprouting in contused rat spinal cord
2. determine whether sprouting axons make functional synaptic

connections.
3. determine whether GEG remyelination of spinal axons improve

long-term neurophysiological and behavioural outcome.
4. determine whether immunosuppression with Cyclosporin A (CyA)

or methylprednisolone (MP) affects regenerative or remyelinative
effects of GEG transplants in contused spinal cord.

In the second year, we proposed to combine GEG transplants with
other therapies. We originally had proposed to study GDNF but
because of a recent study by Pearse, et al. (2004) which showed that
combination therapy of Schwann cell transplants, the
phosphodiesterase-4 inhibitor Rolipram, and dibutyryl cAMP (dbcAMP)
strongly stimulated regeneration in the spinal cord, we elected to focus
on this new combination therapy instead.

Project Successes

We carried out the following experiments.

• First, we transplanted heterologous neonatal GEG cells into rat
spinal cord shortly after spinal cord contusion (25mm weight drop).
We did not observe any significant improvements of locomotor
recovery in GEG-transplanted rats compared to untreated control.

• Second, we transplanted GEG cells into rat spinal cord at four
weeks after spinal cord contusion (25 mm weight drop). Unlike the
first experiment, we found a 2-point improvement of BBBscore
improvement in the rats within 2 weeks after transplantation.
However, histological analyses of the spinal cords showed neither
corticospoinal axonal regeneration across the injury site nor
significant differences in sprouting compared to untreated control.

• Third, we combined GEG transplants with PDE4 (phosphodiesterase
4) inhibitor treatment (Rolipram) and dibutyryl cAMP therapy, using
the same protocol as Pearce, et al. (2004). To our disappointment,
the two treatment groups (GEGalone vs. GEG plus Rolipram plus
dbcAMP) did not show improvements in locomotor recovery. In
addition, histological assessments of the spinal cords did not show
significant differences in rats treated with GEG alone vs. GEG plus
cAMP.



• Fourth, we measured the cAMP levels in the spinal cords of rats
treated with Rolipram and db cAMP. We originally had planned to
do somatosensory evoked potentials on the rats. However, when
histological analyses did not show any increase in axon sprouting,
we decided that it would not be worthwhile to redo the whole series
of experiments just to do somatosensory evoked potentials.
Therefore we decided to measure cAMP levels in the spinal cords of
rats after contusion with and without RolipramjdbcAMP therapy.
To our surprise, the RolipramjdbcAMP treatment protocol used by
Pearce, et al. (2004) did not produce a significant increase in cAMP
in the spinal cord. We are not sure why, but this may explain why
the treatment did not produce any behavioral or histological
improvement in the model.

• Fifth, we used RTjP(R to assess the effects of lithium on RNA
expression of neurotrophins and other factors in cultured OEG
cells. These experiments showed that lithium stimulated OEG cells
to produce increases in expression BDNF (brain-derived
neurotrophic factor) and GDNF (glial-derived neurotrophic factor).
For comparison, we examined the effects of lithium on
mononuclear cells isolated from rat blood. Lithium increased NGF,
NT3, GDNF, and L1F(leukemia inhibiting factor). On the other
hand, when we added (yA into the cultures, this blocked all effects
of lithium on the cells. Further experiments on the effects of
lithium and (yA on mononuclear and olfactory ensheathing glia
cells showed that (yA not only stopped the lithium effects on
neurotrophin expression but also the proliferation of the both
types of cells.

Project Challenges

Our experiments have several unexpected results. We were unable to
demonstrate behavioral or histological benefits of OEG transplants. With
the exception of one experiment where we transplanted the cells at 4
weeks after injury and saw an unexpectedly rapid 2-point improvement
of BBBwalking scores during the first week after transplantation, we did
not see any significant effects of OEG on walking or histological
improvements in contused rats spinal cords, confirming our earlier
studies showing no beneficial effects of OEG except for remyelination at
10 weeks. When we combined OEGcells with Rolipram and db cAMP, we
also found no beneficial effects of this combination therapy. Further
experiments showed that the Rolipram and db cAMP treatment did not
measurably increase cAMP levels in the spinal cord. Finally, we assessed
the effects of lithium on OEGand found that (yA blocked the effects of
lithium on neurotrophin production and cellular proliferation. This was
troubling because we had used high-dose (yA (10 mgjkg) in all of our



experiments, including controls. This may explain why none of the
animals recovered walking.

Implications for Future Research and Clinical Treatments

We hypothesize that CyA therapy, which is necessary to prevent
immunological rejection of the heterologous OEGcells in outbred rats,
blocks regeneration and the beneficial effects of OEGcells on
regeneration and axonal sprouting in the spinal cord. If true, this
hypothesis has very significant implications for cell transplantation
experiments where CyA or other calcineurin inhibitors are used to
prevent immune rejection of transplanted cells.

A review of the literature revealed no convincing studies that reported
regeneration of the spinal cord after treatment with cell transplants and
CyA. Almost all studies that reported beneficial effects of OEG cells (e.g.
the studies of Ramon-Cueto, 2004) did not use CyA while all the studies
that showed no beneficial effects of OEGwere done with CyA to prevent
immune rejection. In our earlier work, we had shown that CyA was
essential for transplanted OEG cells to survive longer than 4 weeks.

We consequently decided to test this hypothesis after this grant period
was completed and would like to present some preliminary results of this
work.

In order to test the hypothesis, we needed to have a model of cell
transplantation where OEGcells would not be immune-rejected and we
could apply CyA or no CyA to the animals after OEG transplantation. We
considered doing autologous OEG transplants. This would require that
we operate to remove either nasal mucosa or olfactory bulb, extract and
isolate OEG cells, and then transplant the cells into the spinal cord. We
decided not to take this route because the multiple surgery (on the nose
or brain) followed by spinal cord injury and delayed transplantation of
cells (our previous studies results showed that transplantation at 4 weeks
gave the best results) would produce significant hardship and suffering
for the rats.

Alternatively, we could use an isogenic inbred rat strain, such as Fischer
344 rat. Fortunately, we had just produced the first transgenic Fischer
rat expressing GFP (green fluorescent protein) and published a paper
showing that cells and organs from the GFPFischer rats can be
successfully transplanted without immunosuppression to other Fischer
rats. We have preliminary results showing the neonatal mononuclear
cells also can be successfully transplanted into the spinal cord of the rats.
This allows us to do an experiment where we can assess the effects of



heterologous DEG transplants (from one Fischer rat to another) with and
without CyA. Regardless of whether or not we use CyA, the cells should
survive transplantation. By assessing regeneration and behavioral
recovery in rats that are treated with DEGwith and without CyA, we
should be able to determine whether CyA therapy blocks regeneration
and the beneficial effects of DEG cells on regeneration and axonal
sprouting in the spinal cord.

Plans for Continuing Research

We are planning to apply to the New Jersey Commission for Spinal Cord
Research to carry out the following specific aims:

1. Establish Fischer rat spinal cord contusion model. The MASCIS
Impactor model was standardized using the Long-Evan's hooded
rat and extended to the Sprague-Dawley. In preliminary
experiments, we have found that the Fischer rat is much smaller
than the Long-Evans or Sprague-Dawley rats at 77 days of age, the
standard age that we use in the MASCIS Impactor model. We
currently are standardizing the model on Fischer rats that are 100
days old. Preliminary results from this suggest that the 12.5 mm
weight drop is more severe in the Fischer than for Long-Evans or
Sprague-Dawley rats, probably because the spinal cord is
significantly smaller. Thus, we will first carry out a standardization
of the MASCISmodel using the Fischer rat.

2. Assess the effects of DEG transplants on regeneration and recovery
in Fischer rats that have or have not been treated with CyA (10
mg/kg daily). If our hypothesis is true, we should see both
regeneration and recovery in rats treated with DEG transplants
without CyA and less regeneration and recovery in rats that were
not. The DEG cells will be obtained from olfactory bulbs of
neonatal GFPFischer rats. These rats express GFP based on the
actin-promoter and therefore all cells from these rats are bright
fluorescent green.

3. Depending on the results of #2, we will go back and test the effects
of various combination therapies with DEG, including lithium (to
provide sustained growth factor support) and the rho inhibitor
cethrin (to block growth inhibitors).



Attachments

The following are reprints of publications from the laboratory.
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Orthotopic transplantation of neonatal GFPrat ovary as experimental
model to study ovarian development and toxicology
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The rat is one of the most commonly used experimental animal species in biomedical research. The avail-
ability of new research tools in rats could therefore provide considerable advances in the areas where
this mammal is extensively used. We report the development of a new green fluorescent protein (GFP)
rat strain suitable for organ transplantation and the birth of GFP rats following orthotopic transplan-
tation of neonatal ovaries from this newly developed GFP rat strain to a wild-type Fischer 344 (F344)
strain. A new GFPrat strain was developed by backcrossing eGFPSprague-Dawley (SD-Tg(CAG-EGFP)Cz-
0040sb) to wild-type F344 for eight generations. Whole ovaries from postnatal day (PND) 8 or PND 21
GFP rats were transplanted orthotopically to bilaterally ovariectomized wild-type adult females (n = 6).
All recipients were mated, and three of the five resulting litters contained GFPpups. In the PND8 group,
all recipients cycled regularly and the ovarian morphology appeared normal when collected at 9 months
post-transplantation. In the PND 21 group, 60% of the recipients displayed regular estrous cycles at 9
months post-transplantation, but showed reduced ovarian size. This new strain and neonatal orthotopic
transplantation could be useful for many biomedical fields including transplantation, development, and
reproductive toxicology.
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The rat is one of the most studied mammalian species in biomed-
ical research, as over 1.2 million publications describe research
with this mammal. Its size, fecundity, and ease of care have made
the rat a preferred animal model in many areas of experimental
medicine, including surgery, physiology, pharmacology, and toxi-
cology [1,2],Therefore, the availability of experimental tools, such
as traceable tissues that are suitable for transplantation and do not
require immunosuppression would be of great interest to those
scientists who use rats for their studies. For tissue tracing, green
fluorescent protein (GFP) has been the preferred genetic marker
because it can be directly observed under UVillumination without
staining. Although various alternatives are available (e.g., beta-
galactosidase), their detection is more cumbersome [3J,Inbred GFP
rat strains are available, but not all the strains can be used success-
fully in tissue transplantation, due to immunogenicity problems,

• Correspondingauthor. Tel.:+17329326912; fax:+17329326996.
E-mail address: uzumcu@aesop.rutgers.edu(M.Uzumcu).

1 These authors contributed equally to this work.

0890-6238/$ - see front matter <02008 ElsevierInc.Allrights reserved.
doi:10.1016/j.reprotox.2008.09.001

For example, it has been reported that the skin grafts from trans-
genic GFPinbred Lewis (CAG/GFP/LEWtg) rats to wild-type Lewis
rats are rejected within 6-9 days after transplantation [4],

Ovary transplantation has been previously reported in many
species, ranging from rats [5] to humans [6J, Ovaries can be trans-
planted either heterotopically (I.e., in any location other than the
normal location of the host's ovary, such as under the skin [7])
or orthotopically (I.e., in the location normally occupied by the
host ovary [8]). Both types of ovary transplantations are used for
studying ovarian biology and the direct (intraovarian) effects of
environmental factors on the ovary [9,10]. However, only ortho-
topic transplantation allows the study of all functions of the ovary,
including generation of offspring.

One of the challenges of orthotopic ovary transplantation is
keeping the reproductive tract fully functional while completely
removing the ovary. On the one hand, if the reproductive tract
becomes dysfunctional during complete removal of the ovary, this
will defeat the original purpose of orthotopic transplantation. On
the other hand, if the host ovary is not completely removed, it will
not be possible to distinguish whether the offspring originated from
the donor or the host ovary. Several groups addressed this issue by
using ovary donors with distinct genetic markers [5,ll,12J.
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Live birth following orthotopic transplantation of adult rat
ovaries has previously been documented [51 but not following
transplantation of neonatal rat ovaries. The creation of an ortho-
topic neonatal rat ovary transplantation model is important for
studying ovarian biology and the effects of environmental factors
(e.g., estrogenic xenobiotics) on the ovary because major develop-
mental events in the ovary take place during late gestational and
early postnatal life [13-15] and are affected by estrogens [16-18].
Thus, neonatal orthotopic GFP ovary transplantation, especially
prior to establishment ofthe hypothalamic-pituitary-gonadal axis
[191, provides a powerful tool for studying ovarian biology and envi-
ronmental toxicology (see Section 4 and Fig.3).

The objectives of this study are to assess a new GFPrat strain that
allows allografts without a need for immunosuppression and to use
this newly generated inbred GFP strain as a donor for orthotopic
neonatal ovary transplantation to develop a model to study ovarian
development and toxicology.

Transgenic Sprague-Dawley rats ISD-Tg(CAG-EGFP)Cz-0040sbl carrying the
enhanced green fluorescent protein (eGFP) transgene were obtained from Japan
SLC..lnc. (Hamamatsu.Japan). This transgenic rat line expresses eGFPgene under the
control of the cytomegalovirus enhancer and the chicken l3-actin promoter [20 I.The
new GFPrat strain was created by continuous backcrossing of eGFPSprague-Dawley
males to wild-type Fischer 344 (F344) females for eight generations. The new strain
is more than 99% congenic to F344 and is denominated F344.SD-Tg(CAG-EGFP)Cz-
0040sb(N8), which is referred to "GFP F344" in this study [21). The offspring from
the eighth generation were used as donors that were hemizygotes for the GFP locus.
The GFP F344 rats were sacrificed on postnatal day(PND) 8. Both ovaries were asep-
tically removed from the animals, cleaned of connective tissue, and kept at 4 °Cuntil
transfer. The ovaries were transferred within 2 h of sacrificing the donor animals. One
whole ovary was transferred into the bursa ovary of each bilaterally ovariectomized
6-8-week-old adult female recipient (n - 6).

Orthotopic ovary transplantation from prepubertal (PND 21) GFP F344 female
donors to another set of recipients (n -6) was used as a control because rats of this
age are commonly used in superovulation studies. in which ovaries are fully respon-
sive to exogenous gonadotropins. and their ovaries are expected to be functional in
adult recipients. Ovaries from PND 21 donors were prepared similarly to the ovaries
from PND 8 donors. except PND 21 ovaries were divided into two approximately
equal pieces. and each piece transferred to one recipient.

Adult F344 females (6-8 weeks of age) were purchased from Charles River
Laboratories (Wilmington, MA). The animals were maintained in a room with
controlled illumination (lights on 07:00-21 :00 h). temperature (26-28°C). and
humidity (30-70%) and given free access to regular rat diet and water, Prior to the
transplantation. the recipients' regular estrous cyclicity was confirmed by daily vagi-
nal cytology. All the procedures were carried out according to guidelines provided
by Rutgers University Animal Care and Facilities Committee.

The transplantation procedure was similar to a previously published protocol
[51. Briefly, recipient females were anesthetized with 45-55 mg/kg sodium pento-
barbital (i.p.). Both flanks were shaved and disinfected, and a transverse incision
of the skin caudal to the last rib and ventral to the vertebral column was made.
A small opening was made bluntly through the musculature and peritoneum to
exteriorize each ovary. One ovary was carefully removed through a small incision
made in the bursa. excised with microsurgical scissors. and replaced by the donor
ovary once hemostasis was obtained. The incision on the bursa was closed with a
9.0 suture (F.S.T..Foster, CA).The other uterine horn was closed with a single ligature
using absorbable suture material (Vicryl"'-rapid, 4.0, Ethicon. Somerville, NJ), and
the ovary was excised with a single cut between the oviduct and the uterine horn.
The cuts at the peritoneum and musculature were closed by continuous suture. The
skin was closed with Michel clips (F.S.T.),which were removed 10-12 days after
surgery.

Starting 2 weeks after surgery. the restoration of the reproductive cycle was
monitored by vaginal cytology. Females showing regular cycles (two consecutive

proestrus with 4-5 days in between) were mated to wild-type males on the after-
noon of proestrus, The animals showing a sperm-positive vaginal smear the next
day were followed for another 7 days for a continuous diestrus. Cycles of those ani-
mals showing a sperm-negative vaginal smear the next day were followed until the
next proestrus day. at which time all the remaining animals mated successfully (i.e ..
showed a sperm-positive smear). The females were followed daily for the delivery
of the litter starting 3 weeks after the sperm-positive day. Females that mated but
failed to become pregnant were re-mated two additional times in a similar manner
to that described.

In addition to the initial cyclicity. the long-term cyclicity of the recipients was
assessed using vaginal cytology after the delivery of the first litter of pregnant ani-
mals, or starting in the 3rd month. Post-transplantation, the cycles were followed
daily for at least 12 days of each month for 9 months. The cycles were classified
into normal. persistent estrus, persistent diestrus. or prolonged cycles as previously
described 126). In both PND 8 and PND 21 groups. one of the females died in the 8th
post-transplantation month with no apparent cause. The remaining five females
were used in analysis thereafter.

Nine months post-transplantation, the ovarian tissues were collected. cleaned
out of the bursa ovary. oviduct, adipose, and connective tissues under a dissection
microscope and fixed in 4% paraformaldehyde overnight. Following three rinses
with phosphate-buffered saline (PBS), the ovaries were placed in 15%sucrose in PBS
overnight and transferred in 30% sucrose in PBS until embedding. The whole fixed
ovarian tissue was examined using a Leica MZ FUll stereo fluorescence microscope
(Leica, Deerfield, IL)with GFPfilter. Images were acquired with a MagnaFire S99802
CCDcamera (Optronics, Goleta. CA) using MagnaFire Software Ver 2.1 (Optronics).
Images were assembled using Adobe Photos hop CS.

Fixed ovaries were placed in OCTcompounds (Tissue Tek) in plastic micro-molds
and frozen quickly at -80°C. Blocks were sectioned at 8-J.'m thickness at -20°C in
a Leica cryostat Slides were stored at 4 °C until further use, Before mounting. slides
were dried at 37°C for 20 min and washed in PBS for 15 min. After the OCT was
removed. sections were stained with ethidium homodimer-2 (EthD-2; 1:200 dilu-
tion, tnvitrogen. cat# E3599) for 5 min and washed with PBS. The sections were
then mounted in Prolong Gold Anti-Fade reagent (Invitrogen, cat# 36934), and
were observed under a Nikon Eclipse E800 microscope with epifluorescent attach-
ments using red (550nm) and green (480nm) filters. Images were acquired with a
Nikon DXM1200F camera and ACTI software (Version 2) and assembled with Adobe
Photos hop CS.

The experiment used 12 recipient females. half receiving ovaries from PND8 GFP
donors and the other half receiving ovaries from PND 21 GFP donors. Mean ± S.D. of
reproductive parameters and litter size ofPND 8 and PND 21 groups were compared
with Student's Hest using GraphPad Prism version 4.0a for Macintosh (GraphPad
Software, San Diego, CA).AP value less than 0.05 was considered significant.

Three recipients of PND 8 GFPovaries and three recipients of
PND 21 GFPovaries gave birth to litters with GFPpups (Table 1).
One litter of a recipient of a PND 8 ovary is shown in Fig. 1 (see
Supplemental Fig.1 for a litter from the PND21 group).

The data obtained from the recipients of PND 8 and PND 21
ovaries were similar (Table 1). The time (days) to the first estrous
cycle (22.5 ± 4.46 and 18.3 ± 3.14), to sperm-positive vaginal smear
(26.3 ± 5.27 and 21.0 ± 5.86), and to pregnancy (62.6 ± 27.2 and
64.8 ± 23.9) were not significantly different between the recipients
of PND 8 and PND21 ovaries, respectively (p > 0.05; Table 1). Five
of the six recipients of each group (83%)gave birth to a litter. Three
GFP-positive litters (50%)were obtained for both PND8 and PND
21 ovary recipient groups. Average litter size (mean ± S.D.)for PND
8 ovary recipients (3.2 ± 1.3; range was 2-5) was comparable to
that of the PND 21 ovary recipients (2.6 ± 0.55; range was 2-3).
While 7 of the 16 pups of PND8 ovary recipients were born GFP-
positive (44%), 7 out of the 13 pups ofPND 21 ovary recipients were
born GFP-positive (54%; Table 1). These results show that the initial



performance of the ovaries transplanted from neonatal and prepu-
bertal rats is similar. In addition, the success rate and reproductive
parameters in our studies are generally comparable with previous
studies using ovaries from adult rats [5,12J or neonatal mice (11).
Furthermore, some males and females from litters from each PND8
and PND21 were allowed to reach adulthood and used in breeding
studies. These animals displayed normal general health and fertility
(data not shown).

In the PND 8 group, all recipients showed normal cycles for
the 9 months post-transplantation examined (Table 2). In contrast,
although all recipients in the PND21 group showed normal cycles
for 8 months post-transplantation, 40% of the females showed
irregular cycles in the 9th month. These irregular cycles were clas-
sified as persistent estrus.

3.3. Assessment of remnant of host ovary and ovarian histology of
the redpients

In the PND 8 group, all of the five surviVing recipients
displayed normal appearing reproductive tracts at 9 months post-
transplantation (not shown). All of these females had no or
negligible non-GFP ovaries in the ovarian tissue (Fig. 2A and B).
In the PND 21 groups, three females showed normal reproduc-
tive tracts (not shown). Similar to the PND8 group, these females
showed no or negligible non-GFP ovaries (not shown). However,
two of the females in the PND21 group showed hydrosalpinx, and
therefore assessment was not performed as the ovaries of these
females were mostly degenerated at the time of collection.

The ovarian morphology was examined in frozen sections in
both groups 9 months post-transplantation. Ovaries transplanted
on PND8 had various stages of the follicles and corpora lutea in the
tissue (Fig. 2C and D), supporting functionality of the ovaries. In
PND21 group, ovaries from cycling females also contained various
stages ofthe follicles and corpora lutea (not shown), but they were
relatively smaller.

These results indicate that the newly developed GFPF344 rats
are immune-compatible with wild-type F344 rats at the organ level.
The transplanted ovaries were fully functional and survived for the
9 months post-transplantation they were examined, which indi-
cates that the newly developed rat strain is suitable for organ and
tissue transplantation studies. This study also showed for the first
time successful neonatal ovary transplantation in rats.

The current study shows that tissues from our congenic GFP
F344 rat strain may be transplanted to a F344 rat strain without
immunosuppression. This will allow studies of the transplanted
allografts in immune-competent rats with and without cyclosporin
and other immunosuppressants. For example, such studies would
be able to determine whether calcineurin-inhibiting immunosup-
pressants, such as cyclosporine and FK506, affect reproductive
functions of the recipients [22,23J as well as the host's immune
response to the transplanted tissues.

Orthotopic neonatal GFPovary transplantation provides a pow-
erful experimental rat model for studying ovarian development
and the effects of environmental factors on adult ovarian function
(Fig. 3). Environmental factors and xenobiotics, such as estrogenic
endocrine disruptors, affect organs besides the ovaries. To elimi-
nate the possibility that action on the ovary is mediated through
other organs (e.g., hypothalamus and/or pituitary), at least two pos-
sible approaches can be followed. In our proposed in vivo approach,



Fig. 1. The birth of green fluorescent protein (GFP) rats following orthotopic PND8 ovary transplantation to 44-day-old wild-type Fischer rat. A representative litter is shown
under regular light (a) and UV light (b), which clearly shows the ubiquitous expression of GFP in the pups. The ovary transplantation was performed as described in Section
2. The reproductive cycle ofthe recipient was followed starting 2 weeks after transplantation. The recipient gave birth to the shown litter at9S days after the transplantation.
Three out of the six PND 8 ovary recipients gave birth to a GFP-positive litter.

Table 2
The long-term cyclicity of bilaterally ovariectomized recipients of postnatal day (PND) 8 and PND 21 GFP rat ovaries.

PND 8, % normal" (n)
PND 21, % normal" (n)

3

100(6)
100(6)

S

100(6)
100(6)

6

100(6)
100(6)

7

100(6)
100(6)

8

lOO(S')
100(S')

9

100(S)
60(30)

• During the 2nd and 4th months, most recipients were pregnant or pseudo-pregnant. Therefore cyclicity was followed in a limited number of animals and not presented.
" Normal- normal estrus cycles.
, One of the recipients died at 8th months post-transplantation in both PND 8 and PND 21 groups.
o Two females showed persistent estrus in PND 21 group.

fetal and neonatal GFPfemales are exposed to endocrine disrup-
tors, Then, prior to the establishment of the HPGaxis [19J in the
treated females, ovaries are orthotopically transplanted to unex-
posed, bilaterally ovariectomized, wild-type females (Fig. 3A), In

our proposed in vitro approach, fetal or neonatal GFPovaries can be
exposed to endocrine disruptors in ovary organ culture [18,24] and
then transplanted orthotopically (Fig. 3B). Reproductive parame-
ters (fertility, cyclicity, and aging) as well as ovarian morphology

Fig. 2. Examination of remnants (if any) of host ovary and morphology of transplanted ovaries 9 months post-transplantation in the PND 8 group. A representative ovary is
shown using visible light (A) and UV light (B). To determine whether any remnant of host ovarian tissue remained, the ovaries were cleaned of surrounding bursa, oviduct,
and adipose tissues under a dissection microscope. The ovaries were then examined and imaged under visible light(A) and UV light (B) following the fixation as described in
Section 2. No or negligible host ovarian tissue remnants were observed in the recipient animals. Arrow indicates the suture used for closing the bursa ovary. Sections (8 j.Lm)
of quick frozen ovaries were prepared as described in Section 2 and used for determining the histology of the ovaries. The GFP ovaries were stained with EthD-2 and imaged
using 550 nm (C; red) and 480 nm (D; green) filters. The ovary sections had different stages of the follicles including the corpus lutea (CL) at the time of collection. Original
magnification of panel C and D is 40x. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)
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Fig. 3. Proposed use of neonatal GFP ovary transplantation to study direct effects of developmental endocrine disruptor exposure. Wild-type Fischer 344 females are mated
with newly developed inbred Fisher 344 GFP males to obtain timed-pregnancies (not shown). (A) Resulting GFP females exposed to endocrine disruptors during fetal and
early postnatal stages of ovarian development in vivo are used as ovary donors. (B) Alternatively. fetal or neonatal GFP ovaries exposed to endocrine disruptors in vitro are
used as donor ovaries. In vivo or in vitro endocrine disruptor-exposed GFP ovaries are transplanted orthotopically to bilaterally ovariectomized adult females. Following
post-surgical recovery. the recipient females are bred with wild-type males and are evaluated for their reproductive parameters. Some recipient females. upon establishment
of cyclicity. are sacrificed and the ovaries are collected for assessment of ovarian morphology and molecular markers.

and gene expression can be evaluated in the recipient females.
This in vitro approach has an advantage over the in vivo approach
because it completely eliminates any likely indirect effects that may
occur during in vivo exposure.

Recipients of both PND8 and PND21 GFPovaries showed long-
term cyclicity. However the success rate was higher in PND8ovaries
as compared to PND21 ovaries. This can be due to at least two pos-
sible reasons: (1) approximately half size of the PND 21 ovaries
were transplanted to each recipient while entire PND 8 ovaries
were transplanted. giving a larger follicular pool to the recipient
of PND 8 ovaries. and (2) since the size of the PND8 ovaries are
smaller than the half size PND 21 ovaries. it was easier to place
the PND8 ovaries inside the bursa ovary following removal of the
host ovary. possibly causing less damage to the bursa ovary. Our
data actually supports the latter speculation. since two out of five
PND 21 ovary recipients showed hydrosalpinx when the ovaries
were collected 9 months post-transplantation, suggesting that the
reproductive tract was likely to be damaged in some of the recip-
ients of PND 21 ovaries. Nevertheless, it is more advantageous to
use PND8 ovaries as donors in our model for studying the direct
effects of environmental estrogens because the developing ovaries
are more vulnerable to exogenous estrogens than the adult ovaries
[18.24].

The new inbred GFP rat strain and neonatal ovary transplan-
tation model can also be used to advance ovary transplantation
studies. The recent report of a live birth following autotransplan-
tation of cryopreserved ovaries has renewed interest in ovary
transplantation in humans. which has a major clinical application
for women undergoing chemotherapy at a young age [6]. Ortho-
topic GFPrat ovary transplantation can be used as an experimental
model to investigate ovary transplantation from rats of different
ages to each other, as well as revascularization and cryopreserva-

tion. which appear to be major complicating factors in human ovary
transplantation [25].

In summary, we report the production of a new congenic F344
GFP rat strain that is suitable for tissue transplantation. and the
birth of GFPrats following orthotopic transplantation of neonatal
ovaries from this new GFPrat strain. This new experimental ani-
mal model can be used in organ and tissue transplantation in the
rat. which is one of the most studied animal models. In addition.
the orthotopic neonatal GFPovary transplantation model can be of
use in the study of ovarian biology and environmental reproductive
toxicology.
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