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Abstract

Some transmasculine individuals may be interested in pausing gender-affirming testosterone therapy and carrying a pregnancy. The ovarian
impact of taking and pausing testosterone is not completely understood. The objective of this study was to utilize a mouse model mimicking
transmasculine testosterone therapy to characterize the ovarian dynamics following testosterone cessation. We injected postpubertal 9–10-
week-old female C57BL/6N mice once weekly with 0.9 mg of testosterone enanthate or a vehicle control for 6 weeks. All testosterone-treated
mice stopped cycling and demonstrated persistent diestrus within 1 week of starting testosterone, while control mice cycled regularly. After
6 weeks of testosterone therapy, one group of testosterone-treated mice and age-matched vehicle-treated diestrus controls were sacrificed.
Another group of testosterone-treated mice were maintained after stopping testosterone therapy and were sacrificed in diestrus four cycles
after the resumption of cyclicity along with age-matched vehicle-treated controls. Ovarian histological analysis revealed stromal changes with
clusters of large round cells in the post testosterone group as compared to both age-matched controls and mice at 6 weeks on testosterone.
These clusters exhibited periodic acid–Schiff staining, which has been previously reported in multinucleated macrophages in aging mouse ovaries.
Notably, many of these cells also demonstrated positive staining for macrophage markers CD68 and CD11b. Ovarian ribonucleic acid-sequencing
found upregulation of immune pathways post testosterone as compared to age-matched controls and ovaries at 6 weeks on testosterone.
Although functional significance remains unknown, further attention to the ovarian stroma may be relevant for transmasculine people interested
in pausing testosterone to carry a pregnancy.

Summary Sentence
After testosterone is paused for reproductive purposes in a transgender mouse model, estrous cyclicity resumes, but ovaries demonstrate
stromal aberrations and an upregulated inflammatory reaction.


 -723 27520 a -723 27520
a
 
mailto:shikanov@umich.edu
mailto:shikanov@umich.edu
mailto:shikanov@umich.edu
mailto:shikanov@umich.edu
mailto:shikanov@umich.edu
mailto:shikanov@umich.edu
mailto:shikanov@umich.edu


H. M. Kinnear et al., 2023, Vol. 108, No. 5 803

Graphical Abstract

Key words: mouse, ovary, testosterone, transgender, stroma, immune, macrophage

Introduction

Transmasculine individuals may utilize gender-affirming
testosterone (T) therapy, typically via intramuscular or
subcutaneous injections or via transdermal applications [1].
Although current clinical guidelines encourage discussion
of fertility preservation prior to starting T therapy [1–3],
emerging literature points to the possibility of transmasculine
individuals being able to use their gametes for reproduction
after being on T [4–13]. Some transmasculine individuals have
utilized oocyte retrieval to allow a partner or surrogate to
carry a pregnancy with their gametes [6, 8, 9, 12], while others
have carried a pregnancy themselves after being on T [4, 5,
7, 8, 10, 11]. Notably, multiple transmasculine individuals
have reported intentionally stopping T in order to become
pregnant, including 17 individuals in a survey by Light et al.,
2014 and 5 individuals in a survey by Moseson et al., 2021
[4, 10]. Surveys of future intent also provide support to the
premise that some transmasculine individuals might pause T
to carry a pregnancy. Light et al., 2018 surveyed 18–45-year-
old transmasculine individuals (197 total, 86% with prior or
current T use) to better understand contraceptive practices
and fertility desires and found that a quarter were interested
in carrying a pregnancy themselves [7]. Moseson et al., 2021
surveyed 1694 transgender, nonbinary, and gender-expansive
individuals assigned female or intersex at birth and found
that 11% were interested in a future pregnancy and 16%
were not sure [10]. As transmasculine individuals may be
interested in pausing T to carry a pregnancy, it is important
to gain a clear understanding of the impact on the ovary
of taking and pausing T. Although several studies have
reported transmasculine pregnancies after varied durations
of T therapy, these studies often selected for individuals with
successful pregnancies and so do not provide information
about potential others who may have had difficulty conceiving

or carrying to term [4, 5, 11]. A better understanding of
ovarian dynamics during T therapy and after T cessation
is needed to provide relevant reproductive information to
transmasculine individuals considering pausing T to pursue
pregnancy.

Available evidence from transmasculine individuals points
to the impact of T therapy on cyclicity, follicular distribution,
and corpora lutea formation. Specifically, T therapy has been
shown to suppress menstrual cycles, potentially via negative
feedback at neural and pituitary levels [14], increase cystic or
atretic follicles, and reduce or block corpora lutea formation
[15]. Encouragingly, a relatively normal cortical distribution
of primordial to primary follicles has been reported from
analyses of human ovaries on T [16]. We have developed
a mouse model mimicking transmasculine T therapy that
yielded similar outcomes, namely acyclicity with increased
numbers of atretic large antral follicles and no corpora lutea
in C57BL/6N mice at 6 weeks on T, with no detectable
loss in primordial follicles as compared to controls [17].
Subsequent studies by Bartels et al. revealed a reduction in
corpora lutea and no detectable differences in antral or atretic
antral follicles following 6 weeks of T injections in CF-1
mice [18]. Encouragingly, their mice produced fertilizable
eggs with superovulation on T [18]. Bartels et al. noted
that their approach matches a clinical situation where the
transmasculine individual does not plan to carry the preg-
nancy themselves at that time [18]. In this setting, ovarian
support for pregnancy including corpora lutea formation is
not needed, and accordingly, they do not report a thorough
ovarian histological comparison after T washout [18]. For
transmasculine individuals interested in carrying a pregnancy,
T therapy should be paused, and it is important to consider
both follicular development and corpora lutea formation after
T cessation and washout. More recently, in a study focused
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on resumption of cyclicity, we noted that after T implants
were removed at 6 weeks, C57BL/6N mice promptly started
to cycle within a week and ovaries formed corpora lutea after
four estrous cycles [19]. Beyond our previous study, there is
limited literature looking at cyclicity, follicular distribution,
and corpora lutea formation if T is paused for reproductive
purposes.

Notable T-induced changes to the ovarian stroma have
also been reported for transmasculine individuals. These
include increased collagenization of the tunica albuginea
or outer cortex [20–23], stromal hyperplasia [20–24], and
luteinization of stromal cells [20–23], which are character-
istics also frequently observed in polycystic ovary syndrome
[25]. There has been minimal investigation of this stromal
hyperplasia or luteinization beyond descriptive observations.
Recent reports have demonstrated similar stromal changes
in mouse models of polycystic ovary syndrome induced with
dihydrotestosterone (DHT) [26, 27]. Candelaria et al., 2019
found clusters in the ovarian stroma of hyperplastic and
lipid-filled cells after 2 months of DHT treatment starting
at postnatal day 25 [26]. Similarly, Sun et al., 2019 observed
a DHT-induced hypertrophic lipid-filled stroma after 60 days
of DHT treatment starting at postnatal day 25 [27]. Cellular
characterization of prolonged T- or DHT-induced changes to
the ovarian stroma has been challenging, in part due to the
fact that many of the cell types of the ovarian stroma are not
well understood [28].

Investigating ovarian changes if T is paused for reproduc-
tive purposes is logistically difficult in human patients. Mouse
models mimicking gender-affirming T therapy can provide
direction to help to fill this gap. We previously reported that
the drop in T levels after removal of T implants correlated
with resumption of estrous cyclicity and noted typical follic-
ular distributions after four estrous cycles [19]. As gender-
affirming T therapy is frequently injection-based, the objective
of this study was to utilize an injection-based mouse model
mimicking transmasculine T therapy to characterize the ovar-
ian dynamics if T is paused for reproductive purposes. Unex-
pectedly, this study design allowed us to capture ovaries after
T cessation in the midst of notable stromal changes and to sub-
sequently probe more deeply into this unusual stromal state.

Materials and methods

Ethical approval

All animal work was conducted in compliance with a protocol
approved by the University of Michigan Institutional Animal
Care & Use Committee (PRO00007618, PRO00009635).

Experimental design

This study used 40 C57BL/6NHsd female mice (Envigo, Indi-
ana, IN, USA). Mice were housed in groups of five in ventilated
cages and had free access to food and water and a 12-h
light/dark cycle within a non-barrier facility at the University
of Michigan. Mice started T therapy at 9–10 weeks old (body
mass 18.7 ± 0.7, mean ± SD). Controls received a sesame oil
only injection. T therapy was administered via a weekly
(Thurs PM) subcutaneous mid-back injection (100 μL). Each
dose included 0.9 mg T enanthate, diluted with sesame oil
from a 200 mg/mL stock (Hikma Pharmaceuticals, Portugal).
Further details on T injection dose selection are included in
our recently published T pharmacokinetic comparison, which

compares weekly T levels with different dosing paradigms
and includes mice from this study [29]. Sesame oil was sterile
filtered before use (USP/NF grade, Welch, Holme & Clark
Co., Inc., Newark, NJ, USA). All T-treated mice (n = 20)
were treated with T for 6 weeks. At 6 weeks on T, one
cohort was sacrificed (“On T,” n = 10) and compared to
parallel age-matched controls (“Control for On T” or “Con-
trol OT,” n = 10). In a separate cohort, T was stopped after
6 weeks and allowed to washout. These mice were followed
until resumption of estrous cyclicity and sacrificed after four
estrous cycles (“Post-T,” n = 10), with parallel age-matched
controls (“Control for Post-T” or “Control PT,” n = 10). All
mice were sacrificed in diestrus and ovaries were collected for
further analysis.

Vaginal cytology

Vaginal cytology was collected daily starting 2–3 weeks prior
to the first T injection and continuing until sacrifice. The
distribution of leukocytes, cornified epithelial cells, and nucle-
ated epithelial cells was evaluated to determine estrous cycle
stage.

Blood collection and hormone analysis

Blood for T analysis was collected from the lateral tail vein
at volumes not exceeding 0.5% of the bodyweight at the
midpoint between doses (Mon AM). Terminal blood collec-
tion was performed via cardiac puncture under isoflurane
anesthesia. After overnight storage at 4◦C, blood samples were
centrifuged for 10 min (≤8100G) and serum was collected
and stored until analysis at −20◦C. Hormone analyses were
performed by the Ligand Assay and Analysis Core Facility
at the University of Virginia Center for Research in Repro-
duction. The reportable range for a coefficient of variance
<20% for the Testosterone Mouse and Rat enzyme-linked
immunosorbent assay was 0.10–16 ng/mL or 0.20–32 ng/mL
with a 2x dilution (Immuno-Biological Laboratories, Inc.;
IB79106, Minneapolis, MN, USA, RRID:AB_2814981).

Ovarian histological and follicular distribution
analyses

Mouse ovaries within perigonadal fat (one per mouse) were
fixed overnight at 4◦C in the Bouin fixative (n = 5/group) or
4% paraformaldehyde (n = 5/group), paraffin-embedded at
the University of Michigan School of Dentistry Histology
Core, serially sectioned (5 μm) with five sections per
slide and stained with hematoxylin and eosin (every other
slide). All imaging was conducted using a light microscope
(DM1000, Leica, Germany). Bouin’s-fixed ovaries were used
for follicular distribution analyses, corpora lutea counts, and
periodic acid–Schiff staining. Paraformaldehyde-fixed ovaries
were used for immunohistochemical analyses and corpora
lutea counts. Counters were blinded to the experimental
group. Primordial, primary, and secondary follicles were
counted in every 10th section throughout one entire ovary per
mouse at 20–40x magnification. For corpora lutea and antral
follicle counts, images at 5x magnification were taken of every
10th section and analyzed alongside each other to prevent
overcounting. Primordial follicles were identified by an oocyte
with a single squamous granulosa cell layer, primary follicles
by an oocyte with a single cuboidal granulosa cell layer, and
secondary follicles by an oocyte with two or more granulosa
cell layers. To prevent overcounting, we counted primordial
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and primary follicles with a visible nucleus and secondary
follicles with a visible nucleolus. Discrete round structures
with eosinophilic cytoplasm were identified as corpora lutea.
Antral follicles were determined by the presence of antral
fluid. Atretic late antral follicles were defined as an oocyte
lacking connection to granulosa cells and an attenuated
granulosa cell layer in a follicle with a well-defined antrum.

Ovarian immunohistochemical analysis and
periodic acid–Schiff staining

Ovarian samples fixed in 4% paraformaldehyde, paraffin-
embedded, and serially sectioned (5 μm sections, five section-
s/slide) were used for immunohistochemical analyses. Sam-
ples were deparaffinized with xylenes (2 × 10 min), re-
hydrated in an ethanol series (100/90/70/50/30/0%, 5 min
each), treated for 30 min at room temperature with a per-
oxide block, rinsed in DI water and followed with 20 min
of heat-mediated antigen retrieval in 0.1 M sodium citrate
buffer pH 6 using a steamer, permeabilized using tris-buffered
saline (TBS) with 0.1% Triton X 100 (TBS-T, 2 × 3 min),
blocked for 1 h at room temperature in TBS with 10%
normal goat serum (NGS), and incubated overnight at 4◦C
with primary antibody in TBS with 1% NGS. On the fol-
lowing day, samples were washed with TBS-T/TBS (2 ×
3 min each), and biotinylated goat anti-rabbit secondary
was added for 10 min at room temperature (Abcam rabbit
specific HRP/DAB detection IHC kit ab64261, Abcam, Cam-
bridge, UK, RRID:AB_2810213). After a TBS-T/TBS wash
(2 × 3 min each), streptavidin peroxidase was added for
10 min at room temperature (ab64261 kit). After another
TBS-T/TBS wash (2 × 3 min each), 3,3′-diaminobenzidine
was added for 10 min at room temp (ab64261 kit). Samples
were then washed with DI water (1 min), counterstained with
hematoxylin (2 min with tap water rinse), followed by an
ethanol series (30/50/70/90/100%, 5 min each) and xylenes
(2 × 10 min) after which samples were mounted with Per-
mount. Additional positive control tissues and secondary-only
controls for non-specific staining were utilized. Primary anti-
bodies were used at dilutions in alignment with manufacturer
recommendations: Anti-CD68 (rabbit polyclonal, ab125212,
Abcam, dilution 1:500, RRID:AB_10975465), Anti-CD11b
(rabbit monoclonal, ab133357, Abcam, dilution 1:4000, RRI
D:AB_2650514), Anti-LHCGR (rabbit polyclonal, bs0984R,
Bioss, dilution 1:250, RRID:AB_10859877). A periodic acid–
Schiff staining kit (Sigma-Aldrich Inc., St Louis, MO, 395B)
was utilized to stain Bouin’s fixed ovaries that were paraffin-
embedded and serially sectioned (5 μm sections, 5 section-
s/slide). Slides were deparaffinized in xylenes (2 × 10 min),
rehydrated in an ethanol series (100/90/70/50/30/0%, 5 min
each), immersed in periodic acid solution for 5 min at room
temperature, washed with DI water (3 × 3 min), immersed in
the Schiff reagent for 15 min at room temperature, washed
in running tap water for 5 min, and counterstained with
hematoxylin (90 s with tap water rinse), followed by an
ethanol series (30/50/70/90/100%, 5 min each) and xylenes (2
× 10 min) after which samples were mounted with Permount.
All samples (n = 3–5 mice/group) were imaged with a light
microscope (DM1000, Leica, Germany).

Ovarian ribonucleic acid-sequencing analysis

Mouse ovaries (one per mouse) were micro-dissected from
perigonadal fat at the time of sacrifice and stored frozen in

ribonucleic acid (RNA) later at −20◦C. Tissue disruption and
homogenization were performed using the Kimble Biomasher
II and QIA shredder homogenizer. The RNA was extracted
following manufacturer instructions using the Qiagen RNeasy
Mini Kit with Qiagen RNase-Free DNase set and subse-
quently stored at −80◦C. Paired-end RNA-sequencing with
poly-A selection was performed by the University of Michigan
Advanced Genomics Core on the Illumina NovaSeq 6000
(PE150) using approximately 7.5% of a 300 cycle S4 shared
flow cell with 30–40 million reads per sample. Libraries
were prepared using the NEBNext Poly(A) mRNA Magnetic
Isolation Module (E7490) and NEBNext Ultra II Directional
RNA Library Prep Kit for Illumina (E7760) with NEBNext
Multiplex Oligos for Illumina (Dual Index Primers Set 2,
E7780) (New England Biolabs Inc, Ipswich, MA, USA). De-
multiplexed Fastq files were generated with Bcl2fastq2 Con-
version Software (Illumina, San Diego, CA, USA). Read map-
ping and counts were performed by the Advanced Genomics
Core. Reads were trimmed using Cutadapt v2.3 [30]; FastQC
v0.11.8 [31] was used to ensure data quality and Fastq
screen v0.13.0 [32] was used to screen for various types of
contamination. Reads were mapped to the reference genome
GRCm38 (ENSEMBL) using STAR v2.7.8a [33] and count
estimates assigned to genes with RSEM v1.3.3 [34]. Differen-
tial expression was analyzed using DESeq2 in R [35]. Gene
enrichment was assessed via LRpath using the GO biological
process with 50–500 genes, a p-value cutoff of 0.05, and
directional analysis for mouse samples identified with Entrez
gene IDs [36].

Statistical analysis

GraphPad Prism 9 was used for data analysis. One mouse
was the unit of analysis. The Shapiro–Wilk normality test was
used to determine parametric and non-parametric testing. The
Welch t-test and Brown-Forsythe and Welch one-way anal-
ysis of variance with the Dunnett T3 multiple comparisons
test were used for parametric testing. Mann–Whitney and
Kruskal-Wallis with the Dunn multiple comparisons test were
used for non-parametric testing. P-values less than 0.05 were
considered statistically significant.

Results

Mice stop cycling during T therapy and resume
cycling as T slowly washes out

Within one week of starting T-injections, all T-treated mice
stopped cycling and demonstrated persistent diestrus on
vaginal cytology (Figure 1, middle). After cessation of T
injections at 6 weeks, it took 3.5–10 weeks for mice to
resume cycling (Figure 1, middle). All control mice cycled
throughout the study (Figure 1, middle). T levels (ng/mL,
mean ± SD) were significantly elevated (P < 0.0001) in T-
treated mice (7.1 ± 1.6) as compared to controls (0.5 ± 0.2)
when measured at 6 weeks on T (Figure 1, bottom). T
injections were slow to washout, and average T levels were
still significantly elevated (0.9 ± 0.3) as compared to controls
(0.3 ± 0.1) 7 weeks into the washout period (at week 13)
(P = 0.0016, Figure 1, bottom). Mice were sacrificed four
estrous cycles after resumption of cyclicity, at which point
T levels (0.53 ± 0.11) were not significantly different from
controls (0.48 ± 0.11, Figure 1, bottom). Cytology traces for
all mice included in Supplemental Figure 1.
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Figure 1. Experimental design, cyclicity, and T levels. (Top) Experimental design of the four study groups: mice sacrificed at 6 weeks on T (On T), parallel
age-matched controls for On T (Control OT), mice sacrificed after T cessation and four estrous cycles after resumption of cyclicity (Post-T), and parallel
age-matched controls for Post-T (Control PT). (Middle) All T-treated mice stopped cycling within 1 week of starting T and it took 3.5–10 weeks after T
cessation at 6 weeks for mice to resume cycling. (Bottom) T levels (ng/mL, mean ± SD) were elevated during T therapy (at 6 weeks on T, P < 0.0001),
were slow to washout with mean T levels still elevated 7 weeks into the washout period (at week 13, P = 0.0016), and were not detectably different
from controls when mice were sacrificed four estrous cycles after resumption of cyclicity.

Corpora lutea were absent On T and reduced Post-T
with otherwise comparable follicular distributions

Corpora lutea were not observed in ovaries from any mice
On T and were only seen for 2 of 10 mice Post-T, with counts
(mean ± SD) significantly lower than for control ovaries (Con-
trol OT = 6.5 ± 2.1, On T = 0 ± 0, Post-T = 0.7 ± 1.5, Control
PT = 9.2 ± 3.0, Figure 2F). Figure 2 displays a representative
hematoxylin and eosin-stained ovary (5X) with magnified
views of corpora lutea and antral follicles (20X) from each
group. No other significant differences were detected in folli-
cle counts (mean ± SD) for primordial follicles (Control OT
= 192 ± 67, On T = 255 ± 79, Post-T = 107 ± 55, Control
PT = 160 ± 75, Figure 2A), primary follicles (Control OT =
56 ± 20, On T = 40 ± 18, Post-T = 40 ± 14, Control PT =
33 ± 11, Figure 2B), secondary follicles (Control OT = 27 ± 9,
On T = 17 ± 4, Post-T = 21 ± 12, Control PT = 21 ± 12,
Figure 2C), total antral follicles (Control OT = 25 ± 8, On T
= 26 ± 5, Post-T = 27 ± 9, Control PT = 25 ± 4, Figure 2D),
or atretic late antral follicles (Control OT = 0.8 ± 1.3, On
T = 1.2 ± 1.3, Post-T = 1.0 ± 1.7, Control PT = 0.8 ± 0.8,
Figure 2E).

Stromal changes present in ovaries Post-T

Marked ovarian stromal changes were observed in Post-T
ovaries, including the presence of large round eosinophilic
cells, some of which were in clusters (Figure 3, rows 1 and
2). These changes occurred throughout the stroma of most of
the Post-T ovaries. A few similar cells were seen in ovaries

from other groups, including Control PT and On T (Figure 3,
rows 1 and 2). The stroma in Post-T ovaries also displayed
increased clusters of cells that stained intensely with periodic
acid–Schiff (Figure 3, rows 3 and 4), which stains polysaccha-
rides, and has been seen in phagocytic cells including ovarian
multi-nucleated macrophage giant cells [37].

Notable macrophage-associated staining seen in
the ovarian stroma Post-T

Given this increase in periodic acid–Schiff staining, we con-
ducted immunohistochemical staining for two macrophage-
associated markers, CD68 and CD11b. Although these stains
revealed the presence of macrophages in all ovaries, includ-
ing some expected macrophage infiltration into the corpus
luteum, both CD68 (Figure 4, rows 1 and 2) and CD11b
(Figure 4, rows 3 and 4) demonstrated uniquely prominent
expression in the large and rounded cells of ovarian stroma
Post-T. By contrast, LHCGR staining, which marks luteinized
cell types, was not observed in these large round cells in the
ovarian stroma Post-T, indicating that these cells are likely not
luteinized stromal cells (Figure 4, rows 5 and 6).

Immune pathways upregulated in Post-T as
compared to Control PT and On T ovaries

Whole ovary bulk RNA-sequencing (n = 4 mice per group, 1
ovary each) demonstrated differences in ovarian gene expres-
sion between groups. A heatmap of the top 500 variably
expressed genes shows a set of highly upregulated (red) genes
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Figure 2. Reduced corpora lutea On T and Post-T with otherwise comparable follicular distributions. Images of hematoxylin and eosin-stained ovaries
from all four groups (Control OT, On T, Post-T, and Control PT). Row 1 includes a representative hematoxylin and eosin-stained ovary (5×, scale 500 μm)
from each group, while row 2 highlights example corpora lutea (20×, solid outline corresponding to location in 5× image, scale 100 μm), and row 3
highlights example antral follicles (20×, dashed outline corresponding to location in 5× image, scale 100 μm). Follicle counts from every 10th section for
primordial (A), primary (B), and secondary (C) follicles. Follicle counts based on 5× images of every 10th section for total antral (D) and atretic late antral
(E) follicles as well as corpora lutea (F).

for mice Post-T that are not observed for mice On T or for
any of the controls (Figure 5, heatmap top left). Analysis in
LRpath suggests immune pathway upregulation Post-T when
compared to Control PT or On T groups, with the majority
of the top 10 gene ontology biological process terms for
these comparisons relating to immune system function (e.g.,
positive regulation of immune response, leukocyte cell–cell
adhesion, regulation of cytokine production, regulation of
leukocyte activation) (Figure 5, right).

Discussion

Transmasculine individuals may be interested in pausing
gender-affirming T to carry a pregnancy, but there are gaps
in knowledge regarding the ovarian impact of taking and
pausing T. In this study, we utilized a clinically relevant
injection-based mouse model mimicking transmasculine T
therapy to characterize ovarian dynamics on T and after
T cessation. We found a lack of corpora lutea for On T
mice, consistent with our prior work [17]. By contrast, we
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Figure 3. Ovarian stromal changes Post-T. Columns correspond to the four groups: Control OT, On T, Post-T, and Control PT. Row 1 includes a
representative hematoxylin and eosin-stained ovary (5×, scale 500 μm) from each group, with the corresponding magnified view of the ovarian stroma
in row 2 (40×, scale 50 μm). Row 3 includes a representative magenta periodic acid–Schiff-stained ovary (5×, scale 500 μm) from each group with blue
hematoxylin counterstain, with the corresponding magnified view of the ovarian stroma in row 4 (40×, scale 50 μm).

only found corpora lutea for 2/10 Post-T mice, whereas
our previous shorter study using T implants for 6 weeks
demonstrated corpora lutea in all mice four estrous cycles
after T implant removal [19]. Furthermore, we observed
unexpected stromal changes in ovaries after T cessation (Post-
T) that were not present in parallel age-matched controls
(Control PT) or in mice on T for 6 weeks (On T). Of
importance, such changes were evident even with resumption
of cyclic function. Notably, in our prior study focused on
cyclicity after T cessation, we did not observe similarly
pronounced stromal changes four cycles after T implant
removal at 6 weeks. The key difference between these two
studies investigating ovaries approximately four estrous cycles
after T cessation was the longer overall T exposure (due
to a long T washout) in the current injection-based study,
whereas the T exposure in the prior implant-based study was
precisely limited to 6 weeks and ceased with removal of the
implants [19]. The relevance of these findings is discussed
below.

Although we did not evaluate the reproductive function of
these mice, the reduction in corpora lutea formation Post-T
could potentially lead to difficulties supporting a developing
pregnancy. We speculate that there may be a connection

between the lack of formation of corpora lutea and the
unexpected stromal phenotype, which motivated us to further
study the stroma.

Stromal changes evident in Post-T ovaries included an
abundance of large round cell clusters. Periodic acid–Schiff
stains polysaccharides and strong periodic acid–Schiff staining
such as that found in these stromal cell clusters has been
previously reported in multinucleated macrophage giant cells
present in the ovaries of aging mice [37]. Notably, an abun-
dance of these enlarged ovarian stromal cells in mice Post-T
stained positive for CD68 in contrast to age-matched controls
(Control PT) and to mice on T for 6 weeks (On T). CD68 is a
common macrophage marker, as macrophages highly express
CD68 in cell surface, lysosomal, and endosomal membranes
[38]. CD68 is also expressed in other cell types, including
other mononuclear phagocytes (such as microglia, osteoclasts,
and myeloid dendritic cells), with lower levels found in other
cell types [38]. Staining for CD11b, a marker of macrophages
and other myeloid cells [39], also showed increased expression
in the Post-T ovarian stroma. Notably, LHCGR staining was
not observed in these stromal cell clusters, suggesting that
they likely do not represent a luteinized stromal cell popu-
lation. In alignment with these observed histologic changes
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Figure 4. Notable macrophage-associated brown immunohistochemical staining in the ovarian stroma Post-T with blue hematoxylin counterstain.
Columns correspond to the four groups: Control OT, On T, Post-T, and Control PT. Row 1 includes representative ovarian CD68 staining (5×, scale
500 μm) from each group, with the corresponding magnified view of the ovarian stroma in row 2 (40×, scale 50 μm). Row 3 includes representative
ovarian CD11b staining (5×, scale 500 μm) from each group, with the corresponding magnified view of the ovarian stroma in row 4 (40×, scale 50 μm).
Row 5 includes representative ovarian LHCGR staining (5×, scale 500 μm) from each group, with the corresponding magnified view of the ovarian
stroma in row 6 (40×, scale 50 μm).
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Figure 5. Immune pathway upregulation seen Post-T as compared to Control PT and On T. Heatmap of the top 500 variably expressed genes from
whole ovary RNA-sequencing (n = 4 mice per group, 1 ovary each). The top 10 gene ontology biological process terms from LRpath for genes enriched in
the following four comparisons: On T versus Control OT, Post-T versus Control PT, Post-T versus On T, and Control PT versus Control OT. In Control PT
versus Control OT, the two titles too long to fully display as shown by [. . .] are: “adaptive immune response based on somatic recombination of immune
receptors built from immunoglobulin superfamily domains” and “immune response-regulating cell surface receptor signaling pathway.”

representing a stromal immune response with an abundance
of macrophages, whole ovary transcriptomic analysis revealed
significant upregulation of immune response pathways in
Post-T mice as compared to age-matched controls (Control
PT) and to mice on T for 6 weeks (On T).

Macrophages are a predominant immune cell type in the
ovary and appear to play critical physiologic roles through
both phagocytic and secretory functions (reviewed in [40]).
They typically are present at low levels in immature or resting
ovaries, increase around ovulation near the theca vasculature,
and migrate into developing corpora lutea [41]. Ablation
of macrophages and other myeloid cells using CD11b-DTR
mice led to infertility and hemorrhagic ovaries with impaired

corpora lutea [42, 43]. There appear to be multiple subsets
of ovarian macrophages and the number, distribution, and
function of ovarian macrophages fluctuate over the course
of the estrous cycle [39, 44]. Macrophage changes also occur
with ovarian aging, with a unique population of multinucle-
ated macrophage giant cells noted in aging mouse ovaries that
were not seen in younger mice [37]. Inflammaging refers to
aging-related chronic inflammation, which has been demon-
strated in mouse ovaries with corresponding increases in
immune-related genes and immune cell populations [45, 46].
Consistent with these age-related changes, we noted an
increase in immune response pathways in older (Control
PT) versus younger (Control OT) control mice. Notably,
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the changes observed in the Post-T ovarian stroma cannot
be attributed solely to aging, as the immune response
pathway enrichment and increased intensity of macrophage
marker staining were found for Post-T mice when directly
compared to their corresponding age-matched controls
(Control PT).

Some similar ovarian stromal changes have been previ-
ously noted in DHT-treated mice, used as a model for poly-
cystic ovary syndrome [26, 27]. Stromal cells from DHT-
treated mice have been shown to stain positive for adipocyte
differentiation-related protein [27], a marker of lipid droplets,
and potentially consistent with a lipid-laden macrophage
phenotype. Importantly, both studies in DHT-treated mice
mentioned resolution of these stromal changes, suggesting
that this may be a transient state. Candelaria et al. reported
resolution of stromal changes with superovulation and Sun
et al. reported resolution 30 days after DHT capsule removal
[26, 27].

In summary, we utilized a mouse model mimicking trans-
masculine T therapy to characterize ovarian dynamics on
T and after T cessation, noting a lack of estrous cyclicity
during T therapy, which then resumed as T slowly washed
out. Corpora lutea were absent in ovaries On T and reduced
Post-T with otherwise comparable follicular distributions.
Unexpectedly, we found ovarian stromal aberrations with
clusters of large round cells Post-T, which correlated with
increased macrophage-associated staining and immune path-
way upregulation. T exposure for 6 weeks (On T group) alone
did not lead to this stromal phenotype. Based on our prior
work, T cessation following implant removal after 6 weeks of
T exposure also did not lead to this stromal phenotype [19].
Due to the technical limitations of our injection-based study
design, we cannot separate out whether it is the additional
exposure to T during the long washout period or the removal
of T after a long exposure and resumption of cycling that
led to these stromal aberrations. Future studies using long
duration T implants could precisely match overall T exposure
to determine if a long T duration alone can lead to these
stromal changes, or if T cessation and resumption of cyclicity
after a long T duration are needed for this stromal immune
response. The functional impact of these stromal aberrations
has not yet been determined and given similar reports in stud-
ies using DHT-treated mice, they may represent a transient
state, possibly reversible with more time or with gonadotropin
stimulation.

We speculate that the longer duration of T exposure in
this study increased the stromal immune response, which
may have a suppressive role on corpora lutea formation.
Of note, the two mice with corpora lutea present were the
earliest mice to resume cycling. We further speculate that the
ovarian stromal immune response is reversible. If reversal
is possible through processes such as increased time off T
or gonadotropin stimulation, this could potentially improve
corpora lutea formation to better support a developing
pregnancy. Future studies involving a murine breeding
comparison after multiple durations of T therapy and T
cessation, with and without added gonadotropin stimulation,
can assess the functional impact and possible reversibility of
these T-induced ovarian changes. If future research reveals
that some transmasculine individuals are found to experience
difficulty conceiving after a long T duration, further study of
their corpora lutea formation and ovarian stromal changes
may be warranted.
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