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Sir: The fragile X premutation, an expansion of a CGG triplet repeat in the 5’-untranslated
region of the FMR1 gene (55-200 repeats), is one of the most common aetiologies of
primary ovarian insufficiency: fragile X-associated primary ovarian insufficiency
(FXPOI).1-3 Men who carry the premutation are at increased risk for a late-onset
neurodegenerative disorder termed fragile X tremor/ataxia syndrome (FXTAS).4 In
premutation carriers, FMRL1 is transcribed at increased levels, and the large rCGG tracks
may cause disease by acting in a toxic gain of function manner.>-8

The pathological correlate of FXTAS comprises ubiquitin staining intranuclear inclusions in
neurons and astrocytes throughout the cerebrum and brainstem.® The ubiquitin staining
suggests a link to proteasome protein degradation. In addition, the inclusions contain FMR1
mRNA, which is postulated to bind and sequester RNA-binding proteins.8:2 We
hypothesized that intranuclear inclusions would also be demonstrated in the ovaries of
women with FXPOI.

We obtained ovaries from FMR1 premutation carriers (n = 5) and control subjects (n = 4)
matched by age and menstrual cycle status (Table 1). Protocols were approved by the
Partners Human Research Committee or the Institutional Review Board at Emory
University.

Ovarian tissues were prepared by standard formalin fixation and paraffin embedding. Five-
micrometre sections were cut and stained with haematoxylin and eosin (H&E), or
deparaffinized and pretreated with aqueous H,0O5 at 37°C for immunohistochemistry (no
antigen retrieval). Slides were incubated with primary antibody (polyclonal anti-rabbit
ubiquitin, 1:3000 dilution; DakoCytomation, Carpinteria, CA, USA) for 1 h, and then
washed and incubated with peroxidase-labelled polymer-conjugated goat anti-rabbit
immunoglobulin (Envision Plus; Dako, Carpinteria, CA, USA) for 30 min. Antibody was
visualized by peroxidase reaction with 3,3'-diaminobenzidine tetrahydrochloride (DAB+;
Dako), and slides were counterstained with haematoxylin.

Corr. Author cwelt@partners.org.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chang et al.

Page 2

A ‘ubiquitin-positive inclusion” was defined as a discrete intranuclear body measuring 3-5
um in diameter, and demonstrating strong immunoreactivity on ubiquitin staining. The
density of the inclusions within the section was recorded by manual count under a high-
power objective (0.63-um field diameter).

The general histopathological characteristics of ovaries from subjects with FXPOI
wereindistinguishable from those of ovaries from the general population (Table 1; Figures 1
and 2). Ovaries from premutation carriers demonstrated ubiquitin-positive intranuclear
inclusions in the stromal cells. Prominent staining and stromal ubiquitin-positive inclusions
were numerous in the ovaries of both cases 3 (Figure 1A) and 4. The ovarian ubiquitin-
positive inclusions were not appreciable on an H&E section.

Rare ubiquitin-positive intranuclear inclusions were seen in one control ovary (Figure 1B).
However, numerous inclusions were not seen in any of the control cases. In both FXPOI and
control ovaries, non-specific nuclear and cytoplasmic ubiquitin immunoreactivity was seen
in stromal and epithelial cells, including epithelial elements of a mature cystic teratoma from
a control. The intensity of non-specific ubiquitin staining varied significantly, both within
and between FXPOI and control groups. All of these non-specific findings probably reflect
physiological protein degradation processes within the ovary.

FXTAS brain tissue was evaluated as a control, and, by contrast, demonstrated larger
eosinophilic inclusions within neurons and astrocytes that were strongly immunoreactive for
ubiquitin.? This may represent different sizes and charges of protein degradation products in
neurons than in the ovary (for example, myelin basic protein would be strongly
eosinophilic). Non-specific (cytoplasmic) staining was also described in the neurons of
FXTAS individuals and was postulated to be related to inability to degrade normal proteins.®

There were no ubiquitin-positive inclusions in granulosa or theca cells (Figure 2), and there
was no difference in follicle number between FXPOI and control cases. The absence is
surprising, because follicle cells, along with the oocyte (none observed), are the primary
cells affected in FXPOI.10.11 The ubiquitin-positive stromal inclusions therefore do not
apparently disrupt the normal structural development of the ovary. Rather, we hypothesize
that inclusions seen in the stromal cells of otherwise normal-appearing ovaries reflect an
underlying toxic gain-of-function relating to protein degradation. Within the follicles
themselves, selective failure and loss of affected follicles may occur too quickly for the
pathological inclusions to be visualized (analogous to the phenomenon seen in Purkinje cells
of FXTAS patients).? At present, the mechanisms of the observed changes remain unclear.

In summary, we demonstrated ubiquitin-positive inclusions within ovarian stromal cell
nuclei with no correlate on H&E sections, occurring with a high frequency and density in
women who carry the fragile X premutation as compared with ovaries from a control
population. These inclusions appear to represent the ovarian analogues to similar structures
seen in the neurons of FXTAS patients. Further studies are warranted to determine the
components of these inclusions and their cellular effects.
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Figure 1.
A, Ovary of a fragile X premutation carrier with 100 repeats demonstrating frequent

ubiquitin-positive inclusions (arrows). Non-specific staining of stromal nuclei and
cytoplasm is also seen. B, Ovary of a control case showing a rare ubiquitin-positive
inclusion (arrow). (Ubiquitin stains, haematoxylin counterstain; photographed under x40
objective and x0.70 C-Mount adapter.)
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Figure 2.

Ovarian follicles including granulosa and theca cells found in (A) a fragile X premutation
carrier with 62 repeats and (B) a control patient, showing similar morphology and ubiquitin
immunostaining patterns. (Ubiquitin stains, haematoxylin counterstain; photographed under
x40 objective and x0.70 C-Mount adapter).
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