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Abstract

Fragile X syndrome (FXS) is associated with intellectual disability and behavioral dysfunction,
including anxiety, ADHD symptoms, and autistic features. Although individuals with FXS are
largely considered healthy and lifespan is not thought to be reduced, very little is known about the
long-term medical health of adults with fragile X syndrome and no systematically collected
information is available on standard laboratory measures from metabolic screens. During the
course of follow up of a large cohort of patients with FXS we noted that many patients had low
cholesterol and HDL values and thus initiated a systematic chart review of all cholesterol values
present in charts from a clinic cohort of over 500 patients with FXS. Total cholesterol (TC), low
density lipoprotein (LDL) and high density lipoprotein (HDL) were all significantly reduced in
males from the FXS cohort relative to age-adjusted population normative data. This finding has
relevance for health monitoring in individuals with FXS, for treatments with cholesterol-lowering
agents that have been proposed to target the underlying CNS disorder in FXS based on work in
animal models, and for potential biomarker development in FXS.
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INTRODUCTION

Fragile X syndrome (FXS) is the most common known inherited cause of intellectual
disability (ID) and the most common identifiable genetic cause of autism spectrum disorder
(ASD), with a prevalence of about 1/4000 [Crawford et al., 2001]. FXS results from a CGG
repeat expansion mutation of >200 repeats (full mutation) in the promoter of FMRI (fragile
X mental retardation 1) which leads to hypermethylation and transcriptional silencing of
FMR1 and reduction of expression of the FMR1 gene product, FMRP (fragile X mental
retardation protein) [Pieretti et al., 1991]. In the brain, loss of FMRP, an RNA binding
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protein which is a negative regulator of group | mGIuR and other receptor-activated
dendritic translation, results in increased synthesis of proteins normally regulated by FMRP,
dysregulation of synaptic signal transduction and channel function, excess mGIuR signaling,
and aberrant dendritic arborization and synaptic plasticity [Berry-Kravis et al., 2011, Gross
etal., 2012,Darnell and Klann, 2013]. In addition to cognitive disability, FXS is associated
with mildly dysmorphic features such as large ears, long face, and macrocephaly in a
percentage of patients, macroorchidism in adult males, and prominent behavioral symptoms
in most patients that include varying degrees of distractibility, hyperactivity, autistic
symptoms, anxiety, gaze aversion, and in some cases, irritability and aggression [Grossman
et al., 2002, Hagerman et al., 2009].

A number of medical problems have been reported to be increased in frequency in children
with FXS relative to the general population, including seizures, frequent otitis media,
strabismus, gastroesophageal reflux, and loose stools. A number of these problems are
thought to be due to loose connective tissue, and indeed loose skin over the palms and
hyperflexible joints are seen in a large fraction of patients [Grossman et al., 2002, Hagerman
et al., 2009], suggesting that regulation of cellular function by FMRP is not limited to the
CNS. There is little information on long-term health risks or medical problems in adults with
FXS. Some studies have focused on hormonal function in FXS or the FXS mouse model
[Wilson et al., 1988, Bregman et al., 1990, Qin and Smith, 2008], but definitive
abnormalities in lab values have not been identified in humans with FXS. A single study
evaluated medical features of adults with FXS over age 40 and identified obesity as a major
health risk although rates of obesity were not elevated over those for the general US
population [Utari et al., 2010]. The rate of Parkinsonism seemed to be increased in older
individuals with FXS [Utari et al., 2010].

No studies have been published describing cholesterol levels in individuals with FXS. We
have observed that patients with FXS attending our large FXS clinic seemed to very
frequently have low high density lipoprotein (HDL),low density lipoprotein (LDL), and total
cholesterol (TC) levels. Based on these observations we performed a chart review to
systematically collect information on cholesterol levels from all patients with fragile X
syndrome attending the clinic program at our institution.

METHODS

Charts were reviewed from all patients who had been seen at the Fragile X Clinic and
Research Program at Rush University Medical Center from 1992 through 2013. Lab records
were obtained for clinical management or as a result of transfer of records to clinic charts
after participation in a clinical trial. Within the patient population, 87.4% were Caucasian,
6.8% were African American, 2.9% were Asian, and 2.9% were Asian and Caucasian. All
TC, HDL, and LDL determinations for which records were available were recorded in excel
spreadsheets. When multiple determinations were present for a given patient, the most recent
data were used. BMI and medications that patients were taking at the time of the cholesterol
determination were recorded. Values were compared to age- and gender-based normative
data from a large National Health and Nutrition Examination Survey (NHANES) 1988-1994
population study and were categorized as being below or above the 10t centile for age
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group [Hickman et al., 1998]. The NHANES 1988-1994 study population was about 70%
Caucasian as compared to 90% in the fragile X group, however since TC, HDL and LDL
means and medians for the entire NHANES 1988-1994 study population differed only by 0-
2 mg/dL (<4%) from those for the Caucasian only population for all values in both the age
4-19 and the age 20+ group, the data from the entire population was used for comparison.
Effects of ethnicity within the FXS group could not be examined due to the fact that sample
sizes from non-Caucasian groups were to small for meaningful comparison. Binomial test
was performed to compare the percentage of FXS individuals with values below the 10t
centile relative to the normative group. The relationship between BMI and lipid levels in
FXS was explored by classifying FXS males as normal weight, overweight or obese based
on age-related CDC normative data. Mean lipid levels between weight groups were
compared using the analysis of variance and the fraction of individuals with lipid values less
than the 10™ centile of the normative data for each weight group was compared using Chi-
square or Fisher’s exact test. Centile curves for TC, HDL and LDL were generated from the
FXS data, for children and adolescents (age 4-19), and adults (age 20+). Age categories
were based on categories for the published cohort from which normative data was derived
[Hickman et al., 1998].

An additional set of comparisons of data from the FXS cohort to more recently obtained and
published 2007-2010 NHANES population data [Go et al., 2014] was performed to ensure
results were similar to the comparisons from the 1988-1994 NHANES data. The data from
the Caucasian population in this study was used for comparison given the FXS population
was predominantly Caucasian and there was more difference in the cholesterol values
between Caucasian and non-Caucasian groups in this later study. The data presented in this
more recent population study was more limited than in the earlier study and so comparisons
were limited to comparisons of mean TC, HDL and LDL values in the child/adolescent (age
4-19) group and comparisons of percentages of adult FXS and control samples with
TC>200, HDL<40, and LDL>130 mg/dL, as well as a comparison of mean adult LDL
values.

All statistical analyses were performed with SAS 9.2 (SAS Institute Inc, Cary NC, USA). A
p-value < 0.05 was considered significant.

RESULTS

Data on TC, HDL and LDL were available for 88, 67, and 51 male patients with FXS and
for 15, 9, and 6 females with FXS, respectively. Descriptive data for the study cohort is
provided in Table 1. There was data from 56 male children and adolescents with FXS age 4—
19, and 32 male adults with FXS patient age 20 and over. Numbers of patients falling below
the 10th centile for 1988-1994 NHANES normative data for each age range for TC, HDL
and LDL are shown in Table 2. The percent of individuals with values below the normative
data 10™ centile was significantly increased for males in both FXS age groups for both TC
and HDL (p<0.0001 in all cases except p=0.025 for adult TC) and in adults for LDL
(p=0.0004).
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Rates of overweight/obesity based on BMI were not different in the adult FXS group from
population rates (58% of FXS group overweight or obese versus 69% of the US population
[Ogden et al., 2014], p=0.2) although the 4-19 year FXS group had an increased rate of
overweight/obesity over the general US population (51% of FXS group versus 32% in US
population [Ogden et al., 2014], p=0.0005). Despite the increased BMI in the child/
adolescent FXS group, there was no significant difference in the fraction of individuals with
a TC, HDL, or LDL level <10%ile between weight groups (hormal, overweight, obese) for
either the 4-19 age group or the adults. There was no significant difference in the mean TC,
HDL or LDL values between the normal, overweight and obese groups for adult males, and
no difference in mean HDL and LDL values between the weight groups for male children/
adolescents, although TC for male children was borderline significantly higher in the higher
weight groups (p=0.04). There was no significant correlation between BMI and TC, HDL, or
LDL levels in either the male child/adolescent or adult FXS group, except for a borderline
correlation between TC and BMI in the child adolescent group (r=0.3, p=0.03).

Females with FXS of all ages were grouped together due to small sample size (Table 2).
Only TC showed a significant increase in the number of females with FXS having values
below the 10™ centile (p=0.04). There was no significant relationship in females between
BMI and TC (correlation coefficient=0.25, p=0.43), HDL (correlation coefficient=—0.16,
p=0.71) and LDL (correlation coefficient=0.31, p=0.45). Due to the small sample size and
expectation that females would be less affected than males, no further analyses were done on
the female group.

Centile curves for the male FXS cohort for all age ranges showed a shift to the left (lower
values) for TC, HDL and LDL levels across the entire range of values (Figure 1). Two males
and one female were treated with statins. Removal of these individuals from all data
analyses had no effect on the overall result. Although effects of individual medications or
classes of psychotropic medication could not be analyzed due to small sample sizes, overall
treatment with psychotropic medication for behavior had no impact on the frequency of
individuals with FXS and TC, HDL or LDL levels <10"%ile for either the adult or the child/
adolescent group.

Comparison of the TC, HDL and LDL values in mg/dL from the FXS group to those from
the limited data available from the more recent 2007-2010 NHANES normative population
data [Go et al., 2014] for Caucasians only confirmed that mean values were significantly
lower for children/adolescents age 4-19 in the FXS group (TC 144.1+25.78 FXS vs 158.85
control, p<0.001; HDL 38.4+14.76 FXS vs 51.15 control, p<0.001; LDL 76.93+20.71 FXS
vs 90.4 control, p=0.001). In adults 9.38% of FXS samples versus 40.5% of control samples
had TC greater than 200 (p=0.0002); 59.09% of FXS samples versus 33.1% of control
samples had HDL <40 (p=0.02); 4.76% FXS samples versus 30.1% of control samples had
LDL>130 (p=0.01); and mean LDL in FXS samples was 93.81+28.78 mg/dL versus 115.1
in control samples (p=0.003). In combination these comparisons confirm that TC, HDL, and
LDL levels in the FXS group are lower than normative population data.
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DISCUSSION

This retrospective study strongly suggests that TC, HDL and LDL levels are lower in males
with FXS than in the general population. Overall it appears that in males with FXS, TC,
LDL, and HDL centiles are all shifted to lower numbers across all age ranges. There is a
suggestion that HDL is more significantly reduced relative to the normative male population
than TC or LDL. It is likely that TC is also reduced in females with FXS but findings in
females are not definitive in this study due to small sample size. It is expected that a sample
size larger than for males would be needed to demonstrated abnormalities in females due to
the milder more variable manifestations of the condition in females. It will be important to
confirm this finding in a larger cohort of males and females in which fasting lipid levels
including triglycerides are systematically collected prospectively.

TC, HDL and LDL are not related to BMI at all in adult FXS males, and only TC shows a
minimal relationship with BMI in male children/adolescents, which may be an effect
dependent on age and higher than typical BMI in the child/adolescent group, given TC levels
go up with age and the excess of overweight and obese individuals in the 4-19 age group
tended to be at the older end of the age range. This is supported by the lack of a relationship
between BMI and the fraction of male children/adolescents with TC <10%ile for age. The
general lack of relationship between BMI and lipids levels in FXS is unlike findings in the
general population that show correlations between BMI and lipid levels in Caucasian cohorts
[Bennasar-Veny et al., 2013, Abbasi et al., 2013]. This suggests that the low TC, HDL and
LDL levels may be an FXS-related characteristic that occurs independently of BMI and
other relationships seen in the general population.

This finding has implications for health monitoring and treatment practices. Adult
individuals with FXS undergoing standard health screening including a lipid profile are
sometimes put on statins despite low TC because the low HDL results in an apparently
unfavorable lipid ratio. Given the overall low levels of TC and LDL also seen in FXS, it is
not clear this treatment is necessary or the best health practice [Boekholdt et al., 2013]. On
the other hand, the low HDL may represent a vascular or cardiac risk factor and since
limited data is available on aging in FXS this relationship is yet to be determined through
standard monitoring of lipid profiles and health trajectories in adults with FXS.

Recent basic research has suggested excessive activity of ERK in the brain of the FXS
mouse due to absence of FMRP and overactivity of translational signaling [Gross et al.,
2012, Darnell and Klann, 2013]. Lovastatin was used to indirectly inhibit ERK through a
mechanism involving reduction of Ras isoprenylation and activity with downstream effects
on ERK activity [Osterweil et al., 2013], resulting in rescue of the audiogenic seizure
phenotype seen in the FXS mouse. This pre-clinical finding has prompted a pilot open-label
trial of lovastatin in humans with FXS [www.clincaltrials.gov]. As lovastatin is expected to
lower TC, LDL and HDL levels, it will be important to monitor for problems associated with
excessively low lipid levels in individuals with FXS who may already have very low levels.
Particularly if young children with FXS were exposed to this treatment, consideration would
need to be given to possible effects on CNS myelination, which can be affected by low
cholesterol levels [Werner et al., 2013].

Am J Med Genet A. Author manuscript; available in PMC 2017 May 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Berry-Kravis et al.

Page 6

It has been challenging to find consistent biomarkers that could give readouts for treatment
effects or predict those more likely to respond to treatment, yet such markers are badly
needed [Berry-Kravis et al., 2013]. TC, LDL and HDL are easily measured blood
components which presumably are low in FXS because of misregulation of synthesis or
processing when FMRP is absent or reduced. Thus TC, LDL and HDL may provide markers
of treatment effects for pharmacotherapies in FXS that target correction of activity in
pathways in which FMRP normally functions.

FMRP is an RNA binding protein that regulates stimulus-dependent translation of a large
number of other proteins in cells [Berry-Kravis et al., 2011, Darnell and Klann, 2012, Gross
et al., 2012]. It seems likely that misregulation of one or multiple proteins normally
regulated by FMRP is responsible for the lower TC, LDL and HDL levels in FXS. A recent
screen for genes responsible for determining lipid levels in humans revealed that several
known and novel FMRP target genes are linked to regulation of lipid levels [Global Lipids
Genetics Consortium, 2013], including APOE and GSK3B [Darnell et al., 2011], as well as
SETD2, MTMR3, MARCH8 and ABCAL (JC Darnell, unpublished data). While each of
these candidates is linked to various subsets of the 4 lipid levels measured in the genetic
study it is likely that the lipid profile of fragile X patients results from the combined effect of
loss of translational regulation of multiple FMRP targets [Global Lipids Genetics
Consortium, 2013]. Other lipid regulating genes may be targets of FMRP regulation but
cannot be identified in current data from screens for FMRP -associated mRNAs, because
these were performed in brain where there is very low level of expression for many of these
genes. In light of the overlap between genes for autism/ID and FMRP targets [Darnell et al.,
2011], it is interesting that TC and LDL were found to be low in individuals with ASD and
ID [Moses et al., 2013] although the findings were not significant after correction for age
and BMI, and Bonferroni correction. HDL was not low in these groups, suggesting a
somewhat different disease-specific problem with regulation of cholesterol levels in FXS.

This study is limited by the retrospective design, relatively small cohort size, lack of precise
ethnicity matching in comparison data, and random timing of the lipid levels obtained.
However the magnitude of the significance of the findings in an FXS cohort of this size
relative to two different population cohorts of Caucasian and mixed ethnicity support a real
difference in TC, LDL and HDL levels in persons with FXS. Further study is needed to
confirm the results in a larger prospective study in multiple ethnicity groups, in which
apolipoprotein E and fasting triglyceride levels could also be measured, to fully define the
health implications, mechanism, and utility as a marker of disease for the abnormal lipid
levels identified in FXS in this study.
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Figure 1.
Figures of empirical quantiles (51, 10t 25t 50th 75th 9oth 95t for FXS cases and the

general population from the 1988-1994 NHANES cohort for male children/adolescents age
4-19 (left panels) and adults >age 19 (right panels) for total cholesterol (top panels), HDL
(middle panels), and LDL (bottom panels). All centile curves were shifted to lower numbers
for all lipid levels across all age ranges in patients with FXS. The N value shown in the
figure refers to the number of patients with FXS in the cohort and the general population
data was taken from Hickman et al. (12) The normal LDL values for children under 12 in the
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general population were not available so only LDL data from the FXS cohort of patients 12
and over was used for the analysis. The mean values for the 2007-2010 NHANES
Caucasian population cohort are shown at the 50%ile for reference on the child/adolescent
data plots. This data was not available for adults in the 2007-2010 NHANES published data
and thus is only presented in the child/adolescent plots.
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Descriptive Data for FXS Cohort

Table 1

Characteristic Males Females
Total 88 15
4-19 56 9
20+ 32 6
BMI - Total (4-19, 20+) -

- Normal -41(27,14) -4

- Overweight -24(12,12) -3

- Obese -23(17,6) -8
Behavioral Medication 69 (47, 22) 12
Antipsychotics 24 (15,9) 3
Stimulants 16 (13, 3) 3
Antipsychotics and Stimulants 11 (9, 2) 2
Other 18 (10, 8) 4
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