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Abstract

Sensory processing abnormalities are consistently associated with autism, but the underlying
mechanisms and treatment options are unclear. Fragile X Syndrome (FXS) is the leading known
genetic cause of intellectual disabilities and autism. One debilitating symptom of FXS is
hypersensitivity to sensory stimuli. Sensory hypersensitivity is seen in both humans with FXS and
FXS mouse model, the Fmr1 knock out (Fmrl KO) mouse. Abnormal sensorimotor gating may
play a role in the hypersensitivity to sensory stimuli. Humans with FXS and Fmr1 KO mice show
abnormalities in acoustic startle response (ASR) and prepulse inhibition (PPI) of startle, responses
commonly used to quantify sensorimotor gating. Recent studies have suggested abnormally high
levels of matrix metalloproteinase-9 (MMP-9) as a potential mechanism of sensory abnormalities
in FXS. Here we tested the hypothesis that genetic reduction of MMP-9 in Fmr1 KO mice rescues
ASR and PPI phenotypes in adult #mrZ KO mice. We measured MMP-9 levels in the inferior
colliculus (IC), an integral region of the PPI circuit, of WT and Fmr1 KO mice at P7, P12, P18,
and P40. MMP-9 levels were higher in the IC of Fmr1 KO mice during early development (P7,
P12), but not in adults. We compared ASR and PPI responses in young (P23-25) and adult (P50—
80) Fmrl KO mice to their age-matched wildtype (WT) controls. We found that both ASR and PPI
were reduced in the young Fmrl KO mice compared to age-matched WT mice. There was no
genotype difference for ASR in the adult mice, but PPI was significantly reduced in the adult Fmrz
KO mice. The adult mouse data are similar to those observed in humans with FXS. Genetic
reduction of MMP-9 in the Fmr1 KO mice resulted in a rescue of adult PPI responses to WT
levels. Taken together, these results show sensorimotor gating abnormalities in £mr1 KO mice, and
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suggest the potential for MMP-9 regulation as a therapeutic target to reduce sensory
hypersensitivity.
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1. Introduction

Fragile X syndrome (FXS) is a leading genetic cause of intellectual disability and autism. In
conjunction with learning, anxiety, communication, and social deficits (Hatton et al., 2006),
individuals with FXS are often hypersensitive to sensory stimuli. FXS is linked to a genetic
mutation in the X chromosome with varying degrees of severity, due to the expansion of
CGG repeats in the Fragile X mental retardation-1 (FmrI) gene (Snow et al., 1993). If the
repeated sequence exceeds ~200 repeats, this can lead to a full mutation and methylation of
the Fmr1 gene which in turn causes transcriptional suppression of the Fmr1 gene and the
loss of Fragile X mental retardation protein (FMRP). Loss of FMRP has been associated
with abnormal protein synthesis, particularly those involved with synaptic plasticity and
maturation (Huber et al., 2002; Sidorov et al., 2013).

Debilitating sensory hypersensitivity is a common symptom in humans with FXS (Tsiouris
and Brown, 2004), manifesting as intolerance to even mild sensory inputs. An animal model
of FXS, the Fmr1 knock out (Fmr1 KO) mouse, shows many of the core abnormalities of
FXS including sensory hypersensitivity (Rais et al., 2018; Sinclair et al., 2017).
Sensorimotor gating is a low-level (pre-attentive) sensory filtering mechanism to reduce
sensory overload reaching cortical areas. Abnormal sensorimotor gating may contribute to
hypersensitivity in autism spectrum disorders (Scott et al., 2018), including FXS (Sinclair et
al., 2017). Acoustic startle response (ASR) and prepulse inhibition (PPI) of ASR are
behavioral outcomes used to test sensorimotor gating in humans and rodents. The circuits
underlying these behaviors are present in the brainstem and midbrain of the auditory system.
FMRP, the protein product of Fmrl gene, is expressed across all levels of the central
auditory system, including strong expression in the cochlear nucleus and other regions of the
brainstem (Zorio et al., 2017). Abnormal functions of these regions in Fmr1 KO mice have
been reported (Garcia-Pino et al., 2017; Mott and Wei, 2014; Wang et al., 2018) and both
humans with FXS and Fmr1 KO mice show altered ASR and PPI responses (human:
Frankland et al., 2004; Yuhas et al., 2011; Hessl et al., 2009; mouse: Chen and Toth, 2001;
Nielsen et al., 2002; Renoux et al., 2014; Yun et al., 2006).

One of FMRP’s translational targets is matrix metalloproteinase-9 (MMP-9), an
endopeptidase important in CNS development through extracellular matrix remodeling and
synaptic plasticity (Reinhard et al., 2015). Increased MMP-9 levels are seen in the Fmri KO
mouse and FXS human brains (Bilousova et al., 2009; Dziembowska et al., 2013; Sidhu et
al., 2014). Genetic reduction of MMP-9 levels in the Fmr1 KO mouse restored auditory
cortex responses to WT levels (Lovelace et al., 2016; Wen et al., 2018), rescued dendritic
spine abnormalities in the hippocampus and reduced anxiety-like behaviors (Sidhu et al.,
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2014). Beneficial effect of MMP reduction on synaptic arborization is seen in the drosophila
model of FXS (Siller and Broadie, 2011). Inhibition of MMP-9 with minocycline reduces
multiple symptoms in the FmrZ KO mice and humans with FXS (Bilousova et al., 2009;
Dziembowska et al., 2013; Schneider et al., 2013). However, it is not known if MMP-9
levels are high in circuits involved in sensorimotor gating (Li et al., 1998) and if reduction of
MMP-9 in FXS reduces sensorimotor gating abnormalities. In this study, we focused on the
inferior colliculus (IC) because this region of the midbrain is a main source of inhibition that
causes PPI (Fendt et al., 2001). We found increased MMP-9 levels in the IC during
development, but not in adults. The second aim was to determine if ASR and PPI responses
in £Fmr1 KO mice were different from WT mice from a young age. We found reduced PPI in
the Fmr1 KO mice compared to WT mice in both age groups tested: young (P23-25) and
adult. A genotype difference in ASR was found only in the young age group. Finally, we
tested the hypothesis that genetic reduction of MMP-9 in £mr1 KO mice would alleviate PPI
abnormalities in the Fmr1 KO mice. For this purpose, we generated Fmr1 KO mice, which
were heterozygous for MMP-9 and found that these mice show ASR and PPI responses that
are comparable to the WT mice.

2. Results

2.1. Gelatin Zymography for MMP-9 levels in the inferior colliculus

Gelatin zymography was used to measure MMP-9 levels in the IC of WT and Fmrl KO
mice at four different ages: postnatal day (P) 7, 12, 18, and 40. At P7 (44)=-2.47, p=0.0345)
and P12(47)=—-2.054, p=0.0395), Fmr1 KO mice showed greater MMP-9 levels compared to
WT (Figure 1). There was no genotype difference in MMP-9 levels at P18 (#8)=-0.267,
p=0.398) and P40 (48)=-0.299, p=0.772). These results show that as in the forebrain
(Lovelace et al., 2016), loss of FMRP in the midbrain also causes an increase in MMP-9
levels.

2.2. Acoustic startle response and prepulse inhibition

The ASR was measured in young and adult mice. Young (P23-25) Fmr1 KO mice showed a
significant reduction in ASR compared to age-matched WT mice (one-way ANOVA,
H1,16)=6.190, p=0.024) (Figure 2A). To examine PPI, two-way ANOVA was used with
prepulse intensity and genotype as factors. PPI was significantly reduced in young Fmri KO
mice compared to WT mice (Genotype: H1,48)=9.226, p=0.004) (Figure 2B). While
prepulse intensity affected PPI (Intensity: A2,48)=3.267, p=0.047; Tukey HSD, 75dB vs
85dB, p=0.596; 75dB vs 95dB, p=0.038; 85dB vs 95dB, p=0.273), there were no significant
interactions between genotype and prepulse intensity (Genotype*Intensity: A2,48)=0.499,
p=0.610). This suggests that the genotype difference in PPI is not due to change in any
specific intensity tested.

The ASR was not different between adult (P50-80) WT, Fmr1 KO, and MMP-9*~/ Fmr1 KO
mice (one-way ANOVA, A2,24)=1.019, p=0.376) (Figure 3A). A two-way ANOVA with
genotype and prepulse intensity as factors showed that there was a main effect of genotype
(A2,72)=5.583, p=0.006), and prepulse intensity (H2,72)=8.156, p=0.001), but no
significant interactions (A4,72)=0.401, p=0.807) (Figure 3B). Post hoc Tukey HSD analyses
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revealed that Fmr1 KO PPI was significantly reduced compared to WT (WT vs. Fmrl KO,
p=0.004) as seen in the young mice. There was no difference in PPI responses between WT
and MMP-9+/—/Fmr1 KO (WT vs. MMP-9*~/ Fmr1 KO, p=0.427) or between MMP-9*/~/
Fmr1 KO and Fmrl KO mice (Fmirl KO vs. MMP-9*/=/ Fmr1 KO, p=0.106). Additionally,
prepulse intensity post hoc analysis revealed that as the sound intensity increased, the PPI
increased as well (75dB vs 85dB, p=0.044; 75dB vs 95dB, p=0.000431, 85dB vs 95dB,
p=0.267).

One potential methodological concern is that the mice show startle response to the pre-pulse,
particularly at 85 and 95dB SPL (Valsamis and Schmid, 2011). However, because the ASR
itself was not different at this age, it is unlikely that the genotype PPI differences were due
to startle to the pre-pulse. In addition, the genotype effects are present even if only the 75 dB
SPL prepulse is considered, which is unlikely to cause startle by itself (one-way ANOVA
analyses of PPI for the 75dB prepulse (A2, 24)=3.446, p=0.04). Taken together, these data
indicate that genetic reduction of MMP-9 in the Fmr1 KO mice, provides a rescue of the PPI
deficit, without impacting the baseline ASR.

2.3. Habituation

Habituation of electrophysiological response to repeated stimulation is reduced in both
humans with FXS and the Fmr1 KO mice (Ethridge et al., 2016; Lovelace et al., 2016;
Schneider et al., 2013). Genotype differences in ASR may arise due to differences in
habituation to startle stimuli. Therefore, we examined whether ASR habituation is altered in
the Fmr1 KO mice. Habituation was calculated by dividing the average of the final five ASR
values by the average first five ASR values (see Methods). There was no genotype difference
in habituation in young (A1,16)=0.316, p=0.582) (Figure 4A) or adult (H2,24)=0.368,
p=0.696) (Figure 4B) mice. This suggests that in the young mouse, genotype differences in
ASR do not occur because of altered habituation.

3 Discussion

We found that in young, but not in adult, FmrZ KO mice, there was a significant reduction in
ASR amplitude compared to age matched WT mice. In both age groups, PPI was
significantly reduced in the FmrZ KO mice compared to WT mice, suggesting that
sensorimotor gating abnormalities present in young Fmrl KO mice are maintained into
adulthood. We also found increased MMP-9 levels in the IC of the developing, but not adult,
Fmrl KO mice. This suggests that abnormal MMP-9 levels in the IC may be associated with
reduced PPI. While WT and Fmr KO mice were significantly different from each other in
terms of PPI, the MMP-9*/~/Fmr1 KO mice were not different from either WT or Fmr1 KO
mice. We interpret this to mean that there was a partial rescue of the PPI phenotype when
MMP-9 was reduced in the Fmrl KO mice. The partial correction implies other mechanisms
in the ASR/PPI pathway such as abnormal ion channel function may be involved in
sensorimotor gating dysfunction in FXS (Deng et al., 2013; Zaman et al., 2017). The adult
mouse data are consistent with data from humans with FXS who show no differences in
ASR and reduced PPI suggesting that these sensorimotor gating measures can be used as
potential biomarkers (Frankland et al., 2004; Hessl et al., 2009). Together these results
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strongly suggest that increased MMP-9 in FXS underlies abnormal sensorimotor gating and
may cause sensory hypersensitivity. This conclusion is consistent with the findings of
Gkokas et al., (2014), who over-expressed MMP-9 in mice and found FXS-like symptoms.

ASR in Fmrl KO mice has been examined by a number of groups, but the results are mixed
in a manner indicating sensitivity of measures to variations in stimulus parameters, age, and
genetic background. Chen and Toth (2001) showed that ASR is significantly reduced in 7—
10 weeks old Fmr1 KO mice compared to WT mice on the FVB background. Yun et al.
(2006) showed reduced ASR in Fmr1 KO mice compared to WT in FVB strain mice older
than 4 weeks, but ASR was not different in mice younger than 3 weeks. In the C57B6/J
genetic background, ASR was shown to be higher in the £mrZ KO mice compared to WT for
stimuli in the 70-80 dB range (Nielson et al., 2002). However, when a 120dB startle
stimulus was used, the WT mice showed stronger ASR than the FmrZ KO mice. Frankland
et al. (2004) tested C57B6/J mice and found no difference in ASR for stimuli <90dB SPL.
However, for >95dB SPL, ASR was stronger in the WT mice compared to £mr1 KO mice.
Ding et al. (2014) and Veeraragavan et al. (2011) showed no genotype difference in ASR.
Together the preponderance of evidence suggest that ASR is either not different between the
genotypes, or decreased in Fmr1 KO mice compared to WT. Our data are consistent with
this trend, with young Fmr1 KO mice showing reduced ASR and adults showing no
genotype difference, although the mechanisms for age-dependent genotype differences in
ASR are unclear. There were no significant differences in average weight of mice between
the two genotypes in either young or adult ages, suggesting that this is not a factor in the age
effect on genotype difference in ASR. It is possible that the muscle tone is different in young
mice. Largo and Schinzel (1985) suggested a developmental delay in motor function, with
boys with FXS showing reduced muscle tone. But, very little is known about development of
muscle function in the £mr1 KO mice. Future studies should examine electromyographic
responses in these mice to determine potential delays in muscle function. The difference
between young and adult ASR responses should, however, not be surprising because
developmentally transient genotype differences appear to a prominent feature in FXS (see
Meredith et al., 2012 for a review).

Several studies have examined PPI in Fmr1 KO mice, also with mixed results. Chen and
Toth (2001) showed PPI was increased in Fmrl KO mice compared to WT (FVB
background) at both 75dB and 85dB SPL prepulse intensities. The differences with our PPI
result may arise from different protocols used in the two studies. We included all prepulse
intensities in one session, whereas, Chen and Toth (2001) tested the lower intensity a month
prior to testing the higher intensity. Nielson et al. (2002), Frankland et al. (2004), and Ding
et al. (2014) also reported increased PPI in Fmr1 KO mice on the C57B6/J background.
Veeraragavan et al. (2011) reported no difference and De Vrij et al. (2008) used eye-blink
response and reported decreased PPI in the Fmr1 KO mice. Despite this evidence suggesting
increased PPI in the Fmr1 KO mouse, humans with FXS show significantly reduced PPI
(Frankland et al., 2004 and Hessl et al., 2009), which is consistent with our results.

A novel finding of this paper is that abnormal MMP-9 activity may underlie sensorimotor
gating abnormalities in FXS. MMP-9 is one of the targets of FMRP, so with the absence of
FMRP, there is an upregulation of MMP-9 (Dziembowska et al., 2013) in several regions of
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the brain in FXS. The ASR pathway consists of the auditory nerve input to the ventral
cochlear nucleus, which connects to the caudal pontine reticular nucleus, from there
synapsing onto the motor neurons of the spinal cord whose activity elicits the startle
response (Koch and Schnitzler, 1997). We show here that MMP-9 levels are increased in the
IC of Fmr1 KO mice as well. The IC is a major hub of both the ascending and descending
auditory pathway, and is critically involved in PPI (Fendt et al., 2001). The activation of the
IC by the prepulse sound is rapidly relayed as a long duration inhibition of the neurons of
the pontine reticular nucleus neurons. The inhibition generated by the IC reduces ASR,
leading to the classic PPI of startle response. Interestingly we found increased MMP-9 in the
IC at P7 and P12, but not at P18 or P40. We found reduced PPI at ~P23 and ~P50, when
MMP-9 levels in the IC are similar to WT. This suggests that MMP-9 plays a crucial role in
the development of I1C, and abnormalities in early development of IC are sustained into
adulthood, even though MMP-9 levels are normalized. This makes the crucial prediction that
any pharmacological treatment through MMP-9 manipulation to reduce sensorimotor gating
abnormalities would be more effective if given during the P7-P12 window, rather than in
adulthood. Future studies will test this prediction.

Conclusions

In findings similar to those seen in humans with FXS, we provide evidence for reduced PPI
in the Fmr1 KO mice. PPI, may therefore, be developed as biomarker for pursuit of
translation-relevant therapeutic avenues in FXS. Reduced PPI was seen in both adult and
young Fmrl KO mice, suggesting early developmental origin of sensorimotor gating
abnormalities in FXS and the necessity to provide treatment early in development. Finally,
our data suggest a potential target for reducing sensory hypersensitivity in FXS through a
reduction of MMP-9 levels using specific inhibitors and at specific developmental time
points.

4. Methods and Materials

4.1. Mice

FVB.129P2-Pde6b+Tyrcc"/AntJ controls (WT) and FVB.129P2-Fmirltm1Cgrd (Fmrl KO)
mice were received from Jackson Laboratories and housed on a 12:12 light/dark cycle, with
standard lab chow and water given ad /ibitum in the vivarium. To generate the Mmp9*!~/
Fmr1 KO mice, FVB.Cg—-Mmp-9tm1Tvul) mice were backcrossed with Fmr1 KO mice.
These mice had a reduced expression of MMP-9 in the auditory cortex (Sidhu et al.., 2014
and Wen et al.., 2018). Genotypes of mice were verified by sending tail samples to
Transnetyx (Cordova, TN). There were two age groups tested: young (“Y”, PND 23-25) and
adult (“A”, PND 50-80). Table 1 provides information about the age and average weight of
each group. Weights between genotypes were not significantly different in either the young
(t(16)=1.792, p=0.092) or adult (A2,24)=0.71, p=0.502) groups. All procedures were
approved by the Institutional Animal Care and Use Committee at the University of
California, Riverside. Each experimental group consisted of n=9 mice. All mice tested were
males.
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4.2 Apparatus

Acoustic Startle.—The Coulbourn Animal Acoustic Startle System (Coulbourn
Instruments, Whitehall, PA) was used to measure the ASR. The apparatus consisted of a
single subject anechoic startle chamber with a ventilating fan built into the ceiling to provide
background noise (68dB SPL). A weight-sensitive startle platform was centered inside of the
chamber. The A10-21B Startle Controller Software was used to generate the PPI protocol
and measure ASR peak magnitude. Each mouse was placed into individual ventilated
holding cages.

4.3. Procedures

Mice habituated for 20 minutes in their home cages after being transported to the lab.
Afterwards, each mouse was weighed, and allowed to habituate for 10 additional minutes in
the holding cage, before being placed in the startle chamber. A five-minute delay was built
into the program to allow the animal to acclimate to the chamber prior to the stimulus
presentation. The built-in fan provided background noise of 68dB SPL, measured with a
digital sound level meter (BK Precision, Model 732A). Table 2 provides information on the
various trials used. Trial type 1 consisted of the initial six and final five trials, which
presented only 115dB SPL startle stimulus. These trials were used to calculate the ASR and
habituation. Between the stimulus alone trials, eight of each prepulse trials were presented in
pseudorandom order, with the prepulse — 75, 85, or 95dB SPL — preceding the startle
stimulus by 100ms. Duration of the prepulse sound was 20ms and duration of the startle
pulse was 40ms. Additional prepulse trials were excluded from analysis, due to being of
similar sound levels to the startle stimulus (105dB). The inter-trial interval ranged from 15—
25s to minimize anticipation of the startle stimulus delivery.

4.4. Gelatin Zymography

Inferior colliculus (IC) tissue samples were taken from P7, P12, P18, and P40 mice. The
mice were euthanized with isofluorane, the 1C was dissected and immediately flash frozen
over dry ice then stored at —=80°C. The gelatin zymography protocol was performed as
previously described in Wen et al., 2018. The zymography buffer used to resuspend the IC
included 100 pL of 100 mM Tris-HCI (pH = 7.6), 150 mM NaCl, 5 mM CacCl,, 0.05%
Brij35, 0.02% NasN, 1% Triton X-100, 100 uM PMSF and protease inhibitor cocktail
(Sigma, catalog# P8340). Gelatin agarose beads (Sigma, catalog# G5384) were added to the
sample lysates to pull down MMP-9 on 10% Tris-Glycine gel with 0.1% gelatin as the
substrate (Life Technologies). Once pulled down, the gels were placed in renaturing buffer
(Life Technologies, catalog# LC2670) for 90 minutes and developing buffer (Life
Technologies, catalog# LC2671) for 96 hours. Gels were then stained with Commassie blue
overnight and de-stained for subsequent analysis. Total protein concentration was measured
per lysate using the BCA colorimetric protein assay (Pierce, 23 235). Levels of MMP-9
protein were analyzed using Photoshop CS4. All samples were normalized to the WT values
per each individual age group (n=3-7).
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4.5. Data analysis

Weight comparisons were done by independent t-tests to compare the young groups and
one-way ANOVA was used to compare the adult groups. One-tailed unpaired t-test was used
to compare WT and Fmrl KO MMP-9 levels. ASR was calculated by averaging the peak
magnitude of the startle stimulus alone responses and across the 11 Trial Type 1 responses.
Percent habituation was calculated as %Habituation=100 x (average last five Trial Type 1
responses/average first five Trial Type 1 response). Percent PP1 was calculated as %PPI=1-
(average startle amplitude from prepulse trial/average startle amplitude from startle stimulus
alone trial) x 100. To compare PPI across genotypes, a two-way ANOVA was used with
prepulse intensity (75, 85, 95 dB) and genotype (KO, WT) as factors. One-way ANOVA was
used for comparison of ASR across genotypes separately for each age group tested. Standard
error is shown by the error bars in all figures. Age was not tested as a factor in any analysis.
Post-hoc tests are as described in the Results section.
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Highlights

Adult Fmrl KO mice show reduced pre-pulse inhibition of acoustic startle.

Pre-pulse inhibition in Fmrl KO mice is normal if MMP-9 is genetically reduced.

MMP-9 is involved in sensory gating.

MMP-9 may be a potential target for sensory hypersensitivity symptoms in FXS.
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Figure 1. MMP-9 levels in IC differ between WT and adult Fmr1 KO mice at P7 and P12, but
not P18 or P40.

There was an increase in MMP-9 levels in Fmr1 KO mice earlier in development (P7: {4)=
-2.47, p=0.0345); P12: {7)=—2.054, p=0.0395). However, at later ages there was no
difference between the two genotypes (P18: P18 (48)=-0.267, p=0.398); P40 (48)=-0.299,
p=0.772). Standard error is shown in the bar graphs.
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Figure 2. Startle is reduced in Fmr1 KO mice at young, but PPI is not different from WT.
A) The baseline ASR was significantly different between young WT and Fmr1 KO mice

(one-way ANOVA - A1,16)=6.190, p=0.024). B) Two-way ANOVA with prepulse intensity
and genotype as factors in the young mice revealed that PPI increased with sound intensity
(Intensity — A2,48)=3.267, p=0.047; Tukey HSD - 75dB vs 85dB, p=0.596; 75dB vs 95dB,
p=0.038; 85dB vs 95dB, p=0.273) and was reduced in Fmrl KO compared to WT mice
(Genotype — A1,48)=9.226, p=0.004). There were no significant interactions between
genotype and prepulse intensity (Genotype*Intensity — A2,48)=0.499, p=0.610). Standard
error is shown in the bar graphs.
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Figure 3. Genetic reduction of MMP-9 in Fmr1 KO mice partially rescues the PPI deficit.
A) In adult mice, there was no statistical difference in ASR across the three genotypes (one

way ANOVA - A2,24)=1.019, p=0.376). B) Two way ANOVA with genotype and prepulse
intensity as factors shows that in adult mice, there was a significant effect of genotype
(H2,72)=5.583, p=0.006; Tukey HSD — WT vs Fmr1 KO, p=0.004; WT vs MMP9+/-Fmr1
KO, p=0.427; FmriKO vs MMP9+/-Fmr1 KO, p=0.106) and intensity (H2,72)=8.156,
p=0.001; Tukey HSD — 75dB vs 85dB, p=0.044; 75dB vs 95dB, p=0.000431; 85dB vs 95dB,
p=0.267), but no interactions (Genotype*Intensity - A4,72)=0.401, p=0.807). Standard error

is shown in the bar graphs.
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Figure 4. Habituation to ASR stimuli is normal in both young and adult Fmr1 KO mice.
A) Young WT and Fmr1 KO mice did not show any significant difference in habituation

from the beginning of the protocol to the end (A1,16)=0.316, p=0.582). B) There was no
significant difference in percent habituation between any of the adult age groups
(H2,24)=0.368, p=0.696). Standard error is shown in the bar graphs.
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Summary of genotype

Table 1.

and age studied.

Genotype Number of mice  Age(postnatal days) Average weight (g)  Average standard error
WT Adult 9 53-55 28.5 0.98
Fmr1 KO Adult 9 53-54 28.5 0.82
MMP9 +/- Fmr1 KO Adult 9 65-67 27.3 0.715
WT Young 9 24-25 17.4 0.72
Fmrl KO Young 9 23-24 15.6 0.70
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Table 2.

Trial types for acoustic startle and prepulse inhibition.

Page 17

In trials looking at prepulse inhibition, the interval between the prepulse and the startle pulse was 100ms. The
inter-trial interval ranged from 15-25 seconds.

Trial Type Prepulse Intensity (dB)  Startle Stimulus (dB)
1 0 115
2 75 115
3 85 115
4 95 115
5 105 115
6 0 115
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