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Abstract

Women are more likely to suffer from stress-related affective disorders than men, but the
underlying mechanisms of sex differences remain unclear. Previous works show that microRNA
(miRNA) profiles are altered in stressed animals and patients with depression and anxiety
disorders. In this study, we investigated how miRNA expression in the anterior bed nucleus of stria
terminalis (BNST) was affected by social defeat stress in female and male California mice
(Peromyscus californicus). We performed sequencing to identify miRNA transcripts in the whole
brain and anterior BNST followed by qPCR analysis to compare miRNA expression between
control and stressed animals. The results showed that social defeat stress induced sex-specific
miRNA expression changes in the anterior BNST. Let-7a, let-7f and miR-181a-5p were
upregulated in stressed female but not male mice. Our study provided evidence that social stress
produces distinct molecular responses in the BNST of males and females.
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1. Introduction

Sex differences are an important aspect of stress-related affective disorders. Women are at
significantly higher risk than men to suffer from depression and anxiety disorders [1-4].
However, there are still large gaps in our understanding of the neurobiological mechanisms
of increased female vulnerability. Human postmortem research has reported sex differences
in gene expression of depressive patients indicating sex-specific gene regulation [5-10].
Growing evidence suggests that altered microRNA (miRNA) function might contribute to

"Correspondence: Brian Trainor, bctrainor@ucdavis.edu.

Author Statement

CEM and BCT designed research, CEM, RH, and KLC collected data, PL, JNF, AVM, and BCT analyzed data, PXL and BCT wrote
the manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luo et al.

Page 2

the pathology of psychiatric diseases, which provides us with a new perspective to
investigate the underlying mechanisms of sex differences in stress-related disorders on a
molecular level [11-16].

MicroRNAs are a class of small non-coding RNAs that negatively regulate
posttranscriptional gene expression [17,18], and are often differentially expressed between
males and females [19,20]. MicroRNAs play a critical role in normal cellular function and
have been proposed as potential biomarkers or therapeutic targets for affective
disorders[21-26]. Clinical studies have shown that miRNA profiles are altered in the blood
of patients with depression [27-29] and anxiety disorders [30,31], but less is known about
their functions within the brain. In rodent studies, exposure to chronic stress leads to
differential expression of miRNA transcripts in different regions of the limbic system,
including the nucleus accumbens [32,33], amygdala [34-36], and prefrontal cortex [37-39].
In one study, social isolation stress induced sex-specific changes in miRNA expression in the
bed nucleus of stria terminalis (BNST)[40].

The BNST, also known as the extended amygdala, is a sexually dimorphic brain region
involved in modulating anxiety in both human and rodent studies [41-46]. Our group has
previously demonstrated that stress-induced sex differences in brain-derived neurotrophic
factor (BDNF) protein expression contributed to sex-specific behavioral phenotypes [47].
Social defeat stress increased BDNF protein expression in the anterior BNST of female but
not male California mice (Peromyscus californicus) and increased BDNF activity in stressed
females facilitated increased social avoidance behavior. Despite a significant increase in
protein expression in stressed females, there were no sex differences in BanfmRNA
expression. These findings suggest the possibility of distinct post-transcriptional regulation
processes in female and male mice in response to social defeat.

The increase of BDNF protein expression in stressed females could result from a decrease of
its upstream miRNA suppressors. As a bidirectional mediator of miRNA functions, BDNF is
not only modulated by miRNAs [48,49] but also serves as an upstream regulator of a variety
of miRNAs transcripts [50,51]. For example, BDNF upregulates Lin28, which is an RNA
binding protein that further suppresses the biogenesis of the let-7 miRNA family[50,52-55].
Let-7 is one of the most abundantly expressed miRNA families in the brain [56] and is
altered in both depressed patients [27,57,58] and animals exposed to chronic and acute stress
[59]. In this study, we examined potential BDNF upstream suppressors (miR-15b-5p,
miR-181a-5p), BDNF downstream targets (Lin28 and let-7 family members), and other
abundant transcripts in the BNST (miR-340-5p and miR324-3p) in California mice
(Peromyscus californicus). In this species, both male and female mice aggressively attack
the intruders to defend their territories in the wild [60] as well as in lab settings [61,62].
However, social defeat produces a more significant decrease in social interaction behavior in
female mice [63]. Understanding the underpinning of such behavioral discrepancy might
give us insights on sex differences in stress-related disorders.

Since the fully sequenced genome was not available for this species at the onset of the study,
we first performed sequencing to obtain a miRNA transcriptome in the whole brain and in
punch samples of the whole BNST. Once these sequences were known, we used gPCR
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analysis to compare miRNA expression in the anterior BNST between control and stressed
California mice. We hypothesized that following social defeat, 1) female and male mice
would exhibit distinct miRNA differential expression patterns and 2) stressed female, but not
male mice, would show a decrease in BDNF suppressor expression, an increase in Lin28 and
a decrease in let-7 expression.

2. Materials and Methods

2.1. Animals

Adult female and male California mice (P, californicus) between 3 to 6 months old from our
laboratory colony were co-housed in same-sex groups of 2 to 3. Mice were kept on a 16:8
Light:Dark cycle, a summer-like light cycle commonly used in Peromyscus studies [64,65],
and fed ad libitum. All experiments were performed under dim red light in accordance with
and approval of the Institutional Animal Care and Use Committee at the University of
California, Davis. Estrous cycles were monitored via post-mortem vaginal lavage.

2.2. Sample Collection for MicroRNA Transcriptome

2.3. Social

To acquire the California mouse miRNA transcriptome, whole brain RNA samples were
obtained. Three females and three males were anesthetized with isoflurane and decapitated.
Whole brains were flash frozen on dry ice. Each brain was bisected at the midline and
homogenized in 3mL of Trizol. RNA was then extracted by using the mirVANA miRNA
Isolation Kits (Ambion™ AM1560) following the manufacturer’s instructions. These
samples were sequenced to produce a miRNA brain transcriptome for the California mouse.
To determine which of these transcripts were present in the BNST, we extracted RNA from
punch samples comprising of both anterior and posterior BNST (whole BNST). Samples
were acquired from 12 mice in total, 3 for each group: control male, control female, stressed
male and stressed female. Two weeks following stress, the mice were anesthetized with
isoflurane and decapitated [66]. Previous studies from our group have shown that the
behavioral impact of social defeat increases over time and there is a significant sex x stress
interaction two weeks following the last episode of defeat [63]. Brains were rapidly
removed, and 2 mm slices were dissected using a brain matrix (Trainor et al. 2003). The
posterior side of the slice was at approximately —0.24 bregma and the anterior side was at
approximately 0.75 bregma. These coordinates were used based on the California mouse
brain atlas (brainmaps.org). The whole BNST was dissected out using an 1mm inner
diameter punch tool to include both the anterior and posterior subregions. Samples were
frozen on dry ice and then stored at —40°C until RNA extraction. Punch samples were used
for this study due to the large amount of RNA required for miRNA library preparation.

Defeat Stress

Both female and male California mice attack same-sex intruders to defend their territories
[60-62]. Animals were first randomly assigned to either control or social defeat. Mice
assigned to defeat were placed in a cage of an aggressive same-sex resident until they were
attacked by the resident seven times or until seven minutes had elapsed, which normalizes
the intensity of aggression between females and males. Residents were between 6 months to
2 years old. All mice were attacked at least once during each defeat session. Control animals
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were placed in an empty cage for 7 minutes. This process was repeated over the course of 3
days, each day with a new aggressive resident. The total number of attacks received by
stressed males (6.1+0.3) and females (5.1+0.5) was not significantly different throughout the
3 defeat sessions (t15=1.63, p=0.12).

Library Preparation

RNA was extracted from the whole brain samples by using the m/AVANA miRNA Isolation
Kit (Ambion™ AM1560) following the manufacturer’s instructions and run on a
Bioanalyzer. The average RNA Integrity Number (RIN) of the RNA samples used for library
prep was 7.55 £ 0.37. One ug of RNA from each sample was prepared for microRNA library
identification through the TruSeq Small RNA Library Preparation Kits (Illumina
RS-200-0012). Briefly, ligation reactions were used to attach adaptors to RNA samples and
reverse transcription was performed using Superscript Il (Invitrogen). Eleven cycles of PCR
(98 °C for 10s, 60 °C for 30s and 72 °C for 15s) were performed to amplify each library.
MicroRNA was then isolated through gel purification. Each library was run out on 8% TBE
buffer polyacrylamide gels and a single 145 bp band (containing miRNA sequence and
adaptors) was dissected from the gel and then purified. Purified libraries were re-analyzed
on the Bioanalyzer to confirm the correct size selection. Libraries were then pooled and
sequenced on a single lane on an lllumina HiSeq (paired-end 50 bp reads).

To prepare libraries for the whole BNST, it was necessary to pool samples from 3 mice in
order to acquire 1 ug of RNA. Thus, one library was prepared for sequencing from each of
four groups (control female, control male, stressed female, stressed male). Each female
library contained samples from two females in metestrus and one female in diestrus. A
previous study from our lab has shown that estrous cycle stage does not confound the effects
of defeat stress on social behaviors in California mice [63]. Libraries were prepared exactly
as described above. The four libraries were pooled and sequenced on a single lane of HiSeq
(single end 50 bp reads).

2.5. Bioinformatics

All reads were trimmed to remove adapter sequences using Scythe (https://github.com/
vshuffalo/scythe; commit ID ¢128b19). Paired-end small RNA-Seq reads were then joined
using FLASH [67] in order to increase base qualities. Both paired-ended and single-ended
reads were trimmed to remove low quality bases using Sickle (https://github.com/najoshi/
sickle; commit ID 7667f14). Trimmed reads were used for miRNA identification and (novel
miRNA) prediction using miRDeep 2.0.0.5 [68,69], which aligns small RNA reads to a
genome sequence, searches for a depth signature associated with miRNA and its breakdown
products, and compares miRNA sequences predicted from the signatures to a miRNA
sequence database. In this case, reads were aligned to both the Mus musculus genome
(UCSC package, Illumina iGenome) and separately to the Peromyscus maniculatus bairdii
genome (GenBank GCA_000500345.1). Since there was no annotated California mice
genome, mapped reads were annotated by using the miRNA sequences of Mus musculus,
Rattus norvegicus, and Cricetulus griseus from miRbase [70]. Novel miRNA sequences
from unannotated sequences were based on alignments and RNA folding. Finally, raw
abundances of each transcript were provided in the form of aligned read counts. All raw
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sequence data are available from NCBI under the BioProject accession number
PRINA263194.

For target prediction, we used TargetSpy, an algorithm that uses a machine learning
approach to identify miRNA transcripts that target a specific genomic sequence [71].
TargetSpy was used to identify miRNA transcripts California mouse BanfmRNA
(GenBank:JX977026) using the “sensitive” and “specific” modes to predict target
interactions between the miRNA’s identified with miRDeep and the 3’ untranslated region
of the California mouse BDNF gene. Annotation of let-7 transcripts was based on previously
published sequences in Mus musculus [50].

We also used miRWalk 3.0 [72] to predict gene targets of stress-regulated miRNAs in the
BNST in male and female mice, respectively. Transcripts with an arbitrary cutoff of | logfc |
>2 were selected for gene target analysis. The Mus musculus database was used and only
targets predicted by both the miRWalk and miRDB algorithms with a binding probability of
1 were selected for further gene ontology (GO) analysis. For GO biological process analysis,
we used the Enrichr online tool and the results were ranked by p-values (p<0.05) [73,74].

2.6. Quantitative real-time PCR analysis

Seven miRNA transcripts were chosen for real-time PCR analysis in the anterior BNST. The
California mouse sequence for each transcript was determined to be an exact match with
Mus musculus to allow for the use of TagMan Gene Expression Assays. We examined the
three most abundant let-7 transcripts observed in the whole BNST libraries: let-7a, let-7c,
and let-7f. Next, we examined the expression of miR-15b-5p, which was the most abundant
miRNA from the TargetSpy analysis for which a Tagman assay was available. Finally, we
examined the miR-181a-5p, miR-340-5p, and miR-324 because these transcripts were
highly abundant in the whole BNST libraries. We normalized expression to U6, and raw Ct’s
were checked to confirm that were no differences among treatment groups (p > 0.4).

In this experiment, female and male mice were randomly assigned to defeat or control
condition as previously described (n=8 control males, n=8 stressed males, n=7 control
females, n=9 stressed females). Two weeks after defeat, mice were euthanized with
isoflurane and decapitated. The brains were quickly removed, flash frozen on dry ice, and
stored at —40 °C. Brain were sectioned on a cryostat at —10°C with a thickness of 500 um
and immediately immersed into RNAlater® for approximately 24 hours at 4°C [47]. An
1mm sized punch tool was used to collect bilateral samples from the anterior portion of the
bed nucleus of the stria terminalis. Samples were kept frozen at —40°C until RNA extraction.

RNA was extracted from the punch samples by using the m/AVANA miRNA lIsolation Kit as
described above. Samples were diluted to a maximum concentration of 10 ng/uL before
reverse transcription by using the TagMan® MicroRNA Reverse Transcription Kit (Applied
Biosystems™ 4366596). The miRNA expression levels were detected by using the Tagman®
Universal Master Mix |1, No AmpErase® UNG (Applied Biosystems™ 4352042) and
Applied Biosystems® Custom TagMan® MGB Probes. The following custom TagMan®
Gene Expression Assays were used for gPCR (Let-7a, #002478; Let-7c, #000379; Lef-7f,
#000382; miR-15b-5p, #000390; miR181a-5p, #000480; miR-340-5p, #002258; miR324-3p,
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#002509). Real-time PCR cycling conditions began at 95°C for 10min, followed by 40
cycles of 95°C for 15s, and 60°C for 60s.

2.7. Statistical analysis

Comparisons of the miRNA expression between control and stressed animals were
performed using SPSS software. Non-parametric Mann-Whitney U test was used to test for
statistical significance because of non-normal distribution of data.

3. Results
3.1. MicroRNA sequencing

RNAseq analysis of the whole BNST punch samples was used to identify transcripts for
further gPCR analysis in male and female mice. TargetSpy analysis of whole brain libraries
identified 95 miRNA transcripts expected to bind to the California mouse BanfmRNA. All
but one of these transcripts were predicted to bind to the 3’ untranslated region
(Supplementary Table 1). The two most abundant transcripts (miR-181a-5p and
miR-15b-5p) were selected for follow-up qPCR analysis (Supplementary Table 2).

Social defeat had sex-specific effects on miRNA expression in the BNST between male and
female mice. In general, there were more transcripts showing a positive fold-change in
stressed females (Figure 1A) and more transcripts showed negative fold-change in stressed
males (Figure 1B). A Rank-Rank Hypergeometric Overlap (RRHO) plot was used to
broadly compare gene expression in the BNST region of male and female mice (Figure 2).
RRHO is a threshold free approach that compares multiple gene expression datasets to
identify overlapping trends [75,76]. The upper right quadrant shows that control females and
males shared similar miRNA expression patterns at baseline, but that social defeat induced
divergent transcriptional responses as shown in the lower left quadrant. The plot suggests
that distinct miRNA profiles were induced by social defeat in male and female mice. This
hypothesis was tested more directly with qPCR. The venn diagrams and RRHO plot do not
indicate statistical significance but instead compare the overall trend of miRNA profile
changes between male and female mice in response to social stress.

We also used miRWalk 3.0 and Enrichr to predict potential gene targets of stress-regulated
miRNA transcripts in the BNST region and performed GO biological process analysis of
these predicted targets. The analyses showed that “nervous system development” was the
most enriched GO biological process in both sexes but otherwise different processes were
expected to be affected by stress in males and females (Figure 3).

3.5. gPCR analysis

Based on previous results, we hypothesized that stress-induced increases in BDNF protein
could be driven by a decrease in miRNA suppression of the BanfmRNA. We predicted that
stress would decrease expression of miR-181a-5p and miR-15b-5p. This hypothesis was not
supported by our gPCR analysis. Surprisingly, the most abundant transcript in the whole
BNST libraries, miR-181a, had increased expression in stressed females (Figure 4A, Mann-
Whitney U=42.0, p < 0.05) but was not affected by stress in males. There were no sex
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differences or effects of stress on miR-15b expression (Figure 4B). The transcripts miR-324
or miR-340 were not identified by Targetspy as potential regulators of Banfand showed no
differences in expression (Figure 4C, 2D).

We then tested the hypothesis that increased BDNF activity in stressed females would
increase the expression of Lin28 and decrease the expression of let-7 transcripts. Contrary to
our hypothesis, social defeat increased expression of let-7 transcripts in females. Stressed
females had increased expression of let-7a (Figure 5A, Mann-Whitney U=39.0, p < 0.05)
and let-7f (Figure 5C, Mann-Whitney U=39, p < 0.05) compared to control females. There
was a nonsignificant trend for stress to increase expression of let-7c (Figure 5B, Mann-
Whitney U=36.0, p = 0.07) in females. No effects of defeat on let-7 expression were
observed in males. Although Lin28 expression in stressed females was not significantly
different from control females, it was higher in stressed females than stressed males (Figure
5D, Mann-Whitney U, p = 0.05).

4. Discussion

Overall, both RRHO and qPCR analyses provided evidence that social defeat had sex-
specific effects on miRNA expression in the whole BNST and the anterior BNST,
respectively. This was confirmed with qPCR analysis, where we observed more upregulation
of miRNA transcripts in stressed females than in stressed males , which is consistent with
the previous work examining the effects of social isolation stress on miRNA expression in
the BNST [40]. In addition, the GO analysis revealed that the stress-regulated miRNAs were
mostly involved in distinct biological processes between male and female mice. Since the
direction of the expression changes was not consistent with our specific hypotheses related
to BDNF, other pathways independent from BDNF action might be involved in miRNA
regulation. Below, we consider alternative hypotheses that could explain our results.

Contrary to our initial hypothesis, the potential BDNF suppressor miR15b-5p did not change
following social defeat in either sex. Since a variety of miRNAs have been reported to
suppress BDNF expression in the brain, such as miR-30a-5p [48], miR-124a [77] miR-212
[49] etc., it is very likely that BDNF was also under regulation of other transcripts in the
anterior BNST. It is also possible that BDNF protein is synthesized in other brain regions
and transported retrogradely[78] or anterogradely [79] to the BNST. It has been previously
demonstrated that 2 hours following social defeat, BDNF mRNA and protein expression
increases in medial prefrontal cortex, basolateral and central amygdala [80], which could
serve as possible sources of BDNF in the BNST [81].

An interesting finding from the gPCR analysis is the increase of let-7a and let-7f expression
in stressed female but not male mice. The let-7 family is highly conserved across
mammalian species and involved in a wide range of biological processes, including cell
development and differentiation [82]. Both let-7a and let-7f expression is downregulated in
the periphery of patients with stress-related mood disorders [27,83]. Several rodent studies
indicate that let-7a might play an important role in response to both acute and chronic stress.
For example, let-7a expression increased in the frontal cortex of CD-1 mice exposed to acute
restraint stress [59] as well as the in the central amygdala of rats exposed to both acute and
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chronic stress [84]. Nevertheless, these studies were done only in male animals. When the
impact of subchronic variable stress (SCVS) on gene expression in the nucleus accumbens
was studied in both sexes, let-7a and let-7f were upregulated in female but not male
C57BL/6J mice [32]. These results parallel effects of SCVS on depressive-like behaviors,
which are upregulated in female but not male mice [7]. Similarly, social defeat has stronger
effects on social behavior in female California mice versus males [47]. We could speculate
that the let-7 family may act across a broad network of brain regions to play an important
role in increased female susceptibility to stress.

Let-7a might interact with serotonin receptors in stressed female mice to modulate
depressive and anxiety-like behaviors. A previous study demonstrated that rats exposed to
maternal deprivation and chronic unpredictable stress showed upregulation of hippocampal
let-7a expression and decreased sucrose preference rate compared to control, an indication
of anhedonia [85]. In the same study, serotonin 4 receptor (HTR4) protein and mRNA
expression were negatively correlated with let-7a expression. The activation of serotonin
receptors in the BNST has also been linked to regulation of fear and anxiety [86-88].
However, there is no direct evidence of let-7a suppressing HTR4 expression yet.

Another interesting finding was that miR-181a-5p expression increased in stressed female
but not male mice. The increase of miR-181a-5p expression in stressed females is consistent
with a former finding that the same transcript was upregulated in female rats exposed to
social isolation stress [40]. MiR-181a-5p might play a sex-specific role in stress response. A
previous study has demonstrated that miR-181a suppresses AMPA-type glutamate receptor
expression in hippocampal neurons [89]. Since infusion of AMPA receptor antagonists into
the BNST blocks light-enhanced startle in rats [90], the increase of miR-181a-5p might
serve to mitigate anxiety-like behaviors in a non-social context through downregulating
AMPA receptors. This could explain why social defeat led to decreased social interaction
time in stressed females but had no effects on behaviors in open field test or light-dark box
test [63].

The conclusions that could be drawn from the sequencing data were limited due to the need
for pooling RNA samples for library preparation. The main goal of the sequencing
experiment was to acquire miRNA transcriptome and determine which transcripts were
present in the BNST. Recent developments in library preparation methods for miRNA
sequencing now require less RNA input [91,92], which would allow for the sequencing of
independent biological replicates and produce statistically meaningful data. Another
limitation of this study was the lack of behavioral analysis that precluded correlational
analysis with individual differences in behavior. However, sex-dependent effects of social
defeat in California mice are robust, as analyses of hundreds of mice across different
experiments show stronger effects on social approach [93] and social vigilance (Wright et al.
unpublished) in females than males. Future studies should combine miRNA measurement in
mice that have been behaviorally tested. This would allow for correlational analysis between
individual transcripts and specific behaviors, such as social approach or social vigilance
[94].
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In conclusion, this study showed that social defeat stress induced sex-specific miRNA
expression patterns in the anterior BNST, providing additional evidence that female and
male mice process social stress differently on a molecular level. Chemical stressors such as
exposure to endocrine disrupting chemicals can have similar effects as social stressors [95],
and recent data indicate that endocrine disrupting chemicals can induce sex-dependent
alterations in miRNA profiles in California mouse limbic system [96]. Future studies that
investigate the functional significance of miR181a and the let-7 family members would help
us identify sex-specific biomarkers and therapeutic targets for stress-related affective
disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Social defeat stress induces sex-specific miRNA expression patterns in the
BNST.
. There is more upregulation of miRNAs in stressed females and more
downregulation in males.
. Let-7a, let-7f, and miR-181a-5p expression is increased by social defeat stress

in female but not male mice.
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Upregulated genes Downregulated genes

Male Female Male Female

Figure 1: Stressed male and female mice show distinct miRNA differential expression patterns in
the whole BNST.

There were 151 uniquely upregulated miRNA transcripts in stressed females comparing to
19 in stressed males and 63 transcripts that were upregulated in both sexes (A). There were
152 uniquely downregulated transcripts in stressed males comparing to 11 in females and
only 14 transcripts that were downregulated in both sexes (B).
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Rank-rank Analysis
Heat map graph

stress Female control

Figure 2: Threshold-free comparison of miRNA expression using rank-rank hypergeometric
overlap analysis.

Pixels represent overlap between the transcriptome of female and male California mice with
a color-coded significance of overlap (-logyg(p-value)) of a hypergeometric test. Lower left
guadrant shows an anti-correlation between miRNA transcript lists, where highly expressed
miRNA transcripts in stressed females appear lowly expressing in stressed males. One
library per group (male/female, control/stress) was sequenced and each library was prepared
from pooled RNA extracted from BNST samples of 3 mice.
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Figure 3: Gene ontology (GO) biological processes analysis of stress-regulated miRNAs.
The gene targets of stress regulated miRNAs were predicted by miRWalk 3.0 and the top 10

most eriched biological pathways were predicted by Enrichr. Distinct biolgocial pathways
were involved in stressed males versus females.
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Figure 4: Comparisons of BDNF supressor expression between control and stress animals.
There was a significant increase of miR-181a-5p (A) expression in stressed females (n=9)

compared to control females (n=7) but there were no differences between control (n=8) and
stressed males (n=8). There were no significant differences in miR-15b-5p (B), miR-324-3p
(C), or miR-340-5p (D) expression. All expression data normalized to control males. * p <
0.05 vs same-sex control group.
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Figure 5: Relative expression of BDNF downstream transcripts expression between control and
stress animals.

In females, stress (n=9) increased let-7a (A) and let-7f (C) compared to controls (n=7). In
males there were no differences between control (n=8) and stressed (n=8) groups. There
were nonsignificant trends for stress to increase let-7c and Lin28 expression in females. All
expression data normalized to control males. * p < 0.05 vs control female, # p=0.05 vs
control male, + p=0.07 vs control female.
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