HSF-1 is a Regulator of miRNA Expression in Caenorhabditis elegans
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Results

Objectives

Conclusions
The miRNA-sequencing performed in this experiment and the
data obtained show a possible role of HSF-1 post-transcriptionally
regulating heat stress-dependent and -independent processes in
C. elegans. Some of the implicated processes are cytoprotection,
longevity, development, and metabolism.

To discover the role of HSF-1 in coordinating and regulating
stress-dependent and stress-independent processes through
post-transcriptional regulation of miRNAs in Caenorhabditis
elegans.

Background
Introduction
Heat Shock Factor 1 (HSF1) is a highly conserved
transcription factor that protects against extreme
environmental stress by triggering the Heat Shock Response
(HSR). HSF1 is conserved in C. elegans as HSF-1, and C.
elegans are a useful organism for study due to their ease of
maintenance and known genetic similarities to other
organisms.

Figure 5: Following data normalization, analysis of miRNA fold-changes were
compared between conditions and the Venn diagram was created to show the
miRNAs regulated both independently and dependent on heat shock.

The Heat Shock Response

Figure 1. (1) The HSR can be triggered by heat, heavy metals, or infection. (2)
Upon activation, the HSR causes HSF-1 to transcribe heat shock protein genes.
(3) After translation, this produces heat shock proteins (HSPs), which are
molecular chaperones that have a variety of functions.

Besides its role in the HSR, HSF-1 has also been shown to
regulate other processes, including:
•
•
•
•
•

Development
Metabolism
Longevity
Protection from Neurodegeneration
Stress Adaptation

Figure 6: During heat shock, HSF-1 significantly downregulates two miRNAs
involved in suppressing mRNAs regulating cuticle collagen production,
reproduction, and cell signaling processes. Because miRNAs are normally
inhibitory, reduction in miRNA results in induction of these processes during heat
shock.

Figure 10: After analysis of the miRNA regulation of mRNAs involved in a
variety of biological processes during heat shock, the integrated miRNA-mRNA
network was mapped. The programs mirWIP and TargetScan were to compare
predicted mRNA targets from the miRNA results to those obtained by mRNA
sequencing. The interactions were predicted using the Agilent literature search
tool and the network was created using Cytoscape. The color and degree of
shading represents the degree of regulation by fold-change, where red is
induction and blue is suppression. The unshaded transcripts were not
specifically affected in our data set but were shared by at least two other
neighboring transcripts. Bold lines represent connections between clusters.

However, little is known about how HSF-1 regulates these
processes, and it is thought that miRNAs may play a role.
miRNA
miRNA are small regulatory molecules that modulate gene
expression (usually by inhibiting ribosomes), as well as
tagging proteins for degradation.
Figure 7: During heat shock, HSF-1 significantly upregulates six miRNAs
involved in suppressing mRNAs involved in cell fate commitment, signal
transduction, protein kinase activity, signaling cascade regulation, and
development. Because miRNAs are normally inhibitory, these processes were
further suppressed during heat shock.

Figure 2: An example of homologous genetic structure between C. elegans
miRNA and a human miRNA.

Methods

Figure 4. After being extracted,
the miRNA data was sequenced
and the data was analyzed using
the miRDeep2 Software package.
The data from each of the groups
was normalized to data extracted
from the nematodes with the
HSF-1 RNAi knockdown and no
heat shock treatment. The foldchanges were also calculated at
this time and the BenjaminiHochberg correlation was used to
evaluate significantly different
miRNAs between conditions.

Figure 3. Age synchronized L1 C.
elegans N2 and HSF-1 knockdown
strains were grown on either
untreated NGM plates or on plates
supplemented with ampicillin and
isopropyl-beta-ᴅthiogalactopyranoside. The plates
were seeded with either Escherichia
coli HT115 bacteria containing either
an empty vector or sequenceverified hsf-1 RNAi. The nematodes
were grown to the L4 larval stage
before being subjected to a heat
shock. The heat shock was
delivered through a 30 min 33˚C
water bath.
.

Figure 11: After analysis of the miRNA regulation of mRNAs involved in a variety
of biological processes independently of heat shock, the integrated miRNAmRNA network was mapped. The programs mirWIP and TargetScan were to
compare predicted mRNA targets from the miRNA results to those obtained by
mRNA sequencing. The interactions were predicted using the Agilent literature
search tool and the network was created using Cytoscape. The color and degree
of shading represents the degree of regulation by fold-change, where red is
induction and blue is suppression. The unshaded transcripts were not
specifically affected in our data set but were shared by at least two other
neighboring transcripts. Bold lines represent connections between clusters.

Figure 8: Independently of heat shock, HSF-1 significantly downregulates three
miRNAs involved in normally suppressing mRNAs regulating cell signaling, ion
binding, and developmental processes. This downregulation results in an overall
induction of these processes.
Figure 12: HSF-1 controls miRNA expression both during and independently of
heat shock. During heat shock, HSF-1 post-transcriptionally regulates genes
involved in cytoprotection, development, metabolism, and longevity.
Independently of heat shock, HSF-1 post-transcriptionally regulates genes
involved in development, metabolism, and longevity. The interactions between
HSF-1 and DAF-16 (insulin-like signaling factor) and SKN-1 (oxidative stress
response factor) in this regulation is an area for further study.
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