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Abstract
Background & Aims—The function of microRNA (miRNA) in liver development is unknown.
To address this issue, we characterized miRNA expression in the embryonic mouse liver, performed
functional miRNA analysis in zebrafish larvae, and identified novel hepatic miRNA targets.

Methods—Hepatic RNA isolated from mice at embryonic days 15.5, 18.5, and post-natal day 2
was hybridized to a mouse miRNA microarray. The microarray results were confirmed by Northern
blot hybridization and quantitative RT-PCR. The spatial distribution of selected miRNAs was
determined by in situ hybridization. Functional analysis of miR-30a was performed in zebrafish using
antisense-mediated miRNA knockdown. Targets of miR-30a were identified by microarray analysis
of gene expression following knockdown in cultured cells.

Results—A set of 38 differentially expressed fetal hepatic miRNAs was identified. Several of these
miRNAs were found to exhibit distinct temporal and spatial patterns of expression in hepatocytes,
cholangiocytes, and non-epithelial cells within the liver. Two (miR-30a and miR-30c) are the first
examples of ductal plate and bile duct-specific hepatic miRNAs. Knockdown of miR-30a in the
zebrafish larva results in defective biliary morphogenesis. Several newly identified targets of
miR-30a are known regulators of liver development and function.

Conclusions—We have identified miRNAs whose spatial and temporal patterns of expression are
suggestive of functional roles in hepatic development and/or function. One of these, the biliary
miRNA miR-30a, is required for biliary development in zebrafish. This is the first demonstration of
a functional role for miRNA in hepatic organogenesis.

Introduction
The past decade has seen an increasing recognition of the widespread importance of small
noncoding RNA molecules in regulating gene expression in a wide variety of organisms.1, 2
The most abundant of these are microRNAs (miRNA), 21-23nt single-stranded RNAs found
in both plants and animals. One miRNA can regulate many genes; given the existence of
hundreds of miRNAs per vertebrate genome, the regulatory potential of these molecules is very
large.
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The functional importance of miRNA in development has been borne out in worms, flies, and
plants. 3-6 Less is known regarding miRNA function in vertebrate development. An essential
role for miR-375 in pancreas development has been demonstrated using antisense-mediated
knockdown in zebrafish.7 Loss of miR-1-2 function has profound effects on cardiac
development,8 while conditional loss of miR-155 has broad effects on the immune system 9
However, it is not known if any miRNAs regulate the process of hepatobiliary development.

While previous studies have documented liver-expressed miRNA, these have generally
surveyed the static miRNA content of the adult or fetal liver.10 To date, changes in miRNA
expression during embryonic liver development have not been explored. Furthermore, the
regional specificity of liver-specific miRNA has not been examined. We speculated that
miRNA plays a role in the establishment of hepatocyte and cholangiocyte cell fates occurring
between embryonic day 15.5 (E15.5) and the neonatal period.11 This process is intimately tied
to the appearance and remodeling of the ductal plate, a transient sheet of CK19-expressing
hepatoblasts that gives rise to mature bile ducts.11 Failure of ductal plate morphogenesis and
remodeling is characteristic of several human diseases, including congenital hepatic fibrosis,
autosomal recessive and dominant polycystic kidney diseases, and Caroli syndrome.12-18 It
is associated with approximately 25% of cases of biliary atresia, the most common indication
for pediatric liver transplantation.19

In this study we have obtained a global profile of changes in the liver miRNA transcriptome
during the critical phase of biliary development from late gestation to the perinatal period. Two
miRNAs identified by this approach are miR-30a miR-30c, which are the first biliary-specific
hepatic miRNAs to be described. Functional analysis in zebrafish indicates that miR-30a is
required for normal hepatobiliary development, suggesting a similar critical role in mammalian
hepatogenesis. This is supported by our identification of several miR-30a target genes that are
known or suspected regulators of hepatic differentiation, growth, or function.

Materials and Methods
Mice

FVB/N mice were obtained from Charles River Laboratory. All mice were housed, handled,
and euthanized in accordance with federal and institutional guidelines under the supervision
of the Children’s Hospital of Philadelphia Institutional Animal Care and Use Committee.

Reagents
3’ digoxygenin-labeled miRNA antisense probes were purchased from Exiqon. Tyramide
amplification was performed using the TSA Plus Fluorescence systems kit (Perkin Elmer).

RNA isolation
Fetal livers were dissected in PBS, and tissue was lysed immediately for RNA isolation. RNA
was purified using the mirVana™ miRNA Isolation Kit (Ambion). Sample quantification and
quality assurance were performed using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies), and an Agilent 2100 Bioanalyzer (Agilent Technologies).

Microarray analysis of miRNA expression
Total liver RNA was labeled and hybridized to the locked nucleic acid (LNA) based miRcury™
8.0 microarray at Exiqon A/S, (Vedbaek, Denmark). Three biological replicates of each time
point (E15.5, E18.5, P2) were analyzed. Hybridization intensities were scored relative to a
common control consisting of diluted, pooled RNA from all of the samples. Raw intensity data
were normalized and analyzed using the SAM add-in for Microsoft Excel.20 MiRNAs
exhibiting a fold-change of greater than 1.5 at a false discovery rate of 10% were chosen for
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further study. The microarray data have been deposited at the NCBI GEO repository under the
accession number GSE10602.

Microarray analysis of mRNA expression
RNA from BMELs transfected with either control or miR-30a ASO was prepared and 100 ng
of total RNA per sample was amplified and biotinylated using the MessageAmp Premier kit
(Ambion). Samples (n=5 for each) were hybridized to Affymetrix GeneChip Mouse Genome
430 2.0 Arrays in the Children’s Hospital of Philadelphia Nucleic Acids Core Facility and
analyzed with the assistance of the Penn Bioinformatics Core. Probe intensities were
normalized using the GCRMA method 21 and the significance of the log2-transformed,
GCRMA-normalized signal intensities was determined using SAM20. The microarray data
have been deposited at the NCBI GEO repository under the accession number GSE12908.

Northern blot analysis
Northern blot analysis was carried out using antisense LNA probes directed against the mature
microRNA sequence. 10 pmol 3’-digoxygenin labeled LNA probe was 5’ phosphorylated with
5μCi γ-32P-ATP using polynucleotide kinase (New England Biolabs) according to the
manufacturer’s instructions. Hybridization was carried as described.22 A probe directed
against the Valyl-tRNA served as a loading control.

Characterization of miRNA spatial expression
The spatial expression of miRNAs was characterized by in situ hybridization on frozen liver
sections using 3’ digoxygenin-labeled antisense LNA probes using a modified version of a
published protocol.23 To ensure detection of miRNA with low expression a tyramide signal
amplification step was incorporated (see Supplementary Methods).

In situ hybridization and immunofluorescence double detection
For simultaneous detection of miRNA and protein, incubation with anti-digoxygenin antibody-
HRP conjugate was performed simultaneously with either anti-CK19 (1:1000, lab collection)
for mouse tissue, anti-CK19 (1:1000, Dako) for human tissue, or anti-elastin (1:400, Cedarlane
Laboratories Limited). Tyramide signal amplification was performed prior to secondary
antibody incubation.

In situ hybridization in zebrafish
In situ hybridization on whole 5dpf zebrafish embryos was performed as described24 using a
3’ digoxygenin-labeled probe against dre-miR-30a (Exiqon).

Zebrafish injections and immunostaining
Wild-type TLF zebrafish were injected with scrambled ASO or ASO directed against zebrafish
miR-30a (Exiqon) at 2 days post fertilization (dpf). Consistent with previous studies,25 we
injected 2 dpf rather than 1-cell stage embryos with the aim of specifically disrupting biliary
development, which begins around that time.26 Larvae were exposed to PED6 at 5 dpf and
examined for gallbladder fluorescence, then collected and fixed in methanol, and stained for
cytokeratin as described previously.26, 27 Schematic projections were constructed by tracing
over bile ducts in Adobe Photoshop as described.28 Several 5 dpf larvae were also fixed in
buffered glutaraldehyde and examined under electron microscopy as described previously.26

Cell culture
The bipotential mouse embryonic liver (BMEL) cell line, 9A1 was cultured in an
undifferentiated state29. The NIH3T3 cell line was obtained from the ATCC and cultured under
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standard conditions. Cholesterol-tagged LNA oligonucleotides were obtained from Sigma-
Proligo. Transient transfections were performed using Oligofectamine (Invitrogen). Following
a 4-hour transfection in the absence of serum, cells were grown in the presence of serum for
24 hours before harvesting.

Dual luciferase assays
NIH3T3 cells were co-transfected with psiCHECK reporters with either control or inhibitory
ASOs as described above. Luciferase assays were performed using the Dual-Luciferase®
Reporter Assay System (Promega), on a Turner Biosystems 1000 luminometer. Relative light
unit values were normalized to the values for the empty psiCHECK-2 vector. P-values were
calculated using Student’s t-test, comparing the normalized relative light units between empty
vector and each candidate reporter, co-transfected with control or miR-30 ASO.

Results
Statistical analysis of microarrays defines the miRNA transcriptome of the embryonic liver

Total RNA was extracted from embryonic day 15.5 (E15.5), E18.5, and postnatal day 2 (P2)
mouse liver and hybridized to a locked nucleic acid microarray comprising probes to all known
mouse miRNAs. Initial analysis identified a subset of miRNAs whose expression levels were
altered at least 1.5-fold between samples. Consistent with previous studies, this group includes
miR-122a, which is estimated to account for approximately 70% of the total miRNA content
in adult liver,30, 31 as well as known liver-expressed miRNAs of lower abundance such as
miR-194 and let7b.31, 32

We then performed pair-wise comparisons of the E15.5, E18.5, and post-natal time points using
the Significance Analysis for Microarrays (SAM) software package. SAM analysis identified
38 known or predicted miRNA transcripts with statistically significant alterations in probe
hybridization between the E15.5 and E18.5 samples (Supplementary Table 1). Of this group
only miR-331 was detected at lower levels at E18.5 than at E15.5. For the remaining 37
miRNAs there was a remarkable concordance in the inferred level of gene expression; in almost
all cases, expression peaked in the E18.5 samples and remained stable or decreased slightly by
the P2 time point.

As shown in Figure 1, the results of the microarray analysis were in close agreement with
Northern blot detection. Beyond the time points examined by microarray, some transcripts
continue to accumulate in the adult liver, while others are expressed only during the
development of the organ and are not present in adult tissue.

miRNAs are expressed in regionally restricted patterns within the developing liver
To identify miRNAs whose spatial and temporal expression patterns suggest a role in the
establishment and/or maintenance of the biliary system, we performed in situ hybridization
analysis on embryonic, perinatal, and adult mouse liver sections. The results of this analysis
are illustrated in Supplementary Figure 1 and Supplementary Table 1. The miRNAs analyzed
fell into five classes comprising miRNAs specific to (i) hepatocytes, (ii) hepatoblasts of the
developing ductal plate and mature cholangiocytes, (iii) the peri-portal region, (iv) scattered
blood cells throughout the lobule, and (v) very low or undetectable levels throughout the lobule.

miR-30a and miR-30c are associated with the developing ductal plate
Initially, miR-223 and miR-30a were observed to have grossly similar patterns of expression
in cells surrounding branches of the portal vein in a pattern reminiscent of the developing ductal
plate (Fig. 2). Double labeling with antibodies directed against cytokeratin CK19 indicated
that the cell populations expressing miR-223 and miR-30a were distinct; there was little overlap
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between CK19 expression and that of miR-223 (Fig. 2A). To investigate the identity of the
miR-223 expressing cells we examined co-expression with other cellular markers, including
elastin (Fig. 2B), smooth muscle actin, fibroblast secretory protein, and myeloperoxidase (data
not shown). These results indicated that the miR-223 expressing cells were granulocytes
preferentially distributed to the periportal area. While the expression of miR-223 in
granulocytes has been described,33 it is not known if this distribution within the fetal liver is
of functional significance.

In contrast to miR-223, miR-30a was expressed in CK19-positive ductal plate cells (Fig. 2C).
Based on this finding, we quantified the expression of the entire miR-30a family by Taqman
RT-PCR (Supplementary Fig. 2), which revealed that miR-30a, miR-30b, and miR-30c are
each highly induced at E18.5, whereas the expression of miR-30d and mIR-30e is lower and
less highly induced. We then analyzed the spatial expression of the miR-30 family; of these,
only miR-30c exhibited restricted expression in the developing ductal plate, with a pattern of
expression indistinguishable from miR-30a (Fig. 2D). The other miR-30 family members
(miR-30b, d, and e) were expressed in a more diffuse pattern within the hepatic parenchyma
(Supplementary Fig. 3). Despite the observation by Northern analysis that miR-30a transcripts
continue to increase in abundance in adult mouse liver, cholangiocyte accumulation of miR-30a
and miR-30c substantially decreased in mouse juvenile bile ducts (between P2 and P14) and
was not observed in adult mouse bile ducts. Rather it seems that the higher level of miR-30a
was due to moderately increased expression in hepatocytes throughout the lobule (data not
shown).

miR-30a and miR-30c are expressed in human cholangiocytes
To determine if murine miR-30a and miR-30c are also expressed in human liver, we performed
in situ hyridization to human liver samples (Figure 3). As was observed in the mouse, both
miRNAs were predominantly expressed in bile ducts. Furthermore, we found that the
proliferating bile ducts formed in a chronic cholestatic state (in this case, biliary atresia) express
miR-30a and miR-30c, as shown in Figure 4.

miR-30a is required for bile duct development in zebrafish
To test the function of miR-30a in vertebrate liver development, we used ASO-mediated
knockdown of zebrafish miR-30a. Using in situ hybridization, we verified that as in mice,
miR-30a is expressed in the zebrafish liver (Fig. 5). In addition to the relative ease of genetic
knockdown (via antisense oligonucleotides) in zebrafish, this model also has the advantage of
a functional test of the biliary system using the fluorogenic lipid reporter PED6.26, 27 The
action of intestinal lipases on PED6 liberates a fluorophore, which is taken up by the liver and
concentrated in the gall bladder, allowing for the easy detection of disruptions of the biliary
system.34

Both the control and miR-30a ASO-injected fish appeared grossly normal at 5 dpf, but zebrafish
injected with the miR-30a ASO demonstrated less gallbladder uptake of PED6 compared to
controls, suggesting an impairment of biliary function (Fig. 6A). Cytokeratin immunostaining
of these fish revealed abnormal intrahepatic bile ducts (Fig. 6B-C), with fewer terminal
ductules, which is consistent with defects in the later stages of biliary development similar to
that previously reported for zebrafish larvae with ASO-induced deficiency of the biliary
transcription factor hnf6.27 Similarly, staining with antibodies to the canalicular marker Mdr
indicated a substantial reduction in the number of terminal ductules (data not shown).
Ultrastructural analysis of liver tissue was consistent with these findings (Fig. 6D-E).
Canaliculi appeared enlarged in the miR-30a ASO injected fish, as might be expected if bile
excretion were impaired or obstructed. A similar change was observed in hnf6 morphants.27
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These results demonstrated that ASO-mediated knockdown of miR-30a leads to abnormal
intrahepatic biliary and/or canalicular development in zebrafish.

Identification of miR-30a target genes
To elucidate the mechanism of miR-30a function in mammalian biliary development, we
pursued the identification of miR-30a targets in cultured bipotential murine embryonic liver
(BMEL cells)29. Control or miR-30a ASO oligonucleotides were transfected into BMEL cells,
and specific knockdown of miR-30a was confirmed by Taqman RT-PCR (35% of control
levels; p < 0.05). Using a microarray approach, we identified 305 genes whose expression was
perturbed in the miR-30a ASO-treated cells by greater than 10% at a false discovery rate of
5% or less (Supplementary Table 2). With rare exception, miRNA-mediated regulation leads
to repression of the target gene. Consistent with this, increases in gene expression comprised
75% (230/305) of the altered mRNA levels. The results of the microarray were validated by
quantitative RT-PCR of several mRNA targets, selected on the basis of their relevance to liver
biology, their degree of expression change in response to the miR-30a ASO, and the presence
of miR-30a binding sites as predicted by Targetscan (Fig. 7A).35

Many of the miR-30a target genes are of relevance to liver development and/or function. For
example, two are known to control hepatocyte growth and differentiation, namely: Egfr (the
EGF receptor) and Inhba (the TGFβ agonist Activin). A third, Abcb1b, encodes the hepatocyte
canalicular transporter Mdr1. A fourth, Tnrc6a, encodes the GW182 protein, a component of
the RNA interference silencing complex, suggesting that miR-30a may participate in the broad
control of miRNA-mediated gene regulation. Ak1 encodes an isoform of the enzyme adenylate
kinase which is predominantly restricted to muscle, brain, and erythrocytes; our results suggest
that miR-30a promotes this tissue-specific expression by repressing Ak1 in the liver.

Ak1 and Tnrc6a are direct targets of miR-30a mediated regulation
To determine if genes with increased expression in the microarray data were direct targets of
miR-30a regulation, we cloned selected 3’UTRs into a luciferase reporter plasmid and co-
transfected the reporter and control or miR-30a ASO into BMEL cells. The 3’UTRs of two
genes Ak1 and Tnrc6a conferred regulation by miR-30a. While there was a modest increase
in the case of the Egfr and Inhba 3’UTRs, these did not reach statistical significance (Figure
7B). These results support the use of ASO-induced gene expression changes as a means of
detecting direct miRNA target genes.

Discussion
This study is the first description of the miRNA transcriptome during the critical period of
hepatobiliary development that spans the end of gestation to the early neonatal period. We have
identified a core set of 38 miRNAs whose expression levels change during the period of
hepatobiliary specification. When we examined the spatial expression patterns of selected
miRNAs we found additional evidence for complex, independent regulation of their
expression. We have also demonstrated regionally restricted expression of miRNAs within
subsets of cells of both parenchymal and non-parenchymal origin within the liver. As is to be
expected given the hematopoietic nature of the fetal liver, several of the miRNAs identified in
our study were found to be restricted to developing blood cells. However, both hepatocyte and
cholangiocyte-specific miRNAs were also identified.

The finding that cells expressing the granulocyte-specific miRNA miR-223 are interposed
between the developing ductal plate and the portal vein was unexpected. Previous studies have
implicated the Notch signaling pathway in normal biliary development,36, 37 and it has been
hypothesized that direct signaling between the portal vein or periportal mesenchyme and the
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ductal plate is a critical component of biliary differentiation.38 Our work indicates that during
the period between E18.5 and the neonatal period, these populations of cells are not in direct
intercellular contact, as would be required for Notch signaling.

Any attempt to identify cholangiocyte-specific gene products is complicated by the fact that
these cells comprise only a small proportion of the total mass of the liver. Since the appearance
and remodeling of the ductal plate involves only a small number of cells and occurs in a
relatively brief developmental period, the search for miRNA transcripts specific to these cells
by large-scale cloning strategies would have been unlikely to be successful. Our discovery of
ductal plate-specific miRNA transcripts validates the approach of investigating the subset of
miRNAs that are dynamically changing in abundance in late gestation. In the case of the mouse
miR-30a and miR-30c transcripts, the cholangiocyte-specific expression is temporally
restricted to the period between E18.5 and the early neonatal period, suggesting that these
miRNAs function in the final differentiation of cholangiocytes.

Given the highly similar pattern of the miR-30a and miR-30c positive cells, and given the
genomic location of the genes encoding miR-30a and miR-30c2 (less than 20kb apart), it seems
likely that the two transcripts are co-regulated and that miR-30c2 rather than miR-30c1 is the
source of the mature miR-30c transcript; however, we have not formally tested this hypothesis.

Since functional studies of miR-30a and miR-30c in mice will require the generation of
conditional knockout strains, we have used ASO technology to reduce expression of the
zebrafish ortholog of miR-30a as a rapid, preliminary assay. While bile duct development in
the zebrafish does not occur through a ductal plate intermediate, the regulatory molecules which
function in mammals (the Onecut factors, HNF1β, Jagged/Notch) play analogous roles in the
fish.26, 27 Our findings in the zebrafish model provide the first evidence that miRNA plays a
critical role in the development of the biliary system.

At the inception of this study, none of the computationally predicted targets of miR-30a or
miR-30c had been validated. A recent study has identified 100 targets of miR-30a using
proteomic methods by transfection of a miR-30a mimic into HeLa cells39. Of these, only two
(Slc12a4 and Ptrh1) were also identified in our screen. There are several potential explanations
for this small overlap. The use of miR-30a over-expression carries the risk of false positives
due to supra-physiologic levels of the miRNA. Furthermore, since the regulatory function of
miRNA involves binding of miRNAs to target mRNAs, a particular miRNA may modulate
expression of distinct targets in different cell types. Our study was performed by decreasing
the levels of endogenous miR-30a in BMELs, a hepatoblast model cell line, and is thus more
likely to identify liver-specific target mRNAs.

Our study provides the first links between miR-30a and two well-described regulators of liver
development: Inhba (a component of the TGFβ agonist, Activin) and Egfr (the epidermal
growth factor receptor). The expression of both of these in the fetal liver has already been
described40, 41. Clotman and colleagues have shown that a gradient of TGFβ activity is
essential for the normal differentiation of hepatoblasts into cholangiocytes and hepatocytes.
42 Our study suggests that miR-30a expression in the ductal plate promotes the formation of
this gradient by inhibiting Activin production. Egfr is a growth factor receptor expressed in
the ductal plate which is down-regulated in the mature cholangiocyte; conversely, over-
expression is Egfr is frequently observed in cholangiocarcinoma. Our findings suggest that
miR-30a participates in the control of Egfr expression in normal cholangiocytes and loss of
miR-30a may promote excess Egfr expression in cancer. A third miR-30a target identified in
this study is the canalicular marker Abcb1b. In the context of embryonic biliary development,
miR-30a may inhibit Abcb1b expression in nascent cholangiocytes in the ductal plate as they
undergo terminal differentiation from hepatoblasts.
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Neither the Inhba nor the Egfr 3’-UTR is targeted by miR-30a in our reporter assay, although
both are predicted to contain miR-30a binding sites by Targetscan. This may be because the
luciferase gene is expressed at high levels under the control of the SV40 promoter; this strong
expression may mask the effects of targeting by miR-30a. It is also possible that the regulation
of Inhba and Egfr requires both the 3’-UTR and other elements within the mature transcript.
Finally, the regulation of Inhba and Egfr by miR-30a may be indirect.

In summary, these results provide the first links between miRNA and hepatogenesis,
particularly biliary development. Future studies will be directed to testing the function of
miR-30a and miR-30c in the mouse by genetic means and to further establishing links between
these regulators and other pathways relevant to liver ontology and function.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Fetal and post-natal expression of hepatic miRNA
The expression patterns of hepatic miRNAs identified by microarray analysis were confirmed
by Northern blot hybridization to 5 micrograms of total RNA isolated from mouse liver from
mid-gestational embryonic, neonatal, and adult stages. The exposures times for the blots shown
were: miR-122, 10 minutes; miR-127, 4 hours; miR-143, miR-223, miR-30a, 24 hours;
miR-30c, 5 hours; miR-410, 16 hours; Val-tRNA, 5 minutes.
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Figure 2. MicroRNAs associated with the ductal plate
Simultaneous detection of miR-223 RNA (A, B), miR-30a (C), or miR-30c (D) by in situ
hybridization and either CK19 (A, C, D), or elastin (B) proteins by immunofluorescence reveals
that the peri-portal miR-223 expressing cells are juxtaposed between the developing ductal
plate and the vascular endothelium. In contrast, miR-30a and miR-30c are predominantly
expressed in the ductal plate itself. Scale bars: 100μm.
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Figure 3. MiR-30a and miR-30c are expressed in cholangiocytes in normal human tissue
Simultaneous detection of miR-30a (A) or miR-30c (B) and CK19 protein in human liver
reveals that both are expressed in bile ducts in human liver (B). The expression of miR-30c is
indistinguishable from that of miR-30a. Scale bars: 100μm.
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Figure 4. MiR-30a and miR-30c expression is expanded in biliary atresia samples
Double detection of miR-30a (A, B) or miR-30c (C, D) RNA and CK19 protein in liver explants
obtained from two patients with biliary atresia at the time of liver transplantation. Both miR-30a
and miR-30c are highly expressed in the proliferating bile ductules typically seen in this
disorder. Scale bars: 100μm.
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Figure 5. The zebrafish miR-30a ortholog is expressed in liver
Colorimetric in situ hybridization of the zebrafish miR-30a ortholog reveals a reticular staining
pattern in the liver (outlined) consistent with cholangiocyte expression, as well as expression
in the branchial arches (BA, indicated by the arrows) and intestine (int). Dorsal is up, anterior
left.
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Figure 6. Intrahepatic bile duct and canalicular defects in zebrafish injected with an ASO directed
against zebrafish miRNA 30a
(A) PED6 uptake in 5 dpf larvae injected with an control oligonucleotide (cont) or with an
ASO against miR-30a (α30a) GB, gall bladder; INT, intestine. (B) Cytokeratin immunostaining
on control and α30a-injected 5 dpf larvae (Magnification 600x). (C) Schematic representation
of (B) reveals a decrease in the number of terminal ductules (arrowheads) in the ASO-injected
fish, indicated in the schematic as the wider lines. (D) Low-power (2500x) electron
micrographs of control and α30a ASO-injected 5 dpf larvae showing bile duct cells (bdc) and
hepatocytes (hep). Note the relatively similar overall appearance. (E) Higher-power (10000x)
views showing a representative canaliculus (c), which is dilated and abnormal-appearing in
the α30a ASO-injected larva.
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Figure 7. Identification of miR-30a targets in BMEL cells
(A) Confirmation of microarray results by quantitative RT-PCR of RNA from transfected
BMEL cells. Genes identified in the microarray analysis as significantly altered by α30a
transfection were selected. Candidate gene expression was normalized to Hprt expression, and
the results are expressed relative to a value of 1 in the control ASO-treated cells. (B) Luciferase
reporter assays to test for regulation of candidate gene 3’-UTRs by miR-30a. The indicated 3’-
UTRs were sub-cloned into a dual luciferase reporter plasmid. Luciferase activity was
normalized for both transfection efficiency and for effects on a reporter plasmid lacking the
3’-UTR. The results are expressed relative to a value of 1 in the control ASO-treated cells. *p
< 0.05
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