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The Procollagen Type Ill, Alpha 1 (COL3A1) Gene First
Intron Expresses Poly-A™ RNA Corresponding to
Multiple ESTs and Putative miRNAs
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Florida 32080-8610

ABSTRACT

The mouse COL3A1 first intron is 9684 bp. RNA’s of approximately 1.6 and 3.0 kb were detected by Northern hybridization analysis of poly-A
RNA from fetal mice and total RNA from suckling and adult mouse intestine using *?P-labeled, anti-sense RNA synthesized from a mouse
COL3A1 first intron, 5 prime region, 5.4 kb Xba I fragment (1655-7030 bp), recombinant plasmid (pPI5.4x). Expression of the 1.6 and 3.0kb
RNA’s was significantly reduced in adult mouse intestine, indicating that these RNAs are developmentally regulated. “BLAST” analysis
indicated that the mouse first intron 5 prime sequence has 94-100% identity to 13 mouse ESTs. These mouse first intron EST’s lie within the
5.4 Xba I fragment of the mouse COL3A1 first intron. Two of the mouse first intron EST’s have significant identity to known miRNA, mature
sequences, mmu-miR-466f-3P, mmu-miR-1187, and mmu-miR-574-5P as well as others. Predicted targets for mmu-miR-466f-3P include
COL1A1, COL19A1, COL11A2, COL4A1, and COL4A5 indicating that COL3A1 intronic miRNAs may regulate the expression of other collagen

genes in development. J. Cell. Biochem. 112: 541-547, 2011.
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A n analysis of mRNA abundance in developing rat intestine
using a >?P-labeled first intron-second exon procollagen
type III (COL3A1) genomic DNA fragment, pMCS-1 [Liau et al.,
1985b] indicated the presence of the mature COL3A1 mRNA of
5.4kb and two additional RNAs of 1.6 and 2.9kb [Walsh et al.,
1987]. The two smaller RNAs were believed to be derived from the
rat COL3A1 first intron. This observation led to the present study.

The collagens are a family of ancient structural proteins that
contains over 40 separate genes coding for precursor chains that
form at least 28 different mature triple-helical molecules [Kielty and
Grant, 2002; Chan et al., 2008]. Mutations in collagen genes give rise
to multiple disease states affecting the tissues in which the genes are
expressed, for example, COL3A1, Ehlers-Danlos syndrome type IV
[Kuivaniemi et al., 1997; Byers, 2000]. COL3A1 is a fibrillar collagen
that consists of three alpha 1 peptide chains forming a triple-helix
and normally co-expressed in tissues with the more abundant
COL1A1 and COL1A2 genes that form Type I fibrillar collagen [Chan
et al., 2008].

COL3A1 expression is altered in disease states such as cancer
[Turashvilil et al., 2007], fibrosis [Gant et al., 2003], viral infection
[Abend et al., 2010], and inflammation [Wu and Chakravarti, 2007].

Abbreviations used: EST, expressed sequence tag, miRNA, MicroRNA.
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COL3A1 expression is regulated by DNA binding transcriptional
factors and TGF-beta [Oleggini et al., 2000; Verrecchia et al., 2001;
Verrecchia and Mauviel, 2007]. COL3A1 expression is also altered in
developing intestine by glucocorticoids [Walsh et al., 1987].

In an effort to identify the nature of the rat COL3A1 intronic RNAs
previously observed [Walsh et al., 1987] and the mouse first intron
RNAs reported here, bioinformatics analysis was carried out using
the mouse and rat COL3A1 intron 1 sequences resulting in the
identification ESTs with up to 100% sequence identity to the intron
sequences. Expressed sequence tags, EST’s, are cDNA libraries
generated from tissue-specific mRNAs of which on average 200-
300 bp have been sequenced [Adams et al., 1991]. Bioinformatics
analysis using the human COL3A1 first intron also resulted in the
identification of multiple ESTs. Similar analysis with the chicken
COL3A1 first intron resulted in the identification of only one EST
containing several putative miRNAs.

MicroRNAs (miRNAs) are a class of small noncoding RNAs that
have a significant regulatory role in multicellular organisms and are
also expressed by viruses in infected cells [Cummins and Velculescu,
2006; Boss et al., 2009]. miRNAs are essential regulators of diverse
biological processes, including cell division, apoptosis, and
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metabolism [Bartel, 2004; Kloosterman and Plasterk, 2006]. miRNA
precursors are processed sequentially by the enzymes Drosha and
Dicer to yield mature 22-nt long single-stranded miRNAs [Ambros
et al., 2003; Pillai et al., 2007]. miRNAs are believed to influence
gene expression at the level of translation of target mRNAs, but may
have other mechanisms of action [Garzon et al., 2006; Kloosterman
and Plasterk, 2006].

The miRBase [Griffiths-Jones et al., 2008] was screened for
mature miRNAs using the mouse, rat, human and chicken COL3A1,
intron 1 ESTs. The mouse, rat and human COL3A1, intron 1
sequences corresponding to several ESTs have significant identity to
known miRNAs while the chicken COL3A1 first intron EST has
identity to several known miRNAs. The mouse, rat, and human
intron miRNA sequences also coincide with inverted repeats [Rice
et al., 2000]. These putative miRNAs are examples of intron-derived
miRNAs [Lin et al., 2006]. The mouse, rat, human, and chicken
miRNAs have multiple predicted targets [Griffiths-Jones et al.,
2006].

PLASMID

The 5.4 kb, first intron, Xba I fragment from lambda-PMC3A-5 [Liau
et al., 1985a] that contains the mouse COL3A1 5'-flanking, first
exon, first intron and second exon sequences (Fig. 1) was subcloned
into pGEMA4Z (Promega, Madison, WI). The resulting recombinant,
mouse COL3A1 first intron containing plasmid, pPI5.4x, was
sequenced by the dideoxy-chain termination method of Sanger et al.
[1977] using the Sequenase sequencing kit (USB, Cleveland, OH),
[alpha->?P]dATP and SP6 and T7 promoter primers.

ISOTOPES
[Alpha-*>2P]UTP and [alpha->*P]dATP was purchased from Dupont-
NEN (Boston, MA).

RNA LABELING

pPI5.4 was linearized with EcoRl and agarose gel purified.
Radiolabeled antisense RNA was obtained by incorporation of
[alpha->?P]UTP into nascent chains using T7 DNA polymerases
(Promega).
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Fig. 1. Schematic diagram of lambda phage clone PMC3A-5 with represen-
tative restriction sites. The Xba | fragment used for subcloning into pGEMA4Z is
indicated (pPI5.4x).

RNA ISOLATION

Total RNA from fetal, neonatal, and adult mice was prepared by the
guanidinium-phenol-chloroform procedure of Chomczynski and
Sacchi [1987]. Tissues were washed in ice-cold PBS and homo-
genized in 4 M guanidine isothiocyanate, 25 mM Naj citrate, pH 7.0,
0.5% sarcosyl, 0.1 M 2-mercapto-ethanol. The homogenate was
mixed vigorously with 2 M NaOAc, pH 4, phenol and chloroform-
isoamyl alcohol and incubated on ice for 15 min. The mixture was
centrifuged and subsequently precipitated with isopropanol. The
pellet was re-extracted with the guanidine isothiocyanate solution,
reprecipitated with isopropanol, washed with ethanol and redis-
solved in sterile RNAase free H,0. All glassware and appropriate
solutions were treated with diethylpyrocarbonate and autoclaved to
minimize RNase contamination. Purity and amount of RNA was
determined by A,g0/A,50 measurements. Poly-A+ RNA was purified
by oligo-dt chromatography.

SEPARATION OF RNA BY AGAROSE GEL ELECTROPHORESIS

Two micrograms of poly-A™* and poly-A~ RNA or 20 pug of total
RNA were separated in 1.4% agarose-formaldehyde gels and
transferred to BA85 nitrocellulose paper (Schleicher and Scheull) as
described by Maniatais et al. [1982].

NORTHERN BLOT HYBRIDIZATION

The RNA filters were prehybridized for 30 min at 60°C in 50%
formamide, 6X SSC, 1.0% SDS, 0.1% Tween 20, and 100 wg/ml
tRNA. Hybridization was carried out for 12-18 h with the addition of
1 x 10° cpm of labeled RNA probe. Washing was done twice in 1X
SSC. 0.1% SDS at 22°C for 30 min followed by washing twice in 0.1X
SSC, 0.1% SDS at 65°C for 30 min.

BASIC ALIGNMENT SEARCH TOOL (BLAST) ANALYSIS

The mouse [Toman and de Crombrugghe, 1994], rat [Rat Genome
Sequencing Project Consortium, 2004], human [Hillier et al., 2005],
and chicken [International Chicken Genome Sequencing Consor-
tium, 2004] COL3A1 first intron sequences were used to BLAST The
Genbank, EST, and nucleotide data banks [Altschul et al., 1997].

MicroRNA BLAST

The miRBase Sequence Database [Griffiths-Jones et al., 2006, 2008]
was searched using mouse, rat, human, and chicken COL3A1 first
intron and EST sequences.

MicroRNA TARGET SCAN

The miRBase Target Database [Griffiths-Jones et al., 2006, 2007] was
searched for predicted target genes of known miRNA sequences
identified within the mouse, rat, human, and chicken COL3A1 first
intron sequences.

PROMOTER PREDICTION

Potential intronic promoters within the COL3A1 first intron
sequences were identified by Promoter Scan, PROSCAN Version
1.7 suite of programs [Pedersen et al., 1999; Bajic et al., 2004].
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EXON/INTRON PREDICTION
Prediction of intron/exon junctions of the COL3A1 first intron
sequences was done with GENSCAN [Burge and Karlin, 1997].

INVERTED REPEAT IDENTIFICATION
Inverted repeats within the COL3A1 first intron sequences were
identified using inverted software [Rice et al., 2000].

Northern blot analysis of adult and 12-day-old suckling mice
intestinal total RNA indicated the presence of two transcripts of
approximately 1.6 and 3.0kb (Fig. 2) using a *>?P-labeled antisense
RNA probe synthesized from the plasmid pPI5.4x (Fig. 1). Northern
blot analysis also indicated the presence of a 3.0 kb transcript from
fetal mouse total poly-A™ RNA (Fig. 3).

Blast analysis of the mouse COL3A1 intron 1 sequence resulted in
the identification of 13 mouse ESTs consisting of three overlapping
sets of forward strand transcripts (BX335218, BB664446: CJ160307,
CN668922, BB648452: BB534949, BG088384, AA543153,
BY671278, DV075019, BB363623) and one reverse strand set of
transcripts (AW557338, BG075843) (Fig. 4A). Blast analysis of the
rat COL3A1 intron 1 sequence identified nine mouse ESTs with
significant sequence identity all of which were the same as those
identified for the mouse COL3A1 intron 1 (Fig. 4B).

A similar analysis of the human COL3A1 intron 1 revealed
identity to 29 human ESTs consisting of two sets of overlapping
forward strand transcripts and a single forward strand transcript
(BG900720, DB230813, AL709028, AL701285, BX496725,
BX955745, BX955750, BX472623: AW895760, DA572628,
AU117559, BX473342, AF148885, BI494551, CD660705, and
BF329169, respectively) and three sets of reverse strand transcripts

Fig. 2. A:Adult mouse intestine total RNA probed with *?P-labeled antisense
RNA synthesized from pPI5.4x. B: Suckling mouse intestine total RNA probed
with 3?P-labeled antisense RNA synthesized from pPI5.4x.
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Fig. 3. Fetal mouse poly-A~ RNA probed with *2P-labeled antisense RNA
synthesized from pPI5.4x. Fetal mouse poly-A" RNA probed with *2P-labeled
antisense RNA synthesized from pPI5.4x.

(DR980791: AW839433 and BQ008705, BQ025671, AA989181,
AI827248, AU144355, AU146808, AW058627, BQ007128) (Fig. 4C).
A further search analysis revealed two noncoding RNA transcripts of
1.7 kb (AK021531) and 4.4kb (BX649097) derived from the human
COL3A1 first intron and a 628 bp alternately spliced transcript
(CN483491.1) derived from the human COL3A1 exon 1, intron 1,
exon 2, intron 2, and exon 3 sequences (Fig. 4C).

Blast analysis of the chicken COL3A1 intron 1 identified one
intron-derived EST (BU442634) (Fig. 4D). There are also forward and
reverse strand predicted promoters in the mouse COL3A1 first intron

A Moaise COLIAN v,

e R o s W A T STY TR
——e J:nm:

A e EFRD g FREOE Boml
' L L L L L 1 L L L
;| | L P . e T L
Bon ! ¥l g MEBEE T W al
ol L p R i
ool > fANER
Torwrs  Doedited gy HVSPE Tredioed
Somi  Fawed pe g
Bom Frogmer TFramas
| T T —

= mwind Bapeel mevs e AGHL 3R -0 S0 - LT
L [ crimr . Foediched Remere Sl Tom b Yo

T —f (PSS g KPESTIE Bt o] B waise Bt oval Bae
lm;“"“w-...r.. PRHAT P BOPHG, Ram 3
L

Ll | £y I
' L) T L} ] T T T 1
e {/_.. BESE
rvdrd berars Snd Hrmas — BTOE
- s
— B

C o PO

—p DETME
AT
BRLTIND

- A — 1LY e R hiv s T4
d [

FL e Trotited Bovetin T Mot

— BBSLEGD
ConmNs

& DR - I —— R
T 1 1 L L L
Py P S
B Bom 3
AL

T —

D:-n-:-.ul
Fovietat Forwerd. el Bramotr | vt Bewom S Temirn | Bion. i ekt Praot o
l L 1 ! L L L ‘ L ! I L L L
T y T T y ] T Uy y T T T h
Bl FER 1
Fondicnd Romarvs Sraned ety i

Fig. 4. Schematic diagrams of the mouse (A), rat (B), human (C), and chicken
(D) COL3A1 first introns. The locations of intronic transcripts (tentative for the
mouse), ESTs, inverted repeats, predicted miRNAs, promoters, exons and poly-A
sites are shown.
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Sequence 1: mouse Col 3al intron |
Length = 9684 (1 .. 9684)

Sequence 2: rat COL3al intron 1
Length = 8997 (1 .. §997)

[

Fig. 5. Blast 2 sequences results version blastn 2.2.18 for the mouse and rat
COL3A1 first intron.

and a predicted reverse strand terminal exon and polyadenylation
site (Fig. 4A). The rat, human, and chicken COL3A1 first introns also
contain predicted promoters and exons (Fig. 4B-D).

Alignment of the mouse-rat and mouse-human COL3A1 first
introns indicated approximately 84% sequence identity between the
former (Fig. 5) and significantly less sequence identity between the
latter (Fig. 6). There was no significant identity between the mouse
and the chicken COL3A1 first introns.

A search of the miRBase Sequence Database with COL3A1 first
intron sequences from each of the four species recognized several
known mature miRNAs for the mouse, rat, human, and chicken
[Glazov et al., 2008] (Fig. 4A-D). The miRBase Target database was
searched for known or predicted gene targets of the COL3A1 first
intron miRNAs. Predicted targets for mmu-miR-466f-3P include
COL1A1,COL19A1,COL11A2,COL9A1,COL4A1,and COL4A5 (Fig.7).

New miRNAs and their host genes are being reported on a regular
basis [Li et al., 2007; Laurent et al., 2008]. The present description of
COL3A1 transcripts, ESTs and miRNAs builds upon an observation
made in 1986 focusing on collagen gene expression in developing
rat intestine [Walsh et al., 1987] and presents experimental data and
bioinformatics data indicating that the mouse COL3A1 first intron

Sequence 1: Human Col3al 1st intron
Length = 10190 (1 . 101910}

Sequence 2° mouse Col3al intron |
Length = 9684 (1 .. 9684)

Fig. 6. Blast 2 sequences results version blastn 2.2.18 for the human and
mouse COL3AT1 first intron.

generates RNA transcripts that predominate in the suckling mouse
intestine indicating developmental control of these transcripts.
Support for this hypothesis comes from the fact that the mouse ESTs
that overlap the 5.4 Xba I fragment of the mouse COL3A1 first intron
are derived from fetal or developing tissues. Fetal and suckling
mouse total and poly-A RNA were probed with an anti-sense RNA,
hence only sense RNA transcripts were detected. However, the
mouse, rat and human COL3A1 introns contain ESTs originating
from the minus strand. The 3.0kb transcript from fetal mouse is
polyadenylated and corresponds to the mouse COL3A1 first intron
region that has 98-100% sequence identity to a cluster of
overlapping ESTs. At the time we were sequencing the mouse
COL3A1 first intron (ca. 1988, data not shown) we observed unusual
repeats, for example, CACACACACA ...that piqued our interest.
Toman and de Crombrugghe published the full sequence of the
mouse COL3A1 gene in 1994 and subsequently we were able to
search nucleotide databases for ESTs and miRNAs using the
complete first intron sequence as we have presented here. The first
intron of the mouse, rat, human, and chicken COL3A1 also contain
predicted promoters, exons, and polyadenylation sites located on
both plus and minus strands suggesting transcription by indepen-
dent promoters other than that of the host gene. Mouse and rat ESTs
CJ160307 and CN668922 contain sequence identity to the miRNAs
mmu-miR-466f-3P, mmu-miR-574-5P, and mmu-miR-1187
(Table 1, Fig. 4A).
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A
Mouse CJ160307 inverted repeat

Score 49: 19/21 (90%) matches, 0 gaps
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mrmi-miR-466£-3p 3! CACACAUACACAC ACACAUAC
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Fig. 7. A: Mouse CJ160307 inverted repeat. B: Sequence identity of CJ160307 to mmu-miR-466f-3p. C: Examples of predicted targets of mmu-miR-466f-3p.

TABLE I. Mouse COL3A1 1% Intron ESTs

Overlapping COL3A1 1st intron Inverted
Length (bp) mouse ESTs position repeat miRNA
420 BB664446 5516-5890 bp NF NF
352 BY335218 5516-5865 bp NF NF
714 BB648452 1440-2116 bp 1-37, 224-260 ptc-miR-478 h mmu-miR-574-5p
508 CN668902 1930-2437 bp 7-20, 218-231 mmu-miR-1187
404 €J160307 2093-2444 bp 325-345, 384-404 mmu-miR-466f-3p
705 BB534949 3013-3718 bp 277-293, 358-374, NF
495-511, 588-604,
590 BG088384 3622-4210bp NE
596 AA543153 3766-4182 bp 68-90, 98-120 NF
391 BY671278 4828-5217 bp NF
1012 DV075019 5002-5191 bp 312-327, 521-536 gga-miR-1651
636 BB363623 4641-5218 bp NF
619 AW557338 5219-4601 bp 253-270, 518-501 NE
745 BG075843 5193-4474 bp NF
121 (D546893 6521-6500 bp NF NF
668 CN688655 9402-9382 bp NF NF

NF, not found.

The Genbank accession number is given for each of the mouse ESTs (overlapping ESTs are grouped into separate rows) that were identified as corresponding to the mouse
COL3AT1 first intron in column 1. The length of the EST in base pairs is presented in column 2. Column 3 gives the position of the EST with respect to the mouse COL3A1
full-length gene. Column 4 indicates the position of inverted repeats identified within the EST with respect to its reported length (in base pairs). Column 5 indicates a
mature miRNA identified for an EST.
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TABLE II. Human COL3A1 1% Intron ESTs

Overlapping human ESTs Length (bp) COL3A1 1st intron position Inverted repeat miRNA
BG900720 712 5197-5939 bp NF NF
DB230813 599

AL709928 683

AL701285 391

AL701594 594

BX496725 388

BX955745 608

BX955750 589

BX472623 642

AW895750 469 6912-8481bp NF NF
DA572628 849

AU117551 771

BX473342 660

AF148885 253 9130-9404 bp NF NF
BI494551 231

AW839433 217 6527-6447 bp NF NF
DR980741 101 5342-5250 bp NF NF
BQO08705 831 9224-8402 bp 308-341, 365-398 hsa-mir-1245
BQ025671 497

AA989181 303

AU144355 541 9404-8402 bp

AU146808 544

AW058627 453

BQ007128 703

NF, not found.

The length of the EST in base pairs is presented in column 2. Column 3 gives the position of the EST with respect to the human COL3A1 full-length gene. Column 4
indicates the position of inverted repeats identified within the EST with respect to its reported length (in base pairs). Column 5 indicates a mature miRNA identified for an
EST. The Genbank accession number is given for each of the human ESTs (overlapping ESTs are grouped into separate rows) that were identified as corresponding to the

human COL3A1 first intron in column 1.

The mmu-miR-466f-3P COL3A1 intronic miRNA has as its
potential targets several other collagen genes (Fig. 7), one of which is
type I collagen (COL1A1) a major collagen involved in fibrillogen-
esis with type III collagen [Liu et al., 1997]. The human COL3A1 first
intron contains only one identified miRNA (hsa-mir-1245) for
which no potential targets were found (Table II, Fig. 4C). Li et al.
[2007] described the identification of multiple intronic miRNAs
from the mouse and human genomes one of which (hsa-mir-455)
was present in the COL27A1 intron 10. Their study also led them to
hypothesize that intronic miRNAs may regulate the host gene’s
expression and/or that of proteins with which the host gene
interacts. We originally hypothesized that the intronic transcripts
described here are regulators of type III collagen expression however
the present analysis did not indicate that type IIl collagen is a
predicted COL3A1 intronic miRNA target. This does not exclude the
possibility that the COL3A1 intronic transcripts regulate the host
gene’s expression since it has been reported that intronic sequences
lacking an miRNA can regulate gene expression [Hill et al., 2006].
Also, bioinformatics analysis has identified several inverted repeats
that may correspond to un-identified miRNAs. Several other
collagen genes are targets for COL3A1 intronic miRNAs including
type I collagen. Further study of the biological function of this and
other COL3A1 miRNAs will be of significant importance since the
possibility that type I collagen and other collagen genes are
regulated by type III collagen first intron transcripts (miRNAs)
provides an additional route for the regulation of collagen synthesis,
fibrillogenesis, deposition and therapeutic intervention in disease,
fibrosis and scarring. The role of collagen in development has been
well documented [Hay, 1989] which is another avenue for
investigation of regulatory pathways of collagen gene expression
and its function in tissue differentiation. Future investigations with

respect to COL3A1 first intron ESTs, inverted repeats and miRNAs
and the regulation of other genes, specifically collagen genes will
provide crucial information regarding tissue development and
disease.
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