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Abstract A cDNA clone up-regulated in hydraulic lung edema
in rabbit showed high similarity with human RDH10 mRNA,
which encodes a protein involved in retinoic acid metabolism.
We defined the organization of the human gene, which includes
a unique transcriptional start site, a coding region with six
translated exons and a 3’ untranslated region containing at least
two used polyadenylation sites. The two poly(A) signals are
responsible for the production of the 3 and 4 kb RDH10
mRNA isoforms detected in several human tissues and cell lines.
© 2003 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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1. Introduction

Retinoic acid (RA), an active form of vitamin A (retinol),
regulates vertebrate development, vision, epithelial mainte-
nance, cellular differentiation and proliferation [1,2], through
its binding to retinoic acid receptors, members of the super-
family of nuclear ligand-activated transcriptional regulators
[3]. In non-ocular tissues, RA arises from two subsequent
oxidations in which retinol is first oxidized to retinal and
then to RA [4]. Several enzymes involved in the metabolism
of retinal or retinol have been identified and classified into
four distinct families: alcohol dehydrogenase, short chain de-
hydrogenase/reductase (SDR), aldehyde dehydrogenase and
cytochrome P450. The reversible oxidation of retinol to reti-
nal, suggested to be the rate-limiting step in the conversion of
retinol to RA [5], is catalyzed by several members of the SDR
family. The SDR superfamily consists of multiple prokaryotic
and eukaryotic enzymes, which share an oxidoreductase activ-
ity, and preferentially use NAD(P)H as cofactor [6]. These
enzymes are characterized by a low sequence similarity and
widely variable functions [7]. The determination of the cDNA
and amino acid sequences, as well as the crystallographic
three-dimensional structures of members of this family [8],
made it possible to identify two typical motifs required for
the enzymatic activity [9], a ‘Rossman fold’ structure with a
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conserved Gly-XXX-Gly-X-Gly pattern (residues 13-19 in the
13B/17B-HSD sequence) [10], and a conserved Tyr-XXX-Lys
segment (residues 151-155 in the 13B/173-HSD sequence) [11].
The cDNA encoding a novel SDR, retinol dehydrogenase
10 (RDH10), has recently been cloned in man, cow and mouse
[12]. The identified human RDHI10 transcript (accession num-
ber AF456765) includes 260 bp of the 5’ untranslated region
(5'UTR), a coding region of 1023 bp and 162 bp of the
3"UTR, with a total length of 1445 bp. However, in this paper
[12], neither an analysis of the expression in human tissues nor
the exact size of the human RDH10 mRNA was reported.
In the present study, we demonstrate that the human
RDHI10 gene transcribes at least two mRNAs of 3 and 4
kb, and shows a non-ubiquitous tissue distribution. Neither
alternative splicing nor different promoter usage accounts for
the observed variability of the mRNA size. An analysis of the
3'UTR revealed the presence of two canonical and several
non-canonical polyadenylation signals. Among these, a non-
canonical and a canonical signal were preferentially used, a
choice which seems to be correlated with the mRNA stability.

2. Materials and methods

2.1. Lung tissue sample preparation
Rabbit lung tissue samples were obtained as previously described
[13].

2.2. Cell cultures

A549 lung adenocarcinoma, H460 non-small-cell lung cancer,
SKMES squamous lung cancer, and SCLC small-cell lung carcinoma
cell lines were grown in RPMI 1640 medium supplemented with 10%
fetal bovine serum, 1% r-glutamine, and 1% penicillin/streptomycin
(Celbio).

2.3. Total and poly(A)* RNA isolation

Total RNA was extracted using the Rna Witz® reagent (Ambion)
and poly(A)™ RNA isolated by means of the Poly(A)™ Pure mRNA
Isolation Kit (Ambion), according to the manufacturer’s instructions.

2.4. Differential display analysis and cloning

Differential display (DD) was performed as previously described
[14] utilizing the RNA populations obtained from control and treated
rabbit lungs. One clone (ED6, 592 bp), identified as up-regulated in
lung edema, was cloned into pGEM T-Easy Vector (Promega).

2.5. Northern blot analysis

Two micrograms of poly(A)"™ RNAs from rabbit lung, A549, H460,
SKMES and SCLC lung tumor cell lines were size-fractionated on a
1.2% formaldehyde agarose gel and capillary transferred to Nytran
SuPerCharge membrane (Schleicher and Schuell). The blot obtained
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as well as that containing poly(A)"™ from adult human tissues (MTN
blot, Clontech) were hybridized with a-*?P-labeled probes (ED6 clone
and Exon 1-2) in ULTRAhyb solution (Amersham) according to the
manufacturer’s instructions. The membranes were stripped using boil-
ing 0.5% sodium dodecyl sulfate for 30 min and re-probed with a -
actin probe, corresponding to a partial coding region of the B-actin
gene.

2.6. RT-PCR analysis

Reverse transcription (RT) was performed with 1 pg of total RNA
as template using an oligo(dT) primer and Superscript II reverse tran-
scriptase (Life Technologies). Polymerase chain reactions (PCRs) were
performed using BioTaq DNA polymerase (Bioline). The sequences of
the PCR primers are provided in Table 1.

2.7. Primer extension analysis

Primer extension analysis was performed using a 30-base oligonu-
cleotide primer (indicated as Extension 1 in Table 1) end-labeled with
Y-[?*P]ATP and 20 ug of total RNA from cell line A549 or 20 ug
tRNA from yeast (negative control), as previously described [15].
The sequencing reaction product of pGEM T-Easy vector was run
in parallel.

2.8. 3’ End analysis of RDHI10

One microgram of total RNA obtained from the A549 cell line was
used to synthesize the 3’ end of the first-strand cDNA according to
the instruction manual supplied with the First Choice® RLM rapid
amplification of cDNA ends (RACE) kit (Ambion). Two microliters
of ¢cDNA were subjected to PCR amplification by the Expand
20KbP" PCR system (Roche), using a forward gene-specific primer
(4Fw, Table 1) and a 3’'RACE outer primer as reverse (5'-GCGAG-
CACAGAATTAATACGACT-3’). PCR products were loaded and
separated on 0.8% agarose gel, and then transferred onto Hybond
N nylon membrane according to the manufacturer’s protocol (Amer-
sham). The blot was hybridized with two different probes obtained by
RT-PCR on total RNA from A549 cells using primer pairs 3’'RNA
RI-3’'RNA R2 (probe 1) and 6Fw-TERMI1 (probe 2), respectively
(Table 1). Hybridization was carried out at 60°C overnight in 5X Den-
hardt’s, 0.5% SDS and 5X SSPE. The membrane was washed twice in
2XSSC, 0.1% SDS at room temperature and twice in 1 XSSC, 0.1%
SDS at 60°C before being exposed to phosphoimager.

The 3'RACE PCR products were cloned into pGEM T-Easy Vec-
tor (Promega) and subsequently sequenced.

2.9. Fluorescence in situ hybridization (FISH) of human chromosome
spreads
Metaphase spreads were obtained by standard methods from pe-
ripheral blood lymphocytes from normal human donors. The BAC
RP11-434112 (RZPD) probe was nick-translated with digoxigenin-11-
dUTP according to the protocol of the vendor (Boehringer Mann-

Table 1
Sequence primers

Primer name Location Primer sequence (5’ to 3')

P1 S"UTR CGGCCCGGAGCGCTCTGACTTG
Extension 1  Exon 1 AAAGTGACCACGAAGAACTCCACCACGATG
Oligo ATG  Exon 1 TCGCGATGAACATCGTGGTGGA

1Fw Exon 1 TTTCAAAGTGCTCTGGGCGTTCGT
2Fw Exon 2 GTGGGGAAGAGGGAGAACG

2Rev Exon 2 GCCCAGAGACCACACCAGCATTAT
3Fw Exon 3 ATCATGGTCATATTGTGACAGTTGCA
3Rev Exon 3 AATATGACCATGATTAATCTCCAGC
4Fw Exon 4 GAATCCCTGAGCCATGAACTAAAG
4Rev Exon 4 TCTGAACATGCCAGTGTCTACAAGGT
SFw Exon 5 CTCTGAAGCCTGATTACTGTGTGA
SRev Exon 5 GAGTGCAGATCATGGGCTGGTCAG
6Fw Exon 6 GCAGTTGTGTGCATGTATCGGTTC
6Rev Exon 6 GCTTCATTATTGTTTGTGGCTTGC
TERMI1 3'UTR CCAAGTACTCTAGTCGGTTA

3’'RNA R1 3'UTR TCTGGTGTACTCCAGGCTCGCTGG
3'RNA R2 3'UTR ATAGCCGATGTTACTGTCCCTAGA
BAI1 GCGGGAAATCGTGCGTGACATT

BA2 CTAGAAGCATTTGCGGTGGA
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heim) and hybridized to the chromosomal preparations for 2 days
as previously described [16]. Digital images were captured by using
a Leitz microscope equipped with a charge-coupled device camera and
analyzed by means of Chromowin software (Casti Imaging).

3. Results

3.1. Identification of RDHI10 by DD

DD analysis of hydraulic lung edema in rabbit [13,14] de-
tected at least three mRNAs that were strongly up-regulated.
One of these PCR products (594 bp) was cloned (clone ED6)
and further investigated by Northern blot hybridization and
sequencing. In accordance with the result obtained with DD,
the expression of the ED6 clone was highly increased in rabbit
pulmonary edema (Fig. 1A), where one transcript of approx-
imately 3.0 kb was identified. Searches of the GenBank data-
base (NCBI) using the ED6 sequence revealed 94% and 91%
similarity with, respectively, human (AF456765) and bovine
(AF456766) RDH10 mRNAs (Fig. 1B). The ED6 sequence,
corresponding to nt 820-1410 of the human RDH10 mRNA,
contains an open reading frame (ORF) of 462 nt. The sim-
ilarity of the amino acid sequence of this region (154 aa) with
that of the human RDHI10 protein was 100%.

3.2. Predicted organization of the RDHI0 gene

Similarity search of DNA database with the human RDH10
mRNA made it possible to identify the BAC clone RPI1-
434112 (accession number AC111149). The in silico analysis
of the genomic sequence revealed that the putative RDHI10
gene covers approximately 30 kb and contains six exons and
five introns (Fig. 2A), as predicted by Ensembl automatic
analysis (www.ensembl.org). Exon 1 contains one putative
start codon ATG, and exon 6 the translation termination
codon TAA. Two canonical (AATAAA) polyadenylation sig-
nals were found, at 139 bp and 2233 bp, respectively, down-
stream of the stop codon (http://genes.mit.edu). Two tran-
scription start sites were also predicted by the Promoter
prediction software (www.fruitfly.org/seq_tools/promoter.html),
located at 688 and 216 nt upstream of the ATG start codon.
The ORF encodes a putative protein of 341 amino acids.

The BAC RP11-434112 was mapped by FISH only to chro-
mosome 8q21.11 (Fig. 2B).

3.3. Expression of the RDHIO0 gene in human tissues

Fig. 3A shows the Northern blot hybridization of a panel of
human tissues using the ED6 probe. Two transcripts, of ap-
proximately 3 and 4 kb, were detected in kidney, liver, small
intestine, placenta, lung, heart, and skeletal muscle. Placenta,
kidney and liver exhibited the strongest expression. Similar to
what was previously observed in rabbit, a weak but detectable
signal was present in normal lung. In all the tissues expressing
the RDH10 mRNAs, the 3 kb isoform was the most abundant
one.

RDHI10 mRNA expression was also evaluated in various
human lung cancer cell lines. A detectable expression of both
mRNAs was observed in cell line A549 (lung adenocarcino-
ma), but not in H460 (non-small-cell lung cancer) (Fig. 3B). A
very low level of expression was also detected in cell lines
SKMES (squamous lung cancer) and SCLC (small-cell lung
carcinoma) (not shown). Expression patterns superimposable
on those shown in Fig. 3A,B were also obtained by hybridiz-
ing the two filters with a probe corresponding to the first 525
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Fig. 1. Characterization of clone ED6. A: Northern blot analysis of ED6 expression in rabbit lung during hydraulic edema (ED) and in physio-
logic condition (NC). Sizes in kilobases are indicated on the right. The same blot was probed with the B-actin cDNA fragment as internal con-
trol for RNA loading. B: Partial comparison of the human RDH10 mRNA (nt 820-1423; AF456765) to bovine (AF456766) and rabbit (ED6)
RDHI10 transcripts. The dots indicate agreement between the aligned sequences, the dashes indicate gaps introduced to maximize alignment.

nt of the human RDH10 cDNA coding region (AF456765)
(data not shown). The cDNA probe was derived by RT-PCR
on total RNA from the A549 cell line using the PCR primers
1Fw and 2Rev (Table 1).

3.4. Characterization of the 3 and 4 kb RDHI0 mRNAs

To determine the transcription start site of the 3 and 4 kb
mRNAs, we first performed a RT-PCR reaction on total
RNA from cell line A549 with a pair of primers located,
respectively, at the distal predicted transcription start site
(P1, Table 1) and within exon 2 (2Rev, Table 1). A single
band of 1138 bp was detected (Fig. 4A, lane 1), whereas the
amplification of genomic DNA with the same pair of primers
produced a larger band (Fig. 4A, lane 2). The sequence of the
RT-PCR product was totally in agreement with the genomic
sequence of the RDH10 gene shown in Fig. 4C. This result

indicated the utilization of the distal transcription start site.
To also verify the functionality of the proximal promoter, a
primer extension assay was performed on the A549 total
RNA with an oligonucleotide complementary to a region
within the first predicted exon of the RDH10 mRNA (Exten-
sion 1, Fig. 4C). This experiment showed the occurrence of a
single band of 723 bp in length (Fig. 4B), deriving from the
distal transcription start site, thus suggesting that the proxi-
mal promoter was not used.

Fig. 4C depicts the genomic organization of the 5’ end of
the RDHI10 gene, including a part of exon 1, and 795 bp of
the flanking untranscribed region. The latter region included a
TATA box at —24 nt and a GC box at —95 nt. Using the
Matlnspector program (www.genomatix.de), regulatory se-
quences with a core similarity of 100% and a matrix similarity
of >0.90 were predicted. Multiple putative binding sites, in-
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Fig. 2. Organization and chromosomal localization of the RDHI10
gene. A: Schematic representation of the RDH10 gene: shaded and
open boxes represent exons and UTR, respectively; introns are rep-
resented by the connecting lines. B: Cytogenetic localization of the
human RDHI10 gene by FISH analysis, using BAC RP11-434112 as
probe on normal human metaphase chromosomes.

cluding ADRI, Spl, HSF and cap, were found. Other less
frequent regulatory sequences, including v-Myb, SRY, Ttk-
69, AML-1a, AP-1 and 2, GATAI1 and 2, were also detected.

To verify whether a mechanism of alternative splicing could
be responsible for the generation of the 3 and 4 kb mRNAs,
four pairs of primers located within the six predicted exons
were used in a RT-PCR assay on total RNA from A549 cells

A
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(Fig. 5A). For each primer pair, a single band was detected;
in particular, the length and the sequence of the PCR prod-
ucts (346 bp, B1; 305 bp, B2; 401 bp, B3; 543 bp, B4) per-
fectly matched the predicted exon/intron organization of the
RDHI10 gene, and ruled out the occurrence of mRNA var-
iants within the coding region. In agreement with these data,
the RT-PCR reaction carried out with a primer pair defining
the almost complete coding region produced a single band of
1014 bp (Fig. 5B, lane BY).

Finally, to ascertain whether the two mRNAs differed in
their 3’UTR, we performed a 3'RACE reaction using a prim-
er (4Fw, Table 1) located within exon 4 (Fig. 6A). The RACE
products were analyzed by Southern blot and hybridized with
two probes, corresponding to different regions of the 3’'UTR
(probes 1 and 2 in Fig. 6A). The probes were derived by RT-
PCR on total RNA from AS549 cells, using primer pairs
3’'RNA R1-3’'RNA R2 (probe 1) and 6Fw-TERM1 (probe
2), respectively (Table 1). The hybridization experiments iden-
tified one and three bands with, respectively, the distal and
proximal probe (Fig. 6B). The longer band (2600 bp), detected
by probe 1 (Fig. 6B, lane 1), was subcloned and sequenced;
the sequence ended at the distal predicted polyadenylation
signal (polyA 1 of Fig. 6A). The same characterization was
performed for the bands with a length of 1900 and 490 bp
detected by probe 2 (Fig. 6B, lane 2). The 490 bp band cor-
responded to a transcript ending at the proximal predicted
polyadenylation signal (polyA 3 in Fig. 6A), whereas the
1900 bp band identified a non-canonical poly-A signal (AT-
TAAA) (polyA 2 in Fig. 6A). Fig. 6D reports the genomic
organization of the 3’UTR of the RDHI10 gene, including
part of exon 6; the experimentally identified polyadenylation
signals are bold and underlined.

To derive the almost complete sequence organization of the

B

-

. 2

£ @

= 3

[
g = £ -
g §=_% 5§32c 8 S @
£ o208 35 £ 8 Es g § = © =
2 58 ES5 8 o299 x o8 x w
2 32 8 o= X w S 0 ®w £ 5 I <

—4.0 Kb
— 3.0 Kb

| — 4.0 Kb
—3.0Kb

IE‘ B-actin

Fig. 3. Analysis of RDHI10 gene expression in human tissues. A: Northern blot analysis of poly(A)™ RNA from human tissues hybridized with
probe ED6. Each lane contains 2 pg of poly(A)" RNA. B: Northern blot analysis of poly(A)" RNA from H460 (non-small-cell lung cancer)
and A549 (lung carcinoma) cell lines, hybridized with probe ED6; to evaluate poly(A)* RNA loading on each lane, the hybridization with hu-
man B-actin cDNA is shown below. Each lane contains 2 pg of poly(A)"RNA. Sizes in kilobases are indicated on the right.
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Extension 1

Fig. 4. Analysis of the RDH10 5'UTR. A: RT-PCR analysis of total RNA extracted from cell line A549 (lane 1) and PCR on genomic DNA
as a control (lane 2) using a pair of primers located in the 5" end (P1, 5-27 nt) and exon 2 (2Rev, 1119-1142 nt). B: Transcription start site of
the RDH10 mRNA. Twenty microgram of total RNA from cell line A549 and yeast tRNA, as negative control, and a 30 base oligonucleotide
primer Extension 1 were used for the assay. A single band of 723 bp was detected in cell line A549. The sequence reaction product of pGEM
T-Easy vector was run in parallel. C: The RDHI10 5’-flanking sequence. The 5"UTR is reported in upper case, while the untranscribed region
is in lower case. Numbers on the right indicate the nucleotide position relative to the transcription initiation site +1. The transcription starting
nucleotide (adenine) and the translation initiation codon ATG are in bold. The potential transcription factor binding sites predicted with Mat-
Inspector program are indicated. The oligonucleotide used in the primer extension assay is underlined (Extension 1).
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Fig. 5. Analysis of the RDH10 ORF by RT-PCR assay on total RNA from A549 cells. A: Schematic representation of intron/exon structure
of the RDHI10 gene, with the orientation and position of the exon-specific RT-PCR primers. The RT-PCR products are shown in B. PCR
1Fw-3Rev (lane B4, 543 bp), PCR 2Fw-4Rev (lane B3, 401 bp), PCR 3Fw-5Rev (lane B2, 305 bp), PCR 4Fw-6Rev (lane B1, 346 bp). RT-
PCR reaction was carried out also with a primer pair defining the almost complete coding region ATG-6Rev (lane B5, 1014 bp).

4000 bp mRNA, a pair of primers spanning from the ATG to
the distal polyadenylation site was used to amplify, by RT-
PCR, total RNA from A549 cells (Fig. 6C). A single band of
approximately 3090 bp was detected; the sequence corre-
sponded to the predicted genome organization of the
RDHI10 gene, including the 1023 bp coding region and 2067
bp of the 3’UTR (not shown).

4. Discussion

This paper demonstrates that the human RDH10 gene tran-
scribes at least two mRNAs, of approximately 3 and 4 kb,
and that the two variants are expressed at a level detectable by
Northern blot in several human tissues. Human, bovine and
mouse transcripts from the RDH10 gene have recently been
cloned [12], providing partial cDNA sequences of approxi-
mately 1.4 kb, while the transcript size derived by Northern
blot for the bovine was approximately 3 kb [12]. The occur-
rence of a single 3 kb mRNA also in rabbit lung seems to
confirm this finding. On the other hand, in man the transcrip-
tion of the RDHI10 gene, in addition to the 3 kb message,
yields a longer mRNA (4 kb). Among the evaluated mamma-
lian species, only human tissues show the occurrence of two
RDH10 mRNA isoforms. FISH analysis performed with the
BAC clone carrying the RDH10 gene excluded that the ob-
served additional transcript could derive from gene duplica-
tion. Thus, RDH10 mRNA variants are the products of other
mechanisms involved in the synthesis (alternative promoter
usage) and/or the maturation of the pre-mRNA.

To derive the organization of the human RDH10 mRNAs
we carried out 5’ extension, 3’RACE and a series of RT-
PCRs using primers located within the ORF. These experi-
ments indicated that both transcripts are characterized by the
same 5'UTR of 688 bp, demonstrating that the transcription
of the RDHI10 gene utilizes only the distal one of the two
predicted promoters. No alternative splicing occurs within
the coding region, and in both transcripts the ORF is 1023
bp. Regarding the 3"UTR, the results obtained indicate that
the stop of transcription occurs at two different polyadenyla-
tion sites, yielding mRNAs with 3'UTRs of 1510 and 2233 bp,
respectively. The polyadenylation sites belonged to the canon-
ical (AATAAA) and non-canonical (ATTAAA) classes of sig-
nals [17]. Furthermore, an additional highly conserved AA-
TAAA signal, located 139 bp downstream of the stop codon,
was identified by the analysis of the RDH10 gene organiza-
tion. In fact, a mRNA species with a transcription termina-
tion at this signal was identified only by 3’'RACE, but not by
Northern blot. Supposing that the transcription for all the
RDHI10 messages starts at the distal promoter and the ab-
sence of alternative splicing in the coding region, this finding
indicates the possible occurrence of a RDH10 mRNA of 1.853
kb. However, in the analyzed tissues, the abundance of the
transcript was under the detection threshold of the Northern
blot, thus suggesting a low level of usage of this polyadeny-
lation signal or, alternatively, the instability of the mRNA. A
similar situation may occur in the bovine, since the RDH10
mRNA sequence shows a polyadenylation signal located at
139 nt downstream of the stop codon, but Northern blot hy-
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gatcaagatgtttcagtccagtgcacatcagcattgctgacattttatggattctaaacttgtgttgtttcttttttaaatcaactttttaaaaa +1850
tgtaaattaaccgactagagtacttggaaaatgtgatcagtacaagtgaacttaggttgttgccaacagggtc:ttttaggcagaacc +1945
cagaaaccagtcaaatctgtagagaagcagtgtgacatcttcaggttaccattattttttaatgagcaggaagtctagaaatgataactagactg +2040
tatgtttcatgtgtgtgatttttcagaattcccagagtttactcattecttgttattaaactctagecagttgacatcttegcaatttcaaggact +2135
gatagtgctgtattttctcacgttttetaagtttecgttttgcaaggectaggtgactttttcatggtgtttgtatgtttagetettttgaaaag +2230
gaattttgaaatctccatcaactgaagtaaatgatgtctgagtgttacagtaaaggtgaccaagtctectttcttaaagtcacaatgactaaagta +2325
ttagttgaattttttttttttttttttttgatggagtctegetetgtecaccaggectggagtgecagtagecacaatcacggetecactgeaatctetg +2420
cctcccggtttcaagtgattctgctgtctcagcctcccaagtagctgggactacaggcatgcgccaccacgcccaqctaatttttgtatttttag +2515
tagagacggggtttcaccatgttggtcaggatggtetecatetettgacattgtgatecacctgecteggeet gggattacagg +2610
catgagccactgcacccagccttgaatttttaattttatctctgatatacttcattaagtgtctggagacctaattatcctaaaagatcatacat +2705
tttctacctatgaattttgctgcatacagaaagtgccctttcctcaggaagttgetgtgtttcatttoctttggatggactettatctagaataca +2800
tagcagctctgcaaagaaacagtttttaaaaatgggaacttctacattgaaaagtccccatttttgtgoccaactatgattagtgagaggaagaaa +2895
tcttattctatggcatatgtatggaagggtgtaaagattcttttgaaaggtttattcacattgtagaacagcaaatgacatttttacagtatttt +2990
tttgtaaagcaaactattttgtgecttgaatttggtatatgtgtattagtgaaacattgtaaaggtgaacttectacctetgtatctaaatgtata +3085
ccatccacttgtaaatgactataaactattatgtgattgettttttttttagaatgtcttgtttaaatagtggecaatgtttaaggetgttaaaa +3180
taagccaacttttactaattggggagttttataaatgact: ttaaagaattaacttacatgcaattgtgtgattattagttatcagca +3275
gtgttgtaaggaaaattattgtgtttttttctatgatcattatcccactttaggtaaagaaaaatattggaatggaatagtgttgggaaacagac +3370
attaacaacctagggtgcctgcactcaaatagccgatgttactgtecctagattagagacttgattaagggettgtttgtaccaaaagtggggaa +3465
acaatgccatgacctgtgttttagtttggctgcaccacagatcaaatctgecactgtgtctacatataggaaaggtcctggtgtgtgetaatgtte +3560
ccaatgcaggacttgaggaagagctctgttatatgtttecatttectetttatcaaagataaccaaaccttatggeccttataacaatggaggecac +3655
tggctgectettaattttcaatcatggacctaaagaagtactctgaagggtctcaacaatgeccaggtggggacagatatactcagagattatcca +3750
ggtctgecteccagegagectggagtacaccagacectectagagaaatctgttataatttaacaacccacttatecaccttaaaactgaggaaa +3845
gtctctttacatctaattttattettgtgtgttataacttaaacctatttetatttttgtttgttattgeccttataagggtgtecatecteccaag +3940
ttcAATAAR +3949

Fig. 6. Analysis of the RDH10 3’UTR. A: Schematic illustration of the RDH10 cDNA structure. The rectangle represents the protein coding
region (ORF). The horizontal lines represent the 5’ and 3’UTR, respectively, with the canonical and non-canonical polyadenylation signals.
PolyAl, PolyA2, PolyA3 represent the 3’'RACE products obtained using the primer 4Fw as gene-specific primer. The relative position of the
fragments used as probes in Southern blot analysis are indicated by arrows. B: Analysis of the 3’'RACE products by hybridization with radio-
actively labeled probe 1 (lane 1) and probe 2 (lane 2). C: RT-PCR analysis of the RDH10 mRNAs using primers located at the first transla-
tion codon and at the most downstream polyadenylation signal (see Table 1). D: Genomic organization of the 3’UTR of the RDHI10 gene, in-
cluding a part of exon 6. The three experimentally identified polyadenylation signals are in bold and boxed. The 12 iron-responsive elements
(IRE) are in bold. The numbers on the right refer to the nt position relative to the transcription start site (+1).
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bridization evidenced a single transcript of approximately 3 kb
[12]. Thus the human RDHI10 gene transcription generates at
least two mRNAs which share the same 5"UTR and the same
ORF, but differ in the length of their 3'UTR. The use of two
different polyadenylation sites yields the contemporary pres-
ence of two RDHI10 variants in the same human cell. Three
main hypotheses could explain this phenomenon: (i) the
stability of the transcripts, (ii) a different subcellular localiza-
tion [18], (iii) a phenotypic protective effect [19]. Regarding
the mRNA stabilization, the sequence analysis of the full
length RDHI10 3'UTR revealed the presence of at least 12
iron-responsive elements (IRE), preferentially concentrated
in 1 kb downstream of the first polyadenylation signal.
IREs play a critical role in mRNA stability by binding iron-
regulatory proteins, which mask potential endonucleolytic
cleavage sites [18], thus possibly explaining the greater stabil-
ity of the 3 and 4 kb mRNAs as compared to the 1.853 kb
message.

Thus human cells, compared to the other analyzed mam-
malian species, show the occurrence of more than one RDH10
transcript, differing in the choice of the polyadenylation site.
This feature strongly suggests the possibility of evolutionary
changes of the 3’UTR, which is characterized by more degrees
of freedom than the 5’UTR and the ORF [18].

Interestingly, preliminary indications of the modulation of
RDHI10 gene expression were derived from the analysis of
injured rabbit lung (edema) and of different human lung can-
cer cells. Although these observations require further investi-
gations, a possible explanation of this modulation can be
derived by considering the function of the RDH10 gene prod-
uct. The RDHI10 protein, belonging to the SDR family, is
responsible for the oxidation of all-frans-retinol to all-trans-
retinal, which is a precursor of RA [12]. In man, retinol ad-
ministration to premature infants reduces the incidence of
bronchopulmonary dysplasia, suggesting that it has a protec-
tive or reparative role in structurally immature lungs [20]. In
rats, retinol and RA have been shown to affect normal lung
development [21]. Furthermore, mice bearing a deletion of
RA receptor y have decreased lung elastin, decreased alveolar
number and increased alveolar size suggesting a link between
retinoids, alveolarization and elastin [22]. Thus, the up-regu-
lation of RDHI10 in lung edema may reflect its role in RA
metabolism [12], which in turn could play a reparative role in
the damaged tissue.
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