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Transcriptase—Polymerase Chain Reaction
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Ladislas Robert,? and Charles D. Boyd

Department of Surgery, UMDNJ-Robert Wood Johnson Medical School, New Brunswick, New Jersey 08903; Institut
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We have developed a reverse tran-
scriptase—polymerase chain reaction
(RT-PCR) assay for the quantitative
measurement of levels of tropoelas-
tin mRNA in total RNA preparations
from skin fibroblasts. This method fa-
cilitates the reproducible detection
of low abundance tropoelastin mRNA
in the range of 10-1000 copies per
cell. The procedure is based on a
competitive RT-PCR assay where a
tropoelastin cDNA-derived internal
RNA standard is cotranscribed and
coamplified together with the sam-
ple derived—endogenous target
mRNA. In addition, RT-PCR of several
domains of tropoelastin mRNA, fol-
lowed by DNA sequence analysis of
asymmetric PCR products, revealed a
previously unknown pattern of alter-
nate exon usage at the 3’ end of the
tropoelastin gene in human skin fi-
broblasts.

Elastin is the major component of elas-
tic fibers that provide tissues such as
blood vessels, lung, and skin with the
properties of resilience. Hydrophobic
and extensively cross-linked, elastin is
assembled from a soluble precursor, tro-
poelastin. Over the last few years the
complete derived amino acid sequence
for several vertebrate tropoelastins,~
including human tropoelastin, have
been reported. In addition, the structure
of the gene coding for rat, bovine, and
human tropoelastin has been de-
scribed.>=" These previous studies have
revealed that several tropoelastin mRNA
isoforms are synthesized from a complex
multiexon gene by alternate usage of
several exons within the tropoelastin
gene.

Transcriptional control of expression
of the tropoelastin gene and control of
alternate exon usage is tightly regulated
developmentally.®' In many elastic
tissues, tropoelastin synthesis is maxi-
mal during embryonic or early neonatal
development.? In most normal elastic
tissues from adult sources, however, lit-
tle if any tropoelastin synthesis can be
measured.?

Elastin is an important but minor
component of cutaneous tissue.!31% Al-
though no direct quantitative measure-
ments of tropoelastin mRNA have been
reported for intact skin, previous reports
of tropoelastin mRNA recovery in cul-
tured human skin fibroblasts have
shown that this mRNA is a low abun-
dance transcript.**>~'® For this reason,
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particularly in cultured human skin fi-
broblasts, reproducible and quantitative
detection of total tropoelastin mRNA has
been limited. The low levels of tro-
poelastin mRNA in skin fibroblasts have
also limited the accurate and quantita-
tive characterization of patterns of alter-
native splicing of tropoelastin pre-mRNA
that have been shown previously by
¢cDNA cloning, DNA sequence,®* and
$1 nuclease analysis'®?? to be present
in a variety of elastic tissues, including
skin.(1$2D

Alterations in elastic fiber morphol-
ogy are known to be associated with the
pathogenesis of a variety of adult onset
cutaneous disorders such as pseudoxan-
thoma elasticum, acquired forms of cutis
laxa, and actinic elastosis.('>2? Several
investigators have suggested that alter-
ations in the temporal control of total
tropoelastin synthesis and the regulation
of isoform expression may contribute to
the abnormal assembly of elastic fi-
bers.**?% To begin to address this pos-
sibility, this paper describes a PCR-based
assay to assess both the quantitative re-
covery of total tropoelastin mRNA and
the extent of alternative splicing of the
primary transcripts of the tropoelastin
gene in cultured skin fibroblasts.

MATERIALS AND METHODS
Materials

All reagents were of ultrapure or equiva-
lent grade and were obtained from U.S.
Biochemical (Cleveland, OH). Sequenase
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and DNA sequencing Kkits were also ob-
tained from U.S. Biochemical. Tissue cul-
ture reagents were provided either by
GIBCO-BRL (Grand Island, NY) or Flow
Laboratories (McLean, VA). RNAzol B
was purchased from Cinna-Biotecx Lab-
oratories (Houston, TX). All restriction
enzymes were supplied by Pharmacia
(Piscataway, NJ). Bluescript vectors and
RNA transcription kits were obtained
from Stratagene (La Jolla, CA). Oligonu-
cleotides were synthesized by National
Biosciences (Plymouth, MN). Reverse
transcriptase—polymerase chain reaction
(RT-PCR) kits and Tag DNA polymerase
were obtained from Perkin-Elmer (Nor-
walk, CT). Radioisotopes were purchased
from ICN Radiochemicals (Irvine, CA).
The thermocycler used for all of the PCR
incubations described in this manuscript
was purchased from M]J Research (Water-
town, MA). Nylon membranes were ob-
tained from Amersham Corporation (Ar-
lington Heights, IL). Geneclean kits were
provided by Bio101 (La Jolla, CA).

Sample Preparation

Cell Culture

Human skin fibroblasts were grown
from skin biopsy explants of healthy in-
dividuals or from patients who under-
went surgery for reasons unrelated to
any cutaneous disorder. Biopsies were
taken from skin not exposed to the sun.
Human skin fibroblasts from passages 3
to 5 were grown to confluence in Dul-
becco’s modified Eagle medium
(DMEM) supplemented with 10% fetal
bovine serum, antibiotics (100 U/ml of
penicillin G, 100 pg/ml of streptomycin
sulfate, 0.25 pg/ml of amphotericin B,
and 2 mM glutamine. Media were
changed every 3—4 days. Before RNA ex-
traction, the cells were washed twice in
sterile phosphate buffered saline (PBS),
trypsinized, and counted in a hemocy-
tometer. Fibroblasts were immediately
pelleted and the pellets washed in PBS at
4°C. All subsequent steps of RNA isola-
tion were done on ice.

RNA Extraction

Total RNA was extracted as described by
Chomczynski and Sacchi,®® using a
one-step phenol-chloroform procedure
(RNAzol B). Between 1.8 and 5.2 x 10°
cells were lysed in 0.9 ml of RNAzol.
Chloroform (90 ul) was added to the ho-
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mogenate and vortexed for 15 sec. After
S min on ice, phase separation was car-
ried out by centrifugation at 12,000g¢ for
15 min. The aqueous phase was removed
and the RNA precipitated with isopro-
panol for 15 min at —20°C. After centrif-
ugation for 15 min at 12,000g, the RNA
pellets were washed in 75% (vol/vol) eth-
anol and resuspended in diethyl pyrocar-
bonate (DEPC)-treated water. RNA purity
was assessed spectrophotometrically by
determination of absorbance at 260 and
280 nm of each sample. RNA was di-
luted, aliquoted, and stored at —70°C.

Transcript Quantitation Assay
Outline of Assay

The basis for this quantitative PCR assay
is the coamplification by RT-PCR of a
193-bp region of human tropoelastin
mRNA from total RNA and RNA derived
from a tropoelastin cDNA that is poly-
morphic at nucleotide position 1264.%¢
This polymorphism is an A — G substi-
tution (the cDNA corresponds to the A
allele) that creates a BstNI restriction site.
The amplified PCR products from fibro-
blast RNA and the internal cRNA stan-
dard can readily be separated, therefore,
by polyacrylamide gel electrophoresis
(PAGE) following a BstNI digestion, pro-
vided that the RNA is derived from an
individual donor who is homozygous for
the G allele. Individuals used in this
study, consequently, were initially geno-
typed by PCR amplification of total fi-
broblast RNA and PAGE analysis of BstNI
digestion products obtained from the

PCR incubation. Quantitative estimates
of tropoelastin mRNA were then deter-
mined from a mixture of fibroblast RNA
from individuals homozygous for the
G-allele and serial dilutions of known
amounts of the internal A-allele cRNA
standard (Fig. 1).

Internal Standard

A human tropoelastin cDNA covering
sequences complementary to exons 18—
36 was subcloned into pBluescript
(pTE1836). The sequence of this recom-
binant included an A at nucleotide posi-
tion 1264. Sense-oriented complemen-
tary RNA was prepared from this
template by in vitro transcription.

In Vitro Transcription

pTE1836 (20 png) was linearized with
Kpnl, extracted with phenol-chloro-
form, and ethanol precipitated, and an
aliquot was analyzed by agarose gel elec-
trophoresis to confirm complete diges-
tion.

Linearized template (1 pl) was tran-
scribed in vitro using T3 RNA poly-
merase and incubation conditions out-
lined by the supplier of an RNA
transcription kit (Stratagene). The reac-
tion was terminated by DNase digestion
and extracted with phenol-chloroform,
and RNA was obtained by ethanol pre-
cipitation. After resuspension in DEPC-
treated, double-distilled water, RNA
concentration was determined spectro-

78 18 97
B
G-allele > l 3
(Sample) ]
A-allele \
(Internal 5 : 3
standard) T
B
78 l 115

FIGURE 1 A schematic representation of restriction fragments generated by BstNI digestion of
PCR products obtained from sample RNA and internal standard cRNA. The G allele, represented
in tropoelastin mRNA isolated from cultured skin fibroblasts, contains an additional BstNI re-
striction site (B*), which is attributable to an A — G substitution at position 1264. The size of the
restriction fragments generated from both G and A alleles are presented in base pairs. B identifies
a nonpolymorphic BstNI restriction site. The open arrows represent the positions of oligomers
used in the PCR amplification of this domain of human tropoelastin mRNA.
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photometrically and aliqouts of this
sense strand were stored at —70°C.

Oligonucleotides

RT reactions were primed using a 10-mer
sequence complementary to human tro-
poelastin mRNA from nucleotides 1402
to 1411 (5'-TGCCGCGTGG-3'). The
melting temperature (T,) of this primer
was 44.6°C.%72® A 17-mer (5'-CGGAGT-
TGGAGGCATTC-3’, T, = 61.6°C) and an
18-mer (5'-ACCGTACTTGGCAGCCTT-
3, T4=62.1°C) were designed as PCR
primers to amplify the 193-bp target re-
gion between nucleotides 1167 and 1359
of the tropoelastin cDNA, following
suggestions of Rychlik et al. ®® and Ry-
chlik @9,

RT-PCR

Variable ratios of fibroblast RNA and tro-
poelastin cRNA were amplified in paral-
lel. The RT reaction was carried out at
42°C for 15 min in a S5-pl volume fol-
lowed by a 5-min inactivation step at
99°C. Reaction conditions were as de-
scribed by the supplier of a RT-PCR kit.

Amplification of single-stranded DNA
was catalyzed by Taq polymerase in a
programmable thermal cycler. Samples
were prepared by combining 5 pl of the
newly synthesized single-stranded DNA
with 20 ul of PCR buffer containing 50
mM KCl, 10 mum Tris-HCI (pH 8.3), 15 mm
MgCl,, 0.01% (wt/vol) gelatin, 200 pm of
each dNTP, and 0.5pl of [a-3P]dCTP
(3000 Ci/mmole). The incubation was
heated for 5 min at 95°C and Taq poly-
merase was then added. Cycling param-
eters were as follows: denaturation for 60
sec at 94°C, annealing for 60 sec at 61°C
for the first 5 cycles, and at 60°C for all
subsequent 25 cycles. The small size of
the product did not require a 72°C elon-
gation step. The final cycle consisted of a
5-min incubation at 72°C. All RT-PCR
steps were done in the same tube under
mineral oil protection using compo-
nents from the GeneAmp RNA PCR Kkit.

BstN! Digestion

PCR reaction products were digested
with S units of BstNI at 60°C for 2 hr.

PAGE Analysis

Digestion fragments were size separated
on 12% polyacrylamide gels at 250 V for

3.5 hr and stained with 0.05% ethidium
bromide. DNA fragments were visualized
under UV light and excised. Polyacryla-
mide slices were counted on a Beckman
LS1801 scintillation counter. Recovered
disintegrations per minute (dpm) were
corrected for background and dCMP
content in individual DNA fragments.

RT-PCR Splicing Assay
Oligonucleotides

Three exon-specific primer pairs were es-
tablished to incorporate exons 11-17,
21-29, and 29-36. The 5 — 3’ se-
quences of these oligomers were as fol-
lows: an exon 11 oligomer, GGAGCTTT-
TGCTGGAATCCC; an exon 17 oligomer,
GCTGC AGCTGGAGTCCCAAC; an exon
21 oligomer, TCAGGCAGCAGCTGCCG;
an exon 29 downstream oligomer (an-
tisense), CGGCTTTGGCAGCAGCTT; an
exon 29 upstream oligomer (sense), AG-
CCAAAGCTGCTGCCAAAG; and an exon
36 oligomer, TTCTCTTCCGGCCACAA-
GCT.

RT-PCR Conditions

RT reactions were performed as de-
scribed earlier, using 400 ng of total RNA
per 20-ul reaction. PCR conditions were
as described by Perkin-Elmer except that
2 mM MgCl,, 200 pM dNTP each, 0.15 pm
primer, and 2.5 units of Taq polymerase
were used per 100-pl reaction. Initial
strand separation was programmed for 5
min at 95°C. The first 5 cycles were al-
lowed to anneal at 68°C for 60 sec; all
subsequent cycles were carried out at
67°C (27 cycles for primer pairs 11-17
and 21-29, 32 cycles for primer pair 29—
36). Primer concentration was reduced
to 0.10 pM for primer pair 21-29; MgCl,
concentration was lowered to 1.5 mum for
amplification of the tropoelastin mRNA
domain corresponding to exons 29-36.

PAGE and Southern Blot Analysis

Products were size separated on 5-8%
polyacrylamide gels, and DNA fragments
were visualized by staining with ethid-
ium bromide. Fragment sizes were deter-
mined by comparison with a 1-kb DNA
molecular weight ladder.

Southern analysis was performed es-
sentially as described by Sambrook et
al.®Y Briefly, PCR products were size
separated by electrophoresis followed by

capillary transfer onto a nylon mem-
brane. Nylon membranes were probed
with radiolabeled exon-specific oligonu-
cleotides from exons 12, 26, 31, 32, and
33. Aliquots of each oligomer (150 ng)
were labeled with 100 wCi of [y-32P]-
dATP using T4 polynucleotide kinase
and previously described reaction
conditions. The exon-specific oligomers
were as follows (5'—3'): exon 12,
CCCACTGGGGTATCCCATCA; exon 26,
TGTCGGCGTCCCTGGACT; exon 31,
GTATACCTCCAGCTGCAGCCG; exon
32, GTGCTGCTGGCCTTGGAGGT, and
exon 33, GGCTTCGGATTGTCTCCCAT.
Nylon membranes were prehybridized
for 24 hr and hybridized for 14 hr at tem-
peratures 15-20°C below the theoretical
T4 of the probes. Posthybridization
washing included 6x SSC at increasing
temperatures up to 50°C. Washed filters
were finally exposed to x-ray film for up
to 3 days at —70°C.

Asymmetric PCR (APCR) and
Sequence Analysis

PCR products from four independent
amplifications of the region covering ex-
ons 29-36 were pooled and fractionated
by PAGE. Single-stranded antisense
cDNA was synthesized by asymmetric
PCR with a downstream-to-upstream
primer ratio of 25 : 1 and the product pu-
rified using the Geneclean procedure. A
Sequenase kit was employed for all DNA
sequencing reactions.

RESULTS
Cell Culture and Genotypes

We cultured human skin fibroblasts
from a total of 26 donors ranging in age
from 6 mo to 90 yr. Cell number in con-
fluent 75-cm? culture flasks decreased
significantly with donor age: 5.12 x 10°
cells per flask were obtained from biop-
sies from the youngest donor; 1.56 x 108
cells per flask were recovered from biop-
sies from the older donors. The total
RNA content per cell (8.6 + 3.9 pg/cell)
was not related to the donor age. All 26
samples were genotyped; 6 donors (23%)
were A/A, 12 donors (46%) were A/G, and
8 donors (31%) were G/G. Only individ-
uals homozygous for the G allele were
used for the quantitation experiments.

Tropoelastin mRNA Quantitation

Titration mixtures of sample RNA with
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FIGURE 2 A fluorogram of BstNI restricuon
fragments obtained from mixtures of total
skin fibroblast and tropoelastin cRNA. (A)
Lanes 1-5 represent BstNI-digested PCR prod-
ucts obtained from 4.7 x 103 pg of the A-al-
lele internal standard (10,000 cRNA molecules
per reaction) and 25 ng (lane 1), 10 ng (lane
2), 5 ng (lane 3), 2.5 ng (lane 4), and 1 ng
(lane 5) per reaction of total RNA obtained
from individual HCH. (B) Lanes 1-5 represent
BstNI-digested PCR products obtained from 5
ng of total RNA from individual IRW and
1 x 10° molecules (lane 1), 5 X 10°> molecules
(lane 2), 2 x 15 molecules (lane 3), 1 x 10°
molecules (lane 4), and 5 x 10* molecules
(lane 5) of the A-allele tropoelastin cRNA.
Sizes of restriction fragments are indicated in
base pairs.

internal cRNA standard were obtained in
two ways. Either a serial dilution of syn-
thetic internal cRNA standard was added
to constant amounts of sample RNA or
constant amounts of internal standard
were added to a serial dilution of sample
RNA. RT-PCR-amplified DNAs from
these RNA mixtures were digested with
BstNI. A 193-bp DNA fragment amplified
from cRNA corresponding to the A allele
(the internal standard) lacks a BstNI re-
striction site (Fig. 1). Two BstNI restric-
tion fragments of 78 and 115-bp would
therefore be obtained from this allele.
The 193-bp DNA fragment recovered
from tropoelastin mRNA obtained from
donors homozygous for the G allele con-
tains an additional BstNI restriction site.
The recovery of a 97-bp BstNI restriction
fragment corresponds to the amplifica-
tion of the G allele. Illustrated in Figure
2 are representative fluorograms of these
PCR-derived restriction fragments. In
Figure 2A , a varying amount of the 97-
bp BstNI restriction fragment reflects the
variable input of tropoelastin mRNA
from G-allele donors. In Figure 2B, the
variable amount of the 115-bp restric-
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tion fragment represents the variable in-
put of the A allele cRNA added to the
RT-PCR reaction. In both examples, co-
amplification of a domain of TE mRNA
of unknown abundance and a tropoelas-
tin cRNA of known amount involves the
identical coding sequences with the ex-
ception of a single nucleotide difference.
A comparative quantitation of the recov-
ery of allele-specific BstNI restriction
fragments will therefore be independent
of sequence-specific variation in rates of
reverse transcription or polymerase
chain amplification.

The quantitative determination of
levels of tropoelastin mRNA represented
in G-allele-specific PCR-derived BstNI re-
striction fragments is presented in Figure
3. Size-separated, radiolabeled DNA frag-
ments of 115 and 97-bp were recovered
within polyacrylamide gel slices. The
amount of DNA was calculated from to-
tal dpm present in each gel slice. At
equal levels of recovery of the 97-bp frag-
ment (the sample) and the 115-bp frag-
ment (the internal standard), levels of
tropoelastin mRNA in the sample could
be calculated. Levels of tropoelastin

mRNA were expressed as the recovery of
molecules of tropoelastin mRNA per cell.

Recovered levels of tropoelastin
mRNA in total RNA from skin fibroblast
preparations from several donors vary
from 14-845 mRNA transcripts per cell
(Table 1). These levels of tropoelastin
mRNA vary significantly with donor age
but are independent of the gender of in-
dividual donors. The variation of mRNA
levels with age is represented in Figure 4.
There is a statistically significant decline
in tropoelastin mRNA levels from a neo-
natal donor of 6 months of age to a do-
nor of 23 yr of age (P < 0.01). No change
in mRNA levels was observed in fibro-
blast cultures established from donors
23-49 yr of age. A statistically significant
increase in levels of tropoelastin mRNA
was evident between donor ages of 49
and 79 yr.

RT-PCR Detection of isoforms of
Human Tropoelastin mRNA

RT-PCR analysis of the 3’ end of human
tropoelastin mRNA (from a number of
fibroblast RNA preparations isolated

10

Internal Standard/Sample Ratio
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FIGURE 3 Determination of tropoelastin mRNA concentration. The amount of radiolabeled DNA
synthesized from tropoelastin mRNA and tropoelastin cRNA was determined from polyacryla-
mide gel slices following electrophoresis and fluorography as described in Materials and methods
and represented in Fig. 2. Tropoelastin mRNA content per cell was determined from the iternal
standard at an mRNA/internal standard ratio of one (indicated with an arrow).
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TABLE 1 Tropoelastin mRNA Levels in
Skin Fibroblasts from Donors
Homozygous for the G Allele of an
RFLP in Exon 20 of the Tropoelastin
Gene

mRNA

molecules/cell
Individual Age (mean +
(initials) Sex? (yr) S.E.M.)
FNH M 67 212 + 68
HCH M 28 66 = 32
IRW F 74 445 *+ 205
KBB M 24 146
KDS F 0.5 350 = 60
KDC F 23 71 =29
KST F 49 44 * 31
MAS F 79 845 + 105

*The gender of individual donors is indicated
as either M (male) or F (female).

from several unrelated donors) revealed
two PCR fragments: an expected 284-bp
DNA fragment and a 230-bp DNA frag-
ment (Fig. §).

Southern blot analysis of these PCR-
derived DNA fragments suggested that
the shorter, 230-bp fragment lacked
exon 32 (Fig. 6A). Dideoxy sequencing of
single-stranded DNA obtained by asym-
metric PCR from both these DNA frag-
ments confirmed that the DNA sequence
corresponding to exon 32 was absent
from the 230-bp PCR-derived fragment
(Fig. 6B).

DISCUSSION

Previous studies of elastic tissues such as
nuchal ligament and aorta, in which
elastin is an abundant component, have
revealed that the bulk of tropoelastin
synthesis occurs in the prenatal and neo-
natal stages of development.®!3? In
adult elastic tissues, little if any tro-
poelastin synthesis can be detected.®®
Consequently, steady-state levels of tro-
poelastin mRNA in total RNA prepara-
tions from tissues of adult sources are
difficult to detect by traditional North-
ern blot analysis.(*? Similarly, any quan-
titative estimate of the appearence of
alternatively spliced variants of tropo-
elastin mRNA will be hampered by the
low abundance of this message in tissue
from adult sources.

In this paper we describe a RT-PCR-
based assay for the rapid and repro-
ducible quantitative measurement of

o«
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FIGURE 4 Tropoelastin mRNA content in skin fibroblasts from donors of different ages. Levels of
tropoelastin mRNA were determined from eight donors varying in age from 6 months to 79 yr.
The measurement of mRNA levels was determined from three separate RT-PCR reactions from
individual total RNA preparations. The average results are presented with standard errors of the

mean.

tropoelastin mRNA content. The devel-
opment of the internal standard we used
in this PCR assay took advantage of a re-
cently reported restriction fragment
length polymorphism (RFLP) within
exon 20 of the human tropoelastin
gene.®® To maintain an internal stan-
dard that was essentially identical with
respect to size and DNA sequence, we
chose not to use some of the multipur-
pose internal standards reported re-
cently. 3439

The primers used to amplify a 193-bp

2017

1 2 3

FIGURE 5 PAGE analysis of PCR products ob-
tained from the amplification of a 3' domain
of human tropoelastin mRNA from skin fibro-
blasts. Primers corresponding to coding do-
mains within exons 29 and 36 of the human
tropoelastin gene were used to generate PCR
products using total skin fibroblast RNA. Ali-
quots of the PCR reaction were analyzed on
5% polyacrylamide gels. Following electro-
phoresis, DNA bands were visualized by stain-
ing with ethidium bromide. Lane 1 contains
molecular weight markers. Lanes 1 and 2 are
PCR products obtained from total RNA iso-
lated from skin fibroblast cultures prepared
from two donors. The sizes of DNA fragments
are presented in base pairs.

region of tropoelastin mRNA are derived
from coding sequence complementary
to domains in exons 18 and 21. Any am-
plification from tropoelastin-coding se-
quence in genomic DNA contaminating
the total RNA preparation or tropoelastin
pre-mRNA present in total RNA would
result in a higher molecular weight PCR
product. No significant levels of higher
molecular weight PCR products were no-
ticeable, however.

Heterodimer formation between PCR
products obtained from G-allele-derived
tropoelastin mRNA and the A-allele
cRNA internal standard will lead to A-G
heterodimers that will not be cleaved by
BstNI; the detection of the undigested
A-G heterodimer will result in an over-
representation of the internal standard
and under-representation of tropoelastin
mRNA levels in the sample. Hetero-
dimers are, however, a minor compo-
nent during the exponential phase of
PCR amplification.®” Under the condi-
tions described in this paper, het-
erodimer formation was usually <8% of
total PCR product produced.

Misincorporation of nucleotides dur-
ing amplification attributable to the
limited fidelity of transcription of Tag
polymerase®®® could possibly generate
additional G-allele mRNA sequence from
the A-allele internal standard and conse-
quently bias the apparent recovery of
tropoelastin mRNA levels in a manner
similar to the formation of heterodu-
plexes.

Whereas concerns of limited tran-
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alternate exon usage.

scriptional fidelity of Taq polymerase
could be reduced by the use of DNA
polymerases with enhanced proofread-
ing activity,®® when using the internal
standard alone in control incubations,
we have never found the recovery of a
genotype different to the A allele defined
by the internal standard.

In our preliminary studies of PCR-
based protocols for the quantitation of
tropoelastin mRNA, we compared esti-
mated mRNA levels using a tropoelastin
cRNA and a tropoelastin cDNA internal
standard. The estimation of tropoelastin
mRNA levels using a cDNA standard was
~10-fold lower compared with mRNA
level estimations using a cRNA standard.
Although the recovery of PCR product is
dependent on the amount of RNA added
to the PCR reaction, the large difference
in mRNA estimation suggests that only a
fraction of the tropoelastin mRNA or
cRNA in any particular aliquot is reverse
transcribed.

Several investigators have reported
using between 20 and 250 ng of total
RNA per microliter of incubation sam-
ple.?¢3740) In contrast with these re-
ports, but consistent with the work of
Gilliland and co-workers,*!*? we found
a linear response with respect to the syn-
thesis of PCR product between 0.2 and §
ng of total RNA added per microliter of
incubation sample. We observed no in-
crease in PCR product if >10 ng of total
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Exon 31

I

Sequence 1: GTATACTCCAGCTGCAGCCGCTAAAGCAGCTAAATACGGTGCTGC
Sequence 2: GTATACTCCAGCTGCA®CCGCTAAAGCAGCTAAATACG******x

Exon 32

Sequence 1: TGGCCTTGGAGGTGTCCTAGGGGGTGCCGGGCAGTTCCCACTTGG

Sequence2: LRSS R E R RS EEE SRS SRR ESEEE R RS SRR EEEEREEREEREZEY

T Exon 33

]

Sequence 1: AGGAGTGGCAGCAAGACCTGGCTTCGGATTGTCTCCCATTTTCCC
Sequence 2: **GAGTGGCAGCAAGACCTGGCTTCGGATTGTCTCC#ATTTTCCC

FIGURE 6 Southern blot and DNA sequence analysis of PCR products obtained from the 3’ end of human tropoelastin mRNA. (4) The PCR products
presented in Fig. 5 were analyzed by Southern blot analysis using radiolabeled, exon-specific oligomers. (Lanes 1-3) PCR products were probed with
exon 30-, exon 32- and exon 33-specific oligomers, respectively. The sizes of the recovered DNA fragments are indicated in base pairs. (B) Dideoxy
DNA sequence analysis of asymmetric PCR products obtained from PCR-derived DNA fragments amplified from the 3’ end of human skin fibroblast
tropoelastin mRNA. The 284-bp and 230-bp DNA fragments visualized in Fig. 5 were extracted from polyacrylamide gels. APCR and dideoxy
sequence analyses were carried out as described in Materials and methods. (Sequence 1) The DNA sequence obtained from the 284-bp fragment and
is identical to previously published sequence for human tropoelastin.* (Sequence 2) The DNA sequence obtained from the 230-bp fragment.
Sequences corresponding to exon domains are indicated. Diamonds represent nucleotides which, by comparison with sequence 1, are different in
sequence 2. Although these sequence differences may represent allelic variants within exon 31 and exon 33, they occurred within regions of band
compression in the DNA sequencing gels and most likely represent error in sequence 2. Stars represent nucleotides missing in sequence 2 due to

RNA was added per microliter of incuba-
tion sample.

The assay described in this paper rou-
tinely detects levels of tropoelastin
mRNA as low as 10 molecules per cell.
These incubation conditions would not
permit, however, the accurate and repro-
ducible detection of <10 molecules per
cell of tropoelastin mRNA.

We have measured successfully a 60-
fold variation in the steady-state levels of
tropoelastin mRNA obtained from low-
passage skin fibroblasts from donors of
different ages. In confirmation of previ-
ous studies of tropoelastin mRNA levels
in elastic tissues,**3? we have demon-
strated that levels of tropoelastin mRNA
are elevated in fibroblast cultures from a
neonatal donor and then decline with
increasing age. Surprisingly, however,
tropoelastin mRNA levels were found to
increase in fibroblast cultures from eld-
erly donors. Whereas the results pre-
sented are obtained from fibroblast prep-
arations from relatively few donors, the
low steady-state levels of tropoelastin
mRNA from young adults was confirmed
in triplicate determinations from four
different donors ranging in age from 23
to 49 yr. Similarly, an increase in recov-
ered levels of tropoelastin mRNA from
more elderly donors (67-79 yr) was con-
firmed in three individuals. These results
contrast with earlier observations by
Fazio and co-workers®” who demon-

strated an invariable recovery of steady-
state levels of tropoelastin mRNA in skin
fibroblasts up to a donor age of 33 yr,
followed by an approximately sevenfold
decrease in mRNA levels in cultured fi-
brobalsts from a single 61-yr-old donor.
The reason (or reasons) for the discrep-
ancy in the results of these two studies is
not clear; it is possible that age-indepen-
dent variation in tropoelastin mRNA lev-
els may contribute to this discrepancy.
Fazio and co-workers™® for example,
only reported tropoelastin mRNA levels
for a single elderly donor. Although our
own data are based on steady-state levels
of tropoelastin mRNA from a total of
eight individuals, it is clear that a larger
number of fibroblast cultures from nor-
mal donors is a necessary prerequisite
for a more complete study. In addition,
neither study addresses tropoelastin
mRNA levels in intact skin. In contrast
with previous techniques of Northern or
slot blot hybridization, the sensitivity
and reproducibility of the RT-PCR-based
protocol described in this manuscript
should make it possible to quantitate
levels of tropoelastin mRNA directly in a
large number of skin punch biopsies.
To obtain the eight individuals, ho-
mozygous for the G allele, from which
we report these steady-state levels of tro-
poelastin mRNA, we used RNA from skin
fibroblast cultures to genotype a total of
26 individuals. A limitation therefore of
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the current protocol is that approxi-
mately two-thirds of the donors could
not be used for tropoelastin mRNA quan-
titation. The construction of a G-allele
internal standard would permit the use
of donors homozygous for the A allele
and significantly increase the number of
donors that could be utilized for quanti-
tation of tropoelastin mRNA.

Our approach of utilizing exon-en-
coded polymorphisms as the basis for an
internal standard for mRNA quantitation
is not limited to the quantitation of tro-
poelastin mRNA. RFLPs within exons of
several other genes, including genes cod-
ing for connective tissue proteins, could
also be employed. For example, a G— A
allelic variant in exon 31 of the proual
(I) collagen (COL3A1) gene™® would
be an appropriate polymorphism for the
quantitation of levels of proal (III) col-
lagen mRNA. Similarly, a G— A transi-
tion within exon 1 of the human lysyl-
oxidase gene®® would be an excellent
allelic variant for use in a quantitative
assay of lysyloxidase mRNA levels.

RT-PCR, Southern blot, and DNA se-
quence analysis of the 3’ end of the hu-
man tropoelastin mRNA derived from
several skin fibroblast cultures revealed
the consistent presence of a tropoelastin
mRNA isoform that lacked exon 32. This
finding is consistent with previous re-
ports of alternate usage of exon 32 in
human skin fibroblasts."® However,
there was no evidence for alternate usage
of exon 33 in these human skin fibro-
blast RNA preparations. Exon 33 has
been shown by several investigators to
be subject to alternate usage in a variety
of tissues from several species and at dif-
ferent stages of development. (02149
Exon 33 also encodes a highly conserved
hydrophobic domain of tropoelastin.
The developmental and tissue-specific
regulation of alternate usage of exon 33
in several rat elastic tissues led to the
suggestion that alternate usage of this
exon may be significant for tissue-spe-
cific fiber assembly.“*> Similarly, the ab-
sence of any detectable alternate usage
of exon 33 in skin fibroblasts may be an
important contributing factor to the as-
sembly of the morphologically distinct
dermal elastic fibers.
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