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ABSTRACT

The type 4 phosphodiesterase (PDE4) is the predominant PDE
isozyme in various leukocytes and plays a key role in the
regulation of inflammatory cell activation. There are four PDE4
subtypes (A, B, C, and D), and within each subtype, there are
multiple variants. Very recently, we found in monocytes that
PDE4B gene expression is selectively induced by lipopolysac-
charide (LPS) and that the induction is inhibited by interleukin
(IL)-10 and IL-4. In this study, we show that the PDE4B gene is
constitutively expressed in neutrophils and that this expression

remains unaffected by LPS or IL-10. PDE4B is the predominant
subtype in neutrophils and in unstimulated or LPS-stimulated
monocytes, and in these cells, the PDE4B2 variant is the only
detectable molecular species of PDE4B. Therefore, PDE4B2 is
the predominant PDE isoform in human neutrophils and mono-
cytes, and its expression is regulated differently by these two
cell types. Furthermore, leukocytes are the most dominant
source of PDE4B2, suggesting that PDE4B2 is a relatively
specific target for discovering anti-inflammatory drugs.

Phosphodiesterases (PDEs; E.C. 3.1.4.17) constitute a su-
perfamily of enzymes catalyzing the hydrolysis of the cyclic
nucleotides: cAMP and ¢cGMP. PDEs are the only cellular
pathways for the degradation of cAMP and cGMP, underscor-
ing their critical role in regulation of the intracellular levels
of these second messengers and, consequently, functional
responses of cells to a variety of extracellular agents such as
hormones and neurotransmitters. There are nine structur-
ally, biochemically and pharmacologically distinct PDE fam-
ilies, PDE 1-9, which are differentially expressed among
various tissues and cells (Beavo, 1995; Manganiello et al.,
1995; Fisher et al., 1998a,b; Soderling et al., 1998a,b). It is
well established in various leukocytes, including neutrophils
and monocytes, that PDE4, a cAMP-specific PDE, is the
predominant PDE isozyme and that it plays a key role in the
activation of inflammatory cells (Dent et al., 1994; Nicholson
and Shahid, 1994; Muller et al., 1995; Palfreyman and Sou-
ness, 1996; Torphy, 1998). Thus, there has been significant
interest in PDE4-selective inhibitors as a potential therapy
for inflammatory diseases such as asthma, allergy, and ar-
thritis. Nevertheless, because PDEA4 is also present in many
other tissues and cells, including brain (Dent et al., 1994;
Nicholson and Shahid, 1994; Beavo, 1995; Manganiello et al.,
1995; Muller et al., 1995; Palfreyman and Souness, 1996;
Torphy, 1998), PDE4 inhibitors may have significant side
effects. Indeed, emesis has been a significant issue with

known PDE4 inhibitors that is likely to be due primarily to
an action of the drugs in the brain (Palfreyman and Souness,
1996; Torphy, 1998).

Recently, molecular biological studies have revealed that
within the PDE4 family, there are four subtypes (A, B, C, and
D), each of which is derived from a distinct gene (Livi et al.,
1990; Bolger et al., 1993; McLaughlin et al., 1993; Obernolte
et al., 1993; Baecker et al., 1994; Engels et al., 1995), and
that within each subtype, there are multiple variants gener-
ated by alternative splicing among the 5’-end exons and/or
the use of different transcription initiation sites (Bolger,
1994). There are three highly homologous regions among
various PDE4 molecules: a catalytic domain located in the
central region of the protein sequence and two upstream
conserved regions (UCR1 and UCR2) (Bolger et al., 1993;
Bolger, 1994). PDE4 enzymes can be roughly divided into two
groups: “long forms,” having both UCR1 and UCR2, and
“short forms,” lacking UCR1. UCR1 and UCR2 may be in-
volved in the regulation of the enzyme activity (Huston et al.,
1996; Bolger et al., 1997; Owens et al., 1997; Torphy, 1998).
Although there have been some studies on expression profiles
of the mRNAs in various tissues and cells including some
leukocytes (Conti et al., 1992; Engels et al., 1994, 1995;
Muller et al., 1995; Gantner et al., 1997), no PDE4 molecule
has been identified as a predominant PDE4 species in par-
ticular leukocytes. It can be reasoned that if there is a PDE4

ABBREVIATIONS: PDE, phosphodiesterase; LPS, lipopolysaccharide; PCR, polymerase chain reaction; RACE, rapid amplification of cDNA end;

IL, interleukin; UCR, upstream conserved region.
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species that is predominantly present in inflammatory cells
but not in other tissues, including brain, targeting such a
molecule could be an effective approach to discovering anti-
inflammatory drugs with reduced side effect potential.

In the present study, we find that PDE4B2 is the predom-
inant molecular species of PDE in human monocytes and
neutrophils, although its expression undergoes differential
regulation in these two cell types. We further find that
among various tissues and cells, leukocytes are the major
source of PDE4B2. These results suggest that PDE4B2 may
be a specific target for anti-inflammatory drug discovery.

Materials and Methods

Cell Preparation and Treatment. Human monocytes and neu-
trophils were prepared from fresh blood of healthy adult donors via
elutriation (Wahl et al., 1994) and Ficoll-Paque centrifugation (Wang
et al., 1994a), respectively. The purity of the cell preparations was
greater than 95% as judged by Wright’s staining and, for monocytes,
by immunofluorescence assay using anti-CD14. Cells were sus-
pended at a density of 1 X 10° cells/ml in RPMI 1640 medium, which
was supplemented with 1% each of penicillin-streptomycin, nones-
sential amino acids, and L-glutamine and with 10% FBS (all from
GIBCO, Grand Island, NY), and incubated for 1 h before each treat-
ment at 37°C in a humidified atmosphere of 5% CO./95% air. The
cells were treated with appropriate agents for various periods of time
as indicated.

Competitive Polymerase Chain Reaction (PCR) for Quan-
tifying PDE4 mRNAs. The primers for competitive PCR analysis
(Becker-Andre and Hahlbrock, 1989; Wang et al., 1989; Gilliland et
al., 1990) of PDE4 subtype mRNAs were designed as follows: PDE4A
(GenBank accession no. L20965), 5'-TCGAGGAAGCTCTGGATG-
CAAC-3’ and 5'-TCTCAGGAGGGACAAGAGGACAAG-3'; PDE4B
(accession no. L20966), 5-TTGGAGTCAGAAAGCAAGACCAG-3’
(P1) (Fig. 1) and 5'-CAGGGGAAGGAAGTAAAATGTGG-3' (P2);
PDE4C (accession no. 1.20968), 5'-ACACTGAACTCCTGTCCCCT-
GAAG-3' and 5'-GATGTGACTCAAGAGTGACCACTGG-3', and
PDE4D (accession no. L20970): 5'-TCGTTCTCCTGACACGTAA-
CAGTG-3’ and 5'-TCCTCCTACTGGTAACAGATTCGTG-3'. All the
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Fig. 1. Human PDE4B variants and locations of the PCR primers used.
For more details on the structures of the various human PDE4B variants,
see Bolger et al. (1993) and Huston et al. (1997). P1 and P2 were used in
the competitive PCR for quantifying PDE4B mRNA. P3 and P4 were the
adaptor primer and the nested adaptor primer used in the first and
second PCRs, respectively, and P5 was the nested reverse primer for the
second PCR in the 5'-RACE (P2 was used as the reverse primer for the
first PCR). P6 and P7 were the forward primers used for detecting
PDE4B2 and 4B1, respectively, in screening colonies in the 5-RACE,
whereas P8 was the common reverse primer in the screening. P9 and P10
were used in the determination of tissue distribution of PDE4B2. The
arrows and asterisk indicate the initiation and termination codons,
respectively.

PDE4-subtype PCR fragments corresponded to regions downstream
of the catalytic domains and therefore were able to detect all known
variants derived from the gene of each PDE4 subtype. The sizes of
the PCR fragments were 546, 506, 410, and 479 bp for subtypes A, B,
C, and D, respectively. PCR MIMICs of PDE4 subtypes for compet-
itive PCR were prepared by using PCR MIMIC Construction Kit
(Clontech, Palo Alto, CA), and had the sizes 450, 606, 606, and 606
bp, respectively. Total cellular RNA was prepared using TRIzol Re-
agent (GIBCO), treated with RNase-free DNase (Ambion, Austin,
TX), and then reverse-transcribed into cDNA with the use of Advan-
tage RT-for-PCR Kit (Clontech). PCR was performed by using Ex Taq
DNA Polymerase (Takara, Madison, WI) in a total volume of 50 ul for
30 cycles using 2 ul of reverse-transcribed cDNA solution (for PDE4
subtypes, equivalent to 0.1 pg of total RNA) or of 10-fold-diluted
c¢DNA solution (for B-actin or glyceraldehyde phosphate dehydroge-
nase) with the following cycle parameters: denaturation, 94°C for
30 s; annealing, 60°C for 30 s; and extension, 68°C for 1 min. For each
target cDNA, a preliminary PCR was performed using 2 ul of each of
10-fold serial dilutions of the corresponding PCR MIMIC from 10~ *
to 1 amol/ul. Then, based on the particular concentration range
determined, in which equal amounts of the target and the MIMIC
were produced, 2-fold serial dilutions of the MIMIC (total 7 points)
were used to perform fine-tuned competitive PCR. After PCR ampli-
fication, 10 ul of each reaction solution was separated by electro-
phoresis on a 2% ethidium bromide-agarose gel. The PCR product
bands were quantified by using Scandet 3c (Hewlett-Packard, Palo
Alto, CA) with the software Scan Analysis (BIOSOFT, Ferguson,
MO). Competition equivalence point, representing the absolute
amount of the target cDNA, was determined by interpolation on a
plot of the logarithm of the calculated molar ratios of signals for the
MIMIC-derived product over the signals for the target cDNA-derived
product versus the logarithm of the amount of the added MIMIC.
Northern Blot Analysis of PDE4B. Northern blotting using
total RNA was performed as described previously (Wang et al.,
1994b). Total cellular RNA was prepared using TRIzol Reagent. The
probes used corresponded to the same DNA regions as used for
quantitative PCR and therefore were able to detect all known vari-
ants derived from the gene of each PDE4 subtype. The probes were
generated using cDNAs (Clontech) from human testis (for PDE4A
and PDE4C) or leukocytes (PDE4B and PDE4D) as templates.
Molecular Cloning of PDE4B Species by 5'-Rapid Amplifi-
cation of cDNA Ends (RACE) PCR. Total cellular RNA was pre-
pared using TRIzol Reagent. mRNA was prepared from total RNA by
using BIOMAG mRNA Purification Kit (PerSeptive Biosystems, Fra-
mingham, MA). One microgram of mRNA was used to perform 5'-
RACE PCR (Frohman et al., 1988) to clone PDE4B ¢cDNAs by using
the Marathon ¢cDNA Amplification Kit (Clontech). After double-
stranded ¢cDNA synthesis and adaptor ligation, a PCR was performed
using an adaptor primer (P3) and the PDE4B gene-specific primer
5'-CAGGGGAAGGAAGTAAAATGTGG-3' (P2) corresponding to a re-
gion downstream of the stop codon and therefore able to detect all
known PDE4B variants. The PCR was performed by using Ex Taq
DNA Polymerase (Takara) in a total volume of 50 ul for 30 cycles
using 5 ul of 10-fold-diluted double-stranded cDNA solution with the
following cycle parameters: denaturation, 94°C for 1 min; annealing,
60°C for 30 s; and extension, 68°C for 5 min. After the first PCR, a
second PCR was performed using a nested adaptor primer (P4) and
the PDE4B gene-specific primer 5'-CTGGTCTTGCTTTCTGACTC-
CAA-3' (P5) corresponding to a region downstream of the stop codon
and, therefore, able to detect all known PDE4B variants. The PCR
was performed by using Ex Tag DNA Polymerase (Takara) in a total
volume of 50 ul for 30 cycles using 5 ul of the first PCR solution with
the following cycle parameters: denaturation, 94°C for 1 min; an-
nealing, 60°C for 30 s; and extension, 68°C for 3 min. The PCR
product was cloned into the vector pNoTA/T7 from 5 Prime-3 Prime
(Boulder, CO) according to the manufacturer’s instructions. After
transformation, colonies were screened by PCR using the upper
primer 5'-CATGAAGGAGCACGGGGGC-3' (P6) (specific for
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PDE4B2) or 5-ATGAAGAAAAGCAGGAGTGTGATGACG-3' (P7)
(specific for PDE4B1) and the lower primer 5'-GGGCCCTCTAGAT-
TATGTATCCACGGG-3’ (P8). Finally, DNA inserts of positive colo-
nies were sequenced for confirmation.

Semiquantitative PCR for Determining Tissue Distribu-
tion of PDE4B2. The primers for determining tissue distribution of
PDE4B2 mRNA were designed as follows (GenBank accession no.
M97515): 5'-GAGACCGTTCCCTCCGCCTTC-3' (P9) and 5'-GCG-
GCTGCAGGCTGTCCATAG-3' (P10). This PCR fragment, which is
254 bp long, corresponded to a region in the N terminus of PDE4B2
(McLaughlin et al., 1993), which is not present in PDE4B1 (Bolger et
al., 1993) or PDE4B3 (Huston et al., 1997). Human multiple tissue
c¢DNA panels, PCR ready for mRNA tissue distribution studies, were
obtained from Clontech. PCR was performed using Ex Tag DNA
Polymerase (Takara) and 1 (for PDE4B2) or 0.4 (for B-actin) ng of
¢DNA in a total volume of 50 ul by the “touchdown PCR technique”
(Don et al., 1991; Roux, 1995). After predenaturation at 94°C for 1
min, the PCR was performed first for 10 cycles with the following
parameters: denaturation, 94°C for 1 min; annealing, 64°C for 30 s;
and extension, 68°C for 1 min, then for 21, 23, and 25 (for PDE4B2)
or 14, 16, and 18 (for B-actin) cycles with the same parameters except
that the annealing temperature was 60°C, followed by final exten-
sion at 72°C for 7 min. After PCR amplification at each of the cycle
numbers, 10 ul of each reaction solution was separated by electro-
phoresis on a 2% ethidium bromide-agarose gel. The PCR product
bands were quantified as described above.

Other Reagents. Lipopolysaccharide (LPS) and actinomycin D
were purchased from Sigma Chemical Co. (St. Louis, MO). Recom-
binant human interleukin (IL)-10, IL-4, and transforming growth
factor-B1 were from R&D Systems (Minneapolis, MN). Cyclosporin
A, rapamycin, and dexamethasone were from Calbiochem (San Di-
ego, CA).

Results

PDE4B Undergoes Differential Regulation of Gene
Expression in Monocytes and Neutrophils. Very re-
cently, we identified PDE4B as a typical inducible gene in
human monocytes. Like the cytokines tumor necrosis fac-
tor-a, IL-1, IL-6, and IL-8 and the enzyme cyclooxygenase-2,
PDE4B (but not A, C, or D) gene expression was induced by
LPS and the induction was inhibited by IL-10 or IL-4 (Ma et
al., 1999). In the present study, we found that human neu-
trophils, in contrast to monocytes, constitutively expressed
PDE4B mRNA at high levels (Fig. 2). The expression of
PDE4B mRNA in neutrophils was not further enhanced by
LPS (Fig. 2A) or other neutrophil stimuli (e.g., granulocyte/
macrophage colony-stimulating factor, IL-1, tumor necrosis
factor-«, interferon-vy, platelet-activating factor, and N-formyl-
Met-Leu-Phe) at concentrations known to cause optimal gene
induction in neutrophils (data not shown). Even prolonged
incubation (14-16 h) of neutrophils with LPS did not elevate

TABLE 1
Distribution of PDE4 subtypes in human neutrophils and monocytes

the mRNA level (data not shown). None of the other subtype
(A, C, and D) mRNAs were detectable by Northern blot anal-
ysis in resting neutrophils or in cells stimulated with any of
the above agents (data not shown).

PDE4B mRNAs from neutrophils or monocytes (both rest-
ing and LPS stimulated), analyzed on a gel, exhibited very
similar molecular sizes of about 4 kilobase (kb; Fig. 2B).
Subsequent analysis of mRNA species by 5'-RACE PCR con-
firmed that there was only one molecular species of PDE4B
in these cells (see below). The level of PDE4B mRNA in
unstimulated monocytes was much lower than that in neu-
trophils, but LPS stimulation elevated the mRNA to a com-
parable level (Fig. 2B).

Treatment of neutrophils with the RNA synthesis inhibitor
actinomycin D largely eliminated the PDE4B mRNA within
3 h (Fig. 3), indicating that the PDE4B mRNA undergoes a
rapid turnover. However, the constitutive expression of
PDE4B mRNA in neutrophils was not inhibited by any of the
major gene induction inhibitors IL-10, IL-4, transforming
growth factor-B, cyclosporin A, rapamycin, or dexametha-
sone, even though they all inhibit expression of other specific
genes in neutrophils (Fig. 3).

PDE4B Is the Predominant Subtype in Neutrophils
and Monocytes. To obtain a clearer picture of PDE4 sub-
type profile in these cells, competitive PCR was used to
quantify PDE4-subtype mRNAs (Table 1). In neutrophils,
subtype B accounted for essentially all of the total PDE4
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Fig. 2. Effects of LPS on PDE4B mRNA production in human neutrophils
and monocytes. A, neutrophils (45 million cells per reaction) were incu-
bated in the absence or presence of 100 ng/ml LPS for 1.5 or 3 h. Total
RNA was extracted, and 10 ug of each sample was subjected to Northern
blot analysis. B, monocytes (30 million cells per reaction) were incubated
in the absence or presence of 100 ng/ml LPS for 1.5 h. Total RNA was
extracted, and 10 ug of each sample was subjected to Northern blot
analysis probed for PDE4B, along with 10 ug of neutrophil total RNA.
After probing for PDE4B, the membranes were stripped and reprobed for
B-actin as an internal control. Experimental details are described in
Materials and Methods.

Numbers are mean *+ S.E.M. in amol/fmol B-actin (neutrophil, n = 6) or glyceraldehyde phosphate dehydrogenase (monocytes, n = 3) from separate RNA preparations.
Percentages in parentheses are those of each subtype in total PDE4 (A + B + C + D). Because the numbers were obtained by using an identical amount of RNA per reaction
tube, the absolute levels of PDE4 subtypes can be compared between the two different cell types. Experimental details are described in Materials and Methods.

PDE4 Subtype mRNA

Cell

A B C D
Neutrophil <0.004 70.174 * 4.336 <0.002 0.192 = 0.069
(<0.1%) (99.7%) (<0.1%) (0.3%)
Monocyte 0.970 = 0.252 5.393 = 0.290 0.008 = 0.002 0.352 = 0.091
(14.4%) (80.2%) (0.1%) (5.2%)
LPS-monocyte 1.322 + 0.483 35.382 * 1.432 0.005 = 0.002 0.322 = 0.038
(3.5%) (95.5%) (<0.1%) (0.9%)
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mRNA. In unstimulated monocytes, subtype B (5.4 amol/fmol
glyceraldehyde phosphate dehydrogenase) accounted for
about 80% of the total cellular PDE4 mRNA (6.7 amol), less
than that in neutrophils. In LPS-stimulated monocytes, sub-
type B mRNA was selectively elevated by about 7-fold to a
level (35.4 amol) comparable to that of neutrophils, account-
ing for about 96% of the total PDE4 mRNA (37.0 amol). These
results are consistent with the observations by Northern blot
analysis.

PDE4B2 Is the Predominant PDE4B Species in Neu-
trophils and Monocytes. To identify the molecular species
of PDE4B in neutrophils and monocytes, we used 5'-RACE
PCR to clone PDE4B ¢cDNAs. Because all known variants
within each PDE4 subtype differ only in the 5'-end se-
quences, this technique allowed for detection of all possible
variants of the PDE4B subtype. All our PDE4B clones gen-
erated by 5'-RACE PCR were PDE4B2 in colony screening by
PCR. Furthermore, several clones from each cell type (seven
from neutrophils, six from resting monocytes, and seven from
LPS-stimulated monocytes, with two or three different RNA
preparations of each cell type) were sequenced for confirma-
tion, and all of them were PDE4B2. PDE4B1-specific se-
quence was not detected in neutrophils or in monocytes (un-
stimulated or LPS stimulated).

Leukocytes Are the Predominant Source of PDE4B2.
We used a semiquantitative PCR technique to determine the
relative levels of PDE4B2 mRNA in various tissues. Each
PCR was performed for various cycles, and after each se-
lected cycle, a portion of the PCR product was quantified.
Then the amounts of the PCR product at various cycle num-
bers were plotted to confirm the linearity of PCR product
accumulation (Fig. 4A). The relative levels of PDE4B2 in
various tissues were determined by normalizing PDE4B2
against B-actin in the linear ranges (31 or 33 cycles for
PDE4B2 and 26 cycles for B-actin). Among the tissues tested,
leukocytes expressed the highest level of PDE4B2 (Fig. 4, B
and C).

Discussion

There is a striking difference in the regulation of PDE4B
gene expression between human neutrophils and monocytes.
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Fig. 3. Effects of various gene transcription inhibitors on PDE4B mRNA
production in human neutrophils. Neutrophils (45 million cells per reac-
tion) were incubated in the absence or presence of actinomycin D (Act. D,
5 pg/ml), IL-10 (10 ng/ml), IL-4 (10 ng/ml), transforming growth factor-p1
(TGF-B, 10 ng/ml), cyclosporin A (CsA, 5 pug/ml), rapamycin (Rapa., 100
ng/ml), or dexamethasone (Dex., 1 pg/ml) for 3 h. Total RNA was ex-
tracted, and 10 pg of each sample was subjected to Northern blot analysis
probed for PDE4B. The membrane was stripped and reprobed for B-actin
as an internal control. Experimental details are described in Materials
and Methods.

In neutrophils, the gene is constitutively expressed at a high
level, and it is neither stimulated by neutrophil activation
nor suppressed by gene transcription inhibitors. On the other
hand, in monocytes, PDE4B behaves as a typical inducible
gene. The absolute level of mRNA is low in unstimulated
cells, and expression is induced by LPS and inhibited by
IL-10. Of three human PDE4B ¢DNA species, B1 (Bolger et
al., 1993), B2 (McLaughlin et al., 1993; Bolger et al., 1993),
and B3 (Huston et al., 1997), only B2 is detectable in neutro-
phils or monocytes. Hence, these two cell types may utilize a
common PDE4B mRNA splicing mechanism and/or a com-
mon transcription start site, despite their differential regu-
lation. Presently, nothing is known about the genomic struc-
ture or promoter of the PDE4B gene. Cloning and
characterization of the genomic DNA would help elucidate
the molecular mechanisms by which PDE4B gene expression
is regulated differentially between neutrophils and mono-

cytes.
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Fig. 4. Tissue distribution of PDE4B2 in humans. A, the raw data on
quantified PDE4B2 and B-actin levels in leukocyte cDNA from a typical
experiment after various cycles of PCR are presented to show that the
tissue distribution study was conducted in linear ranges of PCR product
accumulation. B, the raw data on PDE4B2 and B-actin levels in cDNAs of
various tissues from a typical experiment after 31 (PDE4B2) or 26 (-
actin) cycles of PCR are shown. C, summarized data on tissue distribution
of PDE4B2 are shown. The plotted data are mean * S.E.M. from four
experiments, using the raw data generated after 31 (PDE4B2) or 26
(B-actin) cycles of PCR. Experimental details are described in Materials
and Methods.
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Despite the differential regulation of gene expression, the
relative levels of PDE4B2 mRNA are very high in both cells,
accounting for as much as 95% to 100% of total cellular PDE4
mRNA in neutrophils and in LPS-stimulated monocytes. To
our knowledge, this is the first report showing almost exclu-
sive presence in a particular cell type of a single molecular
species of PDE4, despite the fact that there are four different
PDE4 subtypes, each composed of multiple variants (Bolger,
1994). Moreover, leukocytes express PDE4B2 at the highest
level among all the tissues tested, suggesting that PDE4B2
may be a specific target for anti-inflammation. Almost all
known PDE4 inhibitors are active against multiple PDE4
subtypes (Muller et al., 1995; Torphy, 1998). This lack of
specificity of the known PDE4 inhibitors for PDE4 subtypes
may be a contributing factor to their observed side effects.
Apparently in neutrophils and monocytes, PDE4B2-specific
compounds should retain the beneficial anti-inflammatory
effects while having reduced potential for the emetic side
effect associated with almost all known PDE4 inhibitors (Pal-
freyman and Souness, 1996; Torphy, 1998), because the ex-
pression level of PDE4B2 is relatively low in brain.

In summary, PDE4B2 may be an appropriate target for
discovering anti-inflammatory drugs for those inflammatory
diseases in which monocytes and/or neutrophils play an im-
portant pathological role. It is noteworthy that among the
various PDE4B variants, B2 is the only “short form” lacking
UCR1, and UCR1 has some regulatory functions (Huston et
al., 1996; Bolger et al., 1997; Owens et al., 1997; Torphy,
1998). These differences between the “short” and “long” forms
might indicate the feasibility of discovering inhibitors spe-
cific for PDE4B2 over B1 and B3 variants.
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