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Clinical report

Phosphodiesterase 3 as a potential target for therapy
of malignant tumors in the submandibular gland
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Phosphodiesterase (PDE) 3s have been characterized in
human neoplastic submandibular gland intercalated duct
HSG cells. There have been no reports on PDE3 in malignant
salivary gland cells. PDE3 activity was detected in homo-
genates of HSG cells. About 75% of PDE3 activity in HSG
cells was recovered in supernatant fractions and 25% in
particulate fractions. PDE3A and 3B mRNAs were detected
by reverse transcription-polymerase chain reaction in RNA
from HSG cells. The nucleotide sequences of the fragments
were identical to those of human PDE3A and 3B. The PDE3-
specific inhibitor, cilostamide, inhibited the growth of HSG
cells. Our results indicate that PDE3s may be important in the
growth of HSG cells. PDE3 thus appears to be a potential new
target for antiproliferative therapies. [© 2001 Lippincott
Williams & Wilkins.]
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Introduction

Eleven cyclic nucleotide phosphodiesterase gene fa-
milies (PDE1-11) have been identified in various tissues
or cells and characterized on the bases on their primary
amino acid sequences, affinities for cAMP and cGMP,
sensitivities to specific inhibitors, biochemical and
physical properties, and biological regulatory mechan-
isms.""'" PDE3 forms are found in a variety of tissues,
including myocardium, platelets and adipose tissue.'™
They are characterized by high affinities for both cAMP
and cGMP, with K, values in the range of 0.1-0.8 uM
and V.. for cAMP 4-10 times higher than that for
cGMP, and competitive inhibition of its cCAMP hydro-
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lytic activity by cGMP, cilostamide and certain positive
inotropic agents, including enoximone and milri-
none.'™ Studies with specific PDE3 inhibitors suggest
that PDE3s are important in the regulation of cAMP-
modulated processes, including myocardial contract-
ility, platelet aggregation and antilipolytic action.'™
cDNAs encoding two distinct but related PDE3
isoforms (PDE3A and 3B) have been cloned from rat
and human adipose and cardiac cDNA and genomic
libraries.'>'? Their deduced sequences indicate that
the C-terminal regions of PDE3s contain the catalytic
domain conserved among all mammalian PDEs, and
that rat and human PDE3A (or 3B) are more similar
than PDE3A and 3B from the same species.' ™2

There are a few reports of expression of PDE3
mRNAs in tumor cells.'>'> In a previous study we
were the first to report that human PDE3A and 3B
mRNAs were expressed in single-cell populations, i.e.
two hepatocellular carcinoma cell lines.'® However,
no data are available as to the expression of PDE3
isoforms in submandibular gland malignant tumor cells
or the role of PDE3s in these cells. Furthermore, as
discussed by McGurk et al. the response rates of
chemotherapy on salivary malignant tumors are very
low and only 10% of patients have been judged to have
a complete response.'” In this report, we demonstrate,
for the first time, the presence of PDE3 in human
submandibular gland intercalated HSG cells. Cilosta-
mide, a specific PDE3 inhibitor, inhibits proliferation
of these cells, suggesting in important regulatory role
for PDE3.

Materials and methods

Cell line

Human neoplastic submandibular gland intercalated
duct HSG cells'® were maintained in Dulbecco’s
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modified Eagle medium containing 10% fetal bovine
serum, 100 U/ml penicillin and 100 U/ml streptomy-
cin (Life Technologies, Grand Island, NY). Media was
changed 3 times per week.

PDE activity in cell extracts

HSG cells were seeded at 1x 10° cells/25 cm? flask
(Nunc, Roskilde, Denmark). After 3 days, cells were
washed twice with phosphate-buffered saline (PBS),
harvested with a rubber policeman, homogenized in
2 ml of ice-cold homogenization buffer (100 mM TES,
pH 7.4, 10 ug/ml each of pepstain, leupepsin and
aprotinin, 1 mM benzamidine, 0.5 mM pefabloc,
1 mM EDTA, 0.1 mM EGTA, 5 mM MgSO4 10%
glycerol) and centrifuged at 100000 g for 45 min at
4°C to obtain crude particulate and supernatant
fractions. Particulate fractions were suspended in
1 ml of homogenization buffer.

cAMP PDE assay

cAMP PDE activity was assayed by a modification of a
previously described procedure.'” Samples were
incubated at 30°C for 10 min in a total volume
(0.3 ml) containing 50 mM HEPES, pH 7.4, 0.1 mM
EGTA, 83 mM MgCl, and 0.1 uM [°H]cAMP
(18000 c.p.m.). PDE3 activity (pmol cAMP hydro-
lyzed/min) was measured as the cAMP PDE activity
inhibited by 0.5 uM cilostamide, a specific inhibitor of
PDE3, and 5 uM cGMP, a competitive inhibitor of
cAMP hydrolysis by PDE3. PDE4 activity was measured
as the cAMP PDE activity inhibited by 10 uM rolipram,
a specific inhibitor of PDE4.

Reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNA was isolated from tumor cells. (QuickPrep
Total RNA extraction Kkit; Amersham Pharmacia
Biotech, Piscataway, NJ). First-strand cDNA was
generated from total RNA using the Superscript
preamplification system (Life Technologies Grand

Table 1. Primer used for RT-PCR from HSG RNA

cDNA Primer

Human PDE3A
sense primer 5-TCACCTCTCCAAGGGACTCCT
antisense primer 5-CAGCATGTAAAACATCAGTGGC

Human PDE3B
sense primer
antisense primer

5-AATTCTTCCAACCATCGACC
5-GCTTGTAGCACATCTGTGGC
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Island, NY). Two specific oligonucleotide primer sets
were synthesized"**'? (Table 1). PCR amplification
was carried out in a total volume of 50 ul containing
10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,,
200 uM dNTPs, 2.5 U AmpliTag Gold (Perkin Elmer
Applied Biosystems, Foster City, CA), and 0.8 uM
sense and antisense primers. The PCR reaction was
performed at 95°C for 1 min, 55°C for 1 min and 72°C
for 1 min, for 35 cycles. Products were subjected to
electrophoresis on 2% agarose gels and visualized by
ethidium bromide staining. No fragments were ampli-
fied in the absence of reverse transcriptase or RNA.

Growth experiments

HSG cells were cultured with different concentrations
of cilostamide, after which the cells were detached
from the culture dish by incubating with a trypsin-
EDTA solution (0.05% trypsin and 0.02% EDTA). Cell
number was determined using a hemocytometer and
cell viability by the Trypan blue exclusion method.

Results

PDE3 and PDE4 activities (assayed with 0.1 uM
[PH]cAMP as substrate) were measured. As shown in
Figure 1, in extracts of HSG cells, PDE activity was
inhibited by cilostamide, cGMP and rolipram, indicat-
ing the presence of both PDE3 and PDE4 enzymes.
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Figure 1. Effect of inhibitors on PDE activity in HSG cells.
Homogenates were prepared from the tumor cells and
assayed for PDE activity with or without inhibitors as
described in Materials and methods. C (control), OPC
(0.5 uM cilostamide), RO (10 uM rolipram) and cGMP (5 M
cGMP). Data are means + SEM of three experiments.
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Figure 2. Distribution of PDE3 activity in HSG cells.
Homogenates (H), particulate (P) and supernatant (S)
fractions were prepared from HSG cells and assayed for
PDE3 activity with or without 0.5 yM cilostamide as
described in Materials and methods. Data are means + SEM
of three experiments.

In HSG cells, about 75% of the PDE3 activity was in
the supernatant fractions and 25% was in the
particulate fractions (Figure 2).

RT-PCR was performed on total RNA, using primer
pairs specific for human PDE3A and 3B (Table 1).
PDE3A and 3B mRNAs were detected in RNA from
HSG cells (Figure 3); its nucleotide sequence was
identical to that of PDE3A and 3B. No fragments were
amplified in the absence of reverse transcriptase or
RNA.

The PDE3-specific inhibitor, cilostamide, inhibited
the growth of HSG cells (Figure 4).

Discussion

PDE3s are characterized by their sensitivity to several
specific inhibitors, including cilostamide, enoximone
and lixazinone, which are relatively selective for PDE3,
with K; and ICsq values at least 10- to 100-fold lower
for PDE3 than for other PDE families."™ When
different PDEs were first identified, two types (now
classified as PDE3 and PDE4) that exhibited a high
affinity for cAMP were isolated from various tissues.
cGMP is a competitive inhibitor of CAMP hydrolysis by
PDE3, and inhibition of cCAMP hydrolysis by cGMP also
distinguishes PDE3 from PDE4 (cAMP-specific PDE)
isoforms which exhibit a ‘low K, for cAMP and are
inhibited by rolipram but not by cGMP.'™ In extracts
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Figure 3. RT-PCR of PDE3 mRNAs in HSG cells. Total
RNA was extracted as described in Materials and methods.
cDNA was generated from 1 ug total RNA and amplified by
PCR, using oligonucleotide primer sets based on sequences
from PDE3A and 3B. The products were separated on
agarose gels and photographed after ethidium bromide
staining. PDE3A (A), PDE3B (B) and molecular markers (M).

of HSG cells, inhibition of PDE activity with cilosta-
mide, cGMP and rolipram indicated the presence of
both PDE3 and PDE4 enzymes.

In platelets, PDE3 activity is predominantly cytoso-
lic,”*® whereas in hepatocyte and adipocyte PDE3
activities is particulate,>*'"** and in heart, both
particulate and cytosolic.24 In two human hepatocel-
lullar carcinoma Hep3B and HuH7 cell lines, about
70% of the PDE3 activity was in the supernatant
fractions and 30% was in the particulate fractions.'®
Our recent studies strongly suggested that determi-
nants for association of PDE3 isoenzymes with
intracellular membranes might be located in the N-
terminal hydrophobic region, perhaps within the
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Figure 4. Effect of cilostamide on the growth of HSG cells.
Cells were plated in 24-well plates and cultured with the
indicated concentrations of cilostamide. The cells were
counted as described in Materials and methods. Data are
means +SEM of three experiments. Significantly different
from the control ( p<0.01).

predicted transmembrane segrnents.zs’26 Results from
the distribution of PDE3 activities in HSG cells suggest
that there are two types of PDEs in these cells, with
and without membrane-association domains.

PDE3A mRNAs are relatively highly expressed in rat
heart, rat aorta, human heart and human aorta; PDE3B
mRNAs, in rat and 3T3-L1 adipocytes and rat adipose
tissue.'>*” We previously reported that PDE3A and
3B were expressed in human hepatocellular carcino-
ma Hep3B and HuH7 cells, and suggested that both
PDE3s play important roles in these cells.'® Using
specific oligonucleotide primers, both PDE3A and 3B
mRNAs were detected by RT-PCR in RNA from HSG
cells. These results were consistent with the inhibition
of HSG PDE activity by cilostamide and cGMP.

To establish the role of PDE3 in HSG cells, we
studied the effect of a PDE3-specific inhibitor,
cilostamide, on the growth of HSG cells. Cilostamide
inhibited the growth of HSG cells. Specific inhibitors
of PDE3 inhibit proliferation of several types of
cells.'***% Thus, inhibition of PDE3, which presum-
ably results in an increase in cAMP (and/or cGMP),
blocks proliferation of several types of cells, including
HSG malignant submandibular cells. In many tumor
cells, which have much lower basal levels of cAMP
than normal cells, cCAMP is a negative messenger for
proliferation.®® Although various cAMP elevating
agents have previously been found to inhibit tumor
cell growth in vitro,>*™>* the mechanisms involved in
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cAMP-dependent inhibition of cell proliferation are not
completely understood.

Our results indicate that PDE3s may be important in
the growth of HSG cells and may be potential new
targets for antiproliferative therapies.

Conclusion

PDE 3s have been characterized in human neoplastic
submandibular gland intercalated duct HSG cells.
PDE3A and 3B mRNAs were detected by RT-PCR in
RNA from HSG cells. The PDE3-specific inhibitor,
cilostamide, inhibited the growth of HSG cells. Our
results indicate that PDE3s may be important in the
growth of HSG cells and PDE3 inhibitors would be
useful therapeutic drugs for malignant tumors in the
submandibular gland.
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