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Abstract

HM?74A is a G protein-coupled receptor for nicotinic acid (niacin), which has been used clinically to treat dyslipidemia for decades.
The molecular mechanisms whereby niacin exerts its pleiotropic effects on lipid metabolism remain largely unknown. In addition, the
most common side effect in niacin therapy is skin flushing that is caused by prostaglandin release, suggesting that the phospholipase
A, (PLA,)/arachidonic acid (AA) pathway is involved. Various eicosanoids have been shown to activate peroxisome-proliferator acti-
vated receptors (PPAR) that play a diverse array of roles in lipid metabolism. To further elucidate the potential roles of HM74A in medi-
ating the therapeutic effects and/or side effects of niacin, we sought to explore the signaling events upon HM74A activation. Here we
demonstrated that HM74A synergistically enhanced UTP- and bradykinin-mediated AA release in a pertussis toxin-sensitive manner
in A431 cells. Activation of HM74A also led to Ca®"-mobilization and enhanced bradykinin-promoted Ca®"-mobilization through
Gi protein. While HM74A increased ERK1/2 activation by the bradykinin receptor, it had no effects on UTP-promoted ERK1/2 acti-
vation.Furthermore, UTP- and bradykinin-mediated AA release was significantly decreased in the presence of both MAPK kinase
inhibitor PD 098059 and PKC inhibitor GF 109203X. However, the synergistic effects of HM74A were not dramatically affected by
co-treatment with both inhibitors, indicating the cross-talk occurred at the receptor level. Finally, stimulation of A431 cells transiently
transfected with PPRE-luciferase with AA significantly induced luciferase activity, mimicking the effects of PPARY agonist rosiglitazone,
suggesting that alteration of AA signaling pathway can regulate gene expression via endogenous PPARs.
© 2006 Elsevier Inc. All rights reserved.
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Nicotinic acid (niacin), a member of the water-soluble
vitamin B complex, has been used as a lipid-lowering
drug for several decades [1]. The pharmacological effects
of nicotinic acid include increasing high density lipopro-
tein (HDL) and decreasing very low and low density
lipoprotein (VLDL and LDL) and lipoprotein Lp(a)
and triglycerides [2-4]. The primary action of nicotinic
acid was shown to inhibit lipolysis in adipose tissue [5].
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Recently, niacin was shown to bind G protein-coupled
receptor human HM74A and its mouse homologue
PUMA-G with high affinity (K4q=60-90 nM) and act
as an agonist for both receptors [6-10]. HM74A expres-
sion is restricted to adipose tissue and macrophages
[6,8,9]. Upon niacin activation, HM74A couples to inhib-
itory G protein and decreases adenylate cyclase activity
[8,11]. In adipocytes, decrease in cAMP level will lead
to inhibition of hormone-sensitive lipase that in turn
results in decreased liberation of free fatty acid [11].
However, the underlying molecular mechanisms for nia-
cin/HM74A actions remain largely unknown. Moreover,
the most common side effect of niacin treatment is skin
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flushing. The release of prostaglandin D, in skin was
believed to be the cause [12,13]. Cyclooxygenase inhibi-
tors such as acetylsalicylic acid can attenuate skin flush-
ing caused by niacin and its analogue acipimox [14,15],
indicating that the phospholipase A, (PLA,)/arachidonic
acid (AA) pathway is involved. During preparation of
this manuscript, Offermanns and co-workers demonstrat-
ed that PUMA-G/HM74A knock-out mice were in lack
of niacin-induced skin flushing, a phenomenon involving
prostaglandin D, and E, receptors [16]. Moreover, vari-
ous eicosanoids and related molecules including PGA1
and 2, PGDI1 and 2, PGJ2, and hydroxyeicosatetraenoic
acids (HETEs) have been shown to activate peroxisome-
proliferator activated receptors (PPARa, v, and 9)
[17,18]. Moreover, 15-deoxy- A'*!'*-prostaglandin (15d-
PGJ,), the major metabolite of PGD,, was identified as
the most potent endogenous PPARYy ligand and promot-
ed adipocyte differentiation [19]. Therefore, niacin, possi-
bly through HM74A, may alter lipid and lipoprotein
metabolism by activating nuclear receptors such as
PPARs [20]. It has been well established that upon acti-
vation certain GPCRs stimulate cytosolic Ca’"-depen-
dent phospholipase A, (cPLA,) that catalyzes liberation
of arachidonic acid from membrane phospholipids. AA
is the precursor for various eicosanoids including prosta-
glandins, thromboxanes, and leukotrienes that serve a
broad spectrum of biological functions upon activation
of their cognate receptors. Therefore, we aimed to inves-
tigate the possible effects of HM74A on arachidonic acid
pathway. We previously characterized HM74A expres-
sion in a human epidermoid carcinoma cell line, A431
[21]. It was reported previously that PPARy was
expressed in A431 cells and mediated the profound
effects of ultraviolet B radiation on epidermal cells [22].
Therefore we utilized A431 cells to examine the potential
HM74A-mediated effects on arachidonic acid production.
We also investigated another important signaling aspect
of many GPCRs, ERK /2 activation, upon HM74A acti-
vation in A431 cells. Finally, we studied AA-induced
reporter gene expression under the control of PPAR-re-
sponse element. These data provided new evidence for
understanding the molecular mechanisms underlying the
clinical effects of niacin.

Materials and methods

Cell culture and chemicals. A431 cells were obtained from ATCC
(CRL-1555) at passage 28. They were grown in Dulbecco’s modified
Eagle’s media (Invitrogen Inc., Carlsbad, CA) supplemented with 10%
(v/v) fetal bovine serum (Invitrogen Inc., Carlsbad, CA). PD 098059, GF
109203X, UTP, ATP, bradykinin, nicotinic acid, PMA (Phorbol
12-myristate 13-acetate), arachidonic acid, and ionomycin (Ca®"
ionophore) were all obtained from Sigma (St. Louis, MO). [*H]Arachi-
donic acid (NET-298Z, 200 Ci/mmol) was obtained from Perkin-Elmer
(Shelton, CT). Human recombinant epidermal growth factor (EGF) was
obtained from R&D systems (Minneapolis, MN).

Measurement of arachidonic acid release. A431 cells were seeded at
400 K/well in 24-well tissue culture plates. The next day, the cells were
incubated with 0.25 uCi [*Hlarachidonic acid in 0.5 mL growth medi-

um overnight. Before assay, the incubation medium was removed from
cells and cells were extensively washed with assay medium
(DMEM + 0.1% essential fatty acid free BSA). The cells were then
stimulated with various stimuli in assay medium for 40 min and all cell
culture medium was collected for counting [*H] on Tri-carb scintilla-
tion counter (Perkin-Elmer, Shelton, CT). For MAPK kinase and
PKC inhibitor assay, the cells were pretreated with 30 uM PD98059 or
10 uM GF 109203X or both for 30 min and then stimulated with
various stimuli.

Measurement of intracellular calcium mobilization. Intracellular cal-
cium mobilization was measured in A431 cells grown in black clear-
bottom 96-well plates. The cells were grown to confluency and then
loaded with the calcium-sensitive fluorescent dye fluo-3 AM (Molecular
Probes, Inc., Eugene, OR, USA) in assay buffer (25 mmol/L Hepes,
125 mmol/L  NaCl, 1g/L glucose, 0.1% BSA, 5mmol/L KClI,
0.5 mmol/L CaCl,, and 0.5 mmol/L MgCl,, pH 7.45). Changes in
ligand-induced calcium-dependent intracellular fluorescence were mea-
sured with a fluorometric plate reader (FDSS; Hamamatsu Corp.,
Bridgewater, NJ, USA). In the FDSS protocol, fluorescence was
measured continuously upon treatment with stimuli. For PTX treat-
ment, cells were pretreated with 50 ng/mL PTX overnight prior to the
calcium mobilization assay.

Measurement of ERKI/2 activation. A431 cells were seeded at 40 K/
well in 96-well plates. The next day, the cells were treated with serum-free
DMEM overnight. The cells were then treated with various reagents as
stated in figure legends for 10 min prior to cell lysis. Activated ERK1/2
was measured with Surefire™ Cellular ERK kinase assay kit basically
following the manufacturer’s instructions (Perkin-Elmer, Shelton, CT).
The alpha screen signal was measured on Envision (Perkin-Elmer, Shel-
ton, CT).

Transient transfection and measurement of luciferase activity. A431
cells were seeded in T-75 flasks one day before transfection. On the day
of transfection, cells usually reached 50-70% confluency and were
transfected with 15 pg PPRE-Luciferase plasmid (the putative PPRE in
the COX-2 promoter as well as a consensus PPRE for the rat acyl-CoA
oxidase gene cloned in pGL3-basic plasmid, a gift from Dr. Jeffrey
Travers, Indiana University School of Medicine) [22] and 90 uL
FuGENE 6 reagent basically following the manufacturer’s instructions
(Roche Diagnostics, Indianapolis, IN). Twenty-four hours after trans-
fection, cells from T-75 flask were collected and seeded into 24-well
plate and incubation was continued for another 24 h. Cells were sub-
sequently stimulated with various stimuli for 24 h in the presence of
0.5% charcoal-treated FBS and then lysed with 150 pL lysis buffer
(Promega E153X). Luciferase activity was measured by adding 150 pL
Steady-Glo® Luciferase substrate (Promega E253X). Luminescence was
counted on Topcount (Perkin-Elmer, Shelton, CT).

Results

Enhancement of ATP-, UTP-, and bradykinin-stimulated
arachidonic acid release upon HM74A activation

We have previously demonstrated the expression of
endogenous HM74A receptors in A431 cells and their
coupling to inhibitory G protein [21]. In order to under-
stand the potential role of HM74A receptor in modulat-
ing the arachidonic acid pathway, we first examined
whether or not HM74A activation by nicotinic acid
may lead to arachidonic acid release. As shown in
Fig. 1, 30 uM nicotinic acid did not induce significant
amount of arachidonic acid release above the basal level
in A431 cells. Since several subtypes of P2Y purinergic
receptors (e.g., P2Y;, P2Y,, P2Y4, and P2Y;, Gi- and
Gqg-coupled), ionotropic P2X purinergic receptors, and
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Fig. 1. Enhancement of purinergic receptors-, bradykinin receptor-, and PMA/ionomycin-induced AA release by HM74A in a PTX-sensitive way. (A)
A431 cells in 24-well plates were loaded with [’HJFAA overnight in the presence or absence of 50 pg/ml PTX and washed thoroughly with assay medium
(DMEM + 0.1% fatty acid free BSA). Cells were then treated in assay medium with 100 uM ATP, 100 pM UTP or 30 pM bradykinin in the presence or
absence of 30 uM nicotinic acid (NA) for 40 min and cell culture medium was then collected and counted for [*H]. The assay was performed for at least
three independent times. Data shown are from one representative experiment. Each data point is mean + SD of duplicates. All data (cpm) were subtracted
with cpm from vehicle-treated samples. *p < 0.05, indicating the difference when compared to the same treatment without NA from 3-5 experiments as
stated in the text. (B) Cells were treated with PMA 100 ng/mL in the presence or absence of 0.5 pg/mL ionomycin with or without 30 pM nicotinic acid.

Data shown are average from three independent experiments.

bradykinin receptors (Gq-coupled) were reported to be
present in A431 cells [23,24], we went on to investigate
whether HM74A may enhance arachidonic acid release
mediated by those receptors. As depicted in Fig. 1A, nicotin-
ic acid (30 pM) co-treatment synergistically enhanced AA
release stimulated by 100 uM UTP (by 54 + 5%, n =5, com-
pared to UTP alone), 100 uM ATP (by 33 4+ 1%, n = 3, com-
pared to ATP alone), or 30 uM bradykinin (by 148 + 9%,
n =5, compared to bradykinin alone). When we pretreated
A431 cells with 50 ng/mL pertussis toxin (PTX) overnight,
the synergistic effects of nicotinic acid were completely
abolished (Fig. 1A). While ATP- and UTP-induced AA
release was inhibited by about 50% upon PTX pretreatment,
bradykinin-induced AA release was not affected by PTX
pretreatment. Therefore, AA release via activation of puri-
nergic receptors was seemingly mediated by both Gi and
Gq proteins and possibly Ca®" influx, whereas bradykinin
receptors are predominantly coupled to Gq protein in
A431 cells.

Furthermore, we examined the possibility of a PKC acti-
vator, PMA, for inducing AA release in A431cells. PMA
alone did not induce significant AA release up to 1 pg/
mL (100 ng/mL in Fig. 1B and data not shown for 1 pg/
mL treatment), while 500 ng/mL ionomycin alone led to
significant AA release (Fig. 1B). Moreover, co-treatment
with ionomycin and PMA further elevated AA release,
confirming that activation of PLA, is a Ca®"-dependent
event and promoted by PKC activation [25,26]. More

interestingly, activation of HM74A by nicotinic acid also
enhanced ionomycin- (by 36 8%, n=3) and PMA/
ionomycin-induced AA release (by 40+ 6%, n=3)
(Fig. 1B) and the synergistic effects were also PTX-sensitive
(data not shown).

HM74A stimulates calcium mobilization and synergistically
enhances bradykinin-mediated calcium mobilization in a
PTX-sensitive way

Above findings strongly suggested that activation of
HM74A might stimulate phospholipase C to induce Ca®*
mobilization and activate PKC, although those effects
might not be robust enough to cause significant AA release
in medium alone and only became prominent when
enhancing the effects of other stimuli. Therefore, we sought
to examine Ca®" mobilization upon HM74A activation. As
shown in Fig. 2A, treatment of A431 cells with 0.1, 1, and
10 uM nicotinic acid induced increasing amount of intra-
cellular Ca®" release. The effect was abolished by overnight
PTX pretreatment, indicating a Gi-dependent mechanism
and most likely mediated by By subunit [27]. We went fur-
ther to examine whether co-treatment of A431 cells with
nicotinic acid will enhance Gq-coupled bradykinin recep-
tor-promoted Ca®" mobilization. As shown in Fig. 2B, bra-
dykinin induced dose-dependent intracellular Ca®" release.
Co-treatment with nicotinic acid significantly increased
bradykinin-promoted Ca®" mobilization and shifted the
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Fig. 2. HM74A stimulated Ca®" mobilization and synergistically enhanced bradykinin-induced Ca®" mobilization. A431 cells were seeded in 96-well
plates and pretreated with or without 50 ng/mL PTX overnight. Cells were then washed extensively with assay buffer and loaded with Ca®"-sensitive
fluorescence dye fluo-3 for 1 h at RT followed by first addition with vehicle or nicotinic acid. Fluorescence was recorded continuously on FDSS as
described in Materials and methods. Five minutes later, cells were stimulated with bradykinin and fluorescence recording continued for another five
minutes. (A) Ca>" mobilization was stimulated with nicotinic acid treatment and abolished by PTX pretreatment. (B,C) Five minutes after first addition,
intracellular Ca®* returned to basal level and then cells were stimulated by addition of bradykinin. Bradykinin induced significant dose-dependent
intracellular Ca*" mobilization that was enhanced by nicotinic acid treatment. The experiment was performed for three independent times. Data shown

are from one representative assay performed in triplicate.

bradykinin dose-response curve to the left. The synergistic
effect of nicotinic acid was also abolished by PTX pretreat-
ment (Fig. 2C).

HM74A enhances ERKI/2 activation by bradykinin but
not by UTP

It has been well established that AA release from
membrane phospholipids in response to GPCR stimula-
tion was promoted by activation of cytosolic Ca®"
-dependent phospholipase A, (cPLA,) [28]. Activation
of cPLA2 includes phosphorylation and translocation
of the enzyme to the cell membranes [29,30]. Both
PKC and ERKI1/2 have been shown to contribute to
the activation of cPLA2 [31-33]. Extracellular-signal-reg-
ulated kinases 1 and 2 (ERK1/2), members of mitogen-
activated protein kinase (MAPK) family, have emerged

as important effectors for cell surface GPCRs (for
review, see [34,35]). Regulation of ERK1/2 by GPCRs
is highly complex and often dependent on receptors
and cellular context. Here we first examined ERKI1/2
activation upon stimulation of HM74A with nicotinic
acid. As shown in Fig. 3, 30 uM nicotinic acid treat-
ment alone activated a small increase of ERK1/2 phos-
phorylation. Both UTP and bradykinin significantly
stimulated ERK1/2 activation. Interestingly, ERKI1/2
was synergistically activated by co-treatment with brady-
kinin and nicotinic acid. In contrast, HM74A activation
exerted no effects on UTP-mediated ERK1/2 activation.
As expected, PD 098059, a specific inhibitor for ERK1/
2 activation by inhibiting MAPK kinase, abolished nic-
otinic acid-, UTP-, and bradykinin-promoted ERK1/2
activation and inhibited 100 ng/mL EGF-induced
ERK1/2 activation by about 50%.
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Fig. 3. HM74A synergistically activated ERK1/2 phosphorylation induced by bradykinin but not that of UTP in A431 cells. Cells were seeded in 96-well
plates and starved with serum-free DMEM overnight. Cells were first treated with or without 30 uM PD 098059 for 30 min at 37 °C with 5% CO, and then
stimulated with 100 uM UTP or 30 uM bradykinin in the presence or absence of 30 uM nicotinic acid (NA) for 10 min. EGF-treated cells (100 ng/ml) were
used as positive control. Cells were then lysed and ERK1/2 phosphorylation was measured using Surefire™ ERK kinase assay method as described in
Materials and methods. Data shown are from one representative experiment. Each data point is mean + SD of duplicates.

AA release in A431 cells is dependent on both PKC and
ERKI1/2 activation and the synergistic effects of HM74A
occur upstream of PKC and ERKI/2 at the receptor level

We next sought to determine the roles of PKC and
ERK1/2 in mediating AA release and the synergistic effects
of HM74A in A431 cells. A431 cells were pretreated with
10 uM GF 109203X (a specific PKC inhibitor) or 30 uM
PD 098059 or both for 30 min before stimulation with
UTP or bradykinin in the absence or presence of nicotinic

acid. As shown in Fig. 4, both GF 109203X and PD 098059
decreased UTP-induced AA release (47 + 2%, n=3 and
35 + 4%, n=15), while co-treatment with both inhibitors
exhibited more pronounced effects (66 + 3% reduction,
n=73). Similarly, bradykinin-mediated AA release was
decreased by 21 9% (n=4) and 29 £ 4% (n = 3) upon
PD 098059 and GF 109203X treatment, respectively. Com-
bination of both inhibitors lowered bradykinin-mediated
AA release by 43 + 4% (n = 3). However, the percentage
increase of UTP- and bradykinin-induced AA release by
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Fig. 4. Both PKC and ERK1/2 contributed to AA release in A431 cells and the synergistic effects of HM74A occurred at the receptor level. Cells were
pretreated with 30 uM PD 098059, 10 uM GF 109203X or both for 30 min and then treated with 100 uM UTP (A) or 30 uM bradykinin (B) in the presence
or absence of 30 uM nicotinic acid for 40 min. Net AA release from 100 uM UTP (A) or 30 pM bradykinin (B) treatment in the absence of any inhibitors
was set at 100%. Data shown are means + SE of 3-5 independent experiments. *p < 0.05, indicating the difference when compared to the same treatment

without NA.
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HM74A was basically maintained in the presence of both
inhibitors, indicating that the cross-talk occurred at the
receptor level. In summary, both PKC and ERK1/2 con-
tributed to AA release in A431 cells. The synergistic effects
of HM74A on AA release occurred upstream of PKC and
ERK1/2.

Activation of nuclear receptor PPAR by AA pathway

The eicosanoids generated from AA pathway were dem-
onstrated to activate PPARs [17,18]. We hypothesized that
production of AA might provide a stage for cross-talk
between cell surface receptor HM74A and nuclear receptor
PPARs which play a broad spectrum of roles in lipid
metabolism. Since A431 cells express endogenous PPARYy
[22], we transiently transfected A431 cells with a luciferase
reporter gene under the control of PPAR response elements
[22]. As shown in Fig. 5, 10 uM rosiglitazone (PPARY ago-
nist) induced luciferase expression by about 4-fold. Treat-
ment with 4 and 20 pM AA also led to significant
induction of luciferase (2.3- and 3.5-fold, respectively). As
reported previously, the PPRE promoter used here did
not generally result in high level of reporter gene expression
[22]. Therefore, we did not observe significant induction of
luciferase activity upon UTP or bradykinin stimulation in
the presence or absence of nicotinic acid (data not shown).
Nonetheless, the results obtained from AA-treated cells
strongly suggested that activation of AA pathway might
lead to up-regulation of PPAR target genes and eventually
the physiological effects of those genes.

Discussion

Here we reported that activation of HM74A receptors
by nicotinic acid enhanced AA signaling pathway by
potentiating AA release in A431 cells. Such effects of
HM74A not only strongly implicate that activation of
HM74A under in vivo physiological conditions may lead
to activation of nuclear receptors such as PPARs and con-
sequently regulation of genes involved in lipid metabolism,
but also shed some light on the possible role of HM74A in

mediating the
therapy.

AA release upon activation of various GPCRs has
been well documented. Cytosolic Ca?"-dependent phos-
pholipase A, was shown to be responsible for catalyzing
GPCR-mediated AA release. It has been generally estab-
lished that cPLA2 undergoes phosphorylation by PKC
and/or MAPK such as ERK1/2 or both and translocates
in a Ca’*-dependent way to cell membranes where it cat-
alyzes AA liberation from phospholipids [29-33]. Both
sustained elevation of intracellular Ca®" level [26] and
activities of protein kinases such as PKC and ERKI1/2
are indispensable for AA release, although the roles of
PKC and ERKI1/2 vary depending on the receptors
and cell types [32,36,37]. Consistent with this notion,
only in the presence of Ca®' jonophore did PMA, a
PKC activator, promote significant AA release in A
431 cells (Fig. 1B). In addition, purinergic receptor-med-
iated AA release was inhibited more than that of brady-
kinin induced by PKC and MAPK kinase inhibitor
co-treatment in A431 cells (66% and 43%, respectively,
Fig. 4). Gg-coupled receptor can induce AA release since
they activate phospholipase C to generate second mes-
sengers inositol 1,4,5-triphosphate (IP3) and diacylglycer-
ol (DAG) which in turn mobilize intracellular Ca*" and
activate PKC, respectively. For instance, AA-release was
reported for thrombin receptor, bradykinin receptor, ol
adrenergic receptor, endothelinl receptor, and UTP-pre-
ferring P2Y receptors in various cell types [28,36-41].
Although Gi-coupled receptors have not been reported
very often to stimulate significant AA release on their
own, o2B adrenergic receptor can induce small AA
release in LLC PK1 cells [42]. Here we showed that acti-
vation of HM74A alone in A431 cells did not lead to
significant AA release. Nevertheless, HM74A significantly
enhanced purinergic receptor- and bradykinin receptor-
mediated AA release in a PTX-sensitive manner, indicat-
ing a Gi-dependent mechanism. Consistently, we showed
that activation of HM74A receptor led to Ca*" mobiliza-
tion (an effect much smaller than that of Gq-coupled
bradykinin receptor, Fig. 3A and B) and synergistic
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Fig. 5. Arachidonic acid induced PPRE-Luciferase expression through endogenous PPARYy in A431 cells. A431 cells were transiently transfected with
PPRE-Luciferase in 75-cm> flasks, then seeded in 24-well plates, and treated with vehicle, 30 pM nicotinic acid, 4 uM AA, 20 uM AA, or 10 uM
rosiglitazone for 24 h in DMEM in the presence of 0.5% charcoal-treated FBS. Cells were then lysed and luciferase activity was measured. Luciferase
activity of vehicle-treated sample was set at 100%. Data shown are means + SD of three independent experiments.
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enhancement of bradykinin-induced Ca*" mobilization in
a PTX-sensitive way. Coupling of Gi-coupled receptors
to phospholipase C by GPy subunit was previously
reported for adenosine Al receptor [27] (for review in
the aspect of GPCR signaling, see [43,44]). Offermanns
and co-workers demonstrated Ca®" elevation in mouse
macrophages that expresssd PUMA-G upon nicotinic
acid stimulation [16]. The synergistic effects between Gi
and Gq receptors on regulating AA release have been
reported previously [37,39,40]. For instance, adenosine
A1l receptor enhanced AA release by thrombin receptor
and cholecystokinin receptor [37,40]. Similar phenome-
non was also observed for rhodopsin and purinergic
receptor in CHO cells [39]. Although the precise underly-
ing mechanism whereby Gi- and Gq-receptors cross-talk
with each other remains to be further elucidated, G pro-
tein Py subunit exchange between receptors has been
demonstrated to be responsible by several groups using
GBy sequester i.e., the C-terminus of beta-adrenoceptor
kinase 1 (residues 495-689) or transient expression of
Gy subunits [27,45].

In recent years, ERK1/2 activation by GPCR has been
emerging as a new paradigm of GPCR signaling (for
review, see [34,35]) and highly complex and cell type-de-
pendent. As shown by Tunaru and co-authors, HM74A
did stimulate ERK1/2 activation when over-expressed in
CHO-K1 cells [10]. Here endogenous HM74A only moder-
ately promoted activation of ERK1/2 in A431 cells. How-
ever, HM74A enhanced bradykinin-promoted ERK1/2
activation, but not that of UTP, once again underscoring
the complexity of ERK1/2 regulation by GPCRs.

A431 cells were developed from epidermal origin. The
physiological function of a high level of HM74A recep-
tor in these cells is not clear at the present time. In nia-
cin therapy, patients must take a high dose (typically
1.5-2 g/day) that often results in a common side effect
of skin flushing [1]. The release of prostaglandin D, in
skin was believed to be the cause [13,15]. COX (cycloox-
ygenase) inhibitors such as acetylsalicylic acid can atten-
uate skin flushing [13], indicating that the phospholipase
A, (PLA,)/arachidonic acid pathway is involved. More-
over, niacin-induced skin flushing was substantially atten-
uated in schizophrenic patients and this abnormality was
correlated to increased PLA, activity in those patients
[46-48]. Most recently, Offermanns and co-workers dem-
onstrated that PUMA-G knock-out mice were in lack of
niacin-induced skin flushing [16]. They further showed
that mice lacking cyclooxygenase, prostaglandin D2
receptor or E2 receptor exhibited decreased skin flushing
upon niacin administration, indicating that AA pathway
is involved in niacin/HM74A-mediated skin flushing in
mice [16]. Ross and co-workers also previously estab-
lished that niacin-induced skin flushing in rat was abro-
gated by acetylsalicylic acid pretreatment [49]. Here in
this report, we demonstrated for the first time that
HM74A did enhance AA signaling pathway in an epider-
mal cell line. Our finding was also enlightening in terms

of addressing the question about what types of cells are
responsible for prostaglandin production and consequent
vasodilation in skin [16,50]. Activation of AA pathway
by HM74A receptors also provided us some evidence
to further understand the diverse effects of niacin, possi-
bly through transcription factors such as PPARs, on lip-
id metabolism. Although it is well accepted that HM74A
inhibits hormone-sensitive lipase by coupling to Gi pro-
tein and inhibiting adenylate cyclase in adipocytes, most
of the therapeutic effects of niacin on lipid profiles
remain to be elucidated on the molecular level. Various
eicosanoids including prostaglandins generated from
AA have been demonstrated to be activators of PPARs
(peroxisome-proliferator activated receptor, o, y, and J)
[17,18], a family of nuclear receptors playing critical roles
in regulating lipid and lipoprotein metabolism (for
review, see [51]). In particular, 15-deoxy-A'>!*-prosta-
glandin (15d-PGJ,, the major metabolite of prostaglan-
din D,) was identified as the most potent endogenous
PPARY ligand [19] and modulated adipocyte differentia-
tion. Here we showed that treatment of A431 cells tran-
siently transfected with PPRE-luciferase with AA
mimicked the effects of PPARYy agonist rosiglitazone as
to luciferase induction. Consistent with our findings,
Rubic and her colleagues found that nicotinic acid could
stimulate the transcription of several genes involved in
lipid metabolism including PPARYy, CD36 (an important
scavenger receptor for uptake of oxidized lipoproteins),
and ABCAL (a key transporter for efflux of cellular cho-
lesterol to apolipoprotein A-I containing particles) in
monocytoid cells [52]. However, they did not illustrate
the possible role of HM74A in niacin-induced gene tran-
scription. HM74A was reported to express in mouse
macrophages [6]. We also found that HM74A receptors
were expressed in human macrophages/monocytes (Tang
and Zhou, unpublished data). It is unclear why Rubic
et al. observed increased cAMP production in their mon-
ocytoid cells upon 1 mM nicotinic acid stimulation since
HM74A is known to couple to Gi protein in HEK293,
CHO, and adipocytes [8,11]. Nonetheless, the potential
link between HM74A and PPAR may also occur
through adenylate cyclase pathway in addition to AA
pathway. Indeed, cAMP-responsive transcription factor
CREB negatively regulates PPARY in the liver and hence
controls hepatic lipid metabolism [53]. Moreover, intra-
cellular cAMP was also found to define a negative feed-
back regulation for AA release mediated by P2Y
receptor in MDCK-D1 cells [54]. On the other hand,
prostaglandin E2 derived from AA was also demonstrat-
ed to be secreted from cells and bind to cell surface EP2/
4 receptor which in turn activates adenylate cyclase in an
autocrine/paracrine way [55,56]. Taken together, AA
and/or adenylate cyclase signaling pathway may serve
as platform for cross-talk between cell surface G pro-
tein-coupled HM74A and transcription factors such as
PPARs, although further investigation needs to be
undertaken to delineate the signaling events.
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