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The Journal of Immunology

Protein Kinase CK2/PTEN Pathway Plays a Key Role in
Platelet-Activating Factor-Mediated Murine Anaphylactic
Shock

Nam-In Kang,* Ha-Yong Yoon,† Han-A Kim,‡ Kyoung-Jin Kim,‡ Myung-Kwan Han,x

Young-Rae Lee,† Pyoung-Han Hwang,{,‖ Byoung-Yul Soh,# Sook-Jeong Shin,**

Suhn-Young Im,‡,1 and Hern-Ku Lee*,1

Platelet-activating factor (PAF) is a major mediator in the induction of fatal hypovolemic shock in murine anaphylaxis. This PAF-

mediated effect has been reported to be associated with PI3K/Akt-dependent eNOS-derived NO. The phosphatase and tensin

homolog deleted on chromosome 10 (PTEN) is phosphatidylinositol phosphate phosphatase, which negatively controls PI3K by

dephosphorylating the signaling lipid, phosphatidylinositol 3,4,5-triphosphate. In this study, we examined the possible involvement

of PTEN in PAF-mediated anaphylactic shock. Induction of anaphylaxis or PAF injection resulted in a rapid decrease in PTEN

activity, followed by increases in PI3K activity and phosphorylation of Akt and eNOS. Systemic administration of adenoviruses

carrying PTEN cDNA (adenoviral PTEN), but not the control AdLacZ, not only attenuated anaphylactic symptoms, but also

reversed anaphylaxis- or PAF-induced changes in PTEN and PI3K activities, as well as phosphorylation of Akt and eNOS. We

found that the decreased PTEN activity was associated with PTEN phosphorylation, the latter effect being prevented by the

protein kinase CK2 inhibitor, DMAT. DMAT also inhibited anaphylactic symptoms as well as the anaphylaxis- or PAF-mediated

PTEN/PI3K/Akt/eNOS signaling cascade. CK2 activity was increased by PAF. The present data provide, as the key mechanism

underlying anaphylactic shock, PAF triggers the upstream pathway CK2/PTEN, which ultimately leads to the activation of PI3K/

Akt/eNOS. Therefore, CK2/PTEN may be a potent target in the control of anaphylaxis and other many PAF-mediated pathologic

conditions. The Journal of Immunology, 2011, 186: 000–000.

A
naphylaxis is a life-threatening and systemic allergic
reaction. Studies with mouse models demonstrate two
pathways of systemic anaphylaxis: a classic pathway

mediated by IgE, FcgRI, mast cells, histamine, and platelet-
activating factor (PAF), and an alternative pathway mediated by
IgG, FcgRIII, macrophages, and PAF (1). PAF is a major mediator
in the induction of plasma extravasation by promoting vasodila-
tation and increasing vascular permeability, the most important

contributor to fatal reactions in murine anaphylaxis (2). Such PAF-

mediated effects have been reported to be associated with NO (3–

5), a major endogenous regulator of vascular tone. NO directly

affects blood flow by stimulating the release of the molecule

cGMP, an arterial muscle relaxant, resulting in vasodilatation (6).
PAF binds to a specific G-protein–coupled, seven-transmem-

brane receptor, the PAF-receptor, leading to hydrolysis of phos-

phatidylcholine, release of calcium from endoplasmic reticulum

stores, and activation of protein kinase C, phospholipase C, phos-

pholipase A2, PI3K, and the MAPK cascade (7–11). In particular,

activated PI3Ks generate phosphatidylinositol 3-phosphate (PIP3)

(3–5), leading to the recruitment and activation of Akt/protein

kinase B, and activated Akt/protein kinase B phosphorylates

several downstream targets including endothelial NO synthase

(eNOS) (12–14). Recently, it has been reported that PI3K/Akt-

dependent eNOS-derived NO is the principal vasodilator in PAF-

induced and active anaphylaxis models (15).
The phosphatase and tensin homolog deleted on chromosome

10 (PTEN) is PIP3 phosphatase; it negatively controls PI3K-

dependant signaling by dephosphorylating PIP3 into phosphati-

dylinositol 2-phosphate (PIP2). PTEN was initially identified as

a tumor suppressor, and its loss or mutation is reported to be as-

sociated with the development of various cancers (16, 17). PTEN

may exert this regulatory role by altering its own expression and

activity in response to external stimuli such as inflammatory

mediators or cytokines (18, 19). In addition, some studies have

revealed decreases in PTEN expression by TNF (20) or cigarette

smoking (21). Although researchers have recently identified the

role of PTEN in allergic inflammation (22), the role of PTEN has

not been studied in PAF-induced or anaphylactic shock.
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In this study, we examined the possible involvement of PTEN
using a murine model of anaphylaxis. We found that the negatively
modulating pathway of PI3K, involving protein kinase CK2/PTEN,
played a key role in the pathogenesis of PAF-induced murine
anaphylaxis.

Materials and Methods
Animals

Specific pathogen-free female C57BL/6 mice, purchased from Orient Bio
(Gapyeong, Gyounggi, Korea), were housed in a laminar flow cabinet
throughout all experiments and maintained on standard laboratory chow ad
libitum. Mice were ∼7–8 wk old at the start of each experiment. All ex-
perimental animals used in this study were maintained under appropriate
protocols approved by the Institutional Animal Care and Use Committee of
the Chonbuk National University Medical School.

Reagents

OVA (grade V) and PAF (1-0-alkyl-2-acetyl-sn-glycerol-3-phosphory-
lcholine) were purchased from Sigma (St. Louis, MO). The PAF re-
ceptor antagonist, CV6209 (WAKO Chemical Company, Osaka, Japan)
was administered i.p. (15) 10 min before challenge at a dose of 15 mg/kg.
Control groups received the appropriate vehicles. CK2 inhibitor,
dimethylamino-4,5,6,7-tetrabromo-1H-benzimidazole (DMAT), was pur-
chased from Calbiochem (San Diego, CA) and administered i.p. at a
dose of 25 mg/kg at 6 h before PAF injection. The GSK-3 inhibitor lith-
ium chloride (LiCl) was purchased from Sigma and administered i.p. at
a dose of 2.5 g/kg at 6 h before PAF injection. Another GSK-3 inhibitor,
AR-A014418, was purchased from Sigma and administered i.p. at a dose of
9 mg/kg at 30 min before PAF injection. Wortmannin was administered i.p.
at a dose of 1.5 mg/kg at 80 min before OVA-challenge or PAF injection.
Bordetella pertussis was obtained from the National Institutes of Health
(Seoul, Korea).

Measurement of body temperature

Rectal body temperature was measured to the nearest 0.1˚C by inserting the
probe of the thermocouple (BAT-12; Havard Apparatus, Holliston, MA) 20
mm into the rectum until a stable reading was obtained.

Construction of adenovirus and infection

Adenoviral PTEN (AdPTEN), the E1/E3-deleted replication-deficient recom-
binant adenovirus containing the wild type PTEN cDNA, was generated as
described previously (22). In brief, KpnI-XhoI restriction fragments from
pcDNA3/PTEN cDNA were ligated into the KpnI-XhoI–digested pShuttle-
CMV. To create AdLacZ, a BamHI-NotI restriction fragment from pcDNA3.1/
lacZ (Invitrogen, San Diego, CA) was ligated to the SalI-NotI–digested

pShuttle-CMV. Recombination into the pAdEasy-1 viral backbone and pre-
paration of recombinant adenovirus were accomplished according to the
manufacturer’s instructions (Quantum Biotechnologies, Montreal, Canada).

After amplification, lysates containing clonal recombinant adenovirus
were prepared from 150-mm culture dishes and purified by cesium chloride
gradient centrifugation. Recovered viruses were separated into aliquots and
stored at 220˚C in 5 mM Tris (pH 8.0), 50 mM NaCl, 0.05% BSA, and
25% glycerol. Viruses were titered through serially diluted infections on
QBI-293A cells and counting plaques under 0.3% agarose/10% FBS/13
DMEM overlay.

Induction of anaphylaxis

OVA-induced active systemic anaphylaxis was induced as described pre-
viously (23, 24). Briefly, mice were sensitized i.p. with 100 mg OVA, 2 3
109 Bordetella pertussis, and 1.0 mg alum. The mice were challenged with
30 mg OVA 21 d after initial sensitization. A passive anaphylaxis model
was induced by PAF injection (0.3 mg i.v.). After the challenge injections
were given, the mice were observed for 1 h, and signs of shock and the
number of deaths were recorded as described previously (23, 24): grade
0, no sign of shock; grade 1, decreased spontaneous activity and loss of
coordination with mild dyspnea; grade 2, no activity following whisker
stimuli and progressive paresis beginning with the hind leg; grade 3, brief
and violent convulsions, prostration, coma, and substantial recovery; and
grade 4, fatal shock and death within 15–60 min.

Determination of hematocrit values

Late anaphylaxis was quantified by measuring increases in hematocrit (Ht)
values as described previously (24). Mice were sacrificed 20 min after OVA
challenge or PAF injection. The hearts were cut open, and small blood
samples were collected into heparinized microhematocrit tubes (Proper
Manufacturing, Long Island City, NY). Tubes were centrifuged for 5 min
using a microhematocrit centrifuge (International Equipment, Needham
Heights, MA), and the percentage of hematocrit change was expressed
as ([Value at postchallenge 2 Value at prechallenge]/Value at pre-
challenge) 3 100.

Western blotting

Lung tissues were homogenized with protease inhibitors and phosphatase
inhibitors and prepared in protein extraction solution (PRO-PREP; iNtRON,
Sungnam, Korea). Aliquots of each cytosolic extract, containing 80 mg of
protein, were separated by 10% SDS-PAGE and transferred to nitrocellu-
lose membranes by electroblotting (Trans-Blot; Bio-Rad, Muncher, Ger-
many). Nonspecific sites were blocked with 5% nonfat dry milk in TBST
(25 mM Tris, pH 7.5, 150 mM NaCl, and 0.3% Tween 20) for 1 h at room
temperature. Primary Abs used were as follows: anti-PTEN Ab (FL-403,
Santa Cruz Biotechnology, Santa Cruz, CA), anti-phosphorylated PTEN
(Cell Signaling Technology, Beverly, MA), anti-Akt (Cell Signaling

FIGURE 1. Decrease in PTEN activity during active

anaphylaxis or by PAF injection. Lungs were removed

at the indicated time points after the challenge injection

of OVA (30 mg i.v.) (A, B) or PAF injection (0.3 mg i.v.)

(C, D). The amount of PIP2 produced by PTEN was

determined by colorimetric detection. AdPTEN (3 3
109 PFU) or AdLacZ (3 3 109 PFU) was injected i.v.

2 d before OVA challenge (B) or PAF injection (D).

Data represent the mean 6 SD of three independent

experiments, and each include five animals per group.

**p , 0.01 versus normal control (0 min or no treat-

ment group), ##p , 0.01 versus 5 min or positive con-

trol (OVA challenge).
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Technology) anti-phosphorylated Akt (Cell Signaling Technology), anti-
eNOS (Cell Signaling Technology), and anti-phosphorylated eNOS Abs
(Cell Signaling Technology). Blots were probed overnight at 4˚C, and
visualized using alkaline phosphatase-conjugated anti-rabbit IgG (Santa
Cruz).

Measurement of PI3K enzyme activity in lung tissues

PI3K enzyme activity was measured using a PIP3 competition enzyme
immunoassay as described previously (25, 26). Homogenized lung tissues
were incubated with PIP2 substrate and reaction products were incubated
with a PIP3 detector protein. Reaction products were added to the PIP3

coated microplate for competitive binding according to the manufacturer’s
protocol (Echelon, Salt Lake City, UT). Enzyme activity was expressed as
amount of PIP3 (pmol/ml) produced by equal amounts of tissue protein by
colorimetric signal change.

Measurement of PTEN activity

Lung tissues were homogenized in the presence of protease inhibitors.
Equal amounts of protein were incubated with the PIP3 substrate according
to the manufacturer’s protocol (Echelon). PTEN mediated the PIP3 con-
version to PIP2 in each sample. The PIP2 detector and the HRP conjugate
were added to the reaction products and colorimetric detection was used to

FIGURE 2. Involvement of the PI3K/Akt/

eNOS pathway in the induction of anaphy-

laxis. Lungs were removed at indicated time

points after OVA challenge (30 mg i.v.). The

enzyme activity of PI3K (A, C) was deter-

mined by quantifying PIP3 production with

a colorimetric assay. Protein levels and phos-

phorylation of Akt and eNOS were deter-

mined by Western blotting (B, D). Wort-

mannin (1.5 mg/kg) was administered i.p.

80 min before OVA-challenge. PIP3 produc-

tion (C), protein levels and phosphorylations

of Akt and eNOS (D), and Ht values (E) were

determined at 20 min after OVA challenge.

Body temperature (F) was monitored over

20 min following OVA challenges. Data rep-

resent the mean 6 SD of three independent

experiments, and each includes five animals

per group. *p , 0.05, **p , 0.01 versus

normal control or 0 min, ##p , 0.01 versus

positive control (OVA challenge).

FIGURE 3. Inhibition of PI3K/Akt/eNOS

pathways and anaphylactic symptoms by

AdPTEN. The lungs were removed two days

after i.v. injection of 3 3 109 PFUs of

AdPTEN or AdLacZ (A). Mice were sacri-

ficed at the indicated times (B) or 20 min

(C, D) after OVA challenge (30 mg i.v.). Ad

PTEN (3 3 109 PFU) or AdLacZ was

injected i.v. 2 d prior to the challenge. Body

temperatures (E) were monitored over 20

min following OVA challenges. Data repre-

sent the mean 6 SD of three independent

experiments, and each includes five animals

per group. *p , 0.05, **p , 0.01 versus

normal control, ##p , 0.01 versus positive

control (OVA challenge group).
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quantify the amount of PIP2 produced by PTEN phosphatase activity.
Results were compared with a standard curve.

Casein kinase II assay

To determine enzyme activity of casein kinase II, the phosphotransferase
activity wasmeasured according to the instructions described in commercial
kit (casein kinase 2 assay kit; Millipore, Temecula, CA). This assay is based
on phosphorylation of a specific substrate of CK II using the transfer of g-[32

P] ATP by CK II. Protein samples were prepared in the same way with
those in immunoblots; 10 ml assay dilution buffer I, 10 ml of the substrate
peptide (200 mM final concentration), 10 ml protein kinase A inhibitor, and
10 ml diluted g-[32P] ATP were added to 200 mg protein. Reaction solution
was incubated and agitated for 10 min at 30˚C. The reaction was stopped
by adding 20 ml of 40% trichloroacetic acid to each tube; 25-ml aliquots
were transferred on numbered P81 paper squares allowing the radiolabeled
substrate to bind to the papers for 30 s. The papers were immersed in
0.75% phosphoric acid and mixed gently on a rotator. After washing six
times with 0.75% phosphoric acid and 1 min of washing in 20 ml of ac-
etone, the paper squares were allowed to dry and then transferred to
scintillation vials. After adding scintillation mixture, samples were read in
scintillation counter.

Statistical analysis

Data were expressed as mean 6 SD. Statistical comparison was performed
with the one-way ANOVA followed by the Fisher’s test. Significant dif-

ferences between the groups were calculated with the Student t test. Sta-
tistical significance was defined as p , 0.05.

Results
PAF decreases PTEN activity during anaphylaxis

PTEN activity was first examined in animals undergoing ana-
phylaxis. PIP2 production by PTEN was monitored from whole
lung tissues at fixed intervals subsequent to a challenge. Induction
of anaphylaxis by OVA challenge resulted in rapid decreases in
PTEN activity (Fig. 1A), which was apparent within the first 10
min of challenge. This effect normalized within 1 hour. The PAF
antagonist CV 6209 blocked the decrease in PIP2 (Fig. 1B), sug-
gesting that PAF was involved in this process. PAF injection also
resulted in decreased PIP2 with similar kinetics to those seen
during anaphylaxis (Fig. 1C). This loss was blocked again by CV
6209 (Fig. 1D), indicating that PAF decreases PTEN activity
during anaphylaxis. For the recovery of PTEN activity, we used
AdPTEN. Systemic administration of AdPTEN 2 d before chal-
lenge or PAF injection resulted in an inhibition of anaphylaxis-
induced or PAF-induced decrease in PTEN activity (Fig. 1B, 1D).
However, the control AdLacZ did not reveal such inhibition.
The PI3K/Akt signaling pathway was examined in mouse lungs

during anaphylaxis to elucidate the pathophysiologic involvement
of the downstream pathway of PTEN. After challenge injection,
PIP3 levels, which represent PI3K activity, continued to rise and
ultimately revealed a twofold increase at 20 min, and were nor-
malized within 1 h of challenge (Fig. 2A). Phosphorylations of Akt
and eNOS were also increased within 10 min of OVA challenge
injection (Fig. 2B). Pretreatment with the PI3K inhibitor Wort-
mannin significantly inhibited not only PIP3 production (Fig. 2C)
and the phosphorylations of Akt and eNOS (Fig. 2D), but also
anaphylactic symptoms, such as hemoconcentration (Fig. 2E),
body temperature (Fig. 2F), and anaphylactic signs (Table I).

Table I. Administration of Wormannin attenuates OVA-induced
anaphylactic symptoms

No. of Mice Showing
Following Shock Scorea

Group n 0 1 2 3 4

OVA challenge 10 0 0 0 6 4
OVA challenge + Wortmannin 10 1 3 5 1 0

Wortmannin was administered i.p. at a dose of 1.5 mg/kg at 80 min before OVA
(30 mg i.v.) challenge.

a0, No sign, 1; mild, 2; moderate, 3; severe, 4; death.

FIGURE 4. PTEN phosphorylation during anaphylaxis and its inhibition by CK2 inhibitor. Lungs were removed at the indicated times (A, B) or 5 min (C,

D) after OVA challenge (30 mg i.v.) or PAF injection (0.3 mg i.v.). CV 6209 (15 mg/kg) was given i.p. 10 min before OVA challenge or PAF injection.

PTEN phosphorylation inhibitors, DMAT and LiCl were administered 6 h prior to PAF injection, and AR-A014418 was administered 30 min prior to PAF

injection. Protein levels of phosphorylated PTEN induced by OVA (A, D) and PAF (B, C, E, F) injections respectively were determined by Western blotting.

The PIP2 detector and HRP conjugate were added and the amount of PIP2 produced by PTEN was determined by colorimetric assay (C). Data represents the

mean 6 SD of three experiments, and each includes five animals per group. **p , 0.01 versus normal control (no treatment group), ##p , 0.01 versus

positive control (PAF injection group).
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PTEN regulates PI3K/Akt signaling pathway during
anaphylaxis

Using AdPTEN, we evaluated the direct role of PTEN in the PI3K/
Akt signaling pathway and the induction of anaphylaxis. Mice were
injected with 3 3 109 PFU of AdPTEN or AdLacZ i.v. Two days
later, PTEN protein expression was evident in the lungs of mice
that received AdPTEN, but not AdLacZ (Fig. 3A). AdPTEN
inhibited PIP3 production (Fig. 3B) and the phosphorylations of
Akt and eNOS (Fig. 3C). In addition, AdPTEN significantly im-
proved all the anaphylactic symptoms examined, such as hemo-
concentration (Fig. 3D), body temperature (Fig. 3E), and ana-
phylactic signs (Table II). AdLacZ did not exhibit such effects.

CK2-induced PTEN phosphorylation occurs during
anaphylaxis

PTEN activity has been reported to be negatively regulated by
PTEN phosphorylation (27, 28); therefore we assessed whether
PTEN phosphorylation occurred during anaphylaxis. OVA- or
PAF-induced anaphylaxis resulted in PTEN phosphorylation with
kinetics similar to those seen with PTEN activity (Fig. 4A, 4B),
and the effect was inhibited by pretreatment with CV6209 (Fig.
4D, 4E). Similar kinetics in terms of PIP2 levels as well as PTEN
phosphorylation were induced by PAF injection and were inhibi-
ted by pretreatment with CV6209 (Fig. 4C). These data indicate
that PAF-induced PTEN phosphorylation occurs in the early phase
of anaphylaxis, which in turn results in decreased PTEN activity.
As the inducer of PTEN phosphorylation, we assessed the

possible involvement of protein kinase CK2 (formerly known as
casein kinase 2) and GSK-3 (formerly known as glycogen syn-
thase kinase 3). PTEN is known to be phosphorylated by CK-2 on
ser 370 and ser 385 (27) or by GSK-3 on ser 362 and thr 366 (29),
reducing PTEN phosphatase activity (30). Both of the CK2 in-
hibitor (DMAT) and GSK3 inhibitors (AR-A014418, LiCl) at-

tenuated PAF-induced anaphylactic symptoms (Table III), but
GSK3 inhibitors did not inhibit PTEN activity (Fig. 4C) and
PTEN phosphorylation (Fig. 4F). As a result, we used only the
CK2 inhibitor DMAT in the subsequent experiments. DMAT
inhibited the PAF-induced increase in PTEN phosphorylation in
a dose-dependent manner (Fig. 4F) and reversed the PAF-induced
decrease in PTEN activity (Fig. 4C). These data suggest that CK2
is involved in the regulation of PTEN phosphorylation and ac-
tivity.

PAF increases CK2 activity

We next observed the possibility that PAF might affect PTEN
phosphorylation and activity via regulating CK2 activity during
anaphylaxis. CK2 activity was increased immediately upon chal-
lenge injection and reached a peak at 5 or 10 min after challenge
injection, gradually declining thereafter and returning to a basal
level at 30 min (Fig. 5A). This increase was blocked by pre-
treatment with CV 6209. A similar kinetics of increase of CK2
activity was also observed by PAF injection, which was also
blocked by CV 6209 (Fig. 5B). We also validated DMAT effec-
tiveness by showing that it blocked anaphylaxis- or PAF-induced
enhanced CK2 activity (Fig. 5A, 5B).

CK-2 is involved in the induction of anaphylaxis

Finally, we investigated the extent to which anaphylactic reactions
are CK2 dependent in vivo. DMAT significantly improved the
anaphylactic symptoms, such as hemoconcentration (Fig. 6A),
body temperature (Fig. 6C), and anaphylactic signs (data not
shown). Furthermore, DMAT inhibited anaphylaxis-induced in-
creases in PI3K activity (Fig. 6B) and the phosphorylation of Akt
and eNOS (Fig. 6D).

Discussion
PAF is a potent vasodilator whose activity can lead to fatal hypo-
volemic shock during murine anaphylaxis. Cauwels et al. (15)
recently revealed PI3K/Akt-dependent eNOS-derived NO as the
principal vasodilator in PAF-induced anaphylactic shock. In this
study, we found that the PI3K/Akt signaling pathway is critical in
the induction of murine anaphylaxis. This finding was accom-
plished by demonstrating that the PI3K inhibitor Wortmannin
significantly inhibited PIP3 production and the phosphorylations
of Akt and eNOS in addition to improving the anaphylactic
symptoms examined.
In this study, we have identified CK2/PTEN as the novel neg-

atively modulating pathway of PI3K, involved in PAF-induced
systemic anaphylaxis. Induction of anaphylaxis by OVA chal-

FIGURE 5. PAF-induced increase in CK2 activity during anaphylaxis. Lungs were removed at the indicated times after OVA challenge (30 mg i.v.; A) or

PAF injection (0.3 mg i.v.; B). CV 6209 (15 mg/kg) was given i.p. 10 min before OVA challenge or PAF injection. Enzyme activity of CK2 was determined

by detecting g2[32P] incorporated into substrates. DMAT (25 mg/kg) was given i.p. 6 h before challenge or PAF injection. Data represent the mean6 SD of

three experiments, and each includes five animals per group. **p , 0.01 versus 0 min, ##p , 0.01 versus positive control group (OVA challenge or PAF

injection group).

Table II. Administration of AdPTEN attenuates OVA-induced
anaphylactic symptoms

No. of Mice Showing
Following Shock Scorea

Group n 0 1 2 3 4

OVA challenge 10 0 0 0 5 5
OVA challenge + AdPTEN 10 0 4 6 0 0
OVA challenge + AdLacZ 10 0 0 0 8 2

AdPTEN (1.5 3 1010 i.v.) was administered 2 d before OVA (30 mg i.v.) chal-
lenge.

a0, No sign, 1; mild, 2; moderate, 3; severe, 4; death.

The Journal of Immunology 5
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lenge resulted in rapid decrease of PTEN activity, which was
blocked by the PAF antagonist CV 6209. PAF injection also
resulted in decreased PTEN activity, indicating that PAF is re-
sponsible for the decrease in PTEN activity during anaphylaxis. We
showed that the decreased PTEN activity had a role in the induction
of anaphylaxis by demonstrating that systemic administration of
AdPTEN not only restored anaphylaxis-induced or PAF-induced
decreases in PTEN activity, but also improved all the anaphylac-
tic symptoms. Furthermore, AdPTEN inhibited PIP3 production as
well as the phosphorylation of Akt and eNOS, indicating that
PI3K/Akt pathway is under the influence of PTEN activity.
How does PAF decrease PTEN activity? The PTEN protein

consists of an N-terminal phosphatase domain, a lipid-binding C2
domain, and a 50-amino acid C-terminal domain (the “tail”) of
unknown function. Vazquez et al. (28) reported that the PTEN tail
is necessary for maintaining protein stability, and that it also acts
to inhibit PTEN function. Furthermore, tail-dependent regulation
of stability is linked to the phosphorylation of three residues
(S380, T382, and T383) within the tail. Therefore, phosphoryla-

tion of the tail is likely to decrease PTEN function. Given this
information, we hypothesized that PAF decreases PTEN activity
through its phosphorylation. As expected, we found that PAF
strongly induced PTEN phosphorylation of which time kinetics
corresponded with those of PTEN activity. These data suggested
that PAF inhibited PTEN activity by inducing PTEN phosphory-
lation.
It has been reported that PTEN is phosphorylated by CK-2 on

Ser370 and Ser385 (27, 29, 30). Therefore, we investigated
whether inhibition of CK-2 could diminish the negative effect of
PAF on PTEN. DMAT, a specific CK2 inhibitor, prevented the
PAF-induced decrease of PTEN activity and attenuated anaphy-
lactic responses, suggesting that CK2 is involved in the PAF-
induced PTEN regulation. Importantly, we also showed that PAF
rapidly increases CK2 activity during anaphylaxis, by demon-
strating that 1) CK2 activity was increased immediately upon
challenge injection and reached a peak after 5 or 10 min, an effect
which was blocked by pretreatment with CV 6209, and 2) a sim-
ilar kinetics of increase of CK2 activity was observed by PAF
injection. In addition, our findings that DMAT not only attenuated
anaphylactic symptoms, but also inhibited the anaphylaxis-in-
duced increases in PI3K activity as well as phosphorylation of
Akt and eNOS, suggest that CK2 is one of the upstream pathway
of PI3K in the induction of PAF-induced anaphylaxis. PTEN is
also known to be phosphorylated by GSK-3, but GSK-3 inhibitor
did not inhibit the PTEN phosphorylation and activity, although
it had a preventive effect on anaphylactic symptoms. Given that
GSK-3 can phosphorylate many other molecules besides PTEN,
it can be involved in a variety of signaling pathways that have
critical roles in regulating extravasation, decreased vascular tone,
and allergic responses of inflammatory cells during anaphylactic
shock. We assumed that there should be another pathway via
which GSK-3 regulates anaphylactic response, and it could be
a candidate for the therapeutic target molecule. The mechanism by

FIGURE 6. Involvement of CK2 in the induction of anaphylaxis. Lungs of mice were collected at 20 min (A, D) or the indicated times (C) after PAF

injection (0.3 mg i.v.) or OVA challenge (30 mg i.v.). DMAT (25 mg/kg) was given i.p. 6 h before PAF injection or OVA challenge. The enzyme activities of

PI3K (C) were determined by quantifying PIP3 production with colorimetric assay. Protein levels and phosphorylations of Akt and eNOS were determined

by Western blotting (D). Data represents the mean 6 SD of three experiments, and each includes five animals per group. **p , 0.01 versus normal control,
#p , 0.05, ##p , 0.01 versus positive control group (OVA challenge or PAF injection group).

Table III. Administration of CKII inhibitor attenuates PAF-induced
anaphylactic symptoms

No. of Mice Showing
Following Shock Scorea

Group n 0 1 2 3 4

PAF challenge 10 0 0 2 8 0
PAF challenge + DMAT 10 0 4 5 1 0
PAF challenge + AR-A014418 10 0 4 4 2 0
PAF challenge + LiCI 10 0 4 4 2 0

DMAT (25 mg/kg, 6 h before, i.p.) or AR-A014418 (9 mg/kg, 30 min before, i.p.)
or LiCI (2.5 g/kg, 6 h before, i.p.) was administered at the indicated time point before
PAF (0.3 mg/mouse, i.v.) challenge.

a0, No sign; 1, mild; 2, moderate; 3, severe; 4, death.
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which GSK-3 can act on anaphylaxis remains to be further in-
vestigated.
CK2 is a highly conserved and ubiquitous protein Ser/Thr kinase

localized in the cell nucleus and cytoplasm. Protein kinase activity
of CK2 has been known to affect cellular activities involved in
growth, proliferation, and apoptosis (31, 32). CK2 has a critical
role in the development of various types of cancer, including that
of the prostate and breast, through the activation of b-catenin in
Wnt signaling (33). CK2 has been associated with specific neural
functions by controlling neuronal differentiation at various levels,
including neurogenesis and the formation of synaptic connections
(34). Accumulating data also indicate that CK2 is involved in
critical diseases of the CNS, such as Alzheimer’s and Parkinson’s
diseases (35). CK2 also regulates inflammation by affecting key
transcription factors such as NF-kB. CK2 has been found to
phosphorylate IkBa at a number of sites, resulting in the degra-
dation of the protein and the subsequent activation of NF-kB, with
implications to inflammation (36, 37). Thus, regulation of CK2 is
regarded as a promising target for interfering with the progression
of these diseases.
Although little is known about the relationship between PAF and

CK2, Silva-Neto et al. (38) concurred with our data in reporting
that PAF activated CK2 in protozoan parasites. In this regard, we
present another example of the relationship between PAF and CK2
in the pathogenesis of anaphylaxis. Further study is required to
address the underlying mechanism of how PAF activates CK2.
PAF is released immediately or produced in response to in-
flammatory stimuli by a variety of inflammatory cells such as
platelets, leukocytes, macrophages, and mast cells (39, 40). We
have reported that PAF functions as a proximal mediator in the
initiation of a diverse series of inflammatory reactions through the
activation of the transcription factor, NF-kB (40–44). However,
the fact that PAF is able to activate CK2 would help delineate the
exact biological roles of PAF. Furthermore, given that more than
300 substrates of CK2 have been identified to date, we can spec-
ulate that PAF may have more biologic activities than initially ex-
pected.
In summary, our data identify CK2/PTEN as a negatively

modulating pathway of the known PI3K/eNOS pathway with re-
spect to PAF-mediated anaphylactic shock. Therefore, CK2/PTEN
may be a potent target in the control of anaphylaxis and other many
PAF-mediated pathologic conditions.
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