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Abstract
Xanthine dehydrogenase/oxidase (XDH/XO) is associated with various pathological conditions
related to the endothelial injury. However, the molecular mechanism underlying the activation of
XDH/XO by hypoxia remains largely unknown. In this report, we determined whether the Janus
kinases (JAKs) and signal transducers and activators of transcription (STATs) signaling pathway is
involved in hypoxia-induced activation of XDH/XO in primary cultures of lung microvascular
endothelial cells (LMVEC). We found that hypoxia significantly increased interleukin 6 (IL6)
production in a time-dependent manner in LMVEC. Hypoxia also markedly augmented
phosphorylation/activation of JAKs (JAK1, JAK2 and JAK3) and the JAK downstream effectors
STATs (STAT3 and STAT5). Hypoxia-induced activation of STAT3 was blocked by IL6 antibodies,
the JAK inhibitor AG490 and the suppressor of cytokine signaling 3 (SOCS3), implying that hypoxia-
promoted IL6 secretion activates the JAK/STAT pathway in LMVEC. Phosphorylation and DNA-
binding activity of STAT3 was also inhibited by the p38 MAPK inhibitor SB203580 and the
phosphatidylinositol 3-kinase inhibitor LY294002, suggesting that multiple signaling pathways
involved in STAT activation by hypoxia. Importantly, hypoxia promoted XDH/XO activation in
LMVEC, which was markedly reversed by inhibiting the JAK/STAT pathway using IL6 antibodies,
AG490 and SOCS3. These data demonstrated that JAKs, STATs and XDH/XO were sequentially
activated by hypoxia. These data also provide the first evidence indicating that the JAK-STAT
pathway is involved in hypoxia-mediated XDH/XO activation in LMVEC.
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1. Introduction
Xanthine oxidase (XO), a major generator of the reactive O2 species (ROS), has been
implicated in various pathological conditions related to the endothelial injury, such as
ischemia-reperfusion injury and hypoxic-reoxygenation-induced lung injury (Berry & Hare,
2004; Cai, 2005; Beetsch et al., 1998). XO is derived from xanthine dehydrogenase (XDH)
through posttranslational modifications. XDH and XO catalyze the oxidation of hypoxanthine
to xanthine, and xanthine to uric acid, respectively, resulting in the formation of ROS. It has
been well demonstrated that hypoxia induces XDH/XO activation and that XDH/XO activation
is directly linked to their phosphorylation (Terada et al., 1992; Dupont et al., 1992; Kayyali et
al., 2001; Mervaala et al., 2001; Terada et al., 1997; Poss et al., 1996; Sohn et al., 2003; Kang
et al., 2006). However, the molecular mechanism underlying the activation of XDH/XO by
hypoxia remains largely undefined.

A number of studies have demonstrated that secretion of interleukins is facilitated by hypoxia
(Yan et al., 1995, 1997; Tamm et al., 1998; Ziesche et al., 1996; Kotake-Nara et al., 2005;
Sawa et al., 1998; Hartmann et al., 2000). Several studies have also indicated that Janus kinases
(JAKs) and signal transducers and activators of transcription (STATs) are activated by
interleukin 6 (IL6) in cardiomyocytes, macrophages, carcinoma cells and neurons and by
hypoxia in pulmonary arterial smooth muscle cells, rat cardiomyocytes, retinal microvascular
endothelial cells (Negoro et al., 2001; Mascareno et al., 2005; Wang et al., 2005; Dawn et al.,
2004; Lee et al., 2006; Yamauchi et al., 2006; Terrell et al., 2006). STATs comprise a family
of seven transcription factors that are activated by the JAK family of protein tyrosine kinases
in response to stimulation by cytokines, hormones and growth factors. Once phosphorylated
by JAKs, STATs undergo dimerization and translocation to the nucleus. Phosphorylated
STATs in nucleus function as transcriptional factors activating transcriptional expression of a
number of genes (Levy & Darnell, 2002; Vinkemeier, 2004). STATs are critical mediators of
signal transduction and transcription in many cell types, including human umbilical vein
endothelial cells, murine aortic endothelial cells and smooth muscle cells (Levy & Darnell,
2002; Vinkemeier, 2004; Deo et al., 2004; Ni et al., 2004). However, whether hypoxia could
induce IL release and subsequently activate JAK-STAT pathway and the role of the JAK-STAT
signaling pathway in the activation of XDH/XO in lung microvascular endothelial cells
(LMVEC), which are critical targets in both hypoxia- and regeneration-mediated lung injury,
have not been defined.

In this report, our data demonstrated that hypoxia induces the production of IL6 and the
activation of JAKs/STATs and XDH/XO, and that the XDH/XO activation can be blocked by
attenuating the JAK/STAT signaling pathway, providing the first evidence indicating a link
between XDH/XO activation and the JAK/STAT pathway in hypoxic LMVEC.

2. Experimental procedures
2.1. Materials

Rats were obtained from Chongqing City Laboratory Animal Center, Chongqing, China. The
suppressor of cytokine signaling 3 (SOCS3) in the pEF-FLAG-1 vector was kindly provided
by Dr. Tracy Willson (The Walter and Eliza Hall Institute of Medical Research, Victoria,
Australia). Dulbecco's modified Eagle's medium (DMEM), trypsin and fetal bovine serum
(FBS) were purchased from GIBCO (Invitrogen, Carlsbad, CA). AG490 (a JAK2 inhibitor),
SB202190 (a p38 inhibitor), PD98059 (an MEK inhibitor) and LY294002 [a
phosphatidylinositol 3-kinase (PI3K) inhibitor) were obtained from Calbiochem. Monoclonal
antibodies against IL6 was purchased from R&D Systems Inc. (Minneapolis, MN). Antibodies
against hypoxanthine phosphoribosyl transferase (HPRT) and phospho-JAK3 were from Santa
Cruz Biotechnology. Antibodies against JAK1, JAK3, phospho-JAK1, STAT3, STAT5,
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phosphor-STAT3 and phosphos-STAT5 were from Cell Signaling technology (Beverly, MA).
Antibodies against JAK2 and phosphor-JAK2, horseradish peroxidase-conjugated goat anti-
rabbit IgG were from Upstate Cell Signaling Solutions (Lake Placid, NY). All other materials
were described elsewhere (Wang et al., 2005; Wu et al., 2003).

2.2. Cell culture and hypoxia
LMVEC were isolated from the peripheral lung tissue of rats (Chen et al., 1995). Briefly, the
lung tissue was cut into small pieces and cultured with DMEM containing 20% heat-inactivated
low endotoxin FBS, 90 μg/ml heparin, 4 mM L-glutamine, 100 U/ml penicillin and 100 μg/ml
streptomycin at 37°C in a humidified atmosphere containing 95% air - 5% CO2. The cells were
passaged by harvesting with 0.25% trypsin containing 0.02% EDTA and cultured in 25-cm2

flask in DMEM with 10% FBS as described (Wu et al., 2003). LMVEC between passages 4
and 12 were grown on 35-mm plates to 95% confluence and then cultured in DMEM containing
0.1% FBS for 24 h. LMVEC were transferred into an air-tight hypoxic chamber (Thermo
electron, USA)) containing 3% O2 - 5% CO2 - N2 for different periods of time.

2.3. Drug treatment and cell transfection
For drug treatment, cultured LMVEC were preincubated with 30 μM AG490, 10μM
SB202190, 15 μM LY294002 or 25 μM PD98059 for 45 min before hypoxia. To determine
the effect of the IL6 antibodies on the activation of STATs and XDH/XO, the antibodies diluted
in DMEM were added to the culture medium at a final concentration of 3 μg/ml and incubated
for 24 h.

To determine the effect of SOCS3 on the activation of STAT3 and XDH/XO, LMVEC were
transiently transfected with SOCS3 or empty pEF-FLAG-1 vector using Lipofectamine 2000
(Invitrogen) as described previously (Duvernay et al., 2004). Briefly, LMVEC were cultured
on 24-well plates at 90% confluence and transfected with 1 μg of SOCS3 or empty pEF-
FLAG-1 vector using 2 μl of Lipofectamine 2000. After incubation for 48 h, the cells were
transferred to the hypoxic incubator for additional 8 h. Transient transfection of the empty pEF-
FLAG-1 did not produce any effect on the activation of both STAT3 and XDH/XO as compared
with cells without transfection.

2.4. Quantification of IL6 concentrations
The IL-6 concentrations in cultured LMVEC medium were measured by ELISA from R & D
systems Inc. (Minneapolis, MN) following the manufacturer's instructions. Culture medium
was collected at 2, 6, 8, 12 h intervals after hypoxia and each sample was measured in duplicate.

2.5. Electrophoretic mobility shift assays (EMSA)
Cells were washed in cold PBS, lysed in buffer (15 mM KCl, 10 mM HEPES, pH 7.6, 2 mM
MgCl2, 0.1 mM EDTA, 1 mM DTT, 0.1% Nonidet P-40, 0.5 mM PMSF, 2.5 μg/ml leupeptin,
5 μg/ml antipain and 5 μg/ml aprotinin) for 10 min on ice, and centrifuged at 14,000 × g for
20 sec at 4°C. Proteins in the nuclei were extracted by incubation at 4°C with vigorous vortex
in buffer A (420 mM NaCl, 20 mM HEPES, pH 7.9, 0.2 mM EDTA, 25% glycerol, 1 mM
DTT, 0.5 mM PMSF, 2.5 μg/ml leupeptin, 5 μg/ml antipain, and 5 μg/ml aprotinin) followed
by centrifugation at 13,000 × g for 30 min at 4°C. The supernatant extract was collected and
stored at −80°C. The probes were double-stranded oligonucleotides containing a STAT3
consensus oligonucleotide (5'-GATCCTTCTGGGAATTCCTAGATC-3'; Santa Cruz
Biotechnology, Santa Cruz, CA) and end-labeled with [γ-32P]-ATP (Yahui Biological and
Medical Engineering, Beijing). DNA binding reactions were performed in a 25-μl reaction
mixture containing 6 μl of nuclear extract (1 mg/ml) and 5 μl of 5 × binding buffer (20% Ficoll,
50 mM HEPES, pH 7.9, 5 mM EDTA and 5 mM DTT). The remainder of the reaction mixture
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contained 50 mM KCl, 0.1% Nonidet P-40, 1 μg of poly(dI-dC) and 200 pg of the probes.
Samples were separated through 5.5% polyacrylamide gels and then exposed to x-ray film.

2.6. Measurement of XDH/XO activity
The XDH/XO activity was measured using a fluorimetric assay as described (Kayyali et al.,
2001, 2003; Beckman et al., 1989). Cells were collected and sonicated in 50 mM sodium
phosphate (pH 7.4), 1.5 mg/ml DTT and 1 × protease inhibitor mixture 3 (Calbiochem). After
centrifugation at 10,000 × g for 5 min, the supernatant was collected and XDH/XO activity
assayed immediately or stored at −80°C.

2.7. Immunoblotting
Western blotting was carried out as described previously (Duvernay et al., 2004). Twenty μg
of protein samples was separated by 4−12% SDS-PAGE and transferred onto polyvinylidene
difluoride membranes. The signal was detected by enhanced chemiluminescence detection
system (ECL Plus, Amersham, Buckinghamshire, England). Densitometric analysis was
performed using Quantity One software (Bio-Rad). The phosporylation of JAKs and STATs
are normalized to their total protein expression.

2.8. Statistical analysis
Statistical comparisons were performed using the paired, two-tailed Student's t-test for
experiments consisting of two groups only and with one-way ANOVA with a multiple
comparison method for experiments consisting of more than two groups. Results were
considered statistically significant when P < 0.05. Data are presented as mean ± S.E.

3. Results
3.1. Effect of hypoxia on the production of IL6 in rat LMVEC

Rat LMVEC were cultured and exposed to hypoxia for 2 to 12 h and IL6 production in culture
medium was measured by ELISA. IL6 production was time-dependently increased in LMVEC
upon exposure to hypoxia (Fig. 1). IL6 expression was increased by 2.2 folds (59.8 pg/ml) at
2 h hypoxia compared with normoxia control (27.2 pg/ml). At 12 h, the level of IL6 in the
medium reached 104.6 pg/ml. Pretreatment with the IL6 monoclonal antibodies at for 24 h
profoundly blocked IL6 production by 94%. These results indicate that hypoxia induces IL-6
secretion to the medium from LMVEC.

3.2. Effect of hypoxia on the activation of JAKs in rat LMVEC
We then determined the effect of hypoxia on the phosphorylation of JAKs. LMVEC was
exposed to hypoxia for 6, 8 and 12 h and the phosphorylation of JAK1, JAK2 and JAK3
measured by immunoblotting using specific antibodies against phosphorylated JAKs.
Phosphorylation of JAK1, JAK2 and JAK3 was slightly increased at 2 after hypoxia (data not
shown) and significantly augmented at 6 h as compared with the normoxia controls (Fig. 2).
The maximal increase in JAK1, JAK2 and JAK3 phosphorylation was achieved at 8 h after
hypoxia (Fig. 2). Furthermore, hypoxia-induced phosphorylation of JAK2 in LMVEC was
blocked by 39% by pretreatment with the JAK2-specific inhibitor AG490 for 30 min (Fig. 3).
These data demonstrate that hypoxia strongly induce phosphorylation/activation of JAKs.

3.3. Effect of hypoxia on the activation of STAT3 and STAT5 in rat LMVEC
As JAK family members are the upstream activators of STATs, we sought to investigate
whether hypoxia could induce STAT activation through activating the IL6-JAK pathway in
LMVEC. Activation of STAT3 and STAT5 was measured by Western blot using antibodies
against their phosphorylated forms. The phosphorylation levels of STAT3 or STAT5 were
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dramatically increased at 6 and 8 h after hypoxia (Fig. 4A and 4B). Hypoxia-induced
phosphorylation of STAT3 or STAT5 was attenuated by greater than 60% by pretreatment
with IL6 antibodies and the JAK2-specific inhibitor AG490 (Fig. 4A and 4B). Furthermore,
hypoxia-induced phosphorylation of STAT3 was markedly blocked by transient expression of
SOCS3 (Fig. 4C). These data indicate that activation of STAT3 and STAT5 in hypoxic
LMVEC is mediated, at least in part, through the IL6-JAK pathway.

It has been demonstrated that, in addition to the JAK-STAT pathway, IL6 also activates the
MAPK cascade and the PI3K pathway (Lee et al., 2007; Lehmann et al., 2003; Zauberman et
al., 1999; Zhao et al., 1999). It has also been demonstrated that hypoxia activates the MAPK
and PI3K pathways (Eguchi et al., 2007; Jin et al., 2007; Kayyali et al., 2001). To further dissect
the pathway mediating STAT activation by hypoxia, we determined whether MAPK and PI3K
were involved. The hypoxia-induced STAT3 phosphorylation was significantly blocked by
pretreatment with the p38 MAPK inhibitor SB203580 and the PI3K inhibitor LY294002 (Fig.
5A). In contrast, pretreatment with the ERK1/2 inhibitor PD98059 did not produce any clear
effect on the STAT3 activation induced by hypoxia (Fig. 5A).

To confirm whether p38 and PI3K were involved in the STAT3 activation, we determined
whether the DNA-binding activity of STAT3 could be altered by these kinase inhibitors in the
electrophoretic mobility-shift assay. The intensity of the STAT3 DNA-binding band was much
stronger at 8 h after hypoxia as compared with control. Pretreatment with SB203580 and
LY294002, but not PD98059, profoundly attenuated the DNA-binding ability of STAT3
induced by hypoxia (Fig. 5B). These results suggest that the p38 MAPK and PI3K may be
involved in hypoxia-induced STAT3 activation in LMVEC.

3.4. Effect of hypoxia on the activation of XDH/XO in rat LMVEC
The preceding results have demonstrated that hypoxia induced activation of IL6-JAK-STAT
pathway. We next determined if this pathway is involved in the activation of XDH/XO.
LMVEC were exposed to hypoxia for different lengths of time and effect of hypoxia on the
total XDH/XO enzymatic activity was measured. Hypoxia induced activation of XDH/XO in
a time-dependent manner. A significant increase in XDH/XO activity was observed after
exposing the LMVEC to hypoxia for 2 h and the total XDH/XO activity was increased by 3.5
folds at 8 h after hypoxia (Fig. 6A). Pretreatment with allopurinol, an inhibitor and scavenger
of XDH/XO, attenuated the XDH/XO activation, but had no influence on the activation of
STAT3 (Fig. 4C).

To define if the IL6-JAK-STAT pathway was involved in the activation of XDH/XO, we
determined the effect of IL-6 antibodies and the JAK2 inhibitor AG490 on the XDH/XO
activation. Pretreatment with IL-6 antibodies and AG490 inhibited hypoxia-mediated XDH/
XO activation by approximately 50% (Fig. 6B). Transient expression of SOCS3 also blocked
XDH/XO activation induced by hypoxia (Fig. 6B). These data strongly indicate that XDH/XO
activation induced by hypoxia in LMVEC is mediated through IL6-JAK-STAT pathway.

As the treatment with IL-6 antibodies and AG490 and transient expression of SOCS3 only
partially inhibited XDH/XO activation induced by hypoxia, we then determined the effect of
combination of these inhibitors on the activation of XDH/XO by hypoxia. Similar to individual
inhibitor, combination of AG490 and SOCS3 as well as IL-6 antibodies, AG490 and SOCS3
did not increase their inhibitory effect on hypoxia-induced XDH/XO activation (Fig. 6B).
These data suggest that, in addition to the IL-6-JAKs-STATs pathway, other signaling
pathways may also be involved in the activation of XDH/XO by hypoxia.
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4. Discussion
It has been demonstrated that hypoxia activates XDH/XO, an important source of reactive
oxygen species (ROS) (Terada et al., 1992; Dupont et al., 1992; Kayyali et al., 2001; Mervaala
et al., 2001; Terada et al., 1997; Poss et al., 1996; Sohn et al., 2003; Kang et al., 2006). However,
the molecular mechanism underlying the hypoxia-mediated activation of XDH/XO remains
largely unknown. In this report, we demonstrated that hypoxia promotes the secretion of IL6,
augments the JAK-STAT signaling and activates XDH/XO in LMVEC. Most interestingly,
our data indicate that the potentiation of IL6-JAK-STAT pathway is involved in the activation
of XDH/XO induced by hypoxia in LMVEC.

IL6 secretion has been demonstrated to be facilitated by hypoxia in human umbilical vein and
pulmonary endothelial cells, primary human pulmonary fibroblasts and vascular smooth
muscle cells, and Kupffer cells as well as whole pulmonary artery organoid cultures (Yan et
al., 1995, 1997; Tamm et al., 1998; Ziesche et al., 1996; Kotake-Nara et al., 2005; Sawa et al.,
1998; Hartmann et al., 2000). Our previous studies found that the level of IL-6 was increased
in pulmonary tissues of rats with hypoxia-induced pulmonary hypertension (Wang et al.,
2005). Consistent with these reports, our present data indicate that IL6 production was
markedly increased by hypoxia in LMVEC and increase in IL6 production is dependent on the
hypoxic time.

It has been well documented that the JAK/SATA signal pathway is activated by interleukins,
including IL-6 (Levy & Darnell, 2002; Vinkemeier, 2004; Heinrich et al., 2003; Saura et al.,
2006; Severgnini et al., 2004). Our data showed that phosphorylation, reflecting activation, of
JAK1, JAK2 and JAK3 were dramatically activated in hypoxic rat LMVEC. Furthermore,
hypoxia-stimulated JAK2 phosphorylation was markedly inhibited by pretreatment with the
JAK2-specific inhibitor AG490. These data indicate that hypoxia activates JAKs in LMVEC.

JAK family members are the most commonly involved in the activation of STATs and the
JAK-STAT signaling pathway participates in many signal transduction systems, providing an
almost universal paradigm for signaling from cytokine receptors and a commonly used system
for growth factor receptors and influencing growth, survival, apoptosis, host defense, stress
and differentiation functions (Levy & Darnell, 2002). We demonstrated that hypoxia
augmented the phosphorylation of STAT3 and STAT5, which was significantly blocked by
AG490 and IL-6 antibodies. These data indicate that the IL6 and JAKs are involved in the
signaling pathway mediating STAT activation by hypoxia in LMVEC.

In addition to JAKs, the p38 MAPK and PI3K may also play an important role in hypoxia-
induced STAT activation in LMVEC, as we demonstrated that the p38 MAPK inhibitor SB
203580 and the PI3K inhibitor LY294002 markedly inhibited the STAT3 phosphorylation. It
has been reported that hypoxia strongly activates the p38 MAPK and Rho kinase in rat
pulmonary microvascular endothelial cells (An et al., 2005). Other studies have also
demonstrated that peroxide treatment results in STAT3 tyrosine phosphorylation and nuclear
translocation (Carballo et al., 1999]. These data suggest that hypoxia-induced tyrosine
phosphorylation or activation of STATs in LMVEC may be mediated through multiple
signaling pathways involving JAKs, p38 and PI3K.

Generation of ROS is one of the characteristics for hypoxia and especially for reoxygenation.
Of the ROS, hydrogen peroxide (H2O2) and superoxide (O2-) are both produced in a number
of cellular reactions, including the iron-catalysed Fenton reaction, and by various enzymes
including XO. We found that hypoxia-mediated XDH/XO activation is dependent on the JAK/
STAT pathway in primary cultures of LMVEC. We demonstrated that the XDH/XO activity
significantly increased by hypoxia, consistent with the increased phosphorylation or activation
of XDH/XO in response to hypoxia in other cells (Terada et al., 1992; Dupont et al., 1992;
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Kayyali et al., 2001; Mervaala et al., 2001; Terada et al., 1997; Poss et al., 1996; Sohn et al.,
2003; Kang et al., 2006).

Interestingly, our data demonstrated that XDH/XO activation induced by could be inhibited
by either depletion of IL6 using IL6 antibodies, pretreatment with the JAK2 inhibitor AG490
or transient expression of the JAK-STAT pathway blocker SOCS3 and their inhibitory effect
on the XDH/XO activation was at a similar magnitude. Our data also showed that IL-6
antibodies, AG490 and SOCS3 attenuated the activation of STATs. These data strongly suggest
that the IL6-JAK-STAT pathway is involved in the activation of XDH/XO by hypoxia.
However, combinational use of these inhibitors did not produce more inhibitory effect on the
activation of XDH/XO as compared with individual inhibitors. These data suggest that, in
addition to the IL6-JAK-STAT pathway, other signaling pathways may also be involved in the
activation of XDH/XO by hypoxia in LMVEC. Consistent with this possibility, it has been
demonstrated that XDH/XO phosphorylation is partially mediated by p38 kinase and casein
kinase II (Kayyali et al., 2001). Therefore, similar to STAT activation, XDH/XO activation by
hypoxia in LMVEC is activated by multiple signal transduction pathways.

In conclusion, we have demonstrated that hypoxia activates the IL6-JAK-STAT pathway. This
pathway is involved in the activation of XDH/XO by hypoxia. As the JAK-STAT-XDH/XO
pathway, together with p38 MAPK, PI3K, or ROS signaling pathways, are very important for
the function of cytokines and immune regulation in LMVEC, further studies of these signaling
pathways may help designing therapeutic strategies for the hypoxic LMVEC-related disease.
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Fig. 1.
Effect of hypoxia on the secretion of IL6 in LMVEC. Isolated LMVEC were cultured and
subjected to hypoxia for 2, 6, 8 and 12 h as described under “Experimental procedures”. The
concentrations of IL6 in cultured medium were measured by ELISA. The data are presented
as the means ± SE of three separated experiments. * P<0.05 versus normoxic control (time 0).
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Fig. 2.
Effect of hypoxia on the phosphorylation of JAK1, JAK2 and JAK3. LMVEC were subjected
to hypoxia for 6, 8 and 10 h. A, B and C. Representative gels showing phosphorylation/
activation of JAK1 (A), JAK2 (B) and JAK3 (C). Upper panel – phsophorylated JAKs; middle
panel – total JAKs; lower panel – expression of HPRT as loading controls. B. Quantitative data
of JAK phosphorylation normalized to the total JAK expression. The data shown are fold
increase and are presented as the means ± SE of three individual experiments. * P<0.05 versus
their respective normoxic controls (time 0).
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Fig. 3.
Effect of AG490 on hypoxia-induced phosphorylation of JAK2. LMVEC were subjected to
hypoxia for 6 and 8 h and the phosphorylation of JAK2 was determined by Western blotting
using the phosphor-JAK2 antibodies. To determine the effect of the JAK inhibitor AG490 on
hypoxia-induced JAK2 phosphorylation, LMVEC were preincubated with AG490 at a final
concentration of 30 μM for 30 min before hypoxia. A. Representative blots showing
phosphorylated JAK2 (upper panel), total JAK2 expression (middle panel) and HPRT
expression (lower panel). B. Quantitative data of JAK2 phosphorylation after hypoxia. The
data are presented as the means ± SE of three separate experiments. * P<0.05 versus the
normoxic control (time 0) and ** P<0.05 versus hypoxia for 8 h.
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Fig. 4.
Effect of hypoxia on the phosphorylation of STAT3 and STAT5. LMVEC were subjected to
hypoxia for 6 and 8 h and the phosphorylation of STAT3 and STAT5 was measured by Western
blotting using the phosphor-STAT-specific antibodies. Cultured LMVEC were preincubated
with AG490, anti-IL6 antibodies, allopurinol, or transient transfection of SOCS3 as described
under “Experimental procedures”. A. Representative Western blots showing phosphorylated
JAK2, total JAK2 expression and HPRT expression. B. Quantitative data of STAT3 and SAT5
phosphorylation after hypoxia. The data are presented as the means ± SE of three separate
experiments. * P<0.05 versus their respective normoxic controls (time 0) and ** P<0.05 versus
their respective cells subjected to hypoxia for 8 h. C. Effect of allopurinol and SOCS3 on the
hypoxia-induced STAT3 phosphorylation. Upper panel - representative Western blots showing
phosphorylated STAT3, total STAT3 and HPRT expression; Lower panel - quantitative data
of STAT3 phosphorylation. The data are presented as the means ± SE of three separate
experiments. * P<0.05 versus the normoxic control (time 0) and ** P<0.05 versus hypoxia for
8 h.
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Fig. 5.
Effect of protein kinase inhibitors on hypoxia-induced STAT3 activation in LMVEC. LMVEC
were incubated with the p38 MAPK inhibitor SB203508 (10 μM), the PI3K inhibitor LY29002
(15 μM) or the MEK inhibitor PD98059 (25 μM) for 45 min and then subjected to hypoxia for
8 h. A. effect on hypoxia-induced STAT3 phosphorylation of the protein kinase inhibitors as
determined by Western blotting. Upper panel - representative Western blots; lower panel –
quantitative data. B. Effect on STAT3 DNA-binding activity of the protein kinase inhibitors
as measured by electrophoretic mobility shift assays using a [γ-32P]-labeled double-stranded
oligonucleotides containing a STAT3 consensus oligonucleotide as described under
“Experimental Procedures”. Upper panel - representative image; lower panel – quantitative
data. In A and B, quantitative data are presented as the means ± SE of three separate
experiments. * P<0.05 versus the normoxic control (time 0) and ** P<0.05 versus hypoxia for
8 h.
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Fig. 6.
Hypoxia-mediated XDH/XO activation and its inhibition by blocking the JAK/STAT pathway
in LMVEC. A. Effect of hypoxia on the activation of XDH/XO. LMVEC were cultured and
subjected to hypoxia for 2, 6, 8 and 12 h and the activation of XDH/XO was measured as
described under “Experimental Procedures”. The data are presented as the means ± SE of three
separate experiments. * P<0.05 versus normoxic control (time 0). B. Effect of protein inhibitors
on hypoxia-induced XDH/XO activation. LMVEC were transiently transfected with SOCS3
or without transfection and then incubated with allopurinol, IL6 antibodies or AG490
individually or in combination. The LMVEC were then subjected to hypoxia for 8 h. The data
are presented as the means ± SE of three separate experiments. * P<0.05 versus the normoxic
control (time 0) and ** P<0.05 versus hypoxia for 8 h.
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