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Abstract
Hydrogen sulfide (H2S) is synthesized intracellularly by the enzymes cystathionine-γ-lyase and
cystathionine-β-synthase (CBS), and is proposed to be a gasotransmitter with effects in
modulating inflammation and cellular proliferation. We determined a role of H2S in airway
smooth muscle (ASM) function. ASM were removed from resection or transplant donor lungs and
were placed in culture. Proliferation of ASM was induced by FCS and the proinflammatory
cytokine, IL-1β. Proliferation of ASM and IL-8 release were measured by bromodeoxyuridine
incorporation and ELISA, respectively. Exposure of ASM to H2S “donors” inhibited this
proliferation and IL-8 release. Methemoglobin, a scavenger of endogenous H2S, increased DNA
synthesis induced by FCS and IL-1β. In addition, methemoglobin increased IL-8 release induced
by FCS, but not by IL-1β, indicating a role for endogenous H2S in these systems. Inhibition of
CBS, but not cystathionine-γ-lyase, reversed the inhibitory effect of H2S on proliferation and IL-8
release, indicating that this is dependent on CBS. CBS mRNA and protein expression were
inhibited by H2S donors, and were increased by methemoglobin, indicating that CBS is the main
enzyme responsible for endogenous H2S production. Finally, we found that exogenous H2S
inhibited the phosphorylation of extracellular signal–regulated kinase–1/2 and p38, which could
represent a mechanism by which H2S inhibited cellular proliferation and IL-8 release. In
summary, H2S production provides a novel mechanism for regulation of ASM proliferation and
IL-8 release. Therefore, regulation of H2S may represent a novel approach to controlling ASM
proliferation and cytokine release that is found in patients with asthma.
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Hydrogen sulfide (H2S), first discovered in human tissues over 10 years ago, has emerged as
an important gaseous mediator in cellular physiology and pathology, being involved in
several processes, including chronic inflammation, learning and memory, and regulation of
blood pressure (1). H2S is now considered as the third member of a family of
gasotransmitters, together with nitric oxide (NO) and carbon monoxide (2). The bulk of
endogenous H2S synthesis in mammalian tissues appears to be from the pyridoxal-5′-
phosphate–dependent enzymes, cystathionine-γ-lyase (CSE; E.C. 4.4.1.1) and
cystathionine-β-synthase (CBS; E.C. 4.2.1.22). CBS is found primarily in nervous tissue,
whereas CSE is expressed in vascular and inflammatory cells. A third pathway via 3-
mercaptopyruvate sulfurtransferase (E.C. 2.8.1.2) in human vascular endothelial cells has
been proposed to generate H2S via enzymatic desulfuration of β-mercaptopyruvate derived
from cysteine transamination (3, 4).

The potential role of H2S in airways disease is unknown. We therefore set out to determine
its potential role in airway smooth muscle (ASM) cells, which are cells that not only
determine the caliber of the airways, but also contribute to airway inflammation and
remodeling (5–7). In asthma, there is an increase in ASM mass that could contribute to
chronic airflow obstruction, chronic airway inflammation, and airway wall remodeling (8).
ASM cells cultured from biopsies of patients with asthma have been shown to be
hyperproliferative (9) and to release greater amounts of the chemokine, IL-8 (10). ASM
proliferation is increased in response to growth factors, such as FCS, epidermal growth
factor, platelet-derived growth factor, and insulin growth factor (11), and also to contractile
agonists, such as histamine and leukotriene-D4 (12). In addition, ASM cells can express
chemokines, such as regulated upon activation, normal T cell expressed and secreted and
eotaxin (6), and, in vitro, have the capacity to release a number of cytokines and chemokines
when exposed to other cytokines (13, 14). Due to the fact that there is evidence that H2S can
indeed inhibit (and also promote) proliferation of vascular smooth muscle (15–17), we
hypothesized that H2S may also mediate ASM proliferation. We examined the effect of both
exogenous and intracellular sources of H2S in human ASM on proliferation induced by FCS
and IL-1β. We used two extracellular H2S “donors,” the rapidly releasing H2S donor,
sodium hydrosulfide (NaSH), and modeled endogenous H2S synthesis with a novel water-
soluble, slow H2S-releasing molecule, GYY4137 (18). To examine the role of endogenously
synthesized H2S, we used inhibitors of H2S synthesis; namely, DL-propargylglycine (PAG)
to inhibit CSE and O-(carboxymethyl)-hydroxylamine hemihydrochloride (CHH) to inhibit
CBS. Previously, PAG has been used at a concentration range of between 10 and 50 mg/kg
in a rat model (19, 20). Similarly, Wallace and colleagues (21) previously used CHH at 3
mmol/L to inhibit CBS in a rat model of colitis. We observed that H2S could regulate ASM
proliferation and the release of IL-8. Because ATP-sensitive potassium channel (K+

ATP
channel) activation contributes to some of the effects of H2S, such as vasodilatation (22), we
determined whether these channels mediate these effects. Finally, we also investigated the
role of mitogen-activated protein kinase (MAPK) activation in this process.

MATERIALS AND METHODS
ASM Cell Isolation and Culture

ASM cells were dissected from main or lobar bronchus removed from resection or transplant
donor lungs and were cultured in Dulbecco’s modified Eagles medium supplemented with 4
mM L-glutamine, 20 U/L penicillin, 20 μg/ml streptomycin, and 2.5 μg/ml amphotericin B
and 10% FCS. Cells between passages 3 and 6 were used for experiments. Before treatment,
cells were incubated for 24 hours in serum-free medium containing phenol-free Dulbecco’s
modified Eagles medium supplemented with 1 mM sodium pyruvate, 4 mM L-glutamine,
1:100 nonessential amino acids, 0.1% BSA and antibiotics, as described previously here.
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Synthesis of GYY4137 and Exposure of ASM Cells to H2S Donors
GYY4137 was synthesized and characterized as previously described by us (18, 23, 24).
Cells were plated in either 96- or 6-well plates, as described previously here, in the presence
or absence of 2.5% FCS. Cells were treated with methemoglobin (10 μM) for 1 hour before
treatment with H2S donor, NaSH, or GYY4137 (100 μM) with or without IL-1β (1 ng/ml)
for a further 48 and 72 hours. Supernatants were removed and IL-8 levels determined by
DuoSet ELISA (R&D Systems, Abingdon, UK). Cell proliferation was assessed by
measuring the incorporation of bromodeoxyuridine using the Cell Proliferation ELISA
bromodeoxyuridine kit (Roche Applied Science, West Sussex, UK) according to the
manufacturer’s instructions. In addition, assessment of ASM proliferation was confirmed by
cell counting using FACS analysis using a BD FACS Canto II cell sorter (Oxford, UK).
Cellular viability was assessed by MTT assay (25). Cellular apoptotic markers were
measured by an Apo-ONE Homogeneous Caspase-3/7 Assay (Promega, Southampton, UK).
For the inhibitor studies, cells were treated with the indicated concentration of inhibitor for
30 minutes before treatment with NaSH (100 μM) for a further 48 and 72 hours.

Measurement of CBS and CSE mRNA Expression
CBS and CSE mRNA levels were determined by semiquantitative two-step RT-PCR using
TaqMan Assay on Demand primer/probe sets obtained from Applied Biosystems
(Warrington, UK), as previously described by us (26).

Western Blotting
Proteins were extracted at the indicated times from ASM cells that had been plated in six-
well plates, as previously described (27). Samples were separated upon 10% SDS-PAGE
gels (Invitrogen, Paisley, UK) and transferred to nitrocellulose (Amersham Ltd., Amersham,
UK). Western blotting was performed using a mouse anti-CBS (A-2) antibody, a mouse
anti-CSE (30.7) antibody, rabbit anti-p38 MAPK antibody and rabbit anti–phospho–p38
MAPK (Thr180/Tyr182) antibody (all from Santa Cruz Biotechnology, Middlesex, UK)
and, rabbit anti–extracellular signal–regulated kinase(ERK)–1/2 (137F5) and rabbit anti–
phospho–ERK-1/2 (Thr202/Tyr204; purchased from Cell Signalling Technology, Ely,
Cambridgeshire, UK). All primary antibodies were used at a concentration of 1:1,000 or
1:2,000. Labeling of the first antibody was detected using relevant secondary antibodies
conjugated to horseradish peroxidase (Dako Ltd., Ely, Cambridgeshire, UK) and detected
using ECL reagents (Amersham Ltd.).

Statistical Analysis
Data are shown as means (±SEM) of six or more separate experiments. The effect of the
H2S donors NaSH and GYY4137 on the proliferative effect of FCS was analyzed by
Wilcoxon paired t test. Concentration-dependent responses were examined using one-way
ANOVA (Kruskal-Wallis test), followed by a Dunn’s multiple comparison test. A P value of
less than 0.05 was considered significant.

RESULTS
Effect of H2S on ASM Proliferation and IL-8 Release Induced by FCS and IL-1β

At 48 hours, ASM proliferation increased in the presence of 2.5% FCS (P < 0.05), an effect
that was inhibited by both NaSH (100 μM) and GYY4137 (100 μM) (P < 0.05) (Figure 1A).
Methemoglobin (10 μM), an extensively used H2S scavenger (28, 29), increased DNA
synthesis by roughly 1.5-fold compared with that of FCS alone (P < 0.001). Methemoglobin
(10 μM) added 1 hour before either of the H2S donors, NaSH (100 μM) or GYY4137 (100
μM), resulted in DNA synthesis that was approximately 50% greater than FCS alone (P <
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0.01), but less than FCS and methemoglobin (Figure 1A). This increase in DNA synthesis
was translated into cell number, as confirmed by FACS analysis (Figure 1B). These results
were duplicated at 72 hours (data not shown). There was no effect on cell viability or cell
apoptosis (Figures 1C and 1D).

Effect of Inhibiting CSE and CBS on ASM Proliferation Induced by FCS
To ascertain which enzymes are responsible for the endogenous production of H2S, ASM
cells were pretreated with an inhibitor of CSE, PAG, or, the inhibitor of CBS, CHH, for 30
minutes before 2.5% FCS with or without NaSH (100 μM) was added for a further 48 and
72 hours. The PAG inhibitor (0.001–1.000 mM) failed to inhibit ASM proliferation induced
by 2.5% FCS (Figure 2A). A nonsignificant decrease in ASM proliferation was observed at
the highest concentrations of PAG used in the presence of NaSH (100 μM). Similar results
were observed in the presence of NaSH (100 μM). CHH (0.03–1.00 mM), and subsequent
stimulation with 2.5% FCS plus NaSH (100 μM), caused a significant increase in ASM
proliferation induced by 2.5% FCS (P < 0.001 versus cells + 2.5% FCS) (Figure 2B). Upon
treatment of the ASM cells with CHH inhibitor (0.1–1.0 μM) and subsequent stimulation
with 2.5% FCS plus NaSH (100 μM), a significant increase in ASM proliferation was also
observed (P < 0.01 versus cells + 2.5% FCS + 100 μM NaSH). Similar results were obtained
at 72 hours (data not shown).

Effect of the H2S Donors, NaSH and GYY4137, on CBS and CSE
We next examined the effect of exogenous H2S upon CBS expression. NaSH or GYY4137
(100 μM) added to the ASM cells without FCS did not alter mRNA levels at 48 hours
(Figure 3A). FCS alone did not increase mRNA levels, but when the ASM cells were
subsequently treated with either NaSH or GYY41337 (100 μM), a reduction in mRNA
levels was observed (P < 0.05). Methemoglobin (10 μM) induced an increase in CBS
mRNA, which was attenuated by the addition of either NaSH or GYY4137 (P < 0.01)
(Figure 3A). NaSH or GYY4137 (100 μM) in the absence of FCS did not alter protein
expression at 48 hours (Figures 4A and 4B). FCS did not cause an increase in CBS protein,
but either of the H2S donors (NaSH or GYY4137 [100 μM]) caused a reduction in CBS
protein at 48 hours (P < 0.05). Methemoglobin (10 μM) induced a significant increase in
CBS protein expression (P < 0.01), which was then attenuated by either NaSH or GYY4137
(P < 0.01) (Figures 4A and 4B). These results were duplicated at 72 hours (data not shown).
Having already shown that inhibition of the CSE enzyme did not induce proliferation
(Figure 2A), we examined the effect of exogenous H2S upon CBS expression. The H2S
donor compounds, NaSH or GYY4137 (100 μM), had no effect on CSE mRNA or protein
expression (Figure 4B), further supporting the notion that endogenous H2S production is
solely dependent on CBS. It should be noted that human CBS is a target for sumoylation (a
post-translational modification of proteins involving the covalent attachment of small
ubiquitin-related modifier to proteins) (30), hence the presence of a protein doublet.

Role of K+ATP Channels and Nitric Oxide in the Actions of H2S
Cells were pretreated with the K+

ATP channel inhibitor, glibenclamide (0.001–1.000 mM)
for 30 minutes before media with 2.5% FCS with or without NaSH (100 μM) was added for
a further 48 hours. No increase in ASM proliferation was observed (Figure 5A). We next
used Nω-Nitro-L-arginine methyl ester hydrochloride (L-NAME), an inhibitor of NO, as
there may be interactions between NO and H2S. Pretreatment of the ASM cells with the NO
inhibitor (0.001–1.000 mM) had no effect upon ASM proliferation either with or without the
NaSH (Figure 5B). These results were duplicated at 72 hours (data not shown).
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Effect of NaSH on Activation of ERK-1/2 and p38 MAPK
We next examined the role of NaSH upon both ERK-1/2 and p38 phosphorylation in the
human ASM cells. NaSH (100 μM) alone did not induce phosphorylation of either ERK-1/2
or p38 in human ASM cells (Figures 6A and 6B). However, ASM cells grown in the
presence of 2.5% FCS showed a significant increase in phosphorylation of both ERK-1/2
and p38 (P < 0.01), which was subsequently reduced by NaSH (P < 0.01) (Figures 6A and
6B). Pretreatment of the ASM cells with methemoglobin (10 μM) inhibited this reduction in
phosphorylation. These results were duplicated at 72 hours (data not shown).

Finally, we examined the role of the MAPKs, ERK-1/2 and p38, on FCS-induced
proliferation and IL-8 release in human ASM cells. The ERK-1/2 inhibitor, PD98059 (5
μM), inhibited FCS-induced proliferation (P < 0.05) and IL-8 release (P < 0.01) (Figures 7A
and 7C). With the p38 MAPK inhibitor, SB202190 (5 μM), a similar, but nonsignificant,
trend was observed. When both the ERK-1/2 and p38 inhibitors were added together,
cellular proliferation and IL-8 were decreased to a greater degree (P < 0.01 and P < 0.001,
respectively). Furthermore, when the ASM cells were treated with NaSH (100 μM), after
addition of both inhibitors, a further decrease in IL-8 release was observed (P < 0.001)
(Figure 7C). These results were duplicated at 72 hours (data not shown).

DISCUSSION
Both endogenous and exogenous H2S inhibited human ASM cell proliferation and IL-8
release induced by FCS. Furthermore, we have shown that endogenous H2S is produced
solely by the enzyme, CBS, and not by CSE. This inhibitory action of H2S was not mediated
through the activation of ATP-sensitive potassium channels or controlled by any “cross-
talk” with NO. We found that H2S inhibited the phosphorylation of the MAPKs, ERK-1/2
and p38, which could be a mechanism by which H2S inhibited cellular proliferation and IL-8
release (7, 31, 32).

ASM proliferation is increased in response to FCS (11) and the inflammatory mediator,
IL-1β (33). Previous studies have examined the role of H2S upon cell proliferation, and have
concluded that this gas can induce proliferation (34) or, conversely, inhibit it (15, 28),
depending upon the cell type examined. Our data are consistent with previous studies
showing the inhibitory effect of H2S in other smooth muscle cells, such as vascular smooth
muscle cells (17). In ASM cells, H2S did not promote apoptosis as it does in aortic vascular
smooth muscle cells (35). We used both the fast-release H2S donor, NaSH, and the slow-
release donor, GYY4137, and found that both donor compounds caused similar inhibitory
effects. Whiteman and colleagues (23) have recently shown that NaSH had an inhibitory
action upon cytokine/chemokine release that peaked at 200 μM, whereas GYY4137 was an
effective inhibitor of the inflammatory mediators, IL-1β, IL-6, and TNF-α, from LPS-
stimulated macrophages, perhaps at least in part explained by the contrasting rates of H2S
delivery by these two different compounds. We very recently showed that H2S release from
NaSH is instantaneous, and generates a bolus of concentrated H2S, whereas GYY4137
releases H2S in a slow and sustained manner as per CSE and CBS. It is unlikely that cells or
tissues will be exposed to H2S as a concentrated bolus, but it is important to compare and
contrast all aspects of H2S physiology/pathology. The bolus approach may be important in
the lung after inhalation of H2S (23). Our data show that both fast and slow release of H2S
inhibited cellular proliferation and IL-8 release, indicating that the rate of release does not
determine the inhibitory effect of H2S in ASM.

Several inhibitors of endogenous H2S are available. For example, PAG is an irreversible
inhibitor of CSE, which has previously been shown to be effective in a rat model of colitis at
concentrations of 10–50 mg/kg (19, 20). Similarly, Wallace and colleagues (21) have
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previously used CHH at 3 mmol/L to inhibit CBS in a rat model of colitis. Using these
inhibitors, we found that endogenous H2S production is likely to be through the enzyme,
CBS, and not CSE. We also found that, although both enzymes were expressed in ASM
cells, CBS, and not CSE, mRNA and, to a lesser degree, CBS protein, is increased in
expression by FCS, suggesting that this growth factor may induce the cell to produce more
H2S. Only CBS was modulated by the addition of methemoglobin in the presence of FCS
and the H2S donors. Exogenous donors of H2S inhibited CBS, but not CSE, expression,
perhaps as a negative-feedback inhibitory mechanism. Currently, CBS appears to be
involved in the generation of endogenous H2S in neural pathways and in the brain (36–39).
On the other hand, CSE appears to be the enzyme predominantly involved in endogenous
H2S production in rodent smooth muscle and the lung (3, 17, 35, 40, 41). The work
presented here is the first of its kind in human ASM cells. Interestingly, Chasse and
colleagues (42) have previously demonstrated that the CBS gene isolated from human tissue
differs from that of rat, which could explain the disparate finding between species. In
addition, a very recent study has demonstrated a possible correlation between two
polymorphisms of CBS and lung cancer, the epitome of cell proliferation (43). Therefore,
species differences should be taken into consideration when investigating the production of
endogenous H2S.

To date, little is known regarding the effect of methemoglobin both in vivo and in vitro. We
have shown that, on ASM cells, methemoglobin not only induces proliferation, but also
causes IL-8 release. Interestingly, a dose- (1–50 μM)- and time (2–16 h) -dependent
increase in IL-6 and IL-8 release from venular endothelial cells has been demonstrated (44),
as well as an increase in cellular proliferation by as much as 200% in a human
hepatocellular carcinoma cell line (45), and up to 600% in epithelial cells at concentrations
comparable to ours (46).

We investigated the downstream effectors of H2S that could inhibit both cellular
proliferation and IL-8 release. Several actions of H2S, including vasodilatation, inhibition of
leukocyte adherence, and visceral analgesia, have been shown to be mediated via activation
of K+

ATP channels (47–49). However, glibenclamide, an inhibitor of ATP-sensitive
potassium channels, had no effect on the inhibitory effects of H2S in our studies. To
examine the possibility of cross-talk between H2S and NO, a nonselective NO synthesis
inhibitor (which is an analog of arginine) that inhibits NO production, L-NAME, was used
(41, 50, 51). l-NAME had no effect upon the inhibitory effects of H2S.

High concentrations of H2S have been shown to increase phosphorylation of the MAPKs,
ERK-1/2 and p38 (52, 53), whereas Hu and colleagues (54) showed that p38
phosphorylation was prevented in an in vitro model of Parkinson’s disease. Hence, we
examined the degree of phosphorylation of these kinases in ASM cells. We noted that FCS
induced both ERK-1/2 and p38 phosphorylation, which was reduced by NaSH at the
relatively low concentration of 100 μM. Induction and cessation of the phosphorylation of
ERK-1/2 and p38 appear to be mediated in a concentration-dependent manner by H2S.
Inhibiting these kinases not only stopped the ASM proliferation, but when they were used
before treatment with NaSH, a further decrease in IL-8 release was observed, further
supporting the possibility that the mechanism of H2S, at least in part, is via the inhibition of
these kinases.

In conclusion, we have shown, for the first time, that H2S inhibits both human ASM
proliferation and IL-8 release induced by FCS and IL-1β. It is likely that exogenous H2S
targets the production of endogenous H2S by inhibiting the transcription and subsequent
translation of the CBS enzyme, and proliferation of the cell is controlled by H2S through a
negative-feedback pathway. H2S inhibits the activity of the MAPKs, ERK-1/2 and p38,
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which may result in decreased human ASM proliferation and IL-8 release. H2S may provide
a novel therapeutic avenue in the stabilization of ASM proliferation, which is increased in
asthma.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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CLINICAL RELEVANCE

Hydrogen sulfide (H2S) production provides a novel mechanism for regulation of airway
smooth muscle (ASM) proliferation and IL-8 release. Therefore, regulation of H2S may
represent a novel approach to controlling ASM proliferation and cytokine release that is
found in patients with asthma.
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Figure 1.
Effect of the hydrogen sulfide (H2S) donors, sodium hydrosulfide (NaSH) and GYY4137,
on airway smooth muscle (ASM) proliferation induced by FCS. Both NaSH and GYY4137
inhibited cell proliferation induced by FCS. ASM cells were incubated with methemoglobin
(10 μM) for 1 hour; NaSH (100 μM) or GYY4137 (100 μM) was added for another 48
hours. DNA synthesis (A), cell number (B), cell viability (C), and caspase-3/7 activity (D)
were subsequently measured by bromodeoxyuridine (BrdU) ELISA, FACS analysis,
dimethylthiazol-diphenyltetrazolium bromide (MTT) assay, and Apo-ONE homogeneous
caspase-3/7 assay, respectively. Bars represent means (±SEM) of six ASM donors. *P <
0.05; **P < 0.01; ***P < 0.001. MetHb, methemoglobin.
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Figure 2.
Effect of inhibiting cystathionine-γ-lyase (CSE) and cystathionine-β-synthase (CBS) on
ASM proliferation induced by FCS. ASM cells were incubated with the indicated
concentration of an inhibitor of CSE (DL-propargylglycine [PAG]) (A) or an inhibitor of
CBS (O-(carboxymethyl)-hydroxylamine hemihydrochloride [CHH]) (B) for 30 minutes;
media with 2.5% FCS was added for a further 48 hours with NaSH (100 μM). DNA
synthesis was subsequently measured by BrdU ELISA. Bars represent controls (cells ± FCS
± NaSH), and the curves represent the effect of increasing concentrations of inhibitor with or
without NaSH. Data points represent means (±SEM) of six airway smooth muscle cell
donors. ***P < 0.001 versus cells plus 2.5% FCS; ##P < 0.01 versus cells plus 2.5% FCS
plus NaSH.
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Figure 3.
Effect of the H2S donors, NaSH and GYY4137, on CBS and CSE mRNA in human ASM
cells. Exogenous H2S inhibited CBS mRNA expression. After the ASM cells were
incubated with methemoglobin (10 μM) for 1 hour, NaSH (100 μM) or GYY4137 (100
μM) was added for another 48 hours. Change in CBS (A) or CSE (B) mRNA expression
was subsequently measured by TaqMan RT-PCR. Bars represent means (±SEM) of six
ASM donors. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 4.
Effect of the H2S donors, NaSH and GYY4137, on CBS protein expression in human ASM
cells. Exogenous H2S inhibited CBS protein expression. ASM cells were incubated with
methemoglobin (10 μM) for 1 hour; NaSH (A) or GYY4137 (B) (100 μM) was added for
another 48 hours. CBS and β-actin were detected by Western blotting. (C and D) Changes in
CBS protein expression were quantified by densitometry, normalized against β-actin
expression, and then expressed as the percent change versus untreated controls. Bars
represent means (±SEM) of six ASM donors. *P < 0.05; **P < 0.01.
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Figure 5.
Effect of inhibiting K+

ATP channels and nitric oxide (NO) synthesis on ASM proliferation
induced by FCS. After the ASM cells were incubated with the indicated concentration of
glybenclamide (GB) (A) or Nω-nitro-L-arginine methyl ester hydrochloride (L-NAME) (B)
for 30 minutes, media with 2.5% FCS were added for a further 48 hours with or without
NaSH (100 μM). DNA synthesis was subsequently measured by BrdU ELISA. Bars
represent controls (cells ± FCS ± NaSH), and the curves represent the effect of increasing
concentrations of inhibitor with or without NaSH. Data points represent means (±SEM) of
six ASMC donors.
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Figure 6.
Effect of the H2S donor, NaSH, on FCS-induced activation of extracellular signal–regulated
kinase (ERK)–1/2 and p38 mitogen-activated protein kinase (MAPK) in human ASM cells.
NaSH inhibited FCS-induced ERK-1/2 and p38 phosphorylation. ASM cells were incubated
with methemoglobin (10 μM) for 1 hour; NaSH (100 μM) was added for another 48 hours.
Total and phospho–ERK-1/2, total and phospho-p38 and β-actin were detected by Western
blotting (A). (B) Changes in phospho-MAPK expression were quantitated by densitometry,
normalized against β-actin expression, and then expressed as the percent change versus
nonphosphorylated controls. Bars represent means (±SEM) of six ASM donors. **P < 0.01.
P-ERK, phosphorylated-ERK; P-p38, phosphorylated-p38; Stim, stimulated.
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Figure 7.
Effect of mitogen-activated protein kinase kinase 1/2 (MEK-1/2) and p38 MAPK inhibition
upon FCS-induced proliferation and IL-8 release in human ASM cells. Inhibition of FCS-
induced ERK-1/2 and p38 phosphorylation results in a decrease in proliferation and IL-8
release (A and C). ASM cells were incubated with an MEK-1/2 (5 μM) inhibitor, a p38 (5
μM) inhibitor, or both for 30 minutes. The ASM cells were then further incubated with
NaSH (100 μM) for another 48 hours. DNA synthesis was subsequently measured by BrdU
ELISA (A and B). Bars represent means (±SEM) of six ASMC donors. *P < 0.05 versus
cells plus 2.5% FCS; **P < 0.01 versus cells plus 2.5% FCS; ***P < 0.001 versus cells plus
2.5% FCS; #P < 0.05 versus cells plus 2.5% FCS plus NaSH; ###P < 0.001 versus cells plus
2.5% FCS plus NaSH.
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