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Abstract
Chronic kidney disease affects 1 out of 9 Americans and leads to kidney failure and death. Recent
scientific evidence showed increased activation of the disintegrin and metalloenzyme ADAM-17
during development of the disease and it was suggested that threonine phosphorylation of ADAM-17
may be an important regulator of the enzyme activity. The goal of our study was to investigate whether
profibrotic serotonin (5-HT) induces phosphorylation of ADAM-17 and whether phosphorylation of
ADAM-17 increases its enzymatic activity. We used kidney mesangial cells as our model system
and found that 5-HT treatment (1 μM for 10 min) induced a significant 3-fold increase in ADAM-17
phosphorylation. PD98059 (1 μM) an inhibitor of extracellular signal regulated kinase (ERK)
activation completely inhibited ADAM-17 phosphorylation. In co-immunoprecipitation analysis we
observed increased (2.7-fold) binding of activated ERK to ADAM-17 after 10 min of 5-HT
stimulation. In ADAM-17 activity assay using a fluorogenic ADAM-17 peptide substrate MCA-
PLAQAV(Dpa) we found that 5-HT treatment induced a 2.3-fold activation of ADAM-17 and that
pre-treatment with 1 μM of PD98059 significantly attenuated 5-HT-induced ADAM-17 activity (to
1.5-fold over control). We conclude that during profibrotic stimulus ERK phosphorylates ADAM-17
on threonines in kidney cells and that phosphorylation of ADAM-17 induces concomitant increase
in the enzyme activity. Our data suggest that inhibiting ADAM-17 phosphorylation can have potential
therapeutic significance to slow down kidney fibrosis.

INTRODUCTION
Chronic kidney disease is a growing health problem in the United States and word wide.
Inhibitors of the renin-angiotensin-aldosterone system were successfully used to slow down
diseases progression in the past years1. Recent scientific data indicate that activation of the
epidermal growth factor receptor (EGFR) has an important role in promoting kidney fibrosis
by inducing matrix deposition of mesangial cells in the glomeruli and promoting cell
proliferation. Pro-fibrotic molecules like angiotensin-II and serotonin (5-HT) which are known
activators of G protein-coupled receptors were shown to transactivate the EGFR in in vivo and
in vitro models of kidney fibrosis2,3. ADAM-17, a member of the “a disintegrin and
metalloenzyme” family4, was identified as the main mediator of this transactivation process.
ADAM-17 cleaves (sheds) cell surface bound EGF-like growth factors which in turn activate
the EGFR5.
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Phosphorylation of proteins is widely recognized as an important regulator of their activity.
Phosphorylation of ADAM-17 cytoplasmic tail on serine (through growth factor stimulation)
or threonine (through PKC activation) was shown by ERK6. Further, phosphoinositide-
dependent kinase 1 (PDK1) was implicated to induce serine and threonine phosphorylation of
ADAM-17 during GPCR-EGFR crosstalk in cancer cells7. Despite these excessive studies on
ADAM-17 phosphorylation we still do not have evidence whether phosphorylation of the
enzyme results in increased enzymatic activity.

The objective of this summer research program was to test whether 5-HT induces ADAM-17
phosphorylation in mesangial cells and whether increased phosphorylation of the enzyme
increases ADAM-17 enzymatic activity. We also aimed to identify the kinase responsible for
ADAM-17 phosphorylation in this model of kidney fibrosis.

MATERIALS AND METHODS
Cell Culture

Primary rat mesangial cells were obtained from cortical sections of kidneys from 100–150-g
Sprague-Dawley rats by collagenase treatment and a standard sieving technique3. The kidneys
were harvested in accordance with protocols approved by the Institutional Animal Care and
Use Committees of the Medical University of South Carolina and the Ralph H. Johnson
Veterans Affairs Medical Center. Cells were cultured in RPMI 1640 medium supplemented
with 20% fetal bovine serum and antibiotics (100 units/ml penicillin and 100μg/ml
streptomycin) at 37 °C. Cells were subcultured weekly and used between passages 6 and 14.

Immunoprecipitation and Western blotting
RMES cells were plated in 10 cm dishes, serum starved for 48 h, and treated with 10 μM kinase
inhibitor (PD98059-ERK inhibitor, EMD Biosciences) or negative control for 1 hr then
stimulated with 1 μM serotonin for 10 min. Cells were cellular proteins were
immunoprecipitated using ADAM-17 antibody (QED) or phospho-ERK antibody (Cell
Signaling) employing standard immunoprecipiation protocol3. Precipitates were analyzed by
anti-ADAM-17 antibody (QED), anti-phospho-ERK antibody (Cell Signaling) or anti-
phospho-Threonine antibody (Zymed) in Western blotting. Immunoreactive protein bands
were visualized using enhanced chemiluminescence and recorded on Kodak BioMax XR film.

Fluorescence Enzymatic Activity Measurement
Mesangial cells were seeded into 96-well plates. After serum depletion for 48 h, cells were
pretreated with 10 μM PD98059 or vehicle control for 1 h at 37°C. Immediately after addition
of 1 μM of 5-HT or vehicle control to the cells fluorogenic ADAM-17 substrate MCA-
PLAQAV(Dpa) (R&D System) was added as described before3. Enzymatic activities as time
resolved fluorescence were measured using SpectraMax5 instrument (Molecular Devices) and
SoftMaxPro software.

Statistical Analysis
Values are presented as mean ± standard error of mean. Statistical difference between groups
was determined by analysis of variance (ANOVA) using Graph Pad Prizm Software. P values<
0.05 were considered statistically significant.
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RESULTS
PD98059 attenuates 5-HT- induced ADAM-17 phosphorylation

ADAM-17 immunoprecipitation and Western blotting which probed for phospho-threonine
(an indicator of phosphorylated ADAM-17) showed that 5-HT treatment induced a 3-fold
increase (p<0.01) in phospho-threonine band intensity compared to unstimulated control. Cells
pre-treated with PD98059 to inhibit activation of ERK (PD + 5HT) showed significantly less
band intensity compared to 5-HT alone. For phosphorylated ADAM-17 we expected a band
at 125 kDa. The presence of a smear between 100-150 kDa indicates a mixture of
phosphorylated ADAM-17 species, differing in degree of posttranslational modification. The
blot was re-probed for total ADAM-17 as an indication of equal loading of samples. The total
ADAM-17 signal in the lane corresponding to cells pre-treated with kinase inhibitor and treated
with 5-HT (PD+ 5HT) appears to be stronger than the other bands, indicating more total protein
for this sample. Despite having more protein, this sample still showed significantly less
phosphorylated ADAM-17 than the 5-HT control. We also probed for phospho-tyrosine and
phospho-serine after ADAM-17 immunoprecipitation, but we did not see any increase during
5-HT stimulation in our cells.

ADAM-17 co-precipitates with activated ERK
We showed previously that 5-HT treatment activates ERK in mesangial cells4. To show that
activated ERK (pERK) directly interacts with ADAM-17 we performed pERK
immunoprecipitation followed by ADAM-17 Western blotting. As shown in Figure 1B
increased activation of ERK significantly increased its binding (up to 2.7-fold) to ADAM-17
(upper panel). We also investigated whether PDK1 kinase, which was shown to phosphorylate
ADAM-17 in cancer cells, interacts with ADAM-17 in kidney cells. However, in our co-
immunoprecipitation experiments we did not see binding of PDK1 to ADAM-17 (data not
shown).

Serotonin-induced ADAM-17 activity is repressed by ERK inhibition
Next we wanted to see whether phosphorylation of ADAM-17 correlates with increased
ADAM-17 activity. Indeed, 5-HT stimulation induced a significant (p<0.01) 2.3-fold increase
in ADAM-17 activity. At the same time fluorescence enzymatic activity assay of cells pre-
treated with PD98059 before 5-HT treatment showed significantly (p<0.01) decreased
ADAM-17 activity when compared with 5-HT stimulation alone.

DISCUSSION
ADAM17 is a key enzyme mediating cross-talk between G-protein coupled receptors (like
angiotensin receptor and serotonin receptor) and receptor tyrosine kinases (like EGFR, TNFR).
Because it participates both in proliferative and inflammatory processes it gained substantial
attention in recent years. Several inhibitors against ADAM-17 were developed and reached
clinical phase II trials8. Because of the side effects these trials were terminated. In our study
we aimed to understand how ADAM-17 is activated in kidney mesangial cells during GPCR/
RTK crosstalk to provide future therapeutic target for the regulation of ADAM-17 activity.
Using a chemical inhibitor targeting ERK activation we have identified ERK as the kinase
phosphorylating ADAM-17 on threonine residues. Further, we showed increased co-
precipitation of the kinase with ADAM-17 suggesting physical interaction of the molecules by
5-HT stimulation. We also provided evidence on the functional role of ADAM-17 threonine
phosphorylation: using a fluorogenic substrate we showed that ERK inhibitor significantly
attenuated ADAM-17 activity during 5-HT treatment. The results of IP/Western blots and the
fluorescence activity assays together point to a positive correlation between the
phosphorylation and increased activity of ADAM-17 under conditions of serotonin stimulation
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in mesangial cells. Our data also confirm the important role of mitogenic ERK in the activity
regulation of ADAM-17 during pro-fibrotic stimulus and suggest that targeting ERK in the
future could be a possible therapeutic target for treating chronic kidney fibrosis.
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Figure 1.
ADAM-17 phosphorylation is ERK dependent. A) PD98059 (PD) inhibits 5-HT-induced
ADAM-17 threonine phosphorylation (p-Threonine). B) Phosphorylated ERK interacts with
ADAM-17 during 5-HT treatment in mesangial cells. IP: immunoprecipitation. Figure shows
one representative experiment out of 3.
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Figure 2.
ADAM-17 activity is ERK dependent. PD98059 (PD) inhibits 5-HT-induced ADAM-17
activation measured by cleavage of the quenched fluorogenic peptide substrate MCA-
PLAQAV(Dpa). Figure shows data from 4 experiments performed in triplicates.
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