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Background
Cellular cGMP effects can be mediated by a number of
effectors including cGMP-dependent protein kinases
(PKGs), cGMP-stimulated phosphodiesterase (PDE2),
cGMP-inhibited phosphodiesterase (PDE3), and cGMPgated channels. Pharmacological inhibitors of PKG are
often used to discriminate between these diverse cGMP
effects. Currently used PKG inhibitors can be divided
into three classes: cyclic nucleotide binding site inhibitors
like Rp-phosphorothioate analogs, ATP binding site inhibitors like KT5823, and substrate binding site inhibitors
like the recently described DT-oligopeptides. However,
several studies have observed no PKG inhibition by
KT5823 in intact cells [1] or by Rp-cGMPS analogs in
smooth muscle cells [2], as well as unspecific (PKG-independent) effects of Rp-cGMPS analogs in platelets [3].

Preincubation of platelets with 10 nM (D)-DT2 strongly
inhibited thrombin-induced platelet aggregation and calcium mobilization, whereas it potentiated these effects
in collagen-stimulated platelets.

Results
We tested the inhibitory effects of (D)-DT2 and DT3 on
PKG and its effects on intact cells. Our data show that
(D)-DT2 selectively inhibited 2 nM purified PKG Ia and
Ib with an IC50 of 8 nM, and that up to 1 µM (D)-DT2
did not inhibit PKG II or PKA. In broken platelet cell
experiments, PKG activity was inhibited by (D)-DT2
starting at 5 µM, with complete inhibition at 20 µM,
but we also observed inhibition of PKA activity at these
concentrations. However, concentrations of up to 200
µM of compounds failed to inhibit PKG activity
(assessed by phosphorylation of the established PKG
substrates VASP, PDE5 and GRP2) in intact human platelets, rat mesangial cells and neonatal mouse cardiac
myocytes. It should be noted that the measured PKG
concentration is about 7 µM in platelets and 0.1 – 0.5
µM in all other tested cells. (D)-DT2 effects on platelet
function did not correlate with PKG activity.

References
1. Burkhardt M, Glazova M, Gambaryan S, Vollkommer T, Butt E, Bader B,
Heermeier K, Lincoln TM, Walter U, Palmetshofer A: KT5823 inhibits cGMPdependent protein kinase activity in vitro but not in intact human
platelets and rat mesangial cells. J Biol Chem 2000, 275:33536-33541.
2. Valtcheva N, Nestorov P, Beck A, Russwurm M, Hillenbrand M,
Weinmeister P, Feil R: The commonly used cGMP-dependent protein
kinase type I (cGKI) inhibitor Rp-8-Br-PET-cGMPS can activate cGKI in
vitro and in intact cells. J Biol Chem 2009, 284:556-562.
3. Gambaryan S, Geiger J, Schwarz UR, Butt E, Begonja A, Obergfell A,
Walter U: Potent inhibition of human platelets by cGMP analogs
independent of cGMP- dependent protein kinase. Blood 2004,
103:2593-2600.

Conclusion
Interpretations of results based on PKG inhibitors
require caution. None of the commercially available
PKG inhibitors should be used without control experiments in intact cells since they may have unpredictable
functional effects not mediated by PKG activity.
Acknowlegement
This work was supported by the Deutsche Forschungsgemeinschaft (SFB
688).
Published: 1 August 2011

doi:10.1186/1471-2210-11-S1-P27
Cite this article as: Gambaryan et al.: Specific PKG inhibitors: do they
really exist? BMC Pharmacology 2011 11(Suppl 1):P27.

* Correspondence: gambaryan@klin-biochem.uni-wuerzburg.de
Institute of Clinical Biochemistry and Pathobiochemistry, University of
Wuerzburg, 97078 Wuerzburg, Germany

© 2011 Gambaryan et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

