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Minireview

Clinical problem

The uvea is the pigmented middle layer of the eye, consisting 
of choroid, ciliary body and iris. About 85 % of uveal mela-
nomas (UM) start in the choroid, while tumors of the ciliary 
body (5–8 %) and iris (3–5 %) are rare. Even though uveal 
melanoma is the most common form of eye cancer in adults, 
its incidence worldwide is only estimated at four cases per 
million [1], and it only accounts for 3–5 % of all melanoma 
subtypes. Risk factors for developing uveal melanoma are si-
milar to those for cutaneous melanomas, and include inten-
sity of sun exposure, fair skin, light eye color as well as the 
presence of uveal nevi [2]. Usually UMs appear in older peo-
ple with a peak of around 70 years, but young adults or even 
children can also be affected [3]. In most cases, the primary 
tumor is controlled well with radiotherapy, local extraction 
or enucleation. Nevertheless, about 50 % of patients develop 
systemic metastasis, predominantly in the liver (90 %) but 
also in the lungs, skin or bone [4–6]. In contrast to cutaneous 
melanoma, there is no standard-of-care treatment for metas-
tasized UM. Systemic chemotherapy or local treatment of he-
patic metastasis (e.g. surgery or hepatic perfusion) have few 
benefits and no changes in overall survival [7]. The prognosis 

for metastatic UM therefore remains poor with a median sur-
vival of twelve months.

Hypothesis

G-protein-coupled receptors (GPCRs) comprise a large fa-
mily of cell-surface receptors that transduce signals via in-
teraction with heterotrimeric G-protein subunits (Gα, Gβ, 
and Gγ). The aberrant expression, overexpression and signal 
reprogramming of GPCRs and G-proteins have been linked 
to cancer initiation, tumor cell growth, metastasis and an-
giogenesis. The important role of GPCR-Gαq signaling in 
melanocyte neoplasia became apparent with the discovery of 
somatic GNAQ or GNA11 mutations in blue melanocytic 
nevi in the skin and in about 85  % of uveal melanomas 
[8, 9]. These genes encode for the heterotrimeric G protein 
α subunits, Gαq and Gα11. Oncogenic driver mutations appe-
ar exclusively in the residues Q209 and R183, both leading 
to constitutively active signaling in the Gαq pathway and its 
downstream effectors. In contrast, normal melanocytic nevi 
and melanomas originating from epidermal melanocytes fre-
quently carry oncogenic mutations in BRAF, NRAS and NF1 
but only very rarely in GNAQ or GNA11. Direct targeting of 
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deregulated Gαq/11 signaling might be a therapeutic option for 
patients with uveal melanoma (Figure 1). Only two selective 
Gq/11-inhibitors, FR-900359 and YM-254890, are of poten-
tial interest for targeting oncogenic signaling [10, 11].

Research for clinical practice

Experiments with human uveal melanoma cell lines and in 
xenograft mouse models were primarily used to target effec-
tor pathways downstream of Gαq and Gα11, including protein 
kinase C (PKC), mitogen activated protein kinases (MAPK) 
and Yes-associated protein (YAP). These effectors regulate 
cell functions such as proliferation, migration and apopto-
sis, which are known to play a central role in oncogenesis. 
Although in vitro and in vivo experiments showed inhibitory 
effects of PKC, MEK or YAP blockade on uveal melano-
ma growth [12, 13], clinical trials with the MEK inhibitor 
selumetinib and the PKC inhibitor AEB071 only reported 
limited effects on progression-free survival and no effect on 
overall survival [14, 15]. YAP inhibition with verteporfin was 

limited due to high cytotoxicity rates [16]. Inhibition of con-
stitutively active Gαq mutants may represent a new and effec-
tive molecular intervention that targets oncogenic signaling 
in uveal melanoma.

We initially investigated the possibility of therapeutic 
inhibition of aberrant Gαq activity in the murine melanoma 
cell line HCmel12. This cell line was derived from a pri-
mary melanoma established in the genetic HGF-Cdk4R24C 
mouse melanoma model, in which the transgenic expres-
sion of hepatocyte growth factor (HGF) provides constitu-
tive signaling via the receptor tyrosine kinase c-Met, and 
thus activates several intracellular signaling pathways in-
cluding RAS-MAPK and PI3K-AKT. HGF-Cdk4R24C mice 
develop spontaneous skin melanomas that metastasize to 
the lymph nodes and lungs [17–19]. In an initial screening 
for somatic genomic mutations in HCmel12 cells we unex-
pectedly identified the oncogenic mutation Gα11

Q209L, but 
mutations in BRAF or NRAS were not detected. Together 
with the group of Prof. Evi Kostenis we showed that the 
cyclic depsipeptide FR-900359, which was already identi-
fied in 1998 in the leaves of the plant Ardisia crenata [20], 
is a potent selective Gq/11-inhibitor (Figures  2, 3). Our 
experiments revealed that FR-900359 strongly inhibited a 
variety of cell functions associated with oncogenesis, inclu-
ding proliferation, metabolism and migration of HCmel12 
melanoma cells [11, 21].

Figure 1  Schematic picture of a G-protein coupled receptor 
(GPCR) signaling pathway. Gαq proteins activate phospholipa-
se C (PLC) β, leading to generation of the second messenger 
diacylglycerol (DAG). DAG activates classic protein kinase C 
(PKC) isoforms, which then stimulate MAPK signaling (Raf-
MEK-ERK), a central pathway for aberrant cell growth and cell 
survival in malignant disease. GPCR signaling also drives the 
invasion and metastasis of cancer cells via recruitment of the 
guanine nucleotide exchange factor Trio, resulting in the sus-
tained activation of the small GTPases Rho and Rac and their 
downstream targets, including the transcription factors and 
co-activators JUN, FOS and YAP.

Figure 2  The evergreen plant Ardisia crenata (image kindly 
provided by Dr. M. Crüsemann, Institute for Pharmaceutical 
Biology, University of Bonn).
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The effect of FR-900359 on GNA11
Q209L mutated muri-

ne melanoma cells was completely unexpected. Current lite-
rature suggests that FR-900359 functions as a Gαq-specific 
guanine nucleotide dissociation inhibitor (GDI) that binds to 
the GDP-bound form of Gαβ/γ Gq heterotrimers and keeps 
them in an inactivated state [22, 23]. Mutations in Gα pro-
teins lead to constitutive activation, for example by impai-
ring the intrinsic ability to hydrolyze GTP [24]. Therefore, 
FR-900359 should only affect signaling by wild type but not 
by mutated Gαq. In subsequent experiments on human uveal 
melanoma cell lines with Gαq/11 mutations (Mel270, Mel202, 
Mel92.1 and OMM1.3) we also found that FR-900359 
specifically blocked effector pathways downstream of Gαq 
and Gα11 (including ERK and YAP) and inhibited the pro-
liferation of mutated UM cells. In contrast, wild type Gαq/11 
UM cell lines (Mel285 and Mel290) were unaffected by FR-
900359 treatment. FR-900359 also significantly suppressed 
tumor growth in a mouse xenograft model driven by mutant 
Gαq

Q209P. The control, a human melanoma cell line carrying a 
mutant B-RafV600E, showed progressive growth. Our findings 
were consistent with two other in vitro studies, which descri-
bed inhibitory effects of FR-900359 on mutated uveal mela-
noma cell lines [24, 25].

The unexpected observation that oncogenic but not wild 
type Gq proteins can be inhibited pharmacologically was 
further clarified by Annala et al [21]. In general, GPCR signal 
transduction involves the activation of heterotrimeric G pro-
teins via the release of GDP and binding of GTP. The Gα 
subunit then dissociates from the Gβ and Gγ subunits, and 
all G protein components are then able to activate different 
downstream effectors. GPCR-Gα signaling is deactivated 
again by hydrolysis of GTP to GDP. Since GDP release is slow 
in comparison to GTP hydrolysis, the number of activated 
Gα subunits is controlled by the amount of agonist-occupied 
GPCRs. Oncogenic Gq proteins are constitutively active. In 

this situation, the actual hydrolysis rate from GTP to GDP 
is too slow to reset GDP-Gα. Therefore, the nucleotide state 
of mutated Gq is more dependent on nucleotide concentra-
tion than on ligand-activated GPCRs. Annala et al. showed 
that inhibitors of nucleotide dissociation such as FR-900359 
shift the equilibrium towards inactive GαGDP-βγ heterotri-
mers, thus accumulating inactive G proteins over time. Con-
sequently, downstream signaling pathways of Gαq and Gα11 
are blocked [21, 26].

Conclusions for clinical practice

Our findings demonstrate that murine and human uveal me-
lanoma cell lines carrying mutated Gαq proteins can be sig-
nificantly inhibited by the cyclic depsipeptide FR-900359 in 
vitro and in vivo. Since standard-of-care therapies for cuta-
neous melanoma (including agents such as MEK inhibitors) 
are not effective with metastasized uveal melanoma, our data 
may contribute to a new treatment option with selective tar-
geting of mutationally activated Gα11 and Gαq proteins. Ho-
wever, several open questions still need to be addressed, such 
as the detailed pharmacodynamics and pharmacokinetics of 
FR-900359.

Author

Evelyn Gaffal works at the Department of Dermatology 
at the University Hospital of Magdeburg Germany. She is 
currently president of the German Society of Investigative 
Dermatology. Her research interests include molecular 
mechanisms in the pathogenesis and therapy of malignant 
melanoma and the regulation of inflammatory immune res-
ponses in the skin.

Correspondence to

Evelyn Gaffal, MD
Department of Dermatology
University Hospital of Magdeburg

Leipziger Strasse 44
39120 Magdeburg

E-mail: evelyn.gaffal@med.ovgu.de

References
1	 Mahendraraj K, Lau CSM, Lee I, Chamberlain RS. Trends in 

incidence, survival, and management of uveal melanoma: A 
population-based study of 7516 patients from the surveillance, 
epidemiology, and end results database (1973–2012). Clin 
Ophthalmol 2016; 10; 2113–9.

2	 Weis E, Shah CP, Lajous M et al. The association of cutaneous 
and iris nevi with uveal melanoma: a meta-analysis. Ophthal-
mology 2009; 116 (3): 536–43.e2.

Figure 3  Chemical structure of FR-900359 [21].



Minireview  Targeting GNAQ mutation in uveal melanoma

1248 © 2020 Deutsche Dermatologische Gesellschaft (DDG). Published by John Wiley & Sons Ltd. | JDDG | 1610-0379/2020/1811

3	 Kaliki S, Shields CL. Uveal melanoma: relatively rare but dead-
ly cancer. Eye (Lond) 2017; 31(2): 241–57.

4	 Kujala E, Mäkitie T, Kivelä T. Very long-term prognosis of pa-
tients with malignant uveal melanoma. Investig Ophtalmol 
Vis Sci 2003; 44(11): 4651–9.

5	 Amirouchene-Angelozzi N, Schoumacher M, Stern M-H et al. 
Upcoming translational challenges for uveal melanoma. Br J 
Cancer 2015; 113: 1249–53.

6	 Patel M, Smyth E, Chapman PB et al. Therapeutic implications 
of the emerging molecular biology of uveal melanoma. Clin 
Cancer Res 2011; 17: 2087–100.

7	 Leyvraz S, Piperno-Neumann S, Suciu S et al. Hepatic intra-
arterial versus intravenous fotemustine in patients with liver 
metastases from uveal melanoma (EORTC 18021): a multicen-
tric randomized trial. Ann Oncol 2014; 25(3): 742–6.

8	 Van Raamsdonk CD, Bezrookove V, Green G et al. Frequent so-
matic mutations of GNAQ in uveal melanoma and blue naevi. 
Nature 2009; 457(7229): 599–602.

9	 O’Hayre M, Vázquez-Prado J, Kufareva I et al. The emerging 
mutational landscape of G proteins and G-protein-coupled 
receptors in cancer. Nat Rev Cancer 2013; 13(6): 412–24.

10	 Takasaki J, Saito T, Taniguchi M et al. A novel Galphaq/11-selec-
tive inhibitor. J Biol Chem 2004; 279(46): 47438–45.

11	 Schrage R, Schmitz AL, Gaffal E et al. The experimental power 
of FR900359 to study Gq-regulated biological processes. Nat 
Commun 2015; 6: 10156.

12	 Chen X, Wu Q, Tan L et al. Combined PKC and MEK inhibition 
in uveal melanoma with GNAQ and GNA11 mutations. Onco-
gene 2014 25; 33(39): 4724–34.

13	 Gutkind JS. Regulation of mitogen-activated protein kinase 
signaling networks by G protein-coupled receptors. Sci STKE 
2000; 2000(40): re1.

14	 Carvajal RD, Sosman JA, Quevedo JF et al. Effect of selumetinib 
vs chemotherapy on progression-free survival in uveal mela-
noma: a randomized clinical trial. JAMA 2014; 311(23): 2397–
405.

15	 Carvajal RD, Piperno-Neumann S, Kapiteijn E et al. Selu-
metinib in combination with dacarbazine in patients with 

metastatic uveal melanoma: A phase III, multicenter, random-
ized trial (SUMIT). J Clin Oncol 2018; 36: 1232–9.

16	 Arnold JJ, Blinder KJ, Bressler NM et al. Acute severe visual 
acuity decrease after photodynamic therapy with verteporfin: 
case reports from randomized clinical trials-TAP and VIP re-
port no. 3. Am J Ophthalmol 2004; 137(4): 683–96.

17	 Gaffal E, Landsberg J, Bald T et al. Neonatal UVB exposure ac-
celerates melanoma growth and enhances distant metastases 
in HGF-CDK4(R24C) C57BL/6 mice. Int J Cancer 2011; 129: 
285–94.

18	 Landsberg J, Kohlmeyer J, Renn M et al. Melanomas resist 
T-cell therapy through inflammation-induced reversible dedif-
ferentiation. Nature 2012; 490(7420): 412–6.

19	 Bald T, Quast T, Landsberg J et al. Ultraviolet-radiation-in-
duced inflammation promotes angiotropism and metastasis in 
melanoma. Nature 2014; 507(7490): 109–13.

20	 Fujioka M, Koda S, Morimoto Y, Biemann K. Structure of 
FR900359, a cyclic depsipeptide from Ardisia crenata sims. 
J Org Chem 1988; 53: 2820–5.

21	 Annala S, Feng X, Shridhar N et al. Direct targeting of Gαq 
and Gα11 oncoproteins in cancer cells. Sci Signal 2019; 12(573): 
eaau5948.

22	 Nishimura A, Kitano K, Takasaki J et al. (2010). Structural basis 
for the specific inhibition of heterotrimeric Gq protein by a 
small molecule. Proc Natl Acad Sci 107(31): 13666–71.

23	 Landis CA, Masters SB, Spada A et al. GTPase inhibiting 
mutations activate the alpha chain of Gs and stimulate ad-
enylyl cyclase in human pituitary tumours. Nature 1989; 340: 
692–6.

24	 Onken MD, Makepeace CM, Kaltenbronn KM et al. Target-
ing nucleotide exchange to inhibit constitutively active G 
protein α subunits in cancer cells. Sci Signal 2018; 11(546): 
eaao6852.

25	 Lapadula D, Farias E, Randolph CE et al. Effects of oncogenic 
Gαq and Gα11 inhibition by FR900359 in uveal melanoma. Mol 
Cancer Res 2019; 17(4): 963–73.

26	 Kostenis E, Pfeil EM, Annala S. Heterotrimeric Gq proteins as 
therapeutic targets? J Biol Chem 2020; 295(16): 5206–15.



https://onlinelibrary.wiley.com/action/showCampaignLink?uri=uri%3Ae1ac5a8b-7265-44e4-b79b-4b201e3620f4&url=https%3A%2F%2Fwww.metex-pen.de%2F&pubDoi=10.1111/ddg.14288&viewOrigin=offlinePdf

