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SOMCL-085, a novel multi-targeted FGFR inhibitor, 
displays potent anticancer activity in FGFR-addicted 
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Abstract
Aberrant fibroblast growth factor receptor (FGFR) activation is found across a diverse spectrum of malignancies, especially those 
lacking effective treatments. SOMCL-085 is a novel FGFR-dominant multi-target kinase inhibitor. Here, we explored the FGFR-
targeting anticancer activity of SOMCL-085 both in vitro and in vivo. Among a panel of 20 tyrosine kinases screened, SOMCL-085 
potently inhibited FGFR1, FGFR2 and FGFR3 kinase activity, with IC50 values of 1.8, 1.9 and 6.9 nmol/L, respectively. This compound 
simultaneously inhibited the angiogenesis kinases VEGFR and PDGFR, but without obvious inhibitory effect on other 12 tyrosine 
kinases. In 3 representative human cancer cell lines with different mechanisms of FGFR activation tested, SOMCL-085 (20–500 
nmol/L) dose-dependently inhibited FGFR1-3 phosphorylation and the phosphorylation of their key downstream effectors PLCγ and 
Erk. In 7 FGFR aberrant human cancer cell lines, regardless of the mechanistic complexity of FGFR over-activation, SOMCL-085 
potently inhibited FGFR-driven cell proliferation by arresting cells at the G1/S phase. In the FGFR1-amplified lung cancer cell line 
H1581 xenograft mice and FGFR2-amplified gastric cancer cell line SNU16 xenograft mice, oral administration of SOMCL-085 (25, 50 
mg·kg-1·d-1) for 21 days substantially suppressed tumor growth without affecting their body-weight. These results suggest that SOMCL-
085 is a potent multi-target FGFR inhibitor that inhibits the FGFR-dependent neoplastic phenotypes of human cancer cells in vitro and 
in vivo.
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Introduction
The fibroblast growth factor receptor (FGFR) family of recep-
tor tyrosine kinases (RTKs) comprises four members (FGFR1, 
FGFR2, FGFR3, and FGFR4) that share significant sequence 
homology.  Receptor activation by FGFs initiates a cascade 
of intracellular events that activate major survival and prolif-
erative signaling pathways mediating crucial physiological 
mechanisms, such as tissue and metabolic homeostasis, 
endocrine functions and wound repair[1-4].

Aside from their normal physiological roles described 
above, FGFs and FGFRs are emerging as oncogenes that 
drive proliferation in a significant proportion of human 
tumors and can also mediate resistance to both cytotoxic 
and targeted agents[1, 4].  Deregulation of FGFR signaling 
has been documented in a broad spectrum of tumor 
types, in the form of FGFR gene amplifications, somatic 
mutations, or translocations, especially in tumors lacking 
effective treatment[1-4].  For example, amplification of FGFR1 
(8q12locus) is found in approximately 17% of squamous non-
small cell lung carcinoma (NSCLC) cases[5, 6].  Amplification of 
FGFR2 has been described in 5%–10% of gastric cancer cases, 
particularly of the aggressive diffuse subtype[7], and in 4% of 
triple-negative breast cancer cases[8].  Mutations in FGFR3 are 
frequent in non-muscle invasive urothelial cell carcinomas and 
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are also found in approximately 15% of high-grade invasive 
urothelial cancers[9, 10].  Thus, FGFR has been validated as an 
attractive target for cancer treatment.

Several FGFR inhibitors are undergoing clinical studies, but 
none of them have yet been approved for clinical use[4].  Many 
of the published FGFR inhibitors approved for VEGFR2-
based antiangiogenic therapies retain significant activity 
against VEGFR but have less potency against FGFRs[4, 11-15].  
Their activity against VEGFR is the likely source of grade 
3/4 hypertension induction and the dose-limiting toxicity 
of these inhibitors[16-19].  Most importantly, the angiogenesis-
regulating kinase VEGFR, PDGFR, and FGFR pathways are 
able to compensate for each other when single pathways 
are inhibited[20-23].  Accordingly, more recent treatments 
have focused on inhibiting multiple signaling pathways 
simultaneously.

Given the facts mentioned above, we sought to develop 
an orally bioavailable, FGFR-dominant kinase inhibitor that 
simultaneously inhibits VEGFR and PDGFR.  To this end, we 
developed a novel triple kinase inhibitor of FGFR, VEGFR, and 
PDGFR, SOMCL-085.  In the present study, we evaluated the 
FGFR-targeting antitumor activity of SOMCL-085 both in vitro 
and in vivo.  The compound potently inhibited FGFR kinase 
activity and FGFR signal transduction, thereby suppressing 
the FGFR-dependent neoplastic phenotype of tumor cells.  In 
xenografts of human lung and gastric tumor cell lines with 
FGFR-driven gene alterations, SOMCL-085 administration led 
to significant antitumor activity at well-tolerated doses.  Our 
results suggest that SOMCL-085 has promising therapeutic 
potential for the treatment of FGFR-driven cancer in patients 
who acquire resistance to anti-VEGF/VEGFR2-based 
therapies.

Materials and methods
Compound
SOMCL-085 [6-((2-(4-(4-(2-hydroxyethyl)piperazin-1-yl)benza-
mido)pyridin-4-yl)oxy)-N-methyl-1-naphthamide hydrochlo-
ride] (Figure 1) was synthesized in Prof Ao ZHANG’s Labora-
tory at the Shanghai Institute of Materia Medica.  SOMCL-085 
was dissolved in dimethyl sulfoxide at 10 mmol/L and subse-
quently serially diluted to specific concentrations.  

ELISA kinase assay
The effects of SOMCL-085 on the activities of various tyrosine 
kinases were determined using enzyme-linked immunosor-
bent assays (ELISAs) with purified recombinant proteins.  
Briefly, 20 μg/mL poly (Glu, Tyr) 4:1 (Sigma, St Louis, MO, 
USA) was pre-coated in 96-well plates as a substrate.  A 50 μL 
aliquot of 10 μmol/L ATP solution diluted in kinase reaction 
buffer [50 mmol/L HEPES (pH 7.4), 50 mmol/L MgCl2, 0.5 
mmol/L MnCl2, 0.2 mmol/L Na3VO4, and 1 mmol/L DTT] 
was added to each well; 1 μL of the indicated compound 
diluted in 1% DMSO (v/v) (Sigma, St Louis, MO, USA) was 
then added to each reaction well.  DMSO (1%, v/v) was used 
as the negative control.  The kinase reaction was initiated by 
the addition of purified tyrosine kinase proteins diluted in 

49 μL of kinase reaction buffer.  After incubation for 60 min 
at 37 °C, the plate was washed three times with phosphate-
buffered saline (PBS) containing 0.1% Tween 20 (T-PBS).  Anti-
phosphotyrosine (PY99) antibody (100 μL; 1:500, diluted in 5 
mg/mL BSA T-PBS) was then added.  After a 30-min incuba-
tion at 37 °C, the plate was washed three times, and 100 μL 
of horseradish peroxidase-conjugated goat anti-mouse IgG 
(1:1000, diluted in 5 mg/mL BSA T-PBS) was added.  The 
plate was then incubated at 37°C for 30 min and washed three 
times.  A 100-μL aliquot of a solution containing 0.03% H2O2 

and 2 mg/mL o-phenylenediamine in 0.1 mol/L citrate buf-
fer (pH 5.5) was added.  The reaction was terminated by the 
addition of 50 μL of 2 mol/L H2SO4 as the color changed, and 
the plate was analyzed using a multi-well spectrophotometer 
(SpectraMAX190, from Molecular Devices, Palo Alto, CA, 
USA) at 490 nm.  The inhibition rate (%) was calculated using 
the following equation: [1-(A490/A490 control)] ×100%.  The IC50 

values were calculated from the inhibition curves in two sepa-
rate experiments.

Cell culture
Human lung cancer cell line NCI-H1581, human acute myelog-
enous leukemia cell line KG1, human gastric cancer cell lines 
SNU16 and KATOIII, and human bladder cancer cell line NCI-
H716 were purchased from the American Type Culture Col-
lection (ATCC, Manassas, VA, USA).  Human bladder cancer 
cell line RT112 was purchased from the DSMZ-German col-
lection of microorganisms and cell cultures.  Human bladder 
cancer cell line UMUC14 was purchased from the European 
Collection of Cell Cultures (ECACC).  All the cell lines were 
routinely maintained in media according to the suppliers’ 
recommendations and authenticated via short tandem repeats 
analysis by Genesky Biopharma Technology (last tested in 
2016).

Western blot analysis
KG1, SNU16 and UMUC14 cells were treated with the indi-
cated dose of SOMCL-085 for 2 h at 37 °C and then lysed in 
1×SDS sample buffer.  The cell lysates were subsequently 
resolved by 10% SDS-PAGE and transferred to nitrocellulose 
membranes.  The membranes were probed with the appro-
priate primary antibodies [phospho-FGFR, FGFR1, FGFR2, 

Figure 1.  The chemical structure of SOMCL-085.
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FGFR3, phospho-ERK, ERK, PLCγ, phospho–PLCγ, tubulin 
(all from Cell Signaling Technology, Beverly, MA, USA)], and 
then with horseradish peroxidase-conjugated anti-rabbit or 
anti-mouse IgG.  The immune reactive proteins were detected 
using an enhanced chemiluminescence detection reagent 
(Thermo Fisher Scientific, Rockford, IL, USA).

Cell proliferation assays
Cells were seeded in 96-well plates at a low density in growth 
media.  The next day, appropriate controls or designated 
concentrations of compounds were added to each well, and 
the cells were incubated for 72 h.  Finally, cell proliferation 
was determined using a sulforhodamine B (SRB) assay or a 
cell counting kit (CCK-8) assay.  IC50 values were calculated 
by concentration-response curve fitting using a SoftMax pro-
based four-parameter method.

Cell cycle analysis
The effects of compounds on cell cycle progression and popu-
lation distribution were determined by flow cytometry.  Cells 
were seeded at 2×105 cells in 6-well plates and treated with 
compounds at the indicated concentration or with vehicle as a 
control.  After 24 h, the cells were collected, fixed and stained 
with propidium iodide (10 μg/mL) for 30 min and then 
analyzed using a flow cytometer (FACSCalibur instrument; 
Becton, Dickinson & Co, USA).  Data were plotted using Cel-
lQuest software (Becton, Dickinson & Co, USA).

In vivo antitumor activity assay
Female nude mice (4–6-weeks old) were housed and main-
tained under specific pathogen-free conditions.  Animal pro-
cedures were performed according to the institutional ethical 
guidelines for animal care.  Tumor cells at a density of 5×106 in 
200 μL were injected subcutaneously (sc) into the right flank of 
nude mice and then allowed to grow to 700–800 mm3, which 
was defined as a well-developed tumor.  Subsequently, the 
well-developed tumors were cut into 1-mm3 fragments and 
transplanted sc into the right flank of nude mice using a tro-
car.  When the tumor volume reached 100–150 mm3, the mice 
were randomly assigned into either a vehicle control group 
(n=12) or a treatment group (n=6 per group).  The control 
group was given only vehicle (water for injection), while the 
treatment groups received SOMCL-085 at the indicated doses 
via oral injection once daily for 2–3 weeks.  The sizes of the 
tumors were measured twice per week using a microcaliper.  
Tumor volume (TV)=(length×width2)/2, and the individual 
relative tumor volume (RTV) was calculated as follows: RTV 
= Vt/V0, where Vt was the volume on a particular day and V0 

was the volume at the beginning of the treatment.  The RTV 
was shown on indicated days as the median RTV±SE indicated 
for groups of mice.  Percent (%) inhibition (TGI) values were 
measured on the final day of study for the drug-treated mice 
compared with vehicle-treated mice and were calculated as 
100 × {1-[(VTreated Final day-VTreated Day 0)/(VControl Final day-VControl Day 0)].  
Significant differences between the treated and control groups 
(P≤0.05) were determined using the Student’s t test.

Results
SOMCL-085 is a potent FGFR-dominant kinase inhibitor that 
simultaneously inhibits VEGFR and PDGFR
SOMCL-085 (Figure 1) was selected for further characteriza-
tion based on screens designed to identify a triple inhibitor of 
FGFR, VEGFR, and PDGFR.  SOMCL-085 potently inhibited 
FGFR1–3 kinase activity, with IC50 values of 1.8, 1.9 and 
6.9 nmol/L, respectively (Figure 2, Table 1), and displayed 
weaker activity against FGFR4 (IC50=319.9 nmol/L) (Figure 2, 
Table 1).  Simultaneously, SOMCL-085 significantly inhibited 
VEGFR1, VEGFR2, PDGFR-α, and PDGFR-β kinase activ-
ity, with potency that was equal or lower than that observed 
against FGFR1–3.  By contrast, no obvious inhibitory effect 
was observed against the other 12 tyrosine kinases tested 
from different families (Table 1).  These data indicated that 
SOMCL-085 is a potent FGFR-dominant kinase inhibitor 
that simultaneously inhibits VEGFR and PDGFR.  Here, we 
explored the in vitro and in vivo anti-FGFR activity of SOMCL-
085.  The pharmacologic properties of SOMCL-085 in models 
associated with PDGFR and KDR will be described elsewhere.

SOMCL-085 blocks FGFR activation and downstream signaling in 
cancer cells
To further evaluate the cellular activity of SOMCL-085 
targeting FGFR kinase, we analyzed its effects on the 
phosphorylation of FGFR and its major downstream signaling 
molecules, PLCγ and ERK[1].  Three representative human 
cancer cell lines with different mechanisms of FGFR activation 
were used, including FGFR1-translocated myeloid leukemia 
cancer cell line KG-1, FGFR2-amplified gastric cancer cell 

Table 1.  The kinase panel screening data of SOMCL-085.

Kinase IC50  (nmol/L)a

FGFR1 1.8±0.2
FGFR2 1.9±0.4
FGFR3 6.9±1.2
FGFR4                                                                319.9±24.9
VEGFR-1 5.6±0.5
VEGFR-2 1.2±0.2
PDGFR-α                                                               22.6±10.5
PDGFR-β 7.8±1.8
EGFR >1000
ErbB2 >1000
ErbB4 >1000
ABL >1000
c-Src >1000
EPH-A2 >1000
IGF1R >1000
ALK >1000
LTK >1000
ROS1 >1000
c-Met >1000
AXL >1000

aValues are the mean±SD of two independent assays.
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line SNU16, and FGFR3-mutated bladder cancer cell line 
UMUC14.  SOMCL-085 showed significant inhibition of 
FGFR1–3 phosphorylation in a dose-dependent manner in 
the individual cancer cell lines.  The phosphorylation of ERK 
and PLCγ was also clearly inhibited (Figure 3A–C).  Thus, 
SOMCL-085 potently inhibits FGFR signaling, regardless of 
the mechanistic complexity of FGFR activation.

SOMCL-085 elicits significant effects against FGFR1–3-driven 
cancer cell proliferation via G1/S cell cycle arrest
To elucidate the impact of SOMCL-085 on FGFR-mediated 
cancer cell proliferation, seven cancer cell lines harboring 
the frequently occurring oncogenic forms of different FGFR 
members were chosen: FGFR1-translocated KG1 cells, FGFR1-

amplified NCI-H1581 cells, FGFR2-amplified SNU16 cells, 
KATOIII cells, NCI-H716 cells, FGFR3-amplified RT112 
cells, and FGFR3-mutated UMUC14 cells.  The ability of 
SOMCL-085 to inhibit cell proliferation in these cells over a 
3-day period was assessed using standard SRB and CCK8 
proliferation assays.  As shown in Figure 4A–G and Table S1, 
SOMCL-085 strongly inhibited FGFR1-, FGFR2-, and FGFR3-
driven cancer cell proliferation in a dose-dependent manner.  
The concentrations of SOMCL-085 required to inhibit cellular 
FGFR phosphorylation were in good agreement with the in 
vitro proliferation IC50 values (Table S1, Figure 3, Figure 4A–
G), indicating that SOMCL-085 inhibited the tested cancer cell 
proliferation via targeted FGFR signaling.

FGFR inhibition is known to exert anti-proliferative effects 

Figure 2.  SOMCL-085 potently inhibited FGFR1, FGFR2, and FGFR3 kinase activity.  The inhibition curve of SOMCL-085 against FGFR1 (A), FGFR2 (B), 
FGFR3 (C), and FGFR4 (D) kinase activity using ELISA assay.

Figure 3.  SOMCL-085 effectively inhibits the phosphorylation of FGFR and the downstream effectors Erk and PLCγ in KG-1, SNU16, and UMUC14 cells.  
KG1 (A), SNU16 (B) or UMUC14 (C) cells treated with SOMCL-085 for 2 h at the indicated concentrations were lysed, and subjected to Western blot analysis.
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by arresting cells in the G1/S phase[24].  To further confirm 
cellular FGFR targeting activity, we used a FGFR3-mutant 
UMUC14 cancer cell line as the representative FGFR-addicted 
context to measure cell-cycle distribution upon SOMCL-085 
treatment.  As expected, UMUC14 cells showed dramatic 
increases in the G1 phase population upon treatment with 
SOMCL-085 (Figure 4H), with no increases in the sub-G1 
population (data not shown), further confirming that the 
potent anti-proliferative activity of the compound in the FGFR-
addicted context was the result of targeted FGFR signaling.

SOMCL-085 significantly inhibits FGFR-mediated tumor growth 
in vivo at well-tolerated doses
To assess the in vivo antitumor efficacy of SOMCL-085, the 
FGFR1-amplified lung cancer cell line NCI-H1581 and the 
FGFR2-amplified gastric cancer cell line SNU16 xenograft 
mouse models were used.  In the SNU16 model, SOMCL-085 

was orally administered once daily at doses of 25 or 50 mg/kg 
for 21 consecutive days.  The results showed that SOMCL-
085 could suppress tumor growth in a dose-dependent man-
ner, with tumor growth inhibition rates of 62.9% and 81.3% 
at doses of 25 mg/kg and 50 mg/kg, respectively (Figure 5A–
C).  Additionally, SOMCL-085 was well tolerated, with no 
significant body-weight loss in any of the treatment groups 
(Figure 5D).  Similar results were observed in the NCI-H1581 
model treated with SOMCL-085 (Figure 5E–H).  These results 
indicated that SOMCL-085 elicited robust antitumor efficacy 
in FGFR-dependent tumor models at well-tolerated doses.  
Therefore, SOMCL-085 is a potential multi-target FGFR inhibi-
tor for further drug development.

Discussion
Recent clinical success in molecular-targeted therapies for 
cancer based on the identification of oncogenic gene alterations 

Figure 4.  SOMCL-085 elicits significant effects against FGFR1–3–driven cancer cell proliferation via G1/S cell cycle arrest.  (A–G) The anti-proliferative 
activity of SOMCL-085 against a panel of tumor cell lines, including NCI-H1581 (A), KG1 (B), SNU16 (C), KATOIII (D), NCI-H716 (E), RT112 (F), UMUC14 
(G), was determined by a sulforhodamine B (SRB) assay or a CCK-8 assay.  The inhibit rates were plotted as the mean±SD from two independent 
experiments.  (H) SOMCL-085 induced G1/S phase cell cycle arrest in FGFR–addicted UMUC14 cancer cells.  UMUC14 cells were treated with the 
indicated concentrations of SOMCL-085 for 24 h.  The percentages of cells in different cell cycle phases determined by FACS and analyzed with Modifit 
LT were plotted.  The data shown are the mean±SD from three independent experiments.
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and their specific inhibitors has been associated with dramatic 
antitumor effects, reduced side effects, and improved patient 
survival.  Mutant FGFR, a clinically relevant molecular 
oncogenic driver, is found across a diverse spectrum of 
malignancies, especially those lacking effective treatment[1, 2, 4].  

Aberrant FGFR activation is closely associated with tumor 
formation and metastasis, as well as resistance to approved 
therapies[4, 25-30].  Therefore, inhibiting FGFR signaling could 
have significant potential for the treatment of human cancers 
driven by FGFR over-activation.

Figure 5.  SOMCL-085 significantly inhibits FGFR-mediated tumor growth in vivo at well-tolerant doses.  (A–D) Antitumor efficacy of SOMCL-085 in SNU16 
xenograft model.  (A) Tumor growth inhibition upon SOMCL-085 treatment in SNU16 xenografts was shown.  The RTVs are expressed as the mean± 
SEM.  Significant difference from the vehicle group was determined using a t-test, *P<0.05, **P<0.01.  Representative image of tumors (scale bar = 20 
mm) (B) and tumor weights (C) were shown on day 21 after mice injected with SOMCL-085.  (D) Body weight measurements during the treatment.  (E–
H) Antitumor efficacy of SOMCL-085 in NCI-H1581 xenograft model.  (E) Tumor growth inhibition upon SOMCL-085 treatment in NCI-H1581 xenografts 
was shown.  The RTVs are expressed as the mean±SEM.  Significant difference from the vehicle group was determined using a t-test, **P<0.01.  
Representative image of tumors (scale bar=20 mm) (F) and tumor weights (G) were shown on day 14 after mice injected with SOMCL-085.  (H) Body 
weight measurements during the treatment.
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Here, we report the activity of the multi-targeted kinase 
inhibitor, SOMCL-085, against the FGFR family of kinases.  
Using FGFR-dependent cancer cells with different mecha-
nisms of activation, we showed that SOMCL-085 potently 
inhibits the activation of FGFR1–3 signaling in cells and 
significantly inhibits cancer cell proliferation.  Consistent with 
anti-proliferative effects mediated by inhibition of individual 
FGFRs, phosphorylation of the receptor was inhibited in 
all three cell lines with similar potency.  In addition, using 
FGFR1-amplified H1581 and FGFR2-amplified SNU16 mouse 
xenograft models, we showed that daily oral administration 
of SOMCL-085 led to substantial inhibition of tumor growth 
at well-tolerated doses.  Our study supports SOMCL-085 as 
a potent FGFR inhibitor that inhibits the activity of FGFRs 
regardless of their mechanism of activation.

It cannot be ignored that, as a FGFR-targeted inhibitor, 
SOMCL-085 simultaneously inhibits the angiogenesis kinases 
VEGFR and PDGFR.  Although antiangiogenic therapies 
have proven to be effective in clinical settings, they also have 
well-characterized serious side effects that limit their clinical 
application.  Most importantly, angiogenic kinase pathways 
including VEGFR, PDGFR, and FGFR can easily compensate 
for each other during blockade of a single pathway[20-23, 30].  
All of these findings suggest that a multi-targeting strategy 
towards both FGFR and VEGFR with PDGFR would provide 
a better treatment opportunity for patients who have disease 
progression following anti-VEGF/VEGFR2-based therapies.  
SOMCL-085 is an FGFR-dominant inhibitor with simultaneous 
inhibitory effects on VEGFR and PDGFR that may have prom-
ising treatment potential for patients who acquire resistance to 
anti-VEGF/VEGFR2-based therapies.  

In summary, SOMCL-085 is a multi-targeted kinase inhibitor 
that displays potent pan-FGFR activity and inhibits the 
growth of cancer cells containing FGFR activated by multiple 
mechanisms.  Several cancer indications contain genomic 
aberrations in FGFRs, and patients with these diseases tend to 
lack effective targeted therapies.  These data strongly support 
the investigation of SOMCL-085 as a therapy for patients with 
FGFR-driven cancers
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