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Vorolanib (CM082) is amulti-targeted tyrosine kinase receptor
inhibitor with a short half-life and limited tissue accumulation
that has been shown to reduce choroidal neovascularization in
rats. In this preclinical study, vorolanib demonstrated compet-
itive binding and inhibitory activities with KDR, PDGFRb,
FLT3, and C-Kit, and inhibited RET and AMPKa1 more
weakly than sunitinib, indicating more stringent kinase selec-
tivity. Vorolanib inhibited vascular endothelial growth factor
(VEGF)-induced proliferation of human umbilical vein endo-
thelial cells (HUVECs) and HUVEC tube formation in vitro.
In mouse xenograft models, vorolanib inhibited tumor growth
of MV-4-11, A549, 786-O, HT-29, BxPC-3, and A375 cells in a
dose-dependent fashion. Complete tumor regression was
achieved in the MV-4-11 xenograft model. No significant toxic-
ities were observed in vorolanib groups, whereas a significant
negative impact on body weights was observed in the sunitinib
group at a dose of 40 mg/kg qd. Overall, vorolanib is a novel
multi-kinase receptor inhibitor with potent preclinical anti-
angiogenic and anti-tumor activity that is potentially less toxic
than other similar kinase inhibitors.

INTRODUCTION
Receptor tyrosine kinase (RTK) signaling is frequently dysregulated
in human cancers. Vascular endothelial growth factor receptor
(VEGFR) overexpression is frequently found in several cancer types,
such as lung, breast, kidney, and ovarian, and thus has become a
prominent therapeutic target for cancer.1,2 The VEGF RTK family
are composed of three transmembrane proteins: VEGFR-1 (also
called FLT-1), VEGFR-2 (also known as kinase insert domain recep-
tor [KDR] or FLK-1), and VEGFR-3 (also called FLT-4).3

VEGFR tyrosine kinase inhibitors (TKIs) can be classified as selective
or non-selective inhibitors based on their in vitro potency. Non-selec-
tive TKIs are inhibitors that have multiple targets and can have rela-
tively low (sorafenib), intermediate (sunitinib), or high (cabozantinib
and lenvatinib) in vitro potency against VEGFRs; selective TKIs are
those have intermediate (pazopanib) or high (axitinib and tivozanib)
in vitro inhibitory activity against VEGFRs.4 Lenvatinib can inhibit
VEGFR-1/3 and FGFR-1/4 pathways and has been used in combina-
tion with everolimus as a second-line strategy in patients with
advanced renal cell carcinoma (RCC) after prior anti-VEGF therapy.5
This is an open access article under the CC BY-NC-
Tivozanib is a derivative structurally related to lenvatinib with
improved potency and selectivity for the VEGFR-1, -2, and -3.6

However, these VEGFR TKIs can cause hypertension and can lead
to myocardial ischemia, left ventricular systolic dysfunction, and
heart failure in patients with other risk factors.7,8 Therefore, an unmet
clinical need for an RTK with an improved safety profile that main-
tains good efficacy is present.

Vorolanib (CM082) is a TKI that targets all VEGFR and platelet-
derived growth factor receptor (PDGFR) isoforms.9 It has a shorter
half-life and limited tissue accumulation compared with other
TKIs.10 Enhanced chemotherapeutic drug efficacy has also been
shown by inhibition of the drug efflux function of ABCG2, a potential
ATP-binding cassette transporter.11 Several pharmacodynamic and
pharmacokinetic studies and/or phase I clinical trials of vorolanib,
alone or combined with other targeted therapy or chemotherapeutic
agents,12 have been performed in advanced RCC and lung
cancer.10,12–15 A randomized phase 2/3, double-blinded, multi-center
trial of vorolanib and everolimus in patients with pretreated metasta-
tic RCC is ongoing.

Our study evaluated the affinity of vorolanib in a variety of RTKs,
assessing kinase activity inhibition in vitro. We also investigated the
functional significance of inhibiting VEGF-induced proliferation on
human umbilical vein endothelial cell (HUVEC) vessel formation,
in vitro, and tumor growth in a mouse xenograft model using several
established human tumor cell lines.
RESULTS
Vorolanib showed competitive binding with the kinases

The half maximal inhibitory concentration (IC50) of vorolanib for
PDGFRb was the same as that of sunitinib. The IC50 values of voro-
lanib for KDR, FLT3, and C-Kit were 4.7- to 15.4-fold lower than
those of sunitinib. On the contrary, the IC50 values of vorolanib for
RET and AMPKa1 were 1.1- to 2.4-fold higher than those of sunitinib
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Table 1. IC50 values of competitive binding between vorolanib (CM082) and

sunitinib with different kinases

IC50 (nM) KDR PDGFRb FLT3 C-Kit RET AMPKa1

Sunitinib 17.25 0.13 2.93 1.22 177 398.9

Vorolanib 1.12 0.13 0.63 0.14 74.1 352.2

AMPKa1, AMP-activated protein kinase a1; FLT3, FMS-like tyrosine kinase 3; KDR,
vascular endothelial growth factor receptor 2 (VEGFR2); PDGFRb, platelet-derived
growth factor receptor b; RET, rearranged during transfection; .
They showed higher affinity with vorolanib compared with other kinases tested in the
KINOMEscan in vitro competition kinase binding assays.

Table 2. IC50 values of vorolanib (CM082) on human umbilical vein

endothelial cell proliferation with or without VEGF165

IC50 (nM) Sunitinib CM082 Staurosporine

Primary HUVECs — >2,000 8.12

VEGF165-induced Primary HUVECs 12.55 92.37 —

VEGF165-induced HUVEC cell lines 39.84 64.13 —

HUVEC, human umbilical vein endothelial cell; VEGF, vascular endothelial growth fac-
tor.
Staurosporine was used as positive control.
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(Table 1). More comprehensive vorolanib results against a total of 38
human recombinant kinases are presented in a supplementary table,
indicating that vorolanib showed similar inhibitory spectrum and
higher selectivity for kinases than sunitinib (Table S1).

Vorolanib inhibited VEGF-induced proliferation and tube

formation of HUVECs

Vorolanib demonstrated a dose-dependent VEGF165-induced prolif-
eration of HUVEC cell line and primary HUVECs in vitro with IC50

values of 64.13 and 92.37 nM, respectively (Table 2). Meanwhile, vor-
olanib had no significant effect on the proliferation of primary
HUVECs without VEGF165 induction, and the IC50 value was more
than 2,000 nM. At both 50 and 100 nM, vorolanib inhibited the
VEGF165-induced tube formation of HUVECs, in vitro, with inhibi-
tory strengths comparable with that of sunitinib (Figure 1). Similar
to sunitinib, vorolanib also inhibited the VEGF-induced KDR phos-
phorylation of HUVECs (Figure S1). These results indicated that the
main anti-tumor mechanism of vorolanib may be anti-angiogenesis.

In order to investigate whether the inhibitory effects of vorolanib on
tube formation were caused by its direct toxicity to tumor cells, the
toxicity of vorolanib on tumor cells was tested in vitro. The results
showed that vorolanib had almost no significant inhibitory activity
on A375, 786-O, HT-29, HCT-116, BXPC-3, and A549 cell lines,
which was inferior compared with sunitinib. The kinases, including
KDR, PDGFRb, KIT, and FLT3, were almost not expressed in these
cell lines,16 whereas vorolanib showed an inhibitory effect on MV-
4-11 cells, with an IC50 of 140 nM, but it is still weaker than sunitinib,
with an IC50 of 14.81 nM (Table 3). The MV-4-11 cells were derived
from biphenotypic B myelomonocytic leukemia with a FLT3 internal
tandem duplication (ITD) mutation.17 As a growth factor receptor,
FLT3 can regulate cell growth and proliferation via various signaling
pathways, including the Ras/MAPK, PI3K/Akt, and JAK/STAT path-
ways.18 Therefore, vorolanib may repress the cell growth by selec-
tively inhibiting tyrosine kinases mutated in cancer cells.

Vorolanib inhibited microvessel density and choroidal

neovascularization development

To further evaluate the effect of vorolanib on angiogenesis, immuno-
fluorescent staining of CD31 was performed (Figure 2). Many blood
vessels were intensely stained by the CD31 antibody in the xenograft
models. However, the microvessel density (MVD) of the mouse was
578 Molecular Therapy: Oncolytics Vol. 24 March 2022
significantly inhibited by sunitinib. Similarly, vorolanib suppressed
the MVD of the mouse in a dose-dependent manner, and the quan-
titative analysis showed that the inhibitory activity of high-dose vor-
olanib (160 mg/kg twice daily [bid]) was comparable with sunitinib.

We next determinedwhether pharmacologic inhibition of VEGF could
prevent choroidal neovascularization (CNV) development in this
model by administering vorolanib (10 and 30 mg/kg) 10 to 20 days
after Matrigel injection. In the control group, the CNV area on day
20 was 3.7 times larger than that on day 10 (CNV area: 1326.95 ±

583.71� 103 mm2, n = 6, versus 282.40 ± 99.20� 103 mm2, n = 7; Fig-
ures 3A and 3B), indicating that the development of CNV in every eye
was notably observed. However, CNV development was repressed in
the eyes of animals dosed with vorolanib 10 mg/kg (CNV area:
493.58 ± 317.17 � 103 mm2, n = 6) and 30 mg/kg (CNV area:
357.70 ± 276.97 � 103 mm2, n = 6; Figures 3C and 3D).

Vorolanib inhibited tumor growth in athymic mice in a dose-

dependent manner

We further evaluated the in vivo anti-tumor activity of vorolanib in
multiple tumor-cell-line-derived xenograft models. Sunitinib was
used as a positive control in these experiments and demonstrated
an inhibitory profile on these tumors. In the xenograft models, espe-
cially in the MV-4-11 model, vorolanib showed similar inhibitory po-
wer at a dose of 160mg/kg (80mg/kg bid) to that of sunitinib at a dose
of 40 mg/kg every day (qd) (Figure 4A). Furthermore, vorolanib ex-
erted stronger inhibition of tumor growth in the MV-4-11 xenograft
tumors than in the other xenograft tumors. One possible reason may
be that MV-4-11 cells harbor an FLT3-ITD mutation. At 10 mg/kg
bid, vorolanib began to show significant inhibition of MV-4-11 xeno-
graft tumor growth. The efficacious dose in the HT-29-cell-derived
xenograft models was 40–160 mg/kg bid (Figure 4C). The effect of
vorolanib on other xenografts, including HCT-116, BxPC-3, A375,
and 786-O, is similar to that on HT-29 tumor xenografts (Figure S2).
Orally administered vorolanib was well tolerated by the animals in the
study, with no obvious body weight loss or other significant toxicity
observed. However, severe body weight loss was observed in the suni-
tinib group at the dose of 40 mg/kg qd (Figures 4B and 4D).

DISCUSSION
Over the past few decades, scientific research has established that neo-
angiogenesis is needed to sustain tumor growth.19 Thus, targeting the



Figure 1. Effects of vorolanib on human umbilical vein endothelial cells (HUVECs)

Effects of vorolanib on vascular endothelial growth factor (VEGF)-induced in vitro tube formation of primary HUVECs. ##p < 0.01 versus control group, **p < 0.01 versus VEGF

group.
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angiogenic pathway is an effective strategy for anti-cancer therapy.
Sunitinib is a multi-targeted kinase inhibitor that selectively targets
important molecules in the angiogenic pathway, including VEGFR
and PDGFR. It also inhibits two other members of the PDGFR
RTK family, KIT and FLT3.20 However, serious side effects resulting
from the off-target effects limit the clinical application and patient
benefits. The treatment-related toxicities and the more rapid progres-
sion and poorer prognoses of some cancers caused by an interrup-
tion/discontinuation of sunitinib treatments due to toxicities pointed
to the clinical need for a safer and more effective TKI. In clinical
studies, dose-limiting toxicities (DLTs), including grade 3 fatigue,
grade 3 hypertension, and grade 2 bullous skin toxicity, have
been observed. Cardiotoxicities and hypothyroidism have also
occurred.20–22 Pharmacokinetic and pharmacodynamic analyses re-
vealed the accumulation of sunitinib in tissue.23–25 As a result of these
toxicities, sunitinib is given as a 4-week-on and 2-week-off cycle; yet
the impact of treatment-related toxicities can still be significant, and
living longer does not always equate to living better for some patients.
Moreover, sunitinib treatment interruptions or discontinuations can
lead to endothelial cell proliferation proportionate to the time off of
therapy and a more rapid progression and poorer prognosis of met-
astatic RCC.26,27

In our study, vorolanib potently inhibited KDR, PDGFRb, FLT3, and
KIT kinase activities with high specificity, similar to what has
been seen with sunitinib. Of the three VEGFR family members,
Table 3. IC50 values of vorolanib for different cancer cell lines

IC50 (nM) BxPC-3 HT-29 HCT-116

Sunitinib 4,963 4,420 2,522

CM082 >9,000 >9,000 >9,000

The effects of vorolanib on the proliferation of different cancer cell lines, including MV-4-1
liferation assay.
KDR appears to exert the major mitogenic, angiogenic, and
permeability-enhancing effects of VEGF, which can regulate tumor
angiogenesis, cancer stem cell function, and tumor initiation28

Platelet-derived growth factors (PDGFs) and PDGFRs are involved
in growth-factor-mediated integrin activation, which is critical for
tumor angiogenesis,29,30 and implicated in the pathogenesis of several
different human tumors.31 For example, PDGFRa gene mutations
were found in 5% of gastrointestinal stromal tumors (GISTs).32

Mutant PDGFRa proteins were shown to be mis-localized to intracel-
lular compartments and to constitutively activate STAT1, -2, and -5.33

KIT gene mutations were more common than PDGFRa gene muta-
tions in GISTs,34 and acute myeloid leukemia (AML) with ITD mu-
tations of the FLT3 gene has been associated with poor outcomes.35

All of these results demonstrated that vorolanib is a powerful
multi-kinase inhibitor. These kinases play important roles in solid tu-
mors, such as RCC and lung cancer. For example, excess KDR and
PDGFRb activities, induced by VEGF and PDGF upregulation,
have been shown in patients with clear cell RCC. These excess activ-
ities were shown to contribute to the highly vascular nature of tumors
and were also associated with RCC tumor progression.36 PDGFR is
intimately linked and related to KIT and FLT3, which explains why
TKIs with activities against all RTK targets are effective in RCC ther-
apies.26,27 Upregulation of VEGF and KDR has been observed in non-
small cell lung cancer (NSCLC), and their expression is correlated
with tumor angiogenesis and shorter survival times.37 Clinical trials
using vorolanib, alone or combined with other targeted therapies or
A375 A549 786-O MV-4-11

2,879 4,430 6,041 14.81

>9,000 >9,000 >9,000 140

1, HT-29, HCT-116, BxPC-3, A549, A375, and 786-O cells, were tested using a cell pro-
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Figure 2. Representative images of immunofluorescent labeling of CD31 in the xenograft models

Scale bar, 1 mm.
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chemotherapeutic agents, are being conducted against these cancers.
In contrast, the inhibitory effects of vorolanib on RET and AMPKa1
kinase activities were inferior to sunitinib. Because inhibiting RET
and AMPKa1 has been implicated as the potential mechanism of
sunitinib-associated side effects, such as fatigue, cardiotoxicity, and
thyroid gland toxicity,38 our results, in addition to a shorter half-
life and limited tissue accumulation observed in other studies,10 sug-
gest that vorolanib might be less toxic because of its higher kinase
binding and selective inhibitions.

Angiogenesis has a vital role in tumor development and metastasis.
Preclinical studies in rats revealed that an oral administration of vor-
olanib could reduce CNV lesions in a laser-induced CNV rat model.9

In this study, vorolanib dose-dependently inhibited the KDR phos-
phorylation of HUVECs, thus notably repressed VEGF-induced pro-
liferation of HUVECs. Moreover, vorolanib was found to inhibit the
tube formation of HUVECs, further suggesting its role in inhibiting
angiogenesis. This cellular anti-angiogenic effect of vorolanib could
be due to its highly selective binding of KDR and potent inhibition
of VEGF-stimulated phosphorylation. KDR appears to mediate
almost all known cellular responses to VEGF and the biologic or
tumorigenic cellular events associated with angiogenesis.39,40

In vitro cell proliferation assays revealed the lack of direct inhibition
of cell proliferation by vorolanib in most tested human tumor cell line
cells, including HT-29, HCT-116, BxPC-3, A549, A375, and 786-O
cells. These results indicated that tumor growth inhibition could
occur primarily by an indirect mechanism, such as the inhibition of
580 Molecular Therapy: Oncolytics Vol. 24 March 2022
tumor angiogenesis, in mouse xenograft tumors established from
these cells. The only exception was seen with vorolanib in the signif-
icant direct inhibition of MV-4-11 cell proliferation in vitro and indi-
rect inhibition of tumor growth in the mouse xenograft model with
the MV-4-11 cell line. This dual inhibition mechanism might be
due to high FLT3 expression on MV-4-11 cells, resulting in the
increased inhibition of tumor angiogenesis in MV-4-11 tumors.41

In this study, vorolanib exhibited tumor growth inhibition in mouse
xenograft models established from all tumor cell lines tested,
including renal, colorectal, and pancreatic carcinomas, melanomas,
and leukemias. Sunitinib demonstrated inhibitory profiles against
these tumors that were consistent with previous reports.33,42,43 The
tumor growth inhibition of vorolanib was dose-dependent in all
tested xenografts, and the inhibition at the 160 mg/kg (80 mg/kg
bid) dose was comparable with the sunitinib dose at 40 mg/kg qd.
Vorolanib showed strong inhibition of the MV-4-11 xenograft
tumors, and tumors completely disappeared at the 80 mg/kg bid
dose. These results demonstrated the strong anti-tumor activity of
vorolanib. In vivo studies further confirmed that vorolanib can exert
both anti-angiogenic and anti-proliferative effects. In addition, voro-
lanib was well-tolerated by the animals in the study, whereas sunitinib
had negative impacts on body weights at a dose of 40 mg/kg qd, again
indicating that vorolanib is safer than sunitinib.

In summary, vorolanib is a novel multi-kinase TKI with potent pre-
clinical anti-angiogenic and anti-tumor activities with potentially less
toxic effects compared with sunitinib. Several clinical trials using



Figure 3. Vorolanib inhibited choroidal

neovascularization (CNV) development

Vorolanib (10 and 30 mg/kg) was given days 10–20 after

Matrigel injection. Control animals were untreated. Eyes

were harvested 10 days after Matrigel injection. CNV (ar-

rowheads) was detected in every eye of the control group

on days 10 (A) and 20 (B), while CNV was significantly

inhibited in the eyes of the vorolanib-treated groups (C).

(D) Quantitative analysis shows that the CNV area of the

treated group was significantly less than that of the control

eyes (p < 0.001). R, retina; M, Matrigel; C, choroid. Scale

bar, 100 mm. ##p < 0.01 versus control group on day 10,

*p < 0.05, **p < 0.01 versus control group on day 20.
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vorolanib, alone or in combination with other therapeutic agents, are
being conducted to investigate its anti-cancer effects in patients with
advanced solid tumors.

MATERIALS AND METHODS
Compounds

Vorolanib was provided by Betta Pharmaceuticals (Hangzhou,
China). Sunitinib was purchased from Pfizer (New York, NY, US).
The purity for all compounds wasR98%. Vorolanib was formulated
as a suspension at a concentration of 10 mM in DMSO and stored
at �20�C. VEGF165 was provided by R&D Systems (Minneapolis,
MN, US).

Ethics statement

The animal protocol was reviewed by the board of the city govern-
ment of Hangzhou, China, and approved for all experimental proced-
ures. All experiments were conducted in a manner where discomfort,
pain, distress, and suffering were avoided or minimized and in accor-
dance with the Guide for the Care and Use of Laboratory Animals, as
defined by the National Institutes of Health (NIH).

Cell cultures

HUVECs (ATCC, Manassas, VA, US) were cultured in F-12 media
(Invitrogen, Carlsbad, CA, US) containing 10% fetal bovine serum
(FBS), 18 U/mL heparin, and 30 mg/mL endothelial cell growth sup-
plement (ECGS). Primary HUVECs (from Shanghai University of
Traditional Chinese Medicine) were cultured in Medium 199 (Invi-
trogen) with 20% FBS, 18 U/mL heparin, and 30 mg/mL ECGS.
HCT-116, BxPC-3, A549, and 786-O were purchased from ATCC,
while HT-29, A375, and MV-4-11 cells were procured from the
Cell Bank (Cell Institute, Sinica Academia Shanghai, Shanghai,
China). HT-29, HCT-116, BxPC-3, A549, A375, and 786-O cells
were cultured in DMEM (Invitrogen) with 10% FBS. MV-4-11 cells
were cultured in Iscove’s Modified Dulbecco’s Medium (IMDM)
(Invitrogen) with 10% FBS.
Molecula
The KINOMEscan assay

The binding of the compounds including, vor-
olanib (CM082) and sunitinib (as the control),
with 287 kinases covering about 55% of the
predicted human protein kinome, was tested
using the KINOMEscan assay (Ambit Biosciences, San Diego,
CA). Binding affinities were quantified by measuring the amount
of kinase captured in the test versus control samples using quanti-
tative RT-PCR. The IC50 values for KDR, PDGFRb, FLT3, C-Kit,
RET, and AMPKa1 were calculated for vorolanib and sunitinib,
respectively.

The EMD Millipore KinaseProfilerTM Service

The EMD Millipore KinaseProfiler Service (MERCK Millipore) was
used to profile the inhibitory activity of vorolanib (at 0.1 and 1 mM)
against a total of 38 recombinant human kinases, with sunitinib
(at 0.1 and 1 mM) as the control.

Cell proliferation assays

HUVECs were seeded in 96-cell plates in triplicate at a density of
10,000 cells/well in 100 mL of F-12 media with 10% FBS and were al-
lowed to adhere overnight. Supernatants were removed and replaced
with 100 mL of culture media with 0.1% FBS and cultured for an addi-
tional 24 h. The supernatants were then replaced with 50 mL fresh cul-
ture media with 0.1% FBS, with or without vorolanib, CM082R, and
sunitinib, at graded concentrations of 0.8, 3, 11.8, 46.8, and
20,000 nM. Another 50 mL of culture media with 0.1% FBS, with or
without VEGF165, at a concentration of 80 ng/mL, was added to
each well 45 min later. For the tumor cell lines, cells were seeded in
96-cell plates in triplicate at a density of 10,000 cells/well in 50 mL
of media with 10% FBS and were allowed to adhere for 3–4 h. Another
50 mL of culture media, with or without vorolanib and sunitinib, at
increasing concentrations of 74, 222.2, 666.6, 2,000, 6,000, 18,000,
and 54,000 nM, were added to each well. Proliferation was deter-
mined at 72 h of culture under the conditions mentioned above using
the CellTiter 96 AQueous One Solution Cell Proliferation Assay
(MTS, Promega, WI, US), according to the manufacturer’s protocol.
The spectrophotometric absorbance of each sample was measured at
490 nm using a microplate reader. Percent proliferation relative to the
controls was calculated based on the MTS readout; the IC50 value was
r Therapy: Oncolytics Vol. 24 March 2022 581
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Figure 4. Effects of vorolanib on mouse xenograft tumors

(A and B) Oral administration of vorolanib inhibited the growth of established MV-4-11mouse xenograft tumors. (C and D) Oral administration of vorolanib inhibited the growth

of established HT-29 mouse xenograft tumors. *p < 0.05, **p < 0.01 versus vehicle control group.
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defined as the drug concentration that produced a 50% reduction in
absorbance relative to the control.

In vitro HUVEC tube formation assays

Primary HUVEC endothelial cells were seeded at the concentration of
10,000 cells per well in 100 mL of Medium 199 with 1% FBS and with
or without vorolanib or sunitinib at concentrations of 50 and 100 nM,
respectively. The cultures were incubated at 37�C with 5% CO2 for
15 min. VEGF165 or control medium was then added to a final con-
centration of 30 ng/mL and incubated at 37�C with 5% CO2 for 3 h.
Tube formation was visualized using an inverted phase-contrast mi-
croscope at 4� magnification.

Subretinal injections and CNV measurements

Preclinical studies in rats revealed that oral vorolanib, administered at
the dose of 10 and 30 mg/kg/day, reduced the size of CNV in a rat
model. Briefly, rats were anesthetized with ketamine (40 mg/kg, intra-
peritoneal [IP]) and xylazine (6 mg/kg, IP). A 33-gauge needle was in-
serted between the limbus and equator to reach the subretinal space.
A blunt 33-gauge needle attached to a 10 mL microsyringe (Hamilton,
Reno, NV) was then introduced into the subretinal space to inject
1.2 mL of Matrigel (BD Biosciences), diluted 3:1 with phosphate-buff-
ered saline (PBS; Gibco, Invitrogen). The animals were euthanatized
using CO2 inhalation and perfused with PBS, followed by a DiI solu-
tion (Sigma-Aldrich, St. Louis, MO) and 4% paraformaldehyde. The
eyecups were embedded in 5% agarose. Thick (100 mm) serial sections
582 Molecular Therapy: Oncolytics Vol. 24 March 2022
were cut on a soft tissue microtome (VT1000S; Leica Microsystems,
Bannockburn, IL) and examined with confocal microscopy. CNV
areas were calculated throughout the entire Matrigel area. The
CNV area of a section (Ci) was calculated by multiplying the width
(Wi), the maximum measurement of CNV along the sclera, by the
thickness of the section, Ti (Ci = TiWi). The height of CNV, the
maximum distance between Bruch’s membrane and the front edge
of CNV, was not included because its variation was negligible. The
thickness of each section (100 mm), Ti, was the same for all sections.

Xenograft models and tumor measurements

A mouse MV-4-11 xenograft model was established with male athy-
mic BALB/c nude mice (6 weeks) by administering subcutaneous
injections of 5 � 106 of MV-4-11 cancer cells into the flank next to
the right forelimb. Mouse xenograft models of other cancer cell lines,
including HT-29, HCT-116, BxPC-3, A375, and 786-O, were estab-
lished in two steps. First, 5� 106 of the cancer cells were injected sub-
cutaneously into the flank of nude mice, and tumors were allowed to
grow to a size of 100–300 mm3. Next, the tumors were extracted from
the mice, minced into 1 mm3 pieces, and injected into the flank of
another group of BALB/c nude mice. The resulting tumors were al-
lowed to grow to a size of 100–300 mm3. A total of 32 mice were
used for each xenograft model, including 16 in the blank control
group, 8 in the vorolanib group, and 8 in the positive control (suniti-
nib) group. Vorolanib and sunitinib were administered at various
doses orally for 3–4 weeks (6 weeks for the 786-O model). Percent
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tumor growth inhibition after vorolanib and sunitinib treatments was
measured and calculated. The xenograft models were established, and
inhibitory effect studies were repeated once each for the HT-29, HCT-
116, BxPC-3, A375, and 786-O tumor cell lines and twice for the MV-
4-11 cell line. All mice were allowed free access to disinfected water
and food. The animal study was carried out according to the NIH
guidelines for animal care and use.
Immunofluorescent staining

Tumor paraffin sections (8 mm) were incubated with Tris/EDTA
buffer for 30 min after hydrated. The sections were treated and
blocked with PBS containing 0.3% Triton X- and then primarily incu-
bated with rabbit anti-mouse CD31 antibody (1:100, Abcam, Cam-
bridge, UK) at 4�C overnight. After washing, the sections were then
incubated with Alexa Fluor 488-conjugated goat anti-rabbit IgG
secondary antibody (1:50, Abcam) for 2 h. For quantitative measure-
ments of MVD, five slides, with each slide containing four fields
(�200), were captured under a fluorescence microscope (Olympus
Corporation, Tokyo, Japan) and analyzed using ImageJ software
(NIH, Bethesda, MD, US).
Statistical analysis

The data were expressed as the mean ± SD. A one-way ANOVA anal-
ysis and Student’s t test were performed to compute significant differ-
ences. All data were analyzed with SPSS software, version 22 (SPSS,
Chicago, IL, US). p < 0.05 was considered statistically significant.
SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.
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