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ABSTRACT

Background: Cancer gene therapy using a nonviral vector is expected to be repeatable, safe, and inexpensive, and to have long-
term effectiveness. Gene therapy using the E3 and C1 (E3C1) domain of developmental endothelial locus-1 (Dell) has been
shown to improve prognosis in a mouse transplanted tumor model. Objective: In this study, we examined how this treatment
affects angiogenesis in mouse transplanted tumors. Materials and methods: Mouse transplanted tumors (SCCKN human
squamous carcinoma cell line) were injected locally with a nonviral plasmid vector encoding E3C1 weekly. Histochemical analy-
sis of the transplanted tumors was then performed to assess the effects of E3C1 on prognosis. Results: All mice in the control
group had died or reached an endpoint within 39 days. In contrast, one of ten mice in the E3C1 group had died by day 39, and
eight of ten had died or reached an endpoint by day 120 (p < 0.01). Enhanced apoptosis in tumor stroma was seen on histo-
chemical analyses, as was inhibited tumor angiogenesis in E3C1-treated mice. In addition, western blot analysis showed de-
creases in active Notch and HEY1 proteins. Conclusion: These findings indicate that cancer gene therapy using a nonviral
vector encoding E3C1 significantly improved life-span by inhibiting tumor angiogenesis. (REV INVEST CLIN. 2021;73(1):39-51)
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INTRODUCTION

lips, nose, paranasal sinuses, major salivary glands,
and other structures. Squamous cell carcinoma is the

The number of patients globally with head and neck most common histopathological type in oral head and

cancers is increasing, with approximately 890,000
cases and 450,000 deaths annually in 20182, Head
and neck cancer occur in various regions, including the
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neck cancers. The stage of oral cancer at diagnosis is
highly correlated with the likelihood of survival, but
currently, only 31% of oral cancer cases are diagnosed
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at an early stage3“. The diagnosis of oral cancer cas-
es at late-stage results in 5-year overall survival rates
ranging from 30% to 50%*. At present, oral cancer is
mainly treated with surgery, chemotherapy, radiation
therapy, and combination therapy, but such treat-
ments can be ineffective. In contrast, cancer gene
therapy holds promise as a new treatment strategy>—.
In 1991, the first clinical trial of cancer gene therapy
demonstrated that genetically modified immune cells
can be successfully reintroduced into patients?®!l,
and subsequent approval of chimeric antigen receptor
T cell therapy by the US Food and Drug Administra-
tion resulted in remarkable advances in this field.

Kitano et al.1213 attempted gene therapy against ex-
planted squamous cell carcinoma in vivo. Mouse
transplanted tumors were treated with the extracel-
lular matrix protein developmental endothelial lo-
cus-1 (Dell) using a nonviral vector. Dell is an extra-
cellular matrix protein secreted by embryonic
endothelial cells and hypertrophic chondrocytes!“ and
is reported to affect angiogenesis or anti-angiogene-
sis, depending on the experimental method!4. Dell
consists of five domains: three epidermal growth fac-
tor (EGF) repeats (E1, E2, and E3) and two discoidin
domains (C1 and C2)%*4. E2 contains arginine-glycine-
aspartic acid (RGD) sequences, which bind to integrin
receptors and support endothelial cell survivall4. E3
induces endocytosis and increases the efficiency of
gene transfer and has been reported to induce apop-
tosist>16. C1 has been shown to be deposited in the
extracellular matrix!’. Given these reports, we hy-
pothesized that a recombinant protein consisting of
the E3 and C1 (E3C1) domains of Dell would be
deposited in the extracellular matrix of tumor cells
and induce apoptosis. In addition, we anticipated that
E3C1 would increase the efficiency of transfection.
The present investigation involved weekly local injec-
tions of DNA encoding recombinant E3C1 protein in
a nonviral vector into mice, each with an explanted
tumor created using the SCCKN human squamous
carcinoma cell line!3. We previously observed efficient
deposition of E3C1 and improved gene transfer effi-
ciency in tumors!3, with 50% of the E3C1-treated
mice surviving for at least 7 weeks but all control mice
dying®3. In addition, analysis of the results of long-
term treatment with E3C1 revealed that 20% of
E3C1-treated mice survived for at least 197 days and
that the explanted tumors had disappeared in two of
the ten E3C1-treated mice by day 19718. Further, in
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another study using A431 squamous cell carcinoma
cellst8, all E3C1-treated mice survived for at least 39
days, whereas all control mice died or were eutha-
nized.

The mechanism of anti-angiogenic therapy (AAT) is
to inhibit tumor angiogenesis, thereby starving the
tumor. In contrast, the disruption of tumor vessels
using AAT has proven to be less successfull®2° The
advantage of AAT is that it is transitory. Moreover,
treated tumors have been reported to relapse into
various forms of vasculogenesis, including vascular
connections, endothelial angiogenesis, and vasculo-
genic mimicry21-25, In addition, in tumors treated with
AAT, the tumor vasculature has been shown to ex-
hibit a leak-free barrier, making these tissues more
susceptible to tumor cell invasion and metastasis,
causing the promotion of acquired resistance to
AAT?2425 and resulting in a leading cause of cancer-
related death worldwide?®.

The purpose of this study was to investigate the ef-
fects of treatment with E3C1 on tumor angiogenesis.
Mouse transplanted tumors were consecutively treat-
ed using E3C1 until a humane endpoint (conducted in
accordance with the animal study committee at Ni-
hon University). The mechanisms underlying the anti-
vasculogenic effects of treatment with E3C1 were
then investigated in both in vivo and in vitro experi-
ments.

MATERIALS AND METHODS
Cell lines and culture

The SCCKN (RIKEN BioResource Research Center, To-
kyo, Japan, cell number: RCB0441)27:28 human squa-
mous carcinoma cell line was kindly provided by Dr.
Hayashido from the University of Hiroshima in Hiro-
shima, Japan. This cell line was grown in RD medium,
which was composed of 45% Dulbecco’s modified
Eagle’s medium (Invitrogen, Carlsbad, CA), 45% RPMI
1640 medium (Invitrogen), and 10% fetal bovine se-
rum. The cells were then cultured in 5% CO, at 37°C.

DNA constructs

Mouse Dell complementary DNA was donated by Dr.
Quertermous from Stanford University (Stanford, CA).
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A fragment encoding E3C1 (amino acids 122-316 of
mouse Dell) was amplified using polymerase chain
reaction (PCR) with the forward primer 5°-TGT-
GAAGCTGAGCCTTGCAGAATGGCCGGA-3' and the
reverse primer 5-ACAGCCTGAGAGCTCACAGC-
CAAGAAGTT-3"to generate pcDNA3.1D (Invitrogen),
a mammalian expression vector. The signal peptide
sequences of Dell and E3C1 complementary DNA
were inserted into pcDNA3.1D, a mammalian expres-
sion vector (Invitrogen). Recombinant proteins ex-
pressed by the construct showed V5-epitope tags at
the C-terminal ends.

Animal studies

All animal experiments described in this study were
carried out in accordance with both Nihon University
and US National Institutes of Health animal care
regulations. This study was approved by the Ethics
Committee of Nihon University (AP13M045). A
pathogen-free environment was provided for the
rearing of Nu/Nu athymic nude mice. For tumor
transplants, SCCKN cells were first seeded in 10-cm
culture dishes overnight to reach 70-80% confluence,
then harvested using a cell stripper (Asone, Tokyo,
Japan) after washing with phosphate-buffered saline
(PBS). After the cells were washed twice with PBS,
they were centrifuged at 500xg for 5 min. The cells
were then resuspended in RD medium at a concentra-
tion of 1 x 107/100 plL. Explantation of SCCKN
sometimes failed if lower cell concentrations were
used (data not shown). Nude mice were injected sub-
cutaneously with a total of 100 pL of cell suspension
in the right dorsal region (mock treatment, n = 5;
E3C1 treatment, n = 10). After the tumor was ex-
planted, mice were randomly assigned to the control
group or E3C1-treated group. Mice were monitored
twice weekly for tumor growth. When tumors were
observed, their size was measured in two perpen-
dicular dimensions using calipers. Tumor volume (in
cubic millimeters) was calculated using the formula:
tumor volume = (width x length?)/2. Treatment with
either plasmid encoding E3C1 (pE3C1) or pcDNA3
as a mock vector was started when the tumor vol-
ume exceeded 60 mm?3 by injectinglO pg of DNA
into the tumor in 100-puL increments using an in
vivo-jetPEl (Polyplus-Transfection, San Marcos, CA)
once a week. When the tumor volume exceeded
5000 mm?3 (approximately >15% of body weight),
the mouse was considered to have reached an
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endpoint and was euthanized. The observation period
ended on day 120.

On the other hand, 4 weeks after the start of treat-
ment, another six mice (mock treatment, n = 3; E3C1
treatment, n=3) were sacrificed under deep anesthe-
sia with isoflurane for histological experiments, the
tumors were immediately removed and frozen at
—80°C, then 5-um frozen sections were prepared.

Transmission electron microscopy

Cells were fixed overnight in 2.5% glutaraldehyde in
0.1 M cacodylic buffer (pH 7.4), then fixed with 1%
osmium tetroxide in 0.1 M cacodylic buffer (pH 7.4)
for 2 h. Finally, the cells were dehydrated using a gra-
dient ethanol series and embedded in Quetol-812.
Ultrathin sections made using a diamond knife ultra-
microtome (Ultracut UCT; Leica, Vienna, Austria)
were stained with uranyl acetate and lead citrate,
then observed with a transmission electron micro-
scope (JEM-1200EX; JEOL, Tokyo, Japan).

Evaluation of perfusion

Six mice (mock treatment, n = 3; E3C1 treatment,
n = 3) received an intravenous injection of India ink,
then euthanized after 2 min. Transplanted tumors
were immediately fixed in 4% paraformaldehyde
(PFA). Furthermore, another six mice (mock treat-
ment, n = 3; E3C1 treatment, n = 3) received an
intravenous injection of fluorescein-conjugated Lyco-
persicon esculentum (tomato) lectin (0.4 mg/mL)
(Vector Laboratories, Burlingame, CA). The mice
were euthanized 2 min after the injection. The trans-
planted tumors were immediately resected and
placed in OCT compound (Sakura Finetek Japan, To-
kyo, Japan) and the blocks were stored at —80°C.

Reagents

Recombinant fusion proteins with alkaline phospha-
tase (AP) were prepared as follows!>17. Reverse tran-
scription-PCR (RT-PCR) was used to generate the
E3C1 fragment. AP-tagged E3C is a protein secreted
in Chinese hamster ovary cells cultured in 64 medium
(60% Opti-MEM and 40% LHC-8 medium; Invitrogen)
and was produced by cloning the E3C1 fragment into
the AP-tag4 vector (GenHunter, Nashville, TN). Con-
ditioned medium used as a control was created using
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an AP tag without E3C1. AP activity in the condi-
tioned medium was investigated by adding 10 uL of
0.05% Zwittergent (Calbiochem, La Jolla, CA) in PBS
to 20 pL of conditioned medium. The plates were
heated to 65°C for 30 min to inactivate endogenous
AP. The enzymatic reaction was initiated by adding
200 pL of substrate (1 mg/mL p-nitrophenyl phos-
phate [Sigma-Aldrich, St Louis, MO] in 1 mM MgCl,
and 1 M diethanolamine, pH 9.8) to each well, then
after 30 min, each well was illuminated at 405 nm and
its absorbance was measured. The molarity of AP-
tagged recombinant proteins was calculated based on
results obtained using AP purchased from Wako (To-
kyo, Japan) as a standard.

Immunohistochemistry

Rabbit polyclonal von Willebrand factor antibody (Ab-
cam, Cambridge, England), anti-CD31 (PECAM) anti-
body (Abcam), anti-platelet-derived growth factor
(PDGF)-beta antibody (Abcam), and anti-alpha
smooth muscle actin (aSMA) antibody (Abcam) were
purchased, and Alexa Fluor 488- or Alexa Fluor
568-labeled goat anti-rabbit antibodies from Invitro-
gen were used. The 5-um sections were fixed in 4%
PFA, then incubated with primary antibodies for im-
munohistochemistry and appropriate secondary anti-
bodies. An Axioskop 2 microscope (Carl Zeiss Micro-
imaging, Welwyn Garden City, UK) equipped with an
AxioCam (Carl Zeiss Microimaging) was used to ob-
serve tissues and take photographs. Fluorescence in-
tensity was measured using Photoshop version 7.0
software (Adobe Systems Incorporated, San Jose,
CA). The intensities of control samples were desig-
nated as 1. The results per view are expressed as
mean * standard deviation (SD).

In situ detection of DNA fragmentation

In situ DNA fragmentation was detected in 5-um fro-
zen sections using a TACS2 TdT-blue labeled in situ
detection kit (Trevigen, Gaithersburg, MD), then nu-
clear fast red was used to counter-stain the tissue.

Western blot

A 35-mm diameter dish was used to culture the cells
overnight, then 1 pmol/mL of AP or AP-tagged E3C1
was added to the culture medium daily. Cells were
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harvested using sample buffers appropriate for the
experiment. The samples were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
then transferred to a polyvinylidene difluoride mem-
brane (ATTO, Tokyo, Japan). The membranes were
incubated with primary antibodies, then incubated
with horseradish peroxidase-conjugated secondary
antibodies. Immunoreactive proteins were then de-
tected using an ECL Advance Western blotting detec-
tion kit (Amersham, Piscataway, NJ).

Statistical analysis

Survival analysis was performed using the Kaplan—
Meier method with a generalized Wilcoxon test. The
results of all analyses are expressed as mean * SD.
The Wilcoxon rank-sum test was performed as ap-
propriate, and p < 0.05 were considered statistically
significant.

RESULTS

Mice with transplanted tumors treated using gene
therapy. The effect of E3C1 treatment on the distri-
bution of exogenous proteins was observed by im-
munohistochemistry. In control tumors (Fig. 1A and
), no exogenous protein was detected on day 7. In
contrast, exogenous protein was observed in the stro-
ma of tumors in mice treated with pE3C1 (Fig. 1B and
D). Treatment with pE3C1 improved life prognosis
(Fig. 1E) and suppressed the growth of explanted tu-
mors (Fig. 1F-H) in mice. In the control group, the
mice started to die from day 15, and all mice had died
or reached an endpoint by day 39 (Fig. 1E). Mice in
the E3C1 group started to die from day 39, and by
day 120, 8 of 10 mice had died or reached an end-
point (Fig. 1E). The two remaining mice survived until
the end of the observation period. The survival rate
was significantly higher for mice in the E3C1-treated
group than in the control group (p = 2.14 x 10-3).
Mice in the control group showed an exponential in-
crease in tumor volume (Fig. 1F). The tumor growth
curve of the E3C1-treated mice differed from that of
the control mice. In the E3C1-treated mice, tumor
volume increased slowly during the treatment period
and intermittently increased with two-volume reduc-
tions (Fig. 1G). The two surviving E3C1-treated mice
were free of tumors as of days 29 and 43 and thus
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Figure 1. Changes caused by gene therapy using E3C1. (A) Exogenous proteins and nuclei are visualized in green and blue, re-
spectively. Control (A and C) and pE3C1 (B and D) on day 7. (E) Kaplan—Meier survival curves of mice in the control group
(solid line, n = 5) and mice in the E3C1 treatment group (dashed line, n = 10) (p < 0.01). (F and G) Chronological changes in
tumor volume in individual mice in the control group (F) and E3C1 group (G). (H) Tumor volumes were compared after 14 days
of treatment. The results are expressed as mean + SD. **p < 0.01. (I and J) After 28 days of treatment, transplanted tumors
were stained with hematoxylin and eosin in the control group (I) and E3C1 group (J) (5u objective lens). Arrows indicate ne-
crotic lesions. Scale bars, 50 um. (K and L) Apoptosis in tumors was detected by DNA fragmentation staining for the control
group (K) and E3C1 group (L) on day 28. Arrows indicate DNA fragmentation lesions. Scale bars, 50 um.
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observation was discontinued. Mean tumor volumes
were compared at day 14 because the mice started
to die from day 15 after initiating treatment. Mean
tumor volumes on day 14 were 2133 + 1130 mm?3in
the control mice and 203 + 167 mm? in the E3C1-
treated mice (p = 2.1 x 1073) (Fig. 1H).

Tumors at day 28 in the E3C1-treated mice were
observed using hematoxylin and eosin staining (Fig.
1l and J). Tumors in the E3C1-treated and control
mice were composed of parenchyma and stroma. Tu-
mors in the control mice showed cell death in the
parenchymal regions. Regions of cell death were pos-
tulated to be due to necrosis caused by poor oxygen
and nutraceutical supplies. In contrast, cell death in
tumors in the E3C1-treated mice showed no relation
to the parenchymal pattern. Tumors from the mice
treated for 28 days were stained for DNA fragmenta-
tion analysis (Fig. 1K and L). DNA fragmentation was
not observed in control tumors, whereas tumors from
the E3C1-treated mice showed strong cell staining in
the stroma.

The vasculature in transplanted tumors
was affected by gene therapy

Injection of India ink through the caudal vein on day
28 showed that the tumor vessels in control mice had
numerous branches (Fig. 2A and C). In contrast, tu-
mor vessels in the E3C1-treated mice were large, with
fewer small branches (Fig. 2B and D). Tumor vessels
from the control and E3C1-treated mice were ob-
served using electron microscopy. Endothelial cells in
tumor vessels from the control mice appeared inte-
grated and pericytes were observed outside the ves-
sels (Fig. 2E and G), whereas the tumor vessels of
E3C1-treated mice showed gaps between endothelial
cells, wrecking the vascular lumen. In addition, the
presence of pericytes was not clearly defined (Fig. 2F
and H).

The vasculature in transplanted tumors
was observed to evaluate the effect
of gene therapy

The mice received an intravenous injection of lectin
through the caudal vein on day 28. Sections from the
tumor were then stained using anti-von Willebrand
factor for endothelial cells. In tumors from the control
mice, vessels stained with anti-von Willebrand factor
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were filled with lectin (Fig. 3A-E), whereas the vessels
in the E3C1-treated mice were not filled with lectin
(Fig. 3B-F).

In addition, we examined the localization of PECAM
as an endothelial cell marker and PDGF-beta as a
marker of tip cells. Samples of the E3C1-treated mice
(Fig. 4A-E) showed increased fluorescence intensity
of PDGF-beta staining compared with control mice
(Fig. 4B-F). The fluorescence intensity of samples
from the control mice was 1 * 0.8, compared with
10.63 + 4.49 in the E3C1-treated mice (p = 4.77 x
1077) (Fig. 4G).

Next, we examined the localization of PECAM and
aSMA. Anti-aSMA-positive cells were identified
around anti-PECAM-positive cells in the control mice
(Fig. 5A, C and E). In contrast, the number of aSMA-
positive cells was decreased or the cells were essen-
tially absent in the E3C1-treated mice (Fig. 5B, D and
F). The fluorescence intensity of aSMA was 12.31 +
5.93 in samples from the control mice and 1 + 0.6 in
samples from the E3C1-treated mice (p = 5.1 x 1077)
(Fig. 5G).

The effects of E3C1 on a-Notch target
gene were evaluated by western blot

Human umbilical endothelial cells cultured with AP-
tagged recombinant-control protein or AP-tagged
recombinant-E3C1 recombinant protein were ana-
lyzed by western blotting using anti-active Notch and
anti-HEY1 antibody. E3C1-treated cells showed de-
creased expression of active Notch after 5 min and
decreased expression of active Heyl after 10 min
(Fig. 6A). The density of active Notch was 1+0.03 in
samples of the control cells and 0.46+0.06 in samples
of the E3C1-treated cells at 5 min (p = 1.85 x 1074)
(Fig. 6B), and the density of Heyl was 1 + 0.03 and
0.91 = 0.03 in samples of the control cells and E3C1-
treated cells, respectively (p = 0.02) (Fig. 6B).

DISCUSSION

Cancers often show numerous nutrient vessels from
surrounding tissues that receive oxygen and nutri-
ents. Therefore, if cancer angiogenesis is inhibited,
cancer proliferation and/or metastasis could be bet-
ter controlled?® and cancer might be maintained in a



A. PALACIOS-CAMPOS, ET AL.: LONG-TERM HEMATOLOGICAL TOXICITY IN LYMPHOMA

Figure 2. Vasculature in explanted tumors. (A and B) Nude mice with an explanted tumor were injected with India ink after gene
therapy. Control (A) and pE3C1-treated mice (B) on day 28. (C and D) Enlarged images of the regions shown in A and B, re-
spectively. Scale bars, 50 um. The vasculature in the explanted tumors was observed under electron microscopy. (E and F)
Control (E) and pE3C1-treated (F) tumors on day 28. (G and H) Enlarged images of the regions shown in E and F, respectively.
Scale bars, 50 um. E: endothelial cells; P: pericytes.
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Figure 3. Evaluation of efficient vessels with lumen in the tumors. Nude mice with explanted tumors were injected with
Lycopersicon esculentum (tomato) lectin after gene therapy (green). Specimens of the explanted tumor were stained for im-
munohistochemistry using anti-von Willebrand factor antibody (red). Control (A-E) and pE3C1-treated tumors (B-F) on day 28.

Magpnification, 20x. Scale bars, 50 um.

less active condition. In the present study, the prolif-
eration of explanted tumors from nude mice was sig-
nificantly inhibited by E3C1 gene therapy. Differences
in regions showing cell death were evident between
tumors in the control and E3C1-treated mice. Cell
death in tumors in the control mice suggested that
the parenchyma failed to obtain sufficient oxygen
through the tumor vessels, whereas cell death in tu-
mors in the E3C1-treated mice indicated apoptosis in
the tumor stroma. Therefore, E3C1 treatment af-
fected the tumor stroma.

In addition, the stroma in tumors in the E3C1-treated
mice was narrow compared with those in the control
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mice. The growth of stroma in the implanted tumor
was thus considered to be inhibited by treatment with
E3C1. The growth of tumor stroma may affect tumor
growth, directly impacting prognosis. Tumor vessels
are generally present in stroma and thus vessel
growth would be poor in cases of inhibited stromal
growth. The tumor parenchyma likely received insuf-
ficient oxygen and nutrients, indicating that E3C1
treatment inhibited the formation of tumor vessels,
consistent with the observation of several transient
decreases in tumor volume (Fig. 1C). Further, the
staining ratio for aSMA was decreased by E3C1 treat-
ment. aSMA is a marker of cancer stroma with a
complicated relationship to prognosis?®. Cases with a
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Figure 4. Effects of treatment with E3C1 on tip cell generation. After gene therapy, specimens of the explanted tumors were
stained for immunohistochemistry using anti-PECAM antibody (green) and anti-PDGF-beta antibody (red). Control (A, C and E)
and pE3C1-treated tumors (B, D and F) on day 28. Magnification, 20x. Scale bars, 50 um. (G) Relative fluorescence intensity
of PDGF-beta-positive cells. The ratio for the E3C1 was taken as 1. Results are expressed as mean = SD. **p < 0.01.
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Figure 5. Expression of aSMA in the tumors. After gene therapy, specimens of the explanted tumors were stained for immuno-
histochemistry using anti-PECAM antibody (green) and anti-aSMA antibody (red). Control (A, C and E) and pE3C1-treated
tumors (B, D and F) on day 28. Magnification, 20x. Scale bars, 50 um. (G) Relative ratio of aSMA fluorescence intensity. The
ratio for the controls was taken as 1. Results are expressed as mean = SD. **p < 0.01.
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Figure 6. Expression of a-Notch and HEY1 protein. (A) Effects of E3C1 on active Notch (a-Notch) and a-Notch target gene
(HEY1) as evaluated by western blot. HUVEC cells were treated with medium conditioned with AP-tag4 or AP-E3C1 for 5, 10,
or 30 min. (B) Relative ratio of a-Notch density (white bars) and HEY1 (black bars). The ratio for the controls was taken as 1.

Results are expressed as mean * SD. *p < 0.05, **p < 0.01.
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large volume of tumor stroma are believed to react
poorly to chemotherapy or radiotherapy3°. The tumor
stroma might, therefore, show decreases in malignant
characteristics following E3C1 treatment.

Vessels without functional lumens in the E3C1-treat-
ed mice were identified in the tumor regions. Cells
positive for PDGF, a marker of tip cells in angiogene-
sis, were increased in the E3C1-treated mice. Obser-
vation by electron microscopy revealed the patchy
incorporation of endothelial cells and a loss of peri-
cytes. Therefore, E3C1 therapy did not inhibit sprout-
ing but did affect blood vessel maturation.

The expression of active Notch and HEY1 proteins
decreases upon E3C1 treatment. The phenotype of
the tumor vasculature after treatment with pE3C1 is
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AP-E3C1

reportedly analogous to that after inhibition of
Notch3!. The results of the present study suggest
that the inhibition of effective angiogenesis is caused
by E3C1 inhibiting Notch function. Decreases in
Notch protein are associated with prognosis in hu-
man cancers32. The EGF domain of Dell has the
amino acid sequence CXDXXXXYXCXC; interestingly,
Notch has the same sequence33. The consensus se-
quence, CXDXXXXYXCXC, would presumably repre-
sent a key domain in the effects of E3C1 therapy
inhibiting Notch function34.

In general, the major therapies for cancers are still
surgical therapy, radiotherapy, and chemotherapy.
However, patients not completely cured using these
approaches require new therapies. Metronomic che-
motherapy (MCHT) has recently attracted attention3>.
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MCHT is a form of cytotoxic drug administration that
differs from conventional chemotherapy schedules3¢
and involves the administration of low doses fre-
quently or continuously (one-tenth to one-third of
the maximum tolerated dose) of chemotherapeutic
drugs over a long period. MCHT has the potential to
greatly improve the quality of life of cancer patients.
The inhibition of tumor vessel formation or stimula-
tion of the anticancer immune response could be
strategies for use along with MCTH37:38, and metro-
nomic regimens could be considered for multi-target-
ed therapies. Cancer treatment with E3C1 is, there-
fore, expected to contribute to the development of
MCTH.

The findings of this study confirmed that tumor treat-
ment with E3C1 inhibits tumor growth, stromal
growth in the tumor, and tumor angiogenesis. We
previously reported the efficacy of tumor treatment
with E3C1 in two different squamous cell carcinoma
lines!3183° The effects of E3C1 in more types of
squamous cell carcinoma lines need to be investigat-
ed in a future study. Furthermore, we intend to ana-
lyze the effects of E3C1 on tumor stroma.

Vishal et al.® reported that combination therapy with
an angiogenesis inhibitor and chemotherapy has a 3.5
times higher risk of treatment-related mortality. In
addition, fatal immune checkpoint inhibitor-associat-
ed toxic effects caused by this regimen have been
reported*l. Moreover, the prolongation of progres-
sion-free survival does not necessarily lead to an in-
crease in quality of life. Establishing regimens for can-
cer treatment using E3C1 should, therefore, be given
careful consideration.
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