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cells.
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METHODS FOR TREATING ANGIOGENESIS
RELATED DISORDER

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Taiwan Patent
Application No, 106119658 filed Jun. 13, 2017, which is
incorporated herein by reference in its entirety.

FIELD OF INVENTION

The present invention relates to a method for the treat-
ment of angiogenesis-related diseases.

BACKGROUND OF INVENTION

Angiogenesis refers to the process of growing new blood
vessels in close proximity to the existing ones. It is known
that angiogenesis plays an important role in many physi-
ological conditions, such as: embryonic development, repro-
duction, tissue repair and bone homeostasis. Under normal
physiological mechanism, the resulting reaction can be
stimulated by the promotion of angiogenic signals. For
example, in the process of wound healing or menstrual
cycle, there will be angiogenesis that is controllable and
sustainable for about 1-2 weeks. However, pathological
angiogenesis is not controllable by normal physiological
mechanisms. The regulation of angiogenesis in human body
plays an important homeostatic role. When angiogenesis is
over progressed or expressed, it may cause obesity, psoria-
sis, preterm birth, endometriosis, diabetic retinopathy, age-
related macular degeneration (AMD), rheumatoid arthritis
and various inflammation related diseases, or acceleration of
the deterioration and metastasis of tumors. In addition, when
angiogenesis is insufficient, it may result in bleeding, stroke,
cardiovascular disease, etc. due to defective coagulation,
and even affect wound healing of patients.

In recent years, it has been found that there is a close
relationship between angiogenesis and formation of tumors.
When cancer cells form a tumor, the cancer cells themselves
or the surrounding connective tissues will secrete angiogenic
factors. These factors promote the following changes in
endothelial cells: (1) decomposition and destruction of con-
nective tissues around the tumor; (2) proliferation of
endothelial cells; (3) migration of endothelial cells toward
the location for the secretion of angiogenic factors; (4)
re-combination of endothelial cells to form blood vessels.
Angiogenesis is very important to tumor formation. When a
tumor has developed to a certain size, it is necessary to
generate new blood vessels for the tumor to effectively
obtain nutrients and oxygen and remove waste. Angiogen-
esis is also important for tumor metastasis. Tumor cells must
generate new blood vessels to enter the circulatory system,
and then the tumor cells are transferred to other organs and
tissues. After the tumor cells reach other organs and tissues,
the tumor cells must generate new blood vessels in order to
continue to grow in the organs and tissues. It has been
confirmed that the growth or the metastasis of almost all
solid tumors and vascular tumors rely on angiogenesis.
Therefore, tumor formation or metastasis can be inhibited if
angiogenesis can be suppressed.

Currently, there are about 19 angiogenesis inhibitors used
clinically, and these drugs can be used to treat diseases
including solid tumors, AMD, choroidal neovascularization,
diabetic macular edema, diabetic retinopathy, ocular neo-
plasm, retinal venous occlusion, telangiectasis, and other
related disease. Because angiogenesis is associated with a
variety of diseases, the development of novel angiogenesis
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inhibitors is a very important research direction and devel-
opment field for now and in the future.

Endothelial progenitor cells (EPCs) can be released from
the bone marrow, move to ischemic tissues, and cooperate
with existing blood vessels to facilitate neovascularization.
EPCs are a group of cells with the ability to promote
angiogenesis in the circulation, and it has been proved that
late EPCs themselves can differentiate into endothelial cells,
structure blood vessel formation and promote angiogenesis.
Early EPCs are found to be able to release many angiogenic
cytokines (such as VEGF and IL.-8) to stimulate the function
of peripheral endothelial cells, which in turn promote angio-
genesis and vasculogenesis. Recently, it has been reported
that EPCs can regulate the formation of early cancers and the
subsequent cancer metastasis by activating “angiogenic
switch.” Many literatures have reported that EPCs can
promote neovascularization in ocular hypoxic tissues, result-
ing in deterioration of age-related maculopathy. These stud-
ies show that EPCs play an important role in pathological
angiogenesis, and EPC-based research and development will
be a promising strategy to explore anti-angiogenic agents.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates the extraction step of the compound of
formula I.

FIG. 2A shows the effect of 1,2,3,4,6-penta-O-galloyl-f3-
D-glucose (PGG), tellimagrandin I (T-I) and tellimagrandin
II (T-II) on cell proliferation and tube formation in human
EPCs. FIG. 2A shows that under the described concentra-
tions and using the Sulforhodamine B (SRB) assay, PGG,
tellimagrandin 1 and tellimagrandin II suppress the prolif-
eration of EPCs in a concentration dependent manner at the
48th hour.

FIG. 2B shows inhibition of the formation of capillary-
like structures of human EPCs at the 24 th hour by the
described tannins (10 pM) and measured by using the tube
formation assay. The data of five independent experiments
are expressed as the meanzmean standard deviation. As
compared with the control group, * means p<0.05; ***
means p<0.001.

FIG. 3A shows that tellimagrandin II (T-II) inhibits tube
formation of human EPCs in a concentration dependent
manner without cytotoxic effects.

FIG. 3A shows, after human EPCs are treated with the
described concentration of PGG and tellimagrandin IT (5 and
10 uM) for 24 hours, the changes in tube formation recorded
by a phase-contrast microscope.

FIG. 3B shows that the release of lactate dehydrogenase
is not induced in human EPCs by the described concentra-
tion of tellimagrandin II (except 30 uM) at the 24th hour
measured by using the lactate dehydrogenase assay. The data
of five independent experiments are expressed as the
mean+mean standard deviation. As compared with the con-
trol group, * means p<0.05; ** means p<0.05; *** means
p<0.001.

FIG. 4 shows the effect of tellimagrandin II on blocking
in vivo angiogenesis by using the chorioallantoic membrane
(CAM) assay. Sorafenib is a multiple kinase inhibitor, which
is used as a positive control in the in vivo anti-angiogenesis
assay.

FIG. 5 shows the effect of tellimagrandin II on attenuating
capillary formation in the Matrigel plug model. Sorafenib is
a multiple kinase inhibitor, which is used as a positive
control in the in vivo anti-angiogenesis assay.

SUMMARY OF INVENTION

The present invention is to provide a method of treating
a subject suffering from an agniogenesis-related disease,
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comprising administering to the subject a pharmaceutical
composition comprising a compound of formula 1.

DETAILED DESCRIPTION OF THE
INVENTION

Accordingly, the present invention is to provide a method
of treating a subject suffering from an angiogenesis-related
disease, comprising administering to the subject a pharma-
ceutical composition comprising a compound of formula I:

formula I
O
HO O OR
O
HO (@]
OH O O, (0] OH
(@)
HO.
@]
OH
HO OH
HO OH
OH
OH
wherein R is H or
OH
@)
OH.
OH

In a preferred embodiment of the present invention, the
pharmaceutical composition treats the angiogenesis-related
disease through the inhibition of neovascularization in vivo.
In another preferred embodiment, the pharmaceutical com-
position inhibits neovascularization in vivo by inhibiting the
angiogenic function of endothelial progenitor cells (EPCs).

In a preferred embodiment of the present invention, the
compound of formula I is derived from the extract of Mitella
formosana. In another preferred embodiment, the pharma-
ceutical composition further comprises at least one pharma-
ceutically acceptable carrier, adjuvant or excipient. The
excipient(s) include, but are not limited to, inert diluents,
granulating agents, disintegrants, binders, lubricants, froth-
ing mixtures, dyes or sweeteners.

In the present invention, the angiogenesis-related disease
(s) include, but are not limited to, various solid tumors,
psoriasis, preterm birth, endometriosis, age related macular
degeneration (AMD), choroidal neovascularization, diabetic
macular edema, diabetic retinopathy, ocular neoplasm, reti-
nal venous occlusion, telangiectasis, rheumatoid arthritis
and many inflammation related diseases.

The examples below are non-limiting and are merely

representative of various aspects and features of the present
invention.
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4
EXAMPLES

The extraction step of the compound of formula I

FIG. 1 shows the extraction step of the compound of
formula I. The whole plant of Mitella formosana (1 kg) was
washed and dried, and then soaked in methanol for 3 days
at room temperature, this step was repeated 3 times. The
resulting extract solution was concentrated under reduced
pressure to obtain a methanol extract (125 g). The methanol
extract was partitioned with ethyl acetate/water (1:1, v/v) to
give an ethyl acetate layer (38.4 g), an aqueous layer (70 g)
and insoluble material (5.3 g). The ethyl acetate layer was
chromatographed with silica gel (MERCK®), RP-18
(MERCK®) and molecular sieves (SEPHADEX® [LH-20;
Pharmacia) as the stationary phase, and in coordination with
medium pressure liquid chromatography (MPLC), recrys-
tallization techniques and preparative TLC, PGG (21.9 mg),
tellimagrandin 1 (2.0 mg) and tellimagrandin II (356 mg)
were isolated and purified. The structure of PGG, tel-
limagrandin I and tellimagrandin II were determined by 1D,
2D-NMR spectroscopy and further confirmed by mass spec-
trometry, ultraviolet light analyzer, infrared light analyzer
and optical rotation spectroscopy.

Mitella formosana (Hayata) Masam. is a perennial herb of
Saxifragaceae, a native plant of Taiwan. In the present
invention, three kinds of tannin compounds, PGG, tel-
limagrandin I, and tellimagrandin II, found in the com-
pounds extracted from Mitella formosana by using Bioas-
say-guided fractionation, inhibited the proliferation of EPCs
in a concentration dependent manner. As shown in FIG. 2A,
in terms of quantity the main compound tellimagrandin II
exhibited the most potent effect. The results of tube forma-
tion assay confirmed that these three compounds (10 uM)
inhibited the tube formation of EPCs in different degrees
(FIG. 2B). Moreover, PGG and tellimagrandin II inhibited
the tube formation of EPCs in a concentration dependent
manner, and the well-known angiogenesis inhibitor
sorafenib was used as the positive control in the experiments
(FIG. 3A). In addition, when the concentration of tel-
limagrandin II was 10-20 uM LDH release was not induced,
which indicated that the anti-angiogenic effect of tel-
limagrandin II on EPCs was not caused by cytotoxicity
(FIG. 3B). Importantly, CAM-angiogenesis model and mice
Matrigel-plus model were used to verify the anti-angiogenic
effect of tellimagrandin II in vivo. FIG. 4 shows that
tellimagrandin II inhibited in vivo neovascularization in the
chicken embryo in a concentration dependent manner. FIG.
5 shows that tellimagrandin II effectively inhibited the
formation of capillaries in mice. These results demonstrated
that tellimagrandin II was a novel angiogenesis inhibitor by
impeding neovascularization of human EPCs.

Prior arts, literatures and studies published before had not
disclosed that tellimagrandin I and tellimagrandin II had the
anti-angiogenic effect. The present invention demonstrated
for the first time that tellimagrandin II had the effect of
inhibiting angiogenesis in vitro and in vivo. Given the
above, tellimagrandin II, a component of Mitella formosana,
is unique and has the potential and value to be developed for
the treatment of angiogenesis-related diseases.

While the invention has been described and exemplified
in sufficient detail for those skilled in this art to make and use
it, various alternatives, modifications, and improvements
should be apparent without departing from the spirit and
scope of the invention.

One skilled in the art readily appreciates that the present
invention is well adapted to carry out the objects and obtain
the ends and advantages mentioned, as well as those inherent
therein. The cells, animals, and processes and methods for
producing them are representative of preferred embodi-
ments, are exemplary, and are not intended as limitations on
the scope of the invention. Modifications therein and other
uses will occur to those skilled in the art. These modifica-
tions are encompassed within the spirit of the invention and
are defined by the scope of the claims.
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What is claimed is:

1. A method of treating a subject suffering from a disease
that requires inhibition of neovascularization, comprising
administering to the subject a pharmaceutical composition
comprising a compound of formula I, wherein the com-
pound of formula I is tellimagrandin II,

formula I
(0]
HO (0] OR
O
HO (0]
OH o O (0] OH
(0]
HO
(0]
OH
HO OH
HO OH

OH

10

15

wherein R is

OH

OH.

OH

2. The method of claim 1, wherein the pharmaceutical
composition inhibits neovascularization in vivo by inhibit-
ing angiogenesis of endothelial progenitor cells.

3. The method of claim 1, wherein the compound of
formula I is derived from Mitella formosana.

4. The method of claim 1, wherein the pharmaceutical
composition further comprises at least one pharmaceutically
acceptable carrier, adjuvant or excipient.



