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Abstract

AIM: To study the inhibition of tumor angiogenesis by
5,2,4  -trinydroxy-6,7,5 "-trimethoxyflavone (TTF1) iso-
lated from an extract of herbal medicine Sorbaria sorbi-
folia.

METHODS: Angiogenic activity was assayed using the
chick embryo chorioallantoic membrane (CAM) method.
Microvessel density (MVD) was determined by staining
tissue sections immunohistochemically for CD34 us-
ing the Weidner capillary counting method. The mRNA
and protein levels of vascular endothelial growth fac-
tor (VEGF), vascular endothelialgrowth factor receptor
2 (VEGFR2, Flk-1/KDR), basic fibroblast growth factor
(bFGF), cyclo-oxygenase (COX)-2 and hypoxia-inducible
factor (HIF)-1o were detected by quantitative real-time
polymerase chain reaction and Western blotting analysis.
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RESULTS: The TTF1 inhibition rates for CAM were 30.8%,
38.2% and 47.5% with treatment concentrations of
25, 50 and 100 pg/embryo x 5 d, respectively. The in-
hibitory rates for tumor size were 43.8%, 49.4% and
59.6% at TTF1 treatment concentrations of 5, 10, and
20 umol/kg, respectively. The average MVD was 14.2,
11.2 and 8.5 at treatment concentrations of 5 umol/kg,
10 umol/kg and 20 pumol/kg TTF1, respectively. The
mRNA and protein levels of VEGF, KDR, bFGF, COX-2
and HIF-1a in mice treated with TTF1 were significantly
decreased.

CONCLUSION: TTF1 can inhibit tumor angiogenesis, and
the mechanism may be associated with the down-regu-
lation of VEGF, KDR, bFGF, HIF-1a and COX-2.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Angiogenesis is the process by which a new blood-vascu-

lar system grows from the existing vascular bed through
the interaction of cytokines, the cellular matrix and pro-
teolylic enzymes. Tumor angiogenesis is closely associated
with tumor growth, metastasis, recurrence and overall
prognosis. For this reason, tumor angiogenesis is a desir-
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able target for tumor treatment!". Anti-angiogenesis is an
important strategy for tumor therapym. Many studies have
demonstrated that tumor angiogenesis can be inhibited
by the flavones present in Chinese herbal medicines, in-
cluding apigenin, silibinin, quercetin, wogonin, genistein
and luteolin®™”. Previously, we have reported that acetic
ether extracts of the medicinal plant Sorbaria sorbifolia
(8. sorbifolia) inhibits the growth of HepG-2 cells"” and
mouse S180 sarcoma, down-regulates the levels of tumor
necrosis factor (INF)-o and intetleukin (IL)-2, and re-
duced the cellular activity of natural killer cells". In addi-
tion, extracts inhibit the placental glutathione S transferase
formation of positive foci in hepatoma precancerous rats
and down-regulated the expression of p53 and Bcl-2. They
increase the activity of superoxide dismutase and gluta-
thione peroxidase and decrease the nitrogen monoxide
(NO) synthase activity and malondiadehyde and NO con-
centrations'>"). Six compounds have been identified in
the S. sorbifolia acetic ether extracts, including 5,2°,4-tri-
hydroxy-06,7,5 -trimethoxyflavone (T'TF1), 5,7- dihydroxy-
8-methoxyflavone, rutin, quercetin, daucosterol, benzoate
and p-hydroxybenzoic acid, and TTF1 was the first active
flavonoid compound identified"". After testing the six
compounds, we found that TTF1 inhibited vascular endo-
thelial growth factor (VEGF) expression in HepG-2 cells
and VEGF165-induced human umbilical vein endothelial
cells proliferation and vascular endothelial growth factor
receptor 2 (VEGFR2, Flk-1/KDR) protein expression' .
This study focused on the effect of TTF1 specifically on
the inhibition of tumor angiogenesis.

MATERIALS AND METHODS
Extraction of TTF1

TTF1 was separated using the water extraction and alco-
hol precipitation method from 10 kg S. sorbifolia (collected
from Jilin Province) as previously described!".

Cell culture

The HepG-2 cell line was purchased from KeyGEN Co.,,
Ltd. (Nanjing, China). Cells were grown in RPMI1640
supplemented with 10% fetal bovine serum, 100 U/mL
penicillin, and 100 mg/L streptomycin. Cells wete cultured
at 37 'C in a humidified incubator containing 5% COx.
Cells in the logarithmic growth phase were used for tests.

Chick embryo chorioallantoic membrane assay

Angiogenic activity was assayed using a chick embryo cho-
rioallantoic membrane (CAM) as described previously" ",
HepG-2 cell resuspensions (1 X 10%) were inoculated into
the chick embryo CAM. Using 4-d-old chick embryos
in shells, 50 uL of different concentrations of TTF1,
apigenin (KeyGEN), and normal saline were added to
the chick chotioallantoic membrane once per day for 5 d.
Each experimental group included five eggs, and experi-
ments were repeated five times. Chorioallantoid mem-
branes were collected for microscopy and photographic
documentation. Five visual fields were randomly chosen
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for analyzing the angiogenesis inducing rate and inhibi-
tory rate using the SmartScape microscope photography
analysis system.

Inducing rate (%) = (vascular branchpoint number af-
ter inoculating tumor cells minus the vascular branchpoint
number in non-inoculated tumor cells the vascular branch-
point number in non-inoculated tumor cells) X 100%

Inhibitory rate (%) = (vascular branchpoint number
after inoculating tumor cells minus the vascular branch-
point number with drug treament/the vascular branch-
point number after inoculating tumor cells) X 100%

Nude mouse HepG-2 tumor model

BALB/c nude mice were obtained from the Laboratory
Animal Center of the Academy of Military Medical Sci-
ences (Jilin, China). All studies were in compliance with
guidelines of the Institutional Animal Care and Use Com-
mittee. 0.1 mL. HepG-2 cell resuspensions (1X 10% were
transplanted into the armpits of test mice subcutaneously
as an experimental model. Ten days after HepG-2 cell
transplantation, 40 mice bearing tumors were selected and
divided into five groups, and orally administered 5, 10 or
20 pumol/kg of TTF1 or 10 umol/kg of apigenin once a
day for 10 d. The control group was treated with normal
saline. Mice were sacrificed and the tumors were collected
and weighed. The tumor inhibition rate was calculated
as follows: inhibition rate (%) = (1- the tumor weight in
treatment group/the tumor weight in control group) X
100%. Samples were fixed in a 10% formaldehyde solu-
tion to prepare the slides for hematoxylin and eosin stain-
ing and microscopy.

Immunohistochemistry

Tissues were fixed in 10% buffered formalin and embed-
ded in paraffin. Immunodetection of blood vessels in
mouse tumor sections was performed with an anti-CD34
Ab (Boshide Biotechnology Company, Wuhan, China).
Sections wete incubated with a biotinylated anti-rat Ab
(CD34) and then with peroxidase-conjugated streptavi-
din (Boshide Biotechnology Company, Wuhan, China).
To quantify angiogenesis, microvessel density (MVD) was
determined by staining tissue sections immunohistochemi-
cally for CD34 using the Weidner capillary counting meth-
od™. Entire sections were scanned under low magnifica-
tion, and vascularization was subjectively graded. Three
highly vascularized areas per tumor were then evaluated
at low magnification (X 200). Any brown-staining CD34
distinct from adjacent microvessels, tumor cells, or other
stromal cells was considered a single countable microves-
sel. The total number of microvessels was determined
from five vessels in each atrea, and the average number was
recorded for each tumor. To test TTF1 treatment effect on
VEGEF and basic fibroblast growth factor (bFGF) expres-
sion in tumor, the slides were prepated by following the
protocol of S-P Kit. Using the double-blind method, the
pictures from at least five representative high-power fields
were observed in each slice, and no less than 100 cells in
each field were counted for analysis.
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Figure 1 Chemical structure of TTF1.

Western blotting analysis

Tumors were lysed in lysis buffer (Pierce Roche, United
States) and then centrifuged at 12 000 g for 15 min. Pro-
tein concentration was determined using the BCA kit
(Pierce Rockford, United States) following the manufac-
turer’s instructions. Seventy pug of protein was separated
by 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and then transferred to a polyvinylidene fluo-
ride membrane (Pall Corporation, Port Washington, NY,
United States). After blocking for 1 h with 5% milk in tris-
buffuered saline and tween 20, the primary antibody (anti-
VEGE, KDR, bFGF, COX-2 or HIF-1q; 1:400) (Boshide
Biotechnology Company) was added and incubated at
4 °C overnight. After incubation with secondary antibod-
ies (1:5000), membranes were visualized by chemilumi-
nescence. The intensity of protein bands was quantita-
tively determined using a ultraviolet crosslinkers (Bio-Rad,
United States) and normalized with the intensity of Actin
band in each gel.

Quantitative real-time polymerase chain reaction

Total RNA was extracted from tumors using the RNeasy
Plus Mini Kit (KeyGEN) following the manufacturer’s
instructions. cDNA was generated with the iScript Select
cDNA Synthesis Kit (KeyGEN) and analyzed by quanti-
tative real-time polymerase chain reaction (PCR) using Sy-
berGreen qPCR primer assays (KeyGEN) and the iCycler
iQQ multicolor real time PCR detection system (KeyGEN).
Relative expression levels were normalized against 3-actin
expression run concurrently as a reference control. The
primers used were as follows: VEGF (forward, 5-TAC-
GTTGGTGCCCGCTGCTG-3’; reverse, 5-GCCCTCC-
GGACCCAAAGTGC-3%; amplicon size of 400 bp),
KDR (forward, 5>~AGCGTGTGGCACCCACGATC-3%
reverse, 5-GGCAATCACCGCCGTGCCTA-3’; ampli-
con length of 338 bp); COX-2 (forward, 5>~ TTGCCC-
GACTCCCTTGGGTGT-3’; reverse, 5’-CTCCT-
GCCCCACAGCAAACCG-3’; amplicon length of 397
bp); HIF1-a (forward, 5>~ ACAGCAGCCAGACGAT-
CATGCAG-3’; reverse, 5-TGGCTACCACGTACT-
GCTGGCA-3’; amplicon length of 724 bp); 3-actin (for-
ward, 5-GCTCGTCGTCGACAACGGCTC-3’; reverse,
5-CAAACATGATCTGGGTCA TCTTCTC-3’; ampli-
con length of 353 bp).
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Statistical analysis

Data in all experiments are shown as mean * SD. Statisti-
cal difference was evaluated using a one-way ANOVA
and independent 7 test of sample pairs with SPSS 13.0
software.

RESULTS

Effect of TTF1 on angiogenesis in chick embryo
chorioallantoic membrane

The antiangiogenic activities of TTF1 (Figure 1) were
tested using the CAM assay. HepG-2 cells induced CAM
angiogenesis (Figure 2B). Capillary vessels were inten-
sively spread in HepG-2 cell-inoculated regions, vessel
branching significantly increased (P < 0.05) (Figure 2A, B
and D), and the inhibitory rate was 53.9%. TTF1 inhib-
ited angiogenesis: the number of capillary vessels signifi-
cantly decreased (P < 0.05) in the TTF1 treatment group
(Figure 2C and D), with inhibitory rates of 30.8%, 38.2%
and 47.5% with TTF1 treatment concentrations of 25, 50
and 100 pg/embryo X 5 d, respectively (Figure 2D and E).
The inhibitory effect on angiogenesis 7z vivo by TTF1 was
dose-dependent. These results indicate that TTEF1 inhib-
ited angiogenesis induced by HepG-2 cells in CAM.

Changes in mouse tumor weight

To test whether TTF1 inhibited tumor growth, we mea-
sured tumor weight after TTF1 treatment. Compared to
the control group, the tumor weights in the TTTF1-treated
group were significantly lower (P < 0.01), with inhibitory
rates of 43.8%, 49.4% and 59.6% at treatment concentra-
tions of 5, 10 and 20 umol./kg, respectively (Figure 3).
These results suggest that TTF1 administration blocked
the growth of HepG-2 cell-induced tumors in mice and
that the inhibitory rate of TTF1 was dose-dependent.

Tumor pathology

Compared to the tumors in the control group, the tumors
in the TTF1 and apigenin-treated groups were smaller
in size with gray surfaces. Their texture was hard, and
necrosis was present in the central area but few capillary
hemorrhages were observed (data not shown). Micros-
copy of tumors from the TTF1 and apigenin-treated
groups revealed that they had fewer tumor cells, increased
cell gaps with clearly visible cell boundaries, and few cap-
illaries in the central area (data not shown).

Changes in microvessel density in a mouse model

To quantify the HepG-2 cell-induced angiogenesis in
mouse tumors, MVD was determined by staining tissue
sections immunohistochemically for CD34. The positive
staining of CD34 was brown and mainly located in the
vascular endothelium of the cytomembrane and the cy-
toplast of capillary vessels, venules and arterioles (Figure
4A). The results showed that the number of capillary
vessels greatly increased in tumor tissues in the control
group, while they significantly decreased in the TTF1
treatment group (Figure 4B and C). The average MVD
was 14.2, 11.2 and 8.5 at the treatment concentrations
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Figure 2 Inhibitory effect of TTF1 on HepG-2 cell-induced angiogenesis in chorioallantoic membrane. A: Control, inoculated with normal saline; B: Inoculated
with HepG-2 cells; C: Inoculated with HepG-2 cells and treated with TTF1; D and E: Different doses of compound were used as treatments in the HepG-2 cell-induced
angiogenesis in chorioallantoic membrane (CAM) as follows: sTTF1 (25 pg/embryo x 5 d); mTTF1 (50 ug/embryo x 5 d); ITTF1 (100 ug/embryo x 5 d); apigenin (100
pglembryo x 5 d); and Con (control group treated with normal saline). °P < 0.05, °P < 0.01 vs control group.
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Figure 3 Effect of TTF1 on tumor weight in HepG-2-transplanted nude mice. Different doses of compound were used as treatments in the HepG-2-transplanted
nude mice as follows: sTTF1 (5 umol/kg); mTTF1 (10 umol/kg); ITTF1 (20 umol/kg); apigenin (40 umol/kg); and Con (control group treated with normal saline). Com-

pared to the control group. *P < 0.05 vs control group.

of 5 pumol/kg, 10 umol/kgand 20 umol/kg TTF1, re-
spectively, and it decreased in a dose-dependent manner
(Figure 4C). These results indicated that TTF1 inhibited
HepG-2 cell-induced angiogenesis in mouse tumors.

Effect of TTF1 on angiogenesis regulation factors

To test whether TTTF1 affects the expression of the an-
giogenesis regulation factors including VEGE, KDR,
bFGF, COX-2 and HIF-1qa, we analyzed the protein
levels of these factors in HepG-2 cell-induced tumors in
mice. Immunohistochemistry results (as shown in Figures
5 and 0) showed the effect of TTF1 on the expression
of VEGF and bFGE In the control group, expression of
VEGF and bFGF was demonstrated by brown staining
of the cytoplasm and membrane of cancer cells, with a

(4%

T
JBaishideng®

WJG | www.wjgnet.com

4878

focal or diffuse distribution (Figures 5E and OE). In the
TTF1 treatment group, the brown-stained VEGF and
bFGF cancer cells were significantly reduced, and most
of the cells were stained blue (negative), as shown in
Figures 5C and 6C. Combining these results showed that
treatment with TTF1 resulted in significant down-regula-
tion of VEGF and bFGF expression in tumors (Figure 7).
Western blotting indicated that the protein levels of
VEGF, KDR, bFGF, COX-2 and HIF-1q, were lower
in tumors that were treated with TTF1 than in control
tumors (Figure 8A and B). We found that the decrease in
protein levels occurred in a dose-dependent manner and
showed significant differences at the 10 umol/kg and
20 umol/kg doses (as shown in Figure 8A and B) when
compared to the controls. To explore whether TTT1

November 28, 2011 | Volume 17 | Issue 44 |
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Figure 4 Microvessels in tumor tissue angiogenesis in HepG-2-trans-
planted nude mice. Brown staining indicates CD34 positive cells. A: Control,
HepG-2-transplanted nude mouse treated with normal saline; B: TTF1, HepG-
2-transplanted nude mouse treated with TTF1; C: Different doses of compound
were used as treatments in the HepG-2-transplanted nude mice as follows:
STTF1 (5 umol/kg); mTTF1 (10 pumol/kg); ITTF1 (20 pumol/kg); apigenin (40
pmol/kg); and Con (control group treated with normal saline). °P < 0.05, °P < 0.01
vs control group.

inhibits gene transcription to decrease the expression of
these angiogenesis regulation factors, quantitative real-
time PCR (qRT-PCR) was performed to determine the
mRNA levels of VEGE, KDR, bFGF, COX-2 and HIF-
1o in mice treated with TTEF1. Representative gRT-PCR
graphs for these genes is shown in Figure 8C-E. The
effect of TTF1 on the mRNA levels of VEGE, KDR,
bFGE, COX-2 and HIF-1¢, was consistent with the ef-
fect TTF1 on their protein levels. Our results indicate
that TTF1 inhibits tumor angiogenesis by decreasing the
RNA and protein levels of angiogenesis regulation fac-
tors (VEGE, KDR, bFGFE, COX-2 and HIF-1q).

DISCUSSION

S. sorbifolia is a Chinese medicinal plant that grows on
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Figure 5 Down-regulation of expression of vascular endothelial growth
factor by TTF1 (x 200). Brown staining indicates vascular endothelial growth
factor positive. Different doses of compound were used as treatments in the
HepG-2-transplanted nude mice as follows: A: sTTF1 (5 umol/kg); B: TTF1 (10
umol/kg); C: ITTF1 (20 umol/kg); D: Apigenin (40 umol/kg); E: Con (control
group treated with normal saline).
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Figure 6 Down-regulation of expression of bFGF by TTF1 (x 200). Brown
staining indicates bFGF-positive cells. Different doses of compound were used
as treatments in the HepG-2-transplanted nude mice as follows: A: sSTTF1 (5
umol/kg); B: TTF1 (10 umol/kg); C: ITTF1 (20 umol/kg); D: Apigenin (40 umol/
kg); E: Con (control group treated with normal saline).
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Figure 7 Quantify the effects of TTF1 on the expressions of vascular en-
dothelial growth factor and basic fibroblast growth factor. Different doses of
compound were used as treatments in the HepG-2-transplanted nude mice as
follows: sTTF1 (5 pumolkg), TTF1 (10 umol/kg), ITTF1 (20 umol/kg), apigenin (40
umol/kg), and Con (control group treated with normal saline). °P < 0.05, °P < 0.01
vs control group. VEGF: Vascular endothelial growth factor; bFGF: Basic fibroblast
growth factor.

Changbai Mountain. Our group began systematic rescat-
ch on its medicinal properties in 2002. An ecarlier study
showed that an acetic ether extract of S. sorbifolia has anti-
tumor, liver protective and anti-inflammatory effects. Six
chemicals were identified in the acetic ether extract, and
the novel monomeric compound TTF1 was separated for
the first time.

Angiogenesis mainly occurs during embryo develop-
ment as well as in some pathological conditions, such as
damage repair, inflammation, and in particular, tumor
growth and metastasis' . CAM is the ideal i vivo model
to study angiogenesis and anti-vascular formation. Our re-
search demonstrated that TTE1 inhibited HepG-2-induced
CAM angiogenesis. We also found that TTF1 inhibited
tumor growth in HepG-2-transplanted nude mice with
an inhibition rate similar to that of apigenin, a flavone
extracted from another Chinese medicinal plant that is
currently in clinical use.

MVD is a marker to assess the level of tumor angio-
genesis. An increase in MVD in tumor tissue suggests a
fast-growing and potentially more metastatic tumor. After
treatment with TTF1 on the transplanted tumors of nude
mice, MVD decreased, suggesting that it inhibited tumor
angiogenesis. VEGF is the most important inducing fac-
tor for angiogenesis, which specifically stimulates the
proliferation of vascular endothelial cells and angiogen-
esis. VEGF proteins function in association with VEGEF
receptor (VEGER) proteins. The five types of VEGEFR
include VEGFR-1 (Flt-1), VEGFR-2 (KDR), VEGFR-3
(Flt-4), NP-1 and NP-2. VEGF primarily functions through
dimerization with KDR, and its intracellular tyrosine
residues autophosphorylate after VEGEF and KDR bind
together. bEGF is another important inducing factor for
angiogenesis. Tumor cells produce bFGE, and induce the
vascular endothelial cells to produce bFGE, at the same
time, increasing angiogenesis' ¥, The expression levels
of VEGE, VEGFR and bFGF were down-regulated after
treatment with TTEF1, suggesting that TTF1 may inhibit
tumor growth through decreasing angiogenesis-inducing
factors in HepG-2-transplanted nude mice.
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Figure 8 TTF1 decreases the gene and protein level of angiogenesis regulation factors. Western blotting analysis was used to determine the protein levels of
VEGF, KDR, bFGF, COX-2 and HIF-1c.. A: Tumor tissues were centrifuged at 12 000 g for 15 min and the supernatant (70 pg/lane) was subjected to sodium dodecy!
sulfate polyacrylamide gel electrophoresis. Western blotting analysis was performed to detect the protein levels of VEGF, KDR, bFGF, COX-2 and HIF-1a.. Different
compounds and dosages were used as treatments in the HepG-2-transplanted nude mice as follows: STTF1 (5 pmol/kg); mTTF1 (10 umol/kg); ITTF1 (20 umol/kg);
apigenin (40 pmol/kg); and Con (control group treated with normal saline); B: The intensity of the VEGF, KDR, bFGF, COX-2 and HIF-1a protein bands were deter-
mined and normalized with B-actin’s intensity by using the ultraviolet crosslinkers imager and plotted (*P < 0.05 vs control group); C-E: Quantitative real-time PCR was
performed to determine the mRNA expression levels of VEGF, KDR, bFGF, COX-2 and HIF-1c. (*P < 0.05 vs control group).

An insufficient blood supply in fast-growing tumor hibitory effect of TTF1 on tumor angiogenesis surpassed
tissues may cause hypoxia. HIF-1q, is the transcription that of apigenin.
factor that regulates gene transcription during tissue hy- 8. sorbifolia is a rosaceous plant that grows extensively
poxia. TTF1 may inhibit expression of HIF-1aw by sup- in Changbai Mountain, in Yunnan, Guizhou, Sichuan,
pressing its association with the regulatory sequences of Hubei, Gansu and Ningxia Provinces. It is traditionally

VEGF and bFGE, and therefore resulting in decreased used in activating blood, dissolving stasis, reducing swell-
transcription. The expression of VEGF and bFGF may ing, easing pain, and healing fractures and injuries from

further decrease the expression of KDR through negative falls®”. Tt is a perennial herbaceous plant that has low
feedback. Recent studies have shown that COX-2 is asso- toxicity and is liver-protective. Our study explored the
ciated with tumor formation, development, and angiogen- inhibitory effect of TTF1 on tumor growth and angio-
esis!”. COX-2 was down-regulated after TTF1 treatment genesis. Further study needs to focus on the different
in tumor tissues, in accordance with the down-regulation regulatory factors and their interaction using molecular
of the other angiogenesis-inducing factors VEGE, bFG- biological techniques after T'TF1 inhibition of tumor
Fand VEGFR. angiogenesis. The relationship of the chemical structure

Identification of the compounds responsible for the of TTF1 to its activity should be studied, so that further
anti-tumor angiogenesis effects of Chinese herbal medi- structural modification may lead to new inhibitors of
cines is a research hotspot. Our study used the anti tumor tumor angiogenesis with better curative effect and easier
drug apigenin as a positive control and comparison for production. Moreover, further study is also needed to
TTF1 treament. Its mechanism of anti tumor activity determine whether there are other pathways (such as in-
includes inhibition of tumor angiogenesis, induction of ducing apoptosis, regulation of nuclear factor-kB or mi-
tumor cell apoptosis, disturbing cellular signal pathways, togen-activated protein kinase pathways) through which
and anti oxidation. Our experiments showed that the in- TTF1 inhibits tumor growth.
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COMMENTS

Background

Anti-angiogenesis is an important strategy for tumor therapy. Many studies
have demonstrated that tumor angiogenesis can be inhibited by the flavones
present in Chinese herbal medicine. Previously, the authors reported that acetic
ether extracts of the medicinal plant Sorbaria sorbifolia (S. sorbifolia) inhibites
the growth of HepG-2 cells and mouse S180 sarcoma, down-regulates the
levels of tumor necrosis factor-a. and interleukin-2, and reduces the activity of
natural killer cells. 5,2",4 -trihydroxy-6,7,5 -trimethoxyflavone (TTF1) was the
first active flavonoid compound identified in S. sorbifolia. This study focused on
the effect of TTF1 specifically on the inhibition of tumor angiogenesis.
Research frontiers

Identification of the compounds responsible for the anti-tumor angiogenesis ef-
fects of Chinese herbal medicine is a research hotspot. The study used the anti-
tumor drug apigenin, which is currently used clinically, as a positive control and
comparison for TTF1 treatment. Its mechanism of anti-tumor activity includes
inhibition of tumor angiogenesis, induction of tumor cell apoptosis, disturbing
cellular signal pathways, and anti-oxidation. The experiments showed that TTF1
had an inhibitory effect on tumor angiogenesis, as did apigenin.

Innovations and breakthroughs

Six compounds were identified in acetic ether extracts of S. sorbifolia, including
TTF1,5,7- dihydroxy-8-methoxyflavone, rutin, quercetin, daucosterol, benzoate,
and p-hydroxybenzoic acid and TTF1 was the first active flavonoid compound
identified in S. sorbifolia. After testing the six compounds, the authors found that
TTF1 inhibited vascular endothelial growth factor (VEGF) expression in HepG-2
cells and VEGF165-induced human umbilical vein endothelial cell proliferation
and vascular endothelial growth factor receptor 2 (VEGFR2, Flk-1/KDR) protein
expression. The study explored the inhibitory effect of TTF1 on tumor growth
and tumor angiogenesis.

Applications
The study results suggest that the TTF1 extracts of the medicinal plant S. sorbi-
folia is a potential therapeutic compound that could be used for tumor inhibition.

Terminology

Sorbaria sorbifolia (S. sorbifolia) is a Chinese medicinal plant that grows on
Changbai Mountain. An earlier study has shown that an acetic ether extract of
S. sorbifolia has anti-tumor, liver protective and anti-inflammatory effects. Chick
embryo chorioallantoic membrane, is the ideal in vivo model for studying angio-
genesis and anti-vascular formation. Microvessel density (MVD), is a marker
to assess the level of tumor angiogenesis. An increase in MVD in tumor tissue
suggests a fast-growing and potentially more metastatic tumor.

Peer review

The present paper examining the effects of extracts of the Chinese herb S. sor-
bifolia (TTF1) on tumor growth is work that extends and builds upon previously
published work by this research group. The paper will gather a lot of interest
amongst practicing gastroenterologists and oncologists.
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