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Objective: To determine the antitumor activity of Radix tetrastigmae flavonoids and their
inhibitory effect on regulatory T cells (Tregs) in mice.

Materials and methods: Total flavonoids were isolated from Radix tetrastigmae, the root
of Tetrastigma hemsleyanum Diels et Gilg, and administered to C57BL/6 mice by oral gavage
after inoculation with Lewis lung carcinoma (LLC) cells. The effects of total flavonoids on
tumor growth in vivo were examined. Flow cytometry was used to study the effects on Tregs,
and enzyme-linked immunosorbent assay was used to analyze the changes in the serum levels of
transforming growth factor 3, prostaglandin E2, and cyclooxygenase 2 after tumor inoculation
and flavonoid administration.

Results: Total flavonoids from 7. hemsleyanum Diels et Gilg significantly inhibited tumor growth
in C57BL/6 mice inoculated with LLCs. These flavonoids dramatically suppressed regulatory
T-cell development in tumor-bearing mice. Further studies revealed that total flavonoids
significantly decreased the serum levels of transforming growth factor B, prostaglandin E2,
and cyclooxygenase 2 in tumor-bearing mice, which may be responsible for the inhibition of
Tregs.

Conclusion: The antitumor activity of total flavonoids from 7. hemsleyanum Diels et Gilg is
associated with the inhibition of Tregs in a mouse tumor model. Total flavonoids from T hems-
leyanum Diels et Gilg may be used as antitumor agents in cancer prevention and treatment.
Keywords: flavonoids, radix tetrastigmae, regulatory T cells, tumor growth, TGF-31

Introduction

It has been recognized that flavonoids have antitumor activity at several stages in
cancer development and progression, and thus can potentially be used as antitu-
mor agents.! However, the mechanisms of flavonoid-mediated antitumor functions
are not fully understood. It has been reported that flavonoids from plants such as
Macrothelypteris viridifrons and Vitex rotundifolia have strong antiproliferative
effects on tumor cells.?3 They may induce tumor necrosis factor-related apoptosis-
inducing ligand-mediated apoptosis in cancer cells.* Other studies showed that
flavonoids could inhibit the activation of nuclear factor kappa-light chain enhancer
of activated B cells and suppress the activities of epidermal growth factor and
kinase insert domain receptor tyrosine kinases, and thus induce apoptosis in tumor
cells.’ Flavonoids also inhibit the release of angiogenic factors, particularly vascular
endothelial growth factor, from human breast cancer cells, and thus suppress tumor
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development and progression.® Furthermore, flavonoids
inhibit the expression of vascular cell adhesion molecule 1
in human umbilical vein endothelial cells and murine pul-
monary endothelial cells” and attenuate the expression of
E-selectin and intercellular adhesion molecule 1 in human
endothelial cells,® suggesting flavonoids may impair the
interactions between tumor cells and endothelial cells, and
thus inhibit melanoma lung metastasis in mice. Therefore,
flavonoids may be used as effective preventive and thera-
peutic agents, although the mechanisms of their actions
are unclear.” !

It has been documented that regulatory T cells (Tregs)
play an important inhibitory role in the regulation of
immune responses.'>!* Tregs express CD4, CD25, and
Foxp3."* They are often associated with solid tumors in both
cancer patients and animal models. Increased numbers of
Tregs have been observed in breast, colorectal, and ovarian
cancers.' Inhibitory activities of Tregs on other CD4 T cells
and cytotoxic CD8 T cells depend on cell—cell contact and
secretion of inhibitory cytokines such as interleukin 10 and
transforming growth factor beta (TGF-B).!¢ Tregs contribute
to cancer development and are responsible for the failure of
current therapies mediated by antitumor responses.!” Several
factors such as interleukin 2 and TGF-f are essential for
Treg development and homeostasis.'®'” Chemotherapeutic
agents such as cyclophosphamide and paclitaxel inhibit
Tregs, which are partially responsible for their antitumor
activities.?*22 However, little is known about the role of
flavonoids in the regulation of Treg development and anti-
tumor immunity.

Our previous studies indicated that total flavonoids
isolated from Radix tetrastigmae (the root of Tetrastigma
hemsleyanum Diels et Gilg) could inhibit the cell growth
of SGC-7901 human gastric cancer cell line in vitro.*
In the current study, we found that total flavonoids from
T hemsleyanum Diels et Gilg could significantly inhibit the
tumor growth of the Lewis Iung carcinoma (LLC) cell line
and Tregs in mice. The results suggest that the antitumor
activity of total flavonoids from 7. hemsleyanum Diels et
Gilg is associated with the inhibition of Tregs in vivo in a
mouse tumor model.

Materials and methods

Materials and total flavonoid isolation

Radix Tetrastigmae, the root of 7. hemsleyanum Diels
et Gilg, was purchased from the pharmaceutical store
in the Zhejiang Chinese Medical University-affiliated
First Hospital, Hangzhou, People’s Republic of China.

Total flavonoids were extracted from Radix Tetrastigmae
according to the method reported by Liu et al.?* Briefly, the
powdered root (100 g) of T hemsleyanum Diels et Gilg was
extracted twice with 600mL of 60% ethanol in a boiling
water bath for 90 minutes and then filtered. The filtrate
was concentrated under vacuum at 45°C, freeze-dried,
and stored at 4°C. Approximately 2 g of the total flavonoid
extract was obtained. The quality of the total flavonoid
extract was determined by colorimetric HCI-Mg and alu-
minum chloride reactions, followed by high-performance
liquid chromatography.?*?

Mice and tumor inoculation

Healthy wild-type C57BL/6 (B6) mice without immunosup-
pression and other immunological disorders were purchased
from the Shanghai Laboratory Animal Center, Chinese
Academy of Sciences, Shanghai, People’s Republic of China,
and housed in the Laboratory Animal Center at Zhejiang
Chinese Medical University, Hangzhou, People’s Republic of
China. The animal protocol was approved by the Institutional
Animal Use Committee of Zhejiang Chinese Medical
University. All mice were maintained under pathogen-free
conditions.

The LLC cell line was purchased from the Shanghai
Institute of Cell Biology, Chinese Academy of Sciences,
Shanghai, People’s Republic of China, and maintained
in RPMI 1640 medium with 5% fetal calf serum in a
humidified 5% CO, incubator. After washing twice, LLC
cells were suspended in phosphate-buffered saline (PBS).
LLC cells (2x10°) in 200 uL PBS were subcutaneously
injected in the right axillary fossa of each 2-month-old
mouse. The same volume of PBS was subcutancously
injected in the right axillary fossa of each 2-month-old
mouse as control.

Total flavonoid administration

Starting on the second day after tumor inoculation, the total
flavonoids extracted from Radix Tetrastigmae were dissolved
in 0.9% saline solution and administered in mice by oral gav-
age once daily at doses of 0, 5, 10, or 15 mg/kg mouse body
weight. Each group consisted of 10 mice. Changes of mouse
appearance, mouse body weight, and tumor size were exam-
ined and recorded daily. Tumor volumes were calculated on
the basis of the measurement of tumor sizes according to
the previously published method of Euhus et al.?° At 14 days
after tumor inoculation and total flavonoid administration,
mice were killed for tumor weight determination, peripheral
blood collection, and splenocyte preparation.
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Examination of transmission

electron microscopy

Tumor cells were separated from mice at day 14 after tumor
cell inoculation and flavonoid administration and were fixed
in 4% glutaraldehyde for 2 hours. After washing with PBS,
the cells were fixed in 1% OsO, for 1 hour. Then, the cell
samples were dehydrated by graded alcohol, embedded with
Epon 812, and sectioned. After staining with uranium acetate
and lead citrate, the sections were examined under Hatachy
H-600 transmission electron microscope.

Flow cytometry

After mice were killed, peripheral blood samples were collected
in heparin-coated tubes. Peripheral blood (50 puL) from each
mouse was centrifuged to prepare serum. The remaining periph-
eral blood was used for peripheral blood leukocyte preparation
by Ficoll centrifugation. Spleen was removed and pulverized
for splenocyte separation. After red blood cell lysis, washing,
and centrifugation, splenocytes were obtained.

Peripheral blood leukocytes and splenocytes were first
stained with fluorescein isothiocyanate-conjugated anti-
mouse CD4 and phycoerythrin-conjugated anti-mouse CD25
(eBioscience, San Diego, CA, USA). For Foxp3 staining,
cells were treated with allophycocyanin-conjugated anti-
mouse Foxp3 according to the manufacturer’s instructions
(eBioscience). After staining, cells were analyzed with a
FACSCalibur flow cytometer (BD-Bioscience, San Jose,
CA, USA), using FlowJo software (Tree Star, San Carlos,
CA, USA). The percentage of Tregs in total peripheral blood
leukocytes and splenocytes was calculated.

TGF-B1, PGE2,and COX2 measurement
Serum samples from mice were used for the measurement
of serum levels of TGF-B1, prostaglandin E2 (PGE2),
and cyclooxygenase 2 (COX2) by the enzyme-linked
immunosorbent assay (ELISA). The serum levels of TGF-31
were measured using a Quantikine mouse TGF-B1 ELISA
Kit (R&D Systems, Minneapolis, MN, USA), according to
the manufacturer’s instructions.”” The serum levels of PGE2
and COX2 were measured using a mouse PGE2 ELISA Kit
and a mouse COX2 ELISA kit (MyBioSource, San Diego,
CA, USA), respectively, according to the manufacturer’s
instructions.

Statistical analysis

Quantitative data were expressed as the mean * standard
deviation. The statistical analysis was carried out using SPSS
Statistics 17.0 software (SPSS Inc., Chicago, IL, USA).

Statistical differences between control group without
flavonoid administration and other groups were compared
using the Wilcoxon rank sum test for P-value calculation. All
P-values lower than 0.05 were considered significant.

Results
Effects of total flavonoids

on mouse growth

All groups of mice had similar baseline body weights
(Figure 1A). At the end point, the group of mice receiving
the LLC cell inoculation but without flavonoid treatment
had significantly decreased body weights compared with the
control group (Figure 1B), suggesting tumor growth sup-
pressed the increase of mouse body weights. Administration
of total flavonoids from Radix Tetrastigmae at higher doses
significantly rescued the body weight gain in mice inoculated
with LLC cells (Figure 1B). The results indicated that total
flavonoids from Radix Tetrastigmae improved the overall
health of the mice by suppressing tumor growth in mice.

Effects of total flavonoids

on tumor growth
After LLC cell inoculation, tumor lesions became visible at
day 5. After day 7, the administration of total flavonoids sig-
nificantly inhibited tumor growth in mice at a dose-dependent
manner in comparison with the untreated group (Figure 2A).
At day 14, the lower-dose group also showed a significant
reduction of tumor volumes compared with the untreated
group (Figure 2B). The results suggested that total flavonoids
from Radix Tetrastigmae suppressed tumor growth in mice.
Atday 14, the administration of total flavonoids from Radix
Tetrastigmae at a high dose significantly suppressed the increase
of tumor weights in mice (Figure 3A and B). Interestingly, the
administration of total flavonoids from Radix Tetrastigmae at
alow dose at day 14 also significantly inhibited the increase of
tumor volumes in mice (Figure 3C). As compared with tumor
cells from mice without flavonoid administration (Figure 3D),
analysis by transmission electron microscopy indicated that
the treatment by a low dose of total flavonoids induced the
formation of irregular nucleus and bubble-like structures in the
cytoplasm and loss of normal nucleoli (Figure 3E), suggesting
that flavonoid administration led to apoptosis of tumor cells in
mice. Thus, it appeared that flavonoids from Radix Tetrastigmae
suppressed tumor growth in vivo.

Effects of total flavonoids on Treg number
Because flavonoids from Radix Tetrastigmae could inhibit
tumor growth in mice (Figures 2 and 3), and Tregs play a
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Figure | Effects of flavonoids from Radix Tetrastigmae on mouse body weight.

Notes: The body weights of mice were determined before Lewis lung carcinoma tumor inoculation and flavonoid administration (A) and at day |14 after tumor inoculation
and treatment (B). All P-values were calculated from comparison between the tumor inoculation group without flavonoid administration and other groups.

critical role in the suppression of antitumor immunity,'>!>!7
we aimed to investigate whether flavonoids could inhibit
Treg development in mice. Tregs were defined as CD25+
and FoxP3+ CD4+ T cells (Figure 4) and can inhibit the
functions of other CD4 T cells and cytotoxic CD8 T cells
by means of cell—cell contact or secretion of the inhibitory
cytokines interleukin 10 and TGF-P.! The results showed

that flavonoids from Radix Tetrastigmae significantly
reduced Treg number in peripheral blood leukocytes
(Figures 4E, F and 5A) and, at higher doses, decreased
Treg number in the spleen as well (Figure 5B). The results
suggested that flavonoids from Radix Tetrastigmae sup-
press Treg development, and thus inhibit tumor growth
in mice.
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Figure 2 Effects of flavonoids from Radix Tetrastigmae on tumor growth.

Notes: (A) Changes of tumor volumes in mice were monitored daily after Lewis lung carcinoma tumor inoculation and flavonoid administration. (B) Differences of tumor
volumes in mice between the tumor inoculation group without flavonoid administration and other groups were compared at day 14 after Lewis lung carcinoma tumor inoculation
and flavonoid administration. All P-values were calculated from comparison between the tumor inoculation group without flavonoid administration and other groups.

Effects of total flavonoids on the
expression of TGF-1, PGE2,and COX2

It has been reported that several factors such as TGF-B1,
PGE2, and COX2 play important roles in the induc-
tion, maintenance, and functions of Tregs.?®?’ Thus,
to understand the mechanisms of flavonoid-mediated

downregulation of Tregs, we examined the effects of total
flavonoids on these factors. ELISA analysis showed that the
administration of total flavonoids from Radix Tetrastigmae
significantly decreased the serum levels of TGF-B1, PGE2,
and COX2 in the peripheral blood of mice (Figure 6),
suggesting that flavonoids from Radix Tetrastigmae
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Notes: The weights of tumors in mice were measured at day |4 after Lewis lung carcinoma tumor inoculation and flavonoid administration. (B) Inhibitory activities of
flavonoids in tumor weight increase are shown. (C) Similar to increases in tumor weight, the inhibitory activities of flavonoids in tumor volume increase were also presented.
The cellular structures of tumor cells from mice at day 14 after 5 mg/kg flavonoid administration were examined by electron microscopy (E), and compared with those from
mice without flavonoid administration (D). Arrow bar in (E) indicates the bubble-like structures in tumor cells induced by flavonoid treatment. All P-values were calculated
from comparison between the tumor inoculation group without flavonoid administration and other groups.

may downregulate the expression of TGF-B1, PGE2, and
COX2, leading to the suppression of Tregs and inhibition
of tumor growth in mice.

Discussion
It has been shown that flavonoids can induce apoptosis and
inhibit proliferation of tumor cells, and thus have antitumor
activities.”* Our previous studies revealed that flavonoids
from Radix Tetrastigmae induce apoptosis and inhibit the
growth of gastric cancer cells in vitro.” Our current study
revealed that administration of flavonoids from Radix
Tetrastigmae significantly inhibits tumor growth in a murine
cancer model (Figures 2 and 3). Therefore, flavonoids may
be used as antitumor agents in the prevention and treatment
of cancer. Clinical studies have shown that flavonoids may
have great implications in the prevention and treatment of
cancer in humans.?*>? The results suggest that flavonoids
from Radix Tetrastigmae may be good candidates for clinical
trials in the prevention and treatment of human cancers.

It is obvious that the administration of total flavonoids
from Radix Tetrastigmae at a low dose in mice significantly

suppressed the increase of tumor volumes (Figures 2 and 3C)
but increased the tumor weights at day 14 after LLC tumor
inoculation (Figure 3A and B). Analysis by transmission
electron microscopy indicated that treatment by a low dose
of total flavonoids stimulated the formation of bubble-
like structures in the cytoplasm of tumor cells in mice
(Figure 3E), suggesting that the administration of flavonoids
may induce apoptosis of tumor cells. It is possible that the
bubble-like structures in the cytoplasm of tumor cells may
be full of fluids, which may be responsible for the increase
of tumor weights in mice at day 14 after tumor inocula-
tion and flavonoid administration at a low dose (Figure 3A
and B). The results suggested that a higher dose of total
flavonoids from Radix Tetrastigmae would be preferred for
cancer treatment.

It has been well documented that antitumor immune
responses play a pivotal role in cancer development and
treatment.?3*° Tregs have important functions in the regula-
tion of antitumor immune responses.'>'**¢ Little is known
about the effects of flavonoids on the regulation of antitumor
immune responses. It has been reported that wogonin was
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Notes: Peripheral blood leukocytes and splenocytes were stained with fluorescein isothiocyanate (FITC)-conjugated anti-mouse CD4 and phycoerythrin-conjugated anti-
mouse CD25. After cell fixation, the cells were treated with allophycocyanin (APC)-conjugated anti-mouse Foxp3. Then, the cells were analyzed by flow cytometry for
determination of regulatory T cell quantity. Representative data showing FITC-conjugated CD4-staining cells are presented in peripheral blood leukocytes from mice without
flavonoid administration (A) and with 15 mg/kg flavonoid administration (B) after Lewis lung carcinoma tumor inoculation. Representative data showing allophycocyanin-
conjugated FoxP3-staining cells are also shown in peripheral blood leukocytes from mice without flavonoid administration (C) and with flavonoid administration (D) and are
used in the gating for CD4+CD25+ regulatory T cells in peripheral blood leukocytes from mice without flavonoid administration (E) and with flavonoid administration (F).

the dominant flavonoid in Scutellaria ocmulgee leaf extract
and that the oral administration of S. ocmulgee leaf extract
significantly inhibited intratumoral TGF-B1 level and Treg
cell frequency in F344 rats transplanted subcutaneously
with F98 gliomas.?” Thus, we were interested in under-
standing whether flavonoids from Radix Tetrastigmae could
inhibit Treg in LLC mouse model. Our study showed that
flavonoids from Radix Tetrastigmae significantly decreased
Tregs in mice (Figure 5), suggesting that flavonoids from
Radix Tetrastigmae may have a regulatory role in the
antitumor immunity by downregulating Tregs. It has been
reported that Baicalin, a flavonoid from Huangqin (Scutel-
laria baicalensis Georgi), promotes Treg development.

Thus, different flavonoids may have opposite effects on
Treg development.

TGF- has been shown to play an important role in the induc-
tion, maintenance, and function of Tregs.”** Further studies
demonstrated that TGF-f induced COX2 expression.*” COX2
regulates PGE2 expression, which was shown to induce FoxP3
expression.*! Thus, the COX2-PGE2 pathway is involved in the
induction, maintenance, and function of Tregs.”” Our analysis
revealed that flavonoids from Radix Tetrastigmae significantly
decreased the serum levels of TGF-1, PGE2, and COX2 in
mice (Figure 6). These results therefore suggest that flavonoids
from Radix Tetrastigmae may suppress the expression of TGF-J3,
PGE2, and COX2, and thus inhibit Treg development.
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Figure 5 Effects of flavonoids from Radix Tetrastigmae on regulatory T cells in vivo.
Notes: After antibody staining and flow cytometry analysis, the changes of regulatory T cells in mice at day |4 after Lewis lung carcinoma tumor inoculation and flavonoid

administration were determined in peripheral blood leukocytes (A) and splenocytes (B). All P-values were calculated from comparison between the tumor inoculation group
without flavonoid administration and other groups.

Abbreviations: Treg, regulatory T cells; PBL, peripheral blood leukocytes.

High-performance liquid chromatography analysis showed = Therefore, it is possible that quercetin in flavonoids from Radix
that quercetin and kaempferol were present in total flavonoids ~ Tetrastigmae may play a major role in the inhibition of Treg
from Radix Tetrastigmae. It has been reported that both quer-  and tumor growth. Further studies, however, will be needed

cetin and kaempferol have anticancer function.** A recent  to understand the compositions and their functions in total
study indicated that quercetin could suppress Treg expansion.*  flavonoids from Radix Tetrastigmae for cancer treatment.
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Figure 6 Effects of flavonoids from Radix Tetrastigmae on serum levels of
transforming growth factor beta 1, prostaglandin E2, and cyclooxygenase 2.
Notes: Serum samples were prepared from mice at day |4 after Lewis lung carcinoma
tumor inoculation and flavonoid administration and used in the determination of
serum levels of transforming growth factor beta Bl (A), prostaglandin E2 (B), and
cyclooxygenase 2 (C) by enzyme-linked immunosorbent assay. All P-values were
calculated from comparison between the tumor inoculation group without flavonoid
administration and other groups.

Abbreviations: TGF-B1, transforming growth factor beta B1; PGE2, prostaglandin
E2; COX2, cyclooxygenase 2.
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