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Abstract: Tumor angiogenesis is a marker for invasion, depending on the balance between angiogenesis suppressor
and facilitating factors. This study established a Lewis lung cancer mouse model, on which the effect of isorham-
netin on the protein expression of vascular endothelial growth factor (VEGF), endostatin and matrix metalloprotein-
ase-2 (MMP-2) was measured for investigating the possible functional mechanisms. SPF grade C57BL/6 mice were
treated with 50 mg/kg isorhamnetin and/or 2 mg/kg cisplatin. All groups received subcutaneous inoculation of
Lewis lung cancer cells except control group. Drugs were delivered via intraperitoneal injection starting from day 2
after inoculation for 14 days. Tumor volume and suppressor rate were measured. Number of metastatic lesions at
pulmonary lobe surface was counted, followed by HE staining and ELISA analysis of serum levels of interleukin-2
(IL-2), interferon-gamma (IFN-y), VEGF and endostatin, along with immunohistochemistry (IHC) staining for mea-
suring those proteins in tumor tissues. Model group had a larger tumor volume, lower serum IL-2, IFN-y and end-
ostatin level, plus higher VEGF level (P<0.05 compared with control group). In metastatic tumor tissues, VEGF and
MMP-2 protein expressions were up-regulated, accompanied with lower endostatin (P<0.05). Compared with model
group, drug treatment decreased tumor volume, number of metastatic lesions and tumor cell density (P<0.05). Co-
treatment resulted in higher tumor suppressing rate, serum IL-2, IFN-y and endostatin levels compared with single
drug treatment, and lower serum VEGF, and VEGF/MMP-2 proteins in metastatic tumors (P<0.05). In conclusion,
isorhamnetin inhibits tumor progression, possibly related with down-regulation of VEGF or MMP-2, as well as up-
regulation of endostatin.
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Introduction occurrence and progression of tumor cells, as
well as the process of invasion or metastasis.

Lung cancer has a relatively higher incidence The balance between angiogenesis factor and

and mortality rate, as more than 50% cases
belong to pulmonary adenoma. Surgery and
chemo-/radiotherapy are major approaches for
lung cancer treatment. Due to high incidence
of early phase metastasis, most patients are
already not suitable for surgery. In recent years,
patient population of lung cancer is becom-
ing younger [1, 2]. Although short-term treatm-
ent efficacy has been improved with combi-
ned therapy of surgery, chemo-/radio-treat-
ment and molecular targeting, long-term sur-
vival rate and life quality are still unsatisfact-
ory for some patients [3, 4]. The pathogenesis
of lung cancer has not been fully elucidated.
Angiogenesis plays an important role in the

vascular inhibiting factor is critical for mediat-
ing angiogenesis. Tumor angiogenesis involves
the formation of new basal membrane and vas-
cular rings, dissolve of endothelial basal mem-
brane, and migration/proliferation of endotheli-
al cells, forming a complex process with the
interaction between vascular endothelial cells
and tumor cells [5, 6]. Initially step of angiogen-
esis is the degradation of extracellular matrix
(ECM), during which matrix metalloproteinase-2
(MMP-2) is involved via interacting with ECM
structural proteins. Vascular endothelial growth
factor (VEGF) plays a significant role among
vascular modulatory factors, and can specifi-
cally stimulate vascular endothelial cell prolif-
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Figure 1. Tumor growth curve. A: Control group; B:
Model group; C: Isorhamnetin group; D: Cisplatin
group; E: Isorhamnetin + cisplatin group. *, P<0.05
compared with control group; #, P<0.05 compared
with model group.
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Figure 2. Comparison of tumor weight and suppres-
sion rate. A: Control group; B: Model group; C: Isorh-
amnetin group; D: Cisplatin group; E: Isorhamnetin
+ cisplatin group. *, P<0.05 compared with control
group; #, P<0.05 compared with model group; 2,
P<0.05 compared with group C; °, P<0.05 compared
with group D.

eration. In various tumor tissues, tumor infiltra-
tion and metastasis are correlated with VEGF
level, and endostatin can inhibit tumor angio-
genesis via specifically inhibiting growth and
migration of endothelial cells [7, 8].

Isorhamnetin is a flavonoid compound existing
in multiple plants, and is the major active ingre-
dient of sea buckthorn. It has various pharma-
ceutical roles against cardiac ischemia, and
thus is widely applied in treating cardiovascular
diseases. In vitro studies showed that isorham-
netin had significantly anti-tumor effects in gas-
tric cancer, breast carcinoma or lung cancer
cells. It can exert anti-tumor effects via induc-
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ing tumor cell apoptosis and inhibiting telomer-
ase activity, and can suppress the expression
of P-glycoproteins for multi-drug resistance of
tumors, and also can induce Lewis lung cancer
cell apoptosis via suppressing Bcl-2 or PCNA
protein expression and up-regulating expres-
sion of tumor suppressor genes P53 or Bax [9,
10]. This study constructed a Lewis lung cancer
mouse model, on which the effect of isorham-
netin on the protein expression of VEGF and
angiogenesis suppressing factor Endostatin or
MMP-2 was analyzed, to investigate the possi-
ble mechanisms.

Materials and methods
Reagent and materials

Mouse Lewis lung cancer cell line was pur-
chased from Cell Biology Institute, Chinese
Academy of Science (Shanghai, China), and
was kept in DMEM medium (Thermo Fisher
Scientific, Waltham, MA, USA) containing 18%
fetal bovine serum (FBS) (Gibco, Waltham, MA,
USA) in a 37°C incubator with 5% CO,. Culture
medium was changed every other day, and was
passed every 5 days.

Experimental animals

Male SPF grade C57BL/6 mice (N=30, 4~6
weeks, body weight 18~20 g) were provided by
Laboratory Animal Center of Tumor Institute,
Chinese Medicine Academy, and were kept in
an SPF grade animal facility with food and
water ad libitum.

Mice were used for all experiments, and all pro-
cedures including the permission of animal use
were approved by the Animal Ethics Committee
of Huashan Hospital of Fudan University of
Shanghai.

Reagents

Isorhamnetin was provided by Botany Institute,
Chinese Academy of Science. DMEM culture
medium and FBS (Gibco, Waltham, MA, USA).
Cisplatin injection fluid (Qilu Pharm, lJinan,
China). Rabbit anti-mouse VEGF, MMP-2 and
Endostatin antibody, SP immunoassay kit, and
protein quantification kit were provided by
Boster (Wuhan, China). IL-2, IFN-y, Endostatin,
and VEGF ELISA kits were all purchased by
Jiancheng Bio (Nanjing, China).
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Figure 3. Morphology of Lewis lung cancer mouse tumor tissues with isorh-
amnetin treatment (HE, x400). (A) Model group; (B) Isorhamnetin group; (C)
cisplatin group; (D) Isorhamnetin + cisplatin group. Model (A) group showed
irregular cell shape with close proximity and platelet like distribution, plus
pathological nuclear division, blurred mesenchymal-soma boundary and few
necrosis. In group (B-D), sparsely distributed cells with nuclear lysis, conden-
sation and cell necrosis lesion.
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Figure 4. Effects of isorhamnetin on pulmonary
metastatic lesion number in Lewis lung cancer mice.
A: Control group; B: Model group; C: Isorhamnetin
group; D: Cisplatin group; E: Isorhamnetin + cispla-
tin group. *, P<0.05 compared with control group;
#, P<0.05 compared with model group; #, P<0.05

compared with group C; °, P<0.05 compared with
group D.
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Figure 5. Effects of isorhamnetin on serum IL-2 and
IFN-y levels. A: Control group; B: Model group; C: Isor-
hamnetin group; D: Cisplatin group; E: Isorhamnetin
+ cisplatin group. *, P<0.05 compared with control
group; #, P<0.05 compared with model group; 2,
P<0.05 compared with group C; °, P<0.05 compared
with group D.
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Subcutaneous transplanta-
tion of Lewis lung cancer cells

Lewis lung cancer cells at log-
growth phase were prepared
into single cell suspension,
and were inoculated subcu-
taneously into left forearm
pit under sterile conditions
(1x108/L, 0.2 mL for each ani-
mal). General conditions of
mice were observed daily. Lo-
ng axis diameter (a) and short
axis diameter (b) were mea-
sured from subcutaneous tumors, whose vol-
ume was calculated as V=m/6(axb?) for plotting
tumor growth curves.

Animal grouping and drug delivery

Animals were randomly assigned into control
group (A), model group (B), 50 mg/kg isorham-
netin group (C), 2 mg/kg cisplatin group (D) and
50 mg/kg isorhamnetin + 2 mg/kg cisplatin
group (E, N=10 each). Lewis lung cancer cells
were subcutaneously injected in all groups
except group A. On day 2 after inoculation, 0.2
ml drug solution was injected intraperitoneally
daily for 14 consecutive days. Control group (A)
received equal volume of saline. Drug dosage
was chosen based on pilot study.

Tumor suppression rate

All mice were sacrificed and dissected for tumor
tissues. Subcutaneous metastatic tumor vol-
ume and weight were measured for calculating
tumor suppression rate, which was equal to
(tumor weight in control group - tumor weight of
experimental group)/tumor weight of control
group x100%. Lung tissues were collected and
fixed with BOUIN’s buffer. The number of me-
tastatic lesions on pulmonary lobular surface
(presented as white spots) was counted under
a microscope.

Serum index assay

Venous blood samples were centrifuged for col-
lecting serum, in which levels of IL-2, IFN-y,
Endostatin and VEGF were measured by ELISA
kits following the manual instructions. Absor-
bance (A) values were measured by a micro-
plate reader.

Int J Clin Exp Med 2017;10(8):11488-11495
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Figure 6. Effects of isorhamnetin on serum End-
ostatin and VEGF levels in Lewis lung cancer mice.
A: Control group; B: Model group; C: Isorhamnetin
group; D: Cisplatin group; E: Isorhamnetin + cispla-
tin group. *, P<0.05 compared with control group; #,
P<0.05 compared with model group; 2, P<0.05 com-
pared to group C; °, P<0.05 compared with group D.

HE staining

Mice were sacrificed and observed for gene-
ral morphology of transplanted tumors. Tumor
tissues were fixed in paraformaldehyde and
embedded in paraffin for preparing 5 um slices
for hematoxylin-eosin staining. After mounting
coverslips, morphology of tumors was observed
by a light filed microscopy.

Endostatin, VEGF and MMP-2 protein expres-
sion in tumor tissues

Tumor tissues were collected for measuring
Endostatin, VEGF or MMP-2 protein expression
by immunohistochemistry SP approach, by the
aid of microscopic observation following manu-
al instruction of SP test kit. Tumor tissues were
prepared for 4 um consecutive slices for IHC
staining using antibodies against Endostatin
(1:50), VEGF (1:100) and MMP-2 (1:100). Pa-
raffin slices were de-waxed and treated for anti-
gen-retrieval by microwaves. DAB substrate
was then added for development, followed by
hematoxylin counter-staining and coverslip
mounting. Slices were examined under a light
field microscope. Results deduction: Yellow or
brown granules in cytoplasm or membrane
were identified as positive staining. Under high
mag (x400) lens, number of positive cells and
staining intensity were analyzed. Quantitative
analysis was performed for measuring aver-
aged absorbance values of positive staining
area.
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Statistical analysis

SPSS 19.0 software was used for analysis.
Those measurement data fitted normal distri-
bution were presented as mean + standard
deviation (SD), and were tested by analysis of
variance (ANOVA), and LSD test. A statistical
significance was defined when P<0.05.

Results
Tumor growth and general conditions of mice

6 days after inoculation, tactile swelling can be
found in the injection site. One week after inoc-
ulation, tumor growth was further accelerated
with 100% tumor formation rate. With elongat-
ed treatment time, tumor growth velocity was
highest in model group, and was lower in group
C, D and E in sequential (Figure 1). Few animals
died in model and isorhamnetin treatment
group: one mouse in model group died on D12
due to tumor compression of pulmonary tis-
sues and respiratory distress, and one mouse
from isorhamnetin group died due to necrosis
of subcutaneous tumor on D13. Model group
mice showed loss of fur shininess and de-
creased food/water intake, and slow move-
ment or unresponsiveness after inoculation. All
drug treatment groups showed improvement
of mental status.

Tumor suppression rates

Model group showed a relatively larger tumor
volume. All drug treatment groups showed
decreased tumor weight (P<0.05 compared
with model group). Tumor suppression rate was
highest in group E, and was lower in group D
and group C in sequential (P<0.05, Figure 2).

Effects of isorhamnetin on tumor patho-mor-
phology of Lewis cancer mice

Model group mice had more tumor cells with
fruitfully growth, in a platelet distribution. Drug
treatment decreased the number of tumor
cells, which were sparsely distributed in a
string-like pattern with necrotic spots (Figure
3).

Effects of isorhamnetin on serum IL-2, IFN-y,
Endostain and VEGF levels

Compared with control group, model group
mice showed decreased serum IL-2, IFN-y and
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Figure 7. Effects of isorhamnetin on VEGF, MMP-2 and Endostatin protein ex-
pression in Lewis lung cancer mice (x400). A: Control group; B: Model group;
C: Isorhamnetin group; D: Cisplatin group; E: Isorhamnetin + cisplatin group.
1, VEGF positive expression mainly locates in cytoplasm or membrane as
shown by brown yellow granules; 2, MMP-2 positive expression in cytoplasm;

3, Endostatin in cytoplasm.

Endostatin levels, plus elevated pulmonary
metastatic nodule number and higher VEGF
levels (P<0.05). All drug treatment groups
showed significantly lowered pulmonary meta-
static nodules (P<0.05). Serum IL-2, IFN-y and
Endostatin levels were highest in group E, and
lower in group D and group C in sequential
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(P<0.05). Serum VEGF level
was lowest in group E, and
higher in group D and C in
sequential (P<0.05, Figures
4-6).

Effects of isorhamnetin on
VEGF, MMP-2 and Endostatin
protein expression in Lewis
lung cancer mice

Compared with control group,
model group had elevated
VEGF and MMP-2 protein ex-
pression in metastatic tumor
tissues, with lowered Endos-
tatin protein expression (P<
0.05). Compared with group
B, combined treatment group
(E) had the highest Endosta-
tin level and lowest VEGF or
MMP-2 protein levels in meta-
static tumor tissues, followed
by group D and group C in
sequential (P<0.05, Figures 7
and 8).

Discussion

Pathogenesis, occurrence, in-
vasion and migration of lung
cancer or other malignant tu-
mors all depend on tumor
angiogenesis, which involves
ECM degradation and cell mi-
gration. The ratio between an-
giogenesis inhibitory and fa-
cilitating factors affects such
process. Endostatin is a high-
ly specific endogenous angio-
genesis inhibitor and can sup-
press tumor angiogenesis via
suppressing eNOS activation
and subsequent blockade of
VEGF-induced signal transdu-
ction pathway [11, 12]. VEGF
can facilitate vascular endo-
thelial cell division, and facilitate angiogenesis
and regulate endothelial proliferation via spe-
cific binding to membrane receptor. Previous
studies showed elevated expression of VEGF in
various tumor tissues or cell lines, which was
correlated with tumor infiltration metastasis
and prognosis [13, 14]. Isorhamnetin exists in

Int J Clin Exp Med 2017;10(8):11488-11495
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Figure 8. Expression intensity of VEGF, MMP-2 and
Endostatin protein in Lewis lung cancer mice. A: Con-
trol group; B: Model group; C: Isorhamnetin group; D:
Cisplatin group; E: Isorhamnetin + cisplatin group.
*, P<0.05 compared with control group; #, P<0.05
compared with model group; 2, P<0.05 compared to
group C; °, P<0.05 compared with group D.

various plant cells and has similar anti-tumor
activity and similar structure to quercetin,
which is related with anti-oxidative response
[15, 16]. Both in vivo and in vitro studies
showed that isorhamnetin could inhibit or Kkill
various tumor cells: in vitro study showed that it
significantly inhibited nasopharyngeal CNE-2
cell growth or proliferation, kill mouse derived
tumor cell lines Lewis or C6, inhibited breast
cancer cell line MCF7 or BT549 proliferation,
inhibited gastric tumor cell and skin cancer cell
proliferation via modulating peroxidase activa-
tion receptor and MEK1 or PI3K activity, and
facilitated tumor cell apoptosis by activating
mitochondrial apoptosis pathway [17, 18].
Isorhamnetin can affect tumor cell proliferation
via arresting cell cycle, and induce tumor cell
apoptosis via facilitating Bax expression, inhib-
iting apoptosis protection factor Bcl-2 expres-
sion, and activating Caspase-3 [19, 20].
Currently, most in vitro studies investigating
tumor suppressing effects of isorhamnetin
mainly focused on tumor suppressor gene,
oncogene and relate protein expression, or cell
proliferation, with little knowledge about its
anti-tumor effects on lung cancer animal model
or anti-tumor angiogenesis. This study estab-
lished Lewis lung cancer mouse model, on
which the effect of isorhamnetin on Lewis lung
cancer mouse and related mechanisms were
studied. Results showed that isorhamnetin
could inhibit Lewis lung cancer mouse tumor
growth or tumor angiogenesis, which were con-
sistent with a previous study conducted by Li et
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al [13], and indicating significantly suppressing
function against lung cancer by isorhamnetin.

During vessel-free phase, tumor growth is ma-
inly dependent on diffusion of peripheral tis-
sues for supplying nutrients, thus limiting tumor
invasion. During vascular phase, tumor growth
depends on angiogenesis of micro-vessels,
which can significantly accelerate tumor growth
velocity and metastasis. During tumor vascular
invasion and metastasis, MMP-2 plays an im-
portant role [21, 22]. This study showed de-
creased serum Edostatin level, elevated VEGF
expression, higher VEGF and MMP-2 protein
expression in metastatic tumors as well asl-
ower Endostatin protein expression in control
group. Drug treatment groups showed signifi-
cantly decreased tumor volume or pulmonary
metastatic nodules number, plus higher serum
Endostatin level and lower VEGF level. In meta-
static tumor, VEGF and MMP-2 proteins were
down-regulated, along with higher Endostatin
protein expression. Combined treatment group
had higher tumor suppressor rate than cisplat-
in group, which had a higher rate than that
of isorhamnetin, indicating that isorhamnetin
might suppress metastatic tumor growth on
Lewis lung cancer mice, via suppressing VEGF
or MMP-2 expression in lung cancer tissues,
and facilitating Endostatin expression for inhib-
iting tumor angiogenesis and resisting tumors
withsynergistic effects after combined treat-
ment with cisplatin. In immune treatment for
tumors, cell immunity is the major way as IL-2
can reflect T cell function and exert tumor Kill-
ing effects via potentiating NK cell killing activ-
ity, inducing LAK cell production and facilitating
T cell proliferation. As an immune cytokine,
IFN-y has both in vivo and in vitro effects on
suppressing tumor angiogenesis via down-reg-
ulating tumor angiogenesis factors expression.
During lung cancer pathogenesis and progres-
sion, both IFN-y and IL-2 play important roles
and can reflect tumor cell growth activity as
well as the immune status of lung cancer
patient at certain extents. Results of our study
showed significantly lowered IFN-y and IL-2
levels in model group, whilst drug treatment
groups had elevated cytokine levels, indicating
that isorhamnetin could exert anti-tumor eff-
ects possibly through regulating IFN-y and 1L-2
levels. This study, however, only investigated
the anti-angiogenesis effects of isorhamnetin,
but the functional mechanism at genetic level

Int J Clin Exp Med 2017;10(8):11488-11495
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was not investigated, which requires further
studies.

Conclusion

Isorhamnetin can inhibit progression of Lewis
lung cancer on mice, probably via suppressing
VEGF or MMP-2 expression and up-regulating
Endostatin expression.

Acknowledgements

This work was supported by the National
Natural Science Foundation of China (No.
81602545).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Songtao Lai,
Department of Radiation Oncology, Fudan Univer-
sity Shanghai Cancer Center, No. 270, Andong
Road, Xuhui Distrct, Shanghai, China. Tel: +86-021-
64175590; Fax: +86-021-64175590; E-mail: song-
taolaii9@yeah.net

References

[1] Bille A, Woo KM, Ahmad U, Rizk NP and Jones
DR. Incidence of occult pN2 disease following
resection and mediastinal lymph node dissec-
tion in clinical stage | lung cancer patients. Eur
J Cardiothorac Surg 2017; 51: 674-679.

[2] Seijo LM and Zulueta JJ. Understanding the
links between lung cancer, COPD, and emphy-
sema: a key to more effective treatment and
screening. Oncology (Williston Park) 2017; 31:
93-102.

[3] Pruitt SL, Laccetti AL, Xuan L, Halm EA and
Gerber DE. Revisiting a longstanding clinical
trial exclusion criterion: impact of prior cancer
in early-stage lung cancer. Br J Cancer 2017;
116: 717-725.

[4] Leppert W, Zajaczkowska R, Wordliczek J, Do-
brogowski J, Woron J and Krzakowski M. Patho-
physiology and clinical characteristics of pain
in most common locations in cancer patients.
J Physiol Pharmacol 2016; 67: 787-799.

[5] Feng Q, Zhang C, Lum D, Druso JE, Blank B,
Wilson KF, Welm A, Antonyak MA and Cerione
RA. A class of extracellular vesicles from breast
cancer cells activates VEGF receptors and tu-
mour angiogenesis. Nat Commun 2017; 8:
14450.

[6] Zhangy, Wang P, Zhang Q, Yao X, Zhao L, Liu Y,
Liu X, Tao R, Yu C, Li Y, Song X and Yao S. elF3i
activity is critical for endothelial cells in tumor

11494

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

induced angiogenesis through regulating VEG-
FR and ERK translation. Oncotarget 2017; 8:
19968-19979.

Mi J, Zhang X, Rabbani ZN, Liu Y, Reddy SK, Su
Z, Salahuddin FK, Viles K, Giangrande PH, De-
whirst MW, Sullenger BA, Kontos CD and Clary
BM. RNA aptamer-targeted inhibition of NF-
kappaB suppresses non-small cell lung cancer
resistance to doxorubicin. Mol Ther 2008; 16:
66-73.

Agrawal V, Kim DY and Kwon YG. Hhip regu-
lates tumor-stroma-mediated upregulation of
tumor angiogenesis. Exp Mol Med 2017; 49:
e289.

Gao L, Yao R, Liu Y, Wang Z, Huang Z, Du B,
Zhang D, Wu L, Xiao L and Zhang Y. Isorha-
mnetin protects against cardiac hypertrophy
through blocking PI3K-AKT pathway. Mol Cell
Biochem 2017; 429: 167-177.

Prasain JK, Rajbhandari R, Keeton AB, Piazza
GA and Barnes S. Metabolism and growth in-
hibitory activity of cranberry derived flavonoids
in bladder cancer cells. Food Funct 2016; 7:
4012-4019.

Chen J, Xu W, Chen Y, Xie X, Zhang Y, Ma C,
Yang Q, Han Y, Zhu C, Xiong Y, Wu K, Liu F, Liu
Y and Wu J. MMP-9 facilitates hepatitis B virus
replication through binding with IFNAR1 to
repress IFN/JAK/STAT signaling. J Virol 2017;
91.

Ruan'Y, Hu K and Chen H. Autophagy inhibition
enhances isorhamnetininduced mitochondri-
adependent apoptosis in nonsmall cell lung
cancer cells. Mol Med Rep 2015; 12: 5796-
5806.

Li Q, Ren FQ, Yang CL, Zhou LM, Liu YY, Xiao J,
Zhu L and Wang ZG. Anti-proliferation effects
of isorhamnetin on lung cancer cells in vitro
and in vivo. Asian Pac J Cancer Prev 2015; 16:
3035-3042.

Zhang BY, Wang YM, Gong H, Zhao H, Lv XY,
Yuan GH and Han SR. Isorhamnetin flavonoid
synergistically enhances the anticancer activi-
ty and apoptosis induction by cis-platin and
carboplatin in non-small cell lung carcinoma
(NSCLC). Int J Clin Exp Pathol 2015; 8: 25-37.
Jnawali HN, Jeon D, Jeong MC, Lee E, Jin B,
Ryoo S, Yoo J, Jung ID, Lee SJ, Park YM and
Kim Y. Antituberculosis activity of a naturally
occurring flavonoid, isorhamnetin. J Nat Prod
2016; 79: 961-969.

Li C, Yang D, Zhao Y, Qiu Y, Cao X, Yu Y, Guo H,
Gu X and Yin X. Inhibitory effects of isorhamne-
tin on the invasion of human breast carcinoma
cells by downregulating the expression and
activity of matrix metalloproteinase-2/9. Nutr
Cancer 2015; 67: 1191-1200.

Yang B, Li XP, Ni YF, Du HY, Wang R, Li MJ,
Wang WC, Li MM, Wang XH, Li L, Zhang WD

Int J Clin Exp Med 2017;10(8):11488-11495


mailto:songtaolaii9@yeah.net
mailto:songtaolaii9@yeah.net

(18]

[19]

[20]

Isorhamnetin’s effect on VEGF, MMP-2 and Endostatin

and Jiang T. Protective effect of isorhamnetin
on lipopolysaccharide-induced acute lung in-
jury in mice. Inflammation 2016; 39: 129-137.
Chen TL, Zhu GL, Wang JA, Zhang GD, Liu HF,
Chen JR, Wang Y and He XL. Protective effects
of isorhamnetin on apoptosis and inflamma-
tion in TNF-alpha-induced HUVECSs injury. Int J
Clin Exp Pathol 2015; 8: 2311-2320.

Manu KA, Shanmugam MK, Ramachandran L,
Li F, Siveen KS, Chinnathambi A, Zayed ME, Al-
harbi SA, Arfuso F, Kumar AP, Ahn KS and Sethi
G. Isorhamnetin augments the anti-tumor ef-
fect of capeciatbine through the negative regu-
lation of NF-kappaB signaling cascade in gas-
tric cancer. Cancer Lett 2015; 363: 28-36.
Dong GZ, Lee JH, Ki SH, Yang JH, Cho |J, Kang
SH, Zhao RJ, Kim SC and Kim YW. AMPK acti-
vation by isorhamnetin protects hepatocytes
against oxidative stress and mitochondrial dys-
function. Eur J Pharmacol 2014; 740: 634-
640.

11495

[21]

[22]

LvY, SunY, ShiT, Shi C, Qin Hand Li Z. Pigment
epithelium-derived factor has a role in the pro-
gression of papillary thyroid carcinoma by af-
fecting the HIF lalpha-VEGF signaling pathway.
Oncol Lett 2016; 12: 5217-5222.

Zhang W, Kang M, Zhang T, Li B, Liao X and
Wang R. Triptolide combined with radiotherapy
for the treatment of nasopharyngeal carcino-
ma via NF-kappaB-related mechanism. Int J
Mol Sci 2016; 17.

Int J Clin Exp Med 2017;10(8):11488-11495



