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Th e eff ect of KNK437, a heat shock protein inhibitor, on 
angiogenesis of endothelial cells

Emel ŞAHİN1, Mehmet ŞAHİN2, Saadet GÜMÜŞLÜ3

Aim: Hyperthermia is an eff ective therapy for cancer and tumor angiogenesis. However, the development of 
thermotolerance is an important problem. We aimed to investigate the eff ects of KNK437 and quercetin on angiogenesis 
and thermotolerance in endothelial cells (ECs).
Materials and methods: ECs were grown in EGM-2 medium. ECs were preincubated with KNK437 or quercetin and 
then treated with single and fractionated hyperthermia. Tube formation assay on Matrigel Matrix was performed in 
these cells to investigate angiogenesis.  
Results: Tube formation was suppressed in cells that were treated with KNK437 and quercetin at 37 °C.  Single 
hyperthermia (45 °C for 1 h) inhibited tube formation. KNK437 and quercetin pretreatment decreased capillary-like 
structures more eff ectively than single hyperthermia treatment. In cells that acquired thermotolerance induced by 
fractionated hyperthermia, tube formation was dramatically increased, but KNK437 and quercetin reversed the eff ects 
of thermotolerance on angiogenesis. KNK437 was found to be more eff ective than quercetin in all study groups.
Conclusion: Th is study is original in that KNK437 inhibited angiogenesis and thermotolerance in ECs. Th is compound 
may be an essential molecule contributing to the effi  cient treatment of hyperthermic therapy in human cancers. 
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Isı şok protein inhibitörü KNK437’nin endotel hücrelerinde anjiyogenez üzerine etkisi

Amaç: Hipertermi, kanser ve tümöral anjiyogenez için etkili bir tedavi şeklidir. Ancak, termotolerans gelişimi önemli 
bir problemdir. Bu çalışmada KNK437 ve quercetinin endotel hücrelerinde anjiyogenez ve termotolerans üzerine 
etkileri araştırıldı.
Yöntem ve gereç: KNK437 veya quercetin ile ön muamele edilmiş olan endotel hücrelerine tek basamaklı ve kademeli 
hipertermi uygulanmıştır. Bu hücrelerde anjiyogenezin incelenmesi için Matrijel Matrikste tüp oluşumu deneyi 
gerçekleştirilmiştir.
Bulgular: KNK437 veya quercetin ile 37 °C’de muamele edilmiş olan hücrelerde tüp oluşumunun baskılandığı 
görülmüştür. Tek basamaklı hiperterminin (45 °C’de 1 saat) tüp oluşumunu azalttığı görülmüştür. Tüp oluşumu, 
KNK437 veya quercetin ile ön muamele edilmiş hipertermi grubunda, sadece hipertermi uygulanmış gruba göre düşük 
bulunmuştur. Kademeli hipertermi grubuna ait tüp uzunluğu anlamlı şekilde yeniden artış göstermiştir. Bununla birlikte, 
KNK437 veya quercetin ile ön muamele termotoleransın anjiyogenez üzerine olan etkilerini geriye döndürmüştür. 
Çalışılan tüm deney gruplarında KNK437’nin quercetinden daha etkili olduğu görülmüştür.
Sonuç: Bu çalışma, KNK437’nin endotel hücrelerinde anjiyogenez ve termotoleransı inhibe etmesi bakımından 
orjinaldir. KNK437 insan metastatik kanserlerinde uygulanan hipertermik tedavinin etkinliğine katkıda bulunabilen 
esansiyel bir molekül olabilir.

Anahtar sözcükler: Hipertermi, anjiyogenez, KNK437, quercetin, tüp oluşumu, endotel hücreleri
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Introduction
Angiogenesis, new blood vessel formation, is essential 
for tumor progression. Th e use of angiogenesis 
inhibitors is known to be a useful approach to fi ghting 
cancer (1,2).  

Hyperthermia is known to be an ideal combination 
therapy for tumors due to its slight side eff ects and 
low toxicity (3). Th is therapy has been shown to have 
a synergistic eff ect with traditional cancer therapies. 
In vitro and animal hyperthermic experiments 
exhibited a direct cell killing eff ect at temperatures 
ranging from 41 to 47 °C (4,5). 

One major problem of hyperthermia treatment 
is the induction of thermotolerance in the 
tumor (6). Materials that inhibit the induction 
of thermotolerance may help to improve the 
eff ects of fractionated hyperthermia. Quercetin 
(3,3’,4’,5,7-pentahydroxyfl avon) and KNK437 
(N-formyl-3,4-methylenedioxy-benzylidene-
gamma-butyrolactam) are well known as inhibitors of 
thermotolerance and as heat-shock sensitizers (7,8). 
Th ere are several studies showing antiproliferative 
and antiangiogenic properties of quercetin in cells 
(9-11). Previously, we also showed that quercetin and 
KNK437 have inhibitory eff ects on thermotolerance 
in prostate cancer cells. Additionally, we found that 
KNK437 and quercetin enhanced the cytotoxic and 
apoptotic eff ect of hyperthermia in these cells (12). 
To the best of our knowledge, there is no study 
examining the eff ects of KNK437 or quercetin 
on the angiogenesis of endothelial cells treated 
with hyperthermia. For this reason, we aimed to 
investigate the eff ects of hyperthermia, fractionated 
hyperthermia, and the mentioned agents on 
angiogenesis in human umbilical vein endothelial 
cells (HUVECs).

Materials and methods       
Reagents
HUVECs and MatrigelTM were obtained from BD 
Biosciences (BD-354234, Two Oak Park, Bedford, 
MA, USA). EGM-2® BulletKit® (CC-3162, EBM-2 + 

supplements) for HUVEC culture was purchased 
from Lonza (Walkersville, MD, USA). KNK437 
(N-formyl-3,4-methylenedioxy-benzylidene-γ-
butyrolactam; Calbiochem, EMD Chemicals, Inc., 
USA) and quercetin (2-(3,4-dihydroxyphenyl)-
3,5,7-trihydroxy-4H-1-benzopyran-4-one, Sigma 
Chemical Co., St Louis, MO, USA) were dissolved in 
dimethyl sulfoxide (DMSO) for use at the indicated 
concentrations. 
Preparation of stock solutions of drugs
KNK437 (5 mg) was dissolved in 500 μL of DMSO 
(fi nal concentration: ~ 4 × 104 μM). Th e stock solution 
was maintained at –20 °C for use at the indicated 
concentrations (50 and 100 μM). Stock solution was 
stable for 6 weeks at –20 °C.

Quercetin (14 mg) was dissolved in 1 mL of 
DMSO (fi nal concentration: ~ 4 × 104 μM). Th e 
stock solution was maintained at +4 °C for use at 
the indicated concentrations (50 and 100 μM). Stock 
solution was stable for 12 weeks at +4 °C.
Cell culture
HUVECs were cultured in EGM-2 complete 
medium consisting of EBM-2 basal medium 
and supplements (ascorbic acid, hydrocortisone, 
heparin, GA-1000 and 2% FBS, epidermal growth 
factor (EGF), vascular endothelial growth factor 
(VEGF), fi broblast growth factor (FGF), insulin-
like growth factor (IGF-1)) except for serum 
starvation in which FBS concentration was 
reduced to 0.1% and no growth factors were added. 
Cell culture fl asks or well plates were coated with 
gelatin (Sigma-Aldrich, Irvine, Ayrshire, UK). 
Cells were grown in a humidifi ed atmosphere 
(95% air, 5% CO2 at 37 °C) and passaged every 
4-6 days. Cells between the fourth and the sixth 
passage were used for experiments. Cells were 
seeded in 6-well plates. When the cells reached 
70%-80% confl uency, they were treated with drugs 
and hyperthermia. Th e fi nal concentration of 
DMSO in each culture medium was 0.25% (v/v), 
irrespective of the concentrations of the drugs. 
Th e same concentration of DMSO was used as a 
control. 
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Hyperthermia and drug treatments

All heating procedures were applied as described 
previously (7). Briefl y, heat and drug treatments are 
indicated as follows: 

37 °C and drug treatment: 

1. Control group (C): Cells were incubated at 37 
°C for 6 h with DMSO.

2. KNK437 group (KNK437): Cells were 
incubated at 37 °C for 6 h with 50 and 100 μM 
KNK437. 

3. Quercetin group (Quercetin): Cells were 
incubated at 37 °C for 6 h with 50 and 100 μM 
quercetin. 

Single hyperthermia and drug treatment:

1. Single hyperthermia group (SH): Cells were 
incubated at 37 °C for 5 h with DMSO and 
then heated at 45 °C for 1h.

2. KNK437 and single hyperthermia group 
(KNK437 + SH): Cells were incubated at 37 °C 
for 5 h with 50 and 100 μM KNK437 and then 
heated at 45 °C for 1 h.

3. Quercetin and single hyperthermia group 
(Quercetin + SH): Cells were incubated at 37 
°C for 5 h with 50 and 100 μM quercetin and 
then heated at 45 °C for 1 h.

Fractionated hyperthermia and drug treatment:

1. Fractionated hyperthermia group (FH): Cells 
were incubated at 37 °C for 1 h with DMSO 
followed by heating at 45 °C for 10 min and 
then recovered at 37 °C for 4 h followed by 
heating at 45 °C for 1 h. 

2. KNK437 and fractionated hyperthermia 
(KNK437 + FH): Cells were incubated at 37 °C 
for 1 h with 50 and 100 μM KNK437 followed 
by heating at 45 °C for 10 min and then 
recovered at 37 °C for 4 h followed by heating 
at 45 °C for 1 h. 

3. Quercetin and fractionated hyperthermia 
(Quercetin + FH): Cells were incubated at 
37 °C for 1 h with 50 and 100 μM quercetin 
followed by heating at 45 °C for 10 min and 
then recovered at 37 °C for 4 h followed by 
heating at 45 °C for 1 h.

In vitro angiogenesis assay

In vitro angiogenesis was assayed using MatrigelTM 
matrix (BD-354234, Two Oak Park, Bedford, MA, 
USA). Matrigel™ Basement Membrane Matrix is 
a solubilized basement membrane preparation 
extracted from the Engelbreth-Holm-Swarm (EHS) 
mouse sarcoma. EHS sarcoma is a tumor rich in 
extracellular matrix proteins including various 
growth factors, e.g., TGF-beta, epidermal growth 
factor, insulin-like growth factor, fi broblast growth 
factor, tissue plasminogen activator and other 
growth factors that occur naturally in the EHS 
tumor. 

Aft er being thawed at 4 °C, MatrigelTM matrix 
(250 μL) was quickly added to each well of a 24-
well plate and allowed to solidify for 1 h at 37 °C. 
Hyperthermia and drug treated cells were added to 
each well at a density of ∼2 × 104 cells/well in EGM-2 
complete medium and incubated at 37 °C for 24 h. 
Tubular structures of HUVECs were visualized and 
photographed using an Olympus Photomicroscope 
(Olympus IX81S1F-2, Japan) with a ×4 lens. Tube 
lengths at 3 diff erent areas were calculated as pixel 
values by means of UTHSCSA ImageTool soft ware, 
version 3.0 (Th e University of Texas Health Science 
Center, San Antonio, Texas, USA). Experiments were 
carried out 3 times.

Statistical analysis

Data were expressed as mean ± standard deviation 
(SD). We used Kolmogorov-Smirnov (one sample 
K-S) test from non-parametric tests to check whether 
data were in normal distribution or not. Comparison 
of groups according to the parameters was performed 
by one-way ANOVA in SPSS (IBM Corporation, 
Chicago, IL, USA). P values less than 0.05 were 
considered statistically signifi cant.
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Results
We found that KNK437 and quercetin (at 50 and 
100 μM concentrations) suppressed the endothelial 
tube formations on Matrigel matrix at 37 °C as 
shown in Figure 1. Th e most eff ective agent was 
100 μM KNK437 (Figure 1). Figure 2 shows that 
single hyperthermia at 45 °C for 1 h signifi cantly (P 
< 0.001) decreased the tube length (10,366 ± 507) of 
endothelial cells on Matrigel. However, we found that 
tube lengths in the fractionated hyperthermia group 
(14,160 ± 466) were found to be signifi cantly higher 

than those in the single hyperthermia group (Figure 
2, P < 0.01). In both single hyperthermia and drug 
treatments group (Figure 3), both concentrations of 
KNK437 (50 μM (P < 0.01) and 100 μM (P < 0.001)) 
and 100 μM of quercetin (P < 0.01) decreased tube 
formations signifi cantly. However, we did not fi nd any 
signifi cant diff erence between SH and quercetin (50 
μM) + SH groups, or between KNK437 (50 μM) + SH 
and quercetin (50 μM) + SH. KNK437 (100 μM) was 
found to be the most eff ective agent for inhibition of 
angiogenesis in this experimental group (Figure 3).   
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Figure 1. Tube formations of HUVECs on Matrigel in control (37 °C) and drug treatments. Bar graphs represent the tube lengths of 
control (C), KNK437, and quercetin (both at 50 and 100 μM concentrations). As mentioned in Materials and methods, tube 
lengths at 3 diff erent areas were calculated as pixel values by means of UTHSCSA ImageTool Version 3.0 (Th e University 
of Texas Health Science Center, San Antonio, Texas, USA). Values represent means ± S.D. of triplicate samples per group. 
Signifi cance values of P < 0.05 were represented as following; a: KNK437 (50 μM) vs. C; b: KNK437 (100 μM) vs. C; c: 
KNK437 (100 μM) vs. KNK437 (50 μM); d: Quercetin (50 μM) vs. C; e: Quercetin (50 μM) vs. KNK437 (50 μM); f: Quercetin 
(100 μM) vs. C; g: Quercetin (100 μM) vs. KNK437 (100 μM); h: Quercetin (100 μM) vs. Quercetin (50 μM).
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Figure 2. Tube lengths of HUVECs on Matrigel in control (C), single hyperthermia (SH) and fractionated hyperthermia (FH) groups. 
***: P < 0.001, **: P < 0.01, *: P < 0.05. Pixel values represent means ± S.D. of tube lengths at 3 diff erent areas.
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In fractionated hyperthermia and drug treatments 
group (Figure 4), both KNK437 (50 μM, P < 0.01; 
100 μM, P < 0.001) and quercetin (50 μM, P < 
0.01; 100 μM, P < 0.01) decreased tube formations 
signifi cantly. Th ese results show that the increased 
capillary-like tube formation by fractionated 
hyperthermia was signifi cantly suppressed by 
thermotolerance inhibitors in this group. Th ere was 
no signifi cant diff erence between KNK437 (50 μM) 

+ FH and quercetin (50 μM) + FH groups in tube 
formations. We also did not fi nd a diff erence between 
the quercetin (50 μM) + FH and quercetin (100 μM) 
+ FH groups. Th e most eff ective blocking agent was 
found to be 100 μM KNK437 in this group (Figure 4).  

Figure 5 shows the images of capillary-like 
tube formations of HUVECs in control (C), single 
hyperthermia (SH), fractionated hyperthermia (FH), 
KNK437, KNK437 + SH, and KNK437 + FH groups.  
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Figure 3. Tube formations of HUVECs on Matrigel in single hyperthermia and drug treatments. Bar graphs represent the tube lengths 
of single hyperthermia (SH), KNK437 (50 and 100 μM) + SH and quercetin (50 and 100 μM) + SH groups as pixel values at 3 
diff erent areas. Values represent means ± S.D. Signifi cance values of P < 0.05 were represented as following; a: KNK437 (50 μM) 
+ SH vs. SH; b: KNK437 (100 μM) + SH vs. SH; c: KNK437 (100 μM) + SH vs. KNK437 (50 μM) + SH; f: Quercetin (100 μM) + 
SH vs. SH; g: Quercetin (100 μM) + SH vs. KNK437 (100 μM) + SH; h: Quercetin (100 μM) + SH vs. Quercetin (50 μM) + SH.
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Figure 4. Tube formations of HUVECs on Matrigel in fractionated hyperthermia and drug treatments. Bar graphs represent the tube 
lengths of fractionated hyperthermia (FH), KNK437 (50 and 100 μM) + FH and Quercetin (50 and 100 μM) + FH groups as 
pixel values at  3 diff erent areas. Values represent means ± S.D. Signifi cance values of P < 0.05 were represented as following; a: 
KNK437 (50 μM) + FH vs. FH; b: KNK437 (100 μM) + FH vs. FH; c: KNK437 (100 μM) + FH vs. KNK437 (50 μM) + FH; d: 
Quercetin (50 μM) + FH vs. FH; f: Quercetin (100 μM) + FH vs. FH; g: Quercetin (100 μM) + FH vs. KNK437 (100 μM) + FH.
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Discussion
Angiogenesis, which is the formation of new 
capillaries from preexisting vessels, plays an important 
role in tumor growth (13). Because the control of 
tumor angiogenesis is known to be independent 
from that of cancer cell proliferation (14), the use of 
agents that inhibit angiogenesis could be an important 
complementary treatment strategy to the traditional 
cancer therapies (15,16). In order to inhibit tumor 
angiogenesis, several strategies have been reported. 
Th ese approaches include blockage of angiogenic 
proteins (VEGF; Bevacizumab®, bFGF) or their 
receptors (VEGFR or multiple growth factor receptors; 
Imatinib/Glivec®, Sunitinib/Sutent®, Sorafenib/
Nexavar®), upregulation of endogenous inhibitors, or 
directly targeting tumor endothelial cells by apoptosis 
(17). In our previous study, we found that S-adenosyl 
methionine (DNA methylating agent) inhibited 
the proliferation, migration, and capillary-like tube 
formation of endothelial cells in vitro (18). 

Hyperthermia is known to be an ideal therapy 
that has low toxicity, mild side eff ects, and has 
been shown to provide synergies with many of 
the traditional treatment modalities in cancer 

(3). Th e major problem in hyperthermia is the 
“thermotolerance” phenomenon. Hsps act as the main 
mediators of thermotolerance to protect cells against 
hyperthermia-induced damage. Hsp inhibitors, such 
as KNK437 and quercetin, are useful agents for the 
inhibition of thermotolerance (19). Additionally, 
in our previous study, both KNK437 and quercetin 
were shown to impede hyperthermia-induced 
thermotolerance and enhance hyperthermia-induced 
apoptosis in PC-3 cells (12). It has been shown that 
quercetin has antiproliferative activity on human 
fi broblasts, and endothelial and tumor cells (20,21). 
In addition, quercetin is reported to be a useful 
therapeutic agent for tumor angiogenesis (22). 

In the present study, treatment of ECs with 
KNK437 and quercetin (at concentrations of 50 
and 100 μM) at 37 °C signifi cantly suppressed the 
endothelial tube formations on Matrigel matrix. 
Moreover, KNK437 (100 μM) was found to be the 
most eff ective agent in inhibiting angiogenesis. 
Th ere is only one study supporting our fi nding about 
KNK437 (23). Our result suggests that KNK437 may 
be a valuable agent to attenuate tumor angiogenesis 
independent from hyperthermic therapy. 

 
Figure 5. Th e representative images of capillary-like tube formations of HUVECs in control (C), single hyperthermia (SH), fractionated 

hyperthermia (FH), KNK437, KNK437 + SH and KNK437 + FH groups. Tubular structures of HUVECs were visualized and 
photographed using an Olympus Photomicroscope (Olympus IX81S1F-2, Japan) with a ×4 lens.
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Several studies suggest that hyperthermia has 
antiproliferative and anti-angiogenic activities 
in endothelial cells and cancer cells (24,25). It is 
reported that hyperthermia inhibits angiogenesis 
and both endothelial cells and microvessels can be 
lethally damaged by the hyperthermia doses used 
as antineoplastic therapy (26). We found that single 
step hyperthermia (SH) (45 °C for 1 h) signifi cantly 
decreased tube lengths in endothelial cells. Moreover, 
pretreatment of the SH group with KNK437 in 
concentration of 100 μM exhibited more potent activity 
against angiogenesis as a heat-sensitizer than quercetin 
because no diff erences were found between SH and 
quercetin (50 μM) + SH, or between KNK437 (50 μM) 
+ SH and quercetin (50 μM) +SH groups in this study.

We also aimed to investigate whether the 
acquisition of thermotolerance is seen in angiogenesis 
using fractionated hyperthermia (FH) in endothelial 
cells. Th e tube lengths of the FH group (heat 
treatment at 45 °C for 10 min and second heating at 
45 °C for 1 h aft er recovery at 37 °C for 4 h) appeared 
to be higher compared to the SH group, suggesting 

that thermotolerance developed in endothelial 
cells. In the FH group, pretreatment of cells with 
KNK437 or quercetin inhibited the acquisition of 
thermotolerance in angiogenesis. KNK437 was found 
to be more eff ective than quercetin in this inhibition 
because there were no signifi cant diff erences between 
other groups as shown in Figure 4. 

Th is study is important to stress the emphasis of 
hyperthermia in cancer therapy. Our study is original 
for suggesting the inhibitory eff ect of KNK437 on 
angiogenesis in both heat treated and non-heat 
treated endothelial cells. KNK437 pretreatment may 
be a useful approach in heat therapy because it is 
both angiogenesis and thermotolerance inhibiting. 
However, further studies are needed to explore the 
inhibitory mechanism of KNK437 with or without 
hyperthermia on angiogenesis.  

Acknowledgements
We thank the Akdeniz University Human Gene 
Th erapy Unit for providing laboratory equipment.

References
1. Folkman J. Tumor angiogenesis: therapeutic implications. N 

Engl J Med 1971; 285: 1182-86. 

2. Furness MS, Robinson TP, Ehlers T, Hubbard RBT, Arbiser 
JL, Goldsmith DJ et al. Antiangiogenic agents: studies on 
fumagillin and curcumin analogs. Curr Pharm Des 2005; 11: 
357-73.

3. Szasz A, Szasz O, Szasz N. Physical background and technical 
realization of hyperthermia. In: Baronzio G, Hager E, editors. 
Hyperthermia in cancer treatment: a primer. New York: 
Springer Science and Landes Bioscience; 2006; p.27-46.

4. Dewey WC. Arrhenius relationships from the molecule and 
cell to the clinic. Int J Hyperthermia 1994; 10: 457- 83.

5. Dewhirst MW, Prosnitz L, Th rall D, Prescott D, Clegg S, 
Charles C et al. Hyperthermic treatment of malignant diseases: 
current status and a view toward the future. Sem Oncol 1997; 
24: 616-25. 

6. Koishi M, Yokota S, Mae T, Nishimura Y, Kanamori S, Horii 
N et al. Th e eff ects of KNK437, a novel inhibitor of heat shock 
protein synthesis, on the acquisition of thermotolerance in a 
murine transplantable tumor in vivo. Clin Cancer Res. 2001; 
7: 215-19.

7. Yokota S, Kitahara M, Nagata K. Benzylidene lactam 
compound, KNK437, a novel inhibitor of acquisition of 
thermotolerance and heat shock protein induction in human 
colon carcinoma cells. Cancer Res 2000; 60: 2942-48.

8. Ohnishi K, Takahashi A, Yokota S, Ohnishi T. Eff ects of a 
heat shock protein inhibitor KNK437 on heat sensitivity and 
heat tolerance in human squamous cell carcinoma cell lines 
diff ering in p53 status. Int J Radiat Biol 2004; 80: 607-14.

9. Oh SJ, Kim O, Lee JS, Kim JA, Kim MR, Choi HS et al. 
Inhibition of angiogenesis by quercetin in tamoxifen-resistant 
breast cancer cells. Food Chem Toxicol 2010; 48: 3227-34.

10. Zhou W, Kallifatidis G, Baumann B, Rausch V, Mattern 
J, Gladkich J et al. Dietary polyphenol quercetin targets 
pancreatic cancer stem cells. Int J Oncol 2010; 37: 551-61.

11. Pilatova M, Stupakova V, Varinska L, Sarissky M, Mirossay 
L, Mirossay A et al. Eff ect of selected fl avones on cancer and 
endothelial cells. Gen Physiol Biophys 2010; 29: 134-43.

12. Sahin E, Sahin M, Sanlioglu AD, Gumuslu S. KNK437, a 
benzylidene lactam compound, sensitises prostate cancer cells 
to the apoptotic eff ect of hyperthermia. Int J Hyperthermia 
2011; 27: 63-73.

13. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and 
other disease. Nat Med 1995; 1: 27-31.

14. Hanahan D, Folkman J. Patterns and emerging mechanisms 
of the angiogenic switch during tumorigenesis. Cell 1996; 86: 
353-64.



Blocking of angiogenesis by KNK437  

604

15. Folkman J. Seminars in Medicine of the Beth Israel Hospital, 
Boston. Clinical applications of research on angiogenesis. N 
Engl J Med 1995; 333: 1757-63.

16. O’Reilly MS, Holmgren L, Chen C, Folkman J. Angiostatin 
induces and sustains dormancy of human primary tumors in 
mice. Nat Med 1996; 2: 689-92.

17. Carmeliet P, Jain RK. Angiogenesis in cancer and other 
diseases. Nature 2000; 407: 249-57.

18. Sahin M, Sahin E, Gümüşlü S, Erdoğan A, Gültekin M. 
Inhibition of angiogenesis by S-adenosylmethionine. Biochem 
Biophys Res Commun 2011; 408: 145-48.

19. Hosokawa N, Hirayoshi K, Kudo H, Takechi H, Aoike A, Kawai 
K, Nagata K. Inhibition of the activation of heat shock factor in 
vivo and in vitro by fl avonoids. Mol Cell Biol 1992; 12: 3490-98.

20. Formica JV, Regelson W. Review of the biology of quercetin 
and related biofl avonoids. Food Chem Toxicol 1995; 33: 1061-
80.

21. Fotsis T, Pepper MS, Aktas E, Breit S, Rasku S, Adlercreutz H 
et al. Flavonoids, dietary-derived inhibitors of cell proliferation 
and in vitro angiogenesis. Cancer Res 1997; 57: 2916-21.

22. Igura K, Ohta T, Kuroda Y, Kaji K. Resveratrol and quercetin 
inhibit angiogenesis in vitro. Cancer Lett 2001; 171: 11-16.

23. Shiota M, Kusakabe H, Izumi Y, Hikita Y, Nakao T, Funae Y et 
al. Heat shock cognate protein 70 is essential for Akt signaling 
in endothelial function. Arterioscler Th romb Vasc Biol 2010; 
30: 491-97.

24. Sawaji Y, Sato T, Takeuchi A, Hirata M, Ito A. Anti-angiogenic 
action of hyperthermia by suppressing gene expression and 
production of tumour-derived vascular endothelial growth 
factor in vivo and in vitro. Br J Cancer 2002; 86: 1597-1603.

25. Milani V, Noessner E. Eff ects of thermal stress on tumor 
antigenicity and recognition by immune eff ector cells. Cancer 
Immunol Immunother 2006; 55: 312-19.

26. Fajardo LF, Prionas SD. Endothelial cells and hyperthermia. Int 
J Hyperthermia 1994; 10: 347-53.


