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Abstract 

Anaplastic thyroid carcinoma (ATC) is among the most aggressive malignancies 

known and is characterized with rapid growth, early invasion and complete 

refractoriness to current therapies. Here we report that triptolide, a small molecule 

from Chinese herb, could potently inhibit proliferation in vitro, angiogenesis in vivo 

and invasion in a Matrigel model in human TA-K ATC cells at nanomolar 

concentrations. We further elucidate that triptolide inhibits the NF-κB transcriptional 

activity via blocking the association of p65 subunit with CREB-binding protein 

(CBP)/p300 in the early stage and via decreasing the protein level of p65 in the late 

stage. And the expression of NF-κB targeting genes cyclin D1, vascular endothelial 

growth factor (VEGF) and urokinase-type plasminogen activator (uPA) are 

significantly reduced by triptolide in both TA-K and 8505C human ATC cell lines, 

which are well known to be critical for proliferation, angiogenesis and invasion, 

respectively, in solid tumors. Our findings suggest that triptolide may function as a 

small molecule inhibitor of tumor angiogenesis and invasion, and provide novel 

mechanistic insights into the potential therapy for human ATC.  
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Introduction 

Anaplastic thyroid carcinoma (ATC) is one of the most rapidly growing and 

invasive types of thyroid malignancies and probably the most destructive cancer 

encountered in humans (Neff et al., 2008). Although representing only 2% to 5% of 

all thyroid cancers, ATC accounts for about more than half of thyroid carcinoma 

deaths (McIver et al., 2001). And despite of multimodal therapy including surgery, 

chemotherapy, and radiotherapy, this tumor has a dismal prognosis with a mean 

survival of 3 to 4 months after diagnosis (Pasieka, 2003). Thus, novel treatment 

strategies are urgently needed to ameliorate the lethality of this malignancy. 

Angiogenesis and invasion are characteristic features of malignant neoplasms and 

play prominent roles in the progression of cancer (Carmeliet and Jain, 2000; Mareel 

and Leroy, 2003). ATC displays pathologic angiogenesis that directly leads to the 

rapid growth of masses. Meanwhile, in ATC, particularly, tumor cells invade outward 

into neighbouring organs such as trachea and esophagus in a high percentage of 

patients, causing rapid death of the suffers (Neff et al., 2008). Many molecular events 

may be involved in the angiogenesis and invasion of solid malignant tumors including 

ATC, but recent intensive researches have focused on the key role of vascular 

endothelial growth factor (VEGF) (Hicklin and Ellis, 2005). VEGF has been well 

established to be not only a major mediator of angiogenesis via regulating majority 

steps in the angiogenic cascades, but also a promoter of invasion via directly 

disrupting endothelial barrier function (Ferrara et al., 2003; Schmitt et al., 2004; Weis 

et al., 2004). In fact, targeting VEGF by macromolecules such as monoclonal 
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antibodies against VEGF or VEGF-receptor (VEGFR) constitutes an attractive 

therapy (Ferrara et al., 2005; Prewett et al., 1999). Importantly, the endogenous level 

of VEGF is controlled by multiple important machineries, among which the NF-κB 

pathway is a pivotal one (Chilov et al., 1997). Therefore, it seems reasonable to 

hypothesize that targeting the NF-κB pathway, by macromolecules or small molecules, 

may provide a novel therapeutic modality for cancers with significant angiogenesis 

and invasion, for instance, in case of human ATC. 

Triptolide is a small molecule (Mr 360) and easy-synthesized diterpenoid triepoxide 

originally purified from the Chinese herb Tripterygium wilfordii Hook.f (TWHf) 

(Supplemental Fig. 1). It has well documented activity for the treatment of rheumatoid 

arthritis due to its anti-inflammatory and immunosuppressive effects (Chen, 2001). 

Besides, triptolide has been reported to inhibit proliferation and induce apoptosis of 

cancer cells in vitro and reduce the growth and metastases of tumors in vivo (Chang et 

al., 2001; Yang et al., 2003). However, the effects of triptolide on tumor angiogenesis 

and invasion remain unknown.   

In the present study, we show that triptolide is capable of suppressing proliferation 

in vitro, angiogenesis in vivo and invasion in a Matrigel model in human TA-K ATC 

cells at an extremely low dose. These effects have been associated with the inhibition 

of NF-κB targeting genes, which results from the suppressed interaction of p65 

subunit of NF-κB with CBP/p300 and the decreased p65 protein. 
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Materials and methods 

Cell culture and drug treatment 

Human ATC cell line TA-K cells were kindly provided by Dr. Hui Sun in Ji lin 

University and maintained in William’s medium E (Invitrogen, Grand Island, NY) , 

supplemented with 10% fetal bovine serum (FBS). Another ATC cell line 8505C cells 

(European Collection of Cell Cultures, Wiltshire, UK) were maintained in DMEM 

(Invitrogen), supplemented with 10% new-born calf serum. Cells were cultured in a 

5% CO2–humidified atmosphere at 37 ℃. Triptolide (Sigma-Aldrich, St. Louis, MO) 

was dissolved in DMSO to obtain a 1 mM stock solution and stored at 4℃. For drug 

treatment, triptolide was diluted in medium and added as indicated concentrations for 

indicated time. 

 

Cell viability and proliferation assay 

The viability of cells was determined by the 3-(4, 5-dimethylthiazol-2-yl)-2, 

5-diphenyl tetrazolium bromide (MTT, Sigma) assay. Briefly, cells were seeded in 

96-well plates at 2 000 cells/well and incubated overnight. After different treatment 

for various times, 20 μl MTT solution (5 mg/ml in PBS) was added to each well to 

induce the production of formazan crystals. MTT solution was aspired off after 4 h 

and 100 μl DMSO was added to achieve solubilization of the formazan crystal. The 

optical density (OD) was determined at 570 nm using an EXL800 

microimmunoanalyser (Bio-Tek Instruments, Burlington, VT). 

For cell proliferation assay, a 5-Bromo-2’-deoxyuridine (BrdU) cell proliferation 
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ELISA kit (Roche Diagnostics, Mumbai, MH) was used as the manufacturer’s 

instruction. Cells seeded in 96-well plates at 2 000 cells/well were labeled with BrdU 

for 4 h. Then anti-BrdU-POD Fab fragments and substrate were added in sequence. 

The OD was determined at 405 nm using an EXL800 microimmunoanalyser. Results 

were normalized to the cell number. 

 

Caspase 3 activity assay and Hoechst staining 

Caspase 3 enzymatic activity was evaluated using caspase 3 activity assay kit 

(Roche Diagnostics). After different treatment for various times, cells was 

resuspended in 100 μl lysate at a concentration of 2×106 cells/ml. After spallation, 

lysate was incubated with anti-caspase 3 coating solution and blocking buffer in 

sequence. Then 100 μl sample was transferred to microplate well. After incubation, 

samples were removed and substrate solution was added. The microplate was 

incubated for 3 h at 37 ℃ in the dark. The OD was determined at 400 nm using an 

EXL800 microimmunoanalyser. 

For Hoechst 33258 staining, cells were fixed with 4% paraform for 10 minutes, 

stained with Hoechst 33258 (5ug/ml, Sigma) for 15 minutes in the dark, and observed 

by fluorescence microscopy ( Olympus, Melvile, NY) with a 340 nm excitation filter.  

 

Matrigel angiogenesis assay 

The angiogenesis on Matrigel was measured as described (Fang et al., 2007). 

Briefly, Aliquots of cells (0.2 ml, 1×107 cells/ml) were mixed with 0.4 ml of 10 
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mg/ml growth factor reduced-Matrigel (R&D Systems, Minneapolis, MN) in the 

presence or absence of 30 nM triptolide. The mixture was immediately injected into 

both flanks of BΑLB/C-nu nude mice (female, 4-weeks-old, purchased from 

Experimental Animal Center of Southern Medical University, Guangzhou, China). 10 

day later, the Matrigel plugs were removed from the mice and photographed. 

Hemoglobin levels of Matrigel plugs were quantified with Drabkin's reagent (Sigma).   

 

Cell invasion assay 

Cell invasion was assayed in a cell culture chamber (BD Biosciences, Bedford, MA) 

with 8 μm pore size polycarbonate membrane filters. The filters were pre-coated with 

50 μl Matrigel (1.25 mg/ml). Cells treated with triptolide for 12 or 24 h were 

harvested and seeded in upper chambers at a density of 1×105 cells/well with 

serum-free medium. Meanwhile, 0.6 ml complete medium with 10% FBS and 20 

ng/ml VEGF165 (Peprotech Asia, USA) was placed in bottom chambers. At the same 

time, moreover, equal cells of the two group (treated and untreated) were plated to 

96-well plates for cell number assay (MTT). The chamber was incubated at 37℃ for 

24 h and then the Matrigel was removed with a cotton bud. The invaded cells were 

fixed with 4% paraform, stained with hematoxylin, photographed and counted. The 

invasiveness of TA-K cells was determined by the percentage-of-invasion score 

(invaded cell number / total cell number × 100%). 

 

Western blot, immunoprecipitation and ELISA analysis 
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Western blot was carried out as described (Qiu et al., 1999). The following 

antibodies were used: VEGF neutralizing antibody (10 µg/ml, R&D Systems), 

antibodies against β-actin (1:1000, Neomarker, CA), tubulin (1:5000, Sigma), IκBα, 

phosphorylated-IκBα (1:1000, BD Biosciences), p65, uPA (1:200, Santa Cruz, CA), 

cyclin D1, and p65-Ser276, 468, 536 (1:1000, Cell Signaling Technology, Beverly, 

MA) .  

Immunoprecipitation was conducted as previously described (Lee et al., 1999). 

Cellular protein was immunoprecipitated with a CBP mouse antibody (2 µg/ 106 cells, 

BD Biosciences) followed by Western blot analysis with a p65 mouse antibody 

(1:1000, Santa Cruz). Tubulin was used as loading control and non-specific IgG 

(6ug/106 cells, Upstate Biotechnology Inc., Lake Placid, NY) was used as negative 

control. 

VEGF concentration was determined using a VEGF ELISA kit (R&D System) 

according to the manufacturer’s instruction. The culture medium was collected, 

centrifuged to remove cellular debris, and stored at -70℃ until assay for VEGF. 

Results were normalized to the cell number.  

 

EMSA and Luciferase activity 

DNA binding of NF-κB was detected by EMSA. Nuclear proteins were extracted 

using Nuclear and Cytoplasmic Extraction Reagents (Pierce, IL). An oligonucleotide 

corresponded to the NF-κB binding site consensus sequence (5’-AGTTGAGGGGAC 

TTTCCCAGGC-3’) was synthesized and end-labeled with biotin by Invitrogen 
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Corporation(Jiang et al., 2001). EMSA reaction mixtures contained 10 µg of nuclear 

protein extract and 1 pmol probes were incubated at room temperature for 20 minutes, 

run on 4% PAGE gel, transferred to nylon membrane and cross-linked for 1 minute. 

And then the nylon membrane was detected using Chemiluminescent Nucleic Acid 

Detection Module (Pierce). C23 (also designated nucleolin, 1:500, Santa Cruz), was 

used as a protein loading control. 

For luciferase activity asssays, TA-K cells were co-transfected with 60 ng NF-κB 

luciferase reporter plasmid (Stratagene, La Jolla, CA) and 60 ng renilla luciferase 

reporter vector pGL-3 (Promega) per well using LipofectamineTM 2000 (Invitrogene) 

for 24 h. Cells were treated with triptolide for further 12 h and harvested for analysis 

of luciferase activity using the dual luciferase reporter assay system (Promega, USA). 

Luminence was measured by GloMax® 96 Microplate LuminometerW/Dual injectors 

(Promega). The Firefly luciferase luminescence activity was normalized to the control 

renilla luciferase activity. 

 

Reverse transcription-polymerase chain reaction (RT-PCR).  

Total RNA was reverse transcribed using SuperscriptTM II reverse transcriptase 

(Gibco-BRL, USA), cDNA was used for PCR and the primer sequences are as 

follows: cyclin D1: 5’-CCCTCGGTGTCCTACTTCAAA-3’ (sense primer), 5’-CAC 

CTCCTCCTCCTCCTCTTC-3’ (antisense primer); uPA: 5’-TAAGAGCTGGTGT 

CTGATTG-3’ (sense primer), 5’-TTGGATGAACTAGGCTAAAA-3’ (antisense 

primer); VEGF: 5’-TCGGGCCTCCGAAACCATGA-3’ (sense primer), 5’-CCTGG 
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TGAGAGATCTGGTTC-3’ (antisense primer); GAPDH: 5’-CCACCCATGGCAAA 

TTCCATGGCA-3’ (sense primer), 5’-TCTAGACGGCAGGTCAGGTCCACC-3’ 

(antisense primer). The PCR conditions contained an initial cDNA synthesis reaction 

at 48℃ for 1h, followed by a denaturation step for 2 min at 94℃ and 30 cycles: 1min 

at 94℃, 1min at 55℃ and 1min at 72℃. After the last cycle the final extension was 

performed at 72℃ for 10min. PCR-products were analyzed by agarose gel 

electrophoresis and visualized with ethidium bromide staining. 

 

Statistical analysis 

Data are presented as mean ± standard deviation (SD) of three separate experiments. 

Statistical significance was determined by Student’s t test. Values with a p-value < 

0.05 were considered to be statistically significant. 
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Results 

Triptolide inhibited proliferation and induced apoptosis of human TA-K ATC 

cells.   

Triptolide has been shown to inhibit proliferation and induce apoptosis in multiple 

human cancer cell lines (Chan et al., 2001; Kiviharju et al., 2002). To test whether 

triptolide also possesses the same effects in ATC cells, cell viability was firstly 

analyzed by MTT assay. As seen in Fig. 1A, the TA-K cell viability dropped to its 

minimum at 30 nM within 48 h of triptolide exposure and the mean concentration 

inducing a 50% of maximal inhibitory effect (IC50) was calculated to be 67 nM. 

Besides, the inhibitory effect of triptolide (30 nM) on cell viability was 

time-dependent from 24 h to 96 h (Fig. 1B). Clearly, triptolide is able to cause the loss 

of cell viability in ATC cells.   

BrdU incorporation assay was further performed to determine cell proliferation. As 

seen in Fig.1C, a time-dependent reduction of cell proliferation was observed with 

triptolide treatment from 24 h to 48 h, and at 48 h, the cell proliferation decreased by 

29.5 %. 

Caspase 3 enzymatic activity analysis and Hoechst staining were used to 

investigate whether the treatment of triptolide caused apoptosis. Caspase 3 activity 

markedly enhanced after 36 h triptolide treatment and apoptotic cells characteristic 

with morphological alteration as condensed nuclei and cell shrinkage were observed 

(Fig.1D, E and F). Hence, the reduction of cell viability appears to be caused, at least 

in part, by decreased proliferation within the time course of 24 h and apoptosis may 
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also contribute to this reduction after 36 h. 

 

Triptolide reduced tumor neovascularization in vivo.   

Given the crucial role of neovascularization in ATC, we next examined the possible 

effect of triptolide on angiogenesis in vivo. Angiogenesis property of tumor cells can 

be assayed using a Matrigel system (Fang et al., 2007). Fig. 2A showed that TA-K 

cells induced formation of blood vessels in the Matrigel plug. The addition of 

triptolide significantly inhibited the tumor cell-induced angiogenesis at the 

concentration of 30 nM. Matrigel alone had no effect on angiogenesis. To further 

quantify the relative angiogenesis in plugs, hemoglobin contents were determined. 

Compared with the control, triptolide decreased hemoglobin levels by approximately 

60% (p < 0.01，Fig. 2B). This result indicates that triptolide has the potent capability 

to inhibit ATC tumor neovascularization. 

 

Triptolide suppressed invasion of TA-K cells. 

Invasiveness is an important factor for the prognosis of patients with ATC. We thus 

tested whether triptolide may also affect the invasiveness of TA-K cells. Matrigel 

invasion analysis confirmed that triptolide led to a remarkable reduction of invading 

cells in a dose-dependent manner with a maximal suppression effect at 30 nM (Fig. 

3A). Triptolide has also displayed a strong inhibitory effect on cell invasion in a 

time-dependent manner (Fig. 3B). As seen in Fig. 3B, triptolide (30 nM) diminished 

the invasion ability of the TA-K cells to 8.1% of the controls at 24 h (p < 0.01). In 
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addition, we examined cell death by Lactate Dehydrogenase (LDH) release assay and 

observed that obvious cell death occurred after 36 h treatment (Supplemental Fig. 2), 

making sure that the invasion experiment was performed before massive cell death. 

Thus, the results of Matrigel-based invasion assay indicate that triptolide can regulate 

the invasion of cancer cells.  

 

Triptolide decreased NF-κB transcriptional activity by blocking association of 

p65 subunit with CBP/p300 and decreasing the protein level of p65. 

In order to understand the molecular mechanisms by which triptolide suppresses 

angiogenesis and invasion, we examined the NF-κB transcriptional activity of human 

ATC. As seen in Fig. 4A, triptolide significantly inhibited the NF-κB activity in a 

dose-dependent manner at 12 h with a luciferase reporter assay. It reached its maximal 

effect at 30 nM. To elucidate the exact mechanism of inhibited NF-κB transcriptional 

activity by triptolide in the early stage, we investigated a number of regulatory factors 

important for NF-κB signaling within 12 h of triptolide exposure. Firstly, the level of 

NF-κB’s inhibitory protein IκBα was examined. The total and phosphorylated IκBα 

remained steady (Fig. 4B). Interestingly, after longer exposure, as one of NF-κB 

target genes, IκBα protein began to decline in a time-dependent manner (data not 

shown), giving rise to a negative feedback loop (Hoffmann et al., 2002). Then, the 

DNA binding of NF-κB was analyzed. As indicated in Fig. 4C, no marked change 

was observed in three concentration groups tested. Next, we focused on the three 

specific serine residues of p65 ser-276, 468 and 536 that contribute to NF-κB 
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transactivation activity (Mattioli et al., 2006; Zhong et al., 1998) and observed no 

significant alteration (Fig. 4D). Finally, considering that the binding of p65 to 

transcriptional coactivator CBP/p300 is requisite for NF-κB transactivation (Zhong et 

al., 2002), we examined the association of p65 and CBP/p300. Immunoprecipitation 

analysis showed significant blockage on the binding of p65 to CBP/p300 (Fig. 4E). 

Altogether, these data suggested that triptolide inhibits NF-κB transcriptional activity 

at least in part by blocking the association of p65 with CBP/p300.  

We then probed the effect of triptolide on NF-κB protein level upon extended 

exposure. We noticed that p65, the active component of NF-κB, remained stable for 

24 h and then began dramatically dropping (Fig. 4F). These results suggest that 

triptolide may also impact p65 stability. The dual action of triptolide on the 

interaction of p65/CBP and p65 stability may account for its drastic effect on the 

down-regulation of the NF-κB function. 

  

Triptolide down-regulated expression of NF-κB downstream genes in TA-K cells.  

NF-κB is constitutively active in most tumor cell lines, and regulates a series of 

genes involved in cell growth, angiogenesis and invasion, such as cell cycle 

regulatory genes cyclin D1, pro-invasion genes uPA, angiogenesis-promoting factors 

VEGF (Aggarwal, 2004; Karin, 2006). We thus examined the consequence of the 

NF-κB suppression by triptolide by monitoring the expression of these NF-κB 

targeting genes. Fig. 5A showed that VEGF mRNA began to decrease at 12 h after 

triptolide exposure, while the mRNA levels of cyclin D1 and uPA markedly reduced 
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at 36 h. Western blot and ELISA analysis also revealed significantly decreased 

protein levels of cyclin D1, uPA (Fig. 5B) and VEGF (Fig. 5C) in triptolide-treated 

cells, which are consistent with the effect on transcriptional activity (Fig. 5A). 

Besides, all of three protein levels were decreased in a concentration-dependent 

manner (Supplemental Fig. 3 and Fig. 5D). It is possible that VEGF may be reduced 

in response to the earlier NF-κB activity inhibition while cyclin D1 and uPA may 

decline following p65 protein reduction.  

 

Triptolide repressed NF-κB activity, p65 expression and its downstream genes in 

human 8505C ATC cell line.  

  To test whether the effects of triptolide in TA-K cells is cell specific or not, another 

human ATC cell line 8505C cells were utilized. After exposure to triptolide as low as 

30 nM for 12 h, NF-κB transcriptional activity displayed the same alteration panel as 

in TA-K cells (Fig. 6A). However, the decreasing of p65 protein was observed at 24 h 

after treatment, earlier than in TA-K cells (Fig. 6B). Down-regulation of cyclin D1, 

uPA and VEGF in response to triptolide was also seen in 8505C cells as in TA-K cells 

(Fig. 6C, D and E). These findings demonstrate that triptolide may have a broad 

therapeutic potential in ATC. 
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Discussion 

ATC has been a real challenge for its rapid growth, early invasion, dimmed 

therapies and high mortality. 76% patients with ATC in diagnosis have a rapidly 

enlarging neck mass which results from excessive and pathological angiogenesis. And 

patients with a tumor larger than 6.0 cm occasionally live less than 12 months (Tan et 

al., 1995). Bryan Mclver etc. demonstrated that 98% local invasion is present in 

patients with ATC (McIver et al., 2001). Nevertheless, few treatments could save or 

even extend lives of patients with ATC, and researches on ATC are countable. These 

realities demand the urgent development of effective therapeutic options, such as 

agents for restricting tumor angiogenesis and invasion. Here we demonstrated that 

triptolide, a well-known anti-rheumatoid arthritis agent, significantly inhibits 

proliferation, angiogenesis and invasion of human TA-K ATC cells, suggesting a 

potential anti-neoplasm effect of this small molecule in ATC. Triptolide may offer a 

much needed therapeutic strategy for ATC patients. 

In order to effectively utilize triptolide for clinical development, it is essential to 

understand its mode of actions and potential biomarkers. Accumulating evidences 

suggest that inhibition of NF-κB could repress tumor angiogenesis, invasion and 

tumorigenicity through down-regulating its downstream genes expression (Huang et 

al., 2001; Huang et al., 2000; Kong et al., 2007). Our work demonstrates that 

triptolide could inhibit NF-κB transcriptional activity, consistent with most of 

previous studies (Jiang et al., 2001; Lee et al., 1999). Interestingly, DNA binding of 

NF-κB was not affected simultaneously. NF-κB consisting of a heterotrimer of p50 
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and p65 binds to its inhibitory protein IκBα in an inactive form in the cytoplasm. The 

phosphorylation, ubiquitination, and degradation of IκBα lead to the release of the 

p50-p65 heterodimer, which then translocates to the nucleus and associates with the 

promoter regions of multiple target genes (Baldwin, 1996). Phosphorylation of p65 at 

specific serine residues, such as ser-276, 468 and 536 enhances NF-κB transactivation 

activity (Mattioli et al., 2006; Zhong et al., 1998), and the interaction of p65 with 

transcriptional coactivator CBP/p300 is indispensable for NF-κB transactivation 

(Zhong et al., 2002). We further elucidate here that the NF-κB inhibition is in part due 

to the blockage of the association of p65 subunit with the transcriptional coactivator 

CBP/p300, that is, a precise mechanism for transactivation inhibition. In addition, we 

discovered that triptolide was able to decrease p65 protein level as well further 

potentiating the inhibition of NF-κB activity. These effects lead to down-regulation of 

a number of NF-κB targeting genes, including VEGF, cyclin D1 and uPA. Taken 

together, triptolide functions as a NF-κB inhibitor with dual actions by disruption of 

p65/CBP interaction and by reduction of p65 protein.  

The triptolide activity in inhibiting transcriptional activation but not DNA binding 

of NF-κB has been reported to be mediated through the C-terminal transactivation 

domains TA1 and TA2 of p65 (Lee et al., 1999; Qiu et al., 1999). We thus postulated 

that the triptolide effectiveness in our case may derive from their specific inhibition 

on TA1 and TA2 regions of p65. However, to examine whether the interrupted 

association of p65 to CBP/p300 was the result of direct effect on TA1 and TA2 

domains of p65, further studies are required. More importantly, our data demonstrated 
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that p65 knockdown significantly decreased VEGF production and invasive activity 

of TA-K cells (Supplemental Fig. 4). These data, at least in part, provide further 

mechanistic insights involving p65 into the anti-angiogenic and anti-invasive 

mechanism of triptolide action.  

The central role of the VEGF in pathologic angiogenesis and invasion, combined 

with its restricted expression in healthy adults, has spurred the development of a 

variety of therapeutic strategies aimed at blocking VEGF for anti-tumor therapy. The 

VEGF-specific antibody Avastin and receptors tyrosine kinases inhibitors (RTKIs) 

are the best-known and well used anti-angiogenic agents (Ferrara and Alitalo, 1999; 

Gerber, 2003). Avastin has been the firstly administrated drug in clinic and has shown 

a promising effect in some metastatic cancers combined with other chemotherapy 

(Ranieri et al., 2006). However, being an antibody, Avastin has some characteristics 

which limit its efficacy, such as macromolecule, weak penetrability and 

unsymmetrical distribution. In addition, phase III clinical trials demonstrated that 

multitargeted small molecule RTKIs possess a higher efficacy than specific 

anti-VEGF monotherapy, indicating the dominance of multitargeted small molecule in 

the clinical treatment (Jain et al., 2006). Here, our results showed that triptolide is a 

small molecule with multiple targets including inhibiting cancer cell proliferation, 

tumor angiogenesis and invasion.  

Triptolide is such a small, soluble, stable and multifunctional molecule that could 

be easily produced and conveniently delivered. In addition, use of this small molecule 

bypasses the vast majority of inconvenience and disadvantage associated with protein 
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and gene therapy, such as poor permeability, immunogenicity, low efficacy, high cost 

and so on. Thirdly, triptolide has been used in clinic for the treatment of rheumatoid 

arthritis for decades, avoiding a long term preclinical study. These merits further 

encourage the use of this small molecular compound in the chemoprevention and 

treatment of ATC. 

The anti-proliferative and pro-apoptotic activities of triptolide have been 

demonstrated in various tumor cell lines in vitro (Chang et al., 2001; Jiang et al., 2001; 

Lou and Jin, 2004) and in vivo models (Fidler et al., 2003; Phillips et al., 2007; Yang 

et al., 2003) which imply no tumor selectivity. In this study, we have identified novel 

anti-angiogenesis and anti-invasion activities of triptolide in ATC cells, through a 

mechanism by which inhibiting NF-κB transactivation. However, the inhibitory 

activity of triptolide on NF-κB transcriptional activation has been widely reported in 

large quantity of tumor cells as well as normal cells (Jiang et al., 2001; Lee et al., 

1999; Liu et al., 2007; Qiu et al., 1999). Our data also showed that there exists no cell 

specificity of triptolide in inhibiting NF-κB activation in both TA-K and 8505C ATC 

cell lines. The above studies consequently lead to our hypothesis that triptolide, the 

angiogenesis and invasion inhibitor in ATC, may exert global antitumor activity 

through an universal inhibition of NF-κB transactivation. However, we believe further 

studies in diverse cancer cells are warranted to conclusively clarify this important 

issue of triptolide on tumor selectivity.  

In conclusion, we identify triptolide as a promising candidate agent for the 

treatment of patients with ATC and reveal its important model of action. Triptolide 
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potently inhibits angiogenesis and invasion in ATC in part through targeting p65 

subunit of NF-κB. This small molecule natural product may prove to be a much 

needed candidate for the systemic therapy of ATC, which has a great prospect either 

used alone or in combination with conventional therapies. However, additional studies 

exploring the in vivo biological activity of triptolide are needed in further work and 

will potently support triptolide as a potential drug for human ATC.  
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Figure Legends  

Fig. 1. Triptolide inhibited proliferation and induced apoptosis of human TA-K ATC 

cells. A, the concentration-dependent effect of triptolide on the cell viability. TA-K 

cells were treated with 0, 10, 20, 30, 40 and 50 nM triptolide for 48 h. B-E, TA-K 

cells were incubated with 30 nM triptolide for the indicated time. B, the 

time-dependent effect of triptolide on the cell viability. C, the time-dependent effect of 

triptolide on cell proliferation. D, the time-dependent effect of triptolide on caspase 3 

activity. E, Hoechst 33258 staining on TA-K cells. F, the quantitation of the 

percentage of apoptotic cells. The data are mean ± SD (n=3). *, p< 0.05, **, p < 0.01 

compared with the control.  

 

Fig. 2. Triptolide repressed tumor neovascularization in vivo. Aliquots of TA-K cells 

were mixed with Matrigel in the presence or absence of triptolide (T), injected into 

nude mice and removed 10 days later. A, angiogenesis in Matrigel plugs. B, 

hemoglobin levels of Matrigel plugs. Hemoglobin was quantified with Drabkin's 

reagent. The data are mean ± SD (n=5). *, p < 0.05, **, p < 0.01 compared with the 

control.  

 

Fig. 3. Triptolide inhibited the invasion of TA-K cells. A and B, the 

concentration-dependent effect of triptolide on cell invasion. TA-K cells were 

pretreated with 0, 15, 20, 25 and 30 nM triptolide for 24 h. C and D, the 

time-dependent effect of triptolide on cell invasion. TA-K cells were pretreated with 
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30 nM triptolide for 12 and 24 h. The data are mean ± SD (n=3). *, p < 0.05, **, p < 

0.01 compared with the control.   

  

Fig. 4. Triptolide inhibited NF-κB transcriptional activity by downregulating p65 

expression and its association with CBP. A, relative luciferase activity of NF-κB. 

TA-K cells co-transfected with NF-κB and pGL-3 luciferase plasmid were treated 

with triptolide for 12 h. *, p < 0.05, **, p < 0.01 compared with the control. B, the 

total and phosphorylation level of IκBα. Cells were treated with 30 nM triptolide for 

12 h followed by western-blotting. C, NF-κB binding activities. TA-K cells were 

treated with 0, 15, 30 and 60 nM triptolide for 12 h followed by EMSA. D, the 

phosphorylation level of p65 in ser276, 468 and 536 followed by western-blotting. 

Cells were treated with 30 nM triptolide for 12 h. E, the binding activities of CBP to 

p65. Cells treated with 30 nM triptolide for 12 h were immunoprecipitated with a 

CBP antibody followed by western blot analysis with a p65 antibody (tubulin was 

used as loading control and non-specific IgG was used as negative control). NC 

represents negative control. F, the effect of triptolide on p65 protein level. Cells were 

treated with 30 nM triptolide for indicated time followed by western-blotting. 

 

Fig. 5. Triptolide downregulated NF-κB downstream genes expression in TA-K cells. 

A, the time-dependent effect of triptolide on cyclin D1, uPA and VEGF mRNA levels. 

TA-K cells were treated with 30 nM triptolide for 0, 12, 24, 36 and 48 h. B, the 

time-dependent effect of triptolide on cyclin D1 and uPA protein levels. TA-K cells 
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were treated with 30 nM triptolide for 0, 12, 24, 36 and 48 h. C and D, the 

time-dependent (C) and concentration-effect (D) of triptolide on VEGF secretion. 

TA-K cells were respectively treated with 30 nM triptolide for 24, 48 and 72 h and 

with 0, 15, 20, 25 and 30 nM for 12 h. The data are mean ± SD (n=3). *, p < 0.05, **, 

p < 0.01 compared with the control. 

 

Fig. 6. Triptolide inhibited NF-κB transcriptional activity, p65 expression and NF-κB 

downstream genes in 8505C cells. A, the relative luciferase activity of NF-κB. 8505C 

cells were treated with 30 nM triptolide for 12 h. B, the effect of triptolide on p65 

protein level. 8505C cells were treated with 30 nM triptolide for 0, 24 and 48 h 

respectively. C, the effect of triptolide on cyclin D1, uPA and VEGF mRNA levels. 

8505C cells were treated with 30 nM triptolide for 48 h. D, the effect of triptolide on 

cyclin D1 and uPA protein levels. 8505C cells were treated with 30 nM triptolide for 

48 h. E, the effect of triptolide on VEGF secretion. 8505C cells were treated with 30 

nM triptolide for 24 h. The data are mean ± SD (n=3). *, p < 0.05, **, p < 0.01 

compared with the control. 
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