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Abstract. Tetramethypyrazine (TMP), one of the active 
compounds extracted from the traditional Chinese medicinal 
herb (Chuanxiong), has been verified as an anticancer compound 
against several types of cancer. However, understanding of the 
molecular mechanisms have not been fully elucidated. In the 
present study, the anticancer efficacy of TMP was investigated 
in human clear cell renal cell carcinoma (ccRCC) cells. We 
showed that TMP significantly inhibited ccRCC cell viability, 
proliferation, apoptosis, invasion and migration through the 
methods of MTT, flow cytometry, wound healing and transwell 
assays. Furthermore, reverse transcription polymerase chain 
reaction (RT-PCR), western blotting and immunofluorescence 
results demonstrated TMP upregulation of the expression 
of NKG2D ligands (NKG2DLs) MHC class I chain-related 
molecules A and B (MICA/B) and epithelial cell expression 
marker of E-cadherin, and downregulation of mesenchymal 
cell expression markers of vimentin and fibronectin. Taken 
together, the inhibition of TMP on ccRCC cells might be 
mediated via inhibition of NKG2D related signaling pathway 
to further suppress epithelial-mesenchymal transition (EMT) 
progression. The binding of NKG2D to its ligands activates 
NK cells, giving the rationale for studies on the utilization of 
TMP as a potential cancer therapeutic compound to increase 
NK cells-mediated cytotoxicity against high MICA/B expres-
sion in cancer cells.

Introduction

2,3,5,6-tetramethylpyrazine (TMP) is an active alkaloid 
extracted from the traditional Chinese medicinal herb 

Ligusticum chuanxiong, which has been widely used in the 
clinical treatment of neurovascular, cardiovascular and liver 
diseases in China (1-6). In recent years, increasing number of 
studies have suggested that TMP possesses anticancer proper-
ties (7-11). However, the mechanisms have yet to be elucidated. 
Epithelial-mesenchymal transition (EMT) is a developmental 
process characterized by the acquisition of invasiveness in 
epithelial tumors frequently accompanied by loss of their 
polarity and acquiring migratory properties of mesenchymal 
cells  (12), which has been viewed as a critical process of 
invasion and metastasis in various types of cancer cells (13) 
associated with drug resistance (14).

Natural killer (NK) cells are a type of cytotoxic lymphocyte 
capable of mediating early innate immune responses to viral 
infections and recognition of transformed malignant cells (15,16). 
NK group 2, member D (NKG2D) is an activating receptor 
expressed by NK and T cells that play a major role in cancer 
immunosurveillance (17). MHC class I chain-related molecules 
A and B (MICA/B) and UL16 binding protein (ULBP) 1-6 
molecules are the ligands of NKG2D (NKG2DLs), upregulation 
of MICA/B and ULBP in tumor cells suggests that NKG2D 
may exerts a key role in response to infection and transforma-
tion (18,19). However, the regulation of the NKG2D signaling 
during the EMT of carcinomas have yet to be elucidated.

Clear cell renal cell carcinoma (ccRCC) is one of the most 
common kidney cancers, and there are several studies showing 
that EMT is associated with carcinoma invasion and metas-
tasis, but the relationship between ccRCC and EMT is not yet 
clarified (20). In our previous study (21), we found that the 
content of soluble MICA (sMICA) in serum of patients with 
renal cell carcinoma was significantly higher than in healthy 
adults, the percentage of membrane MICA (mMICA) were 
significantly increased in human kidney cancer tissues and 
ccRCC cell lines. Furthermore, we indicated that the relation-
ship of expression of NKG2D and MICA/B play an important 
role in mediation of the cytotoxic NK cells in ccRCCs and 
sMICA-mediated tumor immune escape through down-
regulated NKG2D expression. In the present study, we tested 
the hypothesis that TMP inhibits proliferation, migration and 
invasion of ccRCC cells through regulation of NKG2D-MICA 
signaling during the EMT by using the ccRCC cell lines 786-O 
and A498.
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Materials and methods

Drugs and cell culture. Tetramethypyrazine (TMP Enterprises, 
St. Louis, MO, USA) was dissolved in dimethyl sulfoxide 
(DMSO; Sinopharm Chemical Reagent Co., Ltd., Shanghai, 
China) as a stock solution. The dilutions of all of the reagents 
were freshly prepared before each experiment. Hence, normal 
saline was used as a vehicle control in all experiments. RCC 
cell lines (786-O, A498) were obtained from the Chinese 
Academy of Medical Sciences and maintained in RPMI-1640 
(HyClone Laboratories, Inc., Logan, UT, usa) supplemented 
with 10% (v/v) heat-inactivated fetal bovine serum (FBS; 
Gibco, Carlsbad, CA, USA), containing 100 U/ml penicillin 
and 100 µg/ml streptomycin in a humidified atmosphere of 
5% CO2 at 37˚C. Cells were harvested by brief incubation in 
0.02% (w/v) EDTA in PBS. In blocking experiments, anti-
MICA/B mAbs were added to the RCC cell suspension at 
10 µg/ml and incubated at 37˚C for 30 min before the addition 
of target cells.

Growth and cell viability analysis. The viability of ccRCC 
cells was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphe-
nyltetrazolium bromide (MTT) assay. Briefly, cells (5x103/
well) seeded in 96-well plates were incubated with increasing 
concentrations of TMP for 24, 48 and 72  h, respectively. 
The controls were treated with an equal volume of the drug 
vehicle DMSO, but the applied concentration did not exhibit 
a modulating effect on cell growth. Optical density (OD) of 
each culture was read by Universal Microplate Reader at 
wavelength of 570 nm.

Reverse transcription polymerase chain reaction (RT-PCR). 
Total RNA was extracted from kidney tissue using a Qiagen 
RNeasy kit (Qiagen, Basel, Switzerland). Complementary 
DNA (cDNA) first strand was produced using a Superscript 
first-strand synthesis system using oligo (dt) antisense 
primers (Invitrogen, Lucerne, Switzerland). MICA and MICB 
transcripts were amplified from cDNA by 30 cycles of poly-
merase chain reaction. The primer sequences were as follows: 
MICA (517  bp) upstream (5'-ACACCCAGCAGTGGGGG 
GAT-3'); downstream primer (5'-GCAGGGAATTGAATCCC 
AGCT-3'); MICB (678 bp) upstream '5-ACACCCAGCAGT 
GGGGGGAT-3', downstream 5'-AGCAGTCGTGAGTTTGC 
CCAC-3'. The amplification conditions consisted of denatur-
izing (95˚C for 60 sec), followed by annealing (56˚C for 60 sec), 
and extension (72˚C for 60 sec). Amplified fragments were 
analyzed in 1.5% agarose gel electrophoresis in the presence 
of ethidium bromide (Sigma-Aldrich). β-actin (500 bp) was 
used as an internal control for the amount of RNA input.

Flow cytometry. The Annexin V-FITC/PI apoptosis detec-
tion kit according to the manufacturer's instructions (Roche 
Diagnostics, Indianapolis, IN, USA). Briefly, ccRCC cells were 
seeded in 6-well plates and treated with 100 µM TMP for 48 h. 
cells 1x106 were collected and suspended in 500 µl binding 
buffer, and 5 µl annexin V-FITC and 5 µl PI were added to 
each sample and incubated in the dark for 15 min. The cell 
surface phosphatidylserine in apoptotic cells was quantitatively 
estimated by using Annexin V/FITC apoptosis detection kit 
according to manufacturer's instructions (Roche Diagnostics). 

Data were detected using FACScan flow cytometry (FACS 
LSRFortessa; BD Biosciences, San Jose, CA, USA). Triplicate 
experiments with triplicate samples were performed.

Terminal deoxynucleotidyl transferase-mediated deoxyuri-
dine triphosphate nick-end labelled. Apoptosis was detected 
using a One Step TUNEL apoptosis assay kit (Beyotime 
Institute of Biotechnology, Shanghai, China) according to 
the protocol. Briefly, 5x103 cells were seeded on coverslips 
and cultured in RPMI-1640 with or without 100 µM TMP 
containing 10% FBS in 24-well plates for 24 h. After fixing 
with 4% formaldehyde, the cells were washed with PBS and 
permeabilized using 0.2% Triton X-100. Following equilibra-
tion, cells were labeled using TdT reaction mix and incubated 
for 1 h at 37˚C in a humidified chamber. Subsequently, 2X SSC 
was added for 15 min to stop the reaction. Apoptotic cells were 
detected using a Nikon Eclipse 90i microscope (Nikon Corp., 
Tokyo, Japan) (22).

Wound healing assay. cells (5x105) were plated onto 24-well 
plates per well and were grown to >90% confluence for 48 h. 
The medium was removed, and in the cell monolayers a wound 
line was created by manually scraping the cells with a 10 µl 
plastic pipette tip. Debris was removed from the culture by 
washing with PBS two times, and then the cells cultured in 
RPMI-1640 containing 1% FBS with TMP (at 100  µM). 
Images (magnification, x40) were taken at 0 and 24 h using a 
Nikon Eclipse 90i microscope (Nikon Corp.). These experi-
ments were repeated three times.

Transwell migration and invasion assays. The invasion of 
RCC cells were determined using a transwell assay, briefly, 
experiments were performed in RPMI-1640 containing 10% 
FBS as a chemoattractant. Following 100 µM TMP treatment 
for 48 h, cells were re-suspended in RPMI-1640 containing 
1% FBS and added (1x106 cells/100 µl) to the upper chamber 
consisting of a polycarbonate membrane (8-µm pore size; 
Corning Life Science). After a 48-h incubation at 37˚C under 
5% CO2, cells that had not migrated were removed, whereas 
migrated cells were fixed in 4% paraformaldehyde for 10 min 
at room temperature and stained with Crystal Violet Staining 
Solution kit (Beijing Solarbio Science and Technology Co., 
Ltd., Beijing, China). The number of migrated cells were 
counted using Nikon Eclipse 90i microscope.

Western blotting. Western blotting was performed to analyze 
the expression of apoptotic and EMT signal pathway-related 
proteins in ccRCC cells. Briefly, 786-O and A498 cells seeded 
in 6-well plates were exposed to 100 µM TMP for 48 h. The 
cells were harvested and lysates were fractionated by 10% 
SDS-PAGE. The proteins were electro-transferred onto 
PVDF membranes, and then the membranes were blocked 
in 5% skimmed milk-Tris-buffered saline plus Tween-20 
solution and incubated with primary antibodies E-cadherin, 
vimentin, fibronectin, matrix metalloproteinase-9 (MMP-9) 
and TGF-β1. Following incubation with peroxidase-conju-
gated AffiniPure goat anti-rabbit IgG (1:5,000; ZSGB-Bio 
Co., Ltd., Beijing, China). The bound antibodies were visu-
alized by using an enhanced chemiluminescence reagent 
(Millipore, Billerica, Ma, USA) followed by Bio-Rad Image 
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Lab™. Data was expressed as the relative density of the 
protein normalized to β-actin. The percentages of increase or 
decrease of protein were estimated by comparison to vehicle 
control (100%).

Immunofluorescence staining analysis. In order to investi-
gate the inhibition mechanism of TMP on ccRCC cell line, 
the epithelial-mesenchymal transition signal pathway-related 
markers E-cadherin, vimentin and fibronectin were detected 
by cell immunofluorescence techniques. Cells were seeded 
on coverslips in 6-well plates (6x104/well) with or without 
treated with 100 µM TMP for 24 h, and then fixed in 4% para-
formaldehyde for 30 min and washed three times with PBS. 
The slips were permeabilized for 10 min with 0.1% Triton 
X-100 and washed three times with PBS, and then cells were 
blocked with 10% normal goat serum for 30 min. Cells were 
incubated overnight at 4˚C with primary antibodies against 
E-cadherin (1:100 dilution; Cell Signaling Technology), 
vimentin (1:100, ab92547; Abcam). Later they were stained in 
the dark with tetraethyl rhodamine isothiocyanate (TRITC) 
(1:200; ZSGB-Bio Co.) as secondary antibodies. Images were 
taken with a Nikon Eclipse 90i microscope. The staining was 
analyzed with the image-analyzing system, Image-Pro Plus 6 
(Media Cybernetics, Inc., Rockville, MD, USA).

Isolation of natural killer cells. Primary human NK cells were 
were isolated with an NK cell isolation kit (Miltenyi Biotec, Inc., 
Auburn, CA, USA) and obtained as previously described (23). 
Briefly, peripheral blood lymphocytes were isolated by density 
gradient centrifugation (Biochrom GmbH, Berlin, Germany) 
from heparinized venous blood obtained from normal healthy 
volunteer donors and depletion of plastic-adherent monocytic 
cells. Isolation of highly pure NK cells was achieved by deple-
tion of magnetically labeled cells. The percentage of NK cells 
after isolation was evaluated using FITC-conjugated anti-CD3 
mAbs and PE-conjugated anti-CD56 mAbs (BD Biosciences) 
in flow cytometry, and routinely exceeded 95%, with CD3 
contamination in purified NK cells typically <1%.

Cytotoxicity assay. NK cell cytotoxicity against renal carci-
noma cell lines was assessed using the calcein-AM release 
assay, as previously described (24). Renal carcinoma target 
cells (T) were cultured in medium with or without 100 µM 
TMP for 48  h. Then, the NK cell cytotoxicity assay was 
carried out by incubating these cells with NK effector cells 
(E) at various T/E ratios (1/20-1/5) for 3 h at 37˚C. In blocking 
experiments, anti-MICA/B mAbs were added to the NK cell 
suspension and incubated at 37˚C for 30 min before the addi-
tion of target cells. The number of dead cells was estimated by 
measuring the fluorescence intensity in medium. The fluores-
cence intensity in medium released spontaneously from target 
cells and the total maximum fluorescence intensity released 
from all target cells by treatment with 1% Triton X-100 were 
also determined. 

Statistical analysis. Data of continuous variables are 
presented as means ± SD. Comparisons between the treat-
ments were analyzed by one-way ANOVA and performed 
with SPSS 10.0 software. P<0.05 was deemed statistically 
significant.

Results

Inhibition of viability. ccRCC cell lines were treated with 
TMP for 24, 48 and 72 h, respectively and then subjected to the 
MTT assay. TMP effectively inhibited the viability of human 
clear cell renal cell carcinoma 786-O and A489 cells. As 
shown in Fig. 1, the inhibition rate increased from 24 to 72 h. 
The maximum inhibition rate of 75.63% was found with use of 
100 µM for 72-h treatment in 786-O. These results indicated 
that TMP had a dose- and time-dependent antiproliferative 
effect on ccRCC cells in the range of 25-100 µM for up to 24, 
48 and 72 h of exposure. Moreover, a better inhibition rate was 
shown in 786-O than A498 cell line (P<0.05).

TMP induction of ccRCC cell apoptosis. To evaluate the 
TMP-induced cell apoptosis, ccRCC cells were then stained 
with Annexin V/FITC and were analyzed by flow cytometry. 
As shown in Fig. 2, the percentage of apoptotic cells was grad-
ually increased in 786-O and A498 after treatment 24 h with 
TMP at the concentrations of 25, 50 and 100 µM. Furthermore, 
we examined the morphologic changes in 786-O by TUNEL 
staining as shown in Fig. 3. When cells were cultured with 
100 µM TMP for 24 h, the apoptotic morphologic changes 
were observed as compared with the vehicle control.

Inhibition of cell migration and invasion. To determine 
whether TMP has effects on the migration and invasion of 
ccRCC cells, the wound healing and Transwell assays were 
performed. As demonstrated in Figs. 4 and 5, the migratory 
ability of the 786-O was significantly inhibited after treatment 
of  the cells with 100 µM of TMP at 6 and 12 h through wound 
healing assay. On the other hand, in the concentrations of 25, 
50 and 100 µM TMP clearly inhibited migration and inva-
sion ability of cells through a Transwell insert filter at 24 h. 
Together, these results demonstrated that TMP inhibition of 
migration and invasion of ccRCC cells was dose- and time-
dependent.

Inhibition of epithelial-to-mesenchymal transition markers, 
MMP-9 and TGF-β1. Immunofluorescence techniques and 

Figure 1. The growth inhibition effect of ccRCC cells induced by TMP in 
MTT assay. ccRCC cell lines were treated with TMP for 24, 48 and 72 h, 
respectively.
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western blotting were used to assess EMT-related proteins 
(E-cadherin, vimentin and fibronectin) in 786-O cells. 
As shown in Figs. 6 and 7, the protein expression level of 
E-cadherin was significantly upregulated, but vimentin 
and fibronectin were significantly downregulation when the 
cells were treatment with 100 µM of TMP for 24 h. These 
results revealed that TMP was effective in inhibiting EMT 
process. Furthermore, western blotting results showed that the 
protein expression of MMP-9 and TGF-β1 were significantly 
decreased after treatment with 100 µM TMP for 24 h. These 
results indicated the collapse of MMP and the inhibition of 
TGF-β1 signaling in ccRCC cells when treated with TMP.

TMP upregulates the expression of MICA/MICB on the 
surface of ccRCC cell lines. In our previously report, the 
expression of MICA/B was significantly higher in 786-O 
than normal renal cells, but there was no different in A498 
cells. To investigate the effect of TMP on the surface expres-
sion of NKG2D ligands in renal carcinoma cells, we initially 
performed a flow cytometric analysis and reverse transcription 
polymerase chain reaction (RT-PCR) analysis on 786-O and 
A498 cells. As shown in Fig. 8, 786-O and A498 cells showed 
apparent upregulation of MICA and MICB after treated with 
TMP, indicating that the inhibition of TMP on renal cancer 
cells may be associated with NKG2D-MICA signaling.

Figure 2. Cell apoptosis detection by flow cytometry. ccRCC cells were stained with Annexin V/FITC and analyzed by flow cytometry, the percentage of 
apoptotic cells was gradually increased, 24 h after treatment with TMP. (A) 786-O; (B) A498. a, Vehicle; b, 25 µM; c, 50 µM; d, 100 µM.

Figure 3. Cell apoptosis detection by TUNEL staining. 786-O cells were cultured with 100 µM of TMP for 24 h an then stained with TUNEL (magnification, 
x200). (A) Vehicle; (B) TMP.



INTERNATIONAL JOURNAL OF ONCOLOGY  49:  1704-1712,  20161708

Figure 4. Wound healing analysis. TMP significantly inhibited the migratory ability of 786-O at the concentration of 100 µM at 6 and 12 h. (A) vehicle; (B) 
TMP; (C) comparison of the migratory ability.

Figure 5. Cell migration and invasion analysis by transwell assays. (A) migration; (B) invasion; (C) comparison of the migration and invasion ability.
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TMP enhances susceptibility of ccRCC cells to NK cell-
mediated cytotoxicity. In order to detect the correlation of 
NKG2D signaling pathway, the interactions were blocked with 
saturating amounts of anti-MICA/B mAb. The effect of TMP 
on ccRCC cells to NK cell-mediated cytotoxicity was detected. 

Two renal carcinoma cell lines were cultured for 24 h in the 
presence of 100 µM TMP and the susceptibility to cytotoxicity 
of NK cells was examined. As shown in Fig. 9, TMP signifi-
cantly increased the susceptibility of ccRCC cells to NK cells. 
Furthermore, NK cells pretreatment with MICA/B blocking 
antibody could partially prevent the cytotoxic activity of NK 
cells against all target cells treated with 100 µM TMP.

Discussion

The  present study demonstrated that TMP inhibited growth 
and induction of apoptosis in clear cell renal cell carcinoma 
(ccRCC) cell lines in a concentration- and time-dependent 
manner. Based on the results, the invasion and migration 
were significantly suppressed when treated with 100  µM 
TMP through wound healing and transwell assays in 786-O 
cells and A498 cells. Moreover, TMP suppressed the EMT 
pathway through downregulation the protein expression 
levels of epithelial marker E-cadherin and upregulation of 
mesenchymal markers vimentin and fibronectin in ccRCC cell 
lines 786-O and A498. Clear cell renal cell carcinoma is one 
of the most common kidney cancers, and increasing number 
of studies have demonstrated that epithelial-mesenchymal 
transition is associated with renal cell carcinoma invasion and 
metastasis (25-27). Therefore, the anticancer effect of TMP on 

Figure 6. Epithelial-to-mesenchymal transition markers detection by immunofluorescence techniques. EMT-related proteins E-cadherin and vimentin in 786-O 
cells. a, vehicle; b, TMP.

Figure 7. Western blotting detection. The protein expression level of EMT 
markers (E-cadherin, vimentin and fibronectin), MMP-9 and TGF-β1 were 
analyzed when the cells were treated with 100 µM of TMP for 24 h. 
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ccRCC cells might be mediated through suppressing the EMT 
pathway, thus supporting the potential of TMP to be developed 
as a promising agent for treatment of cancer. In agreement 
with previous studies, our findings contribute to the studies 
on biomarkers of kidney cancer and the mechanism of renal 

cancer progression driven by EMT pathway. Although there 
have been several studies on the molecular regulation of EMT, 
the mechanism is still not clear.

Major histocompatibility complex class I-related chains A 
and B (MICA/B), a ligand of Natural killer group 2, member 
D (NKG2D) receptor, is broadly upregulated in epithelial 
originated tumor cells, which play a critical role in the immune 
surveillance against tumor cells and are associated with the 
prognosis of several malignancies (28). MICA/B is a ligand 
for the activating receptor NKG2D, the binding of NKG2DLs 
to NKG2D supports the cytotoxic effect of NK cells and T 
cells against tumor cells. Mounting evidence indicates that 
malignant epithelial cell polarization loss during the EMT 
allows the interaction of NKG2DL with NKG2D, leading to 
the activation of antitumor immune responses, which suggest 
that the correlation of NKG2D and NKG2DLs expression with 
the presence of EMT characteristics (20). However, the regula-
tion of the NKG2D signaling during the EMT of carcinomas 
have yet to be elucidated. EMT is a morphogenetic process 
characterized by the acquisition of mesenchymal properties 
linked with an invasive phenotype and metastasis of tumor 
cells. Induction of EMT by TGF-β stimulation strongly 
upregulated the expression of NKG2D ligands (NKG2DLs), 
MICA/B and ULBP1-3 in several epithelial tumor cell lines 

Figure 8. Expression of MICA and MICB on the surface of 786-O and A498 cells. (A) Flow cytometric analysis. (B) Reverse transcription polymerase chain 
reaction (RT-PCR) analysis.

Figure 9. TMP enhances susceptibility of ccRCC cells to NK cell-mediated 
cytotoxicity. Two renal carcinoma cell lines were cultured for 24 h in the 
presence of 100 µM TMP, and the susceptibility to cytotoxicity of NK cells 
was evaluated. 
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and by Snail1 overexpression in colorectal cancer cells (29). 
Loss of epithelial integrity observed during the EMT process 
may be an important point of control of cancer progression by 
NKG2D-mediated immune mechanisms. Accordingly, with 
the increased expression of NKG2DLs, triggering of EMT 
rendered cancer cells more susceptible to NKG2D-mediated 
killing by NK cells (23,30). Decrease of MICA/B expression 
was associated with a dramatic increase of NKG2D(+)-tumor 
infiltrating lymphocytes in vivo. In our previous study (21), 
we found that the content of soluble MICA (sMICA) in serum 
of patients with renal cell carcinoma was significantly higher 
than in healthy adults, the percentage of membrane MICA 
(mMICA) were significantly increased in human kidney cancer 
tissues and ccRCC cell line 786-O and Ketr-3, but no higher 
in A498 cells. Furthermore, we indicated that the relationship 
of expression of NKG2D and MICA/B play an important 
role in mediation of the cytotoxic NK cells in ccRCCs and 
sMICA mediated tumor immune escape through downregu-
lated NKG2D expression. However, the underlying molecular 
mechanisms in the tumor microenvironment in ccRCC lesions 
is not yet clarified. In the present study, based on the results 
of PCR and FACS, the expression of MICA and MICB were 
higher in 786-O, but not A498, which is in agreement with our 
previous results. Interestingly, the antitumor effects of TMP 
were more significant in MICA high expression RCC cell lines 
786-O than low expression RCC cell lines A498. Thus, we 
hypothesize that TMP inhibit proliferation, migration and inva-
sion of ccRCC cells through regulation of NKG2D-NKGDLs 
signaling during the EMT. In order to further revealed the 
mechanism, the interactions were blocked with saturating 
amounts of anti-MICA/B mAb, the effect of TMP on ccRCC 
cells to NK cell-mediated cytotoxicity were detected and the 
results showed that TMP significantly increased the suscepti-
bility of ccRCC cells to NK cells. EMT is primarily mediated 
by local production and activation of TGF-β1, EMT is also 
a relevant checkpoint in the control of tumor progression 
through NKG2D-mediated immune responses. Many studies 
have been conducted on the relationship between matrix 
metalloproteinases (MMPs) expression in cancer patients. 
MMP-9 due to their proteolytic nature degrade proteins that 
regulate various cellular behaviors related to cancer cell differ-
entiation, migration, invasion, and surveillance of the immune 
system (31). In our results, treatment with TMP, the protein 
levels of TGF-β1 and MMP-9 were lower in ccRCC cells indi-
cating that the mechanism of suppression EMT may be related 
through TGF-β1 and MMP signal pathway. Previous studies 
reported that TGF-β downregulates the expression of NKG2D 
and its ligands in different tumor types. Taken together, the 
antitumor effect of TMP is a complicated process, in which the 
NKG2D‑NKG2DL signaling plays a key role.

In summary, our results suggested that TMP possess the 
activity of anti-proliferation and apoptosis induction in human 
clear cell renal cell carcinoma (ccRCC) cell lines, 786-O and 
A498 cells. Interestingly, the inhibition was more significantly 
increased in 786-O than in A498 cells. Our following studies 
indicated that the molecular mechanisms may be mediated 
through inhibition of NKG2D related signaling pathway to 
further suppress EMT progression. The binding of NKG2D 
to its ligands activates NK cells, which gives the rationale for 
studies on the utilization of TMP as a potential cancer thera-

peutic compound to increase NK cell-mediated cytotoxicity 
against high NKG2DL expressing cancer cells.
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