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Tetramethylpyrazine (TMPZ) is one of the active compounds extracted from the traditional Chinese herb Chuanxiong.
Several studies have shown its anti-cancer properties. However, its functions in lung cancer and the underlying cellular
mechanisms are relatively unknown. Our present study aimed to investigate the effects of TMPZ on A549 and 95D cells.
The MTT assay showed that TMPZ decreased cell viability in a dose- and time-dependent manner. The results of the colony
formation assay indicated that TMPZ strongly suppressed colony formation ability in A549 and 95D cells. Flow cytometric
analysis revealed that TMPZ induced S phase arrest in lung cancer cells. In addition, TMPZ induced apoptosis, as shown
by the results of propidium iodide/Annexin V double-staining. Furthermore, TMPZ decreased mitochondrial membrane
potential (A¥m) in a dose-dependent manner. Finally, western blot analysis of TMPZ-treated cells revealed the activation of
Caspase-3 and the increase of the ratio of Bax/Bcl-2. These results demonstrate that TMPZ can suppress carcinogenesis of
lung cancer cells through blocking the cell cycle and inducing mitochondria-dependent apoptosis by regulating Caspase-3
and Bax/Bcl-2, suggesting that TMPZ may be a promising drug to treat lung cancer.
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Lung cancer is one of the top ten leading causes of death
worldwide, accounting for ~13%. In recent years, traditional
cancer treatments, such as surgery, chemotherapy and radio-
therapy, have been widely applied for lung cancer treatment
[1]. However, due to high rate of invasion and metastasis of
lung cancer cells, ~15% of patients survive five years after the
diagnosis in the United States [2]. In China, lung cancer is the
most commonly diagnosed cancer and the leading cause of
cancer death in men aged 75 years or older and in women aged
60 years or older [3]. With the development of biomedical
research, scientists pay more attention to traditional Chinese
medicine for their anti-carcinogenic properties. Therefore,
it is promising to develop new therapeutic methods for lung
cancer via finding bio-active natural components in the future.

Tetramethylpyrazine (TMPZ) was one of the bioactive
natural components extracted from Chinese herb Chuanx-
iong (Ligusticum wallichii Franch) in 1973 [4]. Chuanxiong
is first described in the Chinese traditional medicine book
Shennong Bencaojing as early as 200 BC and used in many
traditional clinical treatments [5]. During recent years,
people have identified many pharmacological effects of
TMPZ. TMPZ is applied in the treatment of neurovascular

and cardiovascular diseases due to its functions of attenua-
tion of platelet aggregation, augmentation of blood volume,
inhibition of apoptosis [6], and protection against free
radicals [6-8]. TMPZ has also anti-inflammatory actions in
a rat asthma model [9]. Most interestingly, TMPZ has been
reported to have anti-carcinogenic effects in various cancers,
including breast cancer [10], ovarian cancer [11], lung
cancer [12-15], hepatocellular cancer [16], glioma [17, 18],
leukemia [19] and melanoma [20]. In lung cancer, TMPZ has
been found to affect invasion and metastasis [13, 14]. Most
recently, Zheng et al. revealed cyclooxygenase (COX)-2,
a crucial enzyme in carcinogenesis, to be a molecular target
of TMPZ [12]. In vitro treatment of A549 cells with TMPZ
resulted in a significant inhibition of invasion, associated
with reduced activities of COX-2 and MMP-2/TIMP-2 [12].
However, whether TMPZ treatment induces apoptosis of lung
cancer and the underlying mechanisms are largely unknown.

In the present study, we investigated the effects of TMPZ
on A549 and 95D lung cancer cell lines. In particular, we
examined cell proliferation, cell cycle and apoptosis of both
lung cancer cell lines and several apoptosis related proteins
which are stimulated during apoptosis.



368

H. H. HUANG, E. B. LIU, Z. RUAN, J. ZHENG, Y. . SU, ]. WANG

Materials and methods

Cell lines and culture conditions. A549 cells which
are adenocarcinomic human alveolar basal epithelial cells
and 95D cells which are isolated from a human lung giant
cell carcinoma cell line (PLA-801), a subtype of NSCLC
(Non-Small Cell lung Carcinoma) which originates from
epithelial cells of the lung were obtained from Cell Bank of
Chinese Academy of Sciences (Shanghai, China). Both of
the cell lines were maintained in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco, Grand Island, NY, USA) plus 10%
fetal bovine serum (FBS, Gibco, Grand Island, NY, USA) and
100 U/ml penicillin-streptomycin (Gibco, Grand Island, NY,
USA) at 37°C in a humidified atmosphere of 5% CO.,.

Cell proliferation assay. TMPZ was purchased from
Sigma-Aldrich Co. (St Louis, MO, USA) [21]. The effects of
TMPZ on the proliferation of A549 and 95D cells were deter-
mined using the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide (MTT) assay. In brief, the cells were
subcultured in 96-well plates at a density of 5000 cells/well.
After incubation for 24 h, the cells were treated with 0, 20,
40, 80 and 160 pmol/L TMPZ for 24, 48 and 72 h. Then 20 pl
MTT solution (5 mg/ml) was added, followed by incubation
at 37°C for additional 4 h. After the medium was removed,
100 ul acidic isopropanol (10% SDS, 5% isopropanol and
0.01 mol/L HCI) was added into each well. The optical density
of each well was measured at a wavelength of 590 nm. All
assays were performed in triplicate.

Colony formation assay. Briefly, A549 and 95D cells were
subcultured in 6 well plates at a density of 400 cells/well.
After adherence, cells were then cultured in media with 0, 2,
4 and 8 umol/L TMPZ for 48 hours in a humidified incubator
containing 5% CO, at 37 °C. After incubation for 2 weeks, the
cells were fixed with 4% PFA and stained with 0.1% crystal
violet and dried. All assays were performed in triplicate.

Cell cycle assay. For cell cycle analysis, A549 and 95D
cells were subcloned in 6 cm dishes. After incubation at 37°C
for 24 h, the cells were treated with 0, 20, 40 and 80 pmol/L
TMPZ for 48 h. The cells were then collected, washed in cold
PBS and fixed with pre-cold 75% ethanol. After digestion
using RNase, the cells were stained with propidium iodide
(PL, 1 mg/ml, Sigma-Aldrich, St Louis, MO, USA). Cell
cycle distribution was then analyzed by flow cytometry (BD
Biosciences, San Diego, CA, USA).

Apoptosis assay. Apoptosis of A549 and 95D cells was
measured by Annexin V-FITC and PI staining followed
by flow cytometry. The cells were cultured in medium
containing different concentrations of TMPZ (0, 20, 40
and 80 umol/L) for 48 h. The cells were then harvested and
washed with ice-cold PBS three times. After staining with
5ul Annexin V-FITC for 15 min in the dark, the cells were
collected and resuspended in PBS with PI (100 pg/ml). The
cells were analyzed for apoptosis using flow cytometry.

Mitochondrial membrane potential (A¥m) assay.
Rhodamine 123 (Rh123) is a cell membrane permeable,

fluorescent dye which is a lipophilic cation accumulated by
mitochondria in proportion to A¥m. Upon accumulation,
Rhodamine 123 exhibits a red shift in both its absorption
and fluorescence emission spectra. The fluorescence intensity
is quenched when the dye is accumulated by mitochondria.
A¥Ym was measured by flow cytometry with Rh123-FITC
staining. A549 and 95D cells were subcultured in a 6-well
plate. After adherence, the cells were cultured in medium
containing different concentrations of TMPZ (0, 20, 40 and
80 pmol/L) for 48 h. Cells were then washed twice with PBS
and stained with Rh123. After incubation at 37°C for 30 min
in the dark, the cells were collected and resuspended in PBS
and were analyzed immediately by flow cytometry.

Western blotting. A549 and 95D cells were subcul-
tured in a 6-well plate. After adherence, the cells were
cultured in medium containing different concentrations of
TMPZ (0, 20, 40 and 80 pmol/L) for 48 h. Cells were then
washed with ice-cold PBS and lysed in 2xSDS sample buffer
(100mM Tris-HCl (pH6.8), 10mM EDTA, 4% SDS, 10%
glycine). Equal amount of protein samples was run on the
10% SDS-PAGE gel at 50V for 3h. The proteins were then
transferred to polyvinylidene fluoride (PVDF) membrane at
300mA for 1.5h. The membrane was blocked by 1% bovine
serum albumin (BSA) in TBST at RT for 1h and incubated
with primary antibodies, anti-cleaved caspase 3 (1:1000,
Cell Signaling Technology, Danvers, MA, USA), anti-Bax
(1:1000, Cell Signaling Technology, Danvers, MA, USA),
anti-Bcl-2 (1:1000, Cell Signaling Technology, Danvers,
MA, USA), anti-p53 (1:1500, Santa Cruz Biotechnology,
CA, USA) , anti-cytochrome ¢ (1:1000, Cell Signaling
Technology, Danvers, MA, USA) and anti-B-actin (1:1000,
Cell Signaling Technology, Danvers, MA, USA) overnight at
4°C. After washing with TBST, membranes were incubated
with horseradish peroxidase-conjugated goat anti-mouse
(1:5000, Abcam, Cambridge, UK) and goat anti-rabbit
(1:5000, Abcam, Cambridge, UK) secondary antibodies for
2 h at room temperature. The membrane was washed with
TBST and signals were detected by enhanced chemilumines-
cence (Pierce, Rockford, IL, USA).

In vivo xenograft study. Six-weeks old nude mice (~18 g
body weight) were purchased from Shanghai SLAC Labora-
tory Animal Co., Ltd. (Shanghai, People’s Republic of China).
All animal treatments were approved by the Institutional
Animal Care and Use Committee of Shanghai Jiao Tong
University. A549 cells in log-phase growth were resuspended
in serum-free culture medium (at a density of 1x10° cells in
0.2 mL). Tumor xenografts were established by subcutaneous
inoculation of A549 cells into the right flank of nude mice.
Twenty-four hours later, the mice were randomly divided
into 4 groups (10 mice/group). One group was administrated
with vehicle (10% DMSO and 90% PBS) intraperitoneally
(IP) and the others were administrated with TMPZ (40, 80
and 160 mg/kg) IP in a volume of 0.2 ml every 2 days for up
to 20 days. Tumor volume was measured and estimated with
the following formula: tumor volume (mm?®) = (LxW2)/2
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(L represents the length and W represents the width of
tumors). On day 21, the tumors were removed from the mice
and weighed.

Statistical analysis. Comparisons between groups
were done using paired Student’s t test, and differences
were considered statistically significant at p<0.05. Data are
presented as mean * standard deviation (SD).

Results

TMPZ inhibits cell growth and colony formation abili-
ties of A549 and 95D cells. To investigate the potential
functions of TMPZ in lung cancer cells, we treated A549 and
95D cells using different concentrations of TMPZ (0, 20, 40,
80 and 160 umol/L) for 24, 48 and 72 h, respectively. MTT
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Figure 1. TMPZ inhibits cell growth and colony formation abilities of A549 and 95D cells. (A-B) MTT assays of cell viability of A549 (A) and 95 D
cells (B) at 24, 48 and 72 h after treatment with TMPZ (0, 20, 40, 80 and 160 pmol/L). (C, E) Representative images of crystals violet staining assays of
TMPZ (0, 2, 4 and 8 pmol/L) treated A549 (C) and 95D cells (E). (D, F) Colony numbers of TMPZ treated A549 (D) and 95D cells (F). (G) Photos of
representative tumors from each group are presented to show sizes of the tumors from different groups. (H) Tumors of different groups were weighed.
The data are expressed as the mean + SD (n = 10). (I) Tumor dimensions were periodically measured. (J) The expression levels of apoptosis-related
proteins in tumor tissues were assessed by western blot analysis. B-actin was used as the internal control. *, p<0.05, **, p<0.01. Each experiment was

repeated at least three times.
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Figure 2. TMPZ blocks cell cycle progressions of A549 and 95D cells.
(A, B) Representative graphs of flow cytometry analysis of cell cycle stag-
es of TMPZ (0, 20, 40 and 80 pmol/L) treated A549 (A) and 95 D cells
(B). (C) Statistic analysis of cells numbers in G /G,, S and G,/M stages of
TMPZ treated A549 (Left) and 95 D cells (Right). *, p<0.05, **, p<0.01.
Each experiment was repeated at least three times.

assays showed that cell viability was significantly reduced
along with increased TMPZ concentrations in both cell lines
(Figure 1A-B). There were only ~20% alive cells detected
72h after treatment with 160 pmol/L TMPZ. These results
indicate that TMPZ could significantly inhibit lung cancer
cell growth. In the proliferation assay, the viability of cells
was significantly suppressed with TMPZ incubation for
24h, 48h and 72h. Only the cells incubated for 48 h showed
a moderate inhibition. Thus, 48 h time point was chosen
for other assays in our study. Then, we analyzed the colony
formation of A549 and 95D cells treated by 0, 2, 4 and
8 umol/L TMPZ. The colony numbers of both cell lines were
decreased in a concentration dependent manner, especially
at 8 umol/L TMPZ (only ~1/4 of control cells with no TMPZ
treatment) (Figure 1C-F). The cell numbers in each colony
were also reduced accordingly (Figure 1C, 1E).

To determine the anti-tumor effect of TMPZ in vivo, we
measured the tumor volume and tumor weight in a xenograft
animal model in which mice were injected with A549 cells
and were administrated TMPZ or vehicle (10% DMSO and
90% PBS) every 2 days for up to 20 days. Figure 1G shows
the tumors from the experimental animals. The results show
that the mean weights and volumes were remarkably reduced
in mice treated with TMPZ compared with the control mice
treated with vehicle in a dose dependent manner (Figure 1H,
1I). Both in vitro and in vivo data suggest that the cell prolif-
eration ability is impaired severely by TMPZ treatment.

TMPZ blocks cell cycle progressions of A549 and 95D
cells. To find out the underlying mechanisms, we performed
flow cytometry to analyze the cell cycle of TMPZ (0, 20, 40
and 80 pmol/L) treated lung cancer cells using PI staining.
As shown in Figure 2, the cell numbers at G /G, phase were
reduced in both A549 and 95D cells, while there were more
cells detected in S phase. PI staining assay results showed
significant increase in the percentage of cells in the S phase
(29.2445.14% for 20 pmol/L TMPZ, 42.28+5.67% for
40 pmol/L TMPZ and 62.28+5.38% for 80 umol/L TMPZ vs.
24.68+4.33% in the control group in A549 cells; 20.9+5.44%
for 20 umol/L TMPZ, 27.19£5.68% for 40 pmol/L TMPZ
and 40.96+4.99% for 80 umol/L TMPZ vs. 11.57+2.18% in
the control group in 95D cells). These results indicate that
cell cycle of lung cancer cells is stuck in S phase after treat-
ment with TMPZ, which leads to cell proliferation inhibition
(Figure 2).

TMPZ induced apoptosis of A549 and 95D cells. To test
whether apoptosis is induced by TMPZ treatment in lung
cancer cells, we analyzed TMPZ (0, 20, 40 and 80 umol/L)
treated A549 and 95D cells using PI and Annexin V double
staining and flow cytometry. In normal living cells, phospha-
tidyl serine (PS) is located on the cytoplasmic surface of the
cell membrane. However, in apoptotic cells, PS is translocated
from the inner to the outer leaflet of the plasma membrane,
exposing PS to the external environment. In that case,
Annexin V binds to exposed PS on apoptotic and necrotic
cells while PI enters into late apoptotic cells and necrotic
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Figure 3. TMPZ induced apoptosis of A549 and 95D cells. (A, C) Representative graphs of flow cytometry analysis of apoptosis of TMPZ (0, 20, 40 and
80 umol/L) treated A549 (A) and 95 D cells (C). “Late” represents late apoptosis and “Early” represents early apoptosis. The percentage of cells in early
or late apoptotic state is indicated in figure. (B, D) Statistic analysis of cells numbers at different populations of TMPZ treated A549 (B) and 95 D cells
(D). PI-/Annexin V-, survival cells; PI-/Annexin V*, early apoptotic cells; PI*/Annexin V*, late apoptotic cells. *, p<0.05, **, p<0.01. Each experiment

was repeated at least three times.

cells but not into early apoptotic cells and living cells. With
increased concentrations of TMPZ, fewer surviving cells
(PI-/Annexin V-), while more apoptotic cells (Annexin V*)
were detected (Figure 3). As shown in Figure 3, TMPZ
reduced the number of surviving cells and increased the
number of early apoptotic cells in a dose-dependent manner
(22.7£3.57% for 20 umol/L TMPZ, 37.2+3.43% for 40 umol/L
TMPZ and 41.5+2.79% for 80 pmol/L TMPZ vs. 2.6+0.42%
in the control group in A549 cells; 2.9+0.88% for 20 pmol/L
TMPZ, 8.6+1.82% for 40 pmol/L TMPZ and 24.4+1.41%

for 80 umol/L TMPZ vs. 1.7+0.42% in the control group in
95D cells). In particular, most of the apoptosis in A549 and
95D cells occurred at early stage (PI/Annexin V*) (~40% for
80 umol/L TMPZ treated A549 cells and ~25% for 80 pmol/L
TMPZ treated 95D cells). These results suggest that TMPZ
induces apoptosis in lung cancer cells.

TMPZ leads to loss of A¥m in A549 and 95D cells.
Mitochondria play an important role in the regulation of
apoptosis, and apoptosis mediated by this pathway is often
associated with the decrease of AYm. In order to investigate
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whether mitochondrial membrane integrity is damaged by
treatment with TMPZ, we therefore used flow cytometry to
determine the effect of TMPZ on mitochondrial membrane
integrity using the fluorescent dye Rh123, which could stain
intact mitochondria. As shown in Figure 4, most untreated
A549 and 95D cells showed high Rh123 signals, while dose-
dependent decreases of AYm were detected in TMPZ treated
cells. These results indicate that most lung cancer cells have
intact mitochondria membrane and TMPZ treatment leads
to loss of A¥m. Consistent with the results of PI/Annexin
V staining (Figure 3), ~40% of A549 and 95D cells treated
with 80 pmol/L TMPZ were Rh123 negative cells, which
are supposed to be apoptotic cells (Figure 4). These results
indicate that TMPZ induces mitochondria-dependent
pathway of apoptosis.

TMPZ upregulates cleaved Caspase 3 and Bax/Bcl2
expressions in A549 and 95D cells. It is well known that
proteins in the caspase family and Bcl-2 family play impor-
tant roles in the apoptotic process. We then analyzed the

expression of apoptosis related proteins by western blotting.
As shown in Figure 5, more cleaved Caspase 3 and Bax were
detected while the expression of Bcl-2 decreased remarkably
in TMPZ treated A549 and 95D cells. Treatment with TMPZ
also increased the levels of p53 and cytosol cytochrome ¢ in
a dose-dependent manner, which may be responsible for the
TMPZ-induced apoptotic tendency in A549 and 95D cells.
When we explored the mechanisms by which TMPZ exerts
its effects on lung cancer in a xenograft animal model, the
results were in accordance with those from the in vitro exper-
iments (Figure 1]). These results suggest that TMPZ upregu-
lates the apoptosis related proteins, such as cleaved Caspase 3
and the ratio of Bax/Bcl2, in lung cancer cells.

Discussion

TMPZ, as a bioactive component of Chuanxiong, has
been applied in different types of cancers, and displays anti-
carcinogenic properties. In the present study, we mainly
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Figure 4. TMPZ leads to loss of AWm in A549 and 95D cells. (A, C) Representative graphs of flow cytometry analysis of AYm of TMPZ (0, 20, 40 and 80
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focused on apoptosis of lung cancer cells induced by TMPZ,
using two lung cancer cell lines, A549 and 95D cells. TMPZ
could arrest cell cycle progression and induce mitochondria
dependent apoptosis through upregulation of Caspase-3 and
Bax/Bcl-2, which leads to reduced cell viability and impaired
colony formation ability.

Zheng et al. [12] showed the in vitro inhibitory effect of
TMPZ on lung cancer A549 cell proliferation, invasion and
metastasis. The expression of COX-2 is inhibited in TMPZ
treated A549 cells [12]. Previous studies showed that silencing
or suppression of COX-2 leads to increased apoptosis in
breast cancer, bladder cancer and gastric cancer cells [22-24].
Other studies found that induction of apoptosis by TMPZ is
associated with the activation of the ROS/AMPK pathway
in gastric cancer cells [25] and down-regulation of NF-kB
in osteosarcoma cells [26]. Thus, TMPZ might regulate
apoptosis through regulating COX-2 or other pathways. The
detailed mechanisms of TMPZ induced apoptosis in lung
cancer need further studies.

Most recently, using a A549 xenograft tumor mouse
model, Jia et al. [27] found that TMPZ could suppress angio-
genesis and tumor growth of lung cancer in vivo. Consis-
tent with previous reports [12], our studies confirmed that
the cell proliferation was significantly inhibited by TMPZ in
a time- and dose-dependent manner (Figure 1). Cell cycle
was arrested in S-phase in TMPZ treated A549 and 95D cells
(Figure 2). TMPZ treatment significantly inhibits CD31,
phosphorylated Smad1/5/8 and Id-1 expression in xenograft
tumors. BMP/Smad signaling pathway regulates cell prolif-
eration in tumor cells [27]. TMPZ was also found to suppress
osteosarcoma cell proliferation through upregulating
cytosolic NF-xB p65 and downregulating nuclear NF-kB
p65, Bcl-2 and cylcin D1 [26]. TMPZ might affect tumor
cell growth via regulating multiple pathways. The underlying
mechanisms still need to be investigated in further study.

In order to detect the proliferative capacity of cells treated
with different concentrations of TMPZ, the colony forma-
tion assay which is an effective method for the determina-
tion of single cell proliferation capacity was employed in
this research. The basic principle of this assay is that a single
cell continues to proliferate for more than six generations in
vitro and becomes a clone containing more than 50 cells. We
found that colony numbers and sizes of both cell lines were
reduced dramatically after treatment with TMPZ, suggesting
that the cell proliferative capacity was largely suppressed by
TMPZ treatment.

The mitochondrial pathway of apoptosis is one of the key
safeguards against carcinogenesis and a promising therapeutic
target in cancer [28-30]. TMPZ treatment causes early-stage
apoptosis and loss of A¥Ym in A549 and 95D cells (Figures 3
and 4), indicating that TMPZ leads to mitochondria-
dependent apoptosis in lung cancer cells. In mitochondria-
dependent apoptosis, Bcl-2 functions as one of the anti-
apoptotic effectors and Bax as one of the pro-apoptotic
effectors of cell death [31, 32]. The up-regulation of Bcl-2
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Figure 5. TMPZ upregulates cleaved Caspase 3 and Bax/Bcl2 expres-
sions in A549 and 95D cells. The expression of p53, cytosol cytochrome c,
cleaved Caspase-3, cleaved Caspase-9, PARP, Bax and Bcl-2 were detected
using western blotting in TMPZ (0, 20, 40 and 80 pmol/L) treated A549
(Left) and 95 D cells (Right). f-actin was used as the internal control.

is usually a common feature in cancer [28]. Bcl-2 controls
the integrity of the outer membranes of mitochondria. Its
interactions with Bax disrupt the mitochondria membrane
through mitochondrial outer membrane permeabilization
[33]. Then proteins in the mitochondrial intermembrane
space enter the cytosol and cause the activation of caspases,
such as Caspase-3 which is a frequently activated death
protease during apoptosis [34]. In TMPZ treated A549 and
95D cells, expression of Bcl-2 was high in untreated cells and
decreased significantly in a dose-dependent manner, while
Bax levels increased. As predicted, the active Caspase-3 is
also upregulated after TMPZ treatment in a dose-dependent
manner (Figure 5). Thus, TMPZ could regulate Bax/Bcl-2
expression to modulate Caspase-3 activity and mitochon-
dria-dependent apoptosis in lung cancer cells.

TMPZ is well-known for its protective effect on myocar-
dial ischemia-reperfusion injury (MIRI) [35]. In contrast to
what we found in tumor cells, studies showed that TMPZ
inhibits apoptosis and protects myocardial cells and PC12
cells [36, 37]. It has also been reported that TMPZ improved
neurovascular recovery by protecting retinal astroglia
cells and neurons from ischemia-induced cell death due
to its downregulation of HIF-1 and VEGF expression [6].
However, TMPZ induced apoptosis via mitochondrial
pathway of apoptosis in treatment of lung cancer cells in
our research. These controversial conclusions from different
groups may partially be due to the different cell models used
in the research. However, the different functions of TMPZ in
lung cancer cells and avascular retina still need to be further
investigated.

In conclusion, our studies confirm that TMPZ can suffi-
ciently suppress lung cancer cells, such as A549 and 95D cells,
proliferation and colony formation. Cell cycle progression is
impaired by treatment with TMPZ. We demonstrate for the
first time that TPMZ could induce apoptosis in lung cancer
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cells via mitochondria-dependent pathway and stimulation
of Caspase-3 and Bax/Bcl-2. Our studies shed new light on
the mechanisms underlying anti-carcinogenic functions
of TMPZ and confirm that TMPZ is a promising bioactive
component for lung cancer therapy.
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