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Inhibition of EGFR autophosphorylation plays an 
important role in the anti-breast cancer efficacy of 
the dithiocarbamate derivative TM208 
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Aim: To investigate the effects of a novel dithiocarbamate derivative TM208 on human breast cancer cells as well as the pharmacoki-
netic characteristics of TM208 in human breast cancer xenograft mice. 
Methods: Human breast cancer MCF-7 and MDA-MB-231 cells were treated with TM208 or a positive control drug tamoxifen.  Cell pro-
liferation was examined using SRB and colony formation assays.  Cell apoptosis was analyzed with Annexin V-FITC/PI staining assay.  
Protein expression was examined with Western blot, ELISA and immunohistochemical analyses.  MCF-7 breast cancer xenograft nude 
mice were orally administered TM208 (50 or 150 mg·kg-1·d-1) or tamoxifen (50 mg·kg-1·d-1) for 18 d.  On d 19, the tumors were collected 
for analyses.  Blood samples were collected from the mice treated with the high dose of TM208, and plasma concentrations of TM208 
were measured using LC-MS/MS.
Results: Treatment of MCF-7 and MDA-MB-231 cells with TM208 dose-dependently inhibited the cell proliferation and colony formation 
in vitro (the IC50 values were 36.38±3.77 and 18.13±0.76 μmol/L, respectively).  TM208 (20–150μmol/L) dose-dependently induced 
apoptosis of both the breast cancer cells in vitro.  In MCF-7 breast cancer xenograft nude mice, TM208 administration dose-depend-
ently reduced the tumor growth, but did not result in the accumulation of TM208 or weight loss.  TM208 dose-dependently inhibited 
the phosphorylation of EGFR and ERK1/2 in both the breast cancer cells in vitro as well as in the MCF-7 xenograft tumor.
Conclusion: Inhibition of EGFR autophosphorylation plays an important role in the anticancer effect of TM208 against human breast 
cancer.

Keywords: breast cancer; dithiocarbamate; TM208; tyrosine kinase inhibitor; EGFR; ERK1/2; phosphorylation; tumor xenograft nude 
mice
 
Acta Pharmacologica Sinica (2014) 35: 239–247; doi: 10.1038/aps.2013.156; published online 30 Dec 2013

Original Article

Introduction
The epidermal growth factor receptor (EGFR) is a member 
of the ErbB receptor family of tyrosine kinases (TKs) that is 
overexpressed in a variety of human solid tumors, such as 
breast cancer and non-small cell lung cancer[1, 2].  When bound 
to its ligand (either epidermal growth factor or transforming 
growth factor α), the kinase domain is activated and generates 
phosphorylated EGFR (p-EGFR), which results in a signaling 
cascade that produces diverse effects, such as cell migration, 
maturation and inhibition of apoptosis[3].  Deregulation of 

EGFR expression and signaling is well documented and has 
been shown to contribute to disease recurrence and metastasis 
in many types of cancer, including breast cancer[4, 5].  
The Ras-Raf-MAPK (mitogen-activated protein kinase) path-
way is one of the major downstream signaling routes of the 
ErbB/HER (human epidermal growth factor receptor) fam-
ily[6].  Following EGFR activation and consecutive TK phos-
phorylation, the downstream MAPK pathway is activated[7], 
leading to the induction of cell proliferation and migration[8].  
Trastuzumab, a humanized monoclonal antibody of HER2, 
and lapatinib, a small molecular inhibitor of EGFR, have been 
approved by the FDA for the treatment of HER2-overexpress-
ing breast cancers[9].  Some published data also show that 
EGFR signaling is required for the self-renewal of cancer cells 
in mammospheres[10], and treatment with lapatinib decreases 
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the percentage of chemotherapy-resistant CD44+/CD24–/low 
tumorigenic stem cells in breast cancer patients[11], suggesting 
that the inhibition of the EGFR pathway may provide a thera-
peutic strategy for eliminating these breast cancer stem cells, 
thus decreasing the recurrence and improving long-term sur-
vival.

Dithiocarbamates, a type of fungicide, are widely used in 
agriculture due to their low price and effectiveness.  Dithio-
carbamates have antibiotic and anti-inflammatory proper-
ties and can remove nitrogen monoxide from the body, as 
well as chelate heavy metals in the body[12–15].  Additionally, 
dithiocarbamates can be used to prevent or treat cancer[16, 17].  
Recently, a series of new dithiocarbamate derivatives was syn-
thesized[18–20], including 4-methyl-piperazine-1-carbodithioc 
acid 3-cyano-3,3-diphenylpropyl ester hydrochloride (TM208, 
Figure 1).  Results from previous studies indicated that TM208 
can significantly inhibit the growth of transplanted hepatocel-
lular carcinomas and gastric carcinomas in nude mice with 
low toxicity, possibly by inhibiting the Ras-Raf-MAPK path-
way[21, 22].  However, the effect of TM208 on EGFR signaling 
was not investigated in previous studies.  Additionally, the 
anti-breast cancer effect of TM208, as well as its correspond-
ing mechanism of the inhibition, have not yet been studied in 
breast cancer.

The purpose of this study was to investigate the inhibition 
of TM208 on breast cancer cells in vitro and in vivo, and more 
importantly, to achieve a better understanding of the poten-
tial role of p-EGFR inhibition in breast cancer treatment using 
TM208.  To accomplish this, we first examined the effects of 
TM208 on cell proliferation and apoptosis in the MCF-7 and 
MDA-MB-231 cell lines in vitro.  We then evaluated its anti-
tumor effects in MCF-7 xenograft tumors in vivo.  Lastly, we 
investigated the effects of TM208 on EGFR/ERK1/2 signaling 
in both the breast cancer cell lines and the xenograft tumors.  
Tamoxifen (Tam) was used as a positive control to measure 
the anti-breast cancer effects of TM208 in vitro and in vivo.

Materials and methods
Drugs and reagents
TM208 (>99.5%) was provided by Prof Run-tao LI (Peking 
University)[23].  Tam was purchased from Lanospharma Labo-
ratories Co Ltd (Chongqing, China).  Sulforhodamine B (SRB) 
was obtained from Sigma-Aldrich (Sheboygan, WI, USA).  
RPMI-1640 and DMEM media were obtained from Macgene 
Biotech Co, Ltd (Beijing, China), and fetal bovine serum (FBS) 
was purchased from Gibco (Grand Island, NY, USA).  Primary 

antibodies against phospho-EGFR (Try1068), EGFR, phospho-
p44/42 MAPK (p-ERK1/2) and p44/42 MAPK (ERK1/2) and 
horseradish peroxidase-conjugated anti-mouse secondary 
antibodies were obtained from Cell Signaling Technology 
(Danvers, MA, USA).

Cell culture
The MCF-7 cell line was provided by Prof Wan-liang LU 
(Peking University).  The MDA-MB-231 cell line was obtained 
from the Cell Bank of the Cancer Institute and Hospital, Chi-
nese Academy of Medical Science.  MCF-7 and MDA-MB-231 
cells were cultured in RPMI-1640 and DMEM medium, respec-
tively, supplemented with 10% FBS, 100 U/mL penicillin and 
100 μg/mL streptomycin.  All cells were maintained at 37 °C 
in a 5% CO2 atmosphere.

Animals
The female BALB/c nude mice (5–6 weeks old) were pro-
vided by Beijing Vital Laboratory Animal Technology (Beijing, 
China).  Animal procedures were approved by the Department 
of Laboratory Animal Science of Peking University Health 
Science Center (Beijing, China).  The nude mice were housed 
under standard temperature (25–28 °C), humidity (50%–60%) 
and light (12 h light/12 h dark) conditions with free access to 
food and water before being used in this study.

Cell proliferation and viability assays in vitro
The inhibition of proliferation was evaluated using the SRB 
colorimetric assay in the breast cancer cell lines.  Briefly, 
MCF-7, and MDA-MB-231 cells in the exponential growth 
phase were seeded in 96-well microplates at a density of 1×104 
cells/well.  After 24 h of incubation to allow for sufficient cell 
adhesion, the cells were treated for 48 h with TM208 (0.2–150 
μmol/L) or Tam (0.2–100 μmol/L) in 6 replicate wells for each 
drug concentration.  DMSO was used as a vehicle control.  
After treatment for 48 h, the cells were then fixed with cold 
10% (w/v) trichloroacetic acid at 4 °C for 1 h.  The plates were 
then washed with tap water, stained with 0.4% SRB (w/v, in 
1% acetic acid), and washed with 1% acetic acid.  The protein-
bound dye was subsequently dissolved in 10 mmol/L Tris, 
and the absorbance was read at 540 nm on an IMAK micro-
plate reader (Bio-Rad Laboratories, Hercules, CA, USA).  The 
final DMSO concentration in each well was less than 1% (v/v).  
The growth inhibitory IC50 values for TM208 in the two cell 
lines were determined according to a published protocol[24].  
The percentage of cell survival was calculated using the for-
mula: Percentage of cell survival=ODtreated/ODcontrol×100%.

Colony formation assay
MCF-7 and MDA-MB-231 cells were seeded in 10-cm dishes 
at a density of 1×104 cells/plate.  From d 2 to d 8, the medium 
was changed daily, and the cells were treated with TM208 at 
concentrations of 0, 20, 50, or 150 μmol/L.  The cultures were 
then fixed with methanol and stained with 0.5% w/v crystal 
violet dissolved in 25% methanol.  Colonies were defined by 
clumps that consisted of more than 50 cells.

Figure 1.  The chemical structure of TM208.
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Cell apoptosis detection
MCF-7 and MDA-MB-231 cells were seeded in 25-cm2 culture 
flasks at a density of 3×105 cells/flask.  After incubation with 
different concentrations of TM208 (20, 50, or 150 μmol/L) for 
24 h, the cells were washed twice with cold PBS.  The cells 
were collected by centrifugation at 2000 r/min for 5 min 
and were resuspended in 1×binding buffer; 5 μL of Annexin 
V-FITC and 5 μL of propidium iodide (PI) staining solution 
(BD Pharmingen, San Diego, CA, USA) were added into a 
5-mL culture tube containing 100 μL of the cell suspension, 
followed by incubation for 15 min in the dark at room tem-
perature (25 °C).  Finally, the cells were suspended in 400 μL 
1×binding buffer and were analyzed within 1 h using a FAC-
SCalibur flow cytometer (Becton-Dickinson, San Jose, CA, 
USA).

Tumor xenograft model
MCF-7 cells (2×106) were suspended in 200 μL of PBS (pH 
7.4) and were inoculated subcutaneously into the second 
mammary fat pads of the nude mice.  The tumor diameter 
was measured using vernier calipers and was converted to 
tumor volume using the formula 1/2×A×B2, where A is the 
larger diameter, and B is the smaller diameter.  Treatment was 
started when the average tumor volume reached 150 mm3.

Tumor growth inhibition assay
Xenograft mice were randomly divided into five groups 
with four mice in each group.  TM208 was dissolved in 15% 
hydroxypropyl-β-cyclodextrin aqueous solution and was 
administered by intragastric gavage at a dosage of 50 or 150 
mg·kg-1·d-1 .  The blank control group received only the vehicle 
solution, whereas the positive control group received 50 
mg·kg-1·d-1  Tam.  Tumor size and body weight were measured 
every three days.  After 18 d of treatment, the animals were 
euthanized by cervical displacement.  The tumors were col-
lected after the final treatment and were frozen at -80 °C until 
use.

Pharmacokinetic study
Tumor-bearing nude mice received intragastric administra-
tion of TM208 at 150 mg/kg at 9:00 AM daily, and blood 
samples were obtained at 0, 0.5, 1, 4, 10, 24, 36, 48, 120, 192, 
264, 336, 408, 409, 418, and 432 h from three mice at each time 
point.  The serum concentrations of TM208 were determined 
using the previously established LC-MS/MS method[25].  Data 
processing was performed with DAS software (version 2.1.1, 
Drug and Statistics, Mathematical Pharmacology Professional 
Committee of China, Shanghai, China).

Western blot analysis
To investigate the effect of TM208 on EGFR/ERK1/2 signaling 
pathway in vitro, the MDA-MB-231 and MCF-7 cells were incu-
bated with 20 μmol/L and 50 μmol/L TM208, respectively, 
or the vehicle control for 2 h.  The cells were then harvested 
using 0.25% trypsin-EDTA solution (Sigma-Aldrich, St Louis, 
MO, USA), washed with PBS (pH 7.4), and homogenized in 

ice-cold RIPA cell lysis buffer (50 mmol/L Tris, pH 7.4, 150 
mmol/L NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% 
SDS, protease inhibitor and 1 mmol/L phenylmethanesulfonyl 
fluoride).  The homogenates were then centrifuged at 12 000×g 
for 30 min; the supernatants were collected, and their protein 
concentrations were determined with a BCA protein assay kit 
(Beyotime Biotechnology, Haimen, China).

The tumor-bearing mice were treated with 50 or 150 
mg·kg-1·d-1 TM208 for 18 d.  On d 19, the tumors were collected 
and were homogenized in 50 mmol/L Tris buffer (pH 7.4) 
containing 0.25 mol/L sucrose, 3 mmol/L β-mercaptoethanol 
and 0.02% (v/v) Tween-20.  All homogenates were centrifuged 
at 40 000×g for 1 h at 4 °C, and the protein concentrations of the 
cytosol were determined using the BCA protein assay kit used 
above.  Cytosol aliquots were collected and stored at -80 °C.  
For each treatment group, an equal amount of cytosolic pro-
tein from each tumor was combined for Western blot analysis.

Total protein (50 μg) was separated by 12% SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE) and was transferred to 
PVDF membranes (Pierce, Rockford, IL, USA).  The following 
primary antibodies were used: p-EGFR (1:500), EGFR (1:1500), 
p-ERK (1:2000), and ERK (1:2000).  A horseradish peroxidase-
conjugated anti-mouse antibody (1:6000) was used as a sec-
ondary antibody.  The membrane was developed using the 
Supersignal Ultra reagents (Pierce, Rockford, IL, USA).  The 
densitometric quantification of the protein bands was deter-
mined using the ChemiDoc XRS+System (Bio-Rad Laborato-
ries, Hercules, CA, USA).  Three animals were used for each 
treatment group, and each experiment was repeated three 
times.

Quantitative measurement of p-EGFR in the tumor samples
Xenograft mice were randomly divided into three groups: 
the vehicle-control group, the single-dose group and the 
continuous-dose group.  For the single dose group, nude mice 
received a single administration of 150 mg/kg TM208 when 
the average tumor size reached 50 mm3, and the tumors were 
collected before administration (0 h) and at 1, 10, and 24 h 
after dosing; 3 mice were examined at each time point.  Alter-
natively, the tumor-bearing mice of the other two groups were 
treated with the vehicle solution or 150 mg·kg-1·d-1 TM208.  
The tumors were collected at 0, 3, 6, 9, and 12 d, and 3 mice 
were examined at each time point for each group.  These 
tumors were washed in ice-cold saline and snap-frozen.  All 
tumors were cut into small pieces and sonicated for 25 s in 
ice-cold PBS (pH 7.4).  The tumor lysates were centrifuged at 
12 000×g for 30 min at 4 °C, and then the supernatants were 
collected.  The concentration of p-EGFR in 100 μg of total pro-
tein extract was measured using a human p-EGFR ELISA kit 
(Beijing Puli Zhicheng Biotechnology Co, Ltd, Beijing, China).  

Immunohistochemical (IHC) staining
After the paraffin sections of the tumors were deparaffinized, 
rehydrated and washed with PBS (pH 7.4), antigen retrieval 
was performed by boiling the sections in 10 mmol/L sodium 
citrate buffer (pH 6.0) in a microwave for 4 min.  The endog-
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enous peroxidase activity was quenched by placing the slides 
in 3% hydrogen peroxide in methanol.  The slides were then 
blocked with 3% BSA-PBS followed by incubation with a 1:425 
dilution of the p-EGFR antibody (Cell Signaling Technology, 
Danvers, MA, USA) overnight at 4 °C.  Thereafter, detection 
was performed using a biotin-conjugated secondary antibody 
and a streptavidin-horseradish peroxidase conjugate (SA-
HRP), followed by colorimetric detection using diaminobenzi-
dine (DAB).  The sections were counterstained with hematoxy-
lin and were stabilized with mounting medium.

Statistical analysis
When applicable, the results are presented as the mean±SD.  
One-way analysis of variance (ANOVA) was used to deter-
mine the significance among the groups, and post hoc tests 
with Bonferroni’s correction were used for multiple com-
parisons among the individual groups.  The differences were 
considered statistically significant when P<0.05.  Statistical 
analyses were performed using GraphPad Prism 5.0 software 
(GraphPad Software Inc, La Jolla, CA, USA).

Results 
Effects of TM208 on cell proliferation and apoptosis
TM208 inhibited the proliferation of MCF-7 and MDA-MB-231 
cells (Figure 2A).  The inhibitory effects of TM208 gradually 
enhanced as the concentration increased, achieving a maxi-
mal inhibition of 66% (MCF-7) and 89% (MDA-MB-231) at 
the maximum concentration.  The IC50 values of TM208 in the 
MCF-7 and MDA-MB-231 cells were 36.38±3.77 μmol/L and 
18.13±0.76 μmol/L, respectively.  In the MCF-7 and MDA-
MB-231 cells, Tam exhibited a maximum inhibition rate of 97% 
and 93%, respectively, with IC50 values of 22.45±2.36 μmol/L 
and 5.70±0.79 μmol/L, respectively.  Additionally, TM208 
showed significant inhibitory effects on colony formation in 
both cell lines in a dose-dependent pattern (Figure 2B).  The 
number of colonies under the control conditions increased 
exponentially as a function of time, whereas TM208 caused a 
complete stagnation in the number of living cells.  

Annexin V-FITC/PI double-labeled flow cytometry was 
used to assess the percentage of apoptotic MCF-7 and MDA-
MB-231 cells after TM208 treatment (Figure 2C).  MCF-7 and 
MDA-MB-231 cells were treated with 20, 50, or 150 μmol/L 
TM208 for 24 h.  The total apoptotic percentage was the sum 
of the early apoptotic and late apoptotic percentages.  The 
apoptosis rates for the MCF-7 cells treated with 20, 50, and 150 
µmol/L were 7.60%±0.49%, 19.22%±1.00%, and 25.69%±0.86%, 
respectively, which were significantly higher than that of the 
vehicle control group (5.91%±0.28%).  The apoptosis rates for 
the MDA-MB-231 cells treated with 20, 50, and 150 µmol/L 
were 24.42%±3.07%, 39.70%±5.90%, and 49.32%±7.62%, respec-
tively, which were also higher than that of the vehicle control 
group (4.60%±1.58%).  Altogether, these results demonstrate 
the ability of TM208 to inhibit cell proliferation and to induce 
apoptosis in the MCF-7 and MDA-MB-231 cell lines.

Anti-tumor effects and pharmacokinetic characteristics of 
TM208 in vivo
The effects of TM208 on the in vivo growth of MCF-7 breast 
cancer cells in a xenograft model are shown in Figure 3.  The 
Tam treated group was regarded as the positive control group.  
As shown in Figure 3A, the inhibition of tumor growth by a 
low TM208 dosage (50 mg·kg-1·d-1) was similar to that of Tam, 
and the high dosage TM208 treatment (150 mg·kg-1·d-1) caused 
a significant inhibition in tumor growth compared to the 
vehicle-treated controls and the Tam-treated group.  The body 
weights of the TM208-treated mice were similar to those of the 
vehicle-treated mice (Figure 3B), indicating that TM208 inhib-
its the growth of MCF-7 xenograft tumors while conferring 
low toxicity.

The plasma concentrations of TM208 over time after treat-
ment with 150 mg·kg-1·d-1 are illustrated in Figure 3C.  The 
major pharmacokinetic parameters were estimated from the 
first administration: 1.0±0.0 h (Tmax); 5056.9±2721.3 µg·h/L 
(AUC(0~t)); 4.4±0.4 h (MRT); 39.4±28.0 L/(h·kg) (CL); 221.4±80.9 
L/kg (Vd); and 4.5±1.3 h (t1/2).  The Cmax of the first and the 
last administration were 885.0±207.0 and 1228.3±762.1 ng/ml, 
respectively, and no significant difference was found between 
these groups.  The detected trough concentrations of TM208 
were almost unchanged during the whole period of adminis-
tration.  The results indicate that continuous administration 
did not result in the accumulation of TM208 in the tumor-
bearing mice.

TM208 significantly inhibited the phosphorylation of EGFR and 
ERK1/2 in vitro and in vivo
As shown in Figure 4A and 4B, treatment with TM208 inhib-
ited the expression of p-EGFR and p-ERK1/2 in a dose-
dependent manner in both the MCF-7 and MDA-MB-231 cell 
lines; however, TM208 treatment did not significantly change 
the expression levels of total EGFR and ERK1/2.  Western 
blot analysis showed that the phosphorylations of EGFR and 
ERK1/2 were also inhibited by TM208 in the tumor tissues of 
the MCF-7 tumor bearing nude mice (Figure 4C).  The inhibi-
tory trends of p-EGFR and p-ERK in the tumor tissues were 
consistent with the in vitro results, and the p-EGFR and p-ERK 
signals were weaker in the tumors than those in the MCF-7 
and MDA-MB-231 cells.  

ELISA analysis quantitatively revealed the concentrations 
of p-EGFR over time following a single dose or continuous 
administration of TM208 (Figure 4D and 4E).  After a single 
dose of TM208, the inhibitory effect peaked at 10 h and then 
weakened gradually, but the p-EGFR concentration at 24 h 
was still lower than the initial level (Figure 4D).  After con-
tinuous administration of TM208, the p-EGFR level decreased 
gradually over time until d 9, when the concentration stabi-
lized.  In contrast, the p-EGFR concentrations of the vehicle 
treatment group remained at a high level on d 0, 3, 6, 9, and 12, 
with values of 19.20±1.07, 18.58±0.36, 19.40±1.61, 20.51±1.61, 
and 20.04±0.28 ng/mL, respectively (Figure 4E).  IHC staining 
showed that p-EGFR expression in the tumor tissues of the 
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Figure 2.  The effects of TM208 on the proliferation and apoptosis of breast cancer cells.  (A) Cell proliferation was evaluated using the sulforhodamine 
B (SRB) assay.  MCF-7 (left) and MDA-MB-231 (right) cells were treated with TM208 or Tam (positive control) at the indicated concentrations for 48 h 
before cell proliferation was measured.  The data points are the mean±SD (n=6).  (B) Effects of TM208 on the colony formation of MCF-7 (left) and MDA-
MB-231 (right) cells.  MCF-7 and MDA-MB-231 cells were seeded at a density of 1×104 cells per 10 cm dish.  After treatment with TM208 at varying 
concentrations (20, 50, and 150 μmol/L) for 24 h, the medium was replaced with fresh medium.  Eight days after the initial treatment, the colonies 
were stained and counted.  The results are presented as the mean±SD (n=3).  bP<0.05, cP<0.01 vs vehicle.  (C) The apoptotic percentage of TM208 in 
MCF-7 (left) and MDA-MB-231 (right) cells were analyzed using flow cytometry.  The numbers in the respective quadrant profiles indicate the percentage 
of apoptotic cells.  Each bar corresponds to the mean±SD of three independent experiments (n=3).  cP<0.01 vs vehicle.
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mice decreased in a dose-dependent manner after treatment 
with TM208 (Figure 4F); p-EGFR protein expression is repre-
sented by the brown staining.

Discussion
TM208 treatment inhibited the proliferation of the MCF-7 
and MDA-MB-231 cell lines and remarkably suppressed the 

colony formation of the two breast cancer cell lines (Figure 
2A and 2B).  The results of the apoptosis analysis indicated 
that TM208 induced apoptosis in a dose-dependent manner 
(Figure 2C).  Treatment with 150 μmol/L TM208 resulted in 
25.69%±0.86% and 49.32%±7.62% apoptosis in the MCF-7 cells 
and MDA-MB-231 cells, respectively, which were significantly 
higher than that of the control groups.  These results suggest 
that the induction of apoptosis may be a result of the inhibi-
tion of p-EGFR signaling[3], and that this inhibition plays an 
important role in the anti-tumor activity of TM208.  

Western blot analysis showed that TM208 resulted in the 
remarkable reduction in both the p-EGFR and p-ERK1/2 levels 
in a dose-dependent manner, but the expression of total EGFR 
and ERK1/2 remained unchanged in each cell line (Figure 4A 
and 4B).  Additionally, TM208 also significantly decreased the 
level of upstream p-EGFR protein, resulting in a maximum 
inhibition of approximately 50% in the tumor (Figure 4C), 
which was consistent with results of the immunohistochemical 
staining (Figure 4F).  Our results indicate that TM208 exerts its 
effect on the topmost member of the EGFR signaling pathway, 
resulting in the inhibition of EGFR phosphorylation.  This 
indicates that the other downstream signaling routes of the 
EGFR family, such as the PI3K/Akt pathway and the STAT 
pathway, may be inhibited by TM208[26].  Moreover, EGFR is 
also expressed in breast cancer stem cells and even in many 
EGFR-negative breast tumors[10, 11], suggesting that the inhibi-
tion of EGFR signaling by TM208 may impact the growth of 
cancer stem cells and suppress cancer relapse.

The SRB assay showed that the IC50 values of TM208 in the 
MCF-7 and MDA-MB-231 cells were 36.38±3.77 μmol/L and 
18.13±0.76 μmol/L, respectively, suggesting that the inhibition 
of proliferation in the MCF-7 cells by TM208 was weaker than 
that of the MDA-MB-231 cells (Figure 2A).  Furthermore, the 
TM208-mediated inhibition of colony formation and induction 
of apoptosis in the MDA-MB-231 cells was accordingly more 
significant than that in the MCF-7 cells.  This may be because 
MCF-7 cells express low levels of EGFR, whereas EGFR is 
highly expressed in MDA-MB-231 cells[27]; MCF-7 cells are less 
sensitive to TM208 than MDA-MB-231 cells due to the inhibi-
tion of p-EGFR, and our results also show that the total EGFR 
protein expression in MCF-7 cells was less than that in the 
MDA-MB-231 cells.

Because the IC50 values of Tam were smaller than those of 
TM208, TM208 was weaker than Tam in inhibiting the prolif-
eration of the two cell lines in vitro (Figure 2A).  However, on 
d 18 of treatment with TM208 or Tam, the mean tumor volume 
in the mice treated with 50 mg/kg TM208 was similar to that 
of the Tam-treated group of the same dose (Figure 3A).  This 
indicates that TM208 is at least comparable with Tam in exert-
ing anti-tumor effects in MCF-7 xenograft mice.  Although 
Tam has been used as a gold standard to antagonize the estro-
gen receptor in breast tissue, it has no effect on p-EGFR[28, 29].  
Therefore, Tam was not used as a positive control in the mech-
anistic studies.  

Cancer is a multifactorial disease, and tumor formation and 
progression are the results of different signaling pathways[30-32].  

Figure 3.  The effects of TM208 on the growth of MCF-7 xenograft tumors 
and the pharmacokinetic characteristics of TM208 in tumor-bearing 
mice.  (A) Growth kinetics of the MCF-7 xenograft tumors in the tumor-
bearing mice that received the vehicle, TM208 or Tam (positive control) 
daily.  The results are presented as the mean±SD (n=4).  bP<0.05 vs 
vehicle.  (B) Body weight changes of the tumor-bearing mice that received 
the daily vehicle, TM208 or Tam (positive control) treatments.  (C) The 
concentration of TM208 over time after its intragastric administration in 
the tumor-bearing mice at a dosage of 150 mg·kg-1·d-1  (n=3).
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We also found that TM208 could remarkably induce the 
mRNA and protein expression of estrogen sulfotransferase 
(EST), leading to a significant increase in its enzymatic activity 
in both the tumor tissue and the liver of the MCF-7 xenograft 
mice.  Considering that excessive estrogen can be inactivated 
by sulfation via EST[33, 34], we anticipated that the inhibition of 

p-EGFR and the induction of EST may contribute to the anti-
breast cancer properties of TM208, and further studies are 
required to determine whether there are other mechanisms, 
such as anti-estrogen activity, contributing to the anti-breast 
cancer properties of TM208.

We found that the mean p-EGFR levels in the breast tis-

Figure 4.  TM208 inhibited the phosphorylation of EGFR and ERK1/2 in vitro and in vivo.  (A) TM208 reduced the expression of p-EGFR (left) and p-
ERK1/2 (right) in the MDA-MB-231 cell line.  (B) TM208 reduced the expression of p-EGFR (left) and p-ERK1/2 (right) in the MCF-7 cell line.  (C) West-
ern blot analysis revealed the inhibition of EGFR phosphorylation (left) and ERK1/2 phosphorylation (right) in the MCF-7 xenograft tumors treated with 
TM208 (50 and 150 mg/kg).  The expression levels of EGFR and ERK1/2 were included as loading controls.  Each bar corresponds to the mean±SD 
of three independent experiments (n=3).  bP<0.05, cP<0.01 vs vehicle.  (D) Time course analysis of p-EGFR concentrations in the tumors of the MCF-7 
xenograft mice treated with 150 mg/kg TM208 for 24 h.  bP<0.05 vs 0 h.  (E) Time course analysis of p-EGFR concentration in the tumors from MCF-7 
xenograft mice treated with the vehicle or 150 mg·kg-1·d-1 TM208 for 12 d.  The concentrations of p-EGFR were measured using an ELISA assay.  The re-
sults are presented as the mean±SD (n=3).  bP<0.05 vs 0 d.  eP<0.05, fP<0.01 vs vehicle.  (F) p-EGFR immunostaining on tumor paraffin sections from 
mice treated with vehicle or TM208 (50 and 150 mg/kg) for 18 d.  The original magnification is 100× for all panels.
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sues of the healthy nude mice were 16.44±2.00 ng/mL (n=3).  
However, the p-EGFR concentrations of the vehicle treated 
group were significantly higher than the normal level (Figure 
4E).  This suggests that the p-EGFR level increases due to the 
status of the breast tumor, which is consistent with the previ-
ous findings[35].  In contrast, after multiple administrations 
of TM208, the concentrations of p-EGFR in the tumor at each 
time points (0, 3, 6, 9, and 12 d) were 19.20±1.07, 12.98±2.80, 
9.38±1.06, 8.43±0.24, and 9.31±0.39 ng/mL (Figure 4E), dur-
ing which p-EGFR level decreased approximately 10 ng/mL 
and stabilized on d 9.  These results suggest that continuous 
administration of TM208 led to a significantly lower p-EGFR 
concentration in the tumor compared with the pathological 
level.  We also observed that the inhibitory effect of TM208 
on p-EGFR (Figure 4D) after a single-dose lagged behind the 
plasma concentration of TM208 (Figure 3C), demonstrating the 
duration of time involved in the transduction of the TKs[7, 8].  

In summary, this is a study of the anti-breast cancer effects 
of TM208 and its mechanism of action.  Our studies demon-
strate that inhibiting the autophosphorylation of EGFR plays 
an important role in the anti-breast cancer efficacy of TM208 
and other dithiocarbamates.  Furthermore, we investigated 
the pharmacokinetic characteristics of TM208 in the tumor 
xenograft model, which should be helpful in establishing a 
pharmacokinetic/pharmacodynamic link model to describe 
the quantitative relationship between the drug concentration 
and tumor size in the near future.
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